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ABSTRACT

A computerized control system has been developed
for the remotely-operated fuel pin processor used
in the Integral Fast Reactor Program, Fuel Cycle
Facility (FCF). The pin processor remotely
shears cast EBR-II/1FR reactor fuel pins to length,
inspects them for diameter, straightness, length,
and weight, and then inserts acceptable pins into
new sodium-loaded stainless-steel fuel element
jackets.

Two main components comprise the control
system: 1) a programmable logic controller
(PLC), together with various input/output modules
and associated relay ladder-logic software and 2)
an operator control station (OCS) with associated
computer software. The PLC system controls the
remote operation of the machine as directed by the
OCS, and also monitors the machine operation to
make operational data available to the OCS. The
OCS allows operator control of the machine,
provides nearly real-time viewing of the
operational data, allows on-line changes of
machine operational parameters, and records the
collected data for each acceptable pin on a central
data archiving computer. The two main
components of the control system provide the
operator with various levels of control ranging
from manual operation to completely automatic
operation by means of a graphic touch screen
interface.

INTRODUCTION

The Integral Fast Reactor Program (IFR) is
a demonstration of the pyroprocessing fuel cycle
concept that recycles spent metallic reactor fuel
into new fuel.2 Nine machines will be used to
perform the various tasks that comprise the fuel
cycle process. The purpose of the pin processor
used in the IFR is to process cast fuel pins and
insert them into sodium-loaded jackets.
Processing includes shearing to length; then
measuring length, straightness, diameter, and
weight. Unacceptable pins are placed in a reject
pin tray; acceptable pins are put into jackets.
Sheared ends are put into a separate pin scrap
tray.

The Pin Processor is divided into six
hardware modules:1

1) Pin Pusher Module - pushes the fuel pin
through the machine.
2) Delivery Module - delivers pins from the input
container to the machine.
3) Shear Module - cuts the pins to length
4) Gauging Module - measures pin diameter
5) Inspection Module - weighs and measures
length and straightness of the pin
6) Processed Pin Carrier Module - holds and
positions the output container where the acceptable
pins are inserted into jackets.

The computerized control system for the
remotely-operated fuel pin processor has been
developed to give an operator the look and feel of
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"hands on" operation without a manual console.
The control system is comprised of two main
components: an Allen-Bradley Programmable
Logic Controller (PLC) and an Operator Control
System (OCS). The pin processor is supported by a
computer with a centralized data base called the
Mass Tracking System (MTG). The primary
function of the MTG is track the location and
movement of fissile material throughout the hot
cell. The data base also contains process
information. Figure 1 shows a diagram of the
Pin Processor System layout.

PLC AND OCS CONTROL SOFTWARE

The Allen-Bradley PLC is a microprocessor
based device which is located in the master slot of
a chassis. Other slots in the chassis hold
Input/Output (I/O) modules of various kinds, such
as discrete inputs and outputs (TTL, 24 VAC, 110
VAC, etc), analog inputs and outputs (0-5 VDC, -10
to +10 VDC, etc), and stepping motor controllers.
Many types of devices can be connected directly to
the I/O modules, while others may require
intermediate translation or signal conditioning
devices. The PLC controls the I/O modules in it's
chassis and in a number of auxiliary chassis.
The PLC is programmed in a language
generically called Relay Ladder Logic (RLL).
This is a scanned language, meaning that the
microprocessor repeatedly executes all the
instructions in the program. Data tables
corresponding to the discrete inputs and outputs
are automatically set up by the PLC's electronics.
The RLL contains logic to initialize, read from,
and write to other I/O modules. The programmer
defines data tables to hold the data associated with
the non-discrete I/O modules and for machine-
control parameters. The PLC also contains
electronics to operate a proprietary
communications network. The OCS
communicates with the RLL through this network
by reading and writing values in various data
tables.

While the Pin Processor is idle, the RLL
only monitors inputs, putting the values in a data
table for easy access by the OCS and waits for
some command bit in the command data table to
be set. By the time the OCS sets the command bit, it
must have set up any necessary parameters in the
proper PLC data table. If the command bit is for a
manual command, the RLL sets up the proper
output values and monitors inputs while waiting
for indication that the command has been
completed. While executing any command, the
RLL also handles interlock violations, errors
and stop commands from the OCS. If the

command bit is for a semiautomatic or automatic
command, the RLL executes a predefined series of
manual commands stored in data tables. While
executing the automatic command or certain
semi-automatic commands, the RLL may stop the
command to allow the operator to change fuel
containers or wait for a handshake from the OCS
acknowledging that the OCS has the necessary
data on the current fuel pin. Semi-automatic or
automatic commands that are stopped by the RLL
or OCS can be resumed by the OCS.

The OCS control software monitors
operation of the pin processor and sends control
commands from the operator to the PLC. Operator
input to the personal computer based system is
accomplished by using a touch screen and a
keyboard. Paragon 550 by Intec Controls
Corporation is the software package that is used to
develop the OCS control strategies and operator
display screens. It is a scanned language that is
configured using graphic logic blocks.

For each batch of pins, the OCS and written
procedures will guide the operator through the
following processing sequence:

A) Machine Setup: Install the necessary
input, output and scrap containers in
the pin processor.

B) Machine Validation: Perform check-
out and initialization procedures as
required. Diagnostics are run to
exercise every movable device through
its entire range of movement.
Additionally, checkout prior to
automatic operation includes
processing a validation pin (v-pin)
through all steps of the routine except
for shearing. The v-pin is weighed
rid measured and the results must
match the known values of the pin.

C) Processing Fuel Pins: Run the Pin
Processor in manual, semi-automatic
or automatic mode. This part of the
process includes changing the scrap
trays and containers as necessary to
process the batch.

The results of measurements taken on each
acceptable pin are stored in a PLC data file.
When the PLC sends the OCS a "data available"
signal, the OCS puts the data in an ASCII text file
and sends it to a central data archiving computer.
Process data from other machines used in the fuel
cycle is also sent to the central archiving
computer. Recording data by computer
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eliminates human data entry errors. Also,
centralized data collection allows accurate data
on many fuel pins and on the process to be
compiled and used for demonstrating the IFR fuel
cycle process for other applications.

SOFTWARE DESIGN CONSIDERATIONS

Various features have been incorporated
into the software to augment remote operability.
Special routines were included to allow in situ
calibration of the instruments. Alignment of the
modules can be verified after maintenance and
then motor resolver positions can be manually
reset from OCS screens if necessary.

In order for machine operation to be as
flexible as possible, every motor operated object
can be run in a manual mode as well as in an
automatic and semi-automatic mode. Manual
mode commands are the smallest operations that
are useful to an operator. For example "get a
weight from the scale", or "move a device to a
specific position". Objects can be placed in an
absolute position that is input by €he operator or at a
specified control point. A control point is a
named position with a specific purpose. Examples
of control points are "home" or "fully extended".
The exact location of the position may change due
to maintenance or other reasons. The automatic
mode command executes a series of manual
commands to process an entire batch of fuel pins.
Semi-automatic mode commands each execute a
useful subset of the automatic process. Semi-
automatic* mode allows an operator to perform
segments of the automatic process without going
through the tedium of performing the many
manual operations that are included in one semi-
automatic command.

An important design philosophy that has
been used in the Pin Processor control software is
to use as few "hard coded" numbers in the system
as practical. This includes parameters such as
motor jog step size, motor speed, and acceleration,
as well as control point locations. The
parameters are stored in PLC files that are
accessible to the OCS. System users are allowed to
change these values via parameter entry screens.
There are two levels of access to the parameter
entry screens: 1) operator level, and 2) system
engineer level.

Standards have been written for both the
OCS and PLC software since other machines and
processes in the Fuel Cycle Facility will be
monitored and controlled using PLCs and OCSs.
The goal of the standards is to make the systems

look and operate similarly. Operators will find it
easier to learn and perform operations on each
station because of the common OCS design
philosophy. The standards include rules for
screen types and layouts, color choices, and
design philosophy on software structure.

SCREEN LAYOUT

Figure 2 shows the manual control screen
for the scale shuttle motor. The purpose of the
scale shuttle is to move the fuel pin back and forth
between the normal pin path and the scale.

The drawing shows a simplified end view of
the portion of the machine where the scale shuttle
is located and shows surrounding objects that
may interfere with motor movement. Positions of
motors, forces, and other indicators are shown on
the screen to aid the operator in determining
system status.

Buttons that allow access to other screens are
located along the left side of all screens. All
screens have a Main Menu button at the top of the
list. Other buttons are added to allow easy access
to other screens without returning to the main
menu.

An "Error/Warning" button is located in
the lower left corner of all screens. If the PLC
cannot perform the the function requested by the
OCS, the word "ERROR" on the button will blink
red. If a warning condition needs to be reported to
the operator, the word "WARNING" will blink
yellow. The operator can then touch the
"Error/Warning" button, and the Error screen
will appear. The operator can view the most
recent error messages, acknowledge the error,
and clear errors.

An "Interlock" button is located in the lower
right corner of all screens. When the operator
touches the "Interlock" button, the Interlock
screen will appear. The Interlock screen gives
the operator information about machine
conditions that would prevent operations.

A message box is located in the middle space
between the Error/Warning and Interlock
buttons. It is used by the OCS to give the operator
additional information.

A "Stop" button is located directly above the
Error/Warning button on all screens. The "stop"
button signals the PLC to stop whatever operation
that it is currently doing. The outer box of this
button is used as a "PLC busy" indicator. When



the PLC is busy executing a command, the outer
box on the Stop button turns from light gray to
yelbw. In addition to the "Stop" button on the
screan, there is a hard-wired "Emergency Stop"
button. It is located near the OCS and provides one
means of control that is completely independent of
the OCS and PLC. When it is pushed, system
power is removed from all motion systems.

MANUAL CONTROL MODE

Control buttons used to initiate manual
mode commands are located next to the Stop button
in the lower portion of the screen. On the Scale
Shuttle Manual screen, the operator may choose to
move the motor to a control point, go to a specific
position given in engineering units, or step the
motor in a small increment in either direction of
travel.

In order to perform a command, the operator
first selects the desired function by touching the
button. The outer border around the button will
change from gray to yellow to indicate that a
button has been selected. The OCS software
performs several checks to insure that the PLC is
ready to accept the "GO" command. When the
checks have been satisfactorily completed, the
OCS activates the Go Button. The operator can
visually tell when the Go Button is active because
the outer border changes color from gray to
yellow. The operator can then touch the Go Button
and the OCS will request the PLC to perform the
command. All operations, with the exception of
the Stop command, have been designed to require
two operator actions before they are executed.

The Scale Shuttle has four control points that
an operator might want to routinely move to. As
shown in the control button area of Figure 2, they
are: scale preparation, scale, straightness gauge,
and straightness gauge preparation positions.
When the operator selects a control point, the
associated position appears in the "Go To
Position" box on the screen and the position is sent
to the PLC. The operator does not have to commit
these values to memory. The engineering unit
values of two of the control points (scale and
straightness gauge) are shown in the graphic
portion of the screen for reference. Should the
position of a control point change due to
maintenance, the value can be changed via a
special parameter entry screen.

The operator has the option to send the Scale
Shuttle motor to an absolute position by using the
"Go To X.X in." button. To lo this, he would first
touch the "Go To X.X in." button and then touch the

"Input Position" field. All operator input fields
are outlined in light cyan. After selecting the
input box, he would enter the desired position in
inches using the keyboard. As with all
operations, the Go button would be selected to
actually perform the operation. The OCS checks
that every position entered is valid. If a position
is out of limits, a message is displayed in the
message box located at the bottom of the screen.
The position can then be entered correctly.

The operator is provided with a step or jog
function on all stepper motors. The step function
allows the operator to precisely position the motor.
The function is generally used to determine
control point positions or to align motors aftei
maintenance. Step size values are pre-set by
using a special parameter entry screen and are
seldom changed. Other actuation motors have a
jog mode implemented by running them in the
desired direction for a very short time.

SEMI-AUTOMATIC AND AUTOMATIC
CONTROL MODES

The Pin Processor automatic process
consists of the steps needed to start to process a
single fuel pin and then repeat until either there
are no more pins in the Input Pin Carrier (IPC) or
the fuel pin jackets in the Element Fabrication
Magazine <EFM) are full.

The automatic process is broken down into
steps and sub-steps. With the exception of the first
two steps (run diagnostics and install IPC), the
complete set of steps performed in order
constitutes the set of processing operations for the
validation pin and the first fuel pin. Each step
performs operations that could be done in manual
mode but would be awkward, difficult and time
consuming. In semi-automatic mode,' the process
steps are performed one at a time.

Figure 3 shows a Detail Status OCS screen
for semi-automatic control. The step description
is located in the larger rectangular box to the
immediate right of the step number. The smaller
boxes to the right of the- step boxes show the sub-
steps that make up each step. Step 1 is used to run
diagnostics on every device on the machine. Step
2 reminds the operator to install the proper
containers on the machine. Steps 3-11 are used to
process the validation pin and steps 12 - 23 are
used to process the fuel pins. In semi-automatic
mode, steps are selected sequentially. Command
selection is accomplished by touching the desired
command step button. The innermost box of the
button turns yellow when a command step is



selected. Only one semiauto command or auto
command can be selected at a time. Choosing a
new command clears the previously selected
command.

After choosing a command, the operator will
select either the "Begin" or the "Resume" button.
The "Begin" button signals the PLC to clear the
completion status bits of the selected step and then
begin processing the sub-steps in a sequential
order. With a "Resume" selection, the unfinished
sub-steps of the currently selected semiauto step
will be executed in order by the PLC. Sub-steps
marked as "complete" will be skipped by the PLC.
After assuring that the machine is in a correct
configuration by viewing the monitored display
and the detail screens, the operator may elect to
resume after a process stop.

Sub-step status buttons give the operator (and
in a few cases the system engineer only) the
ability to change the completion status of any sub-
step. Touching the substep box changes the
completion status of a substep. If a substep is
incomplete, the button has dark cyan lettering
and borders. Substeps that are complete have
buttons with white lettering and borders.

The Automatic Mode control screen is
shown in Figure 4. The graphics portion of the
screen shows an overview of the pin processor. It
is drawn in cartoon fashion to give the operator an
overall view of the status of each motor. Motors
that are running turn from light gray to yellow.
The screen also shows the number of pins
remaining in the input pin carrier and the
current process step number.

The screen has a button allowing the
operator to stop the machine when the current pin
has been processed. The outer box of the button
turns yellow when this option is selected. Before
resuming the process, the "stop at pin done" option
must be cleared by touching the button.

After choosing the auto command, the
operator will select either the "Begin" or the
"Resume" button. The "Begin" button signals the
PLC to clear the completion status bits of all
process steps and then begin processing the
substeps in a sequential order. With a "Resume"
selection, the unfinished sub-steps of the process
will be done in order from the start (i.e. step 3:
Prepare for Validation Pin). All sub-steps
marked as finished will be skipped. To resume
the process at any particular step, all previous
steps must be shown as complete.

The Automatic Mode Screen allows the
operator to initiate pin processing. The machine
will process the pins automatically without
operator intervention. Should an unexpected
event occur, the PLC will stop the process and
generate an error to the operator. The operator
must then attempt to fix the problem manually.
The operator can then use a combination of
manual and semi-automatic steps to prepare the
machine to resume the automatic process.

ADVANTAGES OF USING PLC/OCS
ARCHITECTURE

1. It is relatively easy to interface a PLC with
hardware input/output. Typically, there is a
direct connection from the I/O module to the I/O
sensor device.

2. PLC vendors provide many I/O modules
that can directly connect to a wide variety of
devices commonly used in industry such as
valves, motors and thermocouples.

3. Allen-Bradley PLCs provide an interface to
standard RS-232. The RS-232 can be connected to
a variety of mainframe or personal computers.

4. Diagnostics on each motor can be run
quickly and efficiently in semi-automatic mode.
Running diagnostics to check for machine
alignment from pin path to fuel jacket before
every Input Pin Carrier load of pins is processed
should assure smooth operation during
processing pins and good data quality.

SHORTCOMINGS OF THE CONTROL SYSTEM

1. Communication between the OCS and PLC
is slow. The slow speed results in a 2 - 4 second
response time. The operators must be aware that it
may be as long as 4 seconds from the time the stop
button on the screen is pushed to the time when the
motor actually stops.

2. The PLC is satisfactory for use in systems
where a 100 millisecond response time is
acceptable. If a microsecond response time is
needed, the PLC cannot handle it.

3. The scanned languages used in these PLCs
and OCSs were difficult to use for a complex
sequential process. In other projects, FORTRAN
and assembly language programs were used to
control a CAMAC based hardware interface.3

Using sequential languages on a computer with



interrupt driven I/O gives more precise control in
responding to events.

CONCLUSION

With careful planning, the use of OCSs and
PLCs can relieve an operator of the tedious task of
performing a complex process one step at a time.
The Pin Processor can perform its task
automatically and unattended for a number of
pins. The flexibility to perform manual tasks as
necessary for maintenance and error recovery is
also provided.
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