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ABSTRACT 

Detail design of the control system for the West Valley Nuclear Services Vitrification Facility 
transfer cart has been completed by Oak Ridge National Laboratory. This report documents the 
requirements and describes the detail design of that equipment and control software. Copies of 
significant design documents including analysis and testing reports and design drawings are 
included in the Appendixes. 
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1. INTRODUCTION 

The West Valley Demonsuation Project is sponsored by the United States Department of 
Energy (DOE) and is located at the former Nuclear Fuel Services reprocessing plant site at West 
Valley, New York. The primary objective of the project is to solidify high-level waste (HLW) 
stored in underground tanks into a form suitable for transportation and disposal. DOE has selected 
vitrification as the method of solidification and borosilicate glass as the waste form. 

The existing HLW was produced from the chemical reprocessing of approximately 640 t of 
spent nuclear fuels. The waste was discharged to underground storage tanks. These tanks currently 
hold a total volume of about 2165 m3 (572,000 gal) of liquid HLW. 

After preliminary treatment steps, the liquid HLW will be transferred to the Vitrification 
Facility. The waste sluny will be continuously fed to the vitrification melter, where the waste and 
molten glass mixes and homogenizes. After some time, the glass will be poured into disposal 
canisters. The canisters will cool and be temporarily sealed for external decontamination. The seal 
will then be removed and replaced with a dust cover. The canister will then be ready for transfer 
to the former Chemical Process Cell (CPC) for interim storage. 

The main purpose of the transfer cart is to transfer the empty canisters into the Vitrification 
Cell (VC) and filled canisters from the VC to interim storage in the CPC. Other future uses of the 
transfer cart have also been identified. 

The design of the transfer cart has been a joint effort by West Valley Nuclear Services 
(WVNS) and Oak Ridge National Laboratory (ORNL). Generally, ORNL. has been responsible 
for the design of the transfer cart control system, and WVNS has been responsible for the balance 
of the transfer cart design. The complete scope of the transfer cart control system design is defined 
in later sections of this report, which covers the design requirements and design description. In 
addition, this report documents design verification activities performed by ORNL during 
completion of the detail design. 
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2. DESIGN REQUIREMENTS 

The design requirements for the transfer cart control system were provided by WVNS via 
formal communication. These requirements are contained in two documents: (I) West Valley 
Demonstration Project, Design Criteria, General C T S  Component Design Criteria, Doc. 
No. WVNS-DC-011, revision 4, revision date May 11, 1987, and (2) West Valley Demonstration 
Project Design Basis, Vitrification Facility Transfer Cart, revision 2, revision date November 26, 
199 1. Additional requirements specific to the control system design were documented in a formal 
communication from ORNL to WVNS at the beginning of the design. This section contains a 
summary of significant design requirements for the transfer cart control system. 

2.1 SCOPE 

The scope of the transfer cart control system includes all electrical and controls equipment 
needed for operation of the transfer cart. This includes on-car€ controls, on-cart batteries, battery 
charging system electrical components, control signal transmission equipment, remote antennas, 
and operator controls. 

2.2 FUNCTIONAL REQUIREMENTS 

The transfer cart shall be designed to move a load of four filled canisters (10.4 t) plus the 
cart from the VC to the CPC with adequate reserve capacity. Additional capacity for loads up to 
25 t shall be provided to handle vessels and load-test weights. The cart shall be designed to 
operate on the existing rail design between the VC and the CPC. The size of the cart and all 
components on the cart shall fit within all the existing design door openings. The cart shall be 
designed for individual drives for each of the four drive wheels to increase redundancy while 
decreasing maintenance difficulties. The cart shall be remotely operable from various ex-cell 
positions using general area remote closed-circuit television (CCrV) and shielded viewing 
windows. No CCTV cameras or monitors are required in the transfer cart design 

2.3 ELECTRICAL 

The cart shall be powered with no trailing umbilicals. (This requirement ultimately means 
battery power and wireless controls. The cart must operate on the existing rail design, which has 
no provision for fixed power conductors. Also, because of door discontinuities and radiation levels 
in existing cells, new construction to add power and signal transmission in the floor is not 
feasible.) 

The cart shall be capable of having the battery pack recharged without removing, it from the 
cart. The charging location will be a permanent installation in the Equipment Decontamination 
Room (EDR). The connection and disconnection shall be automatic as the transfer cart passes 
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through the charging location. The batteries should also be capable of being charged off the cart 
at a separate location. 

The cart battery pack shall be designed and wired so that it can be removed and reinstalled 
remotely. The container for the battery pack should be scaled and decontaminable. The battery 
pack shall be designed so that it can be removed from its container and disposed of as 
nonradioactive waste. 

2.4 INSTRUMENTATION AND CONTROLS 

The cart on-board electrical controls shall be designed in an enclosure so that they can be 
removed and reinstalled remotely. All on-board controls shall be modularized as much as possible 
and be capable of remote removal as a unit using only the overhead crane and impact wrench. 
Two auxiliary remotely controlled power outlets shall be provided to allow use of dc powered 
tools from the transfer cart. 

Battery voltage shall be monitored over the remote control data transmission system. The 
battery pack shall be instrumented to remotely indicate the state of battery charging and 
discharging. Motor current shall also be monitored over the remote control data transmission 
system for all four drive motors. The cart shall have capability to detect overhnder current draw 
for the drive motors and be remotely reset if required. 

Two control stations shall be provided to operate the cart. One station shall be located on the 
north wall of the VC, and an additional station shall be provided at the north CPC viewing 
window. Interlocks shall be provided to use one station at a time and not permit the cart to be 
operated from both stations at the same time. However, one control function shall be operable 
from either control station. Both control stations shall have an emergency kill control which shall 
be operable from either station at all times during operation. 

Basic controls shall provide for controlled cart movement in either direction. All cart control 
switches shall be spring-returned to off. When the spring-return control switch is released and 
power is shut off to the drive wheels, the cart should stop within 6 in. at maximum speed with 
a full canister load. The operation of the cart shall be interlocked so that the cart cannot be 
energized while any of the following door control systems are energized; operation of the 
following doors shall also be interlocked so that they cannot be energized while the transfer cart 
is energized. 

Transfer tunnel to VC door 
Transfer tunnel to EDR doors 
EDWCPC shield door 

A logic function shall be provided which will initiate an audible warning when the transfer 
cart is being driven toward any door that does not have a fully open limit switch indication. The 
cart control system shall be designed to accommodate the existing penetrations for antenna 
placement. 

2.5 OPERATIONAL REQUIREMENTS 

The transfer cart operates in the VC, transfer tunnel, EDR, and CPC, as shown in Fig. 2.1. 
A rack with the capacity to carry four canisters will normally be installed on the frame of the cart. 
When it is necessary to move equipment other than the canisters, a new fixture(s) will be required 
in lieu of the rack. The charging location shall be located in EDR, where viewing of the cart is 
possible using the EDR crane-mounted CCTV. The cart will remain at the charging location until 
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called upon for service. The empty canister loading station should be, if possible, at the same 
location in the EDR. 

Normal operation of the transfer cart system is to move empty canisters into the VC and 
move full canisters from the VC to the CPC. The steps required to do this are summarized as 
follows: 

1. When the canisters are ready for transfer, the cart will be taken from the EDR through the 
transfer tunnel to the VC. The operator will open the doors to the transfer tunnel, move the 
cart into the transfer tunnel, and then close the doors. The operator will then open the door 
to the VC and move the cart to the north end of the rails in the VC. The operator will then 
close the VC door. 

2. The operator will load four canisters into the rack from an interim storage rack in the VC pit 
using the VC crane. This operation could take up to 2 h. 

3. The operator will open the VC door to the transfer tunnel and move the cart to the transfer 
tunnel and stop it. The operator will close the VC door and then open the transfer tunnel doors 
to the EDR. The operator will then move the cart to the EDR, stop, and close the transfer 
tunnel doors. The operator will then open the EDWCPC shield door and move the transfer cart 
into the CPC. Once the cart is in the CPC, the EDWCPC shield door will be closed. During 
these steps the operator(s) could move about to the various viewing positions, as necessary, 
or the CCTV system could be utilized. 

4. The operator will unload the canisters using the CPC crane. The operator will then move the 
cart back to the charging location in EDR and close all shield doors. 

When moving new empty canisters into the cell, the operator will load four empty canisters onto 
the cart in the EDR. After loading, the cart will be moved through the transfer tunnel into the VC 
as described previously. After being unloaded, the cart will be moved again to the charging 
location in the EDR. 

2.6 ENVIRONMENT 

The design radiation field is 10,OOO radh in the cell in close proximity of the canisters and 
diminishes to approximately 0.010 radh at the charging location in the EDR. Temperature will 
range from 20 to 120°F, and relative humidity will range from 10 to 90%. Nitric acid vapor 
content in the air will be up to 1 0 0  ppm during off-normal conditions. 

2.7 MATERIALS 

The metals for all in-cell equipment shall adequately resist a decontamination process. 
Stainless steels are preferred. No uncontained organic materials shall be used on the cart. Wires 
and electrical components shall resist the radiation exposure or be shielded to provide a life of 
5 years in the Vitrification Facility. 

2.8 MAINTENANCE AND REMOTE MAINTENANCE 

The system shall be designed to operate for a minimum of 5 years without maintenance. All 
materials used on the cart shall be designed for 5 years of operation without maintenance in a 
radiation environment resulting from the integrated dose. The total accumulated dose goal i s  
lo7 rad. 



3. SIGNAL TRANSMISSION ASSESSMENT 

The method of communicating control signals to the cart is the most critical aspect of the 
overall design of the cart control system. Because of metal linings on the facility cell walls, radio 
frequency (rf) signal nulling will result from multipath reflections of the transmitted rf signal. 
Multipath reflections cause amplitude degradation of the signal. The Instrumentation and Controls 
division of ORNL has worked with similar systems in the past. During system conceptual design, 
an assessment of available options was undertaken and the best choice was selected for detail 
design. This section summarizes the assessment. 

3.1 OPTIONS 

Various options for the transmission system were examined in order to choose the best 
all-around system. The options included direct links, leaky coax systems, directive rf systems, and 
omni-directional rf links. The omni-directional transmission system was selected as the best 
system. The following sections discuss each of the systems that were examined and their 
respective advantages and disadvantages. 

3.1.1 Umbilical Cord 

The umbilical cord (or tether line) consists of an attached cable between a controlling station 
and the cart. The umbilical cord would avoid all radiated signal problems such as multipath and 
interference from other sources. However, the umbilical cord was not chosen because, in this 
application, there will be doors that an= closed both behind and ahead of the cart. Umbilical cords 
had been used on earlier versions of the transfer cart, and there were frequent problems with the 
doors cutting the umbilical. Also, the requirements document for the project states that this option 
should not be used. 

3.1.2 Leaky Coaxial Cable 

The leaky coaxial arrangement consists of a series of cables, placed parallel to the tracks, that 
radiate energy through their shields. The receiving system on the cart obtains the desired 
information from this radiated energy. The leaky coaxial arrangement would be less susceptible 
to problems such as multipath and interference from other sources than would antenna-to-antenna 
systems. But, according to previous surveys, remote maintainability is a problem since the coaxial 
line must be segmented into removable lengths (of about 3 m), which greatly adds to the number 
of electrical/mechanical connections that must be maintained. Also, since part of the Vitrification 
Facility includes an existing radioactively contaminated cell, new construction is no1 feasible. 
Remote installation of the cable would be required and would be extremely difficult. 
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3.13 Directive Antenna Link 

A directive antenna link consists of both receiving and transmitting antennas that radiate 
energy in a relatively narrow beamwidth. This arrangement requires that the antennas be aligned 
in order to establish a transmission path. A directive antenna link with a beamwidth of only a few 
degrees can be used to greatly reduce the problem of multipath reflections. The transmission 
systems that operate at frequencies above about 1 GHz allow a greater information bandwidth. At 
these frequencies, parabolic dishes, which are inherently directive antennas, are normally used. A 
directive antenna link requires equipment such as parabolic dishes and steering mechanisms. The 
dishes would take up more space on the cart than would antennas such as monopoles, especially 
at frequencies of about 10 GHz. The antenna systems would require steering because a fixed 
directive link is not allowed because of the interfering doors. This steering would require much 
more complex hardware, cost, and maintenance. If even higher frequencies such as 90 to 100 GHz 
are selected to reduce size, the hardware would cost an estimated $60,000 more than a IO-GHz 
system. 

3.1.4 Omni-directional Antenna Link 

The omni-directional antenna link, which has been selected for this project, consists of 
receiving and transmitting antennas that radiate energy equally in all directions. The omni- 
directional antennas are normally quarter-wave monopoles or half-wave dipoles which are very 
simple both mechanically and electrically. Since they radiate equally in all directions there is no 
need to steer the antennas. At a frequency of about 1 GHz (which would be sufficient for the 
needed information bandwidth of this project), the antennas are about 6 in. long or less. The 
antennas and associated hardware are standard equipment and are relatively inexpensive. The 
omni-directional antennas combined with the metal-lined walls, however, produce many multipath 
reflections, which degradate the received signal. These types of antennas are normally only used 
at frequencies of a few gigahertz or less; thus, they limit the information bandwidth that can be 
used. 

3.2 LITERATURE SURVEY 

The literature that discusses multipath reflections, especially in metal-lined cells, has been 
researched in order to give a more thorough basis for omni-directional transmission. The report 
written by Burgess et al.' discusses the allowable bandwidth for a given camer frequency in a 
metal-lined cell. The theory deals with a metal-lined tunnel similar to the transfer tunnel through 
which the West Valley cart will travel. The equations show the different modes that propagate in 
this highly reflective environment. Although there is significant distortion because only relatively 
narrow bandwidths are needed for the required data rates, the distortion is not a problem. 
Transmission in the larger cells where the cart is farther from the reflecting surfaces will not be 
as critical in nature, although there will still be attenuation due to multipath reflections. 

3.3 TESTS 

Tests were performed to show that a bandwidth of about 1 MHz on a carrier of 1 GHz would 
be feasible inside a structure such as the transfer tunnel, since its metal floors and walls make it 
the worst case area for multipath degradation. 



9 

3.3.1 Test Procedure 

The tests performed transmitted a camer frequency of about 1 GHz in a completely metal- 
lined room that is 4.58 m long x 3.65 x m wide 2.46 m high (i.e., all dimensions are much greater 
than a wavelength). Both directive and omni-directional transmitting antennas were used with a 
monopole receiving antenna. Both frequency modulation (FM) and amplitude modulation (AM) 
were used, and the output of a receiver was examined to note the distortion of the transmitted 
information as well as the signal strength. The transmitting and receiving antennas were placed 
in various combinations of locations both near the walls and in the middle of the room. The 
antennas were also placed so that there was not a line-of-sight transmission path. 

An impulse generator was used to generate the broad spectrum, and a spectrum analyzer was 
used to show the frequency response of the antenna-to-antenna link in the metal-lined room. The 
impulse generator produces energy of an equal amplitude a c m s  a large span of frequencies. The 
received frequency spectrum from a radiated impulse shows the characteristic kqueincy response 
of the transmission system. 

\ 3.3.2 Test Results 

The tests indicate that FM transmission of about 1-MHz bandwidth is feasible for a metal- 
lined room of dimensions much greater than one wavelength at about 1 GHz. Also, it was noted 
that when the antennas were placed 30 cm or less from the wall, nulls would occur over various 
portions of the frequency band but never over more than one-third of the desired spectrum. Thus, 
using a combination of wideband EM as well as a diversity receiving system (explained later) 
should be adequate for data transmission. 

3.4 DESCRIPTION OF PROPOSED SYSTEM 

3.4.1 Antenna System 

As shown in Fig. 3.1, the basic system is based on omni-directional transmission. The 
stationary antenna will be a dipole, and the mobile antenna system will consist of two dipole 
antennas mounted on the cart. Although there will be many reflections from the stainless steel cell 
walls, the system can be designed to overcome this problem. The reflections are called multipaths 
and cause amplitude degradation of the signal. The multipath problem is overcome by employing 
one or more of the following: (1) diversity receiving in which more than one antenna is used, 
(2) filtering that minimizes the data transmission e m r  rate, and (3) wideband FM that spreads the 
information over a larger bandwidth? 

The carrier frequency will be 915 MHz, which will allow the use of standard hardware and 
antennas that are practical in size. (Dipoles would be 16.4 cm long, and monopoles would be half 
the length of the dipoles.) The camer fkquency will be in the industrial, scientific, and medical 
assigned range of 902 to 928 MHz. 

3.4.2 Communication System 

The communication system will use a bandwidth of about 1 MHz with FM. This relatively 
namw bandwidth allows the use of omni-directional transmission in a reflective environment. 
This bandwidth should be sufficient to accommodate a 1- to 2-kHz data rate, some encoding for 
error correction, and some wideband spreading of the transmitted energy to better utilize the 
transmission channel in a reflective environment. FM will be used instead of Ah4 since the 
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reflections will produce an effective AM distortion of the signal to which € 3 4  detection will be 
less susceptible. Also, FM is less susceptible to other noise sources such as welding equipment. 

As mentioned before, there will be two dipole antenna. on the transfer cart. These antennas 
will be placed at the extremities of the cart envelope so that line-of-sight transmission will be 
maintained as much as possible. The redundancy is two-fold in that it allows the receivers to pick 
either antenna based on which one is receiving the stronger signal and it provides a backup in case 
one antenna becomes inoperative. The signals will be compared, and the stronger will be used for 
obtaining the information. 



4. SYSTEM OVERVIEW 

The communications system introduced in the previous section, although a major component, 
is part of a larger overall system. Figure 4.1 shows the major equipment in this design. Major 
equipment items include the transfer cart control module enclosure, the battery charger, the north 
and south operator’s pendants, the engineer’s console, and facility antennas. Facility systems are 
discussed in Sect. 5; the communications system for both the facility and the can, in Sect. 6; the 
cart electronics system, in Sect. 7; mechanical features of the cart control module enclosure, in 
Sect. 8; and software of both facility and cart systems, in Sect. 9. 

The design is a combination of off-the-shelf components and specially designed equipment. 
Early on in the design we recognized that a radiation-tolerant, battery-powered communications 
system did not exist commercially and therefore must be specially designed. Special interfacing 
cart electronics were also designed. However, a commercially available embedded controller was 
identified and radiation tested for use on the cart. On the facility side, the other side of the 
communications system to match the cart side was specially designed. A unique requirement (the 
ability to switch charging polarity of the cart batteries) led to a specially designed battery polarity 
interface circuit. The control pendants, although based on a commercially available hand-held 
pendant, have a specially designed circuit board and faceplate decal. The programmable logic 
controller PLC), the engineer’s console computer, and the battery charger are all commercially 
available. 

Drawing 4-6340-001 provides an overview of system functionality, as expressed in 
Instrument Society of America syrnbolog~.~ The tag names on the drawing show how individual 
points are referred to at the engineer’s console. All design drawings can be found in Appendix E. 

1 1  
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5. FACILITY SYSTEMS 

Facility systems include the control pendants, the engineer’s console (which houses the 
engineer’s console computer, the PLC, communications equipment, and ancillary equipment), the 
battery charger and its interface, and cell door limit switch interfaces. The facility communications 
system is described in Sect. 6. The descriptions of the remaining systems are included in this 
section. 

5.1 CONTROL PENDANTS 

Operation of the cart will be controlled by one of two hand-held control pendants (see 
Fig. 5.1). One pendant will be located near the north viewing window of the VC, and the other 
will be located near the north viewing window of the CPC. The functionality of both are the same. 
The control pendants consist of switches, light-emitting diodes (LEDs), and an audible alarm. The 
switches and LEDs are divided among functional blocks on the front face of the pendant. The 
audible alarm is mounted on the top side of the pendant. The push-button switches are used for 
operator command inputs, and the LEDs are for visual status indication. An oversized emergency 
stop button is provided for stopping the cart and battery charger from either pendant. A three- 
position, return-to-center rocker switch is provided for cart drive. OFNL will provide a metal- 
photo decal which will be placed on the face of the Rose Enclosures model 2950 hand-held 
pendant. Drawings 4-6340-120 through 4-6340-123 document the pendant design. 

The cart control system operates in two basic modes: (1) battery charging and (2) cart 
operation. In the battery charging mode, the cart is disabled completely; sending commands to the 
cart will have no effect, and the cart will not report status of any of its normally monitored 
variables. In the cart operation mode, the battery cannot be charged unless it is located at the 
charging shoes (described in Sect. 5.4). A description of the cart operation using the control 
pendants is included in Appendix F. 

A printed circuit board (see Dwg. Q-6340-123) provides a backup for mounting LEDs and 
push-button switches. Other components mounted on the board include resistors in series with the 
switches to provide debounce filtering of the switch contacts (see Dwg. 4-6340-122). Filtering 
is provided through the resistor and capacitance of the multiconductor cable. After installation, 
additional capacitors could be added, if necessary, at the engineer’s console side of the cable for 
additional filtering. The board also houses two capacitors in parallel with the audible alarm to 
reduce high-frequency noise from appearing on the multiconductor cable that connects the pendant 
with the engineer’s console. The fdtering is used to reduce the possibility of spurious noise 
appearing as an input to the PLC. Finally, compression terminal blocks are mounted on the circuit 
board to terminate the multiconductor cable. 

Internal components not mounted on the printed circuit board include the audible alarm, the 
emergency stop switch, and the station select key switch. A metal-photo decal will be provided 
by ORNL to insert in the front recess of the pendant. In addition to showing the functionality of 
the pendant, the decal will be used as a guide for drilling the LEDs and switch holes. 

13 



14 

ORNL-DWG 92-12690 
e , - - - -  .- > 

-7 

- 
EHEROENCY STOP- - 

1 

Fig. 5.1. Operator’s control pendant. 

When not in use the pendant can be hung from its junction box, as shown in Dwg. Q-6340- 
125. A SO-conductor cable will interconnect the control pendant to the PLC, which is mounted 
in the engineer’s console, as described in the next section. Typical wiring of the pendants is 
shown in Dwg. Q-6340-126. 
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5.2 PLC 

The PLC selected for this application is an Allen-Bradley PLC 5/15. Because of previous 
experience with Allen-Bradley at the West Valley site, West Valley personnel requested that 
Allen-Bradley be used as much as possible for control hardware. In the Allen-Bradley family, the 
PLC 5/15 model provides the lowest price per functionality ratio for lhis application. Besides the 
typical digital interfacing, this application is somewhat unique for a PLC in that it requires 
interfacing to the battery charger through an RS-232 link. The Allen-Bradley 5/40 model features 
direct interfacing to RS-232, but its much higher cost is prohibitive. Through the present 
a r c h i t e m ,  the 5/15 interfaces directly to the Prolog communications controller (which is 
described in Sect. 6.8) using the Prolog 7514 interface card. The PLC uses the Prolog RS-232 
interface to communicate to the battery charger. An early decision to base the rf boards on the 
S T D  bus also precluded using the Allen-Bradley PLC for the communications controller. 
Furthermore, high-speed communications tasks must be coordinated closely by the 
communications controller and may not have been possible in the PLC ladder logic because of 
the complicated functionality (see Sect. 6.8). 

The PLC is the heart of the control system through which all control activities are 
coordinated. It will interface to both control pendants through digital inpudoutput (I/O) modules, 
to the communications controller over the PLC’s remote YO link and a Prolog 75 14 Allen-Bradley 
interface card in the communications controller, and to the engineer’s console computer over the 
Data Highway Plus link and a Sutherland-Shultz 5 136 SD interface card in the engineer’s console 
computer. The PLC also interfaces to the cart orientation key switch, to the facility doors, and to 
the enable/disable input of the battery charger interface through the PLC’s digital 40. 

The PLC will physically reside in the engineer’s console in a 19-in. rack. Rack modules 
include the PLC 5/15 (1785-LT) processor with a 1785-MJ EEPROM, four 1771-OBD digital 
output modules, three 1771-IBD digital input modules, and a 1771-P4S power supply. The 
EEPROM module provides retention of the operating program and current values of variables in 
the event of a power loss. 

Special ladder-logic software which will run on the PLC is described in Sect. 9. A listing of 
the logic should be referred to for further details of the ladder logic. The engineer’s console 
computer will be used to modify, download, and monitor ladder logic running on the PLC. 

5.3 ENGINEER’S CONSOLE COMPUTER 

The engineer’s console computer resides in the engineer’s console assembly, as shown in 
Fig. 5.2. The engineer’s console computer will be the engineer’s window into the control system. 
Through the computer, an engineer can monitor cart activity and data, whether current or 
historical, and operational status of the control pendants, doors, and battery charger. A commercial 
mdmachine interface software package, Intouch, has been used to develop the engineer/control 
system interface. In addition, the computer can modi@ and download ladder logic in the PLC. It 
can also modify, compile, and download programs to the Prolog communications conmller. A 
switch in the back of the engineer’s console will allow the battery charger to interface directly to 
the engineer’s console computer through one of its serial communications ports. In this mode, 
configuration parameters of the battery charger can be interrogated and changed and it would be 
possible to operate the battery charger in this mode even in situations when the control pendant, 
the PLC, or the communications controller had failed. The engineer’s console computer will be 
capable of trending any of its inputs and providing alarm outputs based on the input value. It will 
also be capable of performing mathematical and logical operations on the cart data. 
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Fig. 5 3 .  Engineer’s console. 

The computer will be using the Windows operating environment. The Intouch mwmachine 
interface software operates exclusively on this platform. Furthermore, the terminal program 
supplied with Windows can be used to communicate with the communications controller or the 
battery charger while Intouch is logging data from the cart. Teledenken ladder logic software was 
used to develop the prototype system at O N .  Because the Teledenken software does not operate 
under the Windows platform, a Windows-based ladder logic development software package should 
be used to take advantage of the Windows operating environment. ICOM is a vendor of Windows- 
based ladder logic development software for the Allen-Bradley PLC; however, it is not clear 
whether ICOM supports the Sutherland-Schultz 5136 SD interface card. Both the man-machine 
interface software (Intouch) and the ladder logic software use this interface card. Furthermore, the 
ladder logic software would have to be converted to use the ladder logic developed for the 
prototype system, and both systems would have to be able to convert to or from the Allen-Bradley 
6200 series standard. Because none of these conversions have been attempted, the consewative 
choice would be to use Teledenken for the final system and run it as a nonWindows application 
on the engineer’s console computer. 

A Nematron model IWS-5386DX is specified for use as the engineer’s console computer; 
however, we suggest that the latest technology processor at the time of procurement be bought, 
as technology in this field changes rapidly. The Nematron is an industrially rugged computer with 
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a shock-mounted disk drive, NEMA 12 sealing, and optically isolated communications ports. It 
has a 19-in. VGA color monitor and an 80386DX 25-MHz processor. The unit should be bought 
with the highest capacity hard disk drive at the time of procurement, at least 8 MB of random 
access memory (RAM), an 80387 math coprocessor, and a 3.5-in. diskette drive. Because the unit 
will be operating under the Windows environment, a trackball is recommended as a pointing 
device. However, as presently configured, no trackball was specified for the system. All of the 
Windows features should still be accessible through keystrokes; if, however, a trackball is desired, 
options should be investigated for interfacing a trackball to the unit. A bus interface should be 
used since two of the computer’s serial ports are being used already. 

The computer is equipped with a front-panel function keyboard for routine operations. More 
intense diagnostic or maintenance operations can be performed by folding down the panel, which 
exposes a full-fimction QWERTY-style keyboard. 

The computer interfaces to the PLC with a Sutherland-Schultz 5 136 SD card located in one 
of the computer’s expansion slots. Both Intouch and the ladder logic development software 
(Teledenken for the prototype) use this card for hardware interfacing. If a different ladder logic 
development software package is bought, it must be compatible with the Sutherland-Schultz card. 

See Dwgs. Q-6340-102 through Q-6340-106 for details of the engineer’s console assembly. 
See Sect. 9 for a description of the engineer’s console man/machine interface software. 

5.4 BATTERY CHARGER 

The battery charger specified and tested for this project is an Exide ERBC 24/30. It is a 
unique battery charger in that it features a microprocessor for interfacing to the control system. 
Start and stop commands are issued to the battery charger, and status variables for battery 
charging current, voltage, and temperature are returned to the control system. The Prolog 
communications controller is the primary interface between the control system and the battery 
charger. However, a polarity interface circuit is also located between the battery charger and the 
batteries. The primary purpose of this circuit is to reverse charging polarity when the cart has been 
reversed on the tracks. Another key feature of the interface circuit is that it provides an emergency 
stop function that is available both locally and through the control system. See Sect. 5.5 for a 
description of this circuit. A second identical battery charger will be provided to maintain a spare 
battery in a float charge condition. 

Connection of the battery charger to the cart occurs through a set of spring-loaded shoes 
designed by WVNS. The charge shoes will be located on the floor between the cart track rails and 
are designed to interface with a set of charging plates mounted on the bottom of the cart control 
module enclosure. A description of the circuitry connected to the cart-mounted charging plates is 
given in Sect. 7.3. A limit switch, to be provided by WVNS, will indicate when the cart is in the 
charge location. A typical charging sequence is described in Appendix F. 

5.5 BATTERY CHARGER INTERFACE CIRCUIT 

As described in the previous section, the battery charger interface circuit provides two major 
functions. First, the interface allows the polarity of the cart charging shoes to be reversed, and 
second, the interface provides an emergency stop function physically located near the battery 
charger. The charger interface is constructed in a Hoffman continuous hinge clamp cover box 
which will be mounted above the EDR near the battery charger. The interface uses solid state 
switches to control charge shoe polarity and to interrupt the charge circuit in the event of an 
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emergency stop. Two control inputs, polarity and on/off control, from the engineer's console pass 
through a terminal block mounted in the interface box to drive circuits located on the battery 
charger polarity manager printed circuit board. The drive circuits control the state (on/off) of four 
independent high-current solid state switches and four independent low-current switches, as shown 
in Fig. 5.3. The drive circuits also provide for proper switch sequencing and an "all switches off' 
emergency stop condition. The high-current switches control the actual charge output lines from 
the battery charger, and the low-current switches control the charger voltage sense lines. 

Assembly and wiring diagrams for the battery charger interface are given in Dwgs. Q-6340- 
131 and 4-6340-132 respectively. A schematic of the battery charger polarity manager circuit 
board is given in Dwg. 4-6340-135. The battery charger polarity manager printed circuit board 
layout and parts list are given in Dwgs. 4-6340-136 and Q-6340-137 respectively. 

5.6 DOOR INTERFACES 

Each door will be monitored for three conditions: (1) door open, (2) door closed, and 
(3) door energized. Dry switch contacts must be provided by WVNS to interface to the 1/0 system 
which will power each circuit with a nominal 24-V power supply. In addition, the PLC is capable 
of disabling all doors from operating when the cart is operating. Three outputs are provided from 
the PLC, which must be interfaced to the door actuation circuit using interposing relays designed 
by West Valley. 
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6. COMMUNICATIONS SYSTEM DESIGN 

The communications system will provide a wireless, bidirectional, digital data link between 
the facility and the transfer cart. Because cell walls and floors contain a significant amount of 
metal lining, signal multipath will occur. The communications system is designed to overcome 
problems associated with multipath reflections such as signal nulling at node cancellation 
locations. The system employs two cart antennas so that if one antenna is positioned in a null, the 
other antenna will be selected in the receive mode. Additionally, wide-band frequency modulation 
is used to avoid problems associated with narrow-band signal attenuation. This technique allows 
a portion of the spectrum to be lost to multipath while retaining much of the signal energy. 
Further multipath immunity is introduced through multiple facility antennas required for the cart 
to travel among four cells, each of which may be isolated by doors. While the cart is being driven, 
the door between the originating cell and the destination cell will be open and two facility 
antennas will be available to communicate with the cart. The system will automatically select the 
facility antenna with the stronger received signal. Additionally, a manual override allows an 
engineer at the engineer’s console to inhibit any cell transmitter that generates multipath while the 
connecting doorway is open. Rationale for the selection of the design is presented in Sect. 3 .  

A major concern in the hardware design of the cart communications system is that equipment 
located on the cart must withstand a total integrated radiation dose of lo’ rad. The 
communications system was designed around components of known radiation tolerances based on 
previous radiation testing experiments and operating experience gained from other designs. 

The following sections give general descriptions of the various circuits used in the facility and 
cart transceiver systems. Refer to Dwgs. Q-6340-150 and Q-6340-250 for block diagrams of the 
facility communications system and the cart communications system respectively. Block diagrams 
of each circuit are included in this section, and the detailed schematic diagrams are provided in 
Appendix E. 

6.1 FACILITY TRANSMITTER CIRCUIT 

The facility transmitter circuit is responsible for converting the digital data from the 
communications controller computer to an FM rf carrier and distributing the rf to the transmit 
amplifiers at each of the four cell locations. A block diagram of the facility transmitter is shown 
in Fig. 6.1. The circuit acquires a digital message packet from the communications biphase 
encoderldecoder board. The biphase signal is processed through a modulation amplifier that allows 
adjustment of both the rf carrier frequency and the FM signal deviation. The modulation amplifier 
drives a voltage-controlled oscillator (VCO) that has a carrier frequency of 915 MHz in the 
industrial, scientific, and medical (ISM) band. Deviation of the camer is adjusted to f10 MHz 
around the carrier. 

The VCO output is buffered and amplified before being split into four identical signal 
channels. Each channel is amplified to a level of approximately +7 dBm (decibels referenced to 
1 mW) to drive a coaxial cable to the facility transmitheceive board at each of the four cell 
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locations. A transmitheceive control signal is supplied by the facility communications 
microprocessor. This control signal activates the VCO and rf amplifiers during the transmit mode 
and deactivates them during the receive mode. A schematic diagram for the facility transmitter 
is given in Dwg. Q-6340-170. The circuit board is housed in a card cage in the engineer’s console. 

6.2 FACILITY TRANSMITkECENE CIRCLJIT 

The facility transmitheceive circuit provides the power amplifier drive to the antenna during 
the transmit mode and functions as the receiver preamplifier in the receive mode. Figure 6.2 
shows a functional block diagram of the circuit. A control signal from the communications 
controller through the Opt0 22 digital I/O panel (described in Sect. 6.8) determines whether the 
circuit functions in the transmit mode or in the receive mode. This control signal is brought to the 
cell interface as a 24-V signal on a twisted-shielded pair line and is buffered through an optical 
isolator for noise and transient immunity. The optical isolator drives a control circuit that powers 
the transmit amplifier during the transmit mode and powers the reccive amplifiers during the 
receive mode. The fail-safe condition for loss of control places the system in the receive mode. 
The system is also placed in the receive mode during an emergency stop condition tlo eliminate 
the possibility of transmitting drive commands to the cart in the emergency stop mode. 

In the transmit mode, the facility cell interface is supplied with a 915-MHz FM signal from 
the facility transmitter board. The rf signal is amplified through a power amplifier and applied to 
an rf circulator that routes the output to the cell antenna. The facility transmitter supplies 
approximately 100 mW of rf power to the antenna but is capable of driving higher levels if 
required. 

During the receive mode, rf energy from the cart transmitter is received by the facility antenna 
and is applied to the circulator. The circulator routes the signal through an rf switch to a low-noise 
amplifier circuit. The signal is further boosted through a driver amplifier (a total amplification of 
40 dB) that supplies the signal through a coaxial cable to the facility antenna switch in the 
engineer’s console. 

Electronics for the facility transmit/receive circuit consist of both a printed circuit board and 
connectorized rf components. The optical isolator, local power supply regulators, and power 
switching transistors are located on the circuit board. The I-€ transmit power amplifier, circulator, 
rfswitch, and receive amplifiers are connectorized modules interconnected by SMA coaxial cables. 
Power and control for each of these modules is provided from the printed circuit board. 

Identical trmsrnit/receive modules will be located on the opposite side of each cell wall from 
their respective cell antennas. Antennas will be located in the VC, the tunnel, the EDR, and the 
CPC. Each module connects to the communications controller microprocessor in the engineer’s 
console through a 24-V power cable, a control cable, a transmit coaxial cable, and a receive 
coaxial cable. The four modules are normally operated together in either the transmit or receive 
modes. The communications microprocessor, on command from an engineer at the engineer’s 
console computer, can inhibit the transmit command to any cell, allowing a transmitter to be taken 
off line should communications problems occur due to multipath from two antennas whlen the cart 
is in the doorway between two cells. 

The schematic diagram for the facility transmiVreceive circuit is shown in Dwg. Q-6340-175. 
Drawing Q-6340-15 1 provides the assembly and parts placement for the printed circuit board and 
connectorized components of the circuit. 
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6 3  FACILITY ANTENNA SWITCH CIRCUIT 

The facility antenna switch circuit determines the strongest of the four rf receive signals from 
the cells. The board then passes this signal to the facility receiver board. A block diagram of the 
facility antenna switch circuit is shown in Fig. 6.3. 

The rf inputs to the bard  come from each of the facility transmitkceive circuits over a 
length of coaxial cable. Radio frequency circuitry on the board is identical for each of the four 
signal paths. Tracing the signal through one of the paths, the board first filters the rf input with 
a bandpass of 902 to 928 MHz to remove out-of-band signals and interference. The signal is split 
with one path routed to an rf switch and the other to an rf amplifier. The amplified signal is 
processed through an rf amplitude detector that provides a voltage output proportional to the rf 
power level. 

The output of each detector is buffered and compared to the level of the other three channels 
through a matrix of voltage comparators. The state of each comparator is processed through digital 
control logic to activate the appropriate electronic rf switches to route the strongest signal to the 
facility receiver. The control logic allows voting among all inputs, not just among adjacent cell 
antennas. Therefore, proper receive antenna selection is possible when operating in a degraded 
mode with one facility antenna or transmillreceive module inoperative. 

The control logic performs an additional function that is not obvious from the block diagram. 
The amplitudes from the rf detectors are constantly changing, and the mmparaton switch to 
indicate the highest level signal, The Control logic must inhibit the rf switches from changing 
during the transmission of a data packet if digital errors are to be avoided. The inhibit function 
is implemented by clocking a latch from the rising edge of the first carrier signal that occurs after 
the local transmitter shuts off. In operation, a logic signal resets the latch when the local system 
is switched into the receive mode. The level from each rf detector is compared against a threshold 
that is set above normal background noise. When the cart transmitter turns on, the detector output 
on the facility antenna switch exceeds the preset threshold and the status of the antenna-to-antenna 
comparators is locked into the system. The rf switches activate the antenna that receives the 
strongest signal at the beginning of the transmission. The switches stay in this position until the 
cart transmission has ended, avoiding the switching of antennas during the middle of a data 
packet. If the active antenna drops into a signal null, the system will switch to a stronger antenna 
at the beginning of the next receive cycle. 

A schematic diagram for the facility antenna switch circuit is given in Dwg. Q-6340-180. The 
number of parts dictated that the circuit be implemented on two printed circuit boards. The rf 
circuits, level detectors, buffers, and rf switches are found on board Dwg. Q-6340-181A, and the 
comparators, voting logic, and inhibit circuits are on board Dwg. Q-6340-181B. Both circuit 
boards are housed in a card cage in the engineer’s console. 

6.4 FACILITY AND CART RECEIVER CIRCUITS 

The rf receiver circuit converts the 915-MHZ FM signal to a baseband representation of the 
biphase digital data signal. The same circuit design is used for both the facility and the cart 
receivers. Figure 6.4 shows a block diagram of the receiver. 

The mxiver board follows the antenna control board in both the facility and cart systems. The 
915-MHz rf signal feeds into an automatic gain control (AGC) block that maintains an optimum 
signal level for the receiver even though the rf fluctuates due to both multipath and distance 
between transmitting and receiving antennas. The AGC consists of an electronic attenuator 
followed by an rf amplifier that provides 20 d3 of dynamic range control. The attenuator and 
amplifier stages are then repeated, bringing the total AGC range to 40 dB. The output of the 
second rf amplifier is split and sampled by an rf amplitude detector that provides a voltage level 
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proportional to the rf level. This voltage is amplified and applied through a feedback loop to 
control the electronic attenuators. 

The output from the AGC is further amplified before being applied to a bandpass filter that 
removes any rf energy that is not within the 902- to 928-MHz band. The signal is then applied 
to an rflimiter that removes fast amplitude fluctuations which would be detected as incidental AM 
on the signal. The output of the limiter is further amplified before being applied to the 
demodulator. 

The delay line demodulator consists of a signal splitter, a coaxial delay line, and a balanced 
mixer. The signal is essentially multiplied with a delayed version of itself to produce a voltage 
that is proportional to the frequency shift of the rf signal. The output is low-pass filtered to 
remove the residual camer and squared terms of the mixing process before being amplified by a 
baseband amplifier. The amplifier output is sent to the communications biphase encoder/decoder 
board for conversion to a true digital signal. 

A schematic diagram for the facilitykart receiver is given in Dwg. Q-6340-260. The circuit 
board for the facility receiver is housed in a card cage in the engineer's console computer, while 
the circuit board for the cart receiver is housed in a card cage inside the lead shielded enclosure 
on the cart. 

6.5 CART ANTENNA CONTROL CIRCUIT 

The cart signal comparison circuit, also called the cart antenna control, receives rf signals from 
the two cart antennas, selects the stronger signal, and passes it to the receiver circuit. A block 
diagram of the circuit is shown in Fig. 6.5. This circuit combines the functions of antenna 
transmit/receive control and receive antenna selection. When the transmit/receive control line is 
in the transmit position, the lower rf switch connects the transmitter output to Antenna 2. The rf 
switches remove the input signals from both rf receiver amplifiers when in the transmit mode. 
Bccause the two cart antennas are located in close proximity to one another, transmitting from 
both would produce a directional pattern that could degrade the signal received by the facility 
antennas. Additionally, there is no way of determining the best transmitting antenna as the cart 
moves through signal nulls. Furthermore, the cart-to-facility data are not considered as critical as 
the facility-to-cart data, and a single transmitting antenna is considered sufficient. 

In the receive mode, the rf from each antenna is routed through the rf switches to the 
respective low-noise rf amplifiers and the rf circuitry on the board becomes identical for the two 
signal paths. Each signal is amplified by 40 dB and passed through a filter with a bandpass of 902 
to 928 h4Hz to remove out-of-band signals and interference. The signal is split with one path 
routed to an rf switch and the other to an rf amplifier. The amplified signal is processed through 
an rf amplitude detector that provides a voltage output proportional to the rf power level. 

The output of each detector is compared against the level of the other signal. The comparator 
determines the position of the electronic rf switch that routes the stronger signal to the cart 
receiver. The control block performs the additional function of locking the rf switch once the 
transmission begins. Because the amplitudes from the rf detectors are constantly changing, the 
comparator will switch to the higher-level signal. The control logic must inhibit the rf switch from 
changing during data packet transmission to avoid data errors. The inhibit function is implemented 
by clocking a latch from the rising edge of the first carrier signal that occurs after the local 
transmitter shuts off. In operation, a logic signal resets the latch when the local system is switched 
into the receive mode. The level from each rf detector is compared against a threshold that is set 
above the normal background noise level. When the facility transmitter turns on, the detector 
output on the cart antenna switch exceeds the preset threshold and the status of the antenna 
comparator is locked into the system. The rf switch activates the antenna that receives the 
strongest signal at the beginning of the transmission. The switch stays in this position until the 



27 

A 

4 
;i, 



28 

facility transmission has ended, avoiding the switching of cart antennas for the duration of the data 
packet. If the active antenna drops into a signal null, the system will switch to the stronger 
antenna at the beginning of the next receive cycle (a maximum of -1-s duration). 

A schematic diagram for the cart antenna control circuit is given in Dwg. 4-6340-265. The 
circuit board is housed in a card cage inside the lead shielded enclosure on the cart. 

6.6 CART TRANSMITTER CIRCUIT 

The cart transmitter circuit converts the digital data from the cart microprocessor to an FM 
rf carrier that is suitable for transmission to the facility cell antennas. A block diagram of the cart 
transmitter is shown in Fig. 6.6. The circuit acquires a digital message packet from the 
communications biphase encoder/decoder board. The biphase signal is processed through a 
modulation amplifier that allows adjustment of both the rf carrier frequency and the deviation of 
the FM signal. The modulation amplifier drives a VCO with a carrier frequency of 915 MHz in 
the ISM band. Deviation of the carrier is adjusted to k10 MHz around the carrier. 

The VCO output is buffered through an attenuator and rf amplifier to isolate the oscillator 
from load variations that could pull the frequency. The rf signal is then amplified by a power 
amplifier to generate a level of +17 dBm (50 mW) of rfpower. The rf output from the transmitter 
board is routed through the cart antenna control board to the cart antenna. A transmit/receive 
control signal is supplied by the cart communications microprocessor to activate the VCO and rf 
amplifiers during the transmit mode and deactivate them during the receive mode. 

A schematic diagram for the cart transmitter is given in Dwg. 4-6340-270. The circuit board 
is housed in a card cage inside the lead shielded enclosure on the cart. 

. 

6.7 BIPHASE ENCODEXUDECODER 

The biphase encoder/decoder for the communications link for the transfer cart is designed to 
convert 8-bit parallel data into a biphase-encoded serial stream for transmission across an rf link 
and then decode the serial biphase back into %bit parallel data at the other end of the link. Two 
versions of the encoder/decoder board were designed: one for the facility end of the 
communications link and one for the cart end of the link. The two boards are almost identical; the 
differences are limited mainly to those circuits and functions that were required to accommodate 
the different needs of the facility and cart computers. A schematic diagram for the facility-side 
board is shown in Dwg. 4-6340-185, and the cart-side board is shown in Dwg. 4-6340-290. 

The encodeddecoder uses the biphase-L encoding format for the serial data stream. Biphase 
was selected because of its widespread use and because there are several devices on the market 
that contain the encoding and decoding circuits on a single chip. Of these circuits, the 
DP8342/8343 encoding/decoding pair, from National Semiconductor, was selected because it has 
been used previously in radiation-tolerant designs and has repeatedly demonstrated gamma 
tolerance in exccss of IO7 rad. Its baud rate can be set for any rate up to 3.5 Mbaud, but for this 
instance a rate of 125 kbaud has been set as a good tradeoff between data rate and bandwidth. 

The encoder/decoder transmission format is of the packet type. in which the data is sent in 
coherent bursts rather than in a continuous fashion. The packet format lends itself to bidirectional 
communications and to digital control systems since it facilitates hand-shaking routines. It also 
is essential for transmitting data at a baud rate that is significantly higher than the 1/0 throughput 
of the sendingreceiving device, which for the transfer cart is an STD-based microprocessor. Since 
the burst-type transmission requires that all of the data be immediately available for transmission, 
the entire packet must be stored in the input stage of the encoder and likewise in the output stage 
of the decoder. The size of the input/output storage circuits limits the packet size for this system 
to 48 bytes. There is also a provision for a special two-byte packet that will cause the decoder to 
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generate a reset pulse that can be used to remotely reset the equipment on the decoder end of the 
link. The reset will also reinitialize the decoder circuitry. This remote reset function is 
implemented only on the cart version of the encoder/decoder board; it is not a desirable feaiure 
on the facility version of the board. 

The encoder/decoder is designed to interface directly to a microprocessor circuit or computer 
via three 8-bit ports such as in the 8255-type interface chip or an 8255-based 40 card. It is 
divided into two major functional blocks: the biphase encoder and the biphase decoder. 

6.7.1 Interface Protocol 

The facility encoder/decoder requires five control signals from the facility communications 
controller computer (BYTE1, SI, DX, RST, and /RD) and eight bits of bidirectional data. It 
generates five status signals (DATRDY, OR1, ERRFLG, FSTBT, and IR) for use by the facility 
communications controller computer. 

The cart encoder/decoder requires five control signals (BYTEl, SI, TX, RST, and RD) and 
eight bits of bidirectional data. It generates five status signals (ERRFLG, OR1, IR, FSTBT, and 
DATRDY). The T/R control line and the ANTSTAT status line feed directly to the link hardware 
and do not affect the encodeddecoder. 

For transmission of data, four control steps are required. The first step is to test the status 
signal IR, which is derived from the input stage of the encoder. A logic high on this line indicates 
that the input stage is ready to accept data. 

The second step is to write the first byte of data into the encoder. This step is treated 
separately from the rest of the data because a flag bit, called BYTEl, must be written with the 
first byte. The data is asserted and BYTEl is driven high at the same time, and both are then 
clocked into the input stagc by a positive-going pulse on the facility board’s SI control line or a 
negative-going pulse on the cart board’s SI control line. The data is then deasserted, and BYTE1 
is driven low. BYTEl remains low for the rest of the packet, being used only for marking the 
very first data byte. 

The third step is to writc the remaining bytes of data into the encoder, which is done in the 
same manner as writing the first byte except that BYTEl stays low. Each time a new byte is to 
be written, IR should be checked to make sure it is high. A low indicates that the input stage is 
not ready to accept data, either because of a malfunction in the encoder or because the packet is 
too large to fit in the input storage section of the encoder. 

The fourth step is to assert TX low (high for the cart version) after the last data byte has been 
entered into the encoder. This will initiate the encoder and transmit the data. TX must be returned 
to the deasserted state before the next packet is sent. 

The encoder encodes the data two bytes (16 bits) at a time, adding one byte of the cyclic 
redundancy check (CRC) code to every two bytes of data. If an odd number of bytes is entered, 
the encoder will append a null byte to the last byte to make a full pair. Thus if four bytes of data 
are entered, the encoder will divide the four data bytes into two pairs and add a CRC byte to each 
pair, transmitting six bytes of information. Three bytes of data will be divided into two pairs, the 
first being the first two data bytes and the second being the third byte plus a null byte. The total 
number of bytes transmitted will also be six bytes. The CRC byte will be stripped off in the 
decoder, but the null byle will be appended to the data. 

To generate the remote reset pulse, only two bytes of data need be sent. Both bytes must 
match the reset code set in the decoder circuit. Since the reset generator searches for an 8-bit data 
pattern in both bytes in a data byte pair, it is possible for random data to trigger a reset pulse if 
steps are not taken to prevent both bytes in any given data byte pair from matching the reset code. 
Two identical bytes that match the reset code and are consecutive but are not paired by the 
encoder will not trigger a reset. 
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A high on DATRDY indicates that data have been received by the decoder and are waiting 
to be read. OR1 should also be high and indicates that the output buffers [first-in, first-out 
(F'LFOs)] contain data. Driving /RD low (high for the cart version) will assert the data onto the 
data bus @0-D7), and its rising (falling) edge will cause the next available byte to be present in 
the output stage of the decoder. DATRDY will also be reset to the low condition with the first 
transition on /RD and will remain low until a new packet of data is decoded. The OR1 signal will 
go low with the /fU signal, so OR1 must be checked for a high level before the byte is read. OR1 
will continue to return to the high state until the last byte has been read. 

A high on the ERRFLG signal indicates an enor in the current or previous byte. This signal 
will only be valid for even-numbered bytes, which are the second bytes in the encoded pairs. Thus 
when reading the even-numbered bytes, this signal must be checked to make sure that the data 
is valid. If it is high, the byte being read and the byte that came before it should be discarded 
unless an error-correction routine is being implemented in the host microprocessor. 

The RST signal should be asserted high to reset the encoderldecoder. A power-up reset is 
advisable, as is a reset before writing each packet to the encoder. 

6.7.2 Biphase Encoder 

The following circuit descriptions are for the facility version of the encoder/decoder. 
Component numbers for the cart version are in brackets (reference Dwgs. 4-6340-185 and 

The biphase encoder block appears in the top half of the encoder/decoder schematics. Its major 
functional sections are (1) the input FIFO, composed of U2, U4, U6A, and USB [U14, U15, 
U23A, and U23Bl; (2) the parallel-to-serial conversion stage, U5 [U16]; (3) the CRC generator, 
U16 [U25]; (4) the control section, composed of U9, U10, and U17 [U21, U22, U32, and U34Al; 
(5) the output FIFO stage, composed of U18, U19, and U20 [Ul, U2, and U9]; (6) the biphase 
encoding stage, composed of U1 and U8 EU3 and U81; and (7) the timebase section, composed 
of U14C, U27, and U31 [U28, U29C, and U33J. 

4-6340-290). 

6.7.2.1 Input FIFO stage 

The input FIFO stage of the biphase encoder block serves three functions. First, it provides 
temporary storage of the 8-bit parallel data to minimize problems with converting an irregular 
parallel flow into a regular serial flow. Second, it serves as a synchronizing buffer between two 
digital systems which are, potentially, at very different clock rates. Third, it allows the 
transmission data rate to vary greatly from the rate at which the parallel data is written to the 
encoder. The FWO itself is composed of U2 and U4 [U14 and UlS], which are C67402 64 x 5 
asynchronous FFOs. Like the DP8342/8343 encoder/decoder pair, the C67402 has been used 
extensively in radiation-tolerant designs and has repeatedly operated normally beyond lo7 rad. 
U6A [U23A] performs a logical AND on the input ready (R) status outputs from the two FIFOs, 
and U6B [U23B] performs a logical AND on the output ready (OR) signals for use by U9 [U22]. 

6.7.2.2 Parallel-to-serial converter 

The parallel-to-serial converter consists of US [U16], which is a 74LS166 parallel-load shift 
register. It is under the control of U9 [UZl], which toggles the parallel-load enable input every 
8 clock cycles for the two data bytes in the pair while the encoder is transmitting. When the CRC 
byte is ready to be inserted into the serial stream, the parallel-load signal does not toggle, which 
then causes the data to be all zeroes. 
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6.723 CRC generator 

The CRC generator is U16 [U25], a 9401/8X01 CRC generator/checker chip. Its output, the 
CRC byte for each data byte pair, is generated from the serial output of U5 [U16] and is clocked 
out when its CWE input is driven low. The output is fed to U9 1211 in the control section. 
Detailed timing diagram appears in Fig. 6.7. 

6.7.2.4 Control section 

The control section consists of U9, U10, and U17 [U21, U22, U32, and U34Al. U9 [U21] is 
the heart of the control section and generates most of the signals that cause the encoder to operate. 
It monitors the input FIFO stage and the output of U17 [U32] and uses the signals from these 
sections to pair the data bytes, generate and insert the CRC byte, and load the composite stream 
into the output FIFO stage for transmission. U10 [U22] i s  used primarily as a modulo-24 counter. 
Its count output is fed to U9 [U21], which uses it to monitor its location in the encoding process. 
U9 [U21], in turn, enables and disables the counter in U10 [U22]. U17 [U32] is a latch that 
guarantees that the /TX signal will last for a minimum of two clock transitions so that U9 [U21] 
will always be able to see it. 

When a data packet is first written to the encoder by the computer, the OR outputs of the 
input FIFOs will go high, as will the B1 signal, which is the BYTE1 flag marking the first byte 
in the packet. If the B1 flag does not go high along with the OR signal, U9 [U21] will clock out 
data bytes from the FIFO until B1 and OR are both high or until the FIFO is emptied. The STRT 
signal from U17 [U32] is used as the trigger to initiate the encoding cycle. A negative [positive] 
pulse on the /TX control line will set U17 [U32], causing STRT to rise for at least two clock 
edges. The high on all three signals starts U9 [U21], which, in turn, starts U10 [U22]. As U10 
[U22] counts from 0 to 24, U9 [U21] decodes the count and from it generates the encoder control 
signals. The detailed timing can be found in Fig. 6.7. At the count of 24, U9 [U21] checks i ts  
status lines from the input FIFO stage and will either continue encoding (if more data resides in 
the FIFO) or quit (if the data is gone). U9 [U21] also inserts the CRC code into the data by 
enabling the CRC generator and switching the CRC output into the serial stream. 

6.7.25 Output FIFO stage 

The serial data/CRC stream from U9 [U21] is fed to U20 [Ul], the serial-to-parallel converter 
in the output FIFO stage. U20 [Ul] is an 8-bit, serial-in, parallel-out shift register whose parallel 
output goes to the input pins of U18 and U19 [U2 and U9], which make up the FIFO. U9 [U21] 
then generates a shift-in pulse at 8-bit intervals to clock the output of U20 [Ul] into Ul8 and U19 
[U2 and U9). 

6.7.2.6 Biphase encoder stage 

The output of U18 and U19 [U2 and U9] are then fed to U8 [U3], which is the DP8342 
biphase encoder chip. U1 [U8] controls the transfer of data from the FIFO to the encoder. U8 
[U3] adds a synchronization bit and a parity bit into the serial stream during encoding for a total 
of 10 bits per 8-bit byte, so the data will be read out of the FIFOs at a lower rate than it is being 
written in by U9 [U21]. 

Thus for this stage there is no reason to store the entire packet in the FIFO; U1 [U8] starts 
transferring data from the FIFO into the encoder as soon as it reaches the outputs of the FIFO. 
US [U3] disables the biphase decoder (U24 [UlO]) during transmission by raising its transmitter- 
active output. 
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6.7.2.7 Timebase section 

The timebase section, U27, U31, and U14C [U28, U33, and U29C], generates the two clock 
waveforms that are needed to operate the encoder/decoder circuit. U27 [U28] is a dual in-line 
package oscillator running at a frequency that is 16 times the serial transmission bit rate. In this 
case U27 [U28] is 2.0 MHz. U31 [U331 divides the output of U27 [U28] by 2 and by 16. The 
divide-by-2 output is used by U8 [U3] in the encoder and by U24 [UlO] in the decoder. The 
divide-by-16 output is buffered by U14C [U29c] and is used to drive all of the other clocked 
circuits with the exception of U20 [VI] in the encoder and U13 [U24] in the decoder. These two 
chips must be on the alternate clock phase because the CRC generator chips U16 and U21 [U25 
and U3OJ are falling-edge triggered and U20 [Ul] and U13 [W24] must be in phase with them. 

6.73 Biphase Decoder 

The biphase decoder block appears in the lower half of the encoder/decoder schematic, and 
its detailed timing diagram appears in Fig. 6.8. Its major functional sections are (1) the input 
comparator, U32 [U6]; (2) the DP8343 biphase decoder chip, U24 [UlO]; (3) the input storage 
FIFO and associated circuits, composed of U15, U23, U25, and U30 [US, U11, U12, and W201; 
(4) the parallel-to-serial converter, U22 [U19]; (5) the control section, composed of U28 and U29 
[U26 and U271; (6) the CRC checker, U21 [U30]; (7) the serial-to-parallel converter, made of U12 
and U13 [U17 and U24J; (8) the output storage section, composed of U3, U7, U l l ,  U6C, U26A, 
U14E, U14F, and U26BI [U4, U7, U13, U23C, U29E, U31A, U31B, U34A, and U34Bl; and 
(9) the remote reset comparator U18 (cart version only). 

6.73.1 Input comparator 

The input comparator stage converts the incoming biphase waveform from the rf receiver into 
a TTL (transistor-transistor level) signal. The comparator is an LM161 high-speed ?TL-output 
comparator. The biphase signal is terminated with a 4.7-kR resistor and applied to the 
noninverting input of the comparator; the reference voltage, taken from the 10-kR trimmer R12 
[R4], is applied to the inverting input. The reference voltage ranges from about +2 V to about 
-2 V. Since the differential input limit of the LM161 is about 5 V, care should be taken to ensure 
that the difference between the biphase signal from the receiver and the reference voltage does 
not exceed fi V. Limiting the input to 53 V will ensure that this condition is met. The output of 
the comparator is a differential TTZ signal taken off pins 9 and 11 of the comparator. 

6.7.3.2 Biphase decoder 

The biphase decoder chip, U24 [UlO], converts the differential biphase signal from U32 [U6] 
into its constituent 8-bit bytes, 

6.7.33 Input storage FIFO 

The input storage FWO is very similar to the other FZFO stages in the encoder/decoder. It is 
composed of two C67402 64x5 HFOs arranged in parallel. U23 and U30 [Ul 1 and U5] transfer 
the data from the biphase decoder chip to the FIFOs. U30 [U5] is used primarily as a pulse 
synchmnizerlstretcher to emure that the status flags from the decoder chip are of sufficient length 
and are timed correctly. In the case of the data available (DA) signal from the 8343, the purpose 
of U30 [US] is more correctly described as ensuring that the period between active states of the 
signal is longer than 1 clock cycle, rather than ensuring that the signal's active states are long 
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enough, since there is one situation in which the period between two successive active states can 
be considerably less than 1 clock cycle of the system clock. U23 [Ull]  derives a register read 
(RR) pulse and a FIFO shift in (SI) pulse from the DA signal. These two signals conspire to 
transfer the incoming data bytes from the decoder to the FLFO. The RAE signal, which is used 
by the control section to initiate its sequence, is derived from the receiver active (RA) signal from 
the 8343. It rises for 1 clock cycle at the end of the data packet, triggered by the falling edge of 
the RA signal. 

6.73.4 Parallel-to-serial converter 

The parallel-to-serial converter, U2322 [U19], is a 74LS166 parallel-load shift register. The 
control section causes it to load every 8 clock cycles while the decoder block is active, using a 
single-cycle, low pulse on the load input. U14D [U29D] inverts the LD signal for use by the 
FIFO, causing it to shift out the next available byte on the falling edge. 

6.7.35 Control section 

The control section is composed of two programmable array logics (PALS), U29 [U27], 
which is the same counter PAL used in the encoder block, and U28 [U26], which is the primary 
control circuit in the decoder. The operation of the control section is similar to that of the encoder 
block’s control section. The control sequence is initiated by the positive pulse on RAE from U23 
[Ull]. U28 [U26] then initiates U29 [U27] and decodes its count into a series of control pulses 
that first cause U22 [U19] to load every 8 clock cycles, then load the data into the temporary 
holding register U12 [U17] after it has been reconverted to parallel form by U13 [U24], then 
check the status of the error flag from the CRC checker at the appropriate time, and then write 
the data into the output FIFO until the end of the packet is reached. 

An ancillary circuit to the control section is the first byte flag circuit, composed of U14F and 
U26B [U34C and U31Bl. This circuit uses the beginning-of-packet D O P )  and the end-of-packet 
(BOP) signals from U29 [U27] to flag the first byte from each packet. The flag is written into 
the output FIFOs along with the first byte, and appears at their output as the FSTBT output status 
signal to the computer. These signals allow more than one packet to be stored in the output 
section at one time by separating the packets. 

/BOP will pulse low for 1 clock cycle when a transmission is first received by the decoder, 
and /EOP will pulse low for 1 clock cycle at the end of the transmission. In the cart version BOP 
is also made available to the antenna control printed circuit board in the link hardware via 53. 

6.73.6 CRC checker 

The CRC checker, U21 [U30], is a 9401/8X01 CRC generatorkhecker chip. This is the same 
IC that is used by the encoder to generate the CRC word, but in the decoder usage it is used to 
monitor the received data stream rather than insert a CRC word into the data. After each 16 bits 
of data plus their %bit checkword has been entered, U21 [U30] will generate an error indicator 
flag to signify whether or not an error was detected. U28 [U26] in the control section monitors 
this flag and takes appropriate action if an error was detected. Timing details are in shown in 
Figs. 6.8 and 6.9. 
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6.73.7 Serial-to-parallel converter 

U12 and U13 [U24 and U17] make up the serial-lo-parallel converter section, which converts 
the serial data stream from the parallel-to-serial converter section back to its parallel form. In 
terms of the flow of data through the decoder circuits, the conversion to serial and back to parallel 
is not expressly needed; however, the CRC checker does need serial data, and the delay induced 
by the parallel-to-serial and serial-to-parallel conversions actually simplifies the timing 
requirements of the decoder. The delay is needed because the CRC check is completed only after 
the entire 24-bit data/CRC combination has been run through U21 [U30], and in order to align 
the error flag with the data before it is entered into the output storage section, the parallel data 
must be delayed by a minimum of 24-bit cells, which would require one extra register and its 
associated control lines and timing. U13 [U24] is a serial-input, parallel-output, shift register 
which is clocked by the inverted phase of the system clock. U12 [U17] is clocked by the control 
section and delays the data from U21 [U30] by 8 bits so that by the time the second of the two 
data bytes must be written to the output storage section, the error flag will have been received and 
will be ready to be entered along with the data. The CRC byte is not clocked into U12 [U17], 
although it is converted to parallel form by U13 [U24]. 

6.738 Output storage section 

The output storage section stores the data bytes as they are clocked into U12 [U17]. U3 [U7] 
isolates the output of the FIFOs from the tri-state bus. When data are first clocked into the HFOs 
their OR outputs go high, causing the output of U6C [U23C] to rise and signalling that a packet 
has been received. A negative pulse on /EOP will reset U26A [U31A], signifying that the packet 
has been decoded and checked for errors. Once B O P  is received, the data can be read out of the 
FIFO by pulling /RD low [high], which enables the outputs of U3 [U7], asserting the first data 
byte onto the bus. /RD must remain low [high] during the read operation. After the read operation 
is completed for each byte, /RD must be returned high [low] because its rising [falling] edge after 
being inverted by U14E causes the next data byte in the FIFO to be clocked out. OR1 wi l l  fall 
during the period in which /RD is asserted and will return high only if another data byte is ready 
to be read out of the FIFO. If OR1 does not return to the high state, the byte just read was the 
last one in the packet. The ERRFLG output from the FIFO is valid only while the even-numbered 
data bytes are at the FIFO output and should not be read with the odd-numbered bytes. 

6.73.9 Remote reset (cart only) 

The remote reset pulse is generated by the control section from the output of the ,remote reset 
comparator U18, which is an 8-bit comparator. The reset code is set via the 16-pin header 
(arranged in an 8- by 2-pin grid) that feeds the Q-inputs of U18. For reliability purposes the pins 
of the header should be wire-wrapped in lieu of using jumpers. The output of the comparator is 
used by U26, which looks at the signal at a specific point in the decoding process to determine 
whether a reset pulse should be generated. If the first byte in a two-byte encoding pair matches 
the reset code, the RFLG output of U26 latches high. If the second byte in the pair also matches 
the code and the CRC checker does not detect an error in either byte, U26 will generate a single 
active-low reset pulse (/INIT) that is 1 clock cycle (8 ps) in length. /INIT is then driven by U29F 
to turn on Q19 which pulls down the PBRESET line on the computer’s bus. /LNIT also feeds back 
to reset the decoder circuitry via U23D. If the second data byte does not match the reset code or 
if the CRC checker detects an error, U26 will reset RFLG and write the two data bytes to the 
output storage section. 
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6.8 FACILITY COMMUNICATIONS SYSTEM CONTROLLER 

A single-board computer is designed to (1) handle communications encoding and decoding 
tasks, (2) coordinate high-speed data passage, (3) switch on and off the facility transmit/receive 
units, (4) interface to the engineer’s console computer, and (5 )  provide data buffers for serial data 
transmissions. The computer will use a STD bus and be mounted in a 19-in. card cage in the 
engineer’s console, as shown in Dwgs. Q-6340-102 and 4-6340-103. 

The control processing unit (CPU) is a Prolog Model 100, 12-MHz computer with 512 kB of 
memory and a breakout board with two RS-232 ports. The CPU uses a disk operating system 
(DOS) so that software development time is minimized. There is a battery-backed RAM disk card, 
Prolog 7715A-03, that will hold 256 kB. A Prolog 7514 card interfaces the communications 
controller computer to the Allen-Bradley’s remote I/O network. In this manner, PLC I/O points 
are emulated in the Prolog computer. The facility encoder/decoder card, described in Sect. 6.7, 
mounts in one slot of the communications controller STD rack. It interfaces to the Prolog 
computer through a Prolog 7508 digital interface card. The same 7508 card also interfaces to 
Opto-22 digital I/O modules that are used to switch the facility antennas on and off, and to receive 
antenna usage status from the rf system. The Opto-22 modules are mounted on another 19-in. 
panel in the back of the engineer’s console. 

6.9 FACILITY ANTENNAS 

The facility antennas, shown in Fig. 6.10, are dipole antennas which are designed to fit within 
existing cell penetrations. The antennas fold to fit inside a 1 1/4-in.-ID straight-through 
penetration. Four of the facility antennas will be used. The facility antenna assembly is shown in 
Dwg. X3E020097A113. The main components of the antenna assembly are the base, antenna, 
insulator, spring, shaft, pin, collar and corrugated hose. 

The base is machined out of PEEK (polyetheretherketone) thermoplastic, which also has good 
radiation tolerance. The base needs to be an insulator in order to not affect the transmissive 
properties of the dipole antenna. The shaft, made of 304 stainless steel, is pressed into the end of 
the base for mounting the antenna. 

Each dipole antenna has two 1/8-in.-diam by 4-in.-long antenna rods of 304 stainless steel. 
Small copper tabs are silver soldered onto the end of the antenna rods. The coaxial cable leads 
are soldered to each of the copper tabs. These are then epoxied into the insulator. The insulator 
is also made of PEEK. The insulator fits over the shaft on the base and pivots to fold and deploy 
the antenna. A torsion spring is used to provide the force to deploy the antenna. A pin is also 
pressed into the base to provide a positive stop for the correct position of the deployed antenna. 

The corrugated hose is made of 316 stainless steel. It is used to push the antenna through the 
cell penetration to deploy it in-cell and is also used as a conduit for the coaxial cable. The 
stainless steel collar is used to attach the corrugated hose to the base. Once inserted into the cell, 
the dipole antenna unfolds and deploys to the vertical orientation for signal transmission with the 
Cart. 
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7. CART ELECTRONICS SYSTEM 

This section describes all cart-mounted electronics systems except for the communications 
hardware. Figure 7.1 shows the basic layout of printed circuit cards in the cart electronics system. 
Note that only the Winsystems and interface module boards are discussed in this section. The 
remaining boards (communications system boards) are covered in Sect. 6. A wiring diagram of 
the cart electronics is given in Dwg. Q-6340-215. 

7.1 SYSTEM CONTROLLER 

The system controller is based on the STD bus using an embedded controller manufactured 
by Winsystems Inc. The embedded controller card, a Winsystems single-board computer 
(Model LPM-SBCNR-&BAT), uses an Intel 8086 microprocessor with the Winsystems read-only 
memory (ROM) disk operating system. In order to provide additional digital I/O lines, the single- 
board computer is fitted with a piggyback I/O expansion board (Winsystems model number SBX- 
PIO). Section 9.4 provides a detailed description of the cart control software and communication 

The system controller is designed to withstand a lo7 rad total integrated dose using a lead 
shielding enclosure. See Appendix B for information on the radiation test of the system controller. 
A diagram showing the system hardware configuration is given in Dwg. 4-6340-247. 

protocols. 

7.1.1 Interface-to-Cart Communications System 

The system controller decodes, processes, and responds to commands from the cart 
communications system and passes data from the cart electronics system through the cart 
communications system to the facility system. The system controller is tied to the communications 
system via the cart biphase encodev'decoder. This connection is made through the SBX-PI0 digital 
I/O card and provides the system controller with decoded data fmm the facility system and allows 
the system controller to send encoded data to the facility system. Connections are also made from 
the system controller through the SBX-PI0 card to the communications system transmitheceive 
switching circuitry. Timing of receivehransmit cycles are software controlled (see Sect. 9.4 for a 
discussion of the controller software routines). 

7.1.2 Interface to Motor Drives 

The system controller provides control signals, direction control, and pulse-width modulation 
signals to the motor drives via the cart controller interface board. The pulse width modulation 
signal allows software control of cart speed. If the system controller receives a motor overcurrent 
trip signal from the controller interface, an error message will be sent to the facility system (via 
the communications system) to notify the cart operator of the problem. The operator has the 
option of sending a command that will re-enable the tripped motor drive. If the abnormal 
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Fig. 7.1. Cart electronics rack card arrangement. 

condition persist$, the particular motor drive will again be disabled and the operator notified. Note 
that while motors are controlled by the system controller, the motor overcurrent trip and motor 
disabling circuits are located on the controller interface board (see Sect. 7.3) and are being directly 
activated by an overcurrent condition. 

7.13 Interface to Analog-to-Digital Converter 

Data from the analog-to-digital (AD) converter must be controlled, received, and stored for 
transmission by the system controller. The A/D converter is located in the STD-bus section of the 
cart electronics, and communication with the A/D is accomplished through the STD interface. See 
Sect. 9.5 for a description of signals processed by the A/D converter. 
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7.1.4 Interface to Cart Interface Module 

Much of the signal processing and high-cumnt switching for the cart is carried out by the cart 
interface module, which is described in Sect. 7.3. The system controller is tied to the interface 
module through 14 lines of digital output and 7 lines of digital input. The system controller also 
has access to 17 analog signals via the A D  converter board from the controller interface. 

Digital signals to the interface are the remote outlet controls, fan control, motor direction 
control, motor resets, and pulse-width modulation signals for each motor. Digital signals from the 
interface are the door limit switch detected, outlet trip signals, motor trip signals, and the interface 
module ID. 

Analog signals from the interface are the controller temperature, battery compartment 
temperature, outlet voltage signals, outlet current signals, motor voltage signals, motor current 
signals, battery voltage signal, and battery current signal. 

7.2 MOTOR DRIVES 

The motor drive circuit is a standard H-bridge type MOSFET drive. Drive signals for the solid 
state switches are provided by Maxim driver integrated circuits located on the controller interface 
board (see Sect. 7.3). Signals for the motor drives originate in the system controller board and arc 
buffered by the controller interface board. A separate motor drive circuit board is provided for 
each motor. 

The m o m  drive circuit schematic, parts placement and layout, is given in Dwg. 4-6340-235. 
The parts list for the motor drive is given is Dwg. Q-6340-236. 

7.3 CART INTERFACE MODULE 

The cart interface module controls battery power distribution during charging and provides 
buffering for all current shunts and voltage signals, buffering for the temperature sensors located 
in the battery and controller compartments, motor and outlet overcurrent trips and resets, buffering 
for the threshold detector switch, a controller identification (ID) output, current shunt span 
calibration signals, a drive signal to the fans, and motor drive signals. A functional block diagram 
for the controller interface is shown in Fig. 7.2. Section 7.1.4 has a detailed list of signal lines 
from the controller interface module to the system controller. A schematic drawing of the overall 
wiring for the interface module is given in Dwg. 4-6340-215. 

The cart interface module is composed of three separate circuit boards which are colocated 
in the cart electronics rack assembly. Since the boards are configured in a stacked arrangement, 
they are referred to as the top, middle, and bottom interface boards in documentation. The 
schematic diagram, printed circuit board layout, and parts list for the interface module top board 
are given in Dwgs. Q-6340-220 through Q-6340-224. The schematic diagram, printed circuit board 
layout, and parts list for the interface module middle board are given in Dwgs. Q-6340-225 
through 4-6340-229. The schematic diagram, printed circuit board layout and parts list for the 
interface module bottom board are given in Dwgs. Q-6340-230 through Q-6340-233. 

7.3.1 Battery Switching During Charging 

The cart system controller and other cart electronic systems are de-energized by the interface 
module during battery charging. Charging is initiated when a voltage greater than the battery 
voltage is sensed on the charging shoes. Note that the voltage must be of the proper polarity for 
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the controller interface to allow charging. Once charging is initiated, it is terminated only when 
the current from the charger is less than a programmed level (-80 mA). This is accomplished by 
a high-gain current monitor located in the battery and charger interface circuit (see 
Dwg. Q-6340-222) which allows detection of the battery charging current. Switching is 
accomplished as shown in Fig. 7.3. 

7.3.2 Current Shunt and Voltage Buffers 

All current shunt and voltage signals passed to the A/D converter card are buffered in the 
interface module. The buffers are built using the Precision Monolithics AMP-03 unity gain 
differential amplifier. Input protection is provided by a resistor/voltage clamp circuit at the inpul 
of each buffer. Buffer schematics are given in Dwg. 4-6340-232. 

7.33 Temperature Monitors 

Two temperatures are monitored in the cart electronics enclosure. These are the battery 
compartment temperature and the cart controller temperature. Figure 7.4 shows a block diagram 
of the temperature measurement system. The battery compartment temperature is measured with 
a Type E thermocouple washer ring which is mounted under the negative battery electrical 
terminal contacts. The cold junction compensation for the thermocouple and controller temperature 
are both measured by the same solid state temperature sensor located on the interface module 
board. As indicated in the figure, the controller temperature is used to control fan operation. A 
schematic for the temperature monitoring circuit is given in Dwg. Q-6340-227. 

7.3.4 Overcurrent Trips 

The output signal from each m o m  and outlet current shunt is sensed after buffering. A 
threshold detection circuit is used to produce a digital signal that causes any motor or outlet to 
be disabled if the current exceeds a resistor programmed level. The trip condition is latched, 
causing the motor or outlet to remain disabled until reset by the system controller. Resets from 
the system controller are received via the communication system from the engineer’s console. A 
schematic for the fault detection circuit is given in Dwg. 4-6340-227. 

7.35 Threshold Detector Switch 

The threshold detection switch actuation is sensed via a pull-up resistor located on the 
interface modulc board. The signal from the pull-up resistor is passively buffered prior to being 
passed to the system controller from the interface board. The detector switch buffer schematic is 
given in Dwg. 4-6340-227. 

7.3.6 Controller ID 

A 2-bit (0 to 3) controller ID number is user programmed by a two-section dip switch (Sl) 
located on the top interface module board. This allows each electronics enclosure to be identified 
and addressed independently by the facility system. 
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7.3.7 Current Shunt Span Calibration 

Figure 7.5 shows a block diagram of the current shunt span calibration circuit. The 5-A 
precision current source is successively applied to each motor and outlet current shunt. The system 
controller uses the known 5-A signal to compute the span coefficient for each current channel 
used in all subsequent current logging. An out-of-range reading will cause the system controller 
to flag a current channel as bad. Calibration occurs at system bootup and after a system reset is 
issued by the engineer's console via the communications system. A schematic for the shunt span 
calibrator is given in Dwg. Q-6340-232. 

7.3.8 Fan Control 

The fan is controlled by the system controller through the inter€ace module. A software 
routine in the system controller monitors the controller enclosure temperature from the interface 
module turning the fan on at 120°F. The fan is cycled off at 100'F. A buffer on the interface 
module provides drive to the fan. See Dwg, 4-6340-227 for a diagram of the fan interface circuit. 

7.3.9 Motor Drives 

For each motor drive there are independent control and overcurrent trip signals. Independent 
signals are used for each motor drive to prevent one failed motor drive from affecting the other 
motor drives. The motor drive is a standard H-bridge-type drive. Pulse-width modulation signals 
from the system controller are used to drive the H-bridge through the controller interface based 
on the motor direction command signals. Motor drive schematics are given is Dwg. Q-6340-223. 

7.4 A/D CONVERTER SYSTEM 

The A/D converter is a WinSystems Model LPM-AIO-DC. All data transfers to and from the 
converter occur over the STD bus. See Sect, 9.5 for a description of signals processed by the A D  
converter. 

'7.5 DOOR THRESHOLD LIMIT SWITCH 

The door threshold limit switch is used to detect door threshold crossing during cart motion. 
The threshold limit switch provides a contact closure when activated by a door threshold. The 
contact closure i s  buffered by the cart interface module to protect the system controller. Details 
for the threshold limit mounting are given in Dwg. X3E-020097-Al02. 

7.6 BATTERY 

The final cart design will use two Powersonic Model PS-12400,40 A-h 12-V batteries wired 
in series. Based on data obtained during testing of these batteries (see Appendix C), they are 
capable of providing roughly 2.92 MJ for a 1.75-A cart idle current at 20°F. From measurements 
made during prototype testing, we estimate that the cart will consume roughly 2 A during idle. 
Derating (linearly) for 2-A operation and assuming that only 80% of battery energy will be 
available at the end of battery life gives an available battery energy of 2.05 MJ. For a 2-A idle 
current, cart energy consumption is summarized in Table 7.1. Therefore, the Powersonic batteries 
should provide for more than 2 typical cart cycles (4.5-h duration per cycle) or an operating time 
margin of 5 h. 
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Table 7.1. Summary of cart energy requirements for 1 cycle 
based on prototype testing 

Drive Electrical Total 
Time power power power Energy 

Operation (min> (W> (W> (W> (kJ> 

Idle time 255 0 50 50 765 

Moving, no load 6.96 92.9 50 142.9 59.7 

Moving, full load 7.47 251 50 30 1 135 

Totals 269.4 960 



8. CONTROL MODULE ENCLOSURE ASSEMBLY 

The conm module enclosure assembly contains all of the on-cart controls am. electrical 
equipment to perform all of the cart control hnctions within a single assembly. The control 
module enclosure assembly is designed as a remotely replaceable module. The assembly is held 
in place on the cart by two captive bolts which can be operated by a remote impact wrench. The 
lifting bail is provided for remote handling by the crane for removal and installation. Alignment 
guides will be provided on the cart design by WVNS for gross positioning of the assembly. These 
should provide alignment of the assembly for coupling of the remote electrical connector. A dowel 
pin in the remote electrical connector provides the final alignment of the assembly. All of the 
electrical connections between the control module enclosure assembly and the transfer cart are 
contained in this connector. In the event of failure of any of the cart controls, the entire module 
can be removed and replaced remotely using only the crane and impact wrench. 

Two views of the control module enclosure assembly are shown in Fig. 8.1 and in Marlin 
Marietta Energy Systems Engineering Dwg. X3EO20097A102, "WVNS Vitrification Facility 
Transfer Cart Control Module Enclosure Assembly." The subassemblies included in the control 
module enclosure assembly are listed as follows and are described in the following sections. 

1. Enclosure module 
2. Battery compartment assembly 
3. Front cover and threshold limit switch 
4. Bail assembly 
5.  Antenna assemblies 
6. Shielded electronics enclosure 
7. Remote electrical connector assembly 
8. Battery charging plate and insulator 

The drawings referred to in the following descriptions are Martin Marietta Energy Systems 
Engineering drawings and are contained in Appendix E. 

8.1 ENCLOSURE MODULE 

The enclosure module weldment is shown in Dwg. X3E020097A103. The enclosure is an 
all-welded structure made up of 1/2- and 3/8-in.-thick 304 stainless steel plate. The enclosure 
design provides two separately sealed compartments. The upper space is for the batteries, which 
are in a sealed compartment attached to the top cover, The lower space is for electronics which 
require shielding from the radiation. Both of these are described in more detail below. 

The stainless steel enclosure is completely sealed to prevent moisture or nitric acid vapor from 
entering the electronics or battery compartments. Covers over the top and front compartments are 
sealed with O-rings. O-ring grooves are machined into the sealing surfaces of the covers. The top 
cover sewes a double purpose as (1) an enclosure for the top and (2) the top of the battery 
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compartment. The front cover can be removed to provide access to the wiring harness and the 
motor driver circuit boards. Each cover is held in place by locating pins and four toggle action 
clamps for easier maintenance. All components on this assembly and within the enclosure are 
designed to be contact maintained. 

On the bottom of the enclosure, two legs, fabricated from rectangular stainless steel tube, 
extend down for mounting the battery charging plates. The mounting location for the remote 
electrical connector is located between the legs on the bottom of the enclosure. Access holes are 
provided in the bottom of the enclosure for cabling to each leg and to the electrical connector. The 
electrical connector and charging plates are bolted to the enclosure and are sealed with O-nings. 

A false bottom and partition are provided inside the enclosure to locate and support the 
shielding enclosure. The false bottom provides space for routing the cable harness under the shield 
enclosure to the remote electrical connector and to each of the charging plates. 

On each side of the enclosure near the top are two electrical connectors and a stainless steel 
boss for mounting the antenna. The electrical connectors are Lemo-type bulkhead connectors, 
hermetically sealed to the enclosure, with all wiring inside the enclosure. The connector nearest 
the antenna boss is for the antenna cable. The other connector is for the auxiliary electrical outlet. 
The antenna mounting boss is welded to the side of the enclosure and has internal threads for the 
antenna to screw into. 

On each side near the bottom of the enclosure are the mounting locations for the captured 
remote hold-down bolts. 

8.2 BATTERY COMPARTMENT ASSEMBLY 

The battery compartment assembly is a sealed stainless steel enclosure composed of the 
Enclosure Module top cover and a battery box. The battery compartment assembly is shown in 
Dwg. X3E020097A105. The battery box is fabricated of ?-gage 304 stainless steel sheet. The 
battery box is fastened to the top cover using 24 1/4-in.-diam by 3/4-in.-long studs welded to the 
underside of the top cover. 

A small high-efficiency particulate air filter is provided in the top cover of the assembly to 
vent hydrogen which may be generated during recharging of the batteries. Two handles are also 
provided on the top cover to facilitate handling for removal or replacement of the battery module. 
As mentioned previously, the battery compartment assembly is fastened to the enclosure module 
by four toggle action clamps on the cover. Two locating pins are used to position the top cover 
on the enclosure. 

Inside, the compartment will contain two 12-V, 40-A-h sealed lead-acid rechargeable batteries. 
An AmphenoVBendix bulkhead connector is provided in the end of the battery box for connection 
to the controls wiring harness while keeping the battery enclosure sealed. Also inside the 
compartment at one end is a lead shield block encased within 7-gage stainless steel. This block 
is located directly above the ventilation hole in the shield enclosure to help shield the electronics 
within the shield enclosure. 

8.3 FRONT COVER AND THRESHOLD LIMIT SWITCH 

The front cover provides access to the wiring harness and the motor driver circuit bards. The 
front cover also supports the threshold limit switch. The front cover and threshold limit switch are 
shown in Dwg. X3E020097A106. The front cover is 3/8-in.-thick stainless steel plate. The sealing 
surface of the plate is machined with a groove for an O-ring seal. The external surface of the 
cover has two handles for removal or replacement. As mentioned previously, the front cover is 
fastened to the enclosure module by four toggle action clamps. Two locating pins are used to 
position the cover on the enclosure. 
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The threshold limit switch is used to detect door threshold locations to correct errors in the 
cart position algorithm. The threshold limit switch is mounted on a stainless steel angle bracket 
welded to the front cover. This bracket positions the limit switch trip lever at the elevation of the 
door thresholds. A 1/2-in.-diam stainless steel pipe coupling penetrates the front cover for the limit 
switch cable. The pipe coupling is welded to the front cover, and the cable is sealed in conduit 
from the coupling to the limit switch. A connector is provided in the limit switch cable inside the 
front cover to ease removal of the cover. 

8.4 BAIL ASSEMBLY 

The lifting bail assembly is provided at the top of the enclosure to allow the facility crane to 
lift the entire assembly for remote removal or replacement. The bail assembly is shown in 
Dwg. X3E020097A106. The bail assembly consists of the bail, bail mounting bracket, and hinge 
pin. 

All of the bail assembly parts are fabricated from 304 stainless steel. The bail is a weldment 
of 1 ln-in. pipe, 1-in. pipe, and a rod end. The bail mounting bracket has a hole for the hinge 
pin and stops to hold the bail somewhat vertically for pickup by a crane hook. The hinge pin is 
inserted through a hole in the mounting bracket and is welded into the bail. The mounting bracket 
will be located at the center of gravity of the Control Module Enclosure Assembly and welded. 

8.5 ANTENNA ASSEMBLIES 

Two dipole antenna assemblies are provided, one on either side of the enclosure. The cart 
antenna assembly is shown in Dwg. X3E020097Alll. The antennas extend past the edge of the 
transfer cart for line-of-sight communications with the facility antennas. The antennas have a 
vertical orientation. See Sect. 3 for details on the cart communication system. The antenna 
assembly consists of the spring arm weldment, lock nut, antenna, insulator, antenna bracket and 
coaxial cable. 

The spring arm weldment consists of a 3/16-in.-diam spring arm welded into a threaded 
fitting. The antenna bracket is 16-gage stainless steel and is welded on the other end of the spring 
arm. The lock nut assembles onto the threaded fitting, which screws into the boss on the enclosure 
module. All of these components are 304 stainless steel. 

Each dipole antenna has two 1/8-in.-diam by 4-in.-long antenna rods of 304 stainless steel. 
Small copper tabs are silver soldered onto the end of the antenna rods. The coaxial cable leads 
are soldered to each of the copper tabs. These are then epoxied into the insulator. The insulator 
is made of PEEK thermoplastic, which also has good radiation tolerance. The insulator is pinned 
to the antenna bracket with a stainless steel spring pin. 

8.6 SHIELDED ELECTRONICS ENCLOSURE 

Electrical components not capable of withstanding lo7 rad are protected in a shielded 
enclosure with the equivalent shielding of 3 orders of magnitude of reduction. The shielded 
enclosure is made up of lead encased in a stainless steel liner. The shielded enclosure weldment 
is shown in Dwg. X3E020097A112. The shielded enclosure weldment consists of three parts: the 
side shield, the top shield, and the base shield. 

All three parts of the shielded enclosun: weldment are of similar design. They provide a shield 
wall thickness of 2.62 in. of lead, lined with 11-gage 304 stainless steel sheet. The base shield, 
the main shield enclosure, provides a volume of approximately 18 in. long x 11 in. wide x 
10.5-in. deep for installing the cart control electronics. The top of the base shield enclosure is 
open to insert the electronics rack. Another opening is provided on the side of the base shield for 
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routing of the wiring harness. The side shield fits adjacent to the base shield and provides 
shielding over the side opening and space for the wiring harness. The top shield fits in the top of 
the base shield and rests on a ledge inside the side walls of the base shield. It has two handles to 
remove the lid for access to the electronics rack The top shield also has a small opening for 
ventilation only. This opening is located above a cooling fan in the electronics rack to circulate 
air through the electronics and within the enclosure module. The top of the electronics rack is 
designed to rest on the ledge of the side walls and is held in place by the weight of the top shield. 

8.7 REMOTE ELECTRICAL CONNECTOR ASSEMBLY 

The control module enclosure assembly interfaces with the transfer cart via the remote 
electrical connector assembly on the bottom surface. The remote electrical connector is a Hanford 
Purex-type connector and is shown in Dwg. X3E020097A107. The remote electrical connector 
assembly consists of the flange, insulator, plug pins, and pin connectors. 

The flange is machined from 304 stainless steel. The insulator is a Lexan plate which bolts 
to the flange. It provides an array of nine plug pins; two pins for each of the four drive motom 
on the cart plus one for cart ground. The pin connectors are threaded onto the back side of the 
plug pins. The wiring is soldered into the pin connectors. The pin connectors are sized to handle 
approximately 90 A, which exceeds the motor stall current. The pins and the insulator are both 
sealed within the flange using room temperature vulcanization seal compound. The flange bolts 
to the enclosure and seals with an O-ring. 

8.8 BATTERY CHARGING PLATE AND INSULATOR 

The battery charging plate and insulator are mounted on the bottom legs of the enclosure. 
They are positioned to contact the floor mounted charging shoes located between the rails. The 
battery charging plate and insulator are shown in Dwg. X3E020097A109. 

The battery charging plate is a weldment of two 3/8-in.-thick 304 stainless steel plates forming 
a "T" shape. A 1/4-in.-diam stud is welded to the top plate for the electrical terminal. The 
insulator plate is 3/4-in.-thick ABS plastic. The charging plate bolts to the insulator plate, with 
the terminal extending through the insulator. The insulator bolts to the bottom of the enclosure 
legs and seals with an O-ring seal. The wiring and electrical connections are sealed inside the 
enclosure legs. 





9. SOFTWARE DESCRIPTION 

This section describes the system software design for the transfer cart control system. Software 
will be part of the design of four components of the control system: (1) the engineer’s console 
computer, (2) the PLC, (3) the facility communications controller, and (4) the cart controller. 
Sections 9.1-9.4 describe software in each of these systems. Drawings that should be referenced 
in these sections include Dwgs. 4-6340-110, 111, 112, 160, and 210. Section 9.5 describes the 
communications protocol and command definitions used to communicate between the facility and 
cart systems. 

The software described in this section is low-risk type. The control and data acquisition 
software is used to physically operate the cart and to generate operating and maintenance 
diagnostic data. Failure of the cart software can result in only one of two cart failure modes: 
(1) failure of the cart to operate or (2) unexpected cart operation. For the first mode, cart failure 
would only impact facility operations associated with waste canister transfer and result in delayed 
operations. For the second mode, failure of any software described here will not h a m  personnel, 
the environment, or equipment. The cells in which the cart travels are not usually occupied by 
personnel, with the exception of the EDR, where maintenance personnel may enter for 
maintenance of the cart. Slow speed of the cart and sweeps around the lower portion of the cart 
lower the probability that maintenance personnel would be injured by unexpected motion of the 
cart. Impacts on the environment are not foreseen in any mode of failure because the canisters 
which contain vitrified waste are held in place on the cart with guides and would not be disrupted 
in the case of a collision. Equipment that could possibly be impacted by the cart in the case of 
a runaway cart are cell doors and stops located at the ends of the tracks. Both the doors and the 
stops can withstand the full impact of the cart at its maximum design speed. 

9.1 ENGINEER’S CONSOLE COMPUTER INTERFACE SOFTWARE 

Refer to flow chart Dwg. 4-6340-1 10. Software will be running at the engineer’s console, an 
industrially rugged IBM-compatible computer, to provide a man-machine interface between the 
engineer and the transfer cart control system. The interface software will be Intouch, a 
commercially available program that has been configured specifically for this application. The 
engineer will be able to request data trending, alarm and event summaries, and cart status displays 
from the computer, The computer will log historic data to disk at specific intervals including 
motor current and voltage; battery current, voltage, and temperature; auxiliary outlet voltage and 
current; and percent usage of system antennas. Furthermore, the engineer will be able to enter 
certain cart system commands into the computer that will be processed by the PLC. These 
commands consist of changing the ID of the cart electronics system with which to communicate, 
disabling individual facility antennas, requesting a reboot of the cart computer, and increasing or 
decreasing cart speed. The engineer’s computer is not essential to the operation of the cart. 
Although it is important to log data for diagnostic and operational reference reasons, uhe cart can 
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operate through use of the operator’s pendants without the engineer’s computer. Refer to 
Appendix F for typical operations that can be performed at the engineer’s console. 

9.2 FACILITY PLC SOFTWARE 

The Allen-Bradley PLC is the master of the cart control system. It directs the operation of all 
other system components either directly through its own hardwired inputs and outputs or through 
use of the facility communications controller. Software running on the PLC has been defined in 
a fundamental fashion in Dwgs. 4-6340-111 and 4-6340-112. Algorithms that require more 
explanation than provided in the drawings are described here. A ladder logic listing should be 
referenced for more detail. 

9.2.1 Cart Position Calculation 

The cart position calculation is based on which direction the cart is driving and the duration 
of the drive request from the operator’s pendant. The position will be reported in feet from facility 
charging shoes to the cart’s threshold limit switch. Positive position refers to distance north of the 
charging shoes, while negative position refers to distance south of the charging shoes, as shown 
in Fig. 9.1. In the figure, A is the distance to door 63M-001, B is the distance to door 63M-008, 
H is home position, and C is the distance to door 3M-3 (a negative distance). A timer will be used 
to produce a pulse every 4 s when a valid drive command is in effect. To provide greater 
resolution, this may be changed to ten pulses every 4 s. At a nominal cart speed of 15 ft/min, the 
cart travels 1 ft every 4 s. Therefore, the timer pulse can be used by a counter to count the 
number of feet the cart has moved. By combining a count-up block with a count-down block, the 
calculated distance can be made to increase and decrease based on cart direction and cart drive 
commands. 

9.2.1.1 Corrections 

The cart position algorithm is based on the duration of the cart drive request and the nominal 
speed of the cart. It is necessary to have correction capability in the cart distance calculation for 
three reasons: (1) the cart speed will change based on cart load, (2) an acceleration period will 
occur before reaching nominal cart speed, and (3) the cart will coast after the drive command 
ceases. 

Two correction modes will be used in the cart position algorithm. The first mode is based on 
resetting the position when the cart is at the charging shoes. The second modc is based on 
resetting the cart position to the distance of door thresholds from home position by noting when 
the cart’s limit switch is actuated by the door thresholds. 

Home position. The home position will be confirmed by input from the charging shoes limit 
switch. When the cart-at-shoes input is received by the PLC, all timers and counters associated 
with the cart position algorithm will be reset. The position reference point on the cart i s  the 
door threshold limit switch. This switch is -1 ft  from the charging plates; therefore, the home 
position reported will be either +1 ft, depending on which direction the cart is oriented. 

Door thresholds. Whenever the cart passes a door threshold, the threshold switch attached to 
the cart will actuate. Since the PLC should know the approximate vicinity of the cart, it can 
use the door threshold signal to correct its cart position variable to the actual distance of the 
door it is passing. The reported distance will be from the home position to the cart’s limit 
switch. If the cart is reversed while the limit switch is on a threshold, the correction will still 
occur but it will be off by the length of the threshold. 
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9.2.12 Driving toward unopen door alarm 

The cart control system is required to notify the operator when the cart is approaching an 
unopen door. The cart position algorithm is used to perform this task, but it reports the distance 
of the limit switch from the charging shoes. Therefore, it is necessary to compensate the cart 
position for the distance between the limit switch and either the front or back of the cart, 
depending on which direction the cart is headed. The compensation must also be based on the 
orientation of the cart. Except for when the cart is driving southward to doorway 63M-008, all 
alarm distances will be the same (-4 fi from the door). However, when driving southward to 
doorway 63M-008, the alam distance must be increased to -10 ft from the door since these doors 
will swing toward the cart. Therefore, it is necessary for the PLC to determine to which door and 
in which direction the cart is approaching. 

9.2.2 Battery State of Charge 

Three cart battery parameters are used to determine the battery state of charge: (1) voltage, 
(2) current, and (3) temperature. Energy removed from the battery in a given time period can be 
determined by multiplying battery voltage by battery current. Testing of the batteries specified for 
the cart system has shown that at 20°F the batteries can provide -2.18 MJ of energy before 
reaching the low-voltage cut-off level. Using this number as the starting value, all subsequent 
energy usage values are subtracted from this initial value. The energy provided by the batteries 
as a function of temperature follows the Arrhenius equation but in our range of temperatures is 
very linear. Using the energy produced by the tested batteries at room temperature and the energy 
produced at 20°F, a factor of 7 W/OF is found. Therefore, the temperature correction factor is 
added to the instantaneous battery state of charge to obtain the temperature-compensated state of 
charge. 

When the battery is charging, similar calculations can be performed except that energy is 
added instead of subtracted. However, since the battery has internal losses, more energy will be 
used charging the battery than what actually appears as the battery’s charge level. Because of this, 
an uncompensated energy level of 2.18 MJ is the maximum that the state-of-charge indication is 
allowed to read. This level can be reached in two ways. The first method is that the batteries are 
on charge full time, and the calculation of energy added gradually sums up to this maximum. The 
second method is that the battery charge current reaches a trickle flow of -60 mA, indicating full 
charge. The second method is useful if a new set of batteries are placed in the cart. Because the 
history of the new batteries i s  not known to the control system, charging to the point that the 
charger goes to trickle charge will indicate that the batteries are fully charged. 

9.3 FACILITY COMMUNICATIONS CONTROLLER SOFTWARE 

Refer to flow chart Dwg. 4-6340-160. Tasks performed by the facility communications 
controller can be split into two categories: (1) battery charger communications and (2) rf 
transceiver communications. Since these two modes are mutually exclusive, the controller can 
dedicate itself to one mode at a time. The PLC will switch the facility communications controller 
between battery charge mode and transceiver mode. The facility communications controller is a 
Prolog embedded microprocessor system with an Allen-Bradley interface card, Model 75 14, which 
provides an interface to the PLC’s remote input/output. Discrete bits as well as 8-bit bytes 
containing raw, unscaled analog data will be passed between the Prolog controller and the PLC. 
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9.3.1 Battery Charger Communications 

After every cycle of the cart, the cart will return to the charging shoes to recharge the cart 
batteries. The cart will remain on float charge until it is needed again. When in the charge mode, 
cart systems are disabled. The purpose of the facility communications controller in the battery 
charging mode will be to interface the battery charger to the PLC. The battery charger, Exide 
Model ERBC 24/30, is equipped with an RS-232 communications line which enables it to pass 
charging data to the facility communications controller. The communications link is bidirectional 
in that commands can also be passed to the charger for starting and stopping the charging 
sequence. To initiate charging, it is necessary to enter the charger’s monitor mode. A START 
command is issued, but it is not acted upon until exiting from the monitor mode. In the way the 
charger is designed, the charger would normally start and provide status reports at either 15-min 
or 1-h intervals. However, in this application, we would like to know whether charger current is 
flowing immediately to provide feedback to the PLC that charging is active. Therefore, we must 
re-enter the monitor mode, where we can request charging data immediately. If the reported 
charging current is above a minimum threshold, we stay in monitor mode and periodically request 
charging data from the charger and pass it to the PLC. When a valid stop charge command is 
received from one of the operator’s pendants, the communications controller turns off the battery 
charger and switches to the transceiver mode. 

9.3.2 Transceiver ( T a x )  Communications 

In the transceiver mode, the communications controller interfaces to the facility rf transceiver 
system. At -0.1-s intervals, the facility rf system will transmit to the cart rf system. The 
commands will originate in the PLC. The protocol and commands are defined in Sect. 9.5. At 
-1-s intervals, the facility communications controller will pass a command for the cart to return 
cart data to the facility. The facility rf system will then be switched to receive this data. When the 
facility communications controller receives the data, it will place it in shared memory with the 
PLC and return to the transmit mode. 

9.4 CART CONTROLLER SOFTWARE 

Refer to flow chart Dwg. 4-6340-210. The cart controller software will run on the 
Winsystems embedded controller. Note that the cart electronics are disconnected when the 
batteries are charging; therefore, the cart controller will not be powered, and this software will not 
be running. When the cart is powered up (or after a HARD 3OOT command is issued from the 
facility) the system will be initialized and calibration checks will be performed on the system A D  
converters. After initialization, the can controller will run an endless loop. 

The first step in the loop is for the cart controller to read and store system data points. It will 
then act on the data it receives. For instance, if the cart electronics temperature is high, it will 
switch on the cart fan. 

9.4.1 Data Packet Status 

The next step is to check for a communications packet from the facility. Three modes are 
envisioned for cart drive and auxiliary outlet switching based on the status of the data packet. 
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9.4.1.1 Valid data packet received 

When a valid data packet is received that contains either a cart drive command or an auxiliary 
outlet enable command, the commands will be acted upon. When a valid data packet is received 
that does not include a drive command nor outlet enable command, the cart motors and auxiliary 
outlets will immediately be disabled. 

9.4.12 Bad data packet received 

If a bad data packet is received and the previous data packet did not contain a drive command 
nor outlet enable command, no drive or outlet will be enabled. However, if a bad packet is 
received and the previous valid packet included a drive command or outlet enable command, the 
cart drive or outlet enable will be continued for a short interval. If after this interval bad data 
packets are still being received, the auxiliary outlets will be disabled. However, if in the cart drive 
mode, the cart will go into a null location avoidance routine. In this routine, the cart motors will 
stay enabled for a short period, as discussed later, to continue to drive the cart in an attempt to 
move out of an rf signal null location. However, the cart will not be allowed to move farther than 
the maximum stopping distance (6 in.) stated in the project design basis. It is estimated that with 
the dynamic braking provided by the cart motor controllers, the maximum distance the cart will 
roll after the motor drive is disabled is 1 in. That distance allows a maximum roll distance of 5 in. 
before issuing a stop command. Then, at the nominal cart speed of 15 Wmin (3 in./s), the 
maximum time delay before disabling motor drivers is 1.67 s. To ensure that the cart will roll 
through a signal null location, the cart should be allowed to roll at least the quarter wavelength 
of the communications system. At the communications carrier frequency of 915 MHz, the quarter 
wavelength is 3.23 in. Therefore, if the cart is allowed to go at least 3.23 in., the minimum delay 
that should be used in this routine (at the nominal cart speed) is 1.08 s. In summary, the delay 
provided by the null location avoidance routine should be between 1.08 and 1.67 s. The additional 
distance moved by using the routine should be enough to drive the cart out of the rf signdl null. 

9.4.1.3 No data packet received 

If no data packet is received and the previous valid data packet did not include a drive 
command or outlet enable command, no drive command or outlet enable command will be passed 
to the cart. However, if the previous valid data packet included a cart drive request or outlet 
enable command, the cart drive or outlet enable will be continued for a short interval. After this 
interval, if no data packet is received, the cart will stop and the outlets will be disabled. The 
duration of the interval is expected to be -0.3 s, which should stop the cart well within the 
maximum stopping distance requirement. 

Finally, the cart controller will check for a report status command from the facility. If this 
command is received, the cart controller will switch the rf system to transmit, transmit the status 
packet, and return to the receive mode. 

9.5 COMMUNICATIONS PROTOCOL AND COMMAND DEFINITIONS 

The transmission of data and commands between the transfer cart and the facility control 
system requires additional processing over that provided by the control system biphase 
encoder/decoder hardware. This additional processing is performed in software by the transmitting 
and receiving microprocessor systems and made possible by a communications protocol. A 
communications protocol is a technique for organizing bytes of binary data into a structured data 
packet for transmission and reception. Using a protocol provides the software mechanism for 
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detecting communication errors in addition to the hardware e m r  detection for tagging data packets 
as intended for a particular receiver and transmitting raw data (e.g., such as might $e read from 
A/D converters). This results in significantly reducing the risk of the raw data causing decoding 
errors at the receiving end. 

ID DATA,---DATANcMR 3) ETX CKSUM 

9.5.1 Reasons for Using a Communications Protocol 

Since there can be two cart communication systems in operation simultaneously (one operating 
and one on standby) it is necessary to provide a means for each individual cart electronic system 
to determine if a received command is intended for it. The communications protocol has an ID 
byte reserved for this purpose. When a cart electronic system receives a command that requires 
transmission of data back to the facility computer, the system’s hardware-jumpered ID number 
is read and compared to the ID contained in the received data packet. If the two IDS compare, 
then the command will be performed; otherwise, the command is ignored. Since it  is conceivable 
that the electronic hardware that provides the local cart system ID could fail, only commands that 
request transmission of status data are subject to this test. This precaution was taken to reduce the 
number of items that, when failed, would result in a stranded cart. This scenario works because 
it does not matter if a cart system on standby performs any of the other commands since it has 
no motors connected. On the other hand, more than one cart system transmitting simultaneously 
will cause garbled transmission to the facility. 

If the various A/D readings taken by the active cart’s internal controller are transmitted back 
to the facility without the using a protocol, there is a high probability that the cart system on 
standby will interpret the data as a valid ID followed by a valid command. This could cause the 
standby system to start transmitting data while the on-line cart system is transmitting. The 
communications protocol places the ID byte in a predetermined position in the transmitted packet 
and frames the data bytes with predetermined values. This makes it possible for the receiving end 
to perform tests on packets to greatly reduce the probability of false decoding. 

A third justification for using a communications protocol is that the number of bytes in each 
transmitted packet can be included as information in the packet. The CRC circuit used in the 
hardware to test for communication errors requires 16-bit data for correct operation. If an odd 
number of bytes are transmitted, the CRC circuit at the transmit end will append a null data byte 
to the end of the packet to produce a 16-bit value. The number of bytes sent as information in the 
transmitted packet enables the receiving end to detect these null bytes and strip them off. 

9.52 Description of the Communications Protocol 

The communications protocol for the transfer cart is described below. Under this protocol, all 
data and command bytes will be transmitted in a packet format using the following structure. 

9.52.1 Transmitted data 

A graphical representation of a transmit-ted packet is shown below with the first byte starting 
at the left. The definition of each byte is explained in the following paragraphs. 
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Number of characters. The first byte transmitted will be the number of bytes in the packet 
represented as an &bit binary number. This byte field will be referred to as the mnemonic 
NCHAR. The byte count is the actual number of bytes transmitted including NCHAR and 
CKSUM. 

Head of data frame. The second and third bytes will always be the ASCII code for the start 
of the text and will be referred to as the mnemonic STX. 

ID byte. The fourth byte is designated as the identification byte and will reflect the intended 
receiver of the packet. This byte is referred to as the mnemonic ID. Five ID bytes are defined in 
the following table. 

Table 9.1. Cart ID byte definitions 

ASCII Hex Binary Description 

* Ox2A 00101010 Cart 1 ID character 

U 0x55 01010101 Cart 2 ID character 

% 0x25 00101001 Cart 3 ID character 

P 0x70 0111oooO Cart 4 ID character 

f 0x66 01 1001 10 Facility ID character 

Data fields. The next field of the packet is the data field where the transmitted data or 
commands are stored. This is a variable length field and can range from 1 to 41 bytes long. The 
maximum number of bytes contained in a transmitted packet must not exceed 48 because the 
hardware FIFO buffers used in both the transmit and receive circuits are 48 bytes deep. The 
packet protocol has an overhead of 7 bytes, leaving a maximum of 41 bytes available for data or 
commands, In the case of transmitting multiple commands to the cart, the ordering of the 
commands in the data field determines the priority of execution (Le., the commands are executed 
in the order they are received, starting with the first data byte.) 

Tail of data frame. Byte position NCHAR - 2 and NCHAR - 1 will always be the ASCII 
code for end of text referred to as the mnemonic ETX. 

Check sum. Byte position NCHAR will always be the check sum of all the previous bytes 
and will be referred to as the mnemonic CKSUM. The check sum is calculated by simply adding 
each byte to an initial %bit value of 0 and ignoring ovefflows. The receiving end performs the 
identical operation on the received packet and compares the answer to the transmitted check sum. 

9.5.2.2 Received data 

The following steps can be applied to test a received data packet for errors. Steps 1 and 2 are 
mandatory. Step 3 can be used for an even higher level of confidence that a good packet has been 
received without data corruption. 
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FO 

Number of characters. First, test to determine the number of characters sent (NCHAR) is an 
odd or even number. Because the biphase hardware uses 16-bit technology to perform the CRC 
on transmitted and received data, the board will add a null byte to the end of the packet if an odd 
number of bytes is transmitted by the biphase board. This null byte will cause the receiving 
process to receive one more byte than was in the original packet. If NCHAR is odd and the actual 
number of characters received is NCHAR + 1, then subtract 1 from the number of characters 
received and assume the correct number was received. If the number of characters received 
(NCHAR) is an even number, then NCHAR should equal the number received. 

FO FO FO FO FO FO FO FO FO FO FO 

Check sum. Calculate the check sum of the received data packet by doing a modulo 256 sum 
of all the bytes in the packet except the last byte (CKSUM). This sum must equal the CKSUM 
value in the last byte if the data packet is to be considered a good packet, 

Data kame. To help ensure against the unlikely occurrence of a compounded data corruption 
which results in a correct CKSUM calculation even though an error has occurred, test that the data 
frame is correct. The second and third bytes in the packet must be equal to STX, and the bytes 
at NCHAR - 1 and NCHAR - 2 must be equal to ETX. 

9.53 Exception to Communications Protocol 

An exception to the packet protocol occurs when a HARD BOOT command must be sent to 
the cart from the facility. If the cart’s microprocessor control system becomes locked in a 
nonresponsive state, it will not execute commands sent from the facility. To recover from this 
condition, the receiver portion of the digital communications circuit is equipped with a hardware 
reset function. This function will reset the microprocessor system by forcing the reset line low on 
the computer bus. This feature is implemented in the receiver hardware by comparing for two 
consecutive occurrences of a predefined %bit pattern in the incoming byte stream. This pattern 
must occur on an odd/even byte boundary, and the comparison is made only on the incoming data 
to the cart and not on outgoing data nor does the facility receiver have this feature. Because of 
this, raw data being transmitted from the cart will not trigger false hardware resets. The HARD 
BOOT command is executed by sending a minimum of six pairs of the reset code, starting with 
the first byte. The reset will probably occur on the first or second pair, but six pairs are sent to 
ensure that the reset code is detected. The extra pairs are of 110 consequence since the receiver 
hardware is also reset, which results in the additional pairs being cleared out. The reset code has 
been defined as the hexadecimal value FO. The 8-bit binary pattern for this value is 11 11ooOO. 
The following diagram depicts the HARD BOOT data packet. The dip switch on the cart biphase 
encoder/decoder, which determines this reset code, should be set to this value (See Sect. 6.7.3.9). 

95.4 Facility Commands to Cart 

Table 9.2 defines the commands the facility can send to the cart. 
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Table 9.2. Facility commands to the cart 

CMD Hex 
char value Description of command 

> 

€ 

X 

A 

B 

c 
D 

0 

1 

N 

+ 

T 

3E 

3 c  

58 

41 

42 

43 

44 

30 

31 

4E 

2B 

2D 

54 

Drive forward 

Drive backward 

Report status 

Reset Motor 1 

Reset Motor 2 

Reset Motor 3 

Reset Motor 4 

Enable Outlet 1 

Enable Outlet 2 

Null packet 

Increase speed 

Decrease speed 

Acknowledge door threshold 

The Drive forward, Drive backward, Enable Outlet 1, and Enable Outlet 2 commands must 
be sent repeatedly to remain active. If one of these commands is in effect and three consecutive 
valid transmissions are received without the command present or if communications to the cart 
stops for more than 0.3 s, the command will be canceled. The other commands are executed only 
once when received and must be retransmitted before they will be executed again. The Increase 
speed and the Decrease speed commands increase or decrease the cart speed by a small amount 
each time they are executed. This speed change will remain in effect until changed by another 
speed change command or until the cart is reset or powered off. 

The Increase speed and Decrease speed commands are not system requirements for this project 
but have been added for convenience. We anticipate that the pulse-width-modulated signal used 
for motor speed control will require modifications to obtain the desired nominal cart speed of 
15 ft/min. Without the capability to change this speed from the engineer’s console, the 
programmable read-only memory (PROM) of the cart control system would have to be 
reprogrammed each time a new speed set point is tried-an exercise that may take several 
iterations during cold testing. By having this capability, the speed set point can be adjusted to the 
appropriate level remotely during cold testing and the final value then programmed into the cart 
PROM only once. At that time, if the ability to increase or decrease speed is no longer needed, 
it can be removed from the software (no hardware modification is required in either case). 
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1’ 

Below is a graphical representation of a communication packet sent to Cart 1 commanding 
continued forward motion, reset Motor 2, and requesting a cart status report. The first row is the 
packet in mnemonic form, and the second row contains the actual hexadecimal values sent in the 
correct byte order. 

NCHAR STX STX * > B X ETX ETX CKSUM 

OA 02 02 2A 3E 42 58 03 03 16 

9 5 5  Cart System Status Report 

Table 9.3 defines the returned data packet from the cart after the facility has requested a status 
report. Byte No. 22, status bit flags, contains information based on the state of the individual bits. 
These bits flags are defined in Table 9.4, where LSBit and MSBit refer to least significant and 
most significant bits respectively. 
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Table 9.3. Cart system status report 

Byte 
No. Contents Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

NCHAR 

STX 

STX 

ID 

DATA1 

DATA2 

DATA3 

DATA4 

DATA5 

DATA6 

DATA7 

DATA8 

DATA9 

DATA10 

DATA 11 

DATA12 

DATA13 

DATA 14 

DATA15 

DATA 16 

DATA 17 

DATA 18 

DATA19 

ETX 

ETX 

CKSUM 

Number of bytes in packet 

ASCII start of text (0x02) 

ASCII start of text (0x02) 

Facility ID (ASCII character f) 

Motor 1 voltage 

Motor 2 voltage 

Motor 3 voltage 

Motor 4 voltage 

Motor 1 current 

Motor 2 current 

Motor 3 current 

Motor 4 current 

Battery voltage 

Battery current 

Battery temperature 

Outlet 1 voltage 

Outlet 2 voltage 

Outlet 1 current 

Outlet 2 current 

Electronics enclosure temperature 

Percent usage of Antenna 1 

Stalus bit flags 

ID of sender (*, U, %, or p) 

ASCII end of text (0x03) 

ASCII end of text (0x03) 

Modulo 256 sum of bytes 1 to 25 
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Table 9.4. Cart status bit flags 

Bit 
Dosition Definition 

LSBit Door threshold detect 

1 Motor 1 overcurrent trip 

2 Motor 2 overcurrent trip 

3 Motor 3 overcurrent trip 

4 Motor 4 overcurrent Uip 

5 Outlet 1 overcurrent trip 

6 Outlet 2 overcurrent trip 

MSBit Calibration shunt error 





10. SUMMARY AND CONSIDERATIONS 

This report documents the design of a control system for the West Valley transfer cart at the 
time detailed hardware design and prototype testing are complete. Software has been developed 
to the stage that it was used for integrated hardware testing, but more development will be 
required to bring it to the level of being ready for the entire control system and to work out some 
problems that surfaced during integrated hardware testing. The results of the hardware testing 
indicate that the system should operate as designed. However, minor modifications will almost 
surely be necessary when the control system is tested and installed at the West Valley site. 

All design and operating personnel should be aware of subtleties in the control system design 
that may or may not present a problem at some phase of operation. Some of these points were 
discussed in design review meetings and are included herein only for formal documentation. Other 
points also developed during integrated testing. The considerations are listed somewhat in order 
of priority. 

1.  

2. 

3. 

4. 

Absence of cart stop switch. The transfer cart was designed with only two cart modes: run and 
battery charge. If the cart is abandoned for a long period of time, its battery will discharge 
and it will be unable to drive itself back to the battery charger. 

Facility antenna design. There are tradeoffs to be made between the rf characteristics, the 
flexibility, and the rad hardness of the push-through rods for the facility antennas. Some r€ 
measurements have been performed in a laboratory that show that the first choice for materials 
and cables did not have sufficient if characteristics (there were many reflections from a design 
with an aluminum base). Other materials and cables have been specified in the fiial design, 
but time did not allow for the fabrication and testing of the system. More time may be needed 
either in the lab or at the facility to verify the optimum antenna system. 

Engineer’s console data retention. If the control system does not receive new incoming data 
from the cart, the memory will retain old values of variables. This could be confusing in that 
it may make it appear that the cart is still operating normally when it fails to transmit new 
data. It may be necessary to zero the values when no new data is received to avoid this 
confusion. This condition also occurs when the cart ID is changed and no other cart system 
is active. 

Cart diversity antenna minimum switching rate. Because switching logic of the cart antennas 
is triggered on the rising edge of the first facility carrier that occurs after the can transmitter 
has shut off, the cart reception signal cannot be switched between cart antennas any faster than 
the carrier pulse rate of the facility rf system. At present, the facility camer stays active for 
almost 1 s, and then switches off to allow reception of the cart status signal. Therefore, 
although command messages are sent to the cart every 0.1 s, the cart is unable to switch 
between its receiving antennas any faster than once every 1 s. Given the many design features 
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5.  

6. 

7. 

8. 

9. 

10. 

to prevent a signal null from stopping the cart, this does not present a major problem at this 
time. 

Emergency stop functionality. Because the emergency stop function eliminates 
communications with the cart, requests for cart data cannot be sent. Therefore, during an 
emergency stop condition, cart status is no longer known. Only two operating modes are 
provided for the cart: battery charging and cart operation. It is not desirable to kill the cart 
since, then, there would be no way to =start it remotely. When emergency stopped, the cart 
will be in an idle mode, not completely dead. 

Door interfacing fail safety. When a door is energized, it prevents all cart operation. Fail-safe 
circuitry of the door-energized inputs should be addressed to ensure that a failed door 
energized status will prevent cart operation. Limit switch circuits which indicate an open door 
should be addressed in a similar manner, as they are used to warn when the cart is 
approaching an unopen door. 

Engineer’s console heat load. No formal heat loading analysis was performed on the 
engineer’s console. The cabinet contains much heat-producing equipment. A fan was specified 
for cooling, but its effect at keeping the cabinet below reasonable temperatures for the 
electronic equipment is not known. 

Cart reboot command. The cart reboot command will reboot any electronics rack that is on- 
line. For example, if communication to a spare electronics rack is desired and a cart reboot 
command is given, the cart reboot command will also reboot the operating cart electronics 
rack. 

Facility antenna disable function. If a facility antenna is disabled, the engineer must remember 
to reenable it later-there is no alarm or flag to remind him to do so. If it is always necessary 
to disable an antenna when the cart is at a certain position, the PLC could be programmed to 
disable and then reenable the antenna. 

Engineer’s console trackball. Because the engineer’s console software is Windows based, it 
would be more operator efficient to have a trackball as a pointing device. However, as 
configured, no trackball was specified for the system. All of the Windows features should still 
be accessible through keystrokes, but if after the unit is installed it becomes obvious that a 
trackball is needed, options should be investigated for interfacing a trackball to the unit. Since 
two serial ports are already being used on the computer, a bus trackball should be specified. 

11. Cart speed control. Although the cart speed can be changed at the engineer’s console, the 
speed is not retained by the cart microprocessor after a cart reboot. After cold testing, the 
nominal cart speed should be programmed into the cart microprocessor PROM so that it is 
the default after booting up. 
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APPENDIX A 
ANALYSIS OF THE SHIELDING DESIGN FOR THE WEST 

VALLEY FACILITY VITRIFICATION CART 

C. 0. Slater 
ORNL Engineering Physics and Mathematics Division 

May 31, 1991 

INTRODUCTION 

In an April 1991 meeting, a proposed shelding design for the West Valley Vitrification Facility cart was 
discussed. The shielding thickness was determined using a handbook estimate of the attenuation of the 
dominant gamma-ray source. Following a modification to the initial shielding design, detailed calculations 
were performed to verify the adequacy of the shielding design. Results of the analysis are presented. 

SHIELDING DESIGN 

The modified shielding design is shown in Fig. A.l. Important dimensions are noted on the figure. The 
main areas of concern are the shield openings where radiation may stream into the cavity housing 
electronics and batteries. Section B-B shows the top opening and Section C-C shows a lower side 
opening. Dimensions for each opening are given in Sections C-C and B-B, respectively. The cavity 
dimensions are shown in Section A-A. The shielding material is steel-encased lead. 

RADIATION SOURCE 

The background radiation source is about Id r a d h  and is due to waste in the canisters. The radionuclide 
inventory in an average canister in 1990 is shown in Table 1. The source for the shielding calculations 
was obtained first by inputting the Curie inventories of the major isotopes (those with greater than 200 
Curies) into the ORIGEN/S computer code to calculate the gamma-ray spectrum in the 18-group energy 
structure used in the shielding calculations. Next, the ORIGEN gamma-ray source was used as input for 
a 1-D cylindrical ANISN calculation for one of the canisters, which is described in Fig. A.2. The 1-D 
ANISN cylindrical surface flux was then adjusted using dose conversion factors to give I d  rad/hr on the 
surface of the cart. An isotropic angular flux was assumed. Table 2 shows the energy group structure, 
ORIGEN specvum, the ANISN surface flux, the dose conversion factors, and the surface flux (with the 
ANISN spectrum) that gives a Id r ad -S ib  dose rate. 
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Fig. A.l. Proposed shielding design for the West Valley Vitrification Facility cart. 
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Table 1. Radionuclide inventory for an average West Valley 
Nuclear Services canister for the year 1990 

Isotope Activity (Curies) 

3-H 
1 4 4  
55-Fc 
59-Ni 
63-Ni 
600, 
7 9 s e  
90-Sr 
90-Y 
93-zr 
93m-h'b 
99-TC 
106-Ru 
106-Rh 
107Pd 
125-Sb 
125m-Te 
1 &Sn 
126mSb 
126Sb 

134-0 
135-C~ 
1374s 
137m-Bn 
144-ce 
144-Pr 
147-Pm 
151-Sm 
152.E~ 
154-Eu 

129-1 

155-EU 
232-73 
233-u 
2 3 4 4  
235-U 
2 3 6 4  
237-Np 
238-U 
238-Pu 
239-Np 
239-Pu 
240-Pu 
24 1 -Pu 
24 1 -Am 
242-Pu 
242-Am 
242m-Am 
242431 
243-Am 
2434111 
244-Cm 
245x111 
246Cm 

0.00 
0.00 
2.76 
0.42 

30.18 
3.03 
0.01 

26,330.25 
26,331.24 

1 .Ol 
0.12 
0.43 
0.06 
0.06 
0.04 

28.55 
7.00 
0.41 
0.41 
0.06 
0.00 

20.33 
0.63 

28341.24 
26.8 1 1.19 

0.00 
0.00 

345.m 
331.40 

1.43 
375.1 1 
93.68 
0.01 
0.04 
0.02 
0.00 
0.00 
0.09 
0.00 

32.58 
1.36 
6.39 
4.68 

316.95 
209.91 

0.01 
1.16 
1.17 
0.96 
1.36 
0.53 

30.04 
0.00 
0.00 
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Canister Radiation Source Information 

for WVNS Canisters 

Source Geometry on Transfer Cart 

Four canisters located on 26" centers 

23.7" diameter by 94.8" tall right cylinder source region 

Surrounded with 3/16" 304L Stainless Steel 

Source Density 

00 e 

2.7 g d c c  

Fig. A.2. Characteristics of the West Valley Nuclear Services canisters. 



Table 2. Energy Dependent Data Used in the 
Analysis of the West Valley Vitrification Facility 

Cart’s Shielding Design 

Surface 
Upper ANISN Flux’  for 

Energy ORIGEN Dose Surface I@ r a m  
Group (MeV) gammasls Responseb FIUX’ Dose Rate 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1 8d 

11.0 
8.0 
6.0 
4.0 
3.0 
2.5 
2.0 
1.5 
1 .o 
0.7 
0.45 
0.3 
0.15 
0.1 
0.07 
0.045 
0.03 
0.02 

1.718 1.2767-5” 
2.683+01 8.3 884-6 
4.111+02 6.1319-6 
1.376+03 4.4006-6 
1.869+03 3.5289-6 
3.285- 2.9820-6 
4.345+11 2.4 185 -6 
8.892+ 12 1,8266-6 
1.324+13 1.3252-6 
1.042+15 9.5663-7 

3.199+13 6.6280-7 
7.526+ 13 4.0334-7 

7.403+ 13 2.6835-7 
8.502+13 3.0092-7 

1.287+ 14 5.208 1-7 
1.849+ 14 1.1560-6 
1.504+14 2.6596-6 
6.199+14 8.1349-6 

5.0951+0 
6.1009+2 
1.1274+4 
1.6489+4 
9.1293+5 

6.9855+5 

1.69324 

4.5835+5 

1.3823+5 

7.18 17+2 
3.6567+0 

0.0 
0.0 
0.0 
0.0 
0.0 

3.2970+3 
3.9478+5 
7.2955+6 
1.0670+7 
5.9075+8 
2.9659+ 8 
4.5202+8 
8.9448+7 
1.0956+7 
4.6472+5 
2.3662+3 

0.0 
0.0 

’ Units are gammas/cm2.s. 

Units are rad-Si/hr. 

Read as 1.2767 x 10’. 

Lower energy boundary is 0.004 MeV. 
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CALCULATIONS AND RESULTS 

Two DORT 2-D X-Y discrete ordinates calculations were performed to conIkm the adequacy of the shield 
design. A calculation using an elevation view of the cart (Section B-B of Fig. A. l )  was performed to 
assess gamma-ray streaming through the top opening of the shield to the cavity. Similarly, a calculation 
based on a plan view of the cart (Section C-C of Fig. A. l )  assessed gamma-ray streaming through the 
lower side opening of the shield to the cavity. The calculations are conservative in that the openings 
through the shield are infinite in the third dimension. Such openings should permit more gamma rays to 
stream into the cavity than would enter if the third dimension of the opening were finite. 

Results of the calculations are shown in Figs. A.3 and A.4. The figures show isodose rate contours in the 
shield and within the cavity. As mentioned earlier, the calculations used an isotropic angular flux as a 
surface source. The flux had been adjusted to give a Id rad/hr dose rate at the surface. However, since 
only half of the flux was directed into the cart, the figures show about 500 ram dose rate at the surface 
of the cart. The important result is the reduction of the dose rate by the shield. For the top opening, 
Fig. A.3 shows about a factor of 500 reduction, while Fig. A.4 shows slightly greater than a factor of lo00 
reduction for the side opening. Although the calculation for the top opening does not give the desired 
factor of IO00 reduction within all of the cavity, such a reduction can be achieved by locating sensitive 
equipment at least 6 cm from the top of the cavity. In both cases the dose reduction is at least a factor 
of loo0 relative to the background dose rate of loo0 rad-Sihr. Thus, the shielding design appears to be 
adequate. 

SUMMARY 

Conservative DORT 2-D X-Y discrete ordinates calculations were performed for the West Valley 
Vitrification Facility cart. A goal of a factor of lo00 reduction in the dose rate in the cavity relative to 
backgmund appears to have been achieved by the proposed shielding design. More detailed confirmatory 
calculations should not be necessary. 
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Fig. A 3 .  Gamma-ray isodose rate contours (rad-Slhr) for an elevation view model of the West Valley 
Vitrification Facility cart (Sect. B-B of Fig. A.1). 
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APPENDIX B 
RADIATION TEST REPORT 

1. INTRODUCTION 

The purpose of the radiation testing that was performed at Argonne National Laboratory (ANL) during 
the week of September 9. 1991, was to test certain electronic components that will be used in the West 
Valley transfer cart project. During the five-year design life-time of the caa, the electronics in their 
shielded enclosure are expected to see a total integrated dose 0) of about 10 krad. Certain components 
(mainly metal-oxide semiconductor transistor-based electronic devices) that will be used in the cart 
electronics have radiation withstand capabilities in this same order of magnitude, and thus further 
evaluation of their radiation tolerance was warranted. Results of the testing indicate a high probability 
that the cart electronics will survive their five-year design life. 

2. EQUIPMENT IRRADIATED 

Equipment involved in the test can be divided into three categories. The first category was designated 
test equipment and includes equipment not irradiated, but used to monitor the function of other equipment 
that was irradiated. The second category is equipment designated as operational irradiated equipment. 
This equipment was energized and monitored during irradiation. The third category, non-operational 
irradiated equipment, identifies the equipment to be irradiated in a de-energized state; Le., equipment to 
be neither functioning nor monitored during irradiation. 

Operational irradiated equipment was exposed to a steady gamma field of approximately 10 krad per hour. 
Test plans called for this equipment to t>e exposed to 100 bad total integrated dose ("ID) or until failure 
of the equipment, whichever occurred first. Proper equipment locations and shielding for the desired 
exposure rates were determined by ANL personnet who made dosimeter measurements prior to the 
equipment being irradiated. 

Table B.1 contains a list of the operational irradiated equipment. Both electronic assemblies from 
Winsystems failed before the 100 krad TID was obtained. During the exposure period, the functionality 
of the assembly was automatically monitored and logged by test equipment external to the radiation field. 
From the time stamp on the logging record, the "ID which failure occurred was determined. 
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Manufacturer 

Winsystems LPM-SBC40R-8 with 
ROM-DOS System 

Winsystems LPM-AI0 

Winsystems CC8-WM-PS 100 

Winsystems SBX-PI0 
SBC Piggy-Back Board 

Winsystems LPM-SBC40R-8 with 
C-Thru-ROM System 

Table B. 1 Operational Irradiated Equipment 

Serial No. 

1032046 

71572 

1012821 

0 102864 

1032046 

Description 

Description 

IC, Bipolar Comparators 

Single Board Computer 

Manufacturerkart Number 

LM393 

Analog-to Digital Converter (ADC) 
Board 

IC, Bipolar Op-Amp 

IC, Bipolar Op-Amp 

Power Rack 

SBlO 48 Digital VO 

OP-2 15 

AD708 

Single Board Computer 

The non-operational irradiated equipment was exposed to a steady gamma field of approximately 1 krad 
per hour, for an intended TID of 10 krad. Actual exposure for this equipment was 12 krad TID with 
about a k20% measurement uncertainty. These components consisted of several ORNL-designed 
electronic cards sized to fit on the STD-bus that will be used for the cart electronics and several loose 
integrated circuits (ICs) and electronic devices. Table B.2 contains a description of the non-operational 
irradiated equipment components. These components were not tested or powered during the exposure 
period. They were functionally tested at ORNL prior to and after the exposure. 

Table B.2 Non-operational Irradiated Equipment. 

)I IC. CMOS Power MOS Driver II Maxim, MAX626 

Rectifier HexFETS 

Rectifier HexFETS 

Prototype Can Biphase Encoder/Decoder 



91 

3. TESTSET-UP 

The irradiation was performed at the ANL gamma facility using their Cobalt40 gamma source. Test 
equipment used to monitor the electronics was a signal generator, a personal computer used as a data 
acquisition system @AS) and data storage, Metrabyte analog and digital input hardware, and associated 
cabling. Prior to exposing the electronics to radiation, ANL personnel used cobalt glass dosimetry and 
shielding as required to determine where to position the two Winsystems STD-bus electronics systems 
in order to receive the desired dose rate of approximately 10 had per hour. Likewise, cobalt glass 
dosimetry and shielding were used to determine a suitable location for the non-operational equipment 
so that it was exposed to a dose rate of approximately 1 had .  

Cables were then routed from the control room to the radiation source cell in order to make the necessary 
electrical connections to the DAS PC, signal generator and the two rack assemblies. This cabling was 
necessary in order to monitor and log the operation of these assemblies. A CRT monitor, located in the 
control room with the DAS PC, was used to display real time data to verify that the DAS and rack 
assembly were operating properly before and during the irradiation testing. All operational irradiated 
equipment was verified to be operational prior to being exposed to the gamma source. 

Figure B.l is a block diagram depicting the relative location of the test equipment and irradiated 
equipment in the test cell and in the control room. This diagram also shows the intercomections between 
the personal computer data acquisition system and the equipment being irradiated. 

4. FUNCTIONAL TESfING AND SETUP OF OPERATIONAL EQUIPMENT 

The test equipment signal generator was set up to operate in a free-running mode. The frequency of the 
generator output was adjusted to be - 0.001 Hz. The generator output wave form was selected to be 
sinusoidal with an approximate 4 V peak-to-peak amplitude and an approximate 2.5 V dc offset such that 
the signal ranged from - 0.5 - 4.5 V with respect to ground. This signal was sent to the Winsystems 
ROM-DOS analog input/output board and also to an analog input on the Metrabyte DAS PC analog input 
board. 

During irradiation testing, the ROM-DOS single board computer was loaded with a C program to control 
the analog-todigital converter (ADC) on the Winsystems analog input/output (AIO) card and record the 
12-bit equivalent of the signal generator output voltage. it performed this conversion ai a rate much 
greater than the signal generator frequency, making the change from one reading to the next very small. 
Following each reading from the ADC, the ROM-DOS microprocessor was programmed eo drive 12 of 
its digital outputs on the piggy-back board with the binary coded value of the signal generators analog 
voltage read by the ADC. These 12 digital outputs were then monitored by a Metrabyte digital input card 
in the control room and were read by the DAS PC. In this way the binary code on the digital outputs 
represented the signal generator output voltage in real time except for a slight delay. 

The DAS PC would periodically monitor the signal generator output voltage (via the Metrabyte analog 
input card) and the binary value of the signal generator output sent from the ROM-DOS single board 
computer (via the Metrabyte digital input card) and log this information to disk at one-minute intervals. 
Later analysis of the data would be used to determine within a one-minute interval when something failed 
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on the ROM-DOS assembly. Failure of the ROM-DOS assembly occurs whenever the logged value of 
the analog level from the ROM-DOS rack assemMy does not match the value read by the DAS within 
a reasonable tolerance. Failure can be due to rack assembly power supply malfunction, analog board 
malfunction or microprocessor malfunction. 

The second STD rack assembly contained the C-thru ROM singie board computer system. This computer 
system was loaded with a C program to drive 12 of its digital outputs with alternating values of 
101010101010 (Decimal: 2730) and OlOlOlOlOiOl (Decimal: 1365). The digital outputs were 
programmed to change values once every 1.5 minutes. These 12 digital outputs were also sent to the 
Metrabyte digital input card in the control room via ribbon cable from the source cell to the control mom 
and were monitored by the DAS PC. The DAS PC monitored these digital inputs and logged them to 
disk at one minute intervals. A discrepancy in the digital outputs or failure to alternate in values would 
indicate a failure on the C-thru ROM single board computer system. 

A CRT monitor was used to display the signal generator output, and the digital outputs from both single 
board computer systems. This allowed real time monitoring of the single board computer outputs. Upon 
failure of either single board computer system, irradiation testing was halted to prevent h a h e r  irradiation 
of the damaged system. Upon removal of the failed equipment, irradiation testing was then continued. 

5. SETUP AND TESTING OF NON-OPERATIONAL EQUIPMENT 

Prior to irradiation testing, identification, and functional verification testing of individual items to be 
irradiated as non-operational irradiated equipment was performed and documented at ORNL. For 
example, regular functional testing results tabulated for each prototype card and chip; curve tracer results 
for each solid state electronic device; and resistance, capacitance, and various pertinent measurements 
for each passive device were collected for comparison with these same type of measurements made after 
the irradiation. 

At ANL, the non-operational irradiated equipment cards and electronic devices where positioned and 
shielded in the exposure area to receive a dose rate of approximately 1 h a d  per hour. Glass cobalt 
dosimeters were used to verify the TID. 

6. SUMMARY 

The radiation test on key components of the cart controller system was performed at Argonne National 
Laboratory. The test went as planned per the Cart Controller Radiation Test Plan, dated September 5 ,  
1991. 

The non-operational irradiated equipment which was irradiated in a static mode, Le. unpowered, survived 
a total dose of about 12 krad, indicated by cobalt glass dosimetry with about a +20% measurement 
uncertainty. Measurements made at ORNL after this testing showed all static equipment survived without 
measurable affects. 
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The two CMOS single board computer assemblies were irradiated while their operation was monitored 
by the external DAS. These systems were irradiated to failure, presumably caused by radiation 
degradation. The C-THRU ROM single board computer system, running directly from a compiled C 
program, failed about 50 minutes into the radiation test, or after a dose of about 9.2 krad with about a 
+20% measurement uncertainty. The other single board computer system (ROM-DOS), similar in 
hardware design, but with an imbedded IBM DOS firmware operating system, failed after a dose of about 
46 h a d  e20% measurement uncertainty) accumulated in about 4 hours and 50 minutes. In either case, 
however, the very high dose rate of the test compared to that of the cart service conditions makes the test 
extremely conservative. Survivability to 9.2 b a d  in 50 minutes indicates a very high probability of 
survivability to 10 krad in 5 years. 

Both single board computer systems were sent back to Winsystems to allow them to diagnose, identify, 
and repair the failed systems. Their diagnostics indicated a CMOS RAM chip (Hyundai HY62C256LP- 
10) failed on the C-THRU ROM single board computer. This board failed at 9.2 krad total integrated 
dose (TID). The Hyundai IC is used only on the C-THRU ROM single board computer. 

An Altera EP320PI PAL IC failed on the ROM-DOS single board computer, and all Maxim DG508A 
CMOS analog multiplexer IC's failed on the Winsystems A I 0  board. The ROM-DOS single board 
computer and the analog I/O board failed at 46 h a d  TID-it is not clear which failed first. 

It has been decided to use the ROM-DOS processor board in the cart electronic design. Since this 
processor survived 46 h a d  TID during testing at Argonne, it should easily meet the 10 b a d  TID over 
5-year project design specification. This processor is also easier to program, and changes can be made 
to it easier than the C-THRU ROM processor. 



APPENDIX C 
BATTERY EVALUATION AND TEST RESULTS 

1. MTRODUCTION 

Reliability of tbe WVNS transfer cart is of major importance. A cart failure during operation would 
prevent the transfer of waste canisters from the VC to the CPC storage area. Since storage area in the 
VC is limited to four canisters, operation of the vitrification process would be halted by the cart failure. 

A major factor in cart reliability will be the battery system. The battery system must provide sufficient 
power to the cart to allow it to communicate with the facility computer and to power the cart drive motors 
for the duration of cart usage. Loss of power to the motors or to the cart Control system would 
completely disable the cart. In order to insure that the battery will not be responsible far a cart failure 
due to lack of capacity, a battery assembly has been tested under loading conditions approximating those 
of the cart. Testing of the battery has provided data regarding the battery discharge profile and capacity. 

2. TESTOVERVIEW 

2.1 BATTERY REQUIREMENTS 

Due to the voltage requirements of the cart telemetry system and drive motors, a 24 V battery will be 
used. The 24 V battery will consist of two 12 V, 25-40 A-h batteries wired in series. 3atteries wired 
in series operate at equal current. If the load is drawing 10 A from the 24 V battery assembly, each of 
the 12 V batteries "sees" a 10 A load current. This load current sharing allows for the testing of a single 
12 V battery. Testing a single battery has the advantage of requiring a much smaller dynamic load and 
charging system. One consequence of using a single 12 V battery is that all test data reflects half the 
energy that would be delivered by a 24 V battery. 

Four separate batteries have been used in testing. Two Gates Energy Products, 12 V, 25 A-h batteries 
(referred to as Gates A and B) and two Powersonic, 12 V, 40 A-h batteries (referred to as Powersonic 
A and B). The Gates cells were tested since these batteries were used in cart preliminary design[l1. 
Recent O W L  test data" has shown that Powersonic batteries perform better than the Gates cells in a 
radiation environment. For this reason, the Powersonic batteries have been tested as our primary 
candidate for use in the final cart design. 

2.2 DISCHARGE PROFILE 

The batteries were tested using a simulakd cart discharge profile. This consisted of a controlled current 
discharge profile being applied to the battery over a period of several hours. The discharge profile was 
designed to approximate the battery loading during a cart operation cycle. Since the exact current 
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requirements of the cart are not known at this time, tests at more than one idle current level were 
conducted. The initial tests used a cart idle current of 1.75 A. A second abbreviated set of tests were 
conducted with an idle current of 3.0 A. The discharge current profile was produced using a Hewlett- 
Packard model 6060A electronic load. The load was controlled by an IBM-PC through a general purpose 
interface bus (GPIB) interface. Battery current and voltage were be monitored during the discharge. 
Energy delivered by the battery has been computed from this data. Following the discharge, the battery 
was fully charged using a standard cyclic charge (battery charged at 2.45 volts per cell until charge 
current approaches zero amps). Battery charging voltage and current were monitored to establish the 
charging characteristics of the battery, total energy returned to the cell, and the time required to recharge 
the battery. 

Figure C.l  shows the battery discharge current profile used in testing for a 1.75 A idle current. 
Figure C.2 shows the battery discharge current profile used in testing for a 3.0 A idle current. 

2.3 TESTHARDWARE 

Figure C.3 shows the hardware set up to be used in discharge testing. Table C.1 contains a listing of 
the test hardware and pertinent data for each item in Figure C.3. Figure C.4 shows the hardware set up 
used for battery charge monitoring. Table C.2 contains a listing of the test hardware and pertinent data 
for each item in Figure C.4. Calibration of all test equipment is documented in Table C.3. 

Table C. 1 Instrument Data for Fig. C.3. 

II Item 

IBM PC 

GPIB interface 

HP-6060A 

Battery under test ll 

Description 

IBM PC-AT computer 

National Instruments AT- 
GPIB.2 

Hewlett-Packard Electronic 
Load 

Sealed lead-acid battery 

Purpose/Other Information 

Performs data logging, 
display, and storage. 

Instrument control and data 
acquisition through IEEE-488 
bus. Serial No. 18694. 

Provides computer controlled 
current discharge profile. 
Also digitizes voltage and 
current for use by computer. 
Serial number 3032A-01043. 
Instrument is new and under 
factory calibration. 

Gates Energy Products 25 Ah 
or Powersonic 40 Ah battery 
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Table C.2 Instrument Data for Fig. C. 4. 

Item I Description 

IBM PC IBM PC-AT computer 

Purpose/Other Information 

Performs data logging, display, and 
storage. 

GPIB interface National Instruments AT- 
GPIB .2 

Fluke 45, A Fluke model 45 multimeter 

Instrument control and data 
acquisition through IEEE-488 bus. 
Serial number 18694. 

Provides digitized output of voltage 
from current shunt. Serial number 
5115012. Unit is new and under 
factory calibration. 

Fluke 45, B Fluke model 45 multimeter 

Current shunt Sensitive Research 

Provides digitized output of voltage 
from current shunt. Serial number 
5115032. Unit is new and under 
factory calibration. 

Current shunt. 50 mV at 30 A. 
Serial number 934108. Resistance 
to be verified by ORNL calibration 
lab. 

14.7 V, 10 A supply Kepco model BOP 20-10M Current shunt. 50 mV at 30 A. 
Serial number 934108. Resistance 
to be verified by ORNL calibration 

I labe 
~- 

Battery under test Sealed lead-acid battery Gates Energy Products 25 A-h or 
Powersonic 40 A-h battery. 

I I 
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Table C.3 Instrument Calibration Data 
- 

Current shunt. Serial number 934108. eport ID IC2084. Resistance 

2.4 TEST ENVIRONMENT 

Tests were conducted at room temperature and at 20°F. An environment chamber was used to chill the 
batteries to 20°F prior to, and during, the low temperature tests. The low temperature tests represent 
worst case conditions for battery performance during a discharge (high temperatures will impact battery 
life, but do not limit, and may enhance, the single cycle discharge performance of the battery). A limited 
number of test cycles were carried out at room temperature (nominally 70°F) as a reference for "normal" 
battery performance. 

2.5 DATA LOGGING AND DOCUMENTATION 

All test data and pertinent notes about tests were logged on an IBM-PC, with data files being stored on 
the PC's hard drive. Data was transferred to floppy disks on a daily basis. Initial data plots were be 
generated using Lotus 123 software in order to monitor progress of tests. Control of data logging was 
be done with a general purpose data logging program developed by I&C personnel. The code is written 
in Microsoft Quickbasic. Summary plots shown in section 3.5 of this document were generated with 
Microsoft Excel 3.0. 

3. TESTRESULTS 

3.1 REVISED CART ENERGY REQUIREMEh'TS 

A revised energy requirement for the can has been computed. Using data computed in the cart initial 
design"] combined with an updated cart current requirements data allows the new cart energy requirement 
to be computed. Tables C.4, C.5 and C.6 show a summary of these calculations. From these tables it 
can be seen that the cart battery must be capable of providing 0.830 MJ of energy under all anticipated 
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Time 

(min) 

255 

6.96 

7.47 

cart operation scenarios for an idle current of 1.75 A. This number will be used as a figure of merit in 
analyzing the 1.75 A battery test results. For the 3.0 A idle current, 1.31 MJ of energy is required. 
This number will be used as a figure of merit in analyzing the 3.0 A battery test results. Note that these 
energy values are for a 24 V battery. AI1 test data must be multiplied by a factor of 2 to correct for use 
of a single 12 V battery when comparing data with figures given in Tables C.4, C.5, and C.6. 

Drive Electrical power 
power W) 
W) 

0 42.0 

92.9 42.0 

251 - 42.0 

Table C.4 Cart Idle Current Requirements 

~ _ _ - - ~  

Table C.5 Summary of Cart Energy Requirements (for 1.75 A idle current). 

Operation 

idie time 

Moving, no load 

Moving, full 
load 

Totals 
7 
269.4 
BI. I 

42.0 643 

134.9 56.3 
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Table C.6 Summary of Can Energy Requirements (for 3.0 A idle current). 
- 

3.2 ROOM TEMPERATURE TESTS 

Typical room temperature data for the Gates Energy Products batteries are shown in Figures C.5 and 
C.6. Typical room temperature data for the Powersonic batteries are shown in Figures C.7 and C.8. For 
room temperature tests at low idle current (1.75 A), the Gates batteries provided an average energy of 
0.776 MJ (equivalent to 1.55 MJ at 24 V) during a discharge. The Powersonic batteries provided an 
average energy of 1.84 MJ (equivalent to 3.68 MJ at 24 V) during a discharge for low idle current. For 
the Gates cell, that gives an energy delivered to energy required ratio of 1.87 for low idle current. For 
the Powersonic batteries the ratio is 4.43 for low idle current. For room temperature operation of the 
cart, the Gates and Powersonic batteries are acceptable for 1.75 idle current. 

3.3 LOW TEMPERATURE (20°F) TESTS 

Typical 20°F temperature data for the Gates Energy Products batteries are shown in Figures C.9, C. 10, 
C. 11, and C. 12. Typical 20°F temperature data for the Powersonic batteries are shown in Figures C. 13 
and C.14. For low temperature tests the Gates batteries provided an average energy of 0.798 h4.J 
(equivalent to 1.60 MJ at 24 V) during a discharge at low idle current (1.75 A) and 0.708 MJ (equivalent 
to 1.42 MJ at 24 V) for high idle current (3.0 A). The Powersonic batteries provided an average energy 
of 1.46 MJ (equivalent to 2.92 MJ at 24 V) during a discharge for low idle current and 1.09 MJ 
(equivalent to 2.18 MJ at 24 V) for high idle current (3.0 A). For the Gates cell, that gives an energy 
delivered to energy required ratio of 1.93 for low idle current and 1.08 for high idle current. For the 
Powersonic batteries the ratio is 3.52 for low idle current and 1.66 for high idle current. For low 
temperature operation of the cart, Gates batteries are marginally acceptable for 1.75 and 3.0 A idle 
currents and the Powersonic batteries are acceptable at both 1.75 and 3.0 A idle currents. 

3.4 BA'lTERY CHARGING 

Typical battery recharging data for the Powersonic batteries are shown in Figures C. 15 and C. 16. The 
amount of energy returned to the cell is 2.75 MJ, which is consistent with the battery test discharges 
(additional energy is required to overcome battery losses during recharge). It takes approximately 7 h 
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106 

I 
I 

I 
I 

I 
I 

I 



107 

I 

I 
I 

I 
1 

I 
I 

I 
I 

I 
I 

1 

I 

=====+- I I 

_
_

_
_

_
_

_
_

.=
I- 

=
=
=
+
 
I
 

0
 



108 

F= 
4
=

 
I 

L
 

T
- 

T
- 



109 * 

I 

~ 

b b
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
t 

I 
I 

cu 
0
 



110 



111 / 



112 

d
 

cv 0
 

h
 

E
. 

W
 
E
 

I- w
 

L
/) 

-
 

n
 

a
 
a
 

-I 
W

 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
0
 

00 
(D

 
d
 

cu 
0
 

7
 

cu 
..- 

d
 

'T
- 



113 

I 
I 

I 
I 

I 
1 

I 
I 

I 
I 

1 
1 

I 



114 

0
 

T
 



115 



15 

14 

W 13 

c; LI 
9 12 

11 

10 
0 2 4 6 8 10 12 14 16 18 20 

ELAPSED TIME (h) 
Fig. C.16. Powersonlc Battery A voltage trend, charging cycle. 

L 
c 
a! 



117 

to provide a full charge after the Powersonic battery has delivered roughly 1.6 MJ to a test load 
(equivalent to 3.2 MJ at 24 V). The trickle current which flows at the end of charge is approximately 
60 mA. 

3.5 SUMMARY 

The tests conducted for this report have shown that the Gates batteries tested are marginally acceptable 
for use in the cart design for a cart idle current of less than 3.0 A. The Powersonic batteries tested to 
be acceptable for use in the cart design at up to 3.0 A idle current. The Gates batteries would probably 
provide for 1.5 cart cycles at end of life and 20°F for a 1.75 A idle current (assuming that the battery 
has 20% less capacity at end of life) and slightly less than 1 cycle at 3.0 A idle current. In comparing 
data sets there appears to be some inconsistency with the data for the Gates batteries. The computed total 
energies for the various discharges varied much more than the values found for the Powersonic batteries. 
Reviewing the voltage traces during discharge revealed a problem with our method of terminating a 
discharge. The high current voltage drop for the Gates battery was much larger near the end of battery 
life which caused the discharge to terminate (voltage less than 10.5 V) earlier than necessary. For the 
Gates batteries a more accurate comparison of battery performance can be had by comparing data over 
the same time interval or by allowing termination of the discharge only during the idle current periods. 

The Powersonic batteries should have sufficient capacity, even at 20°F and end of life to operate the cart 
for 2.5 cycles for a 1.75 A idle current (again, assuming that the battery has 20% less capacity at end 
of life) and slightly more than 1 cycle at 3.0 A idle current and end of life. 

Figure C. 17 shows a typical discharge profile energy and current versus elapsed time for a Powersonic 
battery at 1.75 A idle current. Periods of high current operation only account for roughly 13% of the 
total time the cart can operate. Battery life for the c m  remaining idle during the full operation time 
would be about 18 h (this value is computed by extending the idle current line slope from the origin of 
the plot in Figure C.17 out to the energy level where battery operation terminated in rhe test) for the 
Powersonic battery at a 1.75 A idle current. 

Figure C.18 shows the energy returned to the battery and current during charging for a Powersonic 
battery. From this graph it can be seen that 94% of the energy accepted by the battery is transferred in 
the first 5 h of charging (for a charger limited to roughly 10 A). Only 6% of the 2.75 h4J accepted by 
the battery is transferred between 5 and 13 h of elapsed time. For a cart operated ova a single cycle, 
it would be possible to recharge the baaery in much less than 5 h since the amount of energy removed 
from the battery would be a factor of two or more smaller than for the data shown. 



ORNL-DWG 92-1 271 9 

14 

0 2 4 6 8 10 
ELAPSED TIME (h) 

12 14 

14 

12 

10 

16 

Fig. C.17. Powersonic Battery A discharge energy and current. 



ORNL-DWG 92-12720 

14 

12 

10 
n a 
Fa 
E 6  

z 
UJ 

3 
0 

4 

2 

0 

4 * 
I 

? 
I * 

4 
I * 

? 
I 

I 

# 
# 

t * 
I 

I I I I 1 2 

2 4 6 8 10 12 14 16 18 
ELAPSED TIME (h) 

30 

25 

h 

20 “0 

15 

10 

5 

0 

Flg. C.18. Powersonlc Battery A energy returned and current during battery recharging vs elapsed time. 



120 

REFERENCES 

1 .  "Preliminary Control System Design Description," West Valley Demonstration Project, 
Vitrification Facility Transfer Cart, December 21, 1990. 

2.  Weil, Brad. ORNL. Verbal communication, May, 1991. 



APPENDIX D 
PROTOTYPE NARDWARE " I N G  

1. INTRODUCTION 

The purpose of this appendix is to document testing of the prototype system hardware and software for 
the subject control system which occurred in early 1992. The intent of the testing was to perform a 
system-wide test of the prototype hardware. Testing of each component bad already been done before 
the system test began. The overall functionality of the system was under test. For example, in the motor 
test, a button was pushed on the control pendant and motor operation was witnessed. Many parts of the 
system had to be operating for these functions to occur. 

2. comNENrs 

Prototype hardware that was tested is listed in the following table. It was arranged as shown 
Figure D. 1. The whole system including rf system was tested, but at first the communications protocol 
was tested by a hard-wired link between the facility side and cart side equipment as shown by the dotted 
line in the figure. Software, which is part of the design and which was also tested in this procedure, was 
running in the programmable logic controller, the engineer's console computer, the facility-side STD- 
based controller, and the cart-side STD-based controller. 

Table D. 1. Prototype Hardware for Functional Test 

~ Operator's Control Pendant 

r o l h  

t Digital Inputs Board 
~ Digital Output Boards (2) 

Simulation Modules (2) 

Engineer's Console Computer 
Interface Card 

Facilitv-side STD-based Qntro llec - 
Processor 
Memory 
Digital Interface 
Allen-Bradley Interface 
EncoderDecoder 

Make and Model or 
Reference Drawing 
4-6340- 120 ' 

Allen-Bradley PLC 5/15 
Allen-Bradley 177 1 -1BD 
Allen-Bradley 1771-OBD 
Allen-Bradley 177 1 -SIM 

Gateway 486/33C 
Sutherland-Shultz 5 136 SD 

Prolog 7870-01 
Prolog 77 15A-03 
Prolog 7508 
Prolog 7514 
Q-6340- 187 
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Corn ponen t Make and Model or 
Reference Drawing 

MaintenanceProgramming Computer IBM AT 

Facility-side if cage 
Facility Antenna Switch 4-6340-18 1 A 
Facility Antenna Switch 4-6340-1 81B 
Facility Transmitter Q-6340- 17 1 
Facility/Cart Receiver 4-6340-261 

Digital Interface Board 
Digital Output Module 
Digital InDut Module 

Facility TransmitReceive Circuit 

Battery Charger 

Battery Charger Polarity Manager 

Opto-22 PB16X 
Qto-22 ODC5 

I @to-22 IDC5B 

4-6340-1 75 

Exide ERBC 24/30 

4-6340- 135 

N/A (steel rods cut to length with 
groundplanes) 

Cart-side rf Cane 
Facility/Cart Receiver 
Cart Transmitter 
Cart Antenna Controller 

4-6340-26 1 
4-6340-27 1 
4-6340-266 

Cart-side STD-based controller 
Processor 
Digital I/O 
Analog 110 
Interface 
Cart Encoder/Decoder 

Winsystems SBC40A 
Winsystems SBX-PI0 
Winsystems LPM-AIO-DC 
4-6340-220,225,230 
Q-6340-291 

MaintenancerProgramming Terminal 

Batteries (2) Powersonic PS-12400 

Motor Pacific Scientific BA3618-7009-9-48C 

C. Itoh CIT 101 

Motor Controller 4-6340-235 

Limit Switch Microswitch lLSl 

Thermocouple Type E thermocouple wire 
c 



ORNL-DWG92-12721 

;3 
IC, 

..e.. .... 1 ........ * ...... .. 
pendant logic controller 

Battery charger Polarity Batteries 
manager 

Note: Dotted line indicates temporary hard-wired communications link before FF system was brought on line. 

Fig. D.1. Equipment arrangement for integrated system testing. 
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3. FUNCTIONALTESTS 

Functional test results reported here have been arranged into three categories: functions initiated from 
the control pendant, functions initiated from the engineer's console, and functions initiated from the cart 
system. The following information is given for each functional test: functional test title, test description, 
expected result, witnessed result, considerations, test performer, and date of test. Considerations are 
given to point out subtleties of each function that may not be apparent on the surface or to point out 
efforts that should be undertaken later. 

Functional Test: 
Emergency Stop 

Test Description: 
An emergency stop switch is provided on the control pendant. Unlike all other functions on the 
pendant (except for the LED test), the emergency stop function does not require the station to be 
enabled before it is active. 

Expected Result: 
The emergency stop should prevent cart drive, motor resets, auxiliary outlet operation, and stop 
all communications with the cart system. It should also stop battery charging if it is in effect. 

Witnessed Result: 
While the battery charger was active (and cart electronics inactive), the emergency stop button 
was pushed. Battery charging ceased and the cart electronics reactivated. The emergency stop 
LED of the control pendant lit, and further requests for other operations resulted in the LED 
flashing. 

While the cart motor drive was active, the emergency stop button was pushed. The cart motor 
stopped rotating and further communications with the cart ceased (telemetry data was no longer 
active). 

Consideration: 
Because the emergency stop function eliminates communications with the cart, requests for cart 
data cannot be sent. Therefore, during an emergency stop condition, cart status is no longer 
known. 

Because there are only two operating modes of the cart-battery charging and cart 
operation-there is no way to "kill" the cart. When emergency stopped, the cart will be in an 
idle mode, not completely dead. 

Tested by: F. R. Ruppel 

Date: 2-3-92 
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Functional Test: 
Control Station Select 

Test Description: 
Only one control station will be enabled at one time. The selection is on a first-come, first- 
served basis by the use of a keyswitch on the control pendant. 

Expected Result: 
With no other station enabled, the operator should be able to enable his station by inserting a key 
and rotating it to the on position. The LED for this station should light. If another user is 
already enabled, it should not be possible to enable another station. 

Witnessed Result: 
With no other station was selected, the station select keyswitch was turned to tbe on position. 
The LED for this station lit and functions were enabled from the operator’s pendant. The station 
select keyswitch was turned off, and the input which indicates when the other control pendant is 
selected was enabled. Attempts to select this control station were ineffective. The LED for the 
other station flashed, indicating that it was selected. 

Consideration: 
Since the station select is key operated, distribution of keys should be administered only to 
operators qualified to operate the cart and battery charger. It should not be allowed €or an 
operator to walk away from the control pendant without taking the key with him. 

Tested by: F. R. Ruppel 

Date: 1-9-92 
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Functional Test: 
LED Test 

Test Description: 
Each control pendant will have a feature of testing its own LEDs and audible alarms to confirm 
their operation. 

Expected Result: 
Each LED of the control pendant should begin flashing, regardless of previous state, when the 
keyswitch is rotated to the LED test position. The audible alarm should sound also. 

Witnessed Result: 
The keyswitch was turned to the LED test position. All LEDs flashed and the audible alarm 
sounded. When the key was returned to the off position, the LEDs ceased flashing, returned to 
their previous state, and the audible alarm was silent. 

Consideration: 
To perform the LED test, the keyswitch must be rotated to the LED test position. If the station 
is currently enabled, it will be disabled when going to the LED test mode. If a second operator 
at the other station is waiting to enable his station, he may enable it while the first operator goes 
to LED test mode, thus locking out the first operator. 

Tested by: F. R. Ruppel 

Date: 1-9-92 
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Functional Test: 
Door LEDs 

Test Description: 
LEDs are provided for door open, door closed, and door energized for all three doors in the cart 
path. 

Expected Result: 
The LED should reflect the input for all door states. 

Witnessed Result: 
Inputs were simulated for door open, door closed, and door energized for doors 63M-001,63M- 
008, and 3M-3. Each LED reflected its appropriate status. 

Consideration: 
When a door is energized, it prevents any cart operation. Fail safe circuitry of the door 
energized inputs should be addressed to assure that a failed door energized status will also prevent 
cart operation. Likewise, when the cart is driving within a certain distance of an unopen door, 
the operator will be notified. Fail safe circuitry of the door open limit switches should be 
addressed also. 

Tested by: F. R. Ruppel 

Date: 1-10-92 
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Functional Test: 
Motor Drive 

Test Description: 
Using the control pendant, it should be possible to drive the motor clockwise and 
counterclockwise by using the drive northldrive south button. The appropriate motor voltage and 
current should appear on engineer’s console display. 

Expected Result: 
Motor should rotate when north drive button pushed on control pendant and rotate in opposite 
direction when south drive button pushed. Engineer’s console should read motor voltage and 
current. 

Witness Result: 
All motors indicated 0.0 A and -1 .O V at the engineer’s console display when the motor was not 
running. (The -1.0 V is an offset error that was later corrected.) 

Motor #1 indicated + 13.1 V and 0.4 A when the south drive button was pushed and -15.0 V and 
0.4 A when the north drive button was pushed. 

Motor #2 indicated + 14.0 V and 0.5 A when the south drive button was pushed and -16.1 V and 
0.5 A when the north drive button was pushed. 

Motor #3 indicated + 14.0 V and 0.6 A when the south drive button was pushed and -15.9 V and 
0.6 A when the north drive button was pushed. 

Motor #4 indicated + 13.6 V and 0.6 A when the south drive button was pushed and -15.3 V and 
0.6 A when the north drive button was pushed. 

Consideration: 
As set up in hardware and software, motor voltages are reported either positive or negative 
depending on rotation direction. For historical logging, this will indicate which direction the 
motor was rotating at any given time. However, if historical values of average absolute voltage 
are desired, or any other absolute measurement, the data will have to be modified. 

Tested by: F. R. Ruppel and A. V. Blalock 

Date: 1-7-92 
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Functional Test: 
Battery charging 

Test Description: 
Battery charging is one of the more complex operations performed by the operator. 

Expected Result: 
From the control pendant, the operator should be able to start and stop charging after the cart-at- 
shoes input is enabled and if the cart is not driving. The emergency stop switch should stop 
charging. Charging variables should be displayed on the engineer's console. Cart electronics 
should disable when charging commences. Polarity to the cart batteries should be switchable by 
the cart orientation switch. 

Witnessed Result: 
Charging was initiated by pressing the charge start button on the control pendant. The battery 
charger started and data was read at the engineer's console as follows: external voltage - 24.4 
V, internal voltage - 24.7 V, current - 1.9 A, external temperature - 87.1°F, internal 
temperature - 867°F.  The battery charging sequence was stopped by pressing the control 
pendant emergency stop button. The charger stopped and the cart system started. Charging was 
reinitiated and the charger was stopped again, this time by pressing the stop charging button on 
the control pendant. Tbe next day, a full charge was given to the batteries. When charge current 
dropped below 0.08 A, the charging complete light on the control pendant lit up 

When the cart orientation switch was changed, polarity to the cart batteries reversed. 

Consideration: 
The cart orientation switch should be under strict administrative control since it also controls 
charging polarity. Attempting to charge the batteries with polarity reversed could harm 
equipment. 

Tested by: F. R. Ruppel 

Date: 2-3 and 2-4-92 
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Functional Test: 
Control Pendant Undercurrent Alarms 

Test Description: 
This procedure tests the motor undercurrent alarm at the control pendant. This alarm is designed 
to indicate to the operator when a wheel is freewheeling. Use the control pendant to drive the 
motor; ensure that the motor current is monitored by the cart electronics and transmitted to the 
facility-side control system. 

Expected Result: 
During a low motor current condition, motor LEDs should flash after a 2 s time delay. 

Witnessed Result: 
Motor #1 was started with no load (current = 0.4 A). After 2 s, motor #I LED flashed at the 
control pendant. When the motor was loaded, (current = 1.2 A) the LED stopped flashing. 

Motor #2 was started with no load (current = 0.5 A). After 2 s, motor #I LED flashed at the 
control pendant, When the motor was loaded, (current = 1.3 A) the LED stopped flashing. 

Motor #3 was started with no load (current = 0.7 A). After 2 s, motor #1 LED flashed at the 
control pendant. When the motor was loaded, (current = 1.3 A) the LED stopped flashing. 

Motor #4 was started with no load (current = 0.6 A). After 2 s, motor #I LED flashed at the 
control pendant. When the motor was loaded, (current = 1.2 A) the LED stopped flashing. 

Consideration: 
The low current threshold is set at 1 A. During actual cart testing, this value may need to be 
adjusted in the PLC ladder logic to correctly reflect a free-wheeling current threshold. 

Tested by: F. R. Ruppel and A. V. Blalock 

Date: 1-7-92 
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Functional Test: 
Motor trips 

Test Description: 
Each motor circuit has a hardware trip to protect cart electronics and the cart battery from 
excessive currents. A Hewlett-Packard 6060A programmable load was connected to simulate 
high currents. 

Expected Result: 
Each motor circuit should trip when current exceeds 25 A. The overcurrent LED on the control 
pendant should light for that motor. The hardware trip should stay in effect until the motor 
restart button for that motor is depressed on the control pendant. 

Witnessed Result: 
By using the programmable load, 25 A was applied to the motor # I  circuit. The circuit tripped 
and the motor #1 LED on the control pendant lit. The 25 A load was deenergized and the restart 
switch on the control pendant was depressed. After about a 1 s pause, the motor #1 LED went 
off. When the cart drive button was depressed, the motor circuit energized. 

w: This functional test was not completed for motors #2-4 because the trip function did not 
operate correctly. During later redesign efforts of the cart interface board, design problems were 
uncovered and corrected that prevented these motors from tripping. 

Consideration: 
When a motor restart is attempted from the control pendant, there is a short pause (1-2 s) before 
the motor-tripped LED goes off because of the round-trip time associated with processing the 
request on the facility side, transmitting the command to the cart, resetting the motor circuit on 
the cart, returning the new cart status to the facility, and reading the new cart status signal on the 
facility side. 

Tested by: A. V. Bialock and F. R. Ruppel 

Date: 1-31-92 
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Functional Test: 
Auxiliary outlet operatiodtelemetry 

Test Description: 
Operation of the cart auxiliary outlets is controlled by the control pendant. Voltage and current 
readings of the auxiliary outlets are available at the engineer’s console display. 

Expected Result: 
Each auxiliary outlet should be controlled individually from the control pendant. Appropriate 
voltage and current readings should be read at the engineer’s console display. 

Witnessed Result: 
Auxiliary outlet #1 was enabled from the operator’s pendant. The engineer’s console indicated 
22.6 V and 0 A (there was no load on the outlet, hence no current) 

Auxiliary outlet #2 was enabled from the operator’s pendant. The engineer’s console indicated 
0 V and 30 A. A software error was found that interchanged the voltage and current readings. 
This was corrected later. 

Consideration: 
The auxiliary outlet button must remain depressed the entire time it is desired to enable the 
auxiliary outlet. 

Tested by: A. V. Blalock and F. R. Ruppel 

Date: 1-30-92 
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Functional Test: 
Cart ID selection 

Test Description: 
The cart control system has the capability of communicating to one of up to four different cart 
electronics racks. A two-position DIP switch on the interface board of the cart electronics rack 
assigns the cart ID. 

Expected Result: 
The cart should respond to dl commands received at all times regardless of cart ID with the 
exception of the return status command. (See Section 9 of the main report for an explanation.) 
The cart status should be lransmitted back to the facility only when the cart ID of the electronics 
rack matches the cart ID byte contained in the received packet. 

Witnessed Result: 
From the engineer's console, the cart ID of the cart electronics being tested was enabled. 
Communication with the cart were maintained and telemetry of cart variables was continuously 
updated. When the cart ID was changed at the engineer's console, the cart variables MI longer 
updated. However, when requested by the control pendant, the cart motor would operate in this 
mode. 

Consideration: 
If the control system does not receive new incoming data, the memory will retain old values of 
variables. This could be confusing; it may be necessary to zero the values when no new data is 
received. 

Tested by: F. R. Ruppel 

Date: 1-3-92 
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Functional Test: 
Motor Speed Control 

Test Description: 
At the engineer’s console, a means exists of increasing or decreasing the speed of the cart motors. 

Expected Result: 
The speed of the motor should change when the increase or decrease button is depressed at the 
engineer’s console. 

Witnessed Result: 
Using the engineer’s console display, the cart speed window was selected. The decrease speed 
button was depressed several times in succession. The speed of the cart motor was noted to 
decrease by noting the decrease in pitch and visually noting a decrease in shaft velocity. The cart 
speed increase button was depressed and the motor speed was noted to increase by noting an 
increase in motor pitch and visually noting an increase in shaft speed. 

Consideration: 
The motor controller duty cycle will default to the default value after the cart computer is 
rebooted. Therefore, any adjustments made will be lost. The speed adjustment feature was 
installed mainly for testing purposes and may need to be taken out when the cart goes into 
operation. (The default value can be reset in software if necessary for the desired nominal cart 
SP=d.) 

Tested by: F. R. Ruppel 

Date: 1-23-92 
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Functional Test: 
Cart reboot L 

Test Description: 
At the engineer’s console there is means to reboot the cart controller in the event that proper 
communications with the cart fails or cart operation is deemed erratic. 

Expected Result: 
When the reboot button of the engineer’s display is actuated the cart controller should reboot. 

Witnessed Result: 
The cart reboot button on the engineer’s console was selected and activated. A maintenance 
terminal was attached to the cart computer. When the reboot button was activated, a reboot was 
verified by the maintenance terminal display showing the boot-up message and reactivating the 
count. me cart program has a counter that counts the seconds since last booted.) 

Consideration: 
The cart reboot command will reboot any eiectronics rack that is on-line. For example, if it is 
desired to communicate to a spare electronics rack (on the battery charger), remember that if a 
cart reboot command is given, it will also reboot the operating c a ~  electronics rack. 

Tested by: M. R. Moore, R. I. Vandermolen, and F. R. Ruppel 

Date: 1-20-92 
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Functional Test: 
Facility Antenna Control 

Test Description: 
Through the engineer’s console, the engineer should have the capability to disable each facility 
antenna individually. This functionality is provided in the event that transmitting from more than 
one facility antenna causes rf signal nulls. In that case one main antenna would be chosen €or 
cart communications and the interfering antenna would be disabled. 

Expected Result: 
By using the engineer’s console computer, all four facility antennas should be able to be disabled 
and enabled. 

Witnessed Result: 
The rf system was hardwired from the facility side to the cart side with coax, simulating the CPC 
antenna. When the CPC antenna was enabled at the engineer’s console, the cart motor operated. 
When the CPC antenna was disabled, the cart motor did not operate. The procedure was 
repeated for the VC, tunnel, and EDR antennas. 

Consideration: 
If an antenna is disabled, the engineer will have to remember to reenable it later-there is no 
alarm of flag to remind him to do so. If it is found that it is always necessary to disable an 
antenna when the cart is at a certain position, the programmable logic controller could be 
programmed to disable and then reenable the antenna. 

Tested by: M. R. Moore and F. R. Ruppel 

Date: 1-1 3-92 
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Functional Test: 
Calibration current 

Test Description: 
When the cart controller first boors up, it goes through a calibration cycle. First it checks zero 
values of variables that should be at zero (motor and auxiliary outlet voltages and currents). Next 
a 5 A calibration current is applied through the motor and auxiliary outlet current measuring 
circuits to allow a span calibration. 

Expected Result: 
Since the 5 A calibration current will be based on hand selected components, it is not likely that 
exactly 5 A will be produced from the prototype circuit with random parts selection. The most 
important item to be checked is whether the calibration current flows in each circuit after the cart 
controller is booted up. 

Witnessed Result: 
Calibration shunt currents for the motors were 4.68 A each. Caiibration shunt currents for the 
auxiliary outlets were 4.71 A each. The motor currents were measured directly and the auxiliary 
outlet currents were measured by measuring the voltage across a 0.0ln shunt. 

Consideration : 
The shunt currents were not exactly 5 A because hand selection of components will be necessary 
to achieve exactly 5 A. 

Tested by: A. V. Blalock and F. R. Ruppel 

Date: 2-1-92 
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Functional Test: 
Cart fan operation 

Test Description: 
A fan will be used to cool cart electronics when temperatures exceed a given threshold. Since 
the temperature of cart electronics is monitored by the cart controller, the same temperature input 
can be used to actuate the fan on and off. 

Expected Result: 
The cart fan should be enabled at 120°F rising and disabled at 100°F falling. 

Wimessed Result: 
The electronics enclosure temperature sensor was heated with a heat gun. At 141 "F the fan was 
enabled. When the sensor was allowed to cool, the fan was disabled when the temperature 
reached 119.6"F. (Note: a software offset error was later corrected to allow the fan to come on 
at 120°F and turn off at 100°F.) 

Consideration: 
There is no status signal that positively confirms the status of the fan. An indirect method to 
determine this is to note the electronics temperature. If it is within the fan-operation window, 
it is probably on. 

To conserve battery charge, the fan should run as little as possible. During cart testing, it may 
be found that the current fan operation window can be changed some to help conserve energy, 
but still keep the electronics rack cool enough. 

Tested by: A. V. Blalock and F. R. Ruppel 

Date: 2- 1-92 
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Functional Test: 
Cart position correction. 

Test Description: 
Software in the facility programmable logic controller calculates cart position reJative to the 
battery charging station. (See Section 9 of the main report for a description of this algorithm.) 
The position indication is based on cart direction, duration of drive request, arid nominal cart 
speed. Problems are foreseen with using this method, therefore correction points were built into 
the algorithm to indicate when the cart is passing a facility door threshold. When the cart limit 
switch actuates, it will be at a door. 

Expected Result: 
When the position indicates a distance within a certain tolerance of a facility door and the limit 
switch actuates, the position indication should correct to the distance to that door once (further 
actuations of the limit switch are ignored). 

Witnessed Result: 
North to 3M-3 The position indication was allowed to reach -24; when the limit switch was 
actuated, the indication corrected to -20. 

North to 63M-008 The position indication was allowed to reach 17; when the limit switch was 
actuated, the indication corrected to 20. 

North to 63M-001 The position indication was allowed to reach 55; when the limit switch was 
actuated, the indication corrected to 53. 

South to 63M-00 1 The position indication was allowed to reach 62; when the limit switch 
actuated, the indication corrected to 54. 

south to 63M-008 The position indication was allowed to reach 36; when h e  limit switch 
actuated, the indication corrected to 20. 

South to 3M-3 The position indication was allowed to reach -22; when the limit switch was 
actuated, the position corrected to -20. 

&: When the limit switch was actuated away from the doors, no correction occurred. 

Consideration: 
Values used in this algorithm should be modified as necessary during c m  testing to match the 
physical dimensions of the facility as close as possible. 

Tested by: F. R. Ruppel 

Date: 1-20-92 
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Functional Test: 
Cart antenna diversity 

Test Description: 
One of the features of the cart communications system to help prevent rf signal nulling from 
interfering with communications is the cart antenna diversity selection scheme. In this scheme 
two cart antennas are monitored for signal strength. The antenna with the greater signal strength 
is chosen to be used for signal reception. 

Expected Result: 
By changing the field around one antenna, it should be possible to cause the antenna controller 
to switch that antenna on and off. The cart antenna usage reading on the engineer's console 
should reflect the switching. 

Witnessed Result: 
The antenna usage was read out at the engineer's console. By walking in front of the cart 
antennas, antenna usage values ranged from 0 to 100%. 

Consideration: 
The cart can switch receiving antennas only once per second. If the cart drives into a null, i t  will 
take a full second before antennas switch. 

Tested by: R. 1. Crutcher and F. R. Ruppel 

Date: 1-23-92 
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Functional Test: 
Cart temperature telemetry 

Test Description: 
The cart electronics monitor the temperature of the cart battery to aid in determining the state of 
charge of the battery. The cart electronics also monitor the temperature of the electronics rack 
to provide a cold junction compensation for the battery thermocouple and to actuate the rack fan 
on and off with temperature. 

Expected Result: 
Monitor the temperature as reported on the engineer's console of the two points. Since the final 
version of hardware will be based on special hand-selected components, the prototype version is 
not expected to be very accurate. 

Witnessed Result: 
The cart battery temperature, as read on the engineer's console, was 73.3"F. The electronics 
enclosure temperature read 76.5"F. The temperature from an independent, calibrated type T 
thermocouple readout instrument read 72 O F .  

Consideration: 
High accuracy temperature readings were not obtained because in the final hardware version, it 
will be necessary to hand select components for a good tolerance. Furthermore, the circuit was 
not designed for high accuracy, but for a rough indication of temperature to be usrd by the 
battery state-of-charge indication. 

Tested by: A. V. Blalock and F. R. Ruppel 

Date: 1-30-92 
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Functional Test: 
Auxiliary outlet trips 

Test Description: 
A Hewlett-Packard 6060A programmable load was placed in the auxiliary outlet circuit to allow 
large amounts of current to flow. 

Expected Result: 
When current through the auxiliary outlet circuit exceeds 25 A, a hardware trip should become 
effective. The LED associated with the auxiliary outlet should flash. To reset the outlet, the 
operator would have to let up on the control pendant button and then depress again. If the high 
current condition is no longer in effect, the trip will clear. 

Witnessed Result: 
Each auxiliary outlet was turned on from the control pendant. Current to the circuit was raised. 
When a current of 25 A was applied to each circuit, each circuit tripped and the LED flashed on 
the pendant. After the trip, the reset button was pushed and the outlets reset. 

Consideration: 
The auxiliary outlets, when tripped, will automatically try to reset when the operator depresses 
the outlet button again. This logic is different than the motor reset logic, where a motor remains 
tripped until is requested to restart. 

Tested by: A. V. Blalock and F. R. Ruppel 

Date: 1-3 1-92 
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Engineer’s Console Computer Flow Chart 
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Control Pendant Junction b x  Assembly 
Typical Control Pendant Wiring 
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Q-6340 160 0 
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Q-6340 171 0 
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Antenna Box Wiring Diagram 
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Facility Transmitter Parts List 
Facility Transmitrneceive Cell Interface Schematic 
Facility TransmMReceive Cell Interface Printed Circuit Board 
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Facility Antenna Switch Schematic 
Facility Antenna Switch Printed Circuit Board #1 
Facility Antenna Switch Printed Circuit Board #2 
Facility Antenna Switch Parts List 
Facility Biphase EncoderlDecoder Schematic 
Facility Biphase EncoderlDecoder Printed Circuit Board 
Facility Biphase EncoderlDecoder Parts List 
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Enclosure Assembly 
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Interface Module, Top Board, Functional & Battery Interface 
Schematic 
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44340 270 0 Cart Transmitter Schematic 
Q-6340 271 0 Cart Transmitter Printed Circuit Board 
4-6340 272 0 Cart Transmitter Pam List 
Q-6340 290 0 Cart Biphase EncoderDecoder Schematic 
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Transfer Cart Control Module Interface Control Drawing 
Transfer Cart Control Module Enclosure Assembly 
Transfer Can Control Module Enclosure Assembly 
Transfer Cart Control Module Enclosure Weldment 
Transfer Cart Control Module Enclosure Weldment 
Transfer Cart Control Module Enclosure Details 
Transfer Cart Control Module Battery Compartment Ass'y 
Transfer Cart Control Module Detail Sheet 1 
Transfer Cart Control Module Detail Sheet 2 
Transfer Cart Control Module Remote Connector Assembly 
Transfer Cart Control Module Remote Connector Detail 
Transfer Cart Control Module Remote Connector Detail 
Transfer Cart Control Module Detail Sheet 2 
Transfer Cart Control Module Detail Sheet 3 
Transfer Cart Control Module Antenna Assembly 
Transfer Cart Control Module Antenna Assembly 
Transfer Cart Control Module Shielding Enclosure Weldment 
Facility Antenna Assembly 
Facility Antenna Details 
Facility Antenna Details 
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%RAP REMOVAL 
CHEMICAL PRQCESSING 

I /  1; 

A 

NETA. LININGS 

VC: fLM AND WALLS TO 23' HIM 
TUNNEL: FLOOR AND WALLS 
EDR: NONE 
CPC: ROOR AND WALLS TO 18' HICH 

LEQEND 

I EXlSTlNG ANTENNA PENETRATlDN 

- 
I I 

LlARTlN UbRIETTA ENERGY SETEWS. IN( 
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ENGINEER'S 
CONSOLE 1 1 COMPUTER 1 

WORKSTATION 

5 4 3 3 4 

CONTROL 
PENDANTS 

I 
ALLEN-BRADLEY 

PLC 5/15 

REFERENCE 
REFERENCE 

t 
BATTERY 
CHARGER 1 SYSTEM 1 FACILITY 

COMMUNlCATlONS 1 SYSTEM 1 
FACIL ITY SYSTEMS 

BLOCK DIAGRAM 

I I 
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, 
ENGINEER'S 

CONSOLE 

1 
J 

JUNCTION S - C A R T .  1 

E E Y .  115 
Ref. 0-6340-125, 126 

, S/< WNIU-bN w= 
SCC N O F  I 

5 2 h  SHIEum 
L!nMY ern, 
SCE NOTE 2 

I 

S-CAh'T.15 
ECEV. 122 

122. I23 

SOUTH 

1r 1 1 r- 1 I 

JB-C*PT-:J 
Ref 0-6340-161. E U V  127 152. 

a i'mr-:z 
ELEY 118 

Ref. 0-634P-151. 152. 

1 I 
DOOR 63U-001 

CONTROL I BOX 1 ELEV 115 

(3Y W S T  VALLEI? 

CONDUIT CABLE LESENI! 

.B-CART-7 
ELEY. 113 

Ref. 0-6:40-12 

8-CART-5  
€LEV 188 

I20 VAG Z0A SERVICE 

240 VAG 15A SERVICE 
OR 

1- FACILITY CCNDUiT 
AND CABLING 

REO U I REM EN TS 



,,' '-r, 

.......... 
.... 

............. 



153 

SWITCH PANEL SUBASSEMBLY 
1 /4 S C K J  

Y E  ASSEMBLY ORAWING Q-E340-102 

DETAIL "A" 

LABEL AS SHOW 
W i t  SChLE 

BREAK OUT PANEL SUBASSEMBLY 
1/4 S C A E  

Y E  ASSEMBLY ORAWING 0-63+0-102 

PP 

1/0 PANEL SUBASSEMBLY 
1/4 S C N E  

9 E  ASSEMBLY DRAWING 0-6548-102 

STD PANEL SUBASSEMBLY 
1/4 Sceli 

Y E  N Y M B L Y  DRAH!NG 0-63.a-102 

PLC PANEL SUBASSEMELY 
1/4 SCPLE 

Y E  ASSEMBLY OQAWiNC 0-6340 102 

CABLE CLAMP SUBASSEMBLY 
1/4 X A U  

SEE ASSEMBLY O W W I N G  0-63+0 1E2 

TERM I N AL BLOCK SUBASSEMBLY 
114 s c u r  

SEE ASSEMBLY DRAWING 0-6340-102 
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SCALE 0414 
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NOTE I - l Y P l C 4 L  HISTOPIC DblA 
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NOES: 

I FOR DESCRIPTION OF S W K X S .  SEE INSTRUMENT SGClElY Or AUERLCA 

__ 

STANDARD 55 2. BINARY LclGii DIAGRAMS F03 FUDCESS CFLRA7lDCi9. 

2. CAST DRIVE =WEST SWlWIES TO BE 3 UAY RfllJSUEN-:@-CENlER 
UMMCNTARI CONTACT SO T A T  D q I M  NORTH REQUEST AN2 DRIVE 
SCUM RECWS' AKE HUIUAILY EXCLUSIM 

3. R E S  ElACRAbl3 REPRESENT LOGIC RECU!REUSITS (K'LY ACR'AL 
LoClC MU RE WCUUENT2 IN THE PLC LADOER Lff i !C USl!NG 

T E 14 z: , j 

$: 
SEE N D E  2 . -  
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8 7 6 5 4 3 2 1 

O U T S I D E  OF CIS€ T O  EF COUNTER-BFREO .F.SP' 
CEEP W I T H  D O l F l M E T E R  OF 1.758' L51NG C E N T E R  
1 IUF  & S  *?RKEO. *€*SURE UP FRDr  
Za-'cn OF C A S E  FCR T H I S  CENTEe !.!NE. 

4 Ea. 

I I 
B E l .  8018 CUPS. CN4P LOCK 9 L f i C I  CPK 

F O R  PUSLI3L' ITQN S W I T C H  

HF.BV 1.5/9-G P C B  OPFN END HEh'IFR P'IOENIY 
9 CCNTACTS 

t EFI. 

I I 1 E R .  1 R l 2 7 J l I i ~ 2 2 ~  I B Y I T C H ,  RC i iK tR  A R I l  T Y P E ,  CUTLER-HkHrEA I HDnENTAPY OI:-M4!NlP!NEO 
OFF-MUHENTORI 3 N  S P O T  

SLIP $28 S O N P L E R T .  C O N l I N , J O U S  SONRLERTII IRLLORY 
TONE. SNRP I N  P4NEL 
MOUNT. C R S E  S T Y L E  a 

13 E l l .  500 OHM. I / u Y  R E S I S T O R .  CQRWOLI. 5% (rLLEN-BREIOLEI 
ITEM # 1  

MOBILE HAND HELD 
IrlACWKE C 3 t I i R O L  

IJlvIT 29% 
FRONT WEW 

WTLi DECAL !N ?LACE 

u 

NOTES 
I. f l Q T E Q 1 i i l ~  TC EE .02C' T H I C I .  H N C G ! Z E O  RLUN!NUN SHEET 

2 .  F l N l S H i C  UECUL C H ~ L L  HCVE JET S i Q C K  L E T T E R I N G  UNO 
ME'FLPHGTU UCTy ClVtiEOS:VE BQCKING. 

C L E W  RNOD:LED LLLlWiUdI I  BRCKBR5UNO. 

MLIJGP D:MENSION. 

EDGES ON FRONT E l O E .  

COnPRNI F"R @!PELT COPYING.  

OF 1 I i O : C G T E O  CEUTERS. 

3 .  O I R E C T ~ O N  nc M!LL LINES SHULL BE PRRRRLLEL T C  THE 

6. F I N I S -  ViJS' BE FREE OF SCPRTCHES. EURRS.  AND SHGRP 

5. R nYCCH F l L n  NEGC:IVL W I L L  BE S U P P L I E C  O Y  THE 

6 .  N a X l f l U M  TOLERRl iLE  OF UOLES TO BE U I T H I N  .015'  

7. T R I M  OECCL T O  D I M E N S I O N S  SHOWN. 

!TEH #Znc 
METALPHOTO * r C A L  

ENCLOSLIRE DIAGRAM 
W / M E T G L P t i O T @  D E C A L  

m WEST VALLEY TRANSFER CART I H [  
YYY "Cr-IUIIF * 
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NOTE: 
n E  UL UNUSED LEADS FRDU -LE 
TO THIS TERMINAL SLOCU. 
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0 149 .E73 IN OIRMETER 

-625 
7.775' m+-+ 

56 

II 0 

811Own I* M.O. CUTSHAW TOLEBRNCES 
UNLESS OTWERUISE SPECIFIED .om,Ism c).FpI 

~ 

F.R. RUPPEL E W i f i i n  FRRCTlONS ? 1/64' 

4 0 

8 /91  

4/92 

I I U  

m e  

WEST VALLEY TRANSFER C A R T  
FILE O W E  F I U  Wl*T s u a  sui. OF 

HC-1 E C - 1  3500 2 2 
I D  

1 : I  I T R C  I (2-6340-123 
.a 

0-6340-125 R 1  o o o o c o o o o  

0 DRILL 1 1  - 0 0 0 '  MRSTER --= 4 

TIPE 

PC 
IIF 

-1 

1 

0 

REVISION OR ISSUE PURPOSE ullllwl UfTH 
w ! w I L  em 

d Q - 6 3 4 0 - 1 2 3  R 1  

SILKSCREEN 0 

DATE ORnYINQ APPROVALS nPPRovaLs 

NOTES, 

1. MRTERIRL TO BE -1629 IN I H f C R  EPOXY FIBERQLAS9 TYPE 
FR4. PER MIL-P-l3919/4. SPECIFIC DESIGNRTION SHRLL BE 
FL-FFP-8625-C1/l-8-2-C1 OFF-WHITE COLOR PREFERRED. 

z .  ALL HOLES WITH LANDS ON BOTH SIDES OF THE BORRD WRLL BE i t s x  
PLATE0 THRU. COPPER PLRTING INSIDE THE HOLES SHOLL BE .EM1 
UININUN IN ,?CCOROPNCE WITH NIL-C-14558. FRONT TO RERR 
REGISTROTION TO BE WITHIN .S85'. 

S. CLERN RND SOLOER PLRTE RLL COPPER I N  RCCORDRNCE V I T H  
M I L - P - B ~ ~ Z ~ . T H E  FUSEO TIN-LERO SHRLL aE . m w 3  INCH 
T H I C K  MlNInUR. 

4. AFTER PROCESSING. ETCHED BORROS TO RE FREE OF VOIOS 

5 .  00 NOT USE T H I S  DRRYING RS A WORK SHEET. tlRSTER NEGRTIVEISI 

6. LIMIT ON RLL DIMENSIONS .E15 IN UNLESS OTHERWISE NOTEO. 
7. HONE ILL EDGES SNOOTH. 

8. NRTERIRL REOUlREOi 36.8 SO. IN.. 

V. HOLE LOCRTIUN TOLERPNCE -015 IN. 

I @ .  NOTCHES> 3-UIRENSIONS ON D R ! W I ) I G .  

RND SCRRTCHES. 

OF YlRlNG WILL BE SUPPLIED 01 ORNL. 

1 1 .  DIMENSIONS OF RLL HOLES NOTED TO THE RIGHT RRE FINISHEO 
HOLE OIRMETERS RFTER PLRTIMG THRU. 

HOLE SIZE OURN. 

XXX O E C I M L S  2 -003' 

BRERK SHARP EDBE6 
R W L E S  I 

REV. I MF I O E S C R I P T I O N  1 FILE DATE I BY 1 ENSR I APVD 

0 

I 

I NUMBER REFERENCE DRRYINGS 

. .  M Q R T I N  M F I R I E T T R E N E R G Y  S Y S T E M S I N C .  

C O N T R O L  P E N D A N T  
E T C H E D  W I R I N G  B O A R D  
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ENGINEER'S CONSOLE r - -7 
1 

I--- / JUNCTION BOX 

I I 
TB-1 SOUTH PENDANT 

i 
TB-2 NORTH PENDANT 1 I TB- 1 

I I i I  H 
I I I I 1  1 

c 
< 

CONTROL PENDANT r--I In TB-1 I 
I 

/ I l l  t I, 
2 

S n  0-6348-182 thru 106 for Fhglneds 
Consols Assanbly rind Wring 

s.S P-6340-125 for Trplccrl Junction Ron A8lanbly S n  C-63443-120 thru 123 for Tpkd Ccmtrd Pmndmt A r m b l y ,  
Wring, M d  R h t e d  ClrcUlt Boad 

TYPICAL CONTROL PENDANT 
WIRING DIAGRAM 

6 5 4 3 2 
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CHARGER-TO-BAT POLARITY M A N A G E M E N T  S C n E M A n C  
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ENGihLEAS' CONSOLE - -1 r- 
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TUNNEL 
ANTCNNA 

BOY 

EDR 
ANTENNA 

BOX 

C P C  
AFITCNNA 

BOX 

hOiEL: 
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1 SEE 0 6340~175 FOP INlERCONNECnhl WiRlNG 
2 USE 20AWG HOOKUP WIRE FOP BOX INTERCONNECTION 

-~ j O-EJI0-I01 

BOX ASSEMBLY I a-&wn-i51 
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COMPONENT S I D E  (FRONT) CIRCUIT SIDE 

U 0 
0 0 

I n 

SILK SCREEN F O R  FRONT DRILL MASTER 

WTES * 

S- C L E M  #D SOLDER CLlTE U L  COWER IN NCOWOWCP UITW 
M I L + - W ~ ~ . T M E  iwso TIN-LEIO annu .E .H.S incn 
rntcn RINIIIUII. 

FACILITY TRANSMIT/RECEIVE 
4. WTER ? R U C E S S I M ~  STCHEO BDSWOS TO IK fRE6 OF VOIDS 

1. W NOT WE THIS DR(IUIY0 IS 1 WDl?I SHEET. NWTER )IEOITIVE(C) 
nno ~ I T C H E S .  E HECXFlLO 

OF w i n I Y e  UXLL OE SUPPLIED an=. 

I I I I 

I 
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------------- I - 
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- - - - - _ _ - - - - - _ _ _ _ - _ _ -  
PRINTED CIRCUIT BOARD ~ - 6 3 4 0 - m ~  ~ I PR INTE3 C IRCi l IT  BCARD 0 - 6 3 4 0 - 1 9 ? B  

I 
I 
:*n, 

, 

9. 
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I M 
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-- 
PRINTED CIRCUIT BOARD P - 6 3 4 0 - l B l B  
PRINTED CIRCUIT BOARD a-63.10-IBIA 
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z '  

I: k '9 

L 
MOTES I 

COMPONENT S I D E  ( F R O N T )  
.015x45 DE63 PLACES 

c 5.500" 

X X X X X M  x x  
X X p Q ( M m  

F r n  YI 
llREn x x  X)000000(XX x-XX 

L 

X x x x w x u X X  ' X w o o o o a X X  1 
X 4. 

+ 
X 

X 

X 

+ 

+ T 

X ~ X X  X)000000(XX XwoOo&X . a  ++ 
X)000000(XX X x x x w x u X X  + X x s c + W x X  

X ~ X X  X ~ X X  X x d x X m  

++ + x xx: I 
+ X ~ X X  x d x x  xxxx)o(x .. 

X ++ rn ci "7 x-XX xwooooa x+; : urn 
+ + 

+ x)O(r000<X x-XX xxwoocxx X 

X X X X X X X 

D R I L L  MASTER 
1. I(RTLR1AL TO BE .162 IN TKXCK EPOXY FXBERBLASS TYPE 

FR4. PER NIL-P-13149/4.  SPECIF IC  QESIOHRTION SHRLL BE 6. L1 l ) IT  OM ALL  OIRENSION$ . I l S  XN UYLESS OTMERWISE NOTED- 
~ L - B ~ P - 1 6 2 ~ C - l / l - B - 2 ~ .  

7. HONE n u  EOSES SMOOTH. 
2. ALL MOLES VITH mmos OH BOTH SIDES oc THE Boano SWILL BE !!#I 

PLATE0 TMRU. COPPER PLAT lNS I N S I D E  THE MOLES #HALL BE - # I 1  
nxMnwm IN n c c o n n n n c E  WITH nxL-c-iwm. FRONT TO REAR 

1. NRTERIAL REOUIREOIS I  SO. IN-. 

?. MOLE LOCRTIOM TOLERRMCE -115 IN- nmsinnTIoN TO BE WITHIN m 3 * .  

C I R C U I T  SIDE 

UI M m 

S I L K  SCREEN FOR FRONT 
1 

IIWImER REfERENCE ORAWIMOS 

MARTIN HARIETTA ENERGY S Y S T E f l S I N C  

3. CLEAM AN0 SOLOER PLATE ALL COPPER, EXCEPT CONNECTOR CONTRCTSI 1I.NOTCHESn 7 

F A C I L I T Y  ANTENNA S W I T C H  
11.O~NENSIONO Of R L L  HOLES NOTE0 EELOW RRE F I N I S H E D  HOLE OIARETERS 

I N  ACCORORNCE WtTH MIL-P-~l72S.TME FUSE0 TIN-LEA0 SHALL BE 
.1113 INCH THICK IlINIHUII.CONNECTOR CONTACTS SHALL Of 
PLRTED TO A NININUN THICKNESS Of .I112 INCH WITH A LOV AfiEn PLRTxms THRIJ. 
STRESS NICKEL WHICH CONFORMS TO oa-N-zw. CLRSS z .  WEN 
OVER PLATED WITH eoLo PER M I L - B - ~ S P ~  TO A THICKNESS NO P R I N T E D  C I R C U I T  BOOR0 
two scnnTcMEs. 

LESS THAN .1111S INCH MOA M R E  I M A M  .1111 INCH- 
4. AFTER PROCESSIWB. ETCHED BORRW TO BE FREE Of VOXDS 

1. no MOT USE TMIS onnWiNs na n WORK SHEET. nnewusi 
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e 

COMPONENT SIDE (FRONT) 
.015x45 DEC..? PLACES 7 -15x45 DE0.J RACES 

8.500" 

t 

DRILL MASTER 
4. LIHIT ON n u  DIHENSIONS .a13 IN unLEss OTHERUISE NOTED. 
7. WNE n u  EDBEI SMOOTH. 

CIRCUIT SIDE 

- w  

S I L K  SCREEN FOR FRONT 
I 

WHOER I t E m E N c E  onnvitwe 

HARTIN HARIETTFI ENERGY SYSTEM$INC, 

II.MOTCHESi 7 B E ~ I S T ~ ~ T I O N  TO BE YITHIN .#BY. 

.HDS INCH THICK nwIHun.CO*NEcTon C o m i c i s  s n u  BE 

a. CLEnit nmo aoLmn ri.nTE coprEn. EXCEPT C O W Y E C T ~  cownci8. 

BIPHASE ENCOOER/DECODER 
PRINTED CIRCUIT B O A R D  

IN ACCORD6HCE VITH HIL-P-~17PS.THE FUSED TIN-LEIIO SHlKL BE 

PLllTED TO HINIHUN THICIMESS OF . # # I 2  IHCH YITH I LOU 
DTRESI NICIEL WHICH CONFDIIHB TO 00-W-t9#r CLASS 2. TtEH 
OVER PLllTEO VITH BOLO PER HIL-S-43214 TO R THICIHESI NO 
LEIS THON .111#5 INCH NOR NORE TWIIH .HI1 INCH. 

wTEn P L n T i w  TW. 

FACILITY MODEL 
INB. ETCWO mnnw t o  BE FnEE OF VOIDS 



5 5 /i 1 
Li i I 2 

- _ _ _ _ - _ _ _ _  
CART ELECTRONICS INTERFACE 

I 
I 'Or 

L 

x1 TU i 

1 - 
L 

W TO 

r - 
CHWGER 

IKPUT 

FANS I i 
I I I 

1 INPUTS 1 ' 1 UULTIPLEXIR INALOC j j j i DOOR THRESHOLD' j 1 ~ ! TYERUOCObPLE 8 A l T i R Y  
: LIMIT SWITCU 1 

I 

1 
I ,  

1 

CART COMMUNICATIONS ~ 

7 REF. 0-63M-250 j 

T /R SWITCHlNG CONTPClL 

EhlC3CE3 DATA 

RECEiVf DATP , 
SYSTEM 

L 
I 

i '7 

NOTE HEAVY CINES INO!CATE HIGH CUR9ENT PATHS 

1 
EIECTWNICS ENCLOSkRE WlRlNC 3!AC*W 1 06348 215 

w e r  - - .- 
CP.RT SYSTEM 

BLOCK DIAGRAM 
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” 

1 I 1 e 7 6 5 4 3 L 
1 ? 

i- 

ACTIVE 
c o y w o s  I 

CcyWHIUmuS 

! I 

W l C H  RF SECTKN 
BIur TO RECIIVE 1 

rrrCRLYCC oR*vlws 

MARTIN HARIETA ENERGY SEEMS. IN 

C R - L I -  u.w 

CON TR CLLER 
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UNLESS OTHE4116E TOLERWCES SPECIF 

F W C T I O N S  1 1/64'  
XX DfClHbLB I a010' 

AN8LE8 i 0 30' 
xxx oEcxnnLs j .om. 

I I ~ S R W K  SHRRP EDBE6 
OEBCRXPTIDN FILE DaTE BY EYBR RPVD 16V. l!F 

aPPRovtaLs nntau1u.s A W R U V ~ L S  D M E  
I I I I I I I  R E V I S I O N  OR ISSUE PURPOSE DlUl VITU 

nRcaD K. 

q cl 0 
0 0  

FN80TLTS -1 
NUMBER REFERfHCC DRCIVINOS 

MARTIN MARIETTA ENERGY SYSTEMSIN( 
.).fat3 (a lk B P M T l l m  W 1- y n C  U.la M V l m  nn1-t K C ~ W I l ( 0 0  

o) nid.., 1 m n . u  h ~ o h .  lwltuu 

I N T E R F A C E  MODULE 
TOP B O A R D  

P A R T S  PLACEMENT 
1T 

WEST VALLEY T R A N S F E R  C A R T  IP  
yo) m. .I *lU me P I U  P O X 1 1  1 

HC-1  E C - 1  3500 1 1 
Q-6340-220 C 

S U L K  

2 : 1  
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8 7 6 5 4 I 3 I 2 1 



\
\
 

'-7
 

- 

J
 

#;
;. 

. .
 .
 .
 . .
 .
 .. 

-
-
-
7
1
 '1- I--
 

. .
 . .
 



194 

REV. 

S I L K S C R E E N  

M F  O E S T R I P T I O N  I F I L E  ORTE I BY ENGR RPVO , 

Q 

0 - 6 3 4 0 - 2 3 3  

Q - 6 3 4 0 - 2 3 1  

P A R T S  L I S T  
L A Y O U T  
S C H E M A T I C  Q - 6 3 4 0 - 2 3 2  

REFERENCE O R R Y I N G S  1 NUUBER 

. .  , .  M R R T I N  M R R I E T T R E N E R G Y  SYSTEMS, INC.  

INTERFACE M O D U L E ,  B O T T O P I  S O A R 0  
P A R T S  PLACEMENT 

1m 

WEST VALLEY TRANSFER C A R T  PC 
FILE W T E  I F  
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PARTS PLQCEMENT 

COMPONENT Q 

Q-6340-230 

TPLERkNCES M.D. CUTSHAW 14/92 

REFERENCE ORRYINBS NUIlEER 

REV. HF DESCRIPTION FILE DRTE BY ENlR APVP 

REVISION OR ISSUE PURPOSE 1 flPPROVRLS mwu 111" 
rxnmat ~ 7 0  

INTERFACE MODULE, B O T T O M  B O A R D  
L A Y O U T ,  COMPONENT SIDE 

FRlCTIONS 2 1/64. 
XX OEClMRLB f -010' 
XYX DECIRhLO f .OOS' wmvm J.W.STAPLETON 15/92 

F,R,RUPPEL E,C,BRADLEY 6/92 
J.E,HARDY Q.A, -WACAMP 5/92 

.BREAK ANSLED SHRRP E W E S  * O*sP' 

I , l I I I I I I  DLiTE DRPiYlNB CPPROYALS 

1 W I  

WEST VALLEY TRANSFER CART I PC 
S,LC n.,c f FILS POINT f IDI I u f .  01 I R  - 

1 ~ c - i  EC-I 1 3 5 0 0  I 1 2 
Q-6340-231 

I D  r*Lf 

1 : 1  I & C  
mv 

0 
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PORTS PLFlCEMENT 

BRERK SHRRP EDGES 

Q-6340-230 

FILE D l r E  r t i r  roim mm w. w 

HC-1 EC-1 3 5 0 0  2 2 
RnLt I O  

1 I 1  I 8 C  (3-6340-231 

INTERFACE M O D U L E ,  BOTTOM B O A R D  
L A Y O L ' T ,  SOLDER S I D E  

llr 

R E V  

0 
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! 7 6 v 5 4 3 8 9 
i I 

BOTTOM INTERFACE BRD SCHEMATIC FUNCTIONAL 

UlTW 1 
CURRENT YlUNT 

uorm z 
WRREBi SHUNT 

UOTCP 3 
CURRENT SHUW 

Yolm L 
CIJPREHT SHUNT 

15 EWlVALENT 

MOTOR VOLTAGE SENSE AMP SCHEUATIC 

INTERFACE MODULE, 
ROTTOM ROART) 
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TOLERANCES 
UNLESS OTHERWISE SPECIFIED 

C O M P C N E N T  S I G E  
E 

R.V. B L R L D C K  / 4 / 9 ;  
(11011 I 7  

DlnvIlo EMU I 

I I  I I  I 

! I 1 :  
REV. 1 MF j DESCRIPTION 

0.11" "ZT" REVISION OR ISSUE PURPOSE APPROVALS 

FILE OlTE 1 BY I ENGR i APVO 
I PfrnO.*L .m 

o h m  

F R K T I O N S  2 1/64.  ~ m r n E E n  A . V .  B L R L O C K  5 / 9 2  

J.W.STAPLETUN 5/92 
J.E.HARDY F,R.RUPPEL 5/92 W I L E S  t o aoa 

E.C.3RADLEY R,A,-W.A.CAMP 5/92 
UOTE 

1 nwnovcn X X  DECIMALS t .010' 
X X X  O E E I f l R L S  t -003'  

BREDK SHRRP EDGES 

i ! DRAYlNG OPPROVALS i 1 I ) j I ) j i  

j 
i 

j 

i 

FlLE DOTE 1 FILE POlIR ' I- i WT. IE 

1 H c - i  E C - 1  1 3 5 0 0  1 i 1 
I D  

1 : I  I & C  GI-6340-235 
8C-E 

I I I 

l F  

-El 

0 

I --I I 

0 n o  

0 
S D L G E R  S I D E  
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c I i  I 

I CART WIRING 
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/ //I \ 

HDRl 

TERMINATIMI TO PS1 M U  
ALL CONNECTIONS. SEE 

NC DIAC. P-6340-215. 

v 

NOTES: 
1. RACU SLOT POSS. 7. a. c o WIRED INDIV~WAUY m p o m ~  SUPPUES 

PSI, PS2 L P93. E E  WIRING MAGRAM O-I;uS-215. 

2. SIX SLOT STD. BUS BACKPLANE BEHIND SLOT Po$%. 1 THRU 8. POS'B. 
2 JI S NOT CONNECIEU) I MSOCIATEO CARD GUIDES REMOW. 

1. TOP BOARD PLUGS INTO YIDDLE MXDDLE PUQS INTO B O W  L B O W  
BMRD PWGS INTO POSITION I 'OF m. BUS BACKPLANE (I& la) 

5. THIS END OF HMB-CAZ SMDERED m MIDDLE BOARD, sn O-1341)-225. 
4. W15 END W WE-CA1 SOiDERED TU TCP BOARD. SeE 0-8340-229. 

6. THIS END Of HUB-CA3 ShDERED TO BDTPW BOARD. SZE 0~34s-23s. 

7. CUT 1/2' FROM PNE MD W THERMAL GUIDES. 

YECHANICAL DETAILS 1 0-BW-240 
I D634024S YECHMICAL DETAILS 

PRINTED C!RCUIT BOARD 1 0-6W-244 

CART ELECTRONICS RACK ASSEMBLY 



I I t  I I 

TRANSMITTER el 
- 

CART 7RANSYITTER REF. 9-6340-271 

ENCODER 

SYSTEM I CONTROiLER 

- -  - 
COMPARATOR 

I 

I 

FILTER * 
v 

RECEIVER 

- -  

- - - 

- - 
W ANTENNA CONTROL REF. 0-6340-288 

CART RECEIVER 
REF. 9-6340-261 

CART BiPHISE ENCOLXR/DECODER REF. 4-6340-291 

u . k w .  1- - .-, 
CART COMMUNICATIONS SYSTEM 
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COMPONENT SIDE (FRONT) .Dl5145 DEG..2 PLACES 

0 0 0 e 0 

DRILL MASTER 
""TCD I 

CIRCUIT SIDE 

0 

SILK SCREEN FOR FRONT 
.._ . -- - 
1. MRTERIAL TO BE . I42  I N  THICK EPOXY FIEERBLASS TYPE 

FR4, PER MIL-P-l3949/4. SPECIFIC OESIBMRTION SHALL BE 
FL-BFP- I~Z-C- I / l - I - i -H .  4. L I M I T  ON ALL OIlENSIONS -115 I N  UNLESS OTHERVISE NOTED- 

7. HOME ALL EWES snoow. i .  RLL HOLES VITH Lams ON BOTH SIDES OF THE Bonno annu BE i!rr 
PLnTED THRU. COPPER PLnTxtie INSIDE THE HOLE@ SHALL DL .nt 8 .  MATERIAL REOUIREOo3B Sa. IN-. 
MINIMUM I N  RCCORORNCE YITH HIL;C-l45S1. FRONT TO REAR 
RESISTRATION TO BE VIVHIM .#I3 9. HOLE LocmoM TOLERAMCE .#IS IN. 

3. m a n  mo SOLDER PLATE n u  COPPER. EXCEPT CONNECTOR cotnncts. ILNOTCHESi 7 

1l.DIlEHSIDNS OF &LL HOLES NOTED UELDV ARE fINISHED HOLE DIAMETERS 
IN nccononNcE VITH V I L - P - ~ ~ ~ S . T H E  FUSED TIN-LEAD SHALL BE 

STRESS NICKEL WHICH CONFORMS TO aa-w-zm CLASS z. THEN 

LESS TMN . m w  INCH NOR WORE THAN .mi INCH. 

en0 SCRRTCHES. 
3. 00 MOT USE THIS onnvxns ns a VOW SHEET. n i s T t n ( s )  

-1.13 INCH THICK MINIMUM.CONNECTOR CONTACTS SHALL BE 
PLRTED TO A VlNIMUI( Tt4ICKIESS OF -1SSZ INCH V l T N  A LOU 

OVER PLATED VITH SOLO PER MIL-S-41214 TO A THICKNESB NO 
WTER PLRTIWS THRU. 

4. I C I E R  PROCESSIMS, ETCHED DORROS TO BE FREE OF VOIDS 

W V I R I W  WILL BE BUPPLIEO VI OANL. 

I 
REFERENCE DR(IVlNBB NUMBER 

MORTIN HARIETTCI ENERGY SYSTEMSINC. 
-tu f c  m ~ l ~ n m  w mr lllr u.& - -1-e n-wa 

r n i b .  1.1. -. - 9 1 1  

FACILITY/ChRT RECEIVER 
PRINTED CIRCUIT BOARD 

nrr 
WEST VALLEY TRANSFER CART Ipc 
11u an I nunin I LDI 1 . n .  ., I W  

/ H C - 1  EC-1 I 3500 1 1 1 
m 
0 ClLl Q-6340-261 1 1 1  I IZC I 
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COMPONENT S I D E  I FRONT 1 
br45 DEGJ PLACES 

6.500" 

90 i& D R I L L  MASTER 

1 b 0 

1 
NOTES I 
1. MATERIAL TO BE .B6Z IN THICK ECOXT FISERIILOIS TYPE 

FR4, ?ER RIL-?-lS149/4. 8PECIFIC OEIIBNITIOM I M L L  SE 
FL-IFP-B6Z-C-11l-B-P-S. 

7. HONE ILL EDSES SRODTH. z. ~ L L  HOLES YITH Lnmos M( BUTH SIDED of THE Boano s H n u  BE I!BX 
PLRTEO THRU. COPPER PLATIlO INSIDE THE HOLE0 SHLILL BE .H1 #. (MTERIIL REWIRED131 19- 111.. 
RINIRUR IN ~COROLINCE WITH RIL-C-1415B. FRONT TO R E M  
REOl8TRllION TO BE WITHIN .#IS'. 9. MOLE Locaiim TOLERMCE .BSS IN. 

C I R C U I T  S I D E  

0 

\ 

S I L K  SCREEN F O R  FRONT 

1B.WOTCHES8 7 

1l.OIRENtlONS OF U L  HOLE1 NOTED SELUY IRE FIN1 

3. cLEnN aNo SOLDER PLATE aLL COPPER, EXCEPT CONNECTOR COWTIICTB. 
IN OCCORDLINCE WITH RIL-P-1i721.THE FUSED TIN-LEaD S M L L  BE 
.BWIS INCH THICK RINIRUR.CONMCTOR CONTRCTS SHALL BE 

ITRESS MICKEL YHICH CONFOllRS TO 99-N-2111 CLa81 2, THEN 

LESW T W N  .HWS INCH NOR MORE T W  . H I 1  INCH. 

CART ANTENNA CONTROL RFTER PL(ITIN0 THRU. PLaTEo TO a MIWIMW THICKWESO OF .mwz INCH VITH a LOV 

OVER PLATED WITH WLD PER R I L - O - ~ S Z ~  TO a THICKNESS NO P R I N T E D  C I R C U I T  B O A R D  
MID SCRATCWI. 

4. WTER fROCESJINB~ ETCHEO SOMOB TO UE CREE OF VOIDS 

J. w NOT USE THIS onnwe ~a a WRK SHEET. MSTER~S)  
OF Y I R I M O  WILL BE SUPPLIEO ST ORNL. 
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.On145 DEGJ R A C E S  COMPONENT SIDE ( F R O N T )  
~ 6 x 4 5  DE6.J RACES 

O W  Y 
C I R C U I T  S I D E  

\ 
S I L K  SCREEN FOR FRONT 

HFIRTIN HARXETTFIENERGY SYSTERSINC. I 



-4 m
 
n
 

$+
+ 

x 
+
f
 

+ 
+ 

< 
01

1 
m

2
-

0
~

 

I 

9
B

.
 

"
 

I
 

a
 

-
I

 

0
1

 
l
o
 

0
 

A
 c
 

4
 

cn
 

U
 

m
 

W
 

n
 

H
 

H
 



2 N
 

'
6

 
1 



213 

WVNS encoder mntroiler 
Equations for Module wnsencl 

Device encl 

- Reduad Equations 

!Id = (a1 8 lcnten 8 or d rst 
X or 8 q0 a q l  & q2 8 !q3 8 q4 8 rst 
X or 8 IqO 8 q l  L q2 8 lq3 8 1q4 8 rd 
X Id 1 or 6 rdy 8 rst). 

mr = (40 8 91 & q2 (L 993 8 q4 U Imr 8 rdy X Irst), 

Y = (q0 8 q l  I q2 8 f q 3 8  rsi II qo 8 q l  8 q2 8 lq4 a rst), 

lcwe = (IqO 8 lq3 8 q4 8 rsi 
X Iq l  L 193 L q4 8 rzt 

1) q0 8 ql  8 q2 8 q3 8 lq4 8 rsi) 
u iqz 8 lq3 a q4 a rQ 

dat = (cnd 8 low L ow 8 ulal), 

lrdy = (Ira 
# Ild B mr 8 rdy 
L cnten 8 lrdy 
X lrdy 8 IstR 
# lor 8 lrdy 
# Ibl 8 Irdy) 

lcnten = (cnten I Irst 
li cnten 8 tor & qo 8 q i  8 qz I lq3 I q4 
# lcnten 8 Im 

# icnten 8 lrdy 
# lcnien L Id). 

Reference Dramngs 

Faality Biphase Enccder/Deooder Schemattc 
Facility Btphasc Enmder/Demdtr Pnnted Circuit Board 
Facility Btphase Enccderficoder Parts L e  
Cart Biphase Enccder/Decoder Schemhc 
Cart Biphase EnccderlDeooder Pnnted Ctrcull Board 
Cart Biphase EncoderlDemder Parts Lest 

PAL DOCUMENTATION 
WVNS ENCl 



2 14 

PZORSB 

1 det 

rd Y 

si 

M 

1 mr 

cnten 

Id 

Cnd 

-Id-E 

Device  encl 

MARTIN MARIETTA ENERGY SYSTEMS, INC 
MENTATION AND CONTROLS DIVISION 

PAL DOCUMENTATION 
WVNS ENCl 
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? * W B "  

?AWNG CHEC6 

GKNI R I VANDERMOLEN 

PROVED J W STAPLETON 

W N S  encoder munter 
Equagons lor Module wnsenc2 

Devloe enc2 

. .  MARTIN MARIETTA ENERGY SYSTEMS, INC 
ORNL INSTRUMENTATION AND CONTROLS WVlSlON 

4/92 Oak Ridge. Tennesvn 

5/92 

. Reduced Equations 

lcntd = (Icnten), 

'bop = (Icntd 

kop = (cntd 8 fmten 

Cnten 8 rd) 

rst) 

~4 = (qo R q l  EL q2 a q3 a q4 
# 'qo 8 '41 8 'q2 8 q3 
# lrst 
# IqO 8 iq4 
# Iql R 194 
(I iq2 a ~ q 4  

1q3 a (q4) 

I 

F R RUPPEL 5192 

J E HARDY 5/92 

E C BRADLEY 5192 

A W A CAMP 5/92 

DATE DRAWNG APPROVALS 

Reference Oramngs 

Faciltty Biptuse Enmder/Decoder S&ematx 
Facility Elphase Encodsr/Demder Prirrled Circuit Board 
Facility Biphase EnmdsrlDecoder Parts List 
Cart Biphase EnmderlDecuder Schematlc 
Cart &phase EncoderlDeaoder Pnnted Circuit Board 
Cart Biphaso Encoder/&coder Parts List 

PAL DOCUMENTATION 
WVNS ENC2 

WEST VALLEY TRANSFER CART PL 
an, WT1OF2 MF FLE OAT€ FILE F U M T  

!ID I&c I Q-6340-021 

a634o.Tas 
Q5360.186 
Q634Q-187 
Q.63po-290 
Q.6340-291 
(2-6340.292' 
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P16RR 

MARTIN MARIETTA ENERGY SYSTEMS, IN( 
ORNL INSTRUMENTATION AND CONTROLS DIVISION 

PAL DOCUMENTATION 
W N S  ENC2 
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W N S  Inphase encOder controller 
Equations for Module rnnsenc.3 

Device e n d  

~ Reduced Equattons 

IqO = (r! # lor2 X iorl). 

'q1 = pqo, 

Iqz = (fql) 

Id = (91 8 Q2), 

Reference Dramngs II 
Facility Biphase Encoder/Demder %ematic ~ 6 3 4 0 - i a 5  
Facility Biphase EncoderlDeooder Printed Cirwtt Eaard 

Cart Biphase E n c o d e r M e r  Printed Circuit Board 
Cart Biphase EnaxIerlDemder Parts List 

Q.6340-186 
Facility Biphase EncoderDecoder Parts List Q-6340187 
Can Ellphase Enccder-er Schematic 46340-290 

a6Mo-m 
a a a m  

MARTIN MARIETTA ENERGY SYSTEMS, tNC 

Oak Ridge, Tennwsee 
MENTATIDPI AND CONTROLS DIVISION 

PAL DOCUMENTATION 
W N S  ENC3 



218 

W N S  biphase enmder controller 
Chip diagram for Moduie m n s e n c 3  

Device e n 0  

P16RB 

-= dd MARTIN MARIETTA ENERGY SYSTEMS, INC . .  , .  
COAIHNG CHECK 

ORNL INSTRUMEMATION AND CONTROLS DIVISION 
ENG~NEEW R I VANDERMOLEN 4/92 Oak Ridge Tennessee 

-OED J W STAPLETON 5/82 

F R RUPPEL 5/92 

J E HARDY 5/82 

15192 I E C BRADLEY 

W A CAMP w 2  

PAL DO CUM ENTATION 
WVNS ENC3 

WEST VALLEY TRANSFER CART PL 
FILE POlNT R E  SH720F 2 MF FILE DATE 

DRAWNG APPROVALS DATE I ID  18c I Q -6 3 40 -0 2 2 
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WVNS decoder fifo controller 
Equatlons for Module wnsdecl 

Device decl 

- Reduced Equations 

In = (daO d Ida1 B lerr d rst). 

Iu = (lrd X err # dal # IdaO). 

Irae = (la1 # ra0). 

Ida0 = (Irst X err # Ida), 

Ida1 = (lm X err # IdaO), 

Ira0 = (Ira) 

Ira1 =(lraO) 

Reference Drawngs 

Q-8340-185 
Q.6340-186 
0-6340-187 
Q6340.290 

MARTIN MARIETTA ENERGY SYSTEMS, INC 
MENTATION AND CONTROLS DIVISION 

PAL DOCUMENTATION 
WVNS DEC1 
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P16RB 

Device decl 

d k 

rst 

da 

err 

n 

MARTIN MARIETTA ENERGY SYSTEMS, IN( 
ORNL INSTRUMENTATION AND CONTROLS DIVISION 

PAL DOCUMENTATION 
WVNS DECl 
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I W N S  decoder I ac checker wntrolkr 
Eqwtmns tor Module wnsdec2 
Device dec2 

DPIW ar 

mnw% C=CK 

ENGINEER R I VANOERMOLEN 

~PPROYEO J W STAPLETON 

MARTIN MARIETTA ENERGY SYSTEMS, INC 
ORNL INSTRUMENTATION AND CONTROLS DIVISION 

Oak Ridge. Tennessee 4/92 

5/92 

PAL DO CUM ENTATlO N 
WVNS DEC2 

L I 

F R RUPPEL 5m2 

J E HARDY 992 

E C BRADLEY ygz 

QA W A CAMP m 

WEST VALLEY TRANSFER CART PL 
ga; s n r l w 2  * FlLE MTE FlLEPMHr 

IID I&c I Q -6340-024 DRAWNG APPROVALS DATE I 
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PiQRB 

Device dec2 

ARTIN MARIETTA ENERGY SYSTEMS, INC 
ORNL INSTRUM ND CONTROLS DIVISION 

BAL DOCUMENTATION 
WVNS DEC2 
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itern Ouantitv Reference Part Vendnr 

I 
2 
3 
4 
5 

6 
7 
8 
10 
I1  
12 
13 
14 
15 

16 
17 
16 
19 
20 

2 
5 
1 
2 
12 

1 
2 
2 
4 
2 
2 
2 
2 
20 

1 
I 
1 
1 
1 

c1 .M 
cu1  .cu2.c3,cu4,c 
a 
a . c 7  
D1 .D2.D3.D4.D5,06,D7,D8. 
DB.DlO.DI 1.D12 
D13 
ISO1.1502 
HDRl,HDR2 
01,03.04.Q9 
02.Q5 
06.01 3 
Q7,W 
010.01 1 
R1 .RZ.R3,R4,R5.RB.R7,RB. 
RQ.RIO.RI 1.R12,R13.R14. 
R15.R16,R18.RlQ.R20,R21 
HDR2 
u1 
UZ 
u3 
u4 

luF 
1 uF 

47uF 
.OluF 
1N5245BFW Zener. 15V 

1N4744A Zener 
TIL1 13 Optoisolator 
2x3 Header 
lRFQl4l 
IRF044 
2 N W  
IRFBl20 
IRFIX) 
look. l/BW, 1% tol. Metal Film 

PLC 
74HCM)N 
CD4538BE 
LM7805CT 
74HCT14N 

Sprague 2C37Z5L1105M0508 
Sprague lC25ZSU10dM0506 
Panasonic ECE-AlHU470 
Sprapuc lC25Z5UlMM05OB 
Philips 

TI 
AMP 2-380999-0 
Internattonal RecWer 
lnternabonal Rectifier 

International Rechller 
International Rectiter 

Weland 25.350.3453 
National 
Harris 
National 
National 

iGlNEER A v BLALOCK 

~ O V E D  J W STAPLETON 

f R RUPPEL 

J E HARDY 

E C BRADLEY 

IA W A CAMP 

DRAWNG APPROVALS 

BATTERY CHARGER POLARITY MANAGER 
PARTS LIST 
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Item Quantity Reference Part Vendor 

1 

2 

3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 

14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

10 

4 

6 
10 

1 
2 
4 
1 

2 
3 
4 
1 
5 

1 
6 
a 

1 
2 
1 
6 
1 
2 
5 
1 
1 
1 
1 
5 
1 
4 
1 

Cl.C2.C6.C7.CIl.C12 
C16,C17,C21 .C32 
C3,c8.C13,C18 

a,c9,c14,c19,c23,C34 
C5.C10.C15.CM.C26, 
c3o,c35.c37.c38.c39 
c22 
C24,C28 
C25,Czg.C31 .C36 
C33 

D l D 2  
D3. D4, D5 
J2.J3,M.S 
JP1 
L1 ,L2.L3,L4.L5 

a1 
Q2,03,Q4,QS,Q6.Q7 
R1 ,R12,R14.R16,R18,R23. 
R24,R28 
RZ 
R3.R9 
R4 
R5.R6, R7,RX).R22.R25 
R8 
R10.R27 
R l l  .R13,R15,R17,R26 
R19 
R21 
u1 
u 2  
U3,U6.U8.UlO.U12 
u4 
U5,U7,U9.Ull 
U13 

22 pF 50 V wdace 
m u n t  ceramic monolithic 
100 pF 50 V wrfaoe 
mount ceramic monolithic 
0 01 UF 50 V aramic monolithic 
10 UF 35 V tant ECSFlVElOGK 

2 8-12 pF vanable 24AA021 
1 UF 35 V tant ECSFlVE105K 
0 1 UF 50 V Ceramic monolithic 
100 pF 50 V surface 
munt Ceramic mnollmic 
1NM48 diode 
1 N827A diode 
SMA rt angle 142-0299-001 
4-pin tt angle header 
M T  X3o A M  magnet w e  on 
1 megohm 1R W carbon res tor  
2 N 3 W  transstor 
2N3906 transstor 
3 01 k-ohm. 1%. 114 W 

4 99 k-ohm. 1%. 114 W 
100 ohm pot 76PR100 
1 00 k-ohrn. 1% 114 W 
100 ohm, 1%. 114 W 
100 kchm. 1%. 114 W 
301 ohm. 1%. 114 W 
2CQohm. 1% 1 W 
1 OJ k-ohm 1% 114 W 
60 4 ohm, 1%, 1R W 
HA2540 op amp 
MAT-10 attenuator 
MAR4 amplifier 
PSC-4A-4 splitter 
MAT-3 anenuater 
C58OT oscillator 

Panasonic 

Mouser 
Panasonic 

EF bhnvrn  

BedvMn 

Harris 
Mini-Circuits 
Mini-Circuits 
Mini-Circuits 
Mini-Circuits 
Z-Comm 

FACl LlTY TRANSMITTER 
PARTS LIST 
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Item Quantity Reference Part Vendor 

1 

2 
3 
4 
5 
6 
7 
8 
0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

11 

6 
1 
1 
1 
1 
1 
3 
1 
2 
1 
3 
2 
1 
2 
1 
1 
1 
1 
2 
2 
1 

Cl,C2,C3.G,C5.C6,C12. 
C13,C16,C17.C18 
C7,C8,CS,CI 0,Cll  .C14 
C15 
D I  
J1 
.I2 
J3 
Ll,L2,L3 

Q2,QJ 
R1 
R2,R6,R7 
R3,R4 
R5 
R&R9 
R10 
u1 
u2 
u3 
u4 .w  
NIA 
NIA 

ai 

0 1  uF5OV 
ceramic mooolrthlc 
lOuF 35 V tantalum E(;SFlVElDBK 
lOpF 5% %her mca 
1N4742A diode 
lOpn straight haader 
Spin straight header 
m p i n  dual-row straight header 
f e r n  b u d  EXC-ELSR35S Panasonic 
MPSU55 tranu6tor 
2N3906 tfanslstur 
? 0 k-ohm. 196,114 W 
3 01 k-ohm. 1%, 114 W 
301 ohm, 1%. 114 W 
4 99 kdhm. 1%. 114 W 
392 ohm. 1%. 114 W 
562 ohm. 1%. 114 W 
HCPL-2302 optical isolator 
7406 integrated arcuR 
78(15 voltage regulator 
7815 voltage regulator 
THM 6106 heat wnk 
THM 6107-14 heat mnk 

Panasonic 

HP 

Themlloy 
Thermalby 

MARTIN MARIETTA ENERGY SYSTEMS, 1NC 
MENTATION AND CONTROLS DIVISION 

FACILITY TRANSMlT/RECElVE CELL INTERFACE 
PARTS LIST 
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Item Ouantrty Reterence Pari Vendor 

1 

2 

3 

4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
M 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

8 

48 

4 

10 

8 
5 
2 
1 
1 
4 
1 
5 
4 
6 
1 
1 
1 
5 
4 
4 
4 
4 
3 
4 
1 
10 

1 
2 
1 
4 

c1 .c2.c5.c6.c9.c10.c13. 
C14 
w.c4.c?,c8.c11 .ClZ,C15. 0 1  u F W V  
C16.C17.C20.C23.C26.C29. ceramc monolithic 
CWC31 ,C32.CJJ.W.C35. 
c36,c37,c38.c38,c40,c41, 
c42,C43.C44,C45.C46,C47, 
v18,cd9,c5o,c51 .c52.c53. 
~,c55,c56.c57.c58.c59. 
c6o.c61 .c62.c8B,C67 
C16.CZl,C24.C27 

5 pF 5% wker mica 

c19,c22.c25,c28,c83. 
c64.C65,C68.C69,C70 
D1 ,DZ,D3,D4,D5,D6,D7,D8 
a, J3, a, J5, J6 
J7.B 
J9 
J10 
Ll,U.L3,L4 
a1 
R1 .RJ.R5,R7.R17 
R2.R4.R6.R8 
RS.RlO.Rl1 ,R12.R13,R14 
R16 
R18 
R15 
TPl .TPZ,TP3,TP4,TP5 
U l  .u5,u9.u13 
U2.U6,UlO,U14 
U3,U7.Ull.U15 
U4.U8.U12.U16 
U17,U18,U19 
uiQu21 . U Z , U B  
U24 
U25.U26.U27.U28,U29.U30, 
U31 .U32,U33.U34 
u35 
u36.u37 
U38 
N/A 

0 1  uF5OVsurtaoe 
m u n t  ceramic mnolithic 
10 UF 35 V tant ECS-FlVElOGK Panaronic 

HP5082-28M diode Hevulett-Padcard 
SMA It angle 142-0299-001 
12-pin rt angle header 
2-pin rt angle header 
4-pin n angle header 
temte bead EXC-ELSR35S Panasonic 
2 N 3 W  tansstor 
10 0 k-ohm. 1%. 114 W 
1W k-ohm, 1%. 114 W 
301 ohm, 1%. 114 W 
301 k-ohm, 1%. 1/4 W 
1 W k-ohm. 1%. 114 W 
10 kohm pot 76PR10K 
1-pin straight header 
5MC10915-U26-PIP 
PSG2-5 cplmer 
MA1.3 attenuator 
OP27 op amp 
Pswl211 Dmtch 
AMP-MOO amplifier 
7407 integrated arwit 
LM361 integrated atcuit 

EF Johnson 

Bsckman 

K & L Filter 
Mini-Circuits 
Mini-Circuits 
PMI 
Mini-Circuits 
Mini-Cirwih 

74LSM integnted circuit 
74LS74 integrated circuit 
74LsM) integrated urcuit 
22406 heal sink Thermalloy 

R A W  ET 

RAVHHG mECX />' 4 MARTIN MARIETTA ENERGY SYSTEMS, INC 
ORNL INSTRUMENTATION AND CONTROLS DIVISION 

NGNEER R I CRUTCHER Oak Ridge. Tennessee 

PPROYEU JWSTAPLEION 15/92 I 
F R RUPPEL 

J E HARDY 

E C BRADLM PARTS LIST 
FACILITY ANTENNA SWITCH 

W A CAMP y92 

WEST VALLEY TRANSFER CART PL 
FlLE DATE FLE wm aa; SIT1 OF 1 

DATE 110 I&c I Q-6340-1 a2 DRAWNG APPROVALS 
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A W G  MECK 

GMR R i VANMRMOLEN 

FT~OYED J W STAPLETON 

F R RUPPEL 

J E HARDY 

E C BRADLEY 

4 W A CAMP 

DRAWNG APPROVALS 

~~ 

item Quannty Reference Part Vendor 

. .  , -  MARTIN MARIETTA ENERGY SYSTEMS, INC 
ORNL INSTRUMENTATION AND CONTROLS DlWSION 

4192 Oak Rldpc. Tenn- 

5/92 

5/92 

392 FACILITY BIPHASE ENCODEFUDECODER 
5/92 PARTS LIST 
5/92 

WEST VALLEY TRANSFER CART PL 
€LW> WTl O F 1  *)LE 0*rE r l i ~  mw 

DATE 4 'D ~ Q-6340-187 1 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
25 
27 
26 
29 
30 
31 
32 
33 

?a 

1 
3 
2 
1 
1 
2 
1 
8 
7 
2 
1 
1 
4 
1 
2 
1 
4 
1 
1 
2 
1 
2 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 

c 1  .C2.C3.C4,C5.C6.C7.C8. 
cs,c10,c11 .C12.C13,Cl4. 
C16,C17,C18,C19,CtO,C21, 
c22.c23,c24.c25.c26.c27, 
C28.C29,C3O.C31 .C32.c33, 
c3rl,c35,c39.c4o.c41 , a 2  
C15 
U6,c37.c38 
D l  .D2 
J1 
J2 
J3.a 
.E 
R1.RN2.R3.R5,R6.R7,R12, R14 
R2.R4.R8.R9,RlO,Rll ,R16 
R13.Rl5 
RNI 
u1 
U2,U4,U18,Ul9 
u3 
U5.U22 
U6 
U7,Ul I .u15,u25 
UB 
u9  
UlO.U29 
u12 
U13.U20 
U14 
U16.U21 
U17 
U23 
U24 
u26,um 
vn 
U28 
U31 
U32 

.luF 

.I 
106 
1N914 
EDGE CON 
25x2 R A.HEADER 
HEADER 
WEADER 
1 OK 
4.7K 
33K 
10K X 5 
PAL16R8 WVNSENM 
C674M 
54Ls373 
54LS166 
54LS08 
67402 
DP8342 
PALZORSB WNSENC1 
PAL16R8 WNSENC2 
54LS273 
54LS164 
54LS240 
Q4OII8XO1 
74LS74 
PAL16R6 WNSDECl 
D P W 3  
54LS74 
2MHZ 0% 
PAUORB WVNSDEG? 
54LS161 
LM161 

ORNL ~~340 .022  

ORNL Q-6340-023 

ORNL Q634O-024 
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Item Quantity Reference Part Vendor 

1 
2 

3 
4 
5 

6 

7 
8 
g 
10 
11 
12 
13 
14 
15 
16 
17 
16 

19 

20 

21 

8 
24 

3 
2 
33 

37 

1 
1 
1 
1 
1 
1 
1 
1 
4 
2 
6 
7 

12 

24 

3 

C l  .C4.C5,C8.C9.C12.C14,C17 
CUIA.CU1 B,C2,CU2A,tU2B, 
C3.CU3A.CU3B,CU4.C8,C7, 
CU7,C1O,CU1O.Cl1.CU13. 
CU14.Cl5.C16,C47,CdB, 
cu52.c53,c58 
C13,C49.C50 
D2,D3 
04.05 06,D7.a9,D9.010. 
D l  4. D23. D24,025, D26. D27. 
D28,D29,D33,D42,D43,D61. 
045.052.D59,D60,061 .W. 
D65,D66,D67.D68.069.D70, 
071.D75 
D11 ,D12.D13.D15.D16,D17. 
D18.D21 .D22.D30.D31.032, 
D34,D35,036,D40,D41,ffl7, 
D48.D49.D50,D51.053.055. 
056,057.D5€,062.063.D72. 
D73,D74.D76.077.D78.082. 
063  
054 
DA3 
HDRl 
HDR2 
HDR3,HDRS 
HDR4,HDRlO 
HDR6 
HDR7.HDRB.HDR9 
HDRI I.HDRI2.HDR15.HDR16 
HDR13.HDR14 
ai .a2,a3.m4.05.m 
a,m,ai  3,~1a,a19,a21, 
a23 
aio,ai i . a 1 2 , a 1 ~ , a i ~ . a i ~ .  
a i 7 , a ~ , a 2 2 . a 2 r . a 2 5 . a ~  
R1 ,R2.R35,R39,R43,R44, 
R59.REO.R64,R68,R76,R77, 
R79.RBO.R81 .R82,R&l,RB6, 
R87.R91 ,R11O.R111.R115, 
R119 
R5,R6,R7 

10 uF 35 V tant ECSFIVElOGK 
0 1 UF lC25Z5V104M050B Sprague 

Panawnic 

2.2 UF 3C37Z5U225M0508 Spngue 
1N52458 
1N914B 

1N5231B 

1 N52428 
MAD1 103. diode array 
875869 
102202-5 
2.3809914 
2-380899-0 
S-1211-4 
157227-3 
1-1031831 
1031 76-5 
IRF9540 
2N3906 

2N3904 

I O  b h m  118 W 1% metal film 

0.01 ohm LVFlO 10 W 1% 

Motorola 
AMP 
AMP 
AMP 
AMP 
Digikey 
AMP 
AMP 
AMP 

RCD 

Y A W  81 

R A W G  ClEtY . .  . .  MARTIN MARIETTA ENERGY SYSTEMS, INC 

NGINEER A V BLALOCK 5/92 Oak Ridge. Tennessee 
ORNL INSTRUMENTATION AND CONTROLS DIVISION 

~ P T G M D  JWSTAPLETON l W 2  I 
F R RUPPEL 

J E HARDY INTERFACE MODULE, TOP BOARD 
PARTS LIST E C BRADLN 

31A W A CAMP M 2  

WEST VALLEY TRANSFER CART PL 
FILE M T E  F l E  WMT RDZ Sir? GF 2 MF 

DATE I I D  lac I Q-6340-224 DRAWNG APPROVALS 
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rl*mU, CHECK 

N G M E R  A V BLALOCK 

Item Quantity Referen- Part Vendor 

. .  MARTIN MARIETTA ENERGY SYSTEMS, INC 
ORNL INSTRUMENTATION AND CONTROLS DIVISION 

5/92 OakRldge Tenn- 

22 
23 
24 
25 

26 
27 

26 

29 

30 

31 
32 
33 
34 
35 

36 
37 

R*IOVED J W STAPLETON 

F R RUPPEL 

J E HARDY 

E C BRADLEV 

)A W A CAMP 

DRAWNG APPROVALS 

3 
1 
4 
8 

1 
24 

16 

8 

8 

1 
2 
1 
4 
8 

1 
1 

8 

5/92 

5/92 

5192 INTERFACE MODULE, TOP BOARD 
592 PARTS LIST 
w 2  

WEST VALLEY TRANSFER CART PL 
FILE FUIUT BLDj SnrlOF2 m FlLE M T E  

DATE I10 I&C I Q-6340-224 

R8.Rl6.Rl9 
RQ 
R108Rll.R17,RB5 
R12.R13.R14.R15,R18,R36. 
R37,R38 
R20 
R21 ,RtZ,R24,RZ5,R26.R27, 
R45,Rd6,R48.R49.R50.R51. 
R69.R7O8R71 .R7ZtR73,R85. 
R96,R97,R99.R100,R101,R102 
R23.RZB,R33.R34.R47.R52. 
R S ~ . R S B , R ~ ~ . R ~ ~ , R Q O . R Q ~ ,  
RBB.R103,R108.R109 
RX,R30.R53,R54.R75,Rgd, 
R104.Rl05 
R31 .R32,R55,R%,R74.R93, 
R106.Rl07 
S I  
u1,u2 
u3 
U4,U7,U13,U14 
U5.U6.U8.UQ.U11 .U12.U15. 
U16 
u10 
U52 

100 ohm, 118 W, 1%. metal film 
2 87 bhm.  118 W, 1%. mtal film 
100 kohm. 1WW. 1%. meal film 
1 Mohm. 118 W. 1%, metal hlm 

82 5 kohm, 118 W, 196, metal film 
4 04 knhm. 118 W, 1%. m&I hlm 

1 bhm, 118 W. 1% metal him 

3 83 kohm. 116 W, 1%, metal film 

7 5 kohm, 1/8 W, 1%. metal film 

2435640-9 
AMW3FP 
OPZlSEZ 
74HCOON 
MAX626MJA 

OP15E2 
LF356AN 

AMP 
PMI 
PMI 

Maxim 

PMI 
Natmal 
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Item OuanMy Reterence Part Vendor 

3 12 

13 30 

4 3 
5 2 
6 4 
7 2 
"8 4 
'9 2 
10 5 
11 3 
12 14 

1 4 c33.c34.c36.w7 
2 36 cu34.c35,cu35,cu36,cu37, 

C38.CU38A.CU38E.C39,CU39. 
C4O,CU40,C41 .CU41 .C42. 
CU42A,CU42B,CU43A,CU438. 
CU44A.CU44B.CU45A.CU45B. 
CU46A.CU46E.CU47A.CU47B. 
CU48A.CU48E.CU49A.CU49E. 
CUEQA,CUEQB,C51 .C52.CU68 
D l  .D87.D88.D89.D9O.D91, 
092, D93. DQ4,D95.086.D99 
D97,M,D lW 
DA4.DA5 
HDRl1 P.HDR12P.HDR15P.HDR16P 
HDRIJP.HDR14P 
HDRl55 HDR16S 
HDR 1 35, HDR 1 45 
042.044.045,046,049 
043,047,048 
R3.R40, R215,R226.R227. 
R228.R235.R226.R237,R255. 
R261 ,R263,R275,R276 
R177,R17B.R179.R180.R181, 
R182.R183.R184.R185,R186. 
R195,R196.R201 .R202,RM3. 
R204.R209,R210.R212,R213. 
R221 .R240.R241 .R242.R259. 

2 2uF 
0 luF 

1 N5231 BPH Zener, 5.1 V 

1N5245BPH Zener, 15V 
MAD1 103 

26 Pin Header 
8 Pin Header 
26 Socket Header 
8 Socket Header 
IRF9540 
2N3904 
100% 1/8W, 1% tol, Metal Film 

10% 118W. 1% tol. Metal Film 

R260.R262,R284, R265.R274 
14 6 R4,R187,R189,R193.R191,R216,R239 1 Ok. IBW, 1% tol. Metal Film 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

6 
5 
14 

6 
2 
2 
2 
4 
4 
3 
2 
1 
1 
1 
3 
2 
3 
2 
5 
2 
1 

R188,R192.R183,R194.R232, R238 
R197.R198,R199.RMO.R211 
R205,R20B,R207.R2W,R220, 
R225.R229,R234,R252,R254. 
R256.R270,R271 ,R277 
R2l4.R219,R222.R224.R25lI R253 
R217.R233 
R218.R223 
R2M,R231 
R243.R245. R247, R250 
R244,R246,R248, R249 
R257,R268,R272 
R2YJ,R273 
R266 
R267 
R269 
UW,U35.U40 
u36,u37 
u38.u45,u50 
U39,U41 
U42.U43,U44,U46.U48 
u47.u49 
U51 

* NOTE fie1715 8 .% 9 are munted to solder stde of PCB 

1.62k. ll8W. 1% tol, Metal Film 
1.OM. IBW, 1% tol. Metal Film 
100. IBW, 1% tol. Metal Film 

IM. 1/8W, 1% tol. Metal Film 
46 4k, 118W. 1% tol. Metal Film 
2.87k. 118W. 1% 101, Metal Film 
0.01, 1%. 1WV. RCD L V i  
3.83k. 118W. 1% tol. Metal Film 
90 9k. 118W. 1% tol, Metal Film 
12 rk. iiaw. I% tol. Metal Film 
13 3k. M W ,  1% tol, Metal Film 
6B 1. 118W. 1% 101, Metal Film 
825. 118W. 1% tol, Metal Film 
6 lek. 118W. 1% tol. Metal Film 
74HC74N 
LM339AJ 
OP215EZ 
74HC00N 
AMF'OJFP 
AD708BQ 
AD592CN 

Sprague X37ZSU225MOWE 
Sprague IC2525U104M050B 

Pnilips 

Philips 
Motorola 
AMP 147227.3 
AMP 87224-8 
AMP 1-103183-1 
AMP 103176-5 
International Rectifier 
National 

National 
National 
PMI 
National 
PMI 
Analog Devices 
Analog Devices 

ND CONTROLS DIVISION 

INTERFACE MODULE, MIDDLE BOARD 
PARTS LIST 
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Item Quanttty Reference Part Vendor 

1 

2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 

16 
17 

10 

i e  
M 
21 

22 

23 
24 
25 
26 
27 

9 

2 
41 

3 
3 
2 
4 
4 
8 

6 
I 
4 
4 
9 

8 

2 
13 

7 

1 
1 
8 

9 

4 
1 
1 
1 
1 

C18.ClQ,CM,C21 ,CZ,c28. 
C29.C3O.C32 
C22.C31 
CU17A,CU17B.CU18A,CUl8B, 
CUlOA,CU19B,CU20A,CU20B, 
CUZlA.CU21 B.CUZZA.CU22B. 
CU23A.CUnB.C2d,Cu24,CZS. 
CU25A,CUZ58,C2B,CK26AZBA. 
CU268.C27,CU27A,CU270, 
CU28A.CU28B.CU29.CU3OA. 
CUWB.CU31hCU31 B,CU32A. 
CU32B,CU33A,CU330,Ca3. 
c44.c45,c46.c54 
c55.c56,c57 
W.D85,DB6 
DAI.DA2 
HDR15P.HDRlGP 
HDR13P.HDRlOP 

040.a41 
a27,azg.a31 ,a~.ms,a38. 

a 2 ~ . ~ 3 0 . ~ ~ . ~ ~ . ~ ~ . ~ 3 9  
a37 
R1 M,R121 .R122.R149 
Rl23,R124.RI25.R126 
R127,R128.R148.R158.R160. 
R161 .Rl62.Rl63.R172 
R12Q,R13O.R131,R132.RlM, 
R165.R16E.R173 
R133,RlW 
R134.R135,R136.R137,R13B. 
R139.R140,R141 .R142,R143. 
R144.Rl45.Rl47 
R145.Rl50.Rl51 ,R152.R153, 
R154.R155 
R156 
R157 
R167.R168,R189,R170,R171, 
R174.RI75.Rl76 
u17.u18,u19.u22.u23.u26. 
U27,U32,U33 
U20.UZ1 .U28.U31 
U24 
Ut5 
U29 
U30 

2.2uF 

0.01 UF 
0.1uf 

47uF 
1 N S n l  BPH 
MAD1 103 
26 Pin Hepder 
8 Pin Header 
IRFZ4O 

2N3904 
2N3906 
46 4k. IlSW. 1% tol. Metal Film 
2 87k 1/8W 1% mi. Mehl Film 
lM,  llSW, 1% tol. Metal Film 

100, lI8W. 1% tol. Metal Film 

1 Ok. ll8W. 1% tol. Metal Film 
1% IBW, 1% td. Metal Film 

1Ok. lBW, 1% td. Metal Film 

47 Sk. 1BW. 1% M. Metal Film 
001.1%, loW, RCD L M  
2lSk. ll8W. 1% tol. Metal Film 

AMPWFP 

op215EZ 
71HC130N 
LFJ58AN 
A W K H  
AD707BO 

Sprague 3C37Z5UZ25M0500 

Sprague lG25ZSU103M050B 
Sprague lC25Z5U104MOMB 

F’anacMlic ECE-AlHU470 
Philip6 
Motorola 
AMP 187227-3 
AMP 87224-8 
International Rectifier 

R A M  BY 

P A W G  CMCS 

NGWER A V BLALOCK 

m o m  J W STAPLEfON 

F R RUPPEL 

J E HARDY 

E C BRADLEY 

]A W A CAMP 

DRAWING APPROVALS 

__- 

INTERFACE MODULE, BOTTOM BOARD 
PARTS LtST 
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Item Quantity Referenca Part Vendor 

1 1 c1 
2 1 c2 
3 1 F1 
4 2 HDR1.HDRZ 
5 2 Q1.02 
6 2 Q3.04 
7 1 R1 

1 WOuF Panasonic ECA-1HFQl02 
0 luF Panasonic ECF-FlH104ZFS 
MAMP, 3AG 
4x2 Header AMP 3921 2-2 
MJH6285 PNP Motorola 
MJH6282 NPN Motorola 
.01 ohm. 1%. 10W. RCD LVF 

MARTIN MARIETTA ENERGY SYSTEMS, INC 
UMENTATION AND CONTROLS DIVISION 

MOTOR DRIVER 
PARTS LIST 
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- 
U W G  W C K  

Y G ~ R  R I CRUTCHER 4/92 

m O K D  J W STAPLETON m 
F R RUPPEL 392 

J E HARDY 5/92 

E C BRADLEY 5/82 

JA W A CAMP 5/82 

Item Ouanttty Reference Part Vendor 
I_ 

. .  . .  MARTIN MARJETTA ENERGY SYSTEMS, INC 
ORNL INSTRUMENTATlON AND CONTROLS DIVISION 

Oak Rdm. Tennsfsse 

FACILITY/CART RECEIVER 
PARTS LIST 

WEST VALLEY TRANSFER CART PL 
F a  DXTE Ill€ POIIT %DG I ~ r i W i  1.. 

1 

2 

3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
I 5  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
28 
30 
31 
32 
33 
34 
35 
36 
37 

10 

9 

1 
8 

2 
1 
1 
2 
2 
1 
1 
4 
2 
1 
2 
1 
2 
2 
2 
2 
3 
2 
1 
2 
1 
1 
2 
4 
2 
1 
1 
1 
2 
1 
1 
1 
4 

c 1  c 2  c 3  c4  c5 c14 c24. 
C27,C28 C29 
C6.c7,cB,a C1O.C1l.C12 
C22.C25 
C13 
C15.C16,C17.C18.C23.C26 

c1g,c20 
c21 
wo 
01,02 
D3.m 
J1 
a 
Ll,L2,L3.L4 

R1 
R2,R3 
R4 
R5,R12 
R6,R7 
R8 R9 
R10,RlI 
R13.R20 R21 
R14,R15 
R16 
R17,R19 
R18 
R22 
u1.u2 
U3. U4, US,U6 
W.U8 
u9 
u10 
u11 
U12.Ul4 
U13 
U15 
wl 
NIA 

a i m  

10 uF 35 V tant TlMlWK035POY Mallory 

O luF5OV 
aramic mnoltthic 

0 1  uF5oVurrfacc 
mount mtamtc molnh ic  
5pF 5% uber mi- 
2 6-1 2 pf vanable 24AA021 
1x10 pF 5% e l v e r  mra 
HP50BZ-2800 dtode 
1 N827A dmde 
SMA rt angle 1424299001 
2-pn right angle headsr 
ferrite bead EXC-ELSR35S 
2N3806 tranwstor 
382 ohm, 1%. 114 W 
10 kshm. 1%. 114 W 
10 kohm pot W R l W  

332 k-ohm. 196, 114 W 
221 ohm, 1%, 114 W 
51 1 ohm, 1%. 114 W 
150 ohm. 1% 114 W 
loohm, I%, 114 W 
20 kohm. 1%. ?I4 W 
l o 0  k-ohm. 1%. 114 W 
10 kdhm pot, 76PR10K 
7532 ohm, 1%. 114 W 
TFM-15 m e r  
AMP-2MO amplrftcr 
PSC-2 5 splitter 
OP27 op amp 
5MC10-915U26-PP 
WJ-L42 limiter 
MAT-3 a.ttenuator 
TFM-1% mixer 
HA2S4O op amp 
RG-56. 31 inches. ooiled 
22408 heat slnk 

10 pF 5% YIwl mca 

1Wk.ohm 1% l14W 

MoUSW 

Metl-Packard 

EF Johnson 

Panasonic 

Becknun 

Beckman 

Mini-Circutts 
Mini-Grwiki 
Mini-Circuits 
PMI 
K 8 L Filter 
WationsJohnson 
Mini-Circuns 
Mini-Circuits 
Harris 

T k m l l o y  

I I I I I I 
DRAWNG APPROVALS IDATE 1 ] ID l&c I Q-6340-262 
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Item Ouanhly Reference Pan Vendor 

1 
2 

3 

4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
2s 
26 
27 

4 
9 

24 

6 

4 
4 
1 
2 
6 
2 
6 
1 
2 
1 
3 
2 
1 
1 
2 
4 
2 
2 
3 
1 
2 
3 
6 

Cl.C2,C15.C16 
w,c5,c7.c17.c19.c21, 
c33.m.m 
c4,c6,c8.c~,c10,c11 .ClZ. 
C13,C14.C16.CiQ.C72.~. 
C24.CX,C26.C27,C28,C29. 
C30,CJl .C32,Cd2.C43 
c36.c37,c38,c39,c40,c41 

D1,D2.03,!24 
n..u.J4,~ 
J6 
Pl.JP2 
L1 .U,L3.L4.L5.L6 
R1.R6 
R2,R3.R7.R8.RlO.R11 
R4 
R5,R9 
R12 
TP1 ,TP2,TP3 
U13,U35 
U14 
U15 
U16.UZ5 
U17.UM,U26.U29 
U16.U27 
U19,U26 
U21,U30.U32 
u22 
u23.u34 
U24.U31,U33 
NIA 

5 pF 5% wlver nuca 
10 UF 35 V tant TlMlCSK035WY 

0 1  u F W V  
caramtc monolrthic 

0 1  uF5oVsurhce 
mount ceramic rranolthic 
HPSOBZ-2800 diade 
SMA ,-I angle 1424299-DO1 
&pin nght angle header 

feme bead EXC-ELSR35S 
100 k-ohm. 1%. 114 W 
301 ohm 1%. 114 W 
50 1 ohm, 1%. 114 W 
10 0 k-ohm. 1%. 114 W 
10 k-ohm pot. 76PRlOK 
1-pin straight header 
MAT-3 attenuator 
74LS132 integrated arcuit 
7406 integrated circuit 
T00812LN amplifier 
AMP-ZOM) amplifier 
5MC1&915-U26-P/P 
PSC-2-5 splitter 
P s w I 2 l l  smw 
74LS74 integrated arcuit 
OW7 op amp 
LM361 Integrated armit 
22406 heat snk 

w p e r  

Mallory 

HwYlen-Packard 
EF Johnson 

Panasonic 

Beckman 

Mini-Gram 

Mini-Circuits 
Mini-Circuits 
K 8 L Filter 
Mini-Cirwits 
Mini-Circuits 

PMI 

Thermalloy 

NO CONTROLS DIVISION 

CART ANTENNA CONTROL 
PARTS LIST 
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R A W  BY 

‘ lAuING CHECU 

~ C U E E Y  R I CRLJTCHER 

WOMD J W STAPLETON 

F R RUPPEL 

Item QuanMy Reference Pan Vendor 

. .  . .  MARTIN MARIETTA ENERGY SYSTEMS, INC 
ORNL INSTRUMENTATION AND CONTROLS DIVISION 

4/92 Oak Ridge. Tennavsee 

5(92 

592 

1 
2 
3 
4 
5 

6 
7 

8 

9 
10 
11 
12 
13 

14 
15 
16 
17 
18 
I D  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

DRAWING APPROVALS 

6 
1 
5 
2 
2 

1 
2 

1 

3 
2 
1 
1 
1 

1 
1 
3 
2 
2 
4 
2 
2 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I 

WEST VALLEY TRANSFER CART PL 
FLE MTE f r E P O N 1  a m  WTlOF1 MF 

DATE It0 I&C I Q-6340-272 

Cl.C3.C11 .C13.C15,Cl9 
c 2  
C4,C8.C12.C16.C21 
C5,CB 
CB,C7.C14,C22 

c10 
C17,CzO 

C18 

D1,M.DS 
D3, D4 
J2 
.i3 
L l  

L2 
Q1 
Q2,Q3,04 
R l  .R10 
R2.R6 
R3?R4,R5,Rll 
R7,RZO 
RB,R9 
R12.Rl5.Rl8 
R13 
R14 
R17 
R18 
R19 
ui 
u2 
u3 
21 
ZZ 
NIA 

I O  uF 35 V tantalum ECSFlVEIOGK Panawnic 
0 01 uf 50 V ceramic monolithic 
0 1 UF 50 V ocramu monolRhlc 
1 UF 35 V iantplwn ECS-FlVElOSK 
0 1  uF50Vsudace 
mwnt  w a m u  monollvlu 
2 8-12 pF vanaMe 24AA021 
P pF 50 V wrfpce 
mount cerarmc mond~hic 
100 pF 50 V surface 
mount cerarmc monolithic 
1N827A diode 
IN4446 diode 
4 pin rl angle htader 
SMA rl angle 142-MgoWl 
2oT #30 A N  magnet wre on 
1 megohm If2 W carbon re%s!or 
feme bead EXC-ELSR35S 
2N3W bansstor 
2N3906 IransStDr 
1 W k-ohm. 1% 114 W 
1W ohm pot B6w-100 
1M) ohm, 1%‘ 114 W 
301 ohm. 1%. 114 W 
I O  ohm, l%*  114 W 
3 01 k-ohm. 1%. 114 W 
10 0 k-ohm. I%, 114 W 
4 99 k-ohm, 1%. 114 W 
1 50 k.ohm. 1% 114 W 
200 ohm, 1%. 1 W 
804ohm. lX . I /2W 
HA2540 op amp 
MSAMO4 amplifier 
AMP-XXX) ampltfier 
C58oT orcillator 
MAT15 attenuator 
22408 heat unk 

Panamnu 

Mouser 

EF Johnson 

Panasonic 

Becbnan 

H a m  
Avantek 
Mini-Circum 
z-comm 
MiniGtrcuftr 
Thermalloy 

J E HARDY 

E C BRADLEY 

W A CAMP 

CART TRANSMITTER 
PARTS LIST 
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Item QuantW Reference Part Vendor 

1 39 c1 .c2,c3,c4.c5,c6.c7,c8. 1 uF 
c9.c1o,c11 ,c12.c13,c14. 
C1 5.C16,C17.C18,C19.C20, 
c21 ,c22,c23.c24,c25.c26, 
C27.C28,CZ€.C31 ,C32.C33, 
C3-,C36,C4O.C41 .C42,U3. 
c53 
c30 
c37,c38.c39 
01.02 
Jl,JPl.J2,J3.J4,J5 
s 
01 
R1.R5 
R2.R3.R7.R8.R13.R14,R15 
R4.R6.R9.R1O,R11 .R12.R18 
RN1 
RN2 
Ul.U21 
u2,u10.u11 .u12 
u 3  
u 4  
u5.u13.u15.u25 
U6.U32 
u7  
U8 
UQ.U24 
U14 
U16 
U17 
U18.U34 
U19,U31 
U20 
U22 
U23 
U26 
U27 
U28 
U29 
U30 
U33 

2 1 
3 3 
4 2 
5 6 
6 1 
7 1 
8 2 
Q 7 
10 7 
11 1 
12 1 
13 2 
14 4 
15 1 
16 1 
17 4 
18 2 
19 1 
20 1 
21 2 
22 1 
23 1 
24 1 
25 2 
26 2 
27 1 

29 1 
30 1 
31 1 
32 1 
33 1 
34 1 
35 1 

28 1 

.1 
10uF 
1 N914 
HEAMR 
EDGE CON 
2N3904 
33K 
4.7K 
1 OK 
1 0 K X 5  
1OK X Q 
54LSle-4 
C67402 
DP83d2 
54Ls373 
67402 
54LS74 
1m161 
PALl6R8 WNSENC3 
54LS166 
PAL16R8 WNSOEC1 
DP8343 
PAL20RS8 W N S E N C l  
PAL16R8 WNSENC2 
Q40118X01 
54LSO8 
54LS273 
74LsBB2 
74LS74 
2MHZ OSC 
54LS240 
54LS161 
74LS14 
PAUORB WNSDEC2 

ORNL Q-6340-022 

ORNL ~-6340-023 

ORNL 0,6340420 
ORNL awoozi  

ORNL (31-6340-024 

R A W G  OIECX 

NCMEER R I VANDERMOLEN Oak Ridge, Tam- 

. .  _ .  r ?!& MARTIN MARIETTA ENERGY SYSTEMS, INC 
ORNL INSTRUMENTATION AND CONTROLS DIVISION 

CART BIPHASE ENCODEWDECODER 
PARTS LIST 
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APPENDIX F 
OPERATIONS-MANUAL INPUT 

1. INTRODUCTION 

The purpose of this appendix is to provide preliminary input to the operations manual for the West Valley 
transfer cart control system. This information is preliminary and should be updated at the completion 
of the fabrication and testing of the equipment. The final operation manual will be prepared by West 
Valley Nuclear Services, Inc., manager of the West Valley Demonstration Project. 

2. CONTROL PENDANTS 

The control pendant is depicted in drawing 4-6340-120. It is a hand-held unit through which all basic 
operations of the cart will be controlled. Two control pendants are used, one at the north operator’s 
station and one at the south operator’s station. The functionality of both are the same. 

2.1 OPERATION 

Tbe cart control system operates in two basic modes: (1) battery charging and (2) cart operaaion. During 
battery charging mode, the cart is disabled completely; sending commands to the cart will have no effect, 
and the cart will not report status of any of its normally monitored variables. During cart operation 
mode, the battery cannot be charged unless it is located at the charging shoes. 

The control pendant consists of switches, light-emitting diodes (LEDs), and an audible alarm. The 
switches and LEDs are divided among functional blocks on the front face of the pendant. The audible 
alarm is mounted on the top side of the pendant. The following sections describe operation of the control 
pendants, organized by functional blocks. 

2.1.1 Emergency Stop 

The emergency stop switch is a maintained-contact type. Depressing the switch will cause the cart to 
stop, disable the battery charger, and prevent any further operation of both. To undo the emergency stop 
condition, the red knob must be rotated clockwise. Two LEDs indicate status of emergency stops. If 
an emergency stop exists at this station, the top LED is lit. If an emergency stop exists at the other 
station, the bottom LED is lit. It is not necessary for the control pendant station to be enabled before 
activating an emergency stop. If the operator attempts to request an action that is inhibited by an 
emergency stop, the LED(s) corresponding to the emergency stop in effect will flash. 

259 
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2.1.2 Station Select 

The control pendant station is selected by a keyswitch. The key can be inserted and removed in the 
12 o’clock position only. Inserting and rotating the key clockwise attempts to select the station for use. 
If the other station is not enabled, the station will be selected. Otherwise, it will not be enabled. The 
LEDs in this block indicate the status of station selection. The top LED is lit if this station is enabled 
and the bottom LED is lit if the other station is enabled. If the operator attempts a control pendant 
function other than emergency stop without first enabling the station, the station select LED will flash. 
If the operator attempts to select this station and the other station is already selected, the other station 
LED will flash. If the key is inserted and turned counterclockwise, an LED test occurs. This test 
consists of flashing each LED on and off regardless of its previous state. The audible alarm will be 
sounded continuously during this test. 

2.1.3 Doors 

Door status is given by a matrix of nine LEDs. For each of the three cell doors, status of door 
energized, door closed, and door open is given. If the operator attempts to drive the cart when a door 
is energized, the door-energized LED for that door will flash to indicate that cart drive is interlocked 
while a door is energized. If the operator attempts to drive the cart in close vicinity to an unopen door, 
the door-open LED for that door will flash, indicating that the door is not fully open. 

2.1.4 Cart Drive 

Cart drive is controlled by a three-way, return-to-center, momentary contact, rocker switch. Pressing 
the top of the switch requests the cart to drive north. Pressing the bottom of the switch requests the cart 
to drive south. If the operator is driving the cart in close vicinity to an unopen door, the LED in this 
block will flash, the corresponding door-open LED will flash, and the audible alarm will sound. 

2.1.5 Battery Charger 

Two momentary contact, pushbutton switches and three LEDs are provided for control and status of the 
battery charger. The start switch will attempt to start the battery charger. Before this operation is 
permitted, the cart must be located at the charging shoes. This permissive is indicated by the cart-at- 
shoes LED. If the operator attempts to charge the batteries and the cart is not at the charging shoes, this 
LED will flash. When an appropriate start command has been issued the charging LED will begin to 
flash at a slow rate. This indicates that a valid charge command has been accepted, but that charging has 
not actually begun. It will take a few seconds to issue the start command to the battery charger and check 
to see if current is flowing. When current has begun to flow in the charging circuit, the charging LED 
will light steadily. If an error occurs with the charger, the charging LED will flash at a more rapid 
frequency than when charging is first initiated. Also, if another cart operation is attempted-but not 
allowed-during charging, the charging LED will flash rapidly. When the battery has been charged fully, 
the charging-complete LED will light. It is anticipated that the battery will remain on a float charge for 
long periods of time. Therefore, it is not necessary to stop charging when the charging-complete LED 
light first lights. When it is desired to operate the cart or disable charging for some other reason, the 
stop pushbutton is depressed. 
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A typical charge sequence will proceed as follows: 

Operator drives cart to charge location. Cart charging plates actuate cart-at-shoes limit switch. 
Corresponding LED lights on control pendant. 

Operator requests battery charging by pressing the charge button on the control pendant. 

Programmable logic controller sets output to communications controller that a charge is requested and 
begins flashing charge light on control pendant at slow rate to indicate that a valid charge request has 
been made, but that charging has not commenced yet. Communications controller initiates 
conversation with battery charger, issues start command, and polls charger for charging data. 
Charger begins charging and monitors battery for current, voltage, and temperature status. Cart 
electronics deactivate when voltage at charging plates exceeds battery voltage. Communications 
controller reads status variables from battery charger and passes them to the programmable logic 
controller. When programmable logic controller verifies that charging current is flowing, it lights 
the charging light on the control pendant steadily. 

The programmable logic controller monitors charging current, voltage, and temperature. When it 
has determined that a full charge has been given to the batteries, it lights the charging-complete LED 
on the control pendant. 

When the cart is required for another transfer, the operator presses the stop charging button on the 
control pendant. The programmable logic controller sets an output to the communications controller 
to disable charging and flashes the charging light on the control pendant at a slow rate to indicate that 
a valid operator command has been issued, but that charging has not stopped yet. Communications 
controller issues command to battery charger to stop charging. Battery charger stops charging. Cart 
electronics are reactivated when no charging current exists. Programmable logic controller confirms 
no charge current is flowing and turns off charging LED and charging complete LED on control 
pendant. 

Operator presses drive button on control pendant; cart drives away from charging shoes. Cart-at- 
shoes LED on control pendant goes off. 

2.1.6 Motors 

For each cart motor, an LED and a pushbutton are provided for status and restm control. During a 
motor undercurrent event, such as when a cart wheel is free wheeling, the LED will flash. For a motor 
overcurrent trip, the LED will light steadily. To attempt to restart the motor after an overcurrent trip, 
depress the restart pushbutton. 

2.1.7 Auxiliary Outlets 

For each auxiliary outlet, an LED and pushbutton are provided for status and control. To enable the 
auxiliary outlet, the momentary contact pushbutton is depressed and held for the duration that it is desired 
for the outlet to be active. When the outlet is active, the corresponding LED will light. If an overcurrent 
trip occurs, the LED will flash. To attempt to reset the outlet, the operator would let off of the 
pushbutton and then depress it again. If the operator attempts to charge the battery while an auxiliary 
outlet is enabled, the LED in this block will flash indicating that the battery cannot be charged until the 
auxiliary outlet is disabled. 
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2.2 LED LIGHTING SUMMARY 

Because only limited information is available to the operator, the control pendant has been designed to 
feedback as much information as possible through the LEDs. The feedback includes information to tell 
the operator why a denied operation is being denied by the m n m l  system. such as if the operator attempts 
to begin battery charging but the cart is not at the charging shoes, the cart-at-shoes LED will flash. 
Table F.l summarizes the meaning of the pendant LED operation. 

Table F.l Summary of Pendant LED Operation 

when this station enabled 

drive attempted but door 
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3. ENGINEER’S CONSOLE 

The engineer’s console is depicted in drawing Q-6340-102. It houses the workstation through which the 
engineer communicates to the cart control system. It also houses major facility-side control system 
components such as the Allen-Bradley programmable logic controller CpLC), the Prolog communications 
controller, and ancillary equipment. 

3.1 OPERATION 

Intouch, a man-machine interface will be running on the engineer’s console computer. Through Intouch, 
the engineer can monitor and record cart variables and pendant activity and can modify limited system 
options. The workstation is the primary engineer’s interface. However, a keyswitch on the front of the 
console is also provided for cart orientation. Following are descriptions of the operation of the cart 
orientation keyswitch and the Intouch man-machine interface. 

3.1.1 Cart  Orientation Keyswitch 

A keyswitch is mounted on the front of the engineer’s console to serve the purpose of changing the cart 
orientation status to the PLC. The same switch indicates that battery charging polarity must be reversed. 
This switch should be changed when the cart has been reversed on the tracks. It is very important that 
the engineer use this switch, as it is the control system’s only way of determining which direction to drive 
the cart and what polarity to apply to the battery charging,shoes. 

3.1.2 Alarm and Event Summary 

A window on the engineer’s interface is dedicated to a summary of active alarms and events. This 
window can be used to indicate key items to the engineer such as cart ID selected, whether any facility 
antennas are disabled, what control pendant is selected, whether the battery charger or cart is active, 
which way the cart i s  oriented, etc. Alarms will also show such as motor over- and undercurrents, low 
battery voltage, approaching unopen door, etc. The alarms and events shown in this window are 
temporary-when the condition is no longer in effect, the line will disappear. However, a log of the 
alarm or event is saved to disk so that there is always a record of it. 

3.1.3 Cart and Door Position 

A pictorial representation of cart and door position is given in this window. The cart is shown on tracks, 
where north is left. The correct cart orientation should appear, and switching the cart orientation 
keyswitch should switch orientation of the cart on the screen. The position of the cart, as determined by 
the cart position algorithm in the PLC, is also given. Position of each door is shown. For doors 63M- 
001 and 3M-3, the door is shown by a-solid rectangle covering the tracks when the door-closed limit 
switch is active. When the door-open limit switch is active, the rectangle slides off the tracks. When 
neither limit switch is active, the door is shown in a middle position. The same type logic applies to 
door 63M-008 except that two swinging doors are shown instead. When the PLC’s door alarm is in 
effect, the door that the cart is approaching will flash in red. 
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3.1.4 Cart Status 

Status of cart variables in numeric form is presented in this window. Values of motor and battery 
voltages and currents are listed as well as battery and electronics enclosure temperature. 

3.1.5 Facility Antenna Control 

To enable or disable facility antennas, the engineer calls up the facility antenna control window. This 
window has four buttons, one for each facility antenna. The text on each button shows the option 
available for each antenna, either DZSABLE or E N A B U .  To command an antenna on or off, the engineer 
would select the button with the tab key and depress the return key. The text on the button will toggle, 
always showing what the new option is. For example, if working with the VC antenna initially enabled, 
if the button is hit, the text will toggle from DISABLE VC to ENABLE VC. 

3.1.6 Cart ID Selection 

A total of four c m  IDS are available to tag the main cart system, spare cart system, and spare electronics 
racks. By calling up the Cart ID Selection window, the engineer can select to which cart ID the facility 
communications system should direct its messages. Four buttons are presented with text corresponding 
to available options. If a given ID is currently active, selecting that button will have no effect. But 
selecting a new cart ID will change the message of the new cart ID button as well as the old cart ID 
button. For example, if cart ID #1 is currently active, the first button will read #I A W E ,  the second 
through fourth buttons will read A C 7 7 V A E  #2, ACISVATE #3, and A C i W A T E  #4. If the second button 
is selected with the tab key, and the return key is depressed, the text on buttons one through four will 
change to A W A T E  #I, #2 A W E ,  ACTIVAlE #3, and AC7TVAlE #4. 

3.1.7 Real-Time Trends 

Real-time trends of all cart variables are available. In many cases the trends are grouped into like 
variables, but the maximum number of plots per trend is four. For example all motor currents are shown 
on the same trend and all motor voltages are shown on another trend. 

3.1.8 Historical Trends 

It is possible to call up historical data that has been saved to disk by using the historical trend function. 

3.2 MAINTENANCE 

It is possible to enter maintenance modes on other system components by using the engineer's console 
workstation. The maintenance modes are described in the following sections. 

3.2.1 Battery Charger 

By using a terminal emulation program, the engineer can communicate directly wich tbe battery charger, 
but first a switch box located in the rear of the engineer's console must be switched to connect the battery 
charger to the workstation computer rather than the Prolog communications controller. The battery 
charger can be reprogrammed, charger status can be displayed, and a past history of charging variables 
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can be requested. If necessary the charger can be started and stopped from here also, although this task 
is normally done by the Allen-Bradley PLC through the Prolog communications controller by request 
from the control pendant. 

3.2.2 Prolog Communications Controller 

The terminal emulation program can also be used to communicate to the serial port of the Prolog 
communications controller. The controller has  a maintenance mode that can be activated by doing this. 
Status of the controller is provided. It is also possible to download new programs to the ;ontroller in this 
mode. 

3.2.3 Allen-Bradley PLC 

The engineer’s workstation can also be used to tie directly into the Allen-Bradley PLC. In this mode, 
the ladder logic of the PLC can be displayed online and modified if necessary. Inputs and outputs can 
be forced on and off. In addition to online modifications, a new program can be downloaded to the PLC. 

4. CART CONTROLLER 

The cart controller is a Winsystems single board computer. During normal operations the controller will 
communicate with the facility and its operation will be directed by either the operator at the control 
pendants or the engineer at the engineer’s console. However, the controller does have a maintenance 
mode that enables interrogating operation of the cart controller locally. 

4.1 MAINTENANCE MODE 

To use the maintenance mode of the cart controller, a terminal must be connected to the cart controller’s 
serial port. When connected in this manner, the cart controller enters an interactive test mode. In this 
mode local cart functions can be checked such as motor control, fan control, and auxiliary outlet control. 
Status information of all cart variables can be shown as well as shunt calibration information. A 
verification of communications packets can be done also. 
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