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of thermocouples and heaters are the same as for one of the SPVC regions.
Location of thermocouples and heaters was in accordance with required
equilibriun temperatures in the presence of predicted gamma radiation.[Z]

The irradiation capsules have been installed in the ORR poolside facility
as shown in Figure 2. The SSC is positioned nearest the reactor core
behind a thermal shield and is followed by the SPVC. The entire experi-
ment apparatus is retractable from the poolside facility to a position
outside the high neutron flux region.

SECTION 1.2. EXPERIMENT PROCEDURES AND GOALS

For a two-year period, the IIC reactor test specimens are to be irradiated
at a temrerature of 288°C + 10°C. Specimen environment will be regulated
by the process control system (PCS) discussed in this report. The PCS
senses and recu. 4s specimen neutron spectral and temperature environment
and makes feedback ‘iustments in the temperature environment. Capsule
spectral environmenta. u..a stored by the PCS will be correlated at the
end of the experiment with specimen embrittlement changes. The expected
benefits from this project are better standards fcr determining reactor
vessel radiation damage and a means of asce~taining pressure vessel damage
by extrapolating from damace done to LWR surveillance capsules.

SECTION 1.3. ORR-PSF PROCESS CONTROL EQUIPMENT

Gamna radiation provides most of the heat to the capsules with the elec-
trical heaters supplying the means of maintaining the required heat
balance. The power to the heaters is regulated by variation of the voltage
using a constant amperage. Voltage is controlled by variac setting and
was experimentally determined through a series of pre-experiment tests

(see Section 1.4). The total power delivered to the heaters is controlled
by zero-crossing solid-state relays which are computer-driven. Each variac
is associated with a pair of heaters -- one located on the front face

and one in a corresponding position on the back face of the specimen
assemblies. Each of the four specimen regions (0T, 1/4 T, 1/2 T, and

SSC) has ten variacs for controlling heater power demand.
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A watt transducer was incorporated in the PCS instrumentation for the
purpose of monitoring tota! heater power delivered to the capsules from
all heater plates at any time. Watt transducer analog data are available
to the PCS computer but are presently not used in the process control.

A potential use of the watt transducer is in calibration tests of the
individual variac setpoints.

Each of the four specimen regions has 22 temperature sensors. Two of

the sensors interface to mechanical recorders for use in manual control
of the experiment. The remaining thermocouples are monitored by the PCS
computer. Thermocouple inputs are low level, differential signals. Each
thermocouple input is routed to one of two isothermal boxes where it is
corrected by a reference temperature. The 80 thermocouples are sampled
every 40 seconds to provide system feedback for determining heater power
demand changes. A sample set of four elements is taken for each thermo-
couple and anomalous values are eliminated. The quality of the process
input signals in terms of electrical noise imposed on them is variable
because of the long distances the signals must travel from the reactor
pool and other environmental factors. By using software signal condition-
ing techniques and relying on the slow system dynamic response time,
however, adequate input signal accuracy (+ 1.5°C) has been achieved. The
overall dynamics of the process are such that settling errors can be
minimized by incorporating delays between analog conversions.

The operating power level of the reactor is sampled every 40 seconds.
When the experiment is at steady state, reactor power data are recorded
every hour and are used in correlating neutron flux - spectral param-
eters with the capsule conditions during the experiment. Determinations
of cumulative specimen radiation exposure time are made to help schedule
experiment events such as SSC replacement.

Figure 3 illustrates the interaction of PCS equipment components with
the ORR-PSF.
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heater zones, as well as conductive heat transfer characteristics in over-
lapping zones, were to be determined. Because of time constraints, the
characterization data were obtained with electrical heating only. Later
tests of the model under actual process conditions, however, showed it

to be valid for controlling capsule temperature in the presence of gamma
heat.

Twenty tests were carried out, ten for each capsule. Since the three
specimen regions of the SPVC were assumed to be thermally decoupled,
simultaneous characterization data were accumulated for them. The test
procedure was to select a variac position, compute the associated power,
and initiate heater firing at a 100% duty cycle. Temperature distribution
was recorded every 40 seconds while the capsule reached and maintained
steady state. Heater firing was stopped and cooldown data were recorded.
This was repeated for each variac in the SSC (variacs #1-10) and for the
ten groups of variacs (variacs #11, 21, 31, etc.) in the SPVC. Miller's
analysis of these data showed that the system is essentially linear under
steady-state conditions and that a two-minute data sampling interval ade-
quately reflects system response.[B]

After a process control model was developed from capsule characteristic
analysis, it was incorporated wnto the PCS software which performs data
surveillance and equipment control. Extensive program structuring and
testing had to be done to accommodite all real-time functions plus control
algorithm computations so that both process and computer system con-
straints were observed. Experimentation showed that a peried of at least
40 seconds was needed to gather, display, and record capsule temperature
distribution; carry out error detection, alarm, and corrective measures;
compute new heater power demands based on current temperature distribu-
tion; and initiate new heater firing sequences to achieve the computed
demand changes. As pointed out in the previous section, one complete
control cycle (i.e., firing all 40 SSRs in continuous 200-millisecond
bursts to attain 100% heater power output) is 20 seconds. Therefore,

the heater firing sequence is initiated twice for each computed heater
demand adjustment. This introduces no discernible control law error
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since best measurements show the steady-state system response period to
be about 2 minutes. For computing purposes, then, the system is assumed
to be a discrete-time model having 200 time frames of 200 milliseconds
each. Fixed real-time computer functions occur within each discrete time
interval. Scheduling of real-time activities will be discussed in
Section 3.3.1.

Finally, experiments were made to verify the effectiveness of the control
algorithm in modifying power demands and to prove that the digital con-
trol of the heaters was properly designed to effect needed power changes.
During these tests, both capsules were heated to steady-state tempera-
tures of 75°C and 150°C in the retracted position outside the gamma radia-
tion field. The experiment apparatus was then positioned at the poolside
facility window and the temperature distribution was determined with gamma
heat alone. It was found that the total heat produced in the specimen
regions by gamma radiation alone was higher than predicted by the design
analysis but was sufficiently under that needed to maintain a target tem-
perature of 288°C to allow control of the heat balance with the PCS. Final
testing included allowing the capsules to approach target as the reactor
achieved normal power level with heater power demand under PCS control

and then maintaining them at target for various test periods.

SECTION 1.5. EXPERIMENT CONTROL CONCEPTS
L4]

Early work in defining the ORR-PSF as a linear, time-invariant system
laid groundwork for the develcpment of the discrete-time control
algorithm used by the PCS. It has been determined that the system is
not linear in dynamic stages but that in steady-state operation, tem-
perature response to electrical heating is essentially linear.[3] This,
along with the fact that the process data sampling interval is considerably
less than the system time constants, allows effective digital heater con-
trol. The control scheme is closed loop in nature.
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The M6012 is an eight-bit optically isolated DC voltage output module

which provides current sink outputs for use with an external field supply.
The M6012 in the PCS activates annunciators in the alarm system when needed.
The module is ass.gned to address 171013.

The M5013 monitors up to eight contact closures and AC voltages in the
frequency range of 47 to 63 Hz. An input from 0 to 30 Vrms is treated
as a logical zero and an input voltage from 90 to 140 Vrms is treated

as a logical one. The module is capable of initiating an interrupt upon
a change-of-state of the most significant bit.

The inputs, structured as one eight-bit byte, are transformer-coupled
to threshold detectors. The M5013 is assigned to address 171012 and was
intended for use as a water flow indicator.

The analog input functions of the subsystem are handled by an AO14 A/D
converter and six A157 analog multiplexers. The AO14 accepts 16 single-
ended or eight differential field inputs and is designed for high-level
input signals. The A157s have programmable gain and, in the PCS, accept
low-level input signals. The A157s are addressed via the AO14 and each
accommodates 16 differential field inputs.

The AO14 provides successive approximation A/D conversion of input signals
from one of eight differential channels or an external multiplexed-source
channel under computer control. The analog signal is converted into a
12-bit (11 bits plus sign) digital word that is reed by the software.

When used with the external A157 wide-range multip!axer, gain is selected
by the program at the A157, thus enabling analog signals (current or
voltage inputs) of different amplitudes to be read. Since the D-Bus is
eight bits wide and the LSI-11 Bus is 16 bits, 12 bits of digitized analog
data are transferred to the processor in two data input operations.

Data format for the AO14 is given below (see Table 1). The AO14 occupies
four consecutive bytes of address space (171000-171003) and these four
bytes are used as a control table to select :thannel number, multiplexer,
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Table 1 (Contd.)

AC14 DATA FORMAT

Bits
7 6 & 4
06 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 ] 0 1
0 ] 1 0
0 1 1 1
1 0 0 0
] 0 0 1
1 0 1 0
1 0 1 ]
1 1 0 0
1 1 0 1
] 1 1 0
1 1 1 1

Gain

1

2
ILLEGAL
ILLEGAL
10

20
ILLEGAL
ILLEGAL
50

100
ILLEGAL
ILLEGAL
500
1000
TLLEGAL
ILLEGAL

GSB

0.5 mV
0.25 mV

0.1 mV
0.05 mv

0.01 mv
0.005 mv

0.5 x 2'* mv
0.25 x 2** mv

0.1 x 2 mv
0.05 x 2** mv

0,01 x 2'* mv
0.005 x 2*' mv










22

Table 2
CSR BIT DESCRIPTIONS

. Bit
07 (F)
Read only
06 (E)
Read/write
05 (M)
Read/write
04 (D)

Read/write

03 (T)
Read/write

o1 (C)
Write only

0o (R)
Read/write

Description

Flag bit = 1 indicates that the subsystem requires
service

Enable bit = 1 enables the subsystem interrupt. If
F=1and E =1 and the processor status allows interrupts,
the processor will be interrupted.

Maintenance bit = 1 forces a maintenance interrupt if
L=1. IfM=1, then F = 1. M is cleared when the CSR
has been read with R = 1. Reading an IOR with M = ]
results in data equal to the address of that IOR, whether
or not there is a module installed with that address.

Disable bit = 1 sets the [/0 disable mode on all
epplicable 1/0 modules. Clearing the D-bit automatically
sets the C-bit.

Test bit = 1 sets *he 1/0 test mode on all applicable
1/0 modules.

Clear bit = 1 causes the subsystem to reset without
requiring a reset instruction; self-clearinag.

RIF (reset interrupt flag) bit = 1 causes the [/0 module
being read to reset its internal interrupt flag. RIF is
cleared when the 1/0 module or the CSR is addressed.
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the hardware. No total software correction of the malfunction is possible,
but the severity and impact (in terms of heater misfiring) were lessened
considerably by two changes. The first involved a software recognition

of any missed one-shot pulse and an arbitrary rescheduling of the heater
firing algorithm until synchronization is achieved. This has the effect
of greatly reducing (though not eliminating) the number of misfires to

the extent that temperature excursions are so small as to be undetectable
in the data acquisition system. Some further improvement was made by
suspending most computer system activity when CPU/subsystem communications
are under way.

A certain method of eliminating the SSR misfires would be to replace the
single-shot modules with latching cutput modules, effectively eliminating
the second clock and allowing software control of the output pulse length.
At this time, however, an equipme- . change does not seem warranted.

Other timing restrictions that were obsecved in the software development

were:

1. At least 20 microseconds must elapse between setting the clear bit
(bit 1) of the CSR and next addressing any register in the subsystem.

2. The time from setting of the interrupt flag bit in the CSR to the
time the interrupt service routine reads the IAR must be at least
30 microseconds.

3. The time from the clearing of a module interrupt to the time that
the software enables additional IP300 interrupts, tests the flag
bit in the CSR, or reads the IAR must be at least 30 microseconds.
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SECTION 3. PCS SOFTWARE

As mentioned above, DEC's RT-113B foreground/background, single-user
operating system was selected for the PCS. In this report, discussion
of applications software will be limited to the final process monitoring
and control program and will not cover software developed for initial
system tests and pre-experiment characterizations of the process. (The
earlier software development is described briefly in Section 1.4.) The
program used to control the ORR-PSF experiment is called Program PCS.
Program PCS has background functions of reporting and storing process
parameters and foreground functions of process data acquisition and
control.

As explained in Section 1.4, pre-experiment tests showed that the optimum
heater firing period is 200 milliseconds and the necessary time for
performing all process control functions is 40 seconds. This led to the
assumption that the system design could be based on a discrete-time model
having 200 time frames of 200 milliseconds each. For computing purposes,
each discrete peried is allocated to specific tasks and task scheduling
is handled by a foreground supervisory subprogram.

SECTION 3.1. PROGRAM PCS INITIALIZATION TASKS

The ORR-PSF experiment is scheduled ‘o last two years with discontinuities
in operation due to reactor conditions. When reactor power is reduced

for refueling or maintenance to a level too low for the electrical heaters
in the capsules to maintain the desired heat balance, the experiment is
suspended until the gamma heating is sufficiently high again. Similarly,
failures in the PCS or PSF instrumentation cc cause temporary experiment
shutdown.

Each time the experiment is resumed, Program PCS is executed anew to
establish boundary conditions. While PCS is running, it hac sole use
of the system resources. Process control functions require nearly total
system capacity and so other development work or experiment data reduc-
tion must be done off-line.
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Tabl» 5

ANALOG CHANNEL ASSIGNMENTS

Channel Al157 A157 Al157 A157 A157 Al157
Number #1 #2 #3 #4 #5 #6
0 RTDS TE305 TE209 TEN13 TE 17 TE 1
1 RTD4 TE306 TE210 TE114 TE 18 TE 2
2 RTD2 TE307 TE21 TE115 TE 19 TE 3
3 WT TE308 TE212 TE116 TE 20 TE 4
4 RP TE309 TE213 TE117 TE101 TE 5
5 TE310 TE214 TE118 TE102 TE 6
6 TE311 TE215 TE119 TE103 TE 7
7 TE312 TE216 TE120 TE104 TE 8
10 TE313 TE217 TE201 TE105 TE 9
11 TE314 TE218 TE202 TE106 TE 10
12 TE315 TE219 Te2G3 TE107 TE 1
13 TE316 TE220 TE204 TE108 TE 12
14 TE317 TE301 TE205 TE109 TE 13
15 TE318 TE302 TE206 TE110 TE 14
16 TE319 TE203 TE207 TEIN TE 15
17 TE320 TE304 TE208 TEN2 TE 16

Input Signal Definitions

RTD
WT
RP
TE

Reference Temperature Device

Watt Transducer
Reactor Power
Thermocouple
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must first be computed. The followirg equation computes the isothermal
box voltage:
e =C +C, T +C, T2+C, 17 (1)
0 0 1 'r 2 4 3r °
The coefficients are Chromel/Alumel constants provided by the thermo-
couple manufacturer. The measured thermocouple voltage, €y’ is then

added to e, to get the corrected thermocoupie input. Temperature 1S
then computed from equation (3).

+ r
es em eo ’ (Z)

2 3

_ 4 5
T = Ao + Ale + Aze + A3e

+ Ae” . (3)

+ A4e 5

SECTION 3.3.4. ALARM HANDLING

After the capsule temperature profiles are determined, error chcking

is done to flag any out-of-limits temperatures. If 10% or more of the
thermocouples record temperatures outside the range of the capsule
reference temperature + 10°C, a warning message is printed with the otuer
process data, as shown in Table 3. Also, an annunciator alarm is acti-
vated in the experiment control room and in the reactor control room.
Disk storage rate of process data is increased from once per hour to once
every two minutes. If the temperature excursion continues and exceeds
the rarge of reference temperature + 17°C, a reactor setback occurs. The
annunciator is activated again and an alarm message is printed. [f the
alarm was caused by a high temperature excursion, heater power is
wmediately reduced to zero to protect the pressure vessel specimens from
annealing damage. Program PCS continues to monitor and record process
data but no further automatic heater power control is generated until

the experimenter determines that reactor and process conditions have
normalizea and restarts the program. When the alarm reflects a low tem-
peraiure distribution, tne PCS continues automatic heater control until

termiinated by the experimenter.
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The temperature alarm annunciator relays are activated by an M6012 program-
controlled DC output upon error detection. Operator acknowledgment of
the alarm is necessary before the annunciator can be silenced.

Since the temperature alarm capability is lost during a computer failure,

a watchdog timer was incorporated in the PCS to cause annunciator acti-
vation in the experiment control room and in the reactor control room

if the processor halts or if, for any reason, Program PCS is suspended.

The program renews a single-shot digital output pulse to the annunciator
relay, maintaining a closed circuit. If the pulse is not refreshed under
program control every 200 milliseconds, the output pulse times out, opening
the circuit to give an alarm. When Program PCS is not executing, the
annunciator circuit must be bypassed by setting the COMPUTER FAILURE

ALARM switch in the experiment control room.

SECTION 3.3.5. IP300 1/0 SOFTWARE

The [P300 Subsystem as marketed by Digital Equipment Corporation is a
self-contained system complete with supporting software. DEC's software
was not applicable to the PCS I/0 subsystem, however, for two reasons.
One is the custom-design aspects of the subsystem discussed above. The
+ther is that DEC's IP300 device drivers were developed to be used in
the RSX-11M/S operating systems and are not readily transferrable to an
RT-11 environment.

Observing the restrictions and conventions outlined in Section 2.2 for
the PCS IP300, communicatinns software was written for the I0CM and all
modules on ihe D-Bus for use in the RT-11 system.
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APPENDIX B

PROGRAM PCS SOURCE LISTING
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Crexex
CrxsxxINFUT THE REACTOR POWER LEVEL.
Crenex
902 I12=°44
13=°221
CALL AO014
1AD(B4)=10-2048
Crrxxx

CHxxx*CONVERT TO ENGNEERING UNITS. RESOLUTION = .05 MW.
CEEExx
FL=1AD(B4)%,05
IF (DEFAU.EG.1)G0O TO 905
Crexxx
Cxexa20UTPUT REACTOR FOWER LEVEL. GIVE OFPERAT
Cxxxx2PROGRAM IF REACTOR IS MOT AT NORHRLEDSEng?SZOfggg:TV FIRIB
CEeexy
WRITE (5,204)FL
204 FORMAT (/’SREACTOR POWER READ AS “+FS5.1:° MW.’»
1+’ CONTINUE (Y DR NY? )
READ (59205)REPLY
205 FORMAT (A1)
IF (REPLY.FN.NO)CALL EXIT
Crexxx
CH¥SEERANNUNCIATOR ON ALARM? DEFAULT CONDITION IS YES.
Cerexx
WRITE (5,564)
566 FORMAT (/’$SOUND ANNUNCIATOR ON ALARM (Y OR NI?7)
READ (S5+20S5)REFLY
IF (REFLY.EQ.ND)IANN=0
CEEExs
CEeasa INFUT CAFSULE CHARACTERISTIC DATA FOR USE BY CONTROL ALGORITHM.
Crexxx
WRITE (5,600)
4600 FORMAT (/’ 15 SECOND DELAY FOR DATA RETRIEVAL.")
905 CALL ASSIGN(3y’DK1:FDEK.DAT’)
READ (39s)(((FU(IryJeK)2J=1920)91=1+10)9K=1,4)
CALL CLOSE(3)
IF (DEFAU.EQ.1)G0D TO 61
Cressx
CxasxsCONTROL ALGORITHM CONSTANTS ARE PRESET. IF VARIACS ARE
CE¥ea2CHANGED, A NEW VARS ARRAY (VARIAC SETTINGS IN %) MUST BE INFUT.
CERREex
WRITE (S5+60)
40 FORMAT (/’'$ARE ANY VARIAC SETTINGS CHANGED (Y OR M7 )
READ (S+20S)REPLY
IF (REFLY.EQ.ND)GO TO 61
WRITE (S+,62)
42 FORMAT (“$INPUT NEW VARIAC SETTINGS. HOW MANY VARIACS ARE CHANGED’
17 %)
READ (S5+2)NVC
WRITE (5+63)
43 FORMAT ¢ INPUT VARIAC NUMBER(1-40) AND NEW VARIAC SETTING »
2/(0-100%).’/’ REFEAT FOR EACH VARIAC.")
DO 64 I1=1,NVC
WRITE (S5+66)
b6 FOURMAT ("$VARIAC=")
READ (5,200
WRITE (5+67)
é67 FORMAT (“$SETTING=")

44 READ (5+:68)VARS(])
61 WRITE (5»71)VARS
’1 FORMAT (‘ VARIAC SETTINGS’/(10Fé.1))
48 FORMAT(F10.0)
Caeany
CeenenINITIALIZE CONTROL ALGORITHM DATA.
Crexes
IMOD=0
CALL CNTRL
IMOD=1
GO 10 7
Coaness

CosesslN MANUAL MNDEs ALL VARIACS WILL FIRE AT 80X DUTY CYCLES UNLESS
COeRERCHANGED,
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Coerxy
CoxxssIF METHOD 3 OF CON"ROL ALGORITHM WAS SELECTED, OUTPUT
CExs2sCOMFUTED VARIAC CHANGES,
Ceeexy
IF (ICHTH.EQ.3)WRITE(S,54)PVAR
56 FORMAT (‘' NEEDED CHANGES IN HEATER POWER’/(10F&4.1))
CERexx
Ceenxsl IST ERROR CONDITIONS.
CexuselfF 10X OF TE'S EXCEED TREF+17» RESETY
CE¥¥2dTHE DUTY CYCLES OF ALL HEATERS 70O 0. SET MODE TO MANUAL .
Cheinx
IF (IERR(2).LE.B8)G0 T0 207
MAUTO=0
WRITE (5,210)
210 FORMAT (7 sx3ALL HEATERS OFF%xx’)
PO 211 I=1,40
211 IPCUCT)=0
Cat s,
CxsxsxlF MORE THAN 10X OF TC’S EXCEED LIMITS, FRINT MESSAGE.
CHresx
207 DO 206 I=1+4
IF (JERR(I).GT.BIWRITE (S¢267)(AMESS(Jr1)9J=1+2)+TREFE(I)
1+ IH3,IM3, IS3,NODAY
267 FURMAT (7 ®2ERROR®X  TEMPS “»2A4+F4.0+2X+313,15)
206 CONTINUE
IF C(IERR(S).EQ.10)UWRITE (S,9999)
?999 FORMAT (' XXERKOR®Xx REF TEMFP INCORRECT. CALL EXPERIMENTER.’)
IERK(S)=0
CHannx
CraessDEACTIVATE ALARM ANNUNCIATOR RELAY IF SET.
I ER RS
IF (I6012,EQ.0)G0 10 4
16012=0
CAall MADIOR
GO 10O 4
Cheex
CorxesCLOSE DATA FILE IF IT IS FULL.
CEnnn
4444 IF (NINT.NE.NREC)GO TO 4
IF (NFULL.EG.1)6G0 TO 4
NFULL=1
CALL CLOSE(2)
GO TO 4
END
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Crxxer
CHRP*RWHEN I8W=1346-171, CALL CNTRL. CALL CNTRL 9 TIMES
CreexxFOR EACH OF THE 4 COMFARTMENTS IN THE CAPSULES.
CHkenx
88 IF (ISW.LT,1346,0R.ISW.GT.171)G0 TO 4
CALL CNTRL
NCAFC-NCAFC+1
IF (NCAFC.LT.9)GO TO 4
NCAF=NCAF+1
NCAPC=0
Crerex
CexeesEXECUTE FUNCTIONS,
Creney
4 ISU=1SW+1
IF (ISW.GT.85.AND,ISW.LT.200)RETURN
CHrens
C:ttl:CONUERT ANALCG DATA TO ENGINEERING UNITS.
CExesy
IF (ISW.GE.3,AND.ISW.LE.B85)G0 TO 20

Cerasx
CHERRRREPLACE HEATER DUTY CYCLES.
Cresr s
IF (1SW.EQ.1)G0 TO 21
Coeex
CoxxseREAD FIRST 64 ANALOG CHANNELS.
Creexx
IF (ISW.NE.2)G0 TO 9
Crreny

CreesrhEADd TE'S 41-80. COMPUTE REACTOR FOWER.
CresssSu=2,
Creens
IERR(9)=41
IERR(10)=80
CaLL TCDIST
FL=IAD(B4)%x,05
RETURN
Crxxns
Cxa¥s¥READ TE’S 1-40. RESET COUNTER WHEN ISW=200,
Creexx
? IERR(9)=1
IERR(10)=40
Catl TCDIST
I5W=0
RETURN
20 CALL TEMP
RETURN
21 po 22 I=1,4
Do 22 J=1,10
a2 IFKLEPC(Js 1) =IFPCURCJ»I)
RETURN
END









RAW THERMOCOUPLE DATA TO ENGINEERING

(BO)sAD(B3)

2) e IPFsMAUTO» ISWsMAOL12yWATTRsFLYIERR(10)+TRDS

REF sy NCAP»VARS(10+4)

1-120, 201-220, 301

THERMAL REFERENCE BOXES
(CORRECTED WITH

REFERE f TEMPERATURES IN
THE ICE FOI FOR EACH ROX.
E TEMPERATURE.(DEGREES C.

£ TEMPERATU . (DEGREES ¥

LE READID DEGKREES ¥
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Files coried!
DPK1IMAOLIR.MAC to TTIM&011R.MAC
+TITLE M&011}
) SUBROUTINE M&011R INITIATES SINGLE-SHOT DIGITAL OUTFUT PULSES OF
§ 200 MSEC FROM THE & Mé6011 MODULES. THE FIRST 40 OUTFUT CHANNELS DRIVE
) THE SOLID STATE RELAYS FOR HEATER CONTROL. CHANNEL 41 MAINTAINS A
§} WATCHDOG TIMER FOR SENSING COMPUTER FAILURE.
+PSECT DOUT»GEL+RWsD»REL»OVR

11t +BLEW 1
121 +BLEW 1
138 +BLKW 1
14t +BLEW 1
151 +BLKW 1
16t +BLEW 1
JPSECT FLAG»GEL +RWsDsREL»OUR
FLG! +BLKW 1
+PSECT

} TEST CHMANNEL 41. IRRECONCILABLE TIMING INCONSISTENCIES BETWEEN THE
) M6011 HARDWARE AND TME POP-1/03 (LTC AND CRYSTAL-CONTROLLED M&011
3 CLOCK AND @ AND D BUSES) SOMTIMES CAUSE OUTPUT PULSES TO BE SKIPPED.
} CHANNEL 41 (WATCHDOG TIMER) SHOULD ALWAYS BE ACTIVE AND IS THEREFORE
} A GOOD TEST POINT. IF IT IS NOT ACTIVE, AN ERROR FLAG IS SET AND THE
} SUPERVISORY ROUTINF (SUPER) RESCHEDULES EXECUTION OF M&6011R AT A DIFF-
} ERENT INTERVAL. THIS CORRECTIVE ACTION HAS THE EFFECT OF LIMITING THE
} NUMBER OF MISSED PULSES TO 1 OR 2 RATHER THAN ALLOWING THE MISSES TO
} CONTINUE UNTIL THE TIMING OF THE MODULE AND COMPUTER MAS DRIFTED BACK
} TO AN ACCEPTABLE LIMIT.
M601111 CLR FLG

MOVB @A&s1X1

BITE #4,1X1

BNE NXT

INC FLG
NXT? MOVR I1,@A1

MOVE 12,0A2

MOVE 13,043

MOVB 14,@A4

MOVE 15,@A%5

MOVE 164046
} DELAY FOR D-BUS CYCLE.

NOP

NOP

NOP
b TEST CHANNEL 41 AGAIN.

MOVE @A& s 1X1

BITH #4,1x1

RNF RTN

INC FLO
RTNG RT1S FC
Ix1: 0
Al 171004
A2l 171005
Al 171006
Al 171007
AS? 171010
Abl 171011

+END









