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INTRODUCTION

The first cryostat of the present series of Energy Doubler/
Saver superconducting dipoles was dedicated for the thermal
insulation evaluation reported below. The method used! was
based on the evaporation rate of liquid helium stored in this
cryostat when positioned as an inclined dewar. The plot of the
evaporation rate as a function of liquid level presents a series
of steps. These steps reflect the decreasing heat input into
the liquid as individual sets of supports emerge from the reced-
ing level. As shown in Fig. 1 a typical junction between two
cryostats was included as part of the inclined dewar. This set
up was instrumented with a level indicaﬁor, several thermometers,
several heeters and a set of external spring loaded frames‘for
compressing the mechanical supports simulating the magnetic
forces between the coil and the iron yoke outside the cryostat.
This simulation was regarded as necessary since thermal contact
with the supports is a major component of the insulation scheme.

Two kinds of boil-off runs were carried out: those in
wnich the shieid was cooled with boiling nitrogen and those in
which the shield was cooled with cold helium gas. While the

latter premitted us to find the heat load on the shield by
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determining the energy absorbed by the gas, the former pro-
vided us with the uniform temperature designed into Energy
Doubler operation and permitted the study of the heat load
into the 4K region of the cryostat.

An extensive set of data (18 runs) was collected by
an automatic system based on a PDP-11 computer. The development
of such a system was dictated by the need to monitor over 20
parameters for the ~32 hours duration of a run. After describing
the instrumentation and the automatic system we pfesent the
results.

INSTRUMENTATION

The volume usually occupied by the supérconducting coil
was filled with helium except for l-inch long séctions of
collars under the supports. An Advance wire, .004-inchldiam—
eter, coated with 60/40 SnPb solder was kept stretched on this
volunme by means of springs and insulators. It was used as a
superconducting helium level sensor. Its proper operation
required a bias current (dc) and an ac fesistance measuring
circuit based on a lock-in-amplifier. This level indicator was
very useful in the first few runs. In the analysis of the data
it was more convenient however to use the mass of‘gés evaporated .
instead of the level indicator. Two 50Q 1% 5W resistors were
installed also in the main helium volume: one of them, RA'
halfway between support set #4 and the anchor support and the
second one, Ry, halfway between supports #8 and #9. Under a
knowﬁ constant current they acted as calibrated heat sources

visible as an extra step in the evaporation rate data. This
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step however was not as sharp as one might have expected and in
some runs these calibration heat sources were turned off.

Two calibrated? carbon resistor thermometers were installed
in the cryostat itself during assembly. One (T6) measured the
temperature at the base of a G-10 roller in the support set #8
and another (T5) the temperature of the shield in the point of
the junction box where worst cooling was expected. |

The lower end box, 4 feet of which is a typical E22-14
cryostat, provided means for returning the shield fluid through
a 5/8~inch tube inside the beam tube to.the upper end box and
connected the single phase with the two phase spaces. Two
thermometeré: alcarbon2 resistor (T7) in the 4K région detected
liquid helihm presence and a platinum resistor (T2) in the end
of the shield, together with vacuum gauges (a T.C.Zgauge and a
Bayard-Alpert gauge), heaters, level indicator leads and a
thermistor (T8) measuring the external wall temperature, con-
stituted the instrumentation of the lower end box.

The upper end box'provided the transfer tube connections
needed for cooling, filling, monitoring the evaporation in
the 4K reéioh as well as flowing the shield cryogen. A_carbon2
resistor (T3) at the top of the single phase tube provided
redundancf to the level gauge in the determination of the full
condition. It was determined that the most effective way to
fill the cryostat was by feeding liquid to the two phase space
and venting through the single phase space. This‘fill—up
operation took two hours. A manifold containing a pressure

gauge (P14) connected both the single phase and the two phase
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parts to the pipe leading to a heat exchanger and gas meters
during the boil-off operation.

The shield ports were equipped with calibrated glassy
carbon?® thermometers: (Tl) immersed in the input stream and
(T4) immersed in the output stream. Another thermometer in the
input stream was used as a sensor for a feedback system" that
controlled a heating element at the beginning of the input
stream when this was cold helium gas generated inside é storage
dewar. This system plus pressure regulators permitted stable
conditions at the shield for long periods of time.

The line conducting the evaporated gas from the upper
end box to the gas meter is a copper tube 7/16-inch diameter,
~43 feet long, instrumented with a thermostat and a heater, and
partially coiled inside a water container to‘fofm a heat
exchanger before reaching the gas meters. 1Its nonnegligible
flow impedance provided some stability in the evaporation rate
with regard to pressure changes further down the line. Pressure
transducers before and after the gas meter as well as another
thermometer completed the instrumentation of the line.

The gas meters® were adapted to automatic data collection
by installation of an optical detector .in the meter hand path.
This detector sent an electric pulse everytime the pointer
interrupted its light beaﬁ.

The recording of these pulses and their timing is the
basis for the flow rate measurements. These pulsesvwere also
used to totalize the mass of gas flown out. The interval
between pulses corresponded to a volume of 10 ft?. Wet test

meters were used to calibrate these meters.
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DATA COLLECTING SYSTEM

In order to effectively monitor the over 20 variables of
the boil-off which usually lasted 32 hours, an automatic
system was developed. The hardware consisted of a CAMAC crate
directed by a PDP-11/20 computer equipped with a Tektronix
4010-1 terminal and a RX01 floppy disk driving unit. The CAMAC
crate was controlled by a 3911A Kinetic Systems Unibus Controller.
It contained a 2232 LeCroy 32 channel ADC, a quad interrupt
module and a 017 Fermilab Control 24 bit output unit.

Pulses from the gas meters set the LAM in the quad inter—
rupt module. A real time KW1ll-P clock in the computer caused
the'quad interrupt module to be examined every .01 sec. Only
three out of the possible four channels of the quad interrupt
were used. Once a pulse was detected an assembly language sub-
routine stored a record of it in one of two alternating buffers.
The record consisted of identification tag, counter reading and
time of detection. This was the first priority operation of
the system. All other operations were controlled by a Fortran
program which communicated with the operator by sensing the
switches of the PDP-11/20 and communicated with the CAMAC crate
by calling subroutines.

A listing of ROIL.FOR, the latest version of the main
program, is presented in the appendix. A short write-up about
it follows: After an initializing sequence the program’senses
the setting of the PDP-11/20 switches. In response to their
setting it proceeds or calls Fortran subroutines like 1)

MANUAL, which permits the operator to command nonroutine reading

and recording of parameters or recording of nonstandard informa-
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tion; 2) PARAM, which permits the operator to read or modify
the parameters controlling the performance of the data col-
lection. Other switches controlled the display of information
in the scope of the 4010-1 or enabled sound alarms. After
sensing the switchés'the program checks the status of the MB1
and MB2 buffers containing the records of gas meter puises.

If a buffer is full it calls UNLO, the Fortran subroutine

that unloads and resets them storing their contents in the
géneral STORE buffer. 1In its operation, UNLO keeps track of
the STORE buffer counters and when needed calls TRANS, a
Fortran subroutine that transfers blocks of records frdm the
cyclic STORE buffer to permanent recording in a magnetic
diskette. Returning from UNLO the program checks the clock
bfor read-in time and returns to sense the switches. If it

is time to read-in the status of the boil-off it proceeds to
do it through the 32 éhannel ADC in the CAMAC, appropriately
controlling the relays involved in the measurement of tempera-
tures(four:lead dc technique) through the 017 unit in the CAMAC
and then returns to sense the switches.

A typical record contains five pieces of information: a
code number MB31l identifying the variable; two intergers MB32
and MB33 with the raw value of the variable; a floating poiht-
number B34 with the processed value of the variable in proper
units and the time of the recording B35 in seconds since the
beginning of the run. Code number 0 was reserved for recording
eight ASCII characters typed in by the operator instead of

variable values. Such operators comments giving date, time of
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the day, name of the boil-off run, unusual conditions, etc.,
were invaluable in saving the recorded data in case of power
failures or computer crash.

Several MACRO subroutines from a COIL.OBJ library are
used: NCL clears the clock; BUF transfers the addresses of the
counters NB1 and NB2 of the buffers MB1 and MB2 and their
size NBO from the main program to the MACRO subroutines using
them; TP transfers the addresses of the clock counters K00 and
K01l as well as pulse counters L10 to L41 to the MACRO sub-
routines using them; CLOK starts the clock; CAMAC initjializes
the CAMAC crate; BITZ(I) senses the setting of the Ith switch
of the PDP-11/20; CMCI (O, N, IA, MD1l, MD2) reads the contents
of the IAth address of the Nth module into MDl (low data) and
MD2 (high data); CMCO (16, N, IA, MDl, MD2) sets the IAth
address of the Nth module to have MDl in the high register and
MD2 in the low register, since only one register is set at a
time this subroutine has to be called twice in a row; BELL rings
the bell in the terminal; STCL stops the clock; SEC uédateé the
cloék counters.

More than one diskette can be used to record the data of
a run. The first assignment is made during the initialization
procedure, all others are called for by TRANS, the Fortran sub-
routine that transfers data to the diskette. If the PDP-11/20
switch 5 is on, TRANS signs in the screen the time it was run.
This helps in determining the rate at which data is being
recorded and estimating when a new diskette will be needed.

The seven word records are unformated and stored in a random
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acces§ file for maximum density. IREC is the size of the file
and NB8 its counter. During assignment of a file the operator

is asked to name the file with a 14 character name DX1:XXXXXX.DAT
where XXXXXX identifies the file. The diskette to receive the
data must be in the DX1l: unit of the RX01l. The DXO: unit should
contain>the RT-il system monitor and the ROIL.SAV program. The
closinélof a data file, asked through PARAM, is effected by
TRANS which takes care of running UNLO to update the STORE
buffer with £he gas meter pulse data before transferriﬁg its

last set of records.

The transfer and processing of the gas meter pulses @tored
in the alternating MBl, MB2 buffers by the highest priority
MACRO subroutineé)to the STORE buffer is done periodically by
the main program or by TRANS through the Fortran subroutine
UNLO (NBU) where NBU = 1, 2 identify MBl, MB2 respectively.

Like TRANS, UNLO signs in the screen the time it is called

up if the PDP-11/20 switch 5 is on. VThis helps the selection
of how big NBO (the éize of the buffers MBl and MB2) should

be set. Note that NBO is transferred at initialization

through BUF, so its resetting through PARAM is not complete.

In forming the records for the gas metef pulses, UNLO.calculates
the mass of gas flown between pulses properly corrected for

gas meter pressure and temperature and stores it as B34 (g/sec).

Modification of the main program itself while collecting
data is possibie by turning on the PDP-11/20 switch 3 calling
the Fortran subroutine PARAM. It prompts with "ENTER CODE AND
NEW INTEGER". By entering 0 or nothing and preséing CR

(carriage return) in the terminal the file in DXl: is terminated.
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By entering 1 and CR the file in DXl: is terminated and the
whole program stops. By entering 2, N CR the buffer size NBO
is set to be N (see observation in previous paragraph). By
entéring 3, N CR the waiting period DELAY used in the reading of
the digital nanovoltmeter is set to N seconds. The digital
nanovoltmeter reads the voltages caused by 10pA on the
resistance thermometers, its analog output (0-2V) is read by
the ADC. The parameter DELAY is used in the Fortran subroutine
WAITER. By entering 4, N CR the interval DT between general
readings of all boil-off variables is set to N seconds and

KT, the counter of DT intervals, is reset for a general reading
to follow. By entering 5, N CR a listing of the present values
of program parameters (NBO, IREC, DELAY, DT, KT, NB7), counters
(NB1l, NB2, NB3, NB4, NB5, NB6, NB8, NFD, K00, KO0l) and time is
presented in the screen of the terminal. The counters NB4,

NB5 and NB6 are used in the record transfer accounting, NFD
refers to number of‘floppy disk files, K00 and K01l are the time
counters. NB7 is the code number of the thermometer to be
monitored continuously by the chart records. By entering

6, N CR NB7 is set to N but the monitoring is only effected
after a reading of all variables, or use of the MANUAL sub-
routine with code 50.

Since the system for reading the resistance thermometers
was based on using four leads (to eliminate lead resistance),
dc current reversal (to eliminate thermal emf) and reference to
a standard resistor (to eliminate current dependence) a

Fortran subroutine THER (IA) was used to do the relay manipula-
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tions needed to read the resistance RES (ohms) of the thermometer
with code IA; conversion into temperature (K) was done using the .
function TABLE (IA, RES) which contains the calibration curves
of all the thermometers. The standard resistor is not read
automatically with each resistor and since its last reading is
used in determining the current, it should be read before the
resistor in question, specially if much time has passed since
the standard last reading. There are two independent resistancé
thermometer circuits: one with all the low temperaturé
thermometers (Tl to T9) fed by a 10pA source and having T9 as
standard and the_other with room temperature thermistors (T10,
T28, T45 and T33) fed by 100upA source and having T1l0 as standard.
The function TABLE (IA, RES) uses simple logarithmic inter-
polation. For values outside the range of the calibration
table it responds with the default or error température 2.0K.

Thé Fortran subroﬁtine MANUAL is called by switching on
the PDP-11/20 switch 1. It prompts with "ID:". By entering
:Q_gg (negative integer followed by carriage return) in the
terminal the last value of the variable with code number N
entered in the STORE buffer is displayed in the screen and no

record is created. By entering N CR or #N CR the variable with

code number.N is fead and a record is entered into the STORE
buffer as well as displayed on the screen. The time entered in
the record is the time t when the program found switch 1 on.

By entering 0 CR or just CR the subroutine prompts with "AT
(time t) SEC ENTER 8 ASCII COMMENT:"; it will then accept

up to eight typed characters and form a record with them, all

-10-
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the other characters following these up to the CR are lost.

The record formed is shown on the screen. A special variable
code is introduced here, N = 50, for setting the relays into
monitoring thermometer NB7. This MANUAL subroutine is very
useful even in nonboil-off operations: cooldown, fill up, coast,
etc., since it reads on~demand the sensors needed by the
operator and presents them in proper units. Used throughout
the program, the function TIME translates the clock counters
into the run time since initialization. Table I lists the
variables monitored and their codes.

DATA HANDLING SOFTWARE

For the convenient retrieval, presentation and analysis of
the data the time sharing system of the Fermilab PDP-10 is used
through a remote4006-1TektroniCSterminalprovidedwitha 4662
Tektronics plotter. The program written for this boil-off
plotting operation, BOP.F4, is linked with the SYS:TEKLIB
library and uses the data stored in two or three kinds of
files, identified by the name of the run and the extension
.DAT, .TAB and .EAB if the run had the shield cooled by helium
gas. These files were stored in the magnetic tape DP0002 through
BACKUP and the tape is kept in the vault. Before running
BOP.F4, BACKUP should be used to retrieve them into the disk.
The comments in the listing BOP.F4 is judged sufficient for
explaining how to use it. Here it is sufficient to say that
it allows for two types of abscissas: time or volume of evapo-
rated liquid; any monitored variable can be used as ordinate
(and with some further improvement even the comments can be

written at their corresponding abscissa value); two modes of

-11-
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multiple plots are available: several variables of the same
boil-off run or the same variable in different boil-off runs.
In the next three baragraphs it is described how the data files
in the diskettes were transferred into the final files mentioned
above. | |

The conversion of diskette data into uniférmly formated
data involved treating some of the runs in a tailor-made
fashion due to their use of earlier versions of ROIL.FOR or
fragmentation of data set in different files due to tempofary
data collection failure. The successively improved running
versions of the}data collecting program were named KOIL.FOR,
JQIL.FOR, GbIL.FOR and finally ROIL.FOR. The diskette data
files collected with them were labeled DX1:KOILXX.DAT,
DX1:JOILXX.DAT, etc., where XX is a numbér identifying the run
and the file fragment. At the Bison Station 21 or 22 (C.L. 7th
NE) the data in the diskettes were transferred to magnetic tape
DPOOOl or DP0003 using the RT1l1l system and Fortran program
TAPER.FOR. Here all the fragmented parts of a run were consoli-
dated in one file labeled MT:YOIXX1.DAT, where Y stands for
K,‘J, G or R identifying the version of the data collecting
program and XX identifies the run. These files were transferred
to the PDP-10 disks using CHANGE (CHANGE and BACKUP are PDP-10
magnetic tape handling utilities) and printed out for inspection.
A set of small Fortran programs were written to examine and fix
this file into its final version YOIXX6.DAT, as well as
generate the auxiliary files YOIXX6.BAK, YOIXX6.TAB and
YOIXX6.EAB. A preliminary examination of the file YOIXX1.DAT

is done with FXBAK.F4 which generates a time x gas mass out file

-12-
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YOIXXl.BAK. A custom made version of STROI.F4 is then made to
fix the time and pulse counter sequence of YOIXX1.DAT into
YOIXX6.DAT if it was a fragmented file. Otherwise YOIXX1.DAT
is renamed YOXX6.DAT. |

A preliminary program, TPOT.REL, linked with SYS:GRALIB
plots in the 4006-1 terminal or on Calc Comp a flow rate x gas
mass out of YOIXX1.BAK (note: a temporary rehaming of this file
extension to .TAB is needed). From visual inspection of this
plot two trimming parameters are chosen: 1) ZERO the liters of
helium out before which the data should be disregarded as out
of equilibrium and 2) REFERENCE the mass gas out corresponding
to the last little peak (present in all runs) selected for
coincidence in multirun presentations. The program TABLER.F4
uses YOIXX6.BAK, prompts for ZERO and REFERENCE and generates
YOIXX6.TAB,

The program SHIELD.F10 linked with HELIUM.REL generates
the YOIXX6.EAB file. The program PRESHIELD.F4 was run before
to determine the array sizes in SHIELD.F10. File YOXX6.EAB
contains the information from the shield gas meter pulses,
shield input temperature and shield output temperature pro-
cessed into energy absorbed by the shield through the increase
of the helium‘gas'enthalpy.

RESULTS

For evaluation of heat loads into the 4K region of the
- cryostat the relevant data is the evaporation rate. Under the
condition of the test (steady state flow, constant pressure
above the liquid) the evaporation rate multiplied by the latent

heat yields the heat load in watts. Some of the data for a

-13-
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typical run with boiling nitrogen in the shield is presented in
Fig. 2. The individual contribution of support sets #4 and #A
as well as #8 and #9 were hard to separate in some runs so they
are presented together in Table II where we present the heat
load due to the individual support sets under different spring
compressions. No compression dependence is observable in the
range examined.

Figure 3 presénts some of the data of a typical run with
shield cooled by helium gas. An examination of Table III with
average shield load in the different runs reveals a.relative
independence from the spring compression. This indicates thét
substantial improvement can be obtained by further reducing
infrared radiation incidence on the shield.

Using .57W as the heat load from the anchor set (Fig. 2)

- and averages from Tables II and III, the static heat load per
magnet plus junction is expected to be: 4.5%.6 watts on the
liquid helium and 30.15 watts on the shield. These numbers
agree with the 5.3W and 30W estimated by R.B.Jacobs®.
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TABLE I
BOIL-OFF VARTABLES: NOTATION, CODE, EIC.
Record| Software, ADC
Code | Hardware Channel
Number| Notations +1 Boil-Off Variable Sensor
0 Cament
1 Tl 1 Shield Inlet Temp (K)| Glassy Carbon C-721
2 T2 1 Shield Bottam Temp (K){ Platinum N
3 3 1 Top Full Sensor (K)| 1002 carbon 760805-2
4 T4 1 Shield Outlet Temp (K)| Glassy Carbon C-732
5 5 1 Shield Hot Spot Temp (K){ Platinum T
6 T6 1 Roller Base Temp (K)| 10009 760408-7
7 T7 1 Bottom Full Sensor (K)| 10092 carbon 760805-1
8 T8 1 Outside Temp (K)| Thermistor YSI-44001
9 9 1 Cold Circuit Current ~lOuAr 100.110
10 T10 16 Thermistors Circuit
Current ~230ma) 99.95Q
11 T11 16 Wet Test Meter Temp (K)| Thermistor YSI-44001
12 D3(1), P12 2 Wet Test Meter Pressure (Atm) 10-20 psia NS Transducer
13 D3(2), F13 3 Boil-off Flow Rate (FFS)| Datametrics Hot Wire
14 | p3(3), P14] 4 Boil-off Top Pressure (Atm)|10-20 psia NS Transducer
15 | D3(4), W 5 Level Indicator (Arbitrary)|PAR Phase Lock In
16 | D3(5), Wa 6 Heater Rp Power (w) | 509135 |
17 |{ D3(6), Wb 7 Heater Rg Powers (W) | 50Q135W
18 | p3(7), mE| 8 Heater Bottom He Space (V)] 508
19 | p3(8), P19} 9 Shield Gas Meter - ,
Pressure (Atm) | 0-15 psig NS Transducer
20 | D3(9), Ical 10 Current Thru Ry & Ry (A)|5101%
21 D3(10), V 11 Vacuun (log scale) (torr) | Ion Gauge
22 D3(11) ,P32] 12 Atmospheric Pressure (Atm)]0-15 psia NS Transducer
23 | p3(12),msu| 13 Heater Bottom Shield (V)] 508
2¢ | Dp3(13),— | 14 Reference Voltage Source(V)|1.6V Battery
25 | p3(14),F25| 15 Shield Flow Rate (8/sec) | Hastings Flow Meter
28 T28 16 Shield Gas Meter Temp (K)|Thermistor YSI-44001
33 733 16 Shield Line Alarm Temp (K)|Thermistor YSI-44001
40 File Information _
a1 - ist uad | Boil-off Timéd Pulse |west Test Meter
(g He/pulse)
42 - Ond Quad | Shield Timed Pulse |Gas Meter
(g He/pulse)
44 - 3rd Quad Boil-off Timed Pulse Gas Meter
(g He/pulse)
45 T45 16 . Boil~off Line Alarm Tem}() ) Thermistor YSI-44001
K
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TABLE II
HEAT LOAD CONTRIBUTION TO THE 4K REGION (W)

Boil-Off Spring Support Sets:

" Run Compression 3 4+A 6 7 8+4+9 Junction
04 230 1b - - .48 .37 .66 1.35
05 290 .35 .77 .38 .32 .68 1.23
06 400 ‘ .32 .78 .38 .37 .58 1.32
07 460 - - .41 .38 .71 1.25
08 520 .34 .83 .38 .36 .65 1.15

TABLE III

HEAT LOAD INTO THE SHIELD

(Cryostat + Junction + End Boxes)

Average
Boil-off Spring Shield Average
Run Compression Temperature ' Shield Load
16 v 520 1b 47.7 X 34. W
17 750 43.5 34.

18 ' 520 36.5 33.
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APPENDIX I

ROIL.FOR~AUTOMATIC DATA ACGUISITION FOR E22-14 BOIL OFF

COMMON-STORE/ME3@,.ME31(9688) .MB32(980) . MB33(988)
1883
COMMON/BUFFR/MB1 (5, 1883 .MB2(5. 168) .NB1.MNB2,NB9
COMMOMACLOCKA/KBO.K21.L19,.L11.L.268,L.21.L48,.41
COMMGN-TOUNT - NB3 . NB4. HBS . NB6 . NE7 - NBBL NF D, IREC
COMMON/WATCH/DELAY.DT.KT
COMMIOHAVARLUEZD3(16) . T11.T28.T9, T1B
COMEIN/CALIB/CL.C2.C3.04.C5

DIMEHSION MDIC16).MD2(1IGY.DIC1IG)

CRLL HLC

MEZa=579

NBZ=6

MFD=8

KT=83

DT=1888.

DELAY=2.

MBT =2

IREC=17554

MBR=2

NBG=208

HEG=a

MNB4=8

MBS =0

NG 1=3

MNRZ =5

Ci=%.442E-3

{2-68,.B46E-3

[3=181.56E~3

Cd=1.

Ch=.c084

KEE=5

Ka1=a

Lia=8

Lii=A

LEB=0

L.21=8

L4a=58

Lai=f

CALL BUF(NDB.MB1(1,1).MB2¢1.1).NB1.MB2)
ALl TP (KE8,.K21.L108.L11.1.268.1.21.L48.L41)
GRS METERS P.T LAST VALUESCINITIAL GUESS)
To=.801.C1

T16=.81-C1 -

Tii=328.

TeR=338.

DEC1)=1,

DELEr=1,

D3(5) =6,

PEC(11) =1,

Chll CLOK (77.360088)

CrLL CAMARL

NEW FLOPPY DISK ASSIGHMENT

CALL NSSIGN{S, "DX1:BOILNN.DAT” .~14)
DEFINE FILE 6(IFEC.7.U.NED

SENSE CPU SETTING

i=1

CALL BITZ (I

IFCILEQ.B) GR TO B

Call. MANUAL

i=2

Catl. BITZ(I)

IFCILED.®) GO TO 6

Chil. PROCES

L3

ChiL BITZ2CLD

IFCLEQ.AY GO 7O 7

CHLL. PAreM
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18

12

13

16

AUTOMATIC DATA COLLECTION
IF(NB1.LT.NB®) GO TO 8
NBEU=1

CALL UNLOCNBU)
IF(HBZ2.LT.NBBY GO TO 9
HBl=2

CrllL UNLOCNBUD
ETIHME=DTHFLOATC(KT
TIM=TIMz (KE&B.KB1)
IF(TIM.LT.ETIMEY GO TO 4
IFLAG=1

KT=KT+1

READ IN RAW VALUES

b 12 IA=1.14

Call CMCI (A, 1. IA.MDICIA) .MD2CIA))

DICIAY=MD1CIAD
DICIRI=C1xD1CIA
CONTINLE

DI (1) =D1(1)HC24CH
D3(0=D1(9)/51.88
D35 =L1{5I*D3 (D)
DE(E=DI{BIKD3 (D)

B3CEI=D1(BIYRCS 2.
D312 =19 %k ((56.%D1(18))-9.)
DECI1D=DIC11IKCH

DI (32 =D1 (3 HC2HCLAHTS
D3(14Y =D1(143%27 . 733
DAz =D1(2)~18.
D3{41=D1(D
DICEI=D1(7)
LI(I2Y=D1(12)
DICI3r=D1C13

FORM BUFFER B3

D0 12 In=1,14
IF(NE3.GT.MB38) NB3=8

- HEZ=HB3+1

ME31(HB3) =1A+11
MEZ2(HB3) =MD1(IAD
FR33(HB3) =MD2( IR
B34(NB3) =D3(1A)
BE5(NB3)Y=TIM
NES=NES+1

CONTIMUE
IF(NRS.LT.64) GO TO 1S
CALL TRANS

READ TEMPERATURES
IFCIFLAG.EQ.BIGD TO 4
IR=9 :

Call THERCIA

ba 13 IR=1.8

Call THERCIA)
COMTINUE

PG 16 IR=10.14
CALL THERCIAD
CONTINUE

IF (NBY .67, 14)NB7 =2
I=2%#NB7+1

LEAYE RELAYS READING +T2 OR TNB7

CAaLL CMCOC16.11.8.1.16)
CALL CHMCD(16.11.-6.1.18)
IFLRG=0

I=4

oLl BITZC(D
TF(1.EG.9GOTO 4

CRLL BELL

GO TO 4

cink

-22 -

TM-740
1600



<
13

11

15
17

-23 -
SUBROUTINE TRANS

COMMON/STORE/MB38.MB31 (5883 . MB32(980) . MB33(988) .B34(388) .B35(9
1807
COMMON/BUFFRAMB1(5. 12@) .MB2(5, 1803 .NB1.MB2.NB3
COMMCN/CLOCK ~/KB8, KB 1
CHPIOH/COUNT/NE3 . NB4,. NBS - NBG6. NB? . NB8 . NFD., IREL
COMGNAWRTCHA/TBELAY. DTLKT
COMMON/VALUE-DE(163.T11,.T28.TS.T18
COMMoNACALTBATE.C2,03.04.C5
T=TIME{KBE.KB1)
TTiM=T/68.
ITR&F -6
168=48
L=5
CARLL BITZCL)
IF(L.ER.0GOTD 28
RITEC?7.8) TTIM
FORMAT (¢ TRANS ON *.F6.8.,°TH MINUTE®)
CONTIMUE
D01 J=1.564
HEG=MNRE+1
IF(HBGE . GT.MB3DINBE =R
MEG=NB5-1
IF(MBZ1(NBB) .EW. 48) GOTO 9
IFCNBS.LE.®)GOTD 18
WRITE (6°MES ME31(NBE) .MB32(NBG) .MB33 (NBG) .B34(NBG6) .B3S(NBG)
CONTINUZ
IFCITRAP.EQ. 1IGOTO 16
IF(B3.LT. IRECIGOTO 3
IREC=8
WRITEC(F . 2INFD.NBS
NG =1 .
WRITE(E HEB) 148, MFD.NBE. T.T
CRLL CLOSE (8
FORMAT(” FILE”.I13." HAS",IS5." RECORDS")
WRITE (7.4)
FORMART (7 RESET SWITCH 8 + PRESS RETURN FOR MNEW FILE”.)
1=41
ChLl BITZ(12
IFCILHE.BOGOTO 14
Call BELL
GOTY 13
READ (5,35
FORMRT * ")
IFCIREC.LT.54GOTO 17
MFD=NFD+1
CRLL ASSIGHM(6. "DXI:BOILNN.DAT" .—~14)
DEFINE FILE &(IREC.7.U.NBS)
ME2=2
IF(NES.GE.64) GO TO 7
RETURN
IREC=¢ { IREC~-(NBEHNB1/1B+NBE2-18)) /37I %36
FETRIEVE LAST BUFFER
IFCHRLLE.@)GOTD 11
MEU=1
Cal L UNLOCNBUD
IF(NBR.LE.BGOTO 15
HEL =2
ChRLL UNLOCNBLD
ITRAP=1
GoTo ¥
WRITE(F,18) IREC
FC T{" DISC FULL.IREC=".15/" INSERT NEW DISK")
IREC=17554
GuTh &
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1600



-24 - TM-740
1600
SUBRCUTINE UNLO(NBU)

COMICN-STORE/MB3@. MB31(588) . MB32(988) ,MB33(398R) .B34(989) ,B35(9
158)

COMON/BUFFR/MB1(S. 1887, MB2(5-160) NB1.MB2,.NBB
COMIINACLOCK/KBB . Kot

COMMON/COUNT/NB3 - NB4, HB5 . NB6 - NB7 . NB8.NFD .. IREC
COMMONAAIATCHADELAY . DTLKT
COrMMON-VALUE-/D3(16).T11,.T28. T2, T1@
COMMON/CALIBAC1.£2.C3.C4.C5

TIM=TIME (K69.Ka1)-68.

=3

CAlLL BITZ(L)

IFIL.EQ.8)GOTO 20

WRITE(Y. 1)NBU.TIM
FORMAT ¢ UNMLO".I!." ON ~,F6.0."TH MINUTE")
CONTINUE

Mi.=HE1-13
‘TFiﬁﬂu EN.2INL=NR2/19
i DoM=l. ML
IF (NEU.ER.1) GO TO 2
Ir (MBU.EQ.2) Eﬂ T0 3
RETURM
IF(NB3.GT.MB3B)Y NB3=8
NEG=HB3+1
MEZINB3) =MBI(1.N)+4D
TLE=MEI(2.N)
TLI=MB1{3, M)
MBZ2(MB3)Y=MB1(4.- M)
ME33(NB3Y=MB1(5.M)
DTG
IF(HBZ.GT.MB38) NB32=0
Mda=M33+1
MBAT(HEZY=MB2(1.,.MN)+48
TLA=MBZ2(2.N)
TLI=MBZ2(3.N)
MB3Z MBI =MB2(4.N)
MEZZiNE3) =MB2(5.N)
PROCESSING
B35(MNB83) =5@0 . *TL1+TLa/6a.
IF(MB31(NB3)~-42) 7.8.9
P=(D3(1I+D3(11)) 2.
T=T11
V 2

GO0 12
P=(D3(1)+D3(11))2.
T=T11
V=1,
IFP.LE.1.) GO TO 11
B34(NE3) = (1379.3KP+1.2)%V/T
G 70 12
BZAMNEZ) = (1377 . 25P+3.2) %W/ T
NSJ»ABBFI
T IR
IF(HEU.EQ.I) GO 70 13
HEZ2=2
60 O 14
HE1=6
IFNED.LT.64) GO TO 4
Call TRANS
LT o4

FUNCTION TIME (KBB Kan
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ChAll SEC(Ken.Kal)
H=K@a1

D=30000-Kae
TIiME=568 . xH+D-68.

ERD

SUBROUTINE PROCES

RETURN
END

SUBROGUTIME PARAM

COMMON/STOREMB32.-MB31(9680) .MB32(280) ,MB33(388) .B34(983) ,B35(9
1940
COMMON-BUFFR/MB1(5. 120) .MB2(S, 188) ,NB1.NB2 - HB&
COMMON/CLOCK KA. K81
COMMBH-COUNT/NB3.NB4.NBS. NBG. NB7 . NBB. MFD.. IREC
COMMONAWATCH/DELAY . DT.KT
COMMON-VALUE-D3(163.,.T11,.T28.T9.T18
COMMONTALIBATL.C2.C3.04.05

LRITE(?, DD

FORMAT(® ENTER CODE AND MEW INTEGER:".%$)
READ(G, 2 IC, IN

FORMART(2I5)

T=TIME (K8@.K8a1) :
IFCIC.EG.B.0R.IC.EQ. 1) GOTO 3
IFCIC.ER.2)NBB=IN

IFCIC.EQ.3)DELAY=IN

IFCIC.EE. AE0TO 5

IFCIC.ER.SXGOTO 6

IFCIC.EG.6ONR7=1N

RETURM

TERMIMATE FILE DX1i:

IFANBZ.CT.MB3BINB3=-0

MNEZ=MHBE3+1

MB31(NKB3)=4n

MBS (NE3) =NB 1

P33 {HE3) =NB2

BI4(NR3I =T

PIS(NB3) =T

MES=HBGT1

Cril TRANSG

IFCIC.ER.2GOTO 4

~ ALl STCL

STOF

WEL IMTERVAL BETWEEN READINGS

27=1N

IF{DT.EQ.®)GOTO 4

KT=CT-DTI-1.

=070 4

LIST OUT PROGRAM COUNTERS
LRITE(?.7INBE.NB1.,NB2.NB3.NB4.NB5,NB6,.NB7 .NBB.-NFD .. IREC
1.X89.K21, T, DELAY.DT.KT

FORMATC(™ HB&=",13," HBI1=",13." NB2=".13/ _
1% WNBZ=,15," NB4=".,15." NES=",15." NB6=".15." NBY=",15," NBB=
27+ 157" NFD=",.12." IREC=".15/

3 Kog=",15." KB1=",15," TiME=",.F8.8." SEC"~/

4” DELAY=",F4.8." SEC DT=".F6.8." BEC KT=",I3)

GOTO 4

EHD

SUBROUTINE THER (1)
RERD ONE THERMOMETER

COMMON/STORE AMB38. MB31(380) . MB32(3089) .MB33(98@) ,B34(989) ,B35(9

TM-740
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COMMON/BUFFR/MB1¢(S. 190) . MB2(5. 180) .NB1.NB2.NBB
COMMDOMNACLOCK /K8 . KA1
COMeN/COUNT/NB3 .. NB4,.NBS, NB6 . NB7 - NB8..NFD. IREC
COMMINAMATCH/DELAY.DPTL.KT
COMMON/YALUEADZE(16),.T11,.T28,.79.TiD

COMMCHA CALIB/C1.C2.03.04.C5

NF =2
iFC1A.GE. 18)NR=15
MM =0
IB=1A

IFCIR.EQ. 19)NN=B
IFCIA,EQ.28)1B=12
IFCIA.EN.45) IB=13
iF(IA.EG.33)1B=14
N=2%x]18

IFCIR.EQ. 10)N=8

SET RELAY

CALL CMCO (16, 11.8.N.NND)
CALL CHMEO (16.11.8.N.NN)
Cail WRITER

CRLL CMCI (B.1.NR.MPA.MP1)
M=ni+1

IFCIR.GE. 18)N=N+1023
CAl.L CMCO (16,11.8.N.NN)
CALL LMCO (16, 11.8.N.NND
CALL WRITER

CALL CMCICE, 1,NR,.MN3.MNTD
VP =MPa

Vil=PNG

V=ARS ((VP-V¥N) /2.2
IFCIALER.9Y GO TO 1
IFClAER. 18> GO TO 2
IFCIALGT.18) GO TO 3
IF(T2.EQ.8.)G0T0 S

R=¥/T9

GO TG 4
IF(T19,.EQ.0.3G0T0 5
R=V/TiB

TEMRP=TRBLE(IA.R)

FORM BUFFER B3 RECORD
IF(HRZ.GT.MB36> HB3=0
NREZ=HB3+1
MEZI(HB3) =1A
IFCIALEG. 1D T11=TEMP
IFUIR.EG.28.0R. IA.ER. 12) T2B=TEMP
MEZE2(NB3) =MPO

ME3Z (NB3) =MND
B34(NB3) =TEMP
B35(NE3) =TIME (KB8.K81)
MNES=NBS+1
IF(HB5.L.T.64) GO TO 5
Cail. TRANS

RETURM

CALIBRATION RESISTURS
Ta=Vr188.11
TEMP=TE%C1

GUTg &5 -

T18=4,93.95
TEMP=T18%C1

GO TG 6

FHD

FUNCTION TABLE (IR.RES)

DIMENGION T(8.23).R(8.23).NE(S)

paTa MECL) GHE(2Y.NE(3) .ME(4) . NE(3) -NE(6) . NE(7) .NE(2)
],:""23# iEr'l ;.8123: 15»21! 185 23/

TEMs=1 A ERRDR
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TEMP=2. RESISTANCE OUTSIDE CALIBRATED RANGE
IF(IA.GT.8) GO TO 12

N=1A

GO TG 13
IF(IA.E0.28.0R.IA.EQ.45.0R. IA.EQ.33.0R. IA.EQ.11) N=8
IF(N.EQ.2) GO TO 13

IFIN.GT.8) TEMP =1.

e Th 9
MAK=HE (NI ~1
PO 3 J=1.MAX

IFC(RES.LE.R(N.J) .AND.RES.GE.R(N.J+12) GO TO 2
IF(RES.GE.R(N.J) .AND.RES.LE.R(N,J+1)) GO TO 2

CONTINUE

TEMP=2,

GG Th @

IF(RES.EQ.RIN.J)) GO T 7

IF{RES.EG.R(N.J+10) GO TO 8

TL=AL0GLTINLIIAT(N.I+1D)

RL=ALOGCR(N.JI/R(N.J+13)

IF(RL.EQ.B.)GOTO 3
E=TL<RL
TEMP=TI(N.JYR(RES/R(N.J) IsiokE
TABLE=TEMP
RETURHM
TEMR=T(M.I)
G0 TO 9

TEMP=T(N,J+1)

ﬁﬂ 0 9

DATH B, DD.R{1.2).R(1.3).R(1.4).R(1,5),.R(1.6)
1LRCIPI-RUL-B).R(1.8).R(1. 1D .R(O1.11).R(1- 120 .R(1.13)
AR, 143,.R(1L 150 .R( 1, 15)-R(1;17)aﬁ(1a18).R(].19)»R(1;23)
FaRU1L211.R(1.22).F(1.23)
4-1580.98, 1221 .33,.938.75.597 .89

1.446.95.294. 19, 182,38, 136. 14, 118.67.76.548. 53,963
2.48.957,33.791,30,068.208.343.26.612.25,204.23.566
F.22.569,21.623.28.455,19.957. 19.668/
BATA T DT 23,.Te1:3).T(1.4).T(1.5).T(1.6)

1T -TOl.8) . TCL DT . T 11 . T3, 120,71, 13)
2 (1 13, TCLL 1B . T L, 10T, 170 . TC1. 180 . TC1., 193 . T(1.28)
F-TCL.20).TC1.222,T(1.23)
4/§ 2I6.4.625.5.697.86. 142.7.829

1.8.757.11,373. 14.656. 17.434,.24.88,33.939.57.878
2:82.156.1680.702.119.452,138.575. 158,425, 188.233
3,211.386.236.713.276.316.285.763.318.961~

DATA R{Z2.1).R(2.2).R(2,31-R(2.4) .R(2.5),R(2.6)
1.R(2,71.R(2.8).R{Z. D R{2.18),R(2,. 111.R(2, 12).R(2:13)
2-R(2,14),R(2,15).R(2,1E)
4-21.28,37.96.57.37.,78.32.88.78
1,121.23.143.18. 185,586,227 .49.269.40.318,30.351.21
2.-391.62.451.99.498,.88.505./

DRATR T(2,1).T(2.23.T(2,3),T(2:4). T(2,5) . T(2.6)

LpT 2 70.T(2,83, T2, -T(2:18) . T(2. 112.T(2,12).T(2. 13}
E.TC2, 140, T(2.18),.T(2, 163

G488, .58, ,66..70..86..54..1608.
1.128..149.,.166..188..2868..220.,258..273.15.326.37
DATA R(3.1).R{Z.2),R(3.3).R(3,4) .R(3.5),R(3.6)
I:R(E.TIR(Z.BILR(Z. DR 1A L.R(3. 1) .R(Z, 12).R(3.13)
2-5(3.14),R(3.15).R{3.163,.R(3,17).R(3. 18
47907 . 48.659.22,532.63, 427 .66
1.384.05,233.37.282.708. 181.768, 168.38, 144,84, 128.67
2,118,865, 111.15. 186,45, 164,13, 182.41,181.71. 180,81/
PATA T(3,10.T(3.23,T(3,3),T(3.4) . T(3.5), T3 67

1,73, 7)-T(3a.8), TLE- M. T3, 10) . T(3. 113,743, 123, T(3,13)

TR 1AL T(3. 15) - T(3. 18) - T(3, 172, T(3., 18

5.5.109.6.8083.7.329,. 10,403
1 43 al? 574,22, 954;?9 957.38.920.54.227
e 162,928,837, 115.49. 133.49. 167 .87, 188,54, 295,377
o wv (""!!.‘ RL4.2J f&"i‘ )nR(4a4)rRr4 5., R(4.56)
".H(*zl) H(4.8).Ri4,9).R(4,.18) ,R(4. 112 .R(4,123,R(4,13)
?,fﬁﬁ,iﬂ?;ﬁ(4;15)’ﬁ(4a16?»R(4u1?)»&(4:18)aR(ﬁ;193rR(4.2B)
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3.R(4,21).R(4.22) .R(4.23)

4-1633.41, 1243,34.954.83.605.58
1.451.84.294.54,192.74.135.79.110.44,76.888,58.942

2,41.295.34.105,308.693,28.527.26.812.25.419,23.750

3.22.764.21.823.28.673,.26.282.19.925/ '

TR T4 D), T(4.27,Ti4.3) - T4, 4) . T(4,5) . T4, 6)
1:T{4.71.T(4,8) ., T(4,5),.T(4,18),T(4, 11}, T4, 12),T(4, 13)

2-T(4.14),T(4,15).T(4. 16) . T(4,17).T(4. 18). T(4. 19) . T(4.20)

"J'T!:'?Fnl) T(4r22 pranzd“

4/4,238,4.625,.5.697, 6. 142,7 . 529
1.8.757.11.372,14.656.17.434.24.881.33.939.57.873

2,82.156.100.70.119.45.138.58., 158.43. 188.23.211.38

3,236.71.276.32.295.76.,318.861/

DATA R(5.1).R(5,22,R(5.3).R(5,4).R(5.5).R(5.8)
1,R{3.7),R(5,8),R(5.93,R(5.18).R(5,11),R(5,12).R(5.13)

2-R(5,14).R(5.13) .R(5, 16)

4,21,83,37.65.56.98.77.69.98.96
1-126.24,142.01.184.07.225.63,267.20,307.77.348.35

2,388.42‘4d8.3ﬁ,494.81,585./

DRTA TS5, 1), T(5.23.7(5.3).T(5-4),T(3.5),.T(5,6)

1.T(E.7).T(5.8) . T(S 9).T(5.18),T(5.11).T(5,12),.T(5,13)

2.7(5.142,.T(5.15),.7(5. 16)

449, ,.50..68..76.,.88..29. . 188.

1.126..149.,168., 188, ,280.,220..250,,.273.15.322.93/

bATA R(6,1),R(6.2).R(6,3).R(6,4).R(6.5),R(6.6]

1.R(5,7).R(6.8) . R(6.9).R(6, 18).R(6.11).R(6,12).R(6.13)

2.R(6, 142 R(6.133.R(6. 163 .R(6.17) .R(6, 18} ,R(5, 193 .R(5.2MN

3.R(G.212

4/37468. - 173387 . . 13856., 18211,

1.53?5 8318..7241..6359..3908.,3072..2586..,2157.

2a ?Lma16@@-01456--i34g-n1284.a1238-n1141.-1884-8

ilp ..4...-‘1'. r b/

DATH T(6-1D.TE.2).TIE,3).T(B.4),T(6,.5).T(6,.6)

1T T(6.8) » T{H.9) . T(B, 1) . T(6,11).T(6,12),.T(6,13)

2. T(BA142,.T(E.15).7(5. 16),.T(6,17).T(6.18) . T(6. 13} .. T(6.20)

3. T(8.21)

r/w 378.5.39.6.252,7.180,8. 165

1.8.167,8.957.9.934, 15.535,20.826.27.B65, 35.659

2,46.521,.64.629.80.925, 160.91.,114.32, 128.29.172. 15

3,219.86,.286.957

DATA RL7.1).R(7.2),.R(7.3).R(7.4).R(7.5) .R(7.8) :

LLR(7,7Y.R(7,B),R(F.9),R(7. 18) .R(7.11) ,R(7. 12) ,R(7. 13)

2.R(7-14),.R(7,15).R(7.16).R(7. 17} .R(7. 18)

4-,1130.,.665.69.537.51.431.29

1.367.14,256.42,211.12.182.70-161.13.145.61,129.31

2,119.27,111.67.187.65. 184.57, 192,57.1082,21. 191,35/

DATA T(P.13.T(7.2),T(7,. 3. T(?-.4) . T(7.5) . T(7.6)

LT7.71.T(7,.8).T(F. D . T(7. 1) . T(7,. 11} . T(7. 12} . T(7.13)

2.T(F. 140, T(7, 1532, T(7, 163, T(7.17) . T(?., 18)

4/4.2.5.189.6.083.7.329, 10.483

1,1%.548,17.547.22.854,28.957.38.92.54.227.71. 18

2.93.837.115.42,133.46, 167 .87 . 188.54.295.37/

DATA R(B.13,.R(8.22.,R(B.3),R(8.4).R(8.5).R(8.6)

1-R(B,7),R(B,8).R(B,9),.R(8.18),R(8.111,R(8.12) ,R(8, 13)

2.R(2.143,R(8.13).R(8,16),R(8,17).R(8, 18).R(8, 19).,R(3. 28

3.8(2.21).R(8.22}2,R{#.23)

Ar5636. .3499, , 2645, ,782. 1,567 .8

1.232.7.224.4.208.7.261.4.194.3,187.6,181.1.174.9

? lgpnﬁa‘5° 5.142.6.133.4,125.8.169.9,.924.8,43.5

JJ\ _3 lg 1/

[EEMS T(B.1),T(8.2)rT(8a3),T(8.4),T(8.53.T(8,5)

1. T8, 7). T(B.8), T{8.5).T(B.18).T(8.11).T(8.12).T(B. 13)

2T 1L T, 15 . T(8. 16X, T(B.17), T(8, 18).T(8. 19).T(8.20)

R.TR.210,T(B.22),.T(6, 230 ‘

213..223.,243..253..273.

1,274, - 575,276, . 277 .. 276..,279.,280. . 262. . 284,

z Bﬁ.,on » 299, 285, 580, 323, 2,353 £.393.27

TM-740
1600
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SUBROUTINE MANUAL 1600

COMMON/STORE-MB38 -MB31 (988) ,MB32(980) , ME33(288) ,B34(588) .B35(9
1682
COMPMON/BUFFRAMB1(S. 1027 . MB2(5., 188) - NB1.NB2,NB8B
COMMON/CLOCK~KE8. K81
COMMONA/COUMT/NBZ - NB4. NBS. NB6., NB7 .. NBB. NFD. IREC
COMICHNAATCHADELAY . DT KT
COMMONYALUE-/DA(16) . T11,T28.T9.T18
COMMONACRLIB/C1.C2.C3.C4.C5
BIMENSION UC1@y
NA=§
N1=8
NZ2=8
=8
T=8
WRITE(?. 1)
1 FORMATL® ID:" %)
T=TIrE(KAD. KAl
REAL(5.2) IC
FORMRTCI3)
IFCIC39.3.18
HULL CODE:COMMENT
WRITE(P. 43T
FORMAT(" AT .F8.8.7SEC ENTER 8 ASCII COMMENT: " %)
RERD(S,.5INT.NZ.UW
FORMATIZ2R2,A4)
FORM BUFFER B3 RECORD
7 FRONB3.GT.MB30INB3-8
HEE=HEI 1
VB3 1IRBS) =NB
ME22 INBZ 2 =H1
MESZ(NB3 ) =N2
BE4NGE) =)
BRS(NRZ) =T
NES =NgE-+1
IFMBS.LY.64) GO 70 6
CALL TRANG
IFIMA.NE.®) GO TO 13
WRITE(Y.F) MB.NI.N2.W.T
FORMAT. 7. 12.2R2.R4.F9. 1D
G0 To o8
MEGATIVE CODE: WRITE CUT LAST ENTRY
M@=
13 bk 11 J=89.MB38
JI=NR3-J
IF¢IILE.8) JI=JJ+HMB38
IFMB31CID) LEQ.NBY GO TO 12
11 CONTINUE
GO To 2
12 H1=MRZ2{ID
M2=MB33(II)
W=RZ4{J])
T=B35C(JJ3
IF(NB.EQ.EY GO TO 6
C SELECT UNIT
13 IF(MALT.S.0R.NB.EG.11.0R.NB.EQ.28.0R.NB.EQ.33.0R. NG .EQ . 45)
ild=1
IF(NG.EQ.2.0R.MO.EQ. 18) TU=2
IF(ME.ED, 12.0R.NB.EQ. 14.0R.NB.ER. 19.0R.NB.ER.22) IU=3
IF(NA.ERL13Y TU=4
FINALED. 15.0R.MNA.EQ. 18.0R.NA.ER.23.0R.NB.EQ.24) T=5
IF(MG.ER,. 16.0R.HB.EQ.17) [U=6
IF(NA.ED.41.0R.NG.EQ. 42 ,0R.NB.ERQ. 44) 1U=7
IF(MEL ERL28) TU=8
IFINGLER. 21 TU=3
IFCNBLEC.Z5) 1U=18
WRITET, TN N M2 W U T - T
14 FORMAT(" ".12.216.E11.4.R4.F9.1,"SEC")
g RETURN

= 3 LN O [A%)

=00 ~ (2]
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TM-740
POSITIVE CODE:READ IN AND LRITE OUT 1600
ME=1C
IF(N?2.EQ.S8)R0TO 18
IFLHH,L .11.0R.NG.ER.23.0R.NB.EQ.33.0R.NO.EN.45) GO TO 1S

3, EH.41.0R.NO.EC.42.0R.NB.EQ.44) GO TO 16
5 DATA

(9.1, TALNLLN2Y

GEQL LT W=WI2+0S
L EGLS) W=WASl.
1LERLELOR.IALER.BY W=WHD3(9)
ER.B) W32,
CIGLERL I8 W=18. 4o (584X -9.)
15.E0. 113 W=LC3
FIIR.EQ.EY UW=liC2#C4405

LB 14) W=Z7. [kt h)
&.2) W=l 16,

""ﬂ ’l

cRETURE DATAH

CRLL THER(N@)
coTe 8 :
BOTH UC12, UYL U3, U4 JUCSY UGB L U7 . LUI(8) U
LIRS K ';’(Nﬂ)’,' ATM"." FFS™.7 ¥ °
2.0 G RET,.T A TLTTORRTLIMGAST
BFLGT. 14‘““?=2 :
NE7rl
TLEYS RERDING +T2 OR TNBY
CHNO(16. 11,8, 1. 16)

FC0L16, 110, 1,150

CUHERCUTINE WAITER

COMMBN/STORE/MBZ8.MB31(288) . MB32(981) . M333(927) .B34(989) .B35(3
1894} :
COMPMH/BUFFR/MB1 (5, 188) . MB2(5., 146) .NB1.NB2.NB3
COMMOM-CLOCK/K80.Ka1
COMMON/COUNT/NB3. NB4.NBS. NBE . NB7 . NBB . NFD. IREC
COMMONAUATCH/DELAY.DT.KT
COMMON/VALUE/D3(16).T11,728,79.T18
COMMON-CALIB,T1,C2.C3.CA4.C5

BUHG-THHE (KBU. KB 1) +DELAY

T=TIHE{KER. KB

G.GT.TIE0 7O 1




