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ABSTRACT 

This report was prepared by the Oak Ridge National Laboratory (OWL) and 
funded by the Department of Energy (DOE) Office of Technology Development 
(OTD) Robotics Technology Development Program (RTDP). During the next few 
years field deployment of remotely operated systems in nuclear waste cleanup 
operations will increase dramatically as DOE strives to efficiently and safely 
remediate the many waste storage sites Typically, the most fragile components in 
remote systems are the sensors that provide feedback to the operators or to 
computer control algorithms. The purpose of this review is to determine the 
availability of environmentally hardened sensors to support control of a 
manipulator or vehicle system in a waste tank environment. 

The emphasis of the report is on the environmental ruggedness of currently 
available sensors. For the purpose of this review a set of nominal requirements for 
survivability were adopted conditions in the single-shell tanks at Hanford. This 
report is designed to be a practical guide to the state of the art in commercially 
available environmentally tolerant sensors for use with robotic systems. It is 
neither intended to be an exhaustive review of the technical literature on potential 
measurement techniques nor a complete physical review of the functioning of 
particular sensor systems. This report is intended to be a living document. As 
additional, corrected, or updated information is received from sensor 
manufacturers, it will be incorporated into the report database. The physical report 
will then be periodically revised and released in updated format. The authors wish 
to apologize to any sources of environmentally hardened sensors that were omitted 
during this review and encourage submission of new or updated data. 
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1. INTRODUCTION 

During the next few years field deployment of remotely operated systems in 
nuclear waste cleanup operations will increase dramatically as the US. Department 
of Energy (DOE) strives to efficiently and safely remediate the many waste storage 
sites. One of the largest volume and most challenging waste problems that DOE 
faces is the retrieval and treatment of waste stored in large underground storage 
tanks like the single-shell tanks (SST) at Hanford, K-65 silos at Fernald, and 
gunite tanks at Oak Ridge National Laboratory (ORNL). Each site has a unique set of 
challenges depending on the waste properties and storage facility specifics. 
However, because of the number of SSTs and sheer volume of waste, the Hanford 
site offers the greatest payback for development of a robotics-based waste retrieval 
system that can be ported from tank to tank and reused multiple times. Design of 
these systems for extended useable lifetimes, in spite of the harsh conditions in the 
SSTs, allows maximum leveraging of the initial system development and 
procurement costs. Typically, the most fragile components in remote systems are 
the sensors that provide feedback to the operators or to computer control 
algorithms. This review discusses the availability of environmentally hardened 
sensors to support control of a manipulator or vehicle system in a waste tank 
environment. 

Emphased in this report is on the environmental ruggedness of currently 
available sensors. For the purpose of this review, nominal requirements for 
survivability were adopted from documentation prepared for a robotic 
characterization and inspection system being developed by the DOE Office of 
Technology Development, Underground Storage Tank Integrated Demonstration. 
These environmental conditions were obtained from the "Operational and Interface 
Requirements for Characterization Sensors and End Effectors for the Light Duty 
Utility Arm," authored by Westinghouse Hanford Company [l]. These conditions 
include an operational temperature range of 21' to 65"C, up to 100% relative 
humidity, up to 10Gy/h gamma dose rate, total accumulated gamma dose of 
10,00OGy, an operational pH of up to 12, an explosive hydrogen environment, and 
either a water- or carbon dioxide-based decontamination spray wash. 

This report is designed to be a practical guide to the state-of-the-art in 
commercially available, environmentally tolerant sensors for use with robotic 
systems. It is not intended to be an exhaustive review of the technical literature on 
potential measurement techniques or a complete physical review of the functioning 
of particular sensor systems. As 
additional, corrected, or updated information is received from sensor 
manufacturers, it will be incorporated into the report database. The physical report 
will then be periodically revised and released in updated format. The authors 
apologize to any sources of environmentally hardened sensors that were omitted 
during this review and encourage submission of new or updated data. 

The first step in the review was to identify candidate sensors and likely 
commercial vendors from the Sensors 1994 Buyer's Guide121 and the AIP Handbook 
of Modern SensorsC31. For each candidate sensor type several commercial vendors 

It is intended to be a "living" document. 
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were then contacted, and the relevant technical information was requested. In cases 
where off-the-shelf technology is not immediately available, the technical literature 
was searched for relevant data on potentially useful sensors. 

Each section 
contains, first, a basic description of the physical operating principles and known 
limitations of the sensor technology. Next, particular companies that sell 
environmentally tolerant versions of the sensor technology are identified, and their 
particular sensor systems are reviewed. The review includes general performance 
specifications and known limitations, rough cost estimation, sensor size and weight 
(when relevant), and finally (in an appendix) vendor data sheets. Also included 
with each sensor technology is a conclusion categorizing sensors into four groups: 
(1) sensors that will survive the Hanford waste tank environment and are currently 
commercially available, (2) commercially available sensors that will potentially 
survive the environment but have not yet been sufficiently tested, (3) prototype (but 
not standard commercial) sensors that are available and which will potentially 
survive the environment, and (4) the type of sensing that is impractical to perform 
in the waste tank environment. 

This report is divided into sections on a technological basis. 

2 



2. FIBER OPTICS 

Fiber optics are an enabling technology for several of the sensor types described 
in this report. Physically, an optical fiber is composed of an inner optically 
waveguiding core and cladding encased by a buffer and a protective sheath. An inert 
fluorocarbon will likely be suitable for use as a sheathing material (e.g., Hypalon'" 
or TefzelTM) in Hanford's harsh chemical and radiation environment. The 
combined requirements for high radiation and temperature tolerance makes the 
various plastic optical fibers unsuitable for use in the waste tanks. The most 
radiation tolerant varieties soften at -85"C, while the high-temperature suitable 
acrylics brown before reaching 10,000 Gy. 

Because the radiation performance of glass optical fibers is determined chiefly by 
its dopants, the fiber core should be composed of undoped silica glass, and the 
cladding should be of fluorosilica for optimal radiation hardness. Silica glass fiber's 
response to radiation is not uniform across its transmission band. Within the 
communication wavelength region (1 to 2 mm) any radiation-induced performance 
changes will be virtually undetectable. However, within the visible at 10,000 Gy the 
radiation-induced optical attenuation of a pure silica glass fiber will be of the order 
of 1 dB/m[4]. 

If optical fibers must be connected within the waste tank (e.g., for arm 
segmentation) additional components whose radiation performance is less well 
known will be introduced into the line. The radiation performance, as well as 
chemical resistance of the epoxies and plastic ferrules used with many mechanical 
fiber optic connectors, have not yet been determined. 

Overall, suitable environmentally tolerant fiber optics are available from many 
manufacturers. Among them are 3M Specialty Fibers [Hugh Doherty (908) 521-2809], 
Ensign-Bickford (203) 678-0371, and Mitisubishi Cable (212) 888-2270. 
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3. LASER DIODES 

The primary effect of irradiation of laser diodes (LDs) is to decrease the minority 
carrier lifetime. This results in a decrease in output power and an increase in the 
lazing threshold. A recent study of low-power LD performance shows that these 
LDs show no significant reduction in light output up to total gamma doses of 
5 5 x lo5 Gy.[5] The study cautions that the LDs must be run in current stabilization 
mode because of the radiation sensitivity of the integrated monitor PIN diodes. 
Also, the laser diode driving circuits used in AT&T transmission links have been 
shown to perform well up to doses of 1 MGy.[6] 

Initial data from recent testing of the higher power LDs expected to be used in the 
laser rangefinders performed by ORNL and Ohio State University [Mardi Hastings 
(614) 292-2271] indicates that neither the LD output power nor its far-field beam 
pattern is adversely affected by a 10,000 Gy gamma dose. Moreover, the integrated 
monitor photodiode currents varied by less than 1% for 10,000 Gy gamma dose 
radiation. 
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4. CAMERAS 

Electronic cameras are conventionally divided into three main classes-charge- 
coupled devices (CCDs), charge injection devices (CIDs), and photoconductive 
devices. 

41 CCD 

CCD cameras are based on an array of MOS capacitors in which charge is 
generated optically and read by transferring charge from one MOS capacitor to its 
neighbor under the control of clock pulses. CCDs are NMOS-based devices, which 
are the most radiation sensitive variety of MOS device: failures occur in the 
7 to 70-Gy(Si) range.[7] It is possible, however, to greatly increase the radiation 
tolerance of CCD cameras through extensive shielding. 

R. J. Electronics [Roy Bennett (503) 743-3709] sells CCD-based "Radiation Tolerant 
Zoom Color Television Cameras" that they claim are radiation hard to 4600-Gy 
accumulated dose (I MeV equivalent) or 5.9 x lo5  Gy (0.5 MeV equivalent). The 
company claims that the actual CCD array (Sony image sensor) survives to 
100 to 1000 Gy (200 Gy nominally). Camera housing length is approximately 25 cm; 
diam is 12 cm. Tube mass is 30 kg, and operating temperatures are limited to < 40T. 
Some care must be taken with the camera model specification in that the RC-510 
series is designed for viewing spent fuel elements from one direction and thus is 
shielded for only approximately one-third of its circumference. Heavier models that 
are fully shielded are available and are currently in use in the Hanford 101 and 103 
tanks. Also, the sealed cameras use a constant nitrogen purge to cool the electronics 
(increasing the operating range to 50°C) and ensure a nonoxygen (nonexplosive) 
atmosphere. 

4 2  CID 

PMOS-based CID technology is somewhat more radiation hard. An additional 
CID advantage is that the technology allows a contiguous pixel structure facilitating 
superior image quality. However, current CID technology allows only 
monochromatic imaging. 

CIDTEC [Anthony Chapman (315) 451-9410] sells a range of radiation tolerant 
CID-based cameras. Current models operate up to doses of a few thousand Gray. 
The company plans to introduce in 1994 a product line approximately 100 times as 
radiation hard. The new design is based on military work that has been done with 
General Electric (GE)-the company is a GE spin-off. The company also has done 
radiation testing with COGEMA, Ontario-Hydro, and the National Institute of 
Standards and Technology. 
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4.3 PHOTOCONDUCTIVE 

Photoconductor-based cameras are by far the most radiation tolerant cameras 
currently available. Image quality is available from 500 to 800 horizontal television 
lines. 

Rees Instruments, Inc. [Jess Johns (404) 433-9991] manufacturers a wide variety of 
radiation tolerant photoconductor-based cameras. Vidicon (Sb2S3) tubes are 
available that will survive 2 MGy. Typical tube dimensions are 25 cm in length and 
4.0 cm diam. Tube mass without head or lens body is -1.25 kg. Electrical power 
requirements are approximately 3 W. An entry-level system costs -$20,000. 
Operational temperature is limited to < 55°C for the Vidicon tubes and c 7OoC for 
the Chalnicon (CdTe) tubes. The main limitations of photoconductor-based cameras 
are their price, their size, and their physical fragility due to use of vacuum tube 
technology. 
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5. ANGULAR POSITION MEASUREMENT SYSTEMS 

5.1 OPTiCAL ENCODERS 

Optical encoders are based on interruption of a light beam (or beams) by an 
encoder disk that has precisely placed transparent sections corresponding to 
particular angular positions. The major advantages of optically based systems are 
high accuracy and precision as well as small physical size. The main limitation of 
optical encoder systems is cost-few standard systems are designed for adverse 
environments. 

BE1 Motion Control Systems [Tim Malcolm (501) 851-4000, ext. 54671 makes a 
variety of radiation-hardened optical encoder systems. In particular, BE1 has a 15-bit 
encoder with integral electronics (provides digital output directly) available for 
-$7000 (additional units -$5000). This unit has a diam of 8.85 cm and masses 0.9 kg. 
This unit will operate at 100°C, 100% relative humidity, and in chemically corrosive 
environments. 

Computer Optical Products, Inc. [Lou Rosinski (818) 882-0424] makes an optical 
fiber-based optical encoder that they claim is radiation hard. Although conceptually 
their technology appears to be radiation hard, no testing data are available. In this 
particular fiber optic design a bulk cable is used to illuminate a reflective encoder 
plate, and the reflected light is guided back to remote detectors-maximum fiber 
length is 6 m. The sensors will operate in temperatures up to 125°C (optionally up 
to 3OOOC). Resolution is limited to 12 bits. A great deal of redundancy is provided in 
the fiber optic cable bundle. Typical dimensions are 8 cm in length and 8 cm in 
diam. 

5.2 INDUCTOSYNS@ 

In an Inductosyn* the physical quantity that varies with angular positioning is 
the inductive coupling between two sets of electrical conductors. The conductors are 
printed on parallel, opposing insulative plates. The rotor plate has a fine, 
continuous pattern of radially printed conductors, while the stator plate is composed 
of several sets of conductors. The patterns on the rotor and stator are designed so 
that the inductive coupling varies sinusoidally with angular position. 

Farrand Controls [Paul Valanti (914) 761-2600] makes a range of Inductosyns @ 

that they describe as “unaffected by dust, oil films, vapors, sea water, light, radiation, 
extreme pressure, temperature from lOoK to 15OOC.” However, they do not have 
specific test data showing the level of radiation tolerance-the company quotes 
several military examples of their use, and it is likely the units have survived some 
radiation testing. The company has indicated that they are willing to provide a unit 
to QRNL for radiation testing in return for testing data. The approximate price for a 
16-bit accurate system is $5000. The electronics for the unit can be remoted up to 
10 m (standard unit limited to 3 m). Sixteen-bit accurate units have 30-cm-diam 
plates, and smaller plates (8 cm) are available for lower accuracy measurements. 
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5.3 RESOLVERS 

Resolvers resemble small cylindrical alternating current (AC) motors. They 
employ single winding rotors that revolve within fixed stators which have two 
windings oriented at 90". Resolver operation resembles a rotating transformer. The 
rotor winding is excited by an AC voltage. The magnitude of the voltage induced in 
any stator winding is proportional to the cosine of the angle between the rotor coil 
axis and the stator coil axis. 

Astrosystems, Inc. [Mike Goldstein (516) 328-1600] manufactures a line of 
environmentally tolerant resolvers. This line includes models that are explosion 
proof, radiation tolerant to 10 MGy, operational from -20" to +85'C, and have 
accuracies (single turn) of 0.088'. Resolver sizes vary from a few centimeters to 
more than 10 cm in diam and mass from 0.11 to 1.25 kg. 
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6. RADFETs 

Radiation Sensitive Field Effect Transistors (RADFETs) are based on using the 
shift in threshold voltage of a radiation soft, p-channel MOSFET as a radiation 
sensor. Physically, radiation produces trapped charge in the oxide layer of the 
MOSFET inhibiting the gate from creating a channel between the source and drain 
electrodes. Advantages of RADFETs include very small size (< 1 mm*), giving total 
integrated ionizing dose directly, wide variation in sensitivity available, and 
physical simplicity. Limitations of RADFETs are limited commercial availability, 
lack of spectral information, lack of individual event information, slow drift in the 
threshold voltage when switching on the read-out circuit, and long-term fading. 
The slow drift problem is typically addressed by always performing the read-out at 
the same time after turning on the reader. 

Sandia National Laboratories (SNL) [Daniel Moreno (505) 844-6860 or Bob 
Hughes (505) 844-8172] has produced a dual layer (i.e./ oxide and nitride) RADFET 
that they claim allows it to maintain its radiation-induced threshold voltage drift 
indefinitely. A commercial source for RADFETs is Andrew Holmes-Siedle at REM; 
&€a Acre End St.; Eynsham, Oxford OX8 IPD, England. 
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7. PROXIMITY DJiTECTORS 

7.1 CAPACITIVE PROXIMITY DETECTORS 

Capacitive proximity detectors are based on changing the geometry between 
capacitive plates. One of these plates is the active sensing region of the probe; the 
other, the target object. Capacitive probes are short distance proximity measurement 
systems. Their effective range depends on the particular material being sensed. For 
detecting grounded metals the sensors act in an inductive manner producing eddy 
currents in the conductors, and the effective range of the sensor is roughly 3 cm. In 
contrast, detecting dielectrics depends on the material dielectric constant and 
can only be done at shorter distances-polyethylene (k = 2.0) at 0.2 cm.[8] 
Fundamentally, capacitive proximity detectors should be quite radiation hard as 
their only required exposed components are a metal plate and a shielded signal line. 
One limitation of most capacitive proximity detectors is the parasitic capacitance of 
the signal lines that limits the distance the electronics can be remoted from the 
probe head. 

Capacitec [Bob Foster (508) 972-6033] makes a line of capacitive proximity sensors 
that have been tested for radiation tolerance at ORNL.[9] In the Oak Ridge tests the 
sensor systems survived doses of 4 MGy. Capacitec’s standard probes will operate up 
to 1 5 O O C  and are housed in a stainless steel. enclosure. Probe diameters vary from 
0.1 to 1.3 cm. The Capacitec probes operate at 15 to 20 kHz and in standard 
configuration can be remoted IO m from the electronics. Rack-mounted electronics 
that will control up to four probes cost -$2500. Sensor heads cost -$300, and 
radiation-hardened cabling (IR2 model) costs -$200 per probe. One limitation of the 
Capacitec design is its sensitivity to deposition on the sensor face (e.g., dust, 
dirt, and water). Some form of a cleaning flow (e.g., a nitrogen line) would be 
required if sensor fouling is anticipated. 

7.2 ACOUSTIC PROXIMITY DETECTORS 

Ultrasonic proximity detectors are based on generating high-frequency sound 
waves and measuring the time delay of the reflected echo signal to detect the 
presence of an object and its range. To generate ultrasonic waves, the movement of 
a surface is required. This is most commonly accomplished using a piezoelectric 
diaphragm that flexes in response to an electrical signal. Important considerations 
when considering ultrasonic proximity sensors include (I) dead zone (minimum 
detection range), (2) beam cone angle, (3)  maximum sensing range, (4) inclination of 
smooth targets, and (5) variation of the air temperature. Ultrasonic sensors exhibit a 
minimum detection range-if a target is located closer to the transceiver than the 
dead zone, the reflected signal will return before the diaphragm has completed its 
ringing from the output pulse. Smooth, flat targets can reflect incident ultrasonic 
pulses away from the transceiver unit-this is not a problem with coarse surface 
material. Also large temperature variations of the air in the beam path will cause 
dispersion and refraction of the ultrasonic signal. 
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A wide variety of polymers and ceramics exhibit a piezoelectric effect. However, 
comprehensive environmental survivability data have been published only for 
Lithium Niobate (LiNbO3) crystals.[lO,ll,l2] Lithium Niobate has been shown to 
perform as a piezoelectric material with no significant changes at temperatures 
exceeding 500°C and for ~ C O  doses of 40 MGy. 

Panametrics, Inc. [Larry Linworth (800) 833-9438] has a radiation tolerant, high- 
temperature, environmentally ruggedized line of ultrasonically based flowmeters 
incorporating Lithium Niobate crystals. The same general technology is directly 
applicable to proximity detection. The major limitation of this approach is that 
since the technology used is not off-the-shelf, the first Lithium Niobate-based 
ultrasonic proximity detector would cost -$lO,OOO because of one-time engineering 
costs. Minimum detection distance with this sensor system would be -0.1 m, 
maximum range would be -lorn,  and virtually any desired beam angle could be 
obtained. Physical size of the transceiver unit would be -5 cm diam. All required 
electronics would be remotely located. 

Several other less expensive ultrasonic sensor systems (<$lOOO) may be suitable 
(no obvious inherent reason exists for a variety of piezoelectric crystals not to be 
radiation tolerant) for use in the waste tank environment. Further investigation of 
other manufacturers' products would be advantageous, especially if they are 
competitive in cost and performance with Lithium Niobate systems from 
Panametrics. 

7.3 OPTICAL PROXIMITY DETECTORS 

In optical proximity detectors (also known as diffuse scan photoelectric sensors) a 
light beam is projected out of the transceiver head, and the intensity of returning 
light indicates the presence of an object within the sensing range. The light beam is 
typically generated either by a light-emitting diode (LED) or an LD and light 
detection is performed with a PIN photodiode. The only other electronics normally 
contained in the sensor head are the PIN preamplifier circuitry and perhaps the 
light source controlling circuitry. Off-the-shelf, optical proximity detector systems 
are available in red and near infrared wavelength ranges. 

Apparently, no radiation testing on optical proximity detector systems has been 
done. However, as is indicated in the earlier section on LDs, testing has been 
performed on all of the critical components of optical proximity detectors Ci.e., light 
sources, lenses, PIN diodes, and preamplifier circuits)-all of which may be chosen 
such that doses well in excess of 10 kGy may be survived. Two companies that sell 
environmentally hardened (although not radiation-tested) optical proximity 
detector systems are Aromat Corp. [Tom Steele (800) 228-2350 and Micro Switch-a 
Honeywell Division (800) 537-6945]. Both of these companies also sell a fiber optic- 
based version of their optical proximity detectors. In these systems the electronics 
are located remotely from the adverse environment, and only an optical fiber and 
lens system are exposed to the radiation field. 



The effective range of diffuse scan photoelectric sensors is typically from near 
0 to -50 an. For unknown target types, the sensors give only a presence or absence 
indication rather than a target range. The overall recommendation for this sensor 
system type is that, if needed in a radiation environment, off-the-shelf systems 
should first be radiation-tested to determine their survivability; if they prove 
inadequate, a radiation tolerant system should then be engineered. 
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3. LASER RANGEFINDERS 

The function of a laser rangefinding camera is to create a three-dimensional map 
of a surface. Three different techniques are available for creating these maps. 
Triangulation-based systems use an LD beam and then position the LD's diffusely 
reflected spot (relative to the spot's position for a calibration surface) to determine 
the coordinates of a point on an object's surface. Amplitude-modulated laser 
rangefinders use the phase difference between the "send" and "return" light beams 
of an amplitude modulated laser to obtain surface coordinates. In frequency- 
modulated laser rangefinders the output of a frequency-modulated, long-coherence- 
length laser is split into a reference leg and a signal leg. As the laser frequency range 
is being swept, the signal leg is reflected off the object's surface and recombined with 
the reference leg to obtain a heterodyne-type interference pattern. The difference 
frequency &e., the heterodyne beat pattern frequency) is proportional to range. 

8.1 TRIANGULATION 

Spar Aerospace Limited (SPAR) [Cor van Kemenade (416) 790-2800, ext. 47071 
makes a triangulation-based laser rangefinder. Although no system deployment 
data are available yet, the company claims that their system will survive 10,000 Gy. 
The system used by SPAR was developed by the National Research Council of 
Canada.[l3,141 The sensor head will be approximately 27 x 10 cm in cross section and 
23cm in depth. The image acquisition system is based on a shielded CCD array 
(512 x 512 pixel). The system field of view will be 30" X and 50" Y, Image acquisition 
time is nominally 5 s .  Minimum and maximum range are 0.6 m and 10 m 
respectively. The stated precision is 0.02 cm at 0.6 m and 2.5 cm at 10 m. The device 
accuracy is claimed to be 5 5 times the precision. The camera mass is approximately 
4 kg. The electronics can be remoted at least 10 m from the detector head 
(25-rn goal). The total radiation tolerance will be at least 10 kGy(Si) [l MGy (Si) goal]. 
The system is still experimental; thus no firm price exists. Current estimates are 
$100,000 to $150,000. 

8.2 AMPLITUDE MODULATION 

Perceptron Inc. [Leo VanWezel (313) 478-7710] makes an amplitude modulation- 
based laser range€inder. Perceptron is using a 50-mW laser diode (Spectra Diode 
SDL-5412-H1; 835 nm; 100 mW peak). The product was developed under a National 
Aeronautics and Space Administration Small Business Innovative Research 
contract. The sensor head also contains aluminum mirrors (silverlmagnesium 
fluoride coated); bare, gold-coated lenses; analog bipolar amplifiers, a direct current 
brushless motor, a galvanometer, and an avalanche photodiode. More detailed 
information about their system is proprietary. Perceptron has not performed any 
radiation testing on their system; however, no immediately apparent radiation- 
sensitive components are required to be used in their sensor head. Therefore, 
proper system testing should be conducted to determine if the Perceptron laser 
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range-finder will survive the waste tank environment. All controller electronics 
are located remotely. The sensor head mass is 8 k g  The sensor head is roughly 
14 x 20 cm in cross section and 20 cm in depth. The minimum sensor has 
minimum and maximum ranges of 0 and 40 m. The sensor accuracy depends on 
target characteristics and range. Perceptron does not currently have quantitative 
precision and accuracy numbers. Amplitude modulation-based systems suffer from 
accuracy limitations due to target characteristics (i.e., dark areas look closer than 
bright areas)-this is likely to be a significant limitation to accurate surface mapping. 
Data acquisition can be up to 1024 x 1024 pixels in a 60" x 60" field of view with a 
repeatability of 0.5 pixel. A 1024 x 1024 image can be obtained in 7 s; and a 256 x 256, 
image in 0.5 s. The data collection rate is on the order of 5 x lo5  samples per second. 
System price is $50,000 to 60,000. Odetics, Inc. [Robert Carlton (714) 758-0100, 
ext. 69431 is another commercial source for laser imaging scanners. 

8.3 FREQUENCY MODULATION 

Coleman Research Corporation [Steve Webber or Richard Sebastian 
(703) 719-9200] makes a fiber optic-coupled, frequency-modulated, continuous wave 
laser radar. Coleman's system uses a long-coherence-length, 1-mW laser diode 
frequency-modulated at 70 GHz. Data acquisition rate for Coleman's system is 1000 
points per second-faster systems are possible using higher performance processors. 
The sensor head is -25 cm in diam and masses -5 kg. This technology is inherently 
more accurate than the approaches described above. Uncertainties are on the order 
of 1 mm. The main system limitations are price (current system costs are unknown) 
and possibly survivability. Further detailed analysis and component testing would 
be required to determine whether the system would survive the radiation, 
chemical, and temperature environments. The system relies on a precision light 
direction system that uses state-of-the-art components which have not yet been 
tested for radiation hardness and would be expensive to test to failure. The 
currently available Coleman system uses a rotating mirror system for light 
redirection, while their development system is based on a high-speed fiber optic 
switching system. 

8.4 STRUCTURED LIGHT 

Structured light is an approach that combines several of the components 
described above to form a surface-mapping system. The key components are a laser 
source such as an LD, camera, and rotating mirrors or high-precision rotary stages. 
ORNL and SNL have both been recently involved in structured light system 
development and demonstration. A mapping system developed by ORNL in 1991 
was used in a hot-field deployment at Fernald. Mechanical Technology 
Incorporated (MTI) [John Wagner (518) 785-2800] worked with ORNL and SNL 
through Cooperative Research and Development Agreements (CRADAs) to transfer 
DOE-structured light technology from the national laboratories to the commercial 
sector. The emphasis of the CRADA between ORNL and MTI was design and 
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demonstration of a structured light system appropriate for use in the Hanford SSTs. 
This project was completed early in 1994. This system is designed to survive the 
radiation, humidity, and temperature ranges described in ref. 1. Mapping accuracies 
are about 6 mm for ranges up to 15 m. 

15 



9. ACCELEROMETERS 

Ruggedizied, radiation-hardened accelerometers are standard commercial 
products. The current generation of this technology is piezoelectrically based. 
Piezoelectric accelerometers use a spring-and-mass sys tem to couple a force 
proportional to the amplitude and frequency of vibration to a piezoelectric crystal. 

Endevco Corporation [Jim Jones (800) 982-6732] makes a wide variety of 
radiation-hardened accelerometers. Their product line includes sensors of less than 
0.1 g, hermetically sealed systems (to 24 MPa), operation to 350°C, radiation tolerance 
to 620 MGy, and extreme maximum shock limits. 
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10. STRAIN GAUGES 

A strain gauge is essentially a resistor whose resistance is a function of its 
deformation. Metal foil strain gauges are a standard type of strain gauge and have 
been extensively tested for radiation performance. [15] Properly designed, 
conventional metal foil, polyimide-backed, epoxy-bonded strain gauge technology 
will survive at least 1 GGy. Constantan metal foil strain gauges are available that 
have essentially identical radiation performance changes; thus when they are used 
in a Wheatstone bridge, bridge balance is maintained. 

Industrial Sensors and Instruments [Bud Dublin (512) 255-3790] has experience 
with radiation resistant, high-temperature (2 26OoC), chemically resistant strain 
gauges. Their strain gauges are available in a wide variety of sizes and packages. 
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11. FORCE/TORQUE SENSORS 

The function of force/torque sensing systems is to provide simultaneous 
multiaxis (up to six) indication of the force and torque acting on the sensor, which 
completely defines the loading acting on the sensor. This is accomplished using 
mechanically and electrically balanced sets of strain gauges. 

JR3 Inc.'s [Wayne Johnson (916) 661-3677] primary product line is multiaxis load- 
sensing systems. JFWs sensor line is based on metal foil strain gauge technology. 
JR3 is currently involved in radiation performance testing its sensors with the 
Belgian nuclear authority. Although test results are not yet available, metal foil 
strain gauge technology has previously been shown to be very radiation hard.[l5] 
The controlling electronics can be remotely located from the sensor head. Sensor- 
sealing methods are available to withstand aggressive chemical environments. 
Sensor-rated loads are available from 6.7 to 11,000 N. Typical sensor head sizes are 
9 cm OD and 4cm in depth. Digital sample rates of all six axes are standardly 
available up to 350 Hz. Typical stock sensor system prices are slightly more than 
$5000. 

Assurance Technologies, Inc. [Cathy Knight (919) 772-0115, ext. 1341 manufactures 
multiaxis load-sensing sys tems. Assurance's product line is based on silicon strain 
gauge technology. Assurance's sensor heads have been tested in radiation 
environments by Harwell Labs (England). Assurance's standard stainless steel 
sensor body with silicon strain gauges and standard resident electronics have 
survived off-line irradiation of 300 kGy with minimal changes ( ~ 1 %  accuracy 
decrease). Assurance's standard temperature-compensated model will operate from 
-40°C to +76"C. Assurance provides stock systems with rated sensing ranges from 
66.7 to 667 N. Force resolution in the X or Y axis varies from 0.05 to 0.56 N with the 
sensing range; correspondingly, the force resolution in the Z axis varies from 0.11 to 
1.1 N. Typical sensing heads are 9 cm in diam by 5 cm in depth. The maximum six- 
axis data rate standardly available is 1000 Hz. Stock sensor system prices are in the 
$6000 to $8000 range, and specially modified systems are available for -$15,000. 
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12. TACTILE SENSORS 

The function of tactile sensors is through contact to provide information on an 
object’s shape, orientation, texture, hardness, weight, and temperature. The object’s 
tactile information is then used to determine the amount of force/torque required 
to manipulate it without slippage. To accomplish this, two dimensional arrays of 
force-sensing elements are located on gripping elements. Although a wide variety 
of sensing techniques have been investigated in the laboratory (i.e., optical, resistive, 
capacitive, inductive, and piezoelectric), no robust, two-dimensional tactile sensor is 
yet available that can effectively mimic the human hand.[l6] 

One potentially promising technology is that manufactured by Bonneville 
Scientific at (801) 359-0402. This sensor is based on the piezoelectric properties of 
polyvinylidene fluoride polymer (PVDF). Bonneville’s sensor consists of a two- 
dimensional array of PVDF transceivers mounted on a rigid substrate and overlaid 
by a thin rubber pad. The sensor operates by transmitting an ultrasonic pulse from 
each taxel (i.e., tactile element) and measuring the time of flight for the reflection of 
the pulse from the top surface of the rubber. The time of flight is proportional to the 
rubber thickness, which is in turn related to the incident force and stiffness of the 
rubber. PVDF is mechanically and chemically robust, possesses a large piezoelectric 
coefficient, excellent linearity, low hysteresis, and long-term survivability in 
temperatures of up to 60°C. [16] Radiation performance data on Bonneville’s sensor 
system is not available; however, this appears to be a technology worth further 
investigation. One limitation of PVDF is its cross-sensitivity to temperature due to 
its inherent pyroelectric response. Bonneville’s standard product is a 16 x 16 array of 
taxels, each of which is 0.152 cm across and separated by 0.025 cm. The price is 
-$5,000. 
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13. INCLINOMETERS 

Inclination detectors measure the angle of the sensor from the direction of the 
center of the earth. Mercury switches are the traditional method for electrically 
determining inclination. However, because of the toxicity of mercury and the 
resulting environmental regulation, sources of precision mercury switches are 
becoming rare. Spirit levels that are read optically are a potential solution to this 
problem. These sensors consist of an LED located above a hemispherical level 
mounted on a quadrant PIN photodetector.[l7] The relative output signal of the 
four photodetectors yields the location of the bubble in the spirit level and hence the 
sensor inclination. In the configuration described the hemisphere is 1.7 cm in diam, 
and the distance of the LED from the photodiodes is 5.0 cm. Although no 
environmental tolerance information is available about this sensor as a whole, all 
of its internal components (i.e., LED, glass, epoxy, liquid, and PIN photodiode) are 
available in forms that have been previously demonstrated to tolerate radiation 
environments. 
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14. SIGNAL PROCESSORS 

Amplifying the analog signals produced by sensor elements, converting them 
from analog to digital locally, and multiplexing these digital signals onto a 
communications network would significantly reduce the cabling difficulties in 
adverse environments for robotic systems. However, the typical radiation effect 
threshold for several of these devices is quite low, and significant design effort is 
required to obtain an acceptably radiation hardened system. Moreover, for some 
sensor systems very precise, state-of-the-art electronics are required to detect and to 
analyze the sensor signal; these electronics are not available in a radiation-hardened 
form. 

Radiation failure data for analog-to-digital converters shows that they are 
available with ionizing dose failure thresholds above 10,000 Gy.[18] It has also 
recently been demonstrated that with proper circuit design, "it is possible to 
construct a radiation-hardened processor that can implement a useful degree of 
intelligence and computational power in a radioactive environment."[l9] 
Radiation-hardened [50,000 Cy (Si)] microprocessors (both CMOS and bipolar 
amplifier based) are available. [20] Research in developing radiation-hardened real- 
time signal processing is ongoing, and radiation-hardened signal processing is likely 
in the next few years to move from the realm of the research laboratory to the 
commercial production environment. [21] 

The general conclusions as to the design of sensor signal processors for radiation 
environments are that (1) for most sensor systems it is possible to design and to 
fabricate suitable radiation-hardened (to 10,000 Gy) signal-processing electronics, 
(2) radiation-hardened signal processor system design requires considerable 
engineering time and effort, and (3)  considerable research still needs to be done to 
develop inexpensive, off-the-shelf, radiation-hardened signal-processing 
technology. 
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15. CONCLUSIONS AND RECOMMENDATIONS 

Properly designed, ruggedizied versions of all of the sensing functions described 
suitable for application in the Hanford SSTs can be obtained or developed with a 
nominal effort using currently available technology. However, for several of the 
sensor sys terns identified, only limited environmental performance data are 
available (i.e., optical proximity detectors, laser rangefinders, tactile sensors, 
piezoelectric crystals, and optical encoders). Before sensor systems utilizing these 
components are deployed in the waste tank environment, their environmental 
tolerance should be more fully determined and documented. In addition, if signal 
processing is to be performed within the waste tank, the necessary effort should be 
expended to test candidate processors for survival in the waste tank environment. 
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APPENDIX A 
FIBER OPTICS 
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Power-Gore Fiber 
0.48-NA TECS'" Hard-Clad Fiber 

PROPRIETARY 3M 
HARD CLADDING 

I 
TECSTM Hard-Clad Fiber Construction 

Advantages - High numerical aperture: 

potymer-clad fibers. 
Couples over 3700h more power than standard 
silica-clad fibers. 

- Couples over 50% more power than standard 

- Less critical fiber alignment requirements. - Reduced bending losses. 

- Hard cladding yields increased fiber strength and 
reduced static fatigue. It also protects the fiber 
during buffer stripping to prevent fiber breakage. 

Applications 

- llllrmination Systems 

- Sensing Systems 
Medical - Industrial 

- Laser Delivery Systems 

- Laser Diode Systems 
- Short-Haul Data and Video Communications 

Silica core has low-loss transmission over a 
broad spectral range. 
High concentricity and core-to-clad ratio for 
excellent connection alsgnment, fiber core 
positioning and hgh transmission bundles. 

- Variety of connectors and assemblies available: 
- High-power SMA 905 assemblies. 
- 3M FC and ST*-compatible ceramic ferrule 

connectors and assembtiis for high-precsion - 
apptications. - High core-to-clad bonding prevents pistoning and 

provides more stable crimp-and-cleave or epoxy 
terminations. for user-friendly, high-quality, repeatable 
Small overall fiber size for smali size constraints. 

- SMA 905 crimp-and-cleave connector system 

terminatins. 
e No epoxy, reusable 3M mechanical splice. 

Typical Spectral Response 
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0.48-NA TECS TM Hard-Clad Fiber 

Part Number 

Core Diameter 
Clad Diameter 
Buffer Diameter’ 

Maximum Attenuation @ 820nm 
Typical Attenuation @ 420nm 
Maximum Core Offset 

Numerical Aperture2 
Acceptance Angle (Full) 
Peak Optical Power Capability’ 

Operating Temperature Range 
Proof Test Level 
Minimum Bend Radius 
- Recommended Short Term 
- Recommended Long Term 

- Absolute Short Terrnt 
- Absolute Long Termt 

Standard Length 

Standard bider soatiiig is TefzalQir 210 
2 meters. 5@% intansihr 

Unit 

Ctm 
Pm 
Ctm 

dB/km 
dB/km 

I.lm 

MW 

OC 
kpsi 

mm 
mm 

mm 
mm 

m 

FT-125-URT 

125 2 5 

250 +50,-0 

14 
280 
5 

0.48 2 0.03 
570 
0.6 

-65 to +125 
100 

8 
13 

3 
7 

1 loo 

140 +2.-5 

FT-2OO-URT 

200 -t 5 
230 +0,-10 
500 2 30 

12 
280 
5 

0.48 t 0.03 
570 
1.6 

-65 to +125 
100 

13 
20 

5 
10 

1100 

FT-400-URT 

400 2 8 
430 +5,-15 
730 2 30 

12 
280 
7 

0.48 2 0.03 
570 
6.3 

-65 to +125 
50 

53 
80 

12 
20 

500 

FT-6OO-URT 

600 10 
630 5 10 
1040 9 30 

12 
250 
9 

0.48 t 0.03 
570 
14.0 

-65 to +125 
50 

80 
1 20 

18 
30 

300 

- 

FT-1 .Q-LIRT 

10002 15 
1035 2 15 
1400 2 50 

12 
280 
10 

0.48 2 003  
570 
64.3 

6 5  to + 125 
- 

1 s t  
1 80 

30 
60 

50 ---- 
’ Based on 5 GW/cmsf& 1064nm Nd:YAG laser with 10 nsec. pulse length. 
t Determined statistically for short gauge length. 

Spedal Note: 
This product is experimental: It may be subject to 
modification, production limitations or cancellation by the 
manufacturer. Contact 3M regarding current status of this 
product before including it in any Specification. 

important Plotice to Purchaser: 
All statements, technical information and recommendations 
related to the Seller’s products are based on information 
believed to be reliable, but the accuracy or completeness 
thereof is not guaranteed. Before utilizing the product, the 
user should determine the suitability of the product for its 
intended use. The user assumes all risks and liability 
whatsoever in connection with such use. 

Any statements or recommendations of !he Seller which are 
not contained in the Seller’s current publications shall have no 

Q1992 3M 
ST” is a trademark of ATLLT. 
Tefzelo is a registered trademark of El. DuPont d e  Nernours & Co. 

force or effect unless contained in an agreement signec 
by an authorized officer of the Seller. THE STATEMENTS 
CONTAINED HEREIN ARE MADE IN UEU OF ALL 
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING B L !  
NOT LIMITED TO THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE WHICH WARRANTIES ARE HEREBY 
EXPRESSLY DISCLAIMED. 

Seller shall not be liable to the user or any other 
person under any legal theory, induding but not 
llmited to negligence or strlct llablllty, for any injury or 
for any direct or consequential damages sustained or 
Incurred by reason of the use of any of the seller’s 
products that were defectlve. 
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Power-Core Fiber 
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TEETM - Coated Silica/Silica 

960 

m-4 'sa 1 
s 
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~ 

SILICA CORE 

ATE CLADDING 

TECS" HARD CLADDING 

BUFFER COATING 

Appllcailons 
High-Power Near-IF? Laser Delivery Systems 

9 Ho:YAG at 210Onm 
Nd:YAG at 1448nm 

Ordnance lnitiiion 
Spectroscom 

A d m m  
SWBy of silicate cladding allows for high power- 
t.tadng capability and laser misalignment. 

Lcu-index fluorine-duped silicate cladding design 
p d e s  superior near-lR transmission compared 
to pobFerclad fibers and borosilicate-doped 
sscdsiiifibers. 

t.Sgh~wrcentricii and core-to-clad ratio for 
mabnt connector alignment and small overall 
fber the. 

TECS- bard-polymer chdding yields increased 
fberstrength and reduced static fatigue. Also 
pmsts the fiber during stripping to prevent fiber 
beakage. 

Secondary 3M hard cladding provides a dual 
waveguide design, resutting in improved bend 

Strong bonding of siiicata to 3M hard cladding 
prevents pistoning and provides more stable 
temiinatiors. 

approved for non-toxicii and btocornpatibibty. 

performance and power cou@lg. 

Ccjre, cladding and buffer are USP Class VI 

Sterilizable (Et0 and Steam) 

Custom fiber sizes, core-to-clad ratios, and 
coatings available for specific applications. 

3M Hih-POWer SMA 905 assemblies available. 

.-TyplcaJ Spectral Response 

Mad.bed in the US.A 



TECS TM - Coated Silica/Silica 

Part Number 

Core Diameter 
Clad Diameter 
Coating Diameter 

Buffer Diameter’ 
Maximum Attenuation @ 820nm 
Typical Transmission @ 21 OOnm 

Maximum Core Offset 
Numerical Aperture2 
Acceptance Angle (Full) 

Peak Optical Power Capability 
Operating Temperature Range 
Proof Test Level 

Minimum Bend Radius 
- Recommended Short Term 
- Recommended Long Term 

- Absolute Short Term? 
- Absolute Long Term? 

Standard Length 

‘ Standard buffer coeting is Tefzela 218. 

t Determined statistically for short gauge length. 
2 meters, 50% intensrty. 

Unit 

Pm 
Pm 
Pm 

Pm 
dB/krn 

Im 

Pm 

MW 
OC 

kpsi 

mm 
mm 

mm 
mm 

m 

Important Notice to Purchaser: 
All statemems, technical information and recommendations 
related to the Seller’s products are based on information 
believed to be reliable, but the accuracy or completeness 
thereof is not guaranteed. Before utilizing the product, the 
user should determine the suitability of the product for its 
intended use. The user assumes all risks and liability 
whatsoever in connection with such use. 

Any statements or recommendations of the Seller which are 
not contained in the Seller’s current publications shall have 
no force or effect unless contained in an agreement signed 
by an authorized officer of the Seller. THE STATEMENTS 
CONTAINED HEREIN ARE MADE IN UEU OF ALL 

C11 -digit P/N 
01993 3M 
Peke103 is a reaistered trademark of El. DuPont de Nemows & Co. 

FG-200-LCR 

200 2 5 
240 5 5 
260 2 6 

400 +- 30 
8 

98% 

5 
0.22 5 0.02 

25 O 

1.6 
-60 to +125 

1 00 

16 
24 

6 
12 

1100 

FG-365-LER 

365 2 8 
400 5 8 

430 +5,-15 

730 2 30 
8 

98% 

7 
0.22 f 0.02 

25 O 

5.2 

50 
-60 to +125 

53 
80 

12 
20 

500 

FG-550-LER 

5 5 0 2  12 
6002 10 
6 3 0 5  10 

1040 2 30 
8 
98% 

9 
0.22 2 0.02 

250 

11.9 
-60 to  +125 

50 

80 
1 20 

18 
30 

300 

WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BU? 
NOT LIMITED TO THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE WHICH WARRANTIES ARE HEREBY 
EXPRESSLY DISCLAIMED. 

Seller shall not be liable to the user or any other person 
under any legal theory, indudlng but not limited to 
negligence or strict liability, for any Injury or for any 
direct or consequential damages sustained or incurred 
by reason of the use of any of the seller’s produds that 
were defective. 
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TECS Hard-Clad Fiber 
Specification Addendum 

Part Number 

Core Diameter 
Clad Diameter 
Buffer Diameter' 

Maximum Attenuation @ 820nm 
Maximum Core Offset 
Numerical Aperture 

Acceptance Angle (Full)* 
Peak Optical Power Capability' 
Operating Temperature Range 

Minimum Bend Radius4 
- Recommended Short Term 
- Recommended Long Term 

Standard Length 

Unit 

Pm 
Pm 
Pm 

dBkm 
Pm 

MW 
"C 

mm 
mm 
m 

FT-1 S-UMT 

1500 2 30 
1550 k 31 

2000 rt 100 

s 18 
s 15 

0.39 0.02 

4 6 O  
88 

-65 to +125 

200 
300 

2 

Standard buffer coating is Tefzelm 210 
2 meters, 50% intensity 
Based on 5 GW/crn2 for 1064nm Nd:YAG with 10 nsec pulse length. 
Determined statistically for short gauge length. 

Note 
This product is experimental: It may be subject to modification, production 
limitations or cancellation by the manufacturer. Contact 3M regarding 
current status of this product before including it in any specification. 

Rev: 7/26/93 
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8 

6 

4 

2 

Radiation Performance 

RADIATION INDUCED LOSS -- IN-SITU 

0 3H FP-288-CHT - 3M FT-ZOO-LMT (ZM) CYCLE) - 3H FT-ZBB-CHT 

0 0 
Oaa0 

I 

0 2 4 6 8 It3 12 14 16 18 20 
Dose (Thousand rads S i )  

0 

PERMANENT INDUCED LOSS 

6 7k 
1 -  

Environment 

y Radiation - Co, 
Dose Rate: 420 Rads/min, 
Wavelength: 820 nm 

Fiber Samples 

3M Plastic-Clad Silica: FP-200-LMT 
3M TECS” Hard-Clad: FT-200-LMT 

Environment 

y Radiation- Co, 
Dose Rate: 420 Raddmin. 
Total Diose: 20,000 Rads 

Wavelenqth (nm) 
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Catalog Addendum 
Low-Stress Polarization-Maintaining 

Single-Mode Fiber 

Part Number 

Operating Wavelength 
Mode Field Diameter 
Second Mode Cutoff 

Nominal Numerical Aperture' 
Maximum Attenuation 
Fiber Diameter 

Maximum Core/OD O&etZ 
Coating Diameter 
Maximum Beatlength 

Coating Type 

Operating Temperature Range 
Proof Test Level3 

Standard Length 

Unit 

nm 
Pm 
nm 

dBkm 
Pm 

Pm 
Pm 
rnm 

O C  
kpsi 

rn 

FS-CP-4611 

820 
5.3 +: 0.5 

< 780 

0.13 
6.0 @ 820nm 

8 0 2 2  

1 .o 
200 +- 15 

5.0 @ 630nm 

Soft 
Prim ary/Acryla te 

-55 to +85 
50 

1100 

Es-CP-6621 

1300 
8.0 +: 0.5 
< 1270 

0.13 
3.0 @ 1300nm 

125 +1,-3 

1 .o 
250 k 15 

5.0 @ 650nm 

Soft 
Prim ary/Acryla te 

-55 to +85 
50 

1100 

FS-CP-7621 

1550 
9.5 2 0.5 
~ 1 5 0 0  

0.13 
3.0 @ 1550rrm 
125 +1.-3 

1 .o 
250 +- 15 

5.0 @ 630nm 

Soft 
PrimarylAcrylate 

-55 to +85 
50 

1100 

Calculated from mode field diameter (Petermann approximation). 
Tighter tolerance can be provided. 
Fiber with higher tensile level can be provided. 

Note: 
This product is experimental: It may be subject to modification, production limitations or 
cancellation by the manufacturer. Connct 3M regarding current status of this product before 
including it in any specification. 

Rev. 1/5/94 
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olarization (Polarizing) 
Fib& 

3M has developed a true single-polarization fiber, 
the first such product in the industry. Unlike the 
more common polarization-maintaining fibers, this 
fiber guides one and only one polarization of light. 
Short lengths may be coiled to form high-extinction 
polarizers (better than 40 dB extinction for 3 
meters, typical) or longer lengths may be used as a 
transmission medium in polarization-sensitive 
communication systems. The fiber is available at 
three wavelengths: 820nm, 1300nm and 1550nrn. 

The Fiber Design 

4 10 :1 0 so0 

3M" polarizing (PZ) fiber is very similar to 3M" 
polarization-maintaining (PM) fiber. Like its sibling, 
the fiber has a circular core and barrier surrounded 
by an elliptical stress-applying region; resulting in 
high modal birefringence. In addition, the PZ fiber 
has a thin, low-index ring between its core and 
cladding. (See Figure 1) 

Figure 2. Spectral attenuation of the guided and unguided 
polarizauon states. Sample length is 40 meters. 

b extinction (better than 40 dB) 
h insensitivity to microbends 
h the width of the polarizing band (more than 

12% of the operating wavelength) 
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Figure 1. Refractive-index profiles of PZ fiber using linearly 
polarized light along the palanzation axes. 

In operation, the fundamental mode of the fiber 
tunnels across the added layer, and since the fiber 
is birefringent, the tunneling occurs at  a shorter 
wavelength for one polarization than it does for the 
other. Operating at an intermediate wavelength, 
propagates only the guided polarization mode and 
allows the fiber to act as a polarizer'. See Figure 2. 

I 1 I I b 

The design of the 3M PZ fiber results in a fiber 
offering superb performance in: 

Fiber Polarizers for Sensors 
and Device Pigtails 

The 3M PZ fiber is remarkably versatile and will 
polarize light whether it is held straight or coiled. 
The length of fiber required to achieve good 
extinction is minimized, though, by coiling. When 
wound to a 3-inch diameter, only 3 meters of fiber 
are needed to achieve better than 40 dB extinction 
(typical). This small package is ideal for sensor 
applications. If desired, a smaller or larger coil 
diameter can be chosen to match the size 
requirements of a particular sensor. Note, however, 
that the extinction rate and the placement and 
width of the extinction band change with coil 
diameter. (See Figure 3) 

Long-Length PZ Fiber for 
Transmitting Coherent Light 

Polarization-maintaining fiber has proven to be 
indispensable in a number of long-length sensor 
applications, most notably in the fiber optic 
gyroscope. Although PM fibers carry the initial 
polarization signal with low loss, they still carry and 



transmit both polarization modes. Problems can 
arise when using PM fibers to transmit light from 
higk-coherence sources (such as lasers), problems 
not encountered with the low-coherence sources 
found in gyroscopes. The PZ  fiber solves this 
problem by rejecting one of the polarization modes, 
making it much more attractive for polarization- 
dependent communications schemes. 

w 
10 
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rawlonglh (nm) 

Figure 3. Spectral attenuation of the guided and unguided 
polarization states on 3-inch and 12-5-inch diameter coils. 

A second advantage of 3M PZ fiber is seen when 
aligning the polarization of the source to the fiber's 
stress axes. The task is straightforward with an 
incoherent source such as an LED, but is much 
more involved when the source is a laser2. With the 
PZ  fiber alignment is simple - rotate the 
polarization of the source until the transmitted 
power is maximized. 

The third advantage of PZ fiber is more subtle. In 
long-length communication lines, it is inevitable 
that a small amount of light carried in a PM fiber 
will be coupled from the launched polarization to 
the unlaunched polarization, then back again. With 
coherent light, the twice-coupled light can interfere 
with the launched light, adding to the system noise. 
With the 3M P Z  fiber, however, the noise is greatly 
reduced because light coupled to the unlaunched 
polarization is swept out of the fiber before it has a 
chance to couple back and cause interference. 

Operating Principle 

3M polarizing fiber utilizes a depressed-well 
cladding or W-type refractive index profile. Careful 
design of the various fiber structures results in 
polarized light "seeing" the different refractive 
index profiles shown in Figure 1. Under these 
conditions, one polarization mode is cut off where 
the other orthogonal state is guided €or a fairly 
wide wavelength band. 

For an in-depth description of the operating 
principle, please contact 3M Specialty Optical 
Fibers €or a copy of "A Broad-Band Single 

Polarization Optical Fiber" as published in the 
Journal of Lightwave Technolow (see Footnote 1). 

Using 3M Single-Polarization Fiber 

As with standard telecommunications fibers, the PZ 
fibers have excellent mechanical strength character- 
istics. Therefore, standard handling practices are 
sufficient when stripping, bending, and winding. 

The 3M P Z  Series single-polarization fibers are 
mechanically matched to 3M PM Series 
polarization-maintaining fibers for ease in fiber-to- 
fiber splicing. In aligning the fiber to other fibers 
and devices, simply rotate the fiber and monitor its 
output power until maximum is reached. 

By design, 3M single-polarization fibers do not 
require bending for operation as in conventional 
fiber polarizers. However, under tight bends the 
guided mode cutoff edges toward the shorter 
wavelength, reducing the operational bandwidth. 
This effect is shown in Figure 3 and should be 
taken into consideration when using 3M PZ fiber. 

Additional Information 

The following references describe theory and 
performance of 3M single-polarization fiber and 
some of its applications. For additional assistance, 
please consult 3M Specialty Optical Fibers. 

Messerly, M.J., Mikkelson, R.C., Onstott, J.R., "A 
Broad-band Single Polarization Optical Fiber." 
Journal of Lightwave Technology Vol. 9, No. 7, 
(July 1991). 

Rashleigh, S.C., Burns, W.K., Moeller, R.P., and 
Ulrich, R., "Polarization holding in birefringent 
single-mode fibers." ODtics Letters Val. 7, No. 1, 
(1 982). 

Special Note 

This product is experimental: It may be subject to 
modification, production limitations or cancellation 
by the manufacturer. Contact 3M regarding current 
status of this product before including it in any 
specification. 

Specialty Optical Fibers 

420 Frontage Road 
West Haven, CT 06516-4190 USA 

(203) 932-3883 Facsimile 
(203) 934-7961 



Power-Core Fiber 
TECSTM Hard-Clad Fiber 

P R 0 P R I ETA R Y 3 M 
HARD CLADDING 

BUFFER COATING 

TECSTM Hard-Clad Fiber Construction 

TECSTM Hard-Clad Fiber is ideal for use in medical laser 
delivery systems. 

Applications 
Laser Delivery Systems 

9 Medical 
Industrial 
Ordnance Initiation 

* Short-Haul Data and Video Communications 
Illumination Systems 
Sensing Systems 

Medical 
Industrial 

* Spectroscopy 

Advantages 
Hard cladding yields increased fiber strength and 
reduced static fatigue in humid environments. Also 
protects the fiber during buffer stripping to prevent 
fiber breakage. 
Efficient light coupling and superior transmission in 
tight bends due to high numerical aperture. 
High core-to-clad bonding prevents pistcaning and 
provides more stable crimp-and-cleave or epoxy 
terminations. 
Small overall fiber size for small size constraints. 
High concentricity and core-to-clad ratio for 
excellent connection alignment, fiber core 
posrtioning and high transmission bundles. 

* Both Low- and High-OH fiber designs available, 
providing a broad spectral transmission range 
from 220nm to 2400nm. 

economical alternative to the LMT Series fibers - without compromising performance in most 
applications. 
LMT Series Low-OH fibers offer superior radiation 
resistance in C O ~ ~  environments. 
Core, 3M hard cladding, andd buffer are USP Class 
VI approved for non-toxicity and biocompatibility. 

= New OMT Series Low-OH fibers are a hrghly 

Sterilizable (Radiation, EtO, Steam) 
Variety of connectors and assemblies available: 

High-power SMA 905 assemblies 
0 3M FC and ST'-compatible ceramic ferrule 

SMA 905 crimp-and-cleave termination kit 
No epoxy, reusable 3M mechanical splice 

connectors and assemblies 



LOW-OH FIBER - Designed for Visible to Near-IR Transmission 
~ 

Standard Performance Fiber' 
Attenuation @ 630nm I 50 dB/km 
Part Number + 

Premium Performance Fiber 
Attenuation @ 630nm I 10 dBkm 
Part Number -+ 

Core Diameter 
Clad Diameter 
Buffer DiameterZ 

Maximum Attenuation @ 820nm 
Bandwidth 
Maximum Core Offset 

Numerical Aperture3 
Acceptance Angle (Full) 
Peak Optical Power Capability4 

Operating Temperature Range 
Proof Test Level 
Minimum Bend Radius 
- Recommended Short Term 
- Recommended Long Term 
- Absolute Short Termt 
-- Absolute Long Termt 

Standard Lengths 

Unit 

- 

- 
u m 
Pm 
Pm 

l5ikrr 
AHz-kn 
P 

MW 

'C  
kpsi 

mm 
mm 
mm 
mm 

m 

T-200-DMT 

'T-200-LMT 

200 ? 5 
230 +O,-10 
500 + 30 

6 
20 
5 

0.39 _+ 0.02 
46" 
1.6 

-65 to +125 
100 

13 
20 
5 
10 

1 100,2200 

FT-300-DMT 

FT-300-LMT 

300 + 6 

650 i 30 

6 
15 
5 

0.39 t 0.02 
46' 
2.8 

330 +5,-15 

-65 to +125 
100 

20 
30 

8 
15 

500 

HIGH-OH FIBER - Designed for UV to Visible Transmission 

Part Number 

Core Diameter 
Clad Diameter 
Buffer Diameter2 

Maximum Attenuation 0 820nm 
Typical Attenuation @ 400nm 
Bandwidth 

Maximum Core Offset 
Numerical Aperture' 
Acceptance Angle (Full) 

Peak Optical Power Capability" 
Operating Temperature Range 
Proof Test Level 

Minimum Bend Radius 
- Recommended Short Term 
- Recommended Long Term 
- Absolute Short Termt 
- Absolute Long Termt 

Standard Lengths 

!Jm 

MW 
"C 

kpsi 

mm 
mm 
mm 
mm 

m 
-_ 

'T-200-UMT 

200 5 5 
230 +O,-10 
500 t 30 

12 
75 
20 

5 
0.39 It 0.02 

46' 

1.6 
-65 to +125 

100 

13 
20 

5 
10 

1 100.2200 

'T-300-UMT 

300 t 6 

650 i 30 

12 
75 
15 

5 
0.39 ? 0.02 

46' 

2.8 
-65 to +125 

100 

330 +5,-15 

20 
30 
8 

FT-400-BMT 

FT-400-LMT 

400 i 8 

730 k 30 

8 
13 
7 

0.39 i 0.02 
46- 
6.3 

430 +5,-15 

-65 to +125 
50 

53 
80 
12 
20 

500 

FT-400-UMT 

400 i 8 

730 i 30 

12 
75 
13 

7 
0.39 f 0.02 

46' 

6.3 

50 

430 +5.-15 

-65 tO +125 

53 
80 
12 
20 

500 1 500 

FT-600-DMT 

FT-600-LMT 

600 k 10 
630f  10 
1040 + 30 

8 
9 
9 

0.39 f 0.02 
46" 
14.0 

-65 to +125 
50 

80 
120 
18 
30 

300 

'T-600-UMT 

600 f 10 
630? 10 
1040 i 30 

12 
75 
9 

9 
0.39 2 0.02 

46' 

14.0 

50 
-65 to +125 

80 
120 

18 
30 

300 

FT-800-BMT 

--____ 

FT-800-LMT 

800k 10 
830 t 10 
1040 f. 30 

8 

9 

0.39 rt 0.02 
46" 
25.0 

- 

-65 to +l25 
I 

106f 
160t 
20 
40 

100 

FT-800-UMT 

800 i 10 
8 3 0 t  10 
1040 i 30 

12 
75 
- 

9 
0.39 f 0.02 

46 

25.0 
-65 to +125 
- 

106t 
160t 
20 
40 

100 

T-1 .O-DMT 

T - 1  .O-LMT 

1000 i 15 
1035 f. 15 
1400 f 50 

8 

10 

0.39 I0 .02  
46" 
64.3 

I 

-65 to +125 
- 

133f 
180 
30 
60 

50 

'T-1 .O-UMT 

1000 2 15 
1035f 15 
1400 t 50 

12 
75 
I 

10 
0.39 f 0.02 

46" 

64.3 
-65 to +125 
I 

133t 
180 
30 
60 

50 

Not recommended for radiation environments 
-Standard buffer coating is Tefzel F 21 0 
2 meters. 50% intensity 
Based on 5 GWicrn' for 1064nm Nd.YAG laser with 10 nsec. pulse length. 

t Determined statistically for short gauge length. 
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Important Notice to Purchaser: 
All statements, technical information and recommendations related to the Seller’s products are based on information believed to be 
reliable, but the accuracy or completeness thereof is not guaranteed. Before utilizing the product, the user shoutd determine the 
suitability of the product for its intended use. The user assumes all risks and liability whatsoever in connection with such use. 

Any statements or recommendations of the Seller which are not contained in the Seller’s current publications shall have no force or 
effect unless contained in an agreement signed by an authorized officer of the Seller. THE STATEMENTS CONTAINED HEREIN 
ARE MADE IN LIEU OF ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE WHICH WARRANTIES ARE HEREBY 
EXPRESSLY DISCLAIMED. 

Seller shall not be liable to the user or any other person under any legal theory, including but not limited to negligence or 
strict liability, for any injury or for any direct or consequential damages sustained or incurred by reason of the use of any of 
the seller’s products that were defective. 

Manufactured in the  USA 



#78-6900-1901-9 RPv B 
i 1992 3M 
ST' IS a trademark of AT&T 
TefzeP IS a registered trademark of E I DuPont de Nemours & Go. 

3M High-Power SMA 905 Assemblies. Proprietary 
3M connector was designed for applications using high 
peak energy lasers, high average power pulsed lasers, 
and high-power CW lasers. Connector is available on 
factory-mount fiber assemblies. 

3M FC, SF and SF Push-Pull Connectors. For 
high-precision applications, 3M FC and ST'- 
compatible ceramic ferrule connectors and 
assemblies are available. The 3M Push-Pull ST* 
connector has a rectangular push-pull coupling 
mechanism that provides easy insertion. high 
repeatability, and excellent stability. The connector's 
pull-proof and side-pull-resistant design helps prevent 
accidental movement of the ferrule in a connection. 

3M TECSTM Crimp-and-Cleave SMA 905 
Termination Kit. All the tools necessary to install 
an SMA-style crimp-and-cleave TECSTM 200 micron 
connector are contained in this kit. This no-epoxy, 
no-polish termination method means quick and easy, 
high-quality terminations in almost any environment. 

Simplex and Duplex-Oval Plenum and UL Cables. 
Two cable designs are available: 1) loose tube to 
protect the fiber, or 2) no tube for a low-cost 
alternative. Both designs have a meshed aramid 
strength member and a PVC over-jacket. No 
breakout kit is required. 

Innovation working for you 

3M Specialty Optical Fibers 
420 Frontage Road 
West Haven. CT 06516-4190 USA 
(203)  934-7961 



Power-Core Fiber 
High-NA Silica/Silica 

e 
SILICA CORE 

OPED SILICA CLADDING 

BUFFER COATING 

High-NA Silica/Silica Fiber Construction 

Advantages 
Hgh numerical aperture: 

* Couples over 75% more power than conventional 
50/125 and 100/140 fibers, respectively. 
Less critical fiber alignment requirements. 
Reduced bending tosses. 

0 Step-index fiber design for maximum power delivery. 

Silica cladding material offers stable temperature 
performance and allows metalized packaging. 

Applications 
Laser Diode Pigtails 

* Medical Sensing Systems 
Data Communications 
Single-Fiber Illumination Systems 

Core, cladding and buffer are USP Class VI approved 
for non-toxicity arid biocompatibility. 

Et0  and autodave sterilizable. 

connectors and splicing systems. 
Fiber dimensions are compatible with standard 

* Pre-terminated pigtails and assemblies available. 

Typical Spectral Response 

Manufactured in the USA 



H ig h- N A Si I i ca6  i I i ca 
~~~ ~ _ _  

Part Number 

Core Diameter 
Clad Diameter 
Buffer Diameter 

Maximum Attenuation @ 820nm 

Nominal Concentricity - Core-to-Clad 

Numerical Aperture' 
Acceptance Angle (Full) 
Operating Temperature Range 

Proof Test Level 
Minimum Bend Radius 

@ 1300nm 

- Fiber-to-Buffer 

- Recommended Short Term 
- Recommended Long Term 
- Absolute Short Term? 
- Absolute Long Termt 

Coating Type 
Standard Length 

'2 meters, 50% intensity 
t Determined statistically for short gauge length. 

Unit 

Pm 
Clm 
Clm 

dB/km 
dB/km 
Pm 
0% 

'C 

kpsi 

mm 
mm 
mm 
mm 

m 

Special Note: 
This product is experimental: It may be subject to modification, 
production limitations or cancellation by the manufacturer. Contact 
3M regarding current status of this product before including it in any 
Specification. 

Important Notice to Purchaser: 
All statements. technical information and recommendations related 
to the Seller's products are based on information believed to be 
reliable. but the accuracy or completeness thereof is not 
guaranteed. Before utilizing the product, the user should determine 
the suitability of the product for its intended use. The user assumes 
all risks and liability whatsoever in connection with such use. 

Any statements or recornmendations of the Seller which are not 
contained in the Seller's current publications shall have no force or 

#78-6900-3454-7 

~~ 

FG-050-GLA 

50 ? 3 
125 f 2 

250 L 15 

20 
8 

Offset 2 3 
270 

0.365 f. 0.01 5 
21.4' 

-60 to +85 

50 

16.5 
24.5 

8 
13 

Acvlate 
110 

FG-1 OO-GLA 

10054 
140 5 3 

250 f 15 

20 
8 

Offset cc 3 
270 

0.365 f 0.01 5 
21.4' 

-60 to -1-85 

50 

18.5 
28.5 

9 
15 

Acrylate 
110 

effect unless contained in an agreement signed by an authorized 
officer of the Seller. THE STATEMENTS CONTAINED HEREIN 
ARE MADE IN LIEU OF ALL WARRANTIES, EXPRESS OR 
IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A 
PARTICULAR PURPOSE WHICH WARRANTIES ARE HEREBY 
EXPRESSLY DISCLAIMED. 

Seller shall not be liable to the user or any other person under 
any legal theory, including but not limited to negligence or 
strict liability, ?or any injury or for any direct or consequential 
damages sustained or incurred by reason of the use of any of 
the seller's products that were defective. 

Innovation working for you- 

3M Specialty Optical Fibers 
420 Frontage Road 
West Haven, CT 06516-41 90 USA 
(203) 934-7961 



Power4ore Fiber 
GLPC -- SilicalSilica 

Silica/Silica Fiber Construction 

Advantages 
Glass-cladding stability allows for high power- 
handling capability and laser misalignment. 

Applications 
High-Power Laser Delivery Systems 

Medical 
Industrial 
Ordnance Initiation 

Short-Haul Data and Video Communications in 

Illumination Systems 
Sensing Systems 

Medical 
Industrial 
Spectroscopy 

Extreme Temperature Environments 

Reduced microbend sensitivity in rugged environ- 
ments due to dual coating of silicone and TefzeP. 

Glass-clad design provides superior UV and near-IR Core, cladding and buffer are USP Class VI 
approved for non-toxicity and biocompatibility. transmission compared to polymer-clad fibers. 

Low numerical aperture provides a low beam 

High concentricity and core-to-clad ratio for 
divergence and uniform spot size. 

excellent connector alignment and small overall 
fiber site. 
Both Low- and High-OH fiber designs available, 
providing a broad spectral transmission range from 
220nm to 2400nm. 

High-OH version provides superior radiation 
resistance in Corn environments. 

Sterilizable (Radiation, EtO, Steam) 
Temperature range of -65' to +150'C meets military 

Custom fiber sizes, core-to-clad ratios, and coatings 

3M FC and ST*-compatible ceramic ferrule 

specifications. 

available for specific applications. 

connectors and assemblies available for high- 
precision applications. 

Typical Spectrai Response 

Manufactured in the USA 



GLPC -- SilicdSilica 
LOW-OH FIBER - Designed for Visible to Near-IR Transmission 

Part Number 
Core Diameter 
Clad Diameter 
Buffer Diameter' 
Maximum Attenuation @ 820nm 
Numerical Aperture' 
Nominal Concentricity 
Acceptance Angle (Full) 
Peak Optical Power Capability3 
Operating Temperature Range 
Proof Test Level 
Minimum Bend Radius 

- Recommended Short Term 
- Recommended Long Term 
- Absolute Short Termt 
- Absolute Long Termt 

Standard Length 

Unit 

Pm 
Pm 
Pm 

IB/km 

Yo 

MW 
'C 

kpsi 

mm 
mm 
mm 
mm 

m 

FG-200-LAT 
200 i: 5 
250 i: 5 

600 f 30 

8 
0.16 t 0.02 

95 
19' 
1.6 

-65 to +150 
50 

33 
50 
12 
25 

500 

HIGH-OH FIBER - Designed for UV to Visible Transmission 
- ~~ 

Part Number 
Core Diameter 
Clad Diameter 
Buffer Diameter' 
Maximum Attenuation @ 820nm 
Typical Attenuation @ 400nm 
Nominal Concentricity 
Numerical Aperture2 
Acceptance Angle (Full) 
Peak Optical Power Capability3 
Operating Temperature Range 
Proof Test Level 
Minimum Bend Radius 

- Recommended Short Term 
- Recommended Long Term 
- Absolute Short Termt 
- Absolute Long Term7 

Standard Length 

- 
Unit 

Pm 
Pm 
w 

dBkm 
dBkm 

O/O 

MW 
'C 

@Si 

mm 
rnm 
mm 
mm 

m 

~ 

FG-200- U AT 
200 f 5 
250 k 5 

600 f 30 
12 
40 
95 

0.1 6 f 0.02 
19' 
1.6 

-65 to +150 
50 

33 
50 
12 
25 

500 

FG-400-LAT 
400 5 8 
500 k 10 
1000 zk 30 

8 
0.16 t 0.02 

95 
19' 
6.3 

-65 to +150 
20 

66t 
1 O O t  
20 
40 

100 

FG-400-UAT 
400 f 8 
500 rt 10 
1000 k 30 

12 
40 
95 

0.16 f 0.02 
19' 
6.3 

-65 to +150 
20 

66 t 
1 OOt 

20 
40 

100 

FGSOO-LAT 
600 t 10 
750 t 15 
1250 k 30 

8 
0.16 -t 0.02 

85 
19' 
14.0 

-65 to +150 
15 

99 t 
150t 
32 
65 

50 

FG-1 .O-LAT 
1000 rt 25 
1250 t 25 
1850 t 50 

10 
0.16 f 0.02 

80 
19' 

64.3 
-65 to +150 
- 

166t 
180 
65 
1 40 

20 

FGSOO-UAT 
600 f 10 
750 f 15 
1250 f 30 

12 
40 
85 

0.16 -I 0.02 
19' 
14.0 

-65 to +150 
15 

99t 
150t 
32 
65 

50 

-~ 

FG-1 .O-UAT 
1000 f 25 
1250 rt 25 
1850 k 50 

14 
40 
80 

0.16 f 0.02 
19' 

64.3 
-65 to +150 - 

166t 
180 
65 
140 

20 

I Standard buffer coating is TefzelB 21 0 
'2 meters, 50% intensity 

Important Notice to Purchaser: 
All statements, technical information and recommendations retat4 
to the Seller's products are based on infomation believed to be 
reliable, but the accuracy or completeness thereof is not 
guaranteed. Before utilizing the product, the user should determine 
the suitability of the product for its intended use. The user assumes 
all risks and liability whatsoever in connection with such use. 
Any statements or recornmendations of the Seller which are not 
contained in the Seller's current publications shall have no force or 
effect unless contained in an agreement signed by an authorized 
officer of the Seller. THE STATEMENTS CONTAINED HEREIN 

#78-6900-1902-7 Rev. B 
01992 3M 

Based on 5 GW/cmz for 1064nm Nd:YAG laser with 10 nsec. pulse length. 
t Determined statistically for short gauge length. 

ARE MADE IN LIEU OF ALL WARRANTIES, EXPRESS OR 
IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A 
PARTICULAR PURPOSE WHICH WARRANTIES ARE HEREBY 
EXPRESSLY DISCLAIMED. 

Seller shall not be liable to the user or any other person under 
any legal theory, including but not limited to negligence or 
strict liability, for any injury or for any direct or consequential 
damages sustained or incurred by reason of the use of any of 
the seller's products that were defective. 

ST' is a trademark of AY&T 
Tefzel@ is a registered trademark of E.I. DuPont de Nemours & Co. 

3M Specialty Optical Fibers 
420 Frontage Road 
West Haven, CT 0651 6-41 90 USA 
(203) 934-7969 



Power-Core Fiber 
PCS -- Ptastic-Clad Silica 

‘SILICA CORE 

CLADDING 

W ‘BUFFER COATING 

Plastic-Clad Silica Fiber Construction 

Advantages . Two cladding types available: 
Non-mechantcally strippable clad fiber has a -35°C 
temperature capability and provides a stable 
termination with less pistoning. Recommended for 
crimp-and-cleave termination systems. 

temperature capability and provides easy cladding 
removal. 

Mechanically stfippable clad fiber has a -25°C 

Easy light coupling and low microbend loss due to 

Silicone-clad design provides low-cost UV 
high numerical aperture. 

performance superior to hard-clad polymer fibers. 

Typicai Spectral Response 

Applications 
Laser Delivery Systems 

Medical 

Ordnance Initiation 
Industrial 

Short-Haul Data and Video Communications 
illumination Systems 
Sensing Systems 

Medical 
industrial 
Spectroscopy 

Both Low- and High-OH fiber designs available, 
providing a broad spectral transmission range from 
220nm to 2400nm. 

High-OH version provides superior radiation 
resistance in Cogo environments. 

Core, cladding and buffer are USP Class VI 
approved for non-toxicity and biocompatibility . 
Sterilizable (Radiation, EtO, Steam) 
Custom fiber sizes and coatings are available for 
specific applications. 

1 0  

10 

Manufactured in the USA 



PCS -- Plastic-Clad Silica 
LOW-OH FIBER - Designed for Visible to Near-IR Transmission 

Part Number 
Core Diameter 
Clad Diameter 
Buffer Diameter' 
Maximum Attenuation @ 820nm 
Bandwidth 
Nominal Concentricity 
Numerical Aperture2 
Acceptance Angle (Full) 
Peak Optical Power Capability3 
Operating Temperature Range 
Proof Test Level 
Minimum Bend Radius 

- Recommended Short Term 
- Recommended Long Term 
- Absolute Short Termt 
- Absolute Long Termt 

Standard Lengths 

Unit 

Pm 
Pm 
Pm 

dBlkm 
MHz-km 

Yo 

MW 
'C 

kpsi 

mm 
mm 
mm 
mm 

m 

FP-200-LMT 
200 f 5 

380 f 20 
600 f 30 

6 
20 
95 

0.40 f 0.02 
47' 
1.6 

-35 to +150 
50 

26 
40 
10 
20 

1100,2200 

HIGH-OH FIBER - Designed for UV to Visible Transmission 

Part Number 
Core Diameter 
Clad Diameter 
Buffer Diameter' 
Maximum Attenuation @ 820nm 
Typical Attenuation @ 400nm 
Nominal Concentricity 
Numerical Aperture* 
Acceptance Angle (Full) 
Peak Optical Power Capability3 
Operating Temperature Range 
Proof Test Level 
Minimum Bend Radius 

- Recommended Short Term 
- Recommended Long Term 
- Absolute Short Termt 
-Absolute Long Termt 

Standard Lengths 

- 
Unit 

Pm 
Pm 
Pm 

dB/km 
dB/km 

O/O 

MW 
'C 

kpsi 

mm 
mm 
mm 
mm 

m - 

FP-200-UHT 
200 f 5 
380 f 20 
600 rt 30 

12 
40 
95 

0.40 f 0.02 
47' 
1.6 

-25 to + 150 
50 

26 
40 
10 
20 

1 100,2200 

FP-400-LHT 
400 f 8 
600 I30 
750 f 30 

8 
13 
95 

0.40 f 0.02 
47' 
6.3 

-25 to +150 
40 

75 
100 
15 
30 

500 

FP-400-UHT 
400 f 8 
600 f 30 
750 & 30 

12 
40 
95 

0.40 f 0.02 
47" 
6.3 

-25 to +I 50 
40 

75 
100 
15 
30 

500 

FP-600-LHT 
600 k 10 
830 t 30 
1050 f 30 

8 
9 
85 

0.40 k 0.02 
47' 
14.0 

-25 to +150 
25 

1 O O t  
140t 
25 
45 

300 

FP-608-UHT 
600 f  10 
830 t 30 
1O50 rt 30 

12 
40 
85 

0.40 5 0.02 
47' 
14.0 

-25 to +150 
25 

1 O O t  
140t 
25 
45 

300 

FP-1 .O-LHT 
1000 I 20 
1400 +_ 50 
1600 k 50 

8 

80 
0.40 & 0.02 

47' 
64.3 

-25 to +150 

- 

- 
150t 
180 
35 
85 

50 

FP-1 .O-UHT 
1000 * 20 
1400 f 50 
1608 & 50 

12 
40 
80 

0.40 k 0.02 
47' 
64.3 

-25 to +150 - 

150t 
180 
35 
85 

50 
'Standard buffer coating is TefzelB 210 
'2 meters, 50% intensity 
Important Notice to Purchaser: 
All statements, technical information and recommendations related 
to the Seller's products are based on information believed to be 
reliable, but the accuracy or completeness thereof is not 
guaranteed. Before utilizing the product, the user should determine 
the suitability of the produd for its intended use. The user assumes 
all risks and liability whatsoever in connection with such use. 

Any statements or recommendations of the Seller which are not 
contained in the Seller's current publications shall have no force or 
effect unless contained in an agreement signed by an authorized 
officer of the Seller. THE STATEMENTS CONTAINED HEREIN 

#78-6900-1903-5 Rev. 0 
01 992 3M 

'Based on 5 GW/cmz for 1064nm Nd:YAG laser with 10 nsec. pulse length. 
t Determined statistically for short gauge length. 

ARE MADE IN LIEU OF ALL. WARRANTIES, EXPRESS OR 
IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A 
PARTICULAR PURPOSE WHICH WARRANTIES ARE HEREBY 
EXPRESSLY DISCLAIMED. 

Seller shall not be llable to the user or any other person under 
any legal theory, including but not limited to negligence or 
strict liability, for any injury or for any direct or consequential 
damages sustained or incurred by reason of the use of any of 
the seller's products that were defective. 

Tefzel@ is a registered trademark of E.I. DuPont de Nemours 8 Co. 

3M Specialty Optical Fibers 
420 Frontage Road 
West Haven, CT 0651 6-41 90 USA 
(203) 934-7961 



DIAG “ST SERIES 

lm- 

STEP INDEX 

Typical Spectral Loss Characteristics 
\ - - - - - -  Optical fiber for ST 

T OPTICAL FBER 
Diahiukle ST senem MRT optical fibers are made 
of Srfica glas6 and manufactured by the MRT 
(Mod- Rod-h-Tutm)process o+sginally deve- 
loped by M)laubishi C a b  industries., Ltd. This 
fiber featums e high purCty s i k a  glass core 
and large range of fiber ske. Our kame core- 
filwitrs are espe4aWy wecl suited to such appti- 
cations as hbh power taser beam wades or 
opeal measuring devices. Also, STR series 
with excrdlant radiation resistame and STU 
series for utt+avbkt t rsnsmiss iom are available. 

Features 
*Wide range of spectral transmission 
(ST : 500- 2100nm) 
(STU:200-600nm) 

(106W/mm2 for pulsed 1060nm) 
(XX)OW/mmz for CW 1060nm) 

*Core diameter of 50um to 1000flm) * High radiation resistance 
*Core and clad ratio (1:l.l 1:1.25) * Numerical aperture 0.2 k0.02 
*Special coating, jacketing and core- 

*High power transmission 

size available on request 

$!MITSUBISHI CABLE INOBISTRIES,LTD. 





MStandard VIS-IR Transmission Optical Fiber 

I 
(ST-SY Series, Nyl on Jacketed Fiber) 

TY Pe 1 STSOA-SY 1 STlOUB-SY ST100C-SY STZOODSY 1 ST4OOE-SY 1 STGOOF-SY 1 ST60-! 
prn 

Core non-circularity 010 

' Core diameter- 
I 1 -4- I 

5 0 r 3  1 100+3 10023 1 200+10 ~ 400r20 I 600130 1 8oO-C-40 ,1000*50! 
25 __-___ -_ -----I-- __ L---_ 

S6 

TY pe STSOA-FV STIOOB-FV I STlOOC-FV STZOOC-FV ST400E-FV STGOOF-FV 1 STBOOG-RI STlMMkFV 
I 

Type of optical fiber ST50A-SY 1 ST100B-SY STlOUC-SY I STZOOD-SY 

I Fiber diameter pm 1 1 2 5 ~ 3  1 140-1-3 I 150i3 , 
1 Fiber n o n - c i r c u l m v  'IQ I 

ST400E-SY i STGOOF-SY ' STBOOG-SY ST1000WSY I 

Approx 4 Approx. 5 1 Overall diameter mrn Approx 3 
215 -20 1 230 240 
-_+_ 

210 I Tensile Strength ks 
, Standard continuous length rn T O O  500 200 50 20 20 __. _-_~ 

30 I Nominal weight kglkm 10 1 2 0 :  ___-____ 

~ Wavelength(prn) 1 T e m p l t  ) I Dose(A/H x time) 1 Optical Power(dBm) llnduced loss(d8lkm) 
0.85 1 X) i ~ x i e x 3 m l n  1 -20 I 10 

, 

HUltraviolet Transmission Optical Fiber 
(STU-SY Series, Nylon Jacketed Fiber) 

TY Pe 

Core diameter prn 

The core is made out of a high-purity silica 
glass which deteriorates little under radiation. 
Therefore, loss increasing is very slight under 
radiation in comparison with usual silica glass 
optical fiber, and loss characteristics recovers 
rapidly after stopping exposure. 

STR50A-SY 1 STRlfNESY 1 STRloOC-SY 

50+3 1 10013 1 100+3 

__Radiation reststant fiber - Domd cae fiber 

- 
3 
1 
C 

B 
? 
2 

Outer diameter rnm 
Numerical apature 
Attenuation (0 85 !.mi) dBlkm 

MHz*km 1 Band-width (0 85 ,urn) 
1- 1 Standard continuous length rn 

radtahon resistance 

usual grade fiber) 
Expusure Release (withMkwbishi Cabtes 

03 
30 60 90 120 

0.9 

0 2  
--3 k€i a5 

220 
1000 ----I 

TY Pe 
_ _  

, Core diameter __ 
- 1 5  <' Core non-circularity 010 -6 

Core concentricity error Yo ' 6  1-3 

Attenuation 'u~j3pmJ5' 
- .. 

I fiber diameter prn 

600 tTransoarencv:87%/m~ , 

12523 15023 __ 1 , z50+12 1 500125 j 750+37 ' 1000+50 I 12501r62 

I 20 ~ 20 - inuous length 1000 500 , 2M) 50 



O h  

O h  

Core noncircularity 
I Core concentricity error 

um ( Fib& diameter 

.Ultraviolet Transmission Optical Fiber Cord 

I 
~ 

(STU-FW Series, Kevlar Reinforced PVC Sheathed Fiber) 

I STUSOA-N 1 STUlOOC-FV ~ STUZMIC-FV j STU400E-N ~ STUGOOF-Fd ~ STUBOOGFV [ik&& 

5 5  

5 3  
.......... ~._....____ 

... ...... 
11053 j 220+11 i a o t i 7  I 440122 660+33 1 880x44 i100*55-1 .... .......... 

PVC ..... j ..- Sheath -2 ......... ~ ... I ........ . 

k g /  ! I 

.. ......... ............ 4 Approx. 5 1 Overall diameter mm I Approx. 3 ~ ! Approx. 4 I 

! Tensile strength 

' Nominal weight 

2 1 5  ~ 220 ' 230 .......... . 210 
500 200 , 50 , 20 

20 30 
........... ... .... . ----I , .- ~ 

, Standard continuous length m l  lo00 
-....... .- 

..A 10 .......... - kgfkm i 
____I- .................... 

~ Fiber noncircularity 010 

EOptical Fiber Bundle 
(Standard or Custom-made designs available) 

......... ......... ......... - 1 5  

A wide variety of bundled fiber 
light guides with optically- 
ground ends are available. 
Light guides using high-purity 
silica core fibers feature par- 
ticularly high light transmission 
efficiency and promise an ex- 
tremely wide range of appli- 
cations. 
.Two types of si l ica fiber 

available, UV transmission 
or IR transmission, to best 
match your wavelength band. 
Please specify terminal fitt- 
ing shape, fiber size, fiber 
terminal layout, etc. 

~ 

TYPE SU200 (DWG No. FS244101A) 

....... 
3- ~~ I 

- 1  

m* -~ ~f 

... ......... ~ _ _  ........ 
TYPE SL/800 lDWG No. FS244101A) i TYPE: SUSMB (DWG No. FS249901) 

I _ -  ~ _ _ _  
TYPE. SUAC (DWG NO FS241402) TYPE SUAR (DWG NO FS2414021 
0 For bundled fibers 0 For bundled f i  

I 
* - 1  I_ 

- .  
~ ~ 

- - I  1 
Y O ( ,  3 -  
-- @ I t  :-z- - - - - _ _  - - - -  - - I 



- *  W&er optic bser Delivery System 
Optical Fiber applied 
% SY (Nylon Jacketed) 
% FV(Kevlar reinforced PVC Sheathed) 
?3 CSV (Anaconda tube for Fiber-Protection-Purpose) 

CONNECTOR (For general use) 

i"" - 
L 

I 

RECEPTACLES 

Connector, Type: D-80P. 
shall be mounted to both 
sides of the fiber cord to 
make a single-fiber cord 
set.(l25, 150, 250, 500, 
750,1000 and 1250pm 
fiber diameter) 

Connector, Type: D-80HPS, 
shall be mounted to both 
side of the fiber cord to 
make a single-fiber cord 
set.600, 750, 1000 and 
1250 um fiber diameter) 

Receptacle, Type: D-WR 
excluding any 
lens can be connected 
with a single-fiber 
cord set (with 0-80HPS 
connector) 

- 

$3; Lens assemblies are available with anti-reflection 
coating lens for the wavelength of 488nm, 510nm, 
633nm and 1060nm 

'7 3 Max. energy of continuous wave 
250W : ST-400E 
550W : ST-6OOF 

iOOOW : S T - W G  
1550W ST-1000H 

COLLIMATORS 

For 0-80HPS 
. f E l O  

DWG NO FS245501) 

l:g-.s (DWG NO FS128Mll) I Op 

Collirnator(lnput), Type: 0-8OHL-S 
including a lens (D=8mmd, 
f=lOmm) can be connected 
with a single-fiber cord set 
(with 0-80HPS connector). 

Collirnator(lnput), Type: DNHL, 
including a lens (0=19mm4, 
f = 2Omm) can be connected 
with a single-fiber cord set 
(with D-80HPS connector). 

Colliinatodlnptd, Type: DEIOMHL, 
including a lens (D=lSmm@, 
f=30mm)can be connected 
with a single-fiber cord set 
(with D-80HPS connector). 
The X axis and Y axis of the 
lens are adjustable and D- 
80MHL collimator is of a 
freerotating rotary type. 

Collimator(Output), Type: DmHL-F, 
including a lens (D=lgmrnd, 
f=20mm or 30mm)can be 
connected with a single-fiber 
cord set (with 0-80HPS co- 
n nector). 
D-EIOHL-F has a function to 
concentrate rays into a focus. 
The size of the focal point is 
almost the same as the core 
diameter of optical fibers. 

For additional technical help or ordering information, 
please contact: 

AMITSUBISHI CABLE IPJDUSTRIES,LTD. 
t ied oflice 
New Kokusai Eldg. 4-1. Marunouchi 3-chome, Chiyoda-kq Tokyo la0 
Phone Toky0(03)3216-1557 Cable DAlNlCHlDEN TOKYO 
Telex 222-3146 DNCBL J Fax (03)3201-2239(GlIf) 

AMrrSUBlSHl CABLE AMERICA, IHC. 
520 Madison Avenue 17th Floor. New York N Y 10022 U.S.A 
Phone (21 23888-2270 

I 8003262-6200 
Fax $2 12)888-2276 

No.6-103f91031 





This family of all-silica fibers is avail- 
able in high OH- and low OH- grades enabling 

you to efficiently handle high power transmissions 
from the UV to the near IR. 

In the HCG and HCL product line, the combination of our patented 
hard coating and large core step-index silica construction offers you the 

benefits of high power transmission and high strength. The hard coat allows for 
tight bend radius and ensures fiber survivability in rugged environments. 

In the TCG and TCL product line, the all-silica construction incorporates a polyimide 
coating to ensure excellent chemical, abrasion and high temperature resistance. These 

fibers withstand temperatures from - 65" to +375" C. 
A variety of fiber constructions enables you to select the right all-silica product for your application. 

c, B--- 

Features and Benefits Applications 
High Power Laser Delivery. 
Peak power levels approaching 1 GWatt/cm2 are possi- 
ble with proper endface preparation. 

Exceilent UV, Visible and Near 
IR Transmission. Available in both high and low 
OH- to allow transmission over a broad spectral range. 

High Tensile Strength. 
Chemically bonded hard coating unique to Hard Clad 
Silica (HCS ) fibers ensures high strength and tight bend 
radius. Average tensile strength of 720 kpsi. 

High Temperature Resistance. 
Polyimide coating withstands temperatures from - 65" 
to + 375" c. 

Laser Delivery Systems, 

Spectroscopy 
Sensors, Industrial and Medical 
Radiation Analysis 

Down Hole Well-Logging 
Engine Controls 
Laser Weld in g 
Laser Ordnance Initiation 
1 lluminat ion 
AircrafVlndustrial Cabling 

Industrial and Medical 

,'-- Coating a!!z ~-..---- ....---- Core Buffer 

\...... Cladding 
'.. 

, -- Pure silica core Steritizable. ,' 
Steam, ETO, e-beam or gamma radiation methods. Silica cladding lor ultrahigh damage 

threshold plus high performance 
optical properties 

and fatigue resistance or polyimide 
for high temperature 

- Bonded hard coat for strength Biocompatible Materials. 
All materials certified Class VI non-toxic and 
biocompatible. 

"Ensign-Bickford Optics products covered by one or more of 
the following US patents: 4.51 1.209. 4,599,098 4,707,076, 
5,028.246.5.108.021.5.175,785. 

Tefzel? buffer for - 
resistance to abrasion 
and chemicals Ensign-Bickford 

Optics Company The dynamic force in fiber. 

2031678-0371 Fax 2031674-881 8 

_. - 
Jrr Ensign-Bickford Optics Company, 150 Fisher Drive, Box 1260, Avon. CT 06001-1 260 USA 



Weibull Analysis of Tensile Strength 
For High Strength Fiber 

200 4w 

Fracture Stress (kpsi) 

6W 8W tow 

All test methods are conducted with EIA guidelines for step- 
index fiber, subject to change without notice with issuance of 
new test standards from the EIA. 

All specifications and tolerances are subject to change. 

HCS is a registered trademark of Ensign-Bickford Optics Company. 

Tefzela is a registered trademark of DuPont. 

Manufactured in the USA by Ensign-Bickford Optics Company. 

Power Delivery Facts 
Joule: measure of energy 
Watt: measure of power (1 Joule/second) 
Power Density: Power per unit area (P/A) 
Feasible Limits for Laser Power Transmission 

P/A = I 100 kW/cm2 for CW Laser 
P/A = > 1.5 GW/cm2 for Pulsed Laser 

Recommended Laser Source Spot Size: 
I 2/3 fiber core diameter 

Recommended Laser Source NA: 
5 2/3 fiber NA 

Equation Example: transmit 5 watts of continuous iaser 
power through a 200 um core fiber 

Fiber core diameter = 
2.0x 10-'cm 

Recommended laser spot diameter 
2/3 fiber core = 2/3 (2 x 10 -2cm) = 1.33 x 102cm 

Recommended laser spot area (mz) 
x [(1.33 x 10 -2cm)/2]2 = 1.39 x 10 -4cm 2 

Power density in fiber (P/A) 

Part Numbering 

____  X C X - M X X X X X - X X  ------ -- 

XC -Coating Type H(High-Strength) or 
T (Polyimide) 

- X - Fiber Type G (High OH-) or L (Low OH-) 
- M - Medium NA (0.22) 
XXXX - Core Diameter in microns 
- X - Outer Material: T (Tefzels) H (Polyimide 

Coating) 
XX - Maximum attenuation in dB/km 

@ 820 nm 

Custom core materials, fiber sizes, core-to-clad ratios, 
and buffer types available. Contact our Sales 
Department for additional information. 

Ensign-Bickford 
Optics Company 

-̂ __ - 

Ensign-Bickford Optics Company, 150 Fisher Drive, Box 1260, Avon, CT 06001 -1 260 USA AS04'9: 

203/678-0371 Fax 2031674-881 8 - 



TCL, low OH' Polyimide Coated Fiber 

S aecifieat ions: 

- 
E, 
A Y 

Product Code 
U 
2 
0 
0 

I I I I 

66Q 2 25 100 6 10 1100 TCL-MOOSOH-14 

19 
_ _  

1100 1 1 0 a  

220i3 

1 2 5 s  

2601-3 25 100 24 

1100 37 

40 TCL-M0200H-08 200k3 & 240i3 1100 

41 5k4 64 500 39 3 100 - 

Temperature Range for Continuous Usage: -65" C to +375" C 
Numerical Aperture: 0.22 (2m 50% Far Field Intensity) 

Core sizes up to 600 pm available. Please consult factory. 

Spectrat Attenuation {typical) 

Fiber Transmission 
dB/meter m 

532 KTP 
755 Alexandrite 
850 LED 
1093 CrMgF 
1300 DiOdeLeser 
1550 OiodeLaser 
2010 Thulium 
2100 Ho:YAG 

.018 
,004 
$04 
,003 
.006 
,008 
.034 
.075 

60 F 
i 4 0 L L  20 c i 

500 700 900 1100 1300 1500 1' 

E 
g m 
tJ 

H) 1 1800 .I900 2000 a100 2 

Wavelength (nm) 

tt  Conditions are arnbenl . Stattstcatly Determined 



TCG, High OH' Polyimide Coated Fiber 

Product Code 

I TCG-M0100H-14 

TCG-MA200H-10 

TCG-M0200H-10 

TCG-M0320H-10 

Temperature Range for Continuous Usage: -65" C to +375" C 
Numerical Aperture: 0.22 (2m 50% Far Field Intensity) 

Core sizes up to 600 pm available. Please consult factory. 

Spectral Attenuation (typical) 

FiberTransrnission I 
,.(nml dB/meter i 

248 Kwon Fluoride 1.1 
308 Excimer .27 
488 ArgonBlue ,013 
515 ArgonGreen ,014 
532 KTP .013 
647 KrytonRed .008 
850 LED .013 

\ 2000 , I I  I 
100 

f s m 
P 

Wavelength (nm) 

tt  Conditions are ambient 
' Staiisticallv Determined 



HCL, Low OH' Fiber 

! 2;: 1 2 6 0 6  ~ 375~30 

630+.10 7 5 M O  

400k10 43Ot51-15 730k30 

HCL-MO1 OOT-12 I look5 

HCL-M0940T-10 

HCL-M0200T-08 2 0 0 s  

940+15 

S nec Meat f o ns: 

100051 5 

130* I 1 4 0 6  I 250-0/+50 

1035il5 1400?50 

6 I 25 I 200 I 5 

7j-5 
200,500 

*200 I 200 

Spectral Attenuation (typical) 

Fiber Transmission 
dWmeter 

532 KTP ,018 
755 Alexandrite ,004 
850 LED .M)4 
1093 Cr:MgF 003 
1300 Diode Laser ,006 
1550 Diode Laser .MI8 
2010 Thulium .OW 
2100 Ho:YAG .075 



H- Fiber 

Specifications: 

Product Code 

1 2 5 6  I 1 4 0 6  250-0/+50 I 6 25 1100 q 
750k30 

200 1100 2 6 0 6  

100 500 

200,500 

200 

HCG-M0550T-10 I 550+12 75 58 I 94 
I 

HCG-M0940T-10 1 940+15 1 OOOk15 1035k15 I 1 4 0 0 6 0  1 11 .- *121 I *200 

Temperature Range for Continuous Usage: -65" C to +135" C 
Suitable for Temperature Excursions up to 200" C 

Numerical Aperture: 0.22 (2m 50% Far Field Intensity) 

Spectral Attenuation (typical) 

Fiber Transmission 
dslmeter 

488 ArgonBlue .013 
515 ArgonGreen ,014 
532 KTP ,013 
647 KrytonRed ,008 
850 LED .013 

2000 

1600 

1200 
E 
m 
0 800 

X . 
400 

0 

100 

80 

60 

40 

Wavelength (nm) 

tt  Conditions are arnbienr 
Slatistically Determined 



fibers arer easy to use and allow you to realize 
substantial cost savings. Applications 

Field termination of HCSk fibers, in 3 minutes or less, with 
minimal training and no consumables, is possible with our 

Disposable Medical Assemblies 
Laser Power Delivery 
Medical Sensors 

Features and Benefits 
Reliable, Easy Field Installation of Connectors. Pat- 
ented HCS - polymer technology permits direct crimping 
onto the cladding, utilizing the HCS" TK-6 Termination Kit 
and crimp and cleave SMA or ST" connectors. 

Enhanced Optical Budget. HCSe fibers offer large core 
and a high numerical aperture (NA) of .37 which allow 
greater coupling efficiency. A typical surface emitting LED 
will couple approximately 10 fimes more power info a typical 
HCS 200 pm fiber than into 62.5 pm fiber (about 5 times 
more than 100 pm fiber). 

Real Cost Savings. The coupling efficiency of large core 
HCS' fibers allows for the use of less expensive transmit- 
ters and receivers. Field terminations are performed in 3 
minutes or less, with minimal training and require no 
consumables. HCS'" is available in three grades to allow 
you to make the most economical fiber selection. 

Tight Bend Radius, Proof testing HCS3 fiber to levels far 
exceeding industry standards (up to 600 kpsi, depending on 
core size) ensures the survivability of HCS' fibers in ex- 
treme conditions. 

Wide Selection of Cable Styles. Fully dedicated cable 
department produces a variety of custom and standard 
cable designs. 

Factory Automation Links 
Industrial Sensors 
High Voltage Environments 
Illumination 
Laser Ordnance 
Avionics 
Space f3ased Systems 
Weaponry 
Nuclear Reactor Systems 
Point-to-Point Data Communication Links 
Tapped Bus Networks 

Buffer 

Core 

Cladding 

Pure silica core for 
high performance 
optical properties 

Bonded hard 
polymer cladding for 
strength and fatigue 
resistance 

Tehel"' buffer for 
resistance to abrasion 

I I and chemicals 

Ensign-Bickford 
Optics - Company - 

L- A _ _  
I Ensign-Bickford Optics Company, 150 Fisher Drive, Avon, Connecticut 06001 USA 

TEL 203-678-0371 FAX 203-674-881 8 

- 



HCN, the Short Haul HCS” Fiber 
For iow cost, short haul data or power transmission over distances from 1 m to 1000 m 

SDecif i ca t ions : 

- 
E 

Q 
i 
v 

L - - a, 
3 m 

125+1/-5 !50-01+5C 5 17 1 100 1 8 I 13 I 1100 

140+2/-5 150-0/+5c 

500250 

650+50 

-- 
17 100 9 15 1100 

17 100 15 24 2200 

5 

5 

8 

I_ 

230+0/-10 

330+51-10 

I HCN-M0400T-14 I 40o?rlo 430+5/-10 730k.50 9 

63033 0 

83021 5 

1035+15 

1040+40 

1040250 

9 

10 

10 

- 

--T- -- [‘I21 I ‘200 I 200 1400+50 

I Temperature Range: -65“ C to +125’ C 

Spectral Attenuation (typical) 
100 

80 

60 
E 
Y m 

40 
U 

Fiber Transmission 
h lnml dB/km 

515 Argon 23 
532 KTP 20 
633 Helium Neon 8 
660 LED 9 
820 LED 11 
1064 Nd:YAG 22 J 

Conail#ons are a?ioient 50”0 relative numidiiy 23 C 
Stdtic latioue parameter 24 

. Slatlstltaily determlnea 



HCP, the Low Loss HCSB Fiber 
For medium had (1 00 m to 3 km) data or power transmission and use in cabling systems 

100 

80 

60 

E 
5 m 

40 
-0 

20 

I HCP-Mol 1 OT-12 I 1 1015 

I HCP-M0125T-12 I 125+5 

HCP-M0200T-06 I 200+5 

HCP-M0300T-08 30W6 

H CP-M0400T-08 40&1O 

HCP-M0600T-08 6oM10 

HCP-M1000T-10 1 00&15 

._ 

c c -a m - 
0 

B0+5/- 1 0 650+50 

130+51- 1 0 730350 

63M10 104M40 

1035+15 1400+50 

Spectral Attenuation (typical) 
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HCR, the Radiation Resistant HCS@ Fiber 
For use in radiation environments, both high dose and high dose rate 

100 

80 

60 
E 
5 m 
U 

40 

20 

HCR-M0400T-06 

HCR-M0600T-06 I 6oort10 I 630210 I 104Ok40 

HCR-M1000T-06 1 1000+15 I 1035+15 I 1400+50 

:at ions: -- 
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NOTE: Additional radiation information available upon request 
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Numerical Aperture Scan (nominal: lkm) 
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Angle from Axis (degrees) 

Weibull Analysis of Tensile Strength 

PART NUMBERING 

I H G X - M X X X X L - I C X  

- HardClad 
- X - Fiber Type (HCN, WCP, WCR) 
- M - Medium NA (0.37) 
XXXX - Core Diameter in microns 
- T - Tefzel": Buffer 
- XX - Maximum attenuation in dB/km 

@ 820 nm 

Custom core materials, fiber sizes, core-to-clad ratios, 
NAs and buffer types available. Contact our Sales 
Department for additional information 

Notes: 
All test methods are conducted with EIA guidelines for step- 
index fiber, subject to change without notice with issuance of 
new test standards from EIA. 

All specifications and tolerances are sublect to change. 

Kevlar and Tefzel are registered trademarks of Dupont 
ST is a registered trademark of AT&T 

Manufactured in the U.S.A. by Ensign-Bickford Optics 
Company 

1W 200 400 600 HOO 3000 

Fracture Stress (kpsi) 
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We Are A Full Service Company. We Offer You .... 
HCS . Fibers 

HCN. Short Haul 
HCP, Low Loss 
HCR, Radiation Resistant 

HCS" Cables 

HCS' TK-6 Termination Kit 
Quick, easy crimp and cleave terminations, 
in 3 minutes or less 
SMA and ST" style crimp and cleave 
connectors 
Kit contains: cable stripper, fiber stripper, 
crimp tool, Kevlar- scissors and specially 
designed CT-2 Diamond Cleave Tool 
CT-2 Diamond Cleave Tool scribes the fiber to 
produce a smooth. even endface, without polishing 
CT-2 Diamond Cleave Tool produces high 
quality, consistent cleaves on HCSg fibers ranging 
in core size from 1 10 pm to 600 urn 

High tensile strength 
Static fatigue resistant - High numerical aperture 
High core-to-clad ratio - Core sizes from 1 10 pm to 1000 um 

Cable constructions from simplex to multichannel 
heavy duty 
Applications from light duty indoor to rugged 
outdoor in hazardous environments 
1.8 mm to 3.0 mm sub-channels 
Standard jacket materials: PVC. Polyurethane, 
Fluoropolymer and Polyethylene 
1 - 18 channels standard; up to 48 channels available 
Cable constructions with HCS' fibers or standard 
singlemode and graded index 
UL rated Riser cables available 

Assemblies 

Automated crimp and cleave assembly capabilities 
on HCS" fibers up to1 000 pm core 
Customized crimp and cleave connections 
Custom designs with a variety of epoxyipolish 
industry standard connectors 
Custom designed disposable medical probes 
Finished assemblies ranging from pigtails and jumpers 
to complete tactical cable harnesses 

HCSOB 91 
NOTE. Additional product information available upon request 

Ensign-Bickford Optics Company, 150 Fisher Drive, Avon. Connecticut 06001 USA Tel 203-678-0374 Fax 203-674-881 8 



bles 

Ensig n-Bickford 
Optics Cor'npanY The dynamic force in fiber. 

Ensign-Bickford Optics Company, 150 Fisher Drive. Box 1260, Avon, CT 06001 -1 260 USA 
2031678-0371 Fax 203674-88 1 a 

- _I - - 
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Quality is the ultimate comDetitive advantage. 
Ensign-Bickford Optics Company’s customers in the 
industrial, data communication, medical, avionics 
and military areas expect continuous gains in total 
quality. Our objective is to utilize every employee’s 
personal commitment to customer satisfaction to 
make that user expectation a reality. Since our cus- 
tomer base is global, we have structured our quality 

program to comply with future IS09000 
requirements, Good Manufacturing Practices (GMP), 
regulatory compliance and numerous military stan- 
dards. The journey to achieving quality is never 
complete. We continually strive to identify new means 
of improvement to better serve you, our customer. 
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Ensign-Blckford 
Optics Company 
- -- HCS@ Fiberoptic Cables - 

Ensign-Bickford Optics Company (EBOC) has been serv- 
ing the industrial, medical, military and aerospace markets 
with the Hard-Clad Silica (HCS ) fiberoptic family of prod- 
ucts for over ten years.Today, the HCS family is comprised 
of multimode, step-index fibers ranging in core size from 
100 pm to 1000 pm. These fibers are offered in either silica 
core/hard polymer cladding or silica core/silica 
cladding/hard coating constructions. The patented polymer 
of HCS‘ fibers allows the crimping of a connector directly 
onto the fiber’s cladding. This feature combined with 
EBOC’s innovative cleaving process eliminates the time 
consuming and expensive process of traditional epoxy/ 
polish connectors. 

In this catalog we present EBOC’s extensive line of HCS‘ 
fiberoptic cables. Since we manufacture both the fiber and 
cable, we can offer the broadest range of cable designs 
combined with low cost and short delivery lead times. The 

Fiberoptic Technology 

four series and special cable offerings incorporate large 
core, multimode, step-index fibers in a tight buffer 
construction. We emphasize that the products described 
herein are our standard cable offering and represent but a 
sampling of our cabling capabilities. EBOC can custom 
design and manufacture cables utilizing the vast family of 
HCS‘ fibers and can build cables up to 48 channels. 
EBOC’s full product offering extends well beyond HCS 
fibers and cables to include: singlemode fiber, cable and 
assemblies; graded-index, datacom cables and 
assemblies; industrial and medical grade assemblies: and 
fiberoptic bundles. 

EBOC welcomes the opportunity to work with you in engi- 
neering solutions to your fiberoptic needs. Our technical 
team and state-of-the-art facilities and equipment ensure 
the success of your program. 

Ensign-Bickford has been involved in the research and 
development of fiber optic technology since 1968. Ensign- 
Bickford Optics Company invented Hard Clad Silica 
(HCS”) and has pioneered its use in a variety of special and 
often harsh applications since the inception of the company 
in 1984. Today, EBOC continues to develop and manufac- 
ture optical fibers and, through its global presence, pursues 
the total quality goal of meeting your evolving fiber optic 
needs. 

Why use fiber optics? 
E Wide Bandwidth 

=Low Attenuation 

Electromagnetic Immunity 

Radio Frequency Interference 

Small size 

Light weight 

E Security 

Safety in Hazardous Environments 

A constant concern in communications is sending ever- 
increasing amounts of information with greater efficiency 

over a medium requiring less space and less susceptibility 
to outside interferences. As speeds and transmission dis- 
tance increase, the problems caused by electromagnetic 
interference (EMI), radio frequency interference (RFI), 
cross talk and signal distortion become more troublesome. 
In the areas of signal integrity and information-carrying 
capacity, fiber optics offers many advantages over copper 
cable. Furthermore, optical fibers emit no radiation and are 
safe from sparking and shock. These features make fiber 
the ideal choice for many processing applications where 
safe operation in hazardous or flammable environments is 
a requirement. 

Why use HCS’ fiberoptic cables? 
Large core. multimode, step-index HCS’ fiberoptic cables 
make fiber optic technology user-friendly and help design- 
ers to realize substantial cost savings. The coupling 
efficiency of HCS” fibers allows the use of less expensive 
transmitters and receivers. Patented HCS’ polymer tech- 
nology permits direct crimping onto the fiber cladding. Field 
terminations can be performed in 3 minutes or less, with 
minimal training and no consumables. Our cable factory 
produces a variety of standard and custom cable designs 
to meet the requirements of your demanding applications. 

2 



Ensign-Bickford 
Optics Company 
____ex___I 

A Series J Series 
Simpfex, A Series A Series Simplex, 

Zipcord Duplex, Heavy Dub' Dub Zipcord, 
Breakout Breakout Armored Brea kaut 

Product Summary 

0 Series 

Simplex 

C Series 
Simplex (Avioptics ) 

The fiberoptic cables in thls catalog incorporate EBOC 
large core, multimode, step-index HCS' fibers and repre- 
sent our most popular cable designs. The cable products 
described herein represent but a sampling of our cabling 
capabilities. Our flexibility in manufacturing allows for cus- 
tomized cables that may incorporate any of the various 
HCS" fiber grades (HCN, HCP, HCR, All-Silica) and sizes 
(100 pm to 1000 pm) in a variety of cable constructions and 
colors up to 48 channels. DISCUSS your cable apphcatmn 
with us and we will design a cable construction to meet 
your needs. 

HCS" cables are offered in a tight buffer design. Tight 
buffer cables result in a smaller cable diameter, more flexi- 
bility, and greater resistance to crushing forces than loose- 
tube cables of equivalent fiber count. 

FlBER NPE 

FIBER SIZE 

NUMBER OF FIBERS 

Where the high tensile strength of a loose tube cable con- 
struction IS required for extra long pulls, a heavy-duty ver- 

HCP & HCR 
Rad Hard HCS^ HCP - Premium, Low Loss HCS" 

200 pm 200 pm 200 prn 200 pm 110 - 1000 pm 200 pm 

1 - 6  2 2 1 - 2  1 1 
- 

sion of the A Series cable is offered (see page 16). While a 
loose-tube cable may offer lower cable attenuation from 
graded-index fiber at low temperatures, the step-index pro- 
file of large core HCS' fibers minimizes such loss even 
when incorporated in a tight buffer design. 

STRENGTH MEMBER 

OUTER JACKET MATERlALS 

DIELECTRIC/ARMORED 

In simplex, duplex and zipcord constructions, the HCS 
fiber IS concentrically surrounded by a Aramid Yarn layer 
for added strength and protection and with an extruded 
outer jacket. These cables are commonly used for short 
interconnects in conduit, cable trays and for applications 
where there is no foot traffic. In breakout constructions, 
HCS" simplex subchannels are stranded around a central, 
fiberglass epoxy strength member and tape wrapped 
before an outer jacket is extruded. The rugged, overall 
jacket allows for ease of handling and installation while the 
individual Subchannels allow for easy separation and 
termination using the EBOC crimp and cleave system. 

Aramid Yarn' '"* Aramid Yarn. FRP Aramid Yarn Aramid Yarn Steel Aramid  Yarn, FRP Aramid Yarn. FRP 

PVC. PE PVC. PE PE PVC PU ETFE 

Dielectric Dielectric Armored Dielectric Dielectric Dielectric 

FLAMMABILITY RATINGS OFNR. MSHA OFNR. MSHA NA OFNP. OFNR, 
MSHA NA 

I GRMINAT~ON 1 All HCS cables, up to600 p m ,  can be terminated on-site utilizing our TK-6Termtnation Kit and crimp and cleave connectors I 
NA 

1 PAGES 8 9 10 11 

Cable constructions incorporating up to 48 channels and other core sizes are available. 

FRP = Fiberglass Reinforced Plastic 
PE = Poiyethyiene 
PVC = Poiyvinylchlorlde 
PU = Polyurethane 

3 
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Ensign-Bickford 
Optics Company 
- _- ~ .~ HGS@ FiberODtic Cable Selection - 

Industrial, Factory Floor, Datacom Fiberoptic Cables 
A SERIES 
J SERIES Simplex - Zipcord - Breakout Page 9 

Simplex - Zipcord - Duplex - Breakout - Heavy-Duty -Armored Pages 6 - 8 

W Low cost 
General purpose. PVC subunit jackets and PVC or PE outer jacket 

W Manufactured with Premium HCP 200 um fiber 

Datacom, Power Delivery Fiberoptic Cables 
C SERIES Simplex Page 10 

Manufactured with Premium HCP fiber in core sizes from 100 pm to 1000 pm 
W Polyurethane jacket is flame, impact and cut-through resistant 

Avionics and Military Fiberoptic Cables 
D SERIES Simplex Page 11 
Avioptics Manufactured with Premium HCP or Radiation Resistant HCR 200 pm fiber 

W Chemical resistant, ETFE outer jacket 
W Compact and lightweight 

Operating temperature range from -65°C to + 125°C 

Specialty FiberODtic Cables 
SPECIALS Pages 12-13 

N UL Riser (OFNR), UL Plenum (OFNP), M.S.H.A. 
W Low Halogen, Medical Grade 

Loose Tube Heavy Duty 

4 



Ensign-Bickford 
Optics Company 

Part Numbering 

CABLE PART NUMBER HCX - MXXXXT - 
Fiber Type I 

P = Premium(HCP) 
R = Radiation Resistant (HCR) 

Fiber Core Size I 
100 pm 400 pm 
125 pm 600 pm 
200 pm 1000 pm 
300 pm 

X xx X X 

Cable Sub-Channels 

A = 2.5mmdiameter 
J = 2.2mmdiameter 
C = 3.0mmdiameter 
D = 1.8mmdiameter 

Number of Sub-channels 

01 to48 

Final Jacket Material 

E = Polyethylene 
F = ETFE 
M = MSHA 
P = Plenum 
R = Riser 
U = Polyurethane 
V = Polyvinylchloride (PVC) 
2 = ZeroHalogen 

Cable Construction 

S = Simplex 
Z = Zipcord 
D = Duplex 
B = Breakout 

xx 

Special Construction 

HD = Heavy Duty 
HA = Heavy Duty, Armored 

Example: HCP-MO200T-AO2EB is a 2 Channel Breakout Cable incorporating two 200 pm, 2.5 PVC jacketed subunits and 
Polyethylene outer jacket. 

5 



Ensign-Bicldord 
Optics Company 

_I- - ---- A Series 

Product Features 
Optical fibers in Simplex, Duplex and Zipcord construc- 
tions are surrounded by Aramid Yarn strength members 
and a flame retardant PVC jacket. 

In multi-fiber breakout cables, sub-channels are strand- 
ed around a central, non-rigid tensile strength member. 
UV resistant, rugged polyethylene outer jacket provides 
environmental protection. 

Subunits are color coded for easy identification. 

Up to 18 fiber cable constructions are possible. 

....... ___ ......... r~ ..... ~ ......... --- , 

Simplex 
AQd VS 

Zipcord 
AO2VZ 

___...~. .......... ............. ____ 

Duplex 
AO2VD 

4 Channel 
AO4EB 

___- 

I _ -  I I 

2 Channel 
AQ2EB 

I 6 Channel 
AOGEB 

I 
I 
I 
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Ensign-Bickford 
Optics Company 

A Series 

Simplex 
HCP-MO200T-AOl VS 

Zipcord 
HCP-MO200T-AO2VZ 

HCS ’5 

PVC Ootical Fiber 
Outer Jacket I 

Aramid Yarn 
Strength Members 

2 Channel 
HCP-MO200T-AO2EB 

PE 
ter Jacket 

Cable Diameter (mm) 
Cable Weight (kg/km) 
Jacket Type 
Standard Jacket Color 
Maximum Pull Tension 

Maximum Long-term Tension 

Break Strength 

Impact Strength at 1.6 N-m 
Cyclic Flexing (cycles) 
Minimum Bend Radius (mm) 
Operating Temperature 
Storage Temperature, 

SIMPLEX 

2.5 
6.5 
PVC 

Orange 
75 Ib 

(335N) 
55 Ib. 
(245N) 
200 Ib 
(890N) 

100 
>5.000 

25 

40‘ C to +80“ C 
.20” C to +80” C 

4 Channel 
HCP-MO200T-AO4E5 

ZIPCORD 

2.5 x 5.4 
11.0 
PVC 

Orange 
1101b. 
(490N) 
85 Ib. 

(370N) 
300 Ib. 

(1.340N) 
100 

~ 5 . 0 0 0  

25 
-20” c to +80’ c 
-40’ C to +80’ C 

DUPLEX 

3.5 x 6.0 
20 

PVC 
Orange 
1501b 

(670N) 
1101b. 
(490N) 
400 Ib 

(1,780N) 
1 50 

>5,000 

25 

-20’ C to +80” C 
-40’ C to +80” C 

2 CHANNEL 

8 0  
45 

Polyethylene 
Black 

2101b. 
(940N) 
155 Ib 
(690N) 
530 Ib. 

(2,370N) 
200 

>2.000 
50 

-40’ C to +80 C 

-40“ C to +80’ C 

Duplex 
HCP-MO200T-AO2VD 

6 Channel 
HCP-MO200T-AO6EB 

4 CHANNEL 

8.0 
45 

Polyethylene 
Black 

360 Ib 
(1.600N) 
265 Ib 

(1,175N) 
900 Ib. 

(4,000N) 
200 

>2,000 

50 
-40’ C to +BO“ C 
-40’ C to +8Q” C 

6 CHANNEL 

10.0 
61 

Polyethylene 
Black 
870 Ib. 

(3,880N) 
630 Ib. 

(2,800N) 
2.500 Ib 
(1 1,000N) 

200 
22,000 

75 
-40” c to +80’ c 
-40“ C to +80’ C 

Cable Attenuation: 06 dB/km Q 820 nm 

7 



Ensign-Blckford 
Optics Company --- 
_i- A Series Heavy Duty - 

Heavy-Duty Aramid Yarn braid under polyethylene outer 

rn Standard 2 channel; 4 and 6 channel available. 

jacket to provide additional pull tension and break strength. 
HCP-MO200T- I 

AO2EB-HD 1 

2 CHANNEL 
HEAVY DUTY I 

Cable Diameter (mm) 
Cable Weight (kg/krn) 
Jacket Type 
Standard Jacket Color 
Maximum Pull Tension 

8.4 
50 

Polyethylene 
Black 

475 Ib. (2.1 OON) 
Maximum Long-term Tension 
Break Strength 1,350 Ib. (6.000N) 
Impact Strength @ 1.6 N-m 
Cyclic Flexing (cycles) 
Minimum Bend Radius (rnm) 

340 Ib. (1.500N) 

Cable Attenuation: 06 dB/km @ 820 nm 
Operating Temperature: -40" C to +80' C 
Storage Temperature. -40" C to +80' C 

ETFE 
Buffer 

Aramid Yarn 
Strength Members 

Polyethylene 
Outer Jacket 

A Series Heavy Duty Armored 

Product Features 
Corrugated steel tape and outer polyethylene Jacket surround 

Provides rodent protection. Suitable for direc? burial 

Standard 2 channel, 4,6 and 8 channel availahie. 

an A Series Heavy Duty sub-cable. 

Cable Diameter (mm) 
Cable Weight (kgikrn) 

Standard Jacket Color 
Maximum Pull Tension 
Maximum Long-term Tension 

Impact Strength Q 1 6 N-m 
Cyclic Flexing (cycles) 

600 Ib (2  670N) 

1 500 Ib (6 675N) 

8 

HCP-M0200T- 
AO2EB-HA 1 

ETFE 
Bufler 

HCS q 

Polyethvlene 
Inner Jacket 



Ensign-Bickford 
Optics Company 

J Series 
___ _ 

~ Japanese Industrial Style I 1 
I 

, 

HCP- i 
E3*xg V A - 8  ~ 

j 
i 

Product Features M0200T- 
JOPVZ I I Optical fibers in Simplex, Duplex and Zipcord construc- 

tions are surrounded by Aramid Yarn strength members ~ 

~ 

I 
I 

and a flame retardant PVC jacket. 

Compatible with Japanese Industrial Style connectors. 

I Multi-fiber Breakout cables have a UV resistant, rugged 
______.._ polyethylene jacket for environmental protection. I 

j I Subunits are color coded for easy identification. . ._ 
,7--\ I 

HCP- 
M0200T- 
J02V8 

....................................... PA --- ...... .- 

Simplex 

HCS'., 
Optical Fiber 

Outer Jacket 
ETFE 
Buffer 

Aramid Yarn 
Strength @ Members 

Zipcord 

Simplex 
Subunit 

I 

Cable Diameter (rnm) 
Cable Weight (kgikm) 
Jacket Type 
Standard Jacket Color 
Maximum Pull Tension 

Maximum Long-term Tension 

Break Strength 

Crush Resistance 
Impact Strength @ 1 6 M-m 
Cyclic Flexing (cycles) 
Minimum Bend Radius (rnrn) 
Operating Temperature 
Storage Temperature 

SIMPLE 

2 2  
4 0  

PVC 
Orange 
35 Ib. 
(1 55N) 
25 Ib 
(llON) 
100 Ib. 
(445N) 
100 Ib.iin. 

20 
~ 5 . 0 0 0  

25 
-20" C to +80" C 
-40" C to +80' C 

ZIPCORD 

2.2 x 2 4 
8.0 

PVC 
Orange 
75 Ib. 

(335N) 
55 Ib. 

(245N) 
200 Ib. 
(B90N) 

100 Ib.iin. 
20 

>5,000 

25 
-20" C to +80" C 
-40" C to +80" C 

Cable Attenuation: 05 dB/krn @ 820 nrn 

2 CHANNEL 

8 4  
50 

PVC 
Black 
135 Ib. 
(6WN) 
100 Ib. 
(445N) 
550 Ib 

(2,400N) 
200 Ib./in. 

100 
22 000 

50 
-40" C to +BO' C 
-40 C to +80" C 

2 Channel 9 

c 



Ensign-Bicldord 
Optics Company 

C' Se r i es 

Product Features 
rn Optical fibers in Simplex construction, surrounded by 

Aramid Yarn strength member and a flame retardant 
polyurethane jacket. 

0 Jacket is resistant to hydrolysis, oil and chemicals. 

Excellent impact and cut-through resistance. 

Available in core sizes ranging from 11 0 pm and 
1000 wm. 

H Stock available in full range of core sizes, ensuring quick 
delivery. 

SIMPLEX 

Cable Diameter (mm) 3.0 
Cable Weight (kg/km) 8.0 
Jacket Type Polyurethane 
Standard Jacket Color Orange 
Maximum Pull Tension 751b. (330N) 
Maximum Long-term Tension 55 Ib. (245N) 
Break Strength 2001b (890N) 
Crush Resistance 570 Ib./in. (1,000 Nkm) 

1,000 Impact Strength 8 1.6 N-m 
Cyclic Flexing (cycles) >10.000 

Operating Temperature: -40" C to +85" C 
Storage Temperature: -40" C to +85" C 

ETFE 
HCSE Buffer 

Optical Fiber 
Aramid Yarn 

Strength 
Members 

Polyurethane 
Outer Jacket 

Simplex 

HCP-M0200T-C01 US 
HCP-M0300T-CO1 US 
HCP-M0400T-C01 US 
HC P-M0600T-CO 1 US 

10 



D Series 
Ensign-Bickford 
Optics Company - F - - 

Product Features 
M Optical fiber in Simplex construction, surrounded by 

braided Aramid Yarn strength members and an ETFE 
outer jacket. 

Available in HCP, Premium Low Loss or HCR, Radiation 
Resistant type fibers. 

I Jacketing offers excellent chemical and oil resistance. 

Lightweight and compact size suitable for airframe 
applications. 

-- 

HCP-MO200T-DOl FS 
or HCR-MO200T-DOl FS 

Cable Diameter (mm) 
Cable Weight (kg/km) 
Jacket Type 
Standard Jacket Color 
Maximum Pull Tension 
Maximum Long-term Tension 
Break Strength 
Crush Resistance 
Impact Strength Q 1.6 N-m 
Cyclic Flexing (cycles) 
Minimum Bend Radius (mm) 

SIMPLEX 

1 .a 
3.5 

ETFE 
Violet 

100 Ib. (450N) 
251b. (llON) 

200 Ib. (890N) 
285 Ib./tn. (5OON/cm) 

500 
>50,000 

10 

ETFE 
Buffer 

Optical Fiber 
Ararntd 

Yarn Braid 

ETFE 

Simplex 

Cable Attenuation: 08 dB/km Q 820 nm 
Operating Temperature:-65’ C to +125” C 
Storaqe Temperature: -65” C to +125” C 

11 



Ensign-Bickford 
Optics Company 

Saecial Cables 

I Riser 
UL Listed Type OFNR cables meet requirements of UL 1666 Vertical Flame Test and may be 
used in vertical passages connecting one floor to another. HCS' Riser cables are available in 
A and J Series constructions. 

I Plenum 1 
-~ ~~ ~~~ 

UL Listed Type OFNP cables pass Steiner Tunnel Test, UL 91 0. These cables may be installed 
in ducts, plenums, and air handling spaces without the use of conduit. HCS' Plenum cables are 
available in A and J Series constructions. 

M.S.H.A. 
HCS" M.S.H.A. cables meet Mine Safety and Health Administration 30 CFR Part 18 and MSHA 
signaling cable acceptance criteria. One to 48 channel cables are possible. 

I I 

ZKC [Zero KevlaP Cable) 
The inherent strength of HCS. fiber allows for an innovative cable construction where the fiber 
itself acts as the strength member. ZKC Simplex construction is comprised of 200 or 400 pm 
HCP fiber and a 2.2 mm UL rated Plenum outer jacket. 

12 



Ensign-Bicldord 
Optics Company 

Special Cables c - 
low-Halotten 

Flame retardant. zero-halogen jacketing material is used in a range of constructions to replace 
the standard PVC or polyethylene jacket. Low-Halogen cables have low smoke properties and 
are used in areas where public safety is of great concern. 

Medical 
HCS A Series cables are available with a medlcal grade PVC jacket for those applications 
where the cable will require stenlization for use In a clean environment. 

Hybrids 
HCS' hybrid cables may incorporate a combination of copper pairs and/or communication grade 
multimode/singlemode fibers, along with HCS' fiber to provide telephone voice signals and high 
speed data transmission within the same cable. 

Heavy Duty Loose Tube 
For environmental conditions requiring the ruggedness of a loose-tube design, Ensign-Bickford 
Optics offers a B Series cable in the following construction: 

13 



Ensign-Bickford 
Optics Company 

_1_ -- - -_L_ - -  

100 I Spectral Attenuation 
(typical) 

80 

i 60 

E 
rn 
TJ 40 - 

1 . 

HCP and HCR Fiber Specifications 

Spectral Attenuation 
(typical) 

40 

Product Features 
N High Tensile Strength (>720 kpsi) 

Static Fatigue Resistant (n  = 24) 

I High Core-to-Clad Ratio 

Core cp (vm) 
Cladding cp (pm) 
Buffer CD (um) 
Max Core-to-Clad Offset (vm) 
Nominal Bandwidth (MHz-km) 
Proof Test (kpsi) 
(1 00% tensile proof tested) 

HCP 
MOllOT 

1 1  Oi5 
125~11-5 
250-01+50 

5 
25 
100 

HCP 
M0125F 

125t5 
140+2/-5 
250-0/+50 

5 
25 
100 

N High Numerical Aperture (0.37 f 0.02) 

N ETFE Buffer 

HCP HCP 
M0200T M0300T 

200+4 300+6 
230+0/-10 330+51-10 
500+30 650+30 

5 6 
20 15 
150 150 

HCP HCP HCP HCR 
M0400T I M0600T I M1000T I M0200T 1 
400+8 600+10 1 OOOi15 20055 

430+5/-10 630+5/-10 1035-tl5 230+0/-10 
730+30 1040+30 1400i50 500t-30 

8 8 10 5 
13 9 - 20 
100 75 - 200 

I I I 

14 



Ensign-Bickford 
Optics Company 

FiberODtic Cable Installation Guidelines* X 

Safety First Observe Maximum Pulling Tension 
Train personnel on the equipment that EBOC fiber optic 
cable placement requires. This equipment may include 
hand-held tools, tension meters, optical power meters and 
various cleaners and adhesives. Observe all local 
practices and regulations. These may include such things 
as personal safety equipment and guideltnes for their use. 
Always dispose of fiber waste. This practice will help to 
avoid glass fragments getting into clothes, fingers or eyes. 

The cable should never be pulled at a force greater than 
the maximum allowable pulling tension. Excessive loads 
produced by bending or pulling may cause fiber damage. A 
running line tension meter should be utilized to determine 
the pulling tension applied to the cable during the entire 
cable placement 

Never Exceed Minimum Bend Radius 
The cable should not be pulled around any bends smaller 
than 20 times the cable diameter when under load and 10 
times the cable diameter at no load. 

Entrance in and out of metal pull boxes must be smooth so 
as not to damage the cable sheath. 

Review Cable Specs 
Before Installation, review the cable parameters and EBOC 
cable specifications such as cable construction, outer 
jacket material, strength member material, maximum 
pulling tension and minimum bend radius under load. 

Installation Methods 

Conduit and Duct Installation Aerial Install at ion 
Conduit and duct installation of fiber optic cables are simi- 
lar to those of electrical wires Avoid janking, flipping or 
wrapping cable which could result in unnecessary tighten- 
ing Small cables should not be subjected to foot traffic or 
crushing forces 

Most round, tight buffer and loose-tube cables are compati- 
ble with helical lashing, clamping or tied mounting. Aerial 
installation is possible utilizing methods similar to electrical 
cables 

Direct Burial Installation 
Heavy Duty and Armored cables may be buried directly in 
the ground. This method may prevent environmental haz- 
ards such as freezing water, crushing forces, ground dis- 
ruption from construction and rodents. Double jacketing or 
armoring may also be used for further protection. 

‘For more extensive explanation of cable installation procedures, please request our “Fiberoptic Cable Installation Guide.” 

15 



mD and Cleave Connectorization 
Ensign-Bickford 
Optics Company 
- . -  
-iiiimG 

Product Features 
Quick, easy crimp and cleave field terminations in 

TK-6 for use with U.S. standard cables. 
H JK-6 for use with Japanese Industrial Style (JIS) cables. 

H ZK-6 for use with Hewlett Packard Versatile Link devices. 

Kit contains subunit jacket stripper. fiber stripper, crimp 
tool, scissors and Diamond Cleave Tool. 

Specially designed Diamond Cleave Tool produces high 
quality, consistent cleaves on HCS fiber core sizes from 
200 pm to 600 pm. 

3 minutes or less, using no consumables. 

HCS a TK-6 
Termination Kit 

Activating the trigger on the 
CT-2 performs three actions - 
fiber clamps hold the fiber in 
place; a spring places tension 

Crimping an SMA Connec- 
tor directly onto HCS' fiber 
cladding. 

on the fiber; the diamond blade scribes the fiber, thus initiat- 
ing the cleave. 

Crimp and Cleave Connectors 
SMA 905 Commercial 

SMA 905 Military 

ST; 

Japanese Industrial Style 

Z-Pin 

We have the engineering capabilities to design crimp and cleave connectors for your particular applications. 
Contact our Inside Technical Sales staff (203/687-0371) with your specifications. 

Compatible with all systems using SMA 905 device mounts or splice bushings. 

Designed to meet the MIL-C-835228 specification 

Compatible with all systems using ST device mounts or splice bushings 

Designed for industrial process control data communication networks such as 
Toslink- and Sumilink' systems 

Designed for low cost data links utilizing Versatile Link devices and Plenum 
rated ZKC (Zero Kevlar Cable) 

tiCS and Avioptics are registered trademarks of Ensign-Bickford Optics Company 
Kevlar is a registered trademarks of Dupont 
$1 is a registered trademark of ATRT 
Sumilink IS a registered trademark of Sumitorno 
Toslink is a registerea trademark of Toshiba 
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Ensign-Bickford Optics Company 
offers you the best value in fiberoptic 

cable assemblies because of the breadth 
of our manufacturing resources. We have 

control of all relevant fiberoptic technologies in 
our own facilities : these include the manufacture 

of optical glass preforms, optical fiber, cabie and 
connectors. This fully integrated capability allows us to 

produce 100% tested fiberoptic cable assemblies at attrac- 
tive prices with very short delivery leadtimes. Contact us 

regarding both our standard, off-the-shelf product offering, as 
well as for products adapted to meet your special needs. 

EnsignA3ickford 
Optics Company 

150 Fisher Drive, P. 0. Box 1260, Avon, Connecticut USA 
Tel: 203-678-0371 ; Fax: 203-674-881 8 

- 





A 
P 
P 
L Interconnects for: 
I Telecommunication panels 

Local area networks 
A Industrial process control T 
I Office buildings 
0 
N 
S 

C 

P 
A *  
B *  
I 

I 
T *  
I 
E m  
S 

A *  

L *  

All popular connector types 
Step-index fibers 
Graded-index fibers 
Sing lem ode fibers 
Hybrid assemblies 
Pigtail assemblies 
Mu I tif iber breakout assemblies 
Custom assemblies 

knsign-Bickford Optics Company provides standard 
and special fiberoptic cable assemblies for a wide 
variety of applications. Assemblies are available with 
telecommunications grade singlemode, multimode 
graded-index and HCS" (Hard Clad Silica) 

fibers to meet your most demanding application needs. 
All standard connector types are available for jumper, 
pigtail and hybrid assemblies. Special custom connec- 
tor types are available upon request. 

Patch Panel 
,- - 

, '  , '  ,,; 1 Wall 

Outlet 

1 .' , .  
\ '  

TYPICAL APPLICATION 

HCS IS a registered trademark of Ensign-Bickford O p k s  Company 
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Multimode 
Steplndex 

HCS" 
Core 0 (pm) 
Cladding 0 (pm) 
Buffer 0 (pm) 
Max. Core-to-Clad 
Offset (pm) 
Attenuation Q 820 nm 
(dBkm) 
Nominal Bandwidth 
@ 820 nm (MHz-km) 
Proof Test (kpsi) 
(100% tensile 
proof tested) 

Multimode 
Graded-index 

Core Diameter 
(microns) 
Clad Diameter 
(microns) 
Buffer Diameter 

Max. Attenuation 
850 nm/l300 nm 

Typical Attenuation 
850 nm/1300 nm 

Min. Bandwidth 
850 nmll300 nm 
Numerical Aperture 

Proof Test (kpsi) 

HCP 
M0110T 

110rt5 

125+11-5 

250-01+50 

5 

12 

17 

100 

GI 
501125 

50 f 3.0 

125 4 3.0 

50W 25 

4.0M.0 

3.511 .O 

4001400 

.200 5.01 5 

100 

HCP 
MO125T 

1 2 5 s  

140+2/-5 

250-0/+50 

5 

12 

17 

100 

GI 
62.5/125 

62.5 f 3.0 

125 k 3.0 

500 f 25 

5.013.0 

4.012.0 

1001300 

,2754 .015 

100 

HCP 
M0200T 

2 0 w  

230+0!- 10 

500f50 
5 

6 

17 

100 

GI 
62.Y125 

FDDl 

62.5 k 3.0 

125 .(- 3.0 

500 k 25 

4.012.0 

3.511 .O 

160/500 

.275 4.01 5 

100 

Singlemode Telecommunications Grade 

Cladding Diameter 

Core/Cladding Concentricity Error 

Cladding Noncircularity less than 2% 
Coating Diameter - Standard 250 4 15 pm 
Coating Diameter - Optional 500 f 20 pm 

Coating Concentricity 70% min. 
Cuttoff Wavelength 1260 2 70 nm 
Attenuation @ 131 0 nm <0.40 dBkm 

@I 1550 nm <0.30 dBkm 

125.0 pm +-2 pm 

2 

HCP 
M0400T 

40W10 

430+5/-10 

7 3 M O  
9 

8 

13 

50 

GI 
1001140 

100 f 4.0 

140f6.0 

500 f 25 

5.014.0 

4.513.5 

1001100 

,290 f ,015 

100 

Core 

Core 

Buffer 

It, 
Clad 

Buffer 



Ensign-Bickford Optics Company's fiberoptic assem.,..Js are available in a variety of cable series, depending on the 
type of fiber utilized and the application environment. Assemblies requiring HCSm optical fibers incorporate A, C and 
J Series cables. Graded-index fiberoptic assemblies utilize E Series type cables. C and E Series cables are used 
in singlemode fiberoptic assemblies. 

The A, E and J Series cables have PVC jackets to provide superior flame resistance characteristics for such appli- 
cations as riser and plenum installations. When superior crush, impact, abrasion, cut-through or low temperature 
flexibility performance is required, polyurethane (PU) jacketed C Series cables offer the best choice. 

Cable Diameter (mm) 
Cable Weight (kg/km) 
Jacket Type 
Standard Jacket Cobr 
Max. Pull Tension 

Max. Long-term Tension 

%teak Strength 

Impact Strength 0 I .6 N-m 

Cyclic Flexing (cycles) 
Operating Temperature C 
Storage Temperature C 

A Series 
Simplex 

2.5 

6.5 

PVC 
Orange 
75 Ib. 
(330N) 

45 Ib. 
(200N) 

200 Ib. 
(890N) 

100 

>5,000 

-40' 10 +85' 

40' to +85' 

A Series 
Zipcord 

2.5 x 5.4 

11.0 

PVC 
Orange 
IlOlb. 
(490N) 

70 Ib. 
(310N) 

300 Ib. 
(1,340N) 

100 

>5,000 

-40' to +85' 

-40' to 4 5 '  

- 
C Series 
Simplex 

3.0 

8.0 

lolyuret hane 
Orange 
75 tb. 
(330N) 

25 Ib. 
(1 1ON) 
200 Ib. 
(890N) 

1,000 

> 1 0,000 

-20' to +85' 

-40' to +8S' 

E Series 
Simplex 

3.0 

9.0 

PVC 
Orange 
75 Ib. 
(330N) 

25 Ib. 
(1 1ON) 

200 Ib. 
(890N) 

500 

>5,000 

-20" to +85' 
.40* to +a5* 

E Series 
Zipcord 

3.0 X 6.3 

18.0 

PVC 
Orange 
150 Ib. 
(660N) 
SO lb. 
(220N) 
400 Ib. 

(1,780N) 

500 

>5,000 

.20' to +as' 

.40' to +85' 

J Series 
Simplex 

2.2 
4.0 

PVC 
Orange 
30 Ib. 
(1 30N) 
10 tb. 
(45N) 
100 Ib. 
(445N) 

20 

>5,000 

-40- to + a 5  
-40" 10 +85' 

J Series 
Zipcord 

2.2 x 5.4 

8.0 
PVC 

Orange 
60 Ib. 
(270N) 
20 Ib. ' 200 lb. 
(890N) 

20 

s5,ooo 
-40' to +85' 

(90N) 

e222 

ZIPCORD (E- 

3 



,-- SMA906 

Multimode loss: <0.6 dB' 
Singlemode loss: <0.6 dB' 
Singlemode return loss: >30 dB' 

Multimode loss: <0.6 dB* 
Singlemode loss: <0.3 dB' 
Sinalemode return loss: >38 dB' 

Multimode loss: <0.6 dB' 
Sing le mode loss: ~0.3 dB' 
Sinolemode return loss: >40 dB' 

I Multimode loss: c1.0dB' I 

Multimode loss: <0.6 dB" 
Singlemode loss: ~0.3 dB' 
Singlemode return loss: >35 dB* 

Connector ferrules are availabe in 
stainless steel, ceramic and plastic 
materials. Other connector types 

can be supplied upon request. 

C & C  /- SMA 905 

IMultimode loss: <1.1 dB' I 

I 

I Multimode loss: d . 1  dB' I 

" 
"t-OCP-201 P I Multimode loss: <2.5dW I 

FDDl - MIC 
- 
!7 ' 
3, 

% A =  

I Multimode loss: <0.6 dB" 

Mini BNC 

I Multimode loss: e1 .O dB* I 

Multimode loss: c0.6 dB' 
Singlemode loss: <0.3 dB' 
Singlemode return loss: A 0  dB' 

lrJl Versatile 
Link 

Multimode loss: <2.5 dB' 

Letter designation used in 
specifying connector type 
for assembly part number. 

Typical 4 



W E R  TYPE: MULTIMOOE, STEP-INDEX HCSQ 
PVC HCP-0200.0-A01 VS-II 
PVC HCP-0200.0-A02VZ-11 
PU HCP-0200.0-C01 US-It 

Riser HCP-0200.0-AO2 RS-SS 
Riser HCP-0200.0-AO2 RZ-SS 
PVC HC P-0200 .O-J02VZJ J 

200/230 pm C&C SMA Simplex 2.5 mm 
200/230 pm C&C SMA Zpcord 2.5 mm 
200/230 pm C&C SMA Simplex 3.0 mm 
2001230 prn cac ST Simplex 2.5 mm 
2001230 pm cac ST Zipcord 2.5 mm 
2001230 pm' TOCP 201 Zipcord 2.2 mm 
4001430 pm Versatile Link Simplex 2.2 mm Plenum HCP-0400.0401 PX-VV 

W E R  TYPE: MULTIMOOE, GRADED-INDEX 

501125 pm SMA 906 Simplex 3.0 mm 
5011 25 pm SMA 906 Zipcord 3.0 mm 
5011 25 prn STIPC Simplex 3.0 mm 
5011 25 pm STIPC ZlPCOKf 3.0 mm 
501125 pm SC/PC Simplex 3.0 mm 
5011 25 pm SCIPC Zipcord 3.0 rnm 
50/125 pm BlCONlC Simplex 3.0 mm 

Riser GI3-0050.0-EOl RS-AA 
Riser GI3-0050.0-EO2RZ-AA 
Riser G13-0050.0-EO1 RS-TT 
Riser GI3-0050 .O-E02RZ-lT 
Riser GI3-0050.0-E01 RS-CC 
Riser GI3-0050.0-EO2RZ-CC 
Riser GI3-0050.0-EOI RS-B8 

62.51125 pm 
62.51125 pm 
62.51125 pm 
62.511 25 pm 
62.511 25 pm 
62.511 25 pm 
62.511 25 prn 
62.511 25 pm 
62.51125 pm 

SMA 906 
SMA 906 

ST/PC 
ST/PC 
SCIPC 
SC/PC 

BlCONlC 
STIPC to FDDl 

FDDl 

Simplex 
Zipcord 
Simplex 
Zipcord 
Simplex 
Zipcord 
Simplex 
Zipcord 
Zipcord 

3.0 mm 
3.0 mm 
3.0 mm 
3.0 rnm 
3.0 mm 
3.0 mm 
3.0 mm 
3.0 mm 
3.0 rnm 

Riser 
Riser 
Riser 
Riser 
Riser 
Riser 
Riser 
Riser 
Riser 

GI5-0062.5-EOl RS-AA 
G15-0062.5-E02RZ-AA 
GI5-0062.5-E01 RS-TT 
GI5-0062.5-EO2RZ-TT 
GI5-OO62.5-EO 1 RS-CC 
GI5-0062.5-EO2RZ-CC 
GI5-0062.5-EOl RS-66 
GI5-0062.5-EO2W-TM 
GI5-0062.5-EO2RZ-MM 

1 OOl140 pm SMA 905 Simplex 3.0 mm Riser GIl-0100.0-EO1 RS-EE 
1001140 pm SMA 905 zipcord 3.0 mm Riser G I1 -0 1 00 .O- E02 RZ- E E 
loOl140 prn STlPC Simplex 3.0 mm Riser GIl-OlOO.O-EOlRS-7T 
1001140 pm STIPC Zipcord 3.0 mm Riser GI1 -0100.O-EO2RZ-lT 
1001140 pm BlCONlC Zipcord 3.0 rnm Riser GI 1 -0 1 00 .O- E02 RZ-66 
100/140 pm STIPC to BlCONlC Zicord 3.0 mm Riser GI1 -01 00.0-EO2RZ-TB 
100/140 um Mini BNC to BlCONlC Zipcord 3.0 mm Riser Gfl-Ol00.0-EO2RZ-NB 

FIBER TYPE: 
9.511 25 pm 
91511 25 pm 
9.511 25 pm 
91511 25 psn 
9.511 25 pm 
9151125 pm 
9.511 25 pm 
91511 25 pm 
9.511 25 pm 
9151125 psn 
91511 25 urn 

SINGLEMODE, TELECOMMUNICATIONS 

STIPC Simplex 3.0 mm 
STIPC Simplex 3.0 mm 
SCIPC Simplex 3.0 mm 
SCIPC Simplex 3.0 mm 

B I CON IC Simplex 3.0 mm 
BlCONlC Simplex 3.0 mm 

FCIPC Simplex 3.0 mm 
FCIPC Simp tex 3.0 mm 

FCIPC to SCIPC Simplex 3.0 mm 
NEC-D4 Simplex 3.0 mm 
NEC-D4 Simp lex 3.0 rnm 

Riser 
PU 

Riser 
PU 

Riser 
PU 

Riser 
PU 

Riser 
Riser 
PU 

SMT-0009.5-EOl RS-TT 
SMT-0009.5-CO1 US-lT 
SMT-0009.5-EO 1 RS-CC 
SMT-0009.5-COl US-CC 
SMT-0009.5-EOl RS-BB 
SMT-0009.5-COl US-BB 
SMT-0009.5-EOl RS-FF 
SMT-0009.5-CO 1 US-FF 
SMT-0009.5-EOl RS-CF 
SMT-0009.5-EOl RS-DD 
SMT-0009.5-CO 1 US-DD 



It's easy to determine the correct part number for your cable assembly requirements. Simply specify the correct 
fiber type; choose the cable construction and connectors: and specify assembly length. 

ASSEMBLY PART NUMBER xxx - xxxxx.x - x x x  

I Fiber Type - 
HCP = Multimode, Step-index HCS@ 
GI1 = Multimode, Graded-Index (100 Mhz-km) 
GI3 = Multimode, Graded-index (300 Mhz-km) 
GI5 = Multimode, Graded-Index (500 Mhz-km) 
SMT = Singlemode, Telecommunications 

Fiber Core Size (pm) _I 
STEP-INDEX GRADED-INDEX SINGLEMODE 

01 10.0 0400.0 0050.0 0006.5 
01 25.0 0600.0 0062.5 0009.5 
0200.0 1000.0 01 00.0 
0300.0 

Cable Sub-channels 

Number of Sub-Channels 

01 to 48 

A = 2.5 mm diameter C = 3.0 mm diameter 
J = 2.2 mm diameter E = 3.0 mm diameter 

x x  - x x  - xxx 

Final Jacket Material 

C = C.S.A. R = OFNR Riser 
E = Polyethylene U = Polyurethane 
F = TefzeP V = Polyvinylchloride (PVC) 
M = MSHA Z = Zero Halogen 
P = OFNPPienum 

S = Simplex D = Duplex X = No KevlaP 
Z = Zipcord B = Breakout 

Connector Type (each end) 

A = SMA906 J = TOCP201 
B = BlCONlC K = Bare Fiber, cleaved 
c = SC/PC M= FDDl - MIC 
0 = NECD4 N =  MiniBNC 
E = §MA905 s = C8C S-P 
F = FC/PC T = ST*/PC 
G = C8C SMA Military V = Versatile Link 
I = C8CSMA905 Z = Bare Fiber, cut 

Assembly Length 

indicate required length (001 = 1 meter) 

Example: GI5-0062.5-E02RZ-TM-050 is a 50 meter, 3.0 rnm Riser Zipcord Cable assembly, incorporating &.,sign&&d 
O P t i f s ~ w n Y  500 Mhz-km bandwidth 62.5 pm fiber connectorized with STVPC to FDDI-MIC connectors. 

6 _;=3_=gl 



I 
GRADED~NDEX, MULTIMODE, F~BER OPTIC CABLES 

2.5 mm TIGHT BUFFER 

Ensign-Bickford Optics Company 2.5 mm Tight Buffer Cables consist of 900 pm buffered, 
graded-index, muttimode optical fibers surrounded by KevlaP strength members and a flame 
retardant PVC jacket. Available with communication grade fibers. 

A PPLICA TIONS 

Industrial Communications Links 
Pulls Through Conduit 
Environmental Protection 
Local Area Networks 
Signal Distribution 

FEATURESAND SENEFITS 

Available in 50/125 pm, 62.5/125 prn and 
100/140 pm fibers 
Up to 18 fiben per cable 
Flame resistant PVC subunit jackets, color coded 
for easy identification 
Riser (OFNR) rated 

FODl Networks 
Patch Cord (simplex) Cables 
Duplex (zipcord) Cables 
Equipment Interconnection 

Continuous lengths up to 2200 meters 
Rugged breakout construction for reliable 
installation and eQse of connector installation 
Wide temperature range (-2o’to +80’C) 
Avaitable in heavy duty constructions 

Graded-Index KeviaP 
Optiyl Fiber Strength Member 

“Olaas/Epoxy 
Strength pvc- 1 

Outer Jacket T8pe Wrap 
(OMR)  and Ripcord 

For more information call (203-678-0371), FAX (203-674-8818), or wrrte (150 Fisher Drive, Avon, CT 06001) our 
Technical Sales Department. 

Subject to change without notice 



SPFCFICATIONS: 
Graded-Index, Multimode Fiber Optic Cables 
2.5 mm Tight Buffer 

I I I I 1 

I I 7-cHAcmEl I 4-CHA- / - I  

Cable Diameter 
Cable Weight 
Jacket Type 
Standard Jacket M o r  

- 
8.0 rnrn 

47 kg/km 
PVC FR Riser 

Orange 
PVC FR Riser PVC FR Riser 

Maximum Pull Tension x)o Ibs. ( 890N) 340 Ibs. (1,51 ON) 480 Ibs. (2,130N) 
Max. Long-term Tension 60 Ibs. ( 265N) 100Ibs. ( M N )  160 Ibs. ( 710N) 
Break Strength 530 Ibs. (2,370N) 900 Ibs. (4,000N) 2.500 Ibs. (7,120N) 
lrnpaci Strength 200 cycles 200 cydes 200 cydes 
0 1.6N-m 

Cyclic Flexing >2.000 cycles >2,000 cycles >2,000 cydes 
Flammability Rating UL 1666 Pass UL 1666 Pass UL 1666 Pass 

UL OFNR Rating UL OFNR Riser UL OFNR Riser 

Operating Temperature 6 -20' to +80' C -20' to +80" c -20' tQ +80' c 
Storage Temperature 6 40' to +80' C 40" to +80' C 40' to +80' C 

SPECIFICATIONS: 

Multimode Max.  Attenuation Typical Attenuation Min. Bandrmdth Core Oia. Clad Dia. Prooftosl 
Fiber 850 nm/l300 nm 850 nrnll300 nm 850 nm/l300 nm (microns) (microns) N .A. 

50f3.0 125f3.0 ,200f.015 100 
62.511 25 5.0/3.0 4.012.0 1001300 62.5 f 3.0 125 f 3.0 .275 & .OlS 100 

62.51125 (FDDI) 4.012.0 3.Y1 .O 16W500 62.5 f 3.0 125 f 3.0 .275 f .015 100 
100/140 5.W4.0 4.5i3.5 1ow100 100f4.0 140f6.0 .290f.015 100 

501125 4.012.0 3.91 .O 40W400 

Part Numbering 

4% - u- A P 1 E 8 - B  
GI - Gradedlndex 
62.5 - Core Diameter in microns 
A - Cable Series Designation 
02 - Number of Subchannels 
R - FinalJacketMaterial 
B - Breakout Cable Construction 
500 - Cabled Fiber Bandwidth 8 1300 nm 

Ensign-Bickford Optics Company, 150 Fisher Drive, A v ~ n .  Connecticut 06001 USA TEL 203-678-0371; FAX 203674-8818 



GRADED~NDEX, MULTIMODE, FIBER OPTIC CABLES 
3.0 mm TIGHT BUFFER 

04/92 

Ensign-Sidcford Optics Company Simplex, Dupiex and Zipcord Cables consist of 900 pm 
buffered, graded-index, multimode optical fibers surrounded by K8VIar%rength members and 
a ffame retardant PVC jacket. 

Short Distance intrabuilding Cabling 
Patch Panels and Distribution Boxes 
Interconnections 
Local Area Networks 
Plenum Installations 

FEATURES AND BENEFITS 

0 Suitable for indoor or light-duty outdoor applicotions 
e Available in W125 pm. 62.5/125 pm and 0 

100/140 gm fibers 0 

e PVC; flame retardant; low temperature fkxibifity: 0 

excellent impact and cut-through resistance; and, 
hydrolysis, oil and chemical resistance 
PVC jacket for easy stripping 

e 
0 

Equipment Interconnection 
Chemiwl and lndustriaf Plants 
Factory or laboratory Data Acquisition Systems 
F5Dl Networks 

Continuous lengths up to 2200 meters 
Wide temperature range (-20' to +8O'C> 
900 prn buffered f i b e r  
FDDl grade fiber 
MuKimode fibers for 850 nm and 1300 nrn 
Riser  (OFNR) rated 

Graded-Index 
Optical Fiber 

PVC \ / Buffer 

KovlaP 
ength Member 

Outer Jacket 
(OFNR) 

For more information call (203-678-0371], FAX (203-674-8818), or write (150 Fisher Drive, Avon, CT Osool) 
our Technicat Sales Department. 

Subject to change without notlce 



SPEC_IF_1CATIONS: 
Graded-Index, Multimode Fiber Optic Cables 
3.0 mm Tight Buffer 

Cable Code 

Cable Diameter 
Cable Weight 
Jacket Type 
Standard Jacket Mor 

Max. Pull Tension 
Max. Long-term Tensior 
Break Strength 
Crush Resistance 

Impact Strength 0 
1.6 N-m 

Cyclic Flexing 
Flammability Rating 

Operating Temperature 
Storage Temperature 

SIMPL.EX 

3.0 m 

8 k r n  
PVC - FR 
orange 

330 N ( 75 Ibs.) 
110 N ( 25 Ibs.) 
890 N (200 Ibs. ) 

400 N/cm 
(340 Ibs/in) 
100 cycles 

a 1 .OOO cycles 
OFNR 

-20' to +W'C 

40' lo +m'C 

I 

4.0 x 7.0 mm 3.0 x 6.3 mrn 
32 k m  16 kg/km 
PVC - FR PVC - FR 

Orange orange 

660 N (150 Ibs.) 
220 N ( 50 Ibs.) 

1,780 N (400 Ibs.) 
800 N/cm 
(455 Ibdin) 
100 cycles 

> 1 .OOO cycles 
OFN R 

660 N (150 Ibs.) 
220 N ( 50 Ibs.) 

1,780 N (400 Ibs.) 
400 N/cm 
(340 Ibdin) 
100 cycles 

-20' to +8o'C 

-40' to +8o'C 

-20' to + W C  
-40' to M0-c 

SPECIFICATIONS: 

Proonest I Mulbmodc Max. Altenuabon Typical Attenuation Min Bandmdth Core Dia. Clad Dia. 
F i b e r  850 nm/l300 nm 850 nm/1300 nm 850 nmll300 nm (microns) (microns) N.A (@SI) 

I 
5011 25 4.W2.0 3.5I1 .o 400/400 50f3.0 125f3.0 .200f.015 100 

62.51125 5 . w . o  4.012.0 100/300 62.5f3.0 125f3.0 .275f.015 100 I 

62.511 25 (FDDI) 4.012.0 3.S1 .O 1601500 62.5f3.0 125f3.0 .275f.015 100 

loo 

100/140 5.W4.0 4.5/3.s 10WlQO 100f4.0 140f6.0 290f.015 

CaetDIameter mpnl*25 
BUIIQT Oiameler 900 pnl i 100 

Part Numbering 

El - E2.Z- E 9 1 E S 
GI - Gradedlndex 
62.5 - Core Diameter in microns 
E - Cable Series Designation 
01 - Number of Sub-channels 
A - Final Jacket Material 
S - CableConstruction 
500 - Cabled Fiber Bandwidth Q 1300 nm 

Ensign-Bickford Optics Company, 150 Fisher Drive. Avon, Connecticut 06001 USA +EL 203-678-0371; FAX 203-674-8818 



Large core. Hard Clad Silica (HCS :) fibers 
make optical fiber easy to use and allow designers 

to realize substantial cost savings. 

Field termination of HCS^ fibers In 3 minutes or less, with minimal 
training and no consumables, is possible with the HCS5 Connector 

System. This system allows for direct crimping of specially modified SMA 
and ST@connectors onto the cladding. 

Less expensive transmitters and receivers can be used because large core HC.9 208 wm fibers couple P 
much more power from a typical LED than smaller core fibers. 

The HCS'" Connector System provides the large core fiber, cable 
and connector solution economically and reliably. 

Features and Benefits 
Reliable, Easy Field Installation of Connectors. 
Patented HC.9 polymer technology permits direct crimping 
onto the cladding, utilizing the HCS3 TK-6 Termination Kit and 
crimp and cleave SMA or SVconnectors. 

Enhanced Optical Budget. 
HCS9 fibers offer large 200 urn core and a high numerical 
aperture (NA) of .37 which allow greater coupling efficiency. 
A typical surface emitting LED will couple approximately 70 
bmes more power into HCS? 200 um fiber than info 62.5 pm 
fiber (about 5 times more than 700 urn fiber). 

Real Cost Savings. 
The coupling efficiency of large core HCS" fibers allow for the 
use of less expensive transmitters and receivers. Field termi- 
nations are performed in 3 minutes or less, with minimal 
training and require no consumables. 

Tight Bend Radius. 
Proof testing 200 pm fiber to levels far exceeding industry 
standards (up to 600 kpsi) ensures the survivability of HCS@ 
fibers in extreme conditions. 

Wide Selection of Cable Styles. 
Fully dedicated cable department produces a variety of cus- 
tom and standard cable designs. Assembly group provides 
design engineering and automated assembly capabilities. 

"Ensign-Bickford Optics Company products covered by one 
3r more of the following US patents: 4.51 1,209,4,599,098. 
4.707.076, 5,028,246, 5.108.021, 5.175.785. 

A variety o f H C 9  Fiberoptic Cables 

~ 

I 

Crimping a SMA Connector 
directly onto HCF- fiberelimi- 
nating epoxy. nating polish. 

___- 
Using the Diamond Cleave 
Tool to cleave fiber, elimi- 

,~ . . 

I - --___ 
Ensign-Bickford Finished assemblies, completed in 3 minutes or less. using 

Optics Company The dynamic force in fiber. the Hcsz System 

Ensign-Bickford Optics Company, 150 Fisher Drive, Box 1260. Avon. CT 06001 -7260 USA - 203t678-037 1 Fax 203I674-88l8 



Other Ensign-Bickford Optics Company Capabilities 
HCS' Fibers - HCN, HCP or HCR 
W High tensile strength 

Static fatigue resistant 

High numerical aperture 

W High core-to-clad ratio 

W Core sizes from 11 0 um to 1000 um 

Specialty Singlemode Fibers 
H Selected cut-off 

W Bend insensitive 

Custom coils & delay lines 

Cables 
W Fully dedicated cable department 

E Variety of custom and standard cable designs in tight 
buffer constructions. Up to 48 channels available, 
incorporating: 
- HCS') fibers 
- Specialty Singlemode fibers 
- Graded-Index type fibers 

Assemblies 
W Automated crimp and cleave assembly capabilities on 

Customized crimp and cleave connectors 

H Standard datacom graded-index (62.5/125. 50/125, 
1 00/140) assemblies utilizing industry standard 
epoxy/polish connectors 

HCS" fibers up to 1000 pm core size 

W Custom designed disposable medical probes 

Finished assemblies ranging from pigtails and jumpers 

H Passive linear optical TAP systems 

to complete tactical cable harnesses 

Bundles 
W Special bundle designs for: 

- Remote fiberoptic sensing 
- Illumination 
- Radiation detection/particle counting 
- Inspection/scanning systems 

HCS' Termination Kits 

H ZK-6 

W JK-6 

For field-installable, crimp & cleave Z-Pin 
connectors (compatible with Hewlett Packard 
Versatile Link devices) 
on ZKC (Zero Kevlar3 
Cable). 

For field-installable, 
crimp &cleave Japan- 
ese Industrial Standard 
(JIS) connectors on 
HCS5'J-Series Cable. 

Ensign-Bickford 
Optics Company 

All Specifications and tolerances are sublect to change Manufactured in the U S A by Ensign-Bickford Optics Company 
Kevlar and Tefzel are registered trademarks of DuPont ST is a registered trademark of ATBT 
HCS is a registered rradernark of Ensign-Bickford Optics Company 

--- 
Ensign-Bickford Optics Company, 150 Fisher Drive. Box 1260. Avon, CT 06001-1260 USA 03/93 - 2031678-0371 Fax 203/674-8818 



H CS" >Fii ber 

Core 0 (urn)  

Cladding (urn) 
Butler 0 (urn) 
Max Core-to-Clad 

Nominal Bandwidth 
(MHz-km) 
Proof Test (kpsi) 
(1 00% tensile 
pro01 tested) 

Offset (grn) 

HCP, Low Loss HCS 

HCP 
M0200T 

200 . 4  
230 . O/ 10 

500 - 30 

5 

20 

150 

For medium haul (1 00 meter 
to 3 kilometers) data 
transmission 

160 ' 
275 
EIP 

30 min 
I .5 

-16 

3 
-I 9 
-24 
-5 
4 

1.25 

.- 

._ 

Spectral Attenuation (typical) 

900 
- 

e& . __ 0 t-_ 
500 700 

Performance Comparisons 
(at 650 nm) 

Typical Attenuation (dB1km) 
Bandwidth (Mhz-krn) 
Numerical Aperture 
Connector Type 

(Epoxy Polish = E/P. HCS- crimp &cleave = C C )  
Field Installation time (incl cable prep.) 

Typical Connector Loss (SMA 905) per mated pair (dB) 

Sample Power Budget Comparison 
(assumes surface emitting LED transmitter) 

Coupled Power (dBm) 
Less: 
Connector Loss - 2 mated pairs (dB) 
Net (dBm) 

Detector power required (dBm) 
Available Power (dBm) 
Fiber Attenuation (dB/km) 
Distance Possible (km) 

Multirnt 
HCS 

200 urn 
(HCP) 

6.0 

20 
37 

CIC 

3 min 
1.1 

-6 

2 
-8 
-24 
-1 6 

- 
- 

6 
2.7 

B Fiber Core Size 

100 t m  62.5 um 

5 0  4 0  
100 
.29 
EIP 

30 min 
1.5 

-13 

3 
-1 6 
-24 I 
-8 

5 
1.6 

- 

HCP - M0200f - X xx 

P = LowLoss(HCP) 
Fiber Type 

Fiber Core Size and Construction 
200 Micron is standard fiber size for HCSa Connector 
System, other sizes are available. 

Cable Sub-Channels 
A = 2.5mm 0 PVC Tight Buffer sub-channels 
B = 3.0mm 0 Polyurethane Loose Tube sub-channels 

Number of Sub-channels 
01.02.04, and 06 are standard.Up to 48 possible. 

TYPICAL COUPLED POWER 
INTO HCS' 200 ,urn FIBER 

Typical 
Coupled 

fendodOevice Power (u W) 

Honeywell 
HFE4000-015 955 

HFE4003-024 1 631 
HFE4020-013 331 
HFE4023-013 331 
HFE4070-013 

Hewlett Packard 1 

HFBR-14x4 ~ 

HFBR-14x2 /- 
&BBHafo , 

IAl92 I 

IA191 
IA208 & lA228 
IN72 

HFBR-1604 

I 
1 

320 

12 
794 
355 

1000 
1100 
1300 
2000 

This chart represents a limited selection of available 
devices fo r  complete device offenngs and Specifi- 
Cations. please contact manufacturers directly 

X x -  06 

Final Jacket Material 
v = PVC 
E = Polyethylene 

Cabte Construction 
B = Breakout Z = Zipcord 

S = Simplex D = Duplex 

Cabled Fiber Attenuation (dBlkrn @ 820 nm) 



HCS"' Cable 

_. 
.. ... .. 

C.',' ... 
I 

HCS 200 Simplex 

outdoor environments 
multifiber runs where each channel is 

connectorized and routed separately 
aerial runs 

H 2 . 4  and 6 channels standard 
long conduit pulls 

HCS 200 Zipcord 

HCS? 200 Duplex 

HCS3' 200 Breakout 

HCS" 200 Heavy Duty 
Duplex 

H light duty indoor applications 

I cabletrays 

I short conduits 

I 
j loose tie wrapping 

- - 
H sub-channels for breakout cables 

-- I rugged 
wide temperature range 
direct burial 

H loose tube sub-channel design 
W high tensile stress applications 

I 

such as UL Riser. UL Plenum MSHA and CSA and armored designs for crush resistance or rodent protection We routinely design and manufacture cables for a wide 
variety of difficult environments Please contact us for more details 

Product Code: 
HCP- 
M02001 

Diameter (mm) 
(inches) 

Weight (kg/km) 

Installation: 
Max. Tension 

(Newtons) 
(Pounds) 

(mm) 
Min. Bend Radius: 

(inches) 

Operating: 
Max. Tension 

(Newtons) 
(Pounds) 

(mm) 
(inches) 

Maximum Shipping 
Lengths [meters) 

Temperature Range 
Storage 
Operating 

Min. Bend Radius: 

Flex Life 
Twist Life 

Heavy Duty 
Simplex Zipcord Duplex 2-Channel 4-Channel 6-Channel Duplex 

-A01 VS -A02VZ -A02VD -A02EB -A04EB -AO6EB -802EB 

2.5 2.5 x 5.4 3.5 x 6.0 8.0 8.0 10.0 8.6 
.10 .10 x 2.1 .14x.24 .31 .31 .39 ..34 
6.5 11.0 20 45.0 45.0 61 .O 55.0 

335 490 670 890 1510 2490 1645 
75 110 150 200 340 560 370 

38 38 25 50 50 50 50 
1.5 1.5 2.0 2.0 2.0 2.0 2.0 

200 310 400 535 870 1425 935 
45 70 90 120 195 320 21 0 

10 10 38 38 50 50 50 
40 .40 1.5 1.5 2.0 2.0 2.0 

2200 2200 2200 2200 1600 1600 1300 

...- 

_. 

1 -40-C to +85< C 1 
L-. I I -2O'C to +85*C 1 1  -4O'C to +85"C 

~ 0 . 0 4  dB increase. 2000 cycles 
~ 0 . 0 3  dB increase, 1000 cycles 



MCS'" Crimp and,~Cleave Connectors 

HCS" SMA 
Commercial 905 

Field installable in 3 minutes or less 
I Cost-effective, substantially less than 

installed epoxy/polish 
rn High tensile strength - HCS")fiber 

permits crimping directly onto the hard 
cladding 

I Static fatigue resistant 
rn Easy to assemble - no epoxy or other 

consumables required 
Reduced labor cost - no grinding or 
polishing 

m Automated factory assembly also 
avai I ab1 e 

One of the biggest drawbacks of fiber in industrial appli- 
cations is cable termination. HCS" Crimp and Cleave 
Connectors and TK-6 Termination Kit have eliminated 
this problem. The HCS@ Connector System is easy to 
use; requires no consumables, glue, water or polishing 
techniques; can be performed even in close quarters; 
and over a wide range of environmental conditions. 

Both SMA and STy connectors have been modified for 200 pm 
HCS' fiber cables and crimp and cleave assembly. Nearly all 
US.  manufactured interfaces. modules and systems can be 
accommodated using either of these two crimp and cteave con- 
nectors. Ensign-Bickford Optics Company also offers crimp and 
cleave cable systems compatible with Japanese Industrial 
Standards (JIS) and Hewlett Packard Versatile Link devices. 
Contact us for more details. 

HCW Crimp and Cleave Connector Specifications 

CC-SMA-23PX.Xt CC-ST-230-X.Xt 
Optical 
Performance 
Insertion Loss (Specification) 2.0 dB 2.0 dB 
Insertion Loss (Typical) 1.1 dB 1.1 dB 

Mechanical 
Performance 
Mating Durability 
Cable Crimp Retention 

< 0.03 dB increase, 250 cycles* 
> 50 Ibs 

Environmental 
Performance 
TEMPERATURE RANGE 

Thermal Cycling 
Operational -40" C to +85" C' 

~ 0 . 5  dB increase. -40" C to +85' C 

Dimensions (nominal) 
Overall 2.50" (63.5 mm) 2.75' (69.9 mm) 
Ferrule Length 0.3860" (9.8 mm) 0.3105" (7.9 mm) 
Ferrule 0 0.1248" (3.2 mm) 0.0984" (2.5 mm) 
Through Hole 231 pm 

Crimp and Cleave SMA Assembly - _1 __ 
~ 

Crimp and Cleave ST" Assembly 

Cable anchor diameter 
* Tests pertorrneo using HCN-MO200T-AOl VS-12 



HCS'" Termination Kit 

TK-6 
Termination Kit 

CT-2 
Diamond Cleave Tool 

H Quick, easy crimp and cleave 
terminations in 3 minutes or less 
Field installable SMA and ST? connectors 
with minimal training 

H TK-6 Termination Kit contains: 
Cable stripper 

* Fiber stripper 
* Crimp tool 
* Kevlar5 scissors 
* CT-2 Diamond Cleave Tool 
* Set of tension springs 

Instruction booklet 
H CT-2 Diamond Cleave Tool produces 

high quality, consistent cleaves on 
HCSZ fibers ranging in core size from 
11 0 um to 600 gm 

CT-2 Diamond Cleave Tool scribes the 
fiber to produce a smooth, even endface, 
without polishing 

SMA and ST" adaptor plates 

The Crimp and Cleave Process 
The crimp and cleave process was developed with two 
goals - to make fiber optic terminations easier and to elimi- 
nate the human factor from the process. In the traditional 
epoxy/polish method of connectoring, operator experience 
is crucial in achieving perfect end finish. 

The crimp tool is utilized to secure the connector onto the 
fiber cladding thereby eliminating the need for epoxy. 

The CT-2 Diamond Cleave Tool eliminates the guesswork 
of polishing. Preparation of the fiber end face is now mesh- 
anized. Actioning the trigger on the CT-2 performs three 
actions simultaneously - fiber clamps move in to hold the 
stripped fiber in place; a carefully calibrated spring places 
tension on the fiber; the 
diamond blade then Stretch ---d rl-- 

scribes the fiber, thus 
initiating the cleave. 

The cleave releases 
the spring tension 
causing the fiber to 
recess into the ferrule. 
Recessed ends pre- 
vent fiber endface 
damage and resultng 
power loss during con- 
nector matings. 

I 
1\ 

- 

J 

Cleaving Process 

60 

50 

- 40 u 
e 
aJ 
i 
cr 
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20 
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0 

200 gm Fiber 
Cleave Angle Histogram 
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APPENDIX B 
LASER DIODES 





PRELMDYARY DATA REPORT 
HIGH POWER U S E R  DIODE ON-LINE RADIATION TEST 

Manufacturer Serial Total Tissue Change in photodiode ' 
Number Equivalent Dose current at max power 

(Mrad) (%) 
Mit su bishi 549062 Control -0.58 

549064 0.62 -0.25 

Table I presents a summary of the test results for the first three IR laser diodes 
Wtsubishi) and the first two visible laser diodes (Toshiba) that were tested. The IR laser diodes 
(nominal wavelength of 785 nm) had a maximum power output of 60 mW, and the visible laser 
diodes (nominal wavelength of 690 nm) had a maximum power output of 35 mW. The laser 
diodes were irradiated while operating at maximum power. The change in photodiode current at 
the maximum power output recorded in the last column of Table I is between measurements made 
before and after irradiation in the Ohio State University Nuclear Reactor Laboratory's Co, 
m a  Irradiator. 

Figures 1 and 2 on the following pages display the photodiode current before and after 
irradiation at all power levels for the Mtsubishi and Toshiba laser diodes, respectively. In 
addition, Figures 3 through 7 show the farfield beam images at the beginning and end ofradiation, 
and at the beginning and end of the recovery period as recorded by a CCD camera. The radiation 
period was approximately two hours, and the recovery period approximately one hour. No 
noticeable changes in beam shape occurred during radiation and recovery. The observed changes 
in intensity are believed to be caused by the darkening of the collimating lens in the radiation 
environment. The double images present in some of the data are due to the neutral density filter 
between the laser beam and the CCD camera. 

The preliminary data indicate that the high power laser diodes are not adversely affected 
by the radiation dose. 





i 

Mitsubishi ML64 1 1 R-01 
SN 94-549064 PI Curves, 

120 1 4 0  

4 - Power {after) 
L 

- 
-.1 - - - 

- 
4 0  6 0  8 0  100  120 1 4 0  0 2 0  

Laser Diode Current (mA) 

4-  Power (after) 

- 
.I - 

- 

0 2 0  4 0  6 0  8 0  1 0 0  120 1 4 0  
Laser Diode Current (mA) 

0 . 6 2  
B 

0 . 5 8  
6 0 . 4 s  

0.32 - 
0.2: CI 

Q. 12 
0 . s  

-*- Power (after) 

f 30- - 
E - 20- - 
t 
3 1 0 -  - 
0 

v) 6 0  
- 5 0  

5 4 0  

C a 
L 

!? 3 0  
E - 2 0  
L g 1 0  

0 
P 

4 0  

z 30 
E - 2 0  
L : 1 0  
0 
Q 

0 

0 20 4 0  6 0  8 0  100 
Laser Diode Current (mA) 

Figure 1. Effect of irradiation on optical power-current relationship for 785 nm laser diodes. 
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Figure 2. Effect of irradiation on optical power-cwent relationship for 690 nm laser diodes. 



Begin Radiation "Is SN:202 End Radiation 

Begin Recovery 

Figure 3 .  Change in beam image during irradiation and during recovery (690 nm) 
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Figure 5 .  Change in beam image during irradiation and during recovery (785 nm). 
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Figure 7. Change in beam image during irradiation and during recovery (785 nm). 
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101 CMmerce Boulevard 
l iverpoi, New York 13088 
(315) 451-9410 FAX (315) 451-9421 

David Holcomb 
Oakridge National Lab 
Instrument and Controls Development 
Oakridge, TN 37831 -601 0 

December 10,1993 

Dear David: 

Thanks for your recent inquiry. Enclosed please find technical information describing our complete line of solid- 
state cameras and the CID technology that makes them unique. Also included are specifications for the ICM7000 
Easy Integrator, our powerful new interface control module offering "plug and play" coordination of vision system 
components for orchestrated system integration. 

CIDTEC traces its roots to General Electric where the CID concept originated. The first CID camera was produced 
in 1972 and ongoing development since then has generated some 30 patents. With advances in electronic 
imaging calling for progressively higher levels of system accuracy and operational flexibility, ClD technology has 
increasingly become the preferred alternative to Charge Coupled Devices (CCD's) for demandnng imaging 
applications. 

CID cameras provide: 

*Anti-blooming even under severe light overloads for distortion-free images 

*Contiguous pixel structures with high fill factors for complete, accurate dimensional data 
and precise edge detection 

=Progressively scanned square pixel formats for variable scan mode pixel-lock digitizing 

-UV response to 185 nrn for extended imaging range, and near-IR response to 1100 nm 
without blooming, fringing, or loss of data resolution 

*Asynchronous full-frame capture of high-speed or shortduration events 

*Higher frame rates for faster capture and processing 

*On-chip "area of interest" readout for faster data acquisition 

*Extended integration for multiple-frame exposure enhancement of static low-light scenes 

We back our products with comprehensive technical assistance, applications support, and product development 
programs. Talk with us about custom camera modifications, application-specific calibration procedures, new 
imager development, and process hardening to operate cameras in radiation environments. 

If a review of the enclosed material suggests a fit for CID cameras in your application, give us a call. We'd be happy 
to discuss your imaging needs and demonstrate the difference CID technology can make for you. 

Sincerely , 

Tony Chapman 
Technical Sales 

Encls: Product Literature 
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CID Cameras: An Overview 

Princiule of OBration 

Charge Injection Device (CID) structure, principle of operation, and readout techniques are 

fundamentally different from Charge-Coupled Devices (CCD's), providing useful performance 

advantages. Each pixel in the CID array is individually addressed during readout. Scanning 

routines are implemented via electronic switching of row and column electrodes which are 

fabricated in a thin, clear polysilicon matrix over the surface of the array. While CCD's transfer 

collected charge out of the pixels during readout (hence erasing the image stored on the sensor), 

CD's do not transfer charge from site to site in the array. 

Instead, readout is accomplished by transferring or "shifting" the collected "charge packet" 

within an individually addressed pixel, and sensing displacement values across the electrodes at 

the site. Readout is ncn-destructive because charge remains.intact in the pixel after the signal 

level has been determined. To empty the pixel for new frame integration, row and column 

electrodes are biased to "inject" the charge packet into the substrate collector. 

spendiny Readout: The biect Inh ibi t F u n c m  

Nondestructive readout techniques enhance user control of light integration and image 

readout, useful for low-light, stop-motion and puked-capture applications. The Inject Inhibit 

U/I) function suspends imager readout and injection without interrupting normal scanning or 

image integration. In other words, on-chip scanning and image acquisition proceed, but pixel 

signal levels are not read and erased. 

exposure enhancement of static low-light scenes. Or it can be used to suspend readout within a 

single frame time to capture asynchronous high-speed or short-duration events. Images can be 

captured and "stored' on the imager during a "readout suspended' frame scan, then read out 

when new frame scanning begns, ensuring full-frame readout of the captured image. Inject 

Inhibit can also be employed to manage "snapshot" readout from several cameras into a single 

frame grabber. Camera readout is suspended until each unit is released in sequence for image 

down-loading. 

I/I can be applied to initiate an extended integration mode for multiple-frame, time-lapse 

Non-destructive Readout ( NDRQl 

In standard CID cameras, a single frame is read out after an extended period of 

integration, representing the accumulated image. Integration may proceed for milliseconds or 

up to hours with the additicn of sensor cooling, applied to retard accumulation of thermally- 

generated Dark Current. Implementing Non-Destructive Readout (NDRO) modifications in CID 



2 
cameras provides a higher level of user control. Camera readout may continue at video rates, 

but charge injection is inhibited, so the developing image can be viewed on a TV monitor as 

integration proceeds. This real- time exposure control is especially useful for resolving faint 

details in low-light scientific applications, significantly expanding dynamic range. 

Anti-bloominp~ P P r f m a n E  

At bright intensities, "blooming" describes the distortion in an image that can occur when 

solid-state video cameras are exposed to concentrated light intensities (Figure 1). Charge can spill 

from over-saturated elements to adjoining pixels, or the charge transfer mechanisms during 

readout, eradicating portions of the image. By contrast, CID imagers are more tolerant to intense 

light because optical overloads are confined to illuminated pixels. Charge is not exported from 

the pixel collectors, so the structure offers no paths along which overloads can propagate; and 

radial spreading of charge is minimized as the excess is drawn into the underlying charge 

collector. 

This inherent anti-blooming performance ensures accurate image detail even under 

extreme lighting conditions, making C D  cameras particularly effective for testing and 

measurement (especially laser analysis), missile tracking, semiconductor pattern recognition, and 

a wide variety of other applications where reflections and the appearance of specular light 

intensities give rise to over-saturated regions within a properly exposed image. 

Conti_guous Pixel Structure. Wide S-al Resnonse. Radiation To lerancr: 

The contiguous pixel structure of CID arrays further contributes to accurate imaging, 

because there are virtually no opaque areas between pixels where image detail can be lost. This 

attribute is important for applications where precise dimensional data is critical; for instance the 

determination of object edges for inspection, measurement, positioning, and tracking. It is also 

essential for applications where complete data is crucial, as in particle analysis where illuminated 

particles may "disappear" if they "fall into a crack" (opaque region) on the sensor. Employing 

interpixel processing techniques to achieve sub-pixel resolution, CID cameras are currently 

utilized in precision gauging equipment performing measurements accurately to half a micron. 

The uniform topological structure of the CID imager provides homogeneous pixel-to-pixel 

response to coherent illumination for more accurate reFroduction of laser profiles, ideal for 

beam analysis and alignment. Camera output is impressively linear, and can be radiometrically 

calibrated to provide maximum linearity for a given application wavelength. CTD imagers offer 

wide spectral response, from 185 to 1100 nanometers, extending imaging range into the UV and 

providing near-IR response without blooming, fringing, or loss of data resolution. 

on imager operation, making CID's less vulnerable to disruption in radiation environments 

Furthermore, the PMOS semiconductor structure of CID imagers reduces radiation effects 



3 
than NMOS devices (structure used in manv CCD's). Further hardening can be achieved 

through special processing. 

era Scannini F W  
Since each pixel in the CID array is addressed individually, flexible readout and processing 

options are possible. It is important to note, though, that standard CID imagers utilize sequential 

addressing circuitry, so standard camera models always scan from top to bottom, left to right (as 

viewed on a monitor). However, some advanced development CID cameras offer selective 

image data acquisition utilizing innovative scanning techniques. For maximum flexibility, 

Random Access CID's (RACID's, currently under development) incorporate address decoders 

instead of sequential shift registers to provide programmable access to individual pixels in any 

sequence for readout and special charge manipulation routines, MCID imager functions are 

computer-directed, providing state-of-the-art acquisition management and control. 

as "Sequential Scan" readout, to speed processing by eliminating the delay introduced by 2:l 

interlace scanning. Interlaced cameras read out every other row of pixels, meaning there are 

always gaps in the output. In general, odd and even fields must both be acquired before vision 

systems can proceed with image processing. Progressive scan cameras, by contrast, read rows of 

pixels one after another (lines I, 2,3,4, etc.) so the data stream from camera to frame grabber is 

sequential and comprehensive. 

speed operation that is nonetheless compatible with RS-170 frame grabbers, TV monitors, and 

VCR's. Escaping the limitations imposed by RS-170 (TV broadcast) standards, high resolution 

progressive scan CID cameras provide variable scan mode interfacing, described below, for 

maximum accuracy, speed and control. 

Several standard CID camera models feature "Progressive Scan" readout, also referred to 

Some CID camera models feature progressive scan, 60 frame per second output for high- 

Frame G rabber Interfa- 

increase processing speed. Interfaced with variable input frame grabbers in the Variable Scan 

mode WSC), they provide optimal digitizing stability and repeatability in applications calling for 

accurate pixel-to-pixel measurements In VSC mode, the frame grabber (slave) digitizes video 

based on timing from the camera (master) pixel clock, blanking interval (composite blanking or 

H drive), and V drive signal. The czr-iera's eier-ient rate clock (ERC) is used to synchronously 

clock A/D readings into discreet memory locations on a one-$0-one basis, creating a pixel-lock 

between camera and frame grabber memory. Pixels are represented in frame memory with a 1:l 

aspect ratio; i.e. pixel (x,y) = memory (x,y>. There is no spatial distortion of pixel values stored in 

memory. 

Sequential scan, square pixel format CTD cameras simplify computational algorithms and 



4 
By contrast, 2:l interlace systems interface in Phase Lock Loop (PLL) or Crystal Control 

modes. In I'LL mode, the frame grabber (slave) digitizes video froin the camera (master) using 

an internal clock locked to the camera's H-drive signal. The frame grabber's digitizing clock is 

likely to be different from the camera's pixel clock The frame grabber is not pixel-locked. Board 

sampling rate and memory format determine spatial distortion of pixel values stored in 

memory. 

In the Crystal Control mode, the frame grabber (master) supplies standard Rs-170 sync 

pulses (either composite sync or discreet H & V sync signals) to the camera (slave). Pixels are 

digitized based on the frame grabber's internal clock. Again, the frame grabber is not pixel- 

locked. Board sampling rate and memory format determine spatial distortion of pixel values 

stored in memory. 

Unless the camera and frame grabber clock rates are the same, and the pixel array format 

matches the memory format, over- or under-sampling will occur. Under-sampling takes place 

when pixel information from the camera is sampled by the frame grabber at a rate lower than the 

pixel data is clocked out. Example: 755 pixels sampled 640 times results in 640 memory locations 

filled with data. Each memory location represents 1.18 pixel. Over-sampling takes place when 

pixel information from the camera is sampled by the frame grabber at a rate higher than the pixel 

data is clocked out. Example: 512 pixels sampled 640 times results in 640 memory locations filled 

with data. Each memory location represents 0.8 pixel. 

Even when camera and frame grabber formats and clocks match, digitization in the phase 

lock loop and crystal control modes is subject to pixel jitter (pixel "regstration" errors) due to 

timing inaccuracies between system components that occur during the 63.5 microsecond interval 

between horizontal sync pulses. The variable scan mode interface eliminates pixel jitter by 

locking the system to the camera's pixel clock, bringing superior time resolution to the pixel 

digitizing process. 

Scan ninv Reset: the F rame Reset Functiw 

In applications where full frame resolution is not required but faster capture is, "Frame 

Reset" is used to decrease vertical frame size for higher frame rates. Applying Frame Reset sends 

scanning back to the top of the array at the completion of the latest row scan. By counting H 

drive pulses, the user m a y  reset the camera after scanning a predetermined number of rows. 

With fewer lines to read, "shorter" frames can be read out faster. Of course, faster frame rates 

mean shorter integration times, so stronger illumination may be. required. 

ti the Rauid Scan Func, on Electronic Windowine: - 

given time, the "Rapid Scan" function is used to isolate areas of interest, establishing "windows" 

for readout at normal rates while scanning at a very high rate between windows. The selective 

For applications where only specific regions in the field of view require attention at any 
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data extraction speeds imager readout and reduces system data volume, facilitating high-speed 

processing. 

at rates up to several hundred images per second as they move within the field of view. 

Windowing can also be used for on-line inspection. For example, specific sections of a 

pharmaceutical bottle can be read out for high-speed processing to check cap placement or verify 

expiration date and lot code. 

commercially available frame grabbers. Windowing uses two horizontal clocks, and most 

systems can only follow one H clock. Consult with CIDTEC to discuss system options and 

application conside:ations. 

This capability is es7-ecially powerful for target acquisition where objects must be tracked 

It is important to note that the rapid scan function can only be implemented with a few 

A s v n c h r W e a r :  the DumD Fun- 

The "Dump" function is used to "empty" all pixels in the imager (via charge injection) 

just prior to image capture. Since accumulated charge remains in the unscanned rows after a 

frame reset, the dump function is used to clear the array before new frame capture, removing 

any shading variations brought about by differences in pixel integration times. 

AsmcJmxw- 

capture and read asynchronous high-speed or short-duration events. An example of this is 

shown ir, Figure 2 using a CID camera to capture a fast-moving bottle. CID operation allows 

image capture to proceed independent of camera timing, so the user times the camera to the 

event instead of timing the event to the camera's "vertical blanking interval" (period between 

frames when scanning returns to the top of the a m y  in preparation for new frame readout). 

As the bottle travels down the production line, a vision system senses when it has moved 

into position within the camera's field of view and engages the Inject Inhibit function. Sensor 

scanning continues, but readout is suspended. However, since the camera optics are stopped 

down to essentially a black ambient between strobe firings, the system integrates very Little 

background light until the vision system fires the strobe at the appropriate moment, and the 

image of the bottle is captured by the imager. Scanning continues without readout until the 

onset of the vertical blanking interval when Inject Inhibit is released, returning the camera to 

normal operation. Readout of the captured i-mage proceeds at the completion of vertical 

blanking as new frame scanning begins, providing readout of the complete image. As shown in 

Figure 2, objects can enter the field of view randomly and the camera will always capture their 

images in center frame. 

throughput speed. When the bottle in our example moves into posation, the vision system 

The stop motion or "freeze frame" capability of CID cameras enables them to accurately 

The Frame Reset feature, discussed earlier, can be used in this application to increase 
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triggers Frame Reset and Dump, resetting the camera for new frame scanning and clearing the 

array. The strobe is fired during the vertical blanking interval and the image is captured by the 

imager. Image readout proceeds at the completion of vertical blanking when new frame 

scanning begins. The vision system resets the camera asynchronously in response to random 

events, providing almost immediate readout of the captured images. 

anticipation of laser firing, frame reset returns the camera to the vertical blanking interval, and 

dump clears the array. The laser is fired and the image is captured by the imager. Image readout 

proceeds at the completion of vertical blanking as new frame scanning begins. 

The same principles of operation apply to asynchronous capture of pulsed lasers. In 

Figure 1. 

Unlike many conventional camera images (left), the CIDTEC camera images (right) show 
virtually 110 smearing ur blooming. 

Figure 2. 
Typical camera timing does not dlow ;'or vcriatiozs in event timing, leading to positional 
uncertainty of the cnptured images as a e n t s  o c c x  oiit of sync with the camera (left). Flexible 

timing and function control of CID cameras provide accttrate repeatability for high-speed, 
asynchronous image capture (right). And CID cameras deliver complete frames for full-frame 

resolution in stop motion or pulsed applications (nof just one field of video as can occur with 

typical cameras). 



ClD2221 D 
256 X 251 

SOLID-STATE MONOCHROME VIDEO CAMERA 

. .- 
. - i  

Square continguous pixels 
Asynchronous full-frame capture 
High-speed variable frame output 
Superior anti-blooming 
Multiple-frame integration 
UV through near IR spectral response 
On-chip windowing 

The Model CID2221 D solid-state mono- 
chrome video camera features a progressively 
scanned 256H X 251V CID array in a compact, 
remote video head connected to the camera 
control unit via flexible cable supplied to length. 

The integrated single-board layout of the 
camera control unit and the surface mount 
technology of the remote head deliver 
improved performance at lower cost. A versatile 

camera head mounting feature simplifies instal- 
lation in small spaces, and the standard 
"C" mount lens adaptor provides back-focus 
adjustment. 

The CID2221D requires an external power 
source supplying +12 to +17VDC. The camera 
is also available in an "E" version using 
1 15VAC input power for direct AC operation. 
(Note: CID2221 E CCU case is 1 /2" taller) 



SPECIFICATIONS - CIDZZZ i D 
Imager 
Imager Format 

Total Pixels 270H x 264V 
Displayed Pixels 
Displayed Pixels 
Pixel Size 
Full Well Capacity 1.900.000 electrons 

Active Area 
Optical Format 213' 
Scanning Format Sequential 
Electrical 
S/N Ratio 

Sensitivity 

Composite Video 

256H X 251V (276 mode) 
256H x 242V (262 mode) 
28 Ourn x 28 Ourn 

10 1 mm diagonal 

_____ 

60db (typ ) - Measured Peak 
SignalKotal RMS Noise 10KHz-4 2MHz 
Full Output at 1 5fc Faceplate 
Illumination (T=285OoKI 
1V p-p terminated into 75 ohms 

Black Level 
White Level +700mV (min ) 
Sync Level -300mV 

+50mV avg (Auto Black Clamp) 

Geometric Distortion 0 Yo 
Input Power 
Input Voltage 

Camera 

Input Current 

Spectral Response See Response Curve 
Gamma 1 
Environmental 
Temp Range 

8 Watts (max ) 

+15VDC nominal (+12.0 to +17.0) 
Line Adaptor 1 15VAC f 10%. 50/60 Hz 

Camera (Q 15V) <550mA avg , 1 OOOmA peak turn on 

Operating 0°C to 50-C 
Storage -25°C to 85°C 

Humidity 0-95% Non-Condensing 
Shock 50G (112 Sinewave at lOms Duration) 

interface Signals 
outputs (J l )  Video. End of Frame. End of Line. 

H8V Drive. Composite Sync and 
Blanking 

(J2) Video. ALC. 5 MHz ER Clock. 
Rapid Scan Clock 

BNC Composite Video - 
Inputs (J l )  +15VDC. Composite Sync 031, 

H Drive (D4). Host +5VDC 
(J2) V Orive ID4). Dump, Inject Inhibit. 

Frame Reset. RaDid Scan. 262/276 
Format Select (D2 Ei 03 only) - 

Mechanical 
Weight CCU - 0.79 kg. (28 02.) 

CH (less cable) - 0.16 ka. 15.6 02.) 
See Outline Drawing 
2 meters (other lengths optional) 

1/4" - 20 Thread 

(J2) 25 Pin D (female) 
(J3) 26 Pm 0 (female) 

Dimensions 
Cable Length 
Lens Mount Standard C Mount (1 .O" - 32 Thread) 
Camera Mount 
Connectors (J l )  25 Pin D (male) 

Standard BNC 

,11 . . . . . ... .. .. . . ... . . 

SPECTRAL 
RESPONSE 

, 

--- :,--.. - - 

- CID2227 D 
DIMENSIONS IN INCHES 
(MM IN PARENTHESIS) 

--z L . - 1 ." 
-3 - 4 - 2 2  - - ---; 

- - _  
i - -.. 
.? 3' .. 
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C1D2220 
270 X 264 

SOLID-STATE MONOCHROME VIDEO CAMERA 
HIGH-SPEED 60 FPS , SQUARE PIXELS, RS-170 COMPATIBLE 

The Model C1D2220 i s  designed to ad- 
dress the needs of an expanding image proc- 
essing market. The camera features a 270 x 264 
CID array that matches standard memories for 
efficient computer interfacing. Wide spectral 
response, from 200-1 100 nanometers, allows 
the camera to capture images produced by 
light sources ranging from UV to the near IR. 
The large full-well capacity of the imager pro- 
vides expansive dynamic range. And superior 
anti-blooming performance, inherent to CID's, 
ensures accurate image detail even under ex- 
treme lighting conditions. 

The contiguous pixel structure provides 
for accurate edge detection since there are vir- 
tually no opaque areas between pixels where 
incident light can fail to register on the sensor. 
Square pixels make computational algoritbms 
simpler for more efficient image processing. 

The camera's Progressive Scan readout 
enables real-time processing by eliminating the 
delay other cameras require to interlace +dd 
and even fields, but the standard 60 FPS full 
frame output is  RS-970 compatible for easy in- 
terfacing to existing frame-buffers, TV monitors, 
and VCRs. For high-speed applications, Frame 
Reset initiates vertical blanking on demand, 
allowing the user to read out smaller frames, 
faster. In addition, the ClD2220 features 
command stop motion to capture and read 
asynchronous high-speed events in center 
frame, multiple-frame integration for time- 
lapse exposures, and multiple sync options to 
facilitate system integration. The switch-select- 
able (fixed) Manual Gain Control has Normal, 
2X, and 4X settings for user-controlled signal 
amplification. 



Electrical 
Sensor Format 

Pixel Elements 270H x 264V 
Active Elements 

Pixel Size 28pm x 28pm 
Full Well Capacity 1,900,000 electrons 

Active Area 10.1 mmdiagonal 
Optical Format 

268H x 242V (Se uential mode) 
268H x 243V ( R S j  70 mode) 

Imager Size 

1 1 mm (%") 
Sequential 8. RS-170 compatible Scanning Format 

Resolution >200TVL (Horizontal) 
SNR 50db (typ)--Measured Peak 

Signalflotal RMS 
Noise (1 OKHz - 3.8MHz) 
Full output at 1.2fc faceplate 
normal gain. Useable video at 
.01 fc faceplate ( x 4 gain) 
1 V p-p terminated in 75 ohms 

Sensitivity 

Com osite Video 
kack Level 50 mV 
White Level 700 mV 
Sync Level - 300 mV 

Geometric Distorhon 0 % 
.- Input Power 3.5 Watts 
Input Voltage 

Camera 
Line Adapter l2OVAC 2 1 0 % , 6 0 H ~  

+12 t0  + 35VDC = 4% 

Input Current 
Camera (h 15V) <235mA, <400 peak turn on 

Spectral Response See Curve 
Gamma 1 

Interface Sianals 
outputs 

I/O 

Video Composite, 1 Volt p-p 

1/0 

Clock (6.1 4 MHz), H&V Drive, 
Blanking 

Inputs 
2 x Clock (1 2.27 MHz), x2 & x4 
Gain. lniect Inhibit. Frame Reset 

Environmental 
Temp Ronge 

Operating 0°C to + 50°C 
Storage - 30°C to + 70'C 

Humidity &95% Non-Condensing 
Shack 50G ('h sinewave at 10 ms 

dumtionl 

Mechanical 
Weight 23 OL 
Dimensions See Outline Drawing 
Variable Focus Lens Mount 

Camera Mount 
Connecton 

Standard C Mount 
(1.00"-32Thread) 
%" - 20 Thread 

Video BNC 
Power 7 Pin Viking 
I/O 15 pin "D" 

Camera specifications subject to change without notice. 

5 a 

Wovelength (nm) 

CIDzZZo DIMENSIONS (inches) 

VARIABLE FOCUS 
LENS MOUNT 

I 

I 

6 182 - 

/ 
1.MQ3l UN-20 
INTERNAL THO. 
("C" MOUNT) 

'L ;L?WNC-28 1.14 DE 

! 
3.w 

-7- 
.1&5 
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%ID2705 
388 X 248 

SOLID-STATE MONOCHROME VIDEO CAMERAS 
HIGH-SPEED 60 FPS OPERATION, RS-170 COMPATIBLE 

The Model CID2505 is designed to ad- 
dress the needs of an expanding image proc- 
essing world. The camera features an X,Y 
addressable 388H X 248V CID array with 
wide spectral response, from 200-1 100 
nanometers, allowing the camera to capture 
images produced by light sources ranging from 
UV to the near IR. Superior antiblooming per- 
formance, inherent to CIDs, ensures accurate 
image detail even under extreme lighting con- 
ditions. And the contiguous pixel structure 
provides for accurate edge detection since 
there are virtually no opaque areas between 
pixels where incident light can fail to register 
on the sensor. 

The camera's Progressive Scan readout 
enables real-time processing by eliminating the 
delay other cameras require to interlace odd 

and even fields, but the standard 60 FPS hi1 
frame output i s  RS-170 compatible for easy in- 
terfacing to existing frame-buffers, TV monitors, 
and VCRs. In addition, the CID2505 features 
command stop motion to capture and read 
asynchronous high-speed events in center 
frame, multiple-frame integration for time- 
lapse exposures, and multiple sync options to 
facilitate system integration. The Gain Option 
is jumper-selectable at two levels for increased 
sensitivity. 

The Model ClD2705 features all of the 
above, plus Video Enhancement Circuitry for 
improved signal-to-noise performance, selecta- 
ble 8:l Automatic Gain Control (AGC), and 
switch-selectable (fixed) Manual Gain Control 
with Normal, 2X, and 4X settings for user-con- 
trolled signal amplification. 



i*iEClFlCdTiO NS-ClDZ705/CIDZsOS 
Electrical ___ 
Sensor Format 

Pixel Elements 388H x 248V 
Active Elements 377H x 2 3 N  
Pixel Size 23.3pm x 2 7 . 2 ~  
Full Well Capacity 900,000 electrons 

Active Area 11mmdia onal 
lmoger Size 

Optical Format 1 1 mm (2/3sj3 - 
Scanning Format 
Resolution > 250lVL (Horizontal) 

Sequential 8 RS-170 compatible 

SNR 
CID2705 54db (VP) 

45db (typ) 
Measured Peak Signalflotal RMS 
Noise (1 OKHr-4.2MHz) 
Full output at 0.6fc faceplate 
Odb gain, Useable video at .01 fc 
faceplate ( x 4 gain) 
1 V p-p terminated in 75 ohms 

CID2505 

Sensitivity 

Corn osite Video 
ilack Level 50 mV 
White Level 700 mV 
Sync Level -300 mV 

Geometnc Distortion 0 % 
Input Power 

CID2705 8 Watts 
CID2505 2.1 Watts 

Input Volta e 
ClD2785 
CID2505 

+ 12 to + 18VDC 
+12to  +35VDC 

Line Adapters 1 20 VAC 5 lo%, 60 Hz 
Input Current 

CID2705 (cii 12V) 
CID2505 (fu 12V) <175mAavg;<300mA peak 

<700mA avg;<l.ZA peak turn on 

turn on 
Spectral Response See Curve 
Gamma 

CID2705 1 .O (internally continuously 
adiustable 0.4 to 1.01 

CID2505 i Id 
Automatic Gain Control Selectoble in/out-8:1 continuous 

(CiD2705 only) gain range 

Interface Signals 
outputs 

I/O 
Clock (1 4.3MHz), H&V Drive, 
Video 
Clock (1 4.3MHz), H&V Drive, 
(Non-buffered) 

CID2705 

CID2505 

Iris 

Video 

CID2705 
CID2505 

Gnd, Video + 1 2VDC 
Gnd, Video + 1 OVDC 
Composite, 1 Volt p-p, RS-170 

IIV 
x 2 8 x 4 Gain, Sync, Inject Inhibit. 
AGC Inhibit, Power, V-Drive 
x 2 & x 4 Gain, Sync, Inject Inhibit 

CID2705 

CID2505 

Environmental 
Temp Range 

Humidity 6 9 5 %  Non-Condensing 
Shock 50G (1/2 sinewave at 1 Oms 

duration) 
Camera specifications subject to change without notice. 

Operating - 20°C to + 50°C 
Storage -30°C to + 7 v c  

Mechanical 

CID2705 
CID2505 1 3.5 oz. 

Weight 

Dimensions See Outline Drawing 
Variable Focus Lens Mount 

Camera Mount 

23 oz. 

Standard C Mount 
(1 .OO- 32Thread) 
114" - 20 Thread 

Connectors 
Video 
lens 
Power 

BNC 
7 Pin Viking 
7 Pin Viking 

I/O 1 5 pin "D" CID2705 
CID2505 1 2 pin Viking 

Wavelength (nmt 

CID2705 DIMENSIONS ( i n c h )  

/4IMEC, 
101 Commerce Blvd. Liverpool, N.Y. 13088 0 (315) 451-9410 4 Fax: (315) 451-9421 
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CID2250D 
512 X 512 

SOLID-STATE MONOCHROME VIDEO CAMERA 

A F EATU RES 
Square contiguous pixels 
Asynchronous full-frame caPture 
ii:gh-speea variatde trame output 

9 Smerior anti-bloomina 
Multiple-frame integrarion 
Wide spectral response 
On-chip winaowing 

The Model CiD2250D solid-state mono- 
chrome video camera features a progressively 
scanned 51 2H X 51 2V C1D array in a compact, 
remote video head connected to the camera 
control unit via flexible cable supplied to length. 

The integrated single-board layout of the 
camera control unit and the surface mount 
technology of the remote head deliver improved 
performance at lower cost. A versatile camera 

head mounting feature simplifies installation in 
small spaces, and the standard "C" mount lens 
adaptor provides back-focus adjustment. 

The CID2250D requires an external power 
source supplying +11 to +17VDC. The camera is 
also available in an "E" version using 11 WAC 
input power for direct AC operation. 
(Note: CID2250E CCU case is 1/2" taller) 



imager 
Imager Format 

Total Pixels 522H x 528V 
Displayed Pixels 
Displayed Pixels 
Pixel Size 15Oumx 150um 
Full Well Capacity 450.000 electrons 

512H x 512V (532 mode) 
512H x 505V (525 mode) 

Ootical Format Nominal 11 Omm 1213") diaaonal 
Scanning Format Progressive1Sequential 

Electrical 
SIN Ratio 

Sensitivity 

Composite Video 

52db (typ I - Measured Peak 
SignaVTotal RMS Noise 
Full Output at 0 7fc Faceolate 
Illumination (T=2850°K) 
1 V p-p terminated into 75 ohms 

Black Level 
White Level t700mV (min J 
Svnc Level -300mV 

+50mV avg (Auto Black Clamp1 

Geometric Distortion 000 

Input Power 
Input Voltage 

8 Watts fmax ) 

Camera +lSVDCnominal(+ll Ot0+170) 
Line Adaptor 1 1 5VAC f 10%. 50160 HZ 

Input Current 

Soectral ReSDOnSc? See Resoonse Curve 
Camera I Q 15V) c550mA avg . 1 OOOmA peak turn on 

Gamma 1 

Environmental 
TemD Ranoe 

Shock 50G (112 Sinewave at lOms Duration, 

Interface Signals 
Outputs (J l )  Video. End of Frame. End of 

Line. HBV Drive. Composite Sync 
and Blanking 

(J2) Video. ALC. 10 MHz ER Clock, 
Rapid Scan Clock 

BNC Comoosite Video 
Inputs ( J l )  +15VDC Composire Sync (D3). 

H Drive (D4). Host +5 VDC 
V Drive (D4). Dump. Inject Inhibit. 
Frame Reset Rapid Scan. 5321525 
Format Select (D2 & D3 onlv) 

(J2) 

Mechanical 
Weight CCU - 0 79 kg (28 OZ.) 

CH (less cable) ~ 0 16 kg (5 6 02.) 

2 meters (other lenaths optional) 
Dimensions See Outline Drawing 
Cable Lenath 
Lens Mount Standard C Mount 

(1 .OO" - 32 Thread1 
114" - 20 Threao 

(J l )  25 Pin D (male) 
(J2) 25 Pin D (female) 
(J3) 26 Pin D (female1 

Camera Mount 
Connectors 

Standard BNC 

0 1 5  1 1 - .. L 

n 
E 0 1 0  
4 
"- 
2. 

> 

v) 

0 
u) w 

0.05 

a 

0 00 

WAVELENGTH (nanometers) 
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ClD3710D 
776 X 512 

SOLID-STATE MONOCHROME VIDEO CAMERA 

4 Asvncnroncus idl-frame cacrure 
* SLJ3erio; anti-olooming 

VI u I t I D i e-? ra rn e I n t eg rar i o n 
Wide sDec?ral resoonse 

The Model CID371 OD solid-state mono- 
chrome video camera features a 2:l interlace 
scanned 7761.1 X 512V CID array in a compact, 
remote video head connected to the camera 
control unit via flexible cable supplied to length. 

The integrated single-board layout of the 
camera control unit and the surface mount 
technology of the remote head deliver improved 
performance at lower cost. A versatile camera 

head mounting feature simplifies installation in 
small spaces, and the standard "C" mount lens 
adaptor provides back-focus adjustment. 

The CID371 OD requires an external power 
source supplying +I1 to +17VDC. The camera is 
also available in an "E" version using I1 WAC 
input power for direct AC operation. 
(Note: ClD3710E CCU case is 1/2" taller) 

i 



I='PEC!FICATIONS - ClD371OD 

lmaqer __ 
Imager Format 

Total Pixels 776H x 51 2V 
Displayed Pixels 755H x 484V 
Pixel Size 12 Opm x 13 7pm 
Full Well Caoacitv 300.000 electrons 

ODtical Format Nominal 11 Omm (2/3") diaqonal 
Scanning Format RS-330. 2-1 Interlace 
Resolution >450 TVL (horizontal) 

Electrical 
S/N Ratio 50db (typ.) - Measured Peak 

Signalflotal RMS Noise 
Full Outout at 0.3fc FaceDlate Sensitivitv 
llluminaiion (T=2850'K) 
1 V p-p terminated into 75 ohms Composite Video 

Black Level 
White Level +700mV (min ) 
Sync Level -300mV 

+5OmV avg (Auto Black Clamp) 

Geometric Distortion 0% 
Input Power 8 Watts (max.) 
Input Voltage 

Camera 
Line AdaDtor 

+15VDC nominal (+11.0 to +17.0) 
1 1 WAC 5 1006, 50160 Hz 

Input Current 

Spectral Response See Response Curve 
Camera ( Q 15V) <550mA avg.; 1OOOmA peak turn on 

Gamma 1 

Environmental 
Temp. Range 

Operating 0°C to 50°C 
Storaoe -25'C to 85'C 

Interface Signals 
outputs ( J l )  Video End of Field End of Line 

H8V Drive Composite Sync and 
Blanking Field 1 ID Strobe Trigger 

(J2) Video ALC 14 318 MHz ER Clock 
BNC Composite Video 

Inputs ( J l )  +15VDC Composite Sync (D3) 
H Drive (D4) 

Frame Reset External Trigger 
(J2) V Drive (D4) Dump Inject Inhibit 

Mechanical 
Weight CCU - 0 79 kg (28 oz I 

CH (less cable) - 0 16 ko 15 6 oz 1 
Dimensions See Outline Drawina 
Cable Length 2 meters (other lengths optional) 
Lens Mount Standard C Mount 

(1 .OO" - 32 Thread) 
Camera Mount 114" - 20 Thread 

__. 

Connectors ( J l )  25 Pin D (male) 
(J2) 25 Pin D (female) 
(J3) 26 Pin D (female) 

Standard BNC 

SPECTRAL 
.3ESPONSE 

- - 0 15 

- 
E 0 1 0  

5. 

t 
2 
t 

0 0 5  

:: 
v) w 
(E 

0 DO 
4OQ 500 600 700 800 900 1000 1100 

Humidity 0-95% Non-Condensing 
Shock 50G (112 Sinewave at lOms Duration) 

WAVELENGTH (nsnometenr) 

_ _  
-.: - - DIMENSIONS IN INCHES 

- -- ~ 

- 3  - - - -  (MM IN PARENTHESIS) 
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lCM7000 

CIDTEC’s new Easy Integrator is a powerful interface con- 
trol module facilitating rapid vision system integration. The 
ICM7000 provides immediate access to the unique features 
and functional capabilities of CID cameras. Now, even non- 
technical users can bring camera region-of-interest readout, 
asynchronous full-frame capture, and multiple-frame integra- 
tion capabilities to their imaging systems - in minutes, not 
months. 

System configuration and operat- 
ing modes are selected and controlled 
via easy-to-use software that runs on 
your PC-compatible computer under 
Windows. An optional hand-held ter- 
minal featuring liquid crystal display 
and membrane keyboard offers a 
more portable alternative to the PC. 

To set up, just connect the 
ICM7000 to your system components, 
select your “acquisition recipe” and 
you’re up and running. To modify 
your setup, simply change your 
recipe. The lCM7000 programming 
flexibility lets you integrate a variety 
of options in minutes to quickly try out 
iterative system concepts to prove feasibility. No timing and 
control (T/C) circuit development, no soldering. Virtually all 
system i l0s are easily accessible via a dozen BNCs, making 
signal interfacing a real snap. 

Optional hand-held termr- 
nal wtth Irqurd crystal drs- 

and membrane key- 
board may be used 

, .  

Features and Benefits: 
* Quick camera and system component hookup: 
No circuit design 
No soldering 
No programming 

Camera region-of-interest readout 
Asynchronous full-frame capture 
Multiple-frame integration 
Time and money saving 
Fast demonstration of system proof-of-principle 
Vastly reduced system development time 
Accelerated time-to-market for enhanced competitiveness 

Immediate access to: 

Friendly to technical and non-technical users 

For the system developer, optional DOS and Windows 
libraries are available to allow you to merge acquisition con- 
trol routines with your processing software In addition, an 
internal frame grabber is available to facilitate demonstration 
and monitor display. 

As your proven system moves into production, low cost, 
application specific TIC circuits can be developed to free up 
the ICM7000 for your next project. Or you may elect to incor, 
porate the ICM7000 for maximum flexibility. 

Any way you choose to use CITEC’s Easy Integrator, the 
bottom line is a substantial savings in both time and money. 



Interface Control Module 
::ameras Suoportea 

Note: ICM7000F may not be compatible with 
"X" version cameras; consult factory. 

CID3710 ..................................... D/E2,3,4 

3 ~e rat i n g r:l odes 
Note: F=Frame Reset, O=Dump, klnject Inhibit, 
aPIP=asyncPIP, sPIP=syncPiP 

Async. Capture: 

CID2250 (wndos) ....................... FDI. FI. DI, I 
__.. FDI, FI, DI. I, aPIP, sPlP 

Extended Integration (1 to  255 frames): 
CID2220 .................................... .FI.I 
CID2250 ..................................... FDI, FI, DI. I 
CID3710 ..................................... FDI, FI. 01. I 

CID2250 ..................................... full frame 
CID3710 ..................................... 1st field only 

Windows (5 max.): 

'roarammaDle Sianal Timing 
timing resolution ......................... 63nsec. minimum or ERC 
sync. signal delay ....................... less than 30nsec. 
signal inversion .......................... ERCout. BLANKout, HDRout. 

SYNCout. VDRout, HDRin 
SYNCin. VDRin 

available by request 

supports custom applications 

function timing ............................ timing diagrams for each function 

custom timing .............................. rogrammable architecture 

Windows Limitations: 
max. number ....... 
top line of 1 st wnd 

Sigcai Interface 
Host Interface: 

type .......................................... ..EIA-232 
connector .................................. .D59M 
baud rate .................................... 9600 
start bits ...................................... 1 
stop bits ...................................... 1 
parity .......................................... none 
protocol ...................................... DTE (DCE) 

connector ................................... Dt337F 
signal levels ................................ TTL (except video) 

Camera Interface: 

External Interface: 

Auxiliary Interface: 
connectors.. ............... 
signal levels ............... 

Video Interface: 
connector ................................. ..BNC 
video output ................................ 1 volt peak to peak into 75ohrn 
SIN degradation ......................... 4 d b  (measured peak signal to 

total RMS noise) 

3swer 
connector ................................... standard 3-prong IEC 
switch ......................................... ON/OFF rocker 
input voltage ............................... 85 to 264vac 

............. 47 to 440Hz. 

............. + 5vdc Q .5a. +12v Q 1.5a 
(powers up to two cameras) 
35W with CID2250 ... power input 

fuse (internal) 
indicators.. ...... 

................. 
............. 5MF 2A 250V 
............. + 5vdc, +12vdc (LEDs) 

Yechanicai 
weight ......................................... 50 02. less cables 
dimensions ................................. approx. 2.3"H x 7.7"W x 10.3"D 

c znvironmental 
temp. operating .......................... 0°C to 50'C 
temp. storage ............................. -25°C to 85°C 

............ .O - 95?, non-condensing 

Cptional EauiDrnent 
Hand Held Terminal: 

display ........................................ 20x4 LCD (Liquid Crystal Display) 
keyboard .................................... 6x4 matrix 
connector ................................... RJl  1 
cable ........................................... coiled. extends up to 2 meters 

PC Interface: 
cable ........................................... DB9M to DBSF - 2m length 
Application software ................... Windows 3.1 compatible 
DOS library ................................. MS "c" V7.0 compatible 
Windows DLL ............................. MS QuickC for Windows 

Internal Frame Grabber: 
RS-l70/330. CClR or non-interlacec 

..960H x 612V x 8bits 
...... analog video only 

video delay ................................. one frame from video input 
clock source ............................... camera pixel clock 

Front view 

Rear view 

101 Commerce Blvd. Liverpool, N.Y. 13088 (315) 
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@@CID TECHNOLOGIES INC. 

101 Commerce Sivd. 
Liverpool, NY 13088 

Phone ..... 315-451-9410 ext. 229 
Fax.. . ..315-451-9421 

Date : 12/10/93 

To : OakridgeNationalLab 
City/State : Oakridge,nV 
Fax Phone : 615-574.4058 

Atten; David Holcomb 

From : Tony Chapman 

Subject : Radiation information for CID cameras 
Pages : 14 (IncludingCover) 

If there are any problems in transmission, please call 315-451-9410 x229. 

Dear David, 

Here is some of the radiation information that you requested. 

Feel free to give me a call if you have any questions. 

Best Regards, 

Tony Chapman 
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If y d r e  disillusioned by CCD camera performance, cmoider a $iff erent perspective - 
CID, the alternative solid-state tameru technology from CIDTEC. 

Ask voursclf thc following questions; 

Dues your CCD camera prevent bIooming or 
streaking under extreme lighting conditions? 
Does your CCD camera maintain accurate 
dimensional detail and give you the edge 
detection precision you need? 
Does your CCD camera capture p i l l  fiume 
asynchronous images ot high speed or short 
duration events? 
Docs your CCD camera allow you to read out 
multiple areas of interest within a given 
frame at higher rates for faster capture and 
processing? 
Does your CCD camera give you UV response 
down to 185 nm and near-IR response 
without bIouming, fringing or loss uf data 
resolution? 
Does your CCD cdrnerd tokra te  high radia- 
tion environments? 

I f  vou answcred “NO“ to w ~ ’ L ’ ~ ~  ritir of thtsc questions, 
Charge Iniection Device (0) technology, invented 
in 1972 at ti.&.’> Research and Drveiopment Center, 
could he vour rtiiaginp solutiorl. _. 

< q 
*. P 

CIDTEC offers a complete line of CID cameras and 
accessories. Backed by our 15-year historv of product 
quality, rcsponsivewvmand sound technical knowvl- 
edge, CIDTEC will assist youwith yourmost dcmand- 
ing imaging applications. 

CID cameras may offer your best - or only - 
imaging solution. Call us at  315-451-9410, fax us at 
315-451-9421, or write to CID Technologics tnc.. 
101 Commerce Blvd., Liverpool, NY 13088. 

CIP Tacknology - We’ll show you the difference. 
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ClD3710D 
776 X 512 

SOLID-STATE MONOCHROME VIDEO CAMERA 

Asynchronous full-frame capture 
Superior anti-blooming 
Multipfe-frame integration 
Wide spectral response 

The Model ClO371 OD solid-state mono- 
chrome video camera features a 2:l interlace 
scanned 776H X 512V CID army in a compact, 
remote video head connected to the camera 
control unit via flexible cable supplied to length. 

The integrated singleboard layout of the 
camera control unit and the surface mount 
technology of the remote head deliver improved 
performance at lower cost. A versatire camefa 

head mounting feature simplifies installation in 
small spaces, and the standard "C" mount lens 
adaptor provides back-focus adjustment. 

The CID37100 requires an external power 
source supplying +11 to + I N D C .  The camera is 
also available in an "E" version using 11 SVAC 
input power for direct AC operation. 
(Note: CID371OE CCU case Is 4/Zh taller) 
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SPECiFiCATiONS - CID371UD 
lmeger 
Imager Format 

Tatal Plxecs 776H x 512V 
Dwlayed Plxels 755H x 484V 
Pixel Size 

Optical Format 
Scannm Format RS-330 2.1 Interlace 

12.0fl x 13 7~ 

Urnmai l l  .Omm (33") U~aqonal 
Full WeH Cammy 3oo.m e l m s  - 

RemlL&on ~ 4 5 0  N L  (horizontal) 
Electrical 
S/N Ratio 

SmsItIvitf 

C o W M t e  Video 
Bleck Level 
whim Level *iOOmV (rnin.) 
sync Level -300mV 

5Wb (typ.) - Measurea Peak 
StgnavTotal RMS Not- 
Full Output at 0.3k Faceplate 
Illurninamn (T=28WK) 
1 V pp terminal& into 75 ohms 

+5OmV avg. (Auto Black Clamp) 

aeornetnc Dis;or!ion 036 

Input Power 8 Watts (man.) 
Input Vokage 

CkWl€Xa 

input Cunent 

S D & ~  Reswnse See Reswnse Curve 

+lSVDC nornlnal (+71.0 to +17.0) 
Line Adaptor 11SVAC 2 1090.50/60 HZ 

Camera ( Q  15V) 450rnA avg.: 1600rnA peak turn on 

Gamma 1 

Envfmnrnental 
Temp. Range 

Operating 
Stonae 

0°C to 50% 
-25% 10 85°C 

Humidity 0.95% Non.Condemmg 
Shock 50G (1/2 Sinewave at 1omS Ouratran) 

Interface Signals 
Oupputs (Jl) Video. End of FieM. End of Line. 

H I V  O w e ,  Cotn~o~te Sync and 
Blanlclng. Fioid 1 ID Stmbe Tngger 
video. ALC. 14 310 MHz ER Clock (JZ) 

BNC Composite Video 

H Onve (04) 
(J2) V Onve (D4), Ourno, lnlect Inhtbit. 

Fame R e m .  External fngger 

I- 

I n F  (J1) +15VDC. C o m w t e  Sync (D3). 

.. 
Mechanical 
weight CCU - 0 79 kg. ('28 02.) 

CH (I- cable) * 0 16 kg (5 6 OZ.) 

2 meten (other Itmyths optrona~) 

Standard C Mount 
(1.00' - 32 Threeedi 

DtmeXlSIQIlS Sea OutUrm Ormng 
C a b  Length 
Lens Mourn 

. , .. .. 
(J2) 25 Pm 0 (tamale) 
(J3) 26 Pin D (female) 

Slandard BNC 

SPECZRAL 
RESPONSE 

'3 'b 

.I 1 
P5 PIN 
'WLE 

k 
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sep 27,i593 ai:san FROM 

Daw August24, 1993 

purpo= To measure Camera Head ptzf'ormancx under mdiaion. 

Maximum SM Ratio: 43.2 dB at 3.5 K1.8d 
60.2 bR at 59 K d  
32.8 dB 450 Krad 



1 315 451 9421 
DEC-10-1993 18:56 FROM CIDTEC TO 16155744058--20 P.06 

7 

Threshold (volts) 

TOW Dote (k) Rads 
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The present CID y s  called the *safe guard p-”, uses two (2) dielec!?ic 
layws. The fitst layer is siiim oxide and the second layer is silicoxr nitride 
which is more prone to damage by ioniaing radiation 

TO harden the sensor further, the process would be modified to remove the 
siliam nitride layer which is more p r o n e  to radktim damage and at the same 
time it would thin the dielectric t h e b y  sercring a dud purpo~e. 

RA-czuta 
March I, 1991 
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The model RCS-510 camera uses a miniature high resolution '-C forma 
camera, a precision front surface mirror and extensive lead shielding to achiew 
a high radiation tolerance. A 22-90 mm zoom lens with non-browning optic: 
and a very short near focal distance of 10 inches makes the RCS-510 cameri 
ideal for close-up detail color inspections in a high radiation field. 
The stainless steel housing is completely sealed and tested for underwater usz 
to 150 feet. 
The RCSBlO camera is designed specifically to operate with the model CU-141( 
rack mountable controller. This unit provides appropriate power to the camen 
and incorporates remote controls for the zoom, focus, iris and shutter functions 
A stainless steel connector on the back of the housing mates with the intercon 
necting cable. With the model R12364 polyurethane jacket cable assembly, thc 
camera and controller can be separated by up to 400 feet. 

FEATURES: 
0 Underwater or in-air operation. 0 10 inch near focus distance. 
0 High resolution color. 0 Remote zoom, focus, iris and 
0 Radiation tolerant to 3.17 x lo7 shutter controls. 

Rugged stainless steel modular 

0 Cable length to 400 feet. 

rads accumulated dose 
(0.5 MeV) &SO. construction. 

0 22-90 mm non-browning 
zoom lens. 



SSC4 Val View C r i v ~  S.E. Turner Cregon 9’392 
(503) 743-3709 0 (503) 743-3706 0 Fax (503) 743-3707 

SYSTEM SPECIFICATIONS MODEL RCS-510 CAMERA 
DOWER: 12 VDC supplied via Model CU1410 controller. __I 

SENSOR: Yz’‘ interline transfer CCD. --. 

6.54 x 4.89 mm. 

100 lux at f13.5. 
1300 lux at f13.5. 

- SCAN AREA: 
iORIZONTAL RESOLUTION: 460 TV lines. 
MINIMUM SCENE ILLUMINATION: 
3ECOMMENDED SCENE ILLUMINATION: 
SIN RATIO: 46 dB. 
3UTPUT IMPEDANCE: 75 Ohms. 

Special zoom lens with non-browning optics. LENS: 
ZOOM: 22-90 mm remotely controlled. 
FOCUS: 10 inches to infinity remotely controlled. 
IRIS: f13.5 to f/45 remotely controlled. 
SHUTTER: 1/60 sec. to 1/10,000 sec. remotely controlled. 
IN-AIR FIELD OF VIEW: 16.90 deg. to 4.16 deg. horizontal. 
UNDERWATER FIELD OF VIEW: 12.69 deg. to 3.13 deg. horizontal. 
HOUSING DIAMETER: 3.95 inches. 
HOUSING OVERALL LENGTH: 12.40 inches. 
IN-AIR WEIGHT 28 pounds. 
IN-WATER WEIGHT 12 pounds. 
HOUSING MATERIAL: 
WINDOW MATERIAL: Non-browning fused quartz. 
CONNECTOR: Model RCS-1501-BC stainless steel. 
MATING CONNECTOR: Model RCS-1501-CC. 

TEMPERATURE RATING: 
RADIATION TOLERANCE: 

_- 

I_ 

300 series stainless steel. 

DEPTH RATING: 150 feet. - 
-10 to 40 deg. C (14 to 104 deg. F). 
3.17 x 107 accumulated dose 0.5 MeV Co60. 
6.34 x lo7 accumulated dose 0.5 MeV Ce137. 
1.8 x l o 5  accumulated dose 1.0 MeV Ce60. 
3.6 x 105 accumulated dose 1 .O MeV Ce137. 
Up to 3 x lo3 rads/hr. C060. 

Up to 400 feet. 
RADIATON DOSE RATE: 
CABLE LENGTH: 

860 ~ -- DIMENSIONS __ ~ - - 2 8 5  - 
I 

OPTICAL CENTER LINE SIDE VIEW END VIEW - -- 135 
TOP VIEW 

I 
NOTES: 
1. RJ Electronics should be consulted wlth 

regard to very critical viewing require- 
ments, or in cases where there are impor- 
tant lighting, resolution, environmental or 
viewing angle considerations. 

2.117 applications where there are severe 
space constraints care should be taken to 
allow tor the size of the camera cable 
mating connector and if necessary, the 
bend radius 01 the connecting camera 
cable. 

3. RJ Electronics reserves the right to change 
the above information without notice. 
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-J' I * / J  A -."-4Cls-w 
-5 ,-h The model RCS-810 is a Miniature Color Television Camera for underwater or 

On the screen display of inclination, magnetic bearing and bore-view picture 
*? r"\i '- 1 \ ., top orientation are generated via an integral video csmpass/inclinometer. 
w' 'w '* j4- ".y Focus, rotate, dual lighting intensity and electronic shutRr are all remotely 
-+(?--? operated via the control unrt's function control panel L'uddp!da Th e Bore View Camera utilizes the superior §-Video television standard for 

maximum resolution and signal to noise. 
A range of interchangeable bayonet mount viewing heads with integral lighting 
provide a choice of axial and radial views. The RCS-803 Scanning Head (-0MpAss incorporates a motorized mirror for detailed inspection of the bore walls, with 
illumination by two independently controlled integral light sources. 
The model RCS-800 is a bore view only camera compatible with the RCS-810 
viewing heads, cables and controller. 

-3 ,-? 

-9 -I 

I '5 /- \  1 'I.* in-air inspection of 2" and larger boreholes, pipelines and well casings. *' W ' / d  11 ,?'ldFpJ 

1 

4 4  (A 

Underwater or in-air operation. 

Interchangeable viewing heads. 
Small size - 1.6 inch diameter housing. 

0 Remote focus, shutter, scan motor, and light controls. 
0 Rugged stainless steel construction. 
0 Cable length to 400 feet. 
0 Precision video compass and inclinometer. 

co&\pA$s 0 High resolution color - S-Video. 



SYSTEM SPECIFICATIONS - MODEL RCS-800 AND RCS-810 CAMERA 
SENSOR: %"  interline CCD 
SCAN AREA: 6.54 x 4.89 mm. 
HORIZONTAL RESOLUTION: 460 TV lines. 
M I N I M U M SCENE I L LU MI N AT1 0 N : 15 lux at i11.6. 

200 lux at f11.6. RECOMMENDED SCENE ILLUMINATION: 
SIN RATIO: 46 db. 

- -_ 

See Camera Head Specification. 
0.5 inch to Infinity. 
1/60 sec. to 1/10,000 sec. 
1.60 inches. 
9.6 inches124.7 inches. 
18.4 inches133.5 inches. 
2.5915.4~1 bounds. 
300 Series Stainless Steel. 
Model RCS-1501-BC Stainless Steel. 
See View Head Specification. 

ELECTRONIC SHUlTER - REMOTELY CONTROLLED: 

LENS: 

HOUSING DIAMETER: 
LENGTH WITH RCS-801 AXIAL VIEW HEAD 8001810: 
LENGTH WITH RCS-803 SCANNINGHEAD 800/810: 
WEIGHT WITHOUT HEAD 8001810: 
HOUSING MATERIAL: 
CONNECTOR MODEL: 
DEPTH RATING: 

FOCUS - MOTORIZED: 

____..._ 

TEMPERATURE RATING: 14" to 1220 F (-100 to 50" C). 
CABLE LENGTH: UD to 400 feet. - r  

AMBIENT HUMIDITY lOO~/O - -  

AXIAL HEAD SPECIFICATION - RCS-801 
LAMP VOLTAGE: 0-30 VDC. 
LAMP POWER: 10 watts. 
LENS: f1.6 7.5 mm. 
IN-AIR FIELD OF VIEW: 36.4" x 48.20. 
IN-WATER FIELD OF VIEW: 27.20 x 35.80. 
LAMPS: 8 Focused Bi-Pin Lamps. 
LAMP LIFE: 100 hours at Full Power. 
HOUSING DIAMETER: 1.6 inches. 
WEIGHT 0.39 Dounds. 
MATERIAL: 300 Series Stainless Steel 
WINDOW MATERIAL: Polished Acrylic. 
DEPTH RATING: 300 feet. 

DIMENSIONAL DRAWING RCS-800 

NOTES: 
1. RJ Electronics should be consulted with 

regard to very critical viewing require- 
ments, or in cases where there are impor- 
tant lighting, resolution, environmental or 
viewing angle considerations. 

2. RJ Electronics reserves the right to change 
the ab- information without notice. 

_ _  ~~ 

SCANNING HEAD SPECIFICATION - RCS803 
SCANNING LAMP VOLTAGE: 0 - 30 VDC. 
SCANNING LAMP POWER 12 watts. 
SCANNING LAMP LIFE: 50 hours at Full Power. 
FORWARD LAMP VOLTAGE: 0 - 15 VDC. 
FORWARD LAMP POWER 35 watts. 
FORWARD LAMP LIFE 
FORWARD LAMP ENCLOSURE: Fused Quartz Pressure Envelope. 
LENS: f1.6 7.5 mm. 
IN-AIR FIELD OF VIEW: 

MIRROR ROTATION, 61-directional - Remote. 
HOUSING DIAMETER: 1.6 inches. 
WEIGHT 1.96 pounds. 
HOUSING MATERIAL: 
DEPTH RATING: 300 feet. 

100 hours at Full Power. 

36.40 x 48.20. 
UNDERWATER FIELD OF VIEW: 27.20 x 35.80. 

300 Series Stainless Steel. 

DIMENSIONAL DRAWING RCS-810 

24 7 INCHES --- 
16 INCH DIA - s -1 I-; 

33.5 INCHES- 



VIDEO INSPECTION PRODUCTS 

R.J. Electronics, Inc. 

Crestane Products,  Inc. 





ACE 
MINIATURE PIPELINE INSPECTION 'N SYSTEM 
MODEL RCS-700 

DESCRIPTION: 

SPECIFICATIONS: 

The ACE model RCS-700 camera is a 
miniature high resolution Y-C format color 

ins ection. It inco orates a 

optimized illumination. 

sealed €or underwater use to 100 feet and 
incorporates a front viewing window of 
polished acrylic. Modular construction inside 
allows easy maintenance or replacement of the CCD 
camera or other components, if necessary. 

The RCS-700 camera operates with the model 
CU- 1310 controller, which incorporates remote 
controls for the camera shutter and lights. 

For pipeline inspection applications, the ACE camera 
is normally supplied with a short flexible cable 
section near the camera and a longer semi-rigid 
primary cable. With the model R12364P pol ethylene 

t3 e separated by up to 400 feet. 

The ACE camera is available with a stainless steel 
electrical connector and with other cable 
configurations for special applications. Other 
versions of the ACE camera are also available for use 
on longer cables. S ecial low-friction centering 

pipe diameters up to six inches. 

TV camera designed for internal 

hi&-output variat, T e intensity lights for 

The stainless steel housing is completely 1 

acketed push cable, the camera and contro Y ler can 

devices are availab P e for push (or pull) applications in 

CAMERA VOLTAGE: 12 VDC 
SENSOR: 1 / 2  in. interline transfer CCD 
SCANAREA: 6.54 x 4.89 rnm 
HORIZONTAL RESOLUTION: 460 TV lines 
MINIMUM SCENE ILLUMINATION: 30 Iw at f/2 
RECOMMENDED SCENE ILLUMINATION: 400 lux at f12 
SIN RATIO: 46 dB 

75 Ohms 
4 mrn, f12.0 

OUTPUT IMPEDANCE: 
LENS: 
FOCUS: 0.3 inch to infinity manually adjustable 
IRIS: fU.0 manually adjustable 
SHUTTER 1/60 sec. to 1/10,000 sec. remotely controlled 
IN-AIR FIELD O F  VIEW 69.1 x92.1 deg. (vertical x horizontall 
UNDERWATER FIELD OF VIEW: 50.5 x 65.5 deg. (vertical x 
horizontal) 
LAMPS: 8 high intensify bi-pin 
LAMP POWER: 0-30 VDC, 8.8 watts 
LAMP LIFETIME: 30 hours I@ full power 
HOUSING DIAMETER: 1.29 inches 
HOUSING LENGTH: 3.33 inches to rear shoulder 
HEAD WEIGHT: 0.87 pounds 
HOUSING MATERIAL: 300 series stainless steel 
WlNDOW MATE= polished acrvlic 
DEPTH RATING: 100 feet 
TEMPERATURE RATING: -10 to 50 deg. C (14 to 122 deg. F) 
CABLE LENGTH: Up to 400 fee1 

FEATURES: 

UNDERWATER OR IN-AIR OPERATION 
HIGH RESOLUTION COLOR 
BUILT-IN LIGHTING 
SMALL SIZE - 1.25 INCH DIAMETER HOUSING 
REMOTE SHUTTER SPEED AND LIGHT CONTROL 
WIDE ANGLE 4mm LENS 
RUGGED STAINLESS STEEL CONSTRUCTION 
CABLE LENGTH TO 400 FEET 

STAINLESS STEEL HOUSING 
CIRCULAR ARRAY 

INTENSlTY ClGKlS 

FQLMTHVLENE JACKETED 
PUSH CABLE EASY CAMERA ADJUSmnEM OF EIGHT HIGH 

WH BAYONn OPENING FOR 

STAINLESS STEEL 
CABLE FmNG 

HIGH RESOLUllON 
COLOR RV CAMERA FLEXIBLE CAW SECTION 

W M  WOE ANGLE 
(4n-m) LENS 



"LONG ACE' 
MINIATURE PIPELINE INSPECTION TELEVISION SYSTEM 

MODEL RCS-710 
DESCRIFTION: 

The model RCS-710 is a Miniature Color "Push" 'Qpe Camera for the internal inspection of pipelines up to 1.OOO ft. in 
length. It incorporates a ring of eight high output variable intensity lamps for optimum illumination. 

The camera features an in-line connector to allow the lightweight camera cable to be detached for ease of handling and 
storage. 

The RCS-720 is an articulated version of the RCS-710 which allows the camera to negoliate 6 inch radius bends in 1.5 
inch diameter pipes 

SPECIFICATIONS 

POWER: 
SENSOR. 
SCAN AREA: 
HORIZONTAL RESOLUTION: 
MINIMUM SCENE ILLUMINATION: 
RECOMMENDED SCENE ILLUMINATION: 
s/N RATIO 
OUTPUT IMPEDANCE: 
LENS: 
FOCUS: 
IN-AIR FIELD OF VIEW: 
UNDERWATER FIELD OF VIEW: 
HOUSING DIAMEXER: 
HOUSING LENGTH: 
HEAD WEIGHT: 
HOUSING MA- 
WINDOW M A m  
TEMPEFUTuIiE RATING: 
CABLE LENGTH: 
LIGHTING POWER: 

15 VDC supplied via controller 
1/2 inch interline transfer C U I  
6.4 x 4.8 mm. 
470 TV lines 
4 5  lux at 01.2 
60 lux at 01.2 
48 dB AGC off 
75 ohms 
4 mm, tCL0 
03 inch to infinity manually adjustable 
69.1 x 92.1 deg. (vertical x horizontal) 
505 x 655 deg. (vertical x horizontal) 
130 inches tapering to 1.10 inches 
85 inches 

Anodized alumioum 
Pdisbed acrylic 
-10 to 40 deg.C (14 lo 104 deg.F) 
Up to lp00 feet 
10 watts. 

250 grams 



MODELS RCS800 AND RCS-810 e 

The model RCS-800 and RCS-810 downhole cameras 
are designed for in-air and underwater inspection of 
boreholes, pi elines and well casin s. When 
eauimed wit R the RCS-801 head. a a ieh A 
risofdtion color view down the bore &provided. 
With the RCS-803 head, a motorized scanning 
mirror provides a radial view of the borehole wall 
in the center of the screen with a downhole view 
around this central portion. 

The model RCS-810 camera also includes a video FEATURES: 
compass and inclinometer. When switched on, a 
compass and inclinometer view is displayed on the 
video monitor and can be recorded for later analysis. 
This view provides: (1) the magnetic heading for the 
picture top of the main viewin camera, (2) the slant 
angle of the borehole, and (3) e magnetic heading 
(down the bore) of a slantinz borehole. 

UNDERWATER OR OPERATION 
HIGH RESOLUTION COLOR 
INTERCHANGEABLE VIEWING HmS 
SMALL SIZE - 1.6 INCH DIAMETER HOUSING 

t% 

The axial (forward view) head is 
of eight high intensity focused 
of the borehole. The scanning 
a ring of eight wide-angle lamps for illumination of 
the bore for the right angle view and a single high 
intensity quartz halogen lamp for axial view 
illumination. 

The camera housing and viewing heads are made of 
stainless steel and are sealed for underwater use to 
300-foot depths. The camera and heads, equip ed 

without internal adjustments to the camera or 
controller. 

with a bayonet mounting, can be interchange B 

Both cameras operate with the model CU-1210 rack 
mountable controller. This unit provides appropriate 
power and control for the cameras, lights, scanning 
mirror motor, focus motor and camera shutter. 

SPECIFICATIONS: 
CAMERA VOLTAGE: 12 VDC supplied via model CU1210 controller 
SENSOR: 112 in. interline transfer CCD 
SCANAREA: 6.54 x 4.89 mm 
HORIZONTAL RESOLUTION: 460 TV Lines 
MINIMUM SCENE ILLUMINATION: 15luxatf11.6 
RECOMMENDED SCENE ILLUMINATION: 200 lux at f11.6 
SiN RATIO: 46 dB 
OUTPUT IMPEDANCE: 75 ohms 
LENS: See camera head s cifications 
FOCUS: 0.5 inch to infinity remotercontrolled 
SHUTTER: 1/60 sec. to 1 I10.000 sec. remotely controlled 
HOUSING DIAMETER 1 .M1 inches 
LENGTH WITH AXIAL HEAD (8001810): 9.6 124.7 inches 
LENGTH WTH SCANNING HEAD (8001810): 18.4 1 33.5 inches 
WEIGHT WITHOUT HEAD (aoomo): 2.59 15.48 pounds 
HOUSING MAERIAL: 300 senes stainless steel 
CONNECTOR: Model RCS-1501-BC stamless steel 
MATING CONNECTOR: Model RCS-1501-CC 
DEPTH RATING: 300 feet 
TEMPERATLIRE RATING: -10 to 50 deg. C (14 to 122 deg. R 
CABLE LENGTH: Up to 400 feet 

REMOTE FOCUS, SHUflER, SCAN MOTOR AND 

RUGGED STAINLESS STEEL CONSTRUCTION 
CABLE LENGTH TO 400 FEET 
PRECISION VIDEO COMPASS AND INCLINOMETER 

LIGHT CONTROLS 

(RCS-810 only) 

MODEL RCS-801 AXIAL HEAD 

0-30 VDC, 10 watts LAMP POWER 
8 focused bi- in lamps LAMPTYPE: 100hours@h wer 

IAMP LIFETIME 
LENS: f/ 1.6,7.5 nun focal lenyh (mo&ed) 
IN-AIR FIELD OF VIEW: 36.4 eg. x 48.2 deg. 
UNDERWATER FIELD OFVIEW: 27.2 deg. x 35.8 deg. 
HOUSING DIAMETER 1.60 inches 

0.39 pound WETGHT (head onlv): 
HOUSING MA- 300 series s t d e s s  steel 

Polished ac lic WINDOWMATERIAL: 
DEPTH RATING. 300xet 

MODEL RCS-803 SCANNING HEAD 

0-30 VDC. 12 watts SCANNING LAMP POWER: 
50 hours C full power SCANNING LAMP LIFETIME: 

FORWARD VlEW LAMP POWER: 0-15 M C ,  50 watts 
'LOO hours @full power FORWARD LAMP LIFETIME: 

(modified) LENS 
IN-AJR FIELD OF VIFN: 36.4 eg. x 48.2 deg. 
UNDERWATER FIELD OF VIEW: 27.2 deg. x 35.8 deg. 
SCAN LAMP LIFE: 50 hours @ fd power 
FORWARD LAMP LIFE: 100 hours @ full power 
FORWARD LAMP ENCLOSURE: Fused quartz pressure envelope 
HOUSING DIAMETER 1.60 inches 
W G H T  (head onl ) 1.96 pounds 

300 senes siidess steel 
olished acwlic 

HOUSING MATE&: 
WINDOW WERIAL: 
DEPTH RATING: 300 feet 

f/ 1.6,7.5 mm focal len P 



VIDEO STICK 
MINIATURE ARTICULATING COLOR TV PROBE 

DESCRIPTION: 
The Video Stick is a miniature articulating color TV 
probe. With a camera head diameter of only 0.8 
inches and full articulation in any direction, it allows 
detailed inspection and observafion in places that 
are difficult to reach. It incorporates a high 
resolution Y-C format color TV camera in the 
articulating head, and is controlled by the hand 
grip on the opposite end of a 3/4 inch diameter 
anodized aluminum pole. The standard six-foot 
insertion pole can be extended in six-foot 
increments. 

The head angle is ad'usted from straight ahead to 
straight back along tL e pole by sliding the angle 
adjustment knob on the hand grip. By rotating the 
hand grip, viewing is possible in any direction. 

The splashproof camera housing is anodized 
aluminum for corrosion resistance. and allows 
manual external focus adjustment before insertion of 
the probe. Modular construction inside allows easy 
maintenance or replacement of the CCD camera or 
other components, if necessary. 

The Li t Stick (model RCS- 1000) and Ring Light 

additional lighting is needed. The ring light 
inco orates eight miniature hi@ intensity lights and 
attac T es directly to the Video Suck It is equipped 
with a power cord and locking plug for use with the 
model PS- 150 variable intensity power supply. 

(mode P RL-200) can be used with the Video Stick if 

SPECIFICATIONS: 
CAMERA VOLTAGE: 12 VDC supplied via camera control unit 
SENSOR: 112 in. interline transfer CCD 
SCXNAREA: 6.54x4.89 mm 
HORIZONTAL RESOLUTION: 460 lV lines 
MINIMUM SCENE ILLUMINATION: 30 Iwat  f12 
RECOMMENDED SCENE ILLUMINIATION: 400 lux at f12 
SIN RATIO: 46 dB 
OUTPUT IMPEDANCE 75 Ohms 
LENS: 4 rnm. f12.0 
FOCUS: 0.2 inch to infinity manually adjustable 
IRIS: f/2.0 manually adjustable 
SHU?TER 1/60 sec. to 1 / 10,000 sec. remotely controlled 
FIELD OF VIEW 69.1 192.1 deg. (vertical x horizontal) 
ARTICULATION ANGLE: 0 to 180 degrees 
HOUSING DLAMETER: 0.80 inch 
HOUSING LENGTH: 4.5 inches to pivot 
INSERTION TUBE DIAMETER: 0.75 inch 
INSERTION TUBE LENGTH: 6.0 feet (standard) 
WEIGHT: 2.0 pounds 
MATERIAL: Anodized aluminum 
WINDOW MATERIAL Polished acrylic 
TEMPERATURE RATING: - 10 to 50 deg. C (14 to 122 deg. F) 

RING LIGHT (Model RL-200) 

m 

0 

e 
e 
0 

0 

e 
0 

0 

e 

FEATURES: 

SMALL SIZE: 0.80 INCH HEAD DIAMETER, 0.75 INCH 

SPLASHPROOF SEALED HOUSING 
FULL 180 DEGREE ARTICULATION ANGLE 
CORROSION RESISTANT ANODIZED ALUMINUM 

MANUAL EXTERNAL FOCUS ADJUSTMENT 
WIDE ANGLE 4mm LENS 

REMOTELY CONTROLLED CAMERA SHUTTER 
AUXILIARY HIGH INTENSITY RING LIGHT 

TUBE DIAMETER 

HIGH RESOLUTION Y-C FORMAT COLOR TV CAMERA 

EASY-TO-USE ANGLE ADJUSTMENT 

HIGH INTENW RING LGM 
1.25 INCH DlAMElER 

WOE0 STICK 
ARTICULATING COLOR 
N SYSTEM I 

TO HAND GRiP -..__ .- __ 

0.75 INCH DIAMETER 010 18a DEGREE RESOLmK)N 
ANODUED ALUMINUM ARTlCULAnNG COLOR N CAMERA 
INSERllON TUBE 
&FOOT LENGTH STANDAM) RING 

MECHANISM FOCUSLOCK , ANODIZE0 ALUM 
SPLASHPROOF H( 

SEALED POUSHf 
PLEXIGLAS WIF 

L-.  - ,  .-- _ _  
TO HAND GRIP 

ARTlCULAllNG CAMERA HEAD 

KNURED ANODLZED 
ALUMINUM HAND GRIP ANGLE ADJUSTMENT KNOB 

TO CAMERA CONTROL UNIT HAND COMROL GRIP VOLTAGE: 
POWER: 
LAMPTYPE: 
LAMP ?LIFETIME: 
SIZE: 
WUGHT: 

0- 15 Volts 
8.8 wafts 

Hi h intensitv bi-pin 
30 k u r s  C fd power 

1.5 in. long x 1.25 in. dia. 
0.1 pound 



LIGHT STICK 

MODEL R C S l O M 3  

DESCRIPTION: 

It is the ideal companion to the Video Stick color 
TV probe, and can also be used for direct viewing 
applications (tank inspection, etc.) and with 
other TV and fiber optics inspection probes. 

The standard Li ht Stick incorporates a high intensity 
quartz halogen % ulb which operates on 0-15 volts. It 
can o erate continuously in air and because of the 

envelope, can be submer ed or splas ed with water 

The standard six-foot long insertion pole can be 
extended in six-foot increments. 

The hand grip for the Light Stick has an easy-to-hold 
knurled surface. It is equipped with a connector 
socket which mates with the quick disconnect power 
cord connector. Standard power cord length is ten 
feet, but other lengths or extension cords can be 
provided. 

The model PS- 150 portable ower supply provides 

Light and similar low voltage light sources. For safety, 
the out ut power is isolated from the 120 volt input 

receptacle, the on-off switch, a control knob to vary 
the light output and an indicator light which varies in 
brightness with the variation in output voltage. 

R high 51 ermal shock resistance of the rotective quartz 

while operating without f amage. 

variable illumination contro P for the Light Stick, Ring 

power. $ he front panel contains a locking output 

e 

0 

e 
e 
0 

4 

e 
0 

e 
e 
0 

FEATURES: 
SMALL SIZE: 0.80 INCH HEAD DIAMETER, 0.75 INCH 

SEALED WATERPROOF HEN3 
HIGH EFFICIENCY QUARTZ HALOGEN LIGHT BULB 
EASY BULB CHANGING 
LOW VOLTAGE FOR SAFETY 
QUARTZ ENVELOPE FOR WATERPROOF SEAL 

CORROSION RESISTANT ANODIZED ALUMINUM 
QUICK DISCONNECT POWER CORD 

TUBE DIAMETER 

AND THERMAL SHOCK RESISTANCE 

SM-FOOT LONG INSERTION TUBE LENGTH STANDARD 
LENGTH EXTENDABLE IN SM-FOOT INCREMENTS 
VARLABLE INTENSITY CONTROLLER 

FUSED QUARlZ ENVELOPE FOR 
WATERPROOF SEAL AND 
THERMAL SHOCK RESlSiANCE 

0 75 INCH D!AMmR ANOMZED 0 80 INCH DlAMElER EASY REMOVAL BULB 
ALuMtNuM INSERTION TUBE MQW~JG CHANGING 
&FOOT LENGTH STANDARD 

\ 
/ 

4 WARR HALOGEN 
_I I I LIGHTBULB c I ,  iwzw1 4 TO HAND GMP 

UGH1 HEAD 

SPECIFICATIONS: 
VOLTAGE: 
POWER: 
IAMPTYPE: 
IAMP LIFETIME 
HOUSING DIAMETER: 
INSERTION TUBE DIAMETER: 

0-15 volts 
50 watts 

Quanz Halogen 
100 hours @ full power 

0.80 inch 
0.75 inch 

HOUSING LENGTH: 3.0 inches 
WEIGHT: 1.8 oounds 
MATERIAL: "&?$e:! OWCK DlXONNECT 

CONNECTOR ON INPUl POWER 
CORD 

KNURLED ANOOED 
ALUMNUM HAND GRIP 

ENVELOPE MATERIAL: 

POWER SUPPLY (Model PS-150) 

INPUT POWER: 120 VAC d 

POWER RATING: 56 VA 
OUTPUT: 0-15 VAC 
OUTPUT ISOLATION: 2500 Volts RMS hi 01 
SIZE: 3 x 5.25 x 5.88 incges To POWER -Ly H W D  GRIP 
WEIGHT: 
OUTPUT POWER RECEPTACLE: 

I 

_ -  
+ 1 5  IC*$ -- TO UGHl HEAD 

I I 1.3 2 -- 
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IN AIR SCENE lllUM1NAT10N 

0 
1300 Candela 

RANGE (Feet) ILLUMINATION ( lux  
5 559.72 

10 139.93 
15 62.1 9 
20 34.98 
25 22.39 
30 15.55 
35 11.42 
40 8.75 
45 6.91 
50 5.60 
55 4.63 
60 3.89 
65 3.31 

0 
5850 Candela 

RANGE (Feet) I LLU M IN AT10 N (Lux) 
5 251 8.76 

10 629.69 
15 279.86 
20 157.42 
25 100.75 
30 69.97 
35 51.40 
40 39.36 
45 31 .I 0 
50 25.1 9 
55 20.82 
60 17.49 
65 14.90 

0 
2750 Candeia 

RANGE (Feet) 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

IlLUMlNATlON (Lux) 
11 84.03 
296.01 
131.56 
74.00 
47.36 
32.89 
24.1 6 
18.50 
14.62 
11.84 
9.79 
8.22 
7.01 



UNDERWATER SCENE ILLUMINATION 
ATTENUATION COEFFICIENT ALPHA = 0.1 

0.1 
1300 Candela 

RANGE (Feet) 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

I U U  MI NATION (Lux) 
41 2.67 
76.06 
24.92 
10.34 
4.88 
2.50 
1.35 
0.76 
0.44 
0.27 
0.16 
0.1 0 
0.06 

0.1 
5850 Candela 

RANGE (Feet) 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

ILLUMINATION (Lux) 
1857.00 
342.28 
112.16 
46.51 
21.95 
1 1.24 
6.09 
3.44 
2.00 
1.20 
0.73 
0.45 
0.28 

0.1 
2750 Candela 

RANGE (Feet) ILLUMINATION (Lux) 
5 872.95 
10 160.90 

52.72 15 
21.87 20 
10.32 25 

30 5.28 
35 2.86 
40 1.62 

50 0.56 
55 0.34 

65 0.1 3 

45 0.94 

60 0.21 



RATED INTENSITY (@12 
VOLTS) 

HOUSING DIAMETER 

1300 candela (30 deg. beam) 
2750 candela (20 deg. beam) 
5850 candela (10 deg. beam) 

1.49 inches 
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UNDERWATER LIGIIT (Model UL-300) 

POWER 0-15 VAC supplied via power 

LAMP TYPE 35 Watt Quartz Halogen 

LAMP LIFETIME 100 hours @full power 

HOUSING DIAMETER 1.00 inches including cover 

HOUSING LENGTH 4.4 inches 

WEIGHT 0 . 2 5  pounds (115 grams) 

HOUSING MATERIAL Anodized aluminum 

ENVELOPE MATERIAL Fused quartz 

OPERATING DEPTH 1000 feet 

CONNECTOR Model RCS-1501-BC-3 stainless 

supply 
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MODEL a - 2 1 0  LIQET 

VOLTAGE 12 volts 

POWER 35 wat ts  standard 

OPERATING DEPTH 1500 feet 
I ' DIAMETER 1.60 inches 

HOUSING LENGTH 2 . 6 0  inches 
I 

OVERALL LENGTH 14 .76  inches 
I 

WEIGHT I N  AIR 10 .59  pounds 
I 

WEIGHT IN WATER 10 .47  pound6 
I 

STANDARD BEAM PATTERNS 3 0  degrees 
2 0  degrees 
10 degrees 

RATED INTENSITY 1300 candela (30 deg. beam) 
2750 candela ( 2 0  deg. b e a m )  
5850 candela (10 deg. beans) 

RATED LAMP LIFE 3000 hours 

CONNECTOR Impulse IEZM-BC 

MATING CONNECTOR InpUse IEZF-5/8 
Y ~ 

WINDOW MATERIAL I Fused Quartz 
I 



MATING 
UNDERWATER 
CONNECTOR 

* 

4.76 . 
b----- 2.60 -A NUN-BROWNING 

I A  

0,875 

STAINLESS 
/ / HIGH INTENSITY 

DIAMETER -.-..-/ 

STEEL HOUSING PRE-FOCUSED BULB 

FEATURE SI  SMALL  SIZE 
STAINLESS STEEL HOUSING 
NON-BROWNING FUSED QUARTZ WINDOW 
HIGH INTENSITY PRE-FOCUSED LAMP 
WIDE RANGE OF LAMP OPTIONS 
EASY LAMP CHANGING 
NO EXPOSED THREADS OR RETAINERS 
SAFE L O W  VOLTAGE OPERATION 
DEPTH RATING OF 500 FEET 

MUDEL UL-210 M I N I A T U R E  UNDERWATER L IGHT 



TV, FOCUS CONTROL AND LIGHTING CABLE 

/ 

INPUT AND RETURN 
PURGE GAS FITTINGS 

HIGH RESOLUTION, HIGH SENSIVITY COLOR T V  
WITH BUILT-IN LINE REGULATOR 

SMALL SIZE FOR USE I N  CONFINED AREAS 

\ 
HIGH INTENSITY LAMPS 

0 CORROSION RESISTANT STAINLESS STEEL HUUSING. COMPLETELY 
SEALED TO MAINTAIN INTERNAL GAS PRESSURE 

SIXTEEN HIGH INTENSITY FOCUSED LAMPS FDR LONG RANGE UNIFORM LIGHTING 

e STANDARD 7.5mn LENS. OPTIONAL WIDE ANGLE AND TELEPHOTO LENSES 

REMOTE FOCUS CONTROL 

FUSED QUARTZ VIEWING VINDDW 

GAS PURGED COLUR TV SYSTEM W I T H  INTEGRAL LIGHTING 





MODEL RCS-1700 CAMERA 

POWER 12 VDC supplied via model 

SENSOR 5/2 in. interline transfer CCD 

SCAN AREA 6.54 x 4.89 mm 

CU1410 controller 

,HORIZONTAL RESOLUTION 460 TV lines 

MINIMUM SCENE ILLUMINATION 5 lux at fj1-4, 10 lux at 
f/2.8 

S/N RATIO 50 dB 

OUTPUT IMPEDANCE 75 ohms 

ZOOM 20-200 mm remotely controlled 

r 

1.2 meter to infinity remotely 
controlled 

IRIS f/2.8 to closed remotely 

IN-AIR FIELD OF VIEW 18.2 deg to 1.8 deg horizontal 

UNDERWATER FIELD OF VIEW 13.6 deg to 1.4 deg horizontal 

HOUSING DIAMETER 3.70 inches 

HOUSING OVERALL LENGTH 12.65 inches 

IN-AIR WEIGHT 10.0 pounds 

IN-WATER WEIGHT 6.0 pounds 

controlled 

HOUSING MATERIAL 300 series stainless steel 

WINDOW MATERIAL Non-browning fused quartz 

CONNECTOR Model RCS-1501-BC-10 stainless 

MATING CONNECTOR Model RCS-1501-CC-10 

DEPTH RATING 500 feet 

TEMPERATURE RATING -10 to 40 deg C (14 to 108 deg 

steel 



S T A I N L E S S  STEEL 
HOUSING 

SLUT FOR END 

S T A I N L E S S  STEEL 
UNDERWATER 
CONNECTOR 

3.70 DIA 

1 

FEATURES: 0 HIGH R E S O L U T I O N  COLOR TV 
0 20-200mm 1O:l ZOOM L E N S  

REMOTE FOCUS, ZOOM, & I R I S  CONTROLS 
S T A I N L E S S  S T E E L  H O U S I N G  

NO E X P O S E D  T H R E A D S  OR R E T A I N I N G  R I N G S  
0 S T A I N L E S S  STEEL CONNECTOR 
0 D E P T H  R A T I N G  O F  500 F E E T  

NON-BROWNING Q U A R T Z  WINDOW 

RCS-1700  UNDERWATER C O L O R  Z O O M  TV C A M E R A  



Tv CAMERA MODEL RC8-1610 

I MINIMUM SCENE ILLUMINATION 
11 S/N RATIO 
11 OUTPUT IMPEDANCE 

11 WEIGHT 
MATERIAL 

WINDOW MATERIAL 11 CONNECTOR 
It 

TEMPERATURE RATING 

12 VDC supplied via camera 
control unit 

1/2 in. interline transfer CCD 

6.5 x 4 . 8  nun 

470 TV lines 

4.5 lux at f/1.2 

48 dB 

7 5  ohms 

7.5 mm, f/l.6 (modified) 

six inches to infinity 
manually adjustable 

3 5 - 5  x 46.2 deg (vertical x 
horizontal) 

26.5 x 34.3 deg (vertical x 
horizontal 1 

- -  ~- ~~ 

1.16 inches 

8.30 inches 

1.12 pounds 

Stainless steel 

Fused quartz 

Model RCS-1501-BC-10 Stainless 
steel 

Model RCS-1501-CC-10 

-10 to 40 deg C (14 to 104 deg 
F) - 



1.160 I N C H  D I A M E T E R  /-- . 8,30 INCHES * 

HIGH RESOLUTION, HIGH SENSIV ITY COLOR TV 
WITH BUILT- IN  LINE REGULATOR 

SMALL S I Z E  FUR USE I N  CONFINED A R E A S  

CORROSION RESISTANT STAINLESS STEEL HOUSING. COMPLETELY 
SEALED FOR UNDERWATER USE TO 200 FClDT DEPTHS 

INTERCHANGEABLE WIDE ANGLE, NORMAL OR TELEPHOTO LENSES 

FUSED QUARTZ V IEWING WINDOW 

S T A I NL E SS S T EEL UNDERWATER CONNECT OR 

HIGH STRENGTH ( .325  INCH D I A )  CABLE FOR 1000 F O O T  SEPARATIUN 
BETWEEN CAMERA AND CONTROLLER 

MODEL RCS-1610 UNDERWATER C O L O R  TV C A M E R A  



MODEL UL-210 STAINLESS 
STEEL UNDERWATER LIGHT 

UN DE R \&/ A T E R H 0 US I N G 

\ 
MODEL RCS-1600 CULOR TV CAMERA W I T H  
INTERNAL LIGHTING AND STAINLESS STEEL 

R C S -  

2,81 INCHES 

l+----- 8 3  INCHES 

MODEL CLB-1  STAINLESS 
STEEL CLAMP 

\ 

1600 UNDERWA-FER C O L O R  TV C A M E R A  W I T H  UL-210 LIGHT 
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!FV CAMERA MODEL RCS-16008 

POWER 

SENSOR 

SCAN AREA 

HORIZONTAL RESOLUTION 

MINIMUM SCENE ILLUMINATION 

S/N RATIO 

OUTPUT IMPEDANCE 

LENS 

FOCUS 

12 VDC supplied via  camera 
control unit 

1/2 in. interline transfer CCD _ _  

6 . 5  x 4 . 8  mm 

470 TV lines 

4.5 lux at f/1.2 

48 dB 

7 5  ohms 

7.5 mm, f/1.6 (modified) 

1 foot to infinity manually 
adjustable 

IN AIR FIELD OF VIEW 

UNDERWATER FIELD OF VIEW 

LIGHTS 

LIGHT RING VOLTAGE 

HOUSING DIAMETER 

HOUSING LENGTH 

3 5 . 5  x 46.2 deg (vertical x 
horizontal) 

26.5 x 34.3 deg (vertical x 
horizontal) 

8 ea. high intensity pre- 
focused 

12 volts 

1.16 inches 

8.30 inches 

WEIGHT 1.12 pounds 

MATERIAL Stainless steel 

WINDOW MATERIAL Fused quartz 

CONNECTOR Model RCS-1501-BC-10 Stainless 

MATING CONNECTOR Model RCS-1501-CC-10 

steel 

TEMPERATURE RATING -10 to 40 deg C (14 to 104 deg 
F) 



1,160 I N C H  D I A M E T E R  r- 

0 

0 

0 

MODEL 

HIGH RESOLUTION, HIGH SENSIVITY COLOR TV 
WITH BUILT- IN L INE REGULATOR 

SMALL SIZE FOR USE I N  CONFINED AREAS 

CORROSION RESISTANT STAINLESS STEEL HOUSING, COMPLETELY 
SEALED FOR UNDERWATER USE TO 200 FOOT DEPTHS 

7,5mm, F / 1 , 6  LENS PROVIDES 3 4  DEGREE HORIZONTAL UNDERWATER FOV 

EIGHT HIGH INTENSITY FOCUSED LAMPS FOR UNIFORM LIGHTING 

FUSED QUFiRTZ VIEWING WINDOW 

STAINLESS STEEL UNDERWATER CONNECTOR 

HIGH STRENGTH (.325 INCH D I A )  CABLE FClR 1000 F O O T  SEPARATION 
BETWEEN CAMERA AND CONTROLLER 

RCS-1600 UNDERWATER COLOR TV CAMERA W I T H  INTEGRAL L IGHTING 



7 T H R E A D  5/8-18 UNF-2A 

b 

RCS-1501-CC CABLE CDNNECTDR 

c 
._1 

1,OO I N  

RCS-1501-BC BULKHEAD CONNECTOR 

I I  

MATED RCS-1501 CONNECTOR ASSEMBLY 

RCS-1501 UNDERWATER CONNECTOR CONFILURATiDN 



RCS-1400 CAMERA W I T H  RCS-1401 L I G H T  H E A D  

RCS-1400  CAMERA W I T H  RCS-1402  L I G H T  H E A D  

RCS-1400  CAMERA W I T H  RCS-1404  L I G H T  H E A D  

R C S - 1 4 0 0  CAMERA W I T H  RCS-1401 L I G H T  H E A D  AND RCS-1405  R IGHT ANGLE ATTACHMENT 

1 
RCS-1410 CAMERA W I T H  RCS-1401 L I G H T  H E A D  

RCS-1410 CAMERA W I T H  RCS-1402  L I G H T  H E A D  

RCS-1410 CAMERA W I T H  RCS-1404  L I G H T  H E A D  

. 
RCS-1410 CAMERA W I T H  RCS-1401  L I G H T  H E A D  AND R C S - 1 4 0 5  R IGHT ANGLE ATTACHMENT 

SERIES 1400 BOREHOLE CAMERAS AND VIEWING HEADS 



MODEL RC8-1100A CAMERA 

HOUSING DIAMETER 
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FEATURES DESCRlPTlON 

Stainless steet Body Camera bodies (and associated viewing heads) are manufactured 
out ot stainless steel. 

In addition a contamination prevention sleeve is available to 
protect the camera connector. 

CUSTOMER ADVANTAGE 

Easy to decontaminate. 

Allows the electronics module 
to be removed and be recovered 
free from contamination. 

Allow8 camera to operate in 
otstly dark areas. 

Can#rmplernentex!ernal lighting. 

Camem m a y  bo used underwater. 

Csmerm can vlaw lnaEosssibk 
and dlffiwtt MMB 

0 Rangeof Sensor Rees cameras can incorporate a wide range of V3 inch format Flexibility - the optimum . 
Tubes tubes which include: performance is achieved no 

matter where the location or 
conditions. 

High resolution pictures available 
r800 N lines (center zone 1). 
High sensitivity. 
High temperature operation. 

Vidicon, Newvmn, Non Browning Vidicon. Non Browning 
Newvcon, Chalnicon and Pasecon. 

The type of tube which is fitted depends on the application and 
environment (le. radiation dose rate and total absorbed dose, 
lighting level and type, temperature, resolution requirea etc). 

CompectSze Rees camera is only ?.E' (40.5mm) diameter Access into small & restricted 
areas. 

e Remote Control The R93 offers remote mntrol of iris and rack focus with an 
addrtional drive motor to cower ancillary functions le, rotate and 
zoom. The light intensity can also be controlled remotely (auto 
iris is selectable via the CCU). 

Camera can monitor very close o 
distant objects (from 0.2" (5rnm) 
to infinity). Cameracan be adjust 
ed to suit varying light levels. 



FEATURES DESCRlPTlON 

. .  
CUSTOMER ADVANTAGE 

0 Rugged Design The R93 camera is designed to survive.hostile environments. Cameras can be used in hlgh 
temperature environments (1 60"F, 

A series of environmental tests have been carried out to establish 70°C) without cooling (Chalnicon 
various parameters ie, temperature, vibration, humidity, etc. type tube). 

Special cooling systems are also available. Continuous operation up to 130°F 
(55%) with other tubes. 

Camor. wilt withstand high 
pernure washdown. 

0 Cable A range of radiation tolerant camera cables can be specified for Cable breaking strain is up to 
the system. 2200 Ibs (1 000 kg). Can be used 

on festoon arrangement (depend- 
Special cables have been developed including small diameter ing on type). 
and festoon types. 

R u s  Instrumants Incorporated Rwr lnrtrumrnto Limited Roes Instruments 
1900 Lake Park Drive 
Suite 310 Catteshall Lane 

Georgta30080 USA Surrey GU7 1XE UK 

Kommunikntionsburo Weyside Park 
Siemensslrasse 8 

Godalming 5300 Bonn 1 
Deutschland 

S m y m  

Tel: 404 4339991 Tel: 04838WJ66 
Fax: 404 4339994 Fax: 0483860163 

Telex: 859679 

Tel: 0228 625088 
Fax: 0228 626300 



. .  

FEATURES 

Compact, rubustconstruc- 
tlon 

High resolution (>800 +v 
llnes with appropriate lens 
&tube) 

Independently accredited 
radiation tolerance exceed- 
ing 2 x 1V rads (2 MGy) 

Dose rates >3 x 1 0  rads per 
hour (r8 Gys-I) 

Wide range temperature 
operation 

Diverse application using 
Interchangeable lenses, 
lens bodies, and viewing 
heads 

@ Remotely controlled 

0 Surface mount technology 

Ress instntmnts is fully approved 
for the design and manufacture of 
CCN equipment to the following 
international qualliy standards: 

ANSVASQC Q91-1937 
1sO9001-1937 

Bs 5750: Part 1: 1987 
EN -1-1 987 

The Rees R93 Camera is an extremely versatile unit combining 
high performance with wide-ranging viewing capabilities and high 
radiation tolerance. 

R93 Camera fitted with 07 Interchangeable Viewing Head 

The R93 Mk 3 Camera is based on the industry 
proven R93 Mk 2, the new design incorporates 
many new features to enhance performance and 
extend working life. 

The camera is housed in a rigid stainless steel 
casingthat protedsthesensortube, drive arcuits 
and remote function motors. High resolution 
optical performance is derived from the use of 
purpose designed 6mm, 9mm and 25mm D 
mount non-browning lenses with remotely driven 
motoriredfocus and auto insfunctions. Improved 
reliability and easier maintenance is achieved 
using surface mount electronics and precision 
mechanics for all remote function controls. All 
materials are carefully selected to maintain long 
life in radioactive environments. 

When fitted with an appropriate Inter-changeable 
Viewing Head or Lens Body the R93 is fully 
waterproof for underwater applicatlons to a depth 
of 660' (200m). A contamination prevention 
sleeve can also be fitted to allow retrieval of the 
uncontaminated cameracapsule and connector. 

The camera can be linked to its Camera Control 
Unit (CCU) via a range of multicore cables, with 
matching conneCtors,tosuit vanots applications. 

The R93  camera is designed to be used in 
conjunction with Rees R90 Series Mk 3 Camera 
Control Units. Fully compatible with international 
video standards, R90 Mk 3 Control Units can be 
integrated or locked to external sources, image 
proCessors or machine vision systems. A range 
of portable or rack mounted versions are availablf 
with local control panel or remote control ovei 
twisted pair or video coaxial cables 

All Rees Camera Control Units are compattblc 
withtheR930VEU Video Enhancement Unitwhict 
provides an increase in camera sensitivity o 
12811. 

For integrated system applications remotefunctioi 
control and picture viewing can be via a centri 
switching and control system from a maSter contrc 
room, or from either of two special Operato 
Control Units - one designed to be mountel 
directly on the cave or cell face wall and the othe 
based on a movable trolley. Both include a 12 
picture monitor display 

The RQ3 Mk 3 has been developed for opttmur 
performance with the range of R90 Mk 3 Camer 
Control Units, compatibility with earhergenerano 
eqpipment may require simpie modifrcatron. 



Maximum application flexibility is achieved using interchangeable Viewing Heaos or Lens &dies 
enabling the R93 Mk 3 to provide 

0 underwater applications to a depth of 660 (200m) 
lighting power from 0 7W to lOOW 

0 non-browning 12-72mm f l  6 zoom capability 
0 radial viewing with full 360° scan facility 

complete hemispherical viewing ability 
wide angle viewing 

All the Interchangeable Viewing Heads and Lens Bodies can be matched to the raaiation tolerance 
of the R93 Mk 3 and are very easily fitted to the camera 
For addrtional specifications refer to the following data sheets 

Rees R93 Interchangeable Viewing Heads 
Rees R93 Interchangeable Lens Bodies 
Rees R90 Mk 3 Camera Control Units 
Rees R90 Seriee Cables and Connectors 

. 

- _ _  

1 
Performance and Specifications 

Mechanical Stainless Steel non-browning optics ~ Dimensions inches (mm) 
Weight 2 8 pounds (1 25kg) without Head or Lens 

Body 1 6 (405) 

P Electrical (excluding View Heads or Lens Bodies) 
Max power 3 watts 

__ ~ (33) (217) 

Environmental 
Operating temperature -1 3" to 130°F (-25 to 55'C) 
Storage temperature -1 3" to 140°F (-25 to 60'C) 

Humidity (non-condensing) 95% 
(The R93 Camera is fully waterproof when fitted with an appropriate Viewing Head or Lens Body ) 
Radiation tolerance 2 x 108rads (2 MGy (Si)(CoSO]) total dose 

(>8 Gys I )  Vidicon 
(3Wm Gys')  

. _  
Newvicon/Chalnico& sL;/P >3 x 106rads per hour 

1 x lo5 rads per hour 

Performance using R90 MK3 series CCU 
Resolution (in air) 
I I 

R93 Camera HeadiLens Body 
HonzonlalResolulm 

Center - Zone 1 
(tv lines per picture height) 

I !  I 

R93/00.01,02.05, 65.65L 
R93t03 
R93/04 
R93/09 (Dome or Cylinder) 

R93 Camera wth appropriate high 
resolution tube and lens 
(to special order) 

650 
500 
650 
500 

800 

I 

I - mount lensesavailable. - 
__ Diaqonal ' Focus Range Viewing angles in air (typical) Horizontal Vertical 

1" to infinity Standard 9mm lens 50" 39" 61" 
Optional 6mm lens 73" 58= 85" 1 .2" to infinity 
Optional 25mm lens 20" 15" 25" 1 6 7" to infinity I 

Signal to noise ratio 
>43dB (CCU standard gain) 
>36dB (CCU high gain) 
Typical sensitivity 
1 lux scene illumination (usable picture) 
7 lux scene illumination (good picture) 
Notes 
1 Sgnalto noise ratio measurements refer lo weighled reading over 10 WHZ DanOwidlh 

using Rhode & Schwarz UPSF vdeo noise meIer 
2 Semllivny using extending red Newvicon tube and F2 0 non browning lens 
3 A -gpzd'plnure is defined as one wnere the iliurnlnation available is sulficienl lor the 

camera 10 produce a 1 vott c o w s i t e  video signal wnh a iuliy w e n  aprnure 
4 A 'usabb' Dcture can usually be obtained dewdent on the scene Viewed a10 

environmental lactors elc when the illurnination avadable is only one lnird fhal required 
io achieve a 1 volt compcsne vdeo signal a1 lull acenure 

-.li - - -  _ / . _ .  _..-_ l ! C  "f -92s  ,?,::r:!-??.: . : ' e e s  instrumenis 
'cmmunikationsourc 

D5300 Bonn 1, Deutschland 

1900 Lake Park Drive Weyside Park 
Suite 310, Smyrna Caneshall Lane, Godalming Siemensstrasse 8 
Georgia 30080 USA Surrey, GU7 lXE, UK 
Tel: 404 433 9991 Tel: 0483 860066 Tel: 0228 625088 
Fax. 404 433 9994 Fax: 0483 860163 Fax: 0228 626300 

Telex: 859679 

Flees lnstnrments reserves the right to smend or chenge the infometion on this sheet without prior notice. 



FEATURES 

Compact, robust 
construction 

0 Y/C output 
(S-VHS compatible) 

8 Single unit operation 
option 

Full remote control 

Diverse application 
using interchange- 
able viewing heads 

0 Underwater applica- 
tions to 660 feet 
(200m) 

for the design and manufacture of 
C C N  equipment nD the folfowing 
international qup/i!y standards: 

ANSUASQC c)91-1987 
Is0 9601-1987 

85 5750: Part 1: f987 

The Rees RC93-S camera combines the latest CCD sensor technology 
with field proven mechanics to glve an outstanding performance for a 
diverse range of Industrial appltcations. 

.- 

Based on ruggedized components the Rees 
RC93-S incorporates an advanced CCD image 
sensor which outputs a Y/C chrominance-lumi- 
nance (separate colot/brighmess)video signal. 
To optimize the performancs of the sensor, a 
purpose designed 7.7mm F I  .2 D mount lens is 
fitted as standard, with 25mm F2.5 D mount or 
otherC mount lenses availableasoptions. When 
used with Y/C (S-VHS) monitors, the combined 
action of sensor and lens produces high resolu- 
tion pictures, with enhanced color reproduction 
and much reduced color patterning on fine detail. 

The RC93-S can also be used in cumposite 
video (non WC) mode lor use with standard VHS 
tekvisron equipment. In this mode the picture 
quality is significantly better than earlier genera- 
tion camera performance. 

The camera outer body is a compact stainless 
steel casing which houses the image sensor and 
remote dnve motors for the Rees range of inter- 
changeable viewing heads. Viewing heads can 
be selected for particular tasks and are simply 
secured to the forward end of the camera. Use 
of viewing heads can provide axial or radial 
viewing and on-board lighting. Addtbonallyfitting 
the appropriate viewing head seais the forward 
end of the camera which can allow underwater 
use to a depth of 660 feet (200m). 

The camera is linked to its control unit by a tough 
multicore cable. This contains the video and 

EN 29641-1987 fumonal driveconductors, and a strength mem- 

ber to allow direct camera deployment. As m 
option the cable could be used with acabledrum 
or reeling system. 

Local control of the RC93-S is achieved via the 
Rees range of control units including the R970 
Multi-purpose Control Unit (MCU). This unit 
features all the necessary function controls to 
enable the user to drive the cameras motorlzed 
functions (focus, iris and, where applicable, ro- 
tate for radial viewing). Additionally lighting on/ 
off and intensity controls allow full use of an 
internally fitted 20W lighting supply or the ex-ter- 
nal2M)W or 300W R905 lighting power supply. 

The R970 MCU has a 2U nineteen inch chassis 
suitable for rack mounting. For portable system 
applications the MCU can be fitted in a durable 
transit case which can also accommodate the 
R905 Lighting Power Supply if required. 

Where the RC93-6 Camera is integrated into a 
large system, control can be achieved via the 
Rees R970 Remote Control Unit. This unit ir 
designed for rack mounting and is fitted witt 
sui?able telemetry to interface with a remotell 
situated control system. 

Alternauvely the RC93-S can be used as a singlc 
unit device connected directly to a monitor and 
requirtng only a simple dc power in, video OL 

t y p e  cable. Please consult Rees Instruments fc 
details of this and other options. 



CAMERA SPECIFJCATJON 

Camera Gemera! 

Material ............ I.. stainless steel 
Weight Focus 1 .o' (25mm) to infinity 

3perating Temp .. 14O to 104°F ( l o o  to 40°C) 

Standard b n s  
Focal length 7.7 mm 
Aperture ....................... F1 .2 

Dimensions: inches (mm) 

................. 
,.6 (40,5) ,w gl~*~:E-z 

........................... 
+,,3 +. 8.5 k- ................. 2.7 pounds (1.2 kg) 

Type ............................. D Mount, standard glass without head or lens body (33) (217) 
Geometncal distomon .. < 5% in format corners 

3utputs ..................................... Y/C (S-VHS) and composite video 
Maximum cable length .............. 660 feet (200m) 
Power input range .................... 10 to 15 volts dc 
ns .................................. 
picture elements ....................... 768 horizontal, 493 vertical 

Depth rabng ( m a )  ................... 660 ft with appropnate viewing head 

_ _  CCD electronic auto ins 

3peration .................................. Remote control via R970 MCU or RCI 

Format ................................... NTSC (PAL versions available) 
Sensor .................................. Interline transfer hyper HAD CCD 
Sync .......................................... InternaVExtemal 
Horizontal resolubon ................ 470 tv lines F1 .2 
Minimum sensitivity ............... 4.5 lux F1.2(AGC on) 
S/N ratio ................................... rQBdB(AGC off) 
Shutter speed ........................... 1 millisecond 

Notes... 
1. 

2. 

For full details ot the inkrchang.ebk viewtng heads please M e r  to 
the appropriate datasheet. 
Full performance is uhisved using Y/C and S-VHS ancillsry q u i p  
m n t  (monitors, video cassette recorders, etc). Using standard 
ancillary equipment resolution end color reproduction is better than 
eariier VHS cameras. 
Remote function w n t r d  requires a multicore cable to drive the 
motorized drives tor the R e e s  range of interchangeable viewing 
heads. Suitable control units include the R970 Multi-purpose Control 

3. 

Unlt (MCU) end R970 Remote Control Unit (RCU). Th. R970 MCU is 
ideal for mobile applications end can be supplied In an industrial 
transit case. l3e R970 RCU is &sign& tor tack mounted use in 
larger integrated systems and is tilted with a suitable tolemerry 
intertace tor remote control. 

4. F o r  applications requiring a zoom function the RC977Zoom Camera 
combines s color CCD sensor with a zoom lens. 

5. For applications with special requirements Rees provides a custom 
design service. 

Viewing Head 

RC93-S 00 

RC93-S 01 

RC93-S 02 

RC93-S 03 

RC93-S 05 

RC93-S 07 

RC93-S OC 

~~ 

Descripiion 

APPLICABLE VIEWING HEADS 

lirnmsions 

The R9300 viewing head oroteas the lens and enables the R93 Camera to be u s w  underwater. 

The R9301 head is designed for use in restricted spaces It has a low power internal lighting system 
01 1 .E watts provided by a ring of 8 tungsten lamps and Can be used continuously in air or water. 

The I39302 heads have either 20 wan or 100 Watt forwafa mounted halogen lamos The 20 wan 
version is designed for continuous operation in air or water, and can be powered by the R90 Mk 3 
Lighting Module The 100 waK version is designed for continuous operation in wafer. and can be 
used in air for short pertods. 

The radial viewing RW03 wews at nght angles to the camera by using a stainless steel mirror which 
can scan through 360" The head is fitted with either a 20W or l00W forward lamp and two 0 7W 
lampsone mounredateachsideof fhemirmr Lightfrom the forward larnpis b a d  reflected toprovide 
shadow modelling, the 0 7W lamps produce a diffuse light ideal for close-up viewing The 20W 
versions can be used continuously in air or warer The l00W version is designed for operation in 
water. and can be used in air for short periods 

The RWO5 provides good illumination for general purpose viewing from 2 x 10 wan tungsten 
halogen lamps It is designed for continuous use underwater and can also be used in air for shon 
periods Aher firtirg. the head can be rotated manually by up to 180" (without breaking the center 
waterproof seal), to ootain the opomum lighting alignment. or to fit into specific spaces 

The RC93-S 07 is designed for use underwater. but can be used in air for short periods 
(approximately 1 5 hours at 68°F ambient) Lighting IS provided from 16 x 1 2 wan lamps with a total 
output of about 20 WaKs. The lighting design prowdes wide angle lighting to match the performance 
of the Standard lens Plain and water corrected windows are available 

The RC93-S uses a standard D mount lens, due to the small size of the camera Fining a 'C' mount 
body enables the RC93 camera to be used with any 'C' mount lens As standard the RCSS-OC is 
provided without environmental protection, but protective or underwater heads can be provided to 
special order 

-ength with camera _._. 1.T (294mm) 
liameter .................... 1 .E' (40.5mm) 
hp th  rating ............... 660 feet (Mom) 
Neight with camera ... 2.7 Ibs (1.4kg) 

-engrh wim camera .... 1T (294mm) 
Iiameter .................... 1.6' (40.5mm) 
3epth Rahng .............. 660 feet (200m) 
rlleightwith camera ... 2.7 Ibs (1.4kg) 

-ength with camera .__. (2OW) IT  (440mm) 

Diameter .................... 1.6' (42mm) 

Weght wirh camera _ _ _  3.2 lbs (1.7kg) 

Length with camsra ....( 2OW) 15'(383mm) 

Diameter .................... 1.65' (42mm) 
Depth rating ............... 6M) feet (200m) 

(1OOW) 18-(457mm) 

Depth rating ............... 660 feet (Mom) 

(1OOW) 16'(415mm) 

Weightwith Camera ... 3.7 Ibs (1.7k~ 

Length with camera ___. 11 .8' (300mm) 

Weight with camera .. 5.3 Ibs (2.4kg) 
Depth rating ............... 660 feet (200m) 

Length with camera .___ 11.6' (295mm) 

Depth rating ............... 100 feet 130m) 
Diameter .................... 2.56' (65mm) 

Weight with camera ... 3.8 Ibs (1.75kg) 

Length with camera. ... 10.1' (257mm) 

Diameter .................... 1 .6' (40.5mm) 
(w/out lens) 

_ -  1900 Lake Park Drive 
Suite 310 Smyrna Catteshall Lane Godalming Siemensstrasse 8 
Georgia 30080 USA Surrey, GU7 I X E  UK D5300 Bonn 1 Deutschland 
Tel 4044339991 Tel 0483860066 Tel 0228625088 
Fax 4044339994 Fax 0483860163 Fax 0228626300 

Weyside Park 

Telex 859679 

R e e s  instruments resewes the right to amend or change the information on this sheet without prior notice. 
-~ ................ ~- .~ ........ . - . . . . . .  ...... ......... - .... 
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FEATURES 

rl, Compact casing 

Radiation tolerant 

Non-browning 
zoom lens 

Remotely 
control led 

Auto Iris with 
manual override 

80W Lighting 
(R940LHA) 

The Rees R940 compact zoom camera has been developed to 
provide a radiation tolerant zoom facility in a compact 2.2" (55mm) 
diameter case. The zoom facility comprises a non-browning 22 to 
90mm, F3.5 to F45 zoom lens with all the optical functions (ie focus, 
zoom, iris and where applicable, macro) fully motorized to allow 
complete remote control via the R90 MK 3 Camera Control Unit. 

R e s  Inslruments is fuNy approved 
for the design and manufacture of 
CCW equipment to the following 
internafional quality stendards: 

ANSUASQC Q97-1987 
Iso9007-7987 

BS 5750: Part I: 1987 
EN 29oO1-1987 

Housed in a stainless steel case the R940 
cameras incorporate a zoom lens that 
can focus and track from 10" (250mm) to 
infinity. This allows the R940CMAversion 
without macro focus motor to suit most 
applications, but for applications requiring 
very close focusing (less than 10" 
(250mm)) the R940CMB version with 
macro focus motor, can be supplied. 

The R940 camera is designed to be used 
in conjunction with Rees R90 Series Mk 3 
Camera Control Units. Fully compatible 
with international video standards, R90 
MK 3 Control Units can be integrated or 
locked to external sources, image 
processors or machine vision systems. A 
rangeof portableorrackmountedversions 
are available with local control, or remote 
control over twisted pair or video coaxial 
cables. The R940LHA lighting accessory 

also requires the rack mounting RSOOLPS 
Lighting Power S~ipply. 

Remote function control and picture 
viewing can be via a central switching and 
controlsystemfrorna mastercontrol room, 
or from either of two special Operator 
Control Units -onedesignedtobe mounted 
directly on the cave or cell face wall and 
the other based on a movable trolley. 
Both include a 12" picture monitor display. 

All Rees Camera Control Units are 
compatible with the R930VEU Video 
Enhancement Unit which provides an 
increase in camera sensitivity of 4 28:l. 

The R940LHA lighting accessory provides 
both versions with 80W lighting power via 
four forward mounted 20W lights. 



Specifications 1 
General Note ... 

Length 
Diameter 
Weight (approximate) 
Lighting Power 

R940CMA R940CMB The optional R940LHA 
8OW lighting accessory 

4.5" (367mm) increases the camera di- 
2.2" ( 55m m) 2.2" (55mm) ameter by 69mm (2.7'') 

4.4 pounds (2kg) 5.1 pounds ( 2 . W )  and weight by 1.75kg 
Optional 4 x 20W Optional 4 x 2ow (3.8 pounds). 

12.9" (327mm) 

Environmental 
Operating temperature: -13" to 130°F (-25" to 55" C) 
Storage : -13" to 140°F (-25" to 60" C) 
Depth rating: 165' (50 metres) 
Radiation tolerance: 2 x l o B  rads (2 MGy (Si) [CoSO]) Total dose 

>3 x106 rads per hour (>8 Gys-') Vidicon 
1 x 1 O5 rads per hour (300m Gys-') NewviconlChalnicon 

System Performance 
Resolution: 
Sensitivity: 20 lux scene illumination 

650 TV lines per picture height (center zone) 

(1 volt composite video signal, extended red newvicon, 80% average scene 
reflectivity, tungsten illumination 2856K) 

Lighting range in air using R940LHA03A lighting accessory: 
Good picture 6.5' (2m) 
Usable picture 13' (4m) 

Optics 
Viewing angles in Air 

Horizontal 23" 6" 
Vertical 17" 4" 

Zoom Out Zoom In 

Focus range: 

Cable Length: 660' (200 metres) 

10" (250mm) to infinity (R940CMA without macro focus motor) 
0.8" (20rnm) to infinity (R940CMB with macro focus motor) 

Specification Notes 
1. The information provided regarding lighthg ranges is 

approximate only based on tests made in a dark-room 
viewing scenes with reflectivity of 60% using an R940 
camera fitted with a newvicon tube. 

2. A 'Qood"picture is defined as one where the illumination 
available is sufficient for the camera to produce a 1 volt 
composite video signal with a fully open aperture. 

3. A "usab1e"picture can usually be obtained. dependent on 
the scene viewed and environmental factors ere., when 
the illumination available is only one third that required to 
achieve a 1 volt composite video signal at full aperture. 

4. For scenes where lighting is critical Rees can offer 
simulation facilities. Use of the R930VEU Video 

Enhancement Unit system can be of great benefit in areas 
wherelightingisdifficub Pleasereferto the Rees R930VEU 
data sheet. 

5. Rees should be consulted to very critical viewing require- 
ments, or in cases where there are important lighting, 
resolution, environmental or viewing angle considera- 
tions. 

6. In applications where there are severe space constraints 
care should be taken to allow for the size of the camera 
cable mating connector and if necessary, the bend radius 
of the connecting camera cable. Please refer to the Rees 
R90 series cables and connectors data sheets. 
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FEATURES 

0 Membrane keypad 
for controlling 
camera functions 
19 inch 3U rack 

Compatible with 
mounting chassis 

all Rees Cameras 
a Lighting power 

supply, and pan & 
tilt supply options 
Optional remote 
control panel 

0 Camera type 
seiector switch 
High power 
external lighting 
control option 

Rees /nstruments is ruliy approved 
for the design and manufacture of 
CCW equipmenf to the following 
international quality standards: 

ANSMASOC 091-1987 
IS0 9001-1987 

BS 5150: Part I: 1987 
EN 29001 -1987 

.. . . crc- .-.. 

The Rees R930CUt.1 Local Control CCU is designed to provide 
full remote control of single channel systems using any Rees 
Camera. The unit allows operator remote control via a tactile 
membrane keypad. 

R930CUH Local Control CCU 

The R930CUH is housed in a nineteen inch 
rack-mounting chassis with the control 
keypad mounted on the front panel An 
optional remote keypad can provide cam- 
era control away from the CCU rack. 

The CCU is fully compatible with interna- 
tional video standards and can be inte- 
grated or tocked to external sources, image 
processors or machine vision systems Full 
compatibility with the R930VEU Video En- 
hancement Unit which increases camera 
sensitivity by 128:l Versions are available 
in 525 or 625 line standards 100-1 ZOV, 200- 
240V. 50/60Hz. 

To maintain high resolution pictures innova- 
tive new circuits have been incorporated 
into the CCU to significantly reduce the 
effects of radiation damage to the camera 
and induced noise, dark current tempera- 
ture instability anu tube-ageing 

The Video Card includes an auto-black cir- 
cuit that detects the darkest area of the 

viewed scene and uses this as a reference 
to set the grey scale for the rest of the 
picture. This optimizes the Dicture contrast 
indepenaently of tube dark current varia- 
tions caused by radiation effects or tem- 
perature change When used with the auto 
iris or auto target gain circuitry it also greatly 
improves the picture from scenes of low 
contrast 

The Scan Card beam current stabilization 
circuit counters the effects of tube-ageing 
by sensing the limiter current and control- 
ling the grid voltage to maintain a constant 
beam current under varying conditions This 
automatically stabilizes the beam current 
producing an improved electron beam spot 
shape and high resolution - 
The combined action of these circuits ena- 
bles any Rees Mk 3 series camera to pro- 
vide high resolution pictures for longer perr- 
ods of time. to higher total absorbed radia- 
tion doses (2 x 1Q8 Rads (Si)[CoGO]) and ai 
higher temperatures 



I Performance and SDecifications I 

.................................... Width: 19" (484mm) 

Weight: .................................. 18.3 pounds (8.3kg) 

Environmental 
Operating temperature: ......... 32" to 122°F 

Height: ................................... 5.2" (133mm) 

(0 to 50°C) 

Camera 
Genlock 
Video In 
Video Out 

Line standards .......................... 525i625 
Supplies (Ac) ............................ 1 10/120V 

4 1 CAMERA 

POWER - 1 mN - 
VIDEO o / p  To monitor Video Cassette Recorder!external 

Caption Generator etc 

VIDEO IN From Video Cassette Recorder (Playback)/ 
Caption Generator etc 

TO MONITOR 

CAMERA- ccu EXTERNAL LIGHTING 
POWER SUPPLY 

POWER - GENLOCK (if required) 

ccu to VEU Connections 
TO MONITOR 

Typical System configurations 

4 1 CAMERA 

POWER - 
POWER 

VIDEO O P  VlDEO IN 

VIDEO OUT IrI! 

(ri 
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FEATURES In addition to the Interchangeable viewing hods, R o e 6  R93 carnorm can be fitted with a range of 
interchangeable lens bodies which include zoom, prismatic end wide angle types. 

The Interchangeable lens bodies provide different lens faclliBes to that of the standard R93 Cameras' This 
allows the standard R93 Capsule to be used in many vaned applications. All the control and power supplies 
for an interchangeable lens body are fed to the camera by the appropriate composite Camera cable 

Fitbng an interchangeable lens body is very simple Unscrewing the camera rear locktng nng allows the 
existing body b be removed and the new body can then be fitted over the camera capsule and dual ' 0  nngs 
Once the k k i n g  nng is eghtened the camera IS waterproof and ready to use 

0 Radiation tolerant 

Zoomoption 
Plain or water conected windows are supplied depending upon the applicatton Plain windows used 
underwater narrow the vlemng angle. When a water correctcld window is used in water, the angle of view 
is the same as a plain window used in air 

0 Prismatic option 

Remote control of the various dnve functions and light intensity level, up to 20 Watts, is available from the 
R90 Mk3 Camera Control Unit (CCU) For lighang power - up to 300 watts, use the Rees R905LPS Lighting 
Power Supply 

The R9309 and the R93/65L bodes are prowded with kghtng systems as standard High power lighting 
requires the heat generated by the lights to be dissipated quickty Underwater environments ehssipate heat 
more rapidly, but in air lower power may have to be used as some lighting systems are not rated for 
ConBnuous operabn in air 

0 Lighting facilities 

0 GMount lens option 

Interchangeabte on 
R93 capsule 

0 Underwater use via 
water corrected win- 
dows 

Rees instruments is hl/y approved 
for the design and menufactvre of 
C C N  equipment lo the following 
inimatlonal qualiiy standamls.. 

ANSYIASOC Q91-19-87 
IsO9507-1987 

EN29001-1987 
BS 5750: Pari 7: 1987 

--I- 

Range of Intercbangeable Lens Bodies 



.. 
R e s '  w e  oi radmton resrsuvn mn-bravning lenses use 'D' mounts. due to the small m e  oi the camera Fming a ' C  mourn 
bmy enablm the RS3 CBmOra Io be used wnh any C' mourn w. As standard the RS3- is pmvided WilhoUI AnVlrOnmOnta) 
protedh. b l  PrUearVe or undefwaler h&s can bo pmvnied Io spec& order. 

R93/OC C Mount Body 

Lmglh wRh Camera ............. 10.1- (257mm) 
Diameter ............................. 1 .C (40.5mm) 

R93/04 Zoorn Lens Body The R93XMCan be imed W h  eRherstandard glass 12.5-75mm ornon-browning glass 12-72mm. i1.8.6:l zoom len55S. tighttng 
systems are not imed as standard. but R e e s  Bnghtstream or STlO lights can be imed externally - please reier lo 'RW Senes 

S h a .  Remaehr mntrolled atnormanual ins. t a x ~ s .  mecm locus. and zoom iuwlons are orovided. W h  a focus I I AnCillaneS' 

Typical Lighting Ring. (m) 

For good piaure 
For usable piaure 

. .  
~ , -  

range oi T to iniinily, and a zoom ~ W i n g  w i l i l y  lrom approx 3 ieet to iniinily in air and from 4.3 feet in wter. 

Viewing Angle. Length with camera ............. 15.5' (395mm) 
Diameter ............................. 4' (104mm) 
Depth rating 197 n (mm) 
Weight with camera ............. 6.7Ibs(3.04kg) Horuontel 

Diagonal 
Venical 

........................ 

R93/65 6mm Wide Angle Lens Body 
I I The R93 wide anale heed is tilled with a Rees 6mm 12.0 non-bnmntna olass lens and IS desianed for use in air or underwater. Plan 

Air WMer 

1.2 0.9 
3.5 1 .e 

- -  
end m e r  correcled wmoym are available. 

Length wnh camera ............. 11.4'(290mm) 
Plain Window Diameter 1.6" (40.5mm) 

Depth raling 330 n ( l w m )  
Diagod 8 5 0  61' Weigh1 mlh camera ............. 3 Ibs (1.41kg) 
Venical 5Lp 430 

............................. 
........................ 

R93/65L Wide Angle Lens Body with Lights B- The R9365.L IS htted wilh the same lens as ine R9365 and is designed tor use underwater. but can be used in aw lor short periods 
(approximately 1.5 hours at 20% ambient) lghling is provided horn 16 x 1 2 wan lamps mth a l a d  output ot about 20 WMS The 
lighting desgn has e panimlar attenllantolheneed lor wideangle lighting ID match the perlormanca oithe lens Plain and water 
correaed windows are available 

Lenghwnh camera ............. ll'(290mm) 
Diamerer ............................. 2 . S  (65mm) 
Depth rating ........................ 1 w n (30m) 
WelgM mlh camera ............ 3.8 Ibs (1.75kg) 

R93/09 Prismatic Viewing Lens Body 
The R93- pnsmalicviewing lens body is extremely versalile. enabling the user Io view any point mthin a complete hemisohero. 
This is achieved by using a 25mm 12.5 non-browning lens Io view through a lining and mating pnsm, allomng k to loor ' - '  

ahead, or, by tiking the pnsm. to vlew at any angle up to 93' from the camera axis. In addition the vlewing head c' 
continuously in enher direclion. the ambin l ion 01 the funaiohs provding a complete hemisphere 01 VIM. 

TheR93nl9is provtded wtlha 2owatr lamp which IS bfted undemealh thepnsm and  racks wnhlhe pnsm tin movement. Thelign:. .. 
syslem has been designed tor use in air only. Typical UgMing Rmgo in air 

Viming A n g h  Lenglh With camera 
(less dome) ......................... 15' (383mm) 

For gmd picture HMizontal Diameter ............................. 2.W (63mm) 
VoRical 
oiaaonar 25" 

Weight With camera ............ .4.6 IbS (2.lkg) 

The R93m acrylic viewing dome has b w n  developed Io on- the RWm9 
head Io vmv undemater. 

Dome d iamer ................... 5' (127mm) 
Lengthwnh camera ............. 14.5 (37orr-I 
Depth rating ........................ 165H (50r 

TheacrylicmatedusedIwtheR93X)9vlewing~ehas eiotalradlariontoleranceot lwrads (10. Gy (Si)), anerwhlch itsnc. 
be replaoad due 10 embrinkmenl. The 

Nor.: Viming 8t r@hl angin with a mating ptism -s fh. picturn to become vertically invertmi &ring a 360' scan. 
ie rS, b.conm boflorn and v i a  v e r u  

lens and pnsm opks are manufanured lrom non-browning glass. 

-- ._I_ __ ...... ~_.__ .... 
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FEATURES 

Widerange 

Designed to enhance the versatility of the Rees R93 Camera, the range of 
interchangeable viewing heads simply screw on to the forward end of the 

Vertical 
Diagonal 

camera body and provide rugged protection for the high performance 
optics. 

39" 29" 
61 O 45" 

Fitting the appropriate viewing head enables the camera to be used underwater 
and gives the user additional facilities including remotely controlled lighting. The 
radial viewing R93-03 head also features a rotating mirror remotely driven via a 
motor in the standard R93 camera. All lighting supplies up to 100 watts are 
routed through the camera cable to spring loaded contacts adjacent to the 
camera lens. These connect to gold plated rings at the rear of the viewing head 

Easyto fit 

Depths to 660 ft 
(=om) 

@ Lighting UD to lOOW - - .  
when the head is installed on the camera body. 

Axial and Radial 
Viewing 

Rees Instruments is fully approved 
for the design and menufacture of 
CCTV equipment ro the following 
infernational quality standards: 

ANSVASQC 091-1987 
IS0 9007-1987 

BS 57549: Parf 1: 1987 
€N29001-f987 

Plain or water corrected windows are sup- 
plied depending upon the application. When 
a plain window is used underwater it narrows 
the viewing angle as follows: 

I Ptene I Air I Water 
Horizontal 1 soo 1 37" 

When a water corrected window is used the 
angle of view in water is the same as the 
angle of view in air. 

The lens focusrng range is from 1.2" to infin- 
ity - but closer focusing can be provided if 
required, subject to individual application. 

The amount of light that can be provided is 
governed by a number of factors, the most 
important being whether the camera is to be 
used in water or air. In water the heat 
generated by the lights IS dissipated quickly 
allowing high power to be used. In air lower 
power may have to be used as heat is 
dlssipated more slowly. In some instances a 

head may not be rated for continuous op- 
eration in air. 

Remote control of the various viewing heads 
including rotation, HI and Lo light levels. and 
light intensity is available from the R90 Mk 3 
Camera Control Unit (CCU) Lighting power 
of up to 20 watts is also provided by the  R90 
Mk 3 CCU Lighting Modute. Heads requir- 
ing higher power outputs, up to 300 wans, 
use the Rees R905LPS Lighting Power Sup- 
ply. This unit is enclosed in a separate 1 U 
high 19 inch rack, interconnecting leads to 
the R90 Mk 3 CCU enable the lighting power 
to be routed via the camera cable 

Note. .. 
Rees should be consulted with regard to 
very critical viewing requirements, or in 
cases where thereare important lighting, 
resoiution, environmental or viewing an- 
gle considerations. In addition fo the 
standard mnge of viewing heads a de- 
sign service is awailable to provide cus- 
tomizedorpurpose-made viewing heads 
for special applications. 
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R93/00 
TheRWOOvwing head proteas 
thelensandenablestheR93cam- 
era to be used underwater A 
water corrected front window IS 
avelable 
Length with camera 1 T (294mm) 
Diameter 1 s' (40 5mm) 
Depth ranng 660 h (200 metres) 
Weight with camera 3 8 pounds 

(1 4 kg) 

I I 

-*on- 
1. Theh(ortnalbnpfcwdedmlqh~ngmnge6m rppmxi -  5 Somavrmng heads can be used atgreeer dwthsthan 

mPleonlybs.dontesDmdenadu(r-cmmnarmg t h m  Indicated Please mnsull Flees lor lunher lnlor 
8- W h  relkctky a( 604: using an RQ3 camera matan 
f h d  W h  4 II(NNcDII 1- 

2. A 'pmbpnurerdellnsd asiwlmrelheIlvmina- For s- lrghlrng u e r ) b u l  R.u u n  offer 
(an avuW n s U n m  Iume cunwra 10 produce a u n d a t b n  bdll&a Usc of the ROJDVEU Mdeo En- 
1 MR -ne ndso s&ral wnh a lmy cpm clb. lrnonnml Unl .y.tem e m  bc of gmaf brnefit tn arms 
A -ma%' paure OM usually boblamad dspsndsnt Ir)m Irphang io ditficull F l e e  refer lo the R e s  
cf~ me acane v w s d  and ennv)mnmmal tamom elc, Ro3OVEU &In . h r t .  
when the Xlurmnstion avpllPM0 IS only ' I ,  that nqured 
to a c h h  a 1 voR eorroosltevrdeo signa wlh a fully Inappliuborr*h.rethcrenrersusnq.~coruwamtr 
open Iris u m s h W d b e  W e n  to allow for Uw sirs of fhe camera 
The 'bngfh mrh c a m -  dimenslorn given relate 10 CD& mwbng cOl*).ftor and if ma.ury, the tern 
lhslengthlromthetipolvrmnngheadlolhe~doflhe r d t m  o l f h e c o m c U n g u m e r . u h l e  P l s u r e k r  ta 

3 

4 

canera wnneclor ffMWnS ~ M e S M d C O ~ C f O l S d . l W t h e e l S  

R93/01 
The RW01 head is designed for use in resfncfed spaces It has a low power internal lighting sysfem of 1 8 
wans provided by a nng of 8 tungsten lamps and can be used continuously in air or water 

Lighting Rang. Length with camera 12" (Z94rnrn) 
Diameter 1 6" (40 5mm) 

For good picture Depth Rating 660h(2M)metres) 
For usable picture Weight with camera 2 7pounds (1 2kg) 

R93102 
The R93/02 heads have either 20 wart or 1 OOwart tungsten halogen lamps. The 20 waft version is designed 
for continuous operation in airorwater. andcan be powered by the R 9 0  M K ~  Lighting Module. The 100watf 
versionisdesigned forcontinuousoperation inwater,andcan beusedin air for snort Periods dependingupon 
the prevailing environmenfal conditions 

Forward vlewing is slightly obscured by the lamp housing bur this tends to be insignificant for the inspection 
of tubes and pipes where the extra Iighbng power available within the same aiameter as Ihe R93/01 head is 
of parhcular benefit. A water corrected window IS fined as standard. 

Lighting Range Length with camera ....( 20W)lT ( 440rnm) 
.................................... (lOOw)l8"(457rnm) 
Diameter ._.........._....... 1.6" (40.5mm) 
Depth rating ..__......_.. 660 h (200 metres) 
Weight with camera . .3 .2  pounas (1.4kg) 

For good pictures (20 wans) 
For usable pictures (20 wans) 
For good pictures (1 00 warts) 
For usable pictures (1 00 wans) 

R93103 
The radial vlewing RW03 vlews at nght angles to the camera by using a stainless steel mirror which can 
scan through 360". The head is fitted with either a 20W or loOW forward lamp and wo 0 7 W lamps one 
mountedateachsideofmernirror Lightfrom the forwardlampis backreflectedtoprovideshadowmcdelling 
the 0 7W lamps produce a difhrse light ideal for close-up viewing The 2OW versions c a n  be used 
conbnuously in air or water The l00W version is designed for operation in waler an0 can be used in air 
for short penods depending on the prevailing enwonmental condifions 
Note: During a 3600 u8n the picture h o m e s  inverted. 

Lighting Rang. 

LO posieon for  good picture (1 4W) 
Lo posibon for usable picture (I 4W) 
Hi posiaon for good picture (2OW) 
Hi posihon for usable picture (2OW) 
HI posinon tor good picture (1OOW) 
Hi posiuon for usable picture (100W) 

R93/05 

In Air in Water 

130' 

157" 43" 

Length witn camera 

Diameter 
Depth raring 
Weight wirh camera 

(2OW) 15" (383mm) 
(1OOW) 16'141 5mm) 
1 65" (42mm) 
660 ft (200 metres) 
3 7 Dounas (1  7kg) 

The R93/05 provides good illumination for general purpose viewing from 2 x 10 waft tungsten halogen lamps 
It is designed for continuous use underwater and can also be used in air for shorf periods After fitting. the 
head can be rotated manually by up to 180" (without breaking the Center waterproof seal) to obtain the 
optimum Iighnng alignment. or to fit into speafic spaces 

Lightlng Rang. 

For usable picture 

Length with camera 12" (300mm) 
Depth raring 
Weight with camera 

660 ft (200 metres) 
5 3 pounds (2 4kg) 

..-.-..-a"-? - : 5:s --:;.;?e?!: ?PC '-:!-':rews ;;: .. J 

,: - 7 '9 i r( a i  in - : cc -- 1900 Lake Park Drive Weyside Park 
Suite 310, Smyma Catteshall Lane, Godairning Siernensstfasse 8 
Georgia 30080 USA Surrey, GU7 1XE. UK 05300 Bonn 1, Deutschland 
Tel : 404 433 9991 Tel: 0483 860066 Tel- 0228 625088 
Fax: 404 433 9994 Fax: 0483 8601 63 Fax 0228626300 

Telex: 859679 

Rees  Instruments reserves the right to amend or change the information on this sheet without prior notice. 
- 



r .- 

- *.Prismatic camera 

I Jp. 

FEATURES 

Radiation tolerant 

Prismatic optics 

e Integral lighting 
for underwater 
use 

e Remotely 
co ntroi led 

Auto iris with 
override 

The Rees R936 Prismatic Camera offers the versatility of a full par 
and tilt function camera combined into a single compact unit foi 
deployment underwater in nuclear environments. The R936 cam- 
era is provided with a tilting prism which is mounted in front of thc 
camera lens and a unique motor mechanism which rotates the 
prism and the main camera components within a special watertighi 
stainless steel casing. This arrangement makes it possible to vieH 
any point within a hemisphere. 

Rees instruments is f M y  approved 
for the design and manufacture of 
C C N  equipment to the fol/owing 
international quality standards: 

ANWASQC Q91-1987 
is0 9007-7987 

Bs 5750: Part 7: 1987 
EN29007-3987 

The R936 camera is designed to be used 
in conjunction with Rees R90 Series M K 3  
Camera Control Units. Fully compatible 
with international video standards, R90 
M K 3  Control Units can be integrated or 
locked to external sources, image proc- 
essors or machine vision systems. A 
range of portable or rack mounted ver- 
sions are available with local control panel, 
or remote control over twisted pair or 
video coaxial cables. All Rees Camera 
Control Units are compatible with the 
R930VEU Video Enhancement Unit which 
provides an increase in camera sensitiv- 
ity of 128:l. 

Remote functioncontrol and picture view 
ing can be via a central switching ant 
controlsystemfrom amastercontrol room 
or from either of two special Operato 
Control Units - one designed to bt 
mounted directly on the cave or cell fact 
wall and the other based on a movablt 
trolley. Both include a 12"picture rnonito 
display. 

Note ... 
R ees shoutd be consulted with regan 
to very critical viewing requirements 
or in cases where there are impoftan 
lighting, resojlltion, environmental o 
viewing angle considerations. 



Additional information is provided in the following data sheets: 
'Rees R936 System Configuration' 
'Rees R90 Series MK3 Camera control Units' 
'Rees R90 Series Cables and Connectors' 
'Rees R930VEU Video Enhancement Unit' 
'Rees Operator Control Units' 

1 Performance and Specifications 

j Mechanical 
Case Material: Stainless steel 
Dome Material: Acrylic 
Weight: 5.5 pounds ( 7 b )  

~ Dimensions 
24 2 ins (615 mm) 1 Length 

1 Diameter (max) 4 4 ins (1 12 mm) 

Environmental 
Operating temperature: 
Storage temperature: 
Depth rating: 
Radiation tolerance: 
(total) 
Acrylic dome 
(total) 
Radiation tolerance: 
(dose rate) 

-1 3" to 130°F 
-13" to 140°F 
160 feet 
2 x 1 O8 rad 

(-25 to 55°C) 
(-25 to 60°C) 
(50 metres) 
(2 x 1 Ob Gy (Si) [Co - 601) 

1 x 106rad 
Single piece acrylic dome should be replaced after 1 x l o 6  rad due to embrittlement 
3 x 1 O6 rad per hour 
1 x lo5 rad per hour (300mGys with Newvicon tube) 

(1 x 10' Gy (Si) (Co - 601) 

(A Gys ' with vidicon tube) 

System Performance 
Resolution: 
Sensitivity: 

500 TV lines per picture height (centre) 
16 lux scene illumination (good picture) 
6 lux scene illumination (usable picture) 

Signal to noise ratio: >36dB (CCU high gain) 
s43d3 (CCU standard gain) 

Notes ... 
1. 
2. 
3. 

4. 

5. 

6. 

Signal to noise ratio measurements refer to weighted readings over TDMHz bandwidth using Rhcde & Schwan UPSF video noise meter. 
Sensitivity using eriending red Newvicon tube and F2.5 non-browning lens. 
A 'good' picture is defined as one whew the illumination 8vailable is sufficient for ?he camera to produce a I volt composite video signal with 
a fully open aperture. 
A 'vsable'picture can usually bo obtainmi, dependent on the scene viewedand environmental factors eft.. when the illuminatron available is 
only one third that required lo achieve a 1 volt composite video signal at lull aperture. 
The infomation provided regarding lighting ranges is approximate only based on tests made in a dark-room viewing scenes with reflectiviiy or 
60% using an R936 camera fitted with a Newicon t u b .  
For scenes where lighting is critical Rees can offer sirnulalion facilities. Use of the R930VEU Video Enhancement Unit system can be of great 
benefit in am8s where lighting is difficu/t. 

optics 
25mm 12.5 non browning glass lens 
Viewing angles 

Air 
Horizontal 19" 
Vertical 14" 
Diagonal 23" 

Water 
22" 
17" 
27" 

Focus range: 3.9" (1 OOmm) to 9.8" (250mm) to 
(from dome surface) infinity infinity 
Lighting range: not applicable 
Functions: Rotate t 180" 

5' - 6' 6" (1.5 - 2m) 

Tilt axial to side. 90" 
Lights onloff, intensity 
Iris 12.5 to 116 
Focus 
330 or 660 feet maximum, dependent on 
cable choice 

Cable length: 

The R936 lighting system has been designed to 
provide local illumination unaerwater and is not 
suitable for use in air. If the camera is to be used 
for general viewing of large pool or pond areas, 
then additional lighting should be orovided. Power 
forthe R936 lighting system IS provided on exter- 
nal Rees Lighting Power Supply 

In applications where there are severe space 
constraints care should be taken to allow for the 
size of the camera cable mating connector and if I 

necessary, the bena radius of the connecting , 
camera cable Please refer to the Rees R90 
series cables and connectors data sheet 

1c - - - . . T o n r s  ' 7  - -  - 9-s ,-c::,:TPP[s 
1900 Lake Park Drive Weyside Park " n r n i i n i i a I i o i ~ @ ~ - r i  
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Georgia 30080 USA Surrey GU71XE UK D5300 Bonn 1 Deutschland 
Tel 404 433 9991 Tel 0483860066 Tel 0228 625088 
Fax 4044339994 Fax 0483 860163 Fax 0228626300 

Telex 859679 

Rees  lnsrnrments reserves the nght to amend or change the mfonnation on this sheet without prior notice. 
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Rees R937 

General Purpose Prismatic Zoom Camera 

FEATURES 

0 Radiation tolerant 
Testpd to an acfumulinpd dom of 2 MGy (2 x 
lU)rads(Si)[~]usinpaspentfuelsource. 

0 High reliability 
The mmerds motor d m  end mechanical 
systems mcluding the pnsm shulter have all 
passed a 30 year aasleraed Ida lest. 

0 Proven performance 
The ebcnonlcd d the Re37 have been devel- 
oped imm the R93 canera used in nudeai 
powsr p!anls throughout the world. 

Spot filter 
A neutral densay spa idler can be fined to the 
zmm lens to SnaDle me camera to be used 
wrth modem wsortube6overa wide rangeoi 
IrgMmg levels. 

0 Focusrange 
The RQ37 wll locus imm infinlty down to Y 
(5omn) I r a n  lhe m r a  dar, using macro 
idus; toom lens r w r a c b  au10matLeQlly a i m  
milcro use. 

0 Automatic iris with override 
The auto iris autormcatly changes the ins 
sening 86 the lght level va1-86 berwean dler- 
ent scana6. 

Choke of Sensor Tubes 
The camra can be itnpd wth a range oi V3- 

(lemm) sensor lubes depending on sensltrw- 
iv. terrperature. redratcon tderance and reso. 
lut~on requfremems. 

Shutter mechanism 
A pnsrn iolbmng shulter mechanism +s Inted 
whrhshleldsthe unuaad aurfams dthepnm 
to reduce spunws refleclm 

0 ZoomLens 
The R937 1s prwlded wlh a radmcon tolerant 
motoraed zoom lens to gwe the operator re- 
mely  vanable magndicaion WBT a range of 
54101 

Rees Instruments is fully approved 
for the design and manufacture of 
CCfV equipment to the following 
international quality stan&rds: 

ANSPASQC Q91-1987 
IS0 9001-1987 

55 5750: Part 1: 1987 
EN 29001-1987 

The Rees R937CMB General Purpose cam- 
era combines the versatility of a pan, tilt 
and zoom camera system into one com- 
pact unit for deployment in air. 

The R937CMB camera is designed to be used 
inside nuclear cells and is encased in a water- 
proof stainless steel housing and views through 
a non browning glass dome. Its powerful 
optical system utilizes a rotating, tilting prism 
and a zoom lens to view in excess of a hemi- 
sphere. The R937CMB camera is easy to 
decontaminate and is an ideal solution to ap- 
plications requiring television surveillance on 
or from spent fuel handling and processing 
machines. 

The R937CMB camera is designed to be used 
in conjunction with Rees R90 Series Mk 3 
Camera Control Units. Fully compatible with 
international video standards R90 Mk 3 Con- 
trol Units can be integrated or locked to exter- 
nal sources, image processors or machine 
vision systems. A range of rack mounted 
versions is available with local or remote con- 
trol facilities. Options available include a local 
control panel, telemetry receiver cards for re- 
mote control over twisted pair or video coaxial 
cables, and amotor position card with tell-back 
information for all monitor functions - enabling 
the R937 viewing system to be automatically 
linked to the movements of an in-cell machine 
or manipulator. All Rees Camera Control 
Units are compatible with the R930VEU Video 
Enhancement Unitwhich provides an increase 
in camera sensitivity of 128:l. 

Remote function control and picture viewing 
can be via a central switching and control 
system from a master control room, or from 
either of two special Operator Control Units - 
one designed to be mounted directly on the cell 
wall and the other based on a movable trolley. 
Both include a 12" picture monitor display. 



Additional information is provided in the following data sheets: 
' R e e s  R937 Underwater Camera' 
' R e e s  R937 System Configurations' 
' R e e s  R90 Series Mk3 Camera Control Units' 
'Rees R90 Series Cables and Connectors' 
'Rees R930 VEU Video Enhancement Unit' 

Mechanical (R937CMB) 

6 (1 56mm) maximum diameter (including dome) x 25" (627rnm) including camera connector. 

Environmental 

Operating temperature: -13" to 130°F (-25 to 55°C) 
Storage temperature: -1 3" to 140°F (-25 to 60°C) 
Radiation tolerance 

Radiation tolerance 
(dose rate) 

System Performance 

2 x l o *  rads (2 x lo6 Gy (Si) [COSO]) total dose) 
3 x lo6 rads per hour (>8Gya1) vidicon) 
1 x 1 O5 rads per hour (300 rnGys-') Newvicon/Chalnicon) 

Notes ... 
Resolution: >550 TV lines (central zone) 1. Signal to noise ratio measurements refer to weighted 

Sensitivity : reading over 10 M H z  bandwidth using Rhode & Schwarz 
UPSF video noise meter. 
Sensitivity using extending red Newvicon tube tungsten 
illumination 2856K, 80% average scene reflectivity. Signal to noise ratio: 

50 lux (F3.6) 4,000 lux (F32). 
>18,000 lux with ND spot filter. 
>43 dB (CCU standard gain) 
>36 dB (CCU high gain) 

2. 

Optics 

Viewing angles Zoom Out Zoom In 
(in air) 
Harizontal 21 " 3" 30' 
Vertical 16" 2" 40' 
Diagonal 26" 4" 20' 

Focus range: 
Function: Rotate k 180" Tilt axial to side, 90" 

2" (50mm) (from glass dome) to infinity. 

Zoom 25mm - 135mm Iris F3.6: F32 
(T180 with ND spot) 

~ . 

Cable Length 

Camera to CCU separation 660 feet (200 metres) (TV36). 

Sensor Tubes 

2/; (18mm) format Vidicon, Newvicon, Chalnicon and Pasecon tube types are all suitable, dependent on application. 

1900 Lake Park Drive 
Suite 31 0 Srnyrna Catteshall Lane Godalming Siemensstrasse 8 
Georgia 30080 USA Surrey GU7 I X E  UK D5300 Bonn 1 Deutschland 
Tel 404 433 9991 Tel 0483860066 Tei 0228 625088 
Fax 4044339994 Fax 0483860163 =ax 0228 626300 

Weyside Park 

(ri Telex 859679 

R e e s  lnstmments reserves the right to amend or change the information on rhis sheer without prior notice. 



FEATURES 

0 Vlewing capabiltty 
Exards a ful hamaphsre through a angle plsac 
dansby wing rasld and prrmblt to e(to* cum and 
a m .  

0 Radiation tolerant 
T M . 0  m m s c n n w l P e d ~ d Z M G y ( 2 x  l(r) 

Rdo 69 [CO~OI usmg aspant fuel sourn. 

0 High reliability 
Tho cumra's mdoc dnve urd rnWwuml system 
irc4dingthprsrnshunnhaveallpassed a30 year 
aocsloraed I le tw. 

0 Proven performance 
The d the A937 haw been develooed 
fmm rtu, R93 camera wed h nud.ppower ptants 
thmughart the world. 

0 Shutter mechanlsm 
Apnsmfolbwnngshul(ermschmi6mahlelds the rear 
sufpcgi d the pnsrn m reduce spurious relleclms. 

Rees lnstrumenfs is fu//y approved 
for the design and manufacture of 
CCTV equipment to the following 
international quality standards: 

ANSUASQC Q91-1987 
BO 9001-1987 

BS 5750; Part 1: 1987 
EN 29OO1- 7987 

Oplico awrd mechanism in daw 

The R e e s  R937 thru-wall and thru-roof viewing 
system provides an ideal solution to the prob- 
lems of television monltoring and surveillance of 
nuclear processing cell interiors. 

The R937 thru-wall and roof viewing system uses a Rees 
R937CMEcamerafitted in aplug-unit installed in theshield 
wall (or roof). The camera views the inside of the cell 
through a special viewing dome which acts as a biological 
shield allowing the camera to be "posted" in and out of the 
cell wall within a shielded liner assembly. All camera 
components are therefore accessiDle for maintenance 
from the exterlor of the cell. Man-entry for maintenance or 
replacement is unnecessary, and because t he camera has 
been protected from the risk af contamination it can be 
maintained and repaired in an ordinary electronic instru- 
ment worrtshop. Use of the R937thru-wall and roof viewing 
system is, therefore, fully in keeping with the latest ALARA 
(As Low As Reasonably Achievable) precepts concerning 
radiatlon dose uptake for nuclear operators 

The R937 shielded liner system requires a much smaller 
aperture in the shield wall than a viewing window, making 
it easier and more cost effective to accommodate within 
seismic design mnstraints. Window viewing requires very 
high ambient light to be provlded, which in turn produces 
heat. The R937CME camera will operate in relatively low 
light levels and, therefore, its use may reduce celltempera- 
tures, and ease heat control and venting problems. 

CAMERA CONfROL 

The R937CME camera is designed to be used in conjunc- 
tion wrth Rees R90 Series Mk3 Camera Control Units. Fully 
compatible with international video standards R90 Mk3 
Control Units can be integrated or locked to external 
sources, image processors or machine vision systems A 
range of plug unit, wall or rack mounted versions is avali- 
able with localor remotecontrol facilities Options available 
include a local control panel, telemetry receiver cards for 
remote control over twisted pair or video coaxial cables, 
and a motor posltion card with tell-back information for all 
motor functions - enabling the A937 viewing system to be 
automatically linked to the movements of an in-cell ma- 
chine or manipulator. All Rees Camera Control units are 
compatible wrth the R930VELJ Video Enhancement Unit 
whlch provdes an increase in camera sensitivity of 128:l. 

Remote function mntrol and picture viewing can be via a 
central swnching and control system from a master antrol  
room, or from either of two special Operator Control Units 
-one deslgned to be mounted directly on the cave face wall 
and the other based on a mobile trolley Both include a 12" 
picture monltor display 



A The lntennediate liner which is designed and manufactured to fit within a 10 6- (270mm) Site encast Imo: 
G (the system can also be  accommodated within 6' (1 50mm) liners if  required) 

Dimensions: Diameter: 6-10 11' (1!50to 270mm) 
lewh: 28' ( m m m )  to more than 118' (3m) 

B Camera wewng dome IS constructed from a single piece in non-browning glass and is filled lo the cell-side 
01 the intermediate liner to act as a biological shield It allows vlewing in excess 01 a full hemisphere 

Weighi. 
Material: 

Shield plug and camera - 110-440 pounas 
Carbon sieei With lead Shot concrete and 
lead fillers 

Dimensions: Diameter: C ( 1  50mm) 
Weight: 4.4 pounds (2kg) 

__ ___I 

Material: Non browning 9;ass 

P4wh.nk.l (Ro37CME) optics 

Viewing angles Zoom Out Zoom In 
(in air) 
Honzontal 21 3' 3' 
Venial 1 6  20 4 0  
Diagonal 26' 40 2 0  
Focus range From glass dome to inliniiy 
Rotate function ? lSO* 
Tilt axial to sloe 900 
Zoom 25mm - 135mm 
Iris F3 6 
iT180 wtlh ND ~ ~ 0 ' 1  F32 

Environmsntnl Systarn Perlormama 

_=.- --... "'"l::; 7 , ;  -ses ! ns t ru r?? . :  - : . $05 : :? z i  r -  .- en  ! s  _ _ _  
1900 Lake Park Drive Weyside Park 
Suite 310, Smyma Catteshall Lane Godalming Siemensstrasse 8 
Georgia 30080 USA Surrey. GU7 1XE. UK 
Tel: 404 433 9991 Tel: 0483 860066 Tel: 0228 625088 
Fax: 404 433  9994 Fax:  0483  860163 Fax: 0228 626300 

' '3 ,T m LIT: i w a t  IC .T s DY rc 

05300 Bonn 1. Deutschland 

Telex 859679 

Dimensions 
maximum diameter 5' 
lenglh 24" 
Weghi 29 pounds 
Total dose 2 x l O  
Matenal Diecast 

Aluminium 

Rees instruments reserves the right to amend or change the information on this sheet wfthout pnor notice. 
_ _ _  -__ _____ ___  - 

Temperature Resolution ,550 TV lines 
Operating temperature -13'F to 13oOF -25" to 55°C Sensiliviiy 
Storage - 1 3 O F  ro 1400F -25' ro 6O0 F3 6 50 lux 
Humidity (non condensing) 95% F32 4009 lux 
Radiation tolerance 
Total dme 
Dose rate 

(full vldeo amplltude. extended red 
2 x lOGy  (Si) [GSO] (2 x 10" rads) newtcon. 80% average scene 
z f lGy~'  (Si) [C060] (3  x 1 f f  rads per hour) reileclivity. tungsten illumination 

=)o 

Sensor Tubas: *I; (18mm) format 
(Vidicon. Newicon. Chainicon and Pasecon tuba types are all suitable, dependent 
on applicalion ) 

Cable Length Camera 10 control unit separation 656 (200 metres) 

ND spot finer 1 Boo0 lux 
Signal 10 noise ratio 
(CCU standard gain) >43 dE 
(GCU high gain) >36 d0 



Rees R90 Series Cables and Connectors are designed for use with all of the R90 Series nuclear 
cameras and have been specifically developed for nuclear applications underwater or i n  air. 

FEATURES 

a 

a 

Air and underwater 
appplications 

Radiation tolerant 

Wide range 

Specifi cal i y developed 
for nu c I ea r o per at i o ns 

Site reterminable 
connectors 

Field proven design 

All the Rees R90 Seriescameras have avery high radialion tolerance which is partly achieved by their 
aual unit construction with the majority of the camera electronics being contained in a seDarate camera 
control unit (CCU) positioned outside the active area Thisdesign approach reduces radiation induced 
damage, while also ensuring easy Service access. The camera control units are linked to their 
associated cameras by single composlte camera cables - with matching connectors ~ whtch provide 
all the necessary power, control and signal functions 

R90 SERIES CABLES 

Slandsrd C s b k  

' Cable 

Sp.cl.1 Ciblce 

7::; Operation Nates 
I 

I caccu I I Sep.ntim(rn) 
j C a f t ~ ~ l o  1 OpentionNotes 

I 1 ccu Lninrcacte 
I ROOOCA8014 I I 

7 ' 3 6  I 290 1 ,ighiing currenl 6A l a x  6 8mm oia 
Sa rai MO e 
i 8wm cia 

'3700019 I 
53mm ala mils 1 
=ialtorm CaDle I Full anoitraiion Scet licailols are renrlrec 

, cull R937 Optrow 

i 17mmaia ~ available 

, Minikevlar 00 .ignling currenl 6A max 
1 R937 has reaucen oct on5 I betors t~ F cao e c a i  rn cars aerea 

102 00 027 
l l m m d i a  I 
Rees TV36 102.00.019 

ChsractPriasca 
Vechanica 3 amie ,  16 45mm m x  16 90rrnr 

36 core camera cacle wltn mviar 
braid potyeinyiene Cores arc 
Wyesler eiaslomer iacna Ereakslrengtn 1000 ug 

Minimum Installation wand radius 1 0 3 n n  
Continuous liexinq cend radius 240mrr 

Cores 
3 maxmis 75 ohm 
1 group ot 14 
(each 7 x 0 16rnm) 
1 screened group ot 7 
(each 7 x 0 16rnm) 
1 group 01 4 
(each 7 I 0 16rnmi 
1 screened group of 4 
[each 7 I 0 32mrn) 

(each 7 x 0 23rnrni 
A singles 

Rees Miniksvlar 102.00.027 
31 mre  cameta w i e  wmtn kevtar 
strengrh member PVC cares ana 
polyurelhane elasiome' awe1 

cores 
2 maxtals 75 ohm 
1 screeneo auad 
(7 x 0 2mm) 
2 groups of 7 
(each 7 I 0 Zmmt 
1 grouo 01 5 
teach 7 x 0 2mm) 
3 singles 
(each 7 I o a m )  
3 sann returns 
(each 16 x 0 m m l  
1 kevbr slrenglh memoer 

. I  

Rees Minicable AOOOCAB014 
A s w a l  31 core camera CaDIe wilh a 
very srnall diameler ana neno raatus 
polyester mm cores ana Doivester 

\ \ \  \ 4 / 1  d /  elastomer iackei 

Rees Instruments is Iuliy approved 
for the design and manufacfure of 

international 9ualify standards: 
C C N  equipment to the Mowing I 

I 

ANSIIASQC Q9 1 - 1987 
IS0 9001 -7987 

BS 57%: Part 1: 1987 
EN29001-1987 

Cores 
2 maxulr  75 ohm 
1 screenea ouao 
(7 I( o h r n )  
21 Singles 
{each 7 x 0 2rnmi 
3 51ngk35 
'each 19 I 0 h m 1  

Weght in air 0 3ikq per melre 
Omraiing t e r n  range 
Total tadmiion dose i I ID Gy (2 x 10' raas) 

Cnaracleratrc imwdance 75 v m 5  
A'ienuatton 4 7 e3 per l c O r  a' 10 MHz 
Palyetnylene tnsulaleo Cores 
CC resistance ai 20'C 
7 x 0 32 3 59 onms oer 100 rretres 
7 x 0 23 6 E3 ohns 3er 100 -eves 
7 x 0 16 

20 ' 0  80 C 

E ec~r ica 75 ohm coma1 

4 2 0P-s cer 1CC -eve5 wax 

Characteristics 
Vecnanicai Ciameler 11 30mm i C 38mrr 

1nSlaliaiion bend rac us 82-7- Tln 
Conlinuocs tlexiry Den0 radius 165rrrr Tin 

Wetgni in air 0 250 per metre 
areak slrenglh 7 2 4 ~ 9  
Omrattrg term rwae  
rcial saoiaiion dose * Gf 'C '  was i 

Characlerstc imoemice :Y 2 ol'm 
Arianuation 5 7 34 oer 1 0 2 -  a' 0 MHz 
PVC Insulated Corps 
dc resislance 8 9 OPT oe. ' 31m nomiral 
iann returns 
2- re51sia~ie d D 1 s  oe, ^̂I ncrntnai 

2C ' c  ': C 

E'ectrical 75 ohm coaxial 

Ch.r*clerisbcs 
Vechanica, Giameier 8 8 n n  i C 6rrrri 

Irsiailation bend radius 4 5 - i  m i  
Continuous Illexin3 cend raai~5 90mm 
Wetghl m av 0 1cw Der mere 
Ooerattng term range 
Total radialion dose 'C' Gy 3' rad51 

25" ' 0  iC C 

Electncai 75 ohm coaxials 
Charammsltc tmnedarce ' 5  2-71 . 2 o n m  
Atlanuation 5 7 6 3  cer lCGr  a' '3 MUz 

aolyester T a m  i rwa tea  CD'P 
z z  res stance at 2C C 
7 x 0 2mm 0 8 0'1~s cer 1C'- 
' 9  I 0 2mm 3 2 9-35 oer -I^- 



Rees Flatform Cables 
m 

Minicable 1 R937ClR08A iR930CNROaA R930CNR12AI RSSOCNROSA I R937CNRr:A 

Minikevlarl R93TN906A IR930CYRMA I R930CYRlOA R930CNROSA R937CN907A/ 
I 

Rem Minicable Soiral 

Video and Control Cable CAB.QO64Q 
This cable wmbines a video cable and a two wre  mlivol Cabe into 
one fgure of 8 a s s e h l y  Cores are constructed in PVC Icellular 
potyelhyleh? forthe coarial! with PVC pckets 
The CAB OW50 cable is designed lor use in as and n mainly used in 
appiications scecrlfing Rees Operator Control Units wnere it is Used 
as ttw interwnnening Cable to any master wntrol ana vldeo swncb 
ing matrix used ana where RS485 conlrol system PnilCdODhieS nave 
bean adopted II is also mea lor thru wall camras lmed with Wall 

to a w t e r  conlrol and video swnching matrix 
Mounted M e  CCU connected direcllylo an -rator Control Unn or 

Video Cable CAB.00650 
This K ahigh qualny coaxial cable intended for f i x a d  installation 
condunor wnh solidpolyerhylene dwlemric. plain ccoper wire braid ana black 2VC sheatn 

It comprises 1 x 1 15mmplain copper 

R90 SERIES CONNECTORS 

Standard Stte R@tcW#UMMe U n d e m t w  Connectors 

Reasunderwaterconnectonarewnstruned in chemically blackenedslain!=asssleel All interconnections 
are protected by sea$ All 01 the R 9 0  seras 
underwater wnnenors shafe the S a m .  basic mechanical oesign with size and insens dependent upon 
the camera cable and/or camera selected 

Terminations are made using hgh quality contacts 

Depth rating 100 metres 
Minimum installalion dislana, from camera connector to cable galh perpendicular to cameras axis wiih 
TV36 2mmm 
with Minrkevlar 2 0 5 m  
with Minlcabb 17Gmm 
Vohage rating' 600 V dc 
Current rating 5 A 
Break strength wnh minikevkr or TV36 better than 75 kg 

Camera Insert Coniacl. Cable D i ~ f i ~ t c r  (mm) Length (mm) 
Connector centre 

R930CNRWA 24p!n Solder Minikevlar 30 117 
R9X)CNROGA 24 pin Solder TV36 33 117 
R937CNROdA 40 pin C r i m  TV36 49 122 
R930CNRO8A 24 pin Solder Minicable 30 117 

Special Undemaer  Moulded Connectors 

A range 01 moulded mnnectors are available to snecel order Moulded connectars cannot be 
reterminated. buttheycanoperateloadeplhs inercessolMOme~res Theminimum mslallalwn Oislanm 
lrom the back of the camera lwith cable leaving at rignl angles) IS 230mm wnh TV36 21Gmm wdn 
Minikevlar. and l8Omm with Minicable 
Breakstrength wnh minikevlar or W36 is 75 kg 

Soeciai eioanaaoie soira 
M~ricanle are ava m e  

versioqs 01 tpe Rees 

Ch8ractertstlca 
Cores ' screeneo Iw S ' e G  ca  . coaxial 

: a-elers 6 ' 5 - -  b ' '  3 3 ~ r  Mechanical 

Charscteristlcs 
Mechanical 2 arneler ' C  ?r?n 

'hnlrnum lnstalla:101 bend raoius . 2 5 m ~  
'?Jetgh! ir at' C . 5 ~ g  per metre 
ODeraling term ,a-ge -3O'C :o 8 5  C 

Electricai T'laracteristic iweaance 75 O ~ T S  

A!lenualior ' 6 c3  Der 1GGm a! ' n  'W? 
..... ... 

I 

I Rees B re Ueleminable Underwater Connecror 

I 
R n s  90" Stainless Steel Connector 

U s e  of the 90" wPnectar reduces ine total bena 1 radius from the back ot [ne camera to the cable I 
c- 

perpendtclrlar io ' 5 ~ m  lor all caoie tyoes - I  

CAMERA>CCU MATING CONNECTORS 
CAMERA cc u - 

- 1 Rees Underwater Moulded C o n M C I o ~ ~ ~ ~ ~ ~ ~  

. 

1 
- . -  - - -  - -  >PL. ;-. - E ?  - > r  _- - - - - - -  - 1900 Lake Park Drive 

Suite 310 Smyrna Catteshall Lane Godalming Siemensstrasse 8 
Georgia 30080 USA Surrey GU71XE UK D5300 Bonn 1 Deutschland 
Tel 404 433 9991 Tel 0483 860066 Tel 0228 625088 
Fax 4044339994 Fax 0483860163 Fax 0228 626300 C 

Telex 859679 C 

Weyside Park 

I 
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FEATURES 

19 inch 3U rack, 
wall-mount, or 
plug unit chassis 

Telemetry 
control led 

Compatible with 
all Rees cameras 

Camera type 
selector switch 

@ Optional lighting 
and pan & tilt 
supplies 

0 Developed for use 
in radiation 
tolerant systems 

Rees Instruments is fully approvec 
for the design and manufacture of 
C C N  equipment to the following 
international quality standards: 

ANSUASQC 091-1987 
IS0 9001-1987 

Bs 5750: Part 1: 1987 
EN29001-1987 

Rees R90 Mark 3 

System Camera Control Units 

The range of R90 Mk3 System Camera Control Units (CCU) are specifically designed for 
use in multi-camera systems and can drive all standard Rees Cameras. Dual and single 
rack-mounting, plug-end and wall mounting variants are available allowing maximum 
a pp lica t ion versatility. 

1 %  

I- R930CUJ Rack Mounting CCU 

R93OCUF Pluu Unit CCU 

I R930CUM Wall Mount CCU 

All the R90 MK 3 CCU are fully com- 
patible with international video stand 
ards and can be integrated or locked 
to external sources image proces- 
sors or machine vision systems All 
are compatible with the R930VEU 
Video Enhancement Unit which can 
increase camera sensitivity by 128 1 

Models are available for 525 or 625 
line tvstanoards. 100-1 20Vacor200- 
240V ac power supplies, with remote 
control over twisted pair or coaxial 
video cables The CCU are IinKed to 
cameras by multicorecameracables 

Remote funcbon control and picture 
viewing can be wa a central switching 
and control system from a master 
control room, or from either of two 
special Operator Control Units - one 
designed to be mounted directly on 
the cave or cell face wall and the other 
based on a mobile trolley Both in- 
clude a 12" picture monitor display A 
separate and small free standing re- 
mote control unit is also available 

To maintain high resolution pictures 
innovative new circuits have been in- 
corporated into the MK 3 GGU to 
significantly reduce the effects of ra- 
diation damage to the camera and 
induced noise. dark current tempera- 
ture instability and tube-ageing 

The MK 3 Video Card includes an 
auto-blackcircuit that detects the dark- 
estarea of the viewed scene and uses 
this as a reference to set the grey 
scale for the rest of the picture Tnis 
optimizes the picture contrast inde- 
pendently of tube dark current varia- 
tions caused by radiation effects or 
temperature change When used in 
conjunction with the auto iris or auto 
target gain circuitry i t  also greatly im- 
proves the picture trom scenes of low 
contrast 

The MK 3 Scan Card beam curreni 
stabilization circuit counters the ef- 
fects of tube-ageing by sensing the 
limiter current and controlling the gric 
voltage to maintain a constant bear  

current under varying conditions This automatically stabilizes the beamcurrent producing an improvec 
electron beam spot shape and high resolution 

The mmbined action of these circuits enables any Rees MK3 series camera to proviae high resolutior 
pictures for longerperiods of time to higher total absorbed raaiation doses (2 x l o5  Gy iSii[CoGO]) and a 
higher temperatures 
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R930CUJ System Camera Control Unit 

1 Dimensions 1 Features 

(370mm) Length: 14.6 ins 
Width: 19 ins (484mm) 
Height: 5.2 ins (1 33mm) 
Weight: 18 Ibs (single) (8.3kg) 

27 Ibs (dual) 12.4 kg) 
Operating temperature: 32" to 122°F (0 to 50°C) 
Storage temperature: -1 3 to 140°F (-25°C to 60"C), 

I @ 19 inch 3U Rack mounting chassis 

@ Single and dual versions, for one or two cameras 
0 Compatible with all Rees cameras 
0 Options include caption generation, Telemetry, Lighting 

power supply, pan and tilt supply and position feedback 

@ Specifically designed for system use I 

Humidity: 95% non condensing 

R930CUF Plua EndMlall Camera Control Unit 

Dimensions 

Length: 15 ins (382rnm) 
Width: 18 ins (458mm) 
Height: 5.9 ins (150mm) 
Weight: 36 ibs (1 6.5kg) 
Operating Temperature: 32" to 122°F (0 to 50°C) 
Storage Temperature: -13" to 140°F (-25Oto 60°C) 
Humidity: 95% non condensing . 

- 
Dimensions 

Length: 11.6 ins (294mm) 
Width: 6.8 ins (1 73mm) 
Height: 9.3 ins (236mm) 

Operating temperature: 32" to 104°F (0 to 4OOC) 
Storage temperature: -13 to 140°F (-25°C to 60°C 
Humidity: 95% non condensing 

Weight: 17 Ibs (7.8kg) 

Features 

0 Strong steel enclosure 
0 Easy service access 
0 Wall mounting 
0 Position feedback, CaptionGeneration, Lighting Power Sup- 

0 Compatible with all Rees cameras 
0 Telemetry fitted as standard 

ply and Pan and Tilt Supply options 

I ___ 

Features 

0 Strong stainless steel enclosure 
0 Plug-end or wall mounting 
0 Position Feedback and Caption Generation options 
0 Telemetry fitted as standard 

TYPICAL APPLEATIONS 

MATING 
CONNECTOR 

CAMERA CAB1 E I n 4  1 

PLUG 
UNIT MATING 

FONNECTOR I 
CAMERA CABLE 

01 

VIEWING SYSTEM 

CAMERA 
CAMERA CABLE 92 

PAN h TILT 
UNIT 

[ i;:ONAL ~ I 

RDOOLPS LIGHTING 
POWER SUPPLY I 

ROfOVEU VIDEO I 

I 
VIDEO CASSETTE 1 
RECORDER I 

I 

I 

I 

I 

I 

I 

I 

, 
I 

ENMNCEYFNT -1 

I 

I I J 

LOCAL CONTROL 
PANEL 

MOBILE 
OPERATOR CONTROL 

ccu 
UNIT FITTED WITH 

I REMOTE CONTROL UNIT 

j- -;- -1F;Z 1 
I 

CONSOLE OR DESK 

, MOBILE 

CONTROL UNIT 
6 OPERATOR 

LOCAL 
PANEL 

CONTROL 

I I 
THRU WALWROOF 
VIEWING SVSTEM 

MULTlCORE CAMERA CAELE 
COUITELEYFTRV - - _ _ - -  
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FEATURES The Rees R975 Camera is a single unit device specifically devel- 
oped for a wide range of viewing tasks in nuciear environments. 

Remotely controlled 

0 Independently tested 
radiation tolerance to 
2MGy (2 x IO* rads) 

0 Dose rates >8Gys-’ (>3 
x I O 8  rads per hour) 

0 Compact and light- 
weight 

Simplified cabling re- 
quirements 

0 Range of lenses to suit 
different viewing tasks 

0 Range of image sen- 

e 
The Rees A975 Camera utilizes industry proven 

sor tube options 

225W Local lighting 
option 

Rees instruments is fully approved 
for the design and mnufacture of 
CCW equipment to the fo//owing 
international qua/* standards: 

ANSUASQC Q91-1987 
ISO9001-1987 

8s 5750: Part 1: 1987 
Eff 29001-1987 

radiation tolerant circuitry to provide high quality 
monochrome pictures in active areas. By using 
a single unit design concept, cabling require- 
ments are simplified allowing remote control of 
optical functions via the R970 Multi Purpose 
Control Unit (MCU)or R970 Remote Control Unlt 
(RCU). The camera can also be simply inter- 
changed between control units without requiring 
set-up adjustments. 

The camera is housed in a compact stainless 
steel case that protects all the drive circuitry, 
image sensor and optical components, This 
configuration enables the unit to be sirnpiy de- 
ployed and minimizes oecontamnation proce- 
dures should the unit require maintenance. The 
housing IS also fully sealed to allow submersion 
to 220 feet (68 m) for pond applications. 

Incorporated into the camera are speaal circuits 
that maintain video performance over an ex- 
tended life. To ensure optimum operation. auto 
gain control and auto black level functions coun- 
ter the effects of tube aging, raaiation and poor 
lighting. 

A range of lenses with varying optical character- 
istics are available to suit the viewing task. Ad- 
ditionally a range of z/; (18mm) image sensor 
rubes can be selected to give high resolutron, 
high temperatureoperation or high radiation dose 
rate capabilities. 

The camera can be linked to its MCU by one of 
the range of purpose designed radiatron tolerant 
cables depenaing on the users requirements. To 
produce local scene illumination the camera can 
be fined wtth up to 225W of local lighting using a 
Rees  Lighting Adaptor. The lighting adaptor 
fitting is controlled via the camera cable and 
MCU and powered by the matching Rees R905 
Lighting Power Supply (LPS). 

Fully compatible with international video stand- 
ards, the R975 camera and R970MCU can be 
incorporated with, or lockedto, external sources, 
image processors or machine vision systems for 
integrated system applications. remote control 
andpicture viewing can beviaacentral switching 
and control system from a master control room, 
or from a trolley mounted or cave face Operator 
Control Unit. 



PERFORMANCE AND SPECIFICATIONS 

Mechanical: 
Length ............................................................. 9.6" (244mm) 
Length with connector ..................................... 11.2" (285mm 
Diameter .......................................................... 2.75" (70mm) 

Weight ....................................... 4.5 pounds (2kg) 
Case material ............................ Stainless steel 
Viewing windows ...................... Standard or water corrected 

Signal to noise ratio ......................................... 56dB (200nA peak, 5MHz CClR weighted RMS) 
.................................. 1 volt composite video output ....... 

0.3 volt syncs 
1.2 vok peak white clip 

Interlace ........................................................... 2:l 
Linearity ........................................................... 2% 

Optics: Non-browning 9mm D mount auto iris lens fitted as standard. Optional non-browning 6mm and 25mm D mount lenses 
can also be specified. 

i 
Typical Viewing Parameters I Lens Hor izonta I Vertical Diagonal FocusRange I I I 

~ - 

Standard 9mm lens 

Optional 25mm lens 
Optional 6mm lens 

50" 39" 61 O 1" (25mm) to infinity 
58" 85" 0.2" (5mm) to infinity 73" 

20" 15" 25" 6.7" (1 70mm) to infinity 

330 feet (1 OOm max) Minikevlar TV36 330 feet (1 OOm max) 
~~~ ~ 

Local Camera Lighting 
Localized scene illumination is provided by the Rees lighting adaptor system. Different configurations can be selected to suit 
the viewing task and are powered by the R905 Lighting Power Supply. 
Lightign output ................................................. up to 225W (flood or spot light combinations) 

Notes ... 
7. 

2. 

Rees should be consulted with regard to very critical viewing requirements, or in cases where there are important lighting, 
resolution. environmental or viewing angle consider8lions. 
In applications where there are severe space constraints care should be taken to allow for the size of rhe camera cable mating 
connector and if necessary, the bend radius of the connecting camera cable. Please refer to the R e s  R90 series c8bles and 
connectom datasheet. 
Forrrpptications requiring a zoom capability the R976 Zoom Camera combines rhe same video circuitry with B radiation tolerant 3. 

...... . .  ...-" :e5 n 5 , r ~ m e n ' s  
3rrvvi! \at ionsouro 
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FEATURES 

e 

a 

0 

0 

0 

a 

a 

Remotely controlled 

Radiation tolerant to 
1 MGy (10% rads) 

Dose rates 
> lo  GyS1 ( ~ 3  x lo6  
rads per hour) 

12-72mm or 
24-144mm zoom 
lens systems 

Up to 225W camera 
lighting options 

Underwater 
applications to 
660 ft (200m) 

Stainless steel and 
lightweight housings 

Rees Instruments is fuliy approved 
for fhe design and manukcture of 
CCTV equipment to the following 
intema fionaf quality standards: 

AUSUASQC 091-1!387 
IS0 9W1-19B7 

BS 5150: Part 1: 1987 
EN 29001-1987 

The Rees R976 Zoom Camera incorporates a radiation tolerant 
camera module, and non browning zoom lens for viewing a wide 
range of nuclear operations. 

The R976 Camera us&s a racfiabn tolerant video 
module, coupled lo a remotely controlled non-browning 
zoom lens to prov& high quality monochrome pic- 
lures. By using a single urut video module the desqn 
ensures that cablmg requirements are mintmized For 
example, in a simple survedlance application where 
remote cantrd of lens functlans is not mqutred the 
mntmum cable requtremenrS are 1 coaxial for wdeo 
and 2 conductors for camera power. 

A funher advantage of thts type of destgn IS that 
cameras can be simply interchanged between control 
uni6 mthoul the need for a control unit set-up proce- 
du re 

The video d u b  and optus are housed In a tough 
mdustnal caslng which IS available in stanless sleel or 
anodized aluminium verwns 60th vetsorts enaMe 
the unit to be depioyed underwater to depths of 200 feet 
(a) and mnirnzedecontarmnation procedureswhere 
necessary The anodized aluminum verston IS de- 
signed for weqht cnlical appllcations such as manipu- 
lators and robotic arms 

Speaal circuitry IS included in the video module to 
maintain wdeo performance over an extended life To 
ensure optimum operation auto gain control and auto 
black level functions counter Me effects 01 tube aging. 
radlalion and poor llghting 

The optlcal systems used by the R976 are based on 
held proven designs used in other Rees cameras. Two 

combtnaltonscanbeuWizedtogiveeitheraF1.8.12to 
7 2 m  zoom or F3 6.24 to 144mm zoom capability 
The lenses use non-bromtng glassware and have all 
opkal functms (focus, zoom and WE) motorized to 
allow remote control 

To p r o m  remote control of optlcel fundtons and ttre 
optional kghbng units. two control units are avalable. 
These are the R970Mulh-purpose Control Unit (MCU) 
or R970 Remote Control Und 

The A976 ts linked to its MCU or RCU contdler by one 
of the range of purpose destgned Rees radiation I&- 
ant cables These give a chace of configurattons to 
enable deployment vm a cable reeler d required The 
high break skrength characmstics of the cables atso 
a b w  drect deployment of the camera 

To produce bxxd scene illurntnatmn the camera can be 
ftlted with different lghting cwnbinallons wth a total 
output up to 225W These am fmed to the camera uslng 
a Rees Lighting Adaptor and cmUolid v n  the R970 
MCU or RCU Power is supplted by the Rees R905 
Lighting Power Supply (LPS) 

Fully cDmpabMe with international video standards, the 
R976 camera and R970 MCU or RCU can be incorpo- 
rated with image pmcess~s or machine vlsbn sys- 
tems for  integrated sptm appltcations. Remote m- 
lrol and picture vcewing can be ma a central switching 
and control system fm a master control room, or from 
a trolley mounted or cave face Operator Control Unit 



I 
PERFORMANCE AND SPECIFICATIONS 

Mechanical: 
Length ....................................... 14.4 (365mm) R976CMA03A R976CMB03A 

13.25 Ibs (6kg) Length with connector: .............. 19" (485mm) Weight ............................ 7.7 Ibs (3.5kg) 

Environment: 
Radiation tolerance ....................................... 1 MGy (H,O) [C060] total dose (1 0' rads) 
Dose rate 

3perating temperature .................................. -25" to 50°C (-1 3°F to 122°F) 
Maximum operating depth ............................. 200 ft (special versions to 660 ft) 

Vidicon ...................................... >1 OGys-' (3 x 1 Ob rads per hour) 
Newvicon .................................. 300m Gys-' (1 O5 rads per hour) 

__ ~ -~ - 
Viewing Angles 24 - 144mm lens system 

(with x2 range extender) 

in air in water 
Wide Telephoto Wide Telephoto 

Horizontal 21 " 3.5" 16" 2.6" 
Vertical 16" 2.6" 12" 2.0" 
Diagonal 26" 4.4" 19" 3.3" 

Performance: 
Resolution (in air) .......................................... 500 tv lines (horizontal centre zone 1) 

Output ........................................................... 1 volt composite video 
0.3 volt syncs 
1.2 volt peak white clip 

Signal to noise ratio ....................................... 56dB (200nA peak, 5MHz CClR weighted RMS) 

Interlace ........................................................ 2:l 
Linearity ........................................................ .2% 

optics: 
Non-browning F1.8, 12-72mm or F3.6, 24-144mrn lens system (12-72mm motorized zoom lens fitted with remov- 
able x2 range extender). An auto iris function is available as an option for the R970 MCU 

-- 
12 - 72mm lens system 

(without x2 range extender) 

in air in water 
Wide Telephoto Wide Telephoto 

40" 7.0" 30" 5.3" 
31" 5.2" 23" 3.9" 
49" 8.7" 37" 6.6" 

Local camera llghting 
Localized scene illumination is provided by the Rees lighting adaptor system. Different configurations can be seleclec 
to suit the viewing task with applications above 20W powered by the R905 Lighting Power Supply. 
Lighting output options ............................. 20, 40, 50, 60, 75, 100, 150 or 225W (flood or spot light combinations) 

Notes ... 
7 .  

2. 

Rees should be consulted with regard to very critical viewing requirements, or in cases w h r e  there are importar: 
lighting, resolution, environmental or viewing angle considerations. 
In applications where there are severe space constraints care should be taken to allow for the size of the camera cab1 
mating connector and ifnecessary, the bend radius of the connecting camera cable. Please refer to the Rees RSOserie 
cables and connectors datasheet. 

Suite 310 Smyrna Caneshall Lane Godalming Siemenstrasse 8 
Georgia 30080 USA Surrey GU71XE UK 0-531 21 Bonn,Deutschland 
Tel 404 433 9991 i e l  0483 860066 Tel: 0228 625088 
Fax 4044339994 Fax 0483 860163 Fax: 0228 626300 
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Rees lnstmments reserves the rrghr to amend or change the information on thm sheet wfthout prfor notice. 
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FEATURES 

e 
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a 

a 

a 
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Space saving 2U 
chassis 

Compatible with Rees 
single unit color and 
monochrome cam- 
eras 

Control of all remote 
camera functions 

Can be used as part 
of an integrated sys- 
tem 

Single and dual unit 
system versions 

Options include: - Auto iris 
- Pan & Tilt supply 
- 20W Internal light- 

ing supply 
- Audio driver 
- Telemetry 

(R970 RCU) 

Rees instruments is furry approved 
for the design and manufacture of 
CCfV equipment to the following 
international quality standards: 

A NSIIASQC 09 7-1 987 
IS0 9007-1987 

BS 5750: Part 7: 1987 
EN 29001 -1 987 

.. . 

The Rees R970 Multi-purpose & R970 Remote Control Units are 
designed as the operator interface for Rees single unit color and 
monochrome cameras. 

The Rees R970 MCU and RCU are available 
in different configurationsto suit both local ana 
system control applications. Housed in a 2U 
nineteen inch rack mounting cnassis, all ver- 
sions are comoatible with the standard inaus- 
trial rack type consoles ana provide control for 
Rees single unit color and monochrome cam- 
eras. The MCU or RCU drives the connected 
camera(s) via the appropriate mutticorecable. 

The R970 MCU is designed for local camera 
control and incorporates a control panel ena- 
bling remote control of standard and optional 
camera functions. When used with a Rees 
R905 Lighting Power supply (LPS) and a 
camera lighting system, the MCU can be used 
to aojust the lighting output. Controls are 
available for: 

- ACPower cnfoff 
- FOCUS nearfiar 
- Zoom Infout 
- Iris open/close 
- Auto iris anfoff 
- Lights an/off 

- Lighting level up/down 
- Rotate cw/ccw 
- Pan IefUright 
- Tilt uoldown 

The R970 RCU is available in single or dual 
system versions and can be specified to inter- 
face to one or two single unit cameras. The 
R970 WCU is designed for integration into 
turnkey systems and utilizes telemetry control 
to drive the camera functions from a remote 
cclntrol panel. This provides remote control 
over twisted pair or coaxial video cables. 

Remote function control and picture viewing 
can be via a central switching and control 
system TrOm a master control room, or from 
either of two special Operator Control Units - 
one designed to be mounted directly on the 
cave or cell face wall and the other based on 
a mobile trolley. Both include a 12" picture 
monitor display. 

The MCU ana RCU use 525 or 625 line tv 
sTanoards with universal ac power input. 
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R970 MCU b R905 LPS 

COMPATIBILITY 

Rees R970 MCU and R970 RCU are compatible with the 
following Rees camera types: 

Q R975 fixed focal length 
Q R976Zoom 
0 RC93-S color R93 
8 RC977 color Zoom 
a R500 Derivatives 
@ Special cameras based on R975 or RC93-S technology 

The R970 MCU can be supplied in a tough transit case for 
mobile applications The transit case will also accommodate 
the R905 bghting Power Supply or other specified equipment. 

PERFORMANCE AND SPECIFICATIONS 

IYPICAL APPLICATIONS 

Roes Smgb Untl Camera 

Rees Single 
Unn Camera R970RCU iz;;;:;:::;: ... :.I.:.!.:.. 

R970RCU 

Raor Stngb Unrt Camera 
R970RCU 

Maslsr Comroi Q 
V i m  SwRchlnp 
System Console or desk 

Local control 
w e 1  

Local control 

" 
R905LPS , 
R970MCU I panel 

~ o e s  Smngb Unit Zoom 
Camera on pan and ail unit 

Wail mounted operalor 
mnirol umt 

flees single unn amera - Local control 
panel 

Mobib operator mntrol 
uniI fmed wnh R970 MCU 

R970 MCU & R970 RCU DUAL & SINGLE 
Environment 
Operating temperature ....... 32°F to 105°F (0" to 40°C) 
Storage temperature .......... -1 3" to1 90°F (-25" to SO0) 
Humidity ............................. 95% non condensing 
Power input 
AC ...................................... 90 to 264V 

47 to 64Hz 

Rear Connectors 

- Camera - Composite video 
- Lighting power input - Telemetry (RCU only) 
- Audio output (optional) - Lighting switch 

- IEC mains input - Y/COutput 

Width .................................. 19" (484rnm) - ACpower ordoff 

(type selectable), Auto iris, Audio driver, High and low light ................................. 19' (484mm) 
(2U) ......................... 3.5" (88mm) 
................................ 14" (356mm) 

-=os Ips;rumcn'.i inc -tes ,7scrLmnPrii L.C ;ees lnsirurnenfs 
1900 Lake Park Drive 
Suite 31 0 Smyrna Caneshall Lane Godalming Siemmsrrasse 8 
Georgia 30080 USA Surrey, GU7 1XE UK D-53121 Bonn,Deutschlmd 
Tel 404 433 9991 Tel 0483 860066 Tel: 0228 625088 
Fax 404 433 9994 Fax 0483 8601 63 Fax: 0228626300 

'.ornmuniifaiionsouro Weyside Park 

m 
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FEATURES 

200 and 300 Watt 
output options 

0 Compatible with 
R90 Mk 3 CCU, 
R970 MCU and 
R970 RCU 

0 Remotely controi- 

e Space saving 1U 
rack mounting 
chassis 

led 

Rees Instruments ._ fully apptovec 
for the design and manufacture of 
CCW equipment to ?he following 
international quafify standards: 

ANWASOC Q91-1987 
IS0 9001-1987 

Bs 5750: Part 1: 1987 
EN 2!?9001-1987 

The Rees R905LPS Lighting Power Supply is designed to power 
the range of Rees camera lighting systems. Two versions are 
available providing up to 200W or 300W of power. 

-,.*I 

=-=- 
=--/e-- ----- - c 

Designed for remote on/off and Ighting inten- 
srty control, the R905 LPScan be interfaced to 
any R9O Mk 3 Camera Control Unit (CCU), 
R970 Multi-function Control Unit (MCU) or 
R970 Remote Control Unit (RCU). This ena- 
bles camera lights to be operated by the user 
via either the local control panel of the CCU or 
MCU, or via telemetry and remote operator 
control unit. 

The R905 LPS is housed in a compact 1U 
high, nineteen inch rack mounting chassis 
suitable for freestanding, viewpack or indus- 
trial rack deployment. A single interconnec- 
tion cable links the supply to the controlling 
CCU, MCU or RCU and allowsthe light supply 
to be routed to the camera by the camera 
cable. 

The R905 LPS can be preset to drive various 
camera lighting configurations deDending on 

the lighting output required. 
camera applications include: 

Typical Rees 

- R93-02 100 watt head 
- R93-03 100 watt head 
- R936 Prismatic camera 
- 
- 
- 
- 

- 
- 

R938 Zoom camera wiih 80W lights 
R939 Zoom camera witn 80W lights 
R940 Zoom camera wiih &OW lights 
R975 Single unit camera with up to 225W 
Iigtlts 
R976 Zoom camera with up to 225W lights 
RC977 Zoom camera with up to 225W 
lights 

( I f  only on/off control is required afixed current 
mode output can be specified and factory 
preset to the applncation requirements.) 

The unii has universal acpower inDut capabil- 
ity accepting 90 to 264 volts, 47 to 64 Hz 
supplies. 



rYPlCAL APPLICATIONS 

PERFORMANCE AND SPECIFICATIONS 

Dimension 
Width ................................... 19" (484mm) 
Height .................................. 1.7" (44mm) (1 U) 
Length ................................. 14" (356mm) 
Weight ................................. 11 Ibs (5kg) 

~~ ~~~~ 

Environmental 
Operating Temperature ....... 32°F to 104OF (OOC to 40%) 
Storage Temperature ........... 13OF to 14OOF (-25°C to 60°C) 
Humidity .............................. 95% non condensing 

InputlOutput 
ac mains input ..................... 90 to 264V 

47 to 64 H t  
Connector ............................ 6A IEC 
Output. 
dc output ............................. 6 to 52V 

1 to 6.25A 
Current output tolerance .....+ 1 Yo variation over operating condi- 

tions 
Output soft start delay ......... 0.5 seconds 
Control input signals: 
Lighting level ....................... 0 to 2.5V @ 3kA 
LPS off ................................ 12 to 24V + 10% @ 1 OmA maximum 

LPS supply .......................... 12 to 24V f lO% @ 1 OmA 
(open collector) 

-~ 

The R905LPS can be used to drive the following camera- 
lighting systems: 

R93-02 lOOW 
R93-03 lOOW 
R936 Prismatic 80W 
R938 Zoom with 80W lights 
R939 Zoom with 80W lights 
R940 Zoom with 80W lights 
RC93-S 02 1 OOW 
RC93-S 03 1 OOW 

40, 50, 60. 75 
100,150,225W I- configurations 

R975 Single Unit 
R976 Single Unit Zoom 
RC977 Color Zoom 

Camera lighting power on/off and lighting intensity can be 
controlled by linking the R905LPS to the following units: 

R930CUG Portable CCU 
R930CUH Local CCU 
R930CUJ System CCU, single 
R930CUJ System CCU, dual 
R970MCU Local 
R970RCU System, single 
R970RCU System, dual 

Optional card requried in CCU for remote intensity control 

Flees Instruments 
Yornrnunikationsburo 

zees instruments Inc 2ees ,3srrurnents L:d 
1900 Lake Park Drive Weyside Park 
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RCS-620 

RCS-700 

RCS-710 
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RCS-1100 
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RCS- 1600 

RCS- 1600 

RCS-1610 

RCS-1700 

RCS- 1800 

UL-210 

UL-300 

ST-400 

Non-Browning Zoom Color Camera. 

Non-Browning Zoom Color Camera with Right Angle Connector. 

General Purpose Underwater Zoom Color Camera. 

System Drawing with Underwater Pan and Tilt and Lights. 

Radiation Test Report Cover Sheet on RCS-510. 

Radiation Tolerant Zoom Color Television Camera. 

System Drawing with UL-210 Lights. 

System Drawing with Versabeam Lights. 

1" Diameter Remote Focus Color Camera. 

1" Diameter Remote Focus Color Camera with Flexible Tail. 

System Drawing with UL-210 Lights. 

"Ace" Pipeline Inspection Camera. 

"Long Ace" Long Distance Pipeline Inspection Camera. 

Downhole and General Inspection Camera. 

Miniature Articulating Television Probe. 

Waterproof Light Probe. 

Colloid Video Borescope for Ground Water Mapping. 

Borehole Color Cameras to 2,000 ft, 

Underwater Connectors. 

1.16" Diameter Color Camera with Lights - 1,000 ft. cable. 

System Drawing with Light. 

1.16" Diameter Color Camera. 

Underwater 1O:l Zoom Color Camera. 

Gas Purged/Cooled Color Camera 

Miniature Underwater High Efficiency Stainless Steel Light. 

Miniature Right Angle Light for Pole Mounting. 

Miniature In-Air Light for Pole Mounting. 

Effective underwater Scene Illumination for UL-210/ST-400 Lights. 
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N U N - B R O W N I N G  
STAINLESS STEEL FUSED QUARTZ 

STAINLESS STEEL 
UNDERWATER CUNNECTOR 
WITH RIGHT ANGLE 
ADAPTER 

W I N D O W  

7% 2.30 DIA 

1 
\ 

I-. 8,35 INCHES -4 
9,40 INCHES 

FEATURES; HIGH RESOLUTION CULOR T V  
NUN-BROWNING ZOOM LENS 
REMOTE FOCUS, ZOOM, & I R I S  CONTROLS 
STAINLESS S T E E L  HOUSING 
NO EXPOSED THREADS OR RETAINING R I N G S  
S M A L L  S I Z E  
S T A I N L E S S  S T E E L  CONNECTOR 
DEPTH R A T I N G  OF 2,000 F E E T  

SVD-2-NB UNDERWATER CAMERA W I T H  R I G H T  ANGLE CDNNECTCIR 
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MODEL SVD-3 CAMERA 

S/N RATIO 

OUTPUT IMPEDANCE 

ZOOM 

FOCUS 

IRIS 

SHUTTER 

IN-AIR FIELD OF VIEW 

UNDERWATER FIELD OF VIEW 

7 5  oams 
8-48 5 remotely controlled 

1 meter to inf in i ty  remotely 
controlled 

f/1.0 to cLosed remotely 
controlled 

1/60 soc to 1/10,000 sec 
remotely controlled 

43.6 deg to 7.6  deg horizontal 

32.4 deg t o  5.7 Ueg horizontal 

HOUSING OVERBLL LENGTH 

IN-AIR WEIGHT 

DEPTS RATING 500 feet 

TEMPERATURE RATING -10 to 40 deg C (14 to 1 0 4  deg 

CABLE LENGTH Up to 300 feet 
P) 

8 . 7 0  incbes 

4.78 Pounds 

IN-WATER WEIGHT 

HOUSING WiTERIAL 

WINDOW MATERIAL 

CONNECTOR 

MATING CONNECTOR 

2 .75  pounds 

300 series stainless steel 

Noa-browning fuseU quartz 

Model RCS-1501-BC stainless 
steel 

Model RCS-1501-CC 
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Radiation Dose Rate Test Report 
for the 

RCS-510 Shielded Underwater Color Camera 

August 4,1992 

Stephen Baynt 
Fuel Examination Ttchnology 

General Elecmc Company 
175 Curulcr Avenue 
San Jose, CA 95125 





22-90 mm NUN-BROWNING ZOOM LENS 
W I T H  REMOTE ZOOM, FOCUS, AND IRIS 
CONTROLS, 10 INCH MINIMUM FOCUS 

HIGH RESOLUTION SHIELDED COLOR TV 
CAMERA WITH REMOTE SHUTTER CONTROL 

UNDERWATER CABLE 
WITH MATING 
CONNECTOR PRECISION NUN-INVERTING 

NON-BROWNING RIGHT ANGLE 

STAINLESS STEEL UNDERWATER 
HOUSING WITH NO EXPOSED 

TOP VIEW THREADS OR RETAINING RINGS 
SLOT FOR E N D  
RE bl0 V A t 

/ 

SEALED STAINLESS 
/PRISM HOUSING 

3.95 IN. D I A  

QUARTZ VIEWINI; 
WINDOW 

11.05 INCHES 
STEEL CONNECTOR 

SIDE VIEW 

STEEL 

RCS-510NBP R A D I A T I O N  TOLERANT CCILOR TV C A M E R A  



MODEL RCS-SlONBP CAMERA 



HINGED QUICK R E L E A S E  
S A D D L E  C L A M P  ASSEMBLY 

RC S - 5 10 S H I E  1- DE D 
COLOR TV CAMERA 

S T A I N L E S S  S T E E L  
QUICK R E L E A S E  
L A T C H  P R I S M  ASSEMBLY 

U L - 2 1 0  S T A I N L E S S  
S T E E L  U N D E R W A T E R  
LIGHT 

L I G H T  MOUNT 
A S S E M B L Y  

' ING 

1 

P T - 2 5  PAN AND T I L T  

/ 

M O U N T I N G  F O R  R C S - 5 1 0  C A M E R A  A N D  UL-210 L I G H T S  





INTERCHANGEABLE WIDE 
ANGLE, NORMAL, OR 
TELEPHOTO LENS HEADS 

7,57 INCHES -- 

HIGH RESOLUTION COLOR 
TV CAMERA WITH REMOTE 
FOCUS AND SHUTTER CONTROLS 

MINIATURE ONE INCH DIAMETER 
STAINLESS STEEL HDUSING WITH 
NO EXPUSED THREADS, RETAIt'4ING 
RINGS, OR SCREWS 

MODEL R C S - 6 0 0  REMOTE FOCUS C O L O R  TV C A M E R A  



MODEL RCS-600 CAMERA 



RADIATION TOLEECANT 
ZOOM COLO TV CAMERA 

RCS-51ffNBP 

The model RCS-510NBP camera uses a miniature high resolution Y-C 
format camera, a precision non-browning right angle correcting 
prism, and extensive lead shielding to achieve a high radiation 
tolerance of 1.4 x l o 4  radlhour and a total accumulated dose 
tolerance of 4.6 x l o 5  rads with a 1 MEV source. 
l e n s  with non-browning optics and a very short near focal 
distance of 10 inches makes t h e  RCS-510NBP camera ideal for 
close-up detail color inspections in a high radiation field. 

A 22-9Omm zoom 

The stainless steel housing is completely sealed for underwater 
use up to 150 feet. 
for easy replacement of the camera, lens, prism assembly, or 
underwater connector. 

Modular construction is utilized throughout 

The radiation tolerance of the RCS-51ONBP camera f o r  gamma 
radiation of various MEV levels is attached. 

The RCS-510NBP camera is designed specifically to operate with 
the model CU 1410 rack mountable controller. T h i s  unit provides 
appropriate power to the camera and incorporates remote controls 
for the zoom, focus, iris, and shutter functions. 

When model R12364 polyurethane-jacketed cable is used to 
interconnect the camera and controller, they can be separated up 
to 300 feet. 



MODEL RCS-510NBP CAMERA 



TOLERANCE OF RCS-510 CAMERA TO GAMMA RADIATION 

M E V  LEVEL 

0.5 

0.6 

~ 

MAX DOSE RATE 

1.8 X l o 6  rad/hr 

6.6 X l o 5  rad/hr 

0.7 

5.9 x io7  

2.1 x l o 7  

3.1 x l o 6  

rad 

rad 

rad 
1 9.6 X l o 4  rad/hr 

1.7 x lo8 

6.0 x l o 7  

8 . 7  x l o 6  

rad 

rad 

rad 

0.8 3.9 X l o 4  rad/hr 

0.9 2.0 X l o 4  rad/hr 

1.0 1.4 X l o 4  rad/hr 

ACCUM. DOSE ACCUM. DOSE 
TO COLOR LOSS TO IMAGE LOSS 

6.4 x l o5  
rad 

1.8 x l o 6  I rad 
4 . 6  x i o 5  

rad 



22-90 mm NON-BROWNING ZOOM L E N S  
W I T H  REMOTE ZOOM, FOCUS, AND I R I S  
CONTROLS.  10 I N C H  MINIMUM FOCUS 
D I S T A 14 C E I 

H I G H  RESOLUTION S H I E L D E D  COLOR T V  
CAMERA W I T H  REMOTE S H U T T E R  CONTROL 

UNDERWATER C A B L E  
W I T H  MATING 
CONNECTOR 

L 

SLOT FUR E N D  
R E M O V A L  TOP V I E W  

3.95 

P R E C I S I O N  N U N - I N V E R T I N G  
NON-BROWNING R I G H T  ANGLE 
P R I S M  

S T A I N L E S S  S T E E L  UNDERWATER 
HOUSING W I T H  NO EXPOSED 
THREADS OR R E T A I N I N G  RINGS 

S E A L E D  S T A I N L E S S  

S T A I N L E S S  ’ 
S T E E L  CONNECTOR 

W I N D O W  

11.05 INCHES 

S I D E  V I E W  

S T E E L  

RCS-510NBP R A D I A T I O N  TOLERANT C O L O R  TV C A M E R A  



VIDEO STICK 
TV INSPECTION SYSTEM 

RCS-900 

The Video Stick is a miniature articulating color TV probe. 
a camera head diameter of only 0.8 inches and full articulation 
in any direction, it allows detailed inspection and observation 
in places that are difficult to reach. 
resolution Y-C format color TV camera in the articulating head, 
and is controlled by the hand grip on the opposite end of a 3 / 4  
inch diameter anodized aluminum pole. 
insertion pole can be extended in six foot increments, 

The head angle is adjusted from straight ahead to straight back 
along the pole by sliding the angle adjustment knob on the hand 
grip. 
direction. 

The splashproof camera housing is anodized aluminum far corrosion 
resistance, and allows manual external focus adjustment before 
insertion of the probe. Modular construction inside allows easy 
maintenance or replacement of the CCD camera or other components 
if necessary, 

With 

It incorporates a high 

The standard s i x  foot long 

By rotating the hand grip, viewing is possible in any 

The camera control unit for the Video Stick operates an 120 VAC, 
and incorporates the remote shutter controls. 

The Light Stick (model RCS-1000) and Ring Light (model RL-250) 
can be used with the Video Stick if additional lighting is 
needed. 
quartz halogen 35 Watt 12 volt lamp on the end of a s i x  foot 
pole. 
lights and attaches directly to the Video Stick. 
designed for use with the model PS-160 variable intensity power 

The Light Stick incorporates a sealed omni-directional 

The Ring Light incorporates eight miniature high intensity 
B o t h  lights are 

supply 



VIDEO STICK (MODEL RC8-900) 

RING LIGHT (MODEL RL-250) 
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ZOOM COLOR TY CAMERA 
Model SVD-3 

The model SVD-3 camera uses a miniature high resolution Y-c 
format camera and an 8-48- zoom l ens  in a stainless steel 
underwater housing. The housing has no exposed threads or 
retaining rings, and incorporates a non-browning fused quartz 
window. Modular construction is utilized throughout for easy 
replacement of the camera, lens, or other system companents. 

Attached is a dimensional drawing of t h e  SVD-3 camera, and 
information on the in-air and underwater fields of view for  the 
wide angle (zoomed out) and narrow angle (zoomed in) lens 
positions. 

As an option, t h e  SVD-3 camera can be supplied w i t h  a 2X lens 
adapter which will increase the lens focal length range to 16- 
96mm. This will increase the magnification by approximately t w o  
times, and w i l l  reduce the field of view to about half. The SVD- 
3 camera can also be supplied w i t h  a 22-9Omm non-browning lens 
for use in higher radiation f i e l d s .  

The SVD-3 is designed to operate with the model CU 1410 rack 
mountable controller. This unit provides appropriate power to 
t he  camera and incorporates remote controls for the zoom, focus, 
iris, and shutter functions. 

If the Model R12364 polyurethane-jacketed cable is used to 
interconnect the camera and controller, they can be separated up 
to 300 feet. 



MODEL SVD-3 CAMERA 

TEMPERATURE RATING 

11 RECOMMENDED SCENE ILLUMINATION I 7 8 1 ~  at f/1.0 

-10 to 4 0  deg C (14 to 104 deg 
F) 

CABLE LENGTH Up to 300 feet 

infinity remotely 



CAMERA F I E L D  OF VIEW 

SENSOR FORMAT S I Z E  0.5 inch 
LENS FOCAL LENGTH 4 8  ~UII 

h- 

d- 
V= 

HORIZONTAL FOV (in air) = 7.63 degrees 
VERTICAL FOV (in air) = 5.72 degrees 
DIAGONAL FOV (in air) = 9.53 degrees 

HORIZONTAL FOV ( i n  water) = 5.73 degrees 
VERTICAL FOV (in water)  = 4.30 degrees 
DIAGONAL FOV ( i n  water) = 7.16 degrees 

DISTANCE 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
2 6  
28 
30 

FIELD 
h o r i z  
0.27 
0.53. 
0.80 
1.07 
1.33 
1.60 
1.87 
2.13 
2 . 4 0  
2.67 
2.93 
3.20 
3.47 
3.73 
4.00 

S I Z E  IN AIR 
vert 
0.20 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 
2 .80  
3.00 

diag 
0.33 
0.67 
1.00 
1.33 
1.67 
2.00 
2.33 
2.67 
3.00 
3.33 
3.67 
4.00 
4.33 
4.67 
5.00 

6.40 mm 
4.80 mm 
8 . 0 0  mm 

F I E L D  SIZE I N  WATER 
horiz v e r t  d i a  
0 . 2 0  0 . 1 5  0 .2  
0 . 4 0  0 . 3 0  0 . 5  

0 . 4 5  0 . 7  0.60 
0.80 0 . 6 0  1.0 
1.00 0.75 1.2 
1.20 0.90 1.5 
1.40 1.05 1.7 
1.60 1.20 2 . 0  
1.80 1 . 3 5  2 . 2  
2 . 0 0  1 . 5 0  2 . 5  
2 . 2 0  1 . 6 5  2 . 7  
2.40 1.80 3.0 

1.95 3 . 2  2 .60  
2 . 8 0  2 . 1 0  3 . 5  
3 .00  2 .25  3 . 7  



S T A I N L E S S  STEEL 
S T A I N L E S S  S T E E L  
U N D E R W A T E  
CONNECTOR 

N 17 N - B K Ci W N I NG 
FUSED Q U A R T Z  
W I N D O W  

2,90 D I A  

I- 8.70 INCHES 4 
FEATURES: HIGH RESOLUTION C O L O R  T V  

8 - 4 8 m m  f / 1 , 0  ZOOM LENS 
nP-rIotwL 22-90~1~1 NUN-BROWNING LENS 
REMOTE FUCUS, ZOOM, & I R I S  C O N T R O L S  
S T A I N L E S S  S T E E L  H O U S I N G  
N U N - B R O W N I N G  QUARTZ W I N D O W  
NO EXPOSED T H R E A D S  OR R E T A I N I N G  RINGS 
S M A L L  S I Z E  
S T A I N L E S S  STEEL CONNECTOR 
DEPTH R A T I N G  OF 500 FEET 

SVD-3  UNDERWATER C O L O R  Z O D M  TV C A M E R A  



REMOTE FOCUS UNDERWATER COLOR TV 
CAMERG WITH INTEGRAL LIGHTING 

RCS-1800 

GENERAL DESCRIPTION 

The model RCS-1800 TV camera is a miniature, high resolution, 
high sensitivity S-video TV camera with a built-in ring of high 
intensity lights. It is specifically designed f o r  internal 
pipeline and for general underwater and in-ais applications 
requiring small s i z e ,  

The camera housing is very small (see illustration) 
constructed from 300 series stainless steel. 
are made of non-browning fused quartz. 
sealed  for underwater use to 200 foot depths and for easy 
decontamination. 

and is 
The viewing windows 

The housing is completely 

Use of separate windows for the camera and lights allow long 
range viewing without image degradation due to multiple 
reflections in the  camera window. 
lens and w i t h  the lights adjusted on high, the in-air viewing 
range is approximately ten feet. 

For applications requiring higher magnification, the standard 
7.5mm lens can be exchanged with a 15mm f/2.0 telephoto lens. 

A quick disconnect s t a i n l e s s  steel underwater connector is used 
on the RCS-1800. 
with t h e  RCS-600 remote fucus  co lor  TV camera and t h e  RCS-510 
r a d i a t i o n  shie lded fue l  i n spec t ion  color TV camera camera. 

With the standard 7.5m fj1.6 

The mating cable and controller are  compatible 



SPECIFICATIONS 

TV CAMERA MODEL RCS-1800 

POWER 

11 MINIMUM SCENE ILLUMINATION 

UNDERWATER FIELD OF VIEW 

LIGHTS 

LIGHT RING VOLTAGE 

HOUSING DIAMETER 

OVERALL LENGTH 

WEIGHT 

HOUSING MATERIAL 

WINDOW MATERIAL 

ELECTRICAL CONNECTOR 

MATING CONNECTOR 

DEPTH RATING /I TEMPERATURE RATING 

Low voltage control signals 
supplied via camera control 
unit 

1/2 in. interline transfer CCD 

6.54 x 4 . 8 9  mm 

470 TV lines 

5 lux at f/1.6 

4 8  dB 

75 Ohms 

7.5 m, f / 1 . 6  (modified) 

0.5 inches to i n f i n i t y  
remotely controlled 

35.5 x 46.2 deg (vertical x 
horizontal) 

26.5 x 34.3 deg (vertical x 
horizontal 1 
8 ea. high intensity pre- 
focused 

0-30 volts 

1.60 inches (1.90 in. at rear) 

8.25 inches 

2.9 pounds 

Stainless steel 

Fused quartz 

Model RCS-1501-BC-20 Stainless 
steel 

Model RCS-1501-CC-20 

200 feet 

-10 to 50 deg C (14 to 122 deg 
F) 
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FIELD SIZE WITH 7.5mm LENS 
25 

20 

3 

Ip! 15 
e, 

v 

8 ca 

8 10 
L4 

5 -  

0 -  

c 

- 

- 

- 



FIELD SIZE WITH 15mm LENS 
12 

10 

8 

6 

4 

2 

0 
6 8 10 12 14 16 

DISTANCE FROM CAMERA (feet) 
4 

+HORIZAIR +VERTAIR +DI[AGAIR 

20 18 



MINIATURE . 

COLOR TY CAMERA 
RCS-6 0 0 

The model RCS-BOO camera is a miniature high resolution Y-C 
format color Tv camera with remote focus and shutter control. It 
can be used in air or underwater to depths of 100 feet. With an 
outside diameter of one inch and a focus control range of 0.3 
inches to infinity, the RCS-600 is ideal f o r  inspection and 
surveillance applications where space is at a premium. 

The RCS-600 is equipped with a replaceable lens head, It is 
normally supplied with a 7.5 mm lens head which provides a 
horizontal field of view of 48.2 degrees in air and 35.8 degrees 
in water. A l s o  available are a 4.0 mm wide angle lens head 
(horizontal FOV of 92.1 degrees in air and 65.5 degrees in water) 
and a 15 mm telephoto head (horizontal FOV of 24.4 degrees in air 
and 18.3 degrees in water). These lens heads can easily be 
interchanged to accommodate specific viewing requirements. 

The RCS-600 incorporates a stainless steel underwater connector 
for complete system portability and easy maintenance or repair. 

The camera housing is made of stainless steel. 
sealed for use to depths of 2000 feet, and incorporates a front 
viewing w i n d o w  of fused quartz. Modular construction is utilized 
throughout for easy replacement of the CCD camera, focus motor, 
or other components. 

It is completely 

The RCS-600 camera is designed specifically to operate with the 
model CU 1410 rack mountable controller. This unit provides 
appropriate power to the camera and incorporates remote controls 
fo r  focus and shutter functions. 

When the model R12364 polyurethane-jacketed cable is used to 
interconnect the camera and standard controller, they can be 
separated up to 300 feet. F o r  deeper applications or those 
requiring greater cable lengths, the CCU can be packaged in a 
separate housing and connected to the camera con t ro l  station by a 
much longer cable. 



MODEL RCS-600 CAMERA 



UNDERWATER SCENE ILLUMINATION 
AlTENUATlON COEFFICIENT ALPHA = 0.1 

0.1 
1300 Candela 

RANGE (Feet) I LLU MI NATlO N (Lux) 
5 41 2.67 

10 76.06 
15 24.92 
20 10.34 

30 2.50 
35 1.35 
40 0.76 
45 0.44 
50 0.27 
55 0.16 
60 0.1 0 
65 0.06 

25 4.88 

0.1 
5850 Candela 

RANGE (Feet) 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
s5 
60 
65 

ILLUMINATION (Lux) 
1857.00 
342.28 
112.16 
46.51 
21.95 
11 -24 
6.09 
3.44 
2.00 
1.20 
0.73 
0.45 
0.28 

6). 1 
2750 Candela 

RANGE (Feet) ILLUMINATION (Lux) 
5 872.95 

10 1 60.90 
15 52.72 

25 10.32 
30 5.28 
35 2.86 
40 1.62 
45 0.94 
50 0.56 
55 0.34 
60 0.21 
65 0.13 

20 21 .a7 



S T A I N L E S S  STEEL 
UNDERWATER CDNNECTClR 

IN I- E R C H A NGE A B L E W I DE 
ANGLE, NORMAL, OR 
TELEPHOTO LENS HEADS 
W I T H  QUARTZ WINDOW 

I e 7S7 INCHES 

HIGH RESOLUTION COLOR 
TV CAMERA WITH REMOTE 
FOCUS AND SHUTTER CONTROLS 

MINIATURE ONE I N C H  DIAMETER 
STAINLESS S T E E L  HOUSING W I T H  
NO EXPOSED THREADS, RETAINING 
RINGS, OR S C R E W S  

MODEL R C S - 6 0 0  R E M O T E  FOCUS C O L O R  TV C A M E R A  



UNDERWATER LIGHT 
Model UL-210 

The model UI--210 underwater light is intended for applications 
requiring small size and high intensity, and where low voltage 
operation is preferred for safety. 

It incorporates a smooth stainless steel housing and a non- 
browning quartz window. 
feet. 

The depth rating f o r  the housing is 500 

The UL-210 light can be provided with three different lamps which 
are standard. These provide beam patterns of 30 degrees, 20 
degrees, or 10 degrees, each measured as the f u l l  angle to the 
half power (or intensity) points. These lamps are rated for use 
at 12 volts, and have a power rating of 35 watts. Each of the 
lamps incorporates a highly efficient reflector. 

Bulb changing is very easy. 
of the housing, unplug the old lamp, plug in the new one, and 
screw back on the f r o n t  housing section. 

Simply unscrew the forward section 

A dimensional drawing of the UL-210 light, and information on 
the in-air and underwater illumination for the three standard 
lamps is attached. The underwater illumination takes account of 
both spreading losses and the two way attenuation losses in water 
with an attenuation factor (alpha) of 0.1 

Power to the UL-210 underwater light is provided by Crestone 
Products PS-160 variable voltage power supply, or similar supply 
which provides the required voltage and power. 



MODEL UL-210 LIGHT 

11 VOLTAGE I12 volts 

POWER 35 watts standard 

OPERATING DEPTH 500 feet 

DIAMETER 

HOUSING LENGTH 

OVERALL LENGTH 

WEIGHT IN AIR 

WEIGHT IN WATER 

STANDARD BEAM PATTERNS 

RATED INTENSITY 

RATED LAMP LIFE 

CONNECTOR 

1.60 inches 

2.60 inches 

4.76 inches 

0.59 pounds 

0.47 pounds 

30 degrees 
20 degrees 
10 degrees 

1300 candela (30 deg. beam) 
2750 candela ( 2 0  deg. beam) 
5850 candela (10 deg. beam) 

3 0 00 hours 

1 Impulse IE2M-BC 11 MATING CONNECTOR Impulse IE2F-5/8 
I 11 WINDOW MATERIAL I Fused Quartz 
I 

11 HOUSING MATERIAL t 300 series s t a i n l e s s  steel 
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IN AIR SCENE ILLUMINATION 

0 
1300 Candela 

RANGE (Feet) 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

I LLU M INATION (Lux) 
559.72 
139.93 
62.1 9 
34.98 
22.39 
15.55 
11.42 
8.75 
6.91 
5.60 
4.63 
3.89 
3.31 

0 
5850 Candela 

I 
RANGE (Feet) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

I LLUM IN ATlON (Lux) 
251 8.76 
629.69 
279.86 
1 57.42 
100.75 
69.97 
51.40 
39.36 
31.10 
25.1 9 
20.82 
17.49 
14.90 

0 
2750 Candela 

RANGE (Feet) ILLUMINATION (Lux) 
5 11 84.03 

10 296.01 
15 131.56 
20 74.00 
25 47.36 
30 32.89 
35 24.1 6 
40 18.50 
45 14.62 
50 1 1.84 
55 9.79 
60 8.22 
65 7.01 





RJ ELECTRONICS 
5504 VAL VIEW DR SE 

TURNER. OR 97392 
TEL. (503) 743-370913706 

Radiation Dose Rate Test Report 
for the 

RCS-510 Shielded Underwater Color Camera 

August 4,1992 

Stephen Bayne 
Fuel Examination Technology 

General Elecmc Company 
175 Curmer Avenue 
San Jose, CA 95125 



Summary 

On May 29,1992, Fuel Examination Technology conducted a test at the General Electric 
Vallecitos Nuclear Facility to determine the frontal dose rate the RCS-5 10 Shielded Underwater 
Color Camera can withstand before its picture becomes appreciably affected The radiation source 
was 323 curies of cobalt 60. The test concluded the RCS-510 camera can be used facing radiation 
fields up to 3,000 rad/hr with no degradation of the picture quality. The camera can be used facing 
fields up to 10,OOO rad/hr with no loss in picture clarity and only slight loss in picture quality due 
to noise in the form of "snow." The amount of accumulated dose which will permanently degrade 
picture quality has not been established. 

Scope/Limi ta t ions 

The test was designed to study the effects of dose rate on the picture quality of the camera and did 
not study the effects of accumulated dose. 

During the test, the source was kept in front of the camera on the shielded side as the purpose of 
the test was to study the performance of the shielding. Note that the camera is much more 
susceptible to radiation from other directions. In normal use, however, the shielded side will face 
the high radiation source. 

Equipment and Setup 

The camera was controlled using an RJ Electronics CU1410 unit and the signal was displayed on a 
Panasonic color video monitor (CT-1030M). Color prints were made using a Hitachi color video 
printer (VY-1260) and a video tape was made on a Panasonic VCR (AG-1260). A Knox €32 
character generator was used to create the titles. 

The radiation source was 323 curies of cobalt 60 (teletherapy standard # 20-47). The radiation 
detector was a Technical Associates Hi Range Probe (# 064185). The radiation meter was a 
Technical Associates Cutie Pie Mark ID, Model CPMU. 

The camera was placed in the cell 2 interlock, looking at a test pattern and a color standard. The 
test setup is shown below in Fig. 1. The electronic equipment was placed directly outside of the 
hot cell. The camera cable entered the hot cell through a pass-through port. The source was 
handled by a remote manipulator. The background radiation level in the hot cell was approximately 
80 rad/hr. 

General Electric Nuclear Energy 1 Fuel Examination Technology 



test pattern 

- - - -  
camera 

2 
source 

4 *UOniC 
equipment viewing window 

1: Test at Vallecitos 

Test Procedure 

After setting up the equipment, the background dose rate was recorded and the source removed 
from its shielded container. While running the video tape, we moved the source rewards the 
camera pausing at desired camera dose rates. During each pause, we updated the screen title and 
made a color print. We achieved the maximum dose rate of 10,ooO mVhr by placing the source 
directly adjacent to the camera. We also made prints at specific camera dose rates while moving the 
source away from the camera. The camera received an accumulated dose of approximately 200 - 
300 rad. The test was conducted by Pete Peterson and Stephen Bayne. 

Test Results 

We observed a small amount of "snow" in the picture that became noticeable at a dose rate of about 
3,000 rad/hr (see Figs. 2 - 6). The noise intensity increased with the dose rate. We observed no 
other effects on the resolution, color or picture quality. 

Conclusions 

We conclude that the RCS-510 camera can be used faclne radiation fields up to 3,000 rad/hr with 
no degradation of the picture quality. The camexa can be used facing fields up to 10,000 rad/hr 
with no loss in picture clarity and only slight loss in p i c m  quality due to noise in the form of 
"snow." The amount of accumulated dose which will permanently degrade picme quality has not 
been established. 

General Electric Nuclear Energy 2 
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Figure 2: Picture from RCS-510 camera at 400 rad/hr 

Figure 3 : Picture from RCS-510 camera at 1 .OOO r a d h  

General Elecmc Nuclear Energy 3 Fuel Examination Technology 



Figure 4: picture from RCS-510 camera at 3.000 r a d h  

S-5 10 camera at 7.000 radhr 

General Elecmc Nuclear Energy 4 
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Fieure 5: Picture from RCS-510 camera at 10.000 radhr 

General Electric Nuclear Energy 5 Fuel Exarmnation Technoiogy 
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ANGULAR POSITION MEASUREMENT SYSTEMS 

D-I 





501 8515476 
' 01/17/94 10:58 =SO1 8515476 BE1 SSD 

0 

la 001/015 

BE1 MOTION SYSTEMS COMPANY 
Precision Systems 8 Space Division 

FACSIMILE MESSAGE 

Fax Lag No. 

TO: Mr. David Halcomb FAX NO, 615-574-4058 

PHONE NO. 615-576-7889 
I 

Oak Ridge National Laboratory DATE: 17 January 1994 
Oak Ridge, TN 

BEI'S FAX NO. (501) 851-5476 

FROM : Sam Berg 

PHONE NO. (501) 8514000 

TOTAL PAGES: 14  
COV€R (1 ) PLUS 

MESSAGE: Subject: An Encoder designed to operate in a nuclear waste tank 
environment 

Reference: Your and my telecon 1-10-94 

During our telecon on 1-10-94, I: promised you I would ask our Hr. 
Tim Malcolm to call you to discuss  your unique encoder needs. I 
gather from talking to Tim that you two had a fruitful discussion - 
he has given me a preliminary technical proposal that I fax on to 
you in i t c  original form. Along with it I fax two of our  3700- 
Series product publications: 1) a 2-page short-fora  catalog piece 
clr1r.i 2 )  ct m o r e  thorwugh specification (No. 5-614C).  A f t e r  you have 
had time to peruse our data, please  give me a call (or call Tim if 
you like) and we'll try to fim up what w e  can furnish to you. 

Inside Gales Manager 

PSI. € j a w  3838 * Litrle Rack, AR 72203 (501) 851-4OOO - FAX (501) 851-5476 
Maumelle Industrial Park 1 ID0 Murphy Drive - Maumelle. AR 721 13 
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BE1 ZlECHNICAL PROPOSAL 

January 14, 1994 

Prepared For: 

David Holcomb 
Oak: Ridge National Laboratory 
In&rumentation and Controls Division 
P.O. Box 2008, Sldg 3500 
Oak Ridge, TN 37831-6010 

FAX (615)574-4058 
PH (615)576-7889 

Prepaxed By: 

T. Malcolm 
BE1 Reliability Manager 
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TECHNICAL PROPOSAL 

Statement of Problem: 

David Holcomb, Oak Ridge National Laboratory, Instrumentation and Controls 
Division, has a need for an encoder design which is less than four inches in diameter, 
can withstand lMegRad(Si) total dose radiation, can operate at -tlOO°C, and is 
resistant to environments with a pH of about 12. The application is for a robot ann 
for w e  in nuclear waste tanks, No neutram are anticipated. 

Proposed solution: 

BET manufactures a standard encoder line o f  ruggedized hcremntal encoders, well- 
suited far demmdmg npplicntione. The 8700-Series encoders offcr counte up to 2'' 
per revolution. These units are sealed, have an integral LED light source, operate of€ 
a single 5 volt power supply, and offer a number of output dah options. For this 
application BE1 proposes a 4096 code disk with an 8X multiplication for a to ta l  count 
of 215 per revolution. In order to meet the specified environments, several changes 
would need to be made to the standard model: 

1). Replace the ddwn cover an13 bearing ho- with stainless steel, 
chromium-plated for a3arrimum corroeion resistance. 

2). Replace the seals and 0-rings with exbnded temperature materials. 
3). Replace the connector with a nickel-plated fully sealed Mil-Spec version. 
4). Replace the internal IC's with rad-hard vemions. LED and 

photodetectors do not require any upgrade. 
5). Adjust the calibration procedure ta allow for the high-temperature 

operation. 

Cost Cansiderations: 

The standard unit P/N 3736E8ZS sells for about $4000 (qty 1). The additional options 
listed above which are required to survive the specified envirorment, are estimated 
to cost an additional $1000 per encoder, plus or miaUS 50%. BE1 will W h e r  
definitize the cost once detailed current quotes for materials and parts are available. 
A non-recurring engineering time charge to document the h g a s  would also be 
required. 

BET believes that the proposed encoder represents a cost-effective solution for angle 
measurement in a very severe environment. This solution has the advantage of 
outputting digital Signals at the proposed resojution SO that simple pulse counting can 
be used to determine pomtion, as compared t;o an inductive solution, which would 
output analog signals  and would require external interpretation electronics. BE1 has 
considerable experience in designing encoders for space and military applications, and 
is familiar with the diff iculties involved in surviving the high radiation environment. 
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C One-shot outputs with 2-line direction sensing at twice the di$k resghrticln 
D Uncwhd outputs wlth 24ina dirtgcribn secsnsing at 4 times the disk molutiwr 
E Schmitt tnggew quadrature outputs at 5 to 8 times disk resotuimn (W or EB) 
Cansutt factory for higher resdutiuns 

. -  

BEl's 3700-Series incre- 
mental encoders feature a 
fi.zid-proven high-reliabMy 
design chat provides a 
h!ghiy accurate conversion 
of rotary position change 
into a complementary dig- 
ital output signal that can 
be used for position or mo- 
tion sensing and control. 
The ruggedized design in- 
sures the highest level of 
immunity to shock, uibra- 
tian, heavy shaft loading, 
and electrtcal noise. The 
heavy-rli ity cnver prnvirfw 
reliable protection for the 
electronics and optics as- 
semblies and is sealed at 
the flange and at the con- 
nector to wlthsitand water 
spray and oil mist. An op- 
tional (at no extra cost) 
shaft seal provides addi- 
banal protection from fluid 
contamination. 

1 

0 t'T IC > NS; * Side connector * Shaft seal 
e Wider operating temper- 

ature range 
Operating frequency 
a m  100 kHz 
HNUCMOS 
Special shaft configuration 

- .- . >.:.L-.- -- 

FEATURES: 
Resolution to 65,536 
cycles per turn * Incremental output code 
on two count tracks 
phased 90 degrees apai * Optional zero-reference 
track 
Single LEO light source 
Aluminum bearing flangt 
All untts are 100% 
inspected for all testable 
and inspectable 
functions 
Meets or exceeds appli- 
able pwtions Of MIL- 
STD-xI2C. MIL-STD- 
81OC. MIL-E- 
5272C(AsG), MtL-E- 
5- Mtt-E-16400F 
Complementary digital 
outputs from type 
DM8f330. AM26LS31. or 
SN75163 line drivers * Hard anOdized housing 

finish (Mlt-A=8625, type Dual resolution models 
3, class 1) have complementary 
Other disk resolutions mode sektion control 

MODEL 
NUMBER 
STRUCTURE 

SINCLf RESOLUTION 
M6da( CountsfTom Mocdel Councilrum 
37m3 ............ 
37009 ............ 
3700. .............. 
3736.. ............ 
3731. ............. 
3701 .. ; ........... 
3702.. ............ am. ............. 
3704-2 2 ' .  .......... 
3704.. ............. 
3704-3 ............. 

37m. ............. 
3732 ............... 
3733 ............... 
3193-1 ............. 
3706 ............... 
3734. .............. 
3107 ............... 
3708. .............. 
373s . . . . . . . . . . . . . . .  
3m.. ............. 
371 0 .  .............. 

Model colmwrm 
3736 .............. 'doe6 
3737;. ............ .:, a y !  

DUAL RESOLUTiON 
3750.. ......... 4ocbr6oB 
3751 ........... 5op1835 
3752 .......... 1soWBoti 
3 7 1  .......... 186briloSz 
3764.. ........ 2fmas40 
3756 .......... 2sfm$175 . . . . .  

NOTE: Any c k k  reedulion less than 8192 countanurn Is eMuabla rvah any of ths standard 
opl16ns en spedal older. 

Ektrcmics Optiorts: 
I 
c 

A %mitt trigger quadrature, outputs at disk r;esolution 
8 Onestrot outputs with 2-line direction sensing at disk resolution 

H 

1 Number denotes special resolutron or other special features t 

N SYSTEMS COMPANY - m m  P r e c i s i o n  Systems and Space Div 
n h  a- %see .I I iHlm P n ~ k  651 797M I lFiO7\ Rril-Af)oO 
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3700-SE 
RUGGEDIZED INCREMENTAL ENCODERS 

ONE-SHOT SCHMllT lRlCCER 
CONNECTOR PIN FUNCTIONS OUTPWT WAVESHAPES OUTPUT WAVESHAPES 

COWUECTUR 
PIN FIJNCTTION 

A A count-signal output 

c c zero-reference signal output ,:,, I --,,------iu-~- I 

0 Ground internally 
E Ground > tied together 

W PJrnodeinputorSpare 

I E3 count-signal output 
K Shield ground I 

€3 A count-signal output OPTION AJ fl .L 
I 

I (or spare) 0 

OPTtOW :-n-n-.jn-nu- A J 

C 

U u U 1x01 ’ e OR I lJ F i5 Vdc input intemalty 
G A 5 Vdc input > t i  together 0 

OPTION ‘OR REg&c*EEy 
f B count-signal output D 

I- C zero-reference signal RFPEREHCE b h c  RE 

output (or spare} OPTION 1 U - r  

M W e  input or spare 
M Gasegmund 0 
N 

Power Required. 5.0 -c 0.25 Vdc. up to 560 mA, depanding upon elec- 
tronics option 
Mode Sclectian Contrd for dual resolutiao modd5: 

Ekctronics MTBF: 1 15,055 hrs. calculated per MlL-HOBK-217D for 

Temperaiurc?, o+wratiw 0 10 ~ 5 5 %  ( - 5 5  to +70% 0p-b 

Trm~ahrr f ,  Itmap: - 55 16 f 85°C 

Altitude; to 70.000 f l  (21,335 rn) 

Vibration: 30 g from 99 to 2000 HZ 

Shock: 50 9 at 11 m s 8 ~  

w e t  3735~2s‘ achannal encoder 

avaihble for options A, 8, C. 0)  6inav 1 (for higher resolution): 

Binary 0 (for tower resolution): 

i- 2.0 to + 5.5 Vbc 

0 to + O B  Vdc 
sourcing BOpA at +2.4 V 

sinking 3.2mA at t 0.4 V 
Shaft i d ,  muimum 
radial: 35 Ib (15.9 kg) 
axiak 40 tb (18.1 kg) 

Output Ct!aracterirtier 

Binary 1 minimum de output + 2.4V. O.BmA, + 2.5V,2OmA 
vdtagc, sourcing current: 
Binary 0 maximum dc output +0.4v, 32mA, +0.5V,20mA weight: 32 02. (0.e kg) mar 
voltage, sinking current: 

(single and dual resolution) 

+ 1.8V. 40mA 

t 0.5V. rKknA Rchlivc humidity: to 98% without seal (avoid condensation) 

Torque: 4 2l0Cc, O z h  maximum with shaft seal: 8.0, S;Urh& 4.0. running 

hkment of inertia: 0.0017 oz-in-&, maximum 

to 1oop/o with seal (avoid immersion) 
Electronics OptiOm A B C D E  

Accuracy. arcsec rms max error 
bit4o.bit 3 3 5 2 1  4 Without shafl sed: 5.0 s tdng,  2.5 mnning 
absolute 31 31 31 32 16 

Pulse wi:i!h (one-shot optlona B,C,B) wunf tradts 2.75 .C 0.75 Hec 

Risetime and falltime: 200 nsec max, measured lw 10% to 90% levels 
Bearing fatigue life: 6.05 x id’ fevdurions at maximum readoul speed 
Oulput frequmcy ranwe: Optlons A end f3,O to 50 kl-tr 13‘ 5000 rpm; 
Option6 C and 0 . 0  to 100 k H r  cw 5000 rpm; Option E, 0 to 250 kHz or 
5800 tpm 

zero-reference p u b  4.25 = 0.75 v m  Acceleration: 456,000 rad/$&, rnawltnum 

Slew r p c d :  15,000 rpm, maximum 
Pequesl Specification Na. 5614  for additional dah 

Additional items 
supplied with encoder: 

Mating connector (MS3106A20-27S) . COnnEdar cable clamp (MS3057-12A) 
Schematic diegram 

a Wirinq diagram 
-# Outlino drawing 

Mechanical and electrical test reports 
Warrantgstatement 
Caution notlce 

BE1 MOTION SY!SEMS COMPANY 
WiWF-Bdw 
PO. Box 3838 Little Rock, AR 72203 rn (501) 851-4MM 

P r e r i  %inn 8y.stern.C; and space nivis ion 
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P . 0 .  Box 3836 1 

P h l  and OmC. Loufbn I 

MaumaIIe industrial Psrk P 

Littls Rock. Arkanme 72203 1 

1100 Murphy Drive 

Specification 
5-014 c 

H I G H  RELIABILITY 

3700 SERIES 

SINGLE LED 

RUGGEDIZED INCREMENTAL ENCODERS 
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C 3 7 0 0 - S E R ~ E ~ ~ E D I Z E D  I NCRGMENTAL ENCODER5 PAGE 2 

1.0 General 

The BE1 3700-Series incremental encoders described here in  belong t o  a 
field-proven, high-reliabili ty d e s i g n  featuring a single LED light 
source. 3700-Series encoders a re  b u i l t  around an unusually robust; 
bearing assembly which incorporates an R-18 pair  i n  back-to-back preload 
and a 1/2-inch shaft. 
collimating optics and push-pull detection permitting 0.012" t o  O.Ql.8" 
disk-to-grating spacing, insures the highest level of immunity t o  
shock, vibration, and heavy axla1 shaft load. A cover of b e t t e r  than 
0.060" thickness protects the encoder PC boards and opt ics  assembly. 
The cover is  sea led  a t  the f lange and the connector t o  withstand water 
spray and o i l  mist. An optional-at -no-exlra-cost  shaft  seal provides 
further protection frum f l u i d  contamination. A l l  electronics employ 
complementary l inedriver o u t p u t  IC's which augment the inherent noise 
immunity of 3700-Series encoders 

The bearing assembly, i n  conjunction w i t h  l ight-  

1.1 See paragraph 6.0, page 6 o f  8, f o r  ordering instructions f o r  the 
var ious resolutians and options def fncd  herein. 

2.0 Applications 

Incremental analog-to-digital encoders are devfces f o r  measuring p o s i t i o n  
and movement o f  a mechanical input, Rotation o f  the shaf t  o f  the devices 
described herein causes a sensing of motion and directian with an output  
of incremental data i n  the fo rm o f  dig i ta l  voltage levels. By algebraical- 
ly  accumulating these increments, movement from an o r i g i n  may be determined 
t o  provide position and/or control infomat ion. 

3.0 Requirements 

3.1 Mechanical: 

3.1.1 Encoder outline: 
3.1.2 Weight: 32 02 max. (d,qi k3, ~ a r , )  
3.1.3 Starting torque: 

3 .1 .4  Running torque; 

3.1.5 Momenl; o f  inertia: 0.0017 oz-ln-sec2 max. (12 -g rp-ckt-*= -a+.) 
3.1.6 Slew speed: 15,000 rpm max. 
3.1.7 Acceleration: 456,000 rad/sec* max. 

See Figures 1 and 2, page 7 o f  8. 

a) Optional shaft seal: 
b) Standard, without seal: 

a )  Optional shaft sea l :  
b)  Standard, without seal:  

8 oz- in a t  21. C Max. (0 .P5  3 P.(m.%.S 

4 oz- in  a t  21 C max, ( 0 ~ ~ 3 2 -  i7 d m  '-+I 

5 o z - i n  a t  2 1  C max. <0,0;35 I\rm m.') 

2.5 0 t h  a t  21 C max. (o ,o /g  Mlnrm,) 
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TlrLE 

3700-SERIES RU[;GEDIZED INCREMENTAL ENCODERS 

3.1.8 Materials: 
a) Cover: Aluminum, gray. 
b) Bear< ng f 1 ange : A1 uminum. 

3.1.9 Shaf t  runout: 
3.1.10 Design shaft  load: 

a) Radial: 35 l b  max. ( I ~ G  hl'ww 
b )  Axial: 40 lb max. 

3.1.11 Resolution: To 12,700 cpt. 

See Figures 1 and 2, page 7 of 8. [Oe&?6 m m  h?w) 

C 178 ).I w w . 2  

3 . 2  Electrical: 

3.2.1 Power requirements: 

3.2.1.1 
3.2.1.2 Supply voltage and current: 

Connector p i n  functions: See Table 1, page 8 of 8. 

Single Dua 1 
Electronics resol u t i  on rcso7ut.lon 

Option +5 Vdc f 5% +5 Vdc i 5% 

A 
A2. 
B 
3z 
C 
cz 
0 
DZ 

143 mA 
151 mA 
261 mA 
269 mA 
265 mA 
273 ml\ 
265 mA 
273 mA 

150 mA 
158 mA 
268 RIA 
276 mA 
272 mA 
280 mA 
272 mA. 
280 mA 

NOTE: Type DM8830 or 9475183 linedrivers are used on a l l  electronics 
options. Typical line receivers are W 8 2 9  or 5W75182, Out- 
puts may be operated i n  the single-ended mode. 

3 .2 ,2  Code: Incremental on two count tracks phased 90 electrical degrees 
apart.  Zero-reference t rack $ 5  optiona7. 

3 .2 .3  Output logic levels w i t h  A Orb AZ electronics: 

3.2.3.1 Binary "1": 

c) 

3.2.3.2 Elnary "0'': 
a)  Open-circuit voltage: +O. 5 Vdc max. 
b) Sinking current: +40 mA max 

Open-circuit voltage: t3.1 Vdc min. 
Output impedance: 11 o h s ,  typical. 
Risetime and falltime: 20 nsec max (measured from 10% t o  
90% level). 

-- 

a 

a 

a 
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-NO. 

I -  . . 
A 

0 1 OPT I ON 

NOTE: Schmi tt-trigger outputs appear simultaneously on two connecter pins. 

3 . 2 . 4  Output l o g i c  levels w i t h  B, BZ, C, CZ, D or DZ electronics: 

3,2.4.1 Binary "1": 
Open-circuit voltage: +3.1 Vdc min 
Output impedance: 11 ohms, typical. 

c\  Risettme and fal l t lm; 20 nstic Max (measured from -. 
10% t o  90% level 1. 
Pulse width (measured a t  the 50% level}: 2.75 usec 
50.75 usec. count; 4.25 usec f0.75 usec, zero reference. 

d )  

3.2.4.2 Binary "0": 
Open-circuit voltage: 
Sink ing  current: 40 mA max. 

+O. 5 Vdc nax, 

NOTE: 

3 . 2 . 4 . 3  Typical waveforms, pulsed output: 

The zero-reference pulse occurs coincidentally with a count 
pulse for encoders w i t h  BZ, CZ, or DZ electronics. 

r x i i  ' I  

0 

L 
O ? T I O L I  

( X 4 )  Q 7  
0 

I 
Z CRO 

R C C I R L Y C t  
O r T l O Y  

0 

NOTE: Pulsed outputs appear on one o f  two connector pinst  depending 
on directjon of s h a f t  rotation. -- rcL. 
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3 . 2 - 5  Mode control l o g i c  (applicable t o  dual r e s o l u t i o n  o p t i o n ) :  

3.2.5.1 Binary "1": 

3.2.5.2 Binary ''0": 

+2 Vdc t o  +5.5 Vdc; input current is 80 uA 

0 Vdc to  +0.8 Vdc; i n p u t  current i s  -3 .2  mA max 
max a t  +2.4 Vdc. 

a t  +0.4 Vdc. 
. 3.2.5.3 Made selection: complementary inputs M and are required. 

With 1.0 in the binary "1'' state ,  the encoder w i f l  operate a t  
the higher resolution. 

3.2.6 Output characteristics o f  dual resolution encoders: A 9 1  levels 
a r e  identical to those of single resolution units. 

3.2.7 O u t p u t  frequency range: 

3 .2 .7 .1  Minimum: A17 models - 0 Hz. 
3.2.7.2 Maximum: 

occurs f i r s t ,  

occurs first. 

a )  Options A,  AZ, 3 and E2 - 50 kHz or 5000 rpm, whichever 

b) Options C ,  CZ, D and DZ - 100 kHz or 5000 rpn, whichever 

3.2.8 Accuracy: 
A o r B  C D 

3 5 2 1  3.2.8.1 B i t - t o - b i t  (arcsec) rms, typical: 
3.2.8.2 Absolute {arcsec) ms, typical 31 31 32 

o p t i o n  

NOTE: Accuracy f igures were derived from model 3754 encoders Coupled t o  a 
b o r e  div id ing  engine a t  21 C. 

3 . 3  Eel i a b i l  i t y :  

3 , 3 . 1  Bearing fatique l i f e :  6.05 X IO8 revolut ions a t  maximum readout 
speed , 

3.3.2 Light source: S i n g l e  LED. 
3 . 3 . 3  Electronics MTBF: 115,055 hr, 3735AzS, calculated per MIL-HDBK-217B 

for three-channel encoder. 

3.4 Environmental : 

3.4.1 Operating temperature: 

3 ,4 .2  Storage temperature: -55 C t o  +85 C, 
3 . 4 . 3  Altitude: 70,000 ft maX. 
5 . 4 . 4  V ibra t ion:  30 g ' s  f r o m  99 t o  2000 Hz. Meets or exceeds requirements 

0 C t o  +55 C (-55 C to +70 C option available 
a t  addittonal cast) ,  

o f  MIL-STD-810C, Method 514.2, Procedure V,  Part 1, Figure 514 .24 .  
Curve T. Also meets or exceeds MIL-E-5400L' MIL-E-5272C (ASG). and 
MIL- E- 1640OF. 
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3.4.5 Shock: 

3.4 .6  Humidity: 

50 g ' s  a t  11 msec; meets or exceeds MIL-$TD-202C, Method 
Z O Z C ,  Condition C. 

a) Without seal option: 
b) With seal option: 

98% rh max, avoid condensation. 
100% rh, avoid imnersion. 

4,O Quality- Assurance Provisions 

4.1 Inspection (100% inspection i s  made for the paragraphs listed belaw): 
a) Electrical: 
b) Mechanical: 

3.2 .1 ,  3.2.2., 3.2.3, 3.2.4* and 3,.2.7, 
3.1.3.  3.1,4, and 3,1.9. 

5 . 0  Accessories an$ Information Suppl fed w i t h  Encoder 

5.1 Software: 

5.1.1 Schematic diagrams. 
5.1.2 Mechanical and electrical t e s t  reports. 
5.1.3 Miring diagram. 
5.1.4 Caution notlce. 
5.1.5 Warranty statement. 
5.1.6 Out1 ine drawing, 

5.2 Hardware : 

5.2.1 Mating connector (MS3106A20-29S). 
5 . 2 . 2  Connector cable clamp (MS3057-12A). 

i 
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'A" Schmict tt1gs.r wavefom outPUtS. 
"8" Orreshot r a v e l o r n  outputs and bm-lln d l m c t l o n  rmslng I t  l X *  dlsk  rrroiutfon., 

Om-shot uavcform outputs 4nd tnb-\lno dlmtlon sensing a t  2 X  disk msoluflan. 
'0" @ne-shbt wsvcforcrr outputs and WO-lInt dlmctlon 14sring a t  4 1  d i r k  rrcsb1utfon. 
I r I, . i 
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6.0 Ordering_I.nformation 

t-- 

HODEL NUMBER AND STANDARD nisK R E S O L ~ I O N  1 SINGLE RESOLUTION 

3700-3 . . . . . .  100 
3700-4 . . . . . .  256 
3700 . . . . . . .  360 
3730 . . . . . . .  4oa 
3731. . . . . . .  5W 

3704 . . . . . . .  
3 i O 3 - 3  . . . . . .  
3705 . . . . . . .  
3732 . . . . . . .  
3733 . . . . . . .  I 3733-1 . . . . . .  

37M . . . . . . .  1905 
3 7 3 4 .  . . . . .  . z o o  
3707 . . . . . . .  PO32 
3 7 0 8 .  . . . . .  .ZMB 
3735, . . . . . .  2500 
3709 . . . . . . .  2540 
3710 . . . . . . .  3175 

W A l  RESOLUTION 

?701 . . . . . . .  508 1 3 7 0 2 .  . . . . . .  6 t s  
3703 . . . . . . .  635 I 3704-9 . . . . . .  go0 

loo0 
1200 
1024 
1500 
1600 
lBQ0 3754 . . . . . .  2000/2540 . 3755 . . . . . .  2500/3175 

I b 
'+OPE: Any d f i k  rtsolutjon less than 3175 countr/turn 1 1  avrilable ulth any 

3: t 1 c  standard optjona bn speci l l  Order. L.--- 

3750 . . . . . . .  400f508 
3751 . . . . . . .  X)(lfb35 
3752 . . . . . .  1500/1905 
3753 . . . . . .  lbW2032 

L 

I * I  demtcs b)tctmnlc arltiplleatton. (Euqle.  4X-4 t f r s  d isk  rr5elut lon.)  ,I I 

4 

.. 
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ENCODER OUTLINE, END-EXIT CONNECTO 

- u 
E N C O D E R  OUTLl NE, SIDE- EXIT CONNECTOR (OPTIONAL AT ADDITIONAL COST) 

-m 
An16 
O f  
ROT&- 
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7 -  1 Special options a v a i l a b l e  a t  addttional cost: 

7.1.1 Side-ex i t  connector (see Figure 2) .  
7.1.2 Standard side-exit-connector configuration has 

painted  housing; I t  i s  also  o f f e r e d  w i t h  hard- 
anodized f i n i s h  an housing (hard anodized per 
MIL-A-8625,Type 3 ,  class 1, sealed in dichro- 

. mate) a t  additdona1 cost. 
7.1.3 Other d i s k  resolutions. 
7 .1 .4  Wider opera t ing  tempr;lt.llrP range. 
?.1.5 Operating frequency above 100 kHz. 
7.1.6 HNL/CMOS 
7.1.7 Special  shaft conf igurat ion,  

7.2 Tower supply: D& * A .  AI 

s*, -37-2.: - ; z  

-_ ____ --- _. __. - _-. - - 

HS3102E20-27P CONNECTOR P I N  FUNCTIONS 

F i n  Des ig l la t ion  

A 
E 
C 
0 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 

FUNCTION 

- A count-signal output 
A count-sfgnal output 
C zero-reference signal  output (or spare) 
Ground > internally t i e d  together Ground 
+5 vdc input> internally t i ed  together +5 Vdc input 
I M mode 3nput or spare 
B count-signal output 
5 count-signal output 
- Sh5eld  ground 
C zero-reference signal output ( o r  spare) - Case ground 
M mode input or spare 

TABLE 1 



581 
8515476 

. 
111 

1
7
/
9
4
 

11:OQ 
a
5
0
1
 8515176 

BE1 
SSD

 
@015/01 



Fiber Optics Group 
Computer Optical Products, Imc. 

Fiber Optic & Electro Optic Encoders 
for 

Military, Aircraft, and Industrial Applications 

Rotarv and Linear Position Sensors 
.I 

Product Selection Guide 



FIBER OPTICS GROUP 
Computer Optical Products, Inc. 
"MOTION CONTROL WITH FIBERS' 

Subsidiary of Hathaway Gorp. 

9305 Eton Avenue, Chatsworth, CA 91 31 1 Telephone: (818) 882-0424 Fax: (818) 882-0492 

FIBER OPTIC POSITION SENSORS TECHNICAL SUMMARY 

The Fiber Optics Group of Computer Optical Products, Inc. manufactures a 
variety of standard fiber optic encoders. The technology employed in these new 
products offers high performance rotary and linear position sensing at prices 
competitive with resolvers, LVDT's, and electrical encoders. 

Combining proprietary optical encoder technology and rugged multi-f'iber 
bundles, the Fiber Optics Group offers a line of position sensors ,with 
unsurpassed performance characteristics including: 

Low cost 
Small size 
Serviceability 

EMI/RFI Proof 
Inherent Redundancy 
Design & System Flexibility 

High temperature operation - 450°C (850OF) 
Increased reliability (passive readhead design) 
Intrinsically Safe for Explosion Proof Equip. 

The result is a rugged, EM1 immune, position sensor ideal for applications such 
as commutating motors in PWM and vector drive systems. This technology can 
be combined with wavelength-division multiplexing (WDM) for multi-sensor 
applications. 

How it works: Multi-fiber optical bundles relocate the sensitive opto-electronics 
to a place where it can be protected from harsh environments (can be mounted in 
NEMA enclosures or even in a connector backshell). The multi-fiber 
construction increases reliability due to it's inherent redundancy. In addition, the 
electronics assembly becomes less costly to manufacture and package. 

Special configurations include the Fiber Optic Position Modulator designed 
to work with standard (100/140) telecommunication grade fiber over long 
distances (300 ft). The FDMS series is a multi-axis system ideal for applications 
requiring more than one position sensor. This offers cost savings over individual 
encoding devices by using common electronics with multiple readheads. Another 
configuration is the FDZOO for operation in confined, high temperature areas. 
For remote applications, position information can be linked to programmable 
controllers via 4-20 mA loop, RS-422 or 232, or fiber optic data links. 

2-86-0018A 



COMPUTER OPTICAL PRODUCTS, Subad/ory of Hothowoy INC. C o p .  

Fiber Optics Group 

9305 Eton Avenue, Chatsworth. California 91 

'MOTION CONTROL WITH FlSER OPTICS 

(818) 882-0424 FAX (818) 882-0492 

Description 
n e  FD22I-R1 Series is a size 22, Fiber Optic Incremental Encoder. Designed for applications 
requiring high temperature speed and positioning sensing in E M I m  sensitive environments. This 
model features our standard fiber optic connector for use in single or multi-axis systems (see Model 
FDMS). This model comes with 6 inches of fiber optic cable which is easily extended using our 
inexpensive bundled fiber cables. For long haul applications, the cable can be extended using our 
standard bundle-to-single fiber adapters. Operation is rated from -40°C to +125"C. 

Features 
Fiber Optic Construction 
Standard Fiber Optic Connectors 
Electrical Outputs 
Heavy Duty 
Resolutions to 2000 Cycles 
125°C Operating Temperature 

Applications 
Machine Tools 
Digital Servo Systems 
Coordinate Measurement 
Radar Antennas 
Ground Support Systems 
Automatic Weight Logging 

FD221mR1 Series 

Fiber Optic ROTARY 
INCREMENTAL ENCODER 

Options 
Heavy Duty Fiber Optic Cable =Hollow Shaft *Cable Extensions =High Temp.(up to 300°C) 
Multi-axis Electronics .Long Distance Interface *Analog/Digital Outputs .Fiber Optic Data Link 

0 13 DIA EQ SPC 
O N A  I W S C  
FOR y4 W> SCREWS 

PHYSICAL DIMENSIONS 

0 13 DIA E Q  SPC ------- 
O N 4 1 9 U J B C  
FOR y4 COVER SCREWS 

ROTATION 

SIDE CABLE W T  -~ 
IOPIlONAL) 

QUICK DISCONNFLT ---.__ 

7 60 

I 
I ' . _ - - _ _ -  - 

FIBER OPTIC 
CABLE 

OUTLlhF 
HOOULAR OPTION 

IU) \ 

+- 2 (ID --1H L- __-H + 4,7 'TGHOLFS 
14'0 

Specifications subject to change without notice Data sheet 2-86-0014-OlA 
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operaling rcmp - I O I O + ~ O - C , ~ ~ ~ . I  
elccuonlc' 

inounllnp opttons 

-3' 10 CS5'C cop1 , 
2 2 inch dia Irrd.1 

2.5 inch flange lop1 1 
2 5 inch sen0 lapt., 

2 2 inch dia lrtd) 

5haft/huh cize 375" mar hub inside dia. 250. 375 & 501) dia I 375" max tnsldc dia 

sianmg iorque I 0 in-oz mar 
2 5 tn+z rnax *tth shafr seal NiA 

weigh1 

cablc options 

shcckhhanon 

5 O L  mar Y 02 mar 

Up 10 5Ml PVC jacket (?id) 
lnlcrlcckinp melal (opt) 

50 G s far I 1 msec duration 
5 to 2000 Hz L 20 G s 

,"pur power 

outpul c,rcu,try 

OPEN COLLECTOR I IN€ DRII'ER OPEN COLLECTOR 
tDB ZJPI rDB ZSP, I PCB J 

5V dc? 5% 5Vdc+5% 
140mAmar  100 mA m a  

5v dc * 55. 
100 mA mar 

lTIKM0.S companbk MC3487 m cquiv~lenl TTlKM0.5 mmpaobk 
w i  2K pull ups RS-422 companble 4 4  7K pull ups 

v =  Mcdui3r 
H = Hnubrd I T = lhru Shalt 
S = tlollou Shalt 

I 
Resolution In number 
01 cvclcs DCT revolution- 

Cable lrnrfh I" feet 

r 
blank = \loduIx or no dua~lcr 

F = 2 5 inch flange HuhDia 250&.375mch&Bmm lhll 
Shaft Dla O i  250 or 375 (H or T) 
Hollow Shaft I.D. ,250 & -375 inch 15) 

El  = Opcn Ccllector IPCBI 
E2 = Opcn Collecior I DB-25P) 

p? = Line D n v w  IDB-XP) 

HUB I.D. + 0003 SHAFT 0 . D  +.oooO 

- 24Y8 2497 

.3 I23 3122 

. 3 ~  3747 

[P I  =Line DnvcriFTB) 

Number of counrsmim 15 equal IO rhe number of 
cyclcshum t ~ m  the number at dgwcyc le .  With 
A & B in phase quadrarure thcrp are 4 edgeskyclr. 500 499s 1997 

lourpur cmn€Sror( DB-25P I 20pm he& I 
GaAlAsLED I 

__ 10-32UNFZB 
IS8MINDP 

3 PLCS EQ S K  
O N A 1 8 7 5 B C  2 50 DIA 

2 5 "  SERVO OPTION (SI 
.t- - LVDFX WlDIH A N 0  PHASIVC 

VARIES Wlm RESOLUTiOh 
INDEX 

SHAFT OR HUB CW ROTATlOh 

f-- 3 1 0  - & 
A -  

- 

- 2'0 so - 
2 1 8 D I K  . 

J>  

L P T O  375 DIA 

rl 75 DIA 

SHAFT CW 
ROTAnOh 

. ..... . 
..... - ~ 

r r 
OUTLINE 

T H R U  SHAFT OPTIO\ 
IT1 

OCTLI\F, OUTLINE 
THRC SHAFT OPTION HOLLOW SHAFl OPTION 

IT1 I 51  
2.5" FLANGE OPTION 

I F )  
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COMPUTER OPTICAL PRODUCTS, SuLwdiory of H ~ f b o w a y  INC. Cor0 

Fiber Optics Group 
"MOrlON CSNTROL WirH FIBER OPTICS 

9305 Eton Avenue Chatsworth California 91 
(818) 882-0424 b FAX (818) 882-0492 

Description 
The FD22A-RI Series is a size 22. I2 bit. Fiber Optic Absolute Encoder. Designed for 
applications requiring high temperature speed and positioning senhing in EMIRFI sensitive 
environments. This model features our standard fiber optic connector for use in single or multi-axis 
systems (see our Model FDMS). Operation is rated from -40°C to +125"C. Unit comes with up to 20 
feet of fiber optic cable and complete electronics. 

FD22A-Rl Series 

Fiber Optic ROTARY 
ABSOLUTE ENCODER 

Features 
Fiber Optic Construction 
Electrical Outputs 
Heavy Duty 
Resolutions to 4096 Counts 
125°C Operating Temperature 

Applications 
Machine Tools 
Digital Servo Systems 
Coordinate Measurement 
Labratory Equipment 
Ground Support Systems 
Automatic Weight Logging 

Options 
Heavy Duty F.O. Cable *Hollow Shaft *Thru Shaft *High Temp.(up to 300°C) 
Multi-axis Electronics *Non-conductive F.O. Cable construction =Fiber Optic Data Link 

I PHYSICAL DIMENSIONS 



MECHA\ICAL SPECIFICATIOIS 

opiraiinp temp 
elecrrO"lCb 

- 10 lo + 7 0 T  lstd i 
-55 to +HOC 1Opt.I 

cable options 

\hocWvibration 

up to 20fi PVC rnO"Oc0fl IStdl 
Inirrlcxking metal lopti 

50 G s for I I msec duration 
5 to zoo(, ti2 @ 20 G, 

input power 

cu,pul cI ,'", 
5\ dc f S% - mA man 

5v dc t 5 9  ? \  dc t 5'r 
IIOmAmar 8 5  mA ma* 

_ -  

100/140 fiber 
1TLXMOScmpanhle 26LS3I or equivilen~ 

I 74HCTOJi R S 4 2 2  camwnble 

H = H u u d  
T = ihru Shali 
5 = tiollow Shalt 

2.2 inch dia iatd. l  
2.5 inch flanpe copr i 
2 5 inch servo {opt I 

1.0 in-ilz max. 
Z 5 t n w  max with rhatt <ea1 

10 Ib,. axid and radial \haft loadinp 

wsyht c O L  ma* 9 01 mar 

MODULAR INSTALLATION INSTRUCTIONS 
I MOLIVI BOrrOM PIECE USING SUPPLIED X 4  HARDWARE % 1x1 
? ICITHOUTFULLY TlGHTENlYG MOlNTING HARDWARE. I'ICTAI.L.CODE DISK LPSIDE DOWN Hl lB NIL1 
C E h m R  BOTTOM PIECE 4 B O I T  .AXIS OF ROTATION 
1 TIGHTEN MDl ih l ING HARDWARE A h D  RE-1NSTAL.L CODE DISK RIGHT SIDE UP 4ND GAP IT 
J INSTAI L TOP PIECE W T H  REMAINING HARDWARE 

WITH FIBER OPllC CONNECTOR IN  PLACE AND ELtCTADZlCS POICTRED UP. GROUND THE CALIBRATlOh Plh 
[ A \ D  R0T4TE M E  SHAFT ONE REVOLUTION REMOVEGROC\U FROM THECALlBRAl lON PIN \ 'NIT 15 RE.41)) 1 

I ?  ~.* 
... ..I 

1.249 
1.241 
DIA. 

I O  * *--- 
2.50 DIA 

light source I 

- 10 32 UNFZB 
188 MIN DP 

1 PLCS EQ SPC 
O N A  I X 7 5 B C  

2.5" SERVO OPTION IS) 

I": * 
2 SERIAI. OUrF'L7 

I START. 8 DATA I STOP. Smo BAlJD 
OUTPUT SHONt i  AS mi I I I I IOlm- IhlSB - LSEI GRAY CODE ((3F4) 

GRAY CODE 

- 4 44! UNF 2B 
25 MIN DP 
7 PLCS EO S P C  

I O  dt O N A I W O B C  

I O  +., 2 05 DIA 
z zn D ~ A  

2 2" R0L'"IU OPTIOY IR)  .-.- 
I MSB AVD MFD - I ARE SAME RESOLUTION 
2 EACH ADDED LOICTR ORDER lKACK I S  TWICE THE RESOLLTlON OF THE PREVIOUS TRACK 
1 FRAY CODE IS  NOS 4MRIt;UOUS (ONLY O W  TR.4CK CHANGES PER COUPJT CHANGE, 
J BY INVERTING THE \ E D  TRACK. INCREASING COUNT DIRECllOh CAN BE CHANGED 

* 6 1: 
SHAFT s t 4 1  
BOTH E\DS t ,  Y 1 

OLTLI\F 
THRL b H 4 F T  OPTION 

I l l  

O I  T I . I \ t  
HOLSEU OPTIO\ 

I H I  

OL'TLI3E 
HOLLOW SHAFT O P T I O I  

I S 1  
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COMPUTER OPTICAL PRODUCTS, SubsKIiury of Hutnuway INC. Corp. 

Fiber Optics Group 

9305 Eton Avenue Chatswortn California 91 

'MOTION CONTROL WlJH FJBER OPTICS' 

(818) 882-0424 FAX (818) 882-0492 

Description 
The FD22MT-R1 Series is a size 22, 12 bit. Fiber Optic Absolute Encoder with Multi-Turn 
capability built into the electronics. A rechargable. sealed lead acid battery makes this unit immune to 
power interuptions for up to five days, without loss of position information even when movement 
occurs. Designed for applications requiring positioning sensing in EMIRFI sensitive or high 
temperature environments. Operation is rated from -40°C to +125"C. Unit comes with up to 20 feet of 
fiber optic cable and complete electronics. 

FD22MT-Wl Series 

Fiber Optic MULTI-TURN 
ABSOLUTE ENCODER 

Features 
Intrinsically Safe Construction 
Electrical Outputs 
Heavy Duty 
Resolutions to 4096 Counts perhurn 
Infinite Turns Capability 

Applications 
Machine Tools 
Hoists 
Coordinate Measurement 
Robitics 
Conveyors 
Elevators 

Options 
Heavy Duty F.O. Cable *Hollow Shaft =Thm Shaft =High Temp. (up to 200°C) 
Multi-axis Electronics *Fiber Optic Data Link *Non-conductive F.O. Cable construction 

PHYSICAL DIMENSIONS 

0 I3 DIA. EQ SF'C 

FOR tw hlTG SCREWS 

<>- n I?  DIA EQ spc 
/'--- ON A I 901) B C. ', ON A I Y(K) B ( 3  

" ~ ,  FOR Itl COVER SCRFWS , 



mpui power 

ouqu1  CUC"l1ry 

light wurcc 

_ _ _ _ _ _ _ ~ ~ ~ ~  ~ ~ ~ ~~~~~~ 

PARALLEL OL'TPL'T SERIAL OUTPUT FIBER OPUC LINK 

5VdC?5% 5V dc ? 5% 4V dc f 5% 
75 mA mai I 1 0  n A  m a .  n 5 m ~ - .  

TlUCMOS colripuble ?6LS31 or equtvilenl Iw/IJORbcr 
17JHCT04) RS422 cornpauhle 

G a A k  LED 

.A = Interlaking MCWI 

H = H o u d  
T = Thru (hart 
S = Hollo\r Shall 

Re\olulion in number 
o f  b,lr. UT uoun;* lor  
BCD.pei iurn - - 
hlmh = S l d u l a r  or  no ~urpler 
R = 1 Z inch Round 
F = 2.5 Inch Flange 
S = ? 5 inch Servo 

Huh Dia .25C9r  ?75 inch b: L mm (MI  
Shalt Dia of 2 5 0  or 175 I H or TI 
Hollow Shaft I.D. 250 & 375 inch (SI 

375 1717 

1 w 7  

MODULAR IhSTALLATION INSTRUCTIONS 
I 
Z 
CENTER BOTTOM PIECE ,\BOLT 4x1s OF ROTATION 

4 IhSTALL TOP PlECt WrTH REUAlNlhG HARDWARE 
5 WITH FIBER OpnC COhVECTOR I I  PL 41z AND ELECrROVlCS POWERED LIP GROUND THE C A l  IRRAl lON PIN 

MOUNT B O l T O U  PlFrF 1 SI IG SLPPLIED #4 HARDWARE l l T l  
WITHOLm Fl iLLY l l G H i T h l I F  UOL KnNG HARDWARE INSTAL1 CODE DISK UPSIDE DOWN HLB WILL 

i nctnm ~ ( ~ ~ ~ ~ Y ~ ~ A R D U A R E A ~ D P E  I N T T ~ U C O D ~ D I S K R I G H T S I D E U P A " ~ D G ~ P I ~  

RFVOLLnOh REMOVE GROUND RiOM THE C 4LIHRATION PIN I iN lT IS READY 

I ?  --c . 
ELECTRICAI. SPECIFICATIONS 

-C 

7 I ?JY 
I 241 IF I O  * t 150 DIA DIA 

10.32 UNF ZB 
IR8 MIN DP 

3 PLCS EQ SPC 
ON A I 8 7 5  B C  

- -~ 

2.5" SERVO OPTION IS1 

- - l n T -  - 
L 

SERIAL OL7FUT 
I 5T iRT .  8 DATA I STOP, YHX) BAUD 
t)CTPLTSHOWN %7 l X l l l l l l I l l l l X 1  IUSB LSBlGRAY CODE#SlFJi 

GRAY CODE t 

. - <  * 

I 

2-86-0020-02 Snecifications subiect to chanee wlthout notice 



COMPUTER OPTlCAt PRODUCTS, Subsjdiary of darncway INC. Coir_ F D l l A  Series 
Fiber Optics Group Fiber Optic 
M o r i c m  CON~ROL bv~rr FIBER o p r a  

9305 Eton Avenue. Chatsworth California 91 ABSOLUTE ENCODER 
(818) 882-0424 FAX (818) 882-0492 

ROTARY HOUSED 

. 

Features 
Fiber Optic Construction 

Small SiLe 
Light Weight 
EMI/RFI Immunity 
No possibility of Spark Ignition 

Applications 
Engine Control 
Cockpit Instrumentation 
Actuators 
Resolver or RVDT retrofit 
Medical 

High Resolution 

P C B  -- 95 DIA 
FIBER OPTIC 
CABLE 2 5  DIA - 

SENSING ELEMENT \OT r o v  \ i ~ ,  ELECTRONICS ASSEhlBLY 

b 

Options 
Serial Output 
Special Shaft Configurations 
Custom Cable Lengths 
Temperature to 300°C 
Line Driver Output 

PHYSICAL DIMENSIONS I 



MECHANICAL SPECIFICATIONS ELECTRICAL SPECIFICATIONS 

FDI I A - - R l  

resolution up to I O  bits 

gray code (std.) 1 natural binary 8r BCD (opt.) I output 

In-oz max. 

I up to 20ft PVC monocoil (std.) I Interlocking metal (opt.) 
cable options 

50 G's for 11  msec duration I 5 t o 2 0 0 0 H z @  20G's 1 shockhibration 

input power 5V dc k 5 %  @ 110 mA rnax. 

I C  I I 

parallel TTL/CMOS (std.) 

fiber optic link 100/140 (opt . )  

output circuitry serial RS-422 (opt.  

-- I PARALLEL C O N N E C T O R  

G O ,  B O ,  1 19  G 7 , 8 7 , 8 0  1 7 INU OUT 4 1 12 
G2 ,82 ,4  17  G9 ,89 ,200  6 POWER 1 

2 0  G 8 , B 8 , 1 0 0  1 10 C A L I B .  G l , B 1 , 2  , 

G3 ,B3 ,8  ' 18 STROBE* 1 8 GROUND 
G4 , B 4 , 1 0  15 SER OUT 5 GROUND 
G 5 , 8 5 , 2 0  16  SER O U T '  I 3 GROUND 
G6,B6,40 9 I N U  I N  i 2  
*Data valid on rising edge. Data not valid when low I Ims pulse width). 

I SERIAL C O N N .  0PTlON.Y C O N N T  Recalibration IF 

accomplished by 
grounding this pin and 
turning the shaft of the 
Sensing Element one or 
more revolutions and 
then un-grounding the 

SER OUT 

GROUND 
GROUND 
POUER 

1 j pin .  

m 
SERIAL OUTF'IJT: 
1 START, 8 DATA, 1 STOP, 9600 BAUD 
OUTPUT SHOWN AS "001 11 1 1  10100" (MSB - LSB) GRAY CODE ($3F4) 

ORDERING INFORMATION 
- ~ _ _  1 -- - 

Cable , Cable 1 

Length 1 Type 1 Style I - Resolution - - Voltage j R1 F D l l A  Output Format 

M = Modular 
H = Housed 
T = Thru Shaft 
S = Hollow Shaft 
- 

-_ ___ - 
GC = Gray Code 
NB = Natural Binary 
BD = BCD 

Resolution in number 
of bits (number of ~ 

5 = +5 Vdc 

v counts for BD option) I _ _ _ _ -  
blank = PVC Monocoil 
A = Interlocking Metal 
B = High Temperature 

- __ 

____ 

Cable length in feet 

Specifications subject to change without notice 



COMPUTER OPTICAL PRODUCTS, Subsidiary of Hafhoway INC. C o p  FDlOO 
Fiber Optics Group Fiber Optic 

9305 Eton Avenue, Chatsworth California 91 MODULAR READHEAD 
LINEARlROTARY 'MOTION CONTROL WITH FIBER OPTICS 

(818) 882-0424 0 FAX (818) 882-0492 

Description 
The Model FDlOO three channel Fiber Optic Modular Readhead is designed for use in positioning 
systems requiring improved reliability and EMI/RFI immunity. Used with an appropriate code disk or 
scale, the three channeis are useful for motor commutation or position sensing via quadrature outputs 
and index marker pulse. Unit comes with Electronics Assembly. 

Features 
Fiber Optic Construction 
Standard Fiber Optic Connector 

* Electrical Outputs 
Extremely Rugged 

125°C Operating Temperature 
Submersible 

Standard Resolutions of .0012" 

Applications 
Instrumentation 
Machine Tools 
Medical Electronics 
Motor Speed Control 
Robotics 
Servo Systems 

Options 
Higher resolution (.0009") 
Multi-axis Electronics Digital Outputs Long Distance Interface Heavy Duty Cable 

Additional Channels High Temperature (up eo 30OOC) 

I PHYSICAL DIMENSIONS 



COMPUTER OPTICAL PRODUCTS, INC. 
Subsidfury of Iiufhowuy Cor?. 

Fiber Optics Group 
'MOTION CONTROL WITH HBEI? OPTICS' 

9305 Eton Avenue, Chotsworth California 91 
(818) 882-0424 FAX (818) 882-0492 

Features 
a Fiber Optic Construction 

Standard F.O. Connectors 

8-Bit Resolution 
150°C Operating Temperature 

Serial / Parallel Electrical Outputs 

FDlOA & I Series 
Fiber Optic 
ABSOLUTE 

LINEAR ENCODER 

Applications 
Machine Tools 
Fluid Level Systems 
Take up Reels 
Catapult Systems 
Ground Support Systems 
Automatic Weight Logging 

Options 
Higher Resolution 
Multi-axis Electronics 

e... I.... ..&. 

=Stroke Lengths 
*Digital Outputs 

*High Temp.(up to 300°C) 
=Fiber Optic Data Link 

4 ______ 
AT CENTER OF ADJUSTMEI'T) 

18 FTOFRBEK - 

ADJUSTABLE 
ROD END BEAKING 
25 DIA MTG HOLE 

FIBEROPTIC - - 
CONNECTOR 

Data Theet 2-86-0014, Specifications WbjeCt to chanse without notice 



Subsioiarv of Hothaway Cor FDNIS Series 
Fiber Optic 

INCREMENTAL ENCODER SYS. 
MU 1, TI -AX IS 0 DUL A R I COMPUTER OPTICAL PRODUCTS, INC. 

Fiber Optics Group 

9305 Eton Avenue Chatsworth California 91 

"MOTION CONTROL WITH FIBER OPTICS 

(818) 882 0424 FAX (818) 882-0492 
__ 

Description 
The FDMS Series represents one of the most advanced ways fiber optics can be used to achieve cost 
effective position sensing. Illustrated here is the flexibility inherent in this approach. The position 
sensors can either be identical units or a combination of modular. house. rotary. or linear types. The 
fiber optic readhead senses motion without active components in difficult to service places. 

Features 
Fiber Optic Construction 
Flexibility 
Low Cost 
EMVRFI Immunity 
No possibility of Spark Ignition 
Serviceability 

Applications 
Multi-axis Gimbal Systems 
Factory Automation 
Robotics 
Medical 

0 p tio ns 
Custom Cable Lengths 
Additional Axii 
Special Mounting Configurations 
Temperatures to 300°C 
Line Driver Output 

?HYSICAL DIMENSIONS 

DB-25 CONNECTOR 
4--- 2.90 

A 

4.00 

v 

.n - ..75 DIA 

TO ANY 

3 CHANNEL 

MCREMENTAL 

POSITION SENSOR 

__ - 

. .. .- 

THREE AXIS ELECTRONICS ASSEMBLY 

Specifications subject to chanse without notice Data Sheet 2-86-0010A 



COMPUTER OPTICAL PRODUCTS, INC. 
Fiber Optics Group 
'MOTION CONTROL WITH FIBER OPTICS 

9305 Eton Avenue, Chatsworth. California 91 

Subsidmy of Hothaway Corp 

I (818) 882-0424 FAX: (818) 882-0492 I 
Description 
The Model FDPMl4-256Rl is a size 14, Fiber Optic Rotary Light Modulator. Designed for 
applications requiring high temperature speed and position sensing. This model features a 
MIL-C-38999 fiber optic connector to interface to 100/140 fibers. Long distance fiber optic position 
sensing is possible. Operation is rated from -55°C to +200"C. Two optical channels are amplitude 
modulated in phase quadrature as a function of shaft rotation. 

FDPM.14-256Rl 
Fiber Optic 

ROTARY HOUSED 
POSITION MODULATOR 

Features 
Fiber Optic Construction 
High Temperature 
Resolutions up to 500 Cycles 
Small Size 
EMI/RFI Immunity 
No possibility of Spark Ignition 
MIL-C-38999 Connector 
Redundancy 

Applications 
Anti-skid Systems 
Fly-by-light . Speed and position Control 
Medical 

Options 
Special Shaft Configurations 

'HYSICAL DIMENSIONS 

- 

4 / 
/ 

/ 
/ 

MIL-C-38999 L- 

COhNECTOR 

/ 

SO0 DIA MAX L- 

' ,530 DIA 

~ 1.40 DIA 

Specifications subject to chanse without notice Data Sheet 2-86-001 1 
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4 

WEST COAST l 2 k m x u a  
COMPUTER OPTICAL PRODUCTS, WC. 
9305 Eton Avenue 
Chatsworth, CA 913 1 1  
Tel: (8 18) 882-0424 
Fax: (8 18) 882-0492 

COMPUTER OPTICAL PRODUCTS, INC. 
18 Bow Street 
Stoneham, MA 02180 
Tel: (617) 279-2298 
Fax: (617) 279-9046 

COMPUTER OPTICAL PRODUCTS, INC. 
F i b e r  Optics Group 

Subudmy of Hathoway C o p  

'MOTION CONTROL WITH FIBER OPTICS' 

9305 Eton Avenue, Chotsworth. California 91 
(818) 882-0424 FAX: (818) 882-0492 

1991 -2-86-00 13 



Computer 
Optical , Products, In c 

The innovator of a large variety of optical position- 
ing devices COP1 has pioneered the application 
of specialized analog-output encoders in the 
computer peripherals industry COP1 designs and 
products perfected for disk drives, printers. tape 
wives etc are being used on a large scale world- 
wide This experience in the control of LED 
intensity over life and temperature,beam angles 
and materials choice has been applied to the 
manufacture of state-of-the-art housed encoders 
with unsurpassed price/performance ratios 

The basic optical design of one single. intensity- 
controlled light source and one single integrated 
monolithic sensor array has yielded incremental 
encoders offered at prices normally associated 
with modular encoders, and absolute encoders 
offered at prices normally associated with incre- 
mental encoders. 

Integral processors for models such as the CP- 
850-1 2DIS allow tailor-made specifications and 
characteristics by custom programming for 
specialized applications. 
For a line of multiturn 
encoders, traditionally a 
large and complicated 
mechanical design contain- 
ing gears. multiple disks 
and numerous discrete 
electro-optical components, 
COP1 substituted a proces- 
sor and electronics for an 
extremely reliable 
electronical multi-turn (CP- 
850-22-MTj. 

absolute encoders for large industrial brushless DC 
motor commutation and proportional drive circuits. 

For a single source of motor/encoders. COP1 
encoders are available factory-mounted on a wide 
range of COP1 manufactured PMDC motors (1.5". 
2", 3" and 4" diameter) as well as on Hathaway 
Motion Control Group manufactured brushless DC 
motors. For information on these BDC motors 
contact Hathaway Motion Control. (918) 438 7800, 
fax (918) 438 7629. 

Although the catalog shows standard designs, 
there are no restrictions on specifying specia! 
requirements such as custom electrical specifica- 
tion, power supply voltages and mounting configu- 
rations. Please contact our applications engineer- 
ing department. we'll be most pleased to quote 
your special needs. 

Encoders for especially 
hostile environments 
(temperature, flammable 
gases. RFI/EMI. radar 
antenna positioning) have 
been developed utilizing 
fiberoptics. COP1 designed 
and produced parts are being used in such 
diverse applications as linear absolute encoders 
for aircraft carrier steam catapults and rotary 



sine / cosine infinite resolu- 
tion incremental encoder 

~ 

description 
The CP-200 encoder/ transducer IS a cost-effective feedback 
device especially suited for applications where continuous 
oosition information is required such as low and ultra-low 
speed servo control loops. As opposed to digital encoders 
where no information is available between transitions. the CP- 
200 supplies continuous information about the angular position 
of the system with a resolution only restricted by the digitizing 
electronics With a guaranteed linearity of better than lo& up to 
the 45- crossover points i t  is possible. even with relatively 
simple digitizing schemes. to obtain equivalent resolutions of 
256,000 discrete points per revolution For 'ditherless" 
detenting into a zero-crossing or an offset zero-crossing. either 
the A or 6 channel can be directly switched into the error 
amplifier of the system This unit interfaces directly with the 
SGS"I low-cost servo-control L-290 L291& L292 chipset 

Ordering information 
CP-200-(counts/revolution)-(hub size inch or mm)-(cable 
lenghth in inch or cm) Maximum hubsire is 3935 or 10 mm 
Max shaft length is 55' ,for through shaft specify hole in cover 

standard counts/revoiution I 

16, 50. 96,100.1 10.120.128,155.192, 200. 210 
240,254.256.280. 208. 300.360, 384,400,480 
500.576. 720,850. 1000. 

I ratings options 
supply voltage 

operating temperature 
range 

storage temperature 
operating relative 

humidity 
storage relative 

humidity 
moment of inertia 

frequency response 
output current 
output voltage 

f 18 Vdc max. 
r 12 Vdc nominal 

-30 C to +85 C 
-40 C to +95 C 

9000 Q 35 c 

800. @ 45 c 
0 2 x 1 0  inozsec- 
f 0 424 dB Q 20 kHz 
10 mA sink or source 
Vp nom = z 0 5 V. zero 
centered Other output 
levels are optional 

-available wth a 
wtde rangeof 
factory mounted 
PMDC motors 
brushless DC 
motors stepper 
motors 
-cable options 
-digital version see 
datasheet rt 120-3 
-tachometer version 
datasheet tl 120-2 
-application notes 
see datasheet d 21 0 

S h M  (5 a I V P C ~ I  m d e x  channel 
omer tanfquranns me optionai waveforms. ccw seen from cover end 

optoelectrical vcc 

configuration 

- I 780- - 0 175"- 

, * gain set 0610" _- 
I - * I 

cable exit 

I 
A 1350 

0 400' 

min 
- *  0 670 0611 

& v 
I 1 039C max 

I 

0 550'- 
0 b70 * 

0 950 mar 

mounting instructions 

1 open cover by gently pryinq the 
cower olf with a small Screwriver 
at Ihe slot ooposite lhe wire exlt 
Leave the PCB in place 
2 loosely munf  the ercodei to a 
Totor with lour mounting screws 
'nrough the PCB 
3 unlock lhe locking ring by 
'Jrning ccw !view lrom encoaer 
endl access rimj from the side 
2 gently press down nuo and lock 
'ne hub by turning locn~nq rlng 
ciockwse 
5 ljghten set screw 
6 tqhten Ihe lour maunung screws - unlock Ihe locking ring by 
-uming ccw until it staps 
8 snap on cover 

center. cabie lenqth 24" r 0 5" 

pin# pinout 
1 shield 
2 index (green) 
3 ch. B (black) 
4 ch A (yellow) 
5 - 12 Vdc (white) 
6 open 
7 + 12 Vdc (red) 

Motex'" 22-01-3077 7 pin 0 1 '  



I modular incremental encoder I 

I description 
x x x x  number 01 

counts revolution 

The CP-250 encoder is a cost-effective feedback device that 
mounts easily on a motor platform The LED light source is 
servo-controlled for constant light output to insure thermal and 
long-term stability. 

Ordering information, 
c%!5O-(c/r)-(SE/RE/C)-(hub size.inch or mm)'-(cable length in 
inch or cm, if applicable). 
Max. shaft length is .55".for through shaft specify hole in cover 
* maximurn hub size : 0.3935" or 10 mm. 

I standard counts/revolution (c/r) 
I 
I 

16, 32, 50. 96,100.1 10.120.1 28,155.1 92. 200. 21 0, 220. 

500,508.512.560, 576,600,720,768,800,850,960, 1000, 
1024,2000. 

240,254,256,280,288, 300.3i0.360.384.400,4ao 

ratings 
supply voltage 5 V @ 50 mA maximum 

operating temp range -30°C to +85'C 
storage temperature -40°C to +95X 

operating relative 
humidity 90% @ 35°C 

storage relative humidity 80% 0 45°C 
moment of inertia 0 2 x 10 in oz set< 

frequency response 100 kHz ( A 8 6) 
50 KHz (index) 

output formal incremental 
output open collector with 

4 7 M  pullup resistors 

options 
-available with a 
wide rangeof 
factory mounted 
PMDC motors. 

motors. stepper 
motors 
-cable options 
-analog version. see 
datasheet # 121-1 

-application notes 
see datasheet U 210 

brushless DC 

shown without cover 

waveform (CW from encoder end) 
- .. 

r I 360" 
7; 90"230" - 180'rlO" 

Shown is a typical index 
channel.other configurations encoder cover side 
are optional 

optoelectrical 

~- - .- ~ _ _  

cbntiguration 

GaAlAs I 

I 

side exit pin option h y d  A 2 
ordering (SE) pin pin3 2 + rouno Vdc 

pin 4 8 channel 
0 0 0  pin 5 maex 

d 4 5 6  pin 6 N C  

pm i grouna 

pin 3 index 
rear exit pin option 1 2 3  PI" 2 + VdC 

ordering (RE) b m  c r n 0 n D m  4 nic 
I 

ti' - - -  pin 5 A chamel 
pm 6 E cbannel 4 5  6 

pin I Nc 
pln 2 index 
pin 3 E cnannel 
pm 4 A cnannel 
pin 5 + vdc 
pm6 grounQ 

cable optlon 
ordering (,-) 

cannernor Molex" pin 22-10-2071 
cable ienglh 24' slandam dinerent 
came lengnis and terminanon5 avatlable 
on request 

pinouts 

r.iounting instructions 

1 ' open cover by gently prying the cover off with a 
small screwdriver at the slot opposite the wire exit 
Leave fhe PCB in place 
21 loosely mount the encoder to a motor with four 
mounting screws through the PCB 
31 unlock the locking ring by turning ccw (view from 
encoder end). access ring from the side 
A/  gently press down hub and lock the hub by 
taming locking ring clockwise 
! J  tighten set screw 
6i tighten the four mounting screws 
71 unlock the locking ring by turning ccw until 11 
stops 
E/ snap on cover 

mounting interface 
requirements (500 c/r 
typical) 

axial play 0 001" ma& 
runout 0 002" TIR 
squareness to mounting 
surface 0002' 
recommended shatt 
diameter from 125 to 
390' (3  to 10 mm) 



modular brushless DC tachom- 
eter with incremental encoder 

$ 
i x x x  numoer of 

couni~i revolution description -90 r15 -- 360 
180 e l 0  

I 
I 

.-annm& I - - 
- - The CP-260 encoder/ transducer is a cost-effective feedback . l a n n e , ~  - *c - - 

device especially suited for servo control loops where .- 5'.iYP 

90 A b - - -  
n a e x c h a w  ,- 

.---f 
continuous speed information is required. 

In addition to position information, the unit generates a linear 
DC tachometer signal with low ripple. usable to less than one 
RPM (for a 1000 c/r unit) 

The absence of contacting elements such as brushes etc 
makes this device an excellent feedback counterpart for high 
reliability brushless DC motor-based incremental motion 
systems 

Ordering information 
CP-260-(c/r)-(hub size inch or mm)'-(RPM at Vtach=lO Vdc 
desired)-(LD=linedrrver option insialled,blank if not) 
Max shaft length is 55" for through shaft specify hole in cover 
* maximum hub size 0 3935" or 10 mm 

270 

shown without cover 
position 
signals 

tachomeler - detault sening is 
- - -  - -  

5 VikRPM other senings / optional 
signal -V  

lhneantycenerrnan 5 % - - - - - - - -  ----- 
ripple IS less than lOmV 

Imrsnr"Qe"er limn l o o - - - - - - -  *maximum selrfng. is 
1OV @100RPM 

Vlach Y . .e I _  
I unearlty polnl = 

.nml 3 10 / cir IRPM) 
5 LRPM D 3 kRPM 0 
3 000 c/r I 000 c r _________ 

RPM 0 3 kRPM C 3 xnt 
1 owur I oc 

. .  -- -~ ~ * so. linearity point = 
,our 51061cn(RPM) 

_ _  - 
block diagram 

Channel A - 
7 - ,- 
I '  

x ct'annel B 
ratings options 

supply voltage = 18 Vdc max -ime dnver outputs __ -3 .2 , tndeimanncl 
__I______ ___-  z 12 Vdc nominal @ (no- charge option) -q LEOieedb~ch 1 

50 mA maximum -availaMe wcth a - - 
operating temp range -30 C to +E5'C wide range of optoeiectneai 

storage temperature -40 C lo +95 C factory mounted configuration 
operating relative PMDC motors 

humidity 90'. 0 35 C brushless DC 
storage relative motors stepper 

humidity 80'. 0 45 C motors 
moment of inerlm 0 2 x 10 ' in oz see -cable options 

frequency response 100 kHz ( A & 8) analog wrsfon see 

v = ? r l O V d c  -dgital version see 
output V,xn 10 mA sink or source datasheet U 120-1 

output A B and Index LM'339 with 4 7 kOhm datasheet # 120-3 
channels pull-ups -apptication notes 

see datasheet 4 210 

Pmouts 
- 0 175" mounting instructions 

A 
1 open cover by gently prying the 1 inverted index' 
cover ofl with a sma!l screwriver 2 index 
at the stol opposite the wire exit 
Leave the PCB tn place 4 inverted A channel' 
2 loosely mounl the encoder to a 5 inverted B channel' 

through the PCB 7 Bchannel 
3 unlock me locking ring by 

end) access ring from lhe side 
4 gently p r w  down hub and lock 
the hut, by iurning locking ring 
clochwlse 
5 tighten set screw 
6 ltghten the lour rnountlng screws 
7 unlock the tockincl rtng by 

i 
0010 - 

\ lock 3 A channel 
0 68LT -_I-_ - - 

1 350' 1 , _  _ _ _  - _ -  - _ -  

0 4w: motor wnh four rnounlmg screws 6 - 1 5 V d c  - 
1 8 ground 

v 10 + 15 vDC 

rnm 0 670" 0611" 
__ 

1 
A 

c turning ccw (v iew lrom encoder 9 v ,~ output o 390'rnax 
A 

0 550" . linednver version 0 670" t-- 

1 
0 950 max 

b '  __ 4 pin 2 pin IO ~ 

pin t pin 9 
620 * 

*5 1 

IU o!ol\le m. 01 __ _I 

0250 c_ 0140 750" lurntng ccw unlil it stODs 
ma (4) dia 14) ~ - 8 snap on cover 

1780 a-oar(i "PI.* - - 



( CP-350-xxxx ’I 
incremental 

shaft encoder 

Description Applications 

The CP 350 encoder is a 
precision.high performance device 
specifically designed for applications 
where high accuracy and low cost 
are prime considerations. The 
package form factor is identical to 
that of a 39 mm stepper motor 

medical equipment 
light machine tool; 
wire handling equ.pment 
laboratory instrurrmtation 
factory automation 
robotics 
flow metering 
computer peripheials 

Features 
Options 

high performance 
rugged package TTL / open col lectv outputs 
linedriver outputs (MC 3487/26LS31) custom cable/connector 
monolithic sensor array configurations 

up to 1,500 counts per turn 
single LED light source 9 through-shaft 

extended temperaLu,e range (-30°C 

custom shaft configurations 
competitive pricing to +lOOOC) 

- .  

ordering information: 

CP-350-(linecount)-( 1)-(2)-(3) 
I 1 ) . Iinedriver=L.TTL=T.open collector=O 
(2) . through-shaft with slot=X 
(3) . high temperature version=t-l 

standard linecounts (xxxx): 

256.360.500.600.1000.1 024 clr. Special 
linecounts and index configurations 
available on request. 

mechanical data electric11 data 
~~~ 

shaft diameter: 
shaft options: 
shaft loading: 

shaft runout 
starting torque 

shaft rotation 
slew speed 

bearings 
shaft material 

housing material 
cover material 

bearing life 
moment of inertia 

weiaht 

6.34216.337 mm 
6 mm 
10 N axial . 20 N 
radial 
,00125 mm T.I.R. 
0.1 Ncm Q20”C max 
continuous. reversible 
160 revlse? 
ABEC 5 
416 stainless 
diecast aluminum 
Ryton 4,lS mrn wall 
manufacturer’s specs 
1.7 gcm2 

code: incremental 
cycles per revolution: up to 1,500 

power supply: +SVdc @ 50mA 
output format: A S. B channel in 

quadrature.index 
output: linedriver 

frequency response: 100 KHz 

environmc-.iral data 
temperature: operating: -20°C 

to+90°c 
50 Gas @ 11 ms 
5-2.000 Hz @ 20 G’s 

shock: 
vibration: 
humidity: 98% without 

- .- -90 - rnex Channel 
270 

inannel A mv 

;la””el e I”” 

waveforms 
ICW from shaft end) 

condensation 
~ approx. 0.120 kg 

m3 x 0 5x rnin dp 
4 places 
.__- I 

pinout line drivers: pinout TTL: 

1 -5Vdc 
2 - 5 V d C  
3 cnannnel A inv 
1 cnannelA 
5 channel B inv 
6 channel B 
7 ndex Cnannei 
8 ground 
9 index cnannel inv 
10 ground 

1 channel A 
2 +svdc 
3 ground 
4 ground 
5 ground 
6 ground 
7 + 5Vdc 
8 channel B 
9 nic 
10 index channel 



CP-350-08GC 
8 bit absolute 

encoder, Gray code 

Description Features 
The CP-350-08GC is a small size 
absolute encoder with a natural binary 
output. For low power consumption 
applications, the unit can be strobed 
by means of the 5 Vdc supply line with 
a settling time of 2 usec. For bus 
connection. a version without internal 
pullups is available. Up to 10 encoders 
can be connected this way in parallel 
with the 5 Vdc as address line. 

Ordering information: 

CP-350-08GC-(85=85"C. 100=lOO°C)- 

rugged package, through shaft 

monolithic sensor array 
single servo-controlled LED light 

0 competitive pricing 

medical equipment 
machine tools 
laboratory instrumentation 

0 factory automation 
robotics 
flow metering 

option 

source 

Applications 

(R=with pullups. blank if no pullups)- 

slot,blank = without through shaft) 

Options 
(T= through shaft with screwdiver extended temperature range (-55CC 

to +loo%) 
custom shaft configurations 
custom cable configurations For custom shaft applications, contact 

the factory. 

mechanical data electrical data - 

shaft diameter: 
shaft options: 
shaft loading: 

shaft runout' 
starting torque: 

shaft rotation: 
slew speed. 

bearings: 
shaft matenal: 

housing material: 
cover material: 

bearing life: 
moment of inertia: 

weioht. 

6 342 16 337 mm 
6 mm 
10 N axial , 20 N 
radial 
00125 mm T I R 
0 1 Ncm 020°C max 
continuous,reversible 
160 revIsec2 
ABEC 5 
416 stainless 
diecast aluminum 
Ryton 4 1 5 mm wall 
manufacturer's specs 
1 7gcmZ 

code: Graycode 
power supply' +5Vdc Q 50mA 
Output format 8 bit paralell 

output open collector 
frequency response. 100 KHz data rate 

environmental data 
temperature: operating: -20% 

toc85-C 
50 G's Q 11 ms 
5-2.000 Hz @ 20 G's 

shock. 
vibration: 
humidity: 98% without 

4. - 

.... -...w* 

- 

[ +  --: pin 0 bil 5 

............ , I&+.-. pin 2 bit 6 
I _  

I '  

.--- -- oirl9 bit 7 (msbl 

TLOAZ - 
pin 7 + 5 Vdc I,---- --I, 

}-.5 2G"*'".?.L!? _ _ _ _  ptn 5 ground 
~Y 

~ appiox. 0.1 20 kg condensation 

m3 x 0 . 5 ~  min.dp.. 
4 places 

cable connector 
3M'U pm 3365 110 
20 cm = 1 cm long 

3M'Y g n  3473-6610 

pm 1 . -  - - ~~ 

. ......... ~ - ~. 
................... 

pin 9 . .  - 

cw rotation of 
shaft for increas- 
ing count 



8 bit absolute encoder, 

Description Features 

The CP-350-08NB is a small size rugged pacltage. through shaft 
absolute encoder with a natural binary monolithic sensor array 
output For low power consumption single servo-controlled LED light 
applications, the unit can be strobed 
by means of the 5 Vdc supply line with competitive pricing 
a settling time of 2 p e c .  For bus 
connection, a version without internal Applications 
pullups is available. Up to 10 encoders _- --___ __ 
can be connected this way in parallel 

source 

- _  -. - -  - _  

mmnrnc "- - PI- 
4 7 k  I -ll *"W - medical equipment 

with the 5 Vdc as address line machine tools - A p m 3 ~ 0 ( 1 s t 1 )  
- laboratory instrumentation L U  3-39 

Ordering information: factory automation LM~' - t l  c ptnlO bfll 

CP-350-08NB-(85=85"C,1OO=10OoC)- flow metering x-b> 1-2 p n 6  M 2  

(T= through shaft with screwdiver 3- >+- p n 4 1 ~ 3  

L' - robotics - 

Options 

extended temperature range (-55°C 

custom cable configurations 

(R=with pullups, blank if no pullups)- 

slotblank = without through shaft) 

For custom shaft applications, contact custom shaft configurations 

i -  
r 

-.. 
pm 1 bti4 m- -F- to +1 O O T )  

the factory. 

~~ m e c h a n l c a l d a t a - - ~  __ __ _ _ ~ _ _ _  

r - 7  r. -- -i p r n a M 5  

p L  

shaft diameter 6 342 / 6.337 mrn L' - 

electrical data 
[>- - pin2 br16 

code natural binary - 
r.. shaft options. 6 rnrn 

radial 

0 1 Ncrn 020°C max 

shaft loading 10 N axial 20 N power supply +5Vdc Q 5OmA ['-. i-, p n 9  bn7Imsb) 

output format 8 bit paralell TLCU2 - 
, p n 7  +5Vdc 

1 2 GUI*rLEO_ ~ t n 5  grourrtl 

output open collector with shaft runout 00125 rnrn T 1.R ._ C. - - I / - -~ ,  
starting torque 4 7 kR pullups 
shaft rotation continuous.reversible frequency response loo KHz data 

slew speed: 160 rev/sec 
bearings: ABEC 5 

shaft material: 416 stainless temperature: operating: -20°C 

cable mneclor 
3M'"ph3365/10 3M'*@n34736610 
2 0 c m * l  cm long 

pen 1 
~ 

~~ 

-r_ ~- 2 3  housing material diecast aluminum !s+85*C 
v _ -  ~ _ -  - _ -  ~- - cover material Ryton 4.1 5 mrn wall shock 50 G's Q 11 rns 

bearing life manufacturer's specs vibration 52.000 Hz @ 20 G s ~ ~ PI" 9 _~ 
moment of inertia 1 7 gcm humidity 98% without - 

CW rotation of shaft for increasing count weight. approx 0 120 kg condensation 

m3 x 0 . 5 ~  rnlmdp.. 
4 places 
G- A i  0 25 -39.00rnrn-t 

12 Ornm 39 rnm rnax - -1 5 50mm - 19.50mm 3 0omm - 'f--y 



CP-350-08AN I 
8 bit optical 

potentiometer 

Description Features 
The CP-350-08AN is an optical rugged package 
potentiometer specifically designed for monolithic sensor array 
applications where excessive wear single servo-controlled LED light 
would make traditional mechanical source 
potentiometers impractical or competitive pricing 
unreliable.Standard output is a 0 to 10 
Vdc signal, optional 4 - 20 Ma current 
over 360" mechanical. For custom 
patterns ( e g for valve control 
applications), please contact the 
factory. laboratory instrumentation 

Ordering information robotics 

CP-350-08AN-(CS=current source 
output in addition to 0-1OV output)- 
(85=85"C. 100=lOODC) extended temperature range (-55% Mn,  n,c 

factory. custom shaft configurations 

- -  -. -. Applications 
- 

medical equipment e bil BDSOIUM 
optical encoder 

r i x + ~ A -  
- _- 

--I_ - -- -- machine tools T - -  

a\? i 'v _ _  , 

factory automation d J  * .  
- _ - - - - - -  3 -  

3-L ,, 1 +. c Y -- rc-L fC?i ,<a - -  ~ 

flow metering 8 bit DAC 
- , ___-__ 

Options scaling ampliltsrs 
pin assignments 

i For shaft optlons, please contact the to +1 OOOC) om2 + 1ZVdc ,- __ -grouna 
p1n 3 n/c ! 
Dln 4 n/c ,:MO 10 Vdc 

4 4 2 0 m A  
custom cable configurations ptn 5 directwn conirol , 

pin 6 power ground 
p ~ n  7 4 2 0  m~ out __ Current SDUIce 
pin B lopllonal, 

IWP return 

eleqrtcal data __ 
0 5 Vdc out 

mechanical data _ _  _ _  I 

pin 9 0 10 Vdc out - shaft diameter 6 342 16 337 mm resotutlon 8 bit 
power supply + 12.6 to 16 6 Vdc 9 pin 10 1-P return shaft options 6 mm 

shaft loading 10 N axial ,20 N 100 mA max 
cabte COnneClOr 
3M'" pin 3365 I10 
20 cm t t cm long 

radial output 0 - 5 Vdc 8 0 -1 0 Vdc, 
4 - 20 mA (opt) 3M'" pm 3473 6610 shaft runout 

starting torque 
001 25 mm T I R 
0 1 Ncm &20 C max __ -- stabiltty +_ 1% (std), t 0 Eo/0(opt) 

pm 1 shaft rotation. continuous,reversible dir control input 'IT'UcPnOs (5 V) c r  

slew speed 160 revlsec 
bearings A B E C ~  

shaft material 416 stainless 

~ 

housing material diecast aluminum to+85"C- 
cover material Ryton 4.1 5 mrn wall shock 

vibration 
50 G's Q 11 ms 
5-2.000 Hz @ 20 G's 

cw rotation 01 Shatl lor increanng Vout or I out al 
dir control = 0 de-reamg at dlr control = 1' bearing life manufacturers specs 

moment of inertia 1 7 gcm humidity 98% without 
weight. approx 0 120 kg condensahon 

? - 
~ _ _  -_ - 

pin 9 
environmental data _I - 

temperature operatinq -20°C 

.- 

-Chamfer 
1 .o rnm r max.- 0.5 x 45" shaft dia 

-31 .OOmm* 
6.342 mm 

-6.337 mm 



CP-800-xxxx 
sine / cosine incremental 

shaft encoder 

Description 

The CP-800 sinelcosine encoder is a 
size 25 housed encoder with 
linecounts of up to 3750 counts per 
revolution.The unit was specifically 
designed to yield stable and precise 
signals suitable for high resolution 
digitizing and DC tachometer signal 
generation Inexpensive external 
circuitry is available to yield up to one 
million measuring points per revolu- 
tion 

Ordering information: 

CP800-(xxxx)-(Vpp desired)- 
(F=flange, S=servo mount)-(cable 
length in inch or cm) 

Features 

infinite resolution 
excellent temperature characteristics 
monolithic sensor array 
single servo controlled LED light 

up to 3750 coulits per turn 
source 

Applications 

high resolution servo systems 
NC machine tools 
Instrumentation 
Robotics 
Measuring equ pment 
Computer peripherals 

optoelectrical configuration 

electrical data 
~~~ ~ . .  

mechanical data 
. ~ _ _ ~ _  . . - .  ~ ~~ 

shaft diameter: ,3745" I ,3748" code: incremental 
shaft loading: 40 Ibs axial, 35 Ibs cycles per revolution: up to 3750 

radial power supiily: +5 .zlSVdc@ 50mA standard linecounts (xxxx): 
output format: A 8 B channel in shaft runout: ,0005" T.I.R. 

starting torque: 1.5 ozm max Q20"C quadraturemdex 16.50.96.100.1 10,120,128.1 55.192. 
shaft rotation: continuous.reversible output: opamp TIL 084 200.21 0,220.240,254,256,280,288,300. 

slew speed: 160 RPS frequency response: 100 KHz 310.360.384.400.480.500.576.600.720. 
800.850.1000.1 100.1800.2000. & 3750 
full A and B cycles per revolution. 

Special linecounts and index configura- 

bearings: ABEC 7.sealed 
shaft material: 41 6 stainless 

cover material: aluminum 

envirorimental data 
housing material: aluminum temperature: operating: -20% to 

+9O'C 

5-2.000 Hz Q 20 G's 

condensation 

bearing life: manufacturer's specs shoc!c: 50 G's Q 11 ms tions available on request. 
moment of inertia: 4 . 1 ~  10 -' oz.in.sec vibration: 

wetght: approx. 13 oz humidity: 98% without 

A 

- -  
L L  3 

1 

A 
1032 

1 

3749 
3745 

1 

1 - 0 875 ' 

Wire color assignments: 

channel A 
channel B 

index channel 
+ 5Vdc 
ground 

+ 15Vdc 
- 15Vdc 
chassis 

white/orange stripe 
blueiwhite stripe 
greeniwhite stripe 
whiteigray stripe 
grayiwhite stripe 
browniwhite stripe 
white/brown stripe 
cable shield 

for connector options.contac1 factory 

gage 10 



pplications: 
------------- 

e n m r  ( ~ ~ g o o  or CP-ZOO) 1 
A ;  

I 

I 
I 
I pimitional information. I resolutm =29n-l) x 4 x base Ihnecounl 

I 

- 
posltlonal mtormatlon. 
resolution E 4 x base IInecuunl 

_ _  _ - _ - _ _ _ - - - - _ I  + vp-- ---- --- I I to processor/rneasuring syslem 

707 Vp L- - - - - - - - - - - - - - - - - - - - - - - - -  

The shown velocity requires extraction a linear scheme ramp y/kTji- I ____ 
with the 2% linearity point at or 
above 45" (electrical) Other 

possible that require perfect 

equipped with either a point 

sine/cosine output waveforms 
COP1 encoders can be 

source LED or a conventional 
LED to accornodate both 
triangular wave or sine/cosine 
waveform requirements. 

A - supported motion control chips 

L 6515, SGS-Thomson, Vaut = 2 6 Vpp centered at 
2.BV, 

extractton methods are V P -  - encoder output 

707 vp /)ymF/ to dtglilzer I L-290/292/292,SGS-Thomson, Vout =1 Vpp, zero- 
ermr amplhr center@ 

- 707 Vp 

For further technical suppart and conversion 
information, please contact the factory 

$ 2 Z A I  I 
1 I 

to posdion ____ 
channel 8 counter 
squared 
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c P - 8 5 0 - x ~ ~ ~  
incremental 

shafteneoder 

Description 

The CP-850 is a size 25, low cost 
housed encoder with resolution of up 
to 10,000 full A and B cycles per 
revolution (40.000 measuring steps). 

The monolithic sensor array and 
integral LED stabilization yield 
superior performance over time and 
temperature. 

Ordering information: 

CP-850-(lineeount)-( F=flange, 
S=servo mount)-(cable length in inch 
or cm). 

Features 

versatile 
linedriver outputs (MC 3487/26LS31) 
monolithic sensur array 
single servo cot-!rolled LED light 

up to 10,000 coi'nts per turn 
competitive pricing 

source 

Applications 

Digital servo systems 
NC machine tools 
Instrumentation 
Robotics 
Measuring equipment 
Computer peripherals 

standard linecounts: 

16.32,50.96.100.110,120,128.155.192. 
200.21 0,220,240,254,256,280,288,300. 
31 0,360.384,400.480.500,508,512,560, 
576.600.720.768.800.850,960,1000.1152, ' 
1200,1440.1 7OO.2ooO.3600,375O,~,72OO, I 
7500,10000 dr. 

Special linecounts and index configura- 
tions available on rewest 

mechanical data electrical data 

shaft diameter: ,3745" I ,3748" 
shaft loading: 40 Ibs axial, 35 Ibs 

radial 

starting torque: 1.5 az.in max 020°C 
shaft rotation: continuous,reversible 

bearings: ABEC 7,sealed 

shaft runout: .0005" T.I.R. 

slew speed: 160 RPS 

shaft material: 416 stainless 
housing matenal: aluminum 

cover material: aluminum 
beanng life: manutacturefs specs 

moment of inertia: 4 . 1 ~ 1 0 ~  oz.in.sec2 
weight: approx. 13 oz 

code: incremental 
cycles per revolution: up to 10,000 

power supply: +5Vdc @ 50mA 
output format: A 8 B channel in 

quadratureindex 
output: linedriver 

environmental-da&-- 
temperature: operating: -20°C 

to+90°C 
50 G's @ 41 ms 
5-2.000 HZ @ 20 G's 

condensation 

frequency response: 150 KHz rnin. 
................. ~ __ 

shock: 
vibration: 
humidity: 98% without 

waveforms 

Wire color assignments: 

channel A 
channel A inv. 

channel B 
channel B inv. 
index channel 

index chan. inv. 
+ 5Vdc 
ground 

,? chassis -- - 3748. 
-1 3745' 

,3 - 12499' 
2 275' ' -)I 2 5 M '  12495' 

I -  A 
I 

f 0 875.- 
i - 

white/orange stripe 
orange/whtte stripe 
blue/white stripe 
white/blue stripe 
greenlwhite stripe 
whitelgreen stripe 
white/gray stripe 
graylwhite stripe 
cable shield 

1 ~ o w  * 1 

30 
t -- 100" In," 

for connector options,contact factory 

page 12 



CP-850- 12GC 
absolute twelve bit 

shaft encoder, Gray code 

Description Features 

The CP-850-12GC is a size 25,12 bit 
Gray code housed encoder with 
outstanding stability. The single, 
intensity controlled light source and 
monolithic sensor array assure 
superior performance over a wide 
temperature range. Due to the efficient single servo controlled LED light 
optical design, the cost of this unit is at 
a level normally associated with 
incremental encoders. Applications 

no loss of position information on 

extremely reliable 
versatile / low power consumption 
7TUCtvlOS compatible outputs 
monolithic sensor array 

power down 

Source 
0 competitive pricing 

Ordering information: Digital servo systems 
B6shless DC motor positioning, 

NC mach,ne too,s . Instrumentation 
Robotics 

cp-850-1 2GC-(F=flange7 
mount)-(cable length in inch or Cm). 
For connector, shaft and cable ' 

options, contact the factory. 

commutation and proportional drive 

Measuring equipment I 
! waveforms 

I Computer peripherals 

4 GO Bo mechanical data electrical data _- _- - 
shaft diameter. .3745" I ,3748" 

shaft loading: 40 Ibs axial, 35 Ibs 
radial 

starting torque: 1.5 0z.m max @20°C 
shaft rotation: continuous,reversible 

bearings: ABEC 7,shielded 

shaft runout: .0005" T.I.R. 
1 

slew s p W  160 rev/s& 

shaft material: 41 6 stainless 
housing material: alumtnum 

cover material: aluminum 
bearing life: manufacturer's specs 

moment of inertia: 4.1 x10doz.in.se6 
weight: approx. 13 02 

code: absolute Gray code 
power supply: +5V& Q 75 mA 
output fonnat: 12 bit parallel 

4 7 kR pullup 
frequency response: 100 Kcounts 

datarate max. 

output: open collector with 

-_I 

environmental data 
temperature: operating: -20°C 

to+90°C 
50 G's 0 11 ms 
5-2.000 Hz @ 20 G's 

_ _ ~  

shock: 
vibration: 

I 

I 
I 

j 
i 
i 
I 
i 
I 

I 

I 

humidity: 98% without 
condensation 

G1 El 

G2 E2 

G3 83 

Graycode ~4 6 4  

to natural G5 

binary 
conver- 

65 

G6 86 

son G7 6 7  

G8 88 

GQ 89 

GI0 810 

G l l  E l i  mrQtion 
s e w  

2.500. 
I 

/ 

A .. 
A -.\ -- 3748' 

3745' -. 

2 275' 

wire color assignments' 
GO blackfwhrle 
G1 brownlwhae 
GZ reawhrle 
G3 orangeiwhile 
Gd yellowiwhlte 
G5 gweniwhte 
G6 bludWhrte 
G7 VlOleVwhrte 
GB grey 
G9 whne 

G10 orange 
Gll yelloJl 

+5Vdc red 
ground black 
chams green 

t 
- w  

3 3 w  

c - 100 m,n 
_ _  __ 

'lor connecior o~tions contact factory 30 
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CP-850- 12NB 
absolute twelve bit 

shaft encoder, binary 

Description 

The CP-850-12NB is a size 25,12 bit 
binary code housed encoder with 
outstanding stability. The single, 
intensity controlled light source and 
monolithic sensor array assure 
superior performance over a wide 
temperature range. Due to the 
efficient optical design, the cost of 
this unit is at a level normally associ- 
ated with incremental encoders. 

Ordering information: 

CP-850-1 PNB-(F=flange, S=servo 
mount)-(cable length in inch or cm). 
For connector, shaft and cable 
optians, contact the factory. 

Fe-Itures 

no loss of positiim information on 

extremely reliabe 
versatile / low pr Mer consumption 
TWCMOS corn' atible outputs 
vonolithic sensc - + I  

power down 

single servo corls 8 - & I ,  123 light 
source 
competitive pricing 

Apdications 

Digital servo systems 
Brushless DC m,tor positioning, 

NC machine tools 
Instrumentation 
Robotics 
Measuring equipment 
Comouter DeriDherals 

commutation and proportional drive 

mechanical data electrical data 
~ ~..... . ' shaft diameter: .3745" I ,3748" 

i 
! radial 
I shaft runout: .0005' T.I.R. 
~ 

I 

shaft loading: 40 Ibs axial, 35 Ibs 

I starting torque: 1.5 oz.in max @2OoC 
shaft rotation: continuous.reversible 

bearings: ABEC 7,shielded 
slew speed: 160 r e v l s d  

shaft material: 416 stainless 
housing material: aluminum 

cover matenal: aluminum 
bearing life: manufacturer's specs 

moment of inertia: 4.lxlO'oz.in.seC 
weight: approx. 13 oz 

code absolute Gray code 
12 bn absolute 

optical encodsr Grny codb 
I ___.- 

power supply +SVdc @ 75 mA 
output tormat 12 bit parallel _ _  

output. TTL I CMOS Y 
compatible 

datarate max 
frequency response. 100 Kcounts I 

_ _  
envirofim-ental data 

airmion ~ i i  610 89 - - - -  83 BZ 61 BO 
temperature: operating: -2OOC 

10+90"C lnwl 

shock: 
vibration: 
humidity: 98% without 

50 G's @ 11 ms 
5-2.000 HZ 0 20 G's 

...... 
I 

2 2 7 5 ' - - -  

condensation 

wire color assignments' 2yx) '  
1 BO blacWwhile c_ 
L - - - 2 s M ' -  

mar: 

81 browrdwhite 
82 redwhite 
83 orangehvhite 
84 yellowwhite 
85 greerdwhrte 
86 blue/white 
87 violeVwhite 
88 grey 
89 white 

810 orange 
811 yellow 

+SVdc red 
ground black 
chasis shield 

direction select green 

cw rotation of shalt 
for increasing count 
at direction select 
input signal low 

@I 
'for connactor options.conlact lactory 





CP-850- IZANX 
optical potentiometer, 

12 bit resolution 

rotation 90 1 BO 

reiolut~on 5 28 arcmin 5 28 arcmin 
mV1steo 9 77 mV 4 88 mV 

Description 

360 

5 28 arcmin 
2 44 mV 

The CP-850-12ANx is a high perfor- 
mance optical potentiometer specifi- 
cally designed for applications where 
accuracy and reliability are prime 
considerations The unit is suited in 
applications where repetitive motion 
over a small angle makes mechanicat 
potentiometers unreliable The package 
form factor IS identical to that of a Size 
25 encoder. Standard output is 0-10 
Vdc, optional current output of 4 - 20 
mA over 360 mechanical degrees 
(optional. 180" and 90'). 

Ordering information: 

CP-850-12AN (90,180 or 360)- 
(Fzflange, S=servo mount)-(cable 
length in inch or cm). 

Features 

rugged package 
monolithic sensor array 
single servo-controlled LED light 

competitive pricing 
source 

Applications 

mechanical potentiometer 
replacement 
medical equipment 
machine tools 

9 laboratory instrumentation 
factory automation 
robotics 
flow metering 
valve position control 

x=90 x=180 x=360 
-. , 1 o v  ,> 

I I I 1 

mechanical data electrical data 
1 2  bit absolute 
o p t m  e n m r  

~ ~ ~ ~~ ~~ - - -  

shaft diameter: .3745" I 3748" resolution: 12 bit - 
7.- _ _  shaft loading: 40 Ibs axial, 35 Ibs power supply: + 12.6 lo 16 Vdc @ 100 3 b--- ++ + 'k -;. 

output: 0 -10 VdC, 
I-*.- 7 - radial mA max 

shaft runout: ,0005" T.I.R. r;; T U - ' " :  ,: 
-7% c a i.-- - b starting torque: 1.5 oz.in max 020°C 4 - 20 mA (opt) .~.- 

shaft rotation: continuous.reversible direction control 12 bit DAC 
slew speed: 160 revIsec2 input: TrUCMOS (5 V) . .. . .. 

,~ > vout 1o-lovdcl bearings: ABEC 7.shielded . ~~~ ____ ~~ - ~_ ~_~ 

4 v out retum 
~~ ~~ environmental data shaft material: 416 stainless 

housing material: aluminurn temperature: operating: -2O'C - 

bearing life: manufacturer's specs shock: 50 G'S @ 11 mS -9- 
cover material: aluminum to+SO"C -& I out 14-20 mA) 

current source --t- I 
lopbonal) - 

moment of inertia: 4.1xlO4oz.in.sec2 vibration: 5-2,000 HZ Q 20 G's 
weight: approx. 13 oz humidity: 98% without 

condensation 

3748. 
'I 3745' I 

12499 
12495' 

9 

wire color assignments' 

I out 
I out return 

v out 
v out return 

direction input 
+ l S V d c  

N C  
ground 
chassis 

blue I while stripe 
while i blue stripe 
orange I while stripe 
white i orange stripe 
green I white s1nw 
while I grey stripe 
white i brown stripe 
gray i white stripe 
cable shield 

cw rotalion 01 shan for 
inceasing current or output 

? voltage at direction CGntrGi 
blt=O decreasmg at diredlon 
conirol b i k l  

t 
30 

'!or connector ootions contact factory 
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incremental/absolute I shaft encoder 

Description 

The CP-855 is a size 25 housed 
encoder with resolution of up to 7,500 
counts/revolution incrementally and 
four independent variable outputs for 
commutating brushless DC motors, 
custom index patterns etc The same 
unit (CP-8550-xxx , size. 2.2" diam- 
eter, 1' high) is available as a 
kit encoder to be no-charge factory- 
mounted as an integral part of a 
customer supplied rnotors.Absolute 
commutation accuracy is better than 
30 arcminutes 

Ordering information: 

Please contact the factory. 

Features 

accurate commutation for BDC motors 
high current sink (300 mA) capacity 
open coltector outputs (ULN 2803), 
optional linednvers for all channels 
monolithic sensor array 
single servo controlled LED light 

up to 7,500 counts per turn 
competitive pricing 

source 

Applications 

Brushless DC motor feedback 
NC machine tools 

9 Instrumentation 
Robotics 
Measuring equipment 
Computer peripherals 

standard linecounts (xxxx = 
incremental dr): 

1,000 clr incremental + single index + 
three bit commutation signal for an eight 
pole, three phase motor. 
Linecounts from 100 to 7.500 dr and 
custom cmmutatmnlindex mnfgura- 
tions tooled on request. Please contact 
factory with lmecount. number of poles 
and ~hases. 

mechanical data electrical data 
waveforms - _._.._..-..I___._____. ~~~~ ~ ------..- 

shaft diameter: ,3745" I .3748' code: incremental/absolute 
-. 360- 

shaft loading: 40 Ibs axial, 35 Ibs cycles per revolution: up to 7,500 "go"-: ~ l l l O ~ * l V  

radial power supply: +5Vdc Q 50mA channe( A _riI_slsz 
shaft runout: .0005" T.I.R. output format: A & B quadrature. 5% w 

starting torque: 1.5 w.in max Q20"C Cl-C4 channels ChnMelB . JUW 
shaft rotation: continuous,reversible output: open collector 

slew speed: 160 RPS frequency response: 100 KHz 

. environmental ~~ data shaft matenal: 416 stainless 

cover material: aluminum tot9O"C 

bearings: ABEC 7,sealed .... ~ ~ ~ __ 

housing matenal: aluminum temperature: operating: -20% 

bearing life: manufacturer's specs shock: 50 G's Q 11 ms 

weight: approx. 13 oz humidity: 98% without 
moment of inerha: 4.1 XI 0.4 oz.in.sec2 vibration: 5-2.000 Hz @ 20 G's 

condensation 

2 5 w  ~ 

mar - 
Wire color assignments: 

channel A 
channel B 

channel C1 
channel C2 
channel C3 
channel C4 

+ 5Vdc 
ground 
chassis 

whitelorange stripe 
orangelwhite stripe 
bluelwhite stnpe 
white/blue stnpe 
greedwhite stripe 
whitelgreen stripe 
whitelgray stripe 
graylwhite stripe 
cable shleld 

1 - 
_ _ _ *  - - 12499' 

A 12495' 
2 275. 2 5W 

A -- 0 875'- 
- "  1 - 

1 1 for connector optians,contact factory * - - -  0300' 

30 
- - 1 M ) '  mtn 
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I CP-850-22MT I 
absolute 22 bit [ multiturn shaft encoder 

Description Features 

The CP-850-22MT is a size 25. low 
cost 22 bit absolute multiturn housed 
encoder with outstanding temperature 
characteristics. 

The basic resolution per turn is 12 
bits (4096 positions) at 1024 turns, 
standard coding for the output is 
natural binary or Gray c0de.A reset 
input is provided to electronically set 
the position to zero.lnformation is 
formatted as either a serial RS 422 
datalink or as a paralell 22 bit word. 
The serial format is a string of 6 
words, organized with one startbit. 
three word ID bits,five databits (LSB 
first) and one stopbit. The last word is 
a "breakword". 

small size. up to 1024 c:r encoded 
paralell or serial output 
monolithic sensor array 
single servo controlled LED light 
source 
competitive pricing 

Applications 

Digital servo systems 
NC machine tools 
Instrumentation 
Robotics 
Measuring equipment 
Moving belt positioning 

Ordering information 

CP-850-22MT- - - - ~-~ 

natural binary:NB 5 Vdc:5 
Gray code:GC 12 Vdc:12 ' 

paralell output:P 
serial outputs 

mechanical data _- electrical data signals . .  - 

shaft diameter: 
shaft loading: 

shaft runout: 
starting torque: 

shaft rotation: 
slew speed: 

bearings: 
shaft material: 

housing material: 
cover material: 

bearing life: 
moment of inertia: 

weight: 

,3745" 1.3748'' 
40 Ibs axial. 35 Ibs 
radial 
.0005" T.I.R. 
1.5 ozm max Q20T  
continuous.reversible 
160 rev/sec2 
ABEC 7.shielded 
41 6 stainless 
aluminum 
a I u m i n u m 
manufacturer's specs 
4 1x10 4oz.in.sec 
approx. 13 oz 

code Gray code or natural paralell serial 
binary 
+5 or 12 Vdc Q 150 mA - bit 0 through 22 power supply 

output format paralell or serial 
- EIA 422 Output 
- EIA 422 comple- 

frequency response 50 K counts datarate - "data valid" signal mentaV output 
- reset input 

- power (5112 Vdc) 

- reset input 

max (paralell).l31Kbaud - chassis 
(serial) maximum - power (5/12 Vdc) - chassts 

- ground 
environmental data - ground 

temperature operating and storage 
'CC ail auiput s gnals -20 c to +85 c SN74C6 T 

shock 50 G s 8 11 ms 4 7K current source 40 r n ~  mar 

vibration 5-2.000 Hz Q 20 G s +L ~~~~% % ?%,'% 5 Y ? k ,  
humidity: 98% RH without 

condensation 
2 5 w  * 
rnax e 

A 
1032' 

3740' 
, 3745 

v 
7 

?- 

- 0 8 7 5 -  - 
0 300' 

21' dm 1t)ru 
4 p'aCe5 0 250' 

-0 100 
- -  

A 1 

3748 
ii45 

I 
2 275' 2 500' __ 

I 

'- I 8-5 - 
t 

1 a 300 - I 
P - I00 - r  

unterminated cable output': 

paralell output: 37 conductor 
cablemsulation disDlacement 
connector compatible 

serial output: 15 conductor 
shielded round cable 

/- 

@ , cw rotation of shaft 
for inceasing count 

0 /' . ,  - 
Q 

3f 
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high-count incremental 
shaft encoder 

Description Features 

The CP-850-HCE is a size 25 
incremental encoder The high 
resolution allows accurate contol of 
slow and ultra-slow motion as well as 
positioning with a 10 arcsecond 
repeatability Proprietary electronics 
and an efficient optical design makes 
this encoder an affordable alternative 
to devices currently on the mantet. A 
"kit" version is available (CP-8500- 
HCE) for mounting on customer 
supplied motors/torquers. 

up to 524.288 measuring steps per 
revolution (1 31 072 full A and B 
cycles) 
lineariver ourputs (MC 3487/26LS31) 
monolithic sensor array 
single servo controlled LED light 

competitive pricing 
Source 

standard linecounts: Applications 

16.000 (xxx=O16). 16 384 (xxx=163) 
32,000 ( x x x = O ~ ~ )  32 768 (xxx=327) 
64 000 ( x x x = O ~ ~ )  65536 (xx~=655) 
128000 (xxx=128) & 131.072 I x x x = ~ ~ ~ )  
full A and 5 cycles per revolution 

Special linecounts and index configura- 
tions available on request 

digital servo systems 
NC machine tools 
instrumentation Ordering information: 

scanners 

mechanical data electrical data 
shaft diameter: 

shaft loading: 
3745" I 3748" 

40 Ibs axial 35 Ibs 
radial 
0005" T I R 
1 5 oz in max (920°C 
continuous reversible 
160 RPS 
ABEC 7 sealed 
416 stainless 
aluminurn 
aluminum 
manufacturers specs 
4 1x10 -oz in sec2 
approx 13 oz 

code: incremental 
cycles per revolution. up to 131.072 

power supply: +5Vdc @ 250mA 
output format. A & 6 channel in 

quadrature,index 
output. linednver 

max. bitrate: 750 kHz 

waveforms 

shaft runout 
starting toque 

shaft rotation' 
slew speed 

bearings 
shaft material 

housing material 
cover material 

bearing life 
moment of inertia 

weight 

-90 - mdex channel 
270 environmental data 

temperature: operating: -20°C 
to+WC 

shock: 50 G's Q 11 rns 
vibration: 5-2.000 Hz Q 20 G's 
humidity: 98% without 

condensation 

channel A mv 

channel E ink 

maex channel inv 

- 2 5 W  - 2 5 w  
mar - 

SQ ._ . - __ _ _ _ _ _ _  ._ 
Wire color assignments: 

1032' 
3748' 
374s 

whitelorange stripe 
orange/white stripe 
bluelwhite stripe 
white/blue stripe 
green/white stripe 
white/green stripe 
whitelgray stripe 
gray/white stripe 

channel A 
channel A inv. 

channel B 
channel 5 inv. 
index channel 

index chan. inv. 
+ 5Vdc 
ground 

. .  
i :  
4 .  . .  

1 
I 

I . ./ 
0 0 875 - 

-0300' I _._____-I ,' - 1032UNFZElx 
21 diainru 

12499 19dp 
1 2495 

J Places cable (englh 1C (i 250.- 

stripped back 114 -0 100 

2 '  f ree  lead lengrh leads 
1 pics eq so on a 
I a75 dba BC 

b 

2 275 

b 

3748 
3745' 

1 
2 500- 

~ 

b 

'0 0 875'- 

i- 0 3W 1 

* - 100- rn," 

4 

12499' 
12495' 

1 

L .  

chassis cable shield 

for connector options,contact factory 
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I 
fiberoptic rotary 

incremental encoder 

FD221-R I 

Description: 

The size 22 FD221-R1 series 
fiberoptic encoder is a cost effective 
solution for speed and position 
sensing in situations where high 
ambient temperature, EM1 or RFI are 
a concern. COP1 standard fiberoptic 
connectors are used for flexibility in 
configuring cables for specific 
applications For multi-axis applica- 
tions. refer to the FDMS series 

Features: 

heavy duty fiberoptic 

standard fiberoptic connectors 
electrical signal outputs 
resolution of up to 2000 cycles 
200 "C operating temperature 

construction 

Applications: 

machine tools 
servo systems 
coordinate measurements 
radar antennas 
ground support systems 
automatic weight logging 

Options: 

metric versions 
heavy duty cables 
cable extensions 
high temperature (up to 300 "C) 
multi-axis electronics 
long distance interface 
analog I digital outputs 
fiber optic data link 

Other COP1 products: 

Absolute encoders 
High resolution encoders 
Hollow-shaft encoders 
Modular encoders 

- 

Avalable linecounts 

16.50.96.100.1 10.120.128.155.1 92. 
200.21 0,220,240,254,256,280.288.300. 
310.360.384,400.480,500.576,600.720. 
800,850,1000.1 100,1800, 2000 c/r. 

Special linecounts and index configura. 
tions available on request. 

0 1 3  dta eq space 

lor R 4 mounting screws 6o connector 

20 pin 
-on a 1 900 BC ribban cable 

300 
10 - bonompan -2 20' 10 -- - 

:-- r 1 - 2  ' 2 0 - *  

i ,k --/ . 

~ ~~ 

f i  
0 75 

IO0 pan 
4 --* 

- - - - * 
rr 

,L  -_ 
1 _/ 7- I_ --- ~~ / 

b - 
0 1T dia 
on a 1 900' 

0 2 3 L -  ' 
modular option (M) 

- 
19 

- 7  ~- BC lor 04 
cover screws 

- - _ _  
0305 mdX 1 70 

2 00 

4 side cable exit 
(optional) 

camp heignl t- --t 
-----c- 

_f 
apeciai quick disconnect backshell option 

ioptionao ( €2 or P2 ) 
PCB interface 

_ -  * option ( €1 or PI - r - . --% I ,  

1 50' dia 

I ./- 1: 
= - b  

~ - -~ 

MS3106A2O 27P - c 3 50 rnax * -  ~~ 

2 clock' 
3 channel A 

~ 4 indexselect' , 5 channel B 
~ 7 channel A select. , 10 channel B select. 
~ 1 1  upidown. 
13 + V  
16 ground 

l ' used for factov alignmenl 

iMS3106A20-27P connector 

B channel A inverted 
C channel8 
D channel B invenea 
E index channel 

G channel A Select . 
H channel B select . 
I index select . 

I F index channel tnveneo 

J clock' 
K UOIdOwn' 
L + v  
M ground 
N chassts 
. used for factory alignment 

~ _.____.. ___ 
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M =mciular 
H ="ouseo 
TEt*-ougn snatl 
s = noiiow shan 

' starwig torque 

shall loading 

resoiutlon In numwr of 
cycles per reuoIulion 

i 1 0 o t  in max 2 5 02 m m a x  wrth shall ' 

nia 10 Ibs axial and rachal I 
seal 1 n/a 

______ 
7 0 ~  10 C t o + T O C  
85= 55 c to +I35 c _ _ _ ~  

A = mlerlocking rnetai 
B = hign temp mlermcking rnelal 

cable lengnrn In feet 

blank = no s ~ f l  seal Y = shaft seal 

_____ 

nub I D + 0003 I ShatlO D + OOW 
1 0000 I 0003 

____ 
blank=mcdular or no adapter 
R = 2 2  round 

I F = 2 5" flange 
S = 2 5  servo 

E 1 = open collector PCB interface I 
E2 = open coltecIor backsnell 
P1 I llne driver PCB interlace 

2497 
- -----I 312 I M 3123 3122 

375 I M n T S I 3748 3747 

-- 250 I M H T S I 2498 

_- . 
_ _  

P2 = line driver in backshell ordering information 

FD ?LI--HTT FU 2 2 1 4  general 
specifications I 

resoiution 1 IO 1600 cycles 1 lo 2000 cycles 

FD 21 1-- \I  

output ! A & 8 channels standard A B and index (oplional) 
lorrnal oplions I open collector line driver I 

freq response I 100 kHz I 
I 1 2w"c I 300C for high-temperature option 

operating temp 
sensor 

omratma temr, 1 - I O '  to + 70 C for sIandard electromcs I 
electrOntcs 1 -55'C to + 85 C optional 

, 
2 2' dm standard 

2 5" flange optional 
2.5 'SeNO ODtlOMl 

, mounting : op110n5 ~ 22'chastandard ' 
1 

I shall/ hub size 1 375" rnax hub I D 375 m x  shall OD 

902 rnax weight I 502 rnax I 
cable option ] up to 20 feel 

shock-vibration I 50G'slor 11 ms ,50to2000Hz 0 20G5 

electrical 

input Power 5Vde5%8 100 rnA , 5Vdct57.0 140 rnA 
output c,rcu,lry FUCMOS compatible 126LS31 or equivalent 

wt2K pull-ups RS-422 compatible 

specifications i open collector line driver 

output connecior I 

liaht source 
MS3106A20-27P / 20 pin ribbon 

GaAlAs or GaAs LED 
source Iiie 100 000 hrs 

A 
I 249' 
1 2 4 7  dia 

shaft or hub 
CW rotation 

4 = 360 (one cycle) 
90"- - 

index + . index width and phasing 
vares wrth resolution 

01v - 2 5 0 "  
c 

, .  c 4  

o \  . f?L/ 
1/1 
-7 

012' 10-32 UNF-20 
188mindp3 

pl eq sp on a 
i a75 0c 

2 20" dia 2 05 dia 

I 

':Ic. 4-40 UNF-28 
25 mm dp 3 
pl eq spc on a 

T== - 
~- 

0 10'- 

-010" -220 1 5  @.c 

0 75' 2 5 0  
tt -souare- 

250 
_- 375" 

Of 500 
dia 

__ L 

up IO 
375 01 25" I 2 18" 

--T I 
shatt 

C'N 

. rotation i - z  - - .- - --  a 
shaft seal 

lbothenosi 12' .I dia 
2064 

-a square * . I Y I  

through shaft option (T) hollow shaft option (S) housed option (H) 2.5" flange option (F) 
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FD22/----R6 
incremental hollow shaft 

" 

DescriDtion 

he FD22---IR6 hollow shaft fiberoptic encoder was specifically designed 
)r envrranments with high levels of electrical noise The compact dual 
earing and flexmount configuration provides a cost-effective solution to 
osition sensing for brushless DC motors. DC motors and stepper 
iotors Flexible mounts are available for NEMA 23, 34 and 42 size motor 
oustngs The electronics are remotely mounted in a DB-25P backshell and 
nked to the transducer via a fiberoptic cable The cable and transducer 
re immune to all sources of EMIIRFI radiation Position data is provided as 
HO quadrature signals and an optional once per revolution Index marker 
,tandard output circuitry is open collector with internal pullup resistors 
iomplementary outputs are provided The illurnination source is a solid- 
tate light emitting diode 

mechanical data 

hub diameter 0 250".0 31 2" 8 0 375 ' dia 
moment of inertia 4 1 x 10 oz in sec * 

starting torque 1 0 oz in max 
shaft loading 6 Ibs axial and radial 

cable construction PVC (std),metal(opt) 
weight (sensor) 9 oz max 

mounting options NEMA 23 (F l )  NEMA 34 (F2) NEMA 42 (F2) 

electrical data 

input power 5 Vdc f 5%Q 100 mA max (8-17 Vdc optional) 
output cicuitry TTUCMOS compatible open collector w 470Q 

pull-ups (5 Vdc 88C30 linedriver optional) 

light source Ga AI As LED 

output A & B standard, A.B and Index optinal 

frequency response 50 KHz (data channels and index) 

output connector DB-25P 

illumination life 100,000 hrs min 

format options open collector 

environmental data 

operating tempera- sensor -25 to + 85 C 
ture electronics -10 to + 70 ' C  

shocWvibration 50 g s for 11 msec. 5 to 2000 Hz @ 20 g's 

e 

Avalable linecounts 

6.50.96.100.1 10.1 20.1 28.1 55.1 92.200,210.220.240,254 
!56.280.288.300.310,360,384.400.480.500,576,600,720. 
100.850.1000.1100.1800 8 2000 c/r. 

Special linecounts and index configurations available on 
equest. 

OB-25P backshell pin assignments 

1: n/c 10: ground' 18: nic 
2: 5 Vdc out 11 : ground' 19: nic 
3: nlc 12: nic 20: n/c 
4: 5 Vdc in 13: nlc 21 : data B 
5: data A inv. 14: n/c 22: data B inv. 
6: ground' 15: nlc 
7: ground' 16: --_- (pull- 24: nic 
8: ground' up common) 25: data I 
9: ground' 17: data A * connected to 

23: data I inv 

backshell -........ & - *.<e C'CI I  
--.... _c_ " - L t I " ? C I ,  __ ~ 

- ~ _ _ _  ~ . ~ __ ~ 

__ __ __ -- 
~ 

.:c- - >  C" %l.,,h 
.. , . - ... 

.. . _  . . -. 

rei connector DB-25P 
orlentation connector hollow shaft option F2 2-10-01 18 flex mount 

option F1 2-10-01 11 flex mount 

' (four holes on a 2 952" BC) can accomodate 

,--.. customer shafts 
250 312 or 375dia 

(three holes on a 1 875' BC) I -  

ref access holes 6' 'I 

0 620" 
hub dia +q+- L , L k  

1 00" ' 
shielded 
bearings 6-32 SE 

1 250" typ 
, rotation 
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MODEL NUMBER CONSTRUCTION CHART and ORDERING 1NFORMATION 

I I 
I 

BI = A & 6 open collector 
BZ = A. 6. & Index open collectoi 
BlLD A & B line driver i BZLD = A, B, & Index line driver 

1 S = Hollow Shaft I 

(For other styles, 
consult factorv) 

cvcles Der revolution 

1 F1 = Flex Mount for NEMA 23 I 

& NEMA 42 (2.952 BC) I 

blank = PVC Jacket 
A = Interlocking Metal 

HUB I.D. +.0003 
-.oooo 

2498 
,3123 
,3748 

Fiberoptic Encoders 
Combining proprietary optical encoder technology and rugged, multi-fiber arrays, COP1 offers a line of position 
sensors with unsurpassed performance characteristics including: 

small size 
serviceability inherent redundancy 
moderate cost 

EM1 / RFI proof 

design & systems flexibility 

high temperature operation ( up to 450’C ) 
extreme reliability (passive read-head design) 
intrinsically safe for explosion-proof equipment 

The multi-fiber optical bundles relocate the temperature and noise sensitive opto-electronics to a place where it 
can be protected from harsh environments such as a NEMA enclosure or connector backshell The multi-fiber 
construction IS inherently redundant and increases reliability In addition, the electronics package becomes less 
critical to manufacture and will be therefore less costly. 

The result is a position sensor ideal for applications such as commutating motors in PWM and vector drive 
systems,high-temperature valve position control in jet engines and aircraft braking systems. The technology can 
be combined with wavelength multiplexing (WDM) for multi-sensor applications. 

Special configurations include the Fiber Optic Position Modulator designed to wotrk with standard (1 00/140) 
telecommunication grade fiber over long distances (100 m+). The FDMS series is a multi-axis system ideal for 
applications requiring more than one position sensor. This offers cost savings over individual encoding devices by 
using common electronics with multiple read heads. Another configuration is the FD 100 for operation in confined, 
high-temperature areas. For remore applications. position information can be linked lo programmable controllers 
via a 4-20 mA loop, RS-422 or 232 serial interface or fiberoptic datalink. 
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tion Tiansdwcers 
ISDC'CTOSYN position trans- 
ducers are extremely rugged scale 
dements used for accurate mea- 
surement of angular or linear 
displacement. They are currently 
used in many military, aerospace, 
satellite, radar, training, naviga- 
tional. and fire control systems. 
where their electrical output 
signals drive numerical readout 
displays. generate computer input 
data. and provide servo feedback 
signals. INDUCTOSYN trans- 
ducers. combining accuracy and 
reliability, have. for over 30 years, 
heen depended upon in critical 
defense and aerospace equipment 
for successful performance in 
harsh field environments. 

TYPICAL DEFENSE AND 
AEROSPACE APPLICATIONS 
INDUCTOSYN transducers can be 
designed to be unaffected by dust. oil 
'rims. vapors. sea water, light radia- 
'ion extreme oressure. temperature 
-:m 10°K to 150°C. and other harsh 
snvironmenrs They have operated at 
'u1I accuracy lor extended periods in 
space immersed in liquid nitrogen in 
strong magnetic fields. and immerse0 
I? 200 meters of sea water 
.lltazimuth pedestals. gimbals, and 
yokes ior mounting theodolites. 
optical trackers, laser fire control 
directors. radar and radiotelescope 
antennas Exarndes range from the 
Verv Large Array (VLA) raaiotelescooe 
:a compact field transaorraDle radars 
Secause rotary INDUCTOSYN trans- 
Zucers are flat and comDact new 
Jesigns oased on them have achieved 
craniatic reductions in envelope size 
2nd siniplified mechanical aesign as 
well as imgroved accuracv 

Turrets and pedestals for guns and 
missile launchers. Fixea naval veht- 
cular ana tanK applications Resis- 
tance to repeated shock ana vibration 
is vital Size of the structures involved 
in some cases has inspirea methoas of 
wrapping flexible INDUCTOSYN taDe 
transaucers around cylindrical compo- 
nents to achieve partial or full (360") 
readout 
Space rated applications. Position 
reaaouts of scanners radiometers. and 
antennas are similar to grouna basea 
applications Akin to robotics the 
remote manipulator (RMS) arm of the 
space shuttle uses a total of six soecial 
3 "  (75 mm) rotary iNDUCTOSYN trans- 
ducers in the shoulder elbow ana 
wrist joints for servo feedback control 

\Ianutacturing and Inspection. 
qotary INDUCTOSYN transducers are 
:!iaelv used in gyro test tables ana rate 
TaDles as well as in rotary inspection 
:ables and machine tools One aaplica- 
:ion uses a one piece. 96' (29  3m) 
linear m e  transducer to control drilling 
ana riveting of aircraft wing spars 

I CO\.ER PHOTO: 
~ The shoulder. elbow. and wrist 

i joints oi the Remote Manipuiator 
System arm installed in the I Space Shuttle contain a total of 

' si1 1SI)l-CTOSYN rotary 
j t ransducers. 
~ 

1 
! 
1 

i:ulit h \  > n u  .\criispace I.td.. ' rmnto.  
~ . , ~ i a d a  undcr  contract to the hationar 
i<crc.ari!i C'ouncii I I I  Canada and S.AS.A. 



RUGGED, RELIABLE, 
AND ACCURATE 
INDUCTOSYN transducers operate on 
principles of inductive or capacitive 
coupling between conductive patterns 
bonded to rigid substrates of steel, titan- 
ium, or virtually any other structural 
material. 

Since they contain no moving parts 
or active electronic components, 
INDUCTOSYN transducers are extremely 
reliable. Noncontacting elements provide 
zero wear, and maintain original accu- 
racy indefinitely. Attached directly, they 
eliminate backlash and coupling errors 
while tolerating practical levels of 
assembly misalignment. 

Extreme accuracy is achieved by 
averaging the signal output over many 
cycles of precise scale patterns. 

Accuracy achieved for several models: 

Rotary Types 
3 ”  (75 rnm) dia 360 pole (180x1 
4 ”  (100 mrn) dia 512 Dole (756x) 
7 ”  (1 75 mrn) Uia i 2 0  Dole ( 3 6 0 ~ )  
12”  (300 mmi dia 720 pole ( 3 6 0 ~ )  
12” (300 mm) dia 1024 pole (512x1 
Linear Types 
10 ” (250 rnm j bar scale 
Tape to lOO’(30 meters) or more 

Adjustable Linear INDUCTOSYN scale, 
maximum travel 1 15 ” 12920 mm) 

ACCURACY 

r 3 arc sec 
-+ 2 arc sec 
-+ 1 arc sec 
? 0 5 arc sec 
t 1 arc sec 

t 0 000040” ( k 0 001 mm) 
0 000100“/foot T I  R 
(0  008 mrn/meter T I R ) 

length errors associated with the scale can 
be virtually zero over full length Adjustment 
is limited by accuracy of standard and reso- 
lution of readout or numerical control system 

Resolution is a function of INDUCTOSYN analog to digital converters 
available from Farrand or other manufacturers. 
EXAMPLE: A 1024 pole (512~) rotary INDUCTOSYN transducer has 29 
cycles. interfaced to a 212 bit INDUCTOSYN analog to digital converter yields 
a system with bits of resolution equivdent to 0.62 arc sec. 

2 



ABSOLUTE INDUCTOSYN 
POSITION TKANSDUCERS 
provide immediate, precise position 
information without resetting or pass- 
ing through home position after power 
outages and other disruptions. They 
are supplied in several forms, one 
speed and multispeed, and N/N-l 
speed. Incremental transducers can 
also be supplied with an index or once 
per revolution marker output via a 
separate scale element or embedded 
Hall effect devices. 

r ABSOLUTE INOUCTOSYN TRANSDUCER 

256 POLE 

INOUCTOSYN ANALOG TO 
OlGlTAL NJNVEATERS 

OlGlTAL PLUS COARELATOR SUBTAACTOR 

I 

Dual tracking INDUCTOSYN analog to digital converters 
develop separate outputs from concentric 128 and 127 
cycle per revolution scale patterns. Digital subtraction 
converts the difference between the tracks (1 cycle per 
revolution) to absolute digital angle output. Similar tech- 
niques can be applied to absolute linear transducers and 
to tape INDUCTOSYN transducers wrapped around 
dual diameters. 

1. This yoke frame tracking mount contains two direct 
drive motors and INDUCTOSYN rotary transducers for 
precision azimuth and elevation drive. 
Type 459. built by Rademec Defense Systems. Ltd., Chertsey. 
Surrey, England 

2. The Rapier Laserfire low level air defense system uses 
INDUCTOSYN transducers to transmit target tracking 
and missile launch angles. 
Built by British Aerospace Dynamics Group, Stevenage, 
Herfordshire. England 

C4 arc second accuracy for scan mirror drive servos, in 
the Very High Resolution Radiometer, now operating in 
orbit aboard the Indian National Satellite (INSAT). 

4. Unique application of flexible tape to concave surface 
for measurement of turret angle. 25 O span. Integral 
coupling transformer eliminates flexible wires or slip 
rings to turret. 

5. 3” (75 mm) rotary INDUCTOSYN transducers to 
transmit bearing and elevation information from laser 
range finder trainer to fire control simulator. 

3. 3” (75 mm) rotary INDUCTOSYN transducers provide 

Built by ITT AerospacelOptical Division 

Built by IK\ERTRON SIMCLATED SYSTEMS Ltd., Burgess Hill ,  
West Susses. England RH 9TS 

6. INDUCTOSYN rotary transducers transmit pointing 
angles in this gimballed mirror mount, a typical applica- 
tion in space or on the earth. 
Built by Ball Aerospace. Aerospace Systems Division. 
Boulder. Colorado 





DFSICNS TO MEET SPECIFIC REQUIREMENE 
IN1)UCTOSI'S transducers can be designed to provide any combination 
of accuracy and operating features and to withstand virtually any environ- 
ment. Single speed 2nd multispeed rotary transducers can be provided for 
both absolute and incremental systems. Linear transducers can be 
provided with any inch, metric. or arbitrary scale calibration. 

Many special features can be Dro- 
.'ded These include auxiliary out- 
: 'iqndls such as end-of-travel 

I d fec t  devices embedded in 
ne substrate for once-Der-revolution 

markers. and complete hybrid 
preamplifiers embedded in the 
substrate Complete rotary 
assemblies can be provided. 
including precision bearings 

metal or engineering material. 
including steel. stainless steel. 
aluminum titanium. beryllium. 
glass. and fiberglass laminate 
Linear transducer patterns may be 
Sonaed to flexible spring steel 
Auminum. or fiberglass tapes that 

can be supported in tension or 
wrapped around cylindrical parts 
Subject to practical size and con- 
figuration limitations and material 
compatibility. scale patterns may 
be bonded directly to user parts 

Last, but not least one of our 
standard models may satisfy your 
needs, as they have for thousands 
of other users 

Substrates may be virtually any 

This flag was presented to Farrand Controls for outstanding 
achievements in the Fleet Ballistic Missile program. 

Excerpt from letter presenting 

to  Farrand Controls 

' .  ..you made significant contributions in providing 
INDUCTOSYN@ posiiton transducers for inertial 
navigation equipment. thereby contributing materi- 
ally to the success of the Fleet Ballistic Missile 
Weapon System development and production 
program. . . . . " 

Sincerely yours. 

POLAKIS - POSEIDON - TRIDENT flag 

INTERFACE TO YOUR 
EQUIPMENT 

The analog output signals of 
INDUCTOSYN transducers are 
converted to digital form for many 
applications. Hybrid electronic 
conversion packages designed for 
military service conditions are 
available from several sources. 

Typical INDUCTOSYN analog to 
digital converters provide all exci- 
tation signals. and divide each 
scale increment (e.g. 0.5" , 0.1", 
1 mrn. etc.) by 1000. 2000, or 
other convenient factor. Digital out- 
put resolution can thus be 0.0005 
degree per bit. for example, taking 
full advantage of the inherent 
transducer accuracy. Some con- 
verters also provide electronically 
switchable data conversions such 
as inch/metric. binary/decimal, 
and decimal degree/arc seconds. 

FOR MORE INFORMATION 
Call (914) 761-2600 to discuss your 
needs with our sales applications 
engineers. They can draw on more 
than thirty years of experience to 
recommend the most practical 
approach to your problem, and help 
you evaluate tradeoffs among accu- 
racy, environmental constraints, 
cost, and manufacturing methods. 

GLENWOOD CLARK 
Rear Admiral. U.S. Navy 
Director, Strategic Systems Projects 

- FARRAND CONTROLS 
FARRAND CONTROLS 
DIVISION OF RUHLE COMPANIES. INC. 

99 WALL STREET VALHALLA. NY 10595-1 447 
TEL: (914) 761 -2600 TELEX 646640 FAX: (914) 761-0405 

PRINTED IN USA 
TMD11012 



I Rotary lnductosyn Transducers--, Linear lnductosyn 
Transducer 

Incremental Absolute Scale and Slider 
lnductosyn transducers consist of two noncontacting, inductively coupled elements which can be directly attached 
to the fixed and moveable sections of the user’s equipment. They provide positioning information to digital readout 
displays, CNC or other controllers, or provide servo feedback signals. 

Rugged and reliable. our position transducers operate anywhere, even under extreme conditions-vibration, 
temperature from 10°K to 160°C, shock, high pressure, vacuum, and dust or oil films Choose off-the-shelf or 
custom designs to solve absolute and incremental positioning requirements. 

Additional Standard Linear Inductosyns I I 

Tape Scales 

Tape scales provide 
economical, easily installed 
one piece scales. Lengths to 
120 ft (36M) or more can be 
supplied. They can be 
mounted horizontally or 
vertically. Obtain informa- 
tion on hard to measure 
travel lengths in long bed 
metal cutting. 

Adjustable Scales ’ 
Adjustable scales are one 
piece bars that can be 
adjusted after installation to 
virtualty eliminate errors over 
their full length, limited only 
by the accuracy of the user’s 
measurement equipment. 
Lengths to 72 inches 
(1828 mm) are supplied 
Two lengths can be used to 
provide a total length of 
144 inches (3656 mm) 

Tape Spars 

Tape Spars are completely 
enclosed scale assemblies 
installed directly as a 
component in the user’s 
machine. Spar slider 
mounts extend through 
flexible sealing lips for direct 
attachment to moveable 
machine parts. 

I 
Cassettes 

Fully enclosed cassette units 
are used in extreme 
environments such as hot 
rolling mills. Many options 
are available, including cyclic 
pitch, travel, and spring 
return. These units can be 
pressurized through a purge 
fitting to help prevent 
contamination from external 
sources. 

For literature or 





Interfaces to all standard 
machine tool controls. 

Resolution up to 
0.5 arc sec. or 10 pinches. 

Field tested noise 
immunity, mounts in 
standard card rack. 

Many standard cycle 
divisions avaiiable. 

aB. 

Farrand's new I/D (INDUCTOSYN" to digital) 
Quad Converter Board converts INDUCTOSYN or 
resolver format analog signals to high resolution 
digital signals in A quad B and other serial data 
formats. The unit provides digital position information 
to control systems which do not have built-in 
INDUCTOSYN or resolver conversion capabilities. 

Many cycle divisions are available as listed 
under specifications on the reverse side. Typical 
resolutions are 10 pinches with a 0.1 inch pitch 
linear INDUCTOSYN transducer or 0.0001 degrees 
with a 720 pole rotary INDUCTOSYN transducer. 

The I/D Quad Converter Board mounts in a 
standard card rack. Features include field tested 
noise immunity and LED operation indicators and 
test points. 

Quad Converter input signals are in sinekosine 
format from an INDUCTOSYN transducer with 
suitable preamplifier. The Quad Converter can 
also be used with a resolver. Quad Converter 
outputs are from differential drivers, up to 40 mA 
into a 100 ohm differential load at TTL or 
RS-422-A I eve Is. 



Specifications 

NOTE: In the quadrature output format the resolution shown above is with the quadrature detection in the "X4" mode. 
In the "X2" mode, the resolution is twice the value shown and in the " X l "  mode. it is four times the value shown. 

INPUT: Use with an INDUCTOSYN" transducer and 
Farrand preamplifier. Can also be used with a suitable resolver. 

OUTPUT: Outputs are from differential drivers. up to 40 mA into a 100 ohm 
differential load at TTL or RS-422-A levels. 
A. Count Pulses in any one of the following three formats: 

1 Quadrature. (A and A; B and E) 
2. Count pulse and upidown level: pulse width, 

300 nsec 2100 nsec separation: 
200 nsec min: setup of UID: 75 nsec min. 

3.  Count up and count down pulse 
(width and separation same as in 2 above) 

8. Marker Pulse: C and E.  Marker is high once 
per INDUCTOSYN' transducer cycle. 
In quadrature mode. marker occurs when 
A and B are both high. 

C. Resolution: Finer output pulse resolution available. 
D. 10 KHz excitation for INDUCTOSYN' transducers 

Matching transformer included. 

POWER REQUIRED: (outputs loaded with 75 ohm each.) 
+5V t0.25 Vdc. 1 .OA 

+l5V ~ 0 . 2 5  Vdc. 250 mA 
-1 5V t0.25 Vdc. 250 mA 

The Quad Converter Board provides 212 Vdc. 50 mA to power the preamp. 

OPTIONAL EQUIPMENT: 21 921 5 Interconnect Board 
219208-1 Connector 
21 9200 Preamplifier 

QUADRATURE OUTPUT FORMAT: 

COUNT 0 I 1  2 13 I 4  
COUNTING UP 

- 250 

v 
I '  
I i :  1 1  , E  

4 1 3 1 2 1 1  0 
COUNTING DOWN 

\ 
250+Icp 5oo _. 4 \, 

Fits standard 22 position card edge 2 
connector with 0 156' spacing . 375 for example rhe Cinch 50-44SM 

063 063 All dimensions in inches. 

Division of Ruhle Companies, Inc. 
99 Wall Street. Valhalla. NY 10595-1447 
TEL: 914i761-2600 FAX: 914/761-0405 

Division of Ruhle Companies, Inc. 
99 Wall Street. Valhalla, NY 10595-1447 USA 
TEL: 914/761-2600 FAX: 914/761-0405 

INDUCTOSYN" is a registered trademark of Ruhle Companies, Inc. PRINTED IN USA 2/90 CAT. #1OC 
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Fully field cunfigumbie- 
Set it yottr way 

Absolute 
Position Encoder:.. Plus! 

Multi-sh8R resatver encoder 
you customize lo any application.. 
with these st3ndard features: 
9 M-axis input 

Two single turn or one muttiturn 
rugged resolver transducer 
Four simultaneous da!a outputs 
I. 12 or 16 bit parallef: 

binary, BCO or gray code; 
TTL, source or sink 

shaft speed, or diffeRntial 
position between shafts 

2. RC voltage: sefect shaft position, 

3. Serial data to PC or PLC: RS422 
4. HVLO speed alarm on each axis 

1) Two-axis synchronizatbn capability 
Scalabk for readout in user units 
BuiJt-in offset and power supply . Remote registration and reset 
Oata freeze input 
Display option 
Priced for cost-sensitive applications 

Asfrosvstems, Inc. 
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ne Absolute Encoder.. . Plusl 
Astrosysterns AstroCODEWl50 begins 
with accurate, reliable, resolver-based 
technology to measure absolute shaft 
position for automation control unaf- 
fected by power disruptions, electrical 
noise or hostile environment. From 
there, it goes on to offer unmatched 
capabilities. 

11 outputs position data in three 
separate forms simultaneously: 

serial digital 
a parallel digital 
9 DC analog voltages 
For each of these outputs, the user 

In addition, AstroCOOEW150 outputs 

can select and set the form of signal 
best suited to the application. 

speed information and atarms. 
U/#ital ou@u& 
Parallel digital data, PLC compatible, 
is available as 12 or 16 bit TTL, current 
source, or current sink output in binav, 
flCD or gray mde format. Both the logic 
type and code type are field settable. 
Digital filtering assures noise immunity. 
It also supports RS422 communication. 
Setup 
The serial link is used to select all set- 
up and configuration parameters. Soft- 
ware is provided for use with 18M PC. 
Alternatively, settings can be factory 
programmed or set via optional key- 
board and display. 
Sp8ed OUrpUr and alamt 
AstroCODEW150 continuously com- 
putes shaft speed and compares it to 
programmed high and low limit settings. 
An alarm is signaled when speed falls 
outside of the programmed window 

Analog output 
Fhe dual DC output voltages (0 to IOV, 
ind -10 to +1OV) can be assigned to 
'ead either the position or the speed 

a single encoder, or alternatively, the 
josition difference between the two 
ncoders. 
Two-axis synchrunfzatiun 
in this latter mode, the DC output may 
be used as a controt signal to drive 
m e  shaft into perfect position synchro- 
nization with the other, utilizing a low 
:est motor and controller. 
Uffsef; rem& msef 
Offset on each channel is entered via a 
remote logic switch input. 
Scale factor 
For output in user units, the scale factor 
can be set between 16 and 4096. 
PLC dafa latch 
A data freeze is actuated and released by 
a signal from a PLC. to accommodate 
any scan rate. 
Tmnsducent 
The electronics accept inputs from one 
or two single turn resolvers or a geared 
precision dual-resolver transducer. For 
multiturn applications, the resolution 
is selectable so that the full 16 bits 
(65,536 parts) can be applied to either 
16,32 or 64 turns. NEMA 4X or envi- 
ronment-proof housings are available 
for all industrial appfications. 

AsfmCODER,45ll. .. 
Rugged, accurate nliabii6fy 
k a budget package 

A C l C  
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Transducers 

Ultra- Reliable 
Precision Resolvers 

Astrusystems, Inc. 

... .... --”., 
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Sin@ turn, mulcitont 
Resolvers are bi-dinctional, continuous 
rotation devices that measure full 360" 
rotation. Many applications require more 
than one turn to drive the element being 
monitored. e.g. lead s m w ,  rack and 
pinion. pulley, or belt driven conveyor. 

To determine absolute positiin with- 
out counting turns, Astrosystems offers 
multiturn transducers, They contain two 
geared resolvers using instrument class 
precision gears in one of four ratbs: 
l : l O ,  36,M or 100. 

As the input shaft makes a full turn, the 
second shaft and resolver make a fraction 
of a turn. The successive positiom of 
this -coarse" resolver define the number 
of turn completed; the "fine" resolver 
records the angle within the current turn. 
Combined, the readings output a single, 
unique position the instant power is 
applied. with accuracy of up to 1 part in 
100,000. 

Geared single turn 
For multiirn applications where the 
required resolution w e r  the total travel is 
12 bits or less, a transducer containing a 
single resolver with built in gear reducer 
is often sufficient. 

lnierrase 
These transducers work in conjunction 
with any Astrosysterns electronic con- 
verter. Ali are temperature compensated 
to correct for variations. 

Houscng 
Transducer size refers to diameter, 
expressed in tenths of an inch. AH Astro- 
systems transducers contain size 11 
stainless steel resotvers. 
Nomencialum, sizing 
SinUte turn (ST) 

NEMA1: size11,STll 
NEMA 12: heavy duty. size 26, HST 26 
NEMA 13: spray-prod, size 26, HST 26U 
NEMA 4X: washdown, size 21, HST 21 U 

NEMA 1 : size 23, MT 23-I/* 
NEMA 12: size 34, HMT 34-11" 
NEMA 13: size 34, HMT 34-l/*-U 

NEMA 1 : ST 23-1/** 

Multiturn (Mi), *turns 

Geared single turn: 

NEMA 12 HST 34-1 /* 
NEMA 131 HST 34-1/*-U 

(sutffies k C. E, K W. etc. rrlll rder to micM B i i e m  
hrvirinporwrtpul) 

XC, NRR designate hostile environment 
transducers. 

6155744058 P. 05 

Fxplosion -prod - XC 
Astrosystems explosion-proof transduces 
comply with the following standards: 

NEC CL I ,  Group D 
CL II, Group E, F. F 

ULSm 886CLII 
CSASTD (22.2 No.30 (1 970) 

Radiati~n RSiSlenl- N RR 
Radiation resistant transducers for 
nuclear applications are designed to with- 
stand ?Ow rads total dosage (gamma 
equivalent approximately 2 x 1Om gamma 
photons/cW). Applications include fuel- 
rod positioning. manipulator control. 
waste handling, valve monitoring, 
gamma scanners and x-ray welding. 

Comprehensive prugrarns to evaluate 
constituent materials. ..insulation, lubri- 
cants, cuatfngs, etc...have been coordinat- 
ed with client nuclear installations and 
component manufacturers. Due to wide 
variation in operating environments, 
Astrosystems cannot guarantee specific 
operating life in nuclear service. 

The size 23 transducers have built- 
in gear ratios of 1:1,10,36,64,100, 
for muttiturn or geared single turn 
applications. 
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Sandia National Laboratories FAX 
for Dr. David Hotcomb FAX# (615)574-4058 
fmm Daniel J. Moreno TEN (505)844-6860 

2 pages on Dec.l3,1993 

Dr. Holcornb, 

As you requested, I have attacted the fact sheet for our dual dielectric 
RADFET. For information on single dielectric RADFETs you may contact 
Andrew Holmes-Siedle at the following address: 

REM 
64a Acre End St. 
Eynsham, Oxford OX8 IPO, England 

Please feel free to call me with any questions or comments at (585)844- 
6860. - 

Sincerely, 



I 
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Automation Components: 
A Reference Guide 

for Desianers Arornat 
M E M B E R  O F  

Matsushita Group 



MQ-F Fiber Photoelectric Switches 
QUICK aisconnects on Doth electrical and fiber siaes - DIN rail rnounrea arnolifier 

Right anaie and 5X lens anachrnents 
Glass rvpe fared to 201) C i328 FI  

\.- -..... ..__̂ ...- .--.. ......... -. -.~..I-_- ____ .................... 
-\,, -. ....... 





Aromat Standard Photoelectric Sensors - mexpensive 
4uggea ana rellatde 

Zomoiere I pe ro meei any realiirement 

U 
Target detected 



n 
50 CM 300 GM 

IP66 IP64 IP66 
NEMA 4 NEMA 4 NEMA 4X 

20 MS 5 MS 5 MS 

A W  Dc DC 
I I I 

1 FormC NPN NPN 
Relay Transistor Transistor 

I I I 
I 

Small Si Alignment 
rday output 

Retrodeflective 
This type of sensor combines the 

emitter unit and receiving unit in the 
same housing. The light beam IS now 
bounced off a reflector. As in the Thru- 
Beam, an interruption of the beam 
changes the output of the receiver. 
(DARK ON or LIGHT ON) 

_.  + +-- 
1 . . .* -&* . -  

m s e ~ w  
The emitter and receiver are in the 

. -  _------ LII---: 1: same housing, as in the Retro- 
Reflective type, but now the object to 
be detected is the reflector. DARK ON, 
LIGHT ON functions are reversed. 

Installation of this type detector is 
easiest and least expensive. 

Target detected 





NAiS 
Advanced 

Photoelectric Sensors 
Components for advanced technology 





T A B L E  O F  C O N T E N T S  
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Selector Chart 
Triple Beam'" Series . . . . . . . . . . . . . . . . . . . . . . . . .  .2 
Reflective Light Intensity Series 
Photoelectric Sensors - MF. , 
Fiber Series . . . . . . . . . . . . . .  . . . . . . . . . .  .5 
Photoelectric Sensors - MP . . . . . . . . .  

ierminology . . . . . . . . . . . . . . . . . . . . . . . . . .  
Operating Principles. . . . . . . . . . . . . . . . . . . . .  

- 

MQ-W Triple Beam'" Photoelectric Sensors . . . . . . . . .  .11 
MR3IMR3-T Triple Beam'* Photoelectric Sensors. . . . .  .15 

. . . . . . . . .  .21 
24 

MF18 18rnm Cylindrical Photoelectric Sensors . . . . . .  .29 
ME High Precision Photoelectric Sensors. . . . . .  
MP Long Range ACiDC Photoelectric Sensors . . . . . .  .43 

. . . . . . . . .  .50 
MQ-F Free-Cut/Fine Diameter 

Ultra-Fine Diameter Fibers . . . . . . . . . . . . . . . . . . . .  5 4  
MQ-F High Temperature Glass Fibers . . . . . . . . . . . . .  .62 
MP-F Rugged Fibers . . .  
MP-PC Control Pack 

MQ-FW Triple Beam'" Fiber 



Triangulation Range Verification Series 

Product name 

- ____ ___.-. ...... - - 
_ _ _ . . _ ~ ~ _ _ . ~ ~  Triangulation Range Venfication Method 

MQ-W Area Reflective Photoelectric Sensors 
____ ~~ 

Detection principle 
Product name-. -- 

Type 

......... .......................... ......... 

..... _____ ......... . ....____ .... 

......... AmplitierSelfcontained-DC~ - - -  ..... ....... .... 
MO-W3 MOW20 MO-W70 

__ 
-_ MR3 Long Distance Area Retlective Photoelectric Sensors - 

-_ Ampltfier Selfcontained-ACIDC Amplifier Selfcontained-DC 

Appearance 

/Irsm.. ! 

I 

I MR3-MlOOP(T) MR3-M200P(T) 

Features 

I 
MR3-M200A(T) - - MR3-M 1 OOA(T) 

~ 

Area Reflective Triple Beam'" .... ........ .......... ......... ~. Sensing method --- 
Light source Infrared LED/Red LED Infrared LED __ ......... .......... ........ 

Rated operating voltage 
Rated current 
consumption 
Output capacity 

Standard target 

Detactable target 
Sensmg speed 
Protective construciion 

Mounting pstch 

Maximum sensing ''-1 

12 lo 240 V DC/24 to 240 V AC 
DC Max 3WIAC Max 4VA 

(Timer type, DC Max 4W/AC Max 5 VA] 
3 A 250 V AC (resistive) 

12 to 24 V DC 
Max 55 mA (excluding load) 

[Timer type Max 60 mA (excluding load)] 
Max 100 mA (NPN side). Max 100 mA (PNP side) __ 

White drawing paper White drawing paper White drawing paper I White drawing paper 
(20 cmx20 cm) (20 cmx20 cm) (20 cmx20 cm) I (20 cmx20cim) 

TranslucentlOpaque TranslucenVOpaque TranslucenVOpaque ' TransfuceoVOpaque 
25 time& 500 timesls 

Water-protected (Equivalent to IEC IP66) 
I* I 

distance (Cm 8:- ) 50- 

. ic./ 

(mm inch) 

3 v 

I I  " -- u 

70 

20 

Rated ooeratina voltaae 12 to 24 V DC 12 to 24 V DC 12to24VDC 
Max. 30 mA (excluding load) Max. 30 mA (excluding load) ... Max. 30 mA (excluding load) .......... ~ ........ Rated current consumption , - 

__ Max. 100 mA Max. 100 mA Max. 100 mA 
White drawing paper (2 cmx2 crn) 

....... ........ Output capacity 
Standard target 

___ ........ 
White drawing paper (7.5 cmx7.5 cml ___ White drawing paper (1 cmxl cm) ....-____ ........ ......... __ ........... ........ 

Translucent. opaque 
250 times/s 

Detectable target Translucent. opaque Translucent. opaque . 

Sensing speed .. 250 timesls 250 timesls .... . -_ 
... .____ Immersion-protected (Equivalent to IEC IP67) . .. , 2 5 4 ~ 0 2  3 3  3 5 - -  45t02_-35 

, 
Protectiveconstruction i 

- . . - 
3 2-M4 

33. -  - - 2.w 
i d  , ' '  

_ O 2 l  
254202 , _  Mounting pitch 

(mm incn) 33!  L!< 3 5 .  LA 

Appearance 

(mm incn) 

Feauns Long distance range measurement sensors, 3-mode (ON-delay, OFF-delay. One-shot) timer function is built-in 
I Accurately detects targets over a broad range of colors matenals and shapes, Unaffected by backgrounnd objects 

Area Reflective Triple Beam" 

Maximum sensing 
distance (cm incn) . , +- 

2 



Reflective Light Intensity Series 

300 3o01 
' W 4  
70: Maximumsensing :- I 

distance(cm ,-CY) ,50-i 
20-! 

30 

-- 1, - 1  
5-j 

- - 
Waction orinciole Reflection Liait lntensitv Detection Method 

I 
70 I 

1 ~ 

I 
i 2. 
1 r 1 

MQ Mark Sensor MQ Phoroelectnc Sensors j 
I__.___ 

Product name 

... ' AmplilierSelfcontained-DC Amplifier Sellcontained-DC 
I MO--3M)A(B) MQ-DXlAWI MQ-D70A(B) MQ-VD2AR 

TYPC 

Sensing soeed 500 tlmeS/S 1 WOtimes/s 

18501 , - 
3--- - 2.m 

I 3: L!. 

I s  

1850 1 
Mounbng pltch 

(mm Incn) 

. I  

I >  I ,  . -."I - .- 254_*02 

--B . 33 
33 -. - 2w 

" -, 
31 e- ' 

33 I u, -8% 



Photoelectric Sensors Selector Chart 
~ 

Detection principle ... .__- Reflection Light Intensity Detection Method .~ 

~~~~~ name .... 
MF?8Photoeleciric Sensors 

Amplifier Sellcontained-AC/DC ~ . . . ~  ___ Amplifier Sellcontained-DC ........ 
Type MFl8-3OOA(B)/C(B) MFt8-R200A(B)IC(B) MFlB-DlOA!E)/C(B) MF18-300l'e) MF18-R200P(B) MF18-D1 OP(B) 

2.- 
..... 

; .* ___ ...... ~~ ......... ___ ...... .____ ....... 
,I.. 

Popular 16 mm 
Wide operating vohage range 
includes an omput prolectlon Circuit 

:.*' Appearance 

(mm) .I. J 

Popular It3 mm 
Wide operating vonage range 
Includes an oufpul DrOleclion circun Feature6 
Frrmllent vihrillinn and water r-i+ranre Excellent vibration ana water res!slance 

~ ~~ ~ 

Thrii-RPnm RetrnrPflPctive Diffuse Reflective Thru-Beam Retroreflective Diffuse Reflective 
Infrared LED _ _ _  ___ _ _ - -  Infrared LED ~_ Light source ____ - __ 

-1 loo0 
, 

300 
200 200 300 ~ 500 - 1  

300 .I ___- 
Max. sensing 1oo.l 1 1 1 .  

I____ 

. c  

I ,  distance 
(cm tncn) , 

'0 10 _- 
I 1 

. ......... __ ...... ~. 12to24VDC Rated operating voltage , 
Rated current (power) Max 30mA Max. 20 mA Max. 20 rnA DC. 3.5 W/AC: Max. 3 5 VA 
consumption (excluding load) (excluding load) (excluding load) (excluding load) 

Output capacity 

Standard target 

Detectable targat Opaque 
Sensing speed 
Protective construction 

5 to 24 V DC ... 

..._.-___ _______ ....... ..... ......... ..... 
Max l00mA 

Whne drawing paper 
___...- Max. 100 mA Max 100 mA Max. 100 mA 

20 mm dia metal plate 

TranslucenVOpaque Transparenuopaque Opaque TranslucenVOpaque TransparenffOpaque 

... ...... .......... ..______..__ ....... ____- ... Max. 100 mA Max 100 mA 
20 mm ala metal Dlate 75 mm dia metal plate Whfie drawing paper 
(Dull Mac% finish) (Dull Mack hnishl (Dull blact finishl (Dull black finishi (5  cmx5 cm) (5 cmx5 cm) 

75 mm dia melal plate 
- ___..... ...... _...___._ .......... 

~ ..... _..___.. 

...___.._ .... ....____- __.I 

__- 25 tirnesls .... ........ .......... ....... ~ 

333 timesk 

..~ Equivalent to IEC IP67 
....... _ _ _ ~  .......... Equivalent to IEC IP67 

_____._._ 

Mounting pitch I ___ __ 

I___ ....... 

...... Reflection Light Intensity Detection Method 

ME Photoelectnc Sensors 
Amplifier Seltcontained-DC 

... ____._ Detection principle 
Product name ______ ... __ ------ 

.- ..____ -- 
M EQOOZA( B) ME-D30A(B) ---- ...... 

235, -- 
ME-BOOA(B) 

TY Pe 
235- 

___ 
24 , 

Appearance ;! 
' 1 5  

..___ - ....... ~~...____ (mminr-:) - 
Connector connection type with serviceability in mind 
Three-turn adjuster with ratchet mechanism (Indicalor provided) 
Thru-beam type, ME-200ZA which detects even a translucent object 
High speed detection of 1 ms 

Features 

Sensing method_.- Thru-Beam 
.___ .......... ______ ...... ~ 

DiHuse Reflective ....... ......... 
Infrared LED .... _______-..--- Light source I 

1.0@J-j 

- 

,500 

Max. sensing "1 
70 distence 

(cm *r .E) 
50 

300 

I 
1 

30 
I __- I 

1 

.. 

I __________ - 
z:j 1 1; 

- - 
~_ 12 to 24 V DC ___ ______ Rated operating voltage 

Rated current Max 45mA Max 45mA Max 25mA 
(excluding load) (ertcluding load) 

.__..______..__ ......... ...____ 
(excluding load) 

10 mm dia. metal plate (Dull black finish) __ i....... ... 

...... .... consumption 
Output capacity Max. 100 mA Max. 100 mA Max. 100 mA 

Standard target 

___.~ 

... .......... ___.. 
Whttedrawing paper(lOcmxl0cm) .~___ 10 mrn dia. metal plate (Dull b'ack finish) 

500 times& 
Eouivalent to IEC IPSO 

... 

Opaque TranslucenVOpaque TransparenVODaque ____ ...... ... .... ..... 
..._______ ....... ~ __ ......... ...... Sensing speed 

Protective construction 

Mounting pitch 

___.. 
....... ____~ ~-.-___.. .___ ....... ....... 

~~ ___ ___ ... .  .- ~~ -__ 
.- 1 

.__. , 

- .>e. -_- 
.;.-.".. 

1--. I - .-v-..,-., 

-. .- - 
L .e..(., i .r 

.,. . 
* =..a1 ,- 

___. ..... ....... ..... 
(mm I---) .,> . . 
-..-I___ ___.. 



Fiber Series 

distance (cm ) 10-1 I 

( )indicates S I  
I : 2 5  
I use of green LED. - 1  1 5  

Detectton principle , Method Fiber Triangulation Range Verltication , Fiber Reflection Light Intensity Detection Method 

MO-F Fiber Photoelectric Sensors (Freecut fiber) Product name MO-FW Fiber Area Relktive Photoelearic I ! S n s m  

(1  51 

n 

- Amplilier Selfcontained-DC Ampltfier Sellcontained-DC 
I Ma-FWl MQ-FW2 MQ-F12-02 I MQ-FS12-02 MO-F10-CD2 MQ-FSlO-CO2 

2-4 2 &a MQFAR ampklier unit (red LED) &a MO-FWAR 

Sleeve len 
9 cm 

- \ , I  

u t . = 2 m l  

Sleeve length I L = 50 cm 3 
'4' 

/ L = s o c m  
I 1  rn 1 1 m  L = 2 m  9 cm L = 2 m  

I Product name MQF Fiber Photoelectric Sensors (Freecut fiber) 

Protectiveconstruction Fioer ly, Splash.protecrf4 (eouvatent to IEC 641 
Amolifier Dust ordected ieouwalent to IEC IPSol 

Light source 

Fber tip Immersmnprotected (equivalent to IEC IPSO) 
AmMier Dust-omteded leourvalenl Io IEC IP501 

I Red LED R e d  LED green LED 
(la detoeton d d - e  marks) Red LED 

I 
15- 

Maximum senstng 
dtstance(cm ) 10-1 

1 I I 
i 

I I 5 5 
( )indicates 3 5  

1 5  T---l use ot green LED. 

Sensing speed 1.000 times/s (green LED type 500 timeds) 

~ MO-FAR ampldier unit (red LED) 
MQFAG ampitier mt (green LED) AppiicclMe 

amplifier 
I I 



Amplifier Selfcontained-DC __ 

1 MQ-FAR amplifier unit (red LED) 

amp l i f i i  

Output capacity 
I 

Max 1WmA - 

Type 

M3 (P=O 5) - 
Mounting pitch -e&==== 
(mm inch) 

1 o dia -0 5) 
I - 1  1 2 dia 

Appearance 

L = Fiber length 

Product name MQ-F Fiber Photoelectnc Sensors (Glass fiber) _- 
Type 

Appearance 

L = Fiber length 

Amplifier Seifcontained-DC 
I MQ-FHD5-02 Ma-FHSD5-02 MQ-FH12-02 MO-FHS 12-02 

Q (-JqQl(---4 Sleeve length . ~ = 2 m  
9cm j 52: -il-,ei - -  L=2m , Slwvelength 

L=2m~~: ; t r - i  .j _ _  7 . ;3.d= 9cm 3 5L.' ,;-Yz$ L = 2 m 1 : :.= '. --.: 

MQ-FH12-02 I MQ-FHD5-02 MO-FHS 12-02 

Applications 

Sensing method 
Lightsource - 

15 - 
5 9c6 

Max,mum ?;:- 
distance (cm inch) 

5 _ 
1 960 

RM operating voltage 
R.D~ c u m  conrumption 

output capscity 

- Senaing speed 
Detectable targe l  

Protective construction 

Mounting pitch 
(mmincn) . 

Detection of food container passage jus1 after heat treatment, detection of cakes lust after oven, detection of parts On 
PIC board lust after passage through soldering bath and detection of moulding chips - 

Fiber type Thru-Beam Fiber type Diffuse Reflective 
Infrared LED 

...................... ,2 ~ . .  . . . . . . . . . . . . .  .I ..... .................................................................................. 
1 ?i 

................. ............................. .............................................................. ............... .............. 

5 
CfiD 

5 
1 . .  - .  

-. - -  
......._......: 1 9 i 

........................................... 1 ............................................. 1 . . . . . . . . . . .  ';.jo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i 
~ 

I 
~ 

I 

__ 12 to24 V DC 
Max. 35 mA (excluding load) 

Max. 100 mA 

' 

Opaque, 1 mm diameter or more 

Fiber tip: Immersion-protected (equivalent to IEC IP67). Amplifier: Dust-protected (equivalent to IEC lP50) 

' TransparenffOpaque (copper element wire) 0.1 rnm diameter or more 

1 .OOO time& -. 

M6 (P=O 75)  I M6 (P=O 75)  

I 2:- 
4 pla ~c ... (P=0.45) M2.6 ..- ! r- 

~..___ 

___ 

s = o  7) ~ 

.. __ 
~ 2-4 2pta. 2 -  '5 



Photoelectric Sensors Selector Chart 

features 

Sensing mothod 
baht source 

Detec?iin principle Fiber Refiection Light Intenstty Detection Memod 
Product name I MP-F Photoettmnc Sensor (Plastic fiber) I MP-F Fiber Pholoelectnc Sensor (Glass fiber) 

Easy adjustment with visible red LED I High temperature resistance 
I 

High environmental resistance 1 High environmental resistance 
Thru-Beam Diffuse Refleave Thru-Beam Diffuse Reflective 

I Red LED Red 1 FD 

Amplifier Seltcontained-DC 
MP-F5 I MP-F25 I MP-FDl I MP-FH5 I MP-FHD1 

St.ndardtargcl 

Detectable target 
Sensing speed 
Pfoiective construeti 

2 mm &a metal pble 6 mm dm metal plate ~ Whtte drawng paper 2 mm dia metal plate i While drawng papsr 
(Dull bkc* imish) (Dull Mack finish) I (1 cmxl cm) (Dull black fmish) ( I  cmxl cm) 

Opaque 1 Transparenuopaque Opaque ~ Transparenuopaque 
100 time/s 

Fiber trp. Equivalent to IEC IPfi6 

I 

Daraction principle 

PtWJUCtMlllt? 

TYpa 

aa~~mnt~mmmp(ion I Max. 40 mA (excludino load) 

Fiber Reflection Lght tntenstty Detection Method 

Amp(ifierSelkontained-DC 
MP-FX1 MF-FSOl 

MP-F photoelectric Sensors (Coaxial fiber) MP-F Photoelectnc Sensor (Metal tube) 

O m u t  caoacitv I Max. 80 mA 

L = FiW fcngth 

F..hrm 

Sunsing method 
Light Bolycc 

Max. sensing 
d i n c a  
(cm inch) 

2 - 
10-  

394 
05- 
197 

L = M m  lm ZSya io  1 :;ards L E  7 em 77 ,faro 

Easy senmg 
Htgh temperature reststance 

Rad LED 

Ideal for ttny target detmon 

Diffuse Retlmve Diflusse Reflective 
Red LED 

1 1 

7-7 
I I 

hunting pitch 
(mm inch) 

Rated operating voltage 
a.tal t w r a t ~ ~ m p t i c w ,  

Outpul capacity 
Standard tarcm 

1 I I 

12 to24 V DC 
Max. 40 mA (excluding load) 

Max. 80 mA 

White drawina m m r  (1 cmxl cm) 
Detectabletarget 

w i n g  specrd 
P r o r ~ ~ c o n 8 t r u ~ h  

TransparenUOpaque I TransparenVOpaque 
100 ltmesls 

Fiber hp Equivalent to IEC IP66 

Mounting pitch 
(mm inch) 

1 Light ON: MP-FlA-DCtZ24V 

~ 

DarkON: MP-FZA-DClZi24V 



_..____ ..__ .... 

Reilection Llght Intensity Detection . Method _ _ _ ~  ..... Detection principle 
Product name 
_ _ ~ ~  

MP Amplifier Seltcontaineu-AC/DC Photoelectric Sensors ___ ..... ~~ ___~ . p..~.____.__-.--- ...... _ _ ~ - _ _ _ _ _ ~  ...... 
Arnplif ier Sellcontaineo-AC/DC .. ~ .... 

.~ ..... 
MP-D70P(T) MP-lKP(TI MP-RSOOP(TI Type 

...... ... .... ___  _ _ ~ _ _ ~  ..... ~__..___ 
a i  -.. - - <  

I 
is 25 E ' ~  . -  

Appearance 8 00 

(mm 1 _______  ~~ . _ _ _ ~  __ ..____ .... __ .... ~ . . _ _ _ . . ~ _ _ _ _ _ . _ _ _ _ _ _ _ _  ~ _ _ _  . 

Ooeranon w:r either AC or DC cower source 
Buill-in limer i;oe atso avaiiafiie 

Relav oulpu: 3 k 250 V A C  
No misowrallon 01 oulpul during cower on or off condirion Features 

_~ _____ ~ __ . ~ ~ _ _ _ ~ _ _ _  .... ~ . . _ ~ ~ _ _ _ _ _ _  ~~~~ __-___ 
Dlffuse Reflective ____.. ~ . _ _ _ _  -~ Thru-Beam Retroreflective __ Sensing method .. .~ . 

_ _ ~ ~ ~  ~~ ~~ .. Light source Infrared LED ~___ .~ .____~~__ ~~ ~ - -  .... 
i on0 

5CO 
1 000- 

500- 
300- 

70 Max. sensing 100- 
distance 
(cmii . ) 

70 - 

50- 
20- i 

5-  1 , __ .... ..... ~ _ _ . _ _  ..... ~___ .. _____ _ _ _ ~ ~  ...... __ ~____.... 

12 io 24 V ACIDC. 100 to 240 V AC. DC Rated operating voltage ... ..... 

Rated power consumption 
3 A 250 V AC (resistive) Output capacity 

White drawing paper (20 Cmx20 C r n t  30 mrn dia metal plate (Dull black finish) 70 mm dia. metal plate (Dull black finish) Standard target ....... 

Detectable target Opaque . TranslucenffOpaque 

Sensing speed 
Protective construction 

____. .___ ~~ __ _ _ _ _ ~ ~ . . _ _ - ~ - - -  ...... .... ~__.  ~_ ___ . .~.. 

DC. Max. 2.5 W AC: Max. 2.5 VA DC Max 2.5 W: AC: Max. 2.5 VA ... . ~ . . . _ _ _  ...... ..__ _ _ - - - - - _ _  DC M a x .  3 W. AC Max 3 VA ........ ....... __ ...___..___-. -~ 

______ . . __ . ._~__ -- .......... ____ 
~- _______~~ __ __ ...... ....... ....... ...... . . 

TransoarenUOpaque ___. -~ ~~ __... . . 

___ ..... ___~_..___ ........ ___-__ 25 times/s [T t ype .  20 timesis) 
Equivalent to IEC IP66 

.... ~___. 

....... ......... ......... ___ .... ____.....~ .... - 
- .. - 

~,".. - ,. 
- * . ~ _ _  

-,1 . _ _  -i .*=- 
I ,  _.- " - .  -- . . ~  ..I 

-., -- 
-(I 

Mounting pitch 

. . I  , 
i. . - I  - ._ 

~ - -_L_. 
~ 

. .( - > 
~ 

(mm i '  .......... ........ ___..........__......I________. .......... 

8 



TERMINOLOGY 
I Thru-beam type 
This refers to the method of detection in 
which the light receiver and the light pro- 
ject are positioned opposite each other. 
and due to a target passing between the 
two, the received light level is caused to 
change. 
1 

Light recelwr U h t  PrOleaM Tam 

li Diffuse reflective type 
In this method of detection. the light pro- 
jection section and light receiving section 
are set either coaxially or with their axes 
closely adjacent. 
When an object passes in front of the 
detector or approaches sufficiently close 
to cause a change in the reflected light 
Jevel, detection occurs :____, ___ Light prqeciion secticm 

Llqht receiving sectan Target 

I Sensing distance 
This is the distance range over which the 
object can be detected by the photo- 
electric sensor. For the thru-beam type 
and retroreflective type, this refers to the 
maximum distance whch can be set for 
stable operation. For the diffuse reflec- 
tive type, it refers to the maximum dis- 
tance for stable operation with a stand- 
ard detectable target. 
I Standard target 
Basically this refers to a detectable ob- 
ject that can be used as a standard for 
measuring performance characteristics 
by defining form, dimension. and material. 
I Operating angle 
This refers to the angle through which 
the iight projector, light receiver. and 
reflecting panel can operate in the hori- 
zontal and/or vertical direction based on 
the designated conditions (standard test 
conditions). 
When it is too narrow, adjustment of the 
light axis at tbe time of setting is difficult, 
and when it is too wide, due to adla- 
cently positimed photoelectric sensors, 
interference easily occurs. 

I Hysteresis 
In the drffuse reflective type photoelectric 
sensor, this refers to the difference in dis- 
tance between operation and restoration. 

-r ^-- 

Hysteresis I 

li Operation with light intercepted 
This refers to the manner of operation in 
which light beam entering the light recei- 
ver (section) is intercepted or reduced 
sufficiently to cause operation I t  is called 
‘ Dark-ON” 
I Operation with light entry 
This refers to the manner of operation in 
which an increase in the level of the light 
beam entering the photoelectric sensor 
causes operation to occur. It is called 

I Permissible ambient light 
The maximum light level from external 
sources, measured in lux, which will not 
cause more than a 20% variation in the 
received light signal level. 

’’ Light-ON”. 

Measurement conatitm 
Retiecttng panel 

5M3~503) I 
(WhlkkWl tpape7  1 

I Detection speed 
The minimum interval of switching of t 
output section is designated as greate 
than that determined by the number 0 
times of operation in one second. This 
represents the total of make and breai 
time. 

Light inpul 

Control 
output 
berating+-++ Restoration time 
time- +Minnum mke/break interval= 

Detectton s p e d  V-I/T 

I Response time 
Normally with regard to the operating 
time and restoratton time. for the photi 
electric sensor these times are essent 
the same. 
I 1EC if‘ Code 
The IEC (International Electrotechnica 
Commission) has established standart 
and within these standards, to indica& 
the level of protection. a Characteristic 
code designated as IP with 2 digits is 
used to indicate the environmental cor 
ditions to which there must be conforn 

1 - Second characterishcs di 
i -- First characteristics digit 

IP n--j 
First characteristics dioit 

5 preventalive tormanon 
6 1 Resistanceformotion 

Second characteristics digit 
2st PmtSeRon level mn,, 



OPERA TING PRINCIPLES 

cia1 consideration to the lens. In order to 
improve the precision, an aspherical 
lens, having limited spherical and coma 
aberration, is used. 
In addition, as shown in Fig. 4, a photo 
diode having 2 outputterminals is used. 
By comparing the output currents from 
the 2 elements, there is no relationship to 

Detection principle of new Triple Beam TM area reflective series 

-=- -. m 
(a) (b) 

Fia. 3 baht barn trace of the lens 

Optical triangulation distance measurement method 
The light beam emitted by the LED. pass- 
ing through the condensing lens of the 
light projector, is applied to the surface of 
the target to be detected. One part of the 
diffused reflected light rays passes 
through the light receiver lens producing 
a spot at a position on the detection ele- 
ment. When the detectable target is at a 
position A that is at a comparatively near 

distance as shown in Fig. 1, a spot is 
produced at (a). When the target is at a 
position B that is far, a spot is produced 
at (b). Accordingly, if any spot position on 
the position detecting element IS detect- 
ed, the distance to the target can be 
determined. This is the principle of opti- 
cal triangulation range measurement. 

the level of the incident light. Thus, the 
ratlo of reflection from the detectable tar- 

I 

Fig I Optical triangulation range 
measurement method 
Other examples of this method are the 

, automatic focusing and camera range 
j measurement systems 

in (b), range measurement precision is high. 
phencal lens. Because there IS r I0  aberration 
(ai is a Gphencal lens, and (b) is the as- 

Triple Beam type range measurement principle 
The MQ photoelectric sensor area reflec- 
tive type has adapted this optical triangu- 
latian range measurement principle, but 
in order to improve the reliability of the 
detection of the sensor, a more elaborate 
method has been devised. First, light re- 
ceivers are positioned symmetrically on 
either side of the axis of the light project- 
or, composing a triple beam arrange- 
ment. As shown in Fig. 2, when the mov- 
ing detectable target is at the edge of 
the projected light beam, the spot re- 
flected from the target is at a location 

different from the point where the spot E 
produced when the beam is completely 
intercepted. generating a range measure- 
ment difference of + AX, but with the 
triple beam composition, the symmetri- 
cally arranged position detection element 
(2) has a spot produced conversely at a 
.- d X difference position, and by means 
of averaging both range measurement 
signals, the correct range measurement 
can be made. This results in significantly 
improved repeatability and background 
suppression. 

1 Position detection element (2) - 
I 

Lght receiver lens 
U 

I Positm defecton e~erneni 1 I ) 

Fig. 2 Beam range measurement 

By averaging the range measurement 
signals of the 2 light receiving systems, 
the range measurement difference is 

1 Fig. 4 PSD (position detection element) an  

I Operating principle of area refiective method 
The operation of the MQ photoelectric 
sensor area reflective type is explained 
in Fig. 5. After the output from the 2 PSD 
elements is added, the IN value is con- 
verted and the logarithm determined. By 
subtraction, the distance signal in (IiA2) is 
obtained. This can be optionally set, and 
with the distance adjustment control, 
comparison with the produced value can 
be made to sense whether the target is 
or is not within the sensing distance. 

PSO2 

Onve osclllam 1 
Ctrcud 

LED - 
(Ighl &w dlode) 

ur(lltt 

Fig. 5 Signal processing circuit block diagram 



photoelectric sen 

-W20A photoelectric 
(Area reflectwe type) 
Sensrno disfance 20 cm -: 70 cm 

1 
Product name Part No. Operation Detection 

method 
. 

sensor \Area reflective type) 
Sensing distance 

I Max. sensing! Packing 
distance Inner 1 Extern; .- 

Ignores variations in colors, materials and target shaw - Reliably detects clear, black, muiticolored objects. 
h r y  accurate beam light detection with no 
missoperation, ignoring walls, machinery, or o tkr  
objects beyond the set sensing distances 

High speed detection: 250 times/second 
Stable position detection even with soiled lens surface 

Enviropnmental resistance (tEC 1P 67) 
Light ON or OFF output detection is selectable 

9 Wide-fange operation 12 to 24 V DC 

Rated current consumption Operating side 

Load side I Output current capacity 
Max. 30 mA (excluding load) 

Max. 100mA 



DATA 
MO-W3A photoeleanc sensor 

10 x 10 mm - -  1 

the largest amount 01 ligM is assumed a5 1 I 

MO-WZOA photoelectnc Sen= 

the largest amount of light is assumed as 1 

2. Material characteristics 
Comparison between Ma-W20A and former product 
Condition ~arget  140x60 mmi 
taw1 assumed as natural shape 
For the lorrner product (dinuse rellective type) depending 
upon the Obfect material Ihe operating region varled 
greatly. but for the triple beam type there was no VarlaIiOn 
I I 
! 

Cawm clad 
pwim CIICUII 

barn 
Alummum 
P== 

Mi"M 

loo zoo 300 400 500 600 
. -  - Sensing distance imm I 

x  NO^ available ____ 

MQ-WJA photoelectric sensor 
(area reflective type 3 cm 
Condition Target 140x60 mrn) 
tqet-assumed as natural shape 

I 

.. - Sensing distance (mm 1 

3. Sensing distance vs. surface area characteristic 
MQ-W3A photoelectric sensor MO-WZOA photoelectnc sensor 
(area rellective type 3 cm ) 

... 

I 

ilea reflective type 20 cm I 

- Detectable area (mm') I - Detectable area (mm) . 
u 
4. Light projector beam diameter charactenstic - 
MO-W3A photoelectric sensor 
(area reflective type 3 crn 1 

2 5 DIA 2 3DIA 4 ODlA 
__ __-- I 

I I I G 

I 1 1 -  I 
~ 

Light beam diameter is Oetermtned as me regw where 
the a m n t  oi light is decreased to 1fe' (e B 2.72) when 
the largest amount of light IS assumed a5 1 

* ?  

MO-WPOA photoelectric sensor 
(area rellective type 20 cm I 

6 7 D I A 6 9 D I A  74DIA 83DIA ----- 
t i t 

I 
I I 1 

MO-W70A photoeleCtriC Sensor 
rea reflective type 70 cm ' -I - - I  

I 

Ma-WPOA photoelectric senwr 
(area reflective type 20 crn 
Condition Target 143x60 mrn) ^r 

< I  

- -1 assumed as natural shape 

MO-W70A photoelectric sensor 
1 area retlechve type 70 crn 

(white drawing paper 75 x 75 mm) + 

1 I /  
' l o o '  - 

0 ,, l oo0  to  wo 

- Detectable area (mm') 
I 

MO-W7OA photoelectric sensor 
(area rellective type 70 cm 

23ODlA 330 DlA 390 DIA 

I 

j 
6 0 300 500 m ( m m  1 1  



Photoelectric sensor with a bracket on External form dimensional drawtng 

Plnk 
I 

1 

DIMENSIONS mm $ r , x  

1. MQ-W3A (area reflective type) 

Operaling conditton Make connection to @ side wrth pink wire 
for Light ON 
Make cOnnecttOn to 0 side wrth pink wire 
forDarkON 
Note When witching a power source, make entering ON I 
ground connectton ro the tram ground tennnMi 
Or 10 the ground terminal. This wdl assure more 
stableoperatton 

With Itght 
output intercepted ON 
transistor With light Common use 

Operafron I 

,nd- LED Lights with light entering 

Adpstmeni mdcator LEO 

1 
DIA 

Dffilance ad]ustmenl aai Operation W!M LED 4 4 

3 3 3 3  

L254-(12 - 2M4(P=06)tappd 
M S  M4orr6 

,;r 654- .:- !& - 254-- - -  
General tolerance &to 5 - ~ 2 :  

External form dimensional drawing Photoelectric sensor with a bracket on 2. MQ-W20A (area reflective type) 

3. MQ-WOA (area reflective 

DIA 

Dislafce adjUStmenl dial Operarlon inoicator LED - 

type) External form 
dimensiunal drawing Adiusnnem mdcntw LED 

7 T I I  
General tolerance: f0.5 2 c2C 

Photoelectric sensor with a bracket on 

366 
1 4 4 1  - - 
45 
..Y €4 -- - 

General tolerance. *O 5 - 



~ ~~ ~~ 

CAUTIONS 
1. Ambient environment 
1) Use within the range of ambient tem- 
perature of -25°C to +55"C ~ .s F ' 3  

2) Use within a range of 9.6 V to 30 V 
DC (ripple P-P included) for operating 
voltage. 
3) Use with an ambient light level at the 
light receiving surface of less than 
10,000 lux for incandescent lamp and 
less than 30,000 lux for sunlight 
4) Because a surge voltage exceeding 
500 V [ i( 1.2 x 50) ps of single polarity 
full wave voltage] may cause damage to 
the internal circuit, a surge absorbing 
element should be used 

-131 F. 

Surge wave form I=( 1 2 x 50) US 
of single polariiy lull wave voltage] 

I 

i 
I 

Time IUS) 

5) Avoid using in a location where there 
is excessive steam, dust, or corrosive 
gas. 
6 )  The sensor is of immersion protected 
type, but this does not mean that it can 
be used in water or where there is direct 
impingement of rain for detecting objects. 
2. Connections 
1) Because the internal circuit can be 
damaged due to incorrect connections, 
before power is applied, the wiring 
should be thoroughly checked. 
2) Load relays having a rated operating 
voltage of 12 V or 24 V DC as the load 
should be used. Care should be taken to 
allow for the voltage drop (1.2 V) from 
the operating voltage of the internal cir- 
cuit as applied to the load relay 
3) If a load greater than 100 mA is con- 
nected, the output section will be darn- 
aged, so sufficient care should be taken 
4) If the wiring to the photoelectric sen- 
sors run parallel to high voltage or 
power lines, due to inductive noise, mis- 
operation or damage can occur. Wiring 
should be run in separate conduits. 

5 )  Use cable of 0.3 mm2 AWG22 or 
larger for extensions, and the length 
should be less than 100 meters Z 9  t: 
6) If the unit is struck by a hammer or 
other heavy tool, the function can be im- 
paired. Sufficient care should be taken. 
7) The changeover from Light-ON (light 
entry ON) to Dark-ON (light intercepted 
OFF) can be carried out with the pink 
lead wire. For Light-ON, connect the 
pink wire to the @ side, and for Dark- 
ON, connect the pink wire to the @ 
side. 
3. Distance adjustment 
1) Set the detecting surface of the 

photoelectric sensor in the detecting 
direction and temporarily fasten it. 
2) While no target is in the detection r e  
gion, set the distance adjustment dial to 
maximum (FAR) and slowly turn it 
counterclockwise. 
Continue turning the control counter- 
clockwise until the operation indicator 
LED (OPE.) is extinguished. This is the 
adjustment position. If the indicator LED 
is extinguished at the maximum positron, 
that is the adjustment position. 
3) With target in the detection area, set 
the dial in the minimum position (NEAR) 
and turn the control clockwise to locate 
the position where the indicator LED 
turns ON. If the indicator LED goes ON 
at the minumum position, then NEAR is 
the adjustment position. 
4) Set the control to a point midway be- 
tween the locations found in step 2) and 
step 3) above. 
5 )  Securely fasten the photoelectric sen- 
sor. When fastening, the sensor should 
be sufficiently secure so that it will not 
shift under vibration or shock. 

Adluslrneni I 
7 1 tndcalar LED 1 Distance acjuslmeni anal 

MQ-W3A MQ-WPOA L O G t i o n  
indicator LED 

Adjustment 
1 tnaicator LEDI Dtslance adjuslrnenl ala1 

, MQ-W70A 

indicator LED I 
Notes: 
1 .  If the adjustment indicator LED does 
not light in the adjustment of step 3) as 
prescribed, or if the position between 
step 2) and step 3) is less than 2 gradua- 
tions, change the position of the detec- 
tion surface and repeat the procedure of 
step 1) to step 4), or try to determine the 
source of external factors such as varia- 
tion in ambient temperature, variation in 
target position, etc., that is creating the 
problem. 
2. The difference in detection distance 
due to the colors of the target is virtually 
non-existent, but if the actual target is 
one where the reflectivity is extremely 
low (targets which have a frosted finish 
produced by black rubber), or where the 
reflectivity is extremely high (mirror, 
glass, or truly reflecting target), confirma- 
tion should be done with the actual 
target. 
4. Sensing section 
1) If an excessive amount of dust or dirt 
adheres to the detection surface, despite 
the fact that the detection method is not 
greatly affected by such a condition, the 
detection distance may be reduced. and 
it is advisable to keep the detection sur- 
face clean. 
2. The front surface of the lens is poly- 
carbonate. This material is resistant to 
water, dilute acids and alkalis, aliphatic 
hydrocarbons, oils, etc., but it is not re- 
sistant to ketones, esters, halogenated 
hydrocarbons, or aromatic hydrocarbons. 



AREA REFLECTIVE 
AMPLIFIER SELFCONTAINED 
-DC TYPE 
-AC/DC TYPE 
Components for advanced technology 

Without timer 
Witb timer: Norma! 
ON-delay, OFF-dday type 

(Nm and PNP) I One-shot 

mm 

MR3-MlOOA photoelectnc Sensor MRB-MlOOA-DC12-24Y 

MR3-MlOOAT photoelectric sensor j MW-MlOOAT-DC12-24V 
I 

1. Long distance range measurement 
sensors. 
The first long distance detection photo- 
electric sensors for I m  ’-. and 
2m , applications. Suitable for 
detection of passing targets and 
positioning . 

Type Name 

2. New added type with timer 
functions. 
The 3-mode (ON-delay, OFF-delay, 
One-shot) timer function is built-in the 
MR3-T type, to prevent detection errors 
and make it easier to send a high 
speed signal through a PC etc. The 
control time range is from 0.1 to 5 sec. 

Part No. I Specifications 

3. AC or DC power 
The DC type operates on 12 to 24V DC 
and the AC/DC type on 12 to 240V DC 
or 24 to 240V AC power supply. This 
allows for operation voltages world wide. 

4. Accurately detects objects, regard- 
less of colors, materials and shapes. 
Area reflective type sensor permits the 
detection of white and black targets at 
the same distance. Also targets with 
mixed colors, difficult to detect with 
standard drffuse reflective type sensors, 
can be detected. 

5. Unaffected by background objects. 
Area reflective type sensors do not 
detect objects beyond the set point. 
False detection. caused by movement 
beyond detectable objects, does not 
occur. 

6. Tolerates dirty lens with consistent 
position detection. 
There ts virtually no variation in the 
operation even if the lens surface 
becomes dirty. Position detection of 
targets approaching from the front is 
atways constant. 

7. Various outputs selectabie 
Two outputs are provided for the DC 
type, one NPN and one PNP output, so 
that a single photoelectric sensor can 
match the polarity of the power supply 
wiring. The output section of the 
AMDC type contains compact yet 1 
Form A contact rated 3A, 250V AC 
(resistive). 

8. Designed for easy installation anc 
adjustment 

Screw terminals for easy wiring 
One-touch switch for mode selection 

Without timer 
Olstance adlustmen1 dial Adluster LEO ,- 

With timer bght IndlGItOr LED 

9. An output protection circuit is 
built-in the DC type. 

10. Water-protected construction 
(equivalent to IEC IFW). 

APPLICATIONS 
Detection of medium to large targets. 
Large product assembly lines, automat 
vertical warehouses, personnel detec- 
tion, etc. 

PRODUCT TYPE 
I. MR3-MlW area reflective types (Max. sensina distance: 100 cm 1 ,arcis) 

i (%&table wlth the switch) 1 ~ ~~~~~~) changeover ! Without timer 1 MR3-MlOOP photoelectric sensor MR3-MI OOP-12-240V 
i Wfih timer: Normal I 1 MRBMl OOPT photoelectric sensor MR3-MlOOPT-12-240V A C / X  type j ON-delay, OFF-delay 
! One-shot 
1 6electable with the switch) I 

I P8fl NO. Specifications 
2. MR3-WI200 area reflective types (Max. sensing distance: 200 cm ‘ 1  

Type ! Name 
Without timer MR3-M200A photoelectric sensor MR3-M200A-DC12-242/ 

! 1 With timer: Normal 
j ON-delay, OFF-dehy DC type 

(NpN and pNp) I MR3M200AT photoelectric sensor MR3-MZOOAT-DCl2-24V One-shot 

Without timer 
With timer: Normal I 

i MR3-MZOOPT photoelectric sensor MR3-M200PT-12-24OV One-shot I 

’ (Selectable with the switch) i Light-ON 
MR3-M200P photoelectric sensm MR3-M200P-12-240V Dark-ON 

AC/DC type ON-delay. OFF-delay 

I (Selectable with the switch) 

changeover 



12 to 24V DC ~_ _.__ Rated operating voltage 

1-21 Performance 
~ ~ 

Types without timer, MR3 Tp-s with timer, MR3-T 
MR3-M200A MR3-MlOOAT j MR3-M200AP MRB-Ml W A  -_ 

Standard taraet White drawina DaDer Zx20cm 
Translucent and opaque material- 

9.6 to 30VDC ripple (P-P) included 
.......... Detectable target 

Operating voltage range .... 
2m - - l m  21-17 l m  - _..___ Max sensing distance 

Possible distance range 0.2 to l m  1 0.5 to 2m 0.2 to l m  I 0.5 to 2m 

~ 

10% or less ofmax. sensing distance--- Hysteresis -. ..... -~ 
Min. 20Mn (at 500V DC) Between inDuVoutDut terminal and external housina - ~ I -~ ~~ . > - -  ......... Initial insulatioc-rssistance -~ ~~ 

Initial breakdown voltage .... - Between inputloutput terminal andexternal housing: 500Vrms for 1 min 

.-.. > -  - 
~~~ - Detection speed 

-~ 
1 ms 1500 timeski 

10 to 55Hz (1 cvcle/min). double amplitude 1 Smm , 
(10rnin on 3 axes) I Functional 

Vibration .......... 
:e - 10 to 55Hz (1 cvcle/minl. double amlitude 1.5mm resistant- ~ 

(2h~on 3 axes) ' -. ____.. 
Destructive 

resistance I Destructive 
Protective construction 

..___________ 
10G (6 times on 3 axes) 

Plastic case, water-protected (equivalent to IEC IP66) 

Shock ' Functional ~ ~~ .... 

-____... ..... _____. ...... 

__ ___.. ..... 

- ......... ~ __ 

lOOG (6 times on 3 axes) 

Usable Max. 3,000 lux 

Max. 10,000 lux light level ' Sunlight 

Incandescent 
ambient 'lamp .......... .- 

Ambient temperature -25°C to 55°C ---- .___ 

..... Ambient humidity ......... Max. 85%RH ... 

Storage tem&rature -3o"CG 70°C 

Timing . Time range - 0.1 to 5s - 

. . ~ . -  

__..___ ..... 

Indicator 
bight source 

functions Timer mode 

Operation indicator LED (Light incident), Adjuster LED i Light indicator LEDTLight incident). Operation indicator LED 
Infrared LED 

I_.__ ..- ... 

- Normal; ON-delay, OFF-delay, Gs-shot -. 
Unless otherwise specified. the measurement conditions compnse rated operating voltage. power supply by batten, 20 C 
200 lux or less illuminance on the receiver surlace. 

amblent temperature. standard target and 

1-3) Output circuit diagram 
Types without timer, MR3 Types with timer, MR3-T 

.._____----.- __ 
' ._ 

Circuit diagram Type Circuit diagram 

I 

I 

MR3-Ml OOA 
Detection ON 

1 Detection OFF 

MR3-MZOOA 
Detection ON 
Detection OFF 

r - ----------- MR3- M 1 OOAT 
Detection ON 
Detection OFF 

MR3-M2OOAT 
Detection ON 
Detection OFF 



~ ~ 

2. AC/DC type 

Types without timer, MR3 Types with timer, M W T  

load side ! Ourput capacrty 3A 250V AC (resistive) 

Detectable target 
Operating voltage range 
Max. sensing distance 
Posstble distance range 
Hysteresrs 

Initial insulation resistance 

2-3) Output circuit diagram 
Types without timer, MR3 

Translucent and opaque material 
10.8 to 264V DCD1.6 to 264V AC 

0.2 to 1m 22 to 1 Y 'varos i 0.5 to 2m 55 13 f 2 Laras 1 0.2 to 1m 22 t G  i i vards j 0.5 to 2m 55 to 2 1 yaras 
10% or less of max sensing distance 

2m 2 2 ,a rm l m  1 1 Jards 2m 2 2 varus l m  'l i mas I 

Between live terminal and dead metal parts 
Between live terminal and contact 
Between contact and dead metal parts 

Between live terminal and dead metal parts. 2,OOOVrms for 1 min 
Between live terminal and contact: 2,000Vrms for 1 min 

100Mn (at 5oov DC) 1 Between open contacts. 

Clrcuitdirrgrrtm 

Detection speed 

Functional Wbation 

Destructwe 
resistance 

Shock Functional 
fcfslstan- m c t i v e  
Protective construction 
usable Incandescent 
ambient ,lamp 
light level Sunllght 
Usable ambient temperature 
Usable ambient humidity 
Storage temperature 
indicator 
bgM source 

I Between open contacts: 1,ooOvrr;ls for I min 
20ms (25 timesh) 

10 to 55Hz (1 cycle/rnm). double ampldude 1.5mm 059 inch 
(1Omin on 3 axes) 
lOto 55Hz (1 cycWmin), double amplitude 1.5mm 059 inch 
(2h on 3 axes) 

1oG (3 times on 3 axes) 
100G (3 times on 3 axes) 

Plastic case. water-protected (equivalent to IEC IP66) 

Max. 3,000 lux 

Man 10,000 lux 
-25°C to 55°C -'3 F to 131 F 

Ma. 859'aRH 
-30°C to 70°C -22 F to 1 5 8 F  

Operatron indicetor LED (Lght incident). Adjuster LED 1 bght indicator LED @gM madent). Operation indicator LED 
Infrared LED 

r-------- MR3-MlM)P 

Detectton OFF 
24 lo 24OV AC 
12 lo24woc 

Timing 
functions 

MA3-Ml00PT 
Detection ON 
Detection OFF 

1 0.1 to 5s Tme range - 
Timer mode - Normal. ON-delay. OFF-delay, One-shot 

MW-MZ00PT 
Detection ON 
Detection OFF 

lflrnal CMltaCt I 

17 

Omut 
rwtance 
(Byvottagedrop Max. lOOmn 
GVDC 1A) 
contact material 
Expected life (max.) 

Gold flash over silver alloy 
Elttctncal: 105 tunes (20 cpm at rated load) Mechanical: 5x10' times (20 cpm) 

Cbaritdiagrom Typo 
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SCHEMATIC 

i I 1  
Amplifier setfcontained-DC Amplifier selfcontained-AC/DC 

I-rght-ON 

I 
* 

Red gilt - 1 
I 
I 1  

at I- side 
PhotoeIectnc sensor 1.: '-1 

3 
I 

I /  

Light blocked 

~ 

- I Normal mode ON 

j 
OFF 

I ,  

0 

0 

l i t /  ON i inhibits control output for the 
I , , ,  

~ set time (Ts) 
1 1  
$ 1  
I f  

ON-delay mode 1 
I ' 1  
I ' 1  OFF 

j 

i 

I 
-Black gllt 
at ' - ' side 

i 

The control output IS ON for the I One-shotmode 
I 1 set time (Ts) after detection 

.--e1 
L 1 C  - r Pholoeleclrlc - 1  *- 2 sensor - ' '-cj@zGj7' voNage j 

i7- I main circutt 
4 24 12 to IO 240V 240V AC DC 3 

. s  __ 
- - .  Contact Outout 
- - 4  

Note Ground the frame ground terminal and ground terminal when using 
a switching power supply This will ensure srable operation l 

Notes: 
1 If the adluster LED does not turn on tn step 41 
(note that there is no adjuster LED for the MR3-T 
timer type) or i f  the position of the distance adjust- 

DISTANCE ADJUSTMENT 
1) Point the detection surface of the 
photoelectric sensor in the direction to 
detect and temporarily fasten. 

step 2) and step 3) before. 
5) Fasten the phatmlectric sensor. 
Mount securely SO that the photoelectric 

2) Set the distance adjustment dial to its 

counterclockwise without an obiect 

sensor IS not shifted from alignment by ment dial in step 2) or step 3) is less than 2 gradua- 
tions either change the position of the detectton 
surface and repeat step 1 )  to step 4). or adlust exter- 
nal tactors such as ambient temmrature variations 

maximum setting FAR. Slowly turn it vibrations or impact. 



2) Timing mode and Light-ON/Dark-ON selector 
8 

Operation indicator LED 

hght indicator LED 7 bght-ONIDark-ON Distance adlustmen1 dial , 
r 

Time range adlustrnent dial 

j Conduit connector 

0 Light-ONINormal mode 
0 Dark-ON/Normal mode 
@I LIght-ON/OFF-delay mode 
@ Dark-ONIOFF-delay mode 

%, Light-ONION-delay mode 
@ Dark-ON/ON-delay mode 
a Light-ONlOne-shot mode 
@ Dark-ONlOne-shol mode 

Selector - 
6 

5 
Time range 
adiustrnent dial 

CAUTIONS 
1. Operating Environment 
1) The sensor should be used in an 
ambient temperature range of -25°C to 

2) Use an operating voltage in the 
range of 9.6V to 30V DC (includes peak 
to peak ripple) for the DC types and 
21.6V to 264V AC or 10.8V to 264V DC 
for the AC/DC types. 
3) The light intensity on the receiver sur- 
face should be less than 3.000 lux for an 
incandescent light source and less than 
10.000 lux for sunlight. 
4) Use a surge absorber as the internal 
circuit may be damaged if external 
surge voltages exceed 500V (for DC 
type)/4,000V (for AC/DC type) 
[+(1.2x50)ps single polarity full-wave 
voltage]. 

+55”C - 2  F to -73’ F. 

Surge wavetom I [?(1.2x50)ps single po1ant-y full-wave vonage] I 

5) Avoid use in locations with high 
concentrations of steam, dust, corrosive 
gases, etc. 
6) Use a load relay with a rated 
operating voltage of 12V DC or 24V 
DC for the DC types. The voltage 
applied to the load relay is the operating 
voltage of the photoelectric sensor 
minus the internal voltage drop 
(maximum 1.2V NPN side, 2V PNP 
side). Voltage fluctuations should be 
taken into account. 
7 )  The output circuit of the DC type 
contains a short-circuit protection 
circuit. When controlling loads with a 
large inrush current, such as capacitive 
loads, be sure the inrush current does 
not exceed the maximum output 
current capacity. If the short-circuit 
protection circuit is activated, it can be 

reset either by turning the power off and 
then turning it back on, or by ONIOFF 
operation. 
2. Wiring 
1) Check all wiring before applying 
power since incorrect wiring may 
damage the internal circuit. 
Also, carefully tighten the terminal 
screws so that the wires of adjacent 
terminals do not touch. 
2) Although any cable can be used, a 
round cable with a smooth surface and 
an outside diameter of 9 to l l m m  .25.: 
!o .433 mer! should be used and the 
cable connector (supplied) shall be 
tightened correctly to maintain water- 
tight performance. Use a tightening 
torque of 15 to 20kg-cm I:,?? to 

3) The conduit inlet accepts PF1/2 
threads . 
4) If crimp terminals are used, crimp 
the terminals and then secure with the 
terminal (M3.5) screws. 
5) Tighten the terminal screws with a 
maximum torque of 5kgcm - -- ;;. 

6) Ground the frame ground (FG) 
terminal and ground (G) terminal when 
using a commercially available switching 
regulator. If a ground is not connected, 
switching noise from the power supply 
may result in faulty operation. 
7)  Wire 0.3mm2 AWG22 or larger 
should be used for wiring up to a 
length of lOOm ::?::. 
3. Detector 
1) Keep the detector surface clean as 
excessive dust or dirt on the detector 
surface will decrease the margin of the 
sensing distance. 
2) The front surface of the lens and 
case are made of polycarbonate resin. 
Although it withstands water, weak 
acids and alkalines, aliphatic hydro- 
carbons, and oils and fats, it is not 
resistant to ketones, esters, haloge- 
nated hydrocarbons and aromatic 
hydrocarbons. 
4. Movement Direction of the Target 
Take care with the mounting direction 

’7.35lb.1fl. 

of the photoelectric sensor with respect 
to the movement direction of the target. 

5. Other cautions 
1) When using the supplied mounting 
bracket, tighten the mounting screws 
with a maximum torque of 8kg-cm 
5.941b.m. If the supplied mounting 
bracket is not used, mount the sensor 
on a flat surface. 
2) Using a torque of 3 to 5kgcm 2.60 
to 4.341b.in. tighten the terminal cover 
and display cover screws to maintain 
watertight performance. 

USABLE CRIMP 
TERMINAL DIMENSIONS 

CABLE CONNECTOR 
CONSTRUCTION AND 
CABLE PREPARATION 

- 25 -- , 



, Sensing distance. 
200 cm 1- 

-030A ME-D30AB 

duct name I Specifications Application 

ME photoelectric sensor 

MQ-F amplifier unit and ME photoelectric 
sensor 

I Round. vertical and horizontal holed plates 1 
1 are available in a set two per each j plate set 

I 

Dust protective cover provided nnector I 
terminal type) 1 

fuse reflective type) 
Sensing distance 0 

30cm - 

ector connection type with 
bility in mind 
iection type allows separation of 
iting job and the wiring job. thus 
I wirina. Further. maintenace 

Part No. 

ANA1804 

AN538 1 0 

Connector 

nnector I Dust protective cover provided 
!rminal type) ' 

connection type 4- 
-0 254 254 rnm 

A Standard mounting pitd 

Y. 

Projector of ME photoelectric sensor 1 AN53811 

2. Three-turn adjuster with ratchet 
mechanism (Indicator provided) 
For detection adjustment. the three-turn 
adjuster corresponds to the fine detec- 
tion conditions. 
Further, the ratchet mechanism prevents 
the adjuster from breakage caused by 
excessive turning during adjustment The 
indicators which are visible at a glance 
faciliate setting when a number of the 
switches are arranged in line. 

- 9  .a" . " 

3. Thru-beam type, ME-200ZA which 
detects even a translucent object 
The ME-200Z.4 and ME-200ZAB are pro- 
vided with the three-turn adjuster. 
Accordingly, a translucent object which 
has been hard to detect in the existing 
thru-beam type can be detected. 
4. Silt filter attachable 
To detect a tiny object or to improve the 

positioning accuracy, the effective slit 
filter can be attached (Separately avai- 
lable) 

5. High speed detection of 1 msec. 
Detection is possible at a rate of 500 
times per sec.. thus corresponding to 
high speed machines such as electronic 
part insertion machines. 
6. Common use far 12-24V DC opera- 
tional voltage 
The sensor can be used over a wide 
range from 9.6V to 30V DC. 

APPLICATIONS 
Electronic equipment production lines for 
electric appliances and measuring instru- 
ments (under optimum environmental 
conditions) 

le 
le 

'ty. 
ter carton 

10 

dth) 

3 detector 

,ect. tne 

2 



OUTPUT -. CIRCUIT DIAGRAM 
Output transistor 
operating condition 

Detection 
method 

Operation \ Load operating 
indicator lamp 1 condition 

Diffused 
reflection 

Operation 
indicator lamp 

Circuit diagram 

Light with light input 

Open collector - - - - - - - - - -. . . - - - - - - 
: MO Mark 

Brown 
. _ _  

I 

1 2 V D C  8 

circuit or24 VDC ! 
output Light ON 

DIMENSIONAL DRAWING 

MQ-VD2AR 

When red and 
green are con- I 
nected together, 
with light input cir. 
cult goes ON 
(Light ON) 

When black and 
green are connect- 
ed together. with 
light cut off circuit 
goesON (Dark 
ON) 

When red and 
green are con- 
nected together, 
operates with light 

bights with light input 

input 
When black and 
green are con- 

i nected together, 
i operates with light ’ cut off 

________ , __ 

rnrn r - c ,  
MD-VDZAR (MARK SENSOR) External form drawing Mounting bracket mounting condition drawing 

M S  Mountingscrew 
General tolerance: k0.5 S2D 

WIRING 
For light ON, connect pink to + side: for 
dark ON connect pink to - side. 
Note: When used for power source switching. 
ground both the frame ground and ground 
terminal This provides more positive safety. 

Operating condition 
Light cut off ON \ cOmmOn use 

REGISTER MARK DETECTION ADAPTATION 
This table shows the critena for selection 
when the sensor is used for register mark 
detection applications 

The ”^ ” indicates suitability for use 



CAUTIONS 
1. Regarding ambient environment 
1 )  U s e  in the ambient temperature range 

2) Use in the operating voltage range of 
9.6 V DC to 30 V DC (ripple P-P 
included). 
3) The ambient light intensity at the light 
receiving surface should be less than 
3,000 lux for incandescent light and less 
than 10,000 lux for sunlight. 
4) If an external surge voltage exceed- 
ing 500 V [(+1.2x50) ps single polarity full 
wave voltage] is impressed. the internal 
circuit will be damaged, and a surge sup- 
pressinq element should be used. 

Of -25°C to t55"C : 5  F t~ - ' > I  F 

' Surge waveform I 
[It1 2x50) ps single polarity lull wave voirage] 

I @ -  

Od ' T~me(us) 50 

5) Avoid use in locations where there is 
excessive steam, dust, or corrosive 
gases 
6) Thrs sensor is an immersion proof 
type, but this does not imply that the 
sensor can be used immersed in water 
or for detection of objects in rain 
2. Regarding wiring connections 
1) Because of the possibility of damag- 
ing the internal circuit due to incorrect 
wiring, before applying power, confirm 
the correctness of the wiring. 
2) For the load relay, use relays of rated 
operatrng voltage of 12 V or 24 V DC. 
Because there is a voltage drop intemal- 
ly in the Mark Sensor of a maximum of 
1.2 V, thts should be considered as a 
factor in the operating voltage variation 
for the load relay. 
3) For an extension cable. less than 
100 m ' !O mic3 in length, use wire of at 
least 0.3 mm2 AWG22. 
4) When mounting the Mark Sensor, do 
not use a hammer or other tool for strik- 
ing the device, since such tools can 
impair the function of the device 
5) The changeover from ON with light 
input to ON with light cut off is accompli- 
shed with the connectlon of the pink 
lead wire. For ON with light input (light 
ON) connect the pink lead wire to the 
+ side; for ON with light cut off (dark 
ON), connect the prnk lead wire to the 
- side 

3. Regarding the detection object 
The detection object should be a mark 
with a mark background in a different 
color system: (white. yellow orange. and 
red systems) combined with (black. blue. 
and green systems). Combinations of the 

same colors indicated in the parentheses 
will produce low sensitivity and are not 
suitable. 
4. Regarding sensitivity adjustment 
For a black background with a white 
mark: 
1) Aim the detection surface of the Mark 
Sensor in the sensing direction and 
temporarily fasten it 
2) Place the mark in the detection posi- 
tion, and adjust the control slowly from 
the minimum (L) position until the position 
is found where the operation indicator 
lamp lights. If the light remains lit even 
when the control is reduced to the 
minimum position (L), then that is the 
detection sensitivity position. 
3) With the condition of no mark 
present, adjust the sensitivrty starting 
from the maximum (H) position of the 
control and turn counterclockwise until 
the operation indicator lamp goes out. If 
the lamp goes out even in the H position, 
that is the setting for no mark present. 
4) The final setting should be midway be- 
tween the settings found in step 2) and 
step 3) above. 
5) Fasten the Mark Sensor Be sure to 
fasten the unit securely so that it will 
not shift due to shock or vibration 
Note: 
in setting the adjustment in step 4) for detecting the 
man if the detection surplus indmtor lamp does not 
light. or if  the adiustment positions in step2) and step 
3) are less than 2 gradualtons. change the detectton 
surface posttion or change the angle between the 
 enso or and the detection object. and repeal the proce- 
dure lrom siep 1) to step 4) The primary causes of 
wariatan of the posltton of detetection the mark. such 
as the ambient temperature vanations or other exter- 
nal variables should be suppressed 
For a white background with a black 
mark 
1) Aim the detection surface of the Mark 
Sensor in the sensing direction and 
temporarily fasten it. 
2) Place the mark in the detecting posi- 
tion, and adjust the control slowly from 
the maximum (H) position counterclock- 
wise until the positton is found where the 
operation indrcator lamp goes out. If the 
light is out even when the control is in 
the H position, then that is the detection 
sensitivity position. 
3) With the condition of no mark 
present, slowly adjust the sensitivity 
starting from the minimum (L) position 
and turn clockwise slowly until the opera- 
tion indicator tamp lights. If the lamp 
lights even with the control in the mini- 
mum position, that is the setting for no 
mark presen!. 
4) The final setting should be midway be- 
tween the settings found in step 2) and 
step 3) above 
5) Fasten the Mark Sensor. Be sure to 
fasten the unit securely so that it WIII not 
shift due to shock or vibration 

Note: 
In setting the adjustment in step 4) for aetectinq the 
mark. it the detection surplus indicator lamp does not 
Itght. or if the adjusrment positions m step 2) and step 
3) are less than 2 graduations. change the detection 
surface position or change Me angle between tne 
sensor and the detection obiect and repeat the proce- 
dure from step 1) to step 4) The primary causes of 
variation of the position ohdetecting the mark. such 
as the ambient temperature variations. or other exter- 
nal variables should be suppressed 
I Diffused reflection type (Mark Sensor) \ MQ-VD2AR I 

I 
Senotiwty ! M e d m  surplus 1 
adpslmem c o M m l 7  r mdrcator lamp , 

I 
1 imAca(ci tamp i 

5. Regarding the detection section 
1) If dust, dirt, or other foreign matter 
adhere to the detection surface, the 
margin of detection distance will be 
reduced. The detection surface should 
be kept clean at all times. 
2) The front surface of the lens is made 
of polycarbonate. This matenal is resist- 
ant to warer, dilute acids and alkalis, 
aliphatic hydrocarbons, fats, and oils, but 
it is not resistant to ketones, esters, 
halogenated hydrocarbons, or aromatic 
hydrocarbons. 



ULTRA MINIATURE TYPE 
PHOTOELECTRIC SENSOR 

MQ900A. MO-3OOAB 
photoelectric sensor 
(Thru-beam type) 
Sensing distance. 300 crn 

0 Ultra minature with built-in amplifier 
0 High speed detection: 500 times/second 

Environmental resistance (IEC IP 67) 
rn Wide-range operation 12 to 24 V DC 

Free-mounting, either vertical or horizontal 

photoeiecrric sensor 
(Diffuse reileccive type1 
Sensing oistance: 30 cm 

(Diffuse reflective type) 
Sensing distance: 70 crn : ' L .  

............. .................... ~ 

PRODUCT TYPE cm 
Max. sensing Packing 

1 distance ' b n n e r  Exturnal 

3 0 0 .  I ~ 

Product name r--- Operation 
1 

- - - 7 M Q ) - 3 0 0 , 4  ! V Dark-ON - - 1 pc I 1opcs 

' Mcy300AB-DC12-24 V - ....... .. 

1 MQ-L300A-DC12-24 V 
- - 

Detection 
method 

i photoelectric I Projector 
Thru-beam SWISO~ ! Receiver 1 MQ-T300A-DC12-24V 
type , MQ-~O~AB , Projector and receiver 1 MQ-300AB-OC12-24 V Light-ON 300 

MQ-L300A-DC12-24 V - - 1 pc 10PCS 1 photoelectric [ Projector 
- - 

........ i Receiver sensor 
MQ-D3OA-DC12-24 V LIght-ON 30 

30 

70 

_- MQ-D30A photoelectric sensor Diffuse 

reflective ~- 
type MQ-D70A photoelec!ric sensor 

1 pc 10 pcs MQ-D30AB ohotoelectric sensor MQ-DGAE-DC12-24 V Dark-ON -_ 
Light-ON , MQ-D70A-DC12-24 , Dark-ON changeover-! 

__L_ ~ ~ _____. 

OUTPUT CIRCUIT DIAGRAM 
Detection 
method 

! - Circuit diagram 
................... 
Mo Own collector output 
pGroeiecanc&' 
sensor -1 ~ ~ w l o r  

Brown 

~ Output transistor 
Type I operating condition 

MQ-3OOA 1 When light 
(Detection ON) ~ is blocked ON - 

Operation I 

indicator LED , 
1 Load operation 

Diffuse 
retlective 
type 

.................. 
...-A- 

Pink 
.A. 

(Light-ON) 
MQ-D70A [Connect black with 

green] 
When light 
is blocked ON 

~ (Dark-ON) 
~- -. 

Operates 
when light 
IS blocked 
Operates 
when light 

enters 
Operates 
when light 

__ 

PntPrS 

Thru-beam 

When light 
(Detection OFF) I enters ON 

OC 24V When light 

MP-D3OAB When light 
(Detection OFF) I 

10 MQ-300AB 
.__ 

type 

I 
or DC 12 v MP-D30A 

(Detection ON) enters ON - ..-.- 
-I - Diffuse 

reflective 
type i ii- 3- Operates 

when light 
is blocked 

l[Connect red with I green1 

When light 
enters 

ON 

is blocked ON 

Mo . Open collector o u w t  ' [Connect red with 
sensor 

............... 

photmmnc? ;micator 
green] 

Brown When light 
enters ON 

~ When light 
enters 

1 Operates 
I [Connect black with 
I green1 
When light 
is blocked 
Operates 

^ .  



SPECiFiCATlONS 
Type 

I Rated operattng voltage 
Iterrs - Thru-beam type Diffuse reflective type 

(MQ-300A. MQ-300AB) (MQ-DBOA. MOD30AB. MC)-D70A) 
12to24VDC 12 10 24 V DC 

Operating side 

Max. 100 mA 1 Max. 100 mA Load side 1 Output current capacity j 

2. Performance outline 

Max.  45 mA 
Light projector: Max. 25 mA 
Liaht receiver: Max. 20 mA lexcludina load) 

Max. 25 mA for MQ-DBOA. MQ-D30AB 
Max. 35 mA for MQ-070A (excluding load) 

Rated current 
consumption 

1 Thm-beam type 
MQJOOA, MQ-WOAB Type 

10 mrn 1 . ncn ckameter metal plate 
standard target (black trosttnal 

Diffuse reflective type 
MQ-WA. MQ-D3OAB WIQ-D'X)AB 
Whrte drawng paper White drawing paper 
1 D x l O p l l z ~ . -  "'-7 ~1 2 0 ~ 2 0 ~ m  -. 

Hysteresis 

Oetectable target Opaque matenal of 5 mm dia. or more 

~~ 

I Max. 20% of max. sensina distance 

Translucent and opaque target 

Operatton arrgle MUI. 50 for for both pr0)eCtor and receiver 1 - 
Initial insulation resistance 
Initial dielectrtc strenqth 

Mh. 20 Mfl (at 500 V DC): Between lead wire and external houslng 
500 Vms for 1 mtn: Between a lead wire and external housim 

10 to 55 Hz: 1 cyde/mm double amplrtude of 1 5 l ~ ~ n  
(2 h on 3 axes) 

1 0 0  G (6 times on 3 axes) 
Dlecast CBse immersion woteded (equivalent to IEC IP671 

I 
Vibration reststance 

Shock resistance 
Protective construction 

Usable ambient j handescent lamp 1 Max. 1o.OOo krx 
l e t  level j Sunllght Max. 30,000 IUX 

Usable ambient temperature -25" to +35"C -:C to -131 F 

Usable ambent hwnd~ty 

Indicator 

bght source I Infrared LED 

M a .  85% RH 

i 
i Recerver: *matron indicator LED 
~ Adjustment indmor LED (red) 

Projector. Power indicator LED (red) 
I Operation indicator LED (red) 
i Adjustment mdcator LED (red) MQ-D70 type only 

Note: Undesignated measurement conditions are assumed to be rated operating voltage. storage battery power source, ambient 
temperature 20°C f 4 p. standard target. and light intensity at light receiving surface less than 200 lux. 

DATA 
1. Received light slgnal level vs. distance characteristics 
MQ300A. MO-?OOAB-photoele~tric sensor 
(Thru-&earn type 300 cm 1 :: ' * ~nm) 

1 1 

MQ-D3OA. MQ-D30AB photoelectric sensor 
(Diffuse reflective type 30 cm 7 . .3 I ~ c n )  
condm fi maumUm (n) SWSlIMly CDntrOl WHAOn 
ltqet. 1Ox1Ocm - " 3 ;  -.* whttedrnwmgpaper 

MQ-D70A photoelectnc sensor 
(Diffuse reflechve type 70 cm ~7 552) mr) 
ChWticin At mmrnlrm (H) senslrivcfy control position 
Target 20x20 cm . - : icn whne d r w q  papw 

I/ 
I I 

I 

I 
100 

I I J , 10 20 30 40 50 60 70 80 90100110 

I - Dslance icm I 



2. Operating region characteristics 
MQ-300A. MQ-3OOAB photoelectric sensor 
(Thru-beam type 300 cm ’ . . .,-) 

MQ-D30A, MQ-D3OAB photoelectric sensor 
(Diffuse reflective type 30 un ’ . 1 : ! --n) 
Gmdibon: At maxinwm (H) sensnnnty control pxition 
Target: lox 10 cm . . ~ _.;; while drawing paper 

.... 1 

I - 

i I  
I 807060504030201l 

I 
10 203040 50 MI 7080 

I 
I 

I i - d  - - Distance X (cm ) - - 
3. Sensina distance vs. surface area characteristics 
MQ-D3OA. hQ-DSOA8 photoelectric sensor 
(Diffuse reflective type 30 cm 

I 

1 
Condition At maximum fH) sensit~vity control positmn 
Target White drawing paper 

I 
I n 

I - Detectable obpd area wn I 

I I 

I I 
30 20 10 0 10 20 30 

j 
1 

, - - Distance X (mrn ) + - 

MQ-D70A photoelectric sensor 

Camition: At maximum (H) sensilivily wntrol position 
Tamer. While drawing paper 

(Diffuse reflective type 70 cm ) 

, 
I 

- DetectaDle obiecl area ccm-) 

MQ-D70A photoelectric sensor 
(Diffuse reflective type 70 cm - - 2 2  8 :”) 
Gmdition At maximum (H) sensilivily control posillwl 
Target 2Ox2Ocm whne drawing paper 

I 

20- 15 IO 5 0 5 10 15 20- 

- - Distance X mrn I - - 
1 

..I_-.--.-. _-_ 

DIMENSIONS mm 

(Thru-beam type) 
External form dimensional drawing Photoelectric sensor with a bracket on 1. MQ-300A, MQ-300AB 

7 - I  
Prowor 1 1  2 ’ 0 8  

Power supply indicating LED 

1 -  

Receiver ‘:I-; L 
-4 YIA 

Adiustmenl md Calor LED _ _ _ _ _ ~  Operation maicator LED _- 
3 3 

2 M3 (P = 0 5) tapped 
-18x0 1- 

M S  M 3 i F z i -  UZj4’ ‘4 L 18z 3 

-4 b-- 

1 2  --la--- 

\ General tolerance:+0.5 



2. MQ-D30A, MQ-D30AB mm 1-7- 

(Diffuse reflective type) External form dimensional drawing Photoelectric sensor with a bracket on 

Miht proteuor operating condmon 
Llght entry ON I [ E G i i & G Z ~ w n ~  112 tu 24 V OC oulput M0-300AB-DC12-24V 

IranslstOr Llght intercepted ON 
MQ-300A-OC12-24V 

Llghts with light entry 

Blue 

Llgm rBc8Nor Operattan 
indicator LED 

3. MQ-D70A 
(Diffuse reflective type) 

I ~ ~ p 5 " 3 3 7 1 1 2 M 2 4 Y M :  ~ O D ~ A M A X J  

I Blue 

m- 

Nom. When swttciwng power source. make ground 
connection io the frame ground or lo the ground 
terminal This will assure more stable operation 

T 

3 3 1  
.- 

- 1.2 -_I8 ~- 
Geneal tolerance f0.5 

Photoelectric sensor with a bracket on Extenel form dimensional drawing 

Dlslance aajuslment dtal 

LEO - 

I 
r 1  

32 

I 

44- 
6 3  7 3  244 I . 

I_ 

I 

I Lght intercepted ON 
MQ-fDOAB-OC 12-24V transcstor Lght entry ON Common use 
bght rntercepted MQ-D?QA- 

Output 1 ON 1 DC12-24V 

Operation 
mdrcator LED 1 L~ghts WIM lght entry 

Note When swtchmg power source. make ground 
connection Io the frame grotmu ot to the ground 
termnal. This will assure more s t a b  operatton 



CAUTIONS 
1. Ambient environment 
1) Use within the range of ambient tem- 
perature of -25°C to +55'C 

2) Use within a range of 9.6 V to 30 V DC 
(ripple P-P mcluded) for operating voltage. 
3) Use with an ambient light level at the 
light receiving surface of less than 
10.000 lux for incandescent lamp and 
leSS than 30,000 lux for sunlight. 
4) Because a surge voltage exceeding 
500 V [ k ( l  2x50) ps of single polarity 
full wave voltage] may cause damage to 
the internal circuit, a surge absorbing 
element should be used 

F -: ..- - 
- - t-. 

Surge wave form [ t i l  2x50) )IS 
of single polanty lull wave voiraqe] ! 

I 

5) Avoid using in a location where there 
is excessive steam, dust, or corrosive gas 
6) The sensor is of immersion protected 
type. but this does not mean that i t  can 
be used in water or where there is direct 
impingement of rain 
2. Connections 
1)  Because the internal circuit can be 
damaged due to incorrect connections, 
before power IS applied, the wiring 
should be thoroughly checked 
2) Load relays having a rated operating 
voltage of 12 V or 24 V DC as the load 
should be used. Care should be taken to 
allow for the voltage drop (1.2 V) from 
the operating voltage of the internal cir- 
cuit as applied to the load relay 
3) If a load greater than 100 mA is con- 
nected, the output section will be dam- 
aged, so sufficient care should be taken 
4) If the wiring to the sensor is run 
parallel to high voltage or power lines. 
due to inductive noise. misoperation or 
damage can occur Wiring should be run 
in separate conduits 
5) Use cable of 0.3 mm2 or 
greater for extensions. and the length 
should be less than 100 meters 328 ft 
6) If the unit is struck by a hammer or 
other heavy tool, the function can be im- 
paired. Sufficient care should be taken 
7) For the MQ-D-IOA-DC12-24V (dif- 
fuse reflective type 70 cm), the change- 
over from light entenng ON (Light ON) to 
light intercepted ON (Dark ON) can be 
camed out with the pink lead wire. For 
Light ON. connect the pink wire to the 
- side, and for Dark ON, connect the 
pink wire to the (3 side. 

- 

8) When attaching to a terminal board or 
similar terminal facility using machine 
type 0.15 mm2 13L23 cc- lead wire, 
use either soldering or wrapping around 
the screw of screw type terminals 
3. Light axis adjustment for the Thru-beam type 
1) Temporarily fasten the light projector 
and the light receiver, and make a rough 
adjustment of the opposing direction In 
the operating condition, the operation 
indicator LED (OPE.) will light 
2) Swing the light projector to left and 
right, and up and down. with the adjust- 
ment indicator LED (ADJUST) of the light 
receiver set so that at the midpoint of the 

3) Next swing the light receiver to left 
and right, and up and down. with the 
adjustment indicator LED (ADJUST) of 
the light receiver set so that at the mid- 
point of the range the LED lights, then 
fasten the receiver. 
4) When fastening the units, fasten them 
securely so that there will be no shift of 
the light axis due to vibration or shock 

.~ 
range the LED lights, then fasten the unit. 
1 Thru-beam type (MQ-BOOA. MQ-BOOAB) 

.... __ 
,F Operation indicator LED 1 

Power Source inaicator LED /' /-Aaluslrnent inaicator LED 1 I / 

4. Sensitivity adjustment of the diffuse 
reflective type 
1) Point the detection surface of the 
photoelectric sensor in the detecting 
direction and temporarily fasten the unit. 
2) With no target in position, slowiy turn 
the sensitivity adjustment dial from the 
maximum position (H side) counterclock- 
wise to locate the point where the opera- 
tion indicator LED (for the MCkD70A- 
DC12-24V. the adjustment indicator 
LED) goes out. Even if the location of 
that point is at the H position, that will be 
the set point. 
3) Place a target in the detection posi- 
tion, turn the control again to the left 
until the operation indicator LED (for the 
MQ-D70A-DC12-24V, the Adjustment 
indicator LED) is extinguished. 
4) Set the dial at a position midway be- 
tween the point found in step 2) and step 
3) above. 
5) Firmly fasten the photoelectric sensor. 
When fastening, securely fasten the unit 
so that the position will not shift due to 
vibration or shock. 
Diffuse reflective type 
(MQ-DBOA, MQ-D30AB. MQ-070A) 

Sensttivitv aajustment dial 
1 Omration inncator LED 

MQ-D30A MQ D30AB 
.Sensitivliy aalusimenr dial 

nl maicator LED 

Notes: 
1. If the position set between step 2) and 
step 3) above is less than 2 graduations, 
change the position of the detection sur- 
face and repeat the procedure of step 1) 
to step 4)- or try to determine the source 
of external factors such as variation in 
ambient temperature. variation in detec- 
table object position, etc., that is creating 
the problem. 
2. Because there is a difference in the 
sensing distance due to the material, 
color, size, form, and direction of the 
target, and to ambient conditions, con- 
firmation should be made using the 
actual object that is to be detected. 
5. Regarding the sensing section 
1) If an excessive amount of dust or dirt 
adheres to the detection surface the 
detection diatance will be reduced, and it 
is advisable to keep the detection sur- 
face clean at all times. 
2) The front surface of the lens is poly- 
carbonate. This material is resistant to 
water, dilute acids, and alkalis. 
carbonate. This material is resistant to 
water, dilute acids, and alkalis, aliphatic 
hydrocarbons, oils, etc., but it is not re- 
sistant to ketones, esters, halogenated 
hydrocabons, or aromatic hydrocarbons. 
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selfcontained-AC/DC 

0 

Projector: MFl8-L300P-24-240V Light-ON MF18-3oOPB photoelectnc sensor MF18-3OOPB-24-24OV 
I Receiver: MF18-T300PB-24-240V 

M18 

100mAwtput * Optional leinses 
NPN and PNP output types are availa- 
ble in the selfcontained-DC type. These 
provide a chatter-free, high speed 
alternative to a relay output. 

A side view attachment which bends the 
light axis 90" and a slit plate for small 
target detection are available. 

r- 
I 
I 
I 

lnctudes an output protection 
circuit 

and limits output damage due to incor- 
rect wrring. 

Excellent vibration and water 
resistance 
The case interior is filled with resin to 
prevent broken leads. cracks, etc. . . . 
due to vibration. 
Furthermore. the simDle construction 

I 

I 

Popular 18rnm size 

conforms to the 18mm 
popular in Europe. (CENELEC standard) 

Wide operating vottage range 
The selfcontained-DC type sensor 
operates over a voltage range of 5 to 
24v DC' and the selfcontained-AC'DC 
type sensor on 24 to 240V AC/DC 
power supply. 

MF18 Of photoe'ectriC Sensors An output protection circuit IS built-in I 
'Ize 

MF18 slit plate 

1 MFIB-SV 
I side view attachment 
I 

APPLICATIONS 
achieves protection against immersion 
(equivalent to IEC IP67) for excellent 
environmental resistance. 

Q ~ ~ e r a l  Plant facilities such as food 
processing equipment, packing equip- 
mmt, conveyors. automated equipment, 
assembly lines, etc. 

PRODUCT TYPE 
1. Thru-beam type (Max. sensinq distance: 300 cm ' .-) 

2. Retroreflective type (Max. sensing distance. 200 cm - ) 
Types NiMlle Part No. Specifications 

I Dark-ON MFl8-R2M)A photoelectric sensor MF18-R200A-DC5-24V 
Amplifier ' NPN Output MF18-RZOOAB photoelectric sensor MFl8-R200AB-DC5-24V Light-ON 
selfcontained-OC I MF18-R20M: photoelectric sensor MFl8-WOOC-OC5-24V Dark-ON 

, PNP output MF18-R200CB photoelectnc sensor MF18-WOOCB-DC5-24U LIght-ON 
MFl8-R200P photoelectric sensor MFl8-R200P-24-240V Dark-ON 
MF18-R200PB photoelectric sensor MF18-R200PB-24-240V 

Amplifier selfcontained-AUDC Light-ON 

3. Diffuse reflective type (Max. sensing distance' 10 cm ) 
Name Part No. Specifitions Types 

MFl8-D 1 OA photoelectric sensor MF18-Dd OA-DC5-24V Light-ON 
Dark-ON - Amplifier NPN Output MF18-010AF3 photoelectric sensor MF18-DlOAB-DC5-24V 

selfcontained-DC MFl8-DlOC photoelectnc sensor MF18-DIOC-DC5-24V Llght-ON 
PNP Output MF18-010CB photoelectric sensor MFl8-Dl OCB-OC5-24V Dark-ON 

Dark-ON 
MFl8-Dl OP photoelectric sensor MF18-Dl OP-24-240V Light-ON 
MF18-Dl OPB photoelectric sensor 

Amplifier selfcontained-AC/DC 
MF18-D1 OPE-24-240V 

29 



SPECIFICATIONS 

i Thru-besm WPn Rebureflectw type 
T m  MFl8-300A. MF18-300AB MFlB-WWA, MF18-R2WAB 

1 MF18-300C, MF18-300CB MF18-R200C, MF184200CB 

Diffuse mfbcbva type 
MFlB-DlOA, MFlEDlOAB 
MFl8-DlOC, MFl&DlOCB 

- 
Max 30mA 

1-3) Output circuit diagram 
NPN output type 

I 
Max 20mA 

Circuit diagram 

Thru-barn type 
Tvpe MF-l&300A MF16300AB ' MFl&R2tMA, MF18-R200AB 

MF18-300C, MF18-300CB M F I B - R m ,  MF18-R20DCB 

PNP output type 

Circuit diagram 

MFl%-DlOA, MF18-DlOAB 
MF18-DlOC. MF18-DIOCB 

MF18-300A 
(Detection ON) 

MF18-3OOAB 
(Detection OFF) 
MF18-RPOOA 
(Detection ON) 

(Detection OFR 
MFl8-R200AB 

MF18-D1 OA 
(Detection ON) 
MF18-D1 OAB 
(Detection OFF) 

Tn>e 
MF18-3OOC 
(Detection ON) 

MF18-300CB 
(Detection OFF) 

MFI8-Ff200C 
(Detection ON) 

(Detection OFF) 
MF18-R200CB 

MF18-Dl OC 
(Detection ON) 

(Detection OFF) 
MF18-OlOCB 



2 Amplifier selfcontained-AC/DC type 
2-1) Ratings 

Tvpe 

Rated operating voltage 

m-k.mm -typs DmuW - ' t y p o  

MF18-3WP. MF1&30DP8 M F l E R 2 0 W ,  MFl&=PB MFl&-DlOP, MFl&OlOPB 

24 to 240V AWDC 

Operating 
Rated power ConSUmptiMl 
(Excluding load) 

DC: Max. 2W 
AC: Max. 2VA 

DC: Max. 3.5W 
Propctor: Max. 1.5W 
Recmver: Max. 2W Max. 2VA 

AC: Max. 3.SVA I 
Max. 1 .SVA Dc: Max. 2W 

AC: Max. 2VA 

Type 

Standard target 

Load side ~ Outout current canacrtv Max. l00mA 

H F l W ,  M F l 8 - m  MF18-R200P, MFI&R200PB MFl&DIOP, MFI&DlOPB I 
20mm --  nc? d m t e r  metal plate 75rnm 253 "c-es dtameter metal platel Whlte drawing paw 

(dull black finuh) (dull black finish) 0 5x5377 1 $?,' 2 G 9  - 7 - s ~  

Operating voltage range 

Max sensing distance 

Hvsteresis 

Detectable target 

21.6 to 264V AWDC (50 to 60Hz) 
0 1 to 2rn o 2 2 d'O5 

(with includefj reflector) 
I lOcm i ??- "crag 3m 2 3 .IZS 

- - I Max. 2OYo 

1 opaque rnetenal lomm ,-: nr 7 

or more in diameter 

Operatton angle 

Translucent and opaque material I Transparent and opaque material 

3" to lo" 2" to 10" - 

~ Functtonal Wbratron 
reststance i Destructrve 
Shock Functional 
resrstance 1 Deawctlve 
Protective comtrucwm 

Usab ambient h x a r t d m t  bmp 
hght iev0l Swlqht 
Amblent temperature 
Ambmnt hurnldilv 

10 to 55Hz (1 cycle/min), double amplitude 1Smm (2h on 3 axes) 
10 to 55Hz (1 cyddmin), double smplitude 1.5mm (2 h on 3 axes) 

lOOG (6 times on 3 axes) 
1ooG (6 times on 3 axes) 

Plastic case. immersion-protected (equivaht to IEC IP67) 
Max. 3,wolux 
Max. 10,ooo lux 

M a n  854gRH 
-25°C to 55°C ' 3  F to '31 F 

Storage temperature 

lnrkcator 

-30°C to 70% -22 F t G  '58 F 
Projector. Power indicator LED (Red) 
Receiver bght indicator LED (Red on. 
when light is entering) 

4 

L~gtit indicator LED (Red on, when light is entmng) i 

MF18-Dl OPE 
(DetectMxl OFF) 

Circuit diagram Typo 



DATA 
1. Receiver signal level and distance characteristics 

I , 

1-1) Amplifier selfcontained-DC type 

/ / I  J 

I I  

l o  1 2 ? 4 5 6 7  

-0~lstance ( m  I 

Detectable large1 Whiie paper 50mmx50rnm 

) Retroreflective type 1 

1030 

S 
E - - m 
m 
13 
- - 

E 100 
I 
i I 1 I .  
a 1 '  

I 

I )  ' 1 1 '  
I 

' 

1-2) Amplifier selfcontained-AC/DC type 
0 Thru-beam type (3rn I 0 Retroreflective tvoe 12m I 

......_.......... 
. 

l o  1 2 3 4 5 6 7  

i ---Distance(m I 
L-- 

2. Operating region characteristics 
2-1) Thru-beam type 

I - Distance X (ern )- I 

1 I ,  M .  
1 1  

I !  ~ / I I ~  
1 2 3 10 

m Side view mounted 
! 

I i 

I 
1 
I 

I I 

, 
10 0 10 i 

-0tstance X Icrn ) -- I I 

2-2) Retroreflective type (2rn ) 

I 

I 

' 61112108  E 4 2 0 2 4 6 810121116  
I A 

a 6 A 2 z z J 6 a  

-Distance X lcrn I - 
. .. . 

- Distance (crn ) 

0 Diffuse reflective tvoe Iiocrn ) 

0 0.5 slit date mounted 

-Distance X Icm 1 - I 
1 1 

1 



DIMENSIONS 
Amplifier setfcontained-DC 

Outline dimensions Thru-beam type 

-55.6. - - 

- 85 -- 
-238 " - 
-22 - 

-S56 - Tolsrsna zl0 - 4  

----556 -- T d a s r r s  c 1 0  

SCHEMATIC 
Amplifier sctfcontained-DC type 
1. Thnt-beamtype 

Projector 
Photoslec(nc s to 24v oc 

Rt?CeiVt?f 

Amplifier selfcontained-AC/DC 
Thm-beam type Outtine dimensions -.- 

* I d  

- 2 m "  - - 

-22 - -  

-238 - - 
-22 -- 

Amplifier selfcontained-AC/DC type 
1. Thru-beam type 

Projector &own 

Note: Ground the frame QfOUnd terminal and &wn 
QfOucd I m n a l  when using a switching 
power suppiy. Thrs wdl ensure s t a e  
operation. 

S to 24V OC 

0 PNP output 

2. Retroreflective, Dfffuse reflective type? 2. Retroreflective, Diffuse reflective type 
crown 

Note: Ground the frame ground terminal and 
ground terminal when using a switching 
power supply. This wit1 ensure stabte 
operatton 



CAUTIONS 
1. Operating Environment 
1) The sensor should be used in an 
ambient temperature range of -25°C to 
+55"C 
2) Use an operating voltage in the 
range of 4.75 to 30V DC (includes 
peak-to-peak ripple) for the self- 
contained-DC type or in the range of 
21.6 to 264V AC/DC for the self- 
contained-AC/DC type. 
3) The light intensity on the receiver 
surface should be less than 3,000 lux for 
an incandescent light source and less 
than'l0,OOO lux for sunlight. 
4) Use a surge absorber as the internal 
circuitry may be damaged if external 
surge voltages exceed 500V [single 
polarity full-wave voltage of +(1.2x5O)ps]. 

1 

I 1 - 
Time 01s) 

I 4 1'2 50 I 

1 2 
5) Avoid use in locations with high 
concentrations of steam, dust, corrosive 
gases, etc. 

6) Although the sensor is immersion- 
protected, this does not mean that 
object detection is possible undewater 
or in rain. 
7) Mount the sensor with the supplied 
nut and tighten with a torque of 
20kg-cm or less. 

2. Wiring 
1) Check all wiring before applying 
power since incorrect wiring can 
damage the internal circuitry. 
2) The voltage applied to the load relay 
is the operating voltage of the photo- 
electric sensor minus the internal 
voltage drop (max. 1.2V for self- 
contained-DC type/max. 3V for self- 
contained-AC/DC type). Voltage 
fluctuations should be taken into 
account. 
3) The output is short-circuit protected. 
When controlling loads with a large 
inrush current, such as lamps or 
motors. be sure the inrush current does 
not exceed the maximum output 
current capacity. If the short-circuit 
protection is activated, the output can 
be reset by either cycling the power off 
and on, or by causing the sensor to go 
through a Light/Dark cycle. 

4) Note that running the wiring for the 
photoelectric sensor parallel to high 
voltage lines or power lines may result 
in faulty operation or damage due to 
induced noise. 
5) The leads may be extended up to 
100m with a wire 0.3mm2 (32AWG) or 
larger. 

3. Detector 
1) Keep the detector surface clean 
since dust or dirt on the detector 
surface will decrease the detection 
distance. 
2) The front surface of the lens is 
made of polycarbonate resin. Although 
it withstands water, weak acids and 
alkalines, aliphatic hydrocarbons, oils 
and fats, it is not resistant to ketones, 
esters, halogenated hydrocarbons and 
aromatic hydrocarbons. 

ACCESSORY 
' MF18 reflector MF18 mounting bracket MF18-SV side view attachment MF18 slit plate set 

(Provided with the (for thru-beam type) (for thru-beam type) 
photoelectric sensor.) 

.> 

MF18-M ANF68002 

Bel qds the light axis to a right angle. 

MFl8-SV 
(2 pcs. set) 

0 0  
Slit plate 

ANF68010 
(includes two each of 
three different slit 
plates and slit holder.) 

~ Slit plate holder 
~ ~. 

s.. 
.. .. .- ..... ~ ~ 

__ - ~ ~ 

Product name ' Part NO. Applicable types Specifications 

MFl8  reflector MF18-M MFl8  retroreflective types ' Included with the photoelectric sensor (replacement part) 

MF18-SV side view attachment MFl8-SV MF18 thru-beam types Bends the light axis in a right angle (2 items as a set) 

MFl8  slit plate ANF68010 MF18 thru-beam types I Set (includes 6 plates, 2 slit plate holders) 

MF18 mounting bracket ANF68002 MF18 photoelectric sensors For fixing MF18 photoelectric sensor 



LIGHT AXIS ADJUSTMENT AND SENSITIVITY ADJUSTMENT 

I 

I.  Light axis adjustment for the thnt-beam type 
1) Temporarily fasten the prryector and receiver so that they 
are roughly facing each other. During operation, the operation 
indicator LED turns on. 
2) Move the projector to the left, right, up and down and 
secure it when it is centered within the range in which the 
operation indicator LED on the receiver is on. 
3) Next move the receiver to the left, right, up and down and 
fasten it when it is centered within the range in which the 
operation indicator LED on the receiver is on. 
4) Mount the projector and receiver securely So that the light 
beam is not shifted out of alignment by vibrations or impact. 

2. light axis adjustment for the retroreflective type 
1) Visually align the reflector and photoelectric sensor and 
temporarily secure them. 
2) Move the photoelectric sensor left, right, up and down 
and fasten it Wen it is centered within the range in which 
the operation indicator LED is on. 
3) Check that the photoelectric sensor operates when a 
target is moved into the detection path. 
4) Fasten the reflector and photoelectric sensor. Mount them 
securely so that the photoelectric sensor is not shifted out of 
alignment by vibrations or impact. 

3. Light axis adjustment for the diffuse reflective type 
1) Point the detection surface of the photoelectric sensor 
in the detection direction and temporarily secure. 
2) Adjust the photoelectric Sensor so that the operation 
indicator LED turns on when a target is placed in the detec- 
tion area and turns off when the target is removed. 
3) Fasten the photoelectric sensor. Mount securely so that 
the photoelectric sensor is not shifted out of alignment by 
vibrations or impact. 

Thru-beam type 
[MFl8-3OOA(AB), MF18-3OOC(CB), M F18-3OOP(PB)J 

Retroreflective type 
[MFl B-RPOOA(AB), MF18-R200C(CB), MF18-R200P(PB)] 

MFlB reflectw I 
Note. Targets are usually opaque or translucent. However. shiny targets (cans. 

mirrors. pkted metals. etc.) have a high reflectton factor. if the reflected 
lim from a shiny target enters the photoelectric sensor, the blockin9 of 
the reflector may not be detected. Detectton is possible for these kinds 
of targets by mounttng ttte photoekctric Sensor at an angle. 

Diffuse reflective type 
[MF18-D1OA(AB). MF18-D1 OC(CB), MF18-D1 OP(PB)] 

___) ' n -  
Oetected ObW 

! 
i 
Note. The max. sensing distance may vary with the surface condttion Of that 

Since this sensor is not equipped wm a sensitivity adjusting volume the 
light beam should be adlusted to a stable operation by changing the 
distance. the angle and ttte substance at badground. 





rnrn DIMENSIONS (excluding the connector) 
1. ME-300A, ME-300AB, 

ME-200ZA. ME-POOZAB 
(Thru-beam type) 0 

.fly 

ME-300A(AB) 

0 

Mounting bracket 

Outline view Mounting bracket attachment view 

- - Projector 

Receiver ....... 
ME-200ZA (AB) 

Sensitivity adjuster 
TOPE) ~ ( n s a K i  (Three-lurn aojusler with 

ralcne t mechanism i 

... ...... 
(34.21 ............... -. ......... q7 .. __ 

. .. L . . . L  
f 

1.2 2-M4 Screw -.25 4 - 2.4 2 dta -.ll.- 07 

Receiver alone 
Terminal 1 

1 - Terminal 2 
(not prowaed lor projector) 
Terminal 3 

... _.- 
25.4-+03 A ...... 

- 1 1  6 -  3:s -7.1- 
43.5 - 7- Tolerance: i 1 .O 

2. ME-DBOA, ME-D30AB 
(Diffuse refelective type) 

Mounting bracket 

Outline view Mounting bracket attachment view 

Len! indicarcf~Ep Sensitwily adjusler , OTi5 ~ indlcalor/ (Three-lurn adluster wllh , 
rafchel rnechanisml 

2-4.2 dta 
_. 

254 - 2 M4 screw ___ _ -  
Tolerance cl 0 

2. Diffuse reflective type 
CONNECTIONS 
1. Thru- beam type PtwiMectrtc 

~1 Brcmn - Photoelectric sensol 
$12 to 24 V DC 

-3BW - r s g y  1 ~ ~ ~ ) 1 Z l o 2 4 V D t  

PholOelechC 
sensor  brown I - 

100 rnA rnax i <, --Load - 12 lo 24 V DC 
Note: The colors are applicable for a set with cabled connector -3Blue - 



mm in i r  ACCESSORIES 
1. M E  slit plate 

1 (Brown) 
2 (Black) 

3 (Blue) __ 

8 9 k 4 R O ~  Horizontal slit . 8 9 ;  - 4 R O 4  E ~- ____ 
Round hole - 8 9 I 4 RO 4 Vertical slit 

f terminal 
4, terminal 
- terminal 

2. MC connector 

Terminal N o ~ ~ ~ o d e ~ o n t e n t  

\Protectire cover 

\ 
Three-terminal type ; \ Receptacle 
AN538 10 

' \ Terminal 

1 (-) ' + terminal 
2 (=) terminal 
3 1 - terminal 

i 0 _- 

Two-terminal type 
AN538 1 1 

b L  Protective cover 

Terminal No. (codel I Content 
1 (-) I + terminal 

3. MC cabled connector (2 m L : , :rc long cable) 



CAUTJONS 
1. Operational conditions 
1 )  The ambient temperature should be kept 
within a range from -25°C to +55"C - 

2 )  The operathg voltege should be kept 
within a range from 9 6 V DC to 30 V DC (in- 
cluding ripple P-P) 
3) The ambient illuminance should be 10,000 
lux M less at the receiver unaer an incan- 
descent lamp. and 30.000 lux or less at the 
receiver under sunlight 
4) Since the internal circuit may be broken 
when the external surge voltage exceeds 
500 V [single polarify full wave voltage of 
*(1.2x50) ps], the surge absorbing element 
should be used. 
5) Avoid using the sensor at the site where 
much steam. dust or corrosive gas is sus- 
pended, water or oil splashes directly over the 
unit. or organic solvent adheres to the unit 
2. Wiring 
1) Since improper wiring results in breakage 
of the internal circuit, check the wiring before 
turning on the power supply 
2) The load relays rated at 12 V DC or 24 V 
DC should be used. Since the voltage applied 
to the load relay is determined by substracting 
the internal voltage drop (max 1 2 V) from the 
photoelectrrc sensor operating voltage, care 
should be taken for the voltage fluctuation 
3) Keep in mind that the output area is broken 
if a load of 100 mA or more is connected 
4) Keep in mind that the inductive noises 
cause mulfunction and breakage i f  the wiring 
to the photoelectric sensor runs with the high 
voltage cables and the power cable. 
5) When extending the cable, use a cable of 
0 3 mm'; or more and limit its length within 
100 m. 
6) When using an attached mounting hard- 
ware, the tightening torque for the mounting 
screws should be 15 kg-cm or less. When the 
attached mounting hardware is not used. the 
unit should be mounted on the flat surface. 
Use M4 screws with plain washers and apply 
a torque of 10 kg-cm or less. 
7) When the photoelectric w s # r  is mounted 
with the lock mechanism side of the connector 
closely contacted on the llat surface. use the 
attached mounting plate as a spacer or put a 
2.5 mm 
tween the photoelectric sensor main body and 
the flat surface. 
8) When crimping the terminals, it is recom- 
mended to use the lollowing tool made by 
Molex 

-.?* i, 

or more thtck spacer be- 

Crimping I Insertion 1 Pulling-out 
JHTR1719C 1 J5800-001 1 J5800-002 

Here, the terminal is 5005TL made by Molex 
and the receptacle is 5025-03R1. 

3. Optic axis adjustment tor the thru-beam 
type 
1) Temporarily fasten the projector and the 
receiver, and roughly position them to face 
each other If positioned in the operational 
state, the light indicator LED (OPE ) will come 
on. shock is applied 
2) Finely reposition the projector by swinging 
it to left and right. and up and down so as to 
turn on its adjuster LED (ADJUST) at the 
center in the lighting range. Then. secure the 
projector 
3) Next, reposition the receiver by swinging it 
to left and right, and up and down so as to 

turn on its adluster LED at the center in the 
lighting range Then. secure the receiver 
4) Securely fasten the units to prevent dls- 
placement of the optic axes when vibration or 

5) Since the sensitivity adjuster is provided on 
the ME-200ZA(AB), adlust the sensitivity par- 
ticularly for detection of translucent target 
such as acrylic resins 

Thru-beam type (ME-SOOA. ME900AB) 
F'IJWW indicator LED 

Prolector Receiver 

Thru-beam type (ME-200ZA. ME-200ZAB) 
Power marcator LEO L@t indicator LED (OPE J Sensmtry adjuster 

Notes: 1. Sensitivitv adjustment for diffuse 
reftective type . 
1) Factng the detector in the detection direc- 
tlon, temporarily fasten the Photoeletrlc Sensor 

1. When the positions in step 2) and step 3) 
indicate the 5th graduation or less. reposition 
the detector and reoeat the Drocedure from 

2) Under the condition that no detectable 
target exists, gradually turn the sensitivity 
adjuster counterclockwise from the maximum 
(H side) to find the position where the Light 
indicator LED (OPE.) goes out. When the LED 
goes out even i f  the adluster is in the maw. 
positton. select the H positton. 
3) Place a detectable target in the detection 
position, and gradually turn the senstivity 
adjuster clockwise from the mmimum position 
(L side) to find the postton where the light in- 
dicator LED (OPE.) c~mes  on. When the LED 
comes on even if the adluster in the min 
position, select the L position 
4) Set the adjuster at the middle point between 
the positions selected in step 2) andstep 3). 
5) Securely fasten the photoelectric sensor to 
prevent displacement of the sensor when 
vibration of shock is applied. 

(ME-D3OA, ME-D30AB) 
stznwlivlly 0diuster 

(Wee-turn tyee with rarchet 

step 1) to step 41, or check external factors 
such as the fluctuation of the temperature and 
the dewiation of the target position 
2 Since the detectable distance depends on 
the material. color, size. shape and direction 
of a target and the environmental conditions. 
check the distance by using an actual target 
3. Use the sensitwity adjuster within a range 
between H and L on the nameplate. If used 
outside the range, the L state is selected. 
5. Sensingarea 
1 ) If dust or dirt excessively adheres to the 
sensing area, the detectable distance will be 
reduced. Therefore, the sensing area should 
be kept clean at all times 
2) The front surface of the lens and the 
casing are made of polycarbonate This 
matenal is resistant against water, dilute acids. 
and alkalis, aliphatic hydrocarbons, oils, etc . 
but not resistant against ketones, esters, 
halogenated hydrocarbons. or aromatic hydro- 
carbons. 

mechanism) 

E i  Light mdicarw LED OPE 1 



Receiver 

Part No. 
I 

MP-1 KP-l2/24V 

(Thru-beam type) 

Specifications Replacement for projector and 
receiver sold separately 
Projector MP-L1 KP-l2/24V 

! Thru-beam type 1000 

(Thru-beam type 
with built-in timer) 

_____..__ 

-_I-__ 

PRODUCT TYPE 

_..I_ 
- 1 Diffuse reflective type 70 

-. 
MP-D70PT- 100/240V 

Sensor unit 

M6R500P 
(Retroreflective type) 

Sensor Unit 

MPRSOOPT 
(Retroreflective type 
with built-in timer) 

MP-D70P - 
(Diffuse reflective type) 

(Diffuse reflective type 
with built-in timer) 

0 Operation with either AC or DC 

0 Built-in timer type also available 
0 Relay output 3 A 250 V AC 

No misoperation of output during 
power on or off condition 

0 Operation and adjustment indication 
LED 
Slim type for easy installation and 
adjustment 

0 Environmental resistance (IEC IP66) 

power source 

cm 

Standard type 

Projector MP-L1 KP-l00/240V , 

Receiver MP-TI KP-l00/240V 
Thru-beam type lo00 ____ 

~ MP-lKP-l00/240V 

~ MP-RSOOP-l2/24V - i Retroreflective type 500 

MP-R500P-l00/24OV - , Retroreflective type 500 
MP-D70P-l2/24V - ~ Diffuse reflective type 70 

1 MP-D70P-l001240V - Diffuse reflective type 70 __ 

I Projector MP-LlKP-l00/240V 1 MP-lKPT-l00/240V -- Thru-beam type 1000 
I ' Receiver MP-T1 KPT-l00/240V I 

I 

r-M%-R500PT-I2/24V - ' Retroreflective tvw 500 
Timer built-in type 

._____I_ 
~ MP-RSOOPT-l00/240V - Retroreflective type 500 
~ MP-D70PT-l2/14V - I Diffuse reflective type 70 



CIRCUIT DIAGRAM 
Built-in relay 
operating condition Circuit diagram Type 

standard 
type 

Timer 
built-in 
type 

Operation indicator 
(OPERATION) Operation 

ON.OFF 
operation 

Timed-out 
operation 

When lght enters 

ON 

ON delay 

When light enters 

ON 

When light enters 

ON 

ThN-beam type 
MP-1KP 

RetlDf&ectM 

MP-RSOOP 

Diffuse reflective 1 

I 

MP-Photoelectric Sensor 
r--------  1 

Receiver 

Thru-tmamtype 1 
MP-1 KPT 

Retroreflective 
type 
MPR500PT 

Oiuse reflective 
type 
MP-D70PT 

W-Photoelectric Sensor 
7------- 

When light is blocked 

QN 

When lght is blocked 

When light enters 
ON 

When light enters 
ON ON 

OFF delay 
One-shot 

When light enters 1 ON 
(each operatm 
changeable) 

When light enters I ON 

Note. Timer built-in type can be used as a standard type by setting the timing adjustor to the minimum and using the operation mode of ON 
delay or OfF delay. 

CONNECTION DIAGRAM 
MP-1 KP. MP1 KPT 

Projector 
ulP-RSOOP, MP-070P 
itlP-R500PT. MP-D70PT 

Note: No polarrty even in the case of using the sensor wtth DC power source. 



SPECIFICATIONS 
... 

I Thru-beam type 
-. ----- Diftuse reflective type Retroreflective type .... ........ 

Receiver Max 2 5  VA I (AC) Max 2 5 VA (AC) Max 2 5 VA 

Receiver Max 1 5 W I 
(DC) Max 2 W (DC) Projector Max 1 5  W 1 (DC) Max 2 W Rated power consumption 

ON light input 
(Red LED) 
Adjuster 

3A 250 V AC (resistive load) d l a - - m . e - ~ ~ . . p . ~ a ~ , ~ m  ....... 
Rated control capacity (UL rating) 

Standard target 3Omm dia. metal plate White drawing pap& 
(dull black finish) ' (dull black finish) I 20 x20 cm 
Opaque target more than 15 mrn Opaque target more than 70 mrn 

10 8 to 26 4 V AC/DC (50160 Hi!), 80 to 264 V AC/DC (50160 Hz) (Separately available) 

(usins an included MP reflector) I 

Transparent 8 opaque target 
1 ___ -_____I_ 

Detectable target 

Operating voltage range 

Max. sensing distance 10 rn 

dia 

5 m  

_ _ _  _ _  dia - -~ 

- -___ 

70 crn 

Operating angle Above 2' for both projector and 
receiver Above 2" 

- - Below 20 Ol0 at rated setting distance __ _ _ _ _ _ _ ~  
- 

___ Hysteresis 
Detection speed 25 times/sec 20 tirneshec 25 times/sec 20 times/sec 25 times/sec T 20 times/sec - -  + _______ . - ~ _ _  - 

Projector I Projector 
Power indicator 1 Power indicator 
(Red LED) 
Receiver: 
Indicator light 
ON light input Operation indicating method (Red LED) 

Adjuster 
(Red LED) 

Time setting interval 

- 1 (fled .. LED) 
0.1 to 1 s. 
0.5 to 10 s 

Lchanaeable) 

lndlcator lights 1 Indicator lights 
,ON light input 
(Red LED) (Red LED) 

l Adjuster Relay operation 
(Red LED) indicator 

ON light input 

(Red LED) 

0.1 to 1 s. 
- 0.5 to 10 s 

fchanaeable) 

Indicator lights Indicator lights 
ON light input ON light input 
(Red LED) , (Red LED) 

i Relay operation 
indicator 

I (Red LED) 

0 1 to 1 s, 
- 0.5 to 10 S 

I fchanaeable) * - < - _  _ _  
ON-delay ON-delay 

' Oneshot One-shot 
I (chanqeable) (changeable) 1 (changeable) 

I OFF-delay - OFF-delay ' Oneshot Timer operation 

~ 

Screw terminal connection type 

Below 100 rnn at 6 V DC 1 A 

.- _- -- ....... . _ ~ ~ _ _ _ _  .......... ~~ ~ ~ ~ ~ _ _ _ _ _ . ~  ................. ........ 
Connection method 
Contact form 1 FormC 
Contact resistance (initial) 

....... . .............. .......... ............ ______ 

Gold-flash silver I Gold-clad silver 1 Gold-flash silver I Gold-clad silver I Gold-flash silver Gold-clad silver 
alloy alloy alloy , alloy alloy alloy Contact material _ _  

Electrical life min. 2x105 1 o5 2 x 1 0 ~  105 I 2x10' 1 o5 
Mechanical life min. 2 x  10' merations _ - 7 -  ~~- - - -  

Above 100 MCI (using 500 V DC megger) between mutual each portion and contacts of charged terminals, 
uncharcled metal D ~ R S  and contact outDut Insulation resistance (initial) - ~~ 

2000 V AC (1500 V AC with timer type) for one minutebetween mutual each portion 
lo00 V AC (750 V AC with timer type) for one minute between contacts Dielectric strength 

Vibration ' Functional ...... 

resistance Destructive 
10 to 55 Hz (1 cycle/min) double amplitude 1.5 mm (2 h on 3 axes) 
10 to 55 Hz (1 cvclehnin) double amplitude 0.5 mm (10 rnin on 3 axes1 

___ 100 G (5 times on 3 axes) Shock Fu ncti ona I 
resistance Destructive 10 G (6 times on 3 axes) 

Incandescent lamp: max. 10.000 lux Amplidier light level 
Ambient temperature -10°C to +55"C 

............ 

___- 
-. . .... .. ....... __ __ .- 

Ambient humidity Max. 85% RH 
Protective construction Molded plastic body (equivalent to IEC IP66) 

Motes: 
1. Unless otherwise specified. the measurement conditions are: rated operating voltage. battery power. an ambient temperature of 2O'c 

2. With the diffuse reflective type, the max. sensing distance and hysteresis are the values for the standard target. 

. 
the stand ard target and an illuminance of 200 lux on the receiver surface. 

The detection distance varies with the material. color and size of the target to be detected. 
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' Remove the upper panel cover to expose the control panel. (Photo shows MP-D'IOPT.) 

2. Explanation 0' 

Operation 
type 

W e l a y  

oneshot 

Note: If the timer i 

%ration 

Description 

Not usatale for short-interval detection. 
Used for long-period detectton like checking 
the stoppage of production lmes. 

Lengthens output signal to set time interval. 
If the response time of the load apparatos is 
slow, the detaon time is lengthened to 
match it. 

Emits sqnal for certain penod of time after 
detwon. 
U s e d  for machinery which always requires a 
signal of a certain level as tnput. 

Tkne chart T = timer interval 

Tuner mterval 
Wlth sensor 1 off, 0.1 to 1 s 
Wfih sensor 1 on, 0.5 to 10 s 

Adjust the tnne interval with the timer adjustor (white). 

islor IS sed at the minimum value MlN and the sensor is used in the ON-delay or OFF-delay mode, it c 
as a fundamental operatton type 

0.1 b 1 - Wl 
0.5 to 10 Mconds 

- O F F -  ] 

be used 
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DATA 
MP-1 XP, MP1 KPT (Thru-beam type) characteristic examples 

2. Operating level region characteristics 1 
characteristics I 

MP-RSOOP, MP-RSOOPT (Retroreflective type) characteristic examples 
1. Receiver signal level and distance 2 Operating level region characteristics 

characteristics 

Y !  E a 

L-i$ sensor ""lt 

MP-D7OP, MP-D70PT (Diffuse reflective type) characteristic examples 
1. Receiver signal level and distance 2. Operating level region charactenstics 3. Detection distance-color characteristics 

charactenstics 

Standard target (white d r m n g  paper 20x20 an 
7 874 7 874 inch) wim sensrtmty adpsPnent 
set at marmum sensii~vriy 

Thesueolrarget:20anx20an 

I n  



Retroreflective type 
MP-R500P. MP-A500F'T 

mor  unit 

g 
4 MPreflector 

c 

Diffuse reflective type 
MP-DPOP, MP-D70PT 

1 

TOLERANCE: f 1 .O - 

MOUNTING BRACKET ATTACHMENT VlEW mm 

MP-1 KP, MPR-SOOP, MPD70P 
MP1 KPT. MP-RSOOPT. MP-D70PT 



- 

REGARDING LIGHT AXIS AND SENSITIVITY ADJUSTMENT 
1. Sight, guideline, slant scale 

Sight, during the installation does 
not cause misalignment of M'tF{-n the light beam axis. 

3. Light beam adjustment 
of the retroreflective type 

, 1) Temporarily mount 
i photoelectric sensor in a 

straight line by visual align- 
ment. _- 

Light beam axis adjustment is simple 
with the sights on the top of the housing 
Guidelines (green) are also on the sensor 
unit and using the mounting accessory, 
the unit can be slanted according to the 
scale (1 graduation per about 2"). 
2. Light beam adjustment with the 
thru-beam type 
1 ) Temporarily mount the projector and 
the receiver With the light beam being 
received, the OPERATION LED or the 
beam-receiving LED (LIGHT) will go on 
2) Move the projector left and right, up 
and down to a position in the center of 
the range indicated by the ADJUST 
LED. 
3) Next, move the receiver right and left, 
up and down to a position in the center 
of the range indicated by the ADJUST 
LED 
4) Be careful that vibration or impact 

2) Move the photoelectric sensor left and 
right, up and down to a position in the 
center of the range indicated by the Iight- 
ing up of the ADJUST LED, or in the 
case of the sensor with a timer, the 
LIGHT LED. 
3) Pass the target in the detection field 
and check that the photoelectric sensor 
operates properly 
4) Affix the reflector and the phot@ 
electric sensor in position Be careful that 
vibration or impact does not cause mis- 
alignment. 
Note. The targets which can be detected 
are listed as opaque or translucent 
materials. However, shiny materials (like 
cans, mirrors, plated metals) reflect too 
well and may not be detected by the 
sensor. In such a case, the detection 
angle should be changed to allow proper 
detection. 

4. Sensitivity adjustment for the dif- 
fuse reflective type 
1 ) Temporarily mount the photoelectric 
sensor facing the direction of detection 
2) Without any target in the field. gradu- 
ally turn the sensitivity adjustor from its 
maximurn position, toward the lee until 
the operation LED goes off If LED is off 
even when the setting is at the maximum 
position leave the setting at the maxi- 
mum 
3) Place the target in the field and con- 
tinue turning the adjustor toward the left 
until the operation LED goes off 
4) Set the volume at the center between 
the settings found in steps 2) and 3). 
5) Affix the photoelectric sensor in posi- 
tion Be careful that vibration or impact 
does not cause misalignment 
Note The detection distance varies with 
the material, color, size, shape and 
direction of the target as well as the en- 
vironmental conditions. The actual target 
should be used to make the proper 
adjustments. 

CAUTIONS 
1. Use within the ambient temperature 
range of -10" to +55"C 

2. If the external surge voltage exceeds 
the following values, the internal circuit 
may be damaged; a surge absorber 
should be used. 

12 to 24 V AC/DC type 500 v 
100 to 240 V AC/DC type 1 4.000 V 

Surge waveform: *(l x40) psi of Single 
polarity full-wave voltage. 
3. Do not use where there is much 
steam, dust or corrosive gas or where 
ofganic solvents can adhere to the 
device. 
4. Mistake wiring can damage the 
internal circuit. Recheck the connections 
before turning on the power. 
5. To maintain water protection, the cord 
should have an outer diameter of 9 to 11 
mm with a smooth covering 
material that allow the sealing rubber 
and hexagonal nut accessories to be 
securely tightened. 
6. Wiring and circuit construction 
1) Make the connections as shown in 
the wiring diagram. 
2) If crimp terminals are to be used, 
affix the connected pressure terminals to 
a UP terminal (M3.5 screw). 

mm 6 1 7  hde I 
Suitable crimp terminals I 

-r(l) Bare rwnd terminal - - _ - -  (2) Bare rwnd terminal 
wim insulator paper 

1-(3) OpeWefld teITnlMl I 
1 -. Less man I Morethan 6 mm 

'6 mm - n-icr I 

_ _ _ _ _  

3) Output from the built-in relay IC con- 
tact is sent to the output terminal. For 
switching an inductive load, a contact 
protection circuit should be included. 
7. Detection section 
1 ) Durtiness or soiling of the detector 
surface can lower the detection distance 
allowance. Keep the detector surface 
clean. The lens cover can easily be re- 
moved for the cleaning. (The lens cover 
is not of water-protected construction.) 
2) The lens is of acryl and the lens 
cover is of polycarbonate. They can 
withstand water, dilute acid or alkali, 
aliphatic hydrocarbons, and oils. They 
cannot withstand ketones, esters, 
halogen hydrocarbons, and aromatic 
hydrocarbons. 
8. Remove the panel cover on the top of 
the photoelectric sensor to adjust the 
sensitivity, set the time interval, set the 
sensor. After the adjustments have been 
made, replace the packing and securely 
tighten the screws of the panel cover to 

PROTECTIVE CIRCUIT 

Built-in relay contact ( 1  ) r must be more than 
I several tens ot ohms 

(2) AC voltage is used when 
I .  ' I) The impeoance 01 A IS 

ii) The impedance of A is 
c and suHlclently low in 

l canpansontomeimp& 
1 ance c and r 

__ - 
. _ , A _ _ _  

r c 5 ~ large - ._ ._ 

Built-in relay cmtact 
- 

7 ,....-- I 
I 11 I For DC only 

f Dl@@ A 2 (2) Not for AC 

>p...... , 

Note me R m the ciwits represents inductive load 

preserve the water-protection. 
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L3' RELIABLE DETECTION OF SMALL 
TARGETS WfTH NEW AREA 
REFLECTIVE: TECHNOLOGY 
Components for advanced technology 

__I_____ 4. Ratchet mechanism with the three- 
turn adjuster (equipped with the indicator) 

The three-turn adjuster allows fine 
adjustment of the detectable distance 

The ratchet mechanism prevents the 
adjuster from breakage caused by 
excessive turning. 

Equipped with an indicator which IS 
visible at a glance. Temporary setting of 
the detectable distance is possible. 
0 The adjuster LED equipped facilitates 
setting of the detectable distance. 

I 

1. Area reflective beam, fiber type, 
secures detection of any object 

Detection little influenced by the color, 
material and surface conditions of 
Objects is secured. 
0 The tip of the fiber is resistant against 
dirt. 

Little influenced by the background be- 
yond the detectable distance. 
Detection is possible under adverse con- 
ditions 
Detection principles. 
The detection is determined by compan- 
ing the light intensities input into the 
diodes PD1 and PD2. 

Since the differences between tight inten- 
sity levels of two photo diodes decide the 
detection through the tnangulation range 
verification system, detection under slight 
variation of the distance is secured. 

2. Detection position may be checked 
at a glance because of the visible red 
spot. 
3. High serviceability 

Mountable on the DIN rail. Side by side 
mountina with labor-savina is Dossible " 

i 

! 

i 
.. , 

I Y 

I 
Side by sde mounrtng 1 
is possttne I 

The connector terminal structure 
facilitates simple wiring. 

QubCk connecton i 
I 

h&l/ ,;>E 1 - -- - --- q Indlcalm 

Distance admter -- I lRalcM1 mechanism witn _ -  
Ihe 1hree.lurn adluster) 

MQ-F amplilier unit 

I 
1 
5. The Light-ON and Dark-ON modes 
are quickly switched. 
(equipped with the switch) 
6. High speed detection at 1 rns 
The detection is possible to 500 times 
per sec., thus being applicable for high 
speed devices. 
7. Common use far operatlng volt- 
ages of 12 to 24 v oc 
Widely applicable over a range of 9 6 V 
to 30 V DC. 

APPLICATIONS 
Position detection of silicon wafers, 
detection of packing on the cap and 
check of leg pins on electronic parts 

COMBINATION CHART - Smce the componenis are separatelyavailable, they may be combined as desired 

Fiber unit Part No 
1 5  35 

(with cabled connector) 



PRODUCT TYPE 
.... 1. MGFW Amplifier unit 

......... 
I 1 i Assembly with connector i Assemoly wifh cmled  connector 12 m 

L I 

Part No. Part No. 
Operation type 

.......... 
Applicable fiber ; Projector element 1 

Area reflective 
type fiber Red LED j (Selectable with switch) 

- 
MQ-FWAR2-DCl2-24V Light-ONiDark-ON common type i MO-FWAfl -DC1 2-24v 

NoIe: Equipped with the DIN rail mountablebase 

......... ~~ .......... ~ - ...... 
2. MQ-FW Fiber unit 

Detection method Shape Max. sensinq distance Fiber lenath Part No. 

Area reflective type Standard 

MQ-FW1 -__ ..... .. 
1.5 cm 50 cm 

1 5 cm 
-~ ~~ ~~ ~ _ _ _  ............. ... 

1 m  MQ-FW1-01 
~. ~~~~~ .. . .. 

2.5 cm 50 cm MQ-FW2 
2.5 crn I r n  MQ-FW2-01 

Note: Equipped with fiber plug. 

3. Accessories 
I I Application I Part No. 

......... ___ ......... i 
Specifications Product name 

AN53810 M O W  amplifier unit 
ME photoelectric sensor MC connector (Tri-terminal type) i With dust protective cover 

' Cable length (2 m) MO-FW amplifier unit 
ME photoelectric sensor 1 witn dust protective cover Connector with MC cable (Tri-cord type) 

....____ ................. ......... . .... 

' AN5381 3 
~ _ _  ............ .............. 

Note: The amplifier main body is equipped with the connector or the cabled connector. 

SPECIFICATIONS 
_ _  .... 

1 Ratings 

Item Descriotion 

Operation side - 12 to 24 V DC ___-I.._ Rated operational voltage 
I Rated current consumDtion Max 35 mA lexcludino the load1 
I 

Load side Output current capacity I Max. 100 mA 

2. Performance outline 

I 
Area reflective type ___ Detection method 

Fiber unit MQ-FW1 . MQ-FW1-01 I MQ-FW2. MQ-FW2-01 

j Amplifier unit 
Proiector element fled LED 

MQ-FWAA1-DC12-24V (with connector). MQ-FWAR2-DC12-24V (with cabled connector) 
1 _. 

Operation mode 
Standard tarqet 

Lighl-ONiDark-ON (selectable with the main body switch) ______. .... 

White paper 2 x 2 cm 
Opaque or translucent materials 

9.6 to 30 V DC (including the ripple P-P) 
....... Detectable target 

Operating voltage range 
____ 

____.._I.. ~ __.._. 
25 mm .. - .- .............. Max. sensing distance 15 mm 

Possible distance range 10 to 15 mm 
Hvsteresis Max. 50; (at the max. sensina distance) 
Detection speed 
indicator 

1 ms 1500 times/sJ 
Liaht indicator LED (OPE.) ired). Adiuster LED (red1 

Initial insulation resistance Mn. 20 Mn between input/output terminal and external 
(at 500 V DC) 

500 V AC for 1 min between input/output terminal ana external - initial breakdown voltage 
Vibration resistance 10 to 55 Hz (1  cvcle/min). double amDlitude 1.5 mm (2 h on 3 axes) 
Shock resistance 100 G (6  times on 3 axes) 

Incandescent lamp: Max. 3.000 lux: sunlight: Max. 10,000 lux 
-. 

Ambient light level 

Ambient temperature 

Ambient humidity 

Protective construction 

Fiber material 

Amp1 ifier -25'C to t55-C 
-40°C 10 ~ 7 0 ' C  

.... 
1 Fiber 

Max. 85% RH _- 
Amplifier: Plastic case, dust-protected construction (equivalent to IEC IP50) 
Fiber tip: Splash-protected type (equivalent to IEC IP64) 

Urethane-chloroethvlene copolymerization shiethed. plastic fiber 

...... Bending allowance of fiber unit ~ 25 mm - 
Note. Unless otherwise specified. the meisurement conditions comprise rated operating voltage, power supply by battery. 20 c 
temperature. standard detectable object and 200 lux or less illuminance on the receiver surface. 

ambient 
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OUTPUT CIRCUIT D 

! unit y L p D a t o r  i 
open collecior wtpui 

r-  ---_-___--- ~ -------, 
. M - F  ampliller 

I 1 (Brown) 

Detection 
method 

I ON when light 
Light-ON side I received 

(Llght.ON) ! 
I ON when light 

Dark-ON side 1 not received 

Area 
reflective 
type 

I 

,AGRAM (Light-ONIDark-ON switchable) 

j i  , I  
:"" I 

10 I /  
i 
I I 

1 

Circuit diagram bght-ONIDark-ON Operation state of 
s e k t  swltch 1 ournut transistor 

(Dark-ON 1 

I 
Activated when 
light received 

Lit when 
light received 

Activated when 
light not received 

WIRING DIAGRAM 
MQ-F amplifier unit 

Note: The colors are applicable for the set with cable connector. 

DATA 
1. Operation range characteristics 
MO-WAR ampbfier unit 
MO-FWl fiber unit 

MQ-WAR amplifier unlt 
MQ-FW2 fiber unit 

\rea reflective type 1 5cm 501 inch) 

- - - 

For 10 mmi . .- ';- 
dtstance senmg I 

MQ-FWAR amplifier unit 
MO-FW2 fiber unit 
3rea reflective type 2.5 cm 5.3: x-) 
3 Under Me slandard semng WlMUon thal wnite paper 

0 Under the standard sening cnnditon that Wnm paper 
s detected 81 20 mm distance 

tames tarqes  I 

rrea reflective type 2.5 cm 984 inch) 

- - 

3. Projector beam dia. charactertsttcs 
W - W A R  ampbfier unit 
MQ-FW1 fiber unit 
Area retlectwe type 1.5cm 527 717) 

1 0 8  6 4 2 0 2 4 6 8 10 

(mm . 
*The beam diameter m rpqaded aa Me dtameler whlch 

anenuatus at t t e  (Here. e 4 2 721 

2. Material characteristics 
MO-FWAR amplifar unit 
MQ-FW1 fiber unit 
Area reflective type 1 5cm 591 inch) 
n Under standard senlg conditm that whHe paper 

IS detened at 15 mm 331 ncn dstance 
0 Under lne slandard senlog mndtllon mal wnna paper 

is deceaed at 10 mm 394 incn distance 

Mat targets 



AMPLIFIER UNIT DIMENSIONS 
MQ-FWAR amplifier unit 

)Aa]usler LED Ltgnl tnottator LED ,OPE1 mm 

i I * ,  

+ Equipped with the base mountable on DIN rail 
c1 0 

General tolerance: i0.5 

AREA REFLECTIVE TYPE FIBER DIMENSIONS 
MQ-FW1 fiber unit 
(Area reflective type) 

.Equippea with 

General tolerance: * O S  

Projector sioe - 
Receiver sloe . 

General tolerance: i0.5 ~ 

CAUTIONS 
1. Distance adjustment for the area 
reflective type 
1) Facing the fiber unit in the detection 
direction, temporarily fasten i t  
2) Under the condition that no detectable 
object exists, gradually turn the distance 
adjuster counterclockwise from the 
maximum position (H) to find the position 
where the light indicator LED (OPE 1 
goes out. When the LED goes out even 
if the adjuster is in the max. position (H), 
select the H position. 
3) Place a detectable target in the de- 
tection position. and gradually turn the 
distance adjuster clockwise from the 
minimum position (L) to find the position 
where the light indicator LED (OPE ) 
comes on 
When the LED turns on the even if the 
adjuster is in the min position (L). select 
the L position. 
4) Set the adjuster at the middle paint 
between the positions selected in step 2) 
and step 3) 

5 )  Securely fasten the head of the fiber 
unit. 
During fastening, take care to secure it 
to an extent that it is not displayed when 
vibration or shock is applied. 

Llgnt Indicator ' Aapsier LEO LED iOPE I 
L 

Octance 
indicator / , adluster 

Note Though the sensing distance is Little 
influenced by the colors of objects. the detect- 
able distance may vary for considerably reflec- 
tive Objects such as mirrors. glass ana other 
mirror reflective objects. 
2. Movement direction of detectable 
target 
Take care for the mounting direction of 
the fiber unit according to the movement 
direction of an object. 

Avoid tne mobniing 
airemon wnich mades, 
rhe oaiect come near ~ 

#n  tns alrection 
) 

I 

I ! 
For the ambient conditions. wiring and 

operation of the fiber unit, refer to the 
cautions for operation (page 43). 



FOR WlDE AND EXTENDED 
APPLICATIONS 

1. Free-cut, fine diameter, ultra-fine 
diameter fibers 
0 Free-cut fiber 
The fiber can be cut to a desired length 
at the site according to the equipment, 
thus improving the serviceability. 
Cutter contained in the fiber plug 

3 

2. Red and green LED lights on the 
amplifier unit 
In addition to the standard red LED type, 
the green type is also available to 
facilitate detection of red marks on white 
backgrounds. 
3. Structure with serviciability taken 
into account 
0 Mountable on the DIN rail. Side by side 

u 

Quick mounring 

J 
0 Fine diameter fiber 
[Tip outside diameter: 1.2 mm 337 nch 
(diffuse reflective type), fiber diameter 
0.5 mm ,,IC *I;CT] This IS most suitable 
parbcularly for label positioning and other 
applications which require detection ac- 
curacies. 
0 Ultra-fine diameter fiber 
[Tip outside diameter 1 .O mm 
frber diameter. 0.25 mmx7 
fibers] Applicable for metaliic press 
moulding which requires accuracies during 
assembly. 
check of 
the press- 
ing staple 
and de- 
tection of 
residual 
burnng. 

mountina with labor-savin9 is possible. 

The connector terminal structure 
facilitates simple wiring. 

Quck connectcon 

4. Ratchet mechanism with the three- 
turn adjuster (equipped with the 
indicator) 

The three-turn adjuster allows fine 

adjustment of the sensing distance. 
The ratchet rnechanism prevents the 

adjuster from breakage caused by ex- 
cessive turning. 
0 Equipped with the indicator which is 
visible at a glance Temporary setting of 
the sensing distance IS possible. 
0 The adjuster LED equipped facilitates 
setting of the detectable distance. 

Ad uster LED 

5. The Light-ON and Dark-ON modes 
are quickly switched. 
(equipped with the switch) 
6. High sped  detection at 0.5 ms 
(Red LED type) 
The detection is possible to 1,000 times 
per second In addition, the green LED 
type detects 500 times per second for 
high speed devices. 
7. Common use far operating volt- 
ages of 12 to 24 L' DC 
Widely applicable over a range of 9 6 V 
to 30 V DC. 

APPLICATIONS 
Detection of chip parts, detection of label 
position and positianing of lead frame 



COMBINATION CHART 
1. MQ-F Fiber unit and MQ-F Amplifier unit 0 These units are available as a separate unit and shall be combined as desired. 

M n  Fnux 

Detection 
method 

MO FSDS 02 
-=-a@== 

No m ,  , 1 0 1  gr-3 
Fiber unit I 

Appear- I 
ance i Part No. No in ( J represents I C .  1 6  I: 1 

2 rn 19 cml 
, A I'rrio-. 

I MU-r-J VL 

~ ( 0 6 c m )  5 cm rail 
- -6  (?-PI T i i c r l  I MQ-FAG1-DC12-24V 

I C  -- (with connector) 

MO-F3SD1 KROl 

Fberlenglh l m ( 3 c m l  
.c 1 5 c m  ~- 

:=I r c11 
- Bent tip 

raro; I 0' Incnc3 

With base mountable on 
DIN rail 

Product name Part No. Description I Wicab le f i tm 

Projector element Applicable fiber 
Assembly wlth connector 1 Assembly with cabled connector (2 m z .was) 

Operation type 
Part No. 

Free-cut, fine diameter, ultra-fine 
diameter fibers 

(for detection of redlwhite mark) 
Free-cut fiber (partial) 

Red LED hght-ON/Dark-ON MQ-FAR 1 -DCl2-24V MQ-FAR2-DCl2-24V 

Green LED (Selectable with switch) MQ-FAG1 -DC12-24V MQ-FAG2-DC12-24V 
common type 

Diffuse 
refleclive type 

Standard (with sleeve) 1 5  cm - ' 3 -  1 1  m(3cmi T 1 r ~ ' ~ m  1 MGF3SDl-KOl 
Bent tip (with sleeve) 15cm _ _  l m ( 3 c m )  . xnpc  1 MQ-F3SDl-KROl I 

edl Max sensing distance (cm - 7 )  
Cable length 2 m 2 2 'a''' ._ - _ _ _  LED Light ON/ \ - I- - 

~ _-I 
_- I 

Standard1 

- -  

Fiber length 2 rn (9 cmi 

MO FSlO CI 
iApplicable for anachment) 1 

MO F10 CO2 Fiber length 2 mi 

' MQ-FAR1 -DC12-24V -- ' 1 2  cml 1 (with connector) . - <  - 
~- ' 1 MQ-FAR2-DC12-24V 
32 Fiber length ,9 c m l l L , . n  __ I (with cabled connector) 

Thru-beam 
type 

Curled 

8 - -  - 
Fiber length 2 m (9 crnl 1 I 

.__ ~ I. Free-cut 
fiber 

o x  "-C' 

1 Fiber length Standard I a==== 
Fxber length 2 m - - 1  _ _ .  
..e C Y C  n.7 

..,- . -- ". 

Diffuse 
reflective 
type 

- Coaxial j ex===== 
I Fber lrnolh 7 m .- 

1 for MQ-F(S)12-02 and 
Mn.F(Q\nLl-l9 tYlYlC 

I &' I for MQ-F(S)12-02 and 
MQ-F(S)D5-02 types - Fine dia 1 MO-FDl-NO2 j MOFSD1-NO2 Fine 

diametei 
fiber 

Diffuse 
reflective 
tvpe 

- (Fiber dia. 1 
0 5 m m  I 

I 
ij2G - c " )  I Fbsr length 2 rn . 2 1 :a - -*- 

' MO-F3SDl-KOl 

(For detection of whitelred 
- 

Fiber length 1 m 13 crn) Standard I 
9 rrim4 1 ' L .  r - ' b -  I 

Ultra- 
fine 
diamete 
fiber 

Diffuse 
reflective 
type 

Free-cut fiber 
(plastic) 

Fine diameter fiber 
(olastd 
Ultra-fine diameter 
fiber (plastic) 

Note: Attached witt 



Product name 
MC connector (three terminals) 
MC cabled connector (3color cord) 

Specifications 
Wtth dust-protective cover JMQ-F amplifier 

Cable length 2 m I 3-2s. with dust-protective coverlMO-F amplifier 

Appltcation 
unit. ME photoelectric 
unit. ME photoelectric 

MC connector (three terminals) 
MC cabled connector (3color cord) 

I P a r t ~ o .  
Wtth dust-protective cover JMQ-F amplifier unit. ME photoelectric sensor1 AN53810 

Cable length 2 m - I 3-2s. with dust-protective coverlMO-F amplifier unit. ME photoelectric sensor1 AN53813 

MQ-FLE Lens MQ-FSV Side View Attachment 
Attachment Attachment 

Applicable fiber unit 
Rated sensing distance 
No cn ( I lor green LED 
Detectable obsct 
Operational angle 

MO-FLE Lens Attachment I MO-FSV Side V w  Attachment 

1 m (9 cm) 60 cm 12 cm (1.5 cm) 10 cm 
MQ-F12-02 MO-FlO-CO2 1 MQ-FI2-02 ~ MQ-FlO-COZ 

I _ -  _- 
Opaque 4 mm or more Opawe Jmrn or more 

20' to 60' 5 to 40- 

56 

Operation side 

Load side 

Rated operational voltage ~ 12 to 24 V DC 
Max 35 mA (excluding the load) Rated current consumption 

Output current capacity Max. 100 mA I 

1 Fine Fiber type Free-cut fiber i diameter f iber 
Ultra-hme 
diametw l!ber 

Detection method 
Appearance 

Fiber unit 

Amplifier unit 

Projector element 
Operatiin mode 
Standard target 

Minimum target 
Detectable target 
Operating voltage range 
Max. sensing distance2 
- tn (  ) furgrcenLED 

Operational angle 
Hysteresis' 
Detection speed 
Indicator 
initial insulation reststance 
Initial bmkdown vol- 
Vibration resistance 
Shock resistance 
Ambient light level 
Ambient Amplifier 
temperature Fiber 
Ambient humidity 
Protective C O n S ~ l O n  

Fiber material 

Bending allow8nce ot fiber unit 
Notes i U n k s  ahnmcse specifled 

luminance on tne receiver 

Thw-beam type Diffuse refiective type 
Standard ' Curled kine diameter Standard Coaxial Curled Fine diameter Ultra-fme Qamer 
MQ F12 02 j MB-FlO-COZ 1 hn5F4-NO2 MQ-FD5-M MQ-FX5 02 MO-FDl cO2 MO-FDt No2 MO-F3SDt-K01 
Mo FS12-02 1 MQ-FSlO GO2 MQ.FS4-NOP MQ-FSD5-02 MQ-FSDl-C02 MO-FSDl-NO2 (with steevel 
(with sleeve) 1 ( W i t h  steeve) (with sleeve) (wilh sleeve) (wilh sleeve) (wdh sleeve) Ma-FBSDl-KRO1 

(wm sleeve Dent tip) 

Red LED light type: MO-FAR1-DCl2-24V (with connector), MQ-FAR2-DC12-24V (with cabled connector) 
Green LED light type MQ-FAGl-Dc12-24V (with connector). MQ-FAG2-DC12-24V (with cabled connector) 

Light-ON/Dark-ON (selectable with the main body switch) 
Red LED I RedLED ' I  green^^^ 1 Red LED Red LED 

green LED 

w ~ B  paper 1 5~ 1 5 cm 2 mm 1 mrn 
mmliic mt Hack  MI^ n.7adI-S mal W &# wh'e wr cm 

0 05 mm 
0 1  mm copper emment wire mpper ecement wire 

I mm 0 5 -  
nontransparent Obpct mncranU(armnl c&wi 

Opaque material Transutucent or opaque matenal 
9.6 to 30 V DC (including the ripple P-P) 

5 cm l 5 m  1 5 cm 1 Scm tzcm I i o c m  1 3 s c m  /5cm 
( 1  5cm) l O 6 C m l  - 1 0  to 90- 

ofless I 3 rnm or less - 1 crn :1 2 mm) 

Red LED type' 1 ,OOO times/s. Green LED type. 500 times/s 
Light indicator LED (OPE.) (red), Adjuster LED (red) 

20 M n  or more between input/output terminal and external (at 500 V W) 
500 V AC for one minute between input/output terminal and external 

IO to 55 Hz (1 cyde/min), double amplttude 1.5 mm (2 h on 3 axes) 
100 G (6 times on 3 axes) 

Incandescent lamp Max. 3,000 lux sunlight Max. 10,OOO lux 
-25°C to +55'C 
-4O'C to +70'C - 

WX 85% RH 
Amplifier Plastic case, dust-protected mstructim (IEC50 or equivalent). Fiber tip. ImmtKSw-protBCted type (IEC IP67 or equivalent) 
Plastic bber Plastlc lrber Plastic hber. pocy- Plastic t~ber, poly-/PlasW tiwr. poly- Plastr libor Plastic ltber poly- PlaSllC fiber 
poiyelhylene urehaneth10r0- ethylene ethylene ,ethylene uremane-chbm etnyiem polyethylene 
sheathed ethyt- mpok shelhed sheathad 
~taniess sieeve 1 mematinn 
lor the sleeve sleeve lor the smew! lor the sieve 

ethy*m CopOY- shame0 IUbea 
stanloss sleeve Stainless sleeve 

S,alnless sleeve lm the sleeve 
tor the 5IWW type rype 
ryw 

lor me sleeve /sheat- IStantess sww staiobes~ stewe 

type /gopseeve tvpe type 

25 mm 
me rmasuremem condltions canons@ rated operating voltage pwer supply by Damry 20 C amblent temperature Standard target and 2M lux or less 11- 

suflace 



DATA 

. _ _ _ _ ~  

" 

1. Characteristics of liqht level received vs distance 
I 

MQ-FAR amplifier unit Ired LED) 
(MQ-F 12-02) (MO-FS12-02) 
Fiber unit (Thru-beam type 12 cm - - - 1  
I -v 

B Detectanle dstance tolerance 

~istance (crn ) - 1 

MO-FAG amplifier unit (green LED) 
(MO-F05-02) (MQ-FS05-02) 
Fiber unit (Qffuse reflective type 0 6 cm I 

Dislance (rnm ) -- 

MQ-FAR amplifier unit (red LED) 

Fiber unit IThru-beam lvDe 10 cm I 
(MO-FlO-COZ) (Ma-FS10-C02) 

......... 
~ 

Distance .............. 

Distance ' n !  

30 20 10 0 10 20 30 

MO-FAG amplifier unit (green LED) 
(MQ-FD5-02 I (MQ- FSD5-02) 
Fiber unit (Diffuse reflective type. 0 6 cm I , 

~ With sensitivity aajuster set at rnax cH) 
Target. White paper 30 mrnr30 rnrn 

10 

__ 

...... i 

1 I -  .... 

Distance X lmm 1 - - I 

MO-FAG ampiilier unit (green LEO) 

Fiber unit (Thru-beam type 1.5 ctii - 
(MO-F12-02) IMQ-FSt 2-02) 

5z1 - >  r Signal tolerance 
- witn sensmvity aapster set at max (HI 

B Detectable oistance tolerance 

' ??z 
- Y c  100 

V-- 

U 
- m g  
7. IS 

I Dtstance (rnm I - 

2 Operation range character ist ics 
MO FAR amplifier unit (red LED) 

Fiber unit (Thru-beam type 12 cm - ! 
(MO-F12-02) IMO-FSl2-02) 

With sensit~vity adjuster sel at rnax (HI I-. 

MO-FAR amplifier unit (red LED) 
(MO-F4-N02) (MO-FS4-NO2) 
Fiber unit (Thru-beam type 3.5 cm ) 

I i With sensitivity adluster set at rnax cH) I 

MO-FAR amplilier unit (red LED) 

Fiber unit (Diffuse reflective type 5 cm 
(Ma-FXS-02) 

I 
7 

Taiget While paper 30 rnm A 30 rnm 

.-. __ - 

d 

15 10 5 0 5 I C  15 

Distance X (mm I - - -. 

MO-FAR amplifier unit (red LED) 

Fiber unit IDiffuse reflective 1vDe 5 cm 
(MQ-FD5-02) (MO-FSDS-02) 

Distance icm 1 - 1 

MO-FAG amplifier unit (green LED) 
IMO-F12-02) (MO-FS12-02) 
Fiber unit (Thru-beam type. 1 5 crn J 

With sensitwily aajuster set at max in) 

I -- Distance X (mrn 1 - - 
MQ-FAR amplifier unit (red LED) 
(MO-FDS-02) (MO-FSD5-02) 
Fiber unit (Diffuse retlecttve type 5 cm 
I 

With sensil1vi1y adluster set at rnax t H )  
Target While paper 30 mmx30 mrn 

I Distance X lmm i - - - -  

MO-FAR amplifier unit (red LED) 

Fiber unit (Diffuse reflective type 1 5 cm 

I 

(MQ-FDl-C02) (MO-FSDl-CO2J 

I 

with sensitivity aquster set at m a  
Target White paper 30 mmx30 rnm t. - 

-- Distance X lrnm i - - 



MO-FAA amplilier unit (red LED) 

Fiber unit (Diffuse reflective type 1 5 c m  231 Pcr 
(MQ-FD 1 -N02) (MQ-FSD1 -N02) 

r 

ight-ON/Dark-ON 

0-FAR amplitier unii (red LED) 

lber unit (Diffuse reflective lype 1 5 cm JY'  r c r )  
AQ-F3SDl-K01) (MO-F3SD1 -KROl) 

Ylth sensitivity adluster set at mar (H) 
rargei WhtIepz?p3r 15mmxr5mm ..' r'I- .? T < r  

Operation state of Light indicator Operation state 

I 
4. 2 0 2 4  
_ -  Distance X (mrn . 1 - - 

wr 

I 
OUTPUT CIRCUIT DIAGRAM (Light-ON/Dark-ON switchable) 

Detection 1 
method Circuit diagram 

I 
I Activated when 1 light interrupted 

j ON when light interrupted 
Dark-ON side J ( Dark-ON) 

(ON when object detected) 

ON when light received 
Activated when 
light received Light-ON srde I (Ltght-ON) 

, (OFF when object detected) I Lit when 

1 ON when light received light received 1 Activated when 
i light received Light-ON side (hght-ON) i (ON when obtect detected) ~ 

I 

Activated when 
light not received 

ON when light not received 1 

(OFF when object detected) I ( Dark-ON) 1 Dark-ON side 

WIRING DIAGRAM 
MQ-F amplifier unit 

,-_;_I Brown - 
1 -2 Black '12 to 24 V G€ 

Note: The colors are applicable for the set with cabled cannectw. 
L 3  glue l d  

AMPLIFIER UNIT DIMENSIONS 
MQ-FAR Amplifier unit 

mm 

Adjuster LEO Lighl indicator LED (OPE ) ____ v> - L 

- -  - _  
Sensitivity aquster Lighi-ON Darh-ON se(ecI  switch^ 

55rl -16, __ - 5 5 5 r l  -- 
I lT----=7g;:- 3 4  I 

~ ~- 2 
I - - 

$4 2 dia q -  
rail mountable '- 

base c10 
Genera4 tolerance: 10 5 * Epuipped with the base mountable on DIN rail 

MO-FAG Amplifier unit Adluster LED Lghl mbcalor LED (OPE ) 

-- _-- - 

Light-ON Dark-ON Bi setect - swilcn 
I 

Senwviiy adjuster 

5 5 2 1  

:..--..-.Lo 5 

I 

3 s-- -16 __ __ 55 5% 1 

Resecver 5lde 

- I, __ 
.&= - 1 

2 4 2 d t a  ~iopxtoi sae 

C l  0 
IN rail mountable - 

base 
%Equipped with the base mountable on DIN rail General tolerance' i0 5 - 
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FREE-CUT FIBER DIMENSIONS mm # - - .  

MQ-F12-02 Fiber Unit 
(Thru-beam type) M2 6 (PcO 45) 

2 2 dia ++ ----F? 
6 - u 

2 M M t l O O  - 

:.Equipped with fiber pluq General tolerance i0 5 

MQ-FD5-02 Fiber Unit 
(Diffuse reflective type) 

M6lp=0.75) 
2 2 dia 

- ~~ t 
'2.2 dia. .... 

- 150 - - 2000*1w . 

.+ Equipped with fiber plug General tolerance: ~ 0 . 5  

MQ-FXS-02 Fiber Unit 
(Coaxial fiber. diffuse 
reflective type) 

.v Equipped with fiber plug 

MQ-FS12-02 Fiber Unit 
(Thru-beam type with 
stainless sleeve) 

.i. Equipped with liber plug 

M6(P=O.75) 
2.2 dia 

t - -  ,c >I 
.... 2.2 dia - - 160--5.5- 

- ~ 22.5 
2000*100 - .  

General tolerance: ~ 0 . 5  - 
--- 

MO-FSD5-02 Fiber Unit 
(Diffuse reflective type 
with stainless sleeve) 

+ Equipped with fiber plug 

M4 (P=O 7) . . . . . 

.. ... - 

I 
2.2 dla 

General tolerance: k0.5 . 
___ 

General tolerance: k0.5 

MO-FlO-CO2 Fiber Unit 
(Curled fiber. Thru-beam type) 

M2 6 (P=O 45) M4 (P=O 7) 

2 2 d'a 20 0*2 

L 
30-11 0- 90110 - 2wo - 4M):lO- 

(Exlenaed as a Imei 

i. Equipped with fiber plug _.. General tolerance k0 5 __ I 

I 



5 
MQ-FDl-C02 Fiber Unit 
(Curled fiber. diffuse 
reflecttve type) 

.x. Equipped with fiber plug 

MQ-FSl0-C02 Fiber Unit 
(Curled fiber. thru-beam type 
with stainless sleeve) 

.I- Equipped with fiber plug 

MQ-FSD1 -C02 Fiber Unit 
(Curled fiber, diffuse 
reflective type with 
stainless sleeve) 

General tolerance. i0.5 - .A a 

*Equipped with fiber plug 

(Fine diameter fiber, 
thru-beam type) 

I-___-- - -- 

General tolerance. i0.5 L C  4 Equipped with fiber plug 

MQ-FS4-NO2 Fiber Unit 
(Fine diameter fiber, 
thru-beam type with stainless 
sleeve) 

i% Equtpped with fiber plug General tolerance. k0.5 
~~~ 

FINE DIAMETER FIBER DIMENSIONS 
1 dia M3 “0 5 )  

- tf --.. I - - -  
hi 

t dia 70--4’? 
-120- 

-. - II_ 2ow* loo - _--- 

,n MQ-FD1 -NO2 Fiber Unit 
(Diffuse reflective type) 

General tolerance: 10.5 . -J Equipped with fiber plug 
^ ^  



_ _ . ~  ___ _. ___ .................. 

MQ-FSDt -NO2 Fiber Unit mrn 

M3 lP=O ~ 5) 1 dia 

1 dia 

2000 t  100 - 

1 2 dia 
L=*-.> -1 

(Diffuse with stainless reflective sleeve) type 0 - 90;2 -70 . -_40  
- 1 2 0 -  

General tolerance: i0.5 + Equipped ,with fiber plug 

ULTRA-FINE DIAMET 
MQ-F3SDl-KOl Fiber Unit 

with stainless sleeve) 

... ........ ..... ~ ~. ~~ ~ 

3 o ala 

. 1 2 dia 

/,,/ . ----j 
-\ A 

(Diffuse reflective type 1 0 dfa 2 4 dia I 7 dla 

,t e- 

-~ 3 0 0 x 2  -15OZ3. ~15OZ2_  1 W r 4  

... 

lOWrSO ~ ~- 

General tolerance: i0.5 
. ....... ~ ~- __ -~-___ 

+ Equipped with fiber piug 

MQ-F3SDl-KROl Fiber Unit 
(Diffuse reflective type 
with stainless sleeve) 

, I  L30d>- 

1 0 dia 2 4 dla 1 7 dla 10 0 

I -- ____ I 2 dia 
\-+ 4 

,J 
- 3 0 0 ~ 2  - 1 5 0 ~ 3 .  1 5 0 ~ 2 -  10014 - 

1WOr50 - 

+Equipped with fiber plug 

CAUTIONS 
1. Sensitivity adjustment for the 

1) Swing the projector and receiver fiber 
units to left and right. and up and down 
so as to position the light indicator LED 
(OPE ) at the center in the lightening 
range, and then secure them At this 
time. confirm that the adjuster LED is lit 
2) Adjusting the sensitivity makes 
possible detection of translucent and 
opaque targets For opaque targets, the 
adjuster is turned to the maximum position 
(H) to increase the distance tolerance 
Note If the adlsuter LED goes out during 
operation. it is an alarm signal that detection 
does not work Readjust and check sensitivity 

2. Sensitivity adjustment for the diffuse 
reflective type 

1 ) Facing the detection face of the fiber 
unit in the detection direction temporarily 
fasten it 
2) Under the condition that no detectable 
object exists. gradually turn the sensitivity 
adjuster counterclockwise from the 
maxinium position (H) to find the position 
where the light indicator LED (OPE ) 
goes out. When the LED goes out if the 
adjuster is in the max position. select 
the H position 
3) Place a detectable target in the 
detection position and further turn the 
sensitivity adjuster counterclockwise to 
find the position where the light indicator 
LED (OPE ) goes out. 
4)  Set the adjuster at the miadle point 
between the positions Selected in step 2) 
and step 3) 

thru-beam type 
5) Securely fasten the head of the fiber 
unit 
During fastening, take care to secure it 
to an extent that it is not displaced when 
vibration or shock is applied 
Notes 
1 Since the sensing distance depends on 
the material. color, size. shape and direction 
of targets, and the environmental conditions. 
check it using an actual target Since the 
transmission factor also varies depending on 
the bending angle of the optical fiber avoid 
the operation near the limit of the operation but 
operate i t  within two thirds of the limit distance 
2 If the adjuster LED does not come on in 
step 4) reposition the detection face and 
repeat the procedure of step 1) to step 4) or 
isolate an external cause such as variation of 
the ambient temperature or position variation 
of an object to detect 

3. Bending of stainless sleeve 
1 j Keep the bending curvature 10 mm 

2) Smoothly bend the sleeve using a 
round rod of 20 mm 
3) The sleeve can not be bent within 10 
mm from the tip or the root. 
Moreover, the bending angle shall be 
within 90 degrees. (MQ-F3SDl-K01 and 
MQ-F3SDeKR01 can not be bent.) 

radius or more. 

diameter 

'rE-=jj; I O  rnm ?.",." 
more I 

. _- 00 no1 bend inese areas 
L 

4. Handling of curled fiber 
The extension of the curled fiber should 
be kept 5 times or less of its initial length 
(If extended as a line. the length is 85 cm 

General tolerance: k0.5 
..... .- 

, max.) 
5. Cutting of fiber 
(Way to cut fiber) 

I I 

~ 

I Knobnorne -L 

1) Set the knob in the home position 
2) Loosen the set screw and set the 
fiber to a desired length 
3) Securely tignten the set screw and 
push down the Knob at once Do not 
stop on the way 
Push both A and 6 at the same time 
4) Before inserting into the amplifier unit 
return the knob to the home position 
Notes 
1 In case of the free-cut type the sensing 
distance is 20% reduced 
2 Do not open the blade carelessly because 
of danger 
3 Cut two fibers at the same time 
4 Do not cut fibers more than three times 
Otherwise. the cut surface becomes worse to 
reduce the detectable distance 
5 The curled fiber can be cut only at the 

shown below Do not cut the could area 
straight range (400 mm ) a  

- __ 
Curtable range 

6 MQ-FD1-NO2 MQ-FSDl-NO2 MQ-F3SD1 
KO1 and MQ-FBSD1-KRO1 can not be free-cu 
-+ For the ambient conditions, wiring and 
operation of the fiber unit, refer to the 
cautions for operation (page 43). 

6 



TO 200°C 4222’F 

Components for advanced technology 

I 

1 .  H e a t  resistant glass f i b e r  
Heat resistant type with a wide range of 

superiority will be proven for detection in 

, 

1 
-40°C to +200”C -0 F :O 392 F. Its 

U MQ-FSV 

the heat treatment process in the food 
industry, the soldering process in the 
electronics industry and so on. 

Detection of cakes just after the oven. 

MQ-FW 12-02 
Space sawq-Ftbers are usea In tne parailel I 

2. High serviceability 

The connector terminal structure 
facilitates a fast wiring job. 

Quick connecIim 1 
L 

3. Ratchet mechanism with the three- 

- 

Light-ON Dark 
Select Switch 

0 The ratchet mechanism prevents the 
adjuster from breakage caused by 
excessive turning 

Equipped with the indicator which is 
visible at a glance Temporary setting of 
the detectable distance is possible 
0 The adjuster LED equipped facilitates 
settinq of the sensing distance. 
r 

I 

AdiuMef LED 

G r  LED 
(OPE 1 
IndiCaiOr 

Sensnwiy adlusler 
(Ratmet mect!antsm 
wlth three-turn aaiusteri 
Mo-F ampfilter mil 

7 
I 
I 

I 
J 

4. The Light-ON and Dark-ON modes 
are quickly switched. 
(equipped with the switch) 
5. High speed detection at 0.5 ms 
(Red LED type) 
The detection is possible to 1,000 times 
per s. In addition, the green LED type 
operates at 500 times per s for high 
speed devices. 
6. Common use for operational 
voltages of 12 to 24 V 
Widely applicable over a range of 9.6 V 
to 30 Y DC 

APPLICATIONS 
Detection of passage of food container 
just after the heat treatment process and 
cakes just after the oven, detection of 
parts on the PC board just after passing 
the soldering bath, and prevention of 

t U r n  adjuster (equipped with the indicator) breakage otthe metallic dies in the in- 
Mountable on the DIN rail. Side by side 

mounting with labor-saving IS possible 

COMBINATION LIST 

The three-turn adjuster allows tine 
adjustment of the sensing distance. 

jection moulding machine (detection of 
moulding chips) 

1. MQ-F Fiber Units and MU-F Amplifier Units These units are available as separate units and may be combined as desired. 
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PRODUCT TYPE 

Applicable fiber Projector element Operation type Assembly with connector I Assembly with cabled connector (2 m 2 "aras 

Part No. Parl No. 

Note: The base mountable on DIN rail is attached 

Detection method --- Type 

Thru-beam type 
Glass fiber 

Diffuse 
reflective type 

__ 
Part No Fiber length Appearance Max sensing distance NO ,,,( )representss~eevelength I 

I MQ-FH12-02 

5cm I - = ?--e5 2 m 2 2 yd-cs I MQ-FHD5-02 

_- - - 
Standard 12 cm I - _ _  ----s 2 m L -  :s 

Standard 
Standard (with sleeve) 5 cm =:; mnes 1 2 rn (9  cm) z3  2 3-r ---e> 1 MQ-FHSDS-02 

S t a n d a r d  (with sleeve) 12 cm - -1- - ~ t s  2 rn i9crnl . -2 TWS 1 MQ-FHS12-02 

Item 
Rated operational voltage 

Operation side 

Load side Output current capacity 
Rated current consumption 

Description 

Max. 35 mA (excluding the load) 
Max. 100 mA 

- 
12 to 24 V DC 



OUTPUT CIRCUIT Dl AGRAM (Light-ONIDark-ON switchable) 

Circuit diagram 

Open collector output 

-1 

InImnal 
cncwt or 24 V DC 

OUIPUt , 
transisw 3 (Blue) c 

Lght-ONtDark-ON Operaim state ot Operailon 
sem swmh output transistor 

interrupled 1 Actwated 
Dark-ON side (Dark-ON) 

(ON when obpct 
deiecled~ 
ON when light 
received 

Light-ON side (Lmt-ON) 
(OFF when I 
oblect detected) Lit wnen 
ON wnen ilghl ! :ZLlved 
received 

L-rght-ON side (Ll~niaN) 
(ON wnen oqeci 
detected) 
ON when light 
nM r e c W  

(OFF when 
object detected; 

LED 10PE state of load 
I ON when light 

Dark-ON side (Dark-ON) 

Applrcable fiber unit 
Rated setting distance 
Detectable ObJeCt 

Operational angle 
Amkent temperature 
Ambient humKiitv 

when tqm 
mterrupred I 

MQ-FHl2-02 MQ-FH12-02 
12 cm 4 724 incnes 

20" to 60" 

1 m 33 2- incnes 
Opaque 3 mm I i r  ncii oiil n m e  Opaque 4mm I .+ M more 

5' to 40" 
-40°C b +2Oo"C - c '2 - 592 = (when combtned with glass fiber) 

Max. 85*h RH 

Actlvaled 
when hght 
receivea 

Actwaled 
when light 

I lecelved 

i----- 
Atliuated 
when light 
not rQCelVed 
I 

DATA 
1. Characteristics of liaht level received vs distance - 
MO-FA amplifier unit 
(MQ-FH12-02) (MO-FHS12-02) 
Fiber unit (Thru-beam type 12 cm 1 7:: -F) 
I I 

Dgnal toteram 

I : m, 

IO-FA amplifier unit 

ber unit (Diffuse refiective type 5 crn 
AO-FHD5-02) (MO-FHSD5-02) 

r a t '  ) 

MO-FAG amplifier unit 

Fiber unit (Diffuse reflective type 5 cm 
(MO-FHD5-02) (MO-FHSD5-02) 

) 

WIRING DIAGRAM 
MQ-F amplifier unit 

-1(BrOWT 
-:2(Black)m12 to 24 V DC 

(Blue) 9 0  mA max J 

Note: The colors are applicable for the set 
with cabled connector. 

2 Operation range characteristics 
Ma-FA amplifier unit 
(MO-FH12-02) (MQ-FHS12-02) 
Fiber unit (Thru-beam type 12 cm 4 ;24 ir- >) 
f 

MQ-F FIBER ATTACHMENTS 
1. Appearance 
MQ-FLE Lens Attachment 

mm i n i *  
MQ-FSV Side View Attachment 

4 Twopcs. asaset 4 2  ,, Two pcs. as a set 
2. Performance 
Attachment I MU-FLE Lens Attachment I MQ-FSV SI&? View Attachment 

Adlusler LED Light indaror LED (OPE ) mm inch AMPLIFIER UNIT DIMENSIONS 
MQ-FA Amplifier unit 

a Equtpped with the base 
mountable on DIN rail. 

-16- 
+ - ,  

Prqector SI& 

- 21 
I-- +-+-- - .  

I 
c., 

c1.0 
General tolerance: 



- 
GLASS FIBER DIMENSIONS mm inch 

MQ-FH12-02 Fiber Unit 
(Thur-beam type) 

M2 

~ -- . .  - - _ - "  

General tolerance *O 5 .:s .:.Equipped with fiber plug 

+Equipped with fiber plug 

MQ-FHS12-02 Fiber Ui 
(Thru-beam type with 
stainless sleeve) 

-- 
- .' 

General tolerance: k0.5 - 

M 4  ( P = F )  

1 8 dia 5 2 dia 5 5 dia 

.I. Equipped with fiber plug General tolerance 10 5 ,-c 

MQ-FHSDS-02 Fiber Uni 
(Diffuse reflective type 
with stainless sleeve) 

- 
-~ ~ 

/ CAUTIONS 
1. Sensitivity adjustment for the 

1) Swing the projector and receiver fiber 
Units to left and right, and up and down 
so as to position the light indicator LED 
(OPE ) at the center in the lightening 
range, and then secure them. At this 
time. confirm that the adjuster LED is lit 
2) Adjusting the sensitivity makes pos- 
sible detection of translucent and opaque 
targets. For opaque targets, the adjuster 
is turned to the maximum position (H),  to 
increase the distance tolerance. 
Note If the adjsuter LED goes out during 
operation. it is an alarm signal that detection 
does not work Readjust and check sensitivity. 

2. Sensitivity adjustment for the 
diffuse reflective type 

1) Facing the detection face of the fiber 
unit in the detection direction, temporarily 
fasten it 
2) Under the condition that no detectable 
Object exists, gradually turn the sensitiwi- 
ty adjuster counterclockwise from the 
maximum Dosition (HI to find the position 

thru-beam type 
where the light indicator LED (OPE.) 
goes out. When the LED goes out if  the 
adjuster is in the max. position, select 
the H position. 
3) Place a detectable target in the detec 
tion position, and further turn the sensi- 
tivity adjuster counterclockwise to find 
the position where the light indicator LED 
(OPE.) goes out. 
4) Set the adjuster at the middle point 
between the positions selected in steps 
2) and 3). 
5) Securely fasten the head of the fiber 
unit. 
During fastening, take care to secure it 
to an extent that it is not displaced when 
vibration or shock is applied. 
Notes: 
1. Since the sensing distance depends on 
the matenal, color, size, shape and direction 
of targets, and the environmental condi- 
tions, check it using an actual target. Since 
the transmission factor also varies depending 
on the bending angle of the optical fiber, avoid 
the operation near the limit of the operation 
but operate it within two thirds of the limit 

distance 
2 If the adjuster LED does not come on in 
step 4), reposition the detection face and 
repeat the procedure of step 1 ) to step 4) or 
isolate an external cause such as variation of 
the ambient temperature or position variation 
of an object to detect 

3. Bending of stainless sleeve 
1 )  Keep the bending curvature 10 mm 
_S4 inrn radius or more. 

2) Smoothly bend the sleeve using a 
round rod of 20 mm -:- :- diameter. 
3) The sleeve can not be bent within 10 
mm 2 2  - I--- from the tip or the root. 
Moreover, the bending angle shall be 
within 90 degrees. 

I ' I '  

I 
.%For the ambient conditions, wiring and 
operation of the fiber unit, refer to the 
cautions for operation (page 43). 

Do no1 bend lhese areas 
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MQ-F COMMON ITEMS 

3 (Blue) 

Accessories 
MC connector 

3 terminal 

er 

Three-terminal type 

r 

C l i h  D Fit the circular click A of the mounta- 

Push the side 
M o u r n  ble base into the DIN rail 

(Fig. 1) 

Fit in 

\Receptacle Terminal No. (code) I Description 
I ( - )  I - terminal 
2 i o terminal 
3 (Z-i I - terminal 

. Terminal 
. \Icnmptypei 

- 

Connector with MC cabled connector 
(Cable length 2 m - - -c:) 

Three-code cable 

Terminal No. (Color mde) I Description 
1 (Brown) 1 ,? terminal 
2 (Black) I e terminal 

~ 

Amplifier Mounting 
Adluster LED Ltgni indicator LED 2 The DIN rail mountable base and connector - 

2 are attached on the amplifier unit. and the 
fiber plug is attached on the fiber unit respec- 

I 

4 

'Wt I 

L&-E-L==dl -7 2 

A- - _  - ---.iJ=2 tively 
Light-ON Dark-ON select swllcnf Sensttlvny adlusfer 

5 5 2 1  

General tolerance: f 1 . '29 

Accessory Attached Dimensions 
Direct mounting on the chassis 

1) When using the DIN rail mountable base, 
use two M4 pan head screws. (Keep in mind 
that the hex recessed cap bolts can not be 
used as the mounting fasteners.) 
2) For the screw pitch, see the following view 

3) To fasten the amplifier main body, use M4 
screws on the flat surface and combine the 
screw with the plain or spring washer, and 
tighten the screw to a torque of 10 kg-cm or 

t - - - - - - i  
1 ,-45 

(Pitch: 45 mrn - . K )  

less. 61 9 

Attachment and Detachment of Fiber Plug 
0 To attach the fiber plug on the fiber plug To detach the fiber plug fram the amplifier unit 

Push the fiber plug in the arrow direction 
as far as the upper and lower clicks of 
the fiber plug are securely engaged on 
the upper and lower areas A of the 
amplifier unit. 

Lightly push the upper and lower areas A 
of the amplifier unit with a screwdriver or 
similar to disengage the click area of the 
fiber plug. Then, pull out the fiber plug 
Note. Take care not to excessively push the 
area A, or the click area of the fiber plug will 
be sometimes broken. 

F& plug Click area Area A 
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CAUTIONS 
1. Environmental conditions 
0 Amplifier unit 
1 ) The ambient temperature shall be 
kept within a range of -25 C to i-55-C 

2) The operational voltage shall be kept 
within a range from 9 6 V to 30 V DC 
(including ripple P-P) 
3) Since the internal circuit may be 
broken when the external surge voltage 
exceeds 500 V (single polarity full wave 
voltage of ~ ( 1  20x50) ps), the surge 
absorbing element should be used 

Fiber unit 
1) The ambient illuminance shall be 
3,000 lux or less at the receiver under an 
incandescent lamp, and 10,000 lux or less 
at the receiver under sunlight 
2) The unit shall not be used at the site 
where much steam, dust or corrosive 
gas is suspended, water or oil splashes 
directly over the unit, or organic solvent 
adheres to the unit 
2. Wiring 
0 Amplifier unit 
1) Since improper wiring results in 
breakage of the internal circuit. check the 
wiring before turning on the power 
supply 
2) The load relays rated at 12 V DC or 
24 V DC shall be used. 
Since the voltage applied to the load 
relay is determined by subtracting the 
internal voltage drop (max 1.2 V) from 
the photoelectric sensor operating volt- 
age, care shall be taken for the voltage 
fluctuation. 

- 

Crimping 
~ _ .  . 

JHTRl719C 
Insertion Pulling-out 

-2 

J5800-001 J5800-002 

3. Handling of the fiber unit. 
1) The fiber unit shall be securely 
equipped on the amplifier. 
2 )  Do not tighten with an excessive 
strength. Apply a torque of 8 kg-cm or 
less for tightening 
3) Do not apply a pulling force of 3 kg 
more to the fiber unit. 
4)  Make the bending curvature of the 
fiber as large as possible. If the curva- 
ture is small, the transmission factor is 
reduced. So, check this during actual 
operation. (The curvature shall be 
R25 mm or more.) 
5) Largely bend the fiber and do not 
bent it at the root. 

Cord relainer Fiber Aljke an 
sil+ '""'" - Ts o~sflilar 

7- 
I Good No good 

Amplifier unit Acute bena'ng 
i -  

gBAmplier mil r. -- 

6) Do not compress the fiber or apply, 
load to it. 



MP-F FIBER SELFCONTAINED-DC 

Components for advanced technology 

r 

When light is blocked. output transistor ON 1 1 PC 10 pcs MP-F2A-DC12/24 V 

Type Detection method Fiber length Max. sensing ' 
distance 

I 

Packing 
~ a r t ~ o .  1 Inner \ External 

3 m  MP-F25-03 

MP-F5-03 I P C  10 Pcs 
dP-F25 1 PC 10 pcs 

1m MP-F25-01 1 P C  10 Pcs 
10 pcs VIP-F25-02 I P C  

1 PC 10 pcs 
10 pcs dP-FD1 

UP-FDI-01 1 PC 10 pcs 

) l o w  

i 
3 m  . j 

I 

I 1 PC 

174- I 

I Dtffuse reflective type 11 cm 2 m  MP-FD1-02 1 PC 10 pcs 
I _ _  

9Pc 
GA 

t m  I 

i MP-FD1-03 I I , 3 m  : 



COMBINATION OF FIBER UNIT AND AMPLIFIER UNIT OPERATION - _ _ _ _ _ _  _-_ 

- Plastic fiber 
Diffuse 
reflective type Thru-beam type 

Operating condition of 
output transistor 

: Operation t- Operating condition of load 
Output circuit diagram 

1 
................. ' Indicator --____I. Relay, etc.' MP-PC Control Pack Fiber unit /Amplifier unit 1 

, 

Glass fiber 
I Diffuse 

, mwbeam type 2 Z v e  type 

tyl 
MI 

MP-F5-03 1 MP-F25-03 1 MP-FD1-03 j ................. 
, ~ MP-F5-02 1 MP-F25-02 , MP-FD1-02 1 

i I  
..... " 

1 Light inter ON Lights with :zrfgs Output relay owrate rupted ON when oblectldetected 
MP-F?E; Liqht interrupted ' I 

4) I idark ON) (equivalent lolb contact) light Input interrupted with light interrupted _- 
Lights wtth :Er:; output relay Operate Diff Light input DC 12-24 I Light inout ON 

I ON when onlect detected reflective ON type 

MP-FD1 
MP-FHDl I Lighti~terNptedI 1 
MP-FSnl I (MP F2A) Diecast case 

I - I (Light ON) 
I '  

iequtvaient 10 a contact) I light Input input With light input --- -. __II 

type (MP-F1 A) traJ-w*or I , Blue 

MP-FX1 ONVP t - ~ rupted ON when O b p C i  detected 

- -  0 

Capacitor grouna Lights Wl(h Output relay operate! Light inter OFF 

idam ON1 (equivalent to b cnntactl 1 light Input interrupted with light interrupted 

' 3 
. . . . .  . .  ..... ......... ... ..... -_ ___ i. 

Notes: In order to improve resistance to noise. because the diecast case is the condenser ground, when installing, use the special bracket provide 
When a different mounting bracket is used, insulation should be provided. 

SPECIFICATIONS 
1. Ratings 

__ ~~~ ~~~~ 

When used with MP-F2A amplifier unit 
l_l... 

--.._.._ Type I When used with MP-F1A amplifier unit ' 
___.. _I____._ 

........ -.I---_....__. DC 12 to 24 V __ Operating j Rated operating voltage DC 12 to 24 V 
................ 

side Rated current consumption I Max. 40 mA (excludinq load) Max. 40 mA (excludina load) 

__-_ Max 80mA Max 80mA 
With light input, output transistor ON (light ON) When liqht interrupted. output transistor ON (dark ON) 

- - _ _ -  Output current capacity 
Operating method 

Load side I - -- 

2. Performance outline 

0.05 mm . dia. copper wire 

Opaque target. transparent target 

o 1 mrn 

Opaqw target 
transoarent teroet Opaque target 

1 1  rnrn dia 1 ~ 1 mm dia I 2.5 rnrn Minimum detectable target 

Detectable target Opaque target 
. .. ............. ........ ..... opaque target dia opaque target ' dla copper wlre , opaque target _" ~- 

- Operating . voltage -. ~ range ~~. ~ _ .... 10.8 to 26 4 V DC ..... (Including ripple (P-P)) 
25 crn 1 crn ! 5 c m  It crn 11 cm I 1  cm 

u- -.___ .................... _-__ ~~ ~ _ _ _ _  Max setting distance" 5 m  

Operating angle 

Hysteresis" - - I atrnax , - , Less than 2 mm (at rnax. sensing distance) 

- - - 
.... .... . . ................ _ _  - -. ~~ ___ _ .._._.____I_ 

Above lo" Above 1 0  Above lo" - 
Less man 2 rnrn 

semng distancei 
I 

___ .-___ .................. .~~ 
........ ......... .................... ..... ........ + ~~ 100 times/s ____. 

Detection speea 
Operation indicating method 
Vibration 
resistance I Destructive , Oscillation amolitude 1.5 mm (2 h on 3 axes) 

__... 

....................... _ With light input. indicator lights (visible red light) -- ~~ .......... ~ . 

I Functional 10 to 55 Hz ( 1  cycle/min) 
1 .. 

Shock Functional 

Protection construction 

100 G (6 times on 3 axes) 

Diecast case (equivalent to IEC IP66) 
lncadescent lamp m a .  3.000 lux 

Daylight m a .  10,OOO lux 

.... .... ....... . ............ , Destructive : 

.- ~~ ..... . . . .  ... __. .................. 

, ............. 1 Ambient light level - ... 

___.____I ........ ~ _ _ _ _ _ _ _ . _  Ambient , 
use i Amplifier 
conditions I Amb'ent "st? 

-25 C-TSS C 
. ~ ......... i -40 C-770 C -4OC--200C temperature I Fiber - 80"C* 70 C ' -4O'C-~200'C .......... ._..___ -__ 

I Ambient use humiditv Max 85% RH 
, 10 mm 

Piastic fiber. WY- 
ethylene covering ed stainless tune 
50 cm approx 20 
inches i 1 rn 

___ Amplifier permissible bending radius 5 mm 25 mm 

fiber material 

Fiber length 

....... ....................... . __- ._ .. ... 

Glass t,ber, teflon 

2 m  

Glass fiber. anmi- Plastic fiber. polyethylene covering 
..... ._ 

7 cm 50 cm approx. 20 inches (1 m 
2 m  . 3 m  available) I V I I I R ~ I P I  

Notes 1) Unless otherwise specified. the measurement conditions are the rated operating voltage. battery power ambtent temperature of 20 C 
standard target. light intensity at receiving surface of less than 200 lux 

"2) In the diffuse reflective type, because the rnax sensing distance and hysteresis are the distance with a standard target the distances 
will vary due to target's material color. size etc 

_.__. .-- 
E 



DIMENSIONS 
When special bracket is used for mounting mrn incn 

same for the thwbem type. 

0.5 
029 

General tolerance: f l  7 039 

SAccessones provlded in box with each sensor. 

DIMENSIONS 
MP-F amplifier unit 

WIRING DIAGRAM 
I 
I 

Bmmn r r  MP-F arnpliiier unit 

METHOD FOR CONNECTING 
fiber unit to amplifier unit 

I 

Faslenins nut plug secton Ampfinr unit Receptade 

0.5 
020 
I 

MP-FlA-DC12/24V 
ON with light tnput 

ON with ltght interrupted 
MP-F2A-DG12/24V 

@nerd tolerance: i l  I 039 

MP-FS fiber unit 
(Plastic fiber thru-beam type) 

7 i: 
M4 (P=O 7) 

2 2  DIA 

Condition with fiber unit and amplifier unit combned 
*DimensHms are the same other than hber lengthsfor fiber length 1 m, 2 m and 3 m types - ?xas  2 2 yaras anc 3 3 :‘aras tvpe 

GeneTal tolerance. * l  2 039 

70 



Sem~tinty adystment m t r o l  rnrn inc: Operation indicator -- MP-F25 fiber unit 
(Plastic fiber thru-beam type) 1 

2.2- 

I *.21)I* ___- Fiber end protection spring MS (P=O E) 

~~lm€!nSlOnS are the same other than fiber lengths for flber length 1 rn, 2 m and 3 rn types. 1: ;iards. 2.2 yaras ana 3.3 varas tvoe. 
General tolerance: f l  I 03 

Senstttnry adiustment m t r o l  
I 7- 

MP-FD1 fiber unit Operation indicator 

MOOMIN.--- 
(Diffuse reflective type) 

M6 (P=O 75)  

!';I) 
- _ 1 2  

Condition with fiber unit and amplifier unit combined 
%Dimensions are the same other than fiber lengths for fiber length 1 rn, 2 rn and 3 m types. i 1 yards. 2 2 yaros ana 3.3 yards rype. 

MP-FH5-02 fiber unit 
(Glass fiber thru-beam type) 

General tolerance: f l  . 03! 

Condition with fiber unit and amplifier unit combined. General tolerance: *l 03 
.. 

Sensitivtty adjustment control MP-FHDl-02 fiber unit Operation indicator 

(Glass fiber diffuse reflective type) 

295 

M6 (P=0.75) / 
Fiber end protectton spnng 

v 

..=$\ 
. .  

Condition 4th fiber unit and amplifier bni-combiner. General tolerance: * 1 : -031 

7 
___- I___ 



rnrn MP-fX1 fiber unit 
(Coaxial fiber diffuse reflective type) 

Opration IfIdator Sensitivity adlust menl control 

. 
,.\ 

1101 E€=- 

Condition with fiber unit and amplifier unit combined 
: Dimensions are the same other than fiber length for MP-FXl-01 (fiber length 1 rn 

MP-FSD1-7 fiber unit 

type) General tolerance * 1 
-~ - 

(Metal tube diffuse reflective type) Operation indicator Sensitivity adiusl menl control 

130 iA  1 BDlA 

Condtion with fiber unit and arnpiifier unit combined General tolerance t~ 1 _ <  

DATA 
1. Characteristic of light level received vs distance 
MP-F2A ampltfier unit 
MP-FSA fiber unit 
(Plastc fiber thru-beam type 5 cm 

) 
1 

I 

I I 

I 

Otslance (an ) 

I 

-- 

MP-F2A amplifier unit 
MP-F25 fiber unit 
(Plastic fiber thru-beam type 25 crn - - -) 

- 

0 10 20 25 30 40 50 

MP-F1 A amplifier unit 
MP-FD1 fiber unit 
(Plastic fiber diffuse reflective type 1 cm 

- _  . ) - 
I 
I 

I , 
I 
I 

I 

I 

I Dlslance imm 



MP-F2A amplifier unit 
MP-FH5-02 fiber unit 
(Glass fiber thru-beam type 5 cm 
zmrox L rcnes) 

I 

! 
i 
i 
~ 

! 
I 
I 
i 
I 

r _ -  
Distance (cm ~ I 

MP-F1 A amplifier unit 
MP-FSD1-7 fiber unit 
(Metal tube diffuse reflective type 1 cm 

-,"ox : r - i e s )  

MP-F1A amplifier unit 
MP-FHD1-02 fiber unit 
(Glass fiber diffuse reflective type 1 cm 
~ m s x  -: r;-es) 

7 -. 

MP-F1A amplifier unit 
MP-FX1 fiber unit 
(Coaxial fiber diffuse reflective type I cm 
zz3ro' ~ 2 I ~ C - O S )  > 

I 

wntroi i . Signal tolerance 
set at maximum IH) B : Detection distance 

tolerance 
0- .* 

. .-. 

m - . . . .. . .. . 
\a, 

loo 

I C  0 lo  2 4 6 8 10 1214 16!8,202224 
... . . .- 
.i 

~. . - -  - .  . .. 
- . . -._ 

Distance (mm - - - I  

2. Operation range characteristics 
MP-F2A amplifier unit 
MP-F5 fiber unit 
(Plastic fiber thru-beam type 5 cm 

C Y O X  - ---e+) 

MP-FIA amplifier unit 
MP-FDI fiber unit 
(Plastic fiber diffuse reflective type 1 cm 
x x r o x  - >-- -eb)  

Distance X (mm - ) i 
MP-F2A amplifier unit 
MP-FH5-02 fiber unit 
(Glass fiver thru-beam type 5 crn - - =s) 

MP-F1A amplifier unit 
MP-FHD1-02 fiber unit 
(Glass fiber diffuse reflective type) 

MP-F1A amplifier unit 
MP-FXI fiber unit 
(Coaxial fiber diffuse reflective type 1 crn 

zzrcx - 
I 

,with sensitivtty mntroit-- - 
set at maximum (HI 

' 

I 8 - 

3 2 1 0 1 2 3  

Distance X (mm I 

With sensiiivity wnwi set at maximum 
Tamer- white aaDer lOxl0 mm 

Distance X lmm ) 

I 

Wilh sensitivity mntrol set at maximum 
Target: whne paper 10x10 mm 

. 

3 2 1 0 1 2 3  

Distance X imm 1 

7 



M P - F l A  amplifier unit 
MP-FSDI-7 fiber unit 
(Metal tube diffuse reflective type 1 cm 

L) ' I  . . _  

Transmttisw oil B grade heavy oil 

wm smwtwity mntroi set at maximum 
T q e r  mtte paper  l ox  10 mn 

3 2 _ 1 0 1 2 3  

Distance X lmm 1 

Methanol 

I 

CAUTIONS 
1. Regarding connection 
1) Because of the possibility of damage 
to the internal circuit due to erroneous 
connections, before applying power, 
carefully check the wiring. 
2) For load relay, use a unit whose rated 
operating voltage is 12 V or 24 V DC 
Because of the internal voltage drop in 
the MP-F photoelectric sensor operating 
voltage, care should be taken with vol- 
tage variation for the impressed voltage 
to the load relay 
3) Due to the possibility of damage to 
the output section with loads greater 
than 80 mA, care should be taken not to 
overload the section. If wiring is run 
parallel to high voltage or power winng, 
misoperation can occur from rnductive 
noise, and this can be a cause of dam- 
age For that reason, wiring should be 
done in separate conduit or channels. 
4) For extension cables, wire of greater 
than 0.3 mm2 AWG22 should be used in 
a length less than 100 m 
5) During mounting, i f  the unit is struck 
with a hammer or other heavy tool, there 
is the possibility of damaging the water- 
protection of the case. Sufficient care 
should be taken. 
6) An isolating transformer should abso- 
lutely be used with the DC power source 
If an auto-trailsformer (single winding 
transformer) is used for the DC power 
source, because the capacitor is ground- 
ed to the MP-F fiber photoelectric 
sensor, there IS the possibility of an AC 
current flowing through one line of the 
source, causing burnout damage to 
either the photoelectric sensor or the 

- _  - 

___ - Icl power source 
' When k o l a t i o n  transformer is used for 

___-- 

I power source - .-_. GOOD 

A7TACHlNG FIBER UNIT END SECTION 
Example 

L-type 
bracket 

7) When used with an ultrasonic welder 
or other high frequency device, to avoid 
misoperation due to an inductive current, 
the accessory mounting plate should 
absolutely be used. 
8) In order to improve the noise resis- 
tance capablity, when a capacitor is 
mounted in the diecast case, the special 
mounting bracket should be used. If a 
different brackef IS used, rt should be 
one that will provide insulation. 
2. Regarding ambient environment 

for amplifier unit 
1) Use in the range of -25°C to +55"C 

ambient temperature. 
2) Use in the range of 10.8 V to 26 4 V 
DC for operating voltage. 
3) If a surge voltage greater than 500 V 
[&(I x4O)gs single polarity full wave 
voltage] occurs, there is the possiblity of 
damage to the internal circuit. For that 
reason a surge suppressor should be used 
0 For fiber unit 
1) Use in a light environment where the 
intensity is less than 1,000 lux for fluores- 
cent lamp, less than 3.000 lux for an in- 
candescent lamp, and less than 10.000 
lux for daylight 
2) Avoid use of the plastic fiber type in 
locations where there is steam, dust, high 
level of corrosive gas, or where there can 
be adhesion of organic solvents. (The 
fiber is made of methacrylate material.) 
3) Use the MP-FH5-02 and MP-FHDI- 
02 (glass fiber type) where the ambient 
temperature is within the range of -40°C 
to +200"C - - .  
The fiber is made of glass and the pro- 
tective covering is teflon resin. There is 

- r -  

List of fastening nuts and spring 
washers (Unit: rnm) 

Spring Fastening nu t  1 washer Fiber unit 
M J ( P - 0 7 )  ' M4vm MP-FS 

(Thur-beam type) 4 W S  1 2pcs 

(Thru-beam type) W* 2 pcs 
MP-F25 M5 (P = 081 M5 type 

MP-FDl M6 (P - 075) M6 type 
(Diffuse 2 pcs 1 pce reflective type) 

M5 (P  = 0 8) M5 type 
MP-Ft45-02 4 P a  2 pcs 

M6 (P  = 0 75) M6 type 
1 tpce MP-FHDl-OP 

MP-FX1 ?&(P = 0751 ' M6 type 
2 D t S  I 1 Dce __ 

MP-FSD1-7 I Not used Not used 

sufficient durability against the following 
liquids for momentary contact, but if 
there is adhesion to the end section. the 
light level may change and there is the 
possibility of misoperation. 
Hydroehronc acid(20%.)/ Sulluric acid (1006l(Ammonia (3094) 

Transmission 011 €4 grade heavy oil I Methanol 

5) For MP-FX1 (Coaxial reflection type), 
use in the range of -40°C to +70"C 

- x.  The fiber IS methacry- 
late resin with a protective covering of 
polythylene, and for that reason adhesion 
of organic solvents should be avoided. 
6) Both the fiber unit and amplifier unit 
are water-protected (IEC IPS), but 
object detection in water or where there 
is direct impingement of rain should be 
avoided. 
3. Regarding adjustment of diffused 
reflection type sensitivity 
1) Temporarily fasten the fiber unit with 
the detecting surface positioned in the 
direction of the ohlect to be detected. 
2) With the condition of no object being 
present, slowly turn the sensitivity control 
counterclockwise from the maximum 
position (H), and determine the position 
where the operation indicator light goes 

- 

out. If the light is extinguished even in the 
maximum position, that position is set as 
the H position 

-. 



3) With a target in the position to be 
detected, turn the sensitivity control 
slowly conterclockwise and determine 
the position where the operation indicator 
light goes out. 
4) Set the control midway between the 
position of 2) and the position of 3). 
5) Fasten the head of the fiber unit. 
When fastening, securely tighten the 
mounting so that there will be no shifting 
due to vibration or shock. 
Note 1 : If the position for 2) and 3) ad- 
justments above are less than 2 gradua- 
tions, change the detection surface posi- 
tion and repeat the steps 1) to 4), to 
suppress the external factors causing the 
variation due to ambient temperature 
change, or variation due to position 
change of the target. 
Note 2: Because there is a difference in 
detection as a result of material, color, 
size, form, direction, and other ambient 
conditions, a check should be made with 
the actual target. Also, because there is 
a change in the light transmission due to 
the angle of bend of the fiber, avoid 
using close to the boundary limit of the 
operating region. Use the unit at about 
2/3 the distance to the boundary limit. 
4. Regarding adjustment of the light 
axis for the separate type 
1) Set the projector and the receiver 
fiber unit in a straight line. 
2) By means of adjusting the sensitivity 
control, it is possible to detect an opaque 
or translucent material. For an opaque 
material, set the adjustment to the maxi- 
mum position (H) to increase the dis- 
tance tolerance. 

Sensitwity adlustmen1 mmroi 

5. Regarding mounting of fiber unit 
1 )  Securely mount the fiber unit to the 
amplifier unit. 
2) Do not apply more than 5 kg tension 
to the fiber unit of the plastic fiber type. 

3) The bending radius of the light fiber 
of the plastic fiber type should be kept as 
large as possible. If the bending radius 
is less than 5 mm - --- there is the 
possibility of damage to the light fiber 
(Because there is a reduction is the light 
transmission due to a small bending 
radius. the actual condition of use should 
be checked ) 
I Bending radius vs received light signal 1 

I level (representative example) 

- - ._ 

MP-FDl (oiifuse relleC1ive rype ar 1 cm 
) 

4) For the MP-FH5-02 and MP-FHD1-02 
(glass fiber type), because the fiber 
material is a multicomponent material, to 
avoid a break in the fiber. the following 
points in particular should be given atten- 
tion. 

Do not apply tension in excess of 5 kg 
to the fiber unit. 

Use a bend radius of greater than 
25 mm $E4 incn 

Ro not make a bend with 5 mm 
' 97  inch of the base of the fiber of the 

cord. 

/ 

Do not twist the fiber cord. 

I NO GOOD I 

0 For the MP-FH5-02 (thru-beam type), 
the fiber cord is divided into 2 fibers at 
the base section. and tension should not 
be aDDlied. 

NO GOOD 1 -  I 

/// ' I 

/ /  =-/' /" 

. 

I 

5) For the MP-FSDl-7 (metal tube type) 
do not apply tension greater than 5 kg to 
the fiber unit A flexible metal tubing is 
used for the protective covering of the 
metal tube to permit using the most 
suitable position by bending. 
However, there should be no bending 
15 mm 

hold the tube with pliers to make the 
bend Bend with the hand in a radius 
greater than 10 mm b:< i- - In additior 
take care not to cause a shitl in the light 
axis due to resonance with machine 
vibration. 

- * -  from the end or 5 mm 
from the base section Do not 

'Elm 5 mm 

6) For the MP-FX1 (coaxial reflecting 
type), do not apply tension greater than 
5 kg to the fiber unit. Make the bending 
radius as large as possible. If a bend 
less than 10 mm 394 incn is used. there 
is the possibility of damage to the fiber. 

Installing the fiber unit I GOOD NO GOOD 

NO GOOD 
Tghlbend 

Ampiflier unlt 







Photoelectric Sensors 

Scan Type 
Retro (Infrared) 

Polar (Visible red) 

MHP Series 

catafog Listing 
SkdCiRg wtth sourchg with Sin- and 

Termination S e l f - D i ~ m s t i c  Self-lMgmstk Soydng 
~ Preleaded MHP-R3I L MHP-R32L MHP433L 
Connector MHP-R31 Q MHP-R32Q MHPR33Q 

Scan 
Distance 
18 ft. 

30 ft. Preleaded MHP-LR3l L MHP-LR32L MHPLR33L 
Connector MHP-LR3lQ MHP-LR32Q MHPLR33Q 

8 ft. Preleaded W P P 3  1 L 

I 
MHPP32L MHP-P33L 

l Connector i MHP-P3 1 Q i MHPP32Q i MHPP33Q 

AC and DC Miniature High Performance 

Fiber Optic" 

DC - MHP SCAN DISTANCES ORDER GUIDE 

Infrared Preleaded MHP-F3 1 L MHPF32L MHP-F33L 
Next Page Connector MHP-F3 1 Q MHP-F3M MHP-F33Q 

Visible Preleaded MHP-FR3lL MHPFR32L MHP-FA33L 
Red Connector MHP-FR31Q MHP-FR32Q MHP-FR33Q 

GENERAL INFORMATION 
MHP Senes miniature htgh-performance 
photoetectnc sensors are rugged. powerful 
controls packaged in a small, yet flexible 
housing design. They can be erther side 
mounted or thru-hole mounted. 
All matenals used to fabncate these products 
are chemically reastant. The housing is fully 
potted to withstand harsh industnal environ- 
ments, including high-pressure washdown. 
Unrts can be furnished wth either preleaded 
cable or quick deconnect terminaton. 

1 Scan 
Scan Type Distance 
Retroreflective (Infrared) j l e f t  

FEATURES 
0 Withstands high-pressure washdown 

(1,200 pa) which simulates cleaning 
procedure used in food and beverage 
processing, exceeding NEMA 6P and 
IP67 

0 Ultrasonically welded lens, plus fully 
potted housing ensures watemght seal 
integnty 

0 Rugged housing wthstands strong acids, 
alkatines, cutttng flmds, and thermal 
shock 

0 20-260 VAC, 2 wre; or 10-30 VDC wth 
sink and source output in a single unrt 

0 Quick-disconnect versms decrease 
downtime 

catalog Listing 
Prcleaded conmrctar 
MHP-R2AL MHP-R2AQ 

Polarized Aetro (Visible red) 
Diffuse Scan (Infrared) 

Beam 

30 ft. 1 MHP-LR2AL MHP-LR2AQ 
8 ft. 1 MHP-P2AL MHP-P2AQ 
18 in. I MHP-D2AL MHPD2AQ 

Thru Scan (Infrared) ~ looft Emitter 1 MHP-TE2AL 
Receiver j MHP-TR~AL 

Convergent Beam (Visible red) ~ 1 .O in. MHP-C12Al 
/ 2 5 m  ' MHP-C22AL 

Fiber Optic' I Next page Infrared I M H P - F N  
I Visible Red i MHP-FR2AL 

AC - MHP SCAN DISTANCES ORDER GUIDE 
i I 

MHP-E2AQ 
MHF-TR2AQ 
MHP-C12AQ 
MHP422AQ 
MHP-FXQ 
MHP-FR2AQ 



Photoelectric Sensors 
HDMP/MHP Fiber Optic Cables 

Input Sensor Scan Glass Cable Plastic Cable Plastic Lensed 
Voltage Type Type 
10-30 Infrared Diffuse 2.3 in. 0.21 in. 
VDC 

w/o Lens'* w/o Lens FEF-PLT1 Cables 

..___- 
N/A 

Thru scan 14 in. 3.50 in. 41 in. 
Visible Diffuse 1.4 in. 0.40 in. N/A 

Thru Scan 10.0 in. 3.30 in. 50 in. I Red 

GENERAL INFORMATION 
MP/MHP-F fiber optic sensors are ideal for 
use where space IS limited and/or target ob- 
jects are very small. Since these controls are 
self contained. no separate amplifier is need- 
ed for signal conditioning. 
Infrared sensors with glass cables provide 
the greatest scanning distance and are most 
stable when sensing a wide vanety of colors. 
Visible red sensors with plastic cables are a 
cost-effective, reliable approach to pres- 
endabsence and color contrast applica- 
tions, They are ideal for use with lighter colors 
as required in color mark detection. 

26260 
VAC 

FIBER OPTIC CABLES 
Glass cables. Armor grip cables have a 
flexible metal jacket to help the cable with- 
stand physical abuse. Monocoil PVC cables 
provide greater sealing and should be used in 
areas of high pressure washdowns. Both 
types of glass cables have stainless steel 
end tips and corrosion resistant mounting 
hardware. 
Plastic cables can be cut to length in the 
field. Standard cableswith 1 mm dia. core are 
sutable for most uses. Cables with a 0,5 dia. 
core are best for detection of tiny parts. An 
MHPFOA plastic cable adapter (sold sepa- 
rately), is required to assemble plastic cables 
to MHP sensors. 

Infrared Diffuse 2.86 in. .71 in. N/A 
Thru Scan 23.60 in. , 3.10 in. 43.3 in. 

Visible Diffuse 1.70 in. .61 in. N/A 
Red Thru Scan 10.0 in. 3.20 in. 40 in. 

FEATURES 
I) Fiber optic sensors suited for use in 

space constricted areas, especially 
where high-speed sensing of small parts 
is required 
High-performance construction, including 
high-pressure washdown sealing - 
adjustable sensitivity, alignment 
indicators, and selectable lightldark 
operate for installation ease 

0 Visible red or infrared light source for 
application versatility 

I) Choice of flexible plastic or glass fiber 
optic cables 

PLASTIC FIBER OPTIC CABLE ORDER GUIDE 
Use with MHP/MPF. Each catalo~l listinq for individual thru scan cables specifies a pair. (1 meter cables shown, except where noted.) 

Individual FEF-PAT4-M 
Bifurcated FEF-PADG-M Individual FEF-PLT1 

GLASS FIBER OPTIC CABLES ORDER GUIDE NOTE: For washdown applications, monocoil cables should be used. 
I 

dia. bundle 
Individual: FE-ITS6S-3 
Bifurcated: FE-BTSGS-3 

PVC monocoil. 
Individual: FE-ITSGM-3 
Bifurcated: FE-BTSGM-3 

End Tip Detail 

5/16 I 24 SST lhd 
2 Jam NUIS In:luded / 

- Catalog Listing for MPF 
Threaded end tip. Armour grip 
Individual: FE-T2B-3 .09 
Bifurcated: FE-B2B-3 . 1 25 

PVC monocoil 
Individual: FE-T5B-3 .09 
Bifurcated: FE-B5B-3 ,125 

FO dia. 

Right angle end tip. Armour grip 
Individual: FE-ITSASGS-3 
Bifurcated: FE-BTSASGS-3 

PVC monocoil. 
Individual: E-ITSASGM-3 
Bifurcated. FE-BTSASGM-3 

Right angle end tip. Armour grip 
Individual: FE-T2L-3 .09 
Bifurcated: FE-B2L-3 ,125 

Y l S r 2 4 S S T h d  / 
2 Jam MIS Incbdad / ! PVC monocoil 1 Individual: FE-T5L-3 

1 Bifurcated: FE-B5L-3 
.09 
.125 



Photoelectric Controls MP/HDMP Series 
Modular AC and DC 

- 

1 Description 

Our Most Versatile Control - 
Select Your Specific Application Needs ) 

catatog listing 
stsmlenf I Harsh Dutv 

STANDARD NIP 
With MP Modular Photoelectric controls it is easy to select the nght 
combnation of components to suit your application needs. There are 
many choices of sensing heads (including fiber optics) and bases; 
plus, the option to add a muitifunction timer/logic card. Standard MP 
has rugged NEMA 1,3,4,12 and 13 sealed industnal construction. 
MP is easy to assemble. Heads assemble to bases with four capbe 
screws. Bases plug into receptacles that feature easy wtnng wlth 
screw terminals, premed cable or plug-tn connectors. Logic cards 
plug into the head. Dual LED alignment indicators are visible from all 
sides. Heads rotate to four postions (plug-in and relay bases). 

MPG FIBER OPTIC HEAD (Universal style cables only) 
Infrared, 1 msec response I MPG6 

HARSH DUTY MP 
MICRO SWITCH Harsh Duty Modular Photoelectnc (HDMP) controls 
prowde supenw sealing and corrosion resstant components to mth- 
stand harsh environments. The HDMP seres meets the extreme 
NEMA sealing tests 4,4X, 6 and 6P. In ddrtion, the HDMP has been 
successfully tested to MICRO SWITCH Test Speckattons 060.167, 
Issue 2, Paragraph 4.9. This is a test specification for hgh pressure 
(1200 psi), high temperature (140°F) chemical washdown. This test 
srnulates the cleaning procedure used by Food and Beverage pmc- 
essing plants- procedures which are more severe than the standard 
NEMA 4 hosedown. 

MPGGHD 

To Order 

Select 
Photoelectric 
Sensor Head 

Pick 
Appropriate 
Base 

HEADS ORDER GUIDE 

MPG 

Add 
Timerkogic Card 
(Optional) 

RETROREFLECTIVE HEAD 
30 ft. range, 10 rnsec response, plastic lens 
30 ft. ranqe, 1 rnsec response, plasttc lens MPLGHD 
POLARIZED RETROREFLECTIVE HEAD 
20 ft. range, 10 rnsec response. glass lens 
15 ft. ranqe, 1 msec response. qlass lens 

MPPl HD 1 M P W D  I 
DIFFUSE HEAD 
10 ft. range, 10 rnsec response, plastic lens 
3 ft. range, 10 rnsec response, plastic lens 

l 18 inch range, 1 msec response. plasttc lens 

MPD2HD 

' THRU SCAN HEADS - 200 Fl'. RANGE 
Emitter, glass lens MPEl HD 
Receiver, 10 rnsec response. glass lens MPAI MPRl6HD 
MPF Fl8ER OPTIC HEADS(MICR0 SWITCH style, dual 
slot cables only) 
Infrared, 10 w e c  response 1 !dFl 1 Mff lHD 1 Infrared. 1 msec resmnse MWGHD 

Popular fiber optic cables on factng page. 
Many additional head options and cables are in the lndustnal Catalog 



Photoelectric Controls 

MPSlO MPSIOHD 
MPSl 1 HD MPSll 

MPSl 1 HD-LD MPSI 1 LR 

Modular AC and DC 

I NIPS17 

PLUG-IN BASES ORDER GUIDE 

MPS17HD 

Receptacle Plug-in Base RECEPTACLES 
Standard 4 terminal plug-in 

Mini-Base 

MPBfO MPB2O 

MPZBQG, MPZBQ7, MPZBQB 

h 9 .  --- / A  

.-. 

SPDT 
103-132 VAC. 6 amp 
22-26 VACNDC. 6 amp 

MP/HDMP Series 

Standard 

M W l l  
YPV13 

Description 

__ Mini Style Bases 
AC INPUT VOLTAGE 
192-1 32 VAG, 4-wire solid state AC relay .5 amp max 
92-132 VAC. 6 amp SPDT relay, front/back mount 

Catalog Listing 
1 Standard I Harsh Duty 

PRELEADED 
Standard 

Mml1 
MPWl1 

AC INPUT VOLTAGE 
92-1 32 VAC emitter base 
92-132 VAG. 4 wire solid state AC relay 1 amp max 
Same as MPSl1. but with output indicator 
92-132 VAG. 4 wire bilateral FET IAC/DC) 100 mA max. 

HEAD 
30 ft. retroreflective. plastic lens 
BASE 
2-wire. 22-260 VAC/45-260 VDC universal voltage 

MPZL2 

MP2S11 

DC INPUT VOLTAGES 
10-30 VDC, complementary N.O. and N.C., sinking (NPN) 
10-30 VDC. N.O.. sourcina (PNPI 

MPS31 1 MPS3lHD 
MPS3WD I ME32 

RECEPTACLE 
Standard 4 terminal plug-in MPBlO 

' \  I 

L-> ', 

%- ., 9 % ' \ \  1 ' G-G-  
01 *,- -- 

P .-, 
-. , . ...- 

MPAl 

MPZBW 
MPZB07 
MPZBQ8 
MPZBOS 

underbracket) MPZBll 

.__ 15 to 15 second time adjustment (standard) 
MOUNTING BRACKETS 
Ball and swivel mounting bracket (fits 30 mm mini MP) 
Ball and swivel vertical mounting plate 
Adapter (use with MPZBO6 to fit 1 /2"  conduit hole) 
Combination of the MPZBO6, 7, and 8 brackets 
Photoswitch 4000 (MLS8C) to limit switch style (Requires L-shaped 

Pair of fiber cable adapters allows use of cuttable 1000 micron plastic cable MPZFOADPT' 



Photoelectric Controls 

CPlSD20PL32 
CP18D20ND2 
CP1804DPD2 
CPlIDIDHM 

Cp18 Series 

CPlsD2DPtc CPlBDZWOC 
CP18D2DNLc CPlIIMoEIM: 
CP18D4DPLC CP18fMDPDC 
CP1804DNtC CP18DaDAIDC 

18 mm Cylindrical 

Retroreflective 

Thru-scan Receiver 

Emitter 

GENERAL INFORMATION 
CP18 S e w  photoelectric controls are de- 
signed for simple industnal and cammercial 
applications that do not require heavy duty 
COntrolS or sensibvlty adjustments. The small 

package size of MICRO SWITCH CP18 
Senes photoelectnccontmlsfits in limited ac- 
cess and/or restncted space areas. 

PNP 4 m  CPlLlLDPclZ 
NPN (13 ft.) CP18LDNL2 
PNP 30 m CP18RDPt2 
NPN (3 R.) CPl8RDNL2 
- l -  CP18R1X2 

FEATURES 
0 18 mm x 1 fully threaded housing 
0 Unique, one-piece potycarbonate lens/ 

houslng (patent pendwg) 
- Sealing rated to NEMA 6P (IpE7) 
- Flat external lens surface 

0 Short housings: DC - 55 mm, AC - 75 
mm 

0 Thru-, retroreflecttve and dWse scanning 
0 Scan ranges from 100 mm to 30 meters 
0 Modulated infrared LED for ambent light 

rejection 
0 Standard 2-meter 3 conductor preleaded 

cable (AC or DC), or 4-pin DIN style (DC). 

CP 18LDN02 
CPl8RDPD2 
CPl8ROND2 

Alignment indicator to facilrtate 

0 10 to 30 VDC and 20 to 132 VAC types 

0 Fast response times: DC - 1 msec, AC - 
0 High load c a m  DC - 150 mA, AC - 5 
0 Protected aganst short ctrcwt (E), false 

installabon 

available 

20 msec 

to 4Qo mA 

pulse (on), reverse polanty (E), 
industnal interference and transients 

CP18LDNtC CP18LDNDC 
CPlaRDPLC CP18RWIOC 
CPl~OEILC CP18RDNDC 
CPlBEDXC - i 

10 to 30 VDC CONTROLS ORDER GUIDE 

Scan I I Scan 

catalog usthgs 
Prekaded CaMe Quick Disconmet 

CPlIKDPD2 CPl8uDPl.C 

1 Output' 1 Distance 1 UghtOpemte 

CP18CbPM: 

Diffuse 

Dtffuse 

Retroreflective 

CP18DlWL2 I NPN 

100 mm (3.94 in.) CP18DIAM.2 ' CP18DlAAD2 

200 mm (7 87 in.) CP1802AAL2 CP18D2AAD2 
400 mm (1 5.74 in.) CP1804AAL2 CP1804AAD2 

4 m (13 f t . )  CP18LAAl.2 I C P 1 8 W 2  

CP18 Senes photoelectric controls are not 
designed for hgh pressure washdown or ex- 
posure to ketones, halogenated hydrocar- 
bons, esters, amines or acids and alkalis. 
They should be cleaned with mild soap, 
warm water and a clean cloth. 

I CPlBMDPDC I CPl8DlDNLC I CPl6MDNDC 
CP18DIDPLC CPlBDlDPDZ 

CPl8DlDND2 

20 to 132 VAC CONTROLS ORDER GUIDE 

I Thru-scan Receiver 1 30 m (98 ft.) I 



Photoelectric Controls 

Flush rnount/Quick Assembly mounting bracket assembly 
Conduit Adapter, aluminum (1 /2"-14NPT) 
Mounting bracket, aluminum 

18 mm Cylindrical 

CPZ18BOl 
925AZ18S 
925BZ18S 

FLUSH MOUNT QUARTER-TURN 
QUICK-ASSEMBLY BRACKET 
Catalog listing CPZ18BO1 is a flush mount 
quick-assembly bracket which simplifies 
mounting the CP18 and offers a flush, pro- 
tected sensing face. The CP18 label area is 
matched up with the internal thread of the 
bracket, slid into the bracket until flush on 
top, then a quarter-turn clockwse locks the 
control in place. (See drawing.) The locking 
ring is inserted from the back of the bracket 
and pushed up snug against your mounting 
surface. 

Cp18 Series 

Swivel type mounting bracket assembly 
Swivel bracket onlv I CPZ18BO3 I 1 CPZl8602BK 

I Screw on right anqle adapter - retro and thru scan only I CPZlBRAW I 
I CPZ18RAO - Screw on right angle adapter - diffuse 

Pair of Blue Mountina nuts I CPZlSBUNTS I 
I Pair of Black Mountinq nuts I CPZl8BKNTS 1 

- REFERENCE WALL 

UAXWUM W l i l  THITKYESS - 7 RECESSED APRGW HEAD 
OF 55 NCH 

ADAPTER 

/ 
I 

CPi8 PHOTDELECTHlC CON'POL -' 

TYPICAL DIMENSIONS CONNECTOR CABLES ORDER GUIDE 
(for reference only) 

DC, AC/DC Emitter 
Cable Catalog 

Connector Style Length Ustlngs 
4-Pin DC, Standard Key 
Straight w/Aluminum Nut 2 rn (6 ft.) 80256-A 

80259-A 
4-Pin AC, Dual Key, 1/2 in.-20 UNF 
Straight w/Alurninum Nut 2 m (6 R.) 70432 

70434 

5 rn (1 6 ft.) 

5 m (1 6 ft.) 

AC = !?!? Length 3.2 

€314 MICRO SWITCH a Hmevwe/l drvwon For mollcation helo' call 1-800-537-6945 



Description 
bght operated (L.O.) sinking (NPN) output; horizontal mount 

catdog Listing 
FE7A-DA6-M 

I 
Catalog Listing 
FE7PRPR7-M 

____ Description 
AC or DC tnput. 1 amp relay output. dark operated 
AC or DC input. 1 amn relav output. liqht operated r FE7PRPS7-M 

I Description j Catabgtisting 
AC or DC inDut. 1 amo relav outDut. dark operated 1 FE7-7-M 

FE7A Series Photoelectric Sensors 
Subminiature Short Range 

GENERAL INFORMATION 
FE7A controls are self-contained and require 
no separate amplifier for signal condihonng. 
Each control has rts own infrared tight source, 
photodiode, amplifier circuftry, signal 
strengtWalignment indcator, and output 
transstor. The FE7A operates on a broad 
range of 10 to 28 VDC and provides current 
sinlong output up to 100 mA. 

FEATURES 
0 2 7 lnch  diffuse scan range 
0 5-foot thru scan range 
0 10 to 28 VDC operation 

Sealing NEMA 12 and IP64 
0 Modulated infrared LED for ambient light 

Combination alignment/self diagnostic 

0 False pulse and reverse polanty 

0 Short circuit protection 

rejection 

indiCatQr 

protection 

DIFFUSE SCAN ORDER GUIDE TYPICAL DIMENSIONS 
(For reference only) 

Horizontal Mount 
sE*51, Y T "  
m&.Swf*7- 

+--;, - -q 
3' - 

&BLE OM 166 F- 
-w- -u, 

THRU SCAN ORDER GUlDE 

Description 1 CatelOgUsting 
Emmer. horizontal mount I RIA-7ABE-M 

I Recewer, dark operated (0.0 1 sinking (NPN) output: horizontal mount 1 =A-TASGR-M I 
I FUA-TAGVE-M Emitter, vertical mount 

Receiver, dark operated (D.O.) sinking (NPN) output, vertical mount FE7A-fAGVGR-M 1 
Mounttng bracket ts included wth each unit 

Photoelectric Sensors E 7 D  Series 
Miniature AC/DC Input, Relay Output 

GENERAL INFORMATION 
FE7D Series photodectnc corttmts pack a 
full measure of hgh level performance into a 
compact, easy-to-appty package. They pro- 
vide extended scanning ranges, accept wide 
range AClDC voltage input, have a 1-amp 
SPST relay output, and compty with Ip66 
(IECI enclosure seal standards. 

FEATURES 
0 High-performance scanning distances: 
- Thru scan, up to 33 feet (10 meters) 
- Polarized retroreflective scan, up to 

- Diffuse (proximity) scan, up to 2.3 

0 Combination of setf-alignmentlself- 

9.8 feet (3 meters) 

feet (.7 meter) 

diagnostic indicator simplifies Setup 
0 All units mount hornontally of verhcally 

for installaton flexibiltty 

TYPICAL DIMENSIONS 
(For reference only) 

FE7D Controls 

AC or DC input, 1 amp relay output, light operated I FE70-DR7-M I 
THRU SCAN ORDER GUIDE 

G c r b t i o n  ~ I ~stalogtisting I 
I FnD-TX7E-M AC or DC Emitter 

AC or DC inDUt. 1 arno relav OUtDUt. dark operated 1 FEi7D-TR7R-M 1 
[ AFO~ DC input. 1 amp relay output. light operated 
MounBng bracket IS Included with ail units 

1 FE7PfS7R-M I 



Photoelectric Sensors 
Subminiature Short Range 

Description 
Dark operated (D 0.) sinking (NPN) output, horizontal mount 
Polarized dark operated (D.0 ) sinking (NPN) output; horizontal mount 

F€7B Series 

catalog Usting 
FE7ERAGG-M 
FRB-RPAG-M 

TYPICAL DIMENSlONS 
(For reference only) 

Horizontal Mount 
2 rn cable (6’) 

-H 
- L p  - U u i m  

- 01.- y-v v- -2+- 

Light operated (L.O.) sourcing (PNP) output; horizontal mount 
Light operated (L.O.) sinking (NPN) output; vertical mount 

GENERAL INFORMATION 
The small package size of FE7B controls al- 
low usage in limited access and/or restricted 
space areas. A mounting bracket (included) 
makes mounting and alignment easy. Each 
control is self-contained, incorporating a 
pulsed LED, phototransistor receiver and 
amplifier circuitry with solid state output in 
one package. The FE7B operates on a broad 
range DC voltage from 10 to 28 VDC and pro- 
vides current sinking output up to 100 rnA. 

FE7B-DD6-M 
FE7EDAGV-M 

RETRO REFLECTIVE SCAN ORDER GUIDE 

Emitter vertical mount 
Receiver. dark operated (D.0 ) sinking (NPN) output, vertical mount 

FEATURES 
0 6.5 foot polarized 
e 7-foot retroreflecbve scan range with 

FE-RR1 reflector 
0 6-inch diffuse scan range 
0 5-foot thru scan range 
0 10 to 28 VDC operation 
0 Sealing: NEMA 12 and IP64 
0 Modulated infrared LED for ambient light 

0 Combination alignrnent/self diagnostic 

0 Sensitivity adjustment 
0 Short circuit protection 
0 False pulse and reverse polanty 

0 Synchronous detection 

rejection 

indicator 

protection 

FE7B-TAGVE-M 
FE7B-TAGVG A-M 

I Description 
I Light operated (L 0.) sinkinq (NPN) output, horizontal mount IFE7B-DA6-M 1 

Description 
Emitter - horizontal mount 

I Receiver - dark operated (D.O.) sinking (NPN) output; horizontal mount 1 FE7B-lA6GR-M I 

Photoelectric Sensors 
Subminiature Fiber Optic 

FE7B-F Series 

8j, IJ GENERAL INFORMATION FEATURES 
FE7B controls are available with visible red or 
invisible infrared emitters. The infrared type is 
most stable when sensing a wide variety of 
colors, while thevisible red light source is bet- 
ter for use with lighter colors as required in 
color mark detection. 

0 0.32-inch visible red diffuse scan range 
0 0.4-inch infrared diffuse scan range 
0 Glass fiber optic bundle is enclosed in 

0 FE7B features above apply 
bendable stainless steel tubing (2.76 ” L.) 

ORDER GUIDE 

I Description I ~atatog Listing I 
(light operated), infrared 1 FE’IBFDAG-M 
(liaht oDerated). visible red 1 R7B-FDRA6-M 

I Sourcing, L.O. (light operated), infrared 1 FE7B-FDDG-M I 
I Sourcing. L.O. (light operated). visible red 1 FE7B-FDRDG-M I 
Mounting bracket is included with eacn unit 



Photoelectric Sensors 

(For reference only) i 
Horizontal Mount 

Description Catalog Listkg 
85-250 VAC dark operated (0 O.), horizontal mount 
10-28 VDC. convertrble L . 0  /D 0. sinktng output; horizontal mount FE7GRCM;-M 
10-28 VDC, convertible L 0 /D.O. sinking output, vertical mount FE'IC-RCGVG-M 
Polarized 10-28 VDC, L OJD.0. slnking, horizontal FE7GRPCG-M 
Polarized 85-250 VAC D.C., horizontat mount FEi'CRPT2-M 

FETGRTZ-M 

FE7C Series 

Description 
10-28 VDC convertible L.0 /D.O. current sinking output; 
horizontal mount 

Miniature Short Range 

catalog usting 

FE7C-DC6-M 

GENERAL INFORMATION 
FE7C retroreflective scan controls are self- 
contained and requm no separate amplifier 
for signal conditioning. Each control has Its 
own infrared light source. photodiode, ampli- 
fier ctrcuitry, signal strength/algnment ndi- 
cator, and output transistor. FE7C controls 
operate on a broad range of 10 to 28 VDC or 
from 85 to 250 VAC and prowde a 100 mA 
current slnking output. The DC version's out- 
put is convertible from dark operated to light 
operated. 

10-28 VDC convertible L.OJD.0. current sourcing output; 
horizontal mount 
10-28 VDC convertible L.OJD.0. current sinking output; 
vertical mount 

FEATURES 
10-foot retroreflective or polanzed scan 

0 15-inch diffuse scan range 
0 20-foot thru scan range 

Self-contained etther AC or DC operation 
e Sealing. NEMA 12 and IP64 
0 Visible alignment indtcator 

Combmation alignment/self diagnostic 

0 False pulse and short arcurt protection 

range with FE-RR1 reflector 

indicator (DC) 

(W 

FE7GOFfj-M 

FE7GDCGV-M 

Emitter - 85-250 VAC; vertical mount 
Receiver - 85-250 VAC dark operated (D.O.). vertical mount 
Emitter - 10-28 VDC; honzontal mount 

Recetver - 10-28 VDC convertible L.OJD.0 current sinking output; 
horizontal mount 

DIFFUSE SCAN ORDER GUIDE 
I 

FE7GTT2VE-M 
FE7ClTZVR-M 
FE7GTCGE-M 

FEX-TC6GR-M 

THRU SCAN ORDER GUIDE 

Description 1 catatog Li§thg 

Emitter - 85-250 VAC; horizontal mount 
Receiver - 85.250 VAC dark oaerated (D.0.). honzontal mount 

} FE7GTME-M 
1 FE7C-TTZR-NI 



Photoelectric Sensors 

12 VDC; non-modulated. light operated, current sinking (NPN) output 

FESV Series 

FESV-TB4X 

Vane Controls 

TYPICAL DIMENSIONS 
(For reference only) 

Modulated Controls 
FESV-TAG, FE5V-TBG 

.31 
LIGHT AXIST,  

9 \  10 ‘ 

LED INDl 

.79 

GENERAL INFORMATION 
Each FEW control contains a modulated or 
non-modulated infrared LED, phototran 
sistor recelver, and amplifier circuitry with 
solid state output contained in a single pack- 
age. Units with a non-modulated LED have a 
smaller slit width to enable detection of small- 
er objects. 
A red alignment indicator turns ON when the 
beam is not blocked. The housing complies 
with IP60 sealing standards. 12 VDC, 24 VDC 
and 12/24 VDC types are available. 

ORDER GUIDE 

FEATURES 
0 5 or 10 mm (.2 or .4 in.) scan distance 

0 Self contained DC operatron 
0 Sealing IP60 
0 Modulated or non-modulated types 
0 Visible alignment indicator 
0 Light operated or dark operated 
0 High-speed response: 500 Hz or 1 kHz 

TYPICAL APPLICATIONS 
0 Medical - Dnp detection or counting 
0 Rotary cam detection 
0 Edgeguide 
0 Machine detecbon 
0 RPM detection 

(gap) 

I Description I Catalog Listing I 
I 12/24 VDC; modulated, dark operated, current sinking (NPN) output I FE6V-TA6 I 

12/24 VDC; modulated, light operated, current sinking (NPN) output 
24 VDC; non-modulated, dark operated. current sinkina (NPN) output 

1 24 VDC; non-modulated. light operated, current sinkinq (NPN) output I FEN-TBSX I 

Photoelectric Sensors 
Vane Control 

TYPICAL DIMENSIONS 
(For reference only) 

--- - 
F c1 A X  5 --- 

FEW Series 

GENERAL INFORMATION FEATURES 
The FE8V Series vane type photoelectric 
controls feature a rugged die-cast housing 
and are self-contained. Each control has a 
pulsed infrared LED, phototransistor receiv- 
er, and amplifier circuitry with solid state out- 
put in one package. 

0 Modulated infrared LED for ambient light 

0 Visible alignment indicator 
0 AC and DC types 
0 Rugged die-cast housing 
0 False pulse and short circuit protection in 

rejection 

The DC units are broad voltage input (10 to 
28 V E ) ,  and provide a lOOmA current sink- 

DC 
e NEMA 4/1p67 sealing 

ing or sourcing output. Response time is 2 
msec On, 2 msec Off. DC units are protected 
against short circuits, false pulse, and re- 
verse polanty. 
AC units operate on linevoltagesof 85 to 250 
VAC, and provide a 5 to 100mA output, and 
1.5mA leakage current. Response time is 50 
msec On, 50 msec Off. 

ORDER GUIDE 
I 

I Catalog Listing -t F E8V-TA6-M 
Description 
10-28 VDC Dark operate. sinkina (NPNI outwt 

I 10-28 VDC Liaht operate. sinkinq (NPN) output I FEBV-TB6-M I 
FEW-TT2-M 85-250VAC Dark operate 



Photoelectric Controls 
Multiple Fiber Optic 

Control 
Units 

One 

TYPICAL DIMENSIONS 
(For reference only) 

Single Unit 

Control Light output catabg 
Type Source TVpe uttng 
Standard ON/OFF Visible Red NPN FE!iF-1RC6-M 

High Power Red NPN FES-lIUC6-M 

GENERAL INFORMATlON 
FE5F Senes Multiple Fiber Optrc photoelectnc 
controls have one, two or three emitter/recetv- 
er cells per unit, and are available with infrared, 
visible red, or high power vtslble red emitters. 
The single, double and trtple units offer one, 
two, and three complete, independently adjus- 
table transceiver sections per control. FESF 
controls have NPN (current sinking) or PNP 
(current sourcing) outputs 

Two Standard ON1OFF I 

FE5F Series 

Visible Fled NPN FE5F-ZRC6-M 
Hiqh Power Red NPN E5F-2MC6-M 

FEATURES 
0 Miniature self-contained DC controls 
0 Single, double and tnple control units 
0 Visible red or infrared LED 

Wide vanety of thru-scan and diffuse 
scan fiber optic cables 

0 False pulse, short circuit and reverse 
polanty protecton 

0 1 msec response time standard, 
0.5 msec single unrt available 

Three 
11,o 

Selfdlagnostic output and logc capabilrties are Light Operate swrtch 
avarlablewth the double unrt. The seifdlagnos- 
tic output turns On when the alignment LED is AND/oA l ~ i c y  del* wtm, self- 
Red, indicating a marginal output. The adlus- 
table delaved outwt interfaces with devices IP60sealing 

standard 

diagnostic outputs available 

Standard ONIOFF Visible Red NPN FE5f-3RC6-M 
High Power Red 1 NPN I FES-3MCG-M 

where a longer input signal is needed, f h e  
AND/OR logic unit has a separate output, 
switch selectable for ather AND or OR function 
in respect to the rndependent fiber optc circui- 
try Selfdiagnostic and logic units have sepa- 
rate outputs for each transceiver cell that are 
immediate On/Off in additron to the extra out- 
put features. The high power wsble red unrt has 
tw~ce the scanning power of the standard VIS- 
ible red. 
Glass cables should be used wrth infrared units, 
where higher operatrig temperature or less col- 
or senatwny IS required in the application. 

FESF SERIES ORDER GUIDE 

FESF Contmi Type 
Visible Red (R) High Power (MI' Infrared (N) Fiber Optic Fiber 

Listing mrn/in. Range rnm/in. Range mm/in. Range rnmlin. 
Scan Cable Dia. 
Type 
Thru-scan Plastic fiber 

FEF-PAT4-M 1 f .04 100f3.94 200f7.07 - 
FEF-PAT4S-M 1.51.06 200f 7.07 40011 5.75 - 

14015.51 - FEF-PAT4C-M 11.04 curled 70l2.76 

FEF-PMT2-M 1 /.04 bendable 100/3.94 zoo/7.a7 - 
FEF-PMTI -M .5/ .02 bendable 40f 1.57 80f3.15 - 
Glass fiber 
FEF-GAT4-M 1 /.04 - - 120f4.72 

Diffuse scan Plastic fiber - 5011.10 FEF-PAffi-M 11.04 3011.18 

FEF-PADGS-M 1,5/.06 50f 1.1 0 80f3.15 - 
- 3011 .I a FEF-PADGC-M 11.04 curled 151.59 

30f 1.1 8 SO/ 1.97 - FEF-PMD2-M 1 f .04 bendable 
FEF-PMDI-M .5/.02 bendable 151.59 30/1.18 - 
Glass fiber 
FEF-GADG-M 1/ 04 - - 4011 58 

*ScandistancesmavvaryduetocMIclitionofftberatconnectiontoamplifier andcondltlonof flberatcut Diffusescandistancesaremeasured us inga5x5cm (1 97 in -)  white 
finish matte paper 



Photoelectric Sensors FE7W Series 
Col I is ion Avoidance Sensors 

FEATURES 
e Multiple scanners are enclosed in a 

single housing, minimizing winng and 
speeding up installation 

0 Side scanning beam lobes provide 45" 
vision during turning operations 

0 These control functions can be set 
"on-thefly,'' without manual intervention 
- Selectron of different operating 

frequencies to help prevent sensors 
from tnterfenng with each other with 

GENERAL lNFORMAPlON 
F E W  Series photoelectric sensors are pri- 
marily used to help prevent automatic guided 
vehicles (AGVs) from colliding with objects or 
persons in their path. These sensors mount 
on the front andfor back of AGVs operating 
indoors in a controlled environment. 
Sensor functions are totally flexible and con- 
trollable without manual intervention. An on- 
board programmable logic controller (PLC) 
may be used to select operating frequencies, 
frontal beam width, and activate right and left 
side scanning lobes while the AGV is "on- 
the-fly," enroute to its next destination 

All FE7W Series sensors have two frontal 
scanning zones. Both zones are independ- 
ently adjustable. They enable this 2-step, 
slow-before-stop operating sequence: 
1. AGV speed is reduced if sensor detects 

an object in the first zone (Output l) ,  at 
up to 3 meters. 

2. If sensor detects an object in the sec- 
ond, shorter zone (Output 2), at up to 
2.5 meters - the AGV stops. 

2-STEP DETECTION 

EFFECTIVE BEAM SHAPE 
Horizontal (Top view, typ.) 

TARGFT 

crosstalk 

accommodate narrow aisles 
- Adjustment of frontal beam wdth to 

ADDITIONAL FUNCTIONS 
Listings FE7W-DASK/DB5K are furnished 
with these additional functions: 
1. Width of the frontal scan beam can be 

either 1 meter (39 in.) or 0,3 meter (11.8 
in.) to accommodate narrower aisleways. 

2. Right and left scanning lobes can be 
activated individually as the vehicle 
turns. 

3. Eight selectable frequencies. instead of 
the four provided by FEW-DA5 and 
FEN-DB5. See Order Guide. 

- Adjustment of right and left hand 
scanning lobes 

0 Fully adjustable 2-stage scanning system 
0 3 meters long, 1 meter wide beam 
0 Narrow beam in vemcal plane minimizes 

both floor reflection and false tnggering 
TYPICAL APPLICATIONS 
e Automatic Guided Vehicles (AGVs) 
e Self-guided Vehicles (SGVs) 
0 Overhead Cranes and Hoists 
0 Driverless Lift Trucks 
e Overhead Conveyors 

FE7W ORDER GUIDE 

* Cable length for catalog listings above is 2 rn (6.6 ft.). To specify 5 rn (16.4 ft.) cable, add a -L5 suWx. e.g., 
FE7W7DA5K-L5. For 10 rn (32.8 ft.) cable, add -L10. 

2 1 0 1 2 

rn 

c 

820 MlCRO SW/TCH. a Honevwell drvrsron For aDDlication helo: call 1-800-537-6945 
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Photoelectric Controls 
Modular Mid Range 

0.25 inch diameter tubular Delrin plasbc housing LED emitter. 
Recommended thru scan range 3.5 feet. 
0.25 inch diameter tubular Defrin plastic housing photoreceiver 
(receiver). Use with FE-MTEl 

MLS- TR Series 

FE-MlEl 

FE.MTR1 

FEATURES Amplifier Modules 
LED Emitters And Photoreceivers 
0 Up to 30-foot thru scan range 
0 Sealing: NEMA 1, 3,4,12 and 13 
0 Discrete emtters and recetvers 
0 Remote sensing 
0 Small package sze 

0 Dual indicator LEDs (FE-MLS-TR3) 
0 Alignment and output LEDs (FE-MLS- 

0 Adjustable sensitnnty 
0 Selectable light or dark operated 
0 Short circuit and false pulse protection 
0 Synchronous detectm 
0 Time delay and pulsed logic modules 
0 Interchangeability with exsbng TRB 

0 Color coded logic tdentificabon 

TR5-14) 

control bases 

Description 
A simple ON-OFF amplifier circuit that responds immediately to a 
sufficient change in light at the phototransistor. The output is ON for 

A cornbnation ON and OFF delay ctrcuit output which turns ON only if 
the input signal exceeds the preset ON delay. After the input signal 

l ends the output remakls ON for the duration of the preset OFF delay. 

the duratton of the tnput signal. 

0.1 5 to 15.0 seconds typical ranqe. 

THRU SCAN LED EMITTERS AND PHOTORECEIVERS ORDER GUIDE 

CatalOgListing 

R-MLS-TRI 

FE-MLS-TA5-14 

Description I - w i g  

CONTROL BASES ORDER GUIDE 

1 Description I cataioaiistim I 



Photoelectric Con t rois 
Long Range 

Immediate response (ON-OFF) with standard DPDT relay 198 to 264 VAG, 

Immediate response (ON-OFF) with 22-26 VAC or 20-30 VDC DPDT relay 
50/60 Hz input 

GENERAL INFORMATION 
The controls provides On-Gff response with- 
out a plug-in card or jumper. Optional logic 
function cards plug in for time delay, pulse, or 
other modified output. With or without logic 
card, the FE-MLS8C can be set to respond 
either to a dark signal (beam blocked) or a 
light signal (beam not blocked). FE-MLS8C 
cannot be disabled (for selective response to 
input signals). 
Multifunction logic card 0.15 to 15 sec. order 
FE-LCA1. 

FE-MLS8CT230 
FE-MLSBGT24 

MLS8C/9C Series 

11 5 VAG input, immediate response (ON-OFF) with standard DPDT relay; 
5-foot scan range 

FEATURES 
0 40-foot retroreflective 15 foot polarized 

0 5 or 9-foot diffuse scan range 
0 Self-contained AC operation 
0 Sealing: NEMA 1,3,4,12 & 13 
0 UL listed 
0 Excellent immunity to ambient light and 

4 Gunsight for easy mechanical alignment 
0 Enhanced sensitivity control 
0 False pulse protection in all power 

conditions 
0 Polycarbonate housing for strength and 

durability 
4 Easy wiring 

$\ 
scan range with FE-RRl reflector 

electncal noise 

FEMLSSCSR 

RETROREFLECTIVE SCAN ORDER GUIDE 

I Immediate response (ON-OFF) with standard DPDT relay 115 AC input I FE-MLSBC I 
I Immediate response (ON-OFF) with standard DPDT relay 11 5 AC input, I Dolarized I FE-YLSBCS 

DIFFUSE SCAN ORDER GUIDE 

I CatalogUsttng i I Description 

I 11 5 VAC input, immediate response (ON-OFF) with standard DPDT relay; I 9-foot scan ranqe 

Photoelectric Controls 
Long Range 

GENERAL INFORMATION 
NO logic circuit card is needed for simple ON- 
OFF response. The relay remains energized 
despite power loss for up to four line cycles 
(approx. 70 rnsec.). If flooded with intense 
ambient light, the control output locks off, 
rather than triggers. The receiver cannot be 
externally disabled (for selective response to 
input signals). 

-'i 

MLS2B Series 

FEATURES 
0 2500-foot thru scan range 
4 Self-contained AC operatron 
4 Sealing: NEMA 1,3, 4.12 & 13' 
0 UL-CSA listed 
0 High intensity LED pulsing for 

penetrability 
0 Alignment indicators 
0 False pulse and line transients protection 
4 Sensitivity adjustment 
0 Built-in L.0.-D.O. mode switch 
0 Plug-in earphone alignment aid 
0 Plug-in 10 amp DPDT relay 
0 Cast aluminum housing 

THRU SCAN ORDER GUIDE 

I Description 

1 FE-MLSILEB-LR 
I 

Emitter - 1 15 VAC input 
Receiver - 1 15 VAC input 
ON delay loqic card 0.5 to 12 sec. 
OFF delay logic card 0.5 to 12 sec. ~ FE-LOG5R I 



P hotoeiectric Sensors 

Descrlp tion 
Standard general purpose 
photoreceiver wth adjustable focus. 

LS/PC Series 

Sensor urtlne 
Plug-in photocell FE-PCiL 

Discrete Light Sources and Photsreceivers 

Typical m a .  scan' 5-10 feet: 
adlustable focus. 

GENERAL INFORMATION 
Discrete (separate) light sources and photc- 
recervers, like incandescent scanners, must 
be wired to a control base. 
Most of the light sources contain an incan- 
descent lamp, though a few contain a non- 
modulated, visible beam light-emitting dode 
(VLED). The photorecewer contains either a 
low-impedance cadmium selenide photocell, 

CAST ALUMINUM HOUSINGS 

# 15 plug-in lamp rated for 10,000- 
hour life at 340 mA, 5 5 VAC (or 
VDC) 

FE-LSlLC 

or a high-speed, temperature-stable silicon 
phototransistor that responds to the incan- 
descent lamp or VLED beam. The photosen- 
sor output sgnal is conditioned and amplified 
to operate the control base output dewce 
For information on photoreceivers in 
series and parallel, max. scan distance 
and beam image sizes see Industrial 
Catalog. 

Smallest photoreceiver 
Similar to TPCOL, but with 
phototransistor htgh-speed 
response and 180°F (82°C) upper 
temperature limit. 

TEMPERATURE RANGE 
The temperature range for light sources and 
photoreceners-is 40% to 158°F (-40" to 
70°C), unless noted otherwlse in the indiwdu- 
al descnpbons. (Ambient temperature for 
VLED light sources may extend lower, de- 
pending on the operating current's effect on 
diode internal temperature.) 

Potted photocell 1 FE-TPCOL 
Potted phototransistor FE-TPCOUF 

PHOTORECEIVER ORDER GUIDE 

TPCZL with a blue-green filter for 
registration control of red/orange/ 
brown registration marks against a 
lighter background. 

bright ambient light. or to detect 
smaller objects. 
Similar to TPC2L. but with 
phototransistor high-speed 
response and 180°F (82°C) upper 
temperature limit. 

Narrow 4" field of view for use in 

Potted photocell FE-TPCSLBG 

Potted photocell FE-TPC3L 

Potted phototransistor FE-TPCW 

LiGHT SOURCE ORDER GUIDE 

Smallest size light source, 0.25 inch 
diameter. Typical max. scan: 3-4 
inches; fixed focus. 

adjustable focus. 0.38 inch 
diameter. 

Typical max. scan: 2-3 feet; 

I Description I Lamp I Listinn 1 

Potted lamp rated for 100,000-hour 
life at 60 mA, 5 VAG (or VDC) 

FE-Wl++ 

#7349 plug-in lamp rated for FE-TLS3 
5,000-hour life at 200 mA, 6.3 VAC 
(or VDC) 1 

Standard general purpose light 
source with adjustable focus. 
Typical ma.  scan: 3-5 feet. 

# 12 plug-in lamp rated at 5,000- 
hour life at 150 mA, 6.3 VAC (or ! VDC) 

Description LED 
Typical rnax scan 2 feet Adjustable 

housing i 

Rated for 100,000-hour life at 50 
focus Plug-in LED Cast aluminum mA. 3-20 VDC 

Listing 
FE-TLDI 

PHOTOCELL ORDER GUIDE TUBULAR ALUMINUM HOUSINGS 

I Description I Sensor I u+tlng I 

LIGHT SOURCE ORDER GUIDE 

I Description I b m p  I Lisml I 



Control Bases 

Description 
Standard On/Off control with sensor On or sensor Off mode selector 
switch. Supplies 12 VDC @ 100 mA. 

Self-contained 

Catalog Listing 

FEC-AS24 

GENERAL INFORMATION 
The FEC control base is designed for use 
with all MICRO SWITCH 12 VDC 3-wire cur- 
rent sinking photoelectnc controls. The con- 
trol base is self contained and provides up to 
100 mA load current to the sensors. It IS of- 
fered in two versions; a standard control base 
with sensor On or Off operabng mode switch 
and a 0 1 to 5 seconds On/Off-delay or one 
shot pulse control base with sensor On or Off 
operating mode switch. Standard items on 
both bases include a transformer that con- 
verts 110 or 220 VAC 50/60 Hz input to 12 
VDC f lo%, a SPDT, 3 amp 250 VAC relay 
and LED indicators for Power, Input and Out- 
put. 

I .e 
I 

I 

FEC SERIES ORDER GUIDE 

11 5 VAC input model with plug-in DPDT relay. Standard 2-socket. Supplies 
15 VDC @ 250 rnA. 

FEC Series 

FE-TRB 

FEATURES 
a Self-contained 110 or 220 VAC input 
a AC to DC rectifier 
a Compact 
a SPDT, 3 AI250 VAC relay output 
0 Available in On/Off and On/Off delay or 

one shot pulse (.l to 5 seconds) 
a Three LED indicators for power On, input 

and output 
a External inhibit function 
0 Easy terminal wiring and plug-in module 

a Sealing: NEMA 12 
capability 

I On/Off delay (0.1 to 5 seconds) or one shot pulse with sensor On or I sensor Off mode selector switch 1 FEGADP-M 

Control Bases 
Modular 

-- . 
GENERAL INFORMATION 
TRB control bases include a transformerthat 
steps line voltage down to power either a 
separate light source wired to the base, and a 
TR amplifier/logic module or an MLS-TR 
amplifier module (ordered separately). 
TRB bases are available with two octal sock- 
ets (for an amplifier and an output device). 

TRB ORDER GUIDE 

TRB 

I Description I ~ a t a ~ o o  Listing I 

TRB 4.25"H x 3.75" W x 7 "  L 

824 M/CRO SWTCH. a Honewell d/v~s/on For amlication helo, call 1-800-537-6945 



TRANSPORT" PT868 
PORTABLE LIQUID FLOWMETER 

The Transport is the smallest, l&htest,~l-featured 
trunsif-time flowmeter available. Despite its s d  
size, it includes big features such as the capacity for 
43,000 data points, 20 site Location parametem, 
on-line pipe hbles, graphic or alphanumeric LCD 
display and the ability to caIculute energy flow. 

OVERALL 
SPECIFICATIONS. 
F/ow Accuracy: (% of feuding 
with clamp-on transduced 

Velocity > 1 ft/s (> 0.3 m/s>. 
+-2% typical or k0.5 to 1% 
calibrated accuracy. 

Velocity < 1 ft/s ( 50.3 m/s), 
kO.03 ft/s (kO.01 m/s) 
maximum error*. 

Runge: 
-40 to 40 f t fs 
(-12.2 to 12.2 m/s). 

~ ~ ~ i / ~ :  
4M3:l. 

RepeubbiMy: 
k0.X to 0.5% (clampon 

transducers). 

Energy Accurcrcy : 
(% of reading) 
The accuracy of the energy 

measurement is a combi- 
nation of the accuracy of 
Ihe flow and temperature 
measuremenis. 

Accwacy of 1% is typical for 
calibrated systems. 

Note: Above specifications 
require straight run of 
10 diameters upstream and 
5 diameters downstream. 

ELECTRICAL 

Infernd Batteries: 
Batteries: 

4 C-size NiCd higkenergy 
rechargeable batteries. 

Battery fife: 

8 to 10 h of continuous 
operation typical. 

s PECIFICATIONS. 

mi normal single-phate situations 

Recharge Time: 

16 to 20 h using external 
charger. 

Power Suppiy/Charger: 
Input: 

1 OO/ 120/200/260 VAC k 10%. 
5O/M) Ht, 5 W maximum. 

GEutput: 
12 VDC unregulated. 
Note: The unit may also be 
powered/ charged by any 
regulated DC source that 
provides spike-free voltage 
of 10 to 28 VDC. 

Dimensions: 
SiZe: 
5 x 9  x 2.3 in. 

Weight: 

2.2 Ib (1 kg). 

Environmen fa]: 

(12.7 x 22.9 x 5.8 cm). 

Operating Tempemhrre: 

Sfomge Temperature: 

Note: To ensure muximum 
battery life, storage tempera- 
ture exceeding 95°F (35OC) is 
not recommended for long 
periods of time. 

Operrting Mode% 
Flow Measurement: 
Transit-time clampon or 

wetted transducers. 
Energy: 
2 loop powered temperature 

transmitter inputs to calcu- 
late energy flow. 

14" to 122°F (-10" to 50°C). 

14" to 122°F (-loo to 50°C). 

specifications continued on overleaf: 

In rr 



ELECTRICAL SPECIFICATIONS. 
(continued) 

In put/Output Specifications: 
Keypad: 

30-key tactile feedback membrane 
keypad. 

Display: 

64 x 128 pixel LCD graphic display. 
Printer/ Terminal: 

One RS232 port for printer, terminal 

Analog Output: 

One 0/4 to 20 mA current output 

Analog Input: 

Two 4 to 20 rnA analog inputs with 
switchable 16 V supply for loop 
powered temperature 
transrn itters. 

or PC. 

(550 Q maximum load). 

Acoustic: 

One pair of LEMO@coaxial 
transducer connectors. 

Cable length 25 ft (8 rn) standard, Up 
to 1000 ft (305 m) optional. 

Operational Specificcrtions: 
Site Parameter Progrtmimingr 

Menu driven operator interface 
using keypad and "soft" function 
keys. 

pipe tables. 

for up to 20 sites. 

On-line help functions including 

Storage for saving parameters 

Data Logging: 

Memory capacity to log over 
43,000 flow data points. 

Keypad programmable for log 
units, update times, start and 
stor> time. 

Display Functions: 

Graphic display shows flow in 
numeric or graphic format. 

Also displays logged data. 
Printer Output: 

Supports several thermal and 

Output data in numeric or graphic 
impact printers. 

("strip chart") format. 

TRANSDUCER SPECIFICATIONS. 
UMrusonic Trunsducers: 
Temperature Range (Clamp-On): 

-40" to 212°F (-40°to 100°C). 
standard. 

optional. 
-328"to 500°F (-200°t0 260°C). 

Frequency (Clamp-On): 

1 MHz. standard. 
500 kHz. 2 MHz. 4 MHz, optional. 
Note: Transducers for special 
applications are available. 
Flowcells are also available. Consult 
factory for details. 
Mounting: 

Chain, strap or magnetic slide-track 

Temperature Trunsducers: 
Loop powered 3-wire platinum 

RTD's: Clampon and wetted 
(thermowell) types are available. 

Accuracy: 

0.1"C. wetted RTD's (matched pairs). 
Range: 

mounting fixtures. 

-4" to 500°F (-20" to 260°C). 

A VMLABLE OPTIONS. 

Thickness Meusuring Mode: 
Transducer: 

Panametrics dual element 

Pipe Thickness Range: 

0.05 to 3 in. (1.3 to 76.2 mm). 
Pipe Materials: 

Most standard metal and plastic 

Accuracy: 

k 1% typical or k0.002 in. (kO.05 rnm). 
asplay Resolution: 

0.001 in. (0.01 mm). 

transducer. 

pipe materials. 

PIPE SIZE 6; MATERIALS. 

Clamp-on Trunsducers: 
M&llbls: 

All metals and most plastics. 
(Consult the factory for con- 
crete, composite muterials and 
highly corroded or lined pipes.) 

Pipe Sizes: 
Outside diameter (OD) 

Pipe Wall Thickness: 

Up to 3 in. (76.2 mm). 

Weffed Trunselucers 
Materials: 

All metals and most plastics. 
(Consult the factory for con- 
crete, glass. and cement.) 

0.5 to 200 in. (12.7 mm to 5 m). 

Pipe §izes: 

Inside diameter (ID) 
0,04 to 200 in. (1 mm to 5 m). 

MAIN OFFICES: 
Panometrics, Inc., 221 Crescent Street 
Waltham, MA 02154-3497, USA 
Phone 617-899-2719 Toll Free 800-833-9438 

Panarnetrics. Ltd. 
Shannon Airport, Shannon, Ireland 
Phone 061-471377 Telex 72161 

Fax 61 7-894-8582 Fox 061 -471359 

TransPort'" is a trademark of Ponamotrics, Inc.. Watthorn. MA. USA. LEMO@ is a registered trademark of InterLemo Holding. S A  Q Panametncs. 1992 A 9/93 
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1 w. 1 Coleman Research Corporation 

December 10, 1993 

Mr. David Holcomb 
Oak Ridge National Laboratory 
Instrumentation and Controls Division 
P.O. Box 2008 
Building 3500 
Oak Ridge, TN 37831-6010 

Dear Mr. Holcomb: 

Enclosed is the information you requested pertaining to Coleman Research Corporation's 
(CRC) coherent FMCW laser radar. One fiber-optic based system was delivered to NASA 
Langley Research Center this year and is operating there now. Its performance specifications 
meet the NASA requirement and are depicted on the enclosed product sheet. We are 
currently building a system with significantly enhanced speed and accuracy which will be 
operating next year. It will also incorporate several features not in the delivered NASA 
system such as an automatic focus tracking mode and a Doppler recovery mode to enable 
precise measurement of moving objects. 

Should you have further questions please contact me. 

Sincerely, 

Steve Webber 
Director of Operations 

Y 

Enclosure 

6551 Loisdale Court, Suite 800 Springfield, Virginia 22150 (703) 719-9200 Fax: (703) 719-9229 





Fiber-Optic Laser Measurement System 
&iman Research Corporation (CRC) is 

pioneering the field of fiber-optic coupled laser 

radar. Our Fiber-optic Laser Measurement 

System offers the inherent flexibility and 

ruggedness associated with a fiber-optic based 

approach unachievable with bulk optics (lenses 

and mirrors). The CRC Fiber-optic Laser 

Measurement System, pictured at right, offers 

unique capabilities and overcomes the shortfalls of 

other laser measurement technologies. 

Performance enhancements in both speed and 

accuracy can be provided. 

Technical Approach 
Coherent Laser Radar (CLR) using 70 GHz laser 
diode FM bandwidth 

- High measurement accuracy, 

- Measures any ordinary surface without 
speed, and range at eyesafe power levels 

the aid of retro reflectors or cooperative 
targets 

- Focused beam for superb angular 
determination 

- Immune to ambient lighting conditions 
(sunlight to total darkness)/surface 
shading or color 

Fiber Optic Coupled Components 

- Light weight, reliable, compact, 
economical to manufacture 

- Longer measurement range 
- Multiplexing for multiple scanners 

- Scanners remoted from receiver/ 
with a single receiver/transmitter unit 

transmitter 

Built-in Capability for Measurement 
Transformation and Formatting 

-11 
- 

-',. - .  . . . . . . . . . . . * 1 .--- 

Coleman Research Corporation 
Digital Signal Division 

6551 Loisdale Court, Suite 800 
Springfield, Virginia 22 150 

(703) 7 19-9200 
FAX (703) 719-9229 









Technical Approach 

Coherent Laser Radar (CLR) using a very widely FM 
tuneable laser diode 

- Immune to ambient lighting conditions (darkness, sunlight, floatrescent, 
incandescent, etc.) 

- Yields high measurement accuracy, speed and range 
at eyesafe Dower levels - Measure off almost any surface 

- Focused beam -+ superb angular determination 

Fiber coupled optical components 

- Light weight, reliable, economical to manufacture 
- FO circuit design allows long measurement range 
- FO multiplexing enables multiple scanners with one receiver/transmitter - Portability 

On-board capability for measurement transformation 
and formatting 

Industry standard hardware and software interfaces 

- Major components developed with commercial-off-the-shelf products 

Coleman Research 



FMCW Coherent Laser Radar (CLR) 

- - - - - 
1 - 1 1  1- 1 - 1 1  

CURRENT SOURCE 

A 
1 4 I RETRO-REFLECTOR 

FOCUSSING 
& 

SCANNING 
OPTICS 

9 Laser optical frequency swept linearly with time 

Laser light divided into transmitted and local oscillator beams 

0 Energy received from target is combined with local oscillator 
to achieve coherent detection 

0 Difference frequency generated due to laser sweep and round 
trip delay is proportional to range 

eman Research 



The PerfOrmance Advantage of FM Conerent Laser 
Radar (CLR)Provides the Technical Solution for 3-D Mapping 

Accuracy (average range error) Proportional to (UBandwidth) 

Speed (measurementskecond) Proportional to (Bandwidth) 

0 The Optical Bandwidth Employed by the FM Coherent Laser . 

Radar Yields a Substantial Speed and Accuracy Advantage: 

AM laser radar bandwidth (2 - 4 GHz) 

I FM Coherent Laser Radar bandwidth (200 - 300 GHz) 

No Susceptability to Lighting or Surface Shading 

0 Eyesafe 

Coleman Research 



womerns vvirn wrrenriy iMvaiiame 
3-D Mapping Technology 

AM Laser Radar: Structured Light: 

.... . I ' ~ , -  

e Inaccurate 3-D Maps Because of 
Amplitude Bias (dark areas look 
closer than light area) 

Conditions 
Requires Controlled Lighting 

0 Requires Frequent Camera 
Movement to Achieve Accurate 
Triangulation 

Conditions 
Requires Controlled Lighting 

BD3-049.1 1 

Coleman Research 



FMCW Laser Radar 
Accuracy vs Inte! rated Measurement Time 

T 

10-4 sec 

10-3 sec 

10-2 sec 

0.013 rnm 

0,0042 mrn 

0.0013 mm 

Coleman Research 



Coherent Laser Systems 

Vision System 
( "RoOor 's Eyrs ") 

CDB/93-061.7 

Performance : 

Eniphasis on 
Accuracy 

Performance: 

Emphasison 
Speed 

Measurement: 
MAPS ONCE 
Yrogranimahle 
Coiiiputer-Controlled 
Aiming of Bemi 

Acconinitdate Complex or 
Plain Surface via Density 
uf Measurements 

'l'rack a Single Moving 
Object and Map it$ 
hloveinen t 

Measurement: 

Ras ter-Scanned Beam- 

* Scan Entire Scene to Provide 
C'ON'I'INUOUS ~ I I ' I ~ A ' I I ~  as 
Scriic ('limgeq 

output: 

3-D Map of an 
[I nchaiigi ng 

Object 
or Structure 

Application: 
3-D Precision Rlapping 

Directed high resolution I'eature 
map pi n g 

- Map siahlc or slowly vxy i i ip  1;icililv 

- Ii'iiiurcs S I I C I I  a s  biiiiips, cracks. 

- siiiiil I p;irl/oh.jccl rccogtiitiori 
- Precision Machining Measurctiiciit 

- sctisor positiiming for 

- high prccibiori tool 1 

wiivirrcss o r  roiipliiicss 

Precision end effector tracking 

char;rclcrimlion A 

positioning 

output: 

Real-Time linage 
of a 

Changing Scene - 
3-D Digitized Data 

'l'rack all Movementc 
l'hroughout the Scene 

Application: 
D & D  

- Automated robot control \ 
(navigation, obstacle avoidance, 
manipulator positioning with 
precision "target" correlation) 

(leaks, bulges, ruptures in 
containers) 

-Detection of changes in conditions 

Coleman Research 



905 790 4400 

D E C  9 ' 93  1 4 : l l  FROM S P R R  RTSG 
P R G E .  0 0  1 - 

SPAR - 
SPAR AEROSPACE LIMITED 

ADVANCED TECHNOLOGY SYSTEMS GROUP 
9445 Airport Road 
Brampton,LdS 4 53 
Ontario, Canada 

FAX No. (905) 790-4400 
FAX VERIFICATION No. (905) 790-2800 Ext; 4113 

TELEPHONE No. (9U5) 790-2800 
TELECOPER MESSAGE TRANSMXTTAI,, 

lLEAD -m 
THIS TRANSrnSION CONsfSTs OF 3 sIB[ElE=Ts PLUS LEAD SHEEX 

To8 

COMPANY: 

FAX NUMBER: 

FROM: 

PHONE: 

t3IJBJECT: 

DATE: 

Operator: 



905 790 4400 

D E C  9 ' 9 3  1 4 : 1 2  F R O M  SPkR A T S G  
PQGE.  002 

Dear David, 

Further to our convexsation of this morning, I have attached a copy of the preliminary 
speciticatioa for SPAR ATSG's Rad Hard Laser Scsnner. A outline drawing is attachedl to 
the spec. 

Unfoxtunately, the info I gave y w  over the phone was not quite correct. The outhe  
drawing iS actually being changed right now, but I don't have an update ye& I will sent you 
one as soon 8s possible. 

Keep in mind though that this scanner is a true 3D scanner based upon a triangalation 
principle developed and patented by NRC and build by SPAR under st licence agreement 
with NRC. As a consequence of the triangulation methodolog, one wil i  atways have a lsrger 
sized sensorhead that will defdtely not go through a 3" riser. In my opinion, you would 
have a hard time getting any type of robotic a m  through such a riser anyway. The head 
itself contains a minimal amount of Electronics which allows for reIativeJy easy radiation 
hardening. 

I hope that this will give you d f i e n t  Infomation initially. Don't besitate to call me if yon 
have any questions. 

I 

Cor van Kemenade 



905 790 4400 

DEC 9 '93 1 4 : 1 3  F R O M  SPQR QTSG P Q G E .  003 

Laser Scanner Specifications' 

PRELIMINARY 

Field of View 

Image Size 

Image Acquisition Time 

Minimum Range 

Maximum Range 

Range Precision 

Camera Head Dimensions 

Camera Head Weight 

Camera to Control Eltxtronics Separation 

30 degrees X 
50 degrees Y 

512 x 512 

5 seconds nominal 

0.6 meters 

10 meters nominal 

0.2 mm @ 0.6 meters 
25 mm (?D 10 meters 

S 5 times the range precision 

see drawing 
All dimensions in millimeters 

5 91bs 

10 meters maximum 
(25 meters god) 

TBD (la" rack mount) 

. Specifications are subject to change 
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A Surface- 
Micromachined, - 
Monolithic 
Accelerometer 
ADXLSO : the first commercialty available 
surfacemicromachined device. 
All signal-candtioning circuitry is on-chip 
by Bill Riedel 
The ADXLSO* is a complete acceleration measurement system on 
a single monolithic chip. It’s based on a differential capacitive, 
surface-micromached polysilicon accelerometer integrated with 
signal conditioning cxrcuiuy, including a TTL-compatible self- 
test feature. The ADXLSO measures accelerations from Og to 
250 g with bandwidth from dc to 1 kHz, producing an output 
voltage proportional to the acceleration. This makes it the first 
commercdy available monolithic device to successfully incorpo- 
rate traditional electronic semiconductor circuits with micro- 
machined structures. 

The ADXLSO is fabricated on Analog Devices’ conventional 
BiCMOS production line whch has been used extensively in the 
company’s high-performance mixed-signal products. A surface- 
micromachining process produces tiny, highly complex 
mechanical structures from silicon (see sidebar on page 5 ,  “Silicon 
that moves”). since it uses many ofthe processing steps ordinarily 
used to manufacture traditional linear circuits, surface- 
micromachining lends itself readily to producing devices which 
combine both micromachined (mechanical) and semiconductor 
(electronic) elements on the same die. T h e  ADXLSO, exploiting 
this attribute, includes all nefessapy signal-conditioning, 
excitation, and test circuitry. Three external capaators and a 
+ 5-volt regulated power supply are all that is required to measure 
accelerations to 250 g. 

The micromachined sensor behaves electrically like a variable 
differential capacitor operating in a force-balance electronic 
control loop. The result is a measuring system that, unlike piezo- 
resistive micromachined devices, is inherently stable over wide 
temperature ranges and-because it balances electrostatic force 
against acceIeration force-is rclativeiy independent of the 
mechanical properties of silicon. This force-balanced design also 
produces a very linear response due to the resulting minimal 
physical excursion of the beam during a broad range of 
acceleration values; typical nonlinearity is <0.2%. 
A unique capability of the ADXLSO is a digitally activated self-test 
funcuon which allows the sensor beam to be electrostatically 
deflected at any time to venfy the mtegrity of the sensor element. 
This tests its ability to respond to an acceleration force (and 
provide a warning in case of malfunction)--a “must” in 
applications such as airbag systems in automobiles. 

0 

* MEASURlNG ACCELERATION 
Conventional techniques for detecting and measuring acceleration 
are all founded on principles first discovered by Newon and 

*Use the reply card for techxucal data. Circle 1 

outlined in his  Prinripia in 1687. Newton’s classical view holds 
that acceleration of a constant mass implies a force (F = mu, 
where F is force, a is acceleration, and m is mass). Most 
accelerometers operate by detecting the restoring force exerted on 
a mass by an elastic resmint. 

Consider a simple mechanical system consisting of fixed mass, my 
attached to a spring with stiffness, k. If the mass is displaced a 
distance, x, due to acceleration, the restoring force of the spring is 
F = kx. Substituthg into Newton’s equation, we find that 
a = k d m  and can derive the magnitude of the acceleration by 
observing the displacement, x, of the restrained mass. This 
fundamental principle is used by even the most sophisticated and 
expensive electromechanical accelerometers; it is also how the 
micromachined ADXLSO works. 

SENSOR MECHANISM 
Figure 1 shows the layout of the ADXLSO chip. The heart of the 
chip is the surfactmicromachined sensor located at the center of 
the die (Figure 2). Measuring only 500 juri x 62s (less rhan 
1R amz), the ADXLSB) sensor resembles the lerter “W when 
viewed from above. The long, thin legs of the “N” are tethers that 
anchor the micromachined element to the substrate; they are the 
only electrical and mechanical contact between the sensor struc- 
ture and the rest of the chip. The tethers form the spring system 
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-* Figure I. Layout scheme of the ADXL50 chip. 
that suspends the central test (or proof) mass (the crossbar of the 
“H) in tension within a well in the substrate; the mass is free to 
move in a direction perpendicular to the tethers (along the axis of 
the “H” crossbar), in the same plane as the substrate surface. 
When the device is packaged in a TO-100 metal can, the package 
tab is aligned with the “H” crossbar, showing the direction of 
sensitivity (see photo on page 3). 

Projecting from the central proof mass is a series of regularly 
spaced filaments resembling the frngers of a comb (Figure 2). Each 
of these filaments is actually one plate of a series of parallel-plate 
variable capacitors; the other plates are attached to the chip 
substrate and interdigitate with the plates attached to the freely 
moving proof mass. Altogether, 42 moving capacitor plates 
[interdigitated with the fmed plates], attached to the sensor proof 
mass, are connected in parallel electrically for a total capacitance of 
only 0.1 pF. The plates anchored to the moving mass form the 
central plate of a three-plate differential capacitor structure. The 
plates anchored to the substrate and interdigitated with the 
moving plates are dternately connected in parallel; the effect is of 
nvo capacitors sharing a common plate, with capacitances of 
Cxo/(xo + x) and Cxo/(xo - x), where xo is the center position and 
x i s  the deflection caused by the acceleration (Figure 3). 

Conceptually, the force exerted on the central proof mass by 
acceleration or deceleration in the direction of sensitivity causes it 
to move against the spring force of the tethers. This changes the 
relative spacing between the moving and fured capacitor plates. 
The motion causes a fractional increase of capacitance on one side 
and a corresponding decrease on the other. The relative change in 
capacitance is proportional to the magnitude of acceleration, so 
acceleration can be determined by continually monitoring the 
electrical effects of capacitance changes. 

Figure 2. The acceleration sensor. Acceleration axis is vertical. 

In actuality, the sensor operates within a force-balance electronic 
control loop; the proof mass, when accelerated, is restrained from 
moving (i.e., nulled, in the same manner as the summing point of 
an inverting operational amplifier) by the application of an 
opposing electrostatic force, generated by applying an inverted 

version of the output voltage to the capacitor plates. This feedback 
produces a system which behaves essentially like one with a much 
stiffer spring constant (less nonlinearity and good temperature 

The physical shape and layout of the ADXLSO’s capacitive sensor 
fulfills a requirement for simplicity. The sensor i s  formed from a 
single layer of polycrystalline silicon. Since capacitor density [the 
number of elements with a given capacitance that can be placed 
within an area] is proportional to l/d, where d is the width and 
spacing of the plates, this feature is patterned using extremely fine 
lithographic fabrication and etching tools. Careful consideration of 
stresses in the polysilicon which forms the sensor allows these 
small structures to remain essentially level when suspended freely 
above the substrate. The sensor tethers-the finest structures 
-measure about 2 Fm on a side and are about 200 p,m long. The 
total physical mass of the measurement beam (proof mass) is less 
than 0.1 microgram. At rest, the spacing between adjacent 
capacitor plates is less than 2 p.m. 

At these dimensions, silicon is highly elastic, easily withstanding 
shock and vibration-making it an ideal material for constructing 
finely patterned mechanical structures. In fact, on this scale, 
silicon has mechanical properties similar to those exhibited by 
steel at larger dimensions. As a result, the ADXLSO’s sensor is 
able to withstand physical shocks of 2000 g in any direction 
without suffering damage or deterioration in performance. 

CIRCUIT lECHNOLOGY 
The complete chip measures approximately 9 mmz and is 
dominated by the signal-conditioning circuitry, which surrounds 
the centrally located (< 1-mm’) sensor. The circuitry includes a 
push-pull oscillator, carrier generator, reference, preamplifier, 
self-test circuit and an uncommitted output amplifier-providing 
a high level of system integration (Figure 4”). 

The sensor, described earlier, consists of a pair of differentially 
varying capacitors that respond to the displacement of the mass. 
Square waves, V ,  and V,-, at 1 MHz-of equal amplitude but 
180” out of phase with one another-are applied to opposite plates 
of the capacitor pairs. Within each pair of plates, one side is biased 
to 3.4 V, the other to 0.2 V. The voltage at the proof mass, their 
electrical node, represents the degree of unbalance. At O g  of 
acceleration, the central, moving set of capacitor plates is 
equidistant from each of the substrate-connected outer plates; 
their capacitances are equal, and-as a result-the two antiphase 
signals are equally coupled to the central plate and cancel each 
other, producing a nominal output voltage of 1.8 V (the midpoint 
of the 0.2-V and 3.4-V biased plates). 

stability). I 
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Figure 3. Simplified detail of the acceleration Sensor showing 
one element of the differential capacitor. 
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Figure 4. 

SILICONTHATMOVES 
Micromachining is a processing technique used to manufacture 
tiny mechanical structures from silicon. A silicon wafer of the 
type used to make semiconductors can be etched (or modified) to 
produce smaU beams, masses, gears, and other structures 
measuring only a fcw thousandths of an inch. 

Micromachnmg comes in two varieties: *ace and bulk. Prior 
to the ADXLSO, all the available micromachin#i devices used 
bulk micromachmng. It was discovered in the 1950s that acid 
solutions attack different planes of crystalline silicon at different 
rates, depending on the crystal orientation. By exposing an area 
of silicon with a specific crystalline structure to acid, cavities 
with precisely angled walls are created. 

Bulk micmmachin~ acceiemrnetes have existed for seven, 
years. Typically they consist of a membrane or diaphragm of 
silicon, roughly 10 thick, that is vertically formed in rhe 
wafer by chemical etching. In the center of the membrane is a 
large mass of silicon. On the top surface of the device, near the 
edge of the membrane, thin-hlm piezo-&tors sensitive to 
strain and deformation are deposited. Most of the membrane is 
removed, leaving tethers with these resistors suspending the 
central mass. Vertical acceleration causes the test mass to move, 
deforming the diaphragm and changing the resistme of the 
piezo-resistors, Bulk micromachined devices are large by IC 
standards-about 2 0 ~  the size of &e surfacc-micmnachined 
ADXWO. Large size, coupled with the fact that the process for 
manufacturing bulk micromachines is inconsistent with semi- 
conductor-circuit fabrimrion techniques, requires that signal- 
conditioning be off-chip. Bulk-piezo-misave accelcmmetm are 
very sensitive to temperature effects and difficuit to test fully. 

I) 

When the sensor experiences acceleration along the axis  of 
sensitivity, the separations between adjacent plates will become 
unequal; one capacitance will increase while the other decreases. 
The 0.1-pF total capacitance generated between the beams 
changes by 20.01 pF for 250-g acceieratlons. The sensor 
strucmre can actually resolve as small a change as 20 amfarads (20 
x lo-'' F), corresponding to a bcam displacement of 0.2 A. This 
resoiution is a consequence of the precision of the associated 
signal-conditioning circuitry. 

The output from the sensor array is a biased high-impedance 
square wave, V,. This output is buffered and presented to the 
'Repnntcd with pcmussion from Electronic Dmgn (Val. 39, No. 1 9 ,  August 8, 

1991. Copynght 1991, Penron Pubhshmg Inc. 

of the ADXLSO. 

Surface micromachining, a more sophisticated technique than 
bulk micromachhhg, Creates much smaller, mrc-intricate and 
precisely patterned s t r u m .  It adapts manufacturing 
techniques perfected for making ICs to produce mechanical 
smctures dose to the surface of the silicon substrate. Chemical 
machining is accomplished by depositing, then aching, multiple 
thin frlms and layers of silicon and silicon-orride to form complex 
mechanical structures. The feature dimensions of surface 
micromachmed * devices arc t y p i d y  1 to 2 pm, similar to the 
feature dimensions of convenuonal efectmnic circuits. Most 
imponantly , surface micromachining leads itself to the inciusion 
of conventir.4 electronic circuitry on the same die. Thus, the 
surface-micromachined ADXLSO includes signal conditioning, 
resulting in a M y  scaled, -referenced and -temperature- 
compensated volt-levcl output. Sutfacemicromachining 
leverages the cost economics of standard IC wafer-processing 
techniques, producing a highly integrated product at low cost. 

input of a phase-sensitive demodulator, which is synchronized 
with the 1-MHz carrier; it rectifies and low-pass filters the signal. 
The singlepole filter's cutoff frequency is established by a single 
external capacitor; for example, 25 nF for 1 kHz. 
The synchronous demodulator drives a preamp, which is 
referenced to + 1.8 volts. The output of the preamp is fed back to 
&e sensor through a 3-Mn isolation resistor. This feedback 
voltage, applied to the sensor phtes as a bias, causes an 
eiectrostatic restoring force to oppose the sensor's motion. In 
effect, the force-balance conml loop acts to keep the sensor from 
movmg, holding it close to its at-rest position. The correction 
voltage requred to hold the sensor's proof mass (or central plate) 
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in the 0-g position i s  a direct measure of the applied acceleration. 
This voltage is available to the user at the output of the preamp. 

The ADXLSO chip also contains an uncommitted op amp. 
Without further conditioning, the output of the single-supply 
ADXLSO ’s preamplifer is 1.8 V at 0-g acceleration, with a span 
of approximately 21 V for a 250-g acceleration range (i.e., 
19 mV/g). The uncommitted op amp can be used to alter the 0-g 
voltage andor amplify and filter the acceleration signal. In 
Figure 4, the noninvcrting input of the op amp is connected to 
+1.8-V signal, derived from an internal precision +3.4-V 
reference source. The scaling factor in the diagram is given by the 
ratio, -R2/R,,  (since the amplifier is in inverting mode). For 
independent adjustment, gain is adjusted with R ,  and offset is 
adjusted with R,. Therefore, if the span desired is 22.25 V for the 
complete 2.50 g range, R,/R, should be chosen such that: 

where V p  ’pm is the output from the preamplifier and V ,  - is the 
desired span of the uncommitted amplifier output. Thus: 

R2 = 2.25 X R I  

R ,  can be found from the following standard equation: 

R2 
R3 = 1.8 V 

Vd - 1.8 V 

where V ,  is the 0-g output level. Stated otherwise, 

V, = 1.8 V (1 f 2) 
With R ,  = 100 kiz, R ,  = 225 k n ,  and R ,  = 579 kQ, the output 
analog signal range will be +O.25 to +4.75 V for 250 g, with 
f 2 . 5  V at 0 g. With 25 nF, the output signal’s -3-dB bandwidth 
is 1 kHz, using the single-pole, 1-kHz filtering of the preamp. 
More-sophisticated configurations can provide multi-pole filtering 
without the use of additional active components. 

SELF-TEST 
Another unique attribute of the ADXLSO that sets it apart from 
alternative designs is the inherent ability to self-test the sensor and 
all associated on-chip signal-conditioning circuitry in place by 
applying a digital command. Most rudimentary sensors- 
particularly the commonly used electromechanical devices- 
cannot be adequately tested to ensure they are operating correctly. 
Even sophisticated sensors with accurate, continuous outputs can 
only be tested under controlled circumstances on precision 
vibration test-beds. 

To self-test the ADXLSO, a CMOS- or “TL-level digital stimulus 
is applied to the self-test input. This produces a voltage pulse 
which is injected into the feedback signal to the sensor. The 
resulting electrostatic force causes a deflection of the proof mass 
against the tethers as though it were responding to a negative 
full-scale acceleration. Though always available, self-testing would 
generally be programmed to occur each time at power-up. 

AUTOMOTIVE APPLICATIONS 
There are many on-board automotive systems that need a reliable, 
low cost way to measure acceleration. The most obvious and 
immediate application for the ADXLSO is in next-generation, 
single-point air-bag systems (see sidebar, “Air-bag Accelero- 
meters”), where the ADXL50’s output provides acceleration 

information for the “is-a-crash-occurring?” decision to initiate the 
explosive charge to deploy the air bag. 

Another automotive application of accelerometers related to safety 
is in automaric door-lock-release mechanisms. In the event of a 
collision that results in signsficant structural damage to the 
vehicle, passengers are often trapped in the vehicle, unable to be 
rescued, because the doors remain locked. Automatic door-lock 
release on impact could, in many instances, have prevented this; 
an accelerometer incorporated in the door lock would detect the 
rapid deceleration that occurs on impact, releasing the door locks. 

Airbag systems and automatic door-lock release systems are forms 
of “passive safety” which make the consequences of collisions less 
dangerous. In addition, automobile companies are developing 
“active safety” systems which attempt to avoid collisions. Such 
systems include ABS (antilock brake system), ASR (acceleration 
slip regulation), and sophisticated new suspension systems that 
monitor and react to varying road conditions; in addition to 
increasing the level of safety, these also provide a more 
comfortable ride through improved vehicle control. Arrive 
suspension system continuously monitor road conditions and 
vehicle dynamics and compensate through the use of power 
hydraulics and actuators in the suspension to restore the vehicle to 
a neutral orientation (or even a biased orientation, ‘‘leaning’’ into a 
comer for improved control). A simplified version is known as an 
adaptive Surpension sysyston, which responds to road conditions and 
vehicle dynamics by altering the response of the suspension 
components through changing such parameters as shock absorber 
or strut valving; the difference is that it does not employ 
restorative power devices. Both active and adaptive systems rely 
on measuring shock and vibration through monitoring wheel- and 
body motions -functions requiring the use of accelerometers. 

An advanced form of vehicle control, derived from ABSlASR 
systems, is based on monitoring lateral acceleration; when it is 
combined with longitudinal acceleration and vehicle velocity 
values, suspension settings may be altered side-to-side or front-to- 
back to make maximum use of the adhesion potential of the tires. 
Developments in this area include “yaw-rate” sensors, a special 
category of accelerometer which measures the rate of rotational 
velocity change. The resulting information may be used by the 
chassis control system to alter suspension settings as well as to 
more actively intervene in vehicle dynamics by selectively 
applying individual wheel braking (without driver input!). 
Selectively applying particular braking combinations applies yaw 
moments to counter undesired rotations of the vehicle. Various 
forms of such systems are already being used in racing applications 
such as “Indy” cars. As the cost of such systems is reduced, they 
will find use in vehicles for the general public. 

The full-scale acceleration range of interest for suspension and 
“active-safety” applications is in the range of 2 2  g, for which 
Analog Devices is developing future versions of the ADXLSO. 

NON-AUTOMOTIVE APPLICATIONS 
Acceleration is a fundamental physical quantity, manifested in 
many guises-gravity, vibration, and seismic activity are a few 
examples. Measuring acceleration continuously, accurately, and at 
low cost opens up numerous applications for the ADXLSO and 
future members of its family. 
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Manufacturers of portable computers continue to seek ways to 
make their products more rugged and reliable. The dements most 
prone to damage (and the catastrophic loss of stored information) 
are mass-storage devices, particularly hard-disc drives. The 
delicate mechanism that reads and writes information to the discs 
floats above them on a controlled flow of air; sudden movement 
can easily cause a problem, destroying data and drives alike. An 
accelerometer can detect the onset of potentially damaging shocks 
and institute “countermeasures” to prevent disc damage. 

Many of us have had the disappointing experience of opening a 
large package to frnd the delicate contents damaged or destroyed 
due to mishandling. How did the damage occur, and who is to 
blame? If a package recorder-consisting of an accelerometer, a 
timer, and a data logger-were included with the consignment, 
these questions could be easily answered. Such recorders may won 
be the norm for delicate, expensive items in transportation. 

Military applications include smart detonation systems for missiles 
and bombs. Here an acceleromerer forms parr of the fuze system, 
detecting impact by the associated rapid deceleration. The 
continuously varying output of the ADXLSO would be quickly 
analyzed to establish the precise instant when the explosive charge 
should be detonated to produce maximum target damage. 

The ADXLSO can also be used to monitor the health of machines. 
Rotating machines exhibit characteristic vibration signatures; as 
fatigue cracks or wear develop in p o r d ~ n ~  of the machine, the 
signature changes. By continuously monitoring the machine’s 
vibration, it is possible to be warned of imminent failure. 
Applications range from aircraft engmes to heating, ventilation 
and air-conditioning (HVAC) systems. 

e 

FUTURE DEVELOPMEMl‘S 
The ADXLSO is Analog Devices’ first micromachined acceleration 
sensor. It is the first of afamily which will include a more sensitive 
device with a full-scale range of 2 2  g, a less-sensitive device for 
more-severe shock measuremenrs, digital-uutput devices, and 
other formats. Also in development is a family of rate sensors. 
Future devices will also be andable in a variety of packages. 

Since the micromachined senclng element is so small, it is possible 
to incorporate several on a single chip, oriented to either the same 
or orthogonal axes. Thus monolithic dual-axis sensors can be 
constructed, allowing vector measurements of acceleration in the 
plane of the chip surface. Alternatively, two or m o ~  sensors can 

be aligned in the same plane, allowing for redundant sensing in 
fail-safe applications. In either instance, some sharing of the 
support circuitry (and perhaps even on-chip signal processing) will 
provide even greater economic value. Until multiple devices 
become available, the ADXLSO’s smaU size permits a high d e w  
of compactness using separate devices. 

The ADXLSO is available in a IO-pin TO-100 metal can With 
various grades, suatable for consumer, industrial, military, and 
automotive applimuons. DIP packagmg is also in development. 
Pricing is $38.50 in lOOs, decreasing to <$lo in large vohmes. 

The team thar developed the ADXLSO, headed by Dr. R k b d  P a F ,  
includes State S h u n ,  Teny Core, Sarkis Ourfaliun, Bob Tsang, 
Dave @inn, Paul O’Bnen, yohn Chang, Carl Roberts, Lew LWg, 
and mnny 0 t h  at AD3’s manufactunng plant in Wilmtngta MA. 

~- 
AIRBAGSANE)ACMSWU#ETERS 

Automotive air bags have dramatically reduced fatalities and 
severe mjuris of vehicle occupants involved in head-on 
n>llisions. As a mdt, many car makers have engaged to outfit 
all cars with them within the next 3 years; and legislation in the 
USA and elsewhere will mandate some form of passive restraint 
in cars and trucks by 1995. This has resulted in a huge 
demand for a lowasf ,  highly reliable air-bag system. 

Within an airbag system, the electronic control module makes 
the decision when to fire the airbag. Currently, most airbag 
systems in producrioa use several eiectromechanical crash 
sensors, acting as on-off electrical switches, mounted at the 
front of the car. Their output is sent to the control module, 
which combines their outputs with that of an electromechanical 
‘‘sdimg’’ sensor and decides whether to fue the airbag. The 
d i g  sensor is used to reduce the chances for a false 
deployment, which w0dd be likely if only the output of the 
crash sensors were considered; the crash sensors have a fairly 
low nip point and can be fooled by potholes, etc. To trigger the 
airbag, at least one mash sensor and the safhg sensor must 
close. These dismbuted systems are expensive to install, and 
reliability is compromised by the number of interconnections 
and the inability to sclf-tcst the sensors. 

The new approach in airbags is to use a “single-point sensing 
system,” where a single accelerometer (such as the ADXLSO) is 
mounted in the passenger compartment, doing away with the 
crash sensors mounted at the front of the car and the associated 
wiring harnesses. Also, the output of the accelerometer i s  
continuous, rather than on-off, with voltage proportional to the 
acceleration. This enables the system to use a more- 
sophisticattd decision-making algorithm in its microcontroller 
to distinguish bemeen a crash condition and other events 
-rather than relying on a majority vote of several switches. 
“Smart” algorithms use signal-processing approaches similar to 
those used in speech recognition and predictive methods to 
perform the decision. 

An 8-mph (12.8 kmm) head-on crash into a solid wall should 
not deploy; a 212-mph (19.2-k1n/h) crash should deploy. In 
some situations, the decision to fire the airbag has to occur in 
< 15 ms from che sfart of the crash. The system’s goal is  to fire 
the airbag by the time the occupant has moved 5 in (0.13 m). 

Single-point sensing provides significant cost reductions and 
increased system reliability through elimination of the many 
components and connections associafed with multi-point 
systems. Funhermore, the CWMUOUS and linear output of the 
ADxLSO enables the use of more: sophisticated deployment 
aigorithms by the airbag system controller, resulting in a more 
accurate system wirh fewer unnecessary airbag deployments. 
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U.S.A. FACTORY DIRECT SALES OFFICES 
California (714) 641-9391 

(408) 559-2037 
Florida (407) 660-8444 
Georgia (404) 263-3719 
Illinois (708) 519-1777 
Mary land (800) 392-3780 

New York (516) 366-0765 

Texas (214) 231-5094 

Massachusetts (617) 461-3000 

Pennsylvania (215) 643-7790 

Washington State (206) 575-6344 

Technical help Prices & orders 
(617) 937-1428 Local distributor 
(617) 461-3672 Local distributor 
(617) 461-41 1 I 800426-2564 
(617) 461-41 11 800-326-2564 
(617) 937-1428 Local distributor 
(617) 937-1428 

NORTH AMERICAN DISTRIBUTORS 
Alliance Electronics (505) 292-3360 
Allied Electronics (800) 433-5700 
Bell Industries (310) 826-2355 
Future Electronics (Canada) (514) 694-7710 
Future Electronics (U.S.A.) (508) 779-3000 
Hall-Mark Electronics (214) 343-5000 
Newark Electronics (800) 367-3573 
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ENDEWCO 
MEGGI7-I- r &AEROSPACE 

THANK YOU 
FOR YOUR INTEREST 

!N ENDEVCO@ PRODUCTS 

Endevco, with over 40 years experience, is the leading supplier of transducers and 
instrumentation for shock, vibration and pressure measurements utilizing leading 
edge piezoelectric, piezoresistive, variable capacitance and microelectronic 
technology. 

SHOCK & VIBRATION MEASUREMENTS 

Widest Accelerometer Selection 
Complete Systems 
Industry Standards 

Harsh Environments 
Dynamic & Static Acceleration 

Low-Cost OEM 

PRESSURE MEASUREMENTS 

Absolute, Gage and Differential 
Dynamic & Static Pressure 
Complete Systems 
Miniature Size 
Harsh Environments 
Over Pressure Protection 

We are continuously introducing new technologies and product improvements to 
meet the demands of the test industry. 

Enclosed is a list of technical publications that are available to help you solve 
measurement problems. 
business reply card. 

Simply write the publication number(s) on the Endevco 

For additional information, please contact your local Endevco field engineer or our 
World Headquarters in San Juan Capistrano, California. 
application engineers is available to assist you. 

Our staff of experienced 

Telephone: (800) 982-6732 

FAX: (714) 661-7231 
O r  

Yours sincerely, 

1 

Director of Marketing 





ENDEVCO" Standard Piezoelectric 
and ISOTRON" Accelerometers 

I MPERATURE GROUNDING 

ISOLATE0 

-73/+150 
-551t260 
.73/+177 Yes 

PACKAGE 

I I 

12 
22 ' 

23 (3XI 
2220D 
2222c 

ISOTAON 

0 085 
0 14 

3 1  
0 5  

o a  

2 8  
10 
10 
10 
8 

500 
4000 
2000 
1000 
1000 

1000 
10000 
10000 
5000 
10000 

Cond Epoxy 
Adhesive 
Adhesive 
Screw 
Adhewe 

0 2  
0 4  
1 8  
1 8  

10 
15 
20 
20 

500 
500 
5000 
5m 

2000 
2000 
1 Gobo 
1 moo 

-5.5/+125 
-5511125 
-551r125 
-551t 125 
-55lr125 

Yes 
Yes 
Yes 
Yes 
Yes 

EPOXY 
EPOXY 
Hermetic 
Hermelic 
Eoow 

5 0 mV/Q 

7250NAMl-2 
7250AiAMl-10 10 0 mv/g 

Both ends Adhesive 
Side Adhesive 
Side Screw 
Side Screw 
Too Both 

62 
120 

2000 
1000 

770XA-BO 200 0 Dc/g 
770XA-1000 1000 0 p u g  

tSOTRON 
7751-500 500 0 mV/g 

4 850 
2 500 

1 5  10 

Hermetic Side Stud 
Hermetic Stud Side 

Hermetic Side Stud 

-55/t288 

-5Y+ 125 

Both 

No 64 04 

2225 
2225M5A 

SOTAON 
22.558-01 
22556-1 
7255A-01 

1 
1 

7 
1.5 
10 

10 10000 20000 
15 SOOW 100000 

30 50000 200000 
30 5000 1WOW 
10 50000 2W000 

TOP Stud 
Too Stud 

Top Stud 
TW Slud 

Stud 

I No 

-55/+177 

Hermetic 
Hermew 

72408 2 7 pc/p 4 8 1 20 1000 5000 
7201-10 toopc /g  18 1 12 12000 200w 

ISOTRON 
7259A-10125 ltU25mV/g 1 4  5 30 500 lOoW 

Side S M  
Side Stud 

Side Stud Herme'lic 

I Stud 

Stud 
Hermatc Slde Stud 
Hermele Screw Side 
Hermetlc Side Screw 
Hermetic Side Screw 
Hermetic Side Screw 

Slud Hermete Slde 
Hemte Top Stud 
Hermetn Side Screw 

Slud tlefmetic Too 

2276 10 0 pcig 
62225-20/50/100A 20/50/100 pC/Q 
6233 10 opc/g 
6233C-501100 501100 P U P  
6240M 10 5 0 oC/g 

30 
91 
1w 
110 
90 

1 
10 
10 
i o  
10 

5 
9/616 

4 
2.5R 

2 

3000 3000 
2Wlk1500 4W2Wlk 

1000 2000 
500/2.50 Zkilk 

200 1000 

Hermic Side Stud 
HermEtrc I Lde I Stud 

22210 l70pcrg 12 6 1000 5WO 
I2221F I 100pClg I 11 I 1 12 I 1000 I 3000 

2000 
2000 
2000 
2000 
2000 
100W 
sow 

1 W5k 

2b2k 
2W2k 
5&5% 
5k5K - 

Screw 
Screw 

Screw 
Adhesive 

Screw 
Stde or Top Stud 

Adhesive 
SISfl  Screw 
side Screw 
Side Stud 

.. 
-55/+260 
-55/+177 
-55/t177 
-55/+177 
-55/t177 
-55ic177 
-55it l77 
-55/+177 
-55/+288 

No 
Yes 
No 
NO 
Yes 
Yes 
No 
No 
8om 

22230 13X) 12 0 pc/g 
2224C 120PC/Q 
2'2261: 2 8 pc/g 
22281: l 3X i  2 8 pc/g 
2229C 2 8 pcig 
7201-50 50 0 PC/Q 
7221 10 0 pcig 

ISOTRON 
2256- 10/100 101100 mv/g 
2258-101100 (3X) 10/100 mV/g 
7251 -1 0/100 10/100 mV/g 
7254-1011 00/500 10/100600 mv 

77OXA-501100 50/100 PC/Q 

41 1 6 1000 
16 1 6 1000 
28 1 5 1000 
153 1 4 1000 
4 9  1 5 1000 
25 1 6 2000 
11 1 10 1000 

25/29 1 W5 2Wlk 

5 1 5 500/50 
15 1 4 500150 
11 1 10 500/50 
20 1 10 500/50/1( 

\L (DIFF) = OlFfERfNTlAL OUTPUr 

-55/+125 

-55/+125 

'NOTE t 3 X )  = TRlAXlAL 12X) = Blb 

Continued prcducl im0rovemmf necessitates that Endevcota reserve the rlght to modify these s~chcanons without nonce Endevco mamtains a program of Conslanl 
surveillance over all OrodUcls to ensure a high level of reliabikty This prcqram includes anention Io reliabilrty facrors during prcducc 6esqn. the suppon of snrngent 
Ouality Control requirements and compulsory corrective adion procedures These measures together with CRnsefVativB SpeCiticatias have made the name 
E n w o  synonymous with rebabrlily. 

ENOEVCO CORPORATION 30700 RANCHO VlEJO ROAD SAN JUAN CAPISTRANO CA 9 x 7 5  USA (714) 493-8181 FAX 1714) 661.7231 0492 



ENDEVCO" Standard Piezoelectric 
and ISOTRON" Accelerometers 

Why Accelerometen ? 
Vibration and shock measurements are vital to the develop 
ment, testing, and operational monitoring of structures and 
machines in all fields of engineering Although there are many 
different types of transducers that can be used to sense 
vibratory motion. accelerometers are commonly chosen be- 
cause of their high accuracy, wide-band frequency and dy- 
namic response, small size. light weight. long life and ease of 
installation Most accelerometers used today are either the 
piezoelectric (PE) or piezoresistive (PR) type 

Piezoelectricity and Accclerometry 
The word p/ezoelectrrc/ty literally means "pressure electric 
ity" in Greek, and has been defined by W G Cady as electric 
polarization produced by mechanical strain in crystals belong- 
ing to certain classes. The production of electrical output by 
mechanically-induced strain in a crystal is called the direct 
piezoelectric effect Piezoelectric accelerometers utilize this 
effect by using a spring-mass system to generate a force pro- 
portional to the amplitude and frequency of vibration The 
force is then closely coupled to a PE element which resembles 
a capacitor and produces an open-circuit voltage proportional 
to acceleration There are many types of crystals, from natural 
crystal, such as quartz, to man-made ferroelectric ceramics 
Each type of crystal possesses certain unique characteristics 
which. i f  cleverly applied. can enhance the performance of an 
accelerometer 

ENDEVCO' Piezoelectric Accelerometers 
Unlike other PE accelerometer manufacturers that only spe- 
cialize or embrace one chosen crystal type. ENDEVCO em 
ploys many different kinds of crystal materials in our designs 
so that their unique physical characteristics can be fully 
utilized to yield superior performance Having the unusual 
capability of manufacturing our own PE crystal materials in- 
house also enables us to design accelerometers that are 
smaller in size. widest in temperature limit, strongest in 
survivability. and easiest to install Some special features of 
ENDEVCO PE accelerometers are 

m Lightweight-down to less than 0 1 grams 
rn Center-hole mounting-Annular shear design allows 

360" cable orientation 
rn Low base strain and thermal transient output 

ISOSHEAR" design 
rn Integral cable-designed for close quarters 

ISOTRON . Accelerometers 
ISOTRON accelerometers are PE accelerometers with inter- 
nal hybrid electronics ISOTRON provides transducer design 
flexibility in addition to all the advantages of PE accelerom- 
eters Electronic gain can be used to reduce transducer size 
or increase output sensitivity Frequency response can be 
tailored with electronic filtering for specific applications, or to 
suppress seismic resonance of the accelerometer Since 
output impedance of the signal is very low, a coaxial recep- 
tacle is not required, thereby allowing the use of solder pins 

to Other Of piezoelectric with smaller, more flexible. lowtost cables All ISOTRON 
accelerometers are powered by constant current source, its 
low impedance, single-ended output can be fed directly into 
recording devices without the need of external charge ampli- 
fiers, as required with PE accelerometers 
ENDEVCO offers a wide range of accelerometers that can 
satisfy your vibration measurement requirements. Our exten- 
sive selection of standard catalog products, along with our 
superior technical expertise, provides our customers with the 
resources needed to meet the ultimate measurement chal- 
lenges For additional applications assistance please contact 
the Application Engineering staff at our California headquar- 
ters, or your local ENDEVCO Sales Engineer 

Advantages of Piezoelectric Accelerometers 

accelerometers have the following advantages 
Self-generating-no external power source required 

w Ruggedness-no moving parts 
rn High signal-to-noise ratio+extremely wide dynamic 

range 
Wide temperature range-a function of the crystal 
material used 

rn Long term stability-proven track records 

221 

7 / - 
2222c 

I -  7221 - 

-- 
2256 ? 

2226C 725DAM1 

222oc U 12 .L 25 
22200 49 

2250AM1-10 

Z N O E V C Z  "CI 
Endevco Corporation 
30700 Rancho Vielo Road 
San Juan Capistrano. CA 92675 
(714)493-8181 FAX (714) 661-7231 



Piezoelectric Accelerometer ENDEVC 

1 
1 

Model 7 6 M l O  
I Requires No External Power 
I Radiation Hardened 

3500 psi (24 MPa) Water Pressure 
I +675"F (+357OC) Operation 
I Case isolated 

Hermetically Sealed 

15 

10 

DESCRIPTION 
The ENDEVCO" Model 76M10 is a precision piezoelectric 
accelerometer designed for measuring shock and vibration 
in such severe environments as pressurized water reac- 
tors and boiling water reactors. This accelerometer is 
suitable for long-term exposure to nuclear radiation in 
temperatures up to +675"F (+357"C) with water pressures 
as high as 3500 psi (24 MPa), or up to +900°F (~482°C) in 
dry air. The accelerometer is a self-generating device that 
requires no external power source for operation. 

The 76M10 features ENDEVCO's PIEZITEgType P-14 
sensing elements in our patented ISOBASE" construction, 
to provide for flat charge temperature response over the 
desired operating range. The ISOBASE construction 
provides mechanical isolation from the mounting base, 
resulting in low strain sensitivity, acoustic sensitivrty, 
dynamic pressure sensitivity and transient temperature 
sensitivity. The 76M10 is hermetically sealed and utilizes 
a hardline cable with the output isolated from case. A 
10-32 receptacle on the end of the hardline assembly 
provides for interface with our 3090C, 3075M6 or 3091 F 
cable assemblies. 

ENDEVCO Signal Conditioner Models 2721 B, 2775A or 
66348 are recommended for use with this high impedance 
accelerometer. 

-5 

-1  0 

-15 

$$ 10 FREQUENCY 100 IN H E R R  lD00 1 0000 -20 

MODEL 
7-10 

Actual size 

125 (3 101 DlA HARDLIME 
CABLE ITRIAXIALI 

UATES Moo =RES WITH CABLES ENDEVCO 

1 1 PART CONNECTOR 
NUUBER PLUG 

76MlO-XXX 10 32 

w 1 0  XXXA 5 4 4  

STAHD*RO TOLERAWCE 
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xx. fl a? I x.  **. 5)  

XXX.., 010 ( X X .  .I 251 

TYPlCAL TEMPERATURE RESPONSE 
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I 
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1L" E N O E V C D  
Endwco Corporation 
30700 Rancho Vteio Road 
San Juan CapisIrano. CA 92675 
(714) 493-8181 FAX (714) 661-7231 
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ENDEVCO Piezoelectric Accelerometer 
HODEL 
r 6 M l O  

SPECIFICATIONS 
The following performance specifications conform to ISA-RP-37 2 (1964) and are typical values. referenced at +75'F (+24'C) and 100 Hz 
unless otherwise noted Calibration data traceable to National Institute of Standards and Technology (NIST). is suoplied 

DYNAMIC CHARACTERISTICS 
CHARGE SENSITIVITY 
TYPICAL 

Units 

PC/Q 25 
MINIMUM pc/g 20 
FREQUENCYRESPONSE See Typical Amplitude Response 
RESONANCE FREQUENCY kHz 12 
AMPLITUDE RESPONSE. f: 8% [ l ]  Hz 50 to 2000 
TEMPERATURE RESPONSE See Typcal Curve 
TRANSVERSE SENSITIVITY Yo 5 5  

AMPLITUDE LINEARITY % 0.6 
Per 500 g. 0 to 2000 g 

ELECTRICAL CHARACTERISTICS 
RESISTANCE (Excluding hardline cable) GR 21 
At +675OF (+357"C) MR 2 10 
ISOLATION (Excluding hardline cable) MR 2 loo 
At +675OF (+357OC) MR 2 10 
HARDLINE CABLE RESISTANCE MWR 25 
Two places at +675OF (+357OF) 
GROUNDING Signal return isolated from cas  

ENVIRONMENTAL CHARACTERISTICS 
TEMPERATURERANGE 
TRANSDUCERR(ARDLINE CABLE 
CONNECTOR 
HUMIDITY 

&OF to +675'F (0°C lo +357OC) 
+32"F to +350"F (0°C to +In%) 

TRANSDUCEWHARDLINE CABLE Hermehcally sealed 
CONNECTOR Epoxy sealed, non-hermebc 
PRESSURE RANGE [2] psi (MPa) 3500 (24) 

9 
SHOCK LIMIT 9 

THERMAL TRANSIENT SENSITIVITY (41 equiv. g pkPF (PC) 
PRESSURE SENSITIVITY equiv. glpsi (IMPa) 
RADIATION 

SINUSOIDAL VIBRATION LIMIT [3] 5IIo 

BASE STRAIN SENSITIVITY equiv. g pWp strain 0002 
0.07 (0 13) 

INTEGRATED GAMMA FLUX 
INTEGRATED NEUTRON FLUX 

PHYSICAL CHARACTERISTICS 

rad 
WCm' 

Up lo 6.2~1 O ' O  

Up to 3.7~1 O'O 

See Outline Drawtng DIMENSIONS 

CASE MATERIAL [5] I m n e l  
HARDLINE CABLE 

WEIGHT (Excluding hardline cable) gm (02) loo(3.5) 

Tnaxial. 0.125 inch diameter. Inconel jadceIed. 
mineral oxide insulated. The model number suffix 
'-XXX' indicates cable length in inches. 
Receptacle must be handled wtth care. Supplied 
protectrve cap must be in place when handling 
and removed by turning counter clockwise. 

CONNECTOR (61 

MOUNTING TORQUE Ibf-in (Nrn) 14 (1 6) 

CALIBRATION 
SUPPLIED: 
CHARGEFREQUENCYRESPONSE 50 to 2000 Hz % 

dB 2000 Hz through resonance 
CHARGE SENSITIVITY pcig 
CAPACITANCE pF 
TRANSVERSE SENSITIVITY 96 

ACCESSORIES 
PM EH534 MOUNTING SCREW 

8-32 UNC x 0.5 in socket head cap 
PM EHM689 HEX WRENCH, 9/64 in 
Model 309OC-120 (10 R) CABLE ASSEMBLY FOR 76M10-XXXX 
Model 3091CM6-120 (10 It) CABLE ASSEMBLY FOR 76M10-XXXA 
N O E S  

1. Low-end response of the transducer is a function of its 
associated electronics. 

2 Unit is proof tested in water at room temperature to a 
pressure of 3500 psi (24 MPA) 

3 Limited also by cable clamping of hardline cable. 
4 1 Hz high pass filter. 
5 Chemical and physical material ceaficates for external 

hardware (except connector) supplted 
6 76M10 supplied with 10-32 connector 76MlOA supplied 

with 5-44 connector 

Continued oroduct improvemenl necessitates that Endevco * reserve the righl to modify these SPecificationS wilhout nolice Endevco maintains a program 01 Constant 
surveillance over ail products to ensure a high level 01 reliability This program includes anention to reliability lactors during product deslgn the support 01 stringsnt 
Ouality Control requirements and compulsory corrective action procedures These measures together wilh conservative speClliCations have made the name 
Endevm synonymous with reliability 

ENOEVCO CORPORATION 30700 RANCHO VlEJO ROAD SAN JUAN CAPISTRANO CA 92675 USA 1714) 493-8181 FAX (714) 661-7231 9492 



Piezoelectric Accelerometer 

Model 2273A 
rn Requires No External Power 
rn Nuclear or High Temperature 

Environments 
a +750°F (+399"C) Operation 

Case Grounded 
Radiation Hardened 

1 

z 

21 3 

ENDEV 
MODEL 
2273A 

10 

5 

0 

DESCRIPTION 
The ENDEVCOO Model 2273A is a precision piezoelectric 
accelerometer for use in industrial or laboratory applica- 
tions involving high temperature or nuclear environments, 
and is capable of operation in the presence of Gamma and 
Neutron radiation. The 2273A incorporates a side 
mounted 10-32 receptacle and hex base constructlon with 
a 10-32 or M5 center stud mount. The accelerometer is a 
self-generating devtce that requires no external power 
source for operation. 

The 2273A features ENDEVCOs PIEZITE@Type P-14 
crystal in our patented lSOBASE@ construction, to provide 
for flat temperature response over the range of -300°F to 
+750°F. In addition, ISOBASE construction provides 
mechanical isolation of bending motion from the mounting 
base. These features, together with an all-welded hermeti- 
cally sealed enclosure, assure accurate and reliable data at 
high temperatures. 

8 
L 

1 

ENDEVCO Signal Conditioner Models 104/109, 2721 6, 
2775A, 6634B or 68203 are recommended for use with this 
accelerometer. The 2771 A Remote Charge Convertor is 
also compatible for applications using this high impedance 
accelerometer. 
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-10 
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:NDEVCO Piezoelectric Accelerometer 
MODEL 
!273A 

SPECIFICATIONS 
The following perlormance specifications conform 10 ISA-RP-37 2 (1964) and are typical values, referenced at +7SoF (+24OC) and 100 Hz. 
unless otherwise noted Calibration data, traceable to National Institute of Standards and Technology (NIST). IS supplied. 

DYNAMIC CHARACTERISTICS 
CHARGE SENSITIVITY 
TYPICAL 

Units 

DCIO 3.0 

. .  * 2% 20 to 2000 
2 5% Hz 1 t06OOO 
TEMPERATURE RESPONSE See Typical Curve 
TRANSVERSE SENSITIVITY % 
AMPLITUDE LINEARITY % 1 

< 3 (5 1 available on special order) 

Per 500 g, 0 to 10 000 g 

ELECTRICAL CHARACTERISTICS 
OUTPUT POLARITY Acceleration directed into base of unit produces 

ENVIRONMENTAL CHARACTERISTICS 

HUMIDITY Hermetically sealed 
TEMPERATURE RANGE -300°F to +750"F (-184°C to +399OC) 

SINUSOIDAL VIBRATION LIMIT 9 loo0 
SHOCK LIMIT [2] 9 10 OOO 
BASE STRAIN SENSITIVITY equiv. g pk/p Strain 0.004 
ELECTROMAGNETIC SENSITIVITY equiv. g rmygauss 0.0003 
RADIATION 
INTEGRATED GAMMA FLUX 
INTEGRATED NEUTRON FLUX 

PHYSICAL CHARACTERISTICS 

rad 
WCmZ 

Up to 6.2 x 1O'O 
u p  to 3.7 x 10" 

DIMENSIONS See Oulline Drawng 
WEIGHT gm (01) 25 (0.88) 
CASE MATERIAL Stainless Steel 
CONNECTOR 10-32 UNF-2A Thd mates with Endevm 

3075M6 Cable Assembly or equivalent. 
MOUNTING TORQUE Ibf-in (Nm) 18 (2) 

CALIERATION 
SUPPLIED: 
FREQUENCYRESPONSE % 20 to 6000 Hz 

dB 6OOO Hz thru resonanm 
MAXIMUM TRANSVERSE SENSITIVITY % 
MOUNTED RESONANT FREQUENCY kHz 
CAPACITANCE PF 

ACCESSORIES NOTES 
Model 3075M6-120 (10 fc) CABLE ASSEMBLY. High Temp 1 

2 

Low-end response of the transducer is a functton Of lls 
associated electronics 
Shock pulses of short duration may excite transducer 
resonance Shock level above the sinusoidal vibration limit 
may produce temporary zeroshift which wlll result in 
erroneous velocity or displacement data after integration 

Model 298 1-3 MOUNTING STUD, 10-32 to 10-32 

OPTIONAL ACCESSORIES 
Model 309OC-120 (10 ft) 

Model 2985 INSULATED MOUNTING STUD 

CABLE ASSEMBLY. for under +5OODF 
Model 2981 -4 MOUNTING STUD, 10-32 IO M5 

Continued product improvement necessitates thal Endevco3 reserve the right to modify these specifications wtthoul notice Endevco malnlalns a program of constant 
sufveillance over all products lo ensure a high level 01 reliability This program includes anention to reliability factors during product design the Suppon Oi Stringent 
Ouality Control requirements ara compulsory corrective acfion procedures These measures together with conservallve SpeCilitallO~s have made the name 
Erdevm synonymous with reliability 

ENDEVCO CORPORATION 50700 RANCHO VIEJO ROAD SAN JUAN CAPISTRANO CA 92675 0492 USA (714) 493-8181 FAX 1714) 561-7231 
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Piezoelectric Accelerometer ENEVO 

Model 2273AMllAM20 2273AM' 
MODEL 

Requires No External Power 
= Reactor and Loose Parts Monitoring 

+75OoF (+399OC) Operation 
Case Isolated 

Top/Side Mounted Connectors 
Radiation Hardened 

DESCRiPTlON 
The ENDEVC03 Models 2273AM1 and 2273AM20 
piezoelectric accelerometers are specifically designed 
for use in reactor vibration and loose parts monitoring 
systems. The 2273AM1 and 2273AM20 are differenti- 
ated only by the location of their connectors, the AM1 
being side mounted and the AM20 utilizing a top mount 
configuration. The accelerometer is a self-generating 
device that requires no external power source for 
operation. 

The 2273AM1 /AM20 feature ENDEVCO's 
PIEZlTE@Type P-14 sensing elements in 
our patented 1SOBASE" construction, to 
provide for flat charge temperature re- 
sponse over the range of -65°F to +750°F. 
In addition, ISOBASE construction provides 
mechanical isolation of the seismic system 
from the mounting base, resulting in very 
low strain sensitivtty. The unit is constructed 
using Inconel and provides for hermeticity 
through welding and glass-to-metal fusion at 
the connector. 

WlES WITH ENDEVCO 
SERIES CAaLES WITH 
UNC 28 CONNECTOA 

Actual size 

035 < 091 DI* 
SAFEW WIRE 
nmcs 2 PL UATES WlTU ENDEVCO 

AM: 

5Mm 113 721 4-4 L %;;% 
NOTE IF ALTERNATE STUO IS USED THE LENGTH OF STUD FROU HOUNTWG 

ENDEVCO Signal Conditioner Models 'I 0411 09,2721 B, 2775A, 
66348 or 68201 are recommended for use with this accelerom- SURFACE MUST BE 1% 135 13 9413 431 

STANDARD TOLERAUCE 
INC(EES x x -  ./ 02 WIUMIEASI c x .  .I 5 ,  

XXX I -,. 010 ( X X  s L, 251 

eter. The 2771A Remote Charge Convertor is also compatible 
for applications using this high impedance accelerometer. 
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ENDEVCO 
MODEL 
2273AMlI 

AM20 

Piezoelectric Accelerometer 

SPECIFICATIONS 
The following performance specifications conform to ISA-RP-37 2 (1964) and are typical values. referenced at +75'F (24'C) and 100 Hz. 
unless otherwise noted Calibration data. traceable to National Institute of Standards and Technology (NIST), is supplied 

DYNAMIC CHARACTERISTICS Units 
CHARGE SENSITIVITY PC4 to 
FREQUENCYRESPONSE See Typical Amplitude Response 
RESONANCEFREOUENCY kHz 27 
AMPLITUDE RESPONSE (11 HZ 20 to 5000 

Per 1 OOO g. 0 to 3000 g 

ELECTRICAL CHARACTERISTICS 
OUTPUT POLARITY 

RESISTANCE GR b l  
At +700"F (+399"C) Mn 2 10 
ISOLATION GR 2 1  
CAPACITANCE PF 660. f 200 
GROUNDING 

ENVIRONMENTAL CHARACTERISTICS 
TEMPERATURE RANGE 

Acceleration directed into base of unit produces 
posrtive output at center W e t  of receptade. 

Signal return isolated from case 

67°F IO +750"F (-! 

INTEGRATED GAMMA FLUX 
INTEGRATED NEUTRON FLUX 

PHYSICAL CHARACTERISTICS 

Up to 6.2~1 OT0 
Up to 3.7~10" 

DIMENSIONS See Oofline Drawing 

CASE MATERIAL I m e l  
CONNECTOR 

WEIGHT gm (02) 32 (1 .l) 

Coaxial receptacle with 10-32 UNF threads 
designed 10 mate with Endevco Model 3075M6- 
XXXX Cable assembly or equivalent. 

MOUNTING TORQUE lbf-in (Nm) 18 (2) 

CALIBRATION 
SUPPLIED: 
CHARGE FREQUENCY RESPONSE % 

(+24OC [req, +204"C. +371"C) 
CHARGE SENSITIVITY % 
RESISTANCE Mn 

ACCESSORY 
Model 3075M6-120 (10 tt) CABLE ASSEMBLY, High Temp 

OPTIONAL ACCESSORY 
Model 2981 -4 MOUNTING STUD, 10-32 to M5 

2 In shock measurements. minimum pulse duration for half-sine 
or tnangular pulses should exceed 0.2 ms 10 avoid excessive 
high frequency ringing. 

NOTES 
1.  Low-end response of the transducer is a function of its 

associated electronics. 

Continued product imprwement necesslfates that Endevcow reserve the right to modify these speciiications without notice Endevco maintains a Program of constant 
surveillance over all products to ensure a high level of reliability This program includes anention to reliabilQ factors during produd design the s w w n  of stringent 
Ouality Control requirements and compulsory corrective aaion prwedures These measures together with conservative SpecifiCatiOnS have made the name 
Endevco synonymous with reliatullfl 

ENDEVCO CORPORATION. 30700 RANCHO VIEJO ROAD SAN JUAN CAPISTRANO CA 92675 USA (714) 493-8181 FAX (714) 661-7231 0492 



Piezoelectric Accelerometer ENDEVC 
MODEL 

i 

Model 2276 
I Requires No External Power 

Nuclear or High Temperature 

+=OF ( 4 2 ° C )  Operation 
Inconel Construction 

Applications 

1 

1 

Case Grounded 
Radiation Hardened 

I -10 

-15 

.I -a 

DESCRIPTION 
The ENDEVCO" Model 2276 is a precision piezoelectric 
accelerometer for shock and vibration measurement of 
structures subjected to very high temperatures and IS 
capable of operation in nuclear environments during the 
presence of Gamma and Neutron radiation. This acceler- 
ometer features a side mounted 10-32 receptacle and 
hex base construction with a 10-32 or M5 center stud 
mount. The accelerometer is a self-generating device 
that requires no external power source for operation. 

The 2276 features ENDEVCO's PlEZlTEOType P-14 
sensing element in our patented ISOBASE@ construction, 
to provide for flat charge temperature response over the 
range of -65°F to +900°F. In addition, ISOBASE con- 
struction provides mechanical isolation of bending motion 
from the mounting base. The unit is constructed using 
Inconel, and provides for hermeticity through welding and 
glass-to-metal fusion at the connector. Signal return is 
connected bo case. 

ENDEVCO Signal Conditioner Model 2721 B is recom- 
mended for use with this accelerometer. The 2771 A 
Remote Charge Converter is also compatible for applica- 
tions using this high impedance accelerometer. 

TYPICAL AMPUTUDE RESPONSE 

2276 

Actual size 

MATES WITH E N M V C O  
MM SERES CMLES 

WITH 1032 UHF 28 
CONNECTOR 

11351 

I-- %??* 

03s 11191 MA 
SIFETT WlRE 
HCXES 2 PL 

UNIT 
WENTIFICATION 

SERIN NUUBER 
TWS FACET 

THO 
1 

1 I I I 20 
I I 20 

10 
2 
0 
i= 

Q 0 

-10 

-20 I -20 I ! 

Z N O E V C 3  
JG Endwco Cblpbretlon 

30700 Rancho Viwo Road 
San Juan Capstraw. CA 92675 
(714) 493-8181 FAX (714) 661-7231 



ENDWCO Piezoelectric Accelerometer 
MODEL 
2276 

SPECIFICATIONS 
The following performance specifications conform to ISA-RP-37 2 (1964) and are typical values. referenced at +75OF (+24'C) and 100 Hz. 
unless otherwise noted Calibration data, traceable to National Institute of Standards and Technology (NET). is supplied 

DYNAMIC CHARACTERISTICS Units 

+ 5% 
TEMPERATURE RESPONSE See Typical Curve 
TRANSVERSE SENSITIVITY % 5 3 (4 1 on special order) 
AMPLITUDE LINEARITY % 1 
Per 1000 g. 0 to 3000 g 

ELECTRICAL CHARACTERlSTlCS 
OUTPUT POLARITY Acceleration directed into base of unit produces 

positive output. 
RESISTANCE Gf2 2 1  
At +900°F ( 4 2 ° C )  [2] KR 2 100 
CAPACITANCE pF 660, f 200 
GROUNDING 

ENVIRONMENTAL CHARACTERISTICS 

HUMIDITY Hermetically sealed 

Signal return connected to case. 

TEMPERATURE RANGE 67°F to + W " F  (-55°C to 4 2 ° C )  

SINUSOIDAL VIBRATION LIMIT 9 500 
SHOCK LIMIT (31 9 3000 
BASE STRAIN SENSlTlVlN equn. g pk/p strain 0.002 

INTEGRATED NEUTRON FLUX N/& up to 3.7 x 1oia 

RADIATION 
INTEGRATED GAMMA FLUX rad Up to 6.2 x loio 

PHYSICAL CHARACTERISTICS 
DIMENSIONS See Outline Drawing 
WEIGHT gm (02) 30 (1.1) 
CASE MATERIAL lnwnel 
CONNECTOR 10-32 coaxial connector 
MOUNTING TORQUE Ibf-in (Nm) 18 (2) 

CALIBRATION 
SUPPLIED: 
FREQUENCYRESPONSE % 

dR 5MM Hz throuoh resonance 
20 Hz to 5000 Hz 

ACCESSORIES 

Model 3075M6-120 (10 ft) CABLE ASSEMBLY, High Temp 

OPTIONAL ACCESSORIES 
Model 3090C-120 (10 It) 
Model 2981 -4 

Model 2981 -3 ADAPTER STUD, 10-32 to 10-32 

CABLE ASSEMBLY, lor under +500°F 
MOUNTING STUD, 10-32 lo M5 

NOTES 
1 Low-end response of the transducer is a function of its 

associated electronics. 
2 Because of tow resistance ar high temperatures, the signal 

conditioner must be capable of operating with the specified 
source resistance. 

3 Shock pulses of short duration may excite transducer 
resonance Shock level above the sinusoidal vibration limit 
may produce temporary zeroshift which will result in 
erroneous velocily or displacement data after integration 

Conlinued produa improvement necessilales that Endevco& reserve the right 10 modily these specifications without nolice Endevco maintains a program 01 ionslant 
surveillance over ail produns 10 ensure a hlgh level of reliabilily This program includes attention lo reliability factorS during product design the sbpporl 01 slringenl 
Ouality Control requiremenfs and compulsory corrective action procedures These measures together wilh consewalive specificafions have made me name 
Endevco synonymous with reliability 

ENDEVCO CORPORATION 30700 RANCHO VIEJO ROAD SAN JUAN CAPISTRANO CA 92675 USA (714) 493 8181 FAX 1714) 661-7231 0492 



ENDEVCO" TECHNICAL PAPERS 

The State-Of-The-Art in measuring vibration, shock, force, pressure and turbulence plus ac and dc 
Signal Conditioning equipment is presented here. The literature below will be sent to you with no 
obligation. It represents the "technical know-how" for which Endevco has become internationally 
recognized as the leader in the design, manufacture and distribution of piezoelectric and piezoresistive 
transducers and related instrumentation. 
GENERAL LITERATURE 

ENDEVCO Dynamic Test Handbook .... .. . ...... . .. . .. ..... . . . .. . ... .. .. .... .. . . ....... . . . . ..._. . ..._. . .........___ 102 
ENDEVCO Pieroelectnc Accelerometer Instruction and Application Manual ...................... 101 
ENDEVCO Piezoresistive Accelerometer Instruction and Application Manual ...... .. ...... . ._... 121 
ENDEVCO Pressure Transducer Instruction and Application Manual ..................... ~ _.......... 8500 

TECHNICAL PAPERS 
Shock Motions and Their Measurement, by Irwin Vigness ................_. ~ .... 
The Accurate Measurement of Shock Phenomena, by Jack Riedei ........... ............. ~ ........... 
Piezoelectric Transducer Calibration Simulation Method Using Series Voltage Insertion, 
by James E. Rhodes ......_.......... ~ ........................................ ~ .._..... ..._............. ~~ . . . . . . . . . . . . . . . . . . . .  

Effects of Mounting on Accelerometer Response, by George Stathopoulos ...................... ~ 

Basics of Shock and Vibration Theory, by Dale Pennington ................................................ 
A New Method of Evaluating the Acoustic Response of Piezoelectric Accelerometers __...__ 
Comparison Shock Motion Calibrations, by R. B. Anspach ..................................... ~ ........... 
Accelerometer Calibration with Reciprocity Vibration Standard, by L. C. Ensor . ._.._. _._ ._.._... 
Measurements of Local Pressures Resulting from Hydrodynamic Impact, by Keith Souter 
and Howard E. Krachman ................................................................................................... 
Noise Suppression and Prevention in Piezoelectric Transducer Systems, by Jon Witson ... 
Instrumentation for the Measurement of Vibration in Severe Environments, such as 
Nuclear Reactors, by T. K. Bierney .. ................................................................................... 
Basic Advantages of the Anisotropic Etched, Transverse Gage Pressure Transducer, 
by Robert Whittier ..... ~ .................... .......... . .... ....... I ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .......,. ........... 
Microphone Talk, by George Pender ........ ............... .- ..... ................................ .... ".... ..... ...... 
Reducing Transient Thermal Sensitivity of Silicon Diaphragm Pressure Transducers, 
by Robert Whittier ._ ._. . . . . . . _ _  ._. . . . . . . . ___. . . . . . . . . . . . .. . . . .. . . . . .. . . . . . . . ~. ._. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Miniature Pressure Transducers for Use to 300" C, by L. Bruce Wilner ........" ..... ...... ~ "........ 
Accelerometer Characteristics Utilizing Natural and Ferroelectric Crystals, by Len Maier .i. 
Shock Calibration of Accelerometers at Amplitudes to 100 000 g Using Compression 
Waves, by Robert D. Sill ........................................... .....,..... ,.,.............. ... .. ........... ...... .. ..... 
Testing Techniques Involved with the Development of High Shock Acceleration Sensors, 
by Robert 0. Sill ...................................................................... ~ ........................................... 
Stable Miniature Pressure Transducer Using Inorganic Bonding Construction, by Ron Poff 
Zeroshift of Piezoelectric Accelerometers in Pyroshock Measurements, by Anthony Chu . 
Instrumentation to Satisfy the Requirements of Mil-Std-740-2 'Structureborne Vibratory 
Acceleration Measurements," by Tim Hardin and Jim Mathews _._._____..._ ~ __________...  ~ ........._.... 
Automated Accelerometer Calibration from 1 Hz to 50 kHz, by Thomas Chandy, 
Lewis Ensor and Roger Volk ........... .................................................................................... 
A Shock Amplifier Evaluation, by Anthony Chu ............................... ................................... 
Accelerometer for High Frequency, Low Noise Application, with Self Test/ ID Feature, 
by Robert Johnson and Fernando Gen-Kuong ................................................................... 
Software Design for a Multichannel Bridge Sensor System, by Gen Miake 
and Gary Rendla .._... . . . . . .. . . .. ........I. *. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . .~ .  . ~ ... . .... ... . c .  ....... 
Shock and Vibration Measurement Using Variable Capacitance, by Davis Olney 
and Brian Link ~ .............................................. ....................................... ~ .............................. 
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Low Profile Microsensor for Aerodynamic Pressure Measurement. by Ronald Poff .. 
Endevco Model 12 Picochipr" Accelerometer Surface Mount Technology Accelerometer . 298 

300 
A Rugged. High Performance Piezoresistive Accelerometer. by Brian Link. Jim Suminto 
and Mike Young ...... ........................................................................................................ 302 
Present and Future of Acceleration and Pressure Measurement Systems, 
by Alex Karolys and George Pender ................................................................................... 306 
An Accelerometer with Internal Self-Test and Identification, by Eldon Eller ......................... 307 
Built-In Mechanical Filter in a Shock Accelerometer. by Anthony Chu ................................ 308 

70 g Full Scale Accelerometer Designed to Survive 100 000 g Overrange. by Bob Sill ....... 

TECHNICAL DATA 
Vibration Nomograph .......................................................................................................... 502 
Connector Potting Procedure .............................................................................................. 525 

Application. Use and Removal of Aron Alpha Adhesive Cement ......................................... 

Metric Vibration Nomograph for Sinusoidal Motion ............................................................. 
Angular Vibration Nomograph for Sinusoidal Motion ........................................................... 

Driving Long Lines .. ........................................................................................................ 528 
Frequency and Phase Angle Curves .................................................................................. 593 

A504 
Using Endevco Charge Amplifiers with Piezoelectric Microphones ..................................... A507 
Base Bending Procedures .................................................................................................. A509 

A520 
A527 

Vibration Applications and Theory ...................................................................................... A530 
Applying Accelerometer Cable Noise Specifications to Test Situations ............................... A534 
Protecting Against Current Limiting ..................................................................................... A536 
Endevco Calibration Certificates ......................................................................................... A538 
Use of Low Noise Cable with Engine Monitoring Accelerometers ....................................... A539 
EP 159 Miniature Coaxial Connector Assembly Instructions .............................................. A540 

Shock and Vibration Measurement Technology Textbook (Price $40) ..................... PN 29005 
Dynamic Pressure Measurement Technology Textbook (Price $40) ..................... PN 30096 

To request literature, it is not necessary to indicate the complete title, simply indicate the item number 
for each item of interest on your letterhead or postcard . 

AVAILABLE FOR PURCHASE 

Continued Product imorovement necessitates mal Endwc0.m resewe the nght to modify these SPeciIications without notlce Endevu, maintalns a program of ConStan1 
Suweillance Over all products to ensure a hign level of reliability This orogram Includes anention 10 reliability factors during proauct design the SuppOIt Of stringent 
Oualiry Control requirements and compulsory correctwe action procedures These measures together wth consewatwe SpeCdiCatiOnS have macle the name 
Endevw synonymous with reliability 
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& AEROSPACE II ENDEVCO 

ENDEVCOB NORTH AMERICAN 
SALES OFFICES 

UNITED STATES 

AlsbPma 
Contact: Tom Seng 
Phone (800) 309-9090 
Phone: (904) 383-0477 
FAX: (904) 383-6558 

Alnskll 
Contact: Charles Ulrich 
Phone: (415) 697-9887 
FAX: (415) 697-1254 

Except Yuma 
Contact: Ben Ham 
Phone: (505) 292-8990 
FAX: (505) 298-4799 

Yuma 
Contact: Alan Stillwell 
Phone: (619) 222-4760 
FAX: (619) 222-5832 

Arknnsns 
Contact: Tom Seng 
Phone (800) 309-9090 
Phone: (904) 383-0477 
FAX (904) 383-6558 

Northern 
Endevco Corporation 
1849 Old Bayshore Highway, Suilr 304A 
Burlingame. California 9401 0 
Contact: William Cooley (EVM) 
Phone: (4 15) 697-36 13 
FAX: (415) 69701254 

Contact: Charles Ulrich (Std Products) 
Phone: (415) 697-9887 
FAX: (206) 557-5461 

Southern 
Endevco Corporation 
4828 Santa Monica Avenue 
SM Diego. California 92107 
Contact: Alan Stillwell 
Phone: (619) 222-4760 
FAX: (619) 222-3391 

Endevco Corporation 
Corporate Headquarters 
30700 Rancho Viejo Road 
SM Juan Capistrano, California 92675 
Contact: Application Engineers 
Phone: (800) 982-6732 
Phone: (714) 493-8181 
FAX: (714) 662-7231 

Color.do 
Contact: Ben Ham 
Phone: (505i 292-8990 
FAX: (505) 298-4799 

Endevco Corporation 
Contacr: Alvin Reid 
Phone: (203) 572-0571 
Phone: 0-(700) 363-3826 
FAX: (603) 362-6338 

Drlaware 
Contact: John Ainswmh 
Phone: (410) 269-8800 
FAX: (410) 268-5676 

Florida 
Endevco Corporation 
1421 E. First Avenue 
Mt. Dora. Florida 32757 
Contact: Tom Seng 
Phone (800) 309-9090 
Phone: (904) 383-0477 
FAX: (904) 383-6558 

CcoreiP 
Contact: Tom Seng 
Phone (800) 309-9090 
Phone: (904) 383-0477 
FAX. (904) 383-6558 

Hawpii 
Contact: Charles Ulrich 
Phone: (415) 697-9887 
FAX: (415) 697-1254 

Ldaha 
Contact: Charks Ulrich 
Phone: (415) 697-9887 
FAX: (415) 697-1254 

lllinois 
Contact: Tom Driggers 
Phone: (612) 478-3000 
FAX: (612) 478-2900 

lndiPna 
R.D.P. Corporation 
PAC Plaza 
Suite 8-105 
2346 South Lynhurst Drive 
Indianapolis. Indiana 46241 
Contact: Ron Myers 
Phone: (31 7) 243-8788 
FAX: (317) 243-8789 

hlu 
Contact: T m  Dnggers 
Phone: (612) 478-3000 
FAX: (612) 478-2900 

Kansa.s 
Contact: Tom Driggers 
Phone: (612) 478-3000 
FAX: (612) 478-2900 

LLentuckv 

FAX: (313) 471-7407 

Contact: Chris Janowicz 
Phone: (313) 471-0685 

Contact: Tom Seng 
Phone (800) 309-9090 
Phone: (904) 383-0477 
FAX (904) 383-6558 

ELpinr 
Contact: Alvin Reid 
Phone: 04700) 363-3826 
FAX (603) 362-6338 

MPrltlsnd 
Endevco Corporarion 
198 West S m t  
Annapolis. Maryland 21401 
Contact: John Ainsworth 
Phone: (410) 269-8800 
FAX: (410) 268-M76 - 
Contact: Alvin Reid 
Phone: 0-(700) 363-3826 
FAX: (603) 362-6338 

R.D.P. Corporadon 
34600 Grand River Avenue 
Farmington Hills, Michigan 48335 
Contact: Chris Janowicz 
Phone: (313) 471-0685 
FAX: (313) 471-7407 

Endevco Corporation 
755 Bndal Path Trail 
Medina, MN 55340 
Contact: Tom Driggm 
Phone: (612) 478-3000 
FAX: (612) 478-2900 

Contact: Torn Seng 
Phone (BOIO) 309-9090 
Phone: (904) 383-0477 
FAX: (904) 383-6558 

Contact: Tom Dfiggm 
Phone: (612) 478-3000 
FAX: (612) 478-2900 

Montana 
Contact: Charles Ulrich 
Phone: (415) 697-9887 
FAX: (415) 697-1254 
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EPJDEVCOB NORTH AMERICAN 
SALES OFFICES 

UNITED STATES 

Ncbrnzkn 
Contact: Tom Driggers 
Phone: (612) 478-3000 
FAX: (612) 478-2900 

Ncvada 
Contact: Ben Ham 
Phone: (505) 292-8990 
FAX: (505) 298-4799 

Endevco Corporation 
95 Maple Avenue 
Atkinson, N H  03811 
Contact: Alvin Reid 
Phone: 0-(700) 363-3826 

New 
Endevco Corporation 
9004 Menaul NE. Suite 20 
Albuquerque, New Mexico 871 I 2  
Contact: Ben Ham 
Phone: (505) 292-8990 
FAX: (505) 298-4799 

New Yprb 
Contact: Richard Bovenkerk 
Phone: (215) 430-7024 

FAX: (603) 362-6338 

FAX: (215) 430-0514 

Plnrth C a r W  
Contact: Tom Seng 
Phone (800) 309-9090 
Phone: (904) 383-0477 
FAX: (904) 383-6558 

NmILbhh 
Contact: Tom Driggers 
Phone: (612) 478-3000 
FAX: (612) 478-2900 

QhiQ 
R . D. P. Corporati on 
5877 Hukerville Avenue 
Dayton. Ohio 4543 I 
Contact: Dennis Webb 
Phone: (513) 253-6175 
FAX: (513) 254-1951 

R.D.P. Corporation 
4900 Brecksville Road 
P.O. Box 506 
Richfield, Ohio 44286-0506 
Contact: Gary Thompson 
Phone: (216) 659-3138 
FAX: (216) 659-6969 

Qklahomo 
Contact: Ben Ham 
Phone: (505) 292-8990 
FAX: (505 )  298-4799 

Orenon 
Contact: Charles Ulrich 
Phone: (415) 697-9887 
FAX: (415) 697-1254 

Endevco Corporation 
1109 Saunders Coun. Office t 4  
West Chester, Pennsylvania 19380 
Contact: Richard Bovenkerk 
Phone: (215) 430-7024 
FAX: (215) 430-0514 

Erie County 
R.D.P. Corporation 
4900 Brecksville Road 
P.O. Box 506 
Richfield, Ohio 44286-0506 
Contact: Gary Thompson 
Phone: (216) 659-3138 
FAX: (216) 659-6969 

v 
Contact: Alvin Reid 
Phone: (203) 572-0571 
Phone: 04700) 363-3826 

South C a r o b  
Contact: Tom Seng 
Phone (800) 309-9090 
Phone: (904) 383-0477 

FAX: (603) 362-6338 

FAX: (904) 383-6558 

sQuLQ&& 
Contact: Tom Driggers 
Phone: (612) 478-3000 
FAX: (612) 478-2900 

Tcnncsrrc 
Contact: Tom Seng 
Phone (800) 309-9090 
Phone: (904) 383-0477 
FAX: (904) 383-6558 

lkuu 
Northern 
Dallas 
Endevco Corporation 
Contact: Ben Ham 
Phone: (214) 458-7720 

Southern 
Houston 
Endevco Corporation 
Contact: Tom Seng 
Phone: (800) 309-9090 

w 
Contact: Charles Ulrich 
Phone: (415) 697-9887 
FAX: (415) 697-1254 

Vermont 
Contact: Alvin Reid 
Phone: (203) 572-0571 
Phone: 04700) 363-3826 
FAX: (603) 362-6338 

VJrPinia 
Contact: John Ainswonh 
Phone: (410) 269-8800 
FAX: (410) 268-5676 

WPshinetPn 
Endevco Corporation 
310 3rd Avenue N E  Suite 101 
Issaquah. Washington 98027 
Contact: Charles Ulrich 
Phone: (206) 641-3495 

w e s t  V- 

FAX: (206) 557-5461 

. . .  
Contact: John Ainswonh 
Phone: (410) 269-8800 
FAX: (410) 268-5676 

Wvomine 
Contact: Charles Ulrich 
Phone: (415) 697-9887 
FAX: (415) 697-1254 

CANADA 

Albcrta 
Dycor lndusmal Research Ltd. 
W130. 17303-102 Avenue 
Edmonton, Albena T5S lJ8 
Contact: Hank Motle 
Phone: (403) 486-3535 
Telex: 3 89037-48556 
FAX: (403) 486-3535 

Llntario 
Dalimar Instruments. Inc. 
326 Major MacKenzie Drive East 
Suite 61 1 
Richmond Hill, Ontario 
Contact: Harvey Bauhs 
Phone: (905) 508-8345 
FAX: (905) 508-8344 

Qucbec 
Dalimar Instruments, lnc. 
89 Don Quichotte Blvd.. Suite 12 
Ile Perrof Quebec J7V 6x2 
Contact: Yvon Larose 
Phone: (514) 453-0033 
FAX: (514) 453-0554 
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RS & INSTRUMENTS, INC. 
S AVENUE. SUlTE 7 0 4  

ROUNOROCK T E X A S 7 8 6 6 4  

FAX (512) 255-6655 

(5121 255-3790 

March 4, 1993 

M E M O R A N D U M  

1 

! To: Frank Cuta, Development Engineer, Battelle PNL (V1A FAX ONLY (509) 375-361 4) 
From: Bud Dublin, IS1 
Subj: Inputs for nuclear waste monitor pressure transducers 

The rough guidelines that 1 have for your application are: 

1. 
2. 
3. 
4. 
5 .  
6 .  
7. 

Specific gravity of measurand fluid - 1.5 

Submersion z 16 ft ( approximately 12 psi Full Scale Output. FSO) 
Radiation = 800 radshr 
3.75" dia max 0. D. (inside 4" pipe) 
H2 outgassing; therefore, intrinsically safe or explosion proofing required 

pH = 13 
t = 150" F. 

We have verbal confirmation of a paper from Los Alamos that gives projections for our 
technology of a life of (10)11 rad of accumulated radiation exposure for the gage 
backing and adhesive combination. This is far beyond your projected life requirement 
of 2 years. Conventional strain gage metallic foils resist radiation well. 

At this point I have checked on several sensing element materials and it appears that 
some of the titanium alloys are viable candidates. They have high strength to 
modulus ratios to promote the desired attributes of the sensor that we discussed on the 
phone, with high resistance to hydrogen embrittlement (a problem with some Ti 
alloys.) I will continue informal checking, though part of our development, should we 
be selected to produce a custom sensor, would entail materials selection specifically 
for the application. 

Additional information that ultimately will be necessary is: 

a. What is the specific chemical composition of the measurand fluid? This is 
necessary to evaluate the long term exposure characteristics of the sensing 
element materials to the fluid for corrosion, embrittlement, and intra-granular 
degradation properties related to structural and elastic stability. 
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b. Does the fluid tend to crystallize, scale. or cause other long term effects that 
tend to “bridge“ or otherwise provide localized reinforcement or redundancy 
of the sensing element? This is particularly important if an aneroid “capsule” 
of two corrugated diaphragms. edge welded to provide a low stiffness. 
sealed, force collector over a relatively large area is used to drive a bending 
beam. etc. In that case it can seal off the entry to the capsule over time, and 
gradually change the sensitivity of the sensor. 

c. I believe that a manifolded, purgeable, and regulated reference pressure 
source, of clean dry inert gas, to provide common reference for all sensors in 
a given array, would provide near optimum performance for the application. 
Sealing reference pressures or evacuating reference cavities, for absoiute 
indication, would be more difficult to manage and compensate in my 
opinion. 

d. The sensor array should be open and easily cleanable with simple 
washdown in the event that maintenance is required. 

A resolution of 0.1 in-H20 for a 25psi full scale range gives the requirement to 
resolve approximately 1 part in 6,000. It is feasible to exceed this resolution by a 
factor greater than ten: much greater than ten with proper signal conditioning and 
processing. 

Intrinsically safe xener-resistor “barrier” modules are available from several 
manufacturers; StahI, MTL, and Pepperl and Fuchs ( P h F )  are examples. In shod, 
they limit the power available from cutting or shorting the leadwires of the 
transducer, on the safe side of the barriers, so that insufficient energy for ignition is 
available. They tend to cause some difficulty in conventional strain gage sensor 
calibration because the shunt used across one arm of the transducer’s Wheatstone 
Bridge measuring circuit, to simulate i: precise calibration increment (always in the 
“safe zone”) must straddle at least a portion of the barrier. This effect may be 
compensated for by a smart data acquisition system, however. 

Please call me if you need anything else. 
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INDUSTRIAL SENSORS 6 INSTRUMENTS. INC. 
308 TEXAS A W N L K ,  GUITC 104 

ROUND nOCK TiXhS 78660 

F-AK IZilel 255-8635 

( S l E l  Q55-3780 

TRANSDUCER SEtECTlON GUIDE 

C ; T W  

This document is intended to assist users in determining the 
characterigtitfcs of trangduoorc, inctrumontation, nnd aysttcmcr for specific 
applications in order to best utilize the advanced capabitities of ISI. The special 
capaorrrties of 181 include: 

1, Centinrinirs niwmthn tn ternparatiires in ~xcesq nf 500 OF. 
2. Temperature compensation to better than 0.1% FSO per 100 O F  

tomporaturo ohango for soro ohift. 
3. Temperatura canpanaatian te better than 0.1% r30 par 100 OF 

ttwtpftmti irp chnngn fnr span Phlft 
4. Output to IC,  m'VN wlth "conventional" strain gages (this revel ot 

output muct bo moomplichod ooinoidontally with itom 6, bolow.) 
5. Design for optimum fatigue life to resolutlon ratio. 
6. Pvsirgrr fur twosure tu (ipcr~siys media, 
7. Selection of materials to eliminate niagtietic: iiUf16t6rItm 
8. Design for the use of semiconductor strain gages. 
9. Design for apt Cmizing transducer reliability. 
10. Design for specific: envirtmmeti1al ekpo~ur'e: 

a. Pressure compensation to over 25,000 psi 
b. Silbsedmarine 
@. HiQh shockhibralion 
d. Remote outdoor conditions 
e. Downhole oiVgas welt 
f. Rotating Installations 
0 .  hwtness to prQduct exposure (example-food) 
h. Other- (customer spwificaiiari) 

11 - DUS~~I I  iut upll[rtltdlot1 UC prwluiori 3 r d  stitilblllty. 
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1 2. Docign of multiple component transducers with minimized 
"cross-talk." 

IS1 has signal conditioning and instrumentation that provide levels of 
preclslon and stability cQnsistent with that of their transducm that are 
themselves Capabl8 of over 200 O F  operating temperatures. Standard 
enclosures for this equipment are available that are suitable for use in remote 
outdoor locations regardless of climatic conditions. 

The most significant considerations frQm A thwrnaf point nf v i ~ w  am 
those of items 1-3 above. The adjustment of the transducer for temperature 
oompononthn (tho roduolion 04 wariali8n in 8UtpUt as a iurratiarr ai tsm~&+ald&) 
is the maln element of rnanpewer required to build -a t:ar)FJducer- Since 
manpower is the most costly element of any transducer, temperaturo 
compensation Is O ~ A  nf thA mnst wpnnsivf? "cnmpnnmts" nf thn trmiiducer 

Virtually all $trStlp gage transducers utilize a Wheatstone bridge 
measuring clrcult to convert thn variatinn nf rmistance nf fni ir strain ORge "arms" 
hookod into tho Whoatdono sonCiguratia~ 48 ga~aratra & signal pwpw1;dddI tu 
the rneasursnd. Nymgrw$ things such 8s productton toterancrrs in-thn strain 
~ages, asymrneths in leadwire cwnnwtl~m wlthtn the brldge, and smell 
voriationo in goumotric orientation have small but significant affects 8n output 8s 
functions of temperature. These effects c8use"zero shift," (Le., variation of no- 
load output), of the transducer as a function of temperature. For the purposes of 
this dioriioslon It lo adqmte to charnotorim tho offoat QC gonorally boing of tho 
order of up to f20/0 of the full scale output (FSO) of the transducer per 100 O F  of 
temperature change wiltrout cir'cuit cornpensatton. IS1 has the capabllity to 
ndjust this shift ta lass than 0.1 oh F90 per i 00 O F  651 LW'I(JWI U L U ~  I G I  IUI ip, 

There is a change of Young's Modulus (Modulus of Elasticity) of the 
tranrducrr'r sinsing dmmt that in ulrlually all &*IWJ~ I I ~ W  iulc; rul;ullu Iri tho 
ncnoingp almant imdarg6lq A d&erai3si3 in q!,i'iyj rata w;l1 a ;I IUI U U ~ I  IV 
temperature. There is a variation of gaga faotor (sensltlvlty to strain) of the strain 
gages with 11srnporQlum Ilia1 may pruvido oithor Increase or decrease In strain 
gage response with increasing temperature. In virtually all cases the decrease 
in Young's Modulus is of greater magnitude than lhe absolute value ot the 
change in gage factor, The net effect, then, on span shlft Is generally of the 
n r h r  id +1.3Qrf, FPfl por 100 *E and IC alwaycr irt  thu diruutlon ot thw tranoduoor 
boooming mor0 sonsitiue with lrrcrsasing tsmpsraturs. 191 can adjuat \lG& UIUI 

to 0.1% r30 or !e= per I00 O F  a! 16r\io&tthiluttt G I I ~ ~ I ~ ~ P .  OIIUW the rwjulred 
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correction has been dtbtemined for a given strain gage/sensing element 
material combination it may be applied on a standard component or ”batch” 
corrwtion basis. 

It is important to emphadre that temperature compensation by analog 
circuit adjustment is accompanied by an increase in the complexity of the bridge 
circuit, hence an increase in cost in general. Very Signfflcant savings may be 
reatired by keeping the actual temperature compensation accomplished to the 
absolute mintmum requited for the application. In generai the ratio in cost 
between zero and span compensation is approximately two to one. That is, it 
costs approximately twice as much to accomplish zero shift compensation as it 
does span compensation since zero shift must be individually adjusted while 
span compensation may be, accompiished on a batch basis once the 
parameters have been determined. 

The final comments about thermal compensation relate to the, sirnpliclty 
of the bridge circuit itself. It is a corollary that the simpler the circuit, the fewer 
the interactions within the clrcult. The resutt Is that thermal repsatabiltty is best 
with the simplest postble configuration. The use of data processing tschnlques 
to calculate corrections of data for both thermal and mechanical errors Is 
effective with modern data acquisition systems. A decrease in component count 
increases the reliability of the circuit by reducing not only the probability of 
component fallure, but also by reduclng solder joint count. The bottom line is 
that temperature compensation by measuring temperature and correcting the 
transducer for its repeatable thermal errors may provide the most accurate and 
dependable results with “smart” data acquisition systems. Analog 
compensation of €he transducer itself gsneraily provides the best performance 
with simple data acqul8hbn systems. 

Thermal consideration ia incomplete without discussing the maximum 
operating temperature limit. IS1 has devebped B s#gnifieant edge through its 
research efforts. There are basically three ievds of maximum long-term 
operating temperature available from IS: 350, 400, and 500+ O F .  Even the 
rawest of these limits generally exceeds capabilities of competitive devices. 
The 400 O F  limit is adequate for most industrial applicatbns, and Is only slightly 
more expensive than the 350 bF iimlt. The upper temperature limit is mainly a 
functlon of the insufation integrity of the leadwires and the solder melting point. 
Stable performance for over 60 hours at approximatefy 750 O F  has been 
obsenred by one of our customers. 

Other variables interact with temperature limit. For instance, pressure in 
direct contact with the strain gages acts to reduce the operational limit. ISl’s 
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present limit, based on keeping zero shift to a fraction of 1% FSO, after more 
than 3 hours exposure, is at simultaneous conditions of 500 O F  temperature and 
25,000 psi pressure. 

The mechanical aspects of transducer design tend to be the dominant 
factors in determining performance. Typical deflections of the order of a 
thousandth of an inch (0,001 In.) In the sensing element result in tens or even 
hundreds of thousands of counts of resolution. Mechanics to the molecular 
level must be considered. Transducer design encompasses broad 
interdisciplinary effects and is beyond the scope of this paper except in 
summary of bottom line effects that may be observed and obtained consistently. 

The full scale output tlmlt of a strain gage transducer is mainly related to 
approaching a mechanical limit within the transducer Itself. It may be limited by 
the straln wlthln the sensing element (the mechanical part that carries the load), 
the strain in the strain gages, the bond stress between the senstng element and 
the strain gage, etc. IS1 has developed capabilities to extend the working range 
or resolution of their transducers. Sensors utilizing "conventional" metallic foil 
bonded strain gage technology with outputs to over 10 mVN ate feaslble wlth 
concessions on fatigue Me. Ordinary limits are 2-3 mVN for such sensors. This 
increase In output translates Into an Increase of resolution of 3 to 5 times that of 
competitive sensors. Such increase in capability requires extensions in 
numerous design areas. Some useful observations are: 

1. 

2, 

3. 
4. 

5. 

6. 

4 m11/c 

Increase in output Increases non-linearity, non-repeatability, 
and hysteresis as percentages of FSO, however, thermal error 
components decrease against the same reference. 
New materials offer capabilities of extending working strain 
limits simultaneously with increased resistance to corrosion. 
The strain gage ltsetf is most often the source of limit. 
Baldam da adversa maximums of mar components occur 
simultaneously. 
The "worst" data point is generally the "zero" value; (where 
there is little or no restoring force). Fortunately, little data of real 
slgnificance occurs near zero in most practical use$. 
Unforhmtely, the zero reading is the most often observed value 
and is often a source of criticism or loss of confidence in the 
more useful portions of the transducer's range. 
Not all deslgn results can be explained by theoretical analysis. 
There Is a strong empirical influence In transducer design and 
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usually given in terms of percentage of FSO. It is determined durlng a specific 
calibration cycle; (la, it is not allowed to use the ascending values for one run 
with the descending values of another.) A8 a general rule the hysteresis of a 
glven sensor tends to improve with age. This is due to a conditioning effect on 
the molecular structure of the element as the sensor is "exercised" and where 
minor dislocations in the material grain structure produce a more stable state. 
Both sensor geometry and material properties affect the hysteresis of the 
senscx 

NON-REPEATABILITY - {or repeatability) is a measure of the ability of 
a transducer to repeat itself. It is 8 direct comparison between corresponding 
incremental values of successhre calibration runs. There is no limit: as to the 
number of calibration runs that may be involved, however, It Is required that the 
comparison be between all increments of two successive calibration runs. As 
with previous specifications It is usucltly given as a percentage of FSO. Non- 
repeatability tends to improve with age for similar reasons to those for 
hysteresis. 

THERMAL ZERO SHlF7 - is the measure of thermal stability of the no 
load output of the transducer. It generally varies as a reasonably Itnear function 
of tsmperature and is the effect of production tolerance accumulation for bridge 
components, variations in inter-brtdge wiring, and other lesser order effects that 
accumulate to a speclftc response for a gtven transducer. The statistical 
variation of zero shift for an uncompensated unit may be expected to be of 
normal distribution with the standard deviation being of the order of kl-2% per 
100 *F. The mean of the distribution is not necewarfly centered about zero, 
though it Should not be far askew. ISl's standard specification for compensation 
adjustment is ko.2Qh FSO pet 100 O F .  Typical performance from room 
temperature to 400 OF is for a total thermal zero shift of M.194 FSO or less. 
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Thermal zero shift is the translation of the output versus measurand curve 
to a parallel positlon on change of temperature as shown below: 

Thermal Zero Milt 

120 

100 

80 
60 

40 

20 
0 

-20 

Output Units 

0 

Measurand Unlts 

THERMAL SPAN SHIFT - is variation of sensitivity as a function of 
temperature. The main components working to cause this variation are 
changes in the stiffness or Young's Modulus of the material of the senslng 
element and the gage factor (sensitivity) of the strain gages as functions of 
temperature. Without compensation adjustment it is always "positive" in sense; 
that is, that sensitivity increases with increase in temperature. The major factor 
is that of material stiffness and as a result the uncompensated output generally 
increases in the order of 1*3% FSO per 100 O F  change in temperature for most 
materials. Unlike thermal zero shift there is little deviation for a given sensor 
design, and once the determination of correction is made it may be installed on 
a batch basis. 

Thermal span shift Is the rotation of the output versus measurand curve 
about the zero measurand value as shown below: 
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MISCELLANEOUS - Thore are numerous other specifications that 
may be used to oharacterire transducer performance. Most of them are readily 
Interpreted, and less subject to "specsmanship" than are the above listed 
values. The potential buyer is cautioned, however, that if there is any question 
about a ghren specification that he should question it and not waver until it is 
explained to his satisfaction, 

It is fmposslble to cuver all aspects of custom transducer alesign and 
development in this brfef paper, In general we at IS! fee! that most users tend to 
over specify the requirements of thefr application, This almost always results in 
the ssnsor being more expensive than required and often compromises the 
economic feasibility of the appltcation. It is better to under specify if there must 
be enor at the outset since it C generally easy to increase performance from a 
simple Gonfiguration; however, if success is achieved with a sensor that is more 
complex than that required, seldom is the unit made less complex and 
expensive. The tendency is to "We with It' and this can accumulate into major 
long term expense over the life of 8 product, parttculafty if considerable sates 
volume results. The following observations are offered from IS!'$ experlence. 

A. 

0. 

c. 

8tOB11tC 

Resolution Is often confused with accuracy. As an example, if 
one is looking fat small variatbns in load from a substantial 
base load the tendency is to over specify accuracy even If the 
actual value of the base load is relatively unimportant. The truth 
of the matter Is that variation of a fraction of a pound may be 
determined very accurately by a 7500 pound capacity load cell 
of only moderate accuracy. An error of 0.25% FSO would result 
In an 8rror of 19 pounds in the absolute load value, however, 
the change in signal due to a small varlatlon In load Is virtually 
unaffected by the ermr in absolute load. 

Whle exceptions apply to specific designs, the thermal 
variations of sensor output as functions of temperature without 
compensation in the circuit may be expected to be in the ranges 
of f l  to 2% FSO/lOO O F  for zero shift and +1 to 3Yo FSOllsO O F  
for span shift. 

The stmpler the sensor, the more repeatable it will be with 
respect to both mechanical and thermal performance; however, 
the repeatability of a compensated unlt Is generatly better than 
M.1% FSO mechanically and k U . l o ?  FSOllOO O F  thermally. 
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Simplicity also carries benefits in increasing reliability and 
reducing cost. 

D. Surprising results often occur with respect to material 
properties. It is not unusual for an aluminum alloy sensor to 
have a yield/ultimate strength greater than an alloy steel or hlgh 
strength stainless steel sensor of the same sensitivity. With 
such comparison the aluminum alloy sensor often weighs hatf 
that of the steel equivalent; and in general the performance is 
comparable if not superior to that of the Steel unit. The cost of 
an aluminum alloy sensor is less than a steel unit by a 
significant increment. 

C. Material and geansatric; pi'6p&tli&h I I I U ~  bu uswd tu uptlmlze 
mechanical performance (non-linearity, hysterests, and 
repeatability.) 

Thank you for your consideration of IS1 for your sensor, instrument, and 
system Integration requirements. We afe interested In providing the best 
possible product at the best posslble price. Special attention is also given to 
providing delivery consistent with your needs. for information or quotation 
relative to your speclflc requirement contact: 

Bud Dublin 
SI, Inc. 
308 Texas Ave. 
Round Rock, Texas 78664 
(51 2) 255-3790 
FAX - (512) 255.8655 

9 TD911 IC 



Charles R. TzdJmm 
La6 AILRnrns Scient i f ic  Laboratory 

Introduct Ion 

A strain-gage system msy bc more sensitive to t lcctrical ,  raecbanlcal, 
checGical and t h e d  pmperty chsnges Induced in its several componcrits due to 
I r r ad ia t ion  than other measuring systems. This is primarily tme because the st 
induced changes In the e h c t r t c a l  xesistance of the strsin element is small, i . f  

b e h g  measured in parts per million. In this  system then, sny change is usuallj 
sigiificant. 

system adds t o  the complexity irr understanding the behavior of the system. For 

exampk, Pleasured chsnges In the electrical resistance of the gage may arise n r  
only f- the d i rec t  e l e c t r i c a l  pmperty change i n  the  resistive element,  but 

can a f s ~  O C ~  d w  to mechanical, chemical, electrical, and thermal-pnperty 

changes Ln the gage backing, or bonding material or even the substrate 3n which 

the gage is  attached. 

Further, the cr i t ica l  iaterdependence of the c q o n e n t s  in t h i s  

Most experiments s t u d y i n g  rad ia t ion  eifeets on strain gages have usually 
concentmted on complete systems in environments closely duplicating th3se of 

the final application. These experiments pravide answers t o  particular, unique 
s i t u a t b n s  but often have not provided enm@ understanding so that the resultr 

ccruld be applied genexdly .  To achieve pmgress i n  devebping s strain-gage 

system forzadhtlon service, one must deternine the dominant effects  of radiat: 
on the compments in this system. 

achieved by =viewing the scientific data on metals, ceramics, and organic 

materials expased to radlatian. Frtrm these basic studies we then can begin t3 

understand the Esults of system experinrents conducted on v a r i m s  strain-gage 

systems of dlffel.ent gage allcrys, bonding methas,  and reactor e n v i r o n ~ n t s .  

A brief review of the the3mtIcal and experimental studies of hasic dRnqqe 

mcchanlsms expected i n  these materials w i l l  be given befsre examining the s y s t  

experiments. 

S m e  understanding of these effects cea be 

.- 



Radlnt lon Effects on Metals 

Blgb+ncrgyaeutran i r m d h t t d  ar tah suifer structural damage. The 
1 

inrpbgtrrg neutroas create defects in the m c t d  l s t t i c t  by s e v t ~  8 ~ C h a n i e ; m S  

r l t r a t e d  I n  Pig .  1. 

&ad tranefem 8- of Its energy, which, assuming elastic col l l s lon ,  is 

proporticmd to the energy uf thc  bombarding neutrwn a n d  t o  the r a t io  of thf 

neutron 1per86 t o  the struck atom's ~ L ~ S B .  After tbe init ial  coUlsion the neut= 

continues t o  knock ather a tam,  usuaUy v i th  enough energy t o  displace them 

ftrw the* l a t t i c e  position. 

energy t o  t ransfer  19 tV to a copper stam, which I s  mtff ichnt  t o  dislodge t h i s  

atw f m n  I t s  l a t t i ce  s i t e .  The neutroa, harmer, proceeds with 281 eV, 
eventually losing this energy 

If the  bombadhg n e u t m  has more than this  displacement energy (300 eV) t b e  

8truck atan w i l l  have enma@ energy t o  col l ide  wlth other atoms knocWng them 
uut of position. 

the colliding atoms B;IT of equal -6, aad tisus t h i s  energy i s  dissipated I n  a 

very localized area. 

(depending upan the direction snd cross-section), thus scattering defects 

thmwhnzt the metallic stx~ctam. 'Pbe k n o c k d e n  atoms will finally stop aad 

v i l l  lodge at an i n t e r s t f t i a l  site, Two types of simple p o b t  defects are 
created: vacaacies and Intersti tFals.  Other, m3z-e complex, defects are Slso 

crrated such as divecancies and other p s i s t a b l e  multiple defects. 

and Vineyard 

about VaCancy-interstitid pairs of defects. Another effect of neutron 

bombardment is a ''the& spike". A neutmn of k S S  than 300 ev, nat enough 

to diSphCe a copper 8t3m by direct col l is ion,  can dissipate i t s  energy thrauep 

collisions that violently vibrate the attms. This t h e m 1  disturbance, or spik 

I s  very short, both i n  duration and range e Extzwrely high temperatures occur 
v i t h l n  a 30-A d i e t e r  ( z  1000 atoms fo r  c q p e r )  even with a 300sV neutnn. 

!Penpm.tures above the melting p i n t  are achieved l e  a period of 5 x 10 
but t h i s  heat I s  quickly conducted t o  the sur rounding  at- 60 that a 6phere 

The neutron coUldes w i t h  au atom in the = ta l  l a t t i ce  

Ibr example a 3OO-eV neutnn w l l l  have Wt enougt 

striking maqy stans vibrating them violently. 

The energy transf'er in t h i s  coll ision is much greeter because 

Tfie neutnn, in contrast, can t rave l  deeply into the m e t a  

Diene6 
2 have calculated that 8 l-&V n e u t m n  b m a r d i n g  copper w m  C r e a t  

0 

-92 
6 ,  

Of 60 diarrreter bas a temperature of 460 K I n  2 x 6. The affected area 

could be reoriented In to  E ta s t ab le  pha6e6, or  th i s  e n e r a  c u d  promote the 

d l m s i o n  of vacancies a n d  I n t e r s t i t i a h .  Other defects are created when very- 

.bi&.energy neutnns (several ln l l l ion  electron volts)  strike the =tal. 



.. 
. ... 

]particles 38 m h t i v e l y  hlgb, dissipate t h i s  energl i n  a very ~ b o r t  distance. 

Lcw-tnergy mutmns (several eV) cannot cause atrueturd. damage, but they can 
create defects thmugh t r a n s m u t a t i o n  of th hast atans ilnto Impurity at-. 

T h r ~ c  transnarted atoms act  ae fomign atoms i n  the k t t l c e  end VU aiiect 

the pmpertics of the material, 

Of greatest cmcern in strain-gage =tal wire and foil, is  a change I n  

tbe e lec t r i ca l  r e s i s t l ~ i t y . ~  The defects intnduced In  the structure cause 

tbc conduction elrcctroos t o  scatter, v i th  the genera l  mesult of Increased 

c l t c t r l c a l  resist ivity.  

P r e t a l s  increases Unearly vith neutmn dose, 
Figure 2 8hws tha t  the h s i s t i v l t y  for  several 

Tht rate of increase in mzsistivity is strongly dependent upon the 

tenperat= during irradiatlm and can be sensitive t o  many other factors, 

cog., initial defects introduced by heat t rea tment  ( rap id  quenching, 

pmcipitates), grain size, cold work energy, and c w p h x  structure of the 

slloy. 

To Illustrate the effect  of kmperatum, Fig. 3 sbws that the I.csistivity 

Of a copper specimeo decreases upon isochmnal heating d t t r  M b t i O n  of a 

low teqera t tm.  These step changes in re s i s t i v i ty  (see ~ i g .  3) b v e  tieen 

at t r ibuted t o  annealing variau kinds of defects, Reutron bumbardmcut hcuever 

creates too COmpkX a situation t o  U a detai led Bnalysis on t h i s  basis. 

A t  Very h tenperstures Uttle cnerw is available to prcxmte d i f t b i c m  
and thus the annealing rate I s  low. A1thmg.h mall, 6- annealing 4 occurs 

h copper at  tempat- as low as 7 I(. 
activation energy for diffusion and thus require higher annealing temperatures 

for defect remal .  Rarther, their  r e s l s t i v l t y  increases t o  higher levels  

under irradiation at a given temperature than that of a material v l th  laver 
melting temperature 

Higher-El t Ing msterials have a higher 

Sme materials, huuever, exhibit unexpected res i s t iv i ty  

changes upm i r radiat ion.  Explanatlt>ns 5 offered for these a n a l e s  a= 
rsdlaticm-induced clustering of defects initially present due t o  rapid 

quenching o r  heat tmatment, or phase changer; nucleated at t h e 4  spikes 

resulting i n  h e r r a s e d  l o c a l  order. 



~ c h s n l d - p r o p t r t y  Change8 in the uta rtmb-gsge f o i l  or uim hllc. 

Tbt d u c t i l i t y  can k l a t e h d  revercly, t o  the  

d80 m0fi-t. ) lost  Et& e m b r i t t l e d  the btrO&LlCtiOa Of d C f C e 8 ,  

and t he  hardness lncr rsses .  

extent that N p t u r e  VU occur at c h g a t i a n s  substant ia l ly  lwer than 

vi thout  radiation. 

dis locat ion motion by tbe  defects p n s c n t .  

energy deposit ion Increasing t h e  appcutnt activation energy of surface r tac t ions  

&cause f o i l  s t r a i n  gages have a high surface-to-volume rs t io ,  any enhanced 

M a c e  chemical a c t i v i t y  c m l d  measurably change the e l ec t r i ca l  and n ~ c h a n i c a l  

pmpertles of t h e  fo i l .  Young has observed that the i n i t i a l  rate of oxidation 
lsingh copper c rys ta l6  inclrssed under M i a t i o n .  

These effects - probably due to the pLMing of the 

Another W o r  e f f e c t  I s  that of 

6 

It i s  particuLirly important for foil strsin gages to O l m L z e  the chemical 

activity k t v e e n  the strain gage and the ament or encqwulant. 

proptrtles can a l s o  be affected by m a c e  canditions, particularly by crack 

propagation and fa t igue.  T h e d  expansion and thermal conductivity artf a b 3  

changed by i r r ad ia t ion ,  which I s  also of cmcem to strain-gsge appUcati3ns. 

Wchaaical 

Gamma M i a t i o n  at energy levels of fission =actors has little effect 

00 Eaet& other than that of raising the temperature duz  t o  energy deposition. 

Hafever, in high-flux reglans these temperatxle increases can be a signif icant  

p r o b l e m .  

Radlatlm Mfects on Insulators 

Ibsulatlng materials in strain-gage application either organic or 
Inorganic. The latter include ceramic cements, flame-sprayed +O or  

powdered &O, a d  in some cases si0 2' 
than metali; t a  analyze t o r  radiation e f f e c t s ,  btrt somt general COnChSin6 

can be drawn irom research studies ,  

shms several property changes : 
I n  t h e d  cmduct iv l ty ,  and slight decrease l n  Yuun6'6 mMulus--& the  

result of h t t i c e  displacenent defects. m e  interstitial atan in the l a t t i c e  

produces swelling and high stress, which may cause the  i n i t i a t i o n  of a crack. 

A l s o ,  l a t t i c e  defect6 reduce t he  t h e 4  conductivity by Increased phonon 

scat ter ing.  

phenamznon If gas evolution occurs, as It does in n,a h a c t l o n s .  

3 
Thtse materials m even harder 

Irradiation of pdycrys taLl ine  A$03 
rmicnscopic grarth, micmcracklng, decrease 

!l!mnsmtatlon products impurity atoms, a particularly serious 

Materials 



cocltalnlng elements 

k c a a t  helium atana 

mch 8 8  btryn%Um or boron vi= trait Q. 

in th. l a t t i c e ,  rmCse then nucleate to 
p a r t i c h s  which 

fonn g;as poclrctr 

I o a i z a t i m  and elrctrcmlc excitation produced by fsst neutmns and gamnra 

irradiation may leave a cbarged s i te  as electrons e s t r ipped  from an atm 

or tmpped at defects. 

a i r e c t  the  o p t i c a l  pproperties 6uch 86 Ught trsnsmisslons and coloxatlon. 

Tbe e l e c t r i c a l  r e s i s t i v i t y  of A120 deczased fran lon t o  10 fl after a 
neutmn irradiation of 3.5 x lo' nvt. 
~ o m c  decEase ¶a e l e c t r i c a l  rtslst ivlty.  The m3billty 02 l m s  is directly 

affected by the presence of vacancies. me Loss of insfllrrtlon resistance 

?run ionic cmductlon due to teqeratun and n m s t o i c h l m t r y  is sImifnrly 

explained . 

These charged regions intersct  vitb pbotans and thus 

8 
3 

Ionic crystals  such is Mgo a lso  shw 

Photocanduction is mather phesmenon tha t  occurs in ceramics. This 

process involves the d i h c t  fnteractlcu of a gnmmn phatoa with one of the 

bound electrons I n  the atan. The phutoa is absorbed and the clectrw is 
edected in to  the conductim band. The higher the a tan ic  number (i.e., the 

higber the number of electrons) the greater the probability f o r  this event, 
Other interactions, e-g.; Conrpton process and pair ploduction occur at other 

energy levels of gamma M i a t i o n  resulting in decreased insu la t ion  resistance 

and non-ohmic effects  such as rectification and ph&ovoltaic effects. E[bwever, 

inorganic a i d e s  are particularly stable and their decreases in insuLati=rn 

msls tance  are usually insufficient t o  cause concern in strain-gage installstic 

Often =ported txpcriPrental dff'ficulties s t e m  ?ran the combination of effects  

caused by the 8tmasphere surrounding the Ins ta l la t ion .  Moisture and air in 
the presence of ionizing M i a t i o n  lead t o  the production of n i t r i c  acid. 

The dhct-charge transport either through the lonlzed gas or by surface 

conduction of the chemical products can be several orders of magnitude g E a t e r  

than that occurring thm@ the bulk ceramic. 

On the other hand, the e l ec t r i ca l  r e s i s t i v i t y  of organic Insulators 

degrades significantly under g m  radiation. 

falls because Of mechanical and physical deterioration rather than because of 
electric -pmperty changes e 

E l e c t r i c  i n su la t ion  prirParlly 

Organic insulators suffer con@-ex chemical react ioc 



vhlch drastlckUy alter the properties of the original nraterirl. 

rrsc t ions  occur thnm@ photw/eL:ctmn interactions and because ol ~onizat ioa  

tram isst neutron6. 

rissionlng o c c u r s  w i t h  &as evolution of reactive chain f-nts or sdditloaal 

cross-linking occurs v i t h  the foxnmtiaa of b r i t t l e  t b r t e - d i m r n s l m d  netvorks. 

Photoconduction I s  also LL daminant effect ln organic lnsulatms, and ~ a m e  
= t e r m  have ehovn ~ s i s t i v i t y  decxwses smounting t o  several orders of 

megnitude. 

c w c c r n  because gmat quantities of ms can be released. 

of the i n i t i a l  volurrre not unusual. This gas can c h a t e  high pressures 

in confined cavities.  

halogens and halogen acids can attack n e e  components. 

rpplications the high mmface-to-Ivolum?: r a t i o  makes these m t e r i a l s  partimhrly 

sensitive t o  chemical ac t iv i ty .  

create suf f ic ien t  p~.essure t o  cause zero offsets. Pbysical properties a c h  

as t ens i le  s t r rngth and melting point may decrease, and solubility af organic 

Insulators msy incff-e. Those organic materials that errbrittle may crack or 

flake off under strrss-cycllng or vibration. 

Q w d c d  

=pending upoa t& orgsnic s t ruc tu re ,  e i t h r  PO-r C h s i L  

The side effect of gas evolutiaz under irradiation is of Plajor 

Tenfold incI.eases 

For halogenated hydrocarbons the Elease  of cornsivc 

3cn strain-gage 

In pres- transducers, w t g a s s i n g  can 

Radiation Effects of Semiconductors 

The umdority of active defects lntnduced in semiconductors by neutron 

bolnbardment m In the form of defect clusters. These defect clusters act as 

I.ecambinstion centers for the electmu-hole charge carriers. 

charge carr iers ,  their m b i l l t y ,  and l i f e  tkre are affected by the defects 

present. 

decades f n m  Initial values w i t h  a neutnn  fluence of 3.0” ne; Fig. 4 i l lus t ra t  

th is  effect .  Maximum resistance Is =ached when the bombadmnt has pngmssed 

u n t i l  a l l  csrrlers tux trapped. EeavLly doped semiconductor s t r a i n  gages’ w i t h  
15 3 initid camie r  concentrations of 10 /cm are LZSS sensitive, but an upper 

limit Of useful perfoxmanee is found at  fast-neutron fluences of - d5 nvt- 

The mnnber of 

7 The e l ec t r i ca l  c w u c t i v i t y  decreases by a6 mch as f m r  o r  five 

Radiation Effects E X p e r l m n t s  

Experimental apparatus (capsules) of v ~ ~ y i n g  complexity have been designed 

for insertion into nuclear-reactor test parts. 
malntainlng an inert atmosphere of helium as w e l l  ts a s m a l l  flar t o  purge any 

O~tgsB6ed amteriab 

A n  include prwisions for 

irom the capsule, Cooling of the capsule I s  of ten  rtcplri 
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&E to the m d  neutron energy i t i o n .  mr inrrtance, USL’S b g a  

Vest  =actor rt 8 WJ hrs e. gr+mrw heating W e 1  of 0.2 W/g (C). 

the heat-transfer conditions this c a r l d  n d t  ia high temperstures m d  Zarge 
temperstwe graditnts.  PRSSUXT transbucers w i t h  DD prwtsirm for  cooling 

dht than convection have rrachcd egullibri.lrm tenpemtures of mer 803.F. 

mpending upon 

ExperitOents have been made on s t a t i c  strain gages bath under prestress 

and at tern-stress conditions. 

cycled e i ther  i n  tension or  in compression t o  E loo0 us. 
have been conducted at controlled te~perature inchding ~ 3 m  temperature 81j 

V ~ U  BS m2 =a IZ$ tenrpemtures. 

l31 other txperin~nts the 6traI.n gages vtre 

Wst experFments 

ODe of the first emin-gage irradiatlon-cifects capsules 9 used by the 

D. 6. loaval Research fa’boratory is 6- in P i g .  5 .  This apparatus w a s  used 
to determine %he beha~ior  of 6traf.n gages ’b&h under stress  and in a relaxed 

state, The capsule was wtll-designed to svoi8 t h e  problems of tecrpemture and 

atzmspheric e f f e c t s ,  The first urperirPents were cmbcted in the zlu Intensity 

~ e s t i n g  reactor at oak R i d g e  waticmd hboratory in ~ a y  1956. p3ic$roTIp: v r a i l s  
aad coastantan fail gages bonded by Allen P1 c e m d e  cement t o  c&bon s t ee l  

beams were tested as 1/2-bridge pairs. 
bridge eystems one unstressed and one stressed. 

Both gage sllays vere tested in faur 

The re6istence of iridividual gages and the resistance to Eyrsund were read 

the irradiation. The bridge-circuit unbalance w a s  aLso reed. Resistance 

tc,’gKIIlBd (Fig. 6) w a s  the =jar problem, w i t h  i n su le t ion  Rs i s t ance  dnpping 

t o  100 

bdhg were not significant, Fie;. 7, and the resistance changes in individual  

akfuome fcages were lerrger than I n  canstantan gages. Dterestingly these 
results of mer I6 ye- aga are ncrt too dii felpnt  fram recent data. 

at a fast-neutnn dose af 3 x 10~7 nvt. me e f f e c t s  of stress- 

A Cennaa translation” of this  experiment revealed t h a t  the strain g e e s  

w e r e  backed w i t h  a phemlic =sin. 

resistance o c m d  because of r a d b t i o n  dsmage of t h i s  backing and p s s i b l y  

I suspect t h a t  the s w e E  loss in insu la t ion  

because of adverse chemical reactlcm v l th  the Anen 
experbents w%h unbacksd gages bonded with ceramic 
have been successful In nrsintalning high insulation 

Extensive experimental vork has been conducted 
particularly in connectionwith &he Rover and NERVA 

Dynamics (GTR) reactor ln Fort Worth, TX, with  I t s  

fl cement. M3,re recent 

cements such as B m n - H  

resistance under i r r a d i a t i o n .  

In t he  last t e n  years, 

programs. The General 

unique capability for 



k r g e  d u s r  cryogenic irrsdiations played a significant mlr in these efforta. * Pllnnhrook reactor in Gandusky, OH, vas 00 used exteasively for hlgh-fhx 

and hlgh-hating-rate experiments 

Vould be impractical t o  mtiev a l l  these experiments, mny of which 

provided 8 s  mch lnslght by t h e i r  f a i l m s  ELE by their S U C C ~ S S C S .  

experiments were w a r t e d  and the i r  rcrmlts published. u'12 Bovever, a r e v l w  
Of BQPe results  pay i l l u s t r a t e  the progn?ss made In t h i s  f i e l d .  

MBsy 

The first ef forts  were concentrated on the Micmdot weldable s t r a i n  gage. 

This drah-gsge system vas considered mst suitable f a  high-radiation service, 

being enclosed ln a metd envelope and h & t e d  v i t h  capacted MgO. 

nunbcr ai Microdot weldable gages we= irradiated at OTR and at Pluibmok, and 

we= Fncluded in several. Rwer and E X V A  r?eactors. 

A large 

In CfiR E p r I a k ? n t  3 l ,  twelve weldable straia g s e s  v e x  irradiated 
1-3 connected as six-1/2- bridge systems attached to s i x  t a p r e d  steel  beams. 

The hams w e r e  cycled to loo0 ptn./b.  throizghmt the tes t ,  and the vhole 

s s s e a l y  w a s  held at UV2 tenpFature awing the M i a t i o n .  The sensitivity 

or gage factor w a s  not significantly affectedhxt the zero h n l c e  w a s  changed 

by - 100 p h ~ , / i n .  YU 85 hlgh as 400 p b - / h .  

on two bridges f o r  a nelr tnn dose of nvt (E > 1.0 MeV). The k s u h t i m  

I.tsistance drcrpped about one decade during irradiation, but remained in all 
case6 suff ic ient ly  high (above 20-50 M?) . This esrly experirrrent w a s  t3'pical 

of man;y, and pointed to the maJor pmblem, i.e., ta the fact tbat the res is t iv i ty  

change induced in the strain gages and had x l r e s  w a s  n o t  identical  I n  the two 

halves of the bridge and that the lesulting brldge balance w a s  disturbed. A 
t e s t  using a similar fixtun vas made at the P l m k  reactor at a much higher 

reutson dose. 

f'luence =ached was 1019 mrt ( En> 1.0 MzV) . The spread in zero shift for  the 

eight pairs of 1/2-bridge cizcuits is shown in ~ i g .  8. 
w a s  the inconsi~itency in the magnitude of the zero balance betveen strain- 

gage bridges. 

Fie:. 9. 
hsuZet1on resistance, elthmgh resistance d id  dmp t a  30 m from the i n i t i a l  

value of 500 to loo0 IO. 
both veldable strain gages and ceramic-ceEnted f o i l  gages us- the sane fixtUrr 

four bridges and that 

n 

14 This experiment vas conducted at 135.F and the fas t -neutmn 

The alarming p n b h m  

The ovtraU e m e l u p  of th i s  zero-shift var i a t ion  is 6hWn in 

The e q e r i m n t  did  not m e a l  eny serious problem due t o  a dr=?, i n  

A later t e s t  vas conducted at Plumbrook including 
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m d  reactor ewitPamcnt." The gagel, were 
c rpose~  t o  a iastaeutrcn i h e n c e  oi 1.6 x 

c y e k d  to - 500 pin*/ in,  ubd 

lou orvt (Eo 1.0 MV). 

rigsin tbe msastm?d bridge unbalance of the gages v h d  M l/Z-brIdge 

systems ubs excessive and iLaonsistcnt. pigurr IO shms the zero-bnlrulce 

shift for the MIerad3t gages, sad Fig. ll the results of the Bean-H ceramic- 
ccmcnted Budd C9610 Toil gages, The C 9  roil gages SLjo exhibited a large 

gprcd in zero bibnee bebeen individual bridges. 

The difference betveen the Microdot and the C9 610 foil gages I s  

slgnlflcant and IUustrates thrrt the Induced re616tlvity change 1s oery 

ilependent upon the dloy ana its  processing. 

8smt Qqxz I n  the same radiation environment depends upon whether the gages an? 

Bbsvior betveen gzqes of the 

l&tlf id =t&Xl&.Cd&'. f&tQX'eW' U S  1969 p m 6 C n k t i O B  to 
reported rennirkaaly gaOa performance uf the veldable strain gages in tests 

oi 1/2-briage circuits t o  1.9 x 1 0 ~ 9  mrt. 

on &age factor, bystezlesis, or linearity, ?mt the reported resistance change 

In each gage w t s  quite large. Figure 12 shws the percent change in 
nsistance w i t h  neut,-on dose. 8ote tbt the gages do not change identicsply.  

Gages 3 and 4 show - 0.3346 deviation, w h e r e a s  Gages 2 and 4 deviate by - 16. 
%is 

or a bridge unbalance of'550$ of iw1 scale for the gages paired as 1/2 bridges 

vhere 1000 pin ./in. vas h t l l - s c a l t .  

He icxraa no e i ~ ; n i f i c a t  effect  

change in rrsistance v a  result in a bridge unbalance of 5.5 x 103 pin 

Other gages and techniques vere elso thmght to be suitable. 

W n  Hostettkr at Acrojet General C q .  working w i t h  l3IJl dweloped the flanre- 

-rayed AS03 or ZrO-insuhted and bonded high-tenpennture s t r a in  pge using 
the 92:8 w/o p t i w  &by w i z e  gegc. Steve wnt;rfr, a. xeported this radiation 

rpslgtant stnain gage develqment." several rsdktion-effects eqerlments 
of this feme-sprayed gage were made at the GTR reactor on the KEXVA pmgram. 

Ib m e  experiment 72 strain gages tested In 1/2-bridge pairs vere irradiated 

to a neutron fhence  of 2.3 x 10% nVt while at 650' to "p0"F ambient te .n?lerab 

Seven gages opened, four shwed a large change in output, but 52 gsges worked 

fairly veU. indicating only a 5.5& output change. 
of these 36 pairs of gages dropptd fran 28 t o  1.7 M1 h r h g  irradiation but 

then mcwered to 10 M, after t e s t .  
gages indicated signlficSnt better performance of zro;! over AS0 bonded gages 

both i n  insulation resistance and I n  zem shift  with dose. 

The insulation resistance 

Other tests of flame-sprayed bonded strain 

3 



I have found that X3ishmE absorption c(u1 k txtrrmt ln tbt opcn..pallct 

t e s t s  rt t h  

vbnrmp. 
bonded s t r a i n  gages can be tuxpletely dominsted o r  seriously affected by 

the presence of m31sture. 

made v l th  vely-high-voltage e x c i t a t i o n  up t o  60 Vdc. 

I le ld  canbined with radiation-induced ph3toconduction and ionic conduction 

cu the gage surfaces where maistun had been absorbed I s  a bad set  of 

clrcumstsnces. The nnst successful tests have been made in a dry and Inert 

stmsphem where m 2 l s t u m  sealants were used mer the ceramic. High bridge 

voltages ax'e not nc3llrmended because they tnhRnce the leakage cmductlcm. 

Om high-humidity Fort Worth f a c i l i t y  or In IN2 t e s t 6  Wing 
The d l a t i m  effects on cersmlc-ccnunted or ILamt-sprqyed ceramic- 

The =ported t e s t s  of f h - s p r a y e d  gages venz also 

The hlgb e lec t r ic  

In one urperiment problems deve'lpped in t he  bond betveen the gage and 

the beam. Unfortulately the magnitudes of the strain w a s  nut r e p r t e d  other 

than that the pmblem occurred i n  conpression cycles on ahmiuum stI-aia beams 

vhlle thermal& cycled t o  M Appsrently the t o t a l  t h e d  plus 2 
applied strain exceeded the U m l t  for this bonding metbd. 

te~r~gexature. 

Reactor Ap$lcations 

Concurrent w i t h  these radiation-effects e x p e r b e n t s  in t e s t  reactors, 

diagnostic nreasurements of reactor care defkction,  pressure vessel strains, 

bol t  tensi le  loads, and c3x m o r t  loads w e r e  RquFred in the develcpmnt 

tes t -  of Rwer and NERvk reactors. 

Althmgh controlled expe-nts could n=rt; be essUy made in these reactors, 

I 2  
mxh w a s  accmplished in learning vbat techniques do work. 
nmts were made under the very severe tavlnnmental canditions inside these 

=actors. heating h e b  5 w/g and neutmn iluences w e r  mrt 
(En > 1.0 MeV) w e n  met  In 60me l a c a t i m s  with ambient temperature vsriations 

f m m  + 70" to - 425'F. 
of the active-dumrqy t y p e  in one integral  s t e e l  envelupe with integral, waged 
stainless-steel-sheathed MgO insuleted cables. 

O f  cable resistsnee changes due t o  temperatuR extrems and temperature 

gradients. 

n e a r - 4  t e q e r a t w ,  whereas the leads were routed t o  a pas6-thm@ In the 

pressure vessel. A t  ti distance or  only a feu inches irom the cooled p ~ s s u r e  

vessel the  cable6 vould rrach up t o  lOOO*F due t o  gamma heating. 

chws a weldable s t ra in  gage I n s t a l l e d  for  coxv-deflectlon meamzremnt. 

Successful measure- 

A t  USL we began w i t h  Kicrodot weldable strain gages 

Our maJor pmblern w a s  that 

Tht 6traln-gage 1/2-bridge u s  located in a reactor plenum at 

FiBurp 13 
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a~ .oh t ion  t o  the ganma-heating problem VCLB to use faur gages in a 

1 cmplete bridge at the meMurrmcat point in cmibination v l th  a constant- 

c u r r e n t  excitation system. We urperimented v i t h  ceramic-cemcnttd f o i l  strain 
Esges for 6mm? nppllcations becsuee the need for four gages d e  It d i f f i cu l t  

to obtain a small assembly includiry the brazed, s t a l e d  rrt;ainless-steelinclosed 

tenninetion OZ the steel-sheathed had. 

and the t emlna t ion  of the four single-conductor swaged leads b e c a  the mJor 

ppnbLem. W final, scheme f o r  ceramic-cemented f o i l  strain gages is 6hsm in 

F i g .  1 4 .  The new techniques vexv also used f o r  asseniblies that c m l d  accept 
the larger space required by Micmdot veldable strain gages o r  had s t d  levels 

In excess of + 

An exanplr of the use of --bridge weldable gages and another Installation of 

these w e s  e shocm 3n Figs. 15 and 16, respectively, The mccess of these 

techniques in a given reactor t e s t  p m i d e d  encmrageEn t  for further nzf inement  

and attempts in t he  next t e s t .  Al thagh  gcxd experimental t e s t  data w a s  Dbtalnec 

the problem of radiation-induced r e s i s t i v i t y  change in the strain-gage w i r e  or 

foi l ,  causing a z e m  balenee shift, vas still with us. 

~ i s t u x - 6 e d h g  of the  ceramic cement 

t 
m 

i pin./in.  which prohibited the use of ceramic ccnzent. 

f ie data clearly iedicated that the rrriliation-induced r e s i s t i v i ty  change 
vas n r t  cons is ten t ,  and that predictions of bridge unbalance or the use of 

cumpensating techniques were n& satlsfactary. 

continue OSLP radietkm-effects tes t ing on larger quant i t ies  of strain gages 

in uur Omega West Reactor. 

This then prarrq?ted us t:, 

Radiation E f f e c t s  P r o m  

A test  capsule w a s  constructed which ca r ld  s t r a i n q c l e  four constant- 

strain t e s t  be=. This cspsule w a s  water-cmled by f'lrxing .V 11.55 l/min 
(1 a m )  of refrigerated water through the base t o  r e m e  the 0.247/g gama-heat 

depos i t im-  

The strain beams were repeatedly deflected t o  a Pixed displacement by tWD gmphi- 

pistons driven by helium pm?ssure. 

provided the  purge gas. F i g u ~  17 s b s  this capsule with the c w e r  removed. 

The v e r t i c a l  access tube in the Omga West rtactDr hac a diameter of - 0.9 crn 

(3.5 in.) end dmps t-h - 8.0 m (20 it) of water t o  reach the reactor wre. 

This capsule then w a s  l h i t e d  t o  a 7.O-cm (3-in.) diameter to albw easy inserti 

Into t h i s  nccess tube, each s i d e  of the 

f u u r  steel strain beams and vas oriented as shown in F i g *  18. 

tested of each Of the f O w b g :  

l3 

A helium purge maintained an inert atmsphere w i t h i n  the capsule e 

The s m l l  helium leakage w d  the pis tans  

A camplete s t r a i n  brifge w a s  bonded t o  

!JMa brldges w e r e  



0 

8 

0 

The 

~ M - E  ccrrmic-cmnented die -cut  DentFaalcs toll gsgt~ -1 

BIII FAET-12a-12S6 ET constantan foil gages I>alyimide-backd 
m b  boded with Epy 500 epuxy. 

Mcromcamuemrnts EA06 Urn-120 constantan a l l oy  a lso  backed 
vith polyimide and bmded with %and 610 epoyy. 

IpsQ2sT of 5mt-a 8 l l o y .  

ceramic-ccrrrrnted gages were overcoated w i t h  RK 692 polyimide varnish 

f o r  moisture sed-. 

insu le ted .  These leads vere soldered t o  stsin3ess-steel-sheeted t u 0  copper 

conductor &!$-insulated cables leading uut of the capsule. 

The gage hookup v h  w a 6  Pyre-ML v a n i s h  ( p o l y M d e ) -  

YOU dgh t  ask, w h y  did you even experiment w i t h  an organic b a c w  and 

w i t h  epzpcy-bonded strain gages in U@rt of  dl the past evidence of rapid 

deterioration of organic materisls unaer i r r ad ia t ion?  Hwwer, polyimide organic 

f i l m  has prwen to be highly radiation-tolerant, 

and elsewhere have demonstrated that this m a t e r i a l  Is not significantly degraded 

after a fast-neutron expasure of 10 

19,20 Tests conducted at IASL 

18 nvt ( E ~  > 1.0 MeV) and 10'' 

This high radiation tolerance i s  attributable t o  the 

of garams 

. radiation. Cyclic f l ex ing  tests at m2 temperature w e r e  made w i t h m x t  f a a m  aft 
this radiation exposure. 

cyclic s truc tm of the polymers. The imiae" stmctuxe i s  characterized by 

double-bond linkage bebreen one nitrogen atm end two carbonyl groups. These 

gX'WpS are usually attached t o  a benzene r lng in palyprrers. 

this basic s t r U c m e  

PIopedIes at teqxrature extremes: 3 . l b - W  (180 deg) bends in ItIe can be made 
without fracture. 

5 6 to failure) $6 1472°F. 
vlth tenrpemtm, the decrease in solid-bulk p l y i m i d e  from 

temperature t o  lon f c m  at 

a g m d  Insulator. A 1 4 - t h i c k  layer one inch square v m l d  have a Esis tance 

Of 40 P at 5'12.F. Tfiese excellent high-tenq>emtu?z properties end radiation- 

t e s t  resul ts  gave us hope that this polyimide w o u l d  be an excellent radiation- 

tolerant stmin-gage backing m a t e r i a l ,  Fortunately, sbmt the same t i m e ,  

the strain-gage ms,?ufacturers bee- interested in this  material because 9f 

i t s  other excellent properties, 

Figure 13 shws 

This polyhlde material efi ibits  cnrtstanding mechznlcal 

The zero-stl.e@h tapens- fo r  the f i lm (20 psi  load for 
Althfnzgh the e l e c t r i c a l  res is t ivi ty  dms decrease 

Pcm et mom 

572.F, hwever, is s t i l l  suiriciently Ugh f o r  

Tbe StrBh-g8@? ilTadi8tion t e s t s  of these ceramic-cemented foil gages and 

Of the polylmide-backed bonded gages were surprisingly succes&f'ul. 



Polyimide-backed s t r s i n  gages using ep- banding can be used 

successfhlly up to a fast -neutron fluence of 7 x 
snd t o  a gama d i a t i o n  dose of at least  1 0 ~  rad. NO s i g n i f i c a n t  mechanical,. 

or electrical  degmdation w a s  cqerlenced.  

nVt (En > 1.5 BkV), 

Polyidde-vaxniSh-insulated w i r e s  can be used to a fast-neutmn 

nvt (En > 1.5 M V )  and to a gamm r ad ia t ion  dose of 18 i lurnce of 7 x 10 
at hast 1 0 ~  r ~ d  w i t h o u t  loss of in&tion or physiait. d e g m t i a n .  

e Constautan can be processed into mztal-foil s t r a i n  gages that have 

essentially i d e n t i c a l  resistivity chmges with neutron d s e  and thus, when used 

in a full-brldge system, nmfntain bridge bdance. 

Constantan 16 a better choice for radiation service than other Slloys 
tested, foee ,  Karnns, phtinrrm/tungsten. 

t o  fabrication pmcesset;. 

Ewwer, even constantan is Sen6itiVe 

B~ELLX-H cermic ceraent se&d w i t h  po~~ imiae  vemish is satisfactory 
18 

for  banding unbacked metal-foil strain gages exposed to 7 x 10 

and lon rad. Zero return immediately upon cycflna t o  - + lo00 @-/ in .  did n=rt 

m e a l  any creep or bond loss. The insulatim t o  grsund va15 over 10 557 
thraughout the q r i m e n t ,  

slvt (En > 1.5 I! 

0 Althmgh previaas radlatiun-effects experhents w a r n  of neutrcmically 

induced flux-sensitive emf smrces ,  no dc pc3.tentId.s were observed i n  these 

br iaes  

fieads can 'be attached satisfactarily in ~ T T  helium by using standard 

6& 37% solder f o r  i r r a d l e t i o n  envimnments that d3 n D t  exceed the recmmendee 

msximum teqera ture  f o r  sDlders, 

Al though  32 strain gages were irradiated in this experirrsnt , individual  

changes In gage xesistance we= aut available because the gages were vlred In 
cornphte bridge cLrcul t6 .  We tested c q l e t e  b r i e e s  6lxuply because we had 



found t b e m  best b aur =actor lnstsllatlons, 

Or m s l s t l v l t y  cha.ngts ln a brgt 8-k of gsgcs versus neutron doee w o u l d  
be O? b t C h 6 t  BO that t h C  =St  probable zerO drm for a 6 C t  Of U t R d n  gage8 CWU 

Barcver, tbe distribution 

k determined. 

slgnlficsntly af'fect t h e  rcs16tivity changes wing lrrridiation, 

oDent c lear ly  shared that c b s e  caa t ro l  at  each step of s t r a h - g a g e  fabrication 

Fs essential t o  pmchce metallurgically identical gsges. Any variation i n  

nesistance between strain gages of the same d&y i s  due t o  S l i a t  changes 

in the  s t r u e t u n  'brought about by variations Fn t h e  o r l g t n d  m e l t ,  r d l i n g -  

induced cold work, annealing times andl temperatures, and final etching 

processes and p a c u h g .  Apparent Strain colrqpensation is a good extuple: 

S O m e t k s  gage6 are beat- t r ra ted t o  achieve a given apparent strain curve 

by affecting t h e  electrical lpsistance change with temperature. Emever, 
any heat tlratment that v i l l  a f fec t  this behmiar vill &o a f f e c t  the 

electrical res i s tance  change due t o  rsdiation. 

duferen t  heat t r e a t m n t  assenibled in one bridge w i l l  plobably nut hgve the B- 

radiation sensitivity, z i l t h m  original tests m y  have indicated g x d  matching 

for temperat- m q e n s a t l a n  , 

probably w i l l  afPect the apparent strain CrUNes. Further, we shnrld expect 
that the radiation-induced r e s i s t i v i t y  change VU be mch grea te r  at  

cryogenic t empaatnms,  where t h e  t h e m  Bnneding  of defects is miaizm, 
than at elevated tewersturPs. 

can best be minimized by locat ing the four gages of a bridge in the  6- 

t=qm-ature! and radktian twimrmnt. 

rates (and tkus high teuperature gradients)  it is particularly inportant t o  

caxefulfy choase the strain-gage locstions. 

M Interest are also the f a b r i c a t l m  ~ ~ C C E S C S  that mgt 

The cxperi- 

Therefore, two gages of 

Cowersely, t he  radiation-in&ced changes 

These interzvlationships of varims ef fec ts  

zh =actors of very high gama heating 

Current merlments  

Studies are in pmgress t o  determine 60x1~ of these irradiatim effects. 
~n extensive experiment (m 23) at 
at the CTR Fort Worth, !E, fac i l i ty ,  

capsules used ln th is  experiment 16 shwn ln FQ. 22. Note that the fiXt\rre 

16  6 i E d h r  to that shwn in F i g .  15 except that 8 b e n w s  i s  used instead of 

graphite pistons to deflect t h e  strain beams. 

temperatwe has j u s t  been cqleted 2 
One of t he  two s l n l l a r  strain-ga&e 



-- 

farruirc system 
in rcristrncc due 

used for  6trsia- 

voltage acms8 

the straln gage vas fed t o  thc digital voltmeter input, and a secmd p 3 k n t k d  

developed acxD66 a r e s i s t o r  ia series vith the gage vas fed to a vol tage-to- 
frequency converter. 

m n t  thmugh the s t r a i n  gage, w a s  used t o  vary the  time base of the 

integmting d ig i ta l  vol tmter ,  

cm d i g i t a l  v o l t m t e r s  CIS a mtiomcter opt$=.) 

voltmeter p v t  directly the resistance r a t i o  of the strain gage t o  the fixed- 

series resistor. Tbe flxtd resistor w a s  thermally insulated t3 mfnimize 
thcrmal-drift effects. Remlutim snd drw; in read- the resistance r a t io  

was v l t h i n  2 10 p/-. ttuargbout the e x p e r h e n t .  

logger mstem, we were a b k  to easuze & Individual strain gages, 

a l l a y s  velo investigated: 

(6- ta OM A= AUCJY-I)), k n t r o n i c s  11300 series, *ntronics 21.00 series, 

and smrphms alloys. 

This rrequency e l m ,  which w a s  praportionsl t o  t b  

(This arrangearent is s3net-s W e  available 

%e d i g i t a l  output of the 

Tpul3ugh a multichannel data- 

w e d  

constantan, Ewma, Mcxmma-mnts A W - C  

!rhe constantan teste3 w a s  of 6, 12, a d  36 ppm per *F apparent strain 
cmpenslstion. Several strain-gage backing materials and bonding mrth*s were 

tested: polyimlde-backed, ep‘lxy bonded, ana cerealc-cemxxted unbacked gages. 

These gages and the var ia t ions  armq them are sMnnarized In  Fig .  24. 

results have not yet been coqmter-nzttuced and plotted, but so= preUninary  

hand-rrduced data can be =viewed. F l g w e  25 shms the Easured Change i n  

r e s i s t i v i t y  vs n e u t n n  fluence. lhis incmase for constantan d3e3 conf l ic t  

with the Smith and Redler xesul ts  of 1958, but maybe a t t r ibu ted  t o  a l l a y  3r 

process differences. F m  26 shars tht X i u n ~  d e c ~ a s e s  i n  resistivity 

w i t h  neutmn dose, The data are consistent with the x e p r t e d  decmase observed 

at room temperature. In the mom-tempermture trxpcsure t e s t ,  a 0 2  ST die-cut 

KBIlns a l l q  Dentmnics foil Bsges, ceramic-cement-bonded t o  steel, exhibited 

a decrease O f  -0,s in resistivity st 4 x lo1* n d  (En > 1.5 MeV) when pleasur% 

the bridge res’rstance. 

this foil and cement on riluminum beams at I.Z? teqerature  decreased - O.?lO 

- + 0.1m at a neutron a 6 e  of IO’* wt. me r e s i s t i v i t y  c b g e  obsemed in 
these hr:, cases accounting f o r  neutron dose level, temperature, m d  smSll-88aplc 

The 

The GTR-23 e x p e r k n t  indicates that the  resistence Of 

2 



- + a0 r c r t t e r ,  Fs taasoacrbk. -1- r r s u l t e  iran t h h  @Et-23 cxperimcnt 

llur l isted In ?lg. n. 
ibctor-air-28 d r  change for equivaltxt neutron dose t b  constantan. 

-her, thr - + 
constantan gages of - + 0.035) or T h i s  dcviatim 1s 

the irrg?ortant factor In nrahtalnlng brldge balance when four bridges 8~ 

used In a bridge circuit. Rde also that bonding material and substrate 

d f e c t  the w e d  measured change in the foil's ekctrical r e s l s t l v ~ t y  

with neutron dose, Further, Karma allay bonded to stainless steel v l th  

ceramic has a tliflercnt z-zsult than those gages encapsuLated in ceramic 

only, and heat t r ra tmnt  of constantan t o  achieve a compen6ation of 36 ppm 
rrsults in a resistivity change of 0.396 + - 0.q9, whemas t he  13-ppm constantan 

has R change in = ~ i ~ t i ~ i t y  of 

Hdt that the 2 D  series Dtutronfcs d w y  shws a 

dcviatioo of - + 0,OOg I s  mch leas than that f o r  M4 

gages (2  0,072). 

0.548 - + 0.072 percent for a neutron dose of 

d8 avt. 

Becsuse msibtivity changes are of mJor  concern a sfq~ler ~ ~ a i ~ t i o n -  

effects erperirnental capsule has been desilpled that w i l l  allar 40 strain gages 

to be irradiated passively without StIPSS-VCIhge 

at 300 K us- nf rbe ra t ed  water cirnilatlng thmugh the base. 

c a p s u k s  are being manufactured, so that a s-le size of 40 gages Of each 

t y p e  md bonding m t e r i a l  can be tes ted.  The radhtion-Induced chcnges b 
t h e  apparent Strs in  curve can a lso  be nreaawd mer a W t e d  teurpersture 

range. 

vendor, vc m y  be &le t a  identify the pncess i ag  steps that have the p z a t e s t  

e f f ec t  on changlw the resistivity during i r rad ie t ion ,  is w e l l  as the  best  drab- 

The tenper8tun2 56 maintained 

Several 

If process control  is sufficiently documented in cooperation with the  

g w e  al loy .  

Our gml is to find t h e  best alloy and bonding pmedure for transducers 

that viu .  shew the least change in zero balance and sensit ivity at aeut rsn  

iluences in excess of 
with pressure transducers using the  &$! EA%-2.25 TM-102 polyinlde-backed 

constantan gage bonded with M-bond 610 epoxy. 

4-402-0178 and the Precise Sensors Mode1 TOO02 both shored excellent performance 

h the CXR 23 l m a d h t i o n  t e s t ,  having less than 1% zero-balnnce s h i f t  and a 

nv t  (E, > 1.0 MeV). We have &m experimented 

The Bell 6 EweU CEC Mdel  
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FIGURE 9. ZERO SHIFT I N  EQUIVALENT MICRO IN./IN, FOR~M#ROWT1WElDAB~E: STRAIN. GAGE$;VE-REAC?~*: 
POWER AN0 HOURS AT THE PLUMBROOK TEST. 



. .  . 
b 

. ’.* 7oc 

/ 

/ .. 
1 

GAGES 2 8 3 . 
r” 4oc 

3m 

2(xl 

ES 41 6- 

f 
/ 

7 

W A G E :  8 a 9  .. 

0 2 4 6 8 IO 12 16 18 0 

FAST NEUTRON DOSE, nvt (E 3 I MEV) .. . 
L 

C 
.FIGURE 10. ZERO SHIFT VS NEUTRON DOSE FOR MICRODOT WELDABLE STRAIN GAGES TESTED IN THE PLU(BROOK REACTOR. 



* 

W 
W 
I 
Q 
X 
0 
W 
V z 
4 
J 
U 

0 
Q: 
W 
N 

m 

8 

SO 

40 

30 

20 

IO 

a 

-IC 

1 GAGE IO-  

--t- 
I 

I I 

6/r 
12 

FAST NEUTRON DOSE, rlvt E > 1 MEV 
x t 

FIGURE 11. ZERO SHIFT V S  NEUTRON DOSE FOR BUOO C9-610 GAGES BONDED WITH BEAH H C E R M I C  TZSTCD IN ‘THZ 
c PLUMBROOK REACTOR. 



. .  ...-. 

u I 

1 
0 0.9% IOm 0.19Ox IO2* 

-800 

FAST NEUTRON DOSE, nvt 

FIGURE 12. CHANGE IN ELECTRICAL RESISTIVITY VS NEUTRON DOSE FOR 
HICRODOT WELDABLE STRAIN GAGES. 

. .  



I 

. . 
. 

. 



.. 

L4 BUD GAGES N0.S-710 

.. z. 8 

* 

FIGtlR€ 14. CERAMIC CEMENTED FOIL STRAIN GAGES I USED FOR CORE DEFLECTION MEASUREMENTS 



. 
b
 

. . 

6
 

d 

W
 
t
 

V
 

w
 

W
 

0
 

w
 

oc 
0

.
 

V
 

8
 

L
 VI 
c
 



I 

. 

-1 

i .. , 

.. . .. 



c
 

.. - C
.
 

.. 
*

.
 

.. . *i. 
: I- 

.
I

 
! 

I 

I 



. .- 
't 

FIGURE 18. STKAIN GAGE ORIENTATION Off ?EST BEAM 

. 



. 1 
1 

FIGURE 19. POLYHIDE POLYMER STRUCTURE 

’? 



e 

: - . .. 

. .. 

. :  * 

. .  

L 
bOENfRONICS H302ST 4s- 

KARMA ALLOY 

DENTRONICS HI 1802 S' 
0 

30 

20 

10 

Pt-W A U O Y  

$ .. 
W 
0 z 
3= 
V 
a -. - 

0 
Qf u - t C  
N 

L M M  EA06-125 TM-120 
CONSTANTAN ALLOY 

-2C 

-3C ------ ----- 
8LH FAET-IZB-IZS6ET 

CONSTANTAN ALLOY 
I t 

----\ 
1 .  I 

I F 1 1 

NEUTRON 4.9 5.5 6.0 6 . 6 X  IO" 
FLUENCE, nvf 

GAMMA DOSE, R 0.02 0.91 . 1.0 . 1.1 x 10" 

FIGURE 20. BRIDGE ZERO CHANGE AS A FUNCTION OF RADIATION DOSE FOR PT-U, 
KARMA AND CONSTANTAN FOIL GAGES 

. .  



. .. 

. 

---e - MM -125 TM-120 CONSTANTAN 

-7 DENTRONICS H302ST KARMA ALLOY 
0-R 

0 ~,,,e-=c-e.Cz~~-- 

. -  

-16 - c 

- L 

J 1 1 1 1 a 

NEUTRON 49 5.5 6.0 66 X 10'' 
FLUENCE, nvt 

GAMMA DOSE, R 0.82 0.9 1 1.0 1.1 x IO" 

FIGURE 21. BRIDGE SENSITIVITY CHANGE AS A FUNCTION OF RADIATION DOSE FOR 
FT-W, KARMA AND CONSTANTAN FOIL GAGES 

0 . 



r_.i#lWRE 2 , DYNPMIC STRAIN GAGE FIXTURE FOH IRRAOIATlON E H l f l t n l S  A I  l i l t  Y I K  n t ~ ~ i u n ,  

I 



.
.

 
.
.
 

. .... 
.-. 

2
 

w
 

. 

1 

. 

.
.

 

. 

w
.

 
W

 
s ?

 
c
3
 

.
(

u
 

w
 

p: 

n
 

LL 
3
 

4 



RADIATION EFFECTS EXPERIMENT GTR-23 
FmRt 24 

Backfng _Band I ng Beam Fktcrlrl T' ef Tm Ilmnbcr Gage Type Matcrlal - 
4 
5 
4 
5 
4 ,  
2 
5 
3 
5 
5 
4 

4 

3 

3 
3 

3 
3 

3 

3 

5 
2 

H 2102 1 

11 1802 L 

H 302 L 

EA 13 125 AD 
EK 13 125 AD 
EC ST 125 AD 

n 

n 

(1 

FAE-12-125 73 ET 
CEA 06-250 US 

None 
tl 

M 

8t 

Bean H Ccrmlc 
I 

tl 

I 

ss 
A1 
ss 
A t  

-IC Stmln C; 

ss 
A1  
A i  
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Silicon or Foil: 
Which Strain Gage should be used 

in Force Transducers? 

The Future us. the Past 
The semiconductor (silicon) strain 
gage has revoIutionized force 
sensors since its invention at Bell 
Telephone Laboratories in the 
early 19%. I t  wasn't until 1960, 
due to the work of W. P. Mason 
and R. N. Thurston, that silicon 
strain gages became commercially 
available. At that time it was 
expected that silicon strain gages 
would obsolete foil strain gages. 
Instead, foil gages have found a 
niche in short term stress analysis 
and have slowly been losing 
ground in force sensing applica- 
tions as new companies learn to 
use silicon gages. Transducers 

"Transducers based on 
silicon gages are 
extremely rugged, yet 
produce powerful 
signals ... n 

based on silicon gages are ex- 
tremely rugged, yet produce 
powerful signals and allow for a 
wide bandwidth and short 
response time. These features are 
necessary in manufacturing 
applications due to the harsh 
environment in which the trans- 
ducer must operate. 

Gage Facfor 
Considerations 
Foil gages have a gage factor of 2 
to 4 while silicon gages have a 

Area of permanent /- deformation 

1 2 3 4 5  
Ratio of (bad)/(rated bad) 

Figure 1. Typical force transducer stress 
vs. load using foil gages or silicon gages 
with and without overload protection. 

gage factor of 50 to 175. Gage 
factor is a measurement of the 
sensitivity of the strain gage and 
is defined as the resistance change 
per unit of initial resistance 
divided by the applied strain. 

AR = GF x Rx E 

hR: Change in resistance mea- 

GF Gage Factor 
sured to calculate force 

R: InitiaJ resistance 
E: Strain 

Transducers using foil gages must 
be pushed near the yield point to 
get the output required due to the 
low gage factor. Silicon gage 

transducers are designed $0 that 
the stress at rated load is 10 to 
50 times below the yield point. 
One must be careful when 
reading force sensor literature 
since many manufacturers of 
foil gage transducers use the 
tensile strength rather than the 
yield stress in calculating the 
factor of safety. 

The Problem Of 
Exceeding tbe Weld 
Sfress 
When a transducer's yield 
strength is exceeded the struc- 
ture is permanently deformed 
requiring sensor readjustment. 
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This often requires the sensor to 
be returned to the factory 
causing unacceptable lost 
production time. Production 
lost due to a broken sensor can 
far exceed the cost of the sensor. 
The failure of foil gage trans- 
ducers in production has even 
caused some manufacturers to 
avoid using force sensors on the 
production line. But the accep 
tance of silicon gage transducers 
in the manufacturing environ- 
ment is now being realized. 

The Success of Robotic 
Force Sensing 
Adept Technology, Inc., a robot 
manufacturer, has been selling a 
robotic Force Sensing Module 
( E M )  since 1989 based on 

"Adept has over two 
hundred sensors in the 
field, yet there has 
never been a need to 
recalibrate or replace a 
sensor due to a 
crash ..." 
silicon strain gages. Robotic 
force sensors represent a special 
challenge due to the high and 
often unpredictable loads 
applied to the sensor, as well as 
the high number of cycles 
involved. Adept has over two 
hundred sensors in the field, yet 
there has never been a need to 
recalibrate or replace a sensor 
due to a crash or fatigue failure. 
This type of success has further 
bolstered the use of silicon 
gages in force transducer. 

+3000 

i2000 
Normal 
operating 
range 

100 l k  10k lOOk 1M 
Number of cycles to failure 

Figure 2. Fatigue life curve for common 
foil gage, constantan (S-T-C condition). 

Additional Overload 
Protection for Silicon 
Transducers 
A technique invented by Thurston 
Brooks of Hughes STX and used 
in Adept FSMs increases the 
already high factor of safety of 
silicon gage transducers. This 
technique uses hardened overload 
pins to protect the transducer. 
The pins are pressed into the hub 

"...foil trans d uc er s 
need this over€oad 
protection much more 
than silicon gage 
transducers, but only 
silicon gage 
transducers can use 
this protection ..." 

of the sensor and float in the outer 
wall. When the sensor exceeds 
the rated load, the overload pins 
contact the outer wall and absorb 
the additional load. This tech- 
nique has been tried on foil gage 
transducers, but has failed since 
the transducer operates so close to 

the yield point that when the 
overload pins start to fully 
absorb the load the Sensor starts 
to yield. When the sensor yields 
it is permanently damaged since 
precise overload pin positioning 
is critical to successful opera- 
tion. See Figure 1. Ironically, 
foil transducers need this 
overload protection much more 
than silicon gage transducers, 
but only silicon gage transduc- 
ers can use this protection 
method successfully. 

Fatigue Life 
Fatigue life problems have also 
plagued manufacturers using 
force sensors. Since silicon gage 
transducers have such a low 

"...silicon gage 
transducers have 
such a low stress 
point at rated load 
they can be designed 
for infinite life." 

stress point at rated load, they 
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Figure 3. Typical foil 
and silicon strain gage 
output due to a load 
equal to the resolution 
of a 12 bit AID converter 
( 1 /4096). 

can be designed for infinite life. 

Foil gage transducers have two 
fatigue problems. The first is that 
the stress on the transducer at 
rated load results in a limited life 
span. The second is that the foil 
gages have limited life spans as 
well. See Figure 2. A foil gage 
transducer can fail at anywhere 
from 100 to 1 million cycles. 
While this type of performance is 
acceptable for the research lab, a 
factory production line can 
accumulate 1 million cycles on a 
transducer in a matter of weeks. 

The Adept FSM has been tested at 
15096 of rated load for over 25 
million cycles with no failure, 
When the E M  was inspected 
followng this test no sign of 
fatigue could be found. There are 
silicon gage force sensors that 
have over 1 billion cycles in 
production and show no signs of 
failure. Only this type of rugged- 
ness IS acceptable on a factory 
production line. 

Powerful Output Signal 
Considering all the problems 
associated with foil gage trans- 
ducers why push them to such a 
high stress point at rated load? 
Looking at the change in resis- 
tance vs. strain it  is easy to s e  
why. Due to the low gage factor 
of foil gages, strain levels must be 
from 1500 to wx) microstrain to 
produce an acceptable signal. But 
even at those strain levels the 
signal is weak, and low-level 
electrical noise affects the resoiu- 
tion of the sensor. While silicon 
gages require strain levels of only 
50 to 300 microstrain (1/5 to 1/30 
the strain on foil gages), they still 
produce signals that are 35 times 

~- ~ 

"While silicon gages 
require strain levels of 
only 50 to 300 
microstrain (If5 to 1/30 
the strain on foil 
gages), they still 
produce signals that are 
35 times stronger ..." 
stronger than foil gages. Force 
sensors typically use 12 to 16 bit 
A/D converters to produce high- 
resolution digital signals. A force 
sensor using a 12 bit A/D con- 
verter resolves rated load of 
1:4096. To achieve this resolution 

a force seflsor using foil gages 
must resolwe 2 7 x  Wohms, 
which is difficult. See Figure 3. 
To make matters wow,  in- 
duced electrical noise can mask 
this small change in resistance. 
Transducers based on silicon 
gages produce a strong signal 
output with high electrical noise 
immunity. 

Higher Bandwidth 
The use of filtering can reduce 
induced electrical noise to 
acceptable levels on most foil 
gage trans~lucers; however 
filtering reduces the bandwidth 
and response time of the 
transducer. New applications 
in production such as 
debumng, polishing and 
drillin6 require a wide band- 
width output with fast response 
time. When silicon gages are 

reduced allowing for wide 
bandwidth and extremely fast 
response times. Transducers 
using silicon gages have made 
demanding automated applica- 
tions like deburring possible. 

used filtering requinmats are 

Change fn  Output with 
Temperature 
One shortcoming that strain 
gages have had is a shift in 
output with change in tempera- 
ture M?. There are two 
different temperature-rrlated 
problems. One is that the 
resistance of the strain gage 
changes with AT and the other 
is that the gage factor changes 
with AT. A change in gage 
resistance and expansion of the 
transducer minus the expansion 
of the gage due to AT combine 
to cause a zero shift. A change 
in gage factor due to AT causes 
a span or gain shift. Silicon 
gages have a larger span shift 
than foil gages. Foil and siiicon 
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gage's zero shift is similar due to 
the use of the Wheatstone bridge. 

Temperature Problem 
Solved 
The zero and span shift tempera- 
ture problem has been solved 
using a variety of techniques. 
Recently, Assurance Technoio- 
ges, mu1 ti-axis force/ torque 
sensor manufacturer, has devel- 
oped a simple correction method 
that reduces the change in output 
due to temperature to near Zero 
for their multi-axis force sensor. 
Regardless of the type of gage 
used, temperature effects ulti- 
mately depend on the type of 
compensation method used. 

Linearity and Hysteresis 
The accuracy of a force Sensor is 
directly related to the linearity of 
the strain gage. The linearity of 
silicon gages is equivalent to the 
linearity of foil gages due to the 
low strain levels needed. Hyster- 
esis is related to the amount of 
epoxy and plastic between the 
strain gage and the transducer. 
Foil gages use a plastic backing 
along with an epoxy film to 
mount them to the transducer. 
The plastic backing causes creep 
and hysteresis. Silicon gages are 
mounted directly to the trans- 
ducer with epoxy. A new silicon 
gage mounting method uses a 
micro coat of epoxy that reduces 
hysteresis even further. 

Conclusion 
The demand for force sensors in 
the manufacturing environment 
has made silicon gages a require- 
ment. Transducers with silicon 
gages are rugged, long-lived and 
have low noise and high sampling 
rates. The foundation of force 
sensing success is the silicon 
strain gage. This can be Seen with 
Adept Technologfs Force Sensing 

Module and the many other 
manufacturers who have come to 
rely on force sensing on the 
production line. 

Written by Robert Little of Assurance 
Technolops, Inc .  Mr. Little is a 
summa cum Iaude graduate of the 
University of Pittsburgh in Mechani- 
cal Engineen'ng. Currently wmplet- 
ing his thesis for his Masters of 
Science at the North Ciirolim State 
Universiiy. His working expen'ence 
includes seven years of r ~ e a r c h  and 
development in the study of frans- 
ducer and semiconductor gage design 
for use in measuring force and torque. 
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Ii.ansPort PT868, The Ultimate Port 
THE COMPLETE 
SOLUTION. The Panametrics 
Transport flowmeter system has 
everything needed to successfully 
perform clamp-on flow measure- 
ments in the field. Included in its 
microprocessor-based electronics 
are an ultrasonic thickness gage 
function (transducer optional) 
which accurately determines 
pipe wall thickness for proper 
setup of the transducers, and a 
wavefonn display function for 
troubleshooting. 

Self-contained, built-in re- 
chargeable batteries for up to ten 
hours of portable operation are 
standard, as are digital and analog 
outputs for data uploading and 
chart recording (a portable printer 
is optionally available). To calcu- 
late energy flow rates, Transport 
comes with inputs for optional RTD 
temperature sensors. 

The complete Transport 
system, including the meter, two 
transducers, clamping fixtures 
and all ancillary equipment, is 
contained in a durable carrying 
case about the size of a briefcase, 
perfect for easy transporting from 
site to site. 

ON-SITE DATA LOGGING 
LETS You TAKE IT ALL 
WITH YOU. To complete the 
system, we've built in a powerful 
data logging function that can 
store up to 43,000 data points for 
later uploading to a personal 
computer. You can collect data 
in the field, then import it into 

standard spreadsheet or Transport 
Data Managermn custom software 
for analysis and storage in your 
office. Transport Data Manager 
also permits operation and data 
retrieval remotely from a personal 
computer. 

A separate memory function 
stores up to 20 sets of site param- 
eters, eliminating the need to re- 
enter data when returning to a site 
for additional measurements. The 
meter can even be programmed 
to automatically begin and end 
measurements at predetermined 
times for unattended operation. 
AN ALPHANUMERIC A N D  
GRAPHIC LIQUID CRYSTAL 
DISPLAY COMPLETES THE 
PICTURE. TransPort's large, multi- 
function LCD presents measured 
data in both alphanumeric and 

presenting a software menu that 
walks you through data entry and 
function selection, 

Standard alphanumeric 
functions include flow velocity, 
volumetric or energy flow rates and 
totalized flow in single or double 
line displays in either English (USA.) 
or metric units. 

In graphic mode, the LCD 
shows both real-time and logged 
data. The result is a chart recording 
right on the display; very useful for 
reviewing data and observing 
trends while on site. 
DIGITAL SIGNAL 
PROCESSING BRINGS HIGHER 
ACCURACY To TWO-PHASE 
APPLICATIONS. Panametrics' 
patented acoustic signal-coding 
technique extends the benefits of 
transit-time measurement to 
applications in liquids with higher 
concentrations of entrained solids 
or gas bubbles than was previously 
possible . 

Digital signal-processing (DSP) 
and correlation detection increase 
TransPort's effective signal-to-noise 
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ratio significantly. DSP also 
eliminates eiecnonic drift 

IJICK AND EASY TO 

able for many applications 
where only less accurate meters 
could be used before. 

use. Simply input the site param- 
eters, clamp the transducers 
onto the pipe, adjusr the 
spacing. and you're underway. 

needed, and there's no need 
to break into the pipeline. 

TransPort's software is 
menu driven. On-line help 
functions include pipe dimen- 
sions and sound speed data for 
various liquids and pipe materi- 
als. When needed. you can 
measure liquid sound speed 
and pipe wall thickness directly 
with the meter. An experienced 
user can make scores of 
different measurements in a 
single day. Transport is ideal for 
a11 kinds of flow survey work. 

ECONOMICAL Asu T o  
STAY E co NOM I CA L. 
To be of real value, a portable 
flowmeter must be as eco- 
nomical to own and operate 
as it is capable in tne field. For greater accuracy, both Using the latest microcircuit clamp-on and wetted installa- and manufacturing technolo- 

lions be calibrated' gies, Transport is built to stay in 

with0ut pressure drop Or pletely solid state, the device pipeline obstruction. never wears out or needs 
SO VERSATILE YOLr CAN servicing, which means no 
U S E  IT ANYWHERE. downtime and no mainte- 
TransPort lets you measure flow nonce costs. 
rate with a turn-down ratio of 
400 to 1, in pipe sizes from 1/2 design is more economical to 
inch ( 12.7 millimeters) to more produce. and we pass the 
than 16 feet (5 meters), at savings on to you. Transport is 
temperatures up to 500°F affordable and will continue to 
(260°C). Use Transport to mea. save money by streamlining 
sure the flow rate of potable your measurement process 

liquids, and corrosive or erosive 
liquids, as well as to perform 
mass or energy balances in 
heating and cooling systems. 

Transport can also be used 
to troubleshoot other flowmeter 
installations. From pure water to 
crude oil, this meter does it all. 

ACCURACY 
WITHOUT PE:VETRATIh'G NO ancillary equipment is 
THE PIPELISE. There's no 
longer any need to break into 
the pipeline to get accurate 
flow measurement. Now you 
can get it with a Transport 

Transport YOU get high accu- for many years. Corn- 

TransPort's state-of-the-art 



INDUSTRIES: 
AEROSPACE 
AGRlCU LTU RE 
ENERGY MANAGEMENT: 

FOOD & BEVERAGE 
MANUFACTURING 
MEDICAL 
PETROCHEMICAL: 

0 Hot Water 0 Chilled Water 

0 Refining 0 Chemical Processing 
0 Process Control 

PHARMACEUTICAL 
POWER: 

PULP 8s PAPER 
SEMICONDUCTOR MANUFACTURING: 

SEWAGE TREATMENT 
WATER & WASTE WATER MANAGEMENT 

0 Fossil Fuel 0 Nuclear 0 Hydroelectric 

.Ultra-pure Liquids 0 De-ionized Water 

TYPICAL APPLICATIONS: 
ACIDS 
CORROSIVE, EROSIVE & TOXIC LIQUIDS 
CRYOGENICS: 

PETROLEUM PRODUCTS: 
0 Argon 0 LPG 0 Nitrogen 

0 Benzene 0 Crude Oil 0 Ethylene 0 Fuels 
0 Heating, Lubricating Oil 0 Propane 
0 Solvents 0 Xylene 

POTABLE WATER 

Balancing Systems Batching Billing/Accounting 0 Check Metering 
Cooling 0 Efficiency Studies 0 Flow Surveys 0 Heating 0 Large Pipes 

0 Leak/Rupture Detection 0 Pollution Control 0 Process Control 
0 Small Pipes 

USES: 

MAIN OFFICES: 
Panametrics, Inc., 221 Crescent Street 
Waltham, MA 02154-3497, USA 
Phone 61 7-899-2719 Toll Free 800-833-9438 
FOX 61 7-894-8582 

Panametrics, Ltd. 
Shannon Airport, Shannon, Ireland 
Phone 061-471377 Telex 72161 
Fax 06 1 -47 1359 

LEADING INNOVATION. ADVANCED TECHNOLOGY. WORLDWIDE SERVICE. 

TransPorim and Transport Data ManageP are trademarks of Panametrics. Inc.. Waltham. MA 
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Multi-Axis Load Cell Technoloaies 

JR3. Inc. 
22 Hatter Avenue 

Woodland, CA 95776 

Fax (916) 661-3701 
(91 6) 661-3677 

December 8, 1993 

David Holcomb 
Oak Ridge National Laboratory 
Instrumentation and Controls Div 
PO Box 2008 
Bldg. 3500 
Oak Ridge, TN 37831 -601 0 

Dear Mr. Holcomb, 

Here is literature describing JR3 sensors and sensor systems. The literature 
describes only our standard commercial sensors, not special designs or 
modifications. Sensor rated loads have ranged from 1.5 Ib to 25,000 Ib. 

JR3 sensors with external electronics have been modified to customer 
specifications for use in radioactive environments. The use of metal foil strain 
gages, and the absence of any semiconductor devices within the sensor give an 
inherent resistance to moderate levels of radiation. We are currently involved in 
a program with Dr. Marc Decreton at the SCUCEN Nuclear Research Center in 
Belgium nuclear agency to study the effects of high radiation levels on JR3 
sensors. Since the tests in Belgium may not apply directly to your application, 
we would be willing to provide test samples modified for radiation resistance for 
evaluation under conditions more suited to your needs. 

I'm including a drawing showing the sealing method we use with sensors 
intended for deep sea submergence. The sensor interior pressure must be 
equalized with to the external pressure. This sealing method, or a modification 
of it may be suitable for your needs. 

If you need additional information, or if I can help you in any other way, please 
let me know. 

Wayne Johnson 
Applications Engineer 



SIX AXIS 
FORCE-TORQUE SENSORS R 

JR3. Inc. 
22 Harter Avenue 

Woodland. CA 95776 

(916) 661-3677 
Fax (91 6 )  661 -3701 

~ ~ ~~ 
~ - _- ~- Multi-Axis ~-~ Load __ Cell Technologies - _ _  ~ 

-- 

By measuring the forces on three orthogonal axes, and the moment or torque about 
each of these axes, a six degree of freedom sensor can completely define the loading 
at the sensors location. Use of s1x degree of freedom sensors in robotic systems 
allows adaptive process control based on force feedback without unnecessary 
restrictions on process orientatlon. In research applications, the six degree of 
freedom sensor system allows simple collection of data completely defining the loads 
applied to the sensor by complex systems. 

JR3 sensors are produced in many load ratings and bolt patterns. The size of the 
sensor vanes, depending on force and moment ratings and required mounting 
dimensions. JR3 sensors are very stiff, resulting in minimal degradation of system 
dynamics and positioning accuracy. The high stiffness also results in a higher 
resonant frequency than obtained with more compliant sensors. 

JR3 Serial Sensors 

JR3 sensors with onboard electronics use the latest technology to provide 
force and torque data at very high bandwidths and with very low noise. 
Signals from foil strain gage bridges are amplified, and converted to digital 
representations of the force and moment loading data by electronic systems 
contained within the sensor. Data is transmitted to the receiver electronics in 
a synchronous serial format. All low level analog signals and the 0 circuitry 
are within the sensor body, shielded from electromagnetic interference by the 
metal sensor body. 

Data for all six axes is returned at a rate of 8 kHz. The digital data stream 
from a single sensor can be monitored by several different receivers 
simultaneously. The use of multiple receivers allows system control and 
monitoring or data collection to be performed by totally separate systems 

The data stream includes mformation about sensor characteristics and 
calibration, and feedback monitoring the sensor power voltage. The stored 
sensor calibration data allows sensors to be changed with no need for any 
adjustment of the receiver circuitry. Feedback of the sensor power voltage 
allows use of long lengths of small gage wire in the sensor cable. Power and 
data signals can be passed through slip rings if necessary. Stiff, expensive 
sensor cables are no longer needed. 

JR3 Sensors with external electronics 

Under some conditions, such as high temperature, chemical exposure, or 
radioactivity, i t  may be preferable to locate the electronics remotely from the 
sensor. For these applications, JR3 sensors are available with no electronics 
on board. The external electronic systems for these sensors provides the same 
serial data stream as the sensors with on board electronics, allowing the same 
receivers to be used with either type of sensor. Analog voltage output is also 
provided by the electronic system used with these sensors. 
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JR3 DSP based bus compatible receivers, designed for use with JR3 Force-Torque 
sensors which transmit serial data, use the latest technology to provide 6 de ree-of 
freedom force and torque data at very high bandwidths. Use of a powerful%igital 
Signal Processing (DSP) chip allows the JR3 receivers to provide decoupled and 
digitally filtered data at 8 
faster than previously available. 

The receiver boards for the ViWbus and ISA (BM-AT) bus are the first two 
examples. Both boards share a common architecture, consisting of the Digital Signal 
Processor and a shared dual-ported address space of 16k 2 byte words to which both 
the host and the DSP can read and write. Use of the dual ported RAM allows the 
host to read data from the DSP with very little overhead. It also allows the host to 
reconfigure the DSP on the fly, by writing configuration commands to the RAM. 

The receiver card contains circuitry to receive the serial digital data stream from the 
sensor, as well as circuitry to monitor and adjust the power supply voltage at the 
sensor. The automatic remote power supply adjustment and the differential digital 
data signals mean that the sensor cable requirements are very forgiving. Long, small 
gage wires can be used, and the power and data signals can be passed through slip 
rings if necessary. Stiff, expensive sensor cables are no longer needed. 

per channel. "hls data rate is an order of magnitude 

The DSP is used to process the raw data from the sensor. It perfarms several 
functions, including offset removal, data decoupling, saturation detection, digital low 
pass filtering, and force vector magnitude calculation. The processed data, and 
various status registers are located at specific locations in the dual ported RAM. 

VMEbus receiver 

The VMEbus receiver card, a single height (4H) double wide (6U) card, 
occupies a 32k byte block in the VME's A24 address space. The base address 
is selected by dip switches on the card. Data and register locations are at 
specific offsets from the base address. 

ISA (IBM-AT) receiver 

The ISA (IBM-AT) bus receiver card, which plugs into a 14 bit slot on the ISA 
bus, uses both the 62 pin and the 36 pin connector. "he receiver occupies 4 
consecutive I/O addresses in the range of 000 to 3FF hexadecimal. The base 
address is selected by dip switches on the card. The two lower I/O addresses 
form a 16 bit address register, the two upper addresses form a 16 bit data 
register. The address to be read or written (in the dual port shared address 
space) is written to the address register, then the data is then read from or 
written to the data register. Block transfers, where only the initial address 
need be written, are supported. 
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JR3's stand alone receiver processor, designed for use with JR3 Force-Torque 
sensors whch transmit serial data, offers versatile interfacing options for 
applications which cannot use one of JR3's bus compatible receivers. The 
system has a serial I/O port and a high speed parallel output port. It can 
receive commands from, and send data to, terminals, or a variety of 
computers and controllers using the serial I/O port. The parallel output port 
can transfer data at high speed to computers or directly to robotic or 
industrial controllers. This microprocessor based receiver system can provide 
decoupled, digitally filtered data at up to 800 Hz per axis. 

The serial port may be programmed for baud rates from 300 to 19,200. "he 
port can be switched from RS-423 (generally RS-232 compatible), to RS-422 
protocol, and can be used with a simple serial terminal, or a computer running 
a terminal emulation program. The serial port is used for set up and control 
of the JR3 system. Data can be transmitted as ASCII formatted data, or as a 
continuous stream of binary packeted data. The data can be either raw or 
processed force and moment data for any or all axis. Raw data is amplified, 
filtered sensor data. Cross coupling is not removed. Processed data is 
decoupled, may be digitally filtered and can include global force and moment 
vectors, maximum and minimum values, and rate of change data for any of 
the axis or vectors. 

The high speed parallel output port is driven internally via a DMA (Direct 
Memory Access) channel to allow rapid response to a request for data. Raw 
or processed data is available parallel port. This port uses 18 discrete lines; 1 
data request input, 1 data valid output, and 16 data output lines. It can 
communicate with simple, inexpensive parallel boards such as the Data 
Translation DT-1417 for the VMEbus, or the Metrabyte PIO-12 for the TBM 
PC. 



16 CHANNEL COMPARATOR JR3 Inc 
LOAD THRESHOLD MONITORING 22 Harter Avenue 

Woodland, CA 95776 RECEIVER 
(91 6) 661 -3677 

Fax (916) 661-3701 
- - - -  - - _ _ _  _ _  -~ 

Multi-Axis Load Cell Technologies - ~ - -  - - -___ _ _ _  - 

The JR3 16 channel comparator load threshold monitoring receiver, used with JR3 
Force-Torque sensors which transmit serial data, monitors the forces on three 
orthagonal axes, and the moment or torque about each of these axes. Sixteen 
optically isolated outputs may be set by the user to monitor any axis, or the vector 
sum of all forces. 

The comparator receiver contains circuitry to receive the serial digital data stream 
from the sensor, as well as circuitry to monitor and adjust the power supply voltage at 
the sensor. The automatic remote power supply adjustment and the differential 
digital data signals mean that the sensor cable requirements are very forgiving. Long, 
small gage wires can be used, and the power and data signals can be passed through 
slip rings if necessary. Stiff, expensive sensor cables are no longer needed. 

The serial data from the sensor is converted to analog form. The analog 
representations of the loading levels are filtered by a low pass filter with user 
selectable cutoff frequencies. The filtered analog signals are compared to the user 
adjusted setpoints, causing the optically isolated outputs to change state when loads 
go above or below the selected threshold. User selectable hysteresis ensures stable 
output from the comparators. 

The outputs may be selected to be active and follow the load state, or to latch until 
reset. Each setpoint can be set to monitor any of the six axes, or the vector sum of all 
forces. The outputs are optically isolated and have the capability to sink up to 75 
milliamps. Outputs may be powered from the electronics system voltage, or may be 
fully isolated with power from an external supply. 

The electronic system allows system offsets and loads due to gravity to be removed 
from the loading data through use of the REMOVE TARE input. 
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PRODUCT QTY 1-4 QTY 5-9 

SENSORS (specify load capacity and bolt pattern when ordering) 

MODEL 
67M25 25 or 50 Ib 
BOLT PATTERNS: 
IS0 40mm, UNIMATION PUMA 560 

MODEL 
90M31 25 or 50 Ib. 
BOLT PATTERNS: 
ISO-5Omm 

MODEL 
100M40 25,50 and 100 Ib 
BOLT PATTERNS: 
ISO-63mm, UNIMATION PUMA 760 

MODEL 
50M31 25Ib 
BOLT PATTERNS: 
ISO-25mm 

RECEIVER/PROCESSORS 

ISA (IBM-AT) bus 

VMEbus 

UNIMATION UNIVAL CONTROLLER 
(modified VMEbus) 

UFS Receiver System for Serial Sensors 
(Stand Alone) 

EXAMPLE SYSTEM PRICES 

67M25 sensor with an ISA bus receiver 

67M25 sensor with a VMEbus receiver 

4,485 

4,485 

4,485 

4,735 

920 

1,280 

1,280 

1,725 

5,405 

5,765 

4.1 50 

4,150 

4,150 

4,380 

886 

1,232 

1,232 

1.650 

5,036 

5,382 





JR3 . force-torque 

Thickness sensor bodies are of a stiff 

mono1 it hic design with 

an integral safety factor 

of 600%. Optional 

mechanical overload 

protection is  available for 

the lowest capacity units. 

[Load Rating DIAMETER (inches) 
(Fx, Fy) 3 13.5 I 4 I 4.5 I 6.5 I 7.5 I 13 

15 Ibs. 35 1 5 2  160 168 I I I 

The sensor bodies need 

not contain electronic 

components; this permits 

the sensor to be used in 

harsh environments. 

The top and bottom sides 

of the sensor body are : 

manufactured to duplicate - 
the user's desired bolt 

Moment Capacities (inch - Ibs.) of standard sensor models 

50 1150 1175 I 2 0 0  1225 I I 1 
75 I 2 2 5  I 2 6 2  1300 1338 1488 I562 I 

I 3 0 0  I 350 (400 1450 (650 I 7 5 0  I 
I I I 1675 1975 I1125 I 

iFz: 2 X  the above, 

+ JR3's family of 3 ,4  and 6-axis sensor bodies are available in a 
wide variety of sizes, capacities and bolt patterns. Some of the 
bolt patterns available fit these industrial robots: 

lJnimation PUMA 560 Seiko RT 3000/5000 ADEPT 
Unirnation PUMA 760 
Unimation PUMA 860 IBM 7576 GMF 5400 
ASEA IRB 6 American Robot MR 6260 GMF A500 
ASEA IRB 90 Manutech R2 Panasonic 
ASEA IRB 2000/?000 

CMF 51 0/200 Cincinatti Milacron T3 776 

+ JR3 manufactures a variety of digital and analog support electronics 
which provide many types of data transmission and interfaces. 

1 

Sensor body model # definition: 
I 1: A 50 - US60 

7 -  - 
Bolt Pattern 

Fx & Fy load rating (Ibs) 
(Fz load rating is  2 times Fx) 
(Torque rating is diameter 
times Fx rating) 

Material (A=Aluminuni) 

Thic mess 
12=1.25", 15=1.5". etc. 

I9 
_________I 

I Diameter 
I 30=3.0", 35=3.5",  etc. 

Type (no. of axes) I UFS= 6 axes 

I QFS= 4 axes 

JR3 Inc. 
22 Harter Avenue 
Woodland. CA 95695 USA 
Phone: (91 61 661 -3677 
FAX: (916) 661 -3701 
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T h e  JR3 UFS System 

consists of a six degree-of- 

freedom sensor body, an 

interconnecting sensor 

cable and the UFS 

i ntel legent support 

electronics. The system 

measures forces and 

torques along and about all 

three Cartesian axes. 

+ Two serial ports can be set up for 
either RS232 or RS422. 

+ DMA driven parallel interface 
provides a high speed data output 
path. 

+ Discrete I/O port has a variety of 
input and output signals. 

+Analog output is available as six 
channels of direct output from the 
signal conditioning board. The 
JR3 DAC option provides eight 
channels of filtered and de- 
coupled processed analog data 
(6 axes plus 2 global vectors). 

+Filters: analog: 4th order, 
user-settable 
digital: 4th order, 
user-programmable 

+ Load threshold monitoring is done 
via user-definable load envelopes. 
Up to 16 load envelopes can be 
stored in EEPROM and activated 
with simple signals or commands. 

+ User-definable tool frames allow 
coordinate transforms and 
rotations. 

+ User-defined parameters can be 
stored in EEPROM (such as 
communication parameters, time 
base rate, active load envelope 
and toolframe, active axes, filter 
coefficients). 

- 
I 
I 

Senal (Pon A 1 / 0 1  , - Controller 

I [hxrete 110 c I 

UFS Sensor I Parallel Outour Host 
IDMA Dnrenl 

~ J R3 System 
1- lntelligent 

7 Test Equipment I 
' Support Analog Output 

511 Channels 

Electronics Servos Etc 
I ______ 

Modem 
Auxillary 
Terminal 

Etc. 

Cnnal (Pol? 81 110 

__ __ 
JR3 Inc. 
22 Harter Avenue 
Woodland. CA 95695 USA 
Phone: (91 6) 661 -3677 
FAX: (91 6) 661 -3701 
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~ Measured Stiffness 

JR3,  Inc 
22 Harter hvc. 
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9 Auqust 1990 JR3 COMMERCIAL TRANSDUCER STIFFNESSES: 

(1) Tvpe: Model No. 
Diameter 
Thickness 
Load Rating 

301 2A25-U560 
3.0 in 
1.25 in 
25 Ib 

Shear k =  37 K Ib/in 
Axial Krr = 330 K Ib/in 
Bending KMX = 240 Kin-lbjrad 
Torsion KMz = 72 Kin-lb/rad 

Tvpe: Model No. 
Diameter 
Thickness 
Load Rating 

Measured Stiffness Shear K r , =  
Axial K F z =  
Bending KMx = 
Torsion k =  

401 2A50-U760 
4.0 in 
1.25 in 
50 Ib 

66 K Ib/in. 
710 K Ib/in. 
649 K in-lb/rad 
244 K in-lb/rad 

(3) Twe: Model No. 
Diameter 
Thickness 
Load Rating 

Measured Stiffness Shear h =  
Axial K R =  
Bending I& = 
Torsion K M z =  

601 9A1 UO-TTTI 
6.0 in 
1.9 in 
100 Ib 

74.4 K Ib/in 
468 K Ib/in 
21 80 K in-lb/rad 
929 K in-ib/rad 

(4) Tvpe: Model No. 
Diameter 
Thickness 
Load Rating 

Measured Stiffness Shear K F Y =  
Axial k =  
Bending KMx = 
Torsion k =  

6024Al OeFTfl 
6.0 in 
2 4  in 
100 Ib 

77.5 K Ib/in 
769 K Ib/in 
2630 K in-lb/rad 
976 K in-lb/rad 



FORCE-MOMENT SENSORS 
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Moment capacities of standard sensor models: 

(Fz:2X the above) 

I I 

Standard bolt patterns currently available for these robots: 
Unimation PUMA 560 
Unimation PUMA 760 
Unimation PUMA 860 

ASEA IRB 6 
ASEA IRB 90 

GE A 40 
GE P 50 

Seiko RT3000/5000 

Cincinatti Milacron T3-776 

IBM 7576 

American Robot MR 6260 

Manutech R2 

ADEPT 

GMF §100/200 
GMF S400 
GMF A500 

Panasonic 

Maker 110 

JR3 Custom designs available 

J R 3 ,  Inc 
2 2  Harter Ave 

b’oodland, C A  95605 

(916) 661-3677 
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PRICE SCHEDULE Vc'oodland. CA 95695 
A33 SENSOR SYSTEMS 

Effective June I, 1991 
Pnces subject to change wthout notice 

( 916)  661-36'" 
FLY (916) 661-3'01 

Universal 6-Axis Force-Moment Sensor System 
Quantity 

1 - 2  3 - 9  

$6,650 6,320 
Standard UFS System 

Standard aluminium sensor, up to 4 inches diameter, up to 100 lb capacity 
Standard intelligent support electronics system 
20 foot sensor cable (add $2.00 per foot for each foot over 20 feet) 
For sensor diameters over 4 inches, add $200.00 per inch over 4 inches 
For load ratings over 100 lbs, add $1.00 per lb over 100 lbs 

Partial System 
5,850 5,550 

Standard aluminium sensor, up to 4 inches diameter, up to 100 lb capacity 
Amplifier/signal conditioning electronics (analog output only) 
20 foot sensor cable (add $2.00 per foot for each foot over 20 feet) 
For sensor diameters over 4 inches, add $200.00 per inch over 4 inches 
For load ratings over 100 lbs, add $1.00 per lb over 100 lbs 

Sensor Only 
4,390 4,160 

Standard aluminium sensor, up to 4 inches'diameter, up to 100 lb capacity 
Calibration matrix 
For sensor diameters over 4 inches, add $200.00 per inch over 4 inches 
For load ratings over 100 lbs, add $1.00 per lb over 100 Ibs 

Options 

UFS Power supply 120 VAC (240 VAC optional) 
Processed analog output (DACs) 
15 bit A/D 
Val I1 interface kit (DEC DRV-ll& cable) 
Unival interface kit (Data Translation DT-1417 & cable) 
IBM PC/mmpatible interface kit (Metrdbyte PIO-12 & cable) 

Stainless steel sensor construction 
Load capacities above 500 lbs. 
Modified sensors, cables, electronics, software 

Components 

475 450 
620 590 
620 590 
490 470 
895 850 
260 250 

Coiltact JR3 
for prices 

Standard 20 foot sensor cable (add $2.00 per foot for each foot over 20 feet) 200 190 
Complete standard UFS intelligent support electronics system 2,550 2,390 
I JFS Electronic system enclosure with end panels and harness - no PC boards 370 350 
UFS Signal conditioning PC board 925 880 
UFS A D  PC board 410 390 
UFS Processor PC board 1,250 1,180 
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By measuring the forces on three orthagonal axes, and the moment or torque about each of the axes, 
the JR3 UES system can completely define the loading at the sensor. The system consists of the six 
degree of freedom sensor body, the intelligent electronics support system, interconnecting cables and, 
optionally, a power supply. Along with the three forces and moments, the output data can include the 
calculated magnitude of the combined (global) force and moment vectors of loads applied to the 
sensor, the rate of change of the load on each axis, and stored values of the maximum and minimum 
loads encountered. The data can be displayed in different units and a variety of formats. 

The system has several communication options. There are two independent serial UO ports, a high 
speed parallel output port, 8 bits of discrete "L level input and output, and 6 channels of ampiified 
raw analog output. The system can receive commands from, and send data to, terminals, or a variety 
of computers using the serial VO ports. The parallel output port can transfer data at high speed to 
computers or directly to robotic or industrial controllers. The discrete UO port allows a simple 
interface for control and monitoring of load envelope setpoints. 

Sensor 

JR3 sensors are p r o d u d  in a wide variety of load ratings and bolt patterns. The physical size 
of the sensor varies, depending on factors such as force and moment ratings and required 
mounting dimensions. The JR3 sensor is a monolithic design containing no electronic 
components. Inherently temperature compensated full bridge metal foil gauge Wheatstone 
bridges are empioyed. The Wheatstone bridges receive excitation from the electronics unit and 
sense the forces and moments. The low level analog signals are returned to the electronics unit 
through the sensor cable. 

The reference point for all loading data is the geometric center of the sensor. The axes on the 
JR3 sensor are oriented with the X and Y axis in the plane of the sensor body, and the Z axis 
perpendicular to the X and Y axes. The standard JR3 point of view is "robot vim, applied 
load" The forces and moments are related by the Right Hand Rule. Software commands can 
translate the reference point along the axes, rotate its angle, and negate all  axes to change the 
loading reference point orientation and point of vim. 

intelligent Electronics Support System 

The microprocessor based JR3 intelligent electronic support system consists of an enclosure 
housing three circuit boards. They provide strain gauge excitation voltage and a m p w  and 
filter the low level analog gauge output, convert the signals to digital data and process the 
digital data in a variety of ways. The standard system represents data with 12 bits of sesolution, 
15 bit resolution is optional. 

In addition to computations and data processing, the micro processor also handles serial and 
parallel communications and controls the discrete I/O port. An optional DAC (Digital to 
Analog Converter) can convert the processed digital data to analog signals, providing 
processed analog output. 
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SAMPLE CIIART OF CAPACITIES WIT11 RESOLUTION 

SENSOR 100% OF 
LOAD DIAMETER LOAD MECHANICAL RESOLUTION 
RATING (INCHES) COMPONENT LOAD RATING WITH 12 BIT A/D 
15 lb 3.0" FORCES Fx,Fy 15 Ib 0.12 oz 

25 lb 3.0" FORCES Fx,Fy 25 Ib 0.20 oz 

Fz 30 Ib 0.24 oz 
MOMENTS Mx.  Mv. Mz 45 in-lb 0.35 in-oz 

FZ 50 Ib 0.39 oz 

50 lb 3.0" FORCES Fx,Fy 50 lb 0.39 oz 
Fz 100 Ib 0.78 oz 

100 lb 6.5" FORCE Fx, Fy 100 lb 0.78 oz 
FZ 200 lb 1.56 02 

500 Ib 7.5" FORCES FqFy 500 lb 3.91 oz 
Fz lo00 lb 7.81 oz 

MOMENTS Mx, Mv. Mz 75 in-lb 0.59 in-oz 

MOMENTS Mx, My. Mz 150 in-lb 1.17 in-oz 

MOMENTS Mx, Mv, Mz 650 in-lb 5.08 in-oz 

MOMENTS h4x. Mv, M z  3750 in-lb 29.30 in-oz 

NOTES: 100% of the mechanical load rating is the fatigue limit. The sensor can be subjected to 
single axis loadings up to 400% without experiencing damage. At loadings beyond this point the 
sensor may experience plastic deformation. This will cause offset shift and may require an 
adjustment of offset trimpots in the support electronics. Overloading of a single axis beyond 
700% or damage from overloading due to impacts may require factory rework of the sensor. 
Contact JR3 for details of overload ratings with multi axis loading. 

100% mechanical load rating for moments is computed by multiplying sensor diameter by sensor 
load rating. 

Stiffness: deflection under 100% rated load on a single axis is 0.001 inches or less. 
JR3's 12 bit A/D gives a resolution of one part in 2048 parts of electrical full scale. Electrical full 
scale can be set by the user to between 40% and 200% of the sensor's mechanical load rating. 
Setting the electrical full scale to a smaller range enhances the resolution. Setting to a larger 
range allows overload quantification. 

1 15 bit resolution = - 1 12bit resolution = - 
+/- 2048 +/-16384 

With 12 bit resolution 1 to 4 counts of noise is typical 

Band width: 

Low pass filters (fourth order Buttemorth) in the analog electronics may be set by the user for a 
cutoff frequency in the range of 8 Hz to 160 Hz. The filters may be bypassed, providing a 
bandwidth in excess of 5 kHz at the analog output. 

The digital sample rate (all 6 axes) may be set from 35 Hz to a maximum of about 350 Hz. 



In most applications, the JR3 parailel port offers the fastest means to transfer data 
between the JR3 UFS system and a robot controller or computer. The JR3 UFS 
parallel output port is driven internally via a DMA (Direct Memory Access) 
channel to allow rapid response to a request for Raw or processed data. 

JR3 offers several kits to interface with specific robot controllers or computers. 
Each kit consists of a parallel port board to match a specific computer or bus, and a 
JR3 cable to interconnect the UFS system and the parallel port board. 

VAL I1 Interface Kit 

A quick and easy interface between the JR3 UFS system and 
Unimation VAL II robot controllers. The kit consists of a DRVll 
parallel port card and a JR3 DRV-DMA cable, 

This kit can also be used with DEC Q-Bus computers. 

IBM PC/Compatible Interface kit 

IBM PCs and true compatibles can easily read data from the JR3 
UFS system using this kit. The kit consists of a metrabyte PI012 
parallel I/O card, a JR3 PI0  12-DMA cable and sample program 
routines in Turbo Pascal. 

Unival Interface Kit 

The Unival Kit offers easy connection to Unimation Unival robot 
controllers. The kit consists of a Data Translation DT-1417 parallel 
card and a JR3 DT1417-DMA cable. 

This kit can also be used with many W E  Bus computers and 
controIlers. 
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Reference: Specs for Fotcelrorque Sensors In Nuclear Envlronments 

I)eaf Davld: 

We are pleased to be involved in the writlng 6f specifications for the use of muftl-axls forcedofquo sensors 
in nuclear ermtronments. As 1 mentioned over the phone, we are working with Hatwsil Labaratones, 
Atomic Energy Authority, in Oxford, England to develop a 68ngor which can tx! used In a radiatbn 
environment up to 1 MGy. They have redesigned, and re-built a StsutlU robot which is called 'NoaleP to 
function In radiation environments up to IUGy. I understand there are about I O  of these being used to 
date. 

To date, our standard stainless steel sensor body with silicon strain gages and standard resident 
electmnics has been exposed to a cumulative gamma radlatlon dosage of 300 MGy. Nb effort was made to 
operate the sensor during the radiation exposure. Following each exposure, the sensor was connected 
to the controller and terminal to observe the output of the raw stfain gages. At the 300 KGy level, only two 
small changes have been observed: 1) the accuracy may be up to 1% lass than our factory standard, and 
2) there seems to be a few hours required for self annealing of the electronics for the system to function 
normal 1 y . 
Hatwell has at least one of our standard sensors now functioning in a 'hot cell" wlth a radiation level of 200 
Gy which has not experienced any abnormalities. 

Our temperature compensation option tor our standard sensors corrects the galn shilt error to the range of 
-40°C to 76"C, and we have located components which can increase the range to 125°C. We have not 
1eSted any of these components in a radiation environment. 

We have protected a number of Sen$or$ wlth special coatings and water-tlght Connectors to function 
immersed in shallow water. Except for our Nano and Mlnl models, our standard models have resldent 
electronics. These electronics can also be located in a separate box up to 6 feet from the Sensor without 
loss of signal integrity. 

To protect the sensor during the washdown, i t  may be necessary to encase it. Some of the concerns 
about the spray wash of pelletized carbon dioxide include: 

1 ) The storage temperature for our standard sensors is -85°C. How cold do you expect the Carbon 
dloxfde to make the sensor? 
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2) Is It expected that the Sensor will be subject to the full 250 psi pressure or some lesser force? What Is 
the duration of the spray wash expected to be? 

3) We do not have any test data readily available concemlng the affect of alkaUne sokttlons on the 
sensor, strain gages, or eleclronlc components Our ptallmlnafy design for encasing the sensor 
shouM withstand a pH of 12, but some elastomers may need to be replaced eventually. How low 
might the pH be? 

I have attadtrtd ~l price lis1 for' our standard products. Waterpmaflng a standard sonsor o m  add $500 to 
$4000 depending on the method used, 1.8. whether the electronics remain on the 6ensor or are in a 
separate box, whether water-tight connectors are needed, etc. If the sensor is encased to protect during 
washdown, separate waterproofing of the sensor would no1 be necessary. 

A ball park Agure for one system 10 meet all specifications discussed above would be around $15,000. 
Mare information would be required for a formal quotation. Oelivefy is expected to be six to twelve weeks. 
Delively for standard systems is normally 3 weeks. 

I will mail you a packet of information Including articles and technical reports and a general price Ifst.. If you 
wlsh to contact Hawell Laboratories, 1 suggest you speak with Paul Elosequi at 01 1-44-235-434727, or 
fax hlm at 01 1 -44-235-434RM. I'm s i m  he will be  lad to talk with you aWut our sensors and their work in 
thls field. 

Please call me on extension 134 if I can be 01 further assistance, 

Since re I y , 

Cathy kiinight 
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Assurance Tochnalogies. Inc. 
5WO Highway 70 E&Sl 

G;rrnor, Norfh Ceroliria 27529 
Tel.919.772.0l15 Far.819.772.8259 
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PRICE LIST - General 
July 1993 

NCSU M 85 

ForcdTotque Senstng Svste mS 

System Includes: Transducer, wntroller, slandard endplates, 25' cable, 10 amp power cord, 
software and documentation. Mini and Nan0 systems indude mux box which 
contains sensor electronics. 

j2dum&a 
91 05-NANO-3/1 
91 05-NANOW2 
91 05-NANO-12/4 
91 OS-MlNI-5/10 
91 05-MIN1-10/20 
91 05-MINI-20/40 
9105-3X-Fl5T50 F/T 15/50 System 
91 05-3X-F30TlOO F/T 30/100 System 
91 05-3X-F757300 F/T 75t300 System 
9 105-3X-Fl50T600 F/T 150/600 System 
91 05-3X200/1000 FIT 200/1000 System 
91 05-3X350/2IOO FK 350/2100 System 

Nano F/T 311 System 
Nano Ffl  WZ System 
Nano F/T 12/4 System 
Mini F/T 5/10 System 
Mini FA- 10120 System 
Mid F/T 2W40 System 

Optlona-general - 
91 05-3X-BPARAFL 
91 05-3X-BANALOG 
91 05-3X-BAN/PAR 
9105-TEMPCOMP 
No Pan Number 

ParaUet Board 
Analog Ward 
Analog/Parallel Board 
Temperature Compensation 
Special Calibration 

Optlonsl RlnglPlug Assemblles 
Ring/Plug assemblies available as substitutions lor standard plates. 
(Include flanged adaptor plate, ring and plug) 
i?iammw 
For abuminurn MdQIS--f/?' 15/50 and FA- 30/100: 
91 05-3XPFEPFA-S Front Ring/Plug AssemMy 
9105-3XPREPFA-S Rear Ring/Plug Assembty 
9 Y 05-3XPRR FA-$ 

Far stainless steel modeis-FfT 75/300 and F/T 150/600: 
9105-3XPFEPFA-M Front Ring/Plug Assembly 
41 05-3XPREPFA-M Rear RinglPlug Assembly 

Front & Rear Rlng/Plug Assernblios 

Edr;a 
$5,950 
$5.950 
$5,950 
$5,300 
$5,300 
$5,300 
$5,300 
$5.500 
$6,000 
$6,500 
$7,200 
$7,500 

ElkQ 
$600 
$800 

$1,000 
$350 
$300 

PfkB 

$250 
$250 
$400 

$250 
$350 

1 
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PRICE LIST - General - Continued 

Optlonal Plugs 
Plugs available a5 replacements or oxtras - 
9 105-3XPFPLUG-S Front Plug 
91 05-3XPRPLUG-S Rear Plug 

NCSU 

rn 
$75 
$75 

Opllonal Cornrnunlcatlon Software 
Utilities software lor communication with IBM-compaUble PC. 
f2aauuw aescriDtion mGe 
9 1 05-LIS AY -SER Serial Utlslies Library Files $1 75 
91 05-SOURC-SER Serial Utilities Source Files $1 95 
91 OS-LIBRY-PAR Parallel Utilities Library Files $1 75 
9105-SOURC-PAR Parallel UllllUes Source Files $195 

Optlonal Communlcatfon Hardware 
Hardware reguirad to use parallel utilities software for communication with 1BM-compatible PC 
f3lmmbx EdGe 
91 05-3XBPARALl Parallel f3oard lor F/T Controller $600 
91 05.PARBOARD-PC Parallel I/O Board for IEM-PC Compatlblo $395 
91 05-PARCABLE Parallel WO cable F/T contmller-to-PC $50 
91 05-PAR-PC-KIT Parallel Interface Kit $1 045 

(includes Parallel Board lor F/T controller, 
Parallel Board for PC. and Parallel 
Interface Cable) 

Optlonal Cable Lengths 
Cable lengths available as substitution lor standard length or spare 

91 05-C3-25 25' callle $300 
91 05-C3-50 50' cable $1 55 $460 
9 1 05-C3 -75 75' cable $31 0 $61 5 

PadNumber - 

06 

Terms; Net 30 days, US dollars, FOB Gamer, NC, USA. 
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Tested at Beta sites in Japan, the new for&oque sensing 
system from Assurance Technologies, 1%. has been qualifietl 
for production and is now available to manufacturers in the 
United States and throughout the wotid. AT/ has modified its 
established sensing system, wifh input from Japanese users. 
to produce a system that offers smaller size, faster data rates 
and a more economical price. 

The U. S. -made FK sensing system now provides 2!50+ Hz 
sBnBl data output, and 7LXW25CUY Hz paralleVanalog output 
with an optional card. AT/ has also simplified system desgn, 
not only reducing size and cctst, but also making the produet 
easier to use. The new design also features cpticaliy isolated 
inpwoutput circuits for interface protection. 

Transducers can &e OonJlSured with 1 to 6 user-sebded axes 
of sensing - up to three axes of force and three axes of 
torpue. Silicon strain gauges yield maximum voltage outpuf, 
minimizing the risk of noise intederence. 

A 77 Ff l  sensng systems provide verifimtion, inspectiion and 
control functions for parts assemWy, p m  fittmg or any 
automated process where force feedback can improve 
9ualily. The usBr can establish a number of force and/or 
Foque conditions for load monitonng. When any of those 
conditions are met, the F/T sensor informs the host controller, 
allowing it to initiate the appropriate response, such as 
"reject, " 'start search routine, " etc. 

Assurence Technologies, Inc. 

Te1.919.772.0 1 15 Fax.9 19.772.8259 

5030 Highway 70 East 
Gamer, No& Carolina 27529 



Sensing Rsnges 
Force range. i I ts (N) 
Toque range. i in-lbs (m-NJ 

Resolution 
Fx. Fy. oz (N) 
Fz, oz (NJ 
TK. Ty. TI. in-oz (mm-N) 

Overload Protection 
Max. Fay allowa#e. Ib (N) 
M a .  Fz allowabh?. b (N) 
Max. Try2 allowable. /b in (m-N) 

Dimensions, drameter x !a*, in (mm) 
Transducer mlh standard tool adaptor p&te 
Optional rear e m r e  
Ophonal rear n w u g  assembly 
Opaonal front nnoplup assemety 

Welght, (s) 
Transdmr w#h standard tod adaptor plate 
Optmnal reef en-te 
OpIionaI rear nnplplup assembly 
Optmnal front nnP/@ug assembly 

, 2 . 9 ~  1.1 (74x291 
' 3.010.19 (75~4.7)  1 3 . 6 ~ 0 . 2 8  (93~7 .1 )  
~ 3.1x0.31 (80~7 .5 )  

~ 

0.4 (180) 
0.1 (50) 
0.3 (150) j 0.25 ( l lo )  

1 3 .6~1 .1  (92x29) 

Axes of Sensing I 
F x .  F y .  F z .  T x .  T y .  T z  I Gnntnnabons of my 1 or more axes am'labk 

~~~ 

I 

Tmnsducar Cab&, mgm. n (m) I 25 (7.5) 

Communlcatlonr as-= (4pn 1m. ma?, 192k 364kbeud 

Optically Isolated Discrete VQ 
(10 VDC * 24 VOC) 

4 tom monrtar mpuh 
4 torce monltor ourputs 
2 handshake srgnals 
1 sensor bas lnpn sgnel 
1 SenwutarlcxltpUtrvpMl 

Swhl Dst8 Output Rates ASCll Bhrry 
tor Any Combination ot 9smbaud e m  96oobaud 143Hz 
3 Force and Torque Vectors 192k baud 108 Hz 19 2k baud 266 M 

s*ktmud m n z  384kbaud NOH2 
s 4k bed 572 ux ( w n  not using fora 

andrtton monrlonng statements) 

Force Monitor Responw 77m 10 mrllrseconds 

Paraliel Communlwtions (Ill) 

-~ 

Analog Outputs e5 volts) 
~ ~ 

6 axes or 6 outph d r a w  strainqaupe dara 

Fona, Processing and Data Output Rates Reso4ved dato rates accurate to i 10% 
lans- 2 m n r  
2 axes 2200 Hz 
3axes. 1900 Hz 
4 axes. lMl0 Hz 
saxes 13oHz 
Gazes 1 W H z  
Raw gauge data rate of apprvx 2500 Hz (6 bndges) 

Since ~zoducr improvement rs a conanuing elton ar An. we reserve the nght to make changes in Specmcah~s mmout n o t e .  

C Assurance Technologies, Inc.. 5030 Highway 70 East, Gamer. North Carolina 27529, Te1.919.772.0115. Fax.919.7728259 
9205-05-1001-01 A@/ 1991 



Mini-FTT and Nano-F/T Specifications 

Dimensions: 1.76" x 1.25" x -14" (44.7mm x 31Sm x 3.6mm) 

Interface plates required. 

Recommended calibration: (Other calibrations are possible.) 

- Axis RanPe Resolution 

F X Y  50 Ib 0.025 Ib 
Fz 145 Ib 0.075 Ib 
T v =  50 in-lb 0.025 in-lb 

Maximum loads before yielding: 

FXY 300 Ib 
F2 650 Ib 
TXY 210 in-lb 
Tz 280 in-lb 

Na n o-F/T 

Dimensions: 0.63"diameter x 0.06" thickness (16mm x 1 Smm) 

Interface plates required. 

Recommended calibrations: 

Calibration A 

Axis Rang Resolution 

F X Y  12 kg 0.006 kg 
0.012 kg 
0.005 kgcm Txy= 10 k g a n  

FZ 25 kg 

Calibration B 

- Axis Rang Resolution 

0.005 kg FZ 10 kg 
Txyz  4kgun 0.0Mkg-cm 

0.0025 kg FXY 5k 

Maximum loads before yielding: 

FXY *kg 
€2 N k g  
Txyz 20 kgcnr 

Assurance Technologies, Inc. 
5030 Hbhway 70 East 

Gamer, North Carolina 27529 
~919.772.0115 fax. 919.772.8252 

Copyright 63 September 1992. All rights reserved 
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BSi BONNEVILLE SCIENnmC, INC. 

David Holcomb 
Oakridge National Labs 
Contracts Division, Bldg. 3500 
P.O. Box 2008 
Oak Ridge, TN 37831-6010 

Dear Mi. Holcomb: 

Enclosed is the information you requesfed regarding our tactile sensor system. 

Bonneville Scientific was founded in 1981 to research, develop and commercialize robotic 
products. The development of the tactile sensing technology has been supported by seven 
government agencies over a 12-year period. Those sponsoring agencies are NASA, NSF, DOE, 
DARPA, USAF, VA and the Department of Education. 

The versatility of Bonneville's sensing technology has opened the door to a variety of 
applications in areas outside of robotic tactile sensing. These range from simple switches to 
sophisticated force-measuring devices for the medical industry. 

The price of the system is $7,000. (This amount does not include the price of the 
computer.) For an additional cost, the sensor can be custom designed to fit specific applications. 
The additional cost would be determined by the shape, size and element density need&. Orders for 
multiple sensors may qualify for a discount. 

Also available are single-element sensors without electronic support. If purchased in 
quantities of less than ten, the cost is $42.00 per sensor. In quantities of ten, they sell for $19.00 
each, and in quantities of 100 the price drops to $11.00 each. 

If you have any questions regarding Bonneville's tactile sensor system or would like to 
discuss other applications, please feel free to call me at (801) 359-0402. 

Sincerely, 
f 

GBF:arb 

Enclosure 

v 

Marketing 

1849 W. North Temple, 8ldg. E e Salt Lake City, Ctah 84116 0 801-359-MO2 Fax 801-359-Ml6 
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FOREWORD 

There is no perfect tactile sensor system. Even our human perception of tactile 
sensation, which uses information from a variety of sensors, employs an 

extraordinarily powerful computer, and imporates the knowledge gained from a 

lifetime of experience, is easity fooled. 

AU artificial tactile Sensor systems behave differently. Each one has its advantages 

and disadvantages, and what may be an advantage in one appliation can be a 

disadvantage in another application. Bonneville Scientific believes it is important to 

divulge as much information as possible about the performance of these systems so 

the potential user can make an informed decision about the suitability of a particular 

tactile sensor for his or her application. 

Presenting this information to the user is a particularty difficult task for Bonneville 

Scientific because the technology allows for so many options that, to be all- 

encompassing, one has to speak in generalities. For example, since sensors can be 

produced with almost any shape array elements using almost any type and stiffness 

of rubber, possible force sensitivity is extremely hgh and force range extremely large, 

but not necessarily in the same sensor. 

Therefore, we will first explain the principle of operation for Bonneviile’s tactile sensor 

so that the features of the technology can be better understoad. This is followed by 

the specifications for the Model 200-16Xlf5A Tactile Sensor System. This is a general 

purpose system and represents only one example of the many possible system 

configurations. Finally, the technological advantages of Bonneville’s tactile Sensors 

are listed. 
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TACTILE SENSOR PRINCIPLE OF OPERATXON 

d l  

* 

Bonneville Scientific's tactile sensors use a two-dimensional array of ultrasound 

transmitters and receivers to measure the thickness of an overlying rubber pad. 

When objects contact the sensor's pad, the rubber is compressed. The amount of 

this compression depends upon the magnitude of the force applied by the object 

and the stiffness of the rubber. The thickness measurement principle used in the 

sensor is ultrasonic pulse-echo ranging or SONAR. Figure 1 shows the construction 

of one element of the tactile sensor array and illustrates the principle of operation. 

t 

L Ultrasonic Transducer Material 

d,+='hc(t,-t.J F=k(d,dJ='hkC(t,-tJ 

where F is the compressive force 
c is the speed of sound in the rubber and 

k is the rubber stiffness. 

Figure 1. Tactile Sensor Construction and Principle of Operation 

Each element of the sensor array transmits an ultrasonic pulse which travels through 

the rubber pad, is reflected off the top surface of the rubber, and returns to the 

element. The time interval (t,) for this travel, or Time of Flight (TOF) is measured for 
each array element. When a contacted object applies a normal force (F) to the 

rubber pad, the pad is compressed and the TOF is reduced (tz). The difference in 

TOF is proportional to the compression of the pad (d, - d2) which, in turn, is 
proportional to the applied force. 
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MODEL 200-16X16A SENSOR SYSTEM 

The tactile Sensor system consists of four main components: 1) the sensor array, 

2) a small electronics module, 3) signal detection and computer interface circuit 

boards, and 4) a remote microcomputer. These four components would be used in 

any customized system. Wth the appropriate interface board and software, a 

different personal computer or an engineering workstation can be used to operate 

the sensor. 

S e n S Q f r n a y d ~  
The sensor array is a laminated, rigid, flat structure with 256 square tactile 

elements. It is comprised of the ultrasonic transducer material, an 

elastomeric pad, and an integral flex-circuit =Me. 

Ufbasonic T m m r  Matenkil 
The transducer material is WDF (Potyinylidene Fluoride) film having 256 
elements arranged in 16 columns by 16 rows. Each element is a 
square, 0.060’ on an edge, with 0.010” separation between elements. 
Overall size of the array’s force-sensitive area is 1.1 1‘ by 1.1 la. 

uastomer Pad 
The sensor’s elastomer pad consists of two parts. Directly over the 
transducer material is a silicone rubber sheet which determines the force 
characteristics of the sensor. On top of the silicone rubber is a thin 
foam layer wiiict~ provides a controlled interface for reflecting the 
ultrasonic pulse. 

Silicone Rubber-The entire array is covered with a 1/8’ thick silicone 
sheet. This rubber material is available in differing formulations, 
ranging from very soft to firm, depending upon the required force 
sensitivity and force range. The silicone rubber sheet is replaceable. 

Foam Layer--On top of the rubber sheet is a 1/32” thick layer of 
dosed-cell urethane foam. This foam layer, unlike most compliant 
materials, provides a surface with a relatively constant coefficient of 
friction that changes littte with normal (grasping) force or with 
contamination. When worn or damaged, the foam layer can be 
replaced. 

Senswoimensions 
The outline of the sensor and its dimensions are shown in Figure 2. The 
entire sensor assembly is 1 .!S’ x 1-53’ x 0.19” thick. 
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Sensor Cabie 
An integral flexible circuit cable 0.375' wide by 0.025' thick and 12' long 
emanates from the sensor and connects to the electronics module with 
miniature edge connectors. (Custom-length cables are available.) 

The electronics module has been miniaturized (2%' X 2W X %') to facilitate 

mounting on or within a robot arm. This module performs the array element 

pulsing, multiplexing and echo signal amplification. The electronics module 

is connected to the system microcomputer through two ten-foot miniature 

cables (longer or shorter cables are available). 

Computer Interface and Signal Betection Boards 

The tactile sensor system has two circuit boards which plug into the 

microcomputer. One board contains the signal detection circuitry and an 80 

MHz clock and counter for measuring the Time-of-Flight (TOF) of the 

ultrasonic pulse. This board, under computer direction, addresses sensor 

elements and sends sensor data to the microcomputer. The binary data 

word generated by the electronics contains both error and TOF information. 

This information is passed to the interface board for further processing by 

the computer. 

The tactile sensor system computer digital interface board controls data 

transfers between the sensor eiectronics and the microcomputer. 

The Model 200-16X16A Tactile Sensor System requires, at a minimum, a 33 

MHz, %-based, ISM PC-compatible microcomputer having 128 kbyte of 

cache memory and a mouse. Faster performance can be obtained by using a 

486-based microcomputer. The computer runs under Windows 3.1' to provide 

the user with a convenient graphical interface with the tactile sensor. The 

computer performs all data processing tasks: sensor zeroing and calibrating; 

data formatting; tactile image recording, playback and display. 
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T A C T I L E  SENSOR DIMENSIONS 

I- 

= 0.086' 

10.135' 

0.135' 

Figure 2 



The tactile sensor system is operated through software which runs under 

Windows 3.1'. Operation of the system has been simplified by using a 

graphical user  interface with push-buttons, pull-down menus and dialogue 

boxes. Fgure 3 shows the monitor screen when the Tactile Sensor System 

software is running. Various menu options are displayed across the top of 

the screen and sensor controls are located in a box at the lower left side of 
the screen. The control symbols for operating the sensor are modeled after 

those found on a video cassette recorder (VCR). They include buttons for 

Stop (n), Play 01 Run (>), Fast Forward (> >), Rewind (< c), Pause ( I  I ) ,  
Record (0), and Zero (#). Located directly above these controls is a scroll 

bar which allows the operator to move quickly through all of the frames in a 

recorded tactile data file and stop at any frame of interest. (A frame is the 

data from one full scan of all of the sensor elements.) A box next to the 

controls displays information related to the data acquisition rate, frame (i.e. 

scan) number, and location of a user selected taxei and its value. 

Sensor operation and control is described below. 

Zeroing (# Push-Button) 
Prior to using the tactile sensor, a 'zeroing' procedure is performed so 
that the chanae in the sensor's elastomer sheet thickness can be 
calculated when the sensor contacts an object. When the zeroing 
button on the screen is clicked, 100 TOF values are recorded and the 
average value is calculated for each tactile element. These averages 
are stored in memory. Then an additional 100 samples are taken and 
individually compared to the previously computed average. Any POF 
values which differ more than 5% from the average are discarded, and 
the remaining values are used to calculate a new average TOF. This 
new average for each element is then stored in memory. Zeroing takes 
less than two seconds for the 256 element sensor. 

File Menu (Fgure 4) 
The file menu allows the user to open, close, and save the data file as 
well as exiting the tactile sensor program. 
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Figure 3. Tactile Sensor System Main Display 



Figure 4. 
File Menu 
Selections 
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Figure 5. 
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L&a Menu (Figure 5) 
This menu allom setting of the recording parameters for the SecISor wtTen 
operating in RemrWlayback Mode .  By clicking on Data / Recording / 
Setup, a dialogue box, called Recording Setup, is reached. In this box, the 
operator can set the number of frames per second (between 50 and 240 
for the 256-element sensor) and the total number of frames to be recorded. 
(ll-ie rtumber of frames that can be recorded is limited only try the amount 
of available RAM. 1000 frames for the 2!Selement sensor will take 1/2 MB 
of RAM.) Alterndvety, the operetor may chose to set the time period over 
which a chosen number of frames WWM be recorded. The maximum time 
period (in seconds) is 1/50th times the number of frames chosen. The 
operator may also choose to allow (or disaltaw) intervention during 
recordng. Allowing operator intervention enables the recording process to 
be halted (or 'pause&), but may introduce a correlation error between time 
and Sensor activity. 

 atio ion Menu (Figure 6) 
Through this menu, the sensor is calibrated for force by entering the 
appropriate value (or constant) for the stiffness of the elastomer sheet. The 
M3nstant is used in converting the calculated sheet rhickness change into 
force. 

Sensor Menu (Figure 7) 
Thi i  mew alkwvs choices to be made for displaying the tactile image. Gray 
scale or color dsptays can be chosen, and the sensor element grid can 
either be displayed or hidden from view. This menu also mnrains a search 
feature which allows the operator to go directly to specific frames or time 
periods in the recorded data 

W i '  hk?W (Figure 8) 
The mode of sensor operation is chosen through this menu. The operator 
can choose between Realtime, Playback, or Auto-Playback Modes. In the 
Realtime Mode, h e  forces acting on the sensor wiil be computed and 
displayed a! a rate of 30 to 50 frames per second. In Playback Mode, the 
forces acting on the 5811501 wiH be recorded at rates set in the Data / 
Recording / Setup dialogue box and played back at an average of 30 to 50 
frames per second. (The number of frames displayed per second is 
directly related to the number of taxek changing value from om frame to 
the next. If every taxel was changing value in every frame, the data display 
rate would be significantly reduced.) In the Auto-Playback mode, the 
contents of a chosen tactile data file can be set to be played back in an 
endless loop. 
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Figure 6. 
Calibration Menu and 
Dialog Box 
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Figure 7. 
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Figure 0. 
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Another feature of the software is the Taxel Force Value Readout. In Playback 

Mode, the numerical value of each tactile e4ment (tax@ in the d w e d  tactile 
image can be displayed. This is achieved by first moving the cursor onto the tactile 

image to 'freeze' the image. The cursor is then pos&med onto the desired taxel. 

The mouse button is clicked and the taxel value, along with its row and column 

position, appears at the top of the res#kwt area. 

Tactite Information 

Figure 9 shows the Sensor for a Model 2oa8X32A Tactile Sen-sor System. 

The sensor is mounted on the gripper or end-effector of an industrial robot 

and the Tactiie image", resulting from a metal ring being grasped by the 

robot, is displayed. The pictured tactile sensor is also comprised of an 

array of 256 individual tactile elements. However, the tactile elements in this 
sensor are arranged in a grid of eight columns and 32 rows. Each 

rectangle in the image represents a tactile element. The image is portrayed 

using a gray-scale format with the higher forces indicated by the darker 

shading. 

In addition to detecting whether an object is being grasped with too much 

M too little force, the face distribution on the sen= also provides 

inform* as to the shape and locatii of the grasped object. Oftentimes, 

shape and location are more useful than actual force values. 

In many industrial applications, detection of object slippage is vital. With the 

Bonneville system, object sfippage is e&iy detected by a change or shift in 
the tactile image. Examples of tactik images, from an object being properly 
grasped by the robot and m various Wiped' positions, are shown in Figure 

10. Other tactile images, obtained from common objects, are presented in 
Figure 11. 
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Figure 10. 
Top left corner shows 
uneven force 
distribution of a 
gripper as it grasps 
flat metal bar (shown 
at the far left). 
Clockwise from this 
image, same bar 
shown with uniform 
force distribution, and 
images of the bar at 
different rotations. 



Figure 11. 
Tactile images of 
four different 
objects. Clockwis 
from the upper le1 
hand comer, head 
of a flat-head 
machine screw, 
small washer, larg 
washer and the sic 
plate from a link 
a bicycle chain. 

-1 4- 



DETAXLED SPECIFICATIONS FOR MODEL 200-16X16A 
TACTILE SENSOR SYSTEM 

Presented below are the specifications for the Model 200-16X16A Tactile Sensor 

System and an explanation of their significance. 

Time-of-Flight (TOF) Resdubon- ' 12.5 rts 
The TOF measurement for the ultrasonic echo pulse has a resolution of 12.5 

ns. This parameter directly determines force resolution and dynamic range 

of the sensor system. The greater this resolution is (Le., the smaller the 

time intervai), the greater the force resdution and dynamic range. 

sheet m i  f%sowm4 microns 
The minimum change in thickness of the sensor's rubber sheet thal can be 

measured depends upon TOF resolution and the speed of sound in the 

rubber. For the siticone rubber used in the sensor, sheet thickness can be 

resolved to about 6 microns. (For urethane rubbers, this resolution would be 

about 10 microns.) 

Pressure Resdutioko.5 PSI 
The sensor's pressure resolution depends upon sheet thickness resolution 

and rubber stiffness. For the rubber type and thickness used in the 16 x 16 

element sensor previously described, a 6 micron change in sheet thickness 

corresponds to a pressure of about 0.5 PSI. Therefore, the pressure 

resolution is about 0.5 PSI. This parameter will be lower (Le., greater 

resolution) for softer rubbers, or for a thicker rubber sheet, and higher for 

stiffer rubbers or for a thinner sheet. 

FCXC~ Resolution w sensrhvity-1 
The force sensitivity depends upon the pressure resolution and the area of 

the array elements. For the 0.060' x 0.060" elements used in the 16 x 16 

sensor array, the torr- force sensitivity is about 1 grain. The 
smaller the area of the individual etements, the greater the icrce sensitivity. 
Softer of harder rubber compounds  car^ provide force sensitivities from less 
than O S  grams to beyond 5.0 grams. However, extremety soft rubbers are 

usually weak. 

-1 5 



Dynamc Range-1 to 250 
Dynamic range is determined by the sheet thickness resolution and the 
maximum amount of compression of the rubber sheet. For the Model 

200-16X16A System (i.e., 12.5 ns TOF resolution and 1/8" thick silicone 

sheet) and for a maximum elastomer compression of 50%, there are about 

250 force values. Therefore, the dynamic force range would extend from 

approximatety 1 to 250 times the minimum force or pressure resolution. 

Due to the much higher speed of sound in urethane rubber, there would be 

about 150 force levels for a 1/8' sheet, wtrih would reduce the dynamic 

range by about 60% compared to silicone. Doubling the rubber sheet 

thickness would also double the dynamic range (and double the force 

sensitiilty). Accurate sheet thickness measurements can be made beyond 

50% compression, but rubber hysteresis becomes more significant when 

calculating the corresponding forces. 

Rubber characteristics 
Almost any kind of rubber can be used in the tactile sensor. However, for 

applications requiring very hgh force sensitivity, soft rubbers must be used. 

Bonneville Scientifii recommends the use of silicone rubber in these 

applications because silicones can be made very soft, they have a lower 

speed of sound, and are hghty stable. Urethane rubbers can be used in 

the sensor when less force sensing is acceptable and their superior 

strength is important. However, very soft urethanes are less stable than 

silicones. Natural or neoprene rubber can also be used when less force 

sensitivity is needed. 

This is an important parameter if force measurement needs to be 
accurate. Over modest ranges of pad compression (e.g. 10-20%), 
deviations from linearity are typically 5-15%, mostly due to hysteresis in 
the rubber. The amount of hysteresis depends upon the type of rubber 
and the area of the object compressing the pad. 
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. .  Enrkonmental- 
Different rubbers better withstand different environmental factors. For 
example, the silicones la& longer in oxidizing environments, the 
neop~enes withstand exposure to oil, while the urethanes are quite 
abrasion-resistant. 

Tmpemre EIkts  
The main ahkt of temperature on the tactile sensor is exparwn of the 
rubber sheet as the temperature increases. This is easify compensated 
for by periodicalfy rezeroing the sensor when it is unlmded. Rezeroing 
takes less than two seconds and can be done whenever the sensor is 
not contacting an ohm. 

c)verload Limit-Greaterttran io00 PSI 
Destructive tests on tactile sensors showed that, when uniform loads were 

applied, the rubber sheet material ruptured without damaging the undertying 
transducer materi. This occurred at pressures in excess of lo00 PSI. 

When new rubber sheets were applied, sensor performance was 
unchanged. 

Currently, only the arrival time of the initial portion of the ultrasonic echo 

signal is measured. As a consequence, when the sensor's pad is nm- 
unifmly compressed over a particular tactile element, onty the maximum 

compression of the pad is measured and the corresponding face is 
calculated. h resut is that the maximum force at a tactile element is 

calculated and dwlayed as though it Were covering the entire tactile 

element. For tactile elements that are small relative to object feature size, 

the maximum force is close to the average force. 

Sharp objects, such as edges and points pressed deeply into the sensor 

pad, may distort &he rubber surface such that an insufficient amount of 
ultrasonic energy is reflected back to the tactile element. Consequently, no 
signal is detected for that tactile element. When this occurs, the 'Abort' bit 
is set in the binary data word. The 'frowny face,' which can be seen in 

Figures 10 and 11, is the abort symbol. (This feature is not yet 
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available on the Model 200-16X16A. Also, the improved electronics in the 

Model 200-16X16A system detects much weaker echo signals so that 

'aborts' occur much less frequently.) Although the pattern of abort symbols 

can be very useful in iiferring location of sharp objects on the pad and their 

extent, no force information is available without a priori knowledge of the 

Object. 

spatial Resdution-o.070" 

The spatial resolution of the tactile Sensor may be simply given as the 

element-to-element spacing. Since the ultrasonic beam from each element 

has such small divergence, echo signals arise lrom the pad surface directiy 

over each tactile element. For the 16x16 sensor array, the spatial resolution 

is 0.070". 

Maximum Sensor SCaMung Rate-240 scans/second 
The scan rate of the 2!j6element sensor is about 240 scans (or 

frames)/second. If the tactile data are displayed while the sensor is being 

scanned, the scan rate decreases. 

The display rate of the tactile image is roughly 30 to 50 scans/second. The 

display rate varies, depending on the number of taxels that change value 

between scans. 

other 

The above description is for a specific tactile sensor system configured to 

meet generic robotic applications. Different array geometries for different 

end-eff ectors and systems having different performance parameters are 
available. 
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SPECIFICATIONS SUMMARY FOR MUDEL 200-16X16A 

Time-of-Fiiiht (TOF) Resdution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.5 ns 

Sheet Thickness Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 microns 

Pressure Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 psi 

Force Resolution or Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 gram 

DynamicRange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i t0250 

Rubber/Linearity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 5% deviation 

Rubber/EnvironmentaI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rubber dependent 

Rubberflemperature Effects . . . . . . . . . . . . . . . . . . . . . . . . . .  Rubber dependent 

Overload h i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Greater than lo00 PSI 

Sensor Signal Detection .......................... Maximum force on taxel 

Sharp Edge Response ......................... May not give force values 

Spatial Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.070" 

Maximum Sensor Scanning Rate . . . . . . . . . . . . . . . . . . . . . . . . .  240 scanslsec 

Data Display Rate ................................... 30-50 scardsec 

NOTE: The above specifiiions are for a specific tactile sensa system configured 
to meet generic robotic applications. Many of the specifications above are 
dependent on the type of Sensor being corrstruded. Please refer to the Detailed 
Specifications section in this material for descriptions of materials, limitations, and 
other s p e c i f i i n  information. 
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COMPETITIVE TECHNOLOGICAL ADVANTAGES 

Bonneville's tactile sensor systems combine several important advantages: 

Ruggedness 
The sensors are extremely rugged and able to withstand Severe overloads. 

Unlike mechanical and some optical transduction methods, Bonneville's 

laminated sensor employs no m i n g  parts and is able to withstand 

overloads in excess of loo0 PSI, depending upon rubber type. 

Range of Options for Rubber Pad 
A wide variety of elastomers may be used for the rubber pad, and damaged, 

worn, or contaminated pads can be replaced inexpensivety. The sensitivity, 

or force range of the sensor, can be altered simpty by changing pads. For 

example, softer rubber might be used for delicate objects while pads made of 
different rubber compounds could be substituted to withstand different agents 

or chemicals in the robot's operating environment. No other tactile sensor 

offers such efficient, economical versatility. On the contrary, increasing the 

sensitivity or changing the environmental characteristics of those sensors 

using resistive inks or conductive rubbers requires the purchase of new 

sensors. 

Versatile Technology 
Sensors can be made to incorporate different sizes, shapes and/or number of 

elements. Sensors can also incorporate non-uniform arrays, arrays featuring 

elements of varying size and shape, and arrays featuring varying force 
sensitivity and range at different regions of the sensor. 

Rapid Force Measurements 

Force measurements can be made every 4 to 6 microseconds/sensor 

element. 



- .  M i  
Tactile elements can be miniaturized. To date, elements have been made as 

mall as 0.om. 

AdaptabletOCUfVC3dsurfaces 

The sensors can be made to fit the cuwed surfaces of end-effectors. 

Accurate and RepeataMe 
Thi i  is achieved through the use of Yirst principles’ in the sensing technique 
and the fact that drift in element or amplifier sensitivity is unimportant since 
time, not amplitude, is measured. Unlike the piezoelectric and pyrm4ctric- 

based tactile sensors, Bonneville’s sensors can continually measure a steady 
force. 
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