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\V’ ABSTRACT

The results of a successfully completed NAVSCA sponsored
Manufacturing Technologv project are reported. The project was
carried out by the Naval Ammunition Production Engineering Center
(NAPEC), NAVAMPROENGCEN Crane, Indiana in connection with the modern-
ization of the bomb loading productigp facility at McAlester AAP
(formerly NAD McAlester). The program objectives including identifi-
cationof the parameters governing the mixing process for explosive
loads and the develooment of a full-scale automated eauipment svstem
necessarv to demonstrate the new technologv in the mixing of tritonal
were accomplished. The new process provides a more uniform product,

increased safety and economic benefits.
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_historical record of batch quality have made it essential that improve-

L. INTROOUCTION

Tritnitrotoluene (TNT) based cast explosives have been used for filling gen- »
eral purpose bombs since World War II. Recently, millions of bombs were pro-
duced for the Vietnam War. Three types of fills were used: (1) Tritonal -

a mixture of TNT and powdered aluminum, (2) H-6 - a mixture of Composition

B, D-2 wax, calcium chloride, and a powdered aluminum, and (3) Minol II - a
mixture of ammonium nitrate, TNT, apd powdered aluminum. The preponderance

of bombs was loaded with tritonal.

The technology for mix-melting TNT based explosives has changed little
since World War II. Larger melt kettles and reduced batch times through
elimination of pelleting and incremental filling have accounted for the
bulk fo the improvements. Material handling, including charging the ket-
tle, is still performed with manual labor. Control of melting, with steam
at a maximum of 15 psi (10 psi for tritonal), is also in the hands of the

operator.

The moderniztion of Plant "A" at McAlester AAP and the desire to provide a

ments be made in the process control of mix-melting. Plant "A", when com-

pleted, will have an entirely automatic material handling system for moving

explosive ingredients to and into the mix-melt system. The control of mix-
melting, however would have to remain with an on-site operator if the equip-
ment and process are not developed to permit his removal. In addition, ex-
isting casting plants require a means of controlling and recording the qual-

ity of an explosive batch for later use.




The purpose of this Manufacturing Technology Program is to develop
the full scale equipment and the process by which both the Plant "A"
and existing plant requirements can be met. Tritonal is the primary
explosive material for which the system will be designed because it
represents the largest mobilization requirement and because it is the

most difficult to manufacture.




II.  THE TRITONAL PROBLEM

TNT composes at least 50% of any of the explosive fills currently put
in conventional bombs. TNT becomes molten at 81 degrees C. (176 de-
grees F.). This temperature is within safe limits of plant operation
and far below its decomposition temperature of 470 degrees C. (878 de-
grees F.). Tritonal is a mixture of 80% TNT and 20% finely powdered
aluminum (100% passes 40 mesh screen). The density of aluminum powder
is 1.8 times the density of TNT in its liquid state. The aluminum pow-
der will separate and settle out of the mix if a large portion of the
TNT becomes liquid. This stratification, if it occurs in the kettle,
can cause the discharge valve to clog. If the stratification occurs
within the bomb, the nose fuze can become ineffective and a high dud
rate may result. The experienced mix-melt kettle operator has tradi-
tionally been the only control available for mixing tritonal. His
knowledge of steam energy addition versus material addition versus the
visible properties of the mix, gained by experience, has been relied
upon to produce acceptable tritonal. In order to replace the operator
in a modernized plant, the physical properties of TNT and their measure-

ments must be understood.
A. THERMODYNAMICS

TNT has a variable specific heat from .328 cal/gm/degree C. to .374
cal/gm/degree C. between ambient (20 degrees C.) and its melting
temperature (80 degrees C.)*. For test purposes, Table 1 shows the

specific heats in BTUs per pound per degree C.

*AMCP 706-177




Table 1
Degrees Centigrade BTUs/pound/degrees C.
20 (ambient) .590
50 .635
80 <673

The heat of fusion for TNT is 22.34 cal/gm or 40.21 BTU/pound.*

Figure 1 shows a plot of the thermal energy required to raise one pound
of TNT from ambient to 80 degrees C., allowing for complete melting.
The change of state of 100% of the TNT from solid to liquid consumes
approximately the same energy as is required to raise the TNT from

ambient to the melting point.

During the change of state, the temperature of the TNT remains con-
stant at approximately 79 degrees C. Temperature, therefore, cannot
be used effectively to batch tritonal since the percentage of TNT to
be allowed to melt must remain small. This limited melting occurs at
the same temperature as 100% melt. Table 2 shows the calculated ther-
mal energy required to raise 2,400 pounds of TNT flake from 20 degrees

C. to 79 degrees C. and to melt various percentages up to 100%

*IBID
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Table 2

Percent of material melted @ 79 degrees C. Total BTUs ‘
0 89,491

10 99,141 .
20 _ 108,792
30 118,442
40 128,093
50 137,731
60 147,379
70 157,044
80 166,675
90 176,345
100 185,995

B. TNT DENSITY

One adverse property of cast TNT is the amount of shrinkage that occurs
; during solidification. Limiting the TNT allowed to melt to the lowest

possible percentage for successful item filling provides the best cast

after solidification (discounting the possible adverse effects of en-

trapped air). Table 3 shows the range of TNT densities base on mate-

rial temperatures and conditions.
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Table 3

Degrees Centigrade State Gm/CC*
27-70 Flaked* 1.65

80 Flaked* 1.64

82 Liquid 1.48

87 Liquid 1.48

95 Liquid 1.47

20 Solid Cast 1.59

*When pressed into a charge.

TNT is normally supplied by the manufacturer as a flake similar in size to
uncooked rice. The bulk density has been approximated at 504/ft3. The mix-
melt process first converts the flake into a thick slurry and eventually in-
to a thin liquid when 100% of the flake is melted. Based on the volume of
the existing kettle and the volume of material in the kettle when fully
charged, about 5% of the total volume can be air voids between the flake

and the liquid TNT. For comparative purposes, the maximum available vol-
ume in the current 3,000# capacity kettle is calculated as 36.05 cubic feet.
The 600# of powdered aluminum in tritonal will be considered to have a con-
stant volume and be fine enough to preclude generation of air voids when
mixed with TNT flake. The volume of powdered aluminum is estimated as 3.58
cubic feet. Figure 2 shows the density changes of the batch as the percent-
age of melted TNT increased to 100%. The density of cast tritonal is ap-

proximately 1.73.**

Considerable change in density occurs with the percentage of TNT melted and

with the percentage of air voids in the mix. The air voids must be filled

* IBID
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by liquid TNT in order for the density to rise to its final cast value. This

property is greatly influenced by the efficiency of agitation.

C. VISCOSITY

The flow characteristics of TNT, like the density, are a function of the lig-
uid to solid TNT ratio present in the mix. The formula for viscosity is

Log x = .046S + 1.26* where S is the percept of solids in the mix. Figure 3
illustrates the dramatic decrease in mix viscosity that takes place as more

r TNT is melted. The viscosity of the mix is almost three times higher with

10% 1iquid than with 20% and over eight times higher than with 30% liquid.

—
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I11. METHODOLOGY

A. GENERAL

The development of equipment for the processing of explosives has tradition-
ally been a slow procedure with each new improvement being a small step
built upon many hours of experience. The existing structure of the explo-
sive safety organization and the lack of explosives technology in private
industry require most work to be performed "in-house" with commercial equip-
ment modified to meet hazardous conditions. For these reasons, the testing

program was broken into three phases to satisfy specific requirements.
B. PHASE I

This phase involved the procurement and installation of equipment systems
at the Naval Explosives Development Engineering Department, Naval Weapons
Station, Yorktown, Virginia. These systems include proven equipment al-
ready in use at existing Navy casting plants, equipment designed for in-
stallation in Plant "A", equipment presently being tested by another ser-
vice for other purposes, and equipment used only in private industry for

other purposes. The following systems were purchased and installed:

1. A 3,000# capacity steam heated melt kettle of the latest Navy design

and identical to those designated for Plant "A".

2. A bulk explosive handling hopper and conveyor system similar to that

designed for Plant "A".

3. An agitator mounted temperature sensing system using thermocouples

and a radio transmitter.




—

4. An agitator shaft mounted torque measuring system using strain gages

and a radio transmitter.

. A gamma ray densily measuring device used in industry Lo measure male-
rial such as paper on a continuous basis. A similar system was installed

at Louisiana Army Ammunition Plant for tests.

6. A thermal energy measuring device to acquire and record steam generated

energy input to the 3,000# kettle for the purpose of melting the TNT.

7. A mini-computer and teleprinter system to scan and record all data
for later transcribing. The mini-computer has the capability of being
programed to select data considered most useful by the testing person-
nel. The mini-computer system can also be programed to control batch-

ing operations when coupled to one or more of the batch monitoring systems.

The testing portion of Phase I was to evaluate the material handling sys-
tem and determine a parameter measuring system, or number of systems,
that could be used for automatic batch control. Consistency of equip-
ment response and durability in a production environment were two major

guidelines for evaluating new equipment.
C. PHASE 11

This phase involved the scrutiny of Phase I data and an evaluation of
the capability of the measuring equipment to perform in a production
environment and provide an operator in existing plants with batching
assistance and a permanent record of batch results. Additional explo-

sive testing beyond Phase I was to be conducted only if results from

12




Phase I supported it. Phase Il also included procurement of equip-

ment to provide an automatic equipment base for Phase III testing.
D. PHASE 111

This phase involved full scale testing using the min-computer to control
material addition to the kettle, to control heat energy addition and to
signify batch completion when the material had reached the desired con-
dition. Phase III was considered a proving ground for determining equip-

ment performance and reliability.




IV.  SYSTEMS DESCRIPTION

A. 3000# MIX-MELT KETTLE AND MATERIAL FEED SYSTEM

The material handling system for the automatic mix-melt technology devel-
opment program consists of equipment similar in nature to that being de-
signed for "A" Plant. This provides a smopth regulated material flow

which is essential for test repeatability. The feed/melt system consists

of the following components:

1. A 30004 capacity steam (hot water capable) jacketed stainless steel

melt kettle with heated calandria, agitator, and 1id.

2. A 30 HP, two speed electric motor equipped with reduction gears sup-

plying 59 or 39 RPM and 2000 ft-1bs of torque.
3. A 12" wide totally enclosed conveyor belt.

4. A 15 cubic foot capacity bulk TNT feed hopper with vibrated output

and automatic operation controls.

The melt kettle selected is 1 of 28 purchased in 1969-1970 to upgrade the
melt capabilities of Navy casting plants. Equipped with the 30 HP, two
speed motor, the new kettle wiil provide the melt capability for the
McAlester "A" Plant. Figure 4 displays the general arrangement of the
drive train and kettle as installed in a typical three story production
building. Figure 5 shows the test installation at WPNSTA Yorktown, Build-
ing 456. It differs from a production installation in that the kettle is

positioned above the second floor level to allow access to test equipment.

14
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Heat is supplied by steam at a maximum pressure of 15 psig (10 psig for
tritonal). The maximum temperature is therefore limited to approximately
121 degrees C. or 250 degrees F. Steam flow to the kettle jacket is reg-
ulated by a pneumatic valve operated manually in Phases I and II and by
an automatic proportioning valve in Phase [II. Steam to the calandria,
kettle 1id, and agitator is supplied separately since these parts are
heated primarily to prevent explosive build-up. Controls for these are
L manual as shown in Figure 6. TNT, during all phases of the tests, was
loaded through the 8" diameter Port B (shown on Figure 4). Aluminum powder
was added manually through Port A during all Phases. TNT was conveyed to
the kettle by a troughed belt which is totally enclosed within a fabricated
housing. A1l bearings are mounted outboard for safety and simplified main-
tenance. This conveying technique duplicates, in a large part, the system
to be employed at "A" Plant. The angle of carry is, however, consideratiy
greater than planned for "A" Plant. Also, material is not deposited evenly
across the belt as will be necessary at "A" Plant to insure compliance with
nonpropagation regulations. Material feed is still considered sufficient

regardless of limited drawbacks to provide the desired test parameters. 5

Figures 7 and 8 show the conveyor as installed in Building 456 including a

view of the belt as seen through an inspection port.

TNT in flake form was fed from a 15 cubic foot capacity hopper onto the
conveyor belt. A pneumatically operated valve dispensed the flake in

the desired intervals. Pneumatic timers and increment counters allowed
for any combination of increments, increment lengths, and spacing between

increments to be imputed. Figure 9 shows the TNT hopper and platform for

17
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servicing. Figure 10 shows the interior of the hopper including the anti-
bridge plate designed to prevent TNT from clogging the discharge port.

Figure 11 shows the conveyor discharge chute into the kettle.
B. AGITATOR MOUNTED TEMPERATURE SENSING SYSTEMS

Existing melt operations have always been hampered by lack of immediate
knowledge of the material temperature during the batch cycle. The use of
hand held thermometers has sufficed when temperature was a necessary param-
eter for material acceptance. Accurate temperature sensing on a continued
basis is an elusive entity. Permanent probes have suffered two major
problems. If the probe is left unheated, a crust of explosive builds up
on it insulating the sensor from the material. If the probe is provided
with some limited heat to prevent the crust buildup, then the sensor is
confused and reports false readings. The temperature sensing system in-
stalled in the test kettle was an attempt to overcome the two basic prob-
lems by mounting the probes on moving surfaces provided by the rotating
agitator. Figure 12 shows the general location of the six probes with
respect to the kettle geometry. Two probes are mounted on the leading
edge of the main blade tips, one on the agitator hup, and three are
mounted on the small blades fastened to the center shaft. Figure 13

shows the actual installation prior to explosive material tests. Power
for the theromocouples is provided by an FM transmitter/receiver. Accurex
Corporation, Mountain View, California, provided all equipment including
Model 155 S (Temperature Receiver) and Model 188 (Temperature Demulti-
plexer). Figure 14 shows the wiring system for signal input to the ag-
itator and data retrieval from the sensors. Figure 15 lists the specifi-

cations for equipment used and a diagram of the antenna installation.
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Specifications
AT e, € I T SN el O +0.25%
Linearity: . . Lov s g . ..+010%
Repeatability: ............ e e s +0.01%
Normal Operating Temperature Range:
Rotary Components . . . ........... 0to 100°C
Stationary Components ... ........ 0 to 50°C
Strain Frequency Response
(Approximate) .............. .. ..DCto 1 kHz
Bridge Excitation (supplied by
FORBRE MMOARIEE: . . .o e e e s o B i 6 VDC
Maximum Centrifugal Acceleration: . ... .. 15,000 g
Maximum Rotational Speed: . ......... 15,000 rpm
Dimensions of Rotary
Microcircuit: ........ 1.5 in. long x .5 in. wide x
.85in. high
Dimensions of Readout
S L e e 11in. long x 11.1 in. wide x
4.7 in. high
Sensor Input: .. .. ..... 1 to 4 strain gages in 4-arm
bridge configuration
Minimum Strain Gage Resistance ... ........ 3500

Maximum Sensitivity (strain required
for full scale deviation):
3500, gage factor2 . ............ 175 pin./in.

1k, gagefactor2 . ... ......... 500 pin./in.
Output Meter: .. .Analog or Digital
Rocorder OQUPE: ... oo ensiius woi 0to 5 VDC
Recorder Output Impedance: .............. 1000
Power Requirements: .. 115 Vrms, 50 to 1000 Hz,
100 VA

' 500 p-in/in. full scale,
50°C maximum temperature change
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Display Unit
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Typical Installation Clearances
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Figures 16 and 17 show the actual antenna installation. Though tempera-
ture is considered the least desirable means to control tritonal batch
conditions, knowledge of temperature gradients existing in the existing
melt kettle was considered highly desirable. Unfortunately, the sersing
system was damaged during the change out of calandrias and it played no
part in the mix/melt tests. The contributjons of the sensing system were

considered insufficient to hold up the program.
C. DRIVE SHAFT TORQUE MEASURING SYSTEM

Many attempts have been made to develop a means of measuring explosive
material viscosity on a continuous basis. As shown in Section 1I, vis-
cosity varies logarithmically with the ratio of TNT melted to unmelted.
It is, therefore, a desirable entity for measuring the condition of the
batch. A radio telemetry system similar in hardware to that planned for
obtaining batch temperatures was mounted on the test kettle. Figure 18
shows the installation of the antenna on the agitator shaft above the ro-

tary steam couplings. Two strain gages were affixed to the shaft 180 de-

grees apart. A cam actuated electrical limit switch was used to reduce
the signal output to that representing shaft strain at one (and only one)
point in the rotation cycle. The opening and closing of the switch trig-
gered the data compiler. This was done to remove cyclic strain caused by
eccentric movement of the driveline. Forces on the agitator blades created
by their passage through the explosive material creates a shaft torque op-
posite to that created by the drive motor. This counter-rotational force
was measured by the strain gages and recorded as a function of the mate-

rial viscosity.

29
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D. GAMMA RAY DENSITY MEASURING SYSTEM

As shown in Section II, the density of TNT based explosives at any point
in the molten state is a function of the mejted to unmelted TNT ratio

and the amount of entrapped air. The higher the percentage of entrapped
air, the lower the density of the melted TNT. Likewise, the higher the
percentage of melted TNT, the lower the depsity. A means of measuring
these density changes in the test kettle was the intended function of the
gamma ray densitometer purchased from Industrial Nucleonics Corporation
of Columbus, Ohio. The heart of the system is a 4 curie, cesium-137
source which emits gamma rays through the material whose density is to be
measured. As long as the thickness of the material being measured is
known and kept constant, its density will be inversely proportional to
the amount of radiation reaching a sensitive receiver located on the op-
posite side of the sample from the source. Figure 19 shows the source
and its controls as mounted on the test kettle. Figure 20 shows the de-
tector head in place on the opposite side. Figure 21 shows the total in-
stallation. Two 4" diameter tubes were welded onto the kettle to shield
the radiation beam. The tubes were cut into the outer jacket of the ket-
tle, welded to the inner bowl, and then welded to the outer jacket to pre-
vent leakage of steam. Limiting the ferrous metal in the beam path im-
proves the efficiency of the density measurements. The source is equipped
with a sample plate, equal in density to 20 inches of TNT, which can be
pneumatically inserted into the beam path for calibration and to provide
a radiation absorbent until the batch material rises above the beam path.
Signal output is pneumatic from O to 15 psi and is converted to an elec-

trical signal for analysis and recording.
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E. THERMAL ENERGY INPUT MEASURING SYSTEM

As shown in Section II, the quantity of TNT that is melted in a batch is
a function of the thermal energy provided by the steam. Knowledge of the
incoming material temperature, the amount of material, the percent to be
melted, and the heat losses through radiation and convection can be used
to determine the thermal energy required for a desired batch condition.
Measurement and control of the BTUs used can also be a means to produce

a desired batch condition. The test kettle was equipped with a Westing-
house BTU calculator designed for steam flow. The calculator is based

on the determination of steam flow by measuring the differential pres-

sure across a restriction such as an orfice plate. Flow rate is propor-
tional to the square root of the differential pressure across the orfice.
The Westinghouse-Hagen ring balance meter measures the differential pres-
sure and produces an indication of flow rate that is linear over wide ran-
ges with high accuracy. Figure 22 shows the meter case installation with
pressure equalizing piping, valves, and blow down lines. The basic meter
assembly (shown by the cut-away on Figure 23) consists of (1) a hollow
ring sensing element balanced on a knife-edge fulcrum and (2) a precision
torque resistant assembly consisting of a push rod and a calibration
spring. The ring contains a sealing liquid, the volume and density of
which are not critical, and a partition at the top separating the high
and low pressure connections. A differential pressure across the parti-

tion will produce a torque on the ring causing it to rotate on its ful- i

crum. As the ring rotates, it moves the push rod against the cantilever
type calibration spring until a balance is achieved between the torque

produced by the differential pressure measurement and the resisting
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torque produced by the calibration spring on the push rod. The "S" shaped
pressure connections to the ring eliminate any effect of these connections
on the ring as it rotates. The ring balance principle produces the curve
shown at the bottom of Figure 23. The cam and follower on the ring lin-
earize the pen motion with flow. The ring balance motion extracts square
root and the cam provides the linear adjustment. The linear flow output
is changed to a pneumatic signal which is piped to a remote control room,
converted to BTUs per hour, and recorded. An electrical signal is also
generated representing BTUs per hour and sent to the data acquisition sys-

tem. Figure 24 shows the BTU recorder located in the control room.

F. DATA ACQUISITION SYSTEM

In order that the data generated by the different sensing systems couls

be made useful, a data acquisition system was used. This system was avail-
able in Phases I, II and III for scanning and recording data outputs and
additionally for controlling the process in Phase III. A mini-computer

was used to condition the signal outputs. The following is a list of the

major equipment used:

1. Nova 1220 mini-computer with 16 K memory
2. ASR 33 teletype

3. 2-drive cassette magnetic tape system

4. Real time clock

5. Analog to digital interface
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6. Digital to analog interface
7. Tektronix computer display terminal

Figure 25 shows the equipment as installed in a remote room in Building

456. The Applied Sciences Department of the Naval Weapons Support Center,
Crane, Indiana, provided data acquisition assistance. This assistance in-
cluded the development of programs to contypel the taking of data, proces-
sing the data and making hard copy of the results, programming the system
for batch control, and providing assistance in developing equipment inter-

faces. Advantages of the mini-computer system as installed are:

1. The ability to program into the data collection any signal condition-

ing required.

2. The ability to record all data in real time and at a speed and accuracy

far beyond any other system available for the investment.

3. It provides permanant record of data in such a form that allows re-

peated analyses at varying levels of intensity.

4. It provides a means to reduce, analyze, and print out data rapidly to

allow for adjustments in the system during the tests.

5. It allows for introduction of additional inputs (i.e., kettle opera-

tor, additional sensors) as required.
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V.  PHASE I TESTS

The installation, checkout, and calibration of each sensing system re-
quired considerable time and effort. The kettle was filled with water
and heated in order to calibrate the temperature sensing system. Five
of the six sensors were calibrated effectively. One sensor would not
calibrate and was turned off. In order to correct problems with the
kettle calandria which had been installed {ncorrectly when purchased

in 1970, the kettle 1id, drive shaft, and bearings were temporarily re-
moved and replaced. This unforseen maintenance required disruption of
the temperature sensing radio transmitter/receiver. Due to the nature
of the wiring that had been factory installed in the agitator, the dis-
mantling of the kettie upper works disrupted the continued retrieval of
consistent data from the temperature sensors. The decision was made not
to seek correction of the damage due to time restrictions and the Tow

priority of the system when compared to the other equipment.

Several preliminary test batches were made using 2,400 pounds of TNT and
600 pounds of aluminum pewder to determine any short comings. Material
was loaded into the 18" diameter main kettle port (shown in Figure 26).
After these tests, it was determined that corrective action was needed
to eliminate minor problems with the torque meter and BTU calculator.
Full scale tests were undertaken after the equipment defici2ncies were

corrected.

The following is a typical sequence of events required to produce a test

batch of tritonal:
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1. 2,400 pounds of TNT flake must be unboxed and screened by hand to re-

duce or remove lumps which could clog the material handling system. The

screened flake is placed in 50 pound capacity aluminum boxes.

2. 600 pounds of aluminum powder are emptied into 50 pound capacity alum-

inum boxes.

3. All materials are stored in Building 456 overnight to normalize tem-

perature.

4. The BTU calculator is zeroed prior to steam being turned on.

5. The data acquisition system is turned on and instructed to start the
test. From this point until instructed to terminate the batch, the com-
puter will record all data on tape and print all channel outputs each

minute.

6. Steam is turned on to the kettle jacket, 1id, calandria, and agitator

for preheat.

7. Approximately a gallon of liquid TNT is added through the kettle port

to fill the dump valve and prevent its clogging. This material is called

_ & "heel.”

8. The agitator is turned on to low speed.

9. The densitometer source is opened and the sample is in place.

10. TNT is dumped into the feed hoppers with the hopper valve closed.

11. The conveyor is turned on.

12. The TNT metering system is set and actuated.

46

———R—




13. TNT enters the kettle.

14. Al powder is added through main kettle port.

15, Steam is turned off kettle jacket, lid, calandria, and agitator at

operator's discretion.

16. Steam is turned on and off to jacket as required.

17. When material in kettle rises above densitometer beam, sample is

removed.

18. When all material is in the kettle, the operator indicates for the

record when batch appears acceptable.

19. The batch is held in the kettle for an extended period of time at the

discretion of the test officer.

20. Explosive material is emptied from kettle and disposed of by burning.

21. The data acquisition system is instructed to terminate the test batch.

The Timited availability of TNT for testing, the large quantity required
for each test, and the need to dispose of the batch by burning required in-
tensive information gathering from as few tests as practical. Three full

scale tests were thus run and the results analyzed.

Tritonal Test Batch 1

The batch was comprised of 2,400 pounds of TNT and 600 pounds of AL powder.
The TNT was not screened for lumps prior to introduction into the material
handling system. Major events during the batch were recorded and this se-

quence is shown on Figure 27. Sensing equipment in operation for the test
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Batch Time Real Time Event

33.

42.
44,
50.
54.
28
60.
€5.
€6.
73.
74.
78.

(In Minutes)

0
.00
00

00
00
00
00
00
00
00
00
00
00
00

F3le.

1321

1345.

1354.
1356.
1402.
1406.
1410.
1412.
1417.
1418.
1425.
1426.
1430.

00

.00

00

00
00
00
00
00
00
00
00
00
00
00

e e e B

Batch 1 Event Sequence

15 November 1976

TNT addition begins. Agitator on high speed

Steam turned off to jacket

TNT added through kettle port as hopper has clogged.

Steam on.

Steam off to jacket

Steam on to jacket for 20 seconds
Steam to calandria turned off
Batch ready for use

Steam on to jacket

Steam off

Steam on

Steam off

Steam on

Steam off

Material dropped from kettle

Figure 27
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included the torque meter, densitometer, and the BTU calculator. Output of
the torque meter is shown on Figure 28. Material began entering the kettle
at time zero causing the torque to rise accordingly through the period
marked (a). The low point marked (b) occurred because the melting rate of
the TNT exceeded the entry of new material into the batch. The sharp rise
from point (b) to (c) was the result of alyminum powder being added which
reduced the liquid TNT quantity. The same condition occurs between points
(c) and (d) as from (a) to (b). Aluminum powder was added at point (d).

TNT clogged the hopper outlet prior to poipt (d) and filling was then shif-
ted to the main kettle using 50 pound increments. The torque experienced
during the period (f) exceeded the limits of the data recording system with-
out a change in "gain." Data was retrieved directly from the torque meter
amplifier (no tape record available) which has shown torque outputs exceed-
ing seven volts. The same peaks and valleys as found earlier exist during
the period (f). The batch was certified by the operator as being acceptable
at point (g). The torque from this point onward to the point (j) where the
material was dropped from the kettle moves steadily downward. The drop in
torque at points (h) and (i) was caused by the addition of steam to the jac-

ket. The downward movement of torque readings after point (j) is caused by

the draining of material from the kettle.

The densitometer plot for Test 1 is shown on Figure 29. During the period
(2a), the density increased as the material in the kettle rose above the
beam path. The attenuation sample was also in the beam path. At point (2b),
the sample was removed because the density created output signal was near-
ing five volts which exceeds equipment capabilities. The sample withdrawal

caused the densitometer to give readings of zero for the next 40 minutes
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(shown by period (2c)). Density readings were made for the next 40 min-
utes during period (2d). The jump to point (2e) was caused by reinser-

tion of the sample as the kettle was being emptied.

The BTU calculator plot is shown on Figure 30. The period identified as

(3a) corresponds to the initial steam usage through the jacket and the
calandria. Points (3b), (3c), (3d), and (3e) represent steam flow for
short periods of time. Actual readings lag approximately five minutes

behind the manual action taken (i.e., steam on, steam off).

Test 1 Evaluation

Test 1 was considered successful because the majority of the measuring
systems functioned as predicted. Each system had good and bad qualities

based on tne conditions at hand.

Material handling equipment operated satisfactorily until Tumps in the

unscreened TNT forced abandonment of the system. Material feed rates in-
to the kettle are below those experienced in existing plants. A reduced

test batch time is essential to an uninhibited evaluation of the equipment.

The torque meter provided the best evaluation of batch conditions with

regards to material conditions at any point in time. However, addition-

al information during the peak torque periods will have to be obtained by
decreasing the sensitivity of the unit. Material viscosity, as measured
by the existing agitator, is influenced by the intermittent addition of
steam to the jacket. This steam addition will cause a liquid TNT layer
to be created between the agitator blade and the kettle wall. Torque de-

creases rapidly for a short period of time until unmelted TNT can be mixed
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in from the center of the kettle. Overall material viscosity as measured
by torque is not altered appreciably by small steam additions. The den-
sitometer provided no useful data during the crucial batch period. The
sensor is saturated for an excessive period of time after the sample is
removed. Considerable effort must yet be applied to obtain a workable

sequence.

The BTU calculator provided information as to the heat energy inputs dur-
ing the batch. Tabulated information indicates that there is a response
lag between steam valve actuation and calculator verification. This may
be due to the design of the ring balance. The calculator indicates a re-
turn to zero when steam flow is turned off. Failure to zero had been a

problem before condensate reservoirs were installed.

A more detailed record of events was considered essential to allow a more

accurate analysis of the data.

Tritonal Test Batch 2

The batch was again comprised of 2400 pounds of TNT and 600 pounds of
aluminum powder. The TNT was 100% screened by hand and all lumps over
1/2 inch in diameter were removed or broken up. All significant events
during the batch were recorded by an observer according to computer gen-
erated "real” time. The event sequence is included as Figure 31. Fig-
ure 32 shows the torque orofile for the entire batch. Discounting any
changes in data recovery, the torque increased steadily from start of
the material addition until the batch was certified. From that point,

the torque required dropped along the lines predicted by the viscosity
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Batch 2 Event Sequence

17 November 1976

Batch Time Real Time Event

| 10.29 1016.30
: 18.00 1024.01
18.30 1024.31
21.50 1027.51
22.59 1029.90
23.14 1029.15
25.00 1031.01
26.05 1032.06
28.32 1034.33
29.35 1035.36
30.05 1036.06
32.03 1038.04
32.19 1038.20
32.59 1039.0
34.00 1040.01
34.35 1040. 36
35.32 1041.33
35.59 1042.0
37559 1044.0
38.15 1045.16
. 44 .44 1050.45
! 68.29 1114.30
93.59 1130.0
. 193.59 1310.0

0 1006.01

6.2  1012.25

7.59 1014.00

* 9.49 1015. 50
: 9.59  1016.00

—_— —— o —— —— — - e——

Start kettle preheat and computer

Agitator jogged

Liquid TNT added to form heal

Conveyor started

Agitator started

TNT material enters kettle

Change in torque meter gain control downward

Four cans of AL added

Densitometer set on collimator

Four cans of AL added

Conveyor reset for 10 cycles

Change in torque meter gain control downward by 207%
Steam off to jacket

Ten additional cycles keyed in

Steam on

Steam off

Steam on

Steam off

TNT addition stopped

AL added (two cans)

AL powder addition completed

TNT addition continued

Heat off calandria

End of TNT addition

Final AL powder added

Batch certified usable (thick mixture barely flowable)
Batch considerable thinner but still usable

Batch continues to thin, but still usable

Batch nears stabilization and is dropped from kettle

Figure 31
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equation of Section II. Figure 33 displays the torque changes through
the critical first 50 minutes of the test. TNT enters the kettle from
the conveyor commencing at point (a). The gain control was turned down
at point (b) to prevent the readings from going off scale. The sharp
rise following point (b) is due to the addition of aluminum powder.

The peak at (c) and the fall to (d) was caysed by the melting of TNT ex-
ceeding the feed rate of unmelted to maintain the high viscosity. The
area from point (e) to point (g) was a steady rise in torque due to a
constant feed rate of TNT. The drop at (f) was a second change in the
gain control. The drop at points (g) and (h) was due to momentary ad-
ditions of steam to the kettle jacket. The drop marked (i) was due to
the stoppage of TNT addition. One hundred pounds of aluminum powder were
added at point (j). Melting took over during the drop at (k). TNT ad-
dition began again at point (1) causing the torque to exceed instrument
capacity at (m). Steam was also turned off calandria, 1id, and agita-
tor. Point (n) corresponds to the completion of TNT addition and the
loading of the last 100 pounds of aluminum powder. The batch was cer-
tified usable by the operator at point (o). The torque dropped rapidly
after point (o) until the material was dropped from the kettle 194 min-
utes after the test began. The densitometer plot is shown on Figure 34.
TNT is shown entering the beam path at point (2a). The sample was re-
moved at point (2b) and all readings are zero until point (2c). Unfor-
tunately, the critical batch conditions occurred between points (2b) and

2c).

The BTU calculator plot for Test 2 is shown on Figure 35. Area (3a) cor-

responds with the kettle preheat period. Area (3b) is a natural taper
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off of steam usage once the kettle was preheated. Area (3c) indicates
steam usage for melting as TNT enters the kettle. Points (3e), (3f), and
(3g) indiciate intermittent steam addition to the kettle jacket. Obser-
ver notes confirm points (3f) and (3g). It must be concluded that steam
was turned off to the jacket prior to (3d) and turned on momentarily at
point (3e). The :team to the calandria, 1id, and agitator was turned off

at point (3h) causing the calculator to return to its zero point.

Test 2 Evaluation

Test 2 was considered supportive of the information gained in Test 1. The
test batch was carried out in a smooth concise manner with no surprises or

unforeseen events to mar the test results.

Material handling equipment operated successfully throughout the batch.
The hand screening of the TNT proved to be the solution to the clogging
problem. Feed rates are still below those required of "A" Plant equipment

and below that found in existing plants with manual feeding.

The torque meter continued to provide clear, concise information as to the
minute by minute conditions in the kettle--response is excellent. Changes
in equipment sensitivity or "gain" were required but were well documented

and made little influence on the results.

The densitometer continued to provide no data during the crucial part of

the batch.

The BTU calculator provided information in a concise manner with rapid re-

sponse considering its design. The only apparent flaws in output can be




explained as observer error in the taking of event sequence data. The
intensity of activity during a test makes observations susceptible to

error,

The data recovery system operated flawlessly providing detailed record
of all data for future analysis and minute by minute print out which pin-

pointed probable trouble spots in the batch before they occurred.

Tritonal Test Batch 3

TNT and aluminum powder quantities for batch 3 were screened and weighed
identically to those for batch 2. The intention for batch 3 was to test
the response of the torque meter and BTU calculator to intermittent appli-
cations of steam to the jacket. Some concern had been expressed after
Tests 1 and 2 that steam additions could cause false indications of total
batch quality. Considerable effort was expended to bring the densitometer

on-line. Figure 36 contains the sequence cf events during the test batch.

The plot of the torque meter output for the entire batch is shown on Fig-
ure 37. The torque increase and decrease proceeded along the same lines

as in Tests 1 and 2. The two vertical lines at point (a) were due to the
stopping and starting of the agitator. The change at point (b) was due to
a change in "gain". A plot of the first 102 minutes is shown on Figure 38.
Steam was turned on and off to the jacket several times in the period from
minute 54 to minute 72. Batch certification was not conclusive since a
crust of unmelted TNT developed above the agitator requiring agitator shut-
down and manual crust breakup. The two spikes at (a) and (b) of Figure 38

show the agitator start-stop. The change in instrument gain is shown by
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Batch 3 Lvent Sequence
19 November 1976

(In Minutes)
Batch Time Real Time Event

0.00 757.02 Computer starts test
22.13 819.15 Steam on to jacket, calandria, and agitator
30.00 827.02 Closed densitometer source, turned to collimator
34.48 831.50 Liquid TNT added for heal
35.58 833.0 Conveyor on
36.18 833.20 TNT addition commences
38.48 835.50 Two cans AL powder added
44 .28 841.30 Two cans AL powder added
47.03 - 844.05 Densitometer source opened
49.58 847.0 Two cans AL powder added
50.33 847.35 Source closed
51.08 848.10 Steam off to jacket
52.18 849.20 Steam off calandria and agitator
53.38 850.40 Source opened partially
54.48 851.50 Two cans AL powder added
55.48 852.50 Conveyor stopped with 400 pounds TNT remaining
57.53 854.55 Steam off to jacket
58.18 855.20 Steam off to jacket, agitator to high
59.13 856.15 TNT feed started again
59.48 856.50  Source closed
€0.08 857.10 Two cans AL powder added
60.38 857.40 Steam on to jacket
61.43 858.45 Steam off to jacket
62.48 859.50 TNT flow stopped
64.33 901.35 Source opened with lead in
65.23 902.25 Steam on to jacket
65.43 902.45 Steam off to jacket
65.58 903.00 Final AL powder addition
66.13 903.15 TNT flow restarted
69.33 906.35 Steam on jacket, shutter full open
69.38 906.40 Steam off jacket
69.43 906.45 TNT fill completed
76.28 913.30  Source closed
7 +38 914.40 Tritonal sample taken
78.33 915.35 Source partially open
79.18 916.20 Agitator turned off and then on
79.38 916.40 Agitator turned to low
79.53 916.55 Agitator off
80.23 917.25 Agitator turned on high
82.08 919.10 Agitator off
82.48 919.50 Agitator on high
86.38 923.40 Sample taken
92.26 929.28 Steam on jacket
92.46 929.48 Steam off jacket
Figure 3€
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Batch 3 Event Sequence (Continued)
19 November 1976

(In Minutes)
Batch Time Real Time Event

102.28 939.30 Steam on
102.48 936.50 Steam off
112.28 949.30 Steam on
112.48 949.50 Steam off
122.28 959.30 Steam on
122.48 959.50 Steam off

142.28 1019.30 Steam on

142.48 1019.50 Steam off

152.28 1029.30 Steam on

152.48 1029.50 Steam off, sample taken
162.28 1039.30 Steam on

162.48 1039.50 Steam off

1712.28 1049.30 Steam on

172.48 1049.50 Steam off

183.28 11M.30 Drop starts

204.58 11220 Kettle empty

Figure 36 (Continued)
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point (c). Addition of steam to the kettle jacket on a regular basis is
shown by points (a) through (g) on Figure 39. The plot of the densitometer
is shown on Figure 40. Considerable efforts were expended in an attempt to
prevent the unit from giving a zero reading. None were successful and the
plot only indicates the relative response of the unit to different mate-
rials being placed in its beam path. A1l materials were placed in the beam
path outside of the kettle. The plot of the BTU calculator output is shown
on Figure 41. The information presented does not resemble that of Tests 1
and 2. Failure to zero the calculator with the steam flow at zero may have
caused malfunction of the instrument. Steam flow was in progress for kettle

preheat when the unit was being zeroed. All data was considered voic.

Test 3 Evaluation

Test 3 proved the most troublesome of those undertaken. Problems with batch
agitation, the BTU calculator, and the densitometer prevented the acquisi-

tion of data to answer most of the questions outlined before the test.

The torque meter continued to sense and indicate conditions in the kettle as
they developed. Of significant interest is the record of rapid torque de-

crease when the batch is being drained. This decrease could be used to sig-
nal an automatic system when the kettle is empty without secondary level con-

trols being required.

The densitomater performed badly and needs extensive work before data can be

obtained for comparison with the other systems.

The BTU calculator failed in the test, but that failure could be the result

of set-up error.
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VI.  SYNOPSIS OF PHASE I RESULTS

The tollowing conclusions were drawn after analysis of Phase [ test data

and comparison with the requirements outlined for the program:

A. Equipment systems installed in Building 456 at NWS Yorktown are
equal to, or better than, any now installed at existing production
plants. Further, they duplicate, as close as practicable, conditions

experienced in existing plants.

B. The temperature sensing system, as installed on the kettle agitator,
is not practical in a production environment. With extensive modifica-
tion, it could be used to analyze batch stratification under experimental

conditions.

C. The agitator mounted torque measuring system is an inexpensive, reli-
able, and responsive sensing system for determining batch conditions and

is considered the best candidate for controlling an automatic system.

D. The gamma ray densitometer will require further modification and

testing before any conclusions can be made.

E. The BTU calculator is a relatively inexpensive means of determining
energy usage. The system, as installed and used in Phase I, provided
only usage rate. With the addition of a rate integration program in

the mini-computer, the BTU calculator is considered the second candidate

for controlling an automatic process.

F. A minimum of two systems in addition to a computer will be required

to control an automatic mix-melt system.
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G. The TNT material feed rate of the test equipment will have to be in-

creased in order to evaluate conditions expected at McAlester Plant "A".

H. A second hopper, previously purchased, should be mounted to feed
aluminum powder into the kettle at a controlled rate and sequence. The
batch reaction to aluminum powder addition is a significant input to

the torque meter.

The following conclusions have been drawn concerning the application of
systems as tested to existing plants:

A. The agitator mounted torque meter used in conjunction with an estab-
lished pattern of steam application and elapsed batch time, could aid
plant operators in preparing tritonal. [In addition, a software output

could provide a permanent record of batch quality.

B. The BTU calculator used in conjunction with the torque meter could
provide the best aid to batching by allowing the kettle operator to work
within a specified envelope of total thermal energy input to the kettle.
The torque meter would confirm the batch to batch validity of the enve-
lope by measuring the batch viscosity. A permanent record of both out-

puts would be available.




VII.  PHASE II TESTS

It was the original intenticn of the mix-melt program to schedule a
number of tests for the certification of a piece of equipment for use
in existing casting plants. Because of the high cost of test material,
both for its procurement and for its disposal, Phase Il tests were not
carried out separately from Phase I. The data generated in Phase I

was analyzed and conclusions were made regarding Phase II suitability.
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VILL. PHASL 111

A. INTERMEDIATE TESTS

The data from Phase I tests was analyzed in order to determine what addi-
tional elements would be required to allow the mini-computer system to be
programmed for automatic control. Much of the data acquisition to date

had been by manual means. It was determined that, in order to control a
batch, information such as steam pressure and material feed status would
have to be made known to the computer for it to make meaningful decisions.
Three tests were scheduled for the express purpose of gaining the specif-
ic knowledge to permit automatic control programming. Acquisition of in-
terface equipment to be used in the automatic control tests proceeded in-
dependently. The only major change in equipment prior to the second test
series was the elimination of the torque sensing limit switch. The switch
was the source of some electrical noise which interferred with the collec-
tion of data. The mini-computer was therefore reprogrammed to scan and av-
erage the torque readings over precise five-second intervals. The average,
which is stabilized 1like a single-point reading, was then used by the com-

puter for control purposes.

Each of the three tests was performed under conditions expected in a pro-
duction situation. Material was added to the kettle within the time frames
necessary to achieve an acceptable production rate. The performances of
the BTU calculator and the torque meter were the same as achieved in ear-
lier tests. The densitometer was still plagued with periods of zero read-

ings which could have been attributed to densities below the scanning low-

limit.




B. EQUIPMENT ALTERATIONS

Following the intermediate tests, changes were made to the equipment to
allow computer control of the mix-melt cycle. These changes, by equip-

ment systems, were as follows:

1. Two air-operated steam control valves were placed in the main steam
lines to the kettle. One valve was used to control steam to the kettle
jacket and the other was used to control steam to the calandria. The ag-
itator and 1id were left under manual control since their heat (used only
for the purpose of preventing explosive buildup) was small in comparison
with the heat of the jacket and calandria. Both valves are of the air-
operated, spring return type. The operating air is controlled by an elec-
tric solenoid valve deriving its signal from the mini-computer. A pres-
sure transducer was installed in the main steam line (downstream of the
jacket control valve) to measure steam pressure. The signal is picked up

by the mini-computer for processing.

2. A pressure transducer was installed in the pneumatic control line ac-
tuating the TNT feed hopper. The output signal is picked up and processed
by the mini-computer to allow recording of the material increments being

fed to the kettle. The signal is also used to trigger portions of the auto-

matic program,

3. The mini-computer was reprogrammed to operate the mix-melting equip-
ment using information from all of the previously identified systems. In

addition, the data retrieval system was simplified by removing unused chan-

nels to allow the computer to print operating commands as necessary and




also print the batch parameters every minute without a significant dis-
crepancy caused by the time delay between data retrieval and orintout.
A detailed description of the finalized software program is included in

Section IX.

C. BATCH SIMULATION

The program as developed by NAVWPNSUPPCEN Crane Applied Sciences Depart-
ment (ASD) was checked for errors by coupling the mini-computer to a mas-
ter computer. The master computer provided the data element inputs de-

rived from previous batch tests. The mini-computer was then reinstalled
into the equipment system at WPNSTA Yorktown, Building 456, for the final

live tests.

D. FINAL TEST SERIES

The final-proof tests consisted of three test batches with explosives and
one simulated test using computer control. The batches consisted of 10 in-
crements and the same total explosive weights used in all the previous
tests. The TNT and aluminum powder feed procedures were established to
achieve total material input within 10 minutes of the first material intro-
duction. The computer program controlled the thermal energy input and gen-
erated messages for the manual control of material feed. The program al-
so was designed to assess the condition of the batch using torque or den-
sity conditions and indicate "Batch Ready" by the appropriate system. The
computer program was designed to record al: batch condition data even if
batch control was relinquished to the kettle operator because of a control
system malfunction. A review of the batch and computer control results is

as follows:
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1. Test 1 data is shown on Figure 42. The first spike on the thermal energy
plot is indicative of the heat required to bring the kettle to maximum allow-
able temperature. An inadvertent delay in the start of the batch occurred be-
tween the Minute 7 and Minute 35 mark. This delay was responsible for the
cteady use of thermal energy even though no material had been added until 36
minutes into the test. A sharp increase in enpergy usage can be noted after
the introduction of the first material. This usage continued until Minute 53
when the steam was turned off. The plot of torque shows an initial spike

when the agitator was started around Minute 6. The torjue increased sharply
with the incremental addition of TNT and aluminum powder. Operator's certifi-

cation of the batch as ready for use occurred around Minute 54.

The computer program performed all intended operations up to Minute 36.
Shortly after initiating the material feed cycle, the computer turned control
over to the kettle operator and indicated it would only continue recording data.

The batch was successfully completed manually as shown by Figure 42. Later

examinations of the data and event sequence (also recorded by the computer)

resulted in the conclusion that a negative value produced by the densitometer
at Minute 36 caused the program to shift to an incorrect address and subse-
quently relinquish the control as planned if an emergency should occur. The
negative value, not occurring in previous tests, resulted from removing the

lead sample from the source path.

2. Program corrections were made in order to perform another test. In addi-
tion to the negative value correction, the program was altered to correct any
problems made possible by an extended preheat time as experienced in Test 1.

The original program was designed to accumulate thermal energy continually
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from the start of the preheat. Because of the decision points built into the
program based on energy usage, the program was altered to include a BTU cal-

culator value reset to zero when the agitator is started.

Test 2 data is shown by Figure 43. The test batch was again completed but
without computer control. The computer relinquished control 22 minutes into
the batch when the torque reading became tqQa high for a no-load condition.
From later examination of the data, it was determined that the approval for
the start of material addition was erroneous. The computer program had not
been satisfied that the torque reading had stabilized after the start of the
agitator and the command signal from the computer had not been given to start
material feed. Consequently, the automatic control system aborted and only

recorded data.

3. A simulated test was scheduled to check the changes in the program.
Thermal energy and torque values were simulated with a signal generator; all
other signals were reproduced by operating the equipment in "dry cycle." Fig-
ure 44 shows a printout of the results of the simulated test. All parts of

the program functioned as originally intended and the third mix-melt test was

then scheduled.

4. Test 3 data is shown by Figure 45. A1l operations were successfully
performed under computer control up to a point 22 minutes into the batch
cycle. At that point, the total energy used exceeded the BTU 1imit for con-
tinuous steam application and the program shifted to a steam on/steam off
cycle. This portion of the program did not have an overload torque check
and the thermal energy input could not keep up with the material being

dumped into the kettle. The drive motor overloaded and stopped agitation
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26 minutes into the batch. Material feed was manually terminated after

eight increments.

5. The conclusions drawn from the final test series were as follows:

a. A sufficient number of tests were unavailable to conclusively state

that the software program was proven for production use. However, the

tests that were performed did demonstrate the capability of the batch mon-

|
|
|
|
|
|

itoring equipment to read the conditions of the batch and report accu-
l rately and with repeatability to the master control authority whether it

be a computer or a man.

1 b. A list of program changes was determined that would correct a majority

of the problems encountered during the final test series.
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LX. SOFTWARE PROGRAM ANALYSIS

A. METHODOLOGY

The computer program developed is based on empirical data produced by the
actual mix-melt tests. In addition to specific values, rates of change of
values were used to measure "trends" during the mix-melt process. This
"trend" monitoring helps to minimize erratic control behavior caused by
fluctuations in data attributable to changing environmental and material
conditions. In essence, the "trend" monitoring helps to validate data
used by the computer to base its decisions. The final program used the
torque meter, material feed equipment and thermal energy measuring equip-
ment to base the control functions. The densitometer has not been inclu-
ded in the control schematic due primarily to its inability to provide
data during that part of the program where control of thermal energy input
and material input is critical. The results of the final series of tests
have shown that the densitometer will provide a valid indication of batch
quality near the end of the batch. Figures 46 and 47 show the comparison
of density and torque plots and a comparison of the batch ready points
built into the computer program for the Phase IIl tests. Because of com-
parability and repeatability, either piece of equipment could be used for
control purposes. However, because of the tendency of the densitometer

to go off scale and its dependence on a radioactive source, the torque

meter was chosen for governing control responsibility.
B. COMPUTER PROGRAM DESCRIPTION

The finalized computer program, included as Appendix A, is designed for a

digital system and will provide equipment control, equipment monitoring and
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process data recording simultaneously. In addition, critical values can
be altered to meet changing conditions. Figure 48 is a schematic diagram
of the automatic control program operation. Simultaneous to the auto-
matic portion, the program records input signals from the various mix-
melt equipment systems at five-second intervals. The teleprinter used
for keyboard control of the automatic system is also the display medium
for system data at one minute intervals if not overridden by computer

generated commands.

tlement-by-element descriptions of the program sequences and the reason-

ings behind some of those used in the program techniques are as follows:
1. Initial system condition

a. Agitator drive system off

b. TNT and aluminum powder feed systems off

c. All steam valves closed

d. The thermal energy measuring equipment zeroed

2. Sequence of automatic control operations

Step a. Automatic control is requested by use of the teleprinter ?

keyboard. {

Step b. The computer checks for operational status of the mix-melt

equipment signal digitizer. The digitizer is activated.

Step ¢. The computer asks for, and records, the current signal value

being produced by the thermal energy measuring equipment.

This value can vary day-to-day, but can be compensated.
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Step d.

Step e.

f Step f.

Step g.

Step h.

Step i.

The computer opens the main steam valves to preheat the ket-

tle jacket, calandria, 1id and agitator.

The computer then checks thermal energy usages. Normal ket-
tle preheat operations are characterized by a rapid use of
steam until the kettle temperature reaches the designed limit.
The BTU usage then falls off to pear the zero value. A max-

imum preheat time of 30 minutes is provided to trigger the

signal for preheat completion if the thermal energy equipment
fails to signal a value of slightly less than the value re-

corded in Step c.

The teleprinter indicates "Preheat Complete."

The computer asks if the agitator drive system is on. If
negative, the teleprinter is used to request that the agitator

drive system be turned on.

The computer checks agitator status by examining the torque
meter signal. Because of the high initial torque required to

start the agitator in motion, the computer waits 30 seconds to

allow the torque reading to stablize.

The computer checks the torque output signal to determine if
it is below the value previously established if the kettle is
empty. If the reading is below the established value, the
program continues. If it is above the established value, the
automatic program is deactivated thus signalling that there

may be an azicator drive train problem or that a foreign ob-

ject may be in the kettle.




Step j.

Step k.

Step 1.

Step m.

Step n.

The computer signals via the teleprinter to start adding

explosive ingredients to the kettle.

The computer initially checks for material addition by check-
ing the operation of the TNT feed hopper value. If the value

signals "Open," the program continues to the next element.

The computer records a new thermal energy, zero set-point
figure and begins to integrate all further energy usage. This
reset function eliminates calculation of unwanted energy us-

age produced by varying preheat conditions.

The computer checks to see if thermal energy usage and torque
values have increased to verify that material is entering the
kKettle. If the values have not increased above the recorded
no-load torque or recorded BTU zero set-point within 150 sec-
onds of the hopper opening signal, then the automatic program
is deactivated. This feature is used to signal problems with
the material feeding system that must be corrected before

continuing.

If the torque and thermal energy tests are satisfied, the com-
puter then checks to see if the torque reading exceeds the over-
torque limit value. This value is purposely set higher than
any reading that should be experienced during a routine batch.
Exceeding this value will cause the computer to signal via the
teleprinter to discontinue material addition until the torque
reading drops below the high 1imit. Dropping below the limit

will cause the computer to print a message for restarting the
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Step o.

Step p.

Step q.

material addition. This sequence is used to prevent over-
loading the drive unit when material addition exceeds the

capability of the steam to melt the TNT.

The computer is now required to closely monitor the material
and thermal energy usages to prevent over-torque situations or
too much thermal energy addition which would result in more
TNT being melted than desired for final batch viscosity. The
computer checks the total BTU consumption and compares it with
a pre-established empirical value. If the value is exceeded,
the computer checks the rate of energy usage and compares it
with an empirical value. If the energy usage rate is lower
than the check value, the computer shuts off the main steam

valves and shifts the program emphasis to the final "Fine Tune"

stage. This element of the program is used for batches smaller

than the optimum.

If the total thermal energy does not exceed the lower limit

or if it does but the usage rate is above the steam cut-off rate,
the computer checks to see if the total thermal energy usage up-
per limit is exceeded. If this empirical value (based on pre-
vious batches) is exceeded, then the main steam valves are
closed, the teleprinter so indicates the condition and the pro-

gram shifts to the "Fine Tune" stage.

If the total thermal energy usage does not exceed the maximum
limit, the computer checks the condition of the torque. If the
torque is higher than the lower limit and is not falling, the
program shifts back to perform the tasks again (starting with
Step n).




——

—

Step r.

Step s.

Step t.

\
If the torque value and trend indicate a thinner than desired

material condition, the computer closes the main steam valves,
so indicates by teleprinter message and begins to check the

material feed conditions.

The computer checks the status of the material feed system

from the TNT hopper valve. If material is entering the ket-
tle and if the agitator torque is above the low limit, then
the computer indicates by teleprinter message and opens the
main steam valves. The program then shifts back to perform
again the tasks starting with Step n. The low-torque limit

is set above the torque value required for batch ready.

If material is not entering the kettle to indicate that all
TNT and aluminum powder intended for this batch is in the ket-
tle, then the computer begins a series of checks to determine
batch condition by measuring material viscosity as a function
of agitator torque. If the torque is below a pre-established
low limit, then the computer checks to see if this is a short-
term effect. Torque readings can move up or down because of
the mixing taking place between melted and unmelted TNT. If
the torque remains below the low limit set point for more than
240 seconds, the program shifts to the.“Fine Tune" stage. If
the torque exceeds the low limit within the 240 seconds, the
computer opens the main steam valves, indicates the action via

the teleprinter and the program returns to Step n.
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Step u.

Step v.

Step w.

The "Fine Tune" stage of the automatic mix-melt program in-
volves the control of thermal energy input to bring the batch
viscosity, as measured in terms of agitator drive torque, to a
value determined empirically from previous batch tests. Steam
is applied to the kettle jacket and calandria primarily in five-
second bursts since the batch is considered to be in a critical
stage where continuous steam would cause too much TNT melting.
The first test in the "Fine Tune" stage is for "Batch Ready by
Torque." If the torque reading is below the torque ready value,
the computer indicates "Batch Ready by Torqué Reading" via the

teleprinter and then deactivates the autotask.

If the torque reading is still above the torque ready value, the
computer checks for any over-torque situations. A torque read-
ing in excess of the over-torque limit will trigger the computer
to open the steam valves, so indicate by teleprinter and leave
the valves open until the torque reading drops 15 percent below
the torque-over value. The computer then will close the main
steam valves and return to the tasks in the "Fine Tune" portion
of the program. This series of tasks is designed to prevent ex-
cessive torque situations caused by material added after the

test for maximum continuous steam energy addition has been made.

If the torque reading is below the torque over value, the com-
puter checks for rising torque. If the torque is rising, the
computer opens the steam valves, indicates (via the teleprinter)

"Steam on by Rising Torque" and leaves the steam on until the
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Step x. If the check for rising torque as performed in Step w is neg-

NOTE:

v=— —— e — . & L 1

torque beings to fall. The computer allows a minimum of five
seconds steam addition until the falling torque causes the main
steam valves to close, indicates "Steam Off" via the teleprinter
and returns the program to check for the "Batch Ready by Torque

Reading" tasks.

ative, the computer checks to see if the rate of torque fall
is within the desired range. 77 it is slower than desired,
the computer opens the steam valves for five seconds and then
closes them with the appropriate message being made via the
teleprinter. The program is then shifted to check for "Batch

Ready by Torque Reading" and final deactivation of the autotask.

The "Fine Tune" cycle will end only when the agitator torque is below
a preset value determined empirically. This value can be changed up
or down depending on the desired final batch viscosity. The quantity
of material in the kettle could probably vary by 600 pounds of the max-

imum without appreciably altering this value since the agitator blades

are located below the batch surface.
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X. CONCLUSIONS

The task which was accomplished within the scope of this manufacturing tech-
nology development program has provided a base for a number of significant
conclusions. The most pertinent conclusions are outlined in the following

statements:

A. WITH REGARD TO EQUIPMENT SYSTEMS:

1. Equipment installed in Building 456, WPNSTA Yorktown, is considered
equal to, or better than, any now installed at Navy or Single Manager (SM)
ammunition production plants. Furthermore, the conditions at Building 456
duplicated as closely as practicable the conditions experienced in existing

plants.

2. The temperature sensing system as installed on the kettle agitator is
not practical in a production environment because the wiring system proved
too fragile for shock and tear-down requirements of a production system.
However, with extensive modification, the system could be used to analyze

batch mixing efficiency.

3. The agitator shaft mounted torque measuring system, when coupled with a
system for eliminating cyclic torque factors introduced by the shaft, bear-
ings, packing glands, etc., is an inexpensive, reliable and responsive sys-
tem for determining batch conditions. It is considered an essential element

in a system for automatically controlling mix-melting.

4. The BTU calculator, when coupled with a system for determining accumu-
lated thermal energy usage, can be used to control the quantity of TNT melted

in a batch and thus control the viscosity of the batch.
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5. The torque measuring system and the thermal energy measuring system, used
in tandom, can effectively provide "Hands-Off" control of TNT mix-melting
when coupled with a mini-computer and automatic or manually controlled mate-

rial feed system.
B. WITH REGARD TO SOFTWARE:

1. The digital computer program, provided as appendix A, was developed to
control the mix-melting of TNT within the 1imits set forth in this technol-

ogy development project.

2. The program can effectively operate steam and material feed systems and

provide interlocks essential to the safe operation of an explosive plant.

3. The program is flexible in that it can be altered to meet the changing

conditions of the production environment.

4. The program can provide continuous data retrieval and recording for later
analysis of batch quality or analysis of events leading up to an equipment

malfunction (minor or catastrophic).

C. WITH REGARD TO ECONOMIC BENEFITS:

There are economic benefits of an imprerd TNT mix-melt control system.

Appendix B provides discounted savings for peacetime and mobilization

production.




X1. ~ RCECOMMENDATIONS
Recommendation 1

One or more of the equipment systems developed in this project be

consicered for use in improving the mix-melting of TNT based explosives.
Recommendation 2

v Further testing, to refine the software program and expand its possible
use to other formulations of TNT explosives beyond Tritonal, be performed

with the equipment systems now located at WPNSTA Yorktown.

i e
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APPENDIX A

COMPUTER PROGRAM
FOR .
AUTOMATIC MIX-MELTING
OF
TRITONAL EXPLOSIVE

15 May 1978
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0001 MITO

«TIT1 MELTS
dEXTH CErUG
JENY START ,GICH ,PICH
ok XTN WARDY AKILL .ASUSP .IXMT ,UIEFX
JEYIN +1TASK JFR1 (K1LL LREC ,XMT LUCEX
EXTN FENT FINKT

> +ENT WSA CETC PUTC
JEXIN .TJLR .TIDK .SUSP .TIDS
JEXIN ICST
JEXNIN .CIV

0oco01 +TIXTN 1

«ZRFL
00CC0~C00C0O0 TINPRS
00001=-000001 KEY1D: $KEYBOARD ID
00062000000 STOFC: $hI1LL RE SET TG '1' FOR STCP
| 00C03~0031505'2STMESe STNES $STOP MFSSAGE ALDRESS
00C04=00237€"ZPFPORTS REPORT CASSET1E RECORC CCUNT REPCF1
00005=00€311'GETIC? GICk
0000b=00E303 PUICS PUTZ

+TEST IN PRCGRESS

i oo

O - O

00007=-002576"'WSAS WRITA
0010000000 DOUTC: O sCATA PRINTING REQUIRED

4 00011~-003447"'XBNCEC: DNLCEC

j 00012«00C00C DIGKQ: O tREQUEST FOR A/L FRCM DIG
00012«00C00C FSTKQO: O JREQUEST FOR A/L FRCM FAST
00C14=-C0CC0C CHARQ: O sREQUEST FCR A/L FROM CHECK
0C015=000017 FSICHN: 1S, PAGITATOR RCTATION INDICATCR CFAN

. ? USEL BY CONVRT TASK

‘ 00016=0000CC INJTII.: O }SET TO INDICATE CASSEITE INITIBALIZEL

00C17-004602'XMEES: MESE
00020=-004444"'XSTOFF: STVCFF
é 00C23=-004455"'XSTICN:  STFCN

b | 00r22-00C000 DAO: 0 3WORD SENT TO DAO
00023=-000000 DAL 0 PWORD SENT TO CAf
E 00C24-C000C0C BIUFST: O $USED TO GET BTUZER

’-O-.---....‘.w..-..--—-.---.-..-.-.----.-.-.-..-...\.n-.---.; oo

SIIIIIII LI 00 000000000707 0870070077002077070000000700020000707177

3 00C2%~0C00C0 AGRUN:
00026=-00CC00 MIRUN:

i C0027~€00000 TORCUES
00030-000000 'fCDIk:

$AGITATOR NOT RUNNING '0', KUKNNING '3
SVATERIAL NCT BFING ADDED 'C', PEIMNC PDLED '1!
IFRESENT TORQUF
JPRESENT T0RCUE DIPECTION FALI 'eft,
§ RISE 'i', NC CHANGE '0!
00031-000000 TQRATES O $FRESENT RATE OF CHAKNGE IN TCKGUE, ALWAYS FC&,
00032=0000G0 KU 0 SPRESFN'Y VALUE CF B1TU
0 00035-u0CUOG PILUSUE: O JEIV ANTEGRAL
00034-C0C000 BTUDIRKR: O SFRESFNT BRTU DIRECTION FALL ‘'eit, RISE '1°',
? NO CHANCE ‘0!
‘ 00035«CCOCCO BTUZYK: O JVALUF OF BTU CALCULAYOR BFFCRE STERAN ON
00036~00000C DENSE: 0 JFRESENT DENSITUMETER READING

OO0 0O

N=2

~
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0002 PMELTS

00037-000051%
00040-000006
60041-000170
00042~-000133
00043-000074

00044-000047

00045-002316
00046-002025
00047014234
00050«000007
00051=020464
00052000632

00053«C0006¢C

00054-003221
00055-000437
00C56=000005
00C57+-000017

00C60~C00030

gARRERNS

$ALL TINMES WILL Pk # OF 5 SFEG 1NTFRVALS
sVOLTAGFS MR REPRFSENTED

PREHEAT®

TOWAIT: 6
TONLD: 120.
TOSRT: 91,
RTUSRT: 60,
STIMFE: 36,
TQOVER: 123C.
TOUMAX: 1045,
SLMIts 630C,
BLMT 7.
SLMT2: 8SCC,
TeLOW: 410,
TQTIM: 48,
DREADY: 1681,
TREADY: 287,
NO1SE: S
RTLMT: 15,
DELAY: 24,

I EERER 2

(22 ARRR )

BY A CCUNT OF 410/VCLT,

41, $BTU SHCULD BF WITHIN THIS VAILUF CF
' BTUZER FOR PREHEAT TC CCMPLETE

$TIME WAITED AFTER AGITATOR IS KNCWN 10 PP

! ON RFFORFKF NO LOALC TOKOQUF REACING 1§ TAKEN

!NO LOAD TORQUE READING SHOULC BE

! BELOW THIS VALUE

}AFTER MATERIAL 1S STARTED,

!} THIS VALUE WITHIN "STINE"®

}AFTER MATFRIAL IS STARIED,

$! THIS VALUE WITHIN "STIME"

IAFTER MATERIAL IS STARTED, THIS IS MIN TIVE

¢ FOR TORGUE AND BTU TO EXCEEL

! “TOSRT™ ANC “BTUSRT"

JVOLTAGFE FOR WHICH TORGUF IS CCKSICEFED

?} TO BE IN OVEKLOAL CONDITICN.

?TORQUF MUST FALL 15% RELOW MAX TORGCUF

3 BEFORE STEAM ]S SKHUT OFF,

?LOWER LIMIT ON RTU SUM, IF BRTU

3 USE 1S LGWER THAN "BLMT*,

$THAN THE STEAM WILL BE SHUT CFF,

JETU LOWER LIMIT USED IN SKU1TING CFF STEAVM,

I¥AX BTUSUM FOR CONTINOUS INPUT OF ST7FkAM, ;

IVOLTAGE AT WHICH IF TORQUE CGETS LCWEF THAN 7' !¢

! AND IS FALLING, THE STEAVM WILL Pk SHKHUT CEI .

$THIS 1S MAX TIVE ALLOWED JN ICh TCFRCLE

? WITH NO MATERIAL COMING IN, PBEFCKE

JENTERING RATCH OK CHECK,

sEATCH TS REACY BY DENSITCMFIFR WHER

?  DENSE IS GT 1HIS VALUE,

JBEATCH IS REACY BY TORGUE WHEN TORGUE

! 1S LESS THAN THIS VALUE,

$1F VOLTAGE CHANGEL RY LESS TEAMN

!} 4 OR = "NOISE" THAN NO CHAMGE JS CCNSIDEFED,

TCKCUF SFCULD EXCIF.

BTU SKHCULL EXCEELD

sLOWEST RATE THAT TORQUF CAN BF
t FALLING WITHCUT ADDING S SEC,
t¢ OF % SEC INTKRVRLS USED IN

! FIGURING RATE OF FALL FOR TCRQUE,

STLRV,
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i - 0003 VMELTS

| «NRFL

,..-..-...........-.---...-.-.-...-

IDEFAULT TASK

START:

00000'0777177 FIN1T
00001'006020~ JSRE
00002'102400 SUP
00C03'040002~ STA
00004'04C000~- STA
00C05'040010~- STA
00006'006066= JSF@
00607'C20440 LCA
00C10'006126= JSE®
00011'020441 LCA
00012'062077 MSKC
00013'006440 JSR@
00014'006440 JSR@
00015'020444 LDA
00016'024444 LCA
00017'077777 «TAEK
00020'006135~ JSR@
00021'020427 LDA
00022'C06126~ JER®
00C023'C20440 LDA
00024'024440 LDA
00€25'000017" «TAEK
00026'00613S5~ JSRe
00027'CC6061~ JSFE
00030'006421 JSRe@
00031'077777 «KILL

JLIST KEYBCARL CCMMANDS

00C032'020423 HELP: LDCA

00033'040423 STA
00034'020423 LDA
00035'€40423 STA
00036'022422 STIP1: LDA®
00037'00612Ce JSR@
00040'C10420 1§82
00041'014415 DSs2z
006042'C00774 JMP
00043'02400C1~ LDA
00044'€77777 «TICR
00045'006135+« JSRe

81LP1Y

XSTOFF
0,0
0,STOPC :CIEAR STOFC AND

SCLEAR DA ' S

0.TINPR 3 TEST IN PROGRESS

0,DOUTC JCLEAR FRINT DATA

XCRLF

0,MBGN JPRINT STARTING MESSACGE

XWRLO

0,PHMASK

0

ZINTDT $ENTER DATE

ZINTTM :ENTER TIME

0,INITID sIDENTIFY INITIALIZE TASK
1,INTAD

XERR

0,MBRGN+1{

XWRLO $TYPE "HELP"™ FOR LIST CF CCFFANDS

0,CNVIP 2IDENTIFY CONVERT TASK

1 ,CNVSA

XERR

XIKCT JIDENTIFY KEYBOARD TASK
ZWAITR IDENTIFY WAIT FOR CHAR TASK

$KILL THIS TASK

O,NLINE sNUMBER OF LINES -
O0,DNLINE
0,2LST
0,PNTS .
0.PNTS »
XWRLO

PNTS

DNLINE

$LIST ADDRESS

1,KEYID

XERR
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0004 KELTS
00046'000031 "

00047'000222"MBGN e
00050'00132¢"
00051'C00605"2ZKALTRS
00052'177730 PHMASKS
00053'00¢105'ZINIDT
00054'C0€126"2ZINTTMS
00C%5'000024 NLINE:
C0056'000000 DNLINE:
0CO0S57'00C0RS 2187
00C60'000000 PN1S:
00C61'00205C INITIDS
00062'005€647'1NT1AD
0GC63'007415 CNVIP:
000€4'002776"'CNVSA:

00065'000264"KCL. ST
00066'00026€6"
00067'000264"
00n70'000312"
00071'C0C354"
goc72'0co0400"
00073'C0043¢e"
00074'C00476"
00C75'C0CS40"
00076'000600"
00077'C00640"
001006'060C714"
00101'00C750"
00102'001034"
00103'00116C"
00304'001114"
00105'001222"
00106'001264"
00107'00C264"
00110'000264"
KCEND¢

MSTRT:
00111'046511
00112'054040
00113'046505
00114'046124
00115'02C104
00116'040524
00117'04C440
00120'041517
00321'C4¢114
00122'642503
00123'05211
00124'047516
00125'020120
003126'051117
00127'C43522
00130'C40515

+KI1LL

2%VETRT
23VE201
WAI1R
17773C
INTC1
INTTIWV

KCENC=KCLST

0

KCLE1

0
487450
INTT
17B7+15
CNVET

2%VKCO
2%VKC1
2%VMKCO
2%NMKC2
2%VMKC3
2%VKC4
2%VKC5H
2%VMKCE
24¥KCT
2%VKC8
2%VKCS
28VKC11
2*VKC10
2%VKC12
29VKC14
2*VMKC15
2*VKC16
2*VKC13
2%FKCO
2*VKCO

oTXT *MIX MELT DATA COLLECTION PROGRAN<C15>%

A=5
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0005 MELTS
0013110006400

00132'006400

00133'045505
001341054502
00135'C47501
00136'051104
00137'020103
00140'047515
00141'046501
00142'047104
00143'051415
00144'000000

00145052105
00146'C51524
00147020040
00150'020055
00151'020120
00152'051105
00153'¢s5Cc101
00154'051105
00155'C2C101
00156'C471C4
00157'020123
00160'652101
00161'051124
00162'020124
00163'042523
00164'052015
00165'C00000

0C166'051524
00167'047520
00170'02004¢0
00171'C20055
00172'020123
00173'052117
00174'C50040
00175'052105
00176'051524
0031771006400

00200'052111
00201'046505
00202'020040
00203'02005S
00204'020120
00205'051111
00206'047124
00207'C20124
00210'044515
€0211'042440
002312'040516
00213'042040
00214'042101
00215'052105

MKCO:

MKC1:

MKC2:

MKC3:

MKC4:

LIXT #<15>%

»TXT #KEYEOARD CONMMANDS<14H>#

«TXT ATEST » PREPARE AND START TEST<1S5>%

«TXT *SICP e STOP TEST<K{5>*

«TXT *TINE * PRINT TIFE AND DATEC1S5>%

=G
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0006 MELTS '
002161006400 ‘

MKCS: «TXT #CTIVE « CHANGE TIME AND DATE<1S>®

T T

00217'041524
00220'044515
00221'042440
00222'02005S
00223'020103
00224'044101
00225'047107
00226'042440
00227'052111
00230'046505
00231'020101 \
00232'0471304
00233'020104
00234'040524
002351042415
00236'000000

B

MKC6: «TXT #PRINT e PRINT DATA DURING TESTI<15>%
00237'050122 ‘
00240'044516
00241'052040
00242'020055
© 00243020120
00244'051111
‘00245'047124
00246'020104
00247'040524
00250'040440
00251'042125
00252'051111
00253'047107
00254'020124
00255'042523
00256'052015
00257000000
MKC7's «TXT #LIST e LIST DATA ON CASSETTECiIS>®
00260346111
00261°'051524
00262'020040
00263'020055
00264'020114
00265'04452)3
© 00266'052040
00267'042101
00270'052101
00271'020117
00272'047040
00273'041501
00274'051523
00275'042524
- 00276'052105
M : 002771006400

MKC8:  .IXT #81ATUS = PRINT STATUS OF TESTC15>%
00300051524
00301040524

I - 00302052523 ‘ :
00303'020055 : T
00304020120
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0007 VMEL1S
00305'C5111)
00306'047124
00307'020123
00310'052101
00311'052125
00312'051440
00313'047506
00314'020124
00315'C42523
00316'052015
00317'00000¢C

00320'041510
00321'042503
00322'045440
00323'C20055
00324'020120
00325'051111
0032€'047124
00327'020122
00330042501
00331'042111
00332'047107
00333'051440

00334'C43122

00335'047515
00336'C2C101
00337'027504
00340'020103
00341'C44101t
00342'047116
00343'042514
00344'051415
00345'00C000

00346'051503
00347'C40516
00350'C2C€040
00351'020055
00352'C20120
06353'C47523
00354'044524
00355'044517
00356'047040
00357'041501
00360'C51523
00361'042524
00362'052105
00363'C0640C

00364'041524
00365'051114
00366'C20101
00367'C20055
00370'020124
00371'042522
00372'046511
00373'047101
00374'052105

MKC9 «TXT #*CHECK = PRINT READINGS FROM A/L CHANNFLS<15>%

MKCi1: .TXT *SCAN = POSITION CASSETTEC<1IS>*

' s
MKC10: .TXT *CTRL A « TERMINATES PRINT, LIST, AND SCAN
COMMANDS<1S)

A-8
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0008 VMELTS
00375'051440
00376'050122
00377'044516
00400'052054
0€401'C20114
00402'044523
00403'052054
00404'02010)
00405'047104
00406'020123
00407'041501
00410'047040
00411'041517
00432'046515
00413'C40516
00414'042123
00415'CC6400

00416'040525
00417'052117
00420'020040
00421'020055
00422'020103
00423'047515
€0424'¢c50125
00425'052105
00426'051040
00427'041517
00430'047124
00431'051117
00432'C4€040
00433'047506
00434'020123
00435'052105
00436'040515
00437'C2Cc10¢€
00440'047522
00441'020113
00442'042524
00443'052114
00444'042415
00445'000000

00446'046501
00447'C47125
00450'040514
00451'C2C05%
00452'020122
00453'042514
00454'C4250
00455'051505
00456'051440
00457'C41517
00460'C4652¢C
00461'052524
00462'042522
00463'020103
00464'047516
00465'052127

MKC12:¢

MKC15¢

-y

«TXT #*AUTC = COMPUTFR CONTROL CF STERMV FUPI

s oo s

-

KETTLE<15>%

+TXT *NFANUAL = RELEASES COFMPUTER CONTRCL<1S5>%

e T A TR o T IS T BTN R R e (LN
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0009 MFLTS
00466'047514
00467'006400

MKC14: .TX1 #*CFF e STEAM OFF FROM KEYBOARL<15>%
00470'047506
0C471'043040
00472'020040
00473'020055
00474'020123
00475'052105
00476'040515
00477'020117
00500'043106
00501'02C106
00502'051117
00503'046440
00504'045505
005051054502
00506'047501
i 00507'0511¢C4
! 00510'006400

MKC16: .TXT *CN = STEAM CN FROM KEYBOARC<15>%
2 00511'047516
00512'020040
00513'020040
00514'020055
00515'020123
00516'0521CS
} 00517'040515
: 00520'02011?
00521'047040
00522'€43122
00523'047515
00524'020113
00525'042531
00526'C41117
00527'040522
00530'042015
00531'00C000

—————

MKC13: TXT *HELF = PRINTS LIST OCF COMMANCS<15>%

00532'044105
00533'C46120
005341020040
00535'02005S
00536'020120 |
005377051111
00540'C47124
00541'051440
00542'046111
00543'051524
00544'020117
00545'043040
! 00546'041517

' 00547'04€515

00550'04C516
. 00551'042123
00552'006400
MS201: L TXT *TYPE "HELP" FOR LIST OF CCMMANLCS<IS>¥
‘ 00553'052131 ' ¢
00554'C5010%

A=10




e e

4
B
e

0010 MELTS
00555'C20042
00556'04410%
00557'046120
00560'021040
005611043117
00562'051040
00563'0461311
00564'051524
00565'020117
00566'043040
00567'041517
00570'046515
00571'040516
00572'042123
00573'006400

3PCENTIFY KEYBOARD TASK ROUTINE

jreemavartevarnepronerossronorne

00574'05440€ IKCT: STA 3,IKCTO
00575'020407 : LLA 0,KCTIP
00576'024405 LDA 1,KCTSA
00577'000025'1 «TASK
00600'006135~ JSF @XERR
00601'002401 JMP €IKCTO

00602'00C0000 1KCTI0: O
00€03'C00665'KCTSAT KCT
00604'000440 KCT1P: 1B7+440

«ZREL
00061=000574'XIKCT: INCT




PELTS

0011
«NREL

sTASK 1C WAIT CN A CTRL A

3 WHEN

+NRET
00605'05440€¢ WAITR:
00606'020407
00€07'C24409%
00€10'000UHT7TY
00€11'00€6135~
00612'C02401%
00613'C00C00C WTRO:
00€14'CCC616"'VTRSA
00€15'C01007 WTRIP:

00616'020445
00€17'006017
00620'C€21023
00€21'0C€135~

WATT:

N0€22'02443¢
00€23'0777117
006241024435
00€25'106415
00€26'C00406

00€27'024431
00630'C77777
00€31'006135~
00€32'102400
00633'040010C~

00634'02447¢€ WTT3:
00635'C00€623"
00€36'021423
00637'106415
00€40°'C00404

00€41'02442)
00€42'COC63C"
00643'C0€135~

00644'024420 WTT6:
00€45'C00635"
00€646'024413
00€47'106415
00650'00C404
00653'C24413
00652'000642"
C0€E53'00€1235~

00€54'024001~WTTS
00655'000044 "
00656'006135~

00€57'00G737

CTRL A 1S RECEIVED, PRINT AND LIST TASKS ARE KIILED

! KEYROARD TASK 1S MADE READY
STA J,WTRO
LDA 0,WTRIP
LDA 1,WTRSA
+TASK
JSK@ XERR
JNME@ 1RO
0
WAT1T
2B747
LDA 0,WATCH
eSYSTV
+WCEAER
JSRE XERR
LDA 1,WT'"L $ID OF PRINT
«ILET
LDA 1,Ww1T2 1210
SUE# 0,1,SNR
JMP WIT3 JNO TASK AT THIS ID
LDA 1,WTT1
+TICK
JSE@ XERR
SUB 0,0
STA 0,DOCUIC sCLEAR PRINT DATA
LDA 1,WTT4 ID OF LIST
»ICS1
LDA 1,WIT2
SUE Y 0,1,SNR
JME k1T6
LCA 1,WTT4
.TICK
JSKRe XERR
LDA 1,WTT7 s ID OF ECAN
«JLCST
LDA 1, WTT?2
SUB# 0,1,SNR
JNE WITS
LEA 1,WTT?
+TICK
JSEK@ XFRR
LUA 1,KEYID
.TICR
JSRe XERR
JMP KATT
10

00€60'000010C WTTHL:

A=12




0032 ©MELTYS

00COHI'GUONL10 WTT2: 10

00¢62'000015 WTTA: 15 .
006631000001 WATCH: 1 ICTRL, A '

006641000016 WT17¢ 16

A e et et et o Bt n e ed o e e & e

SR

z
i
|
i
)
i
|
'
:

2 i =13




B sl i e A et U B

DRSS N S .
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~

0313 PFMEFLTS

00EBES'(C060CE -
0066020532
00C62'006126
006701020473
0CEII'O0GRYIY
Coe72'02047
00673'C40454
QUET4'1074CC
00675'¢c4Ca67
00CT761'0204677
00€77'0404¢7
00700'006455
00701'0344¢€¢(
0C702'13€¢415%
00703'00043¢%
03704'C344¢4
007251116415
007064600432
00707024442
00710'0304+47
00106022
00712'112433
Q0713'CCC4CaH
00714'024434
00715'12240¢0
00716'CC0410
0071710244234
00720'C3¢C441
00721'106033
C0722'117433
0C723'C00462
00724'024430
0C725'1224C0
007265'C4CA30Q
00727'C3043%
00730'C24432
0C731'CCE42¢
00732'030424
C0733'547000
00734'044430C
C0735'0354431
CO736'(GCT4%
00737'¢GCA33
CO7TA0' (30474
00741'0244721
CO742'00€A15
00743'C44421
C0746'01447%2
0C74L'00C773
C074¢'CC042%4
00747'CGC0OCC
0075%0'¢0C3i00
00755'¢0C101
007%2'0005 32
COT531CCCOC0

o

KLPO:

KLP2:

KLP 3y

KLP1:

POINT?S

K100
K101
K132
hG6Q:

tREYRCAKL

tTAEK
PTASK
Jrweonw
JERE
| iy
JSE@R
ILCRA
TeA
STA
sup
STA
LDA
STA
JERR
ILCA
SUF ¥
JNMF
LA
SUP &
JMP
LLA
LLA
RECZ ¢
SURZ#
JVP
LDA
SUF
JNP
LDA
LDA
ADC2#
SUBRZ#
JME
LDA
Sue
STh
LCA
LL»A
JER
LEA
ALLLC
STh
DSz
JNMF
JNF
LED
LDA
JSRE
STA
DE7
JIFE
JMEP

0

10C
3073
132
60O

h=14

CONTrOL TRSK
1.B, NO. » 20
FEICPITY = 40
XCRIF sCR LI
0,KCD
XWKLO
0,YCMND  $READ CCMMAND LINE
@XKDLK
0,XCFMD  ;CCMMANL MFESHAGE STARY
C,POINT
0,0 JZERO CCMNMARD WORD
0,CMDK
0, TRAY NUMBEL OF CHAR ALLCWLL IN CCI /I
0,DNTRY
XCTCH $GET CHAR OF COMMAND
3,KCR $11S CHAR CR
0,3,45NP
KLP1Q PYES
3,KRLK 318 CHAR RLANK
0,3,8NR
KLP1 1 YES
1,K101 118 CHKAK A LFTTFR
2,K132
0,1,5NC 3SKIP 1F NOT LETTER, 1CIDCHRE
0,2,SNC :SKIPIF LETIFR, 132>=CERAR
KLpP2 gNCT LETTER
1,K100 ;LETTFER, SUR §00 FRCVM CEMR
1,0
KIp3
1,K60 :1S CHAR NUMRBER
2,K71
0,1,8NC $SKIP 1F NCT NUF, €0>CHIP
0,2,SNC :SKIP 1F NUM, 73>=CHAK
KP4 sNCT RUF, ERROR
1,K25 pNUM
1,0 1SUB 25 FRCVM CHAR
0, TCHAR
2,CMDW
1,K360
EXMPY
2,TCHAKR :ADL IN CHAR
2,1
l (CPD"
LNTRY
KI PO
KLPS $CCMMALL WORD FOQUNE
2,CMDV
1,K36D
Xrey
1,CMDW
CLNTRY
Kj.pPy
KLPS




01C24'C€3007
01025001242
01C20'0014C5
01C27'061417
01C30'0C14435"
03C35 1003407

TABLES

-

4
i 0084 1.L1TY
{ 007541000025 K24 25
1 00755'GQ1203 *XGTCIH:  GHICH
{ 00756'00000G TCHARE 0
! 00257100325 ¢ *XMPY: MDY
! 00760'600C0G CIALD: 0
3 00761%00C07) K71 "
1 0C762'000044 K361': 46,
00764'002174"XCrML: CANE¥2
| 007¢4'6000CH CMPR: 0
. ’ G0765'000003 1TRAY: 3
1 06766'C0C00C DNIFY: 0
00767'0CC015 KCR: 15
| 067701000040 KBLK: 40
i 00771'CCG0OC3 KWRDS: 3 sNUMBER OF WORRS PER COMMANE
i 00772'03443C KLPS: LLA 3, XTAELF !TAPLE STAK1
00773'¢2043¢ LDA 0,TLOILG ;TAPLE LENGIH
: 007741040772 STA Q,DNTKY
: 00775'C306774 Lea 2,KWRDS SNUMBFP OF WORDS PFE
M ! 00776'02G766 LCA 0,CHDW  3COMMIRE WOED
. 00777'025400 KLP73 LDA 1,0,3 JTABLE COMNMALD
3 01000'106415 SUF# 0,1,S8hKR
L ! 03001'00C6G7 JNP KLP6 $COMMAND FCUMD
] A 01002'157C00 ACT 2,3
! 05G02'0147¢3 DSZ LNTRY
i 01C04'0GUCTT3 JME KLP7
1 01005'02C414 KLEP4Gs 1DA 0,KCC 1ERRQR
{ 01006'00612¢= JSF@ XWRLO
] 01C07'00065€ JHE KCT
010101054750 KLP6? ST 3,CHADD
01011'034747 LDA 3,CHARD
] 01012'07%401 LDA 1,1.3 $TASK ADDREES
05013'021402 LDA 0,2,3 $ID & PRIOKITY
01014'000610" JTASK PIDENTIFY TASK
‘ 01015'0061 34 JSK@ XFRF
; 01C16'077777 LEUSP $SUSPEKL KEY ECARD
{ 01017'00064¢ JKF KCT
01020'00230E"KCD ¢ 2%MKECT
1 01021'002330"KCCs 28NMCUST
! 01022'C0)024 " XTARTES TARLE
4 01€23'C00016 TLONG: 1TPENE~1ABLE/3
4
: COMMANE 1AFLE
'! INOTE !
) ! SUR 100 FKCM LETTEFRS

?  SUK 25 FRCrK NUFBERS

"TafCC*36,4+"E«100%36.¢"S=100
TKST
3RT74%
NEw 0036 4+"T=100%36,¢"C=100
STCF
TR747

I\-]S

IL TARLYE

RUCRESE

CCFNMAKNDR




DS

001  FELTY
10320510621
01C33'0081C%0"
01034'004020
01035'Ge140
010361002003
03§€37'004420
01040'01101
01041'002043"
01642°C05%02¢C
01643'0¢3221
01C44'0CC1633!
01C45'C05420
01046'G10125
031C47'0G17C1
01C50'00€020
01C511037027
01052002062
01053'CC€420
010541060235
01C0655'005737
01056'007020
030%71'0245¢CC
01060'00C037
01C61'014420
01062'C04030
01063'C04111%
01064'02C010
01065'C41002
01066'005a72]
01C67'02C4C7
01070'04621¢
01C71'C05%4C1!
01072'021004
C1C73'C4€¢75¢0
01074'0C%41¢C
01075'021407

TBEND

01676'0G0C000 CMD:
00C043
01142'C00ocCy

MKBCT?
01143'045505
01144'054502
01145'C4750)
01146'051104
01147'02C1C3
01150'047%16
01159'CH2122
01152'C47514
01153'006400

MQUST:
031%54'C37477
031155'00341%
01156'C0000¢C

1S3109:
0115705027
01160t C24%10

"PedQUR30, 4" 10G0%836 4" Y100
PRINT

10P7420

NG CC*36,4"1=300%3C. 4+ "A=1C0
STATLS

1107420

YCa100 36 ,+"T=100%36,4"1«100
CTINE

1217420

"Tad (0¥36 4" 1Imf00%36.4"Mel100
TYNE

13P7420
HCal0C*3C,+"Hm100%36,4"E=100
CHECEK

14074720

"LefCCR3€ ,+"I=500%36,4"S=100 {
LICT
15874720 ;
"Se10C*¥36,4"Co100%26,+"A=100 5
SCAN

1607470
"HefCC336,4+"k=100%36,+"] =100
HELP

3187420 |
"Aef0GH3€C,+"Uc100%36,4+" 1100
AUTC _
40R7410 ’
"NealCC*36,+"Am100%36,+"Ne1CO
MANUML

41E747
"CelCO0%36,¢"Fei00%36,+"F=100
SCFF

42E 744

"OefCC*¥36,+"N=-500%36,

SCN 1
43R747

0
«BLK 35,
0

«TXT ¥YKFYFOARD CONITRCL<CIS>*

STXT #27<TDCIH>%

oTXT *PFINT DATA EACH NINUTE DURIRG GFETCibI

f=1€




T e i

B e L TSP

e e ol . e

IR NE FELS
G116yt 0L204a0
C11a2'0A21G1
01163'C54101
01164°'02C10%
0331650040%03
C11066'04404C0
011072'04GH81
031700677128
01171052105
01172'¢201C4
011730924272
03174%¢3451¢6
011750431740
C1176'0521CH
03177'C51524
01200'CO€EA4Q0

¢SUPRCUTING TC CET A CHLR [RQM

KEAD LINE BUFFEFR

JRSSUNMES FUFFER FCINTER IN POIRNT

IACO CChIRAINS CHAK
0120110544193 GY'ICH: 81N 3,GGREN

01202'C2c413 Lbhpe 3,GPOINT
01203'31752%¢0 MCVYZR 3.3
01204%06214600 I.CA 0,0,3
01205'175003 MoV 3,3,8NC
01206'101300 MCVE 0,0
01207'C34404 LCA 3 ,MGK
01210'1¢32400 AD 3,0
01211'0174C4 1§87¢e CPOINT
0§212'002402 JNEE GCRET
01213'0CC377 MGk 177
01214'G60000 GGRETE: O
031235'00CT47 ' CPUINT S PLINT
0121€6'102460 MPY: SUBC 0,0
01217'054411 STA 3,CBO3
01220'034411 1bA 3,CR20
01221'12%203 CrYGe MCVR 1,1,5NC
01222'1012079 FOVR 0,0,SKp

01223'143220 ACLZR 2,0

01222'1754¢C4 INC 3,3,82R
01225'00C774 JNME CE9S
03426'1252¢6¢C MUVCR 1.1
0§227'00%4C1 JIEEE CrO3

C1230'006C00 CRO3: 0
0§231'17776C CBZOs ~2C

JINTEGERS JN AC31 ANC RAC2

tRESULT ACO«AC1




QOtL7  FEITYH

!
|
1 sOUTIUT CR AND LF ROUTINE
-l '---w--n-r—au’-.-..-u-h.-
i 01232'C¢544C4 CPIF:  STA 3,CL0
| 01234'020404 LLA 0,.44
01234'00€42¢~ JSF EXWRLO
! 01235'002401 JVP 8CL.0
01236'G0C00C0 CLO: 0
01237'0025C0" 2%NCKIE
! MCKLFt  .TX1 "CI8YCLIO

01240'0006412
031241°'C0CLCGO

e ZRT]
00062=CCCO0S TPK1: 5
00063=00CC0GT7 TPRIT: 7
0CC63=-CCCOLIC TPRI1: 10
00C65=-000020 TPRIZ: 20
0CChO=001232'XCRLF: CRLF

N=16




ST .

! ~ 0018

il

!

y

d—

- -

FFELTY

01242'020000~
01242'101004
01244'C00453
01245'102000
012461040000~

01247'C244¢4
01250'0777177
01251'C06135~

01252'020453
012531006126~
01254'C20452
012551006126+~
01256'006103~

01257'02001¢~
01260'101004
01261'060410
01262'C2C452
01263°0777177

!MAKE SURE CASSFITTES ARE IN PLACE,

LDA 0,TSTCAB sPUT CASSETTES 1IN UNIT 0 ¢ §
JSFE XhRLO

LCA 0,TSTCAS+1 $STRIKE ANY KEY WHEN .UOADFLC
JSRe XWRLO

JSRE XCETC sWA1T FCR A CHAR

sCHECK 1C ESEE IF CASSETETES INITIALIZLED

01264'02001€=-TST2: LoA

01265'1€1005
01266'C0C776
01267'02044¢
01270'0012€3"

01271'02012C~
01272'040115~-
01273'02411¢~
01274'C0€124~
01275'000776

01276'020116~
01277'040115~
01300'024110~
01301'006124~
01302'00¢C776

01303'10240¢C

01304'040002~
01305'C40§23-
01306'040117~
01307'C40121~

01310'02047¢
01311'00612€~
031312'024417
01313'020417
01314'001014"
013151006134~

JTAEKR 1C &1ALT THRE TEST

e rrerrrnssrmmorr e rrreraen

«NREL

TESTS LDA 0,TINPKR 318 A TEST IN PROGRFSS?
MCV 0,0,85¢R
JVF YLUM $TEST IN PRCGRESS
ALC 0,0
S1A C,TINPR #SHCW THAT A TEST IS IN PRCCFESS
LCA §,WTST 3SUSPENL WAIT CHAR. TASK
+TILCS
JSKEe XERR

IDA C,INITT,
MCV 0,0,SZR
JME 18T
LCA O,WTPRY $WAIT PRIORITY
«PF1
0,INITL
MOV 0,0,SNR
JMP TST?2
LCA 0,KUNPRY sRUN PRIORITY
+FF1
TST1: LCA C,STCN SREWINL SECCNDARY
STA 0,TAPCN
LCA 1,K1
JSRe XTVFE
JVME =2
LDA 0,PICN SJREWIND PRIVMARY
STA 0,TAPCH
LCA 1,K1
JSRe@ XIVFE
JVME «e®2
SUB 0,0
STA 0,STOPC 3CLEAR STOP CODE
STA 0,PSTF JINLCICATE PRIMARY ACTIVE
STA 0,NPTCN 30 RECCRDS
STA 0,NSICHN
LD»? 0,INE
JSKE XWRLO0
LCA 1,INE+1}
LCA 0,INE42
+TASK
JSRE XERR

[=15

B e e R e i L




-

0019 MEL1S

L sl -

01316'000046° JKILL
01317'020410 YDUF:  LCA 0,TSTCAS+2
013201006120+ JSke XWRLO
01321'024001~ LDP 1,KEYID
01322'00065% .TICR
01323'006135~ JSK@ XERR

‘ 01324'00131¢" JKILL

i
01325'002674"TSTCAS: 2#VICRSS
01326'002740" 2¢STRKY
01327'003034" 2¢TTRG

| 01330'002774"1NF ¢ 2%VACH

| 01331'00347¢" ACF1T

| 01332'002010 4B7410
01333'00C007 WIST: 2 $ID OF WAIT CHAF,
01334'000100 WIPKY: 100 FRALT PRICKITY
01335'000005 RUNPRY: § JRUN PRIORITY

MTCAS: L.TXT1T *PUT BLAMK CASSETTES IN UNIT 0 & 31<15>%
01326'050125
01337'052040
01340'041114
01341'040510
01342'04544¢
01343'041501
01344'051523
01345'042524
01346'052105
01347'05144¢C
013507044516
01351'020125
01352'047111
01353'€5204¢
01354'¢3004¢
013551023040
01356'030415
01357'00C0C0O

STRKY: TXT ¥*STRIKE ANY KEY WHEN LOADELCKIS5>%
01360'051524
01361'051111
01362'C455¢0CS
01363'0261C1
01364'C47131
01365'020113
01366'C42531
01367'C20127
01370'044105
01371'C47040
01372'04€117
01373'040504
01374'042504
01375'006400

MACPT: LTXT1 *ENTER ID RECORD FCR THIS TEST<15>%
01376'04251¢C
01377'052105
01400'051040
01401'044504

f=c

T — w——w—ﬂ




F—_——-m T — e r————e—

i GO0 FETTS

4 014021020152

H 01603'C42503

3 014041047527
014051042040

! 01406'043117

014071051040
016101052110
01411144523
4 01412'020174
014131042523
j 0316141052015
014151000000

YTRG:  ,TXT #1HEFE IS A TEST ALREADY IN PRCGREFES<15>%
1 014361052110
0141710425722
014201042440
014211044523
014221626101

] 01423'020124
} ] 014241042523
F 4 01425'05204¢
‘ 01426'040514

‘ 014271051105
: 014301040504
> Cis31'056444

01432'044516
! 01433'¢2C120
s 014341051117
) 01435043522
014361042523

1 014374051415
! 01440000000
! !
1 :
; [
| ]
; 1 e
'
]
3
]
%
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‘ ~ 00213

!

-t . o~

— " " e g Bl

FILTS
! STUP TASK

$THIS TASK ENCE THE CURRENT TKST ANC CLCSES THE DATH bILF

014435'620000~S10F 1 LUA

01442'101005 MOV 0,0,SNR
01443'G0043¢ JMP STPER
014441024445 LCA 1,SAUTID
014450006245 «ICE1T
014466244419 LCA 1,STN1O
01447'10€411 SUBH# 0,1,8ZkR
01450'000427 JVMF S§TINO
014511102000 ADC 0.0
01452'04C007- STA 0,8STOPC
01453'020431 LCA 0,STPTRY
01454'CC6126 JSKe XWRLO
01455'020003~ LDA 0,2STVMES
0144%6¢'Q7771 1 +REC

sDIGITIZE IS CCMPLETED

T0 STOF

sPUT ECE CN ACTIVE TAPE DPIVE
1CLOSE ACTIVE CASSETTE CHANNELS

01457024814~ LCA 1,K6
01460'006124~ JSR@ XIVFE
C1461'000401 JVF ot
01462'3102400 SUP 0,0
01463'C40012~ STA 0,DIGRQ
03464'040000~ STA 0,TINPR
sKILL PIGITIZE TRSK
01465'02442¢ LCA 1,STPID
01466'0060652" +TICK
01467'006135~ JSEe XERR
01470'02041¢ LCe 0,STCVMP
01471'006126+« JSFe X®WRLO
01472'006004~ JSFe@ ZRFPORT
01473'C24001«1.LFAVES: LLRA 1,KFEYID

01474'001322" .TILCR
€C1475'C0€6135+- JSFke XERR

01476:C03324" +KILL
01477'020411 STNC: LCA 0,STPYY
01500'00C402 JVP STCON
015035'02040¢ STPFR: LDA 0,STPXX
01502'006126-5STCU(N: JSFE XWRLO
01503'¢0077¢ JMF LEAVE

01504'003230"STPTRY: 2%NS102
01505000000 STMFS: O

01506'003334"S1CVMPs  2%MELICI
01L07'00335€"5TPXX:  2%ME104
01590'003404"5TPYY: 2%ME4CH

0315311000040 ShUTID: 40

:PUT ECF ON TAPE

ICLEAR A/D REGUEST
sCLEAR TEST IN FROGRESS

$1STCP CCMPLETE

IREPORT CASSETTE USE

» —
0,TINPR 1S THFRE A TEST IN PRCCREES
$NO TEST IN PROGRFSS
$TELL DIGITI1ZE TIME 1C E£1CP
|
JWAIT TILL DIGITIZE 1€ KFALY

L




0022 PFE11S
G1512'00C010 SI1NT02 10
C1%13'0C0G06 Silihs 0 $ID OF DIG TASK

MS102: LIXT *TFST WILL BE STOFPFFD AT THE FND-CF THE CRE MINUT

.

B U —

01514'052105
015151051524
01516'020127
01517'C44514
01520'CA€G40
01521'041105S
01522'C20123
01523'052117
01524'¢50120
01525'04%2504
01526'02010Q1
01527'052040
} 01530'C52110
01531'042440
01532'042%2516
é 01533'042040

2 3 ; A :

ama—.

, 01534'C47506
: 615351020124
, 01536'044)05
01537'02¢117
| €154~1C47105
1 01541026115

01542'C44516
, 01543052524

01544'C4244¢

01545'C51501 SAFPLE INTFFVAL.<15>%
C1546'04€570
015471046105
0155010201191
01551'C47124
015521047522
i 01553053101

015547046056
b 015551006400
! y MS103s L,TXT #TEST COMPLFTED.<15>%
015561052105
01557'051%24 4
01560'02C103
01561'C47515
015621050114
015631042524
01564042504
015651027015
015661000000

M5104: LTXT *NC TEST IN PROGRESS<15>%

. A e Al -

01567047117

01570'C20174

015711042573

015721052040

01573044516

b 01574'¢2C120
015751051117 |
015761043522 ;
015771042523

I CIC00'051415

; [=Z3




———

0023

FELTS
01601'06G0000

01602041501
01603047040
01604'047117
01605'057040
01606'(4%1524
01607'CG415%20
01610%'020124
01611'042523
01612'052040
01613'053510
01614'0445114
016151042440
01€16'040525
01617'052117
01620'02¢103
01€21'C47516
01622'052522
01€23'047514
01€24'020111
01€25'C51440
01€626'051125
01627'04711¢6
01€30'044516¢
0J€31'043415
01€32'00c000

MSa01:  JTXT *¥CAN

IS ROUNNINGC1I5>#

NOT s10P

TES1

WHILF

AUTC CORYERCL




1 ~ 0024 MELTS

$TASK THAT FRINTS THE TIME

TIME:
01€33'006411
01€34'006411
01635'00641 14
01636'006411
01637'00¢06C~

-

01640'024001 -
01€41'001474"
01642'C0¢135+-

——— -

01€643'00147¢"

! 01€44'005715'TMEL:
E 01645'003335"'TME2;
: 01€46'005726'THE 3
01647'003275'TME4:

PSS

s -

JSRe@
JSke
JSF@
JSRE
JSRe

LDA
.TICR
JSKe

«KILL

GLR1TF
PCATE
GTIVE
PTINME

TVEL
TME2
TFMED
TVE4
XCRLF

1,KEYID

XERR

n
hagd

$tGE1 DAITE
3PRINT DATE
1CET TIVE
JPRINT TIME

e U ———




> 002% PELTS
tA TASH

PRINT:
03CH0'020000 -
01¢51'1010CH
01652'0004114
01653'02G4724
016¢%4'00612¢C~
01655102000
Cl1€%0'C4C010~

01€97'C20416 PRS:
01€60'C0145¢€¢"
01Ce1'CC€e415
01662'CO€E06E~
Cl1€63'C0é6411
01€64'00€e0€6=
01665'00C772
Cl1e66'C20411 PR6:
01667'C0€1Z6~
01670'C24C01 -
01671'001641"
01€6€772'00€6135-
01€73'001643"

031€¢74'002434"'Z2ADCUT:
03¢75'003274'YTDNG
01€76'C03275'YPTIME:
01677'C0335€¢"“PRT:
01700'00233€"PRY:

THALS PHINTS

LCA
¥OV
JNE
LCA
JSEKg
ALC
S1A

LDA
«REC
JSFe
JSF@
JSR
JSFe
JNMP
LCA
JSRe
LDA
JSEKE
«KIIL

ACCUT
TCNC
PTIVE
2*VE1CH4
2%¥S1CS

0, TINPR
0,0 SNR
PE6
0,PR8
XWRLO
o,o
0.,bouUTC

0,YTDMG

YFTIME
XCRLF
€ZADOUT
XCRLF
PRS
0,PR7
XWRLO
1,KEYID

XERR

b=l

7IS TEST IN PRUGRESS

$NO TEST 1IN PKROGRESS

DATA ONCE A MINUTE DUKINC TICGIT37F

PTFLL DIGITIZY THAT LA1

JMUST Bk PRINTED
JWAIT I CR DATA TO BE
SPRINT TIME

tPRINT CAT:

FFADY




Yo o0u2e KRS
% ! A THASK 1PAT REFLS 16 CHAN OF A/D AND PRINTS VCILI1MGEE
‘ CHECE ¢
! 01703010014~ 187 ChhRQ sRFQUEST A/ DATA
: 017020001030 SeRB e IWALT
| 01703%10240¢ SUE 0,0 $CGUT IT, CANCEL REGUEST
1 01704'04C¢014=- ST A G,CHRKQ
j -
7 017051CLCat16 Jeke 7CTINE
] G1706'00Cat¢e JENHE ZyTINME  :PRINT TIME
. C1707'CLEGHE= JEKE XCRLF
i 17210020420 LEA ¢, CHK1
‘ 01711'04742¢ STA €0,CHK?2
01712'00t 413 JERE CMOVE JTRANSFER 10 PRINT CUT EUFFEF
01713'0C6413 JEFR CADOUT PRINT A/D CUTPUT
{ 01714'G240C1=HOME: LA 1,KEYID
! 01715'001¢71" LTICK
01716'00€ 135 JERE XFRR
01717'001673" <ETLE
01720'020407 CHKFRy LIA 0,CHMS
01723'CG€E1%6= JEKe XWRLO
01722'000772 JIVE HCME t
1 €1723'C05726 ' ZGTINE: CTINE
' 01724'00327S'ZPTIME: FTIME
01725'00775C'CMCVE:  TRANER
01726'007434'CARCUT: ALCLUT .
01727'003724"CHFS:  2%¥KE110 %
€1730'001732"'CHK1: CHKFUF
01731'0C72772'CHE2: ZSCKC f
000070 CHKEUF: JFLK 16. ~ve
. i MS110: L,7XT $TF1S COMMAND CAN NOT PE PERFOKMEL LCURINC n[ﬁ. | }
! ‘ 01752'052110 it
i 017531044523 TEST<15>¢ i
| 01754'020103 :
01755'C4751% i
017561046501 !
01757'C47104 :
01760'072¢103 :
01761'04C516
01762'C2C11¢
01763'047574
. 017641026162
L 01765'047440
! C1766'0501CY
01767'05110¢
‘ 017701047522
01771'0465CS
©1772'042¢040 s i

017731042175
017741051111
03775'C47107

I ~ 01776'C20504
C1777'€2C124

. . -

‘ ’ S ' < — .+ TS T P T SUGI FIART . on e -
4




0027 FEESS
Q2C00'052973
0200505201
C2002'¢0CGQL

fadi




e et s i W

B e I NP,

et s . Al A orn] G . Pt 0 Al . . B

.

co N L B B

02003'02CQC0O=
02004*10100%
G2005'00C¢204
02006'020412
C2C07'00012¢6+=
02030'C0C403
¢2011'020430
02012'C0C12¢€-

02013'C0C0(0A-
02014024001 =
02015001718
02C16'CUC13Y~

02C317'C03787"

0zcz0'Qoa044"
02¢21'Co4q00e"

02022'052105%
02€23'C51%52¢
02€24'C2C111
02C25'C4q7040
02026'050122
02€027'C47507
02030'C55:05
0720631'051523
02032'C0€400

02033'052105
02034'C51524
02035'C2C103
02036'047515
02037'050114
02040'042524
02041'04%2504
02042'006400

N UASKN THMY

STATUS
Lon
~MOV
JVE
Lea
JSERE
JNMF

S17T1¢ LEA
JSKE

STT3: JERE
LCA
«TICE
JSKE

«KILL
STT2: PALED

STT4: PALD!
MS111:  LTXI

MS112:  LTX1

FPRINTS CALSETLY USAGE DURLEG W TE &

Q,TINPR 318 TEST IN PROGEEES?T
OOOJSNR

S1171 tNQ TEST IN PRUGREES
0,ST12

XWRLO 11EST IN PRECGRESS
S1T3

C,57174

XWRILO $NC TEST IN PROGRESS

ZREPORT
1,KEYLD

XERR

i1
12
PTEST IN PROGRESS<IS>*

PTFST COMPLETEDC15>%




——

[ MLLEY

CriVE e
02043'020000(0=
02044'101004
0204500040

- — ——— s dees S0 e

02046'0CH417
02047'000412

02C50'C24C01=CTVI2
02051'00201%!
02052'¢C0€135~

02053'002037"

02C54'C204C3 CTVM1s
02C€55'C0C¢€126-
02056'0C377%

020657'C03724"CTV2:
02C60'COCLI0S'YINIDTS
02061'COC126"'YINTTH

SNES=—

!N ASK L

LA
MOV
JrEL

JSEE
JSER

LEA
«TILK
JEKE

o?\ll.l
LLCA

JSke
JNMF

PAR D DY
INICT
ILTIN

CEANCGE THE

0, TINPR
0,0,57R
CTM1

YINTDT
YINTTM

1, KEYID

Xk RR

0,CTM2
XWRLO
CIK3

TiKE

218 A TEST IN FRUGKESS?
1TEST 1IN PRCOGREES

$INPUT DBRATE
TINPUT T1ME




! Ll 1 i Y Fritlh
i s A TASE 10 1181 CASSETIF DATA TAPE
]
§ C206200200CC=11¢13 Len C,TINPR p1EST IN PRCGRESS?
Cy063'1G1004 MLV 0,0,82ZR
C2064'00C5¢€ 1 JNE LSTER
1 12665YC205G7 1,513 LD» 0,1,871 PRIMAEY PR SFCUNDARY?
| 02066'0061926- JSkE XWRLO
] 02067'00C10 = JSk e +GTCH
.} GZ7070'C4CHe3 S1A 0,1,ST1P
é G2071'C0u0b6w JSEe@ XCKLF
: 02072020561 LDA C,I.STIP
] 02073'C745%6% LL? 1,L8160
§ 020741506415 SUB# 0,1,8NR
; 020751000413 JMF LST? JLIST PRIMARY
| 02C76'C24560 LLA 1,LST61
! 02C77'310¢414 SUP # 0,1,SZR
! 02100%'0C07€E JME LET3
i 021017'02055¢ LLA 0,LST4 JLIST SECONDARY
? | 02102'00€126+ JSRE XWRLO
‘ 02103'C20120= LDA 0,STCN
i 02104'04C115= STh 0, TAPCN
021051102000 ALC 0,0
i 02106'040173e S1A 0,PSTF
02107'0C00407 JVE LSTS
I 02110'020550 1,ST2: LDA 0,LST6 $1.IST PRIMARY
02111'C0C126= JSKE XWRLO
4 02112'02C11¢€= LDA 0,PTCN
1 02113'C401)15= STA 0,TAPCN
02114'10240¢C sup 0,0
‘ 02115'040123= STA 0,PSTF
02116'020543 LSTS: LDA 0,LST?7 $LIST ALI. CK PART?
02117'006126= JSRE XWRLO
| 02120'006101~ JSFe «GTCH
; i 02121'040532 STA 0,LSTTP
‘ﬁ ‘ 02122'00€066e JSke@ XCRLF
02123'C2¢53¢C Lra 0,LSTTP
02124'074532 LDA 1,L5T61
02125'10G6415% suPe C,1,SNR
02126'C0C411 JNME LSTS
02127'072452¢6 LOA 1,LST60 :0 LIST PART
02130'31H24CC SUP 2,2
02131'106414 SUP N 0,1,S82R
) 02132'CCCT764 JMP LETS
€2133'0450%27 STA 2,L1S8TC
. 021346'(205%217 LLa 0,LST9 JLIST FART
i 02135'CC6126- JSR@ XWRJ,0
02136'CGCCA0S JFP LST10
02137'152000 LSTH¢ ADC 2,2
. 02140'¢50%22 STA 2,L181C
02141'0720523 LDA C,LST1% sLIST AL
1 02142'C0€326 JSHE XWRIO
02543'02€522 LS110: LOA 0,1LST12 :REWINL? G » NO § o YES
02544'CCC1%¢6e IS XWRILO
j Cr165'CUE50) - JGER ,CTCH

02146'04C%05 E1h 0,1L8TIP




'__.._...-.-uqu--u-um-u---—---u-—-!ﬂ'-'“""

il o

0031 FETTS
02147006066~
021501020503
02151024504
02152106414
02153'¢00422
021%4'02445Q2
072155'1006414
02156'000765
02157'C2411C =
02160'00€6124~
0721631'C0077¢€
02162'020504
02163'C0t14¢6-

:D0 NOT
02164'C20115~
02165'072411€~=
C2166'1(0€404
02167'0C040¢€

02170'024107-
02171'00€424~
02172'C0€135+
02173'02C067+
02174'CUE12€~

02175'024107=-LST13¢
02176'C06§124-
02177'00045¢C

JSk@Q
llr‘n
LDA
Sup#n
JVMF
LDA
SUB s
JMFE
LDA
JSKE
JNF
LLA
JSK@

TYFE
LCA
LDA
SUB
JMF

LODA
JSRE
JSKe@
LDA
JSRE

LDA
JSFe@
JVMP

IPRINT LATE

02200'034141-
02201'02140C0
02202'C424¢5
02203'C21401
02704'042404
02205'C21402
02206'042463
02207'C06463

027210'02C475
02211'C4C475
02212'C20461
02213'034447
02214'175004
02215'C2C457
02216'04C457

02217'034467 LST30;
02220'021400
02221'04244¢
027222'021401
02223'042445
022241021402
02725'042444
02226'00€645¢
02¢27'C0€Q€EE~

02230'C3445¢

LCa
LCA
S1ae
LCA
STAR
LCA
ST1A€
JSFR¢

LbA
STA
LDA
LCA
MCVv
LCA
STA

LCA
LDA
ETAE
LLA
SThe
LDA
STAE
JSR@
JSFE

LDA

I1C

XCRLY
Q,L8TTP
1 ’ IASTt\O
O0,1,5NR
LET13
1,LSTe1
0,1,S8ZR
LST10
1,K1
XTIVFE
"2
0,1.S714 :REWINLING
XWRLO

1F NUT THE FRIMARY UNIT
0,TAPCN

1,PICN

0,1,S2R

15113

1,K0 :TYPE IC RECORD
XTVFE

XERR

0,X2BUF

XWRLO

1,K0
XTVFE
LST32 sECT CR EOF, RETURN

3,XYRUF

000'3

0,LST18 ;0RSO

0,1.3

0,LST19 :;0RS}

01213

0,LST20 sORS2

L§T21 JPCATE

0,STRBUF

0,WRKBUF

0,LST22 :1

3,LISTC :;ALL OR PART?
3,3,SZR

0,L8T23 :12

0,LST24 3DUOWN CCUNT OF TIMES

- & e -

0,LST19 :0RSt
0020
0,LST20 J0RS?2
LET25 IPTIME
XCRLF

3 ,WRKBUF




0032 VNMELTY

022311020446 LA 0,LST26 13
02232'117000 ALL 0,3
022331056445 SThE 3,LST27 37SCRC
022341006445 JSK¥ LST28  71RNFK
022351006445 JSRE LST29  3ADOUI
027361034450 LIA 3, WRKRUF
022371020444 LDA 0,1.ST33 119,

3 02240'117000 ALC 0,3

‘ 022411054445 STA 3, WRKRUF

; 022421014433 DS? LST24
022431000754 JME LST30

i 022441600731 JVE LST13
02245'02C437 LSTER: LDA 0,LST31 JTEST IN PRCGRESS

i 02246'CC6126= JSFe XWRLO

4 02247'024001-1.5T32: LLCA 1,KEYID pKEYBOAKD CCNTROL
02250'002051 " .TICR

1 02251'006135= JSKe XERR
02252'C02053" CKILL
02253'000000 LSTIP: O
02254'C0461€"LST1s  2#¥S120

{ 02255'C00C60 LS160: 60

02256'00C061 LS161: 61
02257'C0466€6"LSTY: 2%MS121
02260'004704"1.ST6: 2%N¥E122
02261'C04722"L.ST71 2%VE123
02262'00C000 LISIC: O
02263'004764"1.519: 2%VE124
02264'005S000"LST11: 2%ME1ZS
02265'005012"LST12: 2%¥S1Z6
02766'C05054"LST14: 2¥VS127
‘ 02267'000075-1.ST18: CRSC
02270'CCC07€-1,ST19: CRS1
] 02271'000077-LST20: CRS2
02272'CC3335'1.ST21: PCATE
02273'000001 LST22: 1
02274'C00014 LST23: 112,
02275'00C000 1,ST24: O
02276'003275'LST25: PTINE
02277'C0C003 1.ST26% 3
02300'C02772'1,8127:  ZSCEKC
02301'0€2750'LST28: TRAFFR
02302'CC2434'1.S129: ACCL1
02303'000C023 LST33: 1S,
02304'C03724"1,ST31:  2%VE110
02305'C07272'STRRUF: YRUF+3
02306'C0CUC0 wRKBUF: 0

S

MS120: ,L,T1XT *wWHICH UNIT (0 « UNIT O , § = UNIT 1)7? @

02307'053510
02310'044503
02311'C4404¢
. 023121652516
02313'044524

02314'¢2C€050

J 02315'C30040
: 02316'026440
02317'065251¢6




it

0033 MELTS
02320'044524
02321'020060
02322'020054
02323'020061
02324'020055
02325'020125
02326'047111
02327'052040
02330'030451
02331'037440
02332'020000

02333'046111
02334'051524
02335'020125
02336'047111
02337'052040
02340'C30415
02341'CCC000

02342'046111
02343'051524
02344'020125
02345'C47111
02346'C52040
€2347'C3C015
02350'CococCoO

02351'044117
02352'053440
02353'C4€525
02354'C41510
02355'02C005¢C
02356'030040
02357'C26440
02360'05010C1
02361'051124
02362'02C054
02363'C200¢61
02364'C2C055
02365'C2C101
02366'04¢114
02367'C24477
02370'02C040
02371'CcCcCoOCO

02372'C4€111
02373'C51524
02374'C2C120
02375'040522
02376'052015
02377'C0Cco00

02400'04€111
02401'C51%524
02402'02c101
€2403'C4¢114
C24604'(06400

MS121t

MS122:

MS123:

MS124:

MS51253

MS126:

«TXT *LIST UNIT 1<15>%

«TXT *LIST UNIT 0<15>%

.TXT %HCw MUCH (0 = PAFT , | = ALL)? *

«TXT *LIST PARTCiS>*

«TXT SLIST ALL<C1S>%#

«TXT SREWIND UNIT (C =« NO , 1 = YES)? *




:

PPNV 2= N

0034 PMELTS
(2405'051108
02406'G53511
02407'C47304
02410'¢20125
02411'C47111
02412'052040
02413'024060
02414'020055
02415'020116
02416'047440
02417'C¢%6040
02420'03C440
02421'C2¢440
02422'054505
02423'051451
02424'C37440
02425'¢20000

02426'051105
02427'053511
02430'047104
02431'044516
02432'043415
02433'€0G000

MS127:

«TXT #REWINDING<C15>%




F

003Y FELTS

FSUPNHOUTINE 1C

07434%054417 ADLCUT:
074350340607~
024361020411
02437'0415%7%1
02440'02C41¢C
024411041522

02442'C20407
02443'040407

024441004407
02445'C0Q7401

02446'COCCOC ADRTN:
02447'CCC00C WFPF 3
02450'CCCOCZ DFPF
02453'002523'BFICC:
02452'00C000 BFPNT:

02453'054437 BFRUN:
02454'020437
02455' J4au43)

0245€¢'C36774 BFRC1:
02457'C20437
02460'162433
02461'000421
02462'375120
02463'C2C4%¢
C2464'117000
02465'05443¢C

02466'6777717
02467'C2C43C
02470'062425
02471'02€424
02472'1042¢¢C
02473'144001
02474'10000¢C
02475'01C75%
02476'€204723
02477'C06126C~
02500'C14414 KFRL3:
02501'C0C755

02502'C2042¢C
02503'C0€612€~
02504'00240¢

02505'C20403 BFRD2:
02506'C0612€~
02507000771

02510'C05706"RFMRK:
02533002535 2RFADD ¢

STA
LEA
LDA
STA
LCA
STA

LDA
STA

JSR

STA
LDA
STA

LDAE
LDA
SUBZ¢
JVMF
MCVZL
LDA
ACL
STA

FEN1
FLCA
FFLC®
FLCRAE
FCIV
FECCF
FEXT
182
LCA
JSFe
Ds2
JVMF

LCA
JSR@
JMF@

LDA
JSFE
JMP

MZFX2*2
RFACE

CUlPUT 16

J,ADKRTN
3.,WSA
0,WFPF
001?1v3
0,DFPF
0,122,313

C,BFLOC
0,BFPNT

EFRUN

ACRIN

3J,BXRTN
0,BFTMS
0,BFDNS

3,BFPNT
0,BFN16
3.0,S8NC
BFRD2
3,3

0,ZRFADD

c,3
3.BFPLC

0.,F409P6

BFPLC
1,BFPLC
0,1

1

BEPNT
0,BFMSG
X®WRLO
BFDNS
PFRD1

0,BFMSX
XWRLO
BXRTN

0,BFMRK
XWRLO
B¥FRD3

A/L READINCS AS A VCITAGE

:ST1CRE F FOPMAT SPEC

JSTCRE ASSRESS CF A/L 11S1

JPRINT CNE LINE

¢S1CRE NUMBER CF TINES

:SKIP IF ACO GE AC3

m——mﬁ




003¢ MEL1S

02512'00CL00 BXPIN: O
02513'00008C REINMS: 8,
02514'0000CC MFLDRS: 0
02515'C0C0CC BrELCE O
025%16'0C006020 KHENIG6: 16,

1 02517'041431) F404P0: 406.¢

e T ————.

] 02520'114¢31
02921005266 "KEVSGs  28MSI0H
e V2522'CO0J0A"REMSEN T 28MECO
02523'CCCOCC ARLIST:2 O
02524'00C007 7
02525'00C014 12.
02526'0C00)S 13,
1 02527'0CC01E 14,
02530'000017 15.
02531'CcoCG1C 8,
i i 02532'¢0C011 S,
! ] MS108B: TXT * *
02533'020040

02534'co0CCCC

4 00004C BEADD: JBLK 32.
i 02575'CCC0CO 0 1
000144 wRITA: JRLK 10C,
] 02742'000CCG 0 J
] MZRXZ: LTIXT @ *
» \ 02743'020040
3 02744'C2¢040

{ 02745'C20040
0274¢6'C20040
: 62747'C0C0CO

- Dea—




—-———

’
i

037 MPELIS

C2750'0%4421
02751'034421
02752'G30421
02753'020421
02754'040421

027551126400
02756'02140¢C
02757101132
02760'126000
027611045000
027¢2'041001
€2763'15140¢C
02764'1%51400C
02765'17%5400
027¢6'014407
02767'00C766

02770'CC2401

02771%¢0¢CCC0
C2777'00CCQC

SURROUTINE TC
} 10 QUIPUT EUREER

TRNFR S

TRLP1¢

TRAMCE :
“SCRC e

02773'002%35'2DEST:
02774'000020 TRi6:
02775'000000 DTRX:

STA
LEA
Lpp
LLA
STA

SUR
LCA
MCVZL S
ADC
STA
STA
INC
INC
INC
U§2
JMP

JMPE

0

0
RFACL
16,

0

JHANSFER DATA FKCM CCLLECTION

3, TRANCE
3,Z2S80RC
2,7DEST
0,TR16
0,DTRX

n w
o3
]

WA O == COr
- w m s s wow= wm~
- =
LSS

WANN D e DO -

TEANCE

TEURFER PUINTER SOUKRCE

PUFFER

el




~ 0038 NMELTS ’

t A/D CONVEKE1CN TASK

JTASK 17

FPRIOKIGY 15 %

$THIS TASK WILL PROVIDE A/D INFORMATION REQUIKEL EY)
IDIG TASK, FAET ChANNEL SAMFLE TASK, AND ¢ (ECK 1A54
$THIS TASK k1LL BECOME ACTIVE FVERY 10 MS

-

1

-
e Nt it i i AI NNt e ¥ . i 4

02776'02C453 CNVRT: LDA 0,CNR6 ;MASK OUT A/D :
02777'062077 MSKC 0 ¥
03C00'060221 NICC ACCYV »
03001'102400 SUR 0,0 $CLEAK ALL KEQUESTS
03002'640012~ STA 0,DIGRQ
03€03'040014+~ STA 0,CHKKQ

E:

1 03C04'02044¢ LCA 0,CLTIM pSET UP USER CLOCK

3 03005'024072~ LCA 14 XSAMP 5
03006'006017 «SYSTV 2.
03007'021001 .DUCLK ﬂ%

] 03010'006135« JSRE XERR ?g

sWAIT FCR SYSTEM CLOCK Ty
03011'020073-CNV1s LCA 0,XSMSG g
03012'001660" «REC A

$THIS SECTICN MCNITORS THE AGITATOR, B

el _biiindinbiiant ki, Blsdbliiiiotis)
%

$1T SETE CF CLEARS A FLAG "AGRUM" IDICATING 5
$ IF THE ACITAICF 1S RUNNING,
03C13'020015- LCA 0,FS1CHN JGET CHAN NUNPER
030141061121 DCAS 0,ADCY
03C15'663521 SKFEZ  ALCV
03016'€0C777 JME oo
030371062621 PICC 0,ADCV
03020'024426 LDA 1,AG2PS
03021152400 SUPR 2,2
g 03622'122032 ADCZ¢ 1,0,SZC ;SKIP IF INPUT LE 2.SV
f 03023'150000 cov 2:2
030241024424 LT A 1,AGPST
03625'050423 STA 2,AGPST
03C26'132414 SURY 1,2,82R
; 03C27'C0C412 JMF CNVI0  3NOT EGUAL
03C30'01C417 152 AGCHT
03C31'02041¢€ LDA 0,AGCNT
; 030321024421 LLA 1,AG200
03€33'122033 ACC2%  1,0,SNC 3:SKIP 1F AGCNT GT 200
03C341'00042¢C JMF CAV2
03C35'102400 SUE 0,0
! 03036'C4C025+ S1A 0,AGRUN
03C37'C40410 STA 0,AGCNT
03C40'000414 JVB CAV2
03041'1G24C0C CNV10: SUP 0,0
03C42'C4C405 STA 0,AGCNT
L 03C43'1000C0 cew¥ 0,0
030441040025 STA 0,AGRUN
03045'0C04¢) JIME CAV2
030461002000 AG2PS: 1024,  TAPROX 2.5V 1
| 03C47'C0OCOCO AGCKT: 0

03C50'C0600C AGFST: O 1PAST READING 1
03C51'177730 CHNR6:  17773C :MASK




F-—-f

003¢ MFLY1S

03052100€001 CLTIML FTIME INTEEVAL 10MS
030531000310 AG2003 200, JAPROX 2 SEC (10MS PER COUNT)
iDOES DIG TASK KEGUIRE A/L SAMFLES?
i 03054'020012=CNV2:  LDA 0.,DIGRQ
03C55'101005 MOV 0,0,SNR
i 030561000505 JME Chv3 $NC FOR D1GITIZE
) 03571010552 1s7 DCCNT
| 03060'020551 LDA 0,DGCNT
03C61'024542 Lea 1,CNRT
03062'122433 SUBZ®  1,0,SNC JSKIP 1IF DGCNT GE 5
03063'00072¢ JINF CAVY
030641620532 LDA 0,CNR1  JLOCP COUNT 15, # OF CHAN ef
03065'040532 5TR 0,CNE2  JDOWN CCUNT WORD
03066'020541 LDP 0,DGADD
030671040531 STP 0,CNR3 $ALLCRESS FCR DATA SICFRE
03070'102400 sUE 0,0
. 03071040540 512 04DGCNT
03072'061121 DCAS 0,ADCV  :START A/D AT CHN 0
03073'1014CC CNVA:  INC 0,0
| 03674'06352) SKPEZ  ALCV
; 03075'000777 JNE =1
| 03676'C66671 pICC 1,ADCY
03077661121 DCAS 0.,ADCYV
031001046520 ST1ReE 1,CNR3
03101'€1C517 157 ChR3
03102'014515 DS CAR2
€3103'000770 JVE CAV4
03104'063521 §KPEZ  ALCV
03105'00¢777 JNME =1
03106'062621 pICC 0., ADCY
03107'042511 STAE 0,CKR3 JSTCRE LAST CHAN,

1THIS SECTICN CHECKS CHAN ZFRO TO SEE OF MATERIAL
3 1S BEINC LCACEL INTO KETTLE

03110'022517 LDAE 0.DGADD
| 03111'024421 LDA 1,MT2P5
03112'122033 ACCZ# 1,0,SNC ;SKIP IF ACO GT 2.5
03113'0004C6 JNMF ChV11
03114'102400 SUEB 0,0
03115'C4C4a16¢ STA O,MICNT
03116'10€000 ccv 0,0
03117'C40026= STA 0, MTRUN
03120'C00415 JMF ChV12
03121'C10412 CNVIt1: 182 MICNT
03122'C2C411 LCA 0,MTCNT ¢
03123'024411 LDA 1,MT600
03124'122033 ADCZ ¥ 1,0,SNC 3SKIP IF ACO GT 600 (30 SFC)
03125'00041¢ JVP ChvVi?2
03126'102400 SUB 0,0
03127'04C404 STA 0, MTCNT
03130'C4002¢6 - STA 0,MTRUN
. 03131'C0cC4acC4 JVP Chvi2

03132'0072000 MT2PS5: 1024, 1APPROX 2,5V
03133'C0C0CC MTICNT: O
| 03134'C01130 MT600: 600, 130 SEC(508S PER CCUNT)




0040 NMELTS
IDOES CHECK NEEL A/D VALUES, 1F SO TRANSFER VALUES
$FROM U1G TC CHECK.
, 031351'020014=CNV12: LDA 0.CHKRQ
03136'101005 MOV 0,0,SNR
| 031371000420 JVE CAV5 tNO CHECK DATA REQUIFRED.
03140'020461 LDA 0,CNR4 :NUMRER OF CHN
03141'040456 STA 0,CNR? :DCWN CCUNT WORD
031421020465 LDA 0,DGADD
: 031431040455 STA 0,CNR3 ADCRESS OF DATA
. 03144'02C464 LOA 0,CHKADD
031451040455 STA 0,CNR5 3ADDRESS OF WHERE 1C WMCVE DA12
03146'022452 CNV6s  LDRE 0,CNR3
3 031471042453 STAG 0.CNRS
03150'01C450 157 CAR3
03151'C10451 1S7 CNRS
03152'014445 DSZ CAR2
03153100773 JVF CAVE
0315410244572 LD A 1,CHKID
031551002250 LTICE
031561006135+ JSRE XE RR
03157'024445 CNVS:  LEA 1,DGID
03160'003155 " .TICF
; 03161'00€6135= JSRE XERR
03162'C00627 JVE CAV1
$SEE IF CHECK FEGUIRES DATA
; 03163'C20014=CNV3: LB 0,CHKRQ
i 031641101005 MOV 0,0,SNR
03165'0C0624 JVF CAV1
03166'02043C LCA 0,CNR1 3LOCP COUNT 15, # CF CHN 1
03167'C40430 STA 0,CNR2 :DCWN CCUNT WORD
03170'02C440 LDA 0,CHKADD
031711040427 STA 0,CNR3  :STCRE ADDRESS
03172102400 SUB 0,0
03173'061121 DCAS 0,ADCV
031741101400 CNV7:  INC 0.0
03175'063521 SKEEZ  ALCV
03176000777 JVE e
031771066621 DICC 1,ADCV
, 03200'061121 DCAS 0,ADCV
; 03201'C46417 STAE 1,CNR3
03202'C1041¢ 1s7 CAR3
03203'014414 DS? CAR2
03204100770 JVE CNVT
03205'0€3521 SKFEZ  ACCY
03206000777 JNP o1
032071062621 pICC 0,ADCV
03710'042410 STA® 0,CNR3 :STORE LAST CHAN
03211'024415 IDA 1,CHKID
037121003160 LTICR
03213'C06135 JSF@ XERR
032141002401 IVEE XCNV1
032151003011 'XCAVY: CNV1
03216000017 CNR1: 1S, 19 OF CHN = 1
03217'00C00C CNR2: O JCOWN COUNT LOCATION
i 03220000000 CNR3: 0 JADDRESS STCRF




0041  MELTS
03223'000020
03z22'¢cococo
03223'000C0S
03224'CGC00€
03225'00CC30
023226'00C014

CNR4:
CNKS?
CNKT:
DGILE e
FSTID:
CHKID

03227'003735'DGALD

03230'C01732'CHRADD

03231'000000

DGCNT e

16. 1% OF CHN

0 JADDRESS STCORE
5.

6

30

14

DGAS

CHKBUEF

0 $COUNT FOR EVERY STH TIME

neheg

INTERVAL F.CF SAMFIE,




l ~ 0042 MELTS
: $SUMROUTINE TC CHFECK TO SEE IF LISTING DATA
¢ REQUIRKD AND 1C INC CASETTE RECCRD WRITTEN
03232'0%4432 RAIN: STA 3, TRAIN
! INCFEVENT TAPE RFCORD CCUNT
03233'034115- LDA 3,TAPCN
03234'06201136- 1A 0,PTCH
- 03235'116414 SURE 0,3,82Rk
g W 03236'000403 JVF «43
, 03237'010117~ 187 NETCN
3 03240'C004072 JVF 42
03241'C10121~ 182 NSTCN
sCHECK FCR LISTING OF DATA REGUIRED
03242'034010- LDA 3,DOUTC
03243'1750¢CS MOV 3,3,8NR
" 03244'002420 JNFe TRAIN
03245'C34422 LDA 3,RNN1  :STCRE TIME
03246'0217175 LDA 0,=3,3
03247'042422 STAR 0,RNN3
03250'021776 LA 0,=2,3
03251'C42421 STAR 0, ,RNN3+1
E 3 03252'021777 LEA 0,=1,3
03253'04242¢C STRE 0,RNN3+2
03254'020413 LCA 0,RNN1 :STCQRE [CATA
03255'042413 STA@ 0,RNN2
03256'006410 JSRE WIRNFR
03257'C2040¢ LCA 0,ZTIDMG
03260'0244CS LDA 1,ZTDMG
03261'077717 XM sDATA READY FOR PRIN1 CLT
03262'C0€6135- JSRE XERR
03263'0G2401 JMPeE TRAIN
03264'00000C TRAIN: O
) i 03265'C03274'721DMG:  TLNC
1 03266'0027SC'WTKNFR: TENFFR

03267'CC6724"'KNN1: XBUF +4€
03270'002772'RNN2: ZSCEFC
03271'C0OC075-RNN3: OREC
ﬁ 03272'00C07€~ CRE&d

03273'C0C077~ CRE2
03274'C0000C TDMC: 0




* G4y MELYD

JSUPROUTINE TC CUTPUT TIME

1 TIME
FPRINTS

03275'054421
03276'020422
032¢77'02€4722
03300'006011=
€3301'02C430
03302'C0¢12¢€-
¢3303'02¢A1%
03304'026417
03305'CCe011~
03206'C20423
03307'C0612€~
¢3210'C20410
05311'0264133
03312'006011~
03313'C2040Q7
03214'C0€126~
03315'002401

PT1VMF ¢

03316'000CC0C BPIX7Z:
03317'CC6€652"PT1:
03320'C00003 PT2:
03321'0CCC75-PT3:
03322'00€6€4"PT4:
03323'C0007€=PTS5:
03324'C00077=PT0b

ME115¢
03325'052111
03326'C4€505
03327'C2C04¢
03330'00¢G0CO
03331'C0667C"PT7:

MS116:
03332'020040
03333'ccocceo

MS300:
03334'C3500¢C

% 1% %3

ORS0, CRS1, ORS2

514 3,BPTXZ

LA 0,PT2 23
LDAE 1,PT3  ;0RSO
JSEE XENDEC

LDA Q0 PTT BB
JSRE XWRIO

LDA 0,PT2

LDAE 1,PT5  ;0KS1
JSF® XENDEC

LDA 0,PT7  }BE
JSKe XWRLO

LDA 0,PT2

LDAR 1,P16 . SOR8E2
JSKR XENDEC

) 0,pPT4

JSFE XWRLO

JMFE EFTXZ

0

24VS115

3

CRSC

2%VE116

CRE1

ORE?2

<TXT *TIME %

MS3C0*2
«IX1T * %

«TXT %22




Bl . et e e

ad s

el

A ek s o

G044

MET TS

03335'654423 PDATE ¢
03336'020424
03337'€26424
03340'00€¢011=
03341'020473
03342'C0€)2€~-
03343'02C417

03344'02¢429

03345'C0¢011~
03346'C2C41¢€
03347'C063726=
03350'C2C41)¢€
03351'C26416
03352'C3441¢€
03353'16€433
03354'C2C40¢€
03355'CC€C11~
03356'CO06CEE=
03357'002401

03360'CCCCCC BDTX2:

SURROUTINE TC

s e

XX XX XXXX

$PRINTS CRSC, CK

03361'CCE7€62"PD1 e
03362'CCCGC3 PD2:
03363'C0C0T75=PD3:
03364'CC€772"PDA:
03365'C0C0T76=PDS e

03366'CCQQC1

FD6:

03367'C00077-PD7:
03370'000144 ppe:

03371'C42101
03372'052105
03373'C2004¢C
03374'C0C0C0C

03375'0274¢C0

MS117:

M§416:

STA
Lea
LCA¢
JSIlE
ILTA
JERE
LDR
LDAE
JSkE
Lba
JSRE
LEA
LCRE
LEA
SUBZ #
LCA
JSRE
JSEKE
JVFE

0
MS11722
3

CRsC
NS41€22
CRE&1

1

CRE2
100.

&1, ORS?
3,DTX2
C,PD2
1,PD3
XENDEC
c.,Ph4
XWRLO
0,PD2
1,PDS
XENDEC
C,PD4
XWRLO
0,PD6
1,PD?
3,PDR
3,1,SNC
0,PD2
XENDEC
XCKRLF
BLTX?2

«TXT SCATE *

«TXT #/%

PEINT DATE

73
sORE0

PRAL:]

;3
1ORS1

jRE

1
JORS2




% * 0045 PMEITS

! SUBRCUTINE TC PEINT THE NUMBFR OF RECORDS

3 WIKITTIEN CN CASSETTES USED IN TEST.
03376'0%4420 KEPORYT: STA 3,PPRET
3 03377'02042¢ LA 0,RPMST
03400'00€126= JSKE XhRIO
03401'024117- LA 1,KPICN
: 03402'0204%0 LEA 0,RPO
: 03403'00¢011~ JEKg XENDEC
{ 034041070414 LA 0,KPFS2
03405%00612¢€ = JERE YWRILO
03406'020413 LIA C,RPMS3
] 03407'C06126~ JSRE XWRLO
03410'074121~ Lna 1,NSTCN
03411'¢20411 LEA 0,RPO
3 03412006011~ JSKRE XENDEC
03413'¢20405 LA 0,RPMS?
i 03414'006126= JEEE XWRLO
03415'0024¢C1 JVER FERET
03416'000000 RPE¥KT: 0
0234*7'C07046" PSS  23%NEI1CS
03420'C07064"FPNMED:  2%NMNS1CH
03421'COT71CG"RPMFEI: 2¥NMEI1CT
03422'00C000 KPOU: 0
ME105:  JTXT *CASSETTE O »
03423'041501
03424'051523
03425'042%74
03426'052105%
03427'020060
03430'¢720040
03431'¢cCC0CO
3 MS106:  TXT * FECORDS<15>%
| 03432'02€040
; | 03433'C511C5S
) 03434'041517
! 03435'051104
03436'051415
03437'C0C0C0Q
* MS107: .TXT *CASSEITE 1| %
03440'041501
03441'051523
03442'0442524
03443'0571C5%
03444'02C0€)
03445'C20040

0344€'C0CO0C




® 004t VMEITS

’“‘

.

i
—

sRINARY TC PECIVAL

IAC1= INPUT

3ACO= NUMEEEK CF DIGITS REGQUIKRED

10 FOR S, 1 FCR 4, 2 FOR 3, 3 FOR 2, 4 FOR § DICIT

034471054426 BNDEC: STA 3,BSAVE 1
03450'C34423 LDA 3,INST
. 03451117000 ALLC 0,3
03452'054401 STA 3,.41
' 03453'C0C0CC LOPF: 0
: 3 034541020420 LDA 0,C60 i
03455'14¢443 SURC 2,1,5NC
03456'1C1401 INC 0,0,SKP
03457'147001 ACT 2,1,5Kp
03460'C00775 IVE =3
03461'C06104+ JSKe@ XEUTC
03462'C1C771 152 LCPP
03463'151203 MCVF 2,2,SNC
] 03464'C0CT67 JMP Lcpp
03465'002410 JVF RESAVE
03466'023420 TENS:  2342C 710000
034671001750 175¢ $1000
034701000144 144 1100
03471000012 12 110
03472'ccCoCy 1 31 1
03473'03C413 INST:  LCA 2,.4TENS=LOEP
03474'C0C060 C60: 60
3 03475'00CC00 BSAVE: 0
P

— s

-y




1

0047

MELTS

03476'0060721=ACP1¢
03477'C200067=
03500'CC6125-
03501'102520
03502'101722¢C
C3503'C2C113=
03504'10700¢C
03505'C0¢c174-
03506'002070~-
03507'C2C405%
035101024405
03%11'001314"
03512'0C€135~-
03513'00272252!
03514'C030CS DIGID:
023515'CC03S45'DICGAD:

00067=015634"X2RUF
0CC70=003516"'XDCNE

«NREL
03516'C2C40€6 DONE:
03517'CC€126=
03520'024001~
03521'003212"
03522'006135-
03523'C03513!
03524'C07252"DDECF ¢

MS§200:
03525'042516
03526'04204¢C
03527'0475¢C¢6
03530'0201724
03531'C405720
03532'04244¢C
03533'C4751¢€
03534'02C0103
03535'040523
03536'0515C5
03537'052124
03540'C42440
03541'05251¢
03542'C44524
03543'0200¢€1
03544'0064C0

«NFEFL

SACCEFT AN 1.D,
$TASK 1,0, NO,
PTASK PRICRITY

ML R R I I I

JSR
LCA
JSK
SURZI]
ACLCZK
LDA
ADL
JSE
JMF
LDA
LOA
+TASK
JSEE
«KILL
68745
DIC

«ZREL
2% XEUF
DCNE

LDA
JSKRe@
LCA
«TICF
JSKRE
«KILL

2%NFS2C0

eXCXHE
0,X2RUF
@XRDLK
0,0

0,1
0,K5S
0,1
CXTVFE
EXDONE
0,DIGID
1,DIGAD

XERR

0,DDECF
XWRLO
1,KEYID

XERR

ANE WRITE IT ON 1APE TASK
5
10

sGET CHBRARACTER RUFFER PY1F FCINTL L

JGET I.BEy TEXT

JCCNVEET BYTE COUNT 1C A WCEL CCI1

$GET "WRITE" COCE

s¥AKF COMMAND WOFD

sWRITE FEFCCKD ON TAVE
tECT ON BACK=UP TAPF UMNIT

«TXT *ENC OF TAPE ON CASSETTE UNIT 1<15>%




~ 0048 LELY

- e it e

«NFEL
ITIC1112F 16 CHANNELS TASK
; JTASK 1.0, NO, = 6
$TASK PHICRITY « §
’---..----O-.-----..--..--...---...--.-..
DIG:
03545'102400 SUR 0,0
; 03546'04C0002~ STA 0,STOPC
03547'020543 LDA 0,MGDIG 3STRIKE ANY KEY FOR START CF JFST
03550'C0€126~ JSKR XRRLO
. 03551'006103~ JSR@ XCETC
3 03552'020541 LDA 0,MGAG
3 03553'C0e126~ JSRe XWRLO
€3554'(24001~ LDA 1,KEYID
P §3555'003521" .TICR
03556'0C6135~ JSRE XERR
03557'024537 Lea 1,DNTID JREADY WAIT CHAR TASK
03560'003555" .TICR
03561'C0€6135+- JSFe@ XERR
03562'006071~-DG1: JSR @XCXBF CLEAR XBUF
03563'02014C-~ LDA 0,XXBUF :INITIALIZE BUFFER PGIMNIER
: 03564'C40S136 STA 0,CAHLD
03565'C0€017 «SYSTV 3GET ANLC STCRE DA1TE
03566'02100¢ «GLRY
63567'CCo135e JSF €XERR
03570'C465232 STA 1,8CAHLD §MONTH
03571'C1C531 182 CARLD
03%72'042530 STA 0,eCAHLD sDAY
03573'010527 1S2 CAKLD
_ 03%74'¢57526 STA 2,RCAHLD $YEAR
03575'C10525% 152 CAHLD
03576'C20522 LDA 0,C12 $SET SAMPLE COUNT
3 03577'040520 STA Q¢SCNT
03€00'C06017 DG2: «SYSTV $1GET TIVE OF DAY
03601'C21003 .GICL
03602'CGE135- JSFR @XFERR
| 1 03€03'052517 STA 2,@CAHLD #HOUR
| 03€04'C1051¢ 1§52 CAHLD
03€05'C4€6515 STA 1,@CAHLD $MINUTE
03€06'G10514 152 CAHLD
03€07'C42513 STA 0,eCAHLD $ SECOND
03€10'01CS12 I1S2 CAHLD
DGAVG
$CLEAR SUM LOCATIONS,
03€11'020514 LLA 0,DGA1 ;NUNMBER OF CHAN LCC.
03€12'040514 STA 0,DGA2 ;LOCP CCUNTER
03€13'034514 LCa 3,DGA3 :;ADCRESS OF SUMMING LCC,
: 03€14'102400 SUB 0,0
03€15'0414C0 DGV STA 0,0,3
! 03€16'175400 INC 3,3
03€17'014507 DSz CCA2
03€20'000775 JVMFE CCvy
' $CGLLECT 1CC SAMFLE POINTS
03€21'C20507 LDA 0,DGA4 ;;NUMBER OF SAMPLE PCIN1S TC BE AVEPACtr‘
03€22'040504 812 0,PDGA2 ;LOCP COUNTER
| " 03€623'102¢00 ALC 0,0
: 03624'04C012+~ S1n 0,DIGRQ $REGUEST A/D INFORMATICN
: N9
4 . - -

) ' : N —————————— R L - R 7 ';
' — -

{ - T S " e Y’ > Logeies . B0 M S o S ST e sl i
| 4 £ 2 " w3 e NN D e ha




0048 MELTS
03625'003702'DbGV3e «SUSP

PADD SAMPLES TC SUMS

03626'020503 LCA 0,DGAS
036€27'040503 STA 0,DGA6
03620'020503 LDA 0,DGAT
03€31'040503 STA 0,DGAR
03632'034475 LA 3,DGA3
03€633'126400 DGV2: SUR 1.1
03624'022500 LDAE 0,NDGAS8
03635'101132 MovzLe 0,0,SZC
03€36'126000 ADC 1,1
03637'031401 LDA 2,1,3
03€640'113022 ALL?Z2 0.,2,82C
03€41'011400 187 0,3
03642'051401 STA 2,1,3
03643'031400 LLA 2,0,3
03€44'13300¢ ACD 1,2
03€45'051400 STA 2,0,3
03646'175400 INC 3,3
03€47'1754C0 INC 3,3
03€50'01C464 182 CCAB
03€51'C14461 LSz CCA6
03652'C00761 JVE pecva
03€53'C14453 DSZ CCA2
03€54'C0C751 JVME CCv3

$100 SAMPLEE SUVMED TOGETHER,

tWAIT

4 CF CHANNELS

;1 0CP COUNTER
$ALCLCRESS (OF SAMPLES
JAPCRESS POINTER
$ACDRESS OF NUMS

:GET CATA SAMPLE
sNEG?
JYES, AC1=177717

2100 SAMPLES YET?
INC

tDIVIDE BY 10C ANLC STORE IN OUT BUFFER

03€55'020454 LCA 0,DGAS
03€656'C4C454 STA 0,DGAG6
03€57'020450 LDA 0,DGA3
03€60'04C454 STA 0,DGAS
03€61'022453 DGV4: LDAG 0,DGAS8
03€62'01C0452 182 CGASB
03€63'026451 LCA® 1,DGAB
03664'C10450 182 CGAB
03€665'03C443 LDA 2,DGA4
03€66'C0€43¢€ JSFe ACIV
03€67'C4€433 STAR 1,CAHLD
03€70'C1C4372 182 CAHLD
03€71'C14441 DS2 CGA6
03€72'000767 JVMF CCGv4
:PREPARE AUTC DATA
03€73'0C€6422 JSE@ ZADATA
03€74'014423 DSZ SCNT
03€75'000703 JVMF CC2
03€676'00€416 JSFe ZRAIN
JTRANSFER CUTFUT EUFFER
03€77'030140~ LDA 2,XXBUF
03700'034141~ LEA 3,XYRUF
03701'024422 LDA 1 ,MRDLTH
03702'021000 DG LDA 0,0,2

;% CF CHAN

$LOCP CCUNTER
sADCRES OF SUMS
JACCRESS PCINTER
$1MSP CF SULM

sLSP OF SUM
$1100., # OF SUMMED SANPLES

$STCRE IN BUFFER

$YES, COUNT SAMPLE, 12 ?
sNO, WAIT FCR NEXT SAVNFLF

T0O CASSFTTE WRITE BUFFER




0050 VFELTS
03703'C41400
03704'151400
03705'175400
037061125404
03707'060773

03710'00¢ 106~
03711'00(651

GIN12' 010134 MUDLG:
03713'C3C1T72"MGAC
03714'003232'7KMNINS
03715'00544€'2ADATA:
03716'C00002 DWTID:

t 03717'C0COCO SCNT:

; 037201000014 C12:
03721'COC0OCO CAlY6S
03722'C0C0C0O CAHLD:
03723'177430 MRDLTH:

03724'077777 ADbIV:
03725'¢00040 DGAL:
03726'00C0006 DGA2:
03727'0C375S'DGA3:e
€3730'060C144 1GAa
03731'C0C020 NHCAS:
03732'000000 DCGAG6:
03733'CC3735'LGAT:
03734'C000C0C DGAE:

00002C DGASG:
000040 DGA1O0:

b €C4C15'CS54413 CXBUF:
04C16'C2C140~
1 04C17°'040412

04C€20'020413
040211040411
04022'1024C0
] 04C023'C4240¢
04C24'010405
| 04025'014405
: 04C26'C0OCT775
04C27'002401

C0C003 CRO:
04C33'C0C35¢C

00C71=0CC4015'XCXBF¢

. ————

STA
INC
INC
INC
JME

JSR
2%rE100
2*Ms1C1
RA LN
AECATA

2

0

12,

0

0
«BUFL

DIV
32,

CGAL10
10C.
16,
LGRS

.BLK 16,
«BLK 32,

.3

- W N D

s = & =

+SZR

.

0
2
3
1
3

RXWDOT 3YES, OUTPUT 12 SAMPLES
LGt

JWAIT CHAR TASK ID

iSAMPLE COUNTER

1NO. OF SAMPLES PER RECCRD
JCHANNEL CCUNTER

sCURRENT ALCRESS HOLD

;NFG BUFFER LENGTH

JNUMBER CF SUM LOCATIONS
1L00P COUNTER

JADDRESS CF SUMMING LOC
sNUMBEK OF SAMPLIES AVERAGED,
sMNUMBER CF CHAN SCANNED
$ANOTHER LOCP COUNTER
s"DDRESS OF DATA SAMPLES
IADDRESS OF POINTER

JCLEAF XEUF ROUTINE

Jevaccen=
STA
LDA
STA
LCA
STA
SUR
STA
182
DSZ
JVMP
JVMF

+BLK
BUFL

«ZREL
CXPLUF

3,CrO #SAVE KETURN
C,XXBUF :SET XBPUF PCINTER

C.,CRO+1

0,CR0O+3 ;SET XRUF LENGTH

0,CBO+2

0,0 ICLEAR ACO

0,RCBO+1 $1STCRE 0 IN XEUF
CEO+1

CEO0+¢2 3CCUNT, DONE ?

0'3 INC

eCRho $JYES, RETURN

3.
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(051 MELTS

040341054415 SAMP:
04C35'C5C415
040361044415
04C37'040415
04C40'02C073~
040411024414
04042'C171777
04C43'02C4a11
040441024407
04CA45'C3CA4C5
040461034403
04C47'0177177

04C50'CCCOC0 SMSG:
000004 SAMEO:
04055'177777

MS100:
04C56'051524
04C57'C51111
04C60'C45505
04C61'02C101
04062047131
04C63'020¢113
04064'C472531
04C65'C20124
04066'C4744¢
04C67'CS51524
04C70'0405272
04071'052C4¢
04072'C521CS
04073'C51524
04074'0064C0

MS101:
04€75'052105
04C76'051524
04C77'C¢20123
04100'0521C1
04101'051124
04102042504
04103'C0€400

04104'C2C003=S1PRD
04105'024003~
04106'0032¢€1"
C4107'C0C135-
04110'C03%23"

oNEEL

JUSFR CLCCK SERVICE RQUTINF
ISENLCE A MESSAGE JINEICATING
$TIVE TC SAMPLE,

STA J,SAMPO ;SAVE KETURN

STP 2,8AMPO+

STA 1,SAMPO+2

STA 0,SAMPO+3

LDA C,XSMEG !MESSAGE ADDRESS

LDA 1,SAMPO+4 ISTART SANFLINCG MESSACE
+IXMT JSEND FFSSACE

LDA 0,SAMPO+3

LDA 1,SAMPO+?2

LDA 2,5SAMPO+1

LCA 3,SAMPO

«UCEX JEXIT FROM USEK CLCCK KCUTINE
0

«BLK 4.

-1

«TXT *STRIKE ANY KEY TC START TEST<K15>%

«TXT *TEST STARTED<15>%

LDA 0,7STMES
LCA 1,ZSTMES
o XVM1

JSRE XERR
LKILL

«2FEL




.

i
1

005%  MFEITS
00072=004034XSAMP
00C73-0040HG " XSNMSGe

SAME
EMSC




* 0653 MELIS

! 04111'0624477
043112'CC1445"
04113'024471
04114'1C6414
04115'00C405

0411€'02C467
04117'024467
04120'003511"
0431231'CC€135~-

04122'024001~
04123'0035¢6C"!
04124'006135~-

C41.5'CQ3a25!
04126'C20024-
04127'C40035+~

04130'C06021~

04131'02045¢€
04132'C06017~

04133'020455
04134'040455
04135'1C02400
04136'040454
04137'040454

04140'004125"

04141'02C451
04142'101004
04143'C0C410

04144'020450
04145'024034+~
041467106414
04147'¢0C423
04150'1C2000
04351'C4C441

.NIJ"]‘
sAUTO CCNTECL TASK

AUTO 2
SCHECK 70 SkF IF EIGITLZE TASK 1S ACTIVE
: IF 17T IS NCT ACTIVIE, MAKF 1T ACTIVE

LDA 1,C0UT¥N 210 GF DYGITZE NASK
«ICST
LeA 1,AUT10
Supt 0,1,SZR
JNF AUL1 sDICITI1ZE TASK 1S ACTIVE
LDA 0,AUTTST $IDEPRICRITY CF "TES1®
LDA 1 ,AUVATST 1START ADDRES COF TEST
+TASK
JSEKR® XERR
sKEADY KEYECAEKL CCNTRCIL
AUL1: LDA 1,KEYID
.TICR
JSRE XERR

$GET RTU ZERC VALUE
$SUSPENE TEIS TASK AND WAIT FOR S5 SEC DATA UPLCATE

«SUSE
LbA 0,BTUFST
STA 0,BTUZER

¢NOW REACY TC PREFEAT KETTLE.
$TURN CN STEAN AMNC PRINT MESSACE TC THAT AFFEC1

JSR@ XSTON
LDA 0,AUNO MESSAGE 0 "PRE HEAT STARTED,"
JSEe XVNESS

sNCw SF1 UF A LCCE TO WAIT FOR FREHEAT TC CCVMFLETE,
$THIS 18 DCNE PY WAITING FCRF AN INCPEASING PTU

$ THEN A CECREASING BTU, KETTLE IS CONSICEREC

3 T0 EF PFEHEATEL WHEN BTU DRCES TC WITHIN .1V

¢ GF BIUZEH

¢TIVE LIMIT FCR PREHEAT 1S .5 HR,

LDA C,AU360 8 CF S SKC INTERVAL 1C GET .S KR,
STA 0,AULOOP

SUP 0,0

STA 0,AUINC

STA 0,AUDEC

AUL2: +SUSP
$HAS THERE BPEEN AN INCREASE IN PBTU?

LDA C,AUINC

MOV 6,0,SZR

JMP AUL3 s INCREASE ALREADY DETECTFLD
sDID BIU INCFEASE THIS TIME?D

LDA 0,AUNUP

LLA 1,RTUDIR

SUF 4 0,1,82R

JVP AULA4 $NC CHANGE

ADC 0,0

STA O,AUINC ;INDICATE A INCREASE KAE CCCULFII,




A — e

0CH4a MELTS
04152'000420 JVE AULA

ISTNCE A RTU INCREASEKE HAS ALREADY OCCURED,
$ CHECK FCIF A DECRFASE

04153'020440 AUL3: LDA 0, AUDEC

04154'103004 MOV €,0,S87R

04155'000410 JMP AULS sDECRFASE ALREADY DFTECTEL
$DID PIU DECKEASF THIS TIME?

04156'020437 LDA 0,AUNDWN

06157024034+~ LDA 1,BTUDIR

04160'106414 SUP & 0,1,S8ZR

04161'000411 JNME AUL4 INQC CHANGE

04162'102000 ADC 0,0

04163'04C430 STA 0,AUDEC ;INDICATE A DECREASF kKAS CCCUFED,

04164'00040C€ JME AUL G

PINCREASE ANC CECKEASFE HAVE BCTH OCCURED,
INGw "PTU" ShHCULD DROP TQ WITHIN "PREHEAT"
} GF "BTUZEE"

04165'020032=-AULS: LDA 0,RTU

04166'024037+ LCA 1 PREHEAT

04167'1224C0 sue 1.0

04179'101132 vcvzLs 0,0,SZC 3SKIP IF PCSITIVE

04171'000406 JVE AULG6 JCCNE WITY PREHEAT
sHAS TIVME CUT CCCURED FOR PREHEAT?

04172'C01441/) AULA: LsZ AULOOQP

04173'C00745 JVF AUL?2 JPREHFAT NOT COMPLETE

04174'020422 LCA 0,AUN1 :PREHFAT TIME-QUT

04175'006017+ JSFe XVNESS

04176'000431 JME AUL7 $1GO AHEAD AS PLANNEC ANYWAY.
JPRENEAT CCMFLETEC 0K

04177'C2C420 AULG6: LCA 0,AUN2

04200'006017=~ JSFE XMESS JPREHEAT CCMPLETE

04201'00042¢€ JVF AUL7

sSECTICN CF CCNSTANTS
04202'CC3777 AU2048: 2047,
04203'0CCCCE CUTID: € 11D OF DIGITIZE TASK
04204'00001C AUT10: 10 1CODE FOR TASK ID NCT IN USE
04205'0C14CS AUTTST: 3P745 pI0& PRICRITY USED TO START TEE1
04206'001242'AUATST: TFST
04207'00CCC0C AUNC: 0

04210'00055C AU360: 360, }¥OF 5 SEC INTERVALS IN .S HR,
04211'C0C00CC AULCOPS: O PLOOP COUNTER

04212'00C000 AUINC: O JETU HAS INCRFASED IF '1!
04213'C0CC0C AUDFC: O JETU HAS CECRFASED IF '
04714'0CCC01 AUNUP: 1 1CODE FOR INCREASE
04215'177777 AUNDWNS »} JCODE FOR CECREASE

04216'0C0001 AUNT: 1
04217'00C002 AUN2: 2
04220'00CC03 AUMN3: 3
04721'000315 AU205: 2058, sCOMPARE LEVEL FOR CESNITOMETEF

! IN OPERTATICN

04222'C0C0C04 AUN4: 4
04223'C00005 AUNS: -
04224'CCC0O0€6 AUNG: 6
04725'000007 BUNT: 7
04226'00C010 PUNBR: 8
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00t  MELTS

JNOW CHECK IC SEFE OF RGITALICR 1& RUNNING
$ 1k NOT, KECUFST THAT 1T BE TUKNED ON,

AUL
Q4227'020025+- 1LDA 0,AGRUN
04230'101004 MOV 0,0,S7R
04231'000403 JMF AULSB SAGITATUOR AL RFADY KUNNIMNG
04232'02076¢ Lop 0,AUN3 sREQUFEST AGITATOK
047233'006017~ JSRE XVNESS

INCwh CHECK TC SEE IF DENSITCMETER IS IN QCPFKATE MCLCE,
04234'02003€=-AUI B LCA 0,DENSE
04235'C247¢€4 LCA 1,AU0205
04236'122433 SUPZ# 1,0,SNC :SKIP IF DENSITCMETER GT .5V
04237'0004Q2 JVE ALLS sCENSITCMETER IN COPERARTE
04740'C20762 LDA 0,AUN4
04241'CQ0€017 = JSFE XVESS

JWAIT TILL ACGITATCR IS RUNNING
04242'004140'AULSY: «SUSP

04243'020025- LCA 0,AGRUN

04244'101005 MOV 0,0,SNR

04245'C0C775 JME AULY JAGITATCR NCT RUKNING YET
JWAIT FCR CENSITCVETER IN OPERATE PCSTICN

04246'020036-AUL10: LLA 0,DENSE

04247'C24752 LDA 1,AU0205

04250'122423 SUE? 1,0,SNC

04251'00C4C3 JVMF AUL{1 :DENSITCMETER REALY

04252'C04242" «SUSP

04253'0¢CC773 JMFP AULLO

IWAIT FCR "ICWAIT® © SEC INTERVALS AFTER AGITATICR
$DETERMINEL TC EF RUNNING PEFCKE CHECKING TCRCUE,
$TORQUE SHCULLC EE LESS THAN "TGNLD" AT THIS TIVE,

04254'020040=-AUL11: LCA C,TAQWAIT
04255'C040734 STA 0,AULCOP
04256'0C4252'AUL12: . SUESE
04257'014732 DSz AULOOP
04260'CCCT77¢€ JMP AUL12
04261'020041~- LCA 0,TQNLD
04262'024027~ LCA 1,TORGUE
04263'10€433 SURZ¢# 0,1,SNC :SKIP CF TCRQUE GT NC LCAD
04264'000404 JVMP AUL13 s TCRGUE QK
$OUTPUT MESSACE SAYING TORGUE TC HIGH
04265'C2073¢ LCA 0,AUNS
04266'C0€017 = JSFE XMESS
04267'0C411C" JKILL
JNOw READY TC STAFT ADDING MATERIAL TO KETTLE
04270'C2C734 AUL13s LCA 0,AUN6
04271'00€017~ JSRE XMESS

JWALIT FCE MPTIERIAL TO BE ENTEREC INTO KETTLE
04272'C0425€'AUL14: ,SUEP

04273'C2002¢€- LDA 0,MTRUN
04274'101005 MOV 0,0,SNR o
04275'C0C775 JVMF AUL14

=0




00b¢  MELTS

04276'020024+«
047277'C40035 =
04300'102400
04301'C40C33~

04316'02C7C7
04317'CO0FC17=
04320'C042¢7!

04321'00430C4"
04322'0200%27~
04323'024045-
04324'122433
04325'00C417

} 04326'C2070C0
04327'006017~=

04331'020027~
{ 04332'024045~-
043331106033
043341000774

04335'02C667
04336'00€017+

SINIUVIAYIZE INITFCKATION OF BTU

LDA 0,BTUFST
STA 0,BTUZFR
SUB 0,0

STA 0,BTUSUM

$JF THE EGUIFMENT 1S FUNCTIONING CCRRETLY, 7THKE
5 TORCUF AND PTU SHOULD BE GREATER THAN TGSRT AND BTLEFT
fWITH IN ST1VE

04302'020044- LDA 0,STIME

04303'04070¢ STA 0,AULOOP

04204'C04272'AUL1S: «SUSP

04305'C2003C~ LDA 0,TADIR

04306'C2470C¢ LDA 1, AUNUP

04307'10€414 SUEB ¥ 0,1,8ZR

04310'00C404 JVE AUL16 §TCRQUE HAS NOT STARTEC TC INCREASE
04:11'02C034~ LCA 0,BTUDIR

04312'10€415 SUR# C,1,SNR

04313'00040¢ JME AULLT 1BOTH TORQUE AND BTU EAVE .INCFEASEL
04314'C14675 AUL16: DSZ AULOOP

04315'C0C767 JNMF AUL1S

sTIME HAS RFEUN CUT

JPRINT MESSACE THAT TORQUE CR STEAM HAS FAILEC 1TC
: RISFE IN ALLICT1TED TIME

sABCOCRT AUTC TASK

LDA 0,BUN?
JSR@ XNESS
«KILL

JNCw THE MAIMN LCCF WHICH MCNITORS FCR STEAM SKUT CFF,

tFIRST CHFCK FCF TORCUE OVERLCAD.
AUL37: .SUSPF

LCA 0,TORGQUE

LCA 1,TGOVER

SUPZ1 1,0,SNC :SKIP IF TCRQUE GT CVEFRLCAL
JMP ALL19 ITOKGUE OK

$TORQUF IS IN CVEFLOAD CONCITICHM
sREGUFST TKAT MATERIAL BE TURNED OFF,
LCA C,BUNB
JSF@ XNMESS
JWAIT FCR TCFCUE 10 GET BELCW OVERLCAD

04330'CC4321'AULLIB:  .SUEP

LCA 0,TORQUE
LDA 1,TCOVER
ACCZ ¢ 0,1,SNC :SKIP IF TORQUE LT CVEFLCAD
JMP AUL1S
JTCRQUF IS FACK IN PROPER RANGE
LC»2 0,AUNG
JSRE XNESS

JCHECK ETU INTEGRAL
$1F BTUSUVM 1S GT SLMT3 AND BTU
! 1S TESS THAN BLMT THEN IT IS TIME T0 SHUT STEAM CEF

04337'020033-AUL19: LCA 0,BTUSUM

JIF BTUSUM 18 NEG, THFN NO BTUSUM CHECK IS NALCF.




0087  MELTS

04340'101132 MovzLe 0,0,52¢C
04341'000424 JNF AUL21
04342'024047~- LDA 1,SLM11
04343'122433 SUPZ¢t 1,0,SNC sSKIP IF BTUSUM GE SLNMTHQ
04344'000411 JmMp AUL20 JNOT RFADY BY THIS TEST
04345'C20032~ LpA 0,BTU
04346'024050~ LCA 1,BLMT
04347'1C6033 ADC2# 0,1,SNC 3SK1P JIF BTU LE BLNMI
04350'000405% JVMF AUL20
JREADY 10 SKUT STEAM OFF,
04351'¢0€02C~ JSke XSTOFF
04352'C20462 LDA 0,AUNS
04353'00€017= JEERE XNESS
04354'00C514 JNMF AUL22

sCRECK 10 SEE IF THE MAX CONTINCUS BTU HAS PEEN PUT JA,
 1F BTUSUM CGT SLMT2, SHUT STEAM OFF,

04355'020033~AUL20: LCA 0,BTUSUM
04356'C24051- LDA 1,SLMT?2
04357'122433 SUBRZ¢ 1,0,SNC 3?SKIP 1F BTUSUM GE SLNT?2
04360'00040S JNF AULZ1
$SHUT STEAM CFF BRY EXCEEDING MAX CCNTINCUS TUNPUT CF STkEAM
04361'0C0€020~ JSE@ XSTOFF
043627020455 LDA 0,AUN1O
04363'0C€017~ JSRE XNESS
04364'C00504 JMF AUL22

$CHECK 10 SFE IF STEAM SHOULD BF SHUT OFF BY

? TOO LOW TCRGUE AND FALLING,

$1F TORCUE FALLING AND TORGUE LT TGLOWw, STEAVM CFF,
1IF THINGS CC RIGKT, THIS SBOULLC NOT HAPPEN

04365'C2C003C0~-AUL21: LCA 0,TQDIR

04366'C24453 LDA 1,AUDOWN

C4367'106414 SUE1 0,1,8ZR

04370'C0C731 JVME AUL1Y

04371'C20C27~ LCA 0,TORQUE $TCRQUE IS FRALLING
04372'024C52~ LDA 1, TOQLOW

04373'10€033 ADCZ % 0,1,SNC ;SKIP IF TCRKQUE LT TCGLCh
04374'000725 JME AUL17

!TORQUE FALLING AND LOWER THAN TQILCW,
$¢ SO SHUT STEAM CFF.,

04375'CC0€020~ JSFe XSTOFF
0437€'020440 LCA 0,AUNT1
C4277'00€017~- JSkRe XNESS

$1S MATERIAL STILL BREING PUT IN KETTLE?
04400'CC433C0'AUL23: ,SUSP

04401'C2002¢6~ LPA 0,MTRUN

04402'10100S MCV 0,0,SNR

04403'000415 JVMF AUL2¢4 IMATERIAL NCT BEING LCACEL.

118 TOFCUE INCREASING AND ABOUVE TQLCW? 5

04404'(020030~ LDA 0,TQDIR

€4405'024435 LCA 1,AUGUP

04406'106414 Sues 0,1,SZR

04407'C0CT71 JMP AUL23 INGT INCREASING
€4410'C20027~ LCA 0,TORQUE -
04411'024057 = LCA 1,TCLOW

- " . S ure -
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0058 MEILTS

iy

==

044121122439 SUBRZ 1,0,SNR :SKIP 1F TORQUE GT TGLCh ,
04413'C00765 JVE AUL23  :10RQUE LT 1TGLOW i
; :TURN STEAM BACK CN AND GO TQ NCKMAL SHU1 CFF KCUTINF ;
04414'006021=AULA6: JSRE XSTON 3
044151020422 LCA 0,AUN12 |
04416'00¢017= JSE@ XVESS |
’ 044171006702 JME AUL1Y 1
: IMATFRIAL 1€ ACT PEING PUT INTC KETTLE !
s STOROUE CAN KEMAIMN BELOY TOLOW CNLY TQTIM ,
g $RFFORE GGING INTC NORMAL BATCH GOOL CHECK, :
i 044201020473 AUL?24: LDA C,AULOP :
04421'040053~- S1A 0,T0TIM |
- 044221004400 AUL25: LSUSP »
| 044231020027~ LCA 0, TORQUE
04424'024C57= LDR . 1, TOLOW
04425'10€433 SUR?1  0,1,SNC 38KIP IF TOROQUE LT TCLCh
04426'0C076¢€ JVF AUL46
. 04427'C14414 DS2 AULOP
It i 044301000772 JVNF AUL25
: 04431'000437 JVF AUL?2
04432'00C007 AUNT: 7
©4435°C0CCEG AUNE: 6.
04434'000011 AUNS: 9.
? 04435'000012 AUN1O: 10,
04436'000013 AUN11: 11,
04437'000014 AUN12: 12,
4440'000015 AUN13: 13.
04441'177777 AUDCWN: =1
; 04442'C0C0C1 AUGUP: 1
04443'C00000 AULCP: O
$SUBROUTINF 1C SHUT STEAM CFF
: 04444'102400 STMCFF: SUP 0,0
| 04445'0€2023 DCE C,DACV
b 04446'061C23 DCA 0,DACV
04447'04002%= ST 0,DAO
04450'126520 SURZL 1,1
04451'06€023 cce 1,DACV
04452'061023 DOA 0,DACV
04453'040023- STA 0,DAY
04454'001400 JVE 0,3
$SUPROUTINE TC TURN STEAM CN
04455'1024C0 STMCN: SUP 0,0
04456'024411 LCP 1,U2048
04457'062023 DCP 0,DACV
: 04460'C650%3 DCA 1,DACY
] 044€1'C4402% = STA 1,DA0
04462'102520 surzl 0,0
04463'C62023 DCE 0,DACV
04464065022 DOA 1,DACYV
P 04465'C44073~ 57A 1,DA1
04466'0014G0 JME 0,3
04467'004000 U20483 204F.,
I




00%S MELTS

3TH1S SECTICN WILL DETERMINE IF BATCH
NECESSAKY

$AND AR MCEKE STEAM 1F

tFIRST SEF
04470'004422'AUL22: LSUSF
04471'02003€~ LCA 0,DENSE
04472'024054~ LDA 1,DREADY
04473%122433 SUBRZ# 1,0,S8NC
04474'€0C40C4 JMFP AUL26

IBATCH KEALCY BY
04475'020743 LDA 0,AUNL3
04476'006017= JSKe XVNESS

H JVP AUL27
04477'000401 JMF et

$CHECK TC SFE IF BATCH
04500'020C27=-AUL26: LD& 0, TORQUE
04£01'024055~ LCA 1, TREADY
04502'106433 SUEBZ ¢ 0,1,8NC
04503'00C404 JME AUL32

:BATCH KREALY BY
04504'C2C467 LC2 0,AUN14
(450-'00¢017~ JSRE XMNESS
04506'0C0454 JVMF AUL27

$IS TORGUE CT TGCVER
11F SC ADD

04507'020027-AUL32: LCA 0,TORGQUE
04510'024045= LCA 1,TQOVFER
04511'122433 SUB2% 1,0,SNC
04512'CCCa14 JME AUL28
04513'00€021~ JSFe XSETON
04514'C2C464 LDA C,AUN23
04515'00601 7= JSFe@ XNESS
04516'00447C'AUL33: ,SUSP
04517'C20027~ LDA 0,TORQUE
04520'C2404¢€~ LC» 1, TQUMAX
04521'106033 ACC2# 0,1,SNC
04522'CCC6SE JVME AUL23
04523'C0€020C~ JEFe XSTOFF
04524'020451 LDA 0,AUN16
04525'C06017~ JSR@ XMESS

$IS TOKCUE FISINC

04526'020030~-AUL2R: LCA 0,TGDIR
04527'024713 LCA 1,AUGUP
04530'10€415 Sues 0,1,SNR
04531'CCC415 JVE AUL29
04532'020031 - LDA 0,TORAT
04533'024057= LCA 1 ,RILMT
04534'10€433 SUBZ¢ 0,1,8NC
04%35'000733 JVF AUL22
1AUD 5 SEC STEAV
04536'C0€021~ JSRe XSTON
04537'020435 LDA 0,AUN1S
04540'00€01 7~ JSF@ XVNESS

04541'004516" «SUEP

vy

IS REACY

1F BATCH READY BY DENSITCMETER

sSKIP IF DENSE GT DREALCY

CENSITOMETER READING,

INCP FOR THIS TEST

18§ RFALY BY TORGUE

$SKIP IF TCRQUE LT TREALCY

TCRQUE REALING

STEAY UNTIL TORGUE CCES PELOW TCUMAX

:SKIP IF TCRQUE GT TCCEF
:TCRGUE OK,
sTURN STEAV ON

$STEAM CN BPECAUSE MAX TCRGUE EXCEDFU

$SKIP IF TCRQUE LT TCUMAX

1TORQUE IS RISING.

$SKIP IF TGRATE LT RTLM1
tTORQUE RATE OK




0occ L O
04542006020~ JSR XETONE

-

e e e

0454440204372 ILDA O,AUNL®6
i 0444410060 = JSkE XVESS |
1 045451000723 JIMF AUL22 '
1
PADD MCKE STEAM PECAUSE TORQUF IS NOT FALLING.
sCONTINUE TC APL STEAM UNTIL TCRQUF STAFTS 10 FALL. i
] 04546'00€021-AUL?9: JSKE XSTON !
! 045471020427 LUA 0,AUNLT
' CA550'CUEC1T- JSF@ XVESS
045511004541 ' AUL30: ,SUEP
04552'020030- LLA 0,TQDIK
045%3'C¢24417 LDA 1,AUDWN i
04554'106414 supy G,1,SZR t
045551000774 JVE RUL30
JTURN STEARM CEF BECAUSE TORCGUE IS NCW FALLING
04556'(00€02C= JSFE XSTOFF 1
04557'02041¢€ LCA 0,AUN16 |
4 04560'00€601 7~ JSKe XNESS |
: 04561'000707 JMF AUL22
’ $RATCH RFACY, WRIT 1S5 MINUTES AND CUTPUT
! MESSAGF INCICRTING AUTC DONE BUT TEST TASK JS STIIL RUNLI'G
‘ 04562'C2C417 AUL27: LCA 0,AULFAV
: 04563'04C660 STA 0,AULOP
, 045641004553 'AUL31: L,SUSE
: 04565'C14656 csz2 AuLoOP
b 045€6'C00776 JVE AUL31
04567'C20410 LDA 0,AUN18
04570'00€017~ JSF§ XNESS
04571'C04320" CKILIL

04572'177777 AUDWN: =1
04573'C0001€ AUN14: 14,
04574'C0C017 AUNIS: 15,
04575'00C02C AUN16: 16,
04576'CC0021 AUNLT7: 17,
04577'C00022 AUN1B: 18,
04€00'CCCC27 AUN2Z23: 23,

04€01'000264 AULEAV: 1RO, JNUMBER OF S SEC INTERVALS
‘ JSUEROUTINE 1C FRINT MESAGE
! ACO CIVES MESSAGE ¢
04€02'054412 MESS: STA 3,MSRIN
04€03'C4Cca172 S1A 0,MTMP
04€04'00€6413 JSFe VGTIME
04€05'0C€6411 JSFe MTIME
C4€06'034417% LEA 3,MSLST
04€07'C20406 LCA 0, MTMP
C4c¢10'117000 ALC 0,3
04€11'06214C0 LDA 0,0,3
04€12'CCC12€ JEFE XWRLO

1

- —

W AT, T " T A - "

e g i I o »,I 5 . | At e e T hat, Bucs, S0 SR, oo b it B 5r




00€1 MELTS

04€13'C074C1 JKPE MSRTHN
04€14'C000000 MSRIN: O
04615'CC0COCC MTVMP: 0
04€16'C03275'MTINES PTINE

04617 C0ST26'"MGTIME: GTINME
04€620'C04621"'MSI ST ,+1

04621'011522" MSCO*2
04622'011552" MSG1#2
04€23'C11574" MSC2%2

: 04€24'01161¢6" MSG3%2
| 04625'C11636" MSC4*2
04€26'011704" MSCS5%2
| 04€27'011760" VSGE*?2
| 04€30'012022" MSGT%2
{ 04€31'012122" MSCE*2
; 04€32'012162" MSGS#2
; 04€33'012214" ¥SC1042
| 04€34'012246" MSG11%2
: 04635'012300" MSC12%2
| 04636'012334" MSG1322
046371012372 MSC14%2
04€40'012422" ¥SG15%2
04641°'012442" MSC16%2
04642'01245¢6" MSG17%2
04€43°012522" ¥SG1E%2
04644'012576" MSG19%2
04€45'012636" ¥SGC20%2
04646'012670" MSG21%2
04647'012712" M5C2242
04€50'012734" MSC23%2

MSGQ: «TXT #KETTLE PREHEAT STARTELCC15>*#
04€51'045505S
04€52'C521124
04€53'C4€105
04€54'02012¢C
04€655'05110C5
04€56'044105
04€57'C40524
C4€60'020123
04661'0521C1
04€62'CS1124
04€63'0425C4
04€64'C0€4C0

MSG1: «TXT *PREKEAT TIME CUT<15>%
C4€65'C50122
04€66'042510
04€667'C42501
04€70'052040
04€671'CS2111
04€72'C46505
04€73'020117
04€74'057524
04675'C0€6400
MS5G21 «TX1T %PREHEAT COMPLETF<15>%
C4€76'CSC122
04€77'042510
04700'C42501

)
1=




0062  MELYS
047011052040
047021041517
04703'046520
04704'C46105
047051052105
04706'006400

MSG3:  .TXT ASTART AGITATORC1S>%
€4707'C51524
047101040522

. 04711'05204¢
04712'04¢507
04713'044524

p 04714140524

' 04715'047522

04716'00€64CC

MS5G4 «TXT *PUT DENSITPMETER IN CPERATE PCSITICN<C15>%

T T W P e g

04717'05C125
04720'05204¢
04721'C42105%
04722'C47123
04723'044524
04724'047515
04725'042524
04726'042%522
04727'020111
04730'C47040
04731'047520
04732'042522
04733'04(C524
04734'C42440
€4735'C50117

i A
04736'051511
04737'052111 ;
04740'047516 :

|
"

04741°'0064CC
MSGS:  .TXT *NO LOAD TORGUE TCO HIGH, AUTO TASK ABCRTEDC15>%
04742'047117
047431020114
04744'047501
047451042040
04746'052117
C4747'051121
04750'05250S
04751'020124
04752047517
04753020110
04754'C44507
047551044054
04756'C2C101
047571052524
C4760'047440
04761'052101
C4762°'051513
047€3'02C101
C4764'041117
047651051124
Ca7¢6'Ca75C4
i i C4767'C06400 ‘
MSG6:  ,TXT $START ADDING MATERIAL TO KETTLEC1S>%

P
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0063 NMELTS
04770'C51524
04771'040522
04772'052040
04773'C0405¢04
04774'042111
€4775'C47107
04776'020115
04777'C40524
05000'042522
05001'044501
05c02'Cd4ecQac
05003'052117
05C€04'02C113
05C05'042524
05C06'C52114
05C07'042415
05C€10'00C00Q0

05C311'052117
05012'051121
05C13'052505
05C14'C20117
05C15'C5104¢0
05C16'041124
05017'05244¢
05€20'043101
05C21'044514
05022'042504
05023'¢C20124
05024'C47440
05025'051111
05026'051505
05027'02C111
05C30'047040
05C31'043511
05032'053105
05C33'C47040
05€34'052111
05C€35'C4¢50S
05036'026040
05€37'C40525
05C40'052117
05041'C20124
05042'040523
05C43'045440
05044°'C40502
05C45'C47522
05046'052105
05C47'042015
05¢50'coco00

05051'051524
05052'C47520
05C53'020115
05C54'040524
05C55'C42522
05056'C44501
05C57'C46054
05060'C20124

MSG7: «TXT 3TGRGUE OR BTU FAILED T0 RISE IN CIVEN TINE,

AUTO TASK PBECRTEL<1S>*

MSGB «TXT #STCP MATERIAL, TCROUF TOO HIGH<15>%




|
|

0064 MELTS
05€61'047522
05062'C5G(525
05063'042440
05064'052117
05065'C4744¢0
05066'044111
05C67'043510
05C€70'0C0€400

05071'C51524
05072'C425C1
05C73'C4€440
05C74'C4750¢
05C075'043040
05076'C41131
05€77'C20114
05100'047527
05101'C2c102
05102'Csz12s
05103'€20125
05104'C51505
05105'00€400

051061051524
051.7'C425C1
05110'C46440C
05111'C475¢0C¢
05112'04304¢C
05113'C41131
05114'020115
05115'€C4C53¢
05116'C2C1C2
05117'052125
05120'C20123
05121'052515
05122'C00€400

05123'051524
05124'0425C1
05125'04€440
05126'C475C¢
05127'043040
05130'C41131
05131'C2C114
05132'C47527
05133'C20124
05134'C475272
05135'C5C525
05136'042415
05137'C¢0cC00C

05140'051524
05141'042501
05142'04€440
05143'047516¢
05144'C2C101
05145'C431324
05146'C42522
05147'C2C114

MSGS:

MSG10¢

MSG11:

MSG12:

+TXT *STEAM OFF BY LOW BTU USE<15>%

«TXT #%STEAM OFF BY MAX BTU SUM<C1IS>¥

«TXT #STEAM OFF BY LOwW TORGUE<C1S5>%

«TXT *STEAM ON AFTER LOW TCFQUE<K1S5>%

——— ——AT 0 T o i il G
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] 0065  MELTS

05150'047527
05151'020124
05152'047522
05153'05052%
051%4'042415
0515%'00C000

ALA

MSC13: LTX1 *BATCH REFADY BY DENSITCMETERC1S>#
05156'041101
05157'052103
05160'044040
05161'C51108
\ 05162'040504
65163'054440
I 05164'C41131
{ 05165'020104
; 05166'042516
~ 05167'091511
€5170'052117
05171'0465C5 :
05172'052105% ) 4
i 05173'051015%
‘ 05174'€C00000
; MSG143 .TXT $BATCH READY BY TCRQUE<C1S>%
p 05175'041101
| 05176'0%2103
05177'044040
05200'051109
05201'040504
05202'054440
05203'0411231
05204'020124
05205047523
05206'05052%S
05207'042415
05210'000000

MSG1S: LTXT #STEAM ON 5 SEC<C15>%
05211'051524
; 05212'042501
| 05213'C46440
05214'C47516
05215'02C06S
05216'020123
05217'042503
05220°'C0€400

MSG16: JTXT ¥STEAM QFF<15>#

05221'051524

05222'042501

05223'04¢€440

05224'C4750¢

05225'043015

05226'CCC0CO .
M5G17:  .IXT *STEAM ON BECAUSE CF RISING TORCUE<15>%

08227'051524

05230'042501

05231'C4€440

o 05232'047516
05233'020102
05234'042503 .
| 05235040525
~-L7
4




00e€ MELTS

05236'051505
05237'020117
05240'043040
05241'051111
05242'051511
05243'C47107
05244'020124
05245'047527
05246'050525
€5247'C42415
05250'00C000

05251'040525
05252'052117
05253'C20124
05254'042522
05255'04€S11
05256'C47101
05257'052105
05260'042040
05261'02644¢C
05262'052105
05263'051524
05264'C20124
05265'040523
05266'C4544¢Q
05267'C51524
05270'C44514
05271'C4€6040
05272'051125
05273'C4711¢
05274'04451¢
05275'C43415
05276'000000

052771040525
05300'C52117
05301'C20124
05302'042522
05303'04¢511
05304'C47101
05305'C57105
05306'042040
05307'043122
05310'C47515
05311'C2¢113
05312'C425131
05313'041117
05314'C40522
05315'C42015
0s316'cCococc

05317'C40525
05320'052117
€5321'C2(124
05322'C40523
05323'C4544¢
05324'C44523
05325'C2011¢

MSG1gK:

MSG19:

MS5G20:

«TXT %AUTC TERMINATED

TEST TASK STILL RUNNIA(C<15>#

«TXT 3AUTC TERMINATED FROM KEYBCARD<1S>%

«TXT #*AUTC TASK IS NOT RUNNING<1S5>%

-
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0067 WMELTS
05326'C47524
] 0532720122
05330'052516
05331'047111
05332'C47107
05333'006400
MSG21: .TXT *VANUAL STEAM CFF<15>%
05334'046501
05335'047125
05336'040514
05337'620123
05340'052105
05341'C4C515
05342'C020117
05343'C4310¢€¢
05344'C06400
MSG22: LTXT ¥MANUAL STEAM CN<15>%
05345'046501
05346'C47125
05347'C40514
05350'¢20123
05351'0521C5
05352'C40515
05353'020117
05354'C04701%
05355'0060000
M§G23: .TXT *S1EAM ON BECAUSE MAX TORQUE EXCEECELC<15>*%
05356'C51524
05357'04250C1
05360'046440
05361'C4751¢
05362'020102
05363'0425¢3
05364'040525
05365'C051505
05366'020115
€5367'C40530
05370'020124
{ 65371'C47522
1 05372'050525

05373'0472440
05374'C4253¢
05375'04150C5S
05376'042504
05377'C42504
05400'006400




~

—

006t MELTS

sMANUAL

SOFF 3
05401'CC€020~
C5402'070415
05403'006017 =
05404'C724001 -
05405'004123"
05406'CC6135=
05407'Cu4571!

$MANUAL

SON:
05410'00€C21~-
05411'C2C407
05412'006017~
05413'024C001~
05414'0C5405"
05415006135~
05416'005407"

05417'000025 MN21:
05420'C0C02€ MN22Z:

JMANUAL
!THIS TASK ABCFTS THE

STFAM

JShe
LDA
JELE
I1LA
«TICR
JSke
+KILL

STERM

JSRe
LDA
JSFe
LDA
«TICR
JSFE&
SKILL

21,
22,

CkF TASK

XSTOVE
0,MN21
XNESS
1,NEYID

XERR

Ch TASK

XSTON
0,MN22
XNESS
1,KEYID

XERR

AUTC CONTROL TASK

$STEAM IS LEFT AS IS WHEN TASK ABORTED

MANUAL:
05421'C024423
05422'C04112"
05423'024422
05424'10€415S
05425'00C417%
05426'C2441¢€
05427'0014¢6€"
05430'00€135~
05431'C20411
05432'006017=
05433'024001-MNL2
05434'005414"
05435'00€135~-

CS436'00541¢€"

05437'C2C404 MNL1:
€5440'CC€C17~-
05441'C0C772

05442'C00023 MN19:
05443'CC00Z24 MN20:
05444°'CC00AC MAICID:
05445'000C1C MIN1O:

LDA
«ICST
LCA
SUE#
JVME
LD
«TICK
JERE
LCA
JSFE
LCA
«TICR
JSRE

«KILL

LLCA
JEFRE
JVMP

19.
20,
40
10

1,MATOID

1,MTN10
0,1,SNR
MNL1
1,¥ATOI1D

XERR
0,¥N19
XMESS
1,KEYID

XERR

0,MN20
XVMESS
MNL2




! 0069 MELTS

| Rl R e S R e S e S

r FTHIS SUBRCUTINE TAKES DATA GENERAIED BY DPICITIZE TAEK
{

3 AND GENEERATES SCME PARAMETERS NEFEDED BY AUTC CONTRCT .,
STHESE AKEF
' BTU INTEGKATION
3 ' RTU - RISF OR FALL
! ’ TORCUE - RISE OR FALL
: TCRCUE * RATE OF CHANGE
05446'054507 ADATA: STA 3,ADBCK
$AC3 WILL EF INCEX ADDRESS FOR LATA
' «9  TCRCUE -
‘ $ «4 LCENSITOMETER
‘ ' e3 BIU
05447'036507 LDAE 3,VCAHLD
05450'021774 LDA 0,=4,3
05451'101132 ¥CVZ2L® €,0,S2C
05452'1024C0 SUP 0,0 1IF NEG, MAKE 0,
05453'040036« STA 0,DENSE $MCVE CENSITOMETER

$SET TOKGUE VALUE. CHECK, 1S TCRQUE KISING CR FALLINC
H AND AT WEAT RATE.

sTHESE CALCULATICMS ARE MALCE OVER

$ A PERICLC CF S SEC INTERVALS AS INDICATELC BY CELAY.

05454'021767 LDA 0,=9..,3 :NFw TCRGUE VALUE
05455'004504 JER PCPTQ $O0LD TORQUE VALUE, “CELRAY" CITC,
05456'152400 SUE 2,2
05457'05C030~ STA 2,TQGDIR :CLEAR TODIR
05460'15252¢C SUBZL 2,2
05461'03405¢€- LDA 3,NOISE
05462'174400 NECG 3,3
0S463'117000C ADLC 0,3
05464'16€433 SUBZ¢ 3,1,SNC 3SKIP 1F TGNFWeNCISF LT TCCLLC
05465'CS50030~- STA 2,TQDIR
€5466'15200C ACC 2,2
05467'03405¢- LCA 3,NOISE
€5470'11700C ADLC 0,3
05471'136033 ADC2Z# 1,3,5NC SKIP IF TGNEW+NOISE GT TOQCLL
05472'C¢SC03¢0- STA 2,TQDIR
G5473'10€4CC SUPB 0,1
05474'125132 mMCvZLs 1,1,52C
05475'12440C NEC 1,1 tMAKE RATE CF CHANGE ALWAYS ECS.,
05476'C44031- STA 1, TQGRATE
05477'040027~ STA 0,TORQUE
IDETERMINE BTU RISE OUR FALL AND ADD TO INTERGAL
05500'C3645¢€ LDAG 3, VCAHLD ¢
05501'C21775 LDA 0,+3,3
05502'040024- STA 0,BTUFST
05503'C24032~- LCa 1,BTU
05504'C3C035~- LCA 2,BTUZER
05505'142400 SUB 2,0
$IF NEG NC CHECK
» 05506'101132 MCcvzls 0,0,82C
05507'C00420 JVMF ALCL?2
05510'125132 MCVZLs 1.,1,S52C

05511'00041¢ JMP ACL?2




v
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0070 MELTS

05512'152400 sue 2,2
05513'050034~ STA 2,BTUDIR
05514'152520 SURZL 2,2
05515'034056- LDA 3.NOISE
05516'174400 NEG 3,3
05517'117000 ADLC 0,3
05520'1€€6433 SUBZ¢# 3,1,SNC
05521'05C034~ STA 2,BTUDIR
05522'152000 ACC 2,2
05523'034(0%¢€~- LDA 3,NO1ISE
05524'11700¢C ADL 0,3
05525'13€6033 ACCZ ¢ 1,3,8NC
05526'050034- STA 2,BTUDIR
05527'040032-ADL2: STA 0,BTU
05530'C240313- LCA 1,BTUSUM
05531'107000 ACLC 0,1
05532'044033~ STA 1,BTUSUN
055334125132 MCvzLs 1,1,S2C
05534'1244CQ NEG 1,1
05535'€3C422 LCA 2,ADBMX ;CCMPARE WITH 30,000
05536'146033 ADCZ# 2,1,SNC :SKIP IF SUM GT 300CC
05537'00C4CS JME ALL1
05540'024C33- LCA 1,BTUSUM
C5541'12513% MCvzLs 1,1,S2C
C5542'15C400 NEG 2,2
05543'050033~ STA 2,BTUSUM

$STCRE CA VALUES IN OUTPUT BUFFER

:DAO -8 CHAN 8

:DAY -7 CEAN 9
05544'036412 ADL1: LCAg@ 3,VCARLD
05545'C20C22~ LCA 0,DAO
05546'C4a177¢C STA 0,=8,.3
05547'€20023- LDA 0,DAY
05550'C41771 §TA 0s=7..3

$READY AUTC CCNTRCL TASK
!NO CHECK IS MACE TO SEF IF TASK EXIST,

C5551'024407 LCA 1,AUTID
05552'C05434"' .TICR

05553'C0C40C1 JMF ot
05554'002401 JMEE ACBCK
05555'C0C0C0C ADBCK: O JFETURN ACCRESS

05556'C03722'VCAKLD: CAKLED
05557'C07246C ADP¥MX: 3€CC0. JMAX LIMIT CN BRTUSUM
05560'C0C04C AUTID: 40 JAUTO TASKID

JACO CCMNTAINS NEW VALUE OF TORQUE WHEN ENTERING

JACt1 WILL PE LCACED WITHKH THE PAST VALUE OF TCRCUE

IDELAY CCNTAINS THE # OF 5 SEC INTERVALS FOR TKHE AGE CF CLC
05561'C54417 POPTIQ: STA 3,PPRET

VALUE,




0071 NMEL1YS

UH562'C344%0 LDA J.PPBALE
05564'030060~- LDA 2,DFELAY
05564'173000 ADD 3,2 tAC3= KASE ADDRESS + LCELAY
05565'030414 LUA 2,PPADD
055661151400 INC 2,2
05567'156433 SUBZ« 2,3,SNC :SKIP IF AC2 L1 AC3
05570'C30412 LDA 2,PPRASE
IMARE SUKE ALLRESS IS NOT LESS THAN BASE ACCRESS
05571'034411 LLCA 3,PPHASF :ACDRESS
05572'15€032 ADCZH 2,3,52C 31SKIP 1F AC2 GE AC3
05573'G34407 LEA 3,PPBASE
05574'05C40*5 STA 2,PPADD
05575'C25000 LDA 1,0,2
05576'C41000 STA 00,2
05577'002401 JMER PPRET

| 0S€00'C0C000 PPRET: O
05€01'C05603'PPARD: PRASE
0S€02'CC5€Q03'PPRASE: PRASFE

000044 PRASE: LBLK 36,




& 8072 MELTS
«NRFL
PINITIALIZATION TASK
$11ASK 1.0, NO, = 4
tTASK FRICRITY = 50
’.-----------.------.-------..--—..--..-.--d-'-
INIT:
05€47'102400 SUER 0,0 SCLEAR CASSETTES INITIALIZELC INDICIICE
05€50'C4001€= STA 0,INITL
05€651'020142~ LDA C,XTVFB ;INIT. PRIMARY UNIT
05€652'12€4¢0¢C S§UR 1,1 $PAFRTIAL INITIALIZATICN
05€53'0C6017 «SYSTV
05€54'004¢C00C «JNIT
05€55'C06135= JSR EXERR
05€56'00€6017 «SYSTV JGET AN OPEN CHANNEL MNUNBER
05€57'C21052 «GCEN
0S€E60'0CEL13S - JSF 8XERR INC FREE CHANNELS
05€61'05011¢€~ STA 2,PTCN
CS€E62'C5C115~- STRA 2,TAPCN
05€63'C20142~ LLDA O,XTVFB 3;0PEN THE DESIGNATELC TAFE UNI1I
1 05€64'C0€017 «SYSTV
05€65'C25077 «MICFC 77
05€66'C0613S~ JSR @XERR
| 05€67'020143~ LCA 0,XTVFS ?INIT. SECCNDARY UNIT
05€70'1%2¢c40¢C SUB 1,1 sPARTIAL INITIALIZATICA
05€71'00€017 «SYSTW
05€72'0040C0 «INIT
05€73'C0€135~- JSR @XERR
05€74'00€017 «SYSTV JGET AN OPEN CHANNEL NUMBER
05€75'C21052 - «GCHEN
J 05€76'C0€135~ JER ®XERR sNO FREE CHANNELS
0S€77'C50120~ STA 2,STCN
05700'C2C143- LCA 0,XTVFS ;OPEN THE DESIGNATELC TAPE UNIT
05701'C0€6C1? «SYSTVN
€5702'€25077 +MTCPC 77
05703'00613S~ JSE @XERR
05704'12€4c¢C0 SUB 1,1
05705'044123- STA 1,PSTF
05706'044117~- STA 1,NPTCN :NM OF RECORD PRINAFY
05707'C44121- STA 1,NSTCN :NUM CF RECCRD SECONDARY
05710'12€520 SUPZL 1.1
05711'C44122- STA 1,NCHN
05712'102000 ADC 0,0
05713'C4CC1€- S1A O,INITL pCASSETTES INITIALIZEC
05714'CC543¢! «KILL
]




‘ $GFT LATE ROUTINE
’.-...--.--.---..

05715'¢54410 GDA1k: STA 3,GDO
05716'006017 «SYSETW
05717'021006 «GCAY
€5720'C06135~ JSR €XERR
057211040076~ STA 0,0RSY DAY
05722'044075~ STA 1,0RS0 3MONTH
05723'05C077~- STA 2,0RS2 YEAR
05724'002401 JMPE €CDO
0%725'CCC000 GDO: 0

JCET TIME ROUTINE

jveevcnnvoecrwannny

05726'054410 GTIME: STA 3,GTO

, 05727'00€017 «SYSTV

g 05730'021003 «GICh

, 05731'00€135- JSR ¢ XERR
05732'040077~ STA 0,0RS2 3SECOND
05733'04407€= STA 1,0RS1 sMIMUTE
05734'050075~ STA 2,0RS0 3HOUR

( 05735'00240C1 JVE $GTO
05736'000C00 GTO: 0

«EXTIN +EIND

«ZREL
CCC74-C77777 XRIND: L.BIMNC
C0C75=-CCC00C (RSCO: 0
00C76=CCCOCC CRS1: 0
00C77-C0C0C0 ORS2: 0




N G S e

«NKEL

j ~ 0074 FMFL15
3SCAN XXXXX RFCORDS CK FILES TASK

j $TASK 1.0, NO. = 16
g $TRASK PRICRITY = 10
’--.-------.-..---.---..-.-.w.-.ni
05737'C2C0C0~SCAN¢ ICA 0,TINPR
05740'1¢2404 SUPR 0,0,S2R
05741'C0C442 JVMP SC7
05742'02C472 LDA 0,S8C9
05743'C0€12¢~ JSReE XWRLO
05744'004451 JSR SCCID ;DECIDF IF FORWARD CR REVERSE
05745'C3C111~ LCA 2,K3 $F RETURN, LOUAD CGCE
05746'020473 LDA 0,SCN 1LOAD MESSACE BYTE PCIMNITER
05747'CCC403 JVF sCH
05750'C30112- LDA 2,K4 §R RETURN, LOAD CCCE
057531'02C471 LCA 0,SCN+1 JLCAD MESSAGE RYTE FCINTER
05752'050464 SC1: STA 2,SCNK  §SAVE CCDE
: C5753'C0¢126€~ JSR €XWRLU :0UTPUT MESSAGE
05754'006100=-SC2¢ JSF €XDBIN ;CCONVERT NUMBER TC BINAFRY
05755'C3C4€0 LDA 2,SCSP
05756'142404 SUB 2,0,SZR ;FINISHED?
05757'00C775 JME SC2 INO
05760'044457 STA 1,SCNN  :YES, SAVE NUMBER |
05761'004434 JSR SCCID sCECICF 1F FILES CF RECCKLS
; C57€62'C2C451 LDA 0,SCN+2 :F RETUKN, LOAC MESSAGE PYTF FOINTEF
05763'CCE12€= JSR €XWRLO ;OUTPUT MESSAGE
05764'000411 JVMF SC3
05765'02C457 LCA 0,SCN+3 ;R RETURN, LOAD MESSAGE PYTE FOINTEF
05766'006126= JSR €XWRLO :QUTPUT MESSAGE
05767'024447 LDA 1,SCNK ;COMRINE VALUES FOR CCMNANL W(EKD
05770'020447 LCA 0,SCNN
05771'10700C0 ADL 0,1
05772'C0€124- JSR €XTVFE EXERCISE TAPF UNIT
05773'C0G41€ JME 5CS $READ AN EQF QR EOQOT
) 05774'00C411 JMP SC4
! €5775'C24441 SC3: LDA 1,SCNK  :GET CCOMMANLC WORD
05776'C06124= JSF @XTVFE :EXERCISE TAPE UNIT
| ; 05777'CCC406 JMF SC4
CE€C00'014437 DS? SCNN JFINISHED?
06001'00C774 JME SC3 sNC, CCNTINUE
06002'000403 JMF sC4
06C03'C2043C SC7: LDA 0,sC8
06004'00612€= JSR@ XWRLO
06C05'024001-5C4: LDA 1,KEYID :YES, ICENTIFY KEYBCARC TASk 10O SYSTHP
CEC06'005552" .TICR
06C07'00613S= JSF@ XERR
‘ 06€10'C05714" LKILL
CEC11'C0€074=-5C5¢ JSF €XBIND 3OUTPUT NUMRER OF RECCRLCS SCANNED
1 06C12'02C420 LCA 0,5CA sMESSAGE BYTE PCINTER
06C13'00€E12€= JSF €XWRLO
06014'00C771 JMP 5C4 IEXIT

ICECICE IF F OR R RCUTINMNE

’ CEC15'C54412 SDCID: SIA 3,SDRT :SAVE RETURN
06016'006103+~ JSR €XGETC 3GET CHARACTER
CeC17'030C411 LoA 2,SDF
| 3 0€C20'1124C5S Sue 0,2,SNR 31S CHARACTER AN "F"?

0€C21'00240C6 JMF €EDRT $YES, RETURN




Uvio LA SR W )

0C022'030407
06023'112404
06C24'000772
06C25'03494C2
06026'001403

06027'C0000Q0 SLKT:
C€C30'0CC1C06 SDF
06C31'C00122 SODR:
0€6032'G14112"SCh:
06C33'C03724"SC8B
06C34'014204"SC9:
06C35'000040Q0 SCSP:
CE6C36'CGCOCQ SCNh:
06C37'C00000 SCNN:
06C40'COCOCC SCNE
06C41'C1413€6"SCN:
06C042'01415¢C"
06C43'0141€62"
06044'C14172"

MRCSN:
06C45'C20122
06C46'C425C3
06C47'047522
06050'047123
06051'C20123
06052'041501
0€CS3'C47116
06C€54'0472504
0€E0SS'CC€e412
06C56'C0C000

MFWD ¢
06C57'043117
06C60'C51127
06061'C4CS522
0€C62'042040
06C63'C0C0OCO

MREV?
06C64'CS1105
06C65'053105
C€ECE6'C51123
0€Ck7'C42440
cecr0'CcCcco0C

MFILE:
06071'C43111
CECT72'C4€1CS
06C73'C51415
0€074'CCS0CO

MRECD¢
06C75'051105
06076'C41517
CEC77'051104
06100'051415
06101'005000

MSCAN:
0€6102'051503
06103'C40516
06104'C20000

LDA
SUB
JVF
LDA
JMF

0

nE

R
2%NFCEN
2%NE110
2%VECAN
L]

0

0

0

2%MF WL
2*FFEV
2%VFILE
2*VMFECC
«TXT

«TXT

«TX1

«TXT

«TXT

+TX1T

2,SDR

0,2,S?7r ;1S CHARACTEKR AN “R"?
SCCID+1 3NO, T7RY FOR A NEW CHAEACTFK
3,SDRT  ;YES, RETURN

3.3

" RECORDS SCANNED<15><12>"

"FORWARD "

"REVERSF "

"FILES<15><12>"

"RECORDS<15><12>"

$SCAN *
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007¢ MELTS

06105'C54417 INILT:
06106'020417
06107'CC4437
060110'13100¢C
06111'02C453
06112'C249451
06113'00€017
0€6114'0210CS
06115'00C403
0€116'C0606€E~
06117'002405

0€120'02C403 DTER:
06121'C0€126-
06122'000764

0€123'002330"MDEKR:
0€124'C0CCCC DTO:
06125'014430"DT:

06126'C5441€ INTIM:
0€127'02C41¢
0€6130'00441¢
06131'121000C
06132'024437
06133'030430
06134'00€017
06135'021004
0€136'CCC403
0€137'00606€=
0€140'002404
06141'C2C762 STER:
06142'C0¢€12¢€~
0€6143'C00764

06144'0C00CC TNMO:
06145'C1447¢"TM;
06146'C54414 INTGN:
06147'C0€12¢€~
0€150'C2C415
0€6151'C0€126~
06152'C04414
06153'044410
06154'C0443C
0€6155'004411
0€156'04440¢6
061571004425
06160'0044CE¢
06161'002401

06162'CCC00C GNO:
06163'C000CC GN1:
0€164'C0C0OCC GN2:
06165'014544"GN3:

o NFEL
PINITIALIZE DATE ROUTINE

’..---..-..--.-.......-.

STA 3.DTO $SAVE KRETURN
LDA 0.,DT sOUTPUT MESSAGE
JSE INTGN $GET DATE

MCV 1,2 sYEAR INTO AC?2
LDA 0,GN2 $DAY INTO ACO
LDA 1,GN1 sMONTH INTC AC1
«SYSTV PSET DATE INTO REAL TIME CLCCK
«SLAY

JVF CTER

JSR €XCRLF

JMF erTo JRETURN

LCA 0,MDERR

JSRE XWRLO

JNMF INTDT+1

MGUST*2

0

2%FLCAT

$INITIALIZFE TIME RCUTINE

ST» 3, TMO ¢SAVE RETURN

LCA 0,T™ $10UTPUT MESSAGE
JSFR INTGN JGET TIME

MCV 1,0 $SECONE INTC ACO
LD? 1,GN2 sMINUTE INTC AC1
LCA 2,GN} SHCUR INTO AC2 (24 HCUF CLCCK)
«SYETV ISET TIFME INTO REAL TIVE CLCCK
+STCC

JMP STER

JSR @XCRLF

JVMP ¢TMO SRETURN

LCA 0,¥DERR

JSFRe@ XWRLO

JMF INTTM+1

0

2*VUTIN

STA 3,GNO

JSF @XWRLO

Lca 0,GN3

JSR €XWRLO

JSF CNDBN $GET MCNTH CR HOUR
§TA 1,GN{

JSR GNSPO

JSR GNDBN IGET DAY OR MINUTE
STA 1,GN2

JSR GNSPO

JSR GNDBN IGET YEAR OR SECOND
JMF 8GNO

0

0

0

2%VSF14

B T P G S Sy C T R PR (N - DU DY E e R
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06166'054414 GNDEN:  STA

06167'006100= JSK
06170'030413 LDA
06171'142415 SUPM
06172'002410 JME K
06173'030404 Leca
06174'142415 SUPR S
06175'002405 JMP R
06176'00C771 JVMF
0€177'CCCC1S BNCR: 15
06200'00077S JMF
06201'002401 JMF
06202'00C00C ENO: 0

06203'CCCC40 BNSP: ¥

0€204'C054405 GNSPO: ST2

06205'02C4¢CS LCA
06206'024405 LCA
0€207'C06126= JSER
06210'002401 JVMF
06211'CCC000 PCO: 0
06212'C14564"PC1: 2%VSFES
06213'C0C020 PC2: 20

MUDAT: .TX1
06214'042516
06215'052105
06216'051040
0€217'042101
0€220'052105
06221'€20040
06222'C4¢€¢517
0€223'C47124
06224'044040
06225'C20040
0€226'020040
06227'042101
0€6230'054440
06231'02C040
06232'C20040
0€233'C54505
0€234'04CS22
06235'C0¢€412
06236'CQ0Cg0qQ
MUTIM: TXT
0€237'042516
0€240'C52105
06241'CS51040
06242'C52111
0€243'0465CS
0€244'020040
0€745'C2C110
06246'C47525
0€247'C51040
0€250'020040
0€251'046511
06752'047125
06253'C52105

J,BANO
EXDHIN
2, BNSE
2,0,5NR
PNO

2, ANCR
2,0,SNR
ENO
GANDBN+1

«=3
QENO JEXIT, EINARY NC, IN

3,P00
C,PO1
1,P02
EXWRLO
€roo

"ENTER DATE MCNTH DAY

"ENTER TINME HCUR MINUTE

AC1H

YEARCIE><12>"

SECONDCIE><C12>"




'1

0078 MELTS

06254'C20040
06455'C51509
06756'041%17
06257'047104
06760'006412
06261'00C000

MSP14:
06262'020040
0€763'02004¢
06264'02C040
06465'020040
0€266'020040
06267'C2C04¢
06470'020040
06271'C0000C

MSPS:¢
06272'C2C040
06273'C20040
0€274'C2000¢0

00100=077777 XDERIN

e

06275'C54405 GETZ:
0€276'C06017
06277'007400
06300'C0€135~
06301'002401
06302'C0CC00C GETC:

06303'054405 PUTZ:
06304'C0€017
06305'C10000
0€306'C0€135~-
06307'002401
0€310'CCCOCO PUTO:

0€311'054404 GTCH:
06312'C0€6103~
0€313'006104-
06314'002401
06315'CC0000 GTCO:

00101-00€311"' ,GTCH
00102«CC€303"',PICH¢
00103-006275"'XCGETC:
00104«C0€6303'XPUTC:

«TX1T Y L

«TX1T s L

<EXTN +CBIN
«ZFEL
+CEBIMN

«NREL

$GET CHARACTER FROM KEYROARD ROUTINE
"........-..--.-.......-.-...-.-.-.
STA 3,GETO

«SYSTV

«GCFAR

JSFR @XERR

JMP 8CETO

0

$PRINT A CHARACTER CN TTO RCUTINE
’-......'.-.---.......----.-.--..
STA 3,PUTO

«SYSETV

+PCHFAR

JSF @ XERR

JMP ePUTO

0

STA 3,GTCO
JSF @XGETC
JSR @XPUTC
JME @CTCO

0

«2FEL
GICE
PUTZ
GETZ
PUTZ
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008BC

MELTS

0€316'054417 WDOT:

«NREL
IWR1TE DATA ON TAPE RCUTINE

L O S SIS

STA J,WDO $SAVE RETURN

PIDENTIFY TASK TC WRITE DIGITIZF DATA ON TAFE

06317'020417
06320'024417
06321'004120C"
06322'00€135~
06323'002412

06324'020113-wWD3:
06325'024105-
06326'107000C
06327'00€124~=
0€330'00207C~

06331'02C002~
06332'101004
06333'002405

0€334'C0e010C"
06335'CC000C WDO:
06336'C15025 wD1:

06337'006324'wD2¢
06340'C04104"'2ZSTFRD:

00105=00C0350 ROLTH:

LDA 0,WD1 3IC AND PRICRITY

LDA 1,WwD2 sTASK START

«TAEK

JSF@ XERR

JMFe WCO

LDA 0,KS SWRITE CATA RECORD CN TAPE

LDA 1,RDLTH ?DATA KFCORLC LENGTH

ADC 0.1 IMAKE CCMMAND WORD

JSE €XTVEE :WRITE RECCRD

JMF €XDONE :ECT ON BACK=UP TAPE UNIT
$CHECK TO SEE IF TEST FINISHED

LDA 0,STOPC

MCV ¢,0,S2ZR

JMEE ZSTPRD

«KILL $TASK CCMPLETE

0

32B7+125

WC3

STEFLC

«ZREL

BUFL JRECORD LENGTH

WCCT

00106=C0€31€'XWDCT:

PR oot s e 4 o) Ea




;;;;;

« NREI
JTAEE VARIABLE FILE 1/0 ROUTINE

I R R R R e

06341'05449¢% TVF1O: STA 3, TVEO JSAVE RETUKN |
06342'020141~ LDA O,XYRUF :DATA BUFFEFE POINTHE
C6343'044470 ST1A 1.TVFE $SAVE TAPE CODE
06344'¢3C115- LDA 2, TAPCN 3LEVICE CODE
06345'006017 TVE63 LSYSTV JEXFRCISE TAPF UNIT
96346'€230171 +MICIC 21
06347'000403 JME TVF2 $ERROR RETURN
06350'034456 TVF1:  LDA 3,TVFO jNORMAL RETURN
06351'C01401 JNE 1,3 SEXIT TC NOKMAL RETURN
06352'151113 TVF2:  MOVLe  2,2,SNC 1S THIS A SYSTEM ERRCR?
063531006135« JSR @XERR  JYES
06354'0444¢61 51A 1,TVFH $NO., SAVE RECORD COUNT
€6355'020452 LD2 0,TVFA
063561143404 ANC 2,0,SZR IS ECT BIT ON?
06357'C00422 JME TVF3 JYES
063601020452 LD A 0,TVFE 3NC
063611143405 ANT 2,0,SNR $1S EOF BIT ON?
06362'000440 JNME TVF 4 INC
J CE6363'020114= LDA 0,K6 PYES

06364'034447 LD A 3,TVFF $GET TAFE CCDE USED
06365'162405 SUE 3,0,SNK ;WAS CCCFE "WRITE ECF"?
06366'0CC762 JrP TVF1 $YES, TAKE NORMAL RETUEN
06367'020111« LCA 0,K3 INC
06370'162405 SUR 3,0,SNR }WAS CCLE SCAN FORWAKRLC FCF'S?
06371'000757 JME TVF1 $YES, TAKE NORMAL RETUEN
06372'020112= LDA 0,K4 INC
063731162405 SUB 3,0,SNR 3WAS CCLCE SCAN REVEFSE ECF'S7
06374'000754 JME TVF1 1YES,TAKE NCRMAL RETURN
06375'C20433 LCA 0,TVFEC 2NC
06376'00€12€~ JSF @XWRLC JIWRITE EOF MESSAGE
06377'02443¢ LDA 1, TVFH :GET RECORD COUNT
06400'00242¢€ JNP @TVFO  JABNORMAL RETURN
06401'024123-TVF3:  LCA 1,PSTF
06402'125004 MOV 1,1,SZR ;ECT ON PRINARY TAPE UNIT ?
06403'000413 JNE TVFS $INC, WAS ECT ON BACK=UF 7
064041030122~ LCA 2,NCHN 3 YES

' 06405'151005 MOV 2,2,SNR 3HAVE A BACK=UP ?
06406'000410 JME TVFS $NG, WRITE EOF MESSAGE
064071125400 INC ¥+3 JYES, REWRITE CN BACK=UE
06410'044123~ STA 1,PSTF 3SET FLAG TC BACK=UP TRAFE
06411'C3012C~ LO» 2,STCN 3MAKE BACK=UP THE ACTIVE UMNIT
06412'050115~ STA 2.TAPCN
064131024420 LCA i, TVFF $GET TAPE CCDE
06414'C20140~ LDA 0,XXBUF $GET DATA BUFFER PCINTEF
06415'C00730 JVME TVF6 JREWRITE ON BACKeUP
06416'020413 TVFS:  LCA 0,TVED
06417'C0612€~ JSR @XWRLO JIWRITE EOT MESSAGE
06420'024415 LDA 1,TVFH 3GET RECORD COUNT
06421'002405 JVE @TIVFO  JAENORMAL KETURN
06422'C20412 TVF4y  LCA 0,TVFG ;OTHER THAN EOT OR ECF 1AFS
06423'006126~ JSR AXWRLO
C6424'006135~ JSR @XERR  JIGNORE RTCS SYSTEV FRECE

b 06425'002401 JNE RTVFO  JABNORNMAL RETUEN

06426'000000 TVFO: 0
06427'0010CC TVFA: 186
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DATE
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0082 MFLTS

0€430'015074"TVFC:
06431'015120"TVFD:

06432'000400
064313'000000

TVFEE:
TVEFE e

06434°'C1513€"1VEGe

06435000000

06436'042516
06437'042040
06440'C47506
€6441'C2C106
06442'044514
06443'C4244¢
064441046501
06445'CS1113
06446'006412
06447'C00000

06450'042516
06451'042040
06452'047506
06453'C20124
06454'C4052¢
06455'042415
0€4S5°'C0c00C

06457'05210C1
06460°'C50105
06461'02010CS
06462'C51122
06461'047522
06464'026040
06465'C4112S
064661052040
06467'047117
06470'052040
06471'042517
06472'043040
06473'047522
06474'020105
06475'C47524
0€476'006412
06477'0CC000

00107=10€000C
00110-11€000
00111=130000
00112-34C000
00113-15¢0C0
00114-160000
00115-00cCccoOC
00116=C00000
00117-cCCcCOCC
00120-00C000C
00121-00C00C
00122=-000000
00123-C00000

TVEH:
MECGE ¢

MEOT:

MTISN:

KO¢
K1
K3s
K4z
K5S¢
K6
TAPCN:
PTCN:
NPTCNS
STCN:
NSICNg
NCHN g
PSTF 1

29VECF
2%VMECT
187

0
28VT1EN
0

LTXT

«TX1

«TXT

«ZREL

100€C0
110€00
1300C0
140000
15000¢
160000

[~ X - -~ NN~

"END OF FILE MARKC15><12>"

"END OF TAPE<1S5><12>"

"TAPE ERROR, BUT NCT EOF OR EC1<15><12>"

SACTIVE TAPE CHANNEL NC.
$PRIMARY TAPE CHANNEL AC,

I1BACK=UP TAPE CHANNEL NC,

SMULTI-TAPE INDICATOR
JPRI-SEC, TAPE INDICMICF

PP IS
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“ 0084 MELIS

06500'054412 RDLK:
0€6501'004412
06502'006130~
06503'006131~
06504'002406
06505'C54405 RDSK:
06506'004405
06507'00€134~
06510'006131~
06511'002401
" 06512'000000 RDO:
06513'054414 RDSU:
06514'040414
06515'044414
06516'020414
06517'126400
06520'00€017
06521'021052
06522'006135~
06523'006127~
06524'020404
06525'024404
065261002401

06527°'C00000 RDUO:
06530'C00000 RDU1LS
06531'00000C RDU2:
06532'015266".T11:

06533'022124
0€534'052111
06535'000000

00125-006500"'XRDLKS

0€536'054412 WRLG?
06537'004412
06540'006132-
06541°'00¢131~
06542'002406
06543°'C54405 wWRSO:
06544'004405
06545'006133~
0€546'006131~
06547'0032401
06550°'00C000 WRO?
06551'054414 WRSU?:
06552'C4C414
06553'044414
06554'020414
06555'1264C0
06556'00€017

«NREL

SREAD A LINE FROM KEYBOARD ROUTINE
jevccanvasvacsecrvonvesencrsesrnsvene
STA 3,RDO
JSR RCSU
JSR @XRVFL
JSF @XCVF
JMP eRDO
STA 3,RDO
JSR RDSU
JSR @XRVFS
JSR @XCVF
JMP eRDO

0

STA 3,RDUO
S1A 0,RDU1
S§TA 1 .,RDU2
LDA 0,.TTI
SuUp 1,1
«SYSTV -
«GCEN

JSR @XERR
JSR @XOVF
LDA 0,RDU1
LDA 1 ,RDU2
JMP @RDUO
0

0

0

o*122

«TX1 "$TTI"
«ZREL

RCLK

«NREL
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ECONOMIC BENEFITS OF AN IMPROVED CONTROL SYSTEM
FOR
TNT MIX-MELTING

I. INVESTMENT COSTS
A. Manufacturing Technology Development Project Costs.

Labor, Equipment and Testing $266,000

B. Typical System Component Cqsts

Item Purchase Cost Installation Total Cost
1. Torque Meter $ 2,600 $ 1,500 $ 4,100
2. Thermal Energy
Calculator 5,400 2,600 8,000
3. Stripchart
Recorder 1,200 850 2,050
4. Mini-computer 15,000 4,000 19,000

II. SAVINGS

The project was initiated not as a cost savings measure but as a
necessary part of an overall, directed, cost effective modernization of
the bomb loading facility at McAlester Army Ammunition Plant (formerly
Naval Ammunition Depot McAlester). However, co§t savings will occur and
will come from at least 3 sources.

A. Peace Time

1. Batch Monitoring System

Improved batch control could lead to reduced batch times and a resulting
increase in plant output. A ten percent reduction in batch time (considered
conservative since actual test data demonstrated 40 percent to be possible)
would reduce end item costs by $1.83 for each Mk 82 bomb produced.
Considering a peace time buy of 25,000 bombs per year, the gross cost

savings woula be 545,75./year. Using an investment cost of 514,150 for eauip c-
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it would take the loading of only 7,700 bombs to obtain a pay back.

2. Semi-Automatic Batch Control
The reduced batch time nlus elimination of the cap-off operation be-
cause of reduced explosive shrinkage could yield savings of $56,750
per year based on 25,000 bombs per -year. Using an investment cost of
$33,150 for equipment, it would take the loading of 14,600 bombs to
obtain a pay back.

3. Automatic Batch Control and Material Feed
The elimination of three kettle operators plus the elimination of the
cap-off operation at McAlester "A" Plant would result in an estimated
yearly cost savings of $26,984 for 25,000 Mk 82 bombs. Computer sys-
tmes in the present "A" Plant control network would be used for mix-
melt control. Using an investment cost of $14,150, pay back would
result after 13,10C bomts are loaded.

B. War or Mobilization Savings
The real purpose of any bomb production line is to support

war efforts., Therefore savings must be considered for these conditions.

.Production cost savings using a yearly estimate of 780,00 bombs would

amount to the following based on the sophistication of the system used:

1. Batch Monitoring System $1,427,400
2. Semi-Automatic Batch Control $1,770,600
3. Automatic Batch Control $ 841,900

C. One time accident prevention savings due to the elimination
of lafge scale testing programs to determine quality could amount to over
1 million dollars. . Cost savings from the reduction or elimination of

the hot probe process for casting TNT loaded Army projectiles would

amount to much more than can be obtained in bomb loading. This is du-
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to the numbers of people and projectiles involved and the extensive

time required to perform the multiple-step probe method.
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