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DESIGN AND OPERATION OF EQUIPMENT USED TO DEVELOP
REMOTE COATING CAPABILITY FOR HTGR
FUEL PARTICLES

R. R. Suchomel, D. P. Stinton, M. K. Preston, J. L. Heck,
B. J. Bolfing, and W. J. Lackey

ABSTRACT

Refabrication of HTGR fuels is a manufacturing process that consists of preparation of fuel kernels,
application of multiple layers of pyrolytic carbon and silicon carbide, preparation of fuel rods, and assembly
of fuel rods into fuel elements. All the equipment for refabrication of ***U-containing fuel must be designed
for completely remote operation and maintenance in hot-cell facilities. Equipment to remotely coat HTGR
fuel particles has been designed and operated. Although not all of the equipment development needed fora
fully remote coating system has been completed, significant progress has been made.

The most important component of the coating furnace is the gas distributor, which must be simple,
reliable, and easily maintainable. Techniques for loading and unloading the coater and handling
microspheres have been developed. An engineering-scale system, currently in operation, is being used to
verify the workability of these concepts. Coating crucible handling components are used to remove the
crucible from the furnace, remove coated particles, and exchange the crucible if necessary. After the batch of
particles has been unloaded, it is transferred, weighed, and sampled. The components used in these processes
have been tested to ensure that no particle breakage or holdup occurs. Tests of the particle handling system
have been very encouraging because no major problems have been encountered. Instrumentation that
controls the equipment performed very smoothly and reliably and can be operated remotely.

INTRODUCTION

High-Temperature Gas-Cooled Reactors (HTGRs) utilize the Th-*U fuel cycle. Because of the
inherent radiation hazard of ***U-contaminated ***U, fuel reprocessing and refabrication activities must
be conducted in a fully remote recycle facility. One of the major refabrication processes involves the
application of carbon and silicon carbide coatings to the fuel particles. These coatings provide
containment of fission products. A fluidized-bed coating furnace is used to chemically vapor deposit the
coatings. In addition, the same furnace is required for a preliminary processing step that involves partial
conversion of the fuel kernels from UO; to UC,. Typical parameters for the conversion and coating steps
are shown in Table 1.

Work has been carried out for several years at Oak Ridge National Laboratory to develop the
coating process and to develop it using equipment specifically designed for remote operation. Thisisa
major development activity and one that is not yet finished; engineering-scale development is
continuing, and a conceptual design study for a full-scale prototype coater has been completed.' This
report summarizes the work to date, which is highlighted by the recent development of an automatic
microsphere handling system.

COATING FURNACE DESCRIPTION AND REQUIREMENTS

The basic requirement of a remotely operable coating furnace is that it be precisely that—remotely
operable. This requirement is shared by all other refabrication systems, and it necessitates equipment

1. R. R. Suchomel, R. J. Braatz, B. J. Bolfing, and J. L. Heck, Design Study for a 24-cm HTGR Microsphere Coating
Furnace, ORNL/TM-6321 (May 1978).



Table 1. Fissile microsphere processing parameters

Nominal final Process Furnace process Probable
Process diameter time temperature coating and
{um) (min) °QO) fluidizing gases
Kernel conversion 360 15-30 ~1700 Argon
Buffer coating 460 2-5 ~1300 Acetylene and helium
(low-density carbon)
[LTIY coating 530 ~10 ~1300 Propylene and helium
(high-density carbon)
Silicon carbide coating 590 60-180 ~1600 Methyltrichlorosilane and hydrogen
OLTI" coating 660 ~10 ~1300 Propylenc and helium
(high-density carbon)
“ILTI-- inner low-temperature isotropic.

"OLTIL- outer low-temperature isotropic.

designed to provide essentially automatic operation and remote maintenance of the furnace itself.
Installation, removai, and maintenance of equipment items must be accomplished using only very
limited in-cell handling equipment. In the HTGR program, a modular approach to equipment
development is being taken so that in the event of in-cell equipment failure, an equipment module can
easily be removed and transferred to a special maintenance area for repair.

Equipment items chosen for hot-cell use are selected because of their high reliability, infrequent
maintenance requirements, and general compatability with a hot-cell environment. For example,
electrical or pneumatic drives are preferred over hydraulic devices because of the eventual radiation
degradation of hydraulic fluids and the probability of a major leak or spill of fluid. Metals that can be
more easily decontaminated, such as stainless steels, are used where possible.

A number of specific equipment restraints are placed on the coating system because of the nature of
the coating process. The gas distributor—the most important component of the coating furnace—must
be very reliable to ensure that particles can always be properly unloaded from the furnace. An improved
gas distributor that meets this requirement has been developed at ORNL for microsphere coating.’

During portions of the coating process, the microspheres are pyrophoric and must be contained
within an inert (argon) atmosphere. This presents an additional design challenge since many of the
microsphere handling components must be made to operate within this sealed enclosure beyond the
reach of in-cell manipulators. Materials for this application must be carefully selected based on
resistance to radiation damage, argon degradation, and thermal failure.

A liquid coolant flow is maintained in the shell of the furnace during operation to cool the outer metal
surfaces and to minimize the amount of heat released to the surroundings. The obvious choice for the
coolant medium would be water except that water is a good neutron moderator. Thus, for criticality
reasons the use of water for furnace cooling or for any other major in-cell application is precluded.**

2. W. J. Lackey, D. P. Stinton, and J. D. Sease, “Improved Gas Distributor for Coating HTGR Fuel Particles,” Nucl.
Technol. 35(2), 227 37 (1977).

3. W.J. Lackey, J. D. Jenkins, F. J. Homan, R. S. Lowrie, Assessment of Coater Size for the Fuel Fabrication Prototype
Plant, ORNL; TM-4567 (July 1974).

4. S. R. McNeany and J. D. Jenkins, Criticality Considerations for *U Fuels in an HTG R Fuel Refabrication Facility,
ORNL: TM-6136 (January 1978).



Other liquids (e.g., perchloroethylene or Freon 113), having suitable heat transfer, nuclear, and material
compatability properties must be substituted.

A representation of the major functional requirements for a remote coating furnace is depicted in
Fig. 1. In addition to the furnace, support systems are required that would provide

1. electrical power to heat the furnace;

2. controlled flow of coating and fluidizing gases,

3. a partical handling system to unload the furnace and provide accountability information;
4. a supply of nonmoderating liquid coolant;

5. an effluent scrub to remove soot, tars, and other hydrocarbons and unreacted silane; and
6. an effluent scrub to remove gaseous HCL

Some of these systems require considerable development prior to their introduction into a remote
operation, whereas others are affected only slightly.
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Fig. 1. Coating system functional diagram.

The coating furnace itself has been under development at ORNL for more than ten years, and the
general construction of the furnace has been described.’ A profile of the furnace interior is shown in Fig.
2. The internals of the furnace are made of graphite, which easily withstands the maximum design
temperature of 2000° C in the nonoxidizing atmosphere. As shown in the figure, particles are contained
during coating within a graphite crucible composed of a cylindrical chamber with a porous carbon
bottom. The porous plate, which is held in place by a threaded retaining ring, allows coating gases to
enter the reaction zones but prevents particles from accidently being drained from the furnace. The

5. Prattetal,, “Pyrolytic Carbon Coatingin an Engineering-Scale System,” Nucl. Appl. Technol. 6,241-55 (March 1969).
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Fig. 2. Coating furnace profile.

chamber and porous plate form a conveniently sized crucible for the purpose of batch unloading. While
in the furnace, the crucible is mated with a crucible extension liner to prevent particles from being blown
out of the crucible. This liner is secured to and supported by the top of the furnace shell. Radially
surrounding the crucible is a three-phase resistance heating element that is also made of graphite.
Liquid-cooled copper electrodes are clamped to each of the legs of the element at the bottom. Not shown
in Fig. 2 is the outer liquid-cooled metal shell and the graphite felt insulation ring, which is positioned
between the heating element and the outer shell. A crucible with an internal diameter of 13 cmis used in
the engineering-scale coating furnace; the full-size prototypic furnace will have a 24-cm-ID crucible.

The connecting pipe between the furnace and the scrubber, through which effluents exit the
furnace, has traditionally been an area of concern. Soot deposits in this region can completely plug the
pipe. A porous sintered metal insert has been successfully used on the 13-cm-ID coater to eliminate this
cencern. The porous sintered metal tube is used in conjunction with a larger but concentric stainless steel
tube to form a double-walled passage. As effluents flow axially within the porous pipe to reach the
scrubber, a constant argon flow is introduced between the two tubes, which are sealed at the ends. This
argon flow, forced through the porous section in a radial direction, prevents soot deposition on the inner
surface of the porous pipe and maintains unrestricted flow of the effluents.



The major design improvements needed to adapt the above design concepts to a remote coating
process involve remote disassembly and maintenance of the furnace internals. The crucible can be
conveniently replaced using the particle handling equipment to be discussed later, but other components
must be replaced using only vertical access. Solutions to specific problems such as providing adequate
support for the heating element and maintaining an adequate yet quick-release seal between the furnace
shell and the effluent scrubber tank must be identified.

Electric power needed to heat the furnace is supplied by a commercially available saturable reactor-
type transformer. The transformer input 0f440 V, 3 phase is passed to the furnaceasa controlled 0-30 V
output. A 100-k VA unit is required for the 13-cm-ID engineering-scale furnace, whereas the prototype
coater will require 400 kVA of power. These transformers are highly reliable and should require no
special modifications for in-cell use.

The fluidizing, purge, and coating gases used in the coating process are helium, argon, hydrogen,
acetylene, and propylene. The inert gases are used to fluidize the bed during heatingand cooling and also
to dilute the hydrocarbons, acetylene and propylene, during deposition of carbon coatings. Silicon
carbide particle coatings are produced by the decomposition of methyltrichlorosilane (CH3Cl13S1),
which is carried into the reaction chamber by evaporation into a flow of hydrogen carrier gas.
Regulation and control of the gas flow rates are maintained by flow controls thatare physically separate
from the coating furnace; thus there is no need to place the control instruments inside the hot-cell
environment.

Furnace cooling cannot be accomplished using water because of the danger of a criticality accident
in the event of a major internal cooling passage rupture. Two liquids that do not contain hydrogen and
thus have substantially less moderating capability are perchloroethylene (C,Cli) and Freon 113
(C,CL:F;5). Both of these liquids should be completely evaluated for coolant applications although
perchloroethylene is probably preferable because of its higher boiling point (121°C vs 48°C) and its
higher thermal conductivity (3.9 X 107 cal/cm-sec-°C vs 1.6 X 10 * cal/ cm-sec-° C). Both liquids have
a specific heat of only about 20% that of water.

Perchloroethylene is currently being evaluated; it is being used to cool the gas distributor of the 13-
cm-ID furnace. A previously used water flow of 0.27 liter/ sec has been replaced by a perchloroethylene
flow of 0.47 liter/ sec. No noticeable changes in gas distributor temperature or furnace operation have
been observed as a result of this increased flow rate, nor has there been any observable coolant
degradation or piping corrosion. Long-term use of either liquid will require periodic sampling to ensure
that its nonmoderating nature is maintained and that minimal corrosive or polymeric products are
formed from either radiation damage or contaminants. No special equipment development is
anticipated for the in-cell use of a nonmoderating coolant other than perhaps on-line monitors to detect
hydrogen buildup in the coolant.

Directly downstream of the furnace is an effluent scrubber that uses perchloroethylene as a
scrubbing medium. The perchloroethylene scrubber removes carbon particulates, heat, and condensible
hydrocarbons generated by the coating process. Hot gases from the furnace pass first through a spray
tower where they are cooled and scrubbed by a circulating stream of perchloroethylene. A surge vessel
beneath this tower functions as a reservoir and gas disentraining section. The exit gas column contains
an entrainment separator section of wire. mesh, a gas-cooler and condenser section to reduce
perchloroethylene vapor discharges in the off-gas, and a demister section of wire mesh. External to the
scrubber is the circulation pump, a heat exchanger cooled by a closed loop of perchloroethylene from
the furnace cooling system, and a packaged refrigeration unit for cooling the gas cooler and condenser
with a closed intermediate loop of chilled perchloroethylene. A nonhydrogenous intermediate cooling
loop is required to preclude a criticality accident.



The perchloroethylene will gradually undergo degradation from contact with hot gases and
hydrochloric acid. Materials selection for the scrubber components will be the major activity required
prior to use of this device in a remote facility. Sensors used to measure scrubbing liquid levels and
accumulated degradation also must be tested.

PARTICLE UNLOADING SYSTEM CONCEPT AND REQUIREMENTS

The charge of particles is easily loaded into the coater by direct pneumatic transfer from the kernel
preparation area or from a kernel storage container. Unfortunately, furnace unloading is not as simple.
For this task, a more complex particle handling system must be used.

The particle handling system must fulfill several important operational criteria. First, the basic
furnace design necessitates that the handling system operate beneath the furnace in an area that
provides minimal maintenance access. Second, it must contain the particles within an inert gas
atmosphere so that pyrophoric particles may be handled safely without product degradation. The
furnace unloading mechanism must function reliably and without the possibility that a batch of
particles, especially pyrophoric particles, might become stuck inside the furnace. To minimize
processing times, the crucible should be unloaded from the furnace while still at a temperature of
600°C. Whenever a batch is unloaded from the furnace, a reasonably accurate weight (~0.1%) should
be obtained for purposes of materials accountability, and a small representative particle sample should
be extracted for analysis. After these operations have been performed, the particles must be transferred
either back into the furnace for the application of additional coating layers or to a particle storage area if
no further coatings are to be applied.

The particle unloading equipment will occupy space under the coating furnace, but it must not
interfere with the maintenance operations that must be periodically performed on the crucible and gas
distributor. The crucible must be periodically lowered from the furnace so that coating deposits can be
removed. Provisions should also be made for the routine replacement of the gasdistributor through the
bottom of the furnace; this is expected to be the most frequent maintenance item.

Because both the particle unloading and furnace maintenance requirements necessitate certain
equipment items beneath the furnace, it appears practical to have one set of components responsible for
both functions. Figure 3 is a schematic representation of the components that might be required by the
particle handling system.

A particle handling system with the processing capability just mentioned was recently added to an
existing engineering-scale coating furnace. The furnace, with the installed handling system, is shown in
Fig. 4.

ENGINEERING-SCALE PARTICLE HANDLING SYSTEM-—-COMPONENTS

Although the special connectors, lifting bales, and guide fixtures needed for a truly remote
operation are not provided by the engineering-scale system, the particle handling equipment does meet
all functional requirements. Through testing and operation of the equipment, a proven design with high
reliability and low maintenance requirements will be available for future prototype or in-cell coating
systems. This first generation system will allow evaluation of the effects of high temperature, dust, and
inert atmosphere on the various components.

Figure 5 presents a three-dimensional view of the under-furnace portion of the handling equipment
shown in Fig. 3. A photograph of most of these equipment items as assembled for preinstallation testing
is shown in Fig. 6. This section of the report will focus on detailed descriptions of all particle handling
components included in the engineering-scale system.
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mounts so that separate seals can be made between the furnace shell and seal plate and between the
coating crucibie and upper liner. A total compressive load of 180 kg is applied to the seal plate while only
68 kg is needed to seal the graphite components. A fail-safe electric brake maintains these forces after the
elevator drive motor is turned off.

Liquid coolant must be applied to the metallic gas injector during furnace operation. Because the
injector has about 0.7 m of vertical travel, flexible coolant lines are required. A similar requirement is
placed on the coating gas inlet line, which also passes through the gas injector. Convoluted Teflon hoses
with stainless steel overbraid are currently being used for these applications because they have high
flexibility and high burst pressure. Nylon or other more radiation-resistant flexible hoses were not
commercially available during construction.

The elevator assembly requires careful alignment since the vertical centerlines of the gas injector
and furnace must coincide. Figure 7 shows the locking tab on the gas injector, which ensures that the
crucible remains in contact with the gas injector rather than sticking to the upper liner inside the furnace
when the elevator is lowered. The head of the gas injector is intentionally offset from the centerline of the
stem. A coating crucible, when it is centered on the injector stem, is firmly held in place because the gas
injector tab catches into a groove on the inside of the coating chamber.

Coating Chamber Manipulator

The manipulator is used to remove the coating chamber from the gas injector to either empty
particles from the crucible or to replace the crucible. To perform this function, the device has five distinct
motions: hand grasp, wrist rotate, arm extend, body lift, and body pivot. The joints responsible for these
actions are shown in Fig. 8. Initially, it was planned that all motions would be actuated electrically;
however, the body rotate and lift motions were converted to pnuematic drive to provide improved
positioning accuracy and arm rigidity. Each motion has limit switches to signal completed motions.
Connections to the drive motors and limit switches in the arm are made by an umbilical cable to the
connector shown in Fig. 8.

The operating procedure for removing the crucible is as follows: With the elevator in the down
position and the hand open, the manipulator is extended toward the coating crucible. The arm is
extended slightly past the crucible and then retracted to the loading position (this extra motion ensures
that the limit switch is always approached from the same direction). After the hand has been closed to
grasp the crucible, the arm is again extended to unlock the coating chamber from the gas injector by
disengaging the tab lock on the injector. The arm of the manipulator is then raised vertically to clear the
crucible from the injector. Gas pressure to the lifting cylinder is carefully regulated so that no motion will
occur if the crucible is caught on the injector locking tab. With the crucible free, the elevator then lowers
the injector out of the way so that the manipulator can be lowered to its normal elevation. (An easier
procedure would be to simply lower the elevator after the manipulator has grasped the crucible;
however, if the crucible and injector were not completely disengaged, severe equipment damage would
be caused by the powerful electric elevator motor.) After the crucible has been freed from the injector,
the manipulator arm isable to retract while holding the crucible and is ready to either exchange or empty
the crucible.

The crucible can then be emptied of particles; it is simply inverted by the wrist action of the
manipulator to gently dump the particles. The manipulator also aids in replacing the coating crucible;
the entire manipulator arm is pivoted and then extended to release the crucible into anairlock, through
which the crucible is exchanged for a replacement.
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achieved. Baffles were added to the inside of the funnel to slow the particles’ velocity as they meet the
screen. Prior to this modification, some particles bounced completely past the screened section or
rebounded out of the device in a gap between the funnel and the screen. To minimize this latter difficulty,
a heavy floating collar was positioned around the funnel to plug the gap. Since the collaris not attached
to either the funnel or the screen, it does not interfere with the vibration of the screen.

As particles pass through the screen they are directed into the pneumatic transfer line. Operation of
this vacuum transfer system is depicted in Fig. 9. This system operates in much the same manner as
conventional positive pressure pneumatic transfer.® By placing the mechanical vacuum pump within the
inert atmosphere enclosure, inleakage of air into the pump is prevented and pressure fluctuations within
the enclosure are minimized.

ORNL-DWG 78-~44976
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Fig. 9. Batch unloader pneumatic transfer diagram.

Coating Chamber Replacement Airlock

The coating chamber airlock provides passage into the inert atmosphere enclosure so that crucibles
can be replaced. In the engineering-scale system the airlock is a horizontally mounted unit that has a
rotary door through which crucibles are moved in and out. A preinstallation photograph shows a
crucible being transferred by means of the rotary door. A seal, set into the rotary door frame, is inflated

6. J. E. Mack and D. R. Johnson, Development of a Pneumatic Transfer System for HTGR Recycle Fuel Particles,
ORNL/TM-6169 (February 1978).
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of the sample stream while sending the remainder on to the succeeding stage. At each stage the sample
size is reduced by half so the sample-to-batch ratio is controlled by the number of stages. For example,
the five-stage sampler used in this system extracts 1/32 or about 3% of the batch. Particle passage
through the device is by gravity flow. There are no gaps or projections to trap and retain particles. A
more complete description of the operation of the sampler as well as results of preinstallation testing is
available.’

Additional Equipment

The particle batch, except for those particles removed by the sampler, are collected in a hopper
located beneath the sampler. From this hopper the batch can be pneumatically transferred either back
into the furnace or to another work station for storage or further processing. The two possible transfer
paths are shown schematically in Fig. 3.

The particles in the sample fall by gravity into an isolation valve. The valve is a ball valve that has
been modified so that a pocket is formed within the ball. When the pocket is inverted by rotation of the
ball, the particles pour out. From this valve the particles enter a pneumatic transfer line in which they are
vacuum transferred to an inspection station.

ENGINEERING-SCALE PARTICLE HANDLING
SYSTEM—INSTRUMENTATION

The large number of movements, actuators, and interlocks used in the particle handling system
necessitates the use of an advanced control system. The control system is centered around a
programmable controller (PC), Modicon model 284, manufactured by Modicon Corporation,
Andover, Massachusetts.

The furnace operator can control and monitor the status of each component using the display panel
shown in Fig. 12. The panel also houses the flow controls needed for the pneumatic transfer operations.
Instrumentation purchased from Orbitran Company, Inc., of Lakeside, California computes and
displays batch weight using the output of the load cell in the batch weigher; this equipment is also located
in the panel. The oxygen analyzer from Applied Electrochemistry, Inc., of Sunnyvale, California, which
ensures argon purity in the inert enclosures, is mounted in an adjacent panel not shown in Fig. 12.

Control of the handling system is provided by the PC, which is a solid state computer-based device
used to control discrete process events as a function of process interlocks and sequences. These devices
replace hardwired relay control panels and provide the flexibility of a software-based programmable
control system. The program that controls the process events or cycle is stored in the controller’s
memory. The PC monitors the state of process sensors and actuators that are hardwired to the PC
input/output modules. Process actuators are then energized at the proper time as a function of the
input/output status and PC internal functions such as timer, counter, or sequencer states.

Any program to be stored in PC memory is entered in relay ladder diagram symbology using a
programming panel. The particular PC used for this application restricts the programmer to a four-
contact-per-line format as shown in the program listing in the Appendix. This program listing isdivided
into two parts: PC #1 contains the program that controls the pneumatic transfer, and the PC #2
program controls the manipulator-centered unloader mechanism.

7. R. R.Suchomeland W. J. Lackey, Device for Sampling HTGR Recycle Fuel Particles, ORNL;TM-5739 (March 1977).
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action is complete. Then the operator can initiate the automatic sequence for the next process
subfunction, which in this example would be charge coater.

It is apparent from Fig. 14 that some process steps within each process subfunction are repeated
within a subfunction or within other subfunctions. Therefore, a given output oractuator is energized for
different subfunctions at different times. This means that several parallel conditions can control an
output during the overall coater unloading process, but only one of these conditions is enabled for a
given mode and a given subfunction. These additional parallel conditions that control an output are
illustrated in Fig. 13 by condition D,.

To summarize, the control program listed in the Appendix can be interpreted by using the outline
program format shown in Fig. 13. In addition, the sequence of event occurrence for a given subfunction
1s shown in Fig. 14, Thuseach step in the process will have a set of logical conditions, similar in format to
Fig. 13, for controlling the process action in the proper sequence and with sufficient safety interlocking.

SUMMARY AND CONCLUSIONS

Coating furnace equipment development has been carried out for several years. The basic design
concept for a full-size remotely operable coating furnace has been formalized although many design
details must be worked out. This can be done in the next planned development phase—the design and
operation of a prototype coater.

Support systems for the furnace are essential for its operation and require various degrees of further
development. In this respect, the particle handling system is most important because it will require the
most development effort. The cold engineering particle handling system recently integrated with the 13-
cm-ID coater will answer many of the questions surrounding its application in a remote hot-cell facility.

Long-term operation of this equipment will determine material lifetimes in the dusty, thermally
hot, inert atmosphere. The dust and carbon soot may necessitate the use of substitute components or the
addition of wipers and baffles in certain spots. The thermal environment that the elevator and
manipulator components can withstand will fix the maximum furnace temperature at which the
particles can be unloaded. This limit will affect processing times. The inert gasatmosphere may shorten
too greatly the operating life of specific motors, sensors, or other components.

To date the operation of the particle handling system has been encouraging. No maintenance
activity requiring removal of in-cell equipment from its operation area has been encountered. The
control system has operated smoothly and is providing all the information that is required of a remotely
operated system.
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APPENDIX

A listing of the control program for the 13-cm-ID coating furnace unloader loop is contained in the
following pages. The program is shown in the four-node format as it is entered into the programmable
controller. The listing shows all process event interlocking and sequencing. All sensor inputs and
actuator outputs are labeled. Some line numbers are used for daisy chaining many interlocks together.
Usage cross referencing for each line number is shown adjacent to the line number.

The control conditions for a given actuator are given at the line number assigned to that actuator.
The sensors or line numbers controlling that actuator are shown in the four-node format adjacent to the
actuator line number. For example, line number 27 in PC #2 is assigned to the airlock latch open
actuator. The condition controlling this actuator in Boolean algebra format is

27 =[(52 or 27) and 51] or 53 .

Refer to lines 51, 52, and 53 for the actual sensor or actuator conditions controlling line 27. Line 27 is
“ORED” with line 52 on the right side of the above expression for latching on line 27 even after condition
52 is no longer true.

The above example indicates how many conditions can be daisy chained together in the four-node
format to control a single output. The example also demonstrates how the following control program
listing can be interpreted.
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COATER LIMLOADER-FIHZ

MODICON CONTROLLER # S02 DATE 2% AlG 78 ES40i0

A NODE B NODE O MODE D NODE LINE # S REFERERCE LIST
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COATER UL QSDER-FTHZ

ADDITOON TONTROLLER # S0 TATE 29 alhs 73 EE4O01T

TNFLT

a0

e

=1

TR

REFEREMCE LIST

ELEVATOR T FURNATE LIMIT SWITIH

ELVLT
MY 40 AL T4
M 707

LT LOAD LTMTT STIT0H

ELYIN
W5,
[ N S

Do P LIMET SWITOH

WRESTLIF MAMIFULATOR WRTST P LIFIT SWITOH
MO S, 7E TA 21O

W14, 15

WHRET O MAMTFULATOR WRITST DN LTHTT =i TioH
R 14

MDA

R TROF MO TPLLATOR
RO 10, AT
WD OS5 115

GRIE ORER LIMIT SWITOH
Pk, LLTFL 1 EA

GRIFCL
[T T A I |
R

MOR IR ATOR GRIF CLOSE LIMIT SWITOH
Oy, 1 EO, 147

ATOR EXTERD TO LO&D LIMIT SWITIOH

MEREXT Ma IR
[N 18] 8 %

M

£

AT
M AL
44,

Mefd—al
R D

M 114.

EXTERND T ATRLOCE LIMIT SWITOH

MARNRET
i}
M

DElb L TEIT ST TOH
o140, 143

SRR MARTFULATOR ROTATE 70 ATRLOCE LIMIT SWITOH
MY 1
| LI O A

ATOR ROTATE T ELEVATOR LIMIT SWITOH
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ROT -1 Mar TRUL
7 i

CTE TEA



MODTCON COMTROLLER # S50
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Ty

7

75

FEAOLT
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MO 104, 155, 1
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COATER LNLOADER-FOHY

MODTICON CONTROLLER # S0z DATE 2% AlNG 73 FEAGIC

INPUT CROSS REFERENCE LIET

22 HE-11 ELEVATOR DNOWN FLLL HAND SWITIIH
(REMOVE CHAMEBER FROM FUORNATCED
(LINLDAD CRIDZIEBELE AND BATICH)
N 12,74
320 HE-12 ELEVATOR LUF T LOAD HAND SWITOH
CHNLOAD CRUCIEBLE AND RATOM)
N 71
A3l HZ-12 MANIFULATOR EXTERND T LOAD HAND SWITOH
(INL DAL CRUCIBLE AND BATOH)
NO 20
D2 HE-14 MANIFLULATOR RETRACT TO LOCE HAND SWITOH
(UNLTAD CRUCTIBLE AND BATIH:
N 23
AIZ O HE-19 GRIFP CLOSE HANDESWITOH
(LNLIDAD CRIIEBLE AND BATCH)
NO 153, 24
334 HZ-14 MANTFULATOR EXTEND T LOAD HARNDESWTTOH
(LINLOAD CRIMIEBLE AND BATCH)
NS
23S H2-17 MANIFLULATOR UF HAND SWITIOH
(UNLODAD CRUCIELE AND BATOH)
NO 23, 21
I2A HE-1Z ELEVATOR DOWN HAND SWITOH
(UNLOAD CRUCIRLE AND BATOHIREMOVE THAMBER FRIOM
FLIRNAZE) )
N w2
EE7 0 Hz-1w MANIFLH ATOR [N HAND SWITOH
(FOR ROTATION T ELEVATIOR)
NG 10w
3IE HE-20 MANTFULATOR RETRACT TO DLMF HAND SWITOH

(LINLIDAD CRUCIRELE AND BATCHD
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COATER LINLOGDER-FOHE

MODICON CONTROLLER # S08 DATE 29 &G 78 4010
ITHNFLT CROSS REFERENCE LIET

R o e | FLUMF FZL HARMD SWMITOH

240 HE~T7 SCALPING SOREEN HAND SWITOH

241 HS-73 WRIST ROTATE CW HAND SWITCH
MOO1E

247 HS-Z4 WRIZT ROTATE OO HAMD SWITOH
M 15

R MAMIFLLATOR ROTATE T ATRLOCE HAND SWITOH
M 44, 111

244 HE-ZA MAMNTIFLE_ATOR LUF HARND SHITOH (REMOVE USED CRUCIRLE)
WOO11E

S T MEMIPULATOR EXTEND TO ATRLOCKE HAND SWITOH
(REMOVE UESED CRIECTELED

MENTFULATOR DOWH HAND SWITCHOFRDR ROTATE TO &TRLOCK

GRIF OFEN HAMND SWITOH (REMOVE LEZED CRINCIRLE)

TAE HT-I0 MENTFULATOR RETRACT TO DUMP HAND SWITOH
(REMOVE LIEZED CRUCTERLED

ATE ATRLOCK HARD SWITOH

MERNTRFULATOR EXTERD HARD SWITOH (FIIELF NEW CRUTIBLED
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COATER UNMLOADER-FITHEZ

MODIoON TONTROLLER # 202 UATE 29 ALG 732 2E401C

THFUT CROSE REFEREMNCE LIZT

A4 HE-AD TRAKNSFER BATOH AT PLUSHELTTON
N 40, 45

REMOVE TRUCTRELE AUTD PLEHELUTTON

/ FICELUF NEW TRUODCTIBLE AUTO PUSHRUTTION
R 144

EXTHANGE CRUCTELE AT LATIH

271 FLC 1T READY

T
NO =G

Ty

Ein} 123, 142, 145

Tz ESTATE

[T WG 30155

Fiom

N3, S

704 LIE STAHTE
N )

705

L OETATE
bl 134 140

N 10,

CHIENCER STATE
S TE L0 LT 1 ET

AT

NI
NI

707 CLENCER STATE

9, 1007

M4, 4
MOt




MODTCON CONTROLLER # S02 DATE
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CIOATER UNLOADER-FO#HZ

i1

MODICON CONTROLLER # 502 DATE 29 ALIG 73 EEA010

DISARLED LINES

022 IFF
020 0OFF
024 0OFF
0325 OFF
0246 OFF
Q27 OFF
028 0OFF
043 OFF
Q044 0OFF
121 OFF
212 OFF
213 OFF
214 OFF
215 OFF
214 OFF
217 OFF
218 OFF
219 OFF
220 OFF
T OFF
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