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DOUNREAY SHUFFLER DIAGNOSTIC
SOFTWARE OPERATIOMS MANUAL

by

G. W. Eccleston, B. Stuewe,
S. Klosterbuer, and 7. Van Lyssel

ABSTRACT

This operations manual describes the test software for
the Dounreay Shuffler. The Shuffler is an assay system,
controlled by a Commodore PET computer, that measures the
plutonium content in leached hulls at the fuel reprocessing
plant in Dounreay, Scotland. The Shuffler contains a 292Cf
neutron source that is moved between storage and irradiation
locations to obtain measurement data. A stepping motor
control (SMC) module operates the Shuffler and accepts com-
mands from the PET to move the source. This manual briefly
describes the Shuffler and provides details on running and
using the diagnostic software test program. The communica-
tions protocel for message transmittal between the PET and
SMC is defined and a detailed exampie of message sending is
presented in an appendix.
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The Dounreay Shuffler is designed to nondestructively measure the plutonium
content in leached hulls at the Dounreay, Scotland, Prototype Fast Reactor
(PFR) fuel reprocessing facility. The hulls are measured in a 200-mm-diam
by 1-m-tall stainless steel basket. The hot cell crane automatically handles
and positions the basket for measurements. The baskets are measured by
scanning them in 100-mm segments.

The figure on the facing page is a photograph of the Dounreay Shuffler assay
system. A stepping motor control (SMC) module mounted in a Harwell 6000
series crate controls the Shuffler.

The assay of plutonium content consists of collecting a neutron background
and then running a cyclical sequence to measure delayed neutrons. This se-
quence starts with the 2520f neutron source moving to an irradiation posi-
tion near the sample. In this source position, fissions will be induced in
the plutonium in the sample. Following the irradiation period, the source
is moved to the storage position, and delayed neutrons resulting from plu-
tonium fissions are counted. This irradiation-and-counting sequence is con-
tinued for the number of cycles specified by the operator. The sample is
then moved to the next segment, and the measurement procedure is repeated.
After the measurements are completed, the delayed-neutron counts are summed
and, with a calibration fit, the plutonium mass in the sample is determined.

This manual describes the software that tests each component of the Dounreay
Shuffler assay system. The manual is primarily a reference document for the
Shuffler diagnostic program. A complete Tisting of the NDASTST diagnostic
program is in Appendix E, Detailed infermation on the complete system and

the assay program is in the Harwell System NDA5 operations manual for the
neutron interrogation system.
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SYSTEM CONF IGURATION Major corgonents composing the Shuffler instrument
are shown in Fig. 1. Table I 1ists the components
and gives a brief description.

STEPPING

b SOURCE IRRADIATION
COMPUTER SUBPLY STEPPING MOTGR POSITION

ER
IEEE.458 [ [ AND ENCOD ~SOURCE STORAGE

‘ ' POSITION
HARWELL ' /"/LEAD\BJL STORAGE DIRECTION
MOUSE A
B IRRADIATION

POLVETHVLEN!lE OIRECTION

80in.
RANGE OF SOURCE MOVEMENT

NN

MOUSE
1/0 LINES

STEPPING
MOTOR SIGNAL

CONTROL Cﬂ DISTRIBUTION FORWARD OVERTRAVEL (FWDOT) SENSOR

ST} BOX
l::smnm;z CABLE SENSOR
REVERSE OVERTRAVEL (REVOT) SENSOR

Fig. 1. Shuffler component diagram.

PROGRAMS The following programs supplied with the Shuffler
are contained on a floppy diskette:

Diagnostic program document - NDASKTST.DOC
Diagnostic program - NDAGTST
Example assay program document - NDA5LA.DOC
Example assay program - NDABLA.

The document files (NDASTST.DOC) and (NDASLA.DOC)
briefly describe the NDASTST and NDASLA programs.
The diagnostic program (NDA5STST) operates and
tests the Shuffler to help isolate problems.
NDASLA is a program containing examples that i1-
lustrate features required in the Shuffler assay
program.
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SHUFFLER DESCRIPTION

TABLE I

SHUFFLER COMPONENT DESCRIPTION

Item

Description

10.

11.

12.
13.

PET computer
Harwell MOUSE

Stepping motor control
module (SMC)

Signal distribution box

Stepping motor

Power supply

Storage sensor

Reverse overtravel sensor

Forward overtravel sensor

Califorrium source

Teleflex cable

Storage position

Irradiation position

Rune {est a2nd agsav orograms

Contains timer, scalers and
provides communication between PET
and SMC

Motorola 6809 computer card that
comnunicates with the PET and
controls the stepping motor

Provides signal interface between
stepping motor and SMC

Moves source between store and
irradiate positions as controlled by
the SMC module

Powers the stepping motor

Senses when the source has reached
the storage position (see Fig. 1)

Senses when the source has reached
the reverse overtravel position (see
Fig. 1)

Senses when the source has reached
the forward overtravel position (see
Fig. 1)

Neutron source to provide sampie
irradiation

Connected to source and runs through
gear attached to stepping motor to
allow source movement

Shielded position in center of tube

Position at end of tube near sample
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SHUFFLER DESCRIPTION

PET COWMPUTER

HARKELL MOUSE

SMC MODULE

Connector Slots

Yhe PET computer runs the test and assay programs.
The PET sends commands to the SMC module through
the Harwell MOUSE module to transfer the source
to either the irradiation or the storage position
for measurements.

The MCUSE module was developed by Harwell and con-
tains a timer, scalers, and input/output (I1/0)
lines. The high byte o the I/0 Tines is used to
communicate between the PET and SMC. The low byte
is not used in these cemmynications.

The SMC module contains a Motorola 6809 microrroc-
essor and digital logic to control the Shuffler.
The module interfaces with the Shuffler through a
signal distributior box. Software contained in
read-only memory (ROM) in the SMC module communi-
cates with the PET computer through the MOUSE I/0
lines. The software controls movement of the

2520f source contained in the Shuffler.

A front-panel view of the SMC module is shown in
Fig. 2 (see also Fig. B-1 in Appendix B). The
front paneil contains two connector slots (P1 and
P2). Connector P1 accepts a ribbon cable that
routes the Shuifler control lines to the signal
distribution box. Connector P2 accepts a nonstan-
dard RS232 connector and allows a terminal to
directly control and test the module.
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SHUFFLER DESCRIPTION

REVERSE
OVERTRAVEL SMC
SENSOR
STORAGE \Ro _
SENSOR
\\so SHUFFLER
FCRWARD CABLE
OVERTRAVEL—FO
SENSOR  [SVO | |
FIVE VOLV P1 RS232 PORT
POWER /
LIGHT 0O D/ 3500 BAUD
RESET — | ] 8 DATA BITS
BUTTON P2 1 STOP BIT
NO PARITY
Fig. 2. Front panel of the SMC module.

Reset Button

Sensor Lights

The RESTZT push-button switch on the front panel
allows the Motorola computer software in the SMC
madule to be manually reset and initialized. Push
this button when the system is initially started
or not performing properly.

The red F and R 1ight-emitting-diodes (LEDs) on
the front panel indicate that the source cable has
moved too far in either the forward (F) or reverse
(R) direction. When the forward ovar-travel sen-
sor is unblocked, the F LED turns on. When the
reverse over-travel sensor is blocked, the R LED
turns on. The motor is stopped when one of these
sensors is triggerad. The green (S) LED comes on
when the storage position sensor is blocked by

the end of the source cable and indicates that the
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SHUFFLER DESCRIPTIGN

Sensor Lights
(cont)

MECHANICAL SYSTEM

2520¢ SOURCE

source is in the storage position. The LED la-
beled 5 V shows that the module has 5-V power.

NOTE: When the source is in the storage
position, the proximity sensors should read:

Reverse over-travel sensor -- Unblocked -+ LED off
Storage Sensor --—-—---—--e-e-- Blocked -+ LED on
Forward over-travel sensor -- Blocked -+ LED off

The mechanical portion of the Shuffler is con-
structed primarily from polyethylene and lead,

and it fits into the hot cell port in the existing
PFR fuel reprocessing facility in Dounreay. The
Shuffler contains a tube that guides a 252Cf
neutron source between the s*torage and irradiation
positions. The source is connected to a Teleflex
cable and is moved by a gear attached to a step-
ping motor. Three proximity sensors mounted on
the cable takeup tube detect the end of the cable
and provide control infurmation for positioning
the source in the instrument (see description of
sensor lights above).

The Shuffier contains a 252Cf neutron snource.
Initially, this source contained approximately

3 mg of 252Cf emitting 7.0 x 109 n/s. Therefore,
the source emits a large quantity of radiation
and requires shielding for personnel protection.
To ensure that the scurce is always completely
shielded and kept inside the instrument, its



DOUNREAY SHUFFLER DIAGNOSTIC

SOFTWARE OPERATIONS MANUAL SHUFFLER DESCRIPTION
252Cf SOURCE movement is limited by using over-travel position
(cont) sensors and mechanicai stops. These stops prevent

the source from moving past the reverse over-
travel sensor. Appendix A contains a detailed
description of the source and instructions for
replacing the source in the Shuffler.

INSTRUMENT POWER The SMC module sits in and draws 5 V of nower
from a Harwell Series 6000 crate. The stepping
motor power supply is wired for 120-vVac, 50-Hz
power. The power supply can be wired to operate
from 240 Yac. Appendix B contains the descrip-
tions and specifications of the design electron-
ics, including the wiring schematic for the power
supply.
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PROGRAM FUNCTION NDASTST is a diagnostic program that allows each
feature of the Dounreay Shuffler to be indivi-
dually operated and tested.

START THE SYSTEM Start the Shuffler instrument by turning on the
ac power to the following modules:

@ PET computer,

o Harwell 6000 serijes crate, and
e SMC module power supply.

LOAD A PROGRAM Place a floppy disk containing program NDASTST
into disk drive unit 0. To load program NDA5STST,
type

DLOAD"N:*ASTST",DO (RETURN)

ROTE: The (RETURN) symbol means that you
must press the return key on the PEY keyboard.

RUN THE PROGRAM To run the basic pirogram, type

RUN(RETURN)

TO GET OUT
(EXIT A PROGRAM)

Anytime you need to stop and exit a program, type

X(RETURN)

10
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COMMANDS AND MENUS Progrom NDASTST prints a SELECT COMMAND message
requesting a command:

SELECT COMMAND (H FOR HELP) -> ?

The H for HELF option lists a menu of available
commands (see p. 9). Type H(RETURN) to get this
1ist. Each time the program completes a command,
it prints the SELECT COMMAND message and waits
for you tc type a new command.

SELECTING COMMANDS To give the computer a command, tvpe the correct
lette™ (shewn on the menu) and then press
(RETURN). For example, to enter the command
“BLOCK ALL SENSORS" in the NDASTST program, type

B(RETURN)

11
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TEST PROGRAM NDASTST
COMMAND MENU

PROGRAM START-UP

COMMAND MENU

12

Running the NDA5STST program initiates a start-up
sequence that resets the MOUSE module, resets the
SMC module, checks that the stepping motor power
supply is on, reads and displays the Shuffler
status. waits 5 s, and then prints the command
Your interaction is required only if the
stepping motor power supply is off.

menu.

Type H(RETURN) at the SELECT COMMAND prompt to
1ist the following command menu on the PET screen:

¥ N O O cCcC w2 - T Mmoo s - 4>

DIAGNOSTIC MENU

ASSAY CYCLE SIMULATION

TEST CABLE SENSORS

LIST SYSTEM STATUS

RZSTART STEPPING MOTCR CONTROL MODULE
TURN STE=ING MOTOR ON

TURN STEPPING MOTOR OFF

POSITION SOURCE AT STORAGE LOCATION
MOVE SOURCE TO IRRADIATION POSITION
MOVE SOURCE TO STORAGE POSITION

MOVE SOURCE N INCHES

BLOCK ALL CABLE SENSORS

UNBLOCK ALL CABLE SENSORS

IRRADIATION POSITION REPEATABILITY TEST
SEND A COMMAND TO THE SHUFFLER

CHANGE TIMER FREQUENCY (DEFAULT IS 50 Hz)
EXIT FROM NDASTST

SELECT COMMAND (H FOR HELP) -> ?
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TEST PROGRAM NDASTST
COMMAND EXPLAMATIONS

CNOMMAND EXPLANATIONS

A - Assay Cycle
Simulation

T - Test Cabiz2 Sensors

L - List System Status

Tne A option tests the Shuffler assay cycle and
MOUSE scalers. This assay test lists background
count rates, source transfer times, and the times
and count rates associated with irradiation and
delayed-neutron cycles.

The T option uses the stepping motor, stepping
slowly, to unblock and then block the three prox-
imity sensors. The test determines if the sensors
are able to correctly detect when they are blocked
and unblocked by the cable. Sensor errors are
printed on the PET screen. Refer to p.4 for a
description of the sensors.

The L option 1ists the Shuffler <instrument status.
This list contains the following information:

o Location of the 252

Cf source,

® Stepping motor power (on or off),
Proximity sensor status (blocked or un-
blocked),

Last command sent tc the SMC,

Current command at the SMC,

Last reply received from the SMC,
Shuffler error status, and

o MOUSE error status.

[ ]

13
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TEST PROGRAM NDA5TST
COMMAND EXPLANATIONS

R - Restart Stepping
Motor Control
Module

v -~ Turn Stepping
Motor On

F ~ Tuin Stepping
v 1. OFf

P - Position Source
at Storage
Location

1 - Move Source
to Irradiation
Position

14

The R option resets the MOUSE module and sends

a nonmaskahle interrupt to the Motorola computer
in the SMC module. This interrupt rescts the
Motornla software, moves the source to storage,
and waits for a command from the PET computer.
Errors received during the reset are listed on
the PET screen.

The 0 option turns the stepping motor power on.

The F option turns the stepping motor power off.
The motor power should be turned off when the
stepping motor is not being used to reduce heat-
ing of the motor and noise.

The P option turns the stepping motor power on,
moves the source to storage, positions it at the

storage sensor, and then turns the motor power
off.

The I option turns the stepping motor power on,
positions the source at the storage sensor, moves
the source rapidly from the storage to the irradi-

ation position, and then turns the motor power
off.

Irradiation source position adjustment--the SMC
contains a fixed number of steps (1244) in the
ROM software to move the 25

2Cf source from the

storage to the irradiation position. You can ad-
Just the number of steps up to 127 in both direc-
tions with an eight-position rocker switch mounted
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TEST PROGRAM NDASTST
COMMAND EXPLANATICKS

I - Move Source
to Irradiation
Position
(cont)

S - Move Source to
Storage Position

M - Move Source
N Inches

B - Block All
Cable Sensors

on the SMC module. Please refer to the heading
Position Adjustment in Appendix B for an example
of the = -istment procedure.

The S option turns the stepping motor power on,
moves the source rapidly from the irradiution to
the storage position, positions the source at the
storage sensor, and then turns the motor power
off. If the storage sensor is blocked when you
select this option, the source is repositioned at
the storage sensor.

The M cption steps the source a selected distance
of N inches. You select both the direction and
distance to move the source. Movement in the ir-
radiation direction is into the Shuffler, and
movement in the storage direction is out of the
Shuffier.

NOTE: If an over-travel sensor is
activated, then source movement in that
direction stops.

The B option turns the stepping motor power on,
moves the source slowly out of the Shuffler (stor-
age direction) until all the proximity sensorc are
blocked, and then turns the motor off. Sclecting
the L option after the B option lists the Shuffler
status, showing the status of the sensors.

15
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TEST PROGRAM NDASTST
COMMAND EXPLANATIONS

U - Unblock Al
Cable Sensors

D - Irradiation
Position
Repeatability Test

C - Send a Cormand to
the Shuffler

16

The U option turns the stepping motor power oOn,
moves the source slowly into the Shuffler (irrad-
jation direction) until all the proximity sensors
are unblocked, and then turns the motor power off.
Selecting the L option after the U option lists
the Shuffler status, showing the status of the
Sensors.

The D option tests the repeatability of position-
ing the source at the irradiation location. You
specify the number of times (N) to reposition the
source. This option moves the source rapidly
from the storage to the irradiation position and
then single-steps the motor, counting the number
of steps, in the irradiation direction until the
forward over-travel sensor is unblocked. This
number is printed on the screen and should be
repeatable within a few steps. The mean ard the
standard deviations of the number of steps to
unblock the sensor are calculated and displayed
on the PET screen.

NOTE: Accurate repositioning of the
irradiation source keeps a more constant
neutron flux on the sampie and provides
better precision in assay measurements.

The C option allows you to select and transmit
communication commands from the PET computer to
the SMC module and then check for correct trans-
mission with the L option. Selecting the C option
prints the following 1ist o the PET screen:
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TEST PROGRAM NDASTST
COMMAND EXPLANATIONS

C - Send a Command to
the Shuffler

(cont)

SHUFFLER COMMANDS

- STEPPING MOTOR OFF

- STEPPING MOTOR ON

- POSITION SOURCE AT STORAGE

- TRANSFER FROM STORE TO IRRADIATE
TRANSFER FROM IRRADIATE TO STORE

- BLOCK ALL SENSORS

- UNBLOCK ALL SENSORS

- SET MOTOR DIRECTION TOWARD IRRADIATE
- SET MOTOR DIRECTION TOWARD STORAGE

0 - MOVE SOURCE ONE STEP

— O O N O AW N -
|

SELECT COMMAND(X TO EXIT H FOR HELP) - ?

Command Example A--Using the C option, you can
determine whether the stepping motor is taking
steps. For example, select movement in the ir-
radiation direction and then make the motor take

two steps. The commands you need to select are
as “ollows:

Conmand 2 - STEPPING MOTOR ON

Command 8 - SET MOTOR DIRECTION TOWARD
IRRADIATE

Command 10 - MOVE SOURCE ONE STEP

Command 10 - MOVE SOURCE ONE STEP

Commarid 1 - STEPPING MOTOR OFF

17
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TEST PROGRAM NDASTST
COMMAND EXPLANATIONS

C - Send a Command to
the Shuffler
{cont)

18

The dialog on the PET screen for the above five
commands is as follows:

SELECT COMMAND (H FOR HELP) -> ?C

SELECT COMMAND(X TO EXIT H FOR HELP) -> ? 2
SELECT COMMAND(X TO EXIT H FOR HELP) --» ? 8
SELECT COMMAND(X TO EXIT H FOR HELP) -> ? 10
SELECT COMMANDIX TO EXIT H FOR HELP) -> % 10
CELECT CGMMAND(X TO EXIT H FOR HELP) -> ? 1
SELECT COMMAND(X TG EXIT H FOR HELP) -> ? X

SELERT COMMAND (K FOR HELP) -> ?

Command Example B--The command mode tests error
conditions. For example, send an invalid command
to the Shuffler. The valid commands range from
zero through ten, so in the command mode input
the number 12. The following sequence should ap-
pear on tr.2 PET screen:

SELECT COMMAND{X TO EXIT H FOR HELP) -> ?
12 _RETURN)

#11 INVALID COMMAND SENT BY PET COMPUTER
SELECT COMMAND(X TO EXIT H FOR HELP) -> ?

The second 1ine of the above sequence is an error
message. Error message No. 11 indicates that an
invalid command was sent. The C option test for
error conditions is used to produce error messages
either 11, 12, or 14 (see Appendix C for error
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COMMAND EXPLANATIONS

€ - Send a Coomand to
the Shuffier
{cont)

Z - Change Timer
Frequency
(Default is 50 Hz)

X - Exit From NDASTST

messages). Another error situation would be at-
tempting to move the source using command 4 with-
out first turning on the motor power supply using
command 2. This situation will produce error
number 12, a general error.

Command Example C--Usually, you use the I option
onn the main menu to transfer the source rapidly
to the irradiation position. To do the same task
using the C command, you must do the following:

Command 2 - STEPPING MOTOR ON
Command 4 - TRANSFER FROM STORE TO IRRADIATE
Command 1 - STEPPING MOVTOR OFF

The dialog on the PET screen for the above th~ee
commands is as follows:

SELECT COMMAND{X TO EXIT H FOR HELP) -> ? 2
SELECT COMMAND(R TC EXIT H FOR HELP) -> ? 4
SELECT COMMAND(X 7O EXIT H FOR HELP) -> ? 1

The Z option allows you to specify the PET com-
puter ciock frequency. This option does not set
the frequency directly. The PET internal clock
times Shuffler events, and the program must have
the correct frequency value to cilculate count
rates and source transfer times accurately. The
clock frequency is governed by the power supply,
which will be either 50 or 60 Hz. The default
setting in the program is 50 Hz.

Typing X will allow exit from the program.
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The NDASTST code permits the Shuffler to be tested
easily and thoroughly. The menu-driven program
performs control and test functions using options
the operator selects from the menu. The options
are input at the PET keyboard.

The software was developed in modules, using
structured coding concepts where possible. Each
modiule is an isolated control function and is ac-
cessed with subroutine {GOSUB) calls. The subrou-
tines provide examples of how to implement con-
tro? functions in a program.

The NDASTST program is highly documented with re-
mark (REM) statements on most lines of the code.
This manual provides a general description of the
subvoutines in NDA5STST. A detailed discussion of
the code for PET-to-SMC communications is in
Appendix D.

A complete 1isting of the NDA5STST code is in
Appendix E. The remark statements should provide
sufficient information to understand the operation
of the program. A list and description of vari-
ables in the program is given in Table D-4 of
Appendix D. The following discussion describes
features of each subroutine in the program.
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Program Header
Lines 100-175

Start-up Subroutine
Lines 180-400

Menu Subroutine
Lines 500-594

Option Subroutine
Lines 600-700

Assay Subroutine
Lines 1000-1220

The program header contains the program name,
software creation and revision dates, program
purpose, and the variables used in the code. The
meanings of the variables are also given and, if
restricted, their allowable ranges of values.

The start-up subroutine resets the SMC module,
reads the MOUSE inputs to determine the Shuffler
status, resets the MOUSE module, and checks that/l
the stepping motor power supply is on.

The menu subroutine prints the option menu on,fhe
PET screen and a message requesting your input.
The program waits until an input is received.

The option subroutine accepts an option command
from the PET keyboard and, if allowable. performs
a call to the selected subroutine.

The assay subroutine requests the following
initial information:

NUMBER OF ASSAY CYCLES TO RUN -> ?
DO YOU WANT SCALER OPERATION (Y OR N} -> ?

When you select scaler operation with the Y op-

tion, the program requests a background count
time.

INPUT BACKGROUND COUNT TIME (0.1 TO 250 SEC) -> ?

The irradiation and delayed count times are always
input. These values represent the amount of time

21
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Assay Subroutine
(cont!

Sensor Test
Subroutine
Lines 2000-2700

Single-Step
Subroutine
Lines 2790-2990

22

the source is held at the storage and irradiation
positions.

INPUT IRRADIATION TIME (0.1 TO 259 SEC) -> ?
INPUT DELAYED COUNT TIME (0.1 TO 250 SEC) -> ?

When you sz2lect scaler operation, the assay option
collects a background count for a specified time
(defined as TB in the code). This subroutine then
completes a total of Al cycles. Each cycle con-
sists of moving the source from storage to irradi-
ation and back to storage. Source transfer times
(defined as T1 and T3 in the code), irradiation
times (72), delayed-neutron count times (T4), and
count rates are collected at each cycle, and the
information is printed on the PET screen.

The sensor test subroutine serves only as a diag-
nostic tool. The test blocks and unblocks the
source cable position sensors to determine if the
sensors are operating properly.

The single-step subroutine single-steps the source
a distance of N inches in the direction D se-
lected. In the code, D = 8 for the irradiation
direction and D = 9 for the storage direction.
This subroutine tests for position repeatability,
checks that the motor can take single steps, and
checks that the motor can move the source, after

an assay, further into the Shuffler to dacrease
the radiation level.
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Status Subroutine
Lines 3000-3300

Cleck Frequency
Subroutine
Lines 3400-3495

Motor On Subroutine
Lines 3500-3510

Motor Off Subroutine
Lines 3550-3560

Irradiation Transfer
Subroutine
Lines 4000-4080

Storage Transfer
Subroutine
Lines 5000-5070

The status subroutine first reads the MOUSE inputs
and outputs, then prints the status of the Shuf-
fler system on the PET screen.

The clock freauency subroutine allows you to
specify the power line frequency (variable FR in
the code) for correct timing using the PET jiffy
clock. This program does not physically set the
clock frequency; it obtains the FR value from
your input.

The motor on subroutine sets the variable to a
value of 2 (for the variable C in the code) for
the Shuffler communications subroutine, which
turns the stepping motor power supply on.

The motor off subroutine sends a C value of 1
to the Shuffler communications subroutine, which
turns the stepping motoer power supply off.

The irradiation transfer subroutine turns the
stepping motor power on (C = 2), requests a rapid
transfer of the source from storage to irradiate
(C = 4), and then turns the motor off (C = 1).
The transfer time (TR in the code) measured with
the jiffy clock is converted to seconds by divid-
ing by FR and is printed on the PET screen.

The storage transfer subroutine turns the
stepping motor power on (C = 2), requests a rapid
transfer of the source from irradiate to storage
(C = 5), and then turns the motor off (C = 1).
The value of TR measured with the jiffy clock is

23
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Storage Transfer
Subroutine
(cont)

Position Source at
Storage Subroutine
Lines 6000-6039

Single-Command
Subroutine
Lines 6500-6585

Position Repeatability
Subroutine
Lines 7000-7486

Communications
Subroutine
Lines 7900-8525

converted to seconds by dividing by FR; this new
numder is printed on the PET screen.

The subroutine to position the source at storage
sends a command (C = 3) to the SMC to position the
source at the storage sensor. The positioning
time TR measured with the jiffy clock is converted
to seconds and is printed on the PET screen.

The single-command subroutine allows you to select
one of the %en possible control commands (see

p. 14) and send it to the communications subrou-
tine for transmittal to the Shuffler.

The position repeatability subroutine runs source-
positioning cycles to measure the repeatability
precision at the irradiation position. Delays at
code lines 7010, 7047, 7065, and 7131 are used to
slow the motor down and ensure that each step is
complete before the next step is commanded by the
computer. These delays ensure that an accurate
count of steps is obtained betv =n the irradia-
tion transfer position and the forward over-
travel sensor.

The communications subroutine performs synchroni-
zation and message transmittal between the PET and
the SMC. The PET jiffy clock is used to determine
a maximum response time between messages during
the communications sequence, ensuring that the PET
is not left waiting for a response if the SMC

develops a problem. A detaiied description of the
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Communications
Subroutine
(cont)

Read MOUSE Inputs
Subroutine
Lines 9000-9090

Read MOUSE Outputs
Subroutine
Lines 9100-9140

Set MOUSE OQutputs
Subroutine
Lines 9200-9220

communications code is provided in Appendix D.

This subroutine handles all communications with
the SMC, provides error messages if the SMC de-
tects a problem, and resets the SMC software if
the maximum time for a message response is ex-

ceeded.

The subroutine to read MOUSE inputs reads the high
and low (I2 and I7 in the code) bytes of the MOUSE
input lines. The high byte is converted to vari-
ables representing the source position (R,S, and
F) sensors, the stepping motor power (P), the la-t
command received from the Shuffler (I), and the
Shuffler error (E) condition.

The subroutine to read MOUSE outputs reads the
high and low (02 and 01 in the code) bytes on the
MOUSE output lines. The high byte is converted
and masked to obtain the last command (0) that the
PET sent to the SMC module.

The subroutine to set MOUSE outputs sets the high
and Tow (02 = S2 and 01 = S1 in the code) bytes
of the MOUSE output 1ines. Before calling this
subroutine, use the subroutine to read the MOUSE
output lines to obtain the lTow byte. This byte
is not used in the communications. Instead, the
Tow byte should be sent to the output Tines to
keep these lines from being altered. The high
byte is established by adding the value 16 to the
variable (C). This procedure ensures that the
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Set MOUSE Cutputs
Subroutine
(cont)

Shuffler Restart
Subroutine
Lines 9400-9494

MOUSE Control
Subroutine
Lines 9600-10000
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nonmaskable interrupt (NMI in the code) line of
the SMC module is maintained high. If the line
were set Tow, the SMC software would be reset.

The subroutine to restart the Shuffler sets the
NMI Tine of the SMC high, then low, and then high
again to cause an interrupt at the Motorola com-
puter that resets the SMC and initializes the
software. The MOUSE module is alsc reset. A re-
set may be necessary when communications synchron-
ization is lost or when some other problem occurs
with the SMC or the MOUSE.

NOTE: The SMC can also be reset by

manually depressing the red button on the
front panel.

The MOUSE control section of the code contains
subroutines to operate and control the MOUSE
module to perform scaler operation, timing, and
other tasks. Descriptions of the operational
commands and their meanings are provided in the
Harwell MOUSE Users Guide(AERE-R 9463).
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CALIFORNIUM-252

SHUFFLER SOURCE

CABLE ATTACHMENT

SHIPPING CASK

DESCRIPTION

Californium-252 is a spontaneous fission neutron
emitter. It has a 2.646-yr half-life, emits 2.34
X 10]2 n/s/g, is a reliable source of neutrons,
and can be packaged in a small container.

The Shuffler is designed to use a 252

Cf source
encapsulated in a special package designed by
Savannah River Laboratories, the SR-CF-100 pack-
age. The first source supplied for the Shuffler
was loaned by Savannah River Laboratories. It
contained 2.892 mg of 2°%f, emitting 6.69 X
109 n/s. This source emits a large quantity of
radiation and must be shielded and handled with

care.

The Shuffler operates by moving the 252Cf source
between the storage and irradiation positions.
The source is attached to a Teleflex cable, and
the cable is moved using a gear wheel controlled
by a stepping motor. Figure A-1 shows the con-
figuration of the cable bushing attachment. The
source is securely held to the coupler bushing by
set screws and Loctite.

SHIPMENT

The source is shipped in Atkinson Steel Company
Cask #127. This cask is certified to transport
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APPLY “LOCTITE” TO

EQ ( SET SCREWS
TRANSITION APPLY “LOCTITE" TO
PIECE SOURCE THREADS
S - — __FH SR-Cf-100
\m - | mem )
TELEFLEX CABLE T —

SOURCE
CAPSULE

~SET SCREWS

{4 ea.)

Fig. A-1. Cable bushing attachment.

SHIPPING CASK up to 2 Ci (3.75 mg) of 2°2Cf, The cask re-
{(cont) quires a special insert (see Fig. A-2) for the
source to be shipped with the Teleflex cable at-
tached to it.

SOURCE TRANSFERS

PRACTICE WITH A dummy source and Teleflex cable sent should be
DUMMY SOURCE used to practice transfers until the procedure is
well established.

PROCEDURE The transfer procedure requires the following
general steps:

1. Run the NDA5STST program and move the source
to the irradiation position using the menu
command U. Manually switch the stepping
motor power supply off.
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BOLTS 6 ca. TOP-HAT COVER
! = |
RUBBER GASKET
|| '
DO NOT PUT A — | “TELEFLEX" CABLE
KINK IN CABLE | COIL TO FIT INSIDE
| | TOP-HAT
- = —> '
TELEFLEX — P ‘ COVERPLATE
CABLE HOLE | !
£ S ——RUBBER GASKET
|
: |
N
n
1
‘ ——1—POLY PLUG

Cf-2562 SOURCE

1 EXISTING CASK,

LOWERPLUG

Fig. A-2. Shipping cask insert.
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PROCEDURE 2.
{cont)
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Unbolt the stepping motor, remove the
Swagelok connections on the Teleflex cable
takeup tube, and dismount the motor and
tube.

CAUTION: Be careful that the cable does
not come out of the tube if a 1ive source
is attached to it.

Keeping the cable all the way in the in-
strument, slowly remove the source keeper
tube from the Shuffler.

Slowly remove the Teleflex cable and
quickly place the ol1d source in a large
shield. (Remember, it is a strong radi-
ation source.)

Remove the new source from its shield and
quickly insert it fully into the Shuffler.
F." 1ight machine 0il1 on the Teleflex
cable.

Replace the source keeper tube in the in-
strument.

Run the erd of the Teleflex cable through
the stepping motor gear box and into the
Teleflex tube. Bolt the motor and tube
onto the Shuffler assembly.
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PROCEDURE
(cont)

10.

After you securely bolt the assembly, ro-
tate the stepping wotor gear wheel by hand
to ensure that the cable and source move
easily in the Shuffler.

Switch on the stepping motor power supply
and test siow movement of the source using
the U and B options in program NDA5STST.

If the system appears to operate properly,
use the I and S options to test fast move-
ment of the source. If this iest is suc-
cessful, e the A option to test the over-
all assay capability of the Shuffler,.

Load the Shufflier assay program, recali-

brate the instrument, and continue with
assay measurements using the new source.
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CONTROL ELECTRONICS

IRRADIATION SOURCE The side panel view of the SMC module is shown in

POSITION ADJUSTMENT Fig. B-1. An eight-position rocker switch on the
side panel adjusts the irradiation source posi-
tion. Switch positions 1 through 7 represent the
number of binary steps to adjust the source posi-
tion. Switch position 8 represents adding or sub-
tracting an adjustment number to the fixed posi-
tion (1244 steps) value in ROM. Twenty-five motor
steps will move the source a distance of one inch.

SWITCH SETTINGS The OFF setting on the switch is an open position
producing a set (1) value and the ON setting
grounds the switch, producing a clear (0) value.

¢ URCE POSITION f

OPEN -
ADJUSTMENT SWITCH| n000 0000 (OPEN = 1)
87654321 |(CLOSED = 0) SHUFFLER
— ce:o\‘ol1 5 | SIGNALS
- I R1 47
—— O o .
AN U1l | ul7 ‘
= ut U A1} us } T Spa
1
— c130{ ua ﬂngﬂmmm‘ N
= SIP | CYCUTIINT
2 g Lus ¢ o
— SIP 2 [T ci2 e
—) c1a
= [ [w R .
= c17 e
—) "0 __—_—j wo 26 @D w @
—] " ae ps ©9686s
% | LI vz
SIP 3 LI + Dswz
::é o 3w 2 urt ce_ 71D
— 5, 23 PZE
— 21
— =] R104 J5EW .|z
:: %0 Cbﬂ v ‘{ u12 Ene? o R
00k o i) " R
CZZ\\ c23 R3 |
RG R7 €24 25 .

SERIAL
PORT

Fig. B-1. Side view of the SMC module.
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Add 12 Steps

St-tract 12 Steps

SIGNAL LINES

MOUSE INPUT/OUTPUT LINES

OQutput Lines

To add 12 decimal (14 octal) steps to the irradi-
ation position, put switch 8 in the OFF position.
Assign an octal value of 14 to switch positions 1
through 7 by putting switches 3 and 4 in the OFF

position and switches 1, 2, 5, 6, and 7 in the ON
position. This setting will now move the source

1256 steps from storage to irradiation.

To subtract 12 decimal (14 octal) steps from the
irradiation position, put switch 8 in the ON posi-
tion. Assign an octal value of 14 to switch posi-
tions 1 through 7 by putting switches 3 and 4 in
the OFF position and switches 1, 2, 5, 6, and 7

in the ON position. This setting will now move
the source 1232 steps from storage to irradiation.

Signal and message lines between the SMC and MOUSE
modules and the Shuffler are shown in Fig. B-2.

The ‘MOUSE has 16 input and 16 output lines num-
bered from 0 to 15. The high bytes (8 through 15)
of the lines are used for PET-to-SMC communica-
tions. The bit designations are given below.

The output 1ines (OUTO through OUT15) convey mes-

sages sent from the PET to the SMC moduile. The
bit definitions are as follows:

PET command (oUT8, 0UT9, 0UT10, 0UTI)
Restart the SMC module (QUT}2)
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REVERSE OVERTRAVEL SENSOR
FORWARD DVERTRAVEL SENSO1

STORE SENSOR
MOTOR POWER SUPPLY ON/OFF

I -
X
SWC w8 mouse
> — IN9
‘d N 10
-\ N1
ENCODER SIGNALS ot ; 12
TURN MOTOR ON/OFF =—- 05 Swfivia { sue IEEE-438
MOTOR DIRECTION 06 it 14 REPLY
MOTOR STEP < 07 IN 15 N
00 b :65 ouT 8 COMPUTER
0 T jouTe PET
RS232PDRT | 02 1 1 jouTio COMMAND
-— P D3 |« S{our
M

LUUT 12 - RESET
BACKPLANE DESIGNATIONS
FOR HARWELL SERIES
6000 CRATE

Fig. B-2. Signal lines for the SMC module.

Input Lines The input Tines (INO through IN15) convey messages
senit from the SMC module to the PET. The bit
definitions are as follows:

Reverse over-travel sensor (IN8)
Forward over-travel sensor (IN9)

Store sensor (IN10)
Power on/off (IN11)
SMC message (IN12, IN13, IN14, IN15)

DISTRIBUTION-BOX WIRING Signals between the SMC module and the Shuffler

are routed through a distribution box. Wiring

anu signal definitions for the box are listed in
Tables B-1 through B-IV.
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TABLE B-1

SMC RIBBON CABLE TO ENCODER CABLE

ENCODER
J1 J4 WIRE WIRE SIGNAL
PIN PIN COLOR CONNECTOR  COLOR FUNCTION
1 1 BLACK A BLACK B
2 2 RED B RED +5 VOLTS
3 3 WHITE C WHITE A
4 4 GREEN D GRN/PUR  GROUND
11 5 BLUE E BLUE A
13 6 ORANGE F ORANGE B

TABLE B-II

SMC RIBBCN CABLE TO STEPPING MOTOR DRIVER CABLE

J1 J3 WIRE SIGMA SIGMA DRIVER
PIN PIN COLOR DRIVER FUNCTION
5 1 WHITE 10 BSTEP
6 2 SHIELD 8 GROUND
7 3 GREEN 7 BDIR
8 4 BLACK 4 MOTOR
16 5 RED 6 +5 VOLTS
TABLE B-III
SMC RIBBON CABLE TO SENSOR CABLE
J1 J2 WIRE WIRE SENSOR
PIN PIN COLOR CONNECTOR COLOR FUNCTION
9 1 WHITE 1 WHITE  REV OVER-
TRAVEL
10 2 GREEN 2 WHITE FWD OVER-
TRAVEL
12 3 RED 3 RED +12 VOLTS
14 4 SHIELD 4 BLACK  GROUND
15 5 BLACK 5 WHITE  STORE
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TABLE B-IV
STEPPING MOTOR DRIVER WIRING CONNECTIONS

STEPPING STEPPING
MOTOR WIRE WIRE MOTOR
DRIVER COLOR  CONNECTOR  COLOR FUNCTION
11 RED A RED FWD MOTOR
VOLTAGE
12 WHITE B YELLOW  FWD MOTOR
VOLTAGE
13 GREEN C ORANGE  REV MOTOR
VOLTAGE
14 BLACK D BLACK REV MOTOR
VOLTAGE
POMER SUPPLY WIRING The power supply of the stepping motor can be

wired to operate from 120 or 240 Vac. The unit
is initially configured to operate from 120 Vac.

Changing Wiring to To change the wiring from 120 Vac to 240 Vac, fol-
240 Vac low the steps below and refer to the wiring dia-
gram shown in Fig. B-3.

1. Move the ac 1ine from strip position No. 2
to No. 4.

2. Remove the jumper between strip position
No. 1 and No. 3.

3. Remove the jumper between strip position
No. 2 and No. 4.

4, Insert a jumper between strip position No. 2
and No. 3.

Changing Wiring to To change the wiring back to 120 Vac, leave the ac

120 Vac line on No. 4 and replace the jumpers that were

removed in the above steps. See Fig. B-4.
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120 Vac wiring drawing

SCHEMATICS AND COMMERCIAL COMvONENTS

ELECTRICAL SCHEMATIC

A foldout etectrical schematic (Los Alamos Drawing

No. 68Y-155671) for the Dounreay Shuffler SMC
module is included as Fig. B-5.

MECHANICAL SCHEMATICS

The mechanical design and fabrication drawings of

the Dounreay Shuffler unit are contained in
Los Alamos National Laboratory drawings 68Y-155466
D1 through D15.

These drawings are not included
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DOUNREAY SHUFFLER DIAGNOSTIC APPENDIX B

SOFTWARE OPERATIONS MANUAL DESIGN ELECTRONICS
MECHAWICAL SCHEMATICS with this manual. They are on file at both

(cont) Los Alamos and the Dounreay facility.
COMMERCTAL EQUIPMENT Several items composing the Shuffler were obtained

from commercial sources. Table B-V shows the
commercial items.

TABLE B-V

COMMERCIAL COMPONENTS USED IN SHUFFLER

Item Model Number Manufacturer
Proximity Sensors FYAA3A1 -2 Micro Switch
Stepping Motor 21-3450D-23821 Sigma Instruments, Inc.
Encoder A236-12 Datametrics, Inc.
Motor Power Supply 29B-16-105 Sigma Instruments, Inc.
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ERROR MESSAGES

ERROR MESSAGE EXPLANATION

Error No. 11: Invalid
Command Sent by

PET Computer

Check
Sensors, Power Supply,
and Motor Status

Error No. 12:

Error No. 13:
Over-Travel Sensor
Failed to Stop Steps

Error No. 14: Encoder
Failed to Provide
Step-Completion Signal

The five possible error messages from the Shuffler
SMC module are listed below with explanations of
possible causes and corrections.

Error number 11 is on code line 8241. This error
is produced when the PET computer sends a command
outside the allowed range (0 through 10) to the
SMC module.

Error number 12 is on code 1ine 8242. This mes-
sage represents a general error condition. The
stepping motor power supply may be off. The
source could have been moved too far in either

direction producing an over-travel sensor error.

Error number 13 is on code line 8243. This error
results if the hardware in the SMC module fails or
if the over-travel sensor is not properly working.
A sensor improperly seated cannot reliably sense

a blocked condition. A malfunctioning sensor is
indicated if a source movement results in the
maximum allowable number of steps occurring with-
out an over-travel signal being generated. Use
the T option in program NDASTST to check operation
of the cable position sensors.

Error number 14 is on code 1ine 8244. The SMC
module monitors the stepping motcr encoder for a
step-complete pulse each time the motor takes a
step. This error results if the stepping motor
encoder fails or if an over-travel sensor has heen
activated, and stops the motor from taking steps.
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APPEND:X C
ERROR MESSAGES

Error No. 14: Encoder

Failed to Provide

Step-Completion Signal
(cont)

Error No. 15: Encoder
Provided Excess Step-
Completion Signal

Occasional errors nct involving over-travel sen-
sors indicate that the encoder should be rea-
1igned.

Error number 15 is on code 1ine 8245. This error
results when a step-complete signal is produced
and the SMC module did not issue a step pulse.
This error generally occurs if noise is being
generated on the signal cables.
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PET-TO-SHUFFLER COMMUNICATIONS

PET-TO-SHUFFLER The PET computer and the SMC module communicate
MCSSAGE FORMAT through a simple handshake sequence.
PET MESSAGES The PET initiates all communications with the SMC

and sends commands on bits 8, 9, 10, and 11 of

. the high byte of the MOUSE output lines. PET
messages are denoted in the code by the variable
0 (letter "0"), and the value ranges from 0 (zero)
to 15. Table D-I shows the message numbers and
their meanings. Bit 12 of the MOUSE output line
is wired to the microprocessor of the NMI port of
the SMC. This bit must be held high to prevent
interrupts occurring that would reset the SMC.

SMC MESSAGES The SMC waits for commands from the PET computer
and sends reply messages to the PET on bits 12,
13, 14, and 15 of the high byte of the MOUSE input
lines. SMC messages are denoted in the code by
the variable I and the values range from 0 (zero)
to 15. Table D-I shows the message numbers and
their meanings.

MESSAGE Messages between the PET and the SMC follow
SYNCHRONIZATION the set of synchronized steps shown in Table D-II.
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TABLE D-1I

PET AND SMC MESSAGES

PET SMC
MESSAGE COMMAND REPLY
NUMBER (0) (1)
0 Request completion signal Busy
1 Turn motor on Motor turned on
2 Turn motor off Motor turned off
3 Position source at storage Source positioned at storage
4 Move source to irradiate Source at irradiate
5 Move source to storage Source at storage
6 Block sensors Sensors blocked
7 Unblock sensors Sensors unblocked
8 Set direction to irradiate Direction set to irradiate
9 Set direction to storage Direction set to storage
10 Take one step One step taken
11 none Error message 11
12 none Error message 12
13 none Error message 13
14 none Error message 14
15 none

TABLE D-I1I

Error message 15

SYNCHRONIZED STEPS FOR COMMANDS BETWEEN PET AND SMC

MESSAGE PET SMC
STEP COMMAND REPLY
1. Wait for SMC ready. Busy (send a zero) or waiting for
a command (send a nonzero number).
2. Send variable C. Wait until Send a zero when valid command
SMC receives command and sends accepted and then process command.
a zero indicating acceptance.
2, quuest command completion Ater processing, wait for PET
signal by sending zero. request for completion signal.
4, Wait for SMC completion signral.

Send completion signal by repeat-
ing variable C number, or send
error message (number 11 - 15).
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COMMAND PROCESSING

COMMUNICATIONS EXAMPLE

Communication
Subroutines

46

While the SMC is processing a command, its message
number is set to zero. After the SMC completes a
command and receives a completion signal request
(0) from the PET, it will

1) Echo the command number if completed
successfully, or

2) Send an error message number if a
problem occurred.

A sample communications code is shown in Table
D-III. The PET BASIC code that implements commu-
nications with the SMC is explained below, using
the sample. Variables used in this example and
throughout the BASIC code (NDA5STST) are described
in Table D-IV. Please refer to the NDASTST pro-
gram 1isting in Appendix E for a complete example
of the communication code.

Three subroutines are called from the communica-
tions code. Refer to the examples of MOUSE com-
munications at the end of this appendix for com-
plete details of these subroutines. The subrou-
tines perform the following functions:

Subroutine 9000: Reads the MOUSE input Tines
and converts the high byte (I12) to the variable
I to obtain the SMC message.

Subroutine 9100: Reads the MOUSE output lines
to obtain the value of the low (01) output
by te.
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SOFTWARE COMMUNICATIONS

TABLE D-III

SAMPLE COMMUNICATIONS CODE

LINE CODE REMARK

8000 T1$="000000" :REM ZERO PET CLOCK

8010 GOSUB 9000 :REM GET SMC STATUS

8020 IF TI>FR*5 GO TO 8400 :REM 5 SEC RESPONSE LIMIT
8030 IF I=0 GO TO 8010 :REM WAIT FOR SMC READY

8040 GOSUB 9100 : S1=01 : S2=C :REM SET UP OUTPUT LINES

8045 GOSUB 9200 :REM SEND COMMAND TO SMC

8050 GOSuUB 9000 :REM GET SMC STATUS

8060 IF TI>FR*5 GO TO 8415 :REM 5 SEC TIME LIMIT

8070 IF T #0 GO TO 8050 :REM WAIT FOR SMC BUSY

8080 S2=0 : GOSUB 9200 :REM REQUEST COMPLETION SIGNAL
809G GOSUB 9000 :REM GET SMC STATUS

8100 IF TI>FR*15 GO TO 8435 :REM 15 SEC TIME LIMIT

8110 IF 1=0 GO TO 8090 :REM WAIT FOR COMPLETION SIGNAL
8120 IF I=C THEN RETURN :REM COMPLETION OK

8130 :REM --- PROCESS ERROR CONDITIONS ---

TABLE D-IV
PROGRAM VARIABLE DEFINITIONS

Fatal error

MOUSE error

Error 1isting

Error on repeatability test
Error status

MOUSE error code

CODE

VARIABLE DEFINITION VALUES
R Reverse overtravel sensor O=unblincked 1=blocked
F Forward overtravel sensor O=unblocked T1=blocked
) Store sensor O=unblocked 1=blocked
P Motor power 0=off 1=on
D Source movement direction

8=irradiate 9=store

0=no -1=yes
O=no -1=yes
O=yes 1=no
0=no -1=yes
0=.10 -1=yes

See MOUSE Manual
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TABLE D-IV (cont)
PROGRAM VARIABLE DEFINITIONS

CODE
VARIABLE DEFINITION VALUES
I Input to PET from SMC 0-15
0 Output from PET to SMC 0-15
C Command to SMC 0-10
01 MOUSE output Tow byte -
02 MOUSE outbut high byte -
I1 MOUSE input low byte -
12 MOUSE input high byte -
S1 MOUSE output Tow byte -
S2 MOUSE output high byte -
TR Transfer time (s)
TI Transfer time (Hz/10)
TB Background count time (s)
TO Delay Time (ticks)
T Transfer time from store to irradiate (s)
T2 Irradiation time (s)
T3 Transfer time from irradiate to store (s)
T4 Delayed neutron count time (s)
T5 MOUSE timer preset time (s/10)
A0 Assay cycle counter
Al Total number of assay cycles
A2 Assay cycle output line counter
A3 Assay cycle output line counter
BC Background count rate (counts/s)
FM Flux monitor count rate (counts/s)
DN Delayed neutron count rate {counts/s)
FR Frequency of PET clock (Hz)
MU Mean number of steps to FWDOT sensor in
repeatability test
) Standard deviation of steps in
repeatability test
M Trial number in repeatability test
X(M) Number of steps to FWDOT sensor in
repeatability test trial number M
L Single step counter
N Total number of trials in repeatability
NP test

A8

Number of blank lines to be printed
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Communication
Subroutines
{cont)

Sample Code Description

Subroutine 9200: Sets the output lines of
the MOUSE module. This subroutine adds 16 .o
the high byte (S2) to ensure that the SMC in-
terrupt 1ine is held high.

The rest of the code is described below.

Line 8000: Zeros the PET jiffy clock to
monitor response timing.

Line 8010: Reads the MOUSE input lines to
obtain the SMC message status (I).

Line 8020: Transfers out of the communica-
tions subroutine if the SMC has not reached a
ready state within 5 s. The time is measured
in hertz, and you need to know the line fre-
quency (FR) to obtain the time in seconds.
Line 8400 prints a timeout message on the PET
screen. An interrupt to the SMC is then gen-
erated to reset the module; if the interrupt
is successful, the PET program transfers to
the main menu.

Line 8030: If the SMC is not ready, its
message status equals zero (I = 0), and this

line transfers the code back to the read SMC
status line. '

49



DOUNREAY SHUFFLER DIAGNOSTIC APPENDIX D
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Samplie Code Description Line 8040: The SMC is ready for a command,
(cont) so subroutine 9100 is called to obtain the low

byte (01) on the MOUSE output lines. The low
byte is set equal to S1. The high byte (S2)
is set equal to the variable C.

Line 8045: Subroutine 9200 adds 16 to S2 and
places S1 and S2 on the MOUSE output lines.
S2 contains the control message for the SMC.
Adding the number 16 keeps the SMC module in-
terrupt line high to prevent a module reset.

Line 8050: Reads the MOUSE input lines to
obtain I.

LINE 8060: Transfers out of the communica-
tions subroutine if the SMC has not sent a
busy signal within 5 s. Line 8415 prints a
timeout message on the PET screen. An inter-
rupt to the SMC is then generated to reset the
unit, and, if the interrupt is successful, the
PET program transfers to the main menu.

LINE 8070: If the SMC has not accepted the
command, the variable I on the input line will
be nonzero. Therefore, this 1ine transfers

the program to 1ine 8050, the read MOUSE input
line.
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Sample code Descriptio®
(cont)

Line 8080: The PET command has been accepted
by the SMC. The PET requests a command comple-
tion signal from the SMC by setting the high
byte to zero (S2 = 0) and calling subroutine
9200 to transmit it to the SMC. The low byte,
S1, will not have changed from its initial
value.

Line 8090: The PET reads the MOUSE input
lines to obtain I.

Line 8100: Transfers out of the communica-
tions subroutine if the SMC has not provided a
command completion signal within 15 s. Line
8435 prints a timeout message on the PET
screen. An interrupt to the SMC is then gen-
erated to reseti the unit and, if the interrupt
is successful, the PET program transfers to
the main menu.

Line 8110: Checks for command completion by
the SMC, If I = 0 the SMC is busy processing
the command, and the code loops back to the
read status subroutine.

Line 8120: If the SMC status equals the com-
mand (I = C), then the task was successfully
completed, and the code returns to the calling
program. Otherwise, I equals an error message
number that appears on the PET screen.
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COMMUNICATION ERRORS

INTRODUCTION

CONVERT FROM ASCII
TO DECIMAL

52

If a communication error occurs and message
synchronization is lost, the PET program will
time out and reset the SMC module, The SMC then
positions the source at storage and waits for a
commanc from the PET. If the reset attempt is
unsuccessful, the PET displays an error message
to inform you of the problem. You should then do
a manual reset by pushing the RESET button on the
front panel of the SMC module.

MOUSE COMMUNICATIONS

The rET communicates with the SMC through the
MOUSE using codes that must be converted between
the MOUSE and the PET computer. This section
describes the codes and subroutines for communi-
cations through the MOUSE.

The MOUSE input lines carry the signals from the
SMC to the PET. The low byte in the code is des-
ignated by I1 and the high byte is designated by
12. The MOUSE output lines carry signals from
the PET computer to the SMC.

The MOUSE module is designed to transmit and
receive string data. The data received must be
converted from the ASCII value to a decimal value
before use by the PET code. An example of the
code for conversion of the Tow byte (I1$) and high

byte (I2$) ASCII strings to the decimal values I1
and 2 follows:
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CONVERT FROM ASCII
TO DECIMAL
(cont)

SMC Messages

READ MOUSE INPUTS
SUBROUTINE 9000

READ MOUSE OUTPUTS
SUBROUTINE 910G

I1=0 : IF 11§ <> "" THEN I11=ASC(I1§)
[2=0 : IF I2% <> "" THEN 12=ASC(12§)

Signals froin the SMC to the PET are transmitted

on bits 12 through 15 of the high bvte (I2) of

the MOUSE input 1ines. Bit 12, an NMI iine used
to reinitialize the SMC controller, should pe

held high to prevent reset interrupts from
occurring. The following BASIC code shifts these
SMC messages to values betwcen 0 and 15 for inter-
pretation by the PET:

1 = (I2 and 240)/16 :REM SMC message = I
The subroutine reads the 16 input lines on the

Harwell MOUSE unit into the PET computer using
the following PET BASIC code:

OPEN 1,13,8 :REM Open IEZE port to read

PRINT#1,CHR$(0)  :REM Set read to input line

GET#1,11$,12% :REM Read high byte 12§ and
low byte I1$

CLOSE 1 :Release port.

Signals from the PET computer to the SMC are
transmitted on bits 8 through 11 of the high byte
of the output lines. This subroutine reads MOUSE
output lines to obtain the value of the low output
byte. Data placed on the MOUSE output lines can
be read and verified using the following code:
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READ MOUSE QUTPUTS
SUBROUTINE
(cont)

SEND COMMAND C
SUBROUTINE 9200

SMC RESET

ADDITIONAL INFORMATION

54

APPENDIX D
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OPEN 1,13,8 :REM Open IEEE port to read
PRINT#1,CHR$(255) :REM Read output line
GET#1,02$,01% :REM Read bytes
CLOSE 1 :REM Release port

This subroutine sets the output 1ines of the MOUSE

module. The code adds 16 to the high byte (S2) of

the output Tine. This procedure ensures that the
NMI 1ine, bit 12, is kept high to prevent a reset
or interrupt. The code required to send a command
from the PET computer to the SMC module is as fol-
lows:

OPEN 1,13,7 :REM Write to MOUSE
PRINT#1,CHR$(02+16),CHR$(01) :REM Send command C
CLOSE 1

The command to send an NMI to the SMC module uses
bit 12 of the MOUSE output. The communications
sequence is modified from the above discussion
because the SMC initializes variables and re-
starts the program. If the restart is success-
ful, the SMC module piaces a value of 8 on the
communications line. The PET computer should
wait for this value to ensure the reset is suc-
cessful.

Detailed information on the communication and
control operations between the PET computer and
MOUSE module is contained in the Harwell MOUSE
Users Manual (AERE-R-9463),
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FEADY.
189 REM —————————- iom—e
161 REM DISKE HAME -~ HOARSTST. WSS
132 REM DIAGHOISTIC PROGRAM TO COMTROL AMD
183 REM TEST THE QOUMREAY SHUFFLER
1wd REM G ECCLESTOMN CRERTED zZ-AFF-24
135 REM © STUENE REVISED 2Z2-JUL-2
166 REM —mmwmwm—m—
187 REM

192

VAR ITARELESD

109 REM B = REWOT SENTOR g=HELOCEED  1=ELOCKED
118 REM F = FWDOT " " "
111 REM . = STORE " " "
112 REM F o= MOTOF FOWEFR Q=0FF  1=0H
112 FEM
114 REM E = FHATHL ERROR B=HC -1=YEZ
116 REM EM = MILSE ERROR = ~1=YE=
117 FEM EL = LISTING B=YES 1=HMi
112 REM ER = . 4 FEFEAT TEST B=H0 -1=YE=
113 REM EC = EFFOR CODE <SEE MOUSE MAHUAL FOR MEANTHGS )
129 REM ET = S ETHTWS CEDUARL TO FATAL ERROF
1z 3
122 F I = IHFUT TO PET FROM STEFFPIWG MOTOR COWTROLLEFR BORRD  CRANHGE G-1%5)
23 R 0= QUTFUT FROM PET TO STERFIWG MOTORE CONTROLLER BOARD «RAHGE &-1%.
C = COMMAMD HUMEER (RAMGE 1-180
1 Tt = FET CLOCK TIMIWG LOOF YALUE CSEC % FET TIMING FREQUEHCY
1 T1 = TRAWSFER TIME FROM STORAGE TO IRFACIATION SECH
1 Bl T2 = TIME AT IRRSHODIATION CSECH
129 REM 3 = TRAWSFEF TIME FRIM IRRADIATION TO STORAGE ©SED)
128 REM T4 = TIME AT STORRGE CSECH
121 REM TS = MOUSE TIMER “ALIE ©&.1 SEC)
1 J a
1 = MEAH MUMBEFR OF STEFS IN REFEATABILITY TEST
1 = STAMOARD CENIATION OF STEFPS IH REFERTAREILITY TEST
1] = HUMEBER OF STEFS T FWOOT SEMSOR IM REFCATABILITY
13 TEST TREIAL HUMEBER M
1] = DIRECTIOM FOR SOURCE MOMEMEMT ¢2=TO IRRADIATE . 9=70 STOFE®
146 REM BC = BRCKGROUMD COLMT RATE CCP
141 REM Ft1 = FLU: MOMITOR COUHT RATE O
142 REM OH = DELAYED MEUTROM COUMT RATE CCRSH
147 FEM FR = FREJEHCY OF PET CLOCK CHOMIMBLLY 3538 HZ
145 REM
178 REM ——— e
172 REM OISk FILE “"MWDASTST.DOC" COMTAIMNS A DESCRIPTION OF THE
v3 REM CAPAREILITIES AMD REGUIIREMEMTS OF THE HMORSTST DIAGHOSTIC
174 REM FROGREAM,
176 REM —————————mmmee
17€ REM
179 REM ——— STARTUF AMD YARIABLE INITIALIZATION ——-
139 EL=82 tREM ALLOW ERROFR LISTIHG
181 NIM X<S5@Y : PRINTEYTES FREE =":FREC@Y :REM REPEAT TEST “RRIRELE
182 E=B : $0SUE 906 tPEM READ MOUSE IMPUTSE
185 IF F=1 GOTO 195 tREM CHECE MOTOR FOWER
185 FRINT"TURM STEFPFING MOTOR FOMEFR OH"
182 PRIMT"HIT R AHG FETURM EEY WHEM REARDY
129 IHFUT C1$ ¢ IF C1$72"RY GOTO 188 tREM WHIT FOR CHARACTER
123 GOTO 1= tREM RECHECY MOTOR PLOMER
135 FR=54 tREM CLOCE FRED DEFAULT=5E HZ
198 REM
199

FEM ——— TOEGLE MMI LIME To FESET SHUFFLER AHD STORE SOURCE ~—-
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GOSUE REM HMIT SR (R
REM
PRIMT SPCo2es " amskiorks LOS ALAMOS SHUFFLER *++¢++J“
PRIMT - RS DIAGHOST I MEHL #es

FPRINT SPCO1Sa"
PRINT SPCO1TY
FRIMT SPCo1Sat
 PRINT =

PRIMT

PRIMT =

FRINT
PRINT
B FRIMT
PRIMT 3
PRINT :
PRINT
PRINT :

R - ASSAY CYOLE SIMULATION®
T - TEST CAELE SEMSORETY
L — LIST SYSTEM STATU
R - RESTART STEPFING MOTOR COMTROL MOOULE®
0 - STEFFIHG MOTOR OH"
F
F
I
1

-~ STEFFING MOTOR OFF®
* — POSITION SOURCE AT STORAGE LOCATION
- MOYE SOURCE TO IRRADIATION POSITIOH"
.~ MOWE SUURCE TGO STORAGE POSITION™
- MIVWE SOURIZE M INCHES®
B - BLOCKE ALL CARELE SEt
LI — UNBLOCEK ALL CARELE SEM
O - IRRACIATION FPOSITION FEPEHTHEILIT TE=T”
C - SEMD A COMMAND TO THE SHUFFLER
£ - CHAWHGE TIMER FREQUEMHCY COEFAULT I3 S HIaM
T3S A - ERIT FROM PROGEAMY
! “Flt1=-“!h#++¢v**¢+§*¥¢+¢###§ REETEEXRTIELR LR ES LR E LTI
t INFUT"SSELECT COMMAND ¢H FOR HELF3 —=";C1$
B2 PRIWT E
Cl="H" THEN GOTO S84
C1E="A" THEM )

tREM SLBROLITINE

Cl$="T" THEM GC :REM SEMSO
: THEN sREM LIMELOCK =
THEN 5 tREM ELCCK
THEW 503 :REM MOYE SOURCE M INCHES
THEN GLSLE 365 SREM LIST STATLE

THEH hu“HE sREM CHAMGE FREGIJEMCY

THEHM G tREM MOVE TO IRRARDOIATE

THEH G tREM MOWE TO *THPE

THEM tREM FOSITION AT STORAGE
THEH tREM SEMHDC CORMMERND

THEM :REM REFERTREILITY TEST

THEH tREM STEFPING MOTOR OH c=2
THEH tREM STEFFIMG MOTOR OFF =1
THEMN tREM EXIT PROGRAM

THEH tREM MMI SUEROUTIME

= GOTO S8R
2 REM
393 REM -—--— ASSAY CYCLE SIMULATION —--—
1938 INPUT"HUMBER OF ASSAY CYCLES TO RUM~Z “:AL ¢ IF AL<L GOTO 1068
1231 ALI=IMTCAL: : EM=@ ; TE=d : BL=8 @ PRINT tREM IMITIALIZE “ARIAELES
1Bz = IMFUT"O0 YO WAMT SCRLER OFERATION oY OR HWr =" 5%
138z N AND Sg2:"¢" GOTO 1@ez tREM CHECE EMTEY
1aEs IF S$="H" GOTO 1818 tREM SEIFR IF (0 SCHLER DISE
188 INFUT" INFUT BRCKGROUHD COUMT TIME r@.1 TO 250 SEC) —3":TE
1887 IF TEL=a THEN 1866 tREM IMPUT MUST BE 82
101@ INFUT"INFUT IRRADIATION TIME CE. 1 T 258 SECH -3"rTE
1811 IF T2<=a THEM 1&1@ tREM IMPUT MUOST BE -3
182@ INFUT"IHWFUT OELAYED COLUMT TIME cEa.1 TO 258 SECH -3";T4
1521 IF T4<=@ THEHM 1823 :REM IMPUT MUST BE 6
1658 TB=TE%16 tREM COWWERT TO MOUSE TIME
196 TZ=T2%14 :REM COMVERT TO MDIUESE TIME
167 T4=T4*10 :REM CONVERT TO MOUSE TIME
1168 AB=E : JO=AE+1 tREM ASSAY CYCLE COUMTER
118s FOR J=1 TO 18 sREM CLEARR COUTFUT VARIARELES
Al CIa=a s OMCTd=B ; NEST T
GOSUE &@@8 @ IF E THEN RETURN tREM FPOSITICH SOURCE RT ZERD
GOSUIR 203 tREM STERFING MITOR OH
: Az=A tREM SET LIME COUMTERSD
: PRINT : AB=0 : Ja=f@+1
FRINT" -- - COUMT TIMES AMDO TRAMSFER TIMES (SECH";
t = - - —_n
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111 PRINTYOVE
1117 PRINT SPIZ.S0
1118 REM

1119 REM

1128 FEM --- BACKGROIUND MEARSUREMEHNT CUSES MOUSE SCALER 20

1121 IF sz—nu" GOTO 11268 tREM SEIP IF WO ZCALER SE
1122 IF A3 HEM 1138 tREM SEIF AFTER 1 BCEGRHD MESS
1123 GOSUE = : IF EM THEW RPETURH tREM IF MOUISE ERFOFR ErM=

1124 TS=TE 3 G\ LB Qe tREM START TIMER AMC SCALERT
1125 GOALE s TG=Z218 tREM READ TIME TO G0 <TG SEC
1128 IF TGa>20 HEH 1125 tREM WRIT FOR TE SECOHDOS

1127 N=2 : GOSUER 3790 1 BU=INTOZZSC sREM RERD ZCALER HUMEEFR 2
1128 REM —--— IRRADIATION MEAS MOLEE

QRO P Do " T O S-S TSP O T TRRALTHT 10
S "DELAYED HELUTEOH"

I‘Lx a:n

—
|A'T\—l

oo
]
—H @

HLER 10 ——-

1139 C=4 : 333 2R “FR TDO IRRADIATE
1148 T1=<TI.F K10

HVYERT ®FR TIME T SEC
1147 IF S$="¢» GOTO 1151 SKIP IF LEF LSE

1143 TO=T2#FR 14 : GOSUE 735O0 SREM WAEIT T2 SEC SIHG FET CLC
1150 GOTO 11:n tFEM SEIF SCALER OFERST IO
115! TS=Tz S tREM START TIMER AHO SCELEFS
1152 GUsle :REM READ TIME TO @30 ¢ TiEw

1152 IF TG: :REM FM COUMT FUOR SECOHDT
1154 M=1 : GOSUE 20T2518 0

; ‘ALEFR HLUMEEFR 1
1155 GOSUE 3316 3 IF EM THEN FETUPH

1158 PEN ——— DOELRYED HEUTROH MESRSUREMENT (L=ES
; GOSUER 993 IF & THEHW RETLURH
F=LTIAFROI®L1A

IF Sg="H" GOTO 1124

 TS=T4 @ S0SUE 3508

GLSE Qe ¢ TG=

IF NH EEHLER )5
! “ThrT TIMER HAHD SCALERS
tREM REARD TIME T G0 TG
IF TGC:0 11 tREM OW COUWT FOR T4 SECOHDS
2 BOSUE 8FA4a @ OMHCTIR =22 T3 180 s :REM REERD SCALEFR HUMEEFR I
LIE 2315 : IF EM THEH RETURH sREM IF MOLSE ERROR EF=1
GOTD 11968 tREM SEIF IF LEF LIZE
TA=Ta%FF-/ I3 @ GOSLE FS0E sREM WFIT T4 SEC WSING PET LI
REM ——- QUTFUT RESLILTS
SEOAER=RE+ 1 JB=A0+] tREM IHCREMENT COUNMTEFRT
TI=T1 19+, 06 AL 4 tFEM FI: QUTPLUT LEHGTS
= FRIMT" " :AQ+A3. ! T tREM JUTRUT TIMES
IF AR=AZ2 THEH H=AZ : hﬂTu tREM SET & OF LIWES TD FRINT
IF AR=19 THEM H=18 : GOTO tREM ZE YOF LIMES TO FRIMT
GOTO 11368 sREM WRIT FOR 18 OWCLES OR EHC
FRIMT SPCO1S0 "l CYCLE" , "B OCPS s, "FMOCRS s, "OH RS
FOR T=1 TO H tREM FRINT IM GROUFS OF 16
FIOTa=THTOFMG T O T o= THT OO T
s PRIMT SPCCLT e p o3 BP0 T0,
 HEST T
IF H=18 THENW A2=AZ-1@t
IF RG:

&

9 POAB=0 : AZSAIELE tREM UFDATE LIKE COUMTERS

= THEW GOTO 11132 tREM BRAMCH IF HOT LAST C9CLE
S C=1 3 GOSUE Soad tREM STEFFPIMG MOTOR CFF

& RETLIRH

S

]

B

; REM
REM —-— TEST CRELE SEMSOR OFERATION ——-
GO3UE 2490 sREM UMELICE ALL SEHSOFS
G THEW PRIMT SPCCISI“ERROR - REVOT SEMSOR MOT UMELOCEEDY
3 THEW PRINT SPCO1SH"ERROR — FWOQT SEMSOE HOT UHELOCKEDY
B THEW FRIMT SFCO1S0UERROR ~ STORE SEMSOR MOT UMELOCHED"

R4 1F E GOTO REM RBORT M FATAL ERFOF
2m45 FRINT SFCO

P e
[ RN o JLTU R (NI A CARE X OV (A

2818 IF R

Ch COMPLETECR

2180

o =506 tREM
2128

1 THEM PRINWT ZPCC1SH"ERROR — REVOT SEMSOR HOT
213[;\ 1 THEH FRINWT Col15: “FOR — FWOOT SEMSCR HOT
=14 1 THEM PRINT SPCC1Ss"ERFOR — STORE SEMSOR MOT

slud IF E OO 2ran tREM REORT OH FATAL EFFOF

HLL ZEHSORL

IR BLOCK COMPLETED "
S0 TEST COMPLETED"

57
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2178 tREM FLACE 200FIE AT Jloes
=128 GOILE tREM PRIMT & BLAM. LIMET
2138 RETURN
2132 REM
2488 FRINT SFCO283"UNELDCKING ALL SEMSORSH" : RETURH
2580 PRINT SPCC2@X"BLOCKIHNG ALL SENSORE Sin RETLIREM
= FRINT SFCo2e>"MERROR WHILE UNEBLOCKING HLL SEN' ] RETLRH

PRINT SPCC2O"EERROR WHILE BLOCKING ALL SEMSORESE": RETURH

REM

REM ——— MOWE SQURCE N INCHES ---

C=2 : GOEUE 2002 tREM MOTOR 13H

NF=3 : GOSUE 19008 tREM PRIMT 2 BLAME LIMEZX
2828 PRINT SPCW1S"SELECT QIRECTION FOR SOURCE MOVEMEWMTY
2825 PRINT . " ¥k iokdh ik iofb oKk ok b 3k ok ok ok al
283@ PRINT SPCO1S» I = MOVE SOURCE TOWARD IRRADIATE" :REM INTO SHUFFLER
2948 PRINT SFPCO1S»" S = MOWE SOURCE TOWARRD STORER! :REM nUT nF SHUFFLER
ZSEﬁ FRIMT: IHPUT" DIRECTIOM = -3";0F . IF O#<5"1" AND OFI0H"3

235% IF O%="I" THEW O=2 : 5070 T tREM

: 3 OIF Df="5S" THEMW D0O=% : GOTO 2 tREM

C=0  : GOSUE S000 tREM SEHD I'EIHHHHEI ]
FRINT :FRINT

INFUT"IHFUT NUMBER OQF INCHES MOWEMEMT M= ~3" sHiN=IHTCH#D
FOR J=1 TO H tREM 25
> C=18 @ GOSUE SA6R tREM HH”E 1 =
L SRR :REM READ INFUTS
GOTO 2825 sREM CHECK REVQT
IF F=8 GDTO 2955 tREM CHECE FWUOOT
NEXT J :REM HEST STEF
PRIWMT SPCO1S)"MACOMPLETED "sJ-1:" STEFS IH THE ":D&;" DIRECTICH e
GOTO
FRINT SPCO15O“NEBLOCKED REVERSE OVERTRAYEL SEMSOR AFTER " :J:" STEFS AW
GOTO 2965

PRIMT SPCO1S:“MEUMELOCKED FORMARD OWERTRAYEL SEMSOR ATTER “:J:" STEFSERE
C=1 : GOSUE SO85 : IF E THEM RETURH :REM TURHN MOTOR OFF
RETIIFM

REM

REM --~ LIST S¥STEM STATUS ——-

SPCC20r "HRSHUFFLER INSTRLUMEMT STATLS!

SEH=

:REM SAYE ERROR STATUS

B :REM READ IHFUTS
: :REM RESET ERROR STATHS
GOSUE 316 tREM READ OUTFUTS

T PREINT THECSYUE  Sksskikakf Sk € a0k b S S S e e ks e "
IF S=1 THEM PRINT THEC1S:" SOURCE IS IN THE STORAGE SHIELDE"

S=3 THEM FRIMT TREC1S»" SOURCE IS IM THE IRRADIATION FOSITICHE"
ES=| tREM SHWE ERRORE STATLS
S GOSLE SRR tREM READ IHPUTE
t E=EZ tREM RESET ERROR STH
GOSUE 21898 tREM READ DUTAUTS

‘=0 THEWN FPRINT THE:1S" STEFFING MOTOR POWER IS OFF
=1 THEM PRINT TRAEC1S3" STEPFING MOTOR FOWEE IS ONH"
=0 THEW PRIMT TREC1S»" REVOT SENSOR IS UNBLOCKED"®
=1 THEN FRINT TRE:1S)" REDT SEMSOR 15 ELOCEED"
=8 THEW PRIMWT TREL1S>" STORE SEMNSOR IS5 UNEBLOCKED™
=1 THEN PRINT TRAEBZ1Ssv STORE IZENSOR IS BLOCKED"
=@ THEH FRINT TAEC1S:" FWOOT SENSOR IS LNBLOCKED®
=1 THEHW PRINT TREC15»" FlaDOT SENSOR IS BLOCKED"
TRECIEY "M AST COMMAMD SEMT TO THE SHMC =";C

= TAEL 18 "CURRENT COMMRAND AT THE SMC =";0

2118 PRIMT TABC12>"LAST COMMAND RECEIVED FROM THE SMC =":I

2128 PRINT TREC18:"ERROR STATUS E =" 2E

2138 PRINT TABC1S)"MOUSE ERROR STATUS EM =":EM

PRINT : PRIMNT SRCCI0);

FRINT"MOUSE OUTFUTS <PET TO SMC: LOW BYTE=":01:" HIGH EYTE=" ;02
PRINT SFCC1@D;

FRINT"MOUSE INPUTS CEMC TO OFETY LOM EW(E=":;I1;" HIGH EYTE=":IZ
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PRINT

GOSUE SZ0d

RETURH

REM ——— SPECIFY TIMER FREQUEHLCY ——=

REPM

» REM HNWQTE: THE NOASTST PROGRAM MAKES USE OF THE PET COMPUTER S IMTERHAL
REM CLOCK FOR TIMING SQURCE TRAMSFERS AN CREATING PROGEAM DELAYS. THE
REN FET JIFFY CLOCK OQPERATES AT A RATE EQUAL TO THE PET S POWER SUFPLY
REM FREGJIEMCY. BECALSE OF THIS, IT IS HECESSARY TO LZE A VARIABLE CFR:
. REM  FQOR THE TIMER FREQUEHCY TO PREVEWT SOFTWARE MODIFICATIOMS WHEM

REM CHANGIMZ THE COMPUTER S FOWER SUPFLY FREDMJIENCY. THE PROGRAM DEFAULYE
REM TO R FPOWER SUPPLY FREQUENCY QF S@ HZ.

REM

PRINT SPCO1S)UNCURRENT TIMER FREQUEHDY (HZ» = ":FR

485 NP=2 : SQSUE 18394 tREM PRIMT & BELANE LIMEZ

3420 INPUT"IMFUT NEid TIMER FREMIENCY CHZD -3":FR 3 PRINT

2485 IF FR<OI=Q GOTO 3da REM KEEF FR:A

390 HWP=2 GOSLIE  19@a6 tREM PRIMT & BLAWE LIHES

2395 RETURH

AT REM
A3 REM ——— TURN STEPFIMG MOTOR OM ———
1 L= GOSUE 2008 tREM STEFFIMHG MOTOR 1OH
RETURH
REM
REM ——-= TUREN STEPFING MOQTOF OFF ——-
C=1: ZOSUE 20820 :REM STEFRFIHG MOTOR OFF
3 RETURHM
2 REM
3992 REM -—- TRANSFER SOURCE FROM STORE TO IRRADIATE ——-
AERR T=2 : GOSUE 3989 tREM MOTOR OH
1018 IF NOT E THEH 4846 tREM SEIFP IF NO ERROR COMDITION
@328 GOSUB 23083 sREM ELSE LIST STATLES
426 TA=FR#5 : GOSUE 7350 tREM S SEC MWAIT
443 C=4 3 GEUE SR8 : TRE=TI tREM TEARMSFER TO IRRADIATE
4053 PRINT, "BNTRAMSFER TIME FROM STORE T2 IRRADIATE CSECY =":TRAFR
4REE C=1 3 GOSLUE S5066 tREM MOTOR OFF
473 HP=3 : GDIUE 180605 tREM FRIMT 3 ELRAHE LIHES
4288 RETURM
4333 REM
4993 REM -—— TRAWSFER SOURCE FROM IRRAGIATE TO STORE —--
SEAE C=2 @ GOSUE 2083 tREM MOTOR OH
S015 IF HMOT E THEH S649 tREM SKIFP 1F MO ERRIR COHOITION
SEZER GOSUE 3000 tREM ELZE LIST STHTUS
SR23 TO=FR#*5 : GO2SUE 7SO0 tREM S ZEC WAIT
SR4A C=5 : GOSUBR 209009 + TR=TI :REM TRAMSFER TO STORE
S@5e PRIMT." ER TIME FROM IRRADIATE TO STORE <¢SEC) =";:TR.-FE
SEsn C=1 SLIE tREM MOTOQR QFF
SETE HP=2 SUB 18008 : RETLURM tREM PRLMT 2 LIMES AMD RETURH
SQ9s REM '
2992 REM --- POSITION SOURCE AT STORAGE LOCATION  ——-—
/0 C=3 : GOSUE 20688 3 TR=TI tREM PXRITION SQURCE AT STORE
Sa16 PRINT, "H®SOURCE POSITIQHIMNG TIME (SEC) =";TR-FR : PRIMT
6628 NP=Z : GOSUE 1860 tREM PRINT 2 BLAWKE LIHES
58233 RETLIRH
6438 REM
€493 REM -—--— SEMD COMMAHD C TQ STEFFING MOTOGR CUNTROL EBOARD ¢SMCy ———
S5R8 REM

ma31 REM EXMAMPLE: A MORMAL TRANSFER FROM STORE TO IRRADIATE REQUIRES THE
2302 PEM FOLLDOWING SEQUEMNCE OF COMMANDS:

e384 FEM 12 - SEMD C=2 TO TURW THE MOTOR OH

5335 REM 23 - SEND C=4 TO TRANSFER FROM STORE TO IRRADIATE

EIRE REM &> - SEMD C=1 TO TURN THE MOTOR OFF

&507 REM

B308 REM  MOYEMENWT COMMANDS C=32, & AND 7 DO HOT REQLIRE THE FET TO TLRH

5383 REM  THE MOTOR OM BEFORE EXECUITION, COMMAMOS C=4, 5 AMD 16 DO,
€518 FEM

~
L
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£511 FRINT, " SHUFFLER COMMANDE" dFEINT, " R LT YR TS e RO
€513 PRINT, " 1=STEFFING MOTOR OFF

5514 PRINT,." 2=STEPFING MOTOR OH"
€513 PRINT, " F=POSITION SQURCE AT STOREGE"

63528 PRINT.." 4=TRANSFER FizOM STORE TO IRRADIATE"

6523 PRINT,." S=TRANSFER FROM IRRADIATE TQ STORE"

&538 PRINT,." 5=BLOCK ALL SENSORZ"

E533 PRINT.." F=UNBLOCK ALL SENSORS!

E548 PRINT. " 8=SET MOTOR DIRECTION TOWARD IRRROIRTE"

6545 PRINT,." S=SET MOTOR DIRECTION TOWARD STQRE"

E550 PRINT, " 19=MQVE SQIIRCE ONE STEP" :FRINT:PRINT

E55% INFUT"HSELECT COMMAMD <X TO EXIT H FOR RELF» ~>"3;C& : PRINT

568 1IF C#="X" THEN RETURHN sREM EXIT TO MAIH MEHLU

8565 IF C$="H" THEN 8511 tREM BRAWCH TO COMMAMD LIST
8578 C=VAL:ICg>» : IF C=8 OF C>1% THEN &555 tREM COMWERT STRIMG To DECTMAL
528 GOSUE S0 R SEND COMMEAHD

B585 6OTO €555

"598 REM

6399 REM ——- IRRADIATICM FOSITION REFEATAEILITY TEST ——-

Toa C=3 : GOSUR 2805 fREM POSITION SOURCE AT STORE
TAS! IMPUT“HUMEBER OF TRIALS CMAXSSAY N =2:H o IF MOl OF HISE GOTD Ton)

A2 M=IHTCND

72683 MP=4 : GOSUE G009 tREM PRINT 4 BUAME LIHES

FHAS PRINT SPCC1IS) " iokikdokd S akatob bk i o b s s e
7887 PRINT SPCO1SM" LOS ALAMOS SHUFFLER REFEATAEBILITY TEST"
TROS PRINT SPLC1S " Rkt G ioh sk gk ok ks i o
ve8s EL=1 : ER=8 :REM ERRCE ME
FA18 TA=IMT(FR<4> : GOSLE 7S tREM 14 SEC TEST DELRAY
TELS HNe=0

TEIR PRINT SPCOLSHUNSTEFRS TO FRDOT SENSOR UNELOCK"
YAIT PRINT.." FROM IRRADIATE POSITION®

]

vE4@ C=3 : SOSUE SBRR : GOSUE 7483 tREM REFQSITION SOURCE

vad4e C=2 @ GDSUR SopR tREM TURN STEFPFINHG MOTOR DOH
47 T@=INTCFR~4> : GOSUEB 7509 REM 194 SEC TEST GELAY
?E5A C=4 : GOSUE 30 tREM MOVE TO IRRROIRTE

TRSS TA=INTFRA2Y : GOSUB 7595 tREM 1.2 SEC TEST DELAY
vAER C=2 1 GOSUE 2600 tREM RIRECTION TCO IRRADIATE
TASS To=IMT(FR-4» : GOSUB 7500 tREM 1.9 SEC TEST CELRY
TeTa L=a tREM ZERD STEF COUMTER

vaSE C=10 : GOSUR S59R tREM TAEE A SIHMGLE ZTEF
7a59 |L=L+1% tREM IMCEEMEMWT STEFR COUMTER
7lBB GOSUR 3866 tREM CHECE FOR FWUOOT SEM {
v11g IF F=8 THEM 7135 tREM SKIF IF FHOOT SEHS UMNBL
7115 IF L>188 THEN 7125 tREM SKIF IF EXCEED 149 STEF
¥116 TA=INTLFR/4> : GUSUE 7SO0 tREM 14 SEC STEF CELRY
7iz2e GNTO 7aga tREM EBRANCH FOR WEWT STEF
v125 PRINT"ABORT ON NUMBER OF 3TEPS 188" : ER=-1:FEM SET TEST EREOR FLAG
7128 TA=INT<FRA4» : GOSUB 7S04 tREM 14 SEC WARIT

7136 C=3 : GOSUB SBAGa : GOSUE 7488 REM FCS SOURCE AT STORE
7131 TO=FR¥S : GUSUB 7SuB tREM 5 SEC WAIT

7263 PRINT SPCC3@):L tREM FRINT MUMEER OF STEFS
7265 M=NB+1 : X(Mi=_L tREM STORE NUMEER OF STEFS
7276 N@=N@+1 : IF NO<HH THEM 7@40 iREM SKIF IF MOT LAST STEF
7299 C=3 : GOSUB Sewa tREM FOS SOURCE AT STORE
7292 GOSUB 745a tREM CALCULATE STRTISTICS

7295 EL=8 tREM
v308 RETURN

7399 REM --~ CHECK FOR REVERSE OVERSHOOT ——-

7436 GOSUB 9600 tREM
7416 IF R=1 THEN 742& tREM IS REVOT SEMSOR LIMELED
7415 GOTO 7429 :REM ZKIF IF UNWELOCKED

7420 PRINT"CRELE PAST REYERSE OVERTRAWEL SENSOR" :REM ERROR-REVOT SEMHS LMELE

7425 ER=-1 tREM SET TEST ERROR FLAG
7438 RETURN

7448 PEM ~~- CALCULATE MEAM & STANDARD DEYIATION ——m
FASE MU=0 : IF ER=—1 THEN 7424 tREM SKIF STATISTICS IF ER

ERROR MEZSAGES OH

READ INFUTSE

60
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THS51 IF M=l THEM Mi=xols @ 5=8 1 50T 7473 sREM SEIF LF QMLY 1 TRIAL
THSE FOR J=1 TO H tREM LOOF FOR HUMEER OF TRIOLE
TS MU=MULROTY 3 WNERET T tREM SUmM STEFS
TI5E MU=MULAH tREM CRLCULATE MEAH
FH458 S=0
T4EE FQR J=1 TOQ N tREM LOOF FOGR MUMEER OF TRIALS
TIET S Joa=MULTE sREM SUM DIFF SEUARED

et CALCULARTE VARIAWHCE
T CALCULATE ZIGHMA
va4ve MT 18 BLAHE LIMNES

TATE PRIMT, bk ok ki 0k b 0 000 N A A A N 0 0 b *|
"¢ PRIWT,," MEAM # OF STERS = " :MU

PRINT, " STAMOARD DEVIATICH ="3;S &1 PRIMT

PRINT, "#4®R$ k@b @ S O R A S S R LSS S EE S e ek e e

NP=1@& : GOSUE 16903 REM FRIMT 1@ ELAME LTHEX
: GOTO FTaas tREM SEIF IF HO ERROR

FRIMT"BERROR IM TEST, HO STATISTICS GEMERATEDAMW"

W RETURHM

~—— FET ZLOCE TIMIMG LOOF ———

HWOTE: PET TIME I& IM FRACTIOMS OF A SECOMO GIWEN EY THE IMWVERSE OF
THE FET POMER SUFRFLY FRERQUEMCY <HZ)>»., THE YARIAELE FR IS USED TO
DENDTE THE TIMER FREQUEHCY. THE PET CLOCE OJIFFERS FROM THE MOUSE
TIMER IN THRT INFUTS TO THE MOUSE TIMER MUST EE IN TEMTHSZ OF A SECO

EXHMFLE = A 2 SEC DELAY REQUIRES THE FOLLOWIHWG STAHTEMEWNTZ

o Ta=z#FR : GOSUE FoEQ

TG

o REM ZERCO PET CLOCK

o IF TISTE GOTD FSig tREM LI2OF FOR TA-FR SEC
TS RETLIRH

v REM

v REM —-—— PETSSMC COMMUMICATION SUBROUTIHE MODULE ———

T FEM

REM  WARIRBLES:
REM I
FEM o
FEM 51
REM sz

IMFUT T2 PET FROM THE SMC

COmMmMAND TCQ THE SMC FROM FPET
MOUSE QUTRPUT LIME LW BYTE
E ULTFUT LIKE HIGH BYTE

1

DR IR AR MDA I AR A BDARDA U

tREM FERD PET CLOCE

- D in e

a tREM GET SMD STATUS

26 GOTO SEm $REM S SEC WAIT LIMIT

26 I=5 307D 2818 tREM WAIT TILL SMC RERAD-

48 G 1 51=01 @ S2=C : GOSUE 9208 tREM SEHD COMMAND=C

56 tREM GET SMC STATUS

50 GOTO 8415 :REM S SEC WAIT LIMIT

70 I<H@ 3O0TO 2AS5H :REM WAIT FOR ACKHOWMLEDGE=E
$880 S2=@ : GOSUE 9200 :REM REFDY FOR COMPLTE SIGh
2099 GOSUE 995 tREM GET SMI STATUS
S1@@ IF TISFR#1S GOTO £435 tREM 15 SEC WAIT LIMIT
2110 IF I=@ 30T 5699 tREM WAIT FUOR COMFLETE SI0G
8120 IF I=C THEM RETURN (REM COMFLETION SIGHAL=C
8288 REM --- ERRUR CONDITIOM I<3C OUTFUT ---
S28S IF I1<11 OR I>1S THEM RETURH tREM IF NO ERROF RETURM
2219 IF EL=1 THEH RETURH tREM IF MESZAGES OFF RETLIR!
£215 FRINT,"§";
8228 OH I-1@ GOTO 8241,8242,85243,5244,8245 tREM BRAMCH TO ERROR MESGE

FRIMT"ERROR I OUT OF RAMGE AT STATEMEMT S&23 I=":I : RETURM
REM

REM --- SHUFFLER ERROR MESSRZES —--—

PRIMT"#11 IMNYALID COMMAHD SEHMT BY PET COMPUTER"

: GOTO
= PRINT"#12 ERROR: CHECK SEMSORS, FOMWER SUPFLY AM© MOTOR STATUS®: GOTO
PRINT"#13 AM OYERTRAVEL SEMSOR FRILED TO STOP =TEFS" : GOTO

FRINT"#14 EHCODER FAILED TO FROVIDE STEF COMPLETION SIGHAL" r GBOTO
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PRINT"#15 ENCODER FROWIDED ENCESS STEF COMPLETION SIGHAL"
TOSFRAS : GOSUE TSHEA (FEM 2 SEC WALT
RETURN

839? REM

£399 REM ——- PRINT COMMUWICATION ERROR MESSHGE ———

£4@@ PRINT, "HAQOCOMMUNICATION ERROR — STEPFPING MOTOR COMTROLLER HOT RERCY™

S416 BOTO 455 :REM ATTEMFT A RESTART

G415 PRINT, "EARCOMMUNICATION ERROR — SHMC DID HOT ACKNOWLEDGE" :
8425 PRINT" PET COMMAMD"

a43a GOTO a48S iREM ATTEMFT A RESTART
2435 PRINT, "EMNCOMMUMICATION ERROR - SMC COMMRMO DID NGT COMPLETE"
8445 GOTO S4:5 tREM ATTEMFT A RESTHET
2468 REM --- SYSTEM IS LOST -~ ATTEMFT AN IMTERRLUFT RESTART ——-—
8465 GOSUE a0 tREM LIST ERROR STRTLES
5470 TO=FR#*3 : GOSUE 7500 tREM 2 SEC WRIT
8475 PRINT, "WPULSIHG WMI TO RESTART STEFPFIWG MOTOR COMTROL MOCULE  plefelt
8480 TO=FR#¥Z : GOSUE 7SO tREM & SEC WAIT
23498 GOSUR 940 tREM TOGGLE MMI LIME
2502 IF HOT E THEH &b :REM IF MO ERROR - 30 TO MEt
8385 E=-1 tREM SET ERROR FLAG
85168 NF=3Z : GOSUE lodos tREM PRIMT 2 BLANE LINEZ
23515 PRIMT" ERROR—--STEFFING MOTOR CONTROL DIES MOT RESFOMD T HMI IMTERFLUPS
8528 NP=2 : GOSUE 1@hea sREM PRIMT 2 BLAME LIMEES

25 GOTO Sas :REM RETURM T1o MEHLU

t REM
REM --- RERD MQUSE INFUTS AWO CONVERT —~—-

BHBH OFEW 1,13,8 1 PRINT#1,CHR$:B)> : GET#1.I2%,11% : CLOSE 1
Sa1a Il=8 : IF [1$5"" THEW I1=ASCCILE tREM HUMERIC COMVE
P80 I2=a : IF 12$CH"" THEW IZ2sSASCOI2%: tREM MUMERIZ CO
98zn R=0IZ BMND 1o sREM REVOT SEHESIR
43 F=CI2 AND 2072 EM FLOOT ‘EH WF
98568 S=012 RHD 4>.¢ EM STORE

P=CI2 PHD 332 Eil FOMER nr
I=CI2 AND 24@01& tREM SHUFFLEFR TU FET IRl
2 E=R : IF I»=11 THEM E=-1 tREM SET ERROR FLAG
RETURHM

S REM —-—-— REFRD MOILUSE U lTF'l IT AND COMWERT ———

OFEN 1.132,2 : FPRINT#1., GET#1.02%,01% : CLOSE 1

01=2 : IF 01§39 THEM Ul-— N sREM HUMERTL COMWE
2= 3 IF Q2F<"" THEM QU=RASCOIZED fREM MUMERIC COMWE
0=02 [AHD 1S tREM LAST PET COMM
 RETLIRM

REM

REM --- SET MOUSE OUTPUTS ———

SR=E52+18 sREM YeEER FMI LIME HITGH
OPEN 1,13,7 : PRIMTH#1,CHRES(SZ;CHR$CS1y ¢ CLOSE 1

RETLIRH

REM

REM ——- TOGGLE NMI LINE TO RESTRRT SHUFFLER FHO STORE SOHIRCE ———

GQSUB 9198 :REM READ MCUMZE TO GET 01
GOsUE 9386 tREM REZET MOLITE

DFEN 1,13,7 : PRINT#1.CHR$C1SH;CHR$CO1Y ¢ CLOSE 1 sREM SET MMI HIGH
OPEN 1.17%,7 * PRINT#1,CHRE$(@) ;CHR$CQL > ¢ CLSSE 1 «sREM SET HMI LOW
TB=FR : LOSUE 7598 tREM 1 SEC WRIT
OPEN 1,12,7 : PRINT#1,CHR¥CIEY;CHR$:J1) @ CLOSE 1 :REM SET LIME HIGH
GQSUE 398D sREM GET SMC STAT
IF I8 THEW 9485 :REM S¥IF IF FLA
GRSUE 3989 tREM LIST STHTUES
T@=FR#4 : GOUSUB 75006 tREM o4 SEC MAIT
RETURN
TA=FR%S : GOSUE 7503 tREM 5 SEC TIMEOUT
GO3UE 2608 :REM REREFRD STARTLS
IF I<>% THEN E=~1 REM ERROR IF I

3 GOSUB 2098 : To=FR¥4 : GOSLE 7T5@0 tREM LIST STATUE
IF E=@ THEW RETURM tREM ZEIF IF HO ERED

4592 FEM —-- MMI ERROR LISTIMNG ——-
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DOUNREAY SHUFFLER DIAGNOSTIC APPENDIX E
SOFTWARE OPERATICGNS MANUAL NDASTST CODE LISVING

3ONP=Y o GOSUER 1880
FRIMT, "2y FRILED TO RESTART =TEFFIHG MOTOR COMTROLLER!
WETEM IMOFERRAELE — CHECE STEFFIMG MOTOF COHTROLLEFR™

3 PETUPH

REM ————m—w——m— START MOUSE TIMER AND RUH FIOF
Aelo=R:AC4 =B :RC1I=INT TS558 sBl=AC L
ACZa=IHT (L TS—E1 072550 1A TS-EBl~CRACZI&2S
OPEM 1.13,5

PRINTH#1 ,CHRECACL M 2CHREFCARCZ 2 0 2CHRECACZ 2 0 s CHRECACS 20 2 CLOSE 1

RETURHM

REM

REM —=-- RERD MOILSE tLHLEP HUMEER t ~—-

OPEH 1.13,2: FPRIMTH#1.CHRE MY : GETH#1,AFC 10, AFCZ0 ,AFEC3y AF 4y s CLIOEE 8

TSA1Q0 SECOMOE ————m— e e

So= Ve

-¢1=1 TD 4
Sla=nn THEH A1C21 =R SOTO 2794

S+F1ET19: MENT 21

EETLRH.

FEM --- READ TIME TO GO —-—-

DFEM 1.13,3: FRINTHI CHR$IE0 : GET#1LASC10 AEOE REE: CLOSE 1

THEM R1CE210=t: GOTD 254
CHECEL D)
< c+HRLCEl s NEST 21
RETURHM
SR REM
30 REM ——— RESET MOUSE MODULE —-—-
OFeH 1,122,132 ¢ PRINT#1,CHR$ECZY &2 CLOSE 1
* REM

FEM ——— ZSET SCALERE 1 AMD URDER TIMER COWMTROL ——-
OFPER 1,172,494 @ FRIMT#1.CHREFCOZY @ CLISE 1
2 REM
REM ——— CHECE MOUSE ERROR
S OFEH 1.132.3 @ PRIMT#H#1.CHR$
IF B$="" THEHM E=8 : GOTQ2 =3
E=RSCOBF
EM=xE FAHD 13%:-12 tREM MOUSE ERROF STATUS
IF EM=& THEH RETUFH tREM FETURH IF HO ERROR
&F OPEM 1,12,5 @ GETH#1,C$010,C020 @ CLOSE 1 :REM READ ERFOR CODE
23 EC=4
3 FOR JI=1 TO 2
IF C#g0Ja=n"" THEHI-

LoD LG D LD LD DD

LoD O3 O

STATUS —--
P o1 GETH#1,EB$ @ CLOSE 1

DD U D WD A N0 DD

0O,

T GOTD 9545

: MHEST T
IF EC i THEH EETLIRH REM RETURH IF MO ERRDF
NP=4 : sREM PRIMT ¢4 BLAME LIMES
PEINT,"EJ ik — CIODE # =":EC
PRINT" N IF ERFROF CODE # THEH COUMT TIME TOO SHALL® :
PRINT" FOF SCALER OFERATIOW"
NP=35 : LIE 1 e :REM FRIMT S BLAME LIMES
Ta=FFE#3 : GOSUE 7FSgn tREM S SEC WAIT
RETURH!
REM

3 REM ——— OUTFUT LIHE SPACIHG —=——
19088 FOR II=1 T HF : PRIMT : HE®T II
l@ain RETURN

RERADY.

tREM FRIMT HWF ELAHE LIHES
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