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ABSTRACT

• The results of a successfully completed NAVS [A sponsored

Manufacturing Technolog~’ project are reported. The project was

carried out by the Nava l Ammun iti on Production Engineering Center

(NAPEC), NAVAM PROENGCEN Crane, Indiana in connection wi th the modern-

Ization of the bomb l oading productiQp facility at McAlester AAP

(formerly NAD McAlester). The program objectives including identif i-

cationof the parameters governing the mixing process for explosive

loads and the develoDment of a full-scale automated eouioment system

necessary to demonstrate the new technology in the mixing of tritona l

were accomplished . The new process provides a more uniform product,

increased safety and economic benefits.
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I. IN~RO0UCTIO~L

Tritnitrotolu ene (TNT) based cast explosives have been used for filling qen-

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 -

S

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

B, 0—2 wax , calcium chloride , and a powdered aluminum , and (3) Miriol II -

mixture of ammonium nitrate , TNT , a~d powdered aluminum. The preponderance

of bombs was loaded with tritonal.

The technology for mix -melting TNT based explosive s has changed little

since World War II. Larger melt kettles and reduced batch times through

elimination of pelleting and incrementa l filling have accounted for the

bulk fo the improveti~ents. Material handling , including cnarging the ket-

tle , is still performed with manual labor . Contro l of melting, with steam

at a maximum of 15 psi (10 psi for tritonal), is also in the hands of the

operator.

The moderniztlon of Plant “A” at McAlester AAP and the desire to provide a

historical record of batch quality have made it essential that improve-

ments be made in the process control of mix -melting. Plant “A” , when corn-

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

explosive ingredients to and into the mix-melt system. The control of mi x-

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-

istiny casting plants require a means of controlling and recording the qual-

ity of an explosive batch for later use.
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The purpose of this Manufacturing Technology Program is to develop

the full scale equipment and the process by which both the Plant “A”

and existin g 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 .
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II. THE TRITONAL PROBLEM

TNT composes at least 5O~ of any of the explosive fills currently put

in conventional bombs. TNT becomes mol ten 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 8O~ TF~T and 20% finely powdered

aluminum (lOO ~ passes 40 mesh screen). Thr 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 l i qui d. Thi s stra ti f i c a t i on , i f i t  occurs in  the ket t le ,

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

knowl edge of steam energy addition versus material addition versus the

vis ible properti es of the m i x , 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 variabl e specific heat from .328 cal/gm/degree C. to .374

cal/gm/degree C. between ambient (20 degrees C.) and its me ltinq

tempera ture (80 degrees C.)*. For test purposes, Table 1 shows the

specific heats in BTUs per pound per degree C.

*AMCP 706-177

3
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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,grp or 40.21 BTU/pound. *

Fi gure 1 shows a p lot of the ther mal energ y re qu i re d to ra i se one poun d

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 , canno t

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 ra i se 2,400 pounds of TNT flake from 20 degrees

C. to 79 degrees C. and to melt various percentages up to l00~

* IBID
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Table 2

Percent of material mel ted @ 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 mel t to the lowest

possibl e percentage for successful i tem 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.

L
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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
4 *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 50#/ft3. The mix -

melt process first converts the flake into a thick slurry and eventually in-

to a thin liquid when l0O~ of the flake is melted . Based on the volume of

the exi sting kettle and the volume of material in the kettle when fully

charged , about 5~, of the tota l volume can be air voids between the f1ake

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 lOO~. The density of cast tritona l is ap-

proxima tely l.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
**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
S

The flow characteristics of TNT, like the density, are a function of the liq-

uid to solid TNT ratio present in the mix. The formula for viscosity is

Log x = .O46S + 1.26* where S is the percent of solids in the mix. Figure 3

illustrates the dramatic decrease in mix viscosity that takes place as more

TNT is melted . The viscosity of the mix is almost three times higher wi th

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

I

I
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III. 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 comercial 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 Eng i neering 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 .
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4. An agitator shaft mounted torque measuring system using strain gages

and a radio transmitter . 
-

•

A ij.mun.i ray den’. i ty it icasur 1mg dcv ice used In india ’. ry In illea’,lire Hill le —

r ial  such as paper on a continuous basis. A simi lar 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 materia l handling sys-

tern and determine a parameter measuring system , or number of systems,

tha t could be used for automati c batch conL ’ol . Consistency of equip-

ment response and durability in a production environment were two major

guidel i nes for evaluating new equipment.

C. PHASE II

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 . Addi tional explo-

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

• 12

‘I
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Phase I supported it. Phase II also included procurement of equip—

nient to provide an automatic equipment base for Phase III testing .

0. PHASE III

4

This phase i nvolved full scale testing using the mm -computer to control

material addition to the kettle , to control heat energy addition and to

signif y batch completion when the material had reached the desired con-

dition. Phase III was considered a provin9 ground for determining equip-

ment performance and reliabili ty .

I
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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 smooth regulated material flow

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

of the fol l owing components :

4
1. A 3000# capacity steam (hot water capable) jacketed stainless steel

melt kettle with heated calandria , agitator , and lid.

2. A 30 HP , two speed elec tr i c motor equipped w i th reduction gears sup-

plying 59 or 39 RPM and 2000 ft-lbs of torque.

3. A 1 2” wide totally enclosed conveyor belt.

4. A 15 cubi c foot ca pac ity bulk TNT feed hopper w i th v ib rated output

and automatic operation controls.

The melt kettle se lected 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 wi l l provide the melt capability for the

• McAlester “A” Plant . Fi gure 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.
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Heat is supplied by steam at a maximum pressure of 15 psig (10 psig for

tritonal). The maximu m 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 val ve in Phase III. Steam to the ca landr ia ,

kettle lid, and agitator is suppl ied separately since these parts are

heated primari ly to prevent explosive buihi-up. Controls for these are

manual as shown in Fi gure 6 . TNT , during all phases of the tes ts , was

loaded through the 8” diameter Port B (shown on Figure 4). Aluminum powder

was added manuall y through Por t A during all Phases . TNT was conveye d to

the kettle by a troughed belt which is totally enclosed within a fabricated

housin g. All bearings are mounted outboard for safety and simplified main-

tenance . This convey ing tec hniq ue dupli ca tes , in  a l a r ge par t , the system

to be employed at “A” Plant. The angle of carry is , however , considerably

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 i s st i ll consi dered suf fi c i ent

regardless of limited drawbacks to provide the desired test parameters.

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 f lake 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
I

_____ _________ ________ _________________— ~~~~~~~~~~~~~~ — --. 2W. -_ •. - ...•_ -

— . i~~~ -~~-~- ~~~~~~~~~~~~~ ~ TTTL 
— • -



_ ~_— --f- - - - -—-..- -~~-. - - - -- - -_ .  -- -- - - - - . -  

4 
-

‘V I .
. 
_ _

- .11
~~~~~~~~ :~ ~~~~~~~~~‘ E~~~~~

- ~~~~—

_
_

_ 

I; ,.

_ _  ~~~- — _. w~~~~~~~~~~

~~~~~~ ~~~~ -,~~~ I , -

;j ;j~~ j~j

Ficij re 6

18

I..

_~~~~~~~ . : _ ._._ ::_- — - - ---~.



_ _ _  - - - _ - - - —~~~~~~~~~~--- -
~~~~~~

— 
I7U ~~~~~~~~g

1

f

--

‘

P

. 

.

,. .

~
JI 

-.

9 , ’  ‘,N•

• . 
- FIgure 7

19

4I- . - - • - . - S.• -.——.’. • - ~~~ ~~ -

L — .- — - -- -- — - - - -  — ~~~~~~~~~~~~~~~~~~~~~~~~~~ •.•.-~~~~~_ --- — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - •



— 
-

~~~~~~~~~~~~~~~

- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• - ‘ 

I

- 

~~

• .•

~~ 

- ..l~~~~:J~_ _.ai
‘a. - — 

—
~i!ir 

4~ —
_=_.p1

’

Figure 8

20

I’

t ,
S ~~~~~

-- - — -  .—- —— ——- ----- -—• - — — - ——-•—- -—---———- — - -

I- - - - • - I —• —— -. — •



r

p

. I.

Flgure 9 ~~~.. ~~~. . 1
...~~~

I

21

.4

L ..~~~~~~~~~. . 
-

~~~~~~~~ 

-. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-  ~~~~ . .  -



-• • •~ 
~~
- . - -

•

- - -

servicing . Figure 10 shows the interior of the hopper including the anti-

bridge plate designed to prevent TNT from clogging the discharge port .

Fi gure 11 shows the conveyor discharge chute into the kettle.

B. AG ITATOR MOUNTED TEMPERATURE SENSING SYSTEMS

Existing melt operations have always been hampered by lack of ininediate

knowl edge of the material temperature during the batch cycle. The use of

hand held thermometers has sufficed when temperature was a necessary param-

eter fcr material acceptance. Accurate temperature sensing on a continued
I

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 limi ted 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 genera l 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 5 (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. Fi gure 15 lists the specifi-

cations for equipment used and a diagram of the antenna instal lation .
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Specifications 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _Accuracy ’~ ±0.25%

Linearity ’ -~ 0.10%
Repeatab~liIy -0.01 %
Normal Operating Temperature Range: 1 5’~Rotary Components . .. . . . . .  Oto 10O~C

Stationary Components .. 0 to 5O~C
Strain Frequency Response

(Approximate) DC to 1 kHz
Bridge Excitation (supplied by I-—--.

rotary module) 6 VDC >1

Maximum Centrifugal Acceleration 15000 g 1.5

Maximum Rotational SpeedS 15,000 rpm
Dimensions of Rotary

Microcircuit. ... .. 1.5 in. long x .5 in. wide x 

.

Dimensions of Readout 2.64 x 3.0 X 1.70

Unit: 11 in. long x 11.1 in. wide x
4.7 in. high

Sensor lnput i t o 4 strain gages in 4-arm Typical Installation Clearancesbridge configuratton
Minimum Strain Gage Resistance 3500
Maximum Sensitivity (strain required

for full scale deviation):
350o, g.iqc~ factor 2 175 1Lin . / i n .
1 ku, gage factor 2 500 ~in./in. 0.4%

Output Mvt ’r Analog or Digital
Recorder Outf ut - 0 to 5 VDC
Recorder Output Imped ance 1000
Pov.er Reniiiienients: .115 Vrms , SO lo 1000 Hz , 03%

100 VA
5OO~ in/rn full sca le ,
53 C ni~.xim’j m ml1~~ it IJ r ( .  cha’ige 0.7%

- 
.•

. - 

25C SOC 75 C

Ambient Tcmporature 
- - - - -  - .--- ~-• .  I. - _______________________

U.1p:ay Unit Typical Tcrnpcratuao Stability of flotary Modulu

Figure 15
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Figures 16 and 17 show the actual antenna installation . Though tempera-

ture is considered the least desirable means to control tritona l batch

conditions , knowl edge of temperature gradients existing in the existing

melt kettle was considered hi ghly desirable . Unfortunately, the sersing

system was damaged during the change out of calandrias and it played no

part in the mix/mel t tests. The contribut ions 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 v iscosity on a continuous basis. As shown in Section II , 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 instal lat ion 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 signa l output to that representing shaft strain at one (and only one)

po in t  in  the rotation cycle. The open i ng and closing of the switch trig-

gered the data compiler . This was done to remove cyclic strain caused by

eccentric movement of the drive line. 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 . Th is counter-rotational force

was measured by the strain gages and recorded as a function of the ma te-

ria l viscosi ty .

I
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0. GAMMA RAY DENSITY MEASURING SYSTEM

As shown in Sect i on II, the dens i ty of TNT based explos i ves at any po int

in the molten state is a function of the me~ted to unme l ted TNT ratio

an d the amoun t of en tra pped a i r . The hig her the percenta ge of entrapped

air , the lower the dens i ty of the melted TNT . Li kewise , the higher the

percen tage of mel ted TNT , the l ower the density . A means of measuring

these density changes in the test kettle was the intended function of the

gamm a ray densitometer purchased from Industrial Nucleonics Corporation

of Colum bus , Ohi o. The hear t of the system is  a 4 cur i e, cesium-l37

source whic h emit s gamma rays through the material whose dens ity i s to be

measured . As long as the thickness of the material being measured is

known and kept cons tant , its density will be inversely proportional to

the amoun t of radiation reaching a sensitive receiver located on the op-

posite side of the samp le from the source. Fi gure 19 shows the source

and it s con trols as mounte d on the tes t ke tt le . Figure 20 shows the de-

tector head in place on the opposite side . Figure 21 shows the total in-

s ta lla ti on . Two 4” diameter tubes were wel ded 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-

ven t leaka ge of steam. Limitin g the ferrous metal i n the beam path im-

proves the efficiency of the density measurements. The source is equipped

wi th a samp le p la te , equal i n density to 20 i nches of TNT , whi ch 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 0 to 15 psi and is converted to an elec-

t r i c al  si gnal for ana lysis and recording.
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E. THERMA L ENERGY INPUT MEASURING SYSTEM

As shown in  Section II , the quantity of TNT that is melted in a batch is

a function of the therma l energy provided by the steam. Knowledge of the

i ncoming material temperature , the amount of material , the percent to be

melte d , and the heat losses throu gh radiation and convection can be used

to determine the therma l energy required for a desired batch condition.

Measurement and control of the BTUs used c~n a lso  be a means to produce

a desired batch condition . The test kettle was equipped with a Westing-

house BTU calcula tor des igned for steam flow . The calcula tor i s based

on the determ i nation of steam flow by measurin g the differential pres-

sure across a res trict ion such as an orf i ce p la te. Flow rate i s pro por-

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 Fi gure 23) consists of (1) a hollow

• ring sensing element ba l -3nced 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 critica l , and a partition at the top separating the high

and low pressure connections. A differential pressure across the parti-

• tion wi l l  produce a torque on the ring causing it to rotate on its ful-

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

I
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torque produced by the cal ibration spring on the push rod . The “S” shaped

pressure connections to the ring elimina te 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 lirt-

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 pi ped to a remote control room ,

converted to BTUs per hour , and recor ded. An electr i cal s i gnal i s also

generated representing BTUs per hour and sent to the data acquisition sys-

tern. 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 ma de usefu l , a data acquisition system was used . This system was avail-

ab)e in Phases 1 , 11 and Ill for scanning and record i ng data outputs and

additionally for controlling the process in Phase III. A mini -computer

was used to condition the signal outputs . The fol l owing is a list of the

major equipment used :

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

40
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6 . Digita l to analog interface

1. 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 , In d iana , provided data acquisition assistance. This assistance in-

cluded the development of programs to control the taking of data , proces-

sing the data and making hard copy of the resul ts , programming the system

for batc h control , and providing assistance in developing equipment inter-

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

1. The -ab il ity 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 al lows re- -

pea ted ana lyses at vary ing levels of intensity .

4 . It provides a means to reduce , a n a l y ze, and p r i n t  out data rap id ly to

al low for adj ustments in the system during the tests.

5 . It al lows for introducti on of additional inputs (i.e., kettle opera-

tor , additional sensors) as required .

I
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PHASE I TESTS

The instal lat ion , checkout , and calibration of each sensing system re-

quired considerable time and effort. The kett le was f i l led with water

and heated in order to calibrate the temperature sens i ng 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 Incorrectly when purchased

in ~~~~ the kettle lid , drive shaft , and bearings were temporarily re-

noved and replaced . This unforseen maintenance required disruption of

the temperature sensing radio transmitter/receiver. Due to the nature

of the wirin g that had been factory installed in ttc agitator , the dis-

n ant lin g of the kettle upper works disrupted the continued retrieval of

cons istent data from the temperature sensors. T he dec i s i on was ma de not

to seek correction of the damage due to time restrictions and the low

priority of the system when coripared to the other equipment.

Several preliminary test batches were made using 2,400 pound; of TNT and

600 pounds of aluminum pewder to deter m ine any short comings. Material

was loaded into the 18” diameter ma in kettle port (shown in Fi gure 26).

After these tests , it was determined that corrective action was needed

to eliminate minor problems with the torque meter and BTU L~l:ulator .

Full scale tests were undertaken after the equipment def ici -~nc i es were

correc ted .

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

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

duce or remove l umps 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-

i num boxes .

• 3. All materials are stored in Building 4~6 overnight to normalize tem-

pera ture .

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

m inute .

6. steam is turned on to the kettle jacket , lid , calan dr i a , and a gi tator

for preheat.

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

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

a “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 .

1 1 . The conveyor is turned on.

S

12. The TNT metering system is set and actuated .
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13 . TNT enters the kett le .

14 . Al. powder is added through main ket t le  port .

lb . Steam i’ turned off  ket t le jacket , l i d , 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 , sa mple i s

removed .

18 . When all material is in the kett le , 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 . Explos ive  material is emptied from kettle and disposed of by burning .

21. The data acquis i t ion system is instructed to terminate the test batch .

The l imited ava i lab i l i t y  of TNT for testing, the large quantity required

for each test , an d t he nee d to di spose of the batch by burn i ng requ i red i n-

tensive information gathering from as few tests as practical. Three full

scale  tests were thus run an d the resul ts anal yzed.

Tritonal Test Batch 1

The batch was comprised of 2 ,400 pounds of TNT and 600 pounds of AL powder.

The TNT was no t screened for lumps pr ior to i ntroduct i on i nto the mater i al

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 1 Eve r t Sequence

1~ r~o v c m t e r  ~ 
() ~~~•

( In ~“ inute’~)
patch Tim e Rea l Ti m e Lvent

0 1312.00 TNT addition begins. Agitator on high speed

9.00 1321.00 Steam turned off to jacket

33.00 1345.00 TN T added through kett le port as hopper has clogqn : -

Stean on.

12.00 1354.00 Stear off  to ,j~ cket

44.00 1356.00 ~ tt 1ar on to jac k et fnr 20 shconds

50.00 1402.00 Steam to calandr ia turned off

54.00 1406.00 Batch ready for use

58.00 1410.00 Steam on to jacket

nO .00 1412.00 Steam off

65.00 1417.00 Steam on

66.00 1418.00 Steam off

73.00 1425.00 Steam on

74.00 1426.00 Steam off

78.00 1430.00 Material dropped from kettle

• Figure 27
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included the torque meter , dens i tometer , 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 a1~ minum powder being added which

reduced the liquid TNT quantity . The same condit ion occurs between points

(c) and (d) as from (a) to (b). Aluminum powder was added at point (d).

TNT clo gged the hopper outlet prior to poi nt (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 wi th-

out a change in “gain. ” Data was retrieved directly from the tor que meter

amp lif ier (no tape record available) which has shown torque outputs exceed-

i ng seven vol ts . The same pea ks and val le ys as found earl ier exist dur i ng

tie 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 d ro pped from the ket t le moves stead i ly downwar d . 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-

i ng f ive vol ts whi ch excee ds equi pment ca pabi li t ies. The sam p le with drawal

caused the densitometer to give readings of zero for the next 40 minutes
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(show n by period (2c ) ) .  Density readings were made for the next 40 mm-

i i t es  dur in g per iod ( 2 d ) .  The jump to point (2e) was caused by reinser—

tion of the sample as the kett le was being emptied.

The BTU calculator plot is shown on Fi gure 30. The period identif ied as

(3a ) corresponds to the initial steam usage through the jacke t and the

calandria. Points (3b) , (3c ) , (3d), and ~3~) represent steam flow for

short periods of time . Act ual readings lag approxi matel y f ive 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 sat isfactor i ly  until lumps in the

unscreened TNT forced abandonment of the system. Material feed rates in-

to the kett le are below those experienced in exist ing plants. A reduced

test ba tc h time is essenti al to an uninhibited evaluation of the equipment.

The torque meter provided the best evaluation of ba tch conditions wi th

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

• al information during the pea k torque periods wi l l  have to be obtained by

decreasing the sensit ivity of the unit. Materia l viscosity , as measured

by the exist ing agita tor , is inf luenced by the intermittent addition of

s team to the jacket. This steam addition wil l  cause a liquid TNT layer

to be crea ted between the ag itator blade and the kettle wal l. Torque de-

• creases rapidly for a short period of time until unmelted TNT can be mixed
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i n from the center of the ke ttle . Overall mater i al v i scos ity as measure d

by torque i s not altered appreciably by small steam addi tions. The den-

si tometer provided no usefu l data during the crucial batch period . The

sensor i s sa tura ted for an excessive per i od of t i me after the samp le i s

removed . Considerable effort must yet be applied to obtain a workable

sequence .

The BT U calcula tor prov ided informa ti on as to the hea t energy inputs dur-

ing the batch . Ta bulated i nformat i on indic a tes tha t there is a response

lag between steam valve actuation and ca lculator ver i f i ca t ion . This may

be due to the design of the ring balance . T he c a l c u l a tor i n di ca tes a re-

• turn to zero when steam flow is turned off. Fa i lure to zero had been a

prob lem before condensa te reservo ir s were i ns talled .

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

accura te anal ys i s of the da ta .

Tritona l Test Batch 2

The batch was again comprised of 2400 pounds of TNT and 600 pounds of

alum i num powder. The TNT was lOO scr eened by hand and a l l 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. Fi g-

ure 32 shows the torque profile for the entire batch. Discounting any

changes in data recovery , tne 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

54
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Batch 2 Event Seq uence

17 November 1976

I T~ ’ ~~~~~~~~~ ~
Batch Time Real Time Event 

____

0 1006.01 Start kettle preheat and computer
6.24 1012.25 Agitator jogged
7.59 1014.00 Liquid TNT added to form heal
9.49 101 5.50 Conveyor started
9.59 1016.00 Agitator started
10.29 1016.30 TNT material enters kettle
18.00 1024.01 Change in torque meter gain control downward
18.30 1024.31 Four cans of AL added

- ‘  21.50 1027.51 Densitometer set on collimator
22.59 10 29.00 Four cans of AL added
23.14 1029.15 Conveyor reset for 10 cycles
25.00 1031.01 Change in torque meter gain control downward by 201
26.05 1032.06 Steam off to jacket
28.32 1034.33 Ten additional cycles keyed in
29.35 1035.36 Steam on
30.05 1036 .06 Steam off
32.03 1038.04 Steam on
32. 19 1038 .20 Steam off
32.59 1039.0 TNT addition stopped
34.00 1040.01 AL added ( two cans)
34.35 1040.36 AL powder addition completed
35.32 1041.33 TNT addition continued
35.59 1042.0 Heat off cala ndria
37.59 1044.0 End of TNT addition
38.15 1045.16 Final AL powder added
44 .44 1050.45 Batch certif ied usable (thick mixture barely f lowable)
68.29 1114.30 Batch considerable thinner but sti l l  usable
93 .59 1 130 .0 Batch continues to thin , but stil l usable

193.59 13 10.0 Batch nears stabi l izat ion and i s dropped from ket tle

• Fi gure 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 kett le from

the conveyor coninenc ing 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 caused by the melting of TNT ex-

ceeding the feed rate of unmelted to maint ain the high viscosity . The

area from point (e) to point (g) was a steady rise in torque due to a

cons tant feed rat2 of TNT . The drop at (f) was a second change i n  the

ga in control. The drop at points (g) and (h) was due to momentary ad-

ditions of steam to the kettle jacket. The drop marked (1) was due to

the stoppage of TNT addition . One hundred pounds of alum inum 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 , lid , and agita-

tor . Point (n) corresponds to the completion of TNT addition and the

loading of the last 100 pound s of alum i num powder . The ba tch was cer-

tified usable by the operator at point (0). The torque dropped rap idly

after point (0) 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-

tuna tely, 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 natura l taper
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olf 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 addit ion to the kett le 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 :teani to the calandria , lid, 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

tes t ba tc h was carr ied ou t i n a smoo th conc i se manner w i th no sur pr i ses or

unfore seen even ts to mar the test results.

Ma terial handling equipment operated successful ly throughout the batch.

The hand screening of the TNT proved to be the solution to the clogg ing

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 , c o n c i s e  i nforma ti on as to the

minute by minute condit ions in the kett le --response is excel lent.  Changes

in equipment sensitivity or “gain ” were required but were well documented

and made l i t t le  influence on the results .

The dens it ometer con ti nued to p rov i de no da ta during the cruc ial part of

the batch .

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

sponse considering its desi gn. The only apparent flaws in output can be
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explained as observer error in the taking of event sequence data . The

intensity of ac t i v i t y  during a test makes observations suscept ible 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 .

Tritona l Test Batch 3

TNT and aluminum powder quantities for batch 3 were screened and wei ghed

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 tha t steam addit ions could cause false indications of total

batch q u a l i t y . C o n s i d e r a b l e  e f fo r t  was expended to bring the densitometer

on -line . Figure 36 contains the sequence of 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 ag itator. The chan ge at po i nt ( b ) was du e to

a change  i n  “gain ” . A plot of the f i rst  102 minutes is shown on Fi gure 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 c o n c l u s i v e  s i n c e  a

c rus t  of unme lted  TNT developed above the ag itator 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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Catch 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 , ca l and r i a , an d agi t a to r
30.00 827.02 Closed densitometer source , turned to coll imator
34.48 831 .50 Liquid TNT added for heal
35.58 833.0 Conveyor on
36.18 833.20 TNT addition con~iiences
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
60.08 857.10 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 wi th 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
77.38 914.40 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

Fi gure 3€
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Ba tch 3 Event Sequence (Continued)

19 November 1976

(In Minutes)
Batch Time Real Time [vent

102.28 939.30 Steam on
102.48 939.50 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
l~ 2.48 1029.50 Steam off, sa m p le ta ken
162.28 1039.30 Steam on
162.48 1039 .50 Steam off
172.28 1049.30 Steam on
172.48 1049.50 Steam off
183.28 llW .30 Drop starts
204.58 1122 .0 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 Fi gure 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 onl y indicates the relative response of the unit to different mate-

rials being placed in its beam path. All möteria ls 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 tha t 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 void.

Tes t 3 Evalua ti on

Test 3 proved the most troublesome of those undertaken. Problems with batch

a g i t a t i o n , the BTU calculator , a nd 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 dra i ned . This decrease could be used to si g-

nal an automatic system when the kettl e is empty without secondary l evel con-

trols being required .

The densitoma ter performed badly and needs extensive work before data can be

obta i ned for comparison with the other systems.

The BTU calcula tor failed in the test, but that failure could be the resul t

of set-up error.
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ftc following conc lusions were drawn after analysis of Phase I test. data

and compar ison wi th  the requirements outlined for the program :

A . Equipment systems instal led in Building 456 at NWS Yorktown are

equal to , or better than , any now installe d at existing production

plants. Further , they duplicate , as close as prac ti ca b l e, cond itions

experienced in exist ing plants.

B. The temperature sensing system , as installed on the kettle ag itator ,

is not practical in a production environment . With extensive modifica-

tion , it could be used to analyze batch stratification under experimental

c o n d i t i o n s .

C. The agitator mounted torque measuring system is an ine xpens i ve , rel i-

able , and responsive sensing system for determining batch conditions and

is considered the best candidate for controlling an automatic system.

D. The gama ray densitometer will require further modifi cation 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 usa ge rate . With the addition of a rate integration program in

the mini -computer , the BTU calcula tor i s cons idered the secon d can did ate
• for controlling an automatic process.

F . A m inimum 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” .

Ii. A second hopper , previousl y 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 signifi cant input to

the torque meter .

The following conclusions have been drawn concerning the a~~licatio n 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

coul i provide a permarlent record of batch quality .

B. The BTU calculator used in conjunction with the torque meter could

provide the best aid to batching by al lowing the kett le operator to work

within a specified envelope of tota l therma l energy input to the kettle.

The torque meter would confirm the batch to batch val idity of the enve-
• lope by measuring the batch viscosity . A permanent record of both out-

puts would be avai lable .

•
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V I I . PHASE II TESTS

It was the original intenticn of the mix-melt program to schedu l€ 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 dispo sal , Phase II tests were not

carr ied ou t separa tel y from Phase I. The data generated in Phase I

was analyzed and conclusions were made regarding Phase  I I  suitability .
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1 1 1 1 . PH A SE 111

A . I N T L R M L U I ATL TE ST S

~ne data from Phase I tests  was ana lyzed  in  ori~r to determine what addi-

tional elements would be required to allow the mini-computer system to be

programmed for automatic control . Much of tt-ie data acquisition to date

n~d been by manual means. It was determined that , i n order to con trol a

hatch , information such as steam pressure and material feed status would

n~ ve 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 ~he automatic control tests proceeded in-

dependently . The onl y 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 col l ec-

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 like a single -point reading, was then used by the com-

puter for control purposes.

t ach 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 l ow-

limit.
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13 . EQUIPMENT ALTERATIONS

Fol lowing the intermediate tests , changes were made to the equipment to

allow computer control of the mi x -melt cycle. These changes , by equip-

went systems , were as follows :

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 lid were left under manual control since their heat (used only

tor the purpose of preventing explo sive buildup) was small in comparison

with the heat of the jacket and calandria. Both valves are of the air-

operated , spring return type . T he opera t in g a i r i s con tr o l l e d  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 si gnal is picked up

by the mini-computer for processing .

2. A pressure transducer was installed in the pneumati c control line ac-

tuating t u e TNT feed hopper. The output si gnal is picked up and processed

by the mini-computer to allow recording of the material increments being

fed to the ket t le . The signal is a lso used to tri gger portions of the auto-

inatic program .

3. The n iini - oniputer was reprogrammed to operate the mix -melting equip-

went using information from all of the previously identified systems . In

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

nels to allow the computer to print operating commands as necessary and
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also print the ba tch parameters every minute without a si qn i f icant dis-

crepancy caused by the time delay between data retrieva l an~ rintout.

A detailed description of the finalized software program is included in

Sect ion IX.

C. BATCH SIMULATION

The program as developed by NAVWPNSUPPCEN Crane Applied Sciences Depart-

• 1 ~’!1t (AS D) was checked for errors by cou pling the mini -computer to a mas-

‘er ~~~ uter. The master computer provided the data element inputs de-

rived from pr evious batch tests. The mini-computer was then reinstalled

in to  the equipment system at ~!PNSTA Yorktown , Building 4~u , for the final

live tests.

D. FINAL TEST SERIES

The final -proof tests consisted of three test ba tches with exp losives and

one si iii ula ted test using computer control. The batches consisted of 10 in-

cremenN, and the same total explosive weig hts used in all the previous

test~ . The tNT and aluminum powder feed procedures were established to

i~ hieve tota l material inp ut within 10 minutes of the first material intro—

duction. The computer program controlled the therma l energy input and gen-

erated m essages for the manual control of material feed . The program al-

so was designed to assess  the condition of the ba tch using torque or den-

sity conditions and indicate “Ba tch Ready ” by the appropriat ’~’ system. The

• r u l u t e r  program was designed to record al ba tc h condition data even if

batch control was relinquished to the kett le operator because of a control

system ma lfunction. A review of the batch and computer control results is

as fo l lows:
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1. Test 1 data is shown on Figure 42 . The first spike on the therma l energy

plot is indicative of the heat required to bring the kett le to maximum allow-

able temperature. An inadvertent delay in the start of the batch occurred be-

p. tween the Minute 7 and Minute 35 mark . This delay was responsible for the

~
- teady use of therma l energy even though no material had been added until 36

minutes into the test . A sha rp  inc rease  i n  ~iergy usage can be noted after

the introduction of the first material. This usage continued until Minute 53

when the steam was tu rned  of f . The plot of torque shows an initial spike

• when the agitator was started around Minute 6. The tc- iue increased sharpl y

with the incrementa l 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 in i t iat ing 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 Fi gure 42. Later

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

resulted in the conclusion that a negati -ie value produced by the densitometer

at Minute 36 caused the program to shift to an incorrect address and subse-

quentl y relinquish the control as planned if an emergency should occur. The

negative val ue , 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 tne negative value correction , the program was altered to corre ct any

problems made possible by an extended preheat time as experienced in Test 1.

The original program was desi gned to accumul ate ther mal ener gy con ti n u a l l y
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from the start of the preheat. Because of the decision points bu ilt into the

program based on energy usage , the program was altered to inc lude a BTU cal-

culator value reset to zero when the agitator is started .

p. Test 2 data is shown by Fi gure 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 too 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 sat isf ied that the torque reading had stabi l ized after the start of the

agitator and the command signa l from the computer had not been g iven to start

ma terial feed . Consequently , the automatic control sys tem aborte d and onl y

recorded data .

3. A simulated test was scheduled to check the changes in the program.

Therma l energy and torque values were s imulate d w i th a s ig nal generator ; all

other signals were reproduced by operating the equipment in “dry cycle. ” Fig-

ure 44 s hows a pr i ntou t of the resul ts of the s imulate d tes t. All parts of

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

then sc heduled .

4. Test 3 data is shown by Fi gure 45. A ll operations were successful ly

performed under computer control up to a point 22 minutes into the batch

cycle. At tha t point , the tota l energy used exceeded the BTU limit for con-

tinuous s team appl icat ion 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 therma l energy input cou ld not keep up wi th the material being

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

eight increments .

5. T he conclus i ons drawn from the fina l tes t ser i es we re a s fol lows :

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 th c  batch and report accu-

rately and with repeatability to the master control authority whether it

be a computer or a man .

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

o f the prob lems encountere d durin g the fi nal tes t ser i es .

*
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IX . SOFTWARE _PROGRAM ANAL YSI S

A . METH000LOGY

The computer program developed is based on empirical data produced by the

actual mix -melt tests. In addition to specif ic values , rates of change  of

values were used to measure “trends ” during the mix -melt process. This

“trend” monitoring hel ps to mi n i mi ze errat i c control behavior caused by

fluctuations in data attributable to chang ing environmental and material

conditions. In essence , the “trend ” mon i t o r in g helps to validate data

used by the computer to base its decisions. The final program used the

torque meter , material feed equipment and therma l 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 therma l energy input

and material input is critical. The results of the final series of tests

have shown that the densitometer wi ll provide a valid indication of batch

quality near the end of the batch . Fi gu res 46 an d 47 show the com par i son

of density and torque plots and a comparison of the batch ready points

built into the computer program for the Phase III 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. Fi gure 413 is a schematic diagram

of the automatic control program operation . Siltultaneous to the auto-

matic portion , the program re- :ords input signals from the various mix-

melt equipment systems at F:ve— second intervals . ihe teleprinte r used

for keyboard contro l of the automatic systel l is  also the display medium

for system data at one minute intervals i f  not overridde m~ by computer

generated commands.

El - h 1 4 1 r i ~~ -by— element descri ptions of the procr-a~ ~-equence s and the reason—

in gs behind some of those used in the pro - .~ra techni q u es ar e as fo l l o w s :

1 . Initial system condition

a. Agitator drive system off

b. TNT and aluminum powder feed systems off

c. Al l steam va l v e s  clos ed

d . The therma l 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 di g itizer is activated .

Step c. The computer asks for , an d recor d s , the cu rren t si gnal  v a l u e

being produced by the therma l energy measuring equipment.

This value can vary day-to—day , but can be compensated .
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Step d. The computer opens the main Steam valves to preheat the ket-

tle jacket, calandria , lid and agitator.

Step e. The computer then checks therma l 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 near the zero value. A max-

imum preheat time of 30 minutes is provided to tri gger the

signa l for preheat completion if the thermal energy equipment

fails to signa l a va lue of slightly less than the va l ue re-

corded in Step c.

Step f. The teleprinter indicates ‘ Preheat Complete .’

Step g. The computer asks if the agita tor drive system is on. If

negative , the teleprinter is used to request that the agitator

drive system be turned on.

Step h. 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.

Step i. 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 a:’~.ator drive train problem or that a foreign ob-

ject may be in the kettle.
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Step j. The computer signals via the teleprinter to start adding

explosive ingredients to the kettle.

Step k. 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.

Step 1. The computer records a new ther~ial energy, zero set-point

figure and begins to integrate ~ll further energy usage. This

reset function elimi nates calculation of unwanted energy us-

age produced by varying preheat conditions.

Step m . The computer checks to see if thermal energy usage and torque

values have increased to verify that material is entering the

kettle. 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 .

step n . If the torque and thermal energy tests are satisfied , the corn-

puter then checks to see if the torque reading exceeds the over-

• torque limit val~~. This va lue 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 limit. Dropping below the limi t

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

Step o. 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 mel ted than desired fpr final batch viscosity . The

computer checks the total BTU consumption and compares it with

a pre-established empirical va l ue. If the value is exceeded ,

the computer checks the rate of energy usage and compares it

with an empirica l 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.

Step p. 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.

Step q. If the total thermal energy usage does not exceed the maximum

limi t, 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).
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Step r. If the torque va lue and trend indicate a thinner than desired

material condition , the computer closes the ma in steam va l ves ,

so indicates by teleprinter message and begins to check the

material feed conditions.

Step s. 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 , t~en

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 va l ue required for batch ready.

Step t. 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 l imit 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 va l ves , indicates the action via

the teleprinter and the program returns to Step n.

95

— ~~~~..— - — — _ ~~~~~~~~~~~~~~~~~~~~~~ — —

4 
- - - _____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.—.— — 
. __j_ •_ —

if ,
_ r~~~.

_  
~~~~T — 

— --——. ——. — ..... ~Li ~~ _._ — - — — — -~~ — ~~~~~~~~~~~~~~~~



Step u. 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 appl ied to the kettle jacket and calandria primarily in five-

second bursts since the batch is considered to be in a critica l

stage where continuous steam woj)ld 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 ind i cates “Batch Ready by Torque Reading ” via the

teleprinter and then deactivates the autotask.

Step v. If the torque re3ding 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 tri gger 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.

Step w. If the torque reading is below the torque over value , the corn-

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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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
S

Reading ” tasks.

Step x. If the check for rising torque as performed in Step w is neg-

ative , the computer checks to see if the rate of torque fall

is within the desired range. ~ 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.

NOTE: The “Fine Tune” cycle will end only when the agitator torque is below

a preset value determined empirically. This va l ue 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 bl ades

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 riiost pertinent conclusions are outlined in the following

sta tements:

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 modificati on , the system could be used to analyze

ba tch mixing efficiency.

3. The agita tor 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 therma l energy usage , can be used to control the quantity of TNT mel ted

in a ba tch 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-mel ting

when coupled with a mini -computer and automatic or manually controlled mate—

rial feed system.

B. WITH REGARD TO SOFTWARE :

1. The digita l compu !er program , provided as appendix A , was developed to

control the mix-mel ting of TNT within the limits 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 chang ing

conditions of the production environment.

4. The program can provide continuous data retrieval and recording for later

analysis of ba tch quality or analysis of events leading up to an equipment

ma l function (minor or catastrophic).

C . WITH REGARD TO ECONOMIC BENEFITS:

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

Appendix B provides discounted savings for peacetime and mobilization

production.

99 
‘I

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

, —
-

~~~~~

-— - -—

~~~~~~~~~~~

—

_________________ ~ -‘
~~~~

-

~~~~~ :~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. — -

~~~~~

• .  -

~~ 

—

~~

-- ,



X l .  R[COMM[NDAT IONS

Recommendation 1

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

consiGered for use in improving the mix-melting of TNT based explosives .

Recommendation 2

Further testing , to refine the software program and expand it s possi ble

use to other formulatio ns of TNT exp1os~ves beyond Tri tonal , be performed

with the equipment systems now loca ted at WPNSTA Yorktown .
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APPENDIX A

COMPUTER PROGRAM

FOR .

AUTOMATIC MIX-MELTING

OF

TRITONAL EXPLOSIVE
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7 — — — . — — ..... — — .. • . — . — . — .•.•. ...... .

IDI FAULT TA S K

START:
C 0 0 0 0 ’ 0 7 7 7 7 7  FINI
OO C OI ’006020 JSPØ XS TOFF 7CLEAP 0* ‘ S
0 0 C 0 2 ’ 1 0 24 0 0  SUP 0 .0
00C03’C40002 8~~ 0.ST OI’C I C I E A H  STO FC AND
0C004’040000 51* 0.TINPR I TEST IN PROGR E SS
cc C OS’0 4 001 0- 81* 0.DOUTC 1C LE A R PRINT DATA
O00 06’0 0éO~ 6 JSP8 XC RLE ’
O CC O 7 ’C 20 440 LC* 0 .NPCN $PPIN I STA Rl ING MESSAGE
00010’ C 06 t26— JSP~ XMRL O
0 C C 1 l ’ 0 2 0 4 4 1  LC* 0 .PIIMA$IC
00012 ’062077 MS K C 0
0 C 0 1 3 ’ 0 0 6 4 4 0  JSP~ Z INT DT ;ENIFP DAT E
0 0 0 1 4 ’ 0 Q f ’ 4 4 0  ~~~~ Z INTIM ;EN IER ‘lINE

O OC IS’0 2 0 444 LD * 0 .IN ITID IDEN TIFY INIT IALIZE TASK
00016’02 4444 IJDA 1,IN TAD
00017 ,077777 .1*5K
00020 ’006135 . JSPe XER P

000?1 ’020427 LD* 0.M F GN p l
00022’ 006126— J S PO XNP L O ITYPE “HELP” FOR LIST CF CC M P A N D S

00C23’C2 0440 LDA 0 ,CNV IP 7IDEN TIF Y CONVERT TASK
000 2 4 ’ 0 2 4 4 4 0  LD* 1.CNV SA
0 0 C 2 5 ’ 0 0 0 0 1 7 ’  .T* 5 , C
0 0 0 2 6 ’ 0 0 6 135. JSPP X ER P

00 C 2 7 ’ 0 C 6 0 6 1 .  J SPO X IK CT PIDENT IFY IC EYBOARD 1*5K

0 0 0 3 0 ’ 0 0 6 4 2 1  JSP O Z M* ITR S ID E NTIFY W A I T  FOR CHAR T A S K

0 0 0 3 1 ’ 0 7 7 7 7 7  .IC ILL 7K ILL THIS TASK

ILIST KE Y S C ARD C C M M A P JDS
00C 32’ C2 0423 HELP: LDA 0 .NLINE INUW B EP OF LINES
00033 ’040423 STA O ,DN LIN E
00C34 ’070423 LD* 0.ZLST 1L151 ADDRESS
00035 ’C40423 81* 0 ,PNTS
00036’c ?2422 ST IP I: 1.0*9 O ,PNTS
O00 3 7 ’ U u t 1 2 ~~. JSPI X MP L O
0 0 C 4 0 ’ C 1 04 2 0  15? PItT’ S
000 41’01 44 15 OS! ONLINE
0C042’000774 JMP •8’ILPI
00043’0240C-i. LDA 1.KEYID

4 00044’C77777 .TICP ‘

0004 !,i ’ 0 0 6 1 3 5 .  J SR9 X ERR

~~ 
_ _ _ _  

A.4
-• — - - _____— 

~~~~~~~~~~~~ • -•r -~~-~ -.•~~
• - • -  —

_ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~ --~~~—~~~~~~~~~~~
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~

I
-T 1~ -

0004  MEI~~ -“-
~~•~~~, .  .3 -

0004fi ’00C 03 1’ •K1LL

0004 7 ’ 0 0 0 2 2 2 ” M I I C N :  2$ I ’ F IRT
— 0 O 0 5 O ’ 0 O 1 3 U~” 2*P5201

O 0 O 5 1 ’ C 0 0 6 0 ~~’ Z N A 1 T p :  W A ITH
000S ? ’ 1 7 7 7 3 0  P I i t ’ A sK :  1 7 7 7 3 C

• 00053 ’O0e105’7.n~4oT: IN TCI
0Ct~54’C06126’zIrJ ’ITM: 1NTTW00055’000024 141 ,] NE : I C C E N C — K C L S T
000set ’oooooo pI.ILINP:: 0
C 00S7’00 Cfl~ 5’2LST: KCL 5T
00060’0000C) O PN ’JS : C)
00061 ’002050 Ir11 1n : 4B7i50
00062 ‘005~ 47 ‘Jr ~1Afl : INT’l
OCCO3’00741 5 CNV II ’ : 17I~7 .15
00064’002776’CNV SA: CNV FI

I
0 0 0 6 5 ’ 0 0 0 2 6 4 ” K c I , S T :  2*P’ h(C0
0 0 0 6 6 ’ 0 0 0 26 6 ”  2* PIC C I
000 6 7 ’ 0 0 0 2 6 4 ”  2 * MIC CO
OO rlO ,0003 ,2*’ 2*P’$C2
000’11’C0C354” 2*WKC3
00072’000400” 2 *WK C4
00073’C 0043€” 2*PKC5
00074 ’00047ti ” 2*t’KC6
OOC 7S ’000540” 2*P’I(C7
00076’000600” 2*1#KCH
00077’00 0640” 2*PKC9
0O1 00’000714” 2 *PIC C II
00lO 1’000 75 0” 2* PIC C IO
00102 ’001034 ” 2 *PKC I2
0010 3 ’00116 C ” 2 *YK C I4
00104 ‘001114 ” 2 $WK C I5
00105 ‘001222” 2 *WK C 1 6
OOlO b’001 2 64” 2*MK C I3
00107 ’000264” 2*WK C O
0011 0’000264” 2 *WIC C O

M ST H T :  .T X T  OP IX MELT DATA COLLECTION PROGPAP (15)*
00 111’0 4€b 1I
00112 ‘ 054 (‘40
00113’04 (’505
001 ~4’046 124
00115’0 2C 1 04
00116’040524
0011 7 ’04C44 0
00120 ‘04 15 17

• 00 1 2 1 ’ C 4 e 1 1 4
00 122 04 2 503
O 0 1 2 . ~’ 0~~2 1 11
00174 ‘ 047 516

• 0C 12 5 ’02 0120
— 0012 6’0S1117

0 0 1 2 7 ’ C 4 3 5 2 2
0 0 1 3 O ’ C 4 C ~,15

L i 
• 

_
~~~~~~ •_

dl - ~~~~~
-
~~
- 

~~~~~~
- —

~~~~~~~~~~‘-~~~~~~~ 
—~~~ - -~~~~~~~~~~~~~~~~~~~~~~ --—- ---~~ ~~~~~~~~~
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——-- - —- -• - --

000 5 PE LI5
00131 ‘00b400

MIt CO : . T X T  * ( 15 >*
0013 2 ’  0 0 6 4 0 0

PEC I :  .T X T  * EE Y P O A R D  C0PP ~A ND S( 15)*
00133 ‘ 04 5 5 0 5
00134 ‘054502
00135 ’C4 7 501
00136’ 051104
00137’0 20 103
00140’047515
00141 ‘04(’501
00142 ‘047104
00143 ‘051415
00 1 44 ‘ 000000

MKC 2 : . T X T  * T E S T  • PR EPA R E AND STAR T T E S T ( 1 5 > *
00145’ 052105
0 0 1 4 6  ‘ 051524
0 0 1 4 7  ‘ 020040
00 150 ‘ 020055
00151 ‘020120
00152 ‘051 105
00153 ‘OSC 101
00 154  ‘ 0 5 1 105
0 0 1 5 5 ’ 0 2 C 1 0 1
0 0 1 5 6 ’ C 4 7 1 C 4
00157 ‘020 123
0 0 1 6 0  ‘ 05 2 10 1
00 161 ‘ 0 5 1  124
0016 2 ‘ 0 2 0 1 2 4
00 163 ‘ 04 2 5 2 3
00164’052015
0 0 1 6 5 ’ C 0 0 0 0 0

14 K C3 :  .TXT *S’ICP • STOP TEST (15>*
0C 16 6 ‘051524

• 

• 
00 1 6 7 ’ 0 4 7 5 2 0
00170 ‘ 020040
00 17 1’ 020055
00 112 ‘ 0 2 0 1 2 3
00173 ’ 052117

• 00174 ’C5 0040
001 7 5 ‘ 0 52 105
00 1 76 ’  0 5 1 5 2 4
00 177  ‘ 0 0 6 4 0 0

NK C4 I  .T X T  h IPS • PRINT TIRE AND DATE (15)*
002 00 ‘ 052111
00201 ‘046505
002 02 ‘ 02 0 0 4 0
002 03’020055
00204’020120
0C20 5’05 1 1 1 1
00206’047124
00 2 0 7 ‘ 0 2 0 124
0021 0’C44 515
00 2 1 7  ‘ 0 4 2 4 4 0
00212’ 0405 16
002 13 ‘ 0 4 2 0 4 0
00214 ’042101
00215’ 057105

4 
(-6

- -—- 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
- - ---~~~-
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0006 MFLTS
00216 ‘ 006400

• 

NK C S: .TXT *C’IIPE • CHANCE TIME AND DATE<15 )*

00222 ‘020055
00223’020103
00224’044101
002 25 ‘ 047 107
002 26 ‘ 042440
00227 ‘ 052 111
00230’ 046505
00231’ 020 101
002 32 ‘ 047 104
002 33 ‘ 020 104
00234 ‘040524
002 35 ‘ 04 24 15
002 36 ‘ 000 000

MK C 6: .TXT *PPINT • PR INT DATA DURING 15S1 15)*
002 37 ‘ 050 122
00240 ‘ 044516
00241’052040
00242 ‘020055

• 00243’020120
00244 ’OSllll
002 45 ‘ 047 124
002 46 ‘ 020 104
00247 ‘040524
00230 ‘040440
00251 ‘042125
00252 ‘ 051111
00253’ 047107
00254 ‘020124
00255 ‘ 042 523
00256’052015 •

00257 ‘ 00 0000
NK CT: .TXT *LIST • LIST DATA ON C*SSETTE (15)*

00260’ 046111
00261 ‘051524
00262’ 020040
00263’020055
00264 ‘ 020114
00265 I 044523

• 00266’052040
00267 1 042 101
002 70 ‘ (132 101
00271’ 020117
00272 ‘ 04 7040
00273’041501
00274 1 05 1523
00275 ‘042524
00276’052105 -

‘ 00277’006400
MKCSi .TXT *S’IAIUS • PRINT STATUS OF ‘IEST(lS)*

00300 ‘ 05 1524
00301’040524

4 ‘ 
~~~~~.- 00302’052523

00303’020055
00304 ‘ 020 120

- - ~~~~~~~~~~~~~ ~:~:i I



0007 WF L TS
00305’C51 111
00 301’ ‘ 0 47 12 4
00 30 7 ’ 0 7 0 1 2 3
003 U) ‘ 0 52 101
00311’ 05 2 125
0 0 3 1 2 ’ 0 5 14 4 0
00313 ‘047506
00314 ‘020124
00315 ‘C42523
00316 ‘052015
00317 ‘ 000000

EIKC9: .TX’I OCHECK — P R I N T  REA DINGS FROM A /D CHANPJFtS (1S ’~
0 0 3 2 0  ‘ 0 4 1 5 10
00321 ‘042503
003 221045440
003231020055
00324’ 020120
0032~ ‘051111
00326 ‘ 047124
00327  ‘ 020 122
00330’ 0425 01
0 0 3 3 1 1 0 4 2 111
00332 ‘047107
0 0 3 3 3  ‘ 0 5 1 4 4 0
0 0 3 3 4 ’ C 4 3 1 2 2
003 35 ‘ 04 7515
00336 ‘020101
00337 ‘ 027504
003 40 ‘ 0 20 103
00341 ‘044101
0 0 3 4 7 ’ 0 4 7 1 1 6
0 0 3 4 3  ‘ 0 4 2 5 1 4
00 3 4 4  ‘ 0 5 1 4 1 5
0 0 3 4 5 ’  O O C 0 0 0

M KC 1I : . T X T  h SCA N — POSITIOP~ CA SSE TTE <15)*0 0 3 4 6 ‘ 05 150 3
00347 ‘040516
0 0 3 5 0 ’  0 2 0 0 4 0
00351 ‘020055
00352 ‘020120
00 353 ‘ C 4 7 5 2 3
00351’ 0 4 4 5 24
0 0 3 5 5  ‘ 0 4 4 5 17
00 356 ‘ 047040
00357 041501
003 60 ‘ CS 1523
00 361  ‘ 0 4 7 5 2 4
0 0 3 6 2 ’  0 5 2 1 0 5
0 0 3 6 3 ’ C 0 6 4 0 0

MKC IO: . T X T  SC IRI A • TERM INATES PRINT. L IST.  AND S CAf ’ ~0 0 3 6 4  ‘ 04 1524
0 0 3 6 5 ’ 0 5 1 11 4  C C )WPANDS <15 )
00366’C2C 1OI
00367,020055

• 0 0 3 7 0 ’ 0 ? 0 124
00371 ‘042522
00 3 1 2 ’ 0 4 6 5 1 1

0 0 3 7 4  ‘ 0 5 2 1 0 5

A-B

f _ _ 
_ _  _______ __ ___________

— —~-—--~~ ~•, ••• ••! . ~~~~••~~~~ ~~~~~~~~ — ______________



-- -~~
-,-- - - . -—-

0008 P I L l S
0 0 3 7 5  ‘ 05 14 4 0
00 3Th  ‘0 5 0 12 2
003 77 ‘ 0 4 4 5 1 6
0 0 4 0 0  ‘ 0 5 2 0 5 4
0 C 4 0 )  ‘ 0 2 0 114
0 0 4 0 2  ‘ 0 4 4 5 2 3
00 403  ‘ 0 5 2 0 5 4
0 0 4 0 4 ’ 0 2 0 1 0 3
0 0 4 0 5  ‘ 0 4 7 1 0 4

• 004 ( I 6 ’ 0 2012 3
0 0 4 0 7  ‘ 0 4 1 5 0 1
004 10’04704 ()
0 0 4 1 1  ‘ 0 4 1 5 1 7
00 4 1 2 ’ 0 4 6 5 1 5
004 1 3 ’ 0 4 0 5 1 6
0 0 4 1 4 ’ 0 4 2 12 3
004 1 5 ’ 0 C 6 4 0 0

R K C I 2 : . T X T  *A UI t .  — C O PP UT ER CON T ROL CF S T E A M  F O R L
0 0 4 1 6 ’ 0 4 0 5 2 5
00417’052117 KFTTL~ (j5>i p
00420’020040
00471 ’ 020055
00 4 2 7 ’ 0 2 0 1 0 3
00423 ’0475 15
004 2 4 , 0 5 0 1 2 5
004 25 ‘ 052 105
004 26 ‘ 05 1040
004  2 7 ‘ 04 1517
00430 ‘047124
0 0 4 3 1 ’  051 117
00432 ‘046040

— 00433’047506
00434 ‘020123
004 35 ‘ 0 5 2 1 0 5
00436 ‘040515
004 3 7 ’ C 2 C I O 6
004 40 ‘ 0 4 7 5 2 2
0 0 4 4 1 ’ 0 2 0 1 1 3
004 42 ‘ 04 2524
0 0 4 4 3 ’ 0 5 2 1 1 4
0 0 4 4 4  ‘ 04 24 15
004 45 ‘ 000 000

MK C I5 :  . T X T  * E ’A K U AL  — RELEASES COMPUTER CONTRCL (15>*
• 00 4 4 6 ’ 0 4 6 5 0 1

0 0 4 4 7  ‘ 0 4 7 1 2 5
0 0 4 5 0  ‘ 0 4 0 5 1 4
0 0 4 5 1 ‘ C 2 C O S S

• 0 0 4 5 2 ’ 0 2 0 1 2 2
00453’042514
00454 ‘0425 01
0 0 4 5 5  ‘ 05 1505
0 C4 56  ‘ 0 5 1 4 4 0
0 0 451’ C 4 151 7

• 0 0 4 6 0 ’ C 4 6 52 0
00 4 6 1  ‘ 0 5 2 5 2 4
004 62 ‘ 04 2 5 2 2
0 0 46 3  ‘ 020 103
004 64 ‘ 04 75
00 4 65 ‘ 052 1’

________________________ ____ ______- _-____.••$ -. - -—•—---- - -~~¾ 
—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _
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0009 WELlS
00 466 ‘ 0 4 7 5 1 4
0 0 4 b 7 ’ 0 0 6 4 0 0

M K C I4 :  .TX T hOF F • STEAM OFF FR.OM K E Y M O A R C 15>*
00470’ 04 7506
0C4 71’ 04 3040
0 0 4  7 2 ‘ 020040
004 73 ‘ 0 2 0 0 5 5
0 0 4 7 4  ‘ 0 2 0 1 2 3
0 0 4 7 5 ’ 0 S 2 105
004 76 ‘ 0 4 0 5 1 5
00471’020117
00500’0431 Ce
00501 ‘020106
0 0 5 0 2  ‘ 051117
00503’ C46440
00504 ‘045505
00505 ‘C545C2
00506 ‘047501
005 07 ‘ 05 1104
00510’006400

MK C 1 6: .TXT h ON • STEAM ON FROM KEYBOA PD 15)4
00511 ’ 047516
00512 ‘020040
00513’ 020040
00514 ‘020055
005 15’  0 2 0 1 2 3
005 16’05 2 105
00517 ‘040515
0 0 5 2 0  ‘ 0 2 0 1 1 7
00521’ 047040
00 5 2 2 ’ C 4 3  122
005 2 3 ’ C 4 7 5 1 5
0 0 5 2 4 ’ 0 2 0 1 13
00525 ‘ 0425 31
00 52 6 ‘ 0 4 1 1 17
00527 ‘040522
00 5 30 ‘ 04 2 0 15
00531’ OOC000

M KC I3 : .TXT $HEL P • PRINTS LIST •OF C OKMAN C S 15>*
0 0 5 3 2 ‘ 044 105
005 3 3 ‘ C 4 6  120
00534 ‘020040
00 535 ‘ 0 2 0 0 5 5
00536 ‘020120
00537 051 1 11
0054 0’C47 124
0 0 5 4 1  ‘ 0 5 1 4 4 0
00542’ 046 111
0 0 5 4 3  ‘ 0 5 1 5 24
0 0 5 4 4  ‘ 0201 17
00545’ 043040
00546’ 0415 17
00547 ‘046515
005 50 ‘ 0 4 0 5  16

• 00551’ 042173
00552’0 06400

MS2OI: .TXT •TYPE “ HELP” FOR LIST OF CC PPAK CS< 15> *
00553’ 052 131
0 0 5 5 4 ’ C S C I O S

A-lU
.4 - - -

~
--;-

~~
— -

~
- - 

~- - - -- - - - ------—
~~ 
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a- ~~ 
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j 0010 PI L lS
.1 00555’C20042
j 0 0 5 5 6 ’ 0 4 4 1 0 5

0 0 5 5 7 ’ 0 4 6 1 2 0
0 0 5 6 0 ’ 0 2  1040
00561 ‘043 117
005 6 2  ‘ 0 5 1 0 4 0
0 0 563  ‘ 04 6111
0 0 5 6 4  ‘0S1 5 2 4
0 0 5 6 5 ’ 0 ? 0 1 11
00566 ‘043040
00561’ 04 1517
00b70 ’04 (‘ 5 1 5
00571’040516
0 0 5 7 2  ‘ 0 4 2  123
00573’0C6400

9?DENI 1FY KEYROA RD TASK ROUTINE
I ~~ e S eS  S — S S S S — W 5 5 5 5 5 5 5 5 — a S S 5

4 00574’054406 IKCI: SIA 3,IKCTO
00575’02 C407 LDA 0.KCTIP
005’6’024405 LDA 1.KCTSA
00577’000025’ .1A~ K
006OO ’O061 35— ~ JS P @ X ERR
(J0601’002401 )MP ~‘IKCT0

00602’000000 1KC’IO: 0
006 03 ’000 665’KCTSA : ICC’!
0 0 6 0 4 ’ 0 0 0 4 4 0  K C T T P : 1 8 7 4 4 0

.ZRF L
— 0 0 0 6 1 — 0 0 0 5 7 4 ’ X I K C T :  IItCI

I

I

1 A-il
4 11 - —• • ‘ -~~ - - -.

- - —



_________-— -~~~~----———— ~~~-~~~---- —n-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ -~~-

0011 ~“ I J~~ 5
• l-J PI L
;T I~~K I L’ ~~~~ UK I~ CTRI, ~

~i~Ei~ C1R L A IS P E C I 1V K D .  PHIbI A ND L IST T A S K S  A P E P I I I F !
7 K I ~Y I ’ ( /~~lJ 7 A S P~ I~ M A D E  I4EADY

• 
•NI~FT J

0C605’C5440t t-~A l1R ~ SI P  3, W TPO
00606’C~20407 LT~A 0 ,% ’ ITR J P
00€07 C24405 LDP 1,WTRSA
0 0 ( - 1 0 ’ 0 0 ( 5 ? ’ 1 ’ .1/)~ K
C0611’0 0 (135 - JSP~ XER R
0 0 6 1 2 ’ 0 0 2 4 ( l i  ~.IR0
0 0 6 1 3 ’ C O C O O e  ~.T R0 : 0
0 O 6 1 4 ’ C C 0 6 1 ~~’v .Tl -~S7~,: ~‘A I1
O 0E15 ’C0100 7 ~THIP: 2H747

00 e 1 6 ’ C 2 0 4 4 5  bA T ’ I : LDP 0.~~A T C H
00~~1 7 ’ C C € 0 1 7  . SY S I P
0C~ 20 ‘ ( ;71 02 3  .~~C~~A R
0Q~~2 1 ’ C C ~~135-  JS P~ XE P P

I ) 0 6 2 2 ’ 0 2 4 4 3 6  LDA i ,W T ~~1 ~ID CF P R I N T
0 0 6 2 3  ‘0~~7 7 7 7  .Ic~~100624’024435 L rA 1,wT12 710
00~ 25’106415 SU~ I 0,1,SNR
00626’C0C40~ JM P WTT3 1NO TASK AT THIS ID

OOf 27 ’02443 1 LDA 1,WTT1
00630 ‘C77777 .TICK
00t3 1’C 06135- JSP~ XE RR
0O€ 32’102400 SU8 0,0
00633’04001C— SIP 0,DQU’IC 1CLEAR PRINT DATA

006j4’C2442 6 W773: LDA 1,WTT4 ;ID OF LIST
CC€ 35 ’0006 23 ’ .ICST
00636’021423 LD P 1,WTT2
00637’106415 SU1~I 0,j,SNR
00640’C00404 T6

00641 ‘C2442 1 LDP 1,WTT4
00t42’C OC6 3C’ .TIC K
006 43 ’C0 t1 35— JSP~ X I~RR

C0644’02442C ~.Tl6: LCA 1,WTT7 :10 OF S C A N
00€45’C0C 635 ’ .TC ST
00646’024413 LDP 1,WTT2
C0€47’10 1~4 15  SU1~I 0,1, SN F I
00650’C0C404 JYP WTTS
00€51 ’C244 13 LI)A 1,h1T7
00652’00C642’ .110K
C0653 ’C0 f~135- JSI~~ X~~R R

00654’O24O 01-~ T15* LL A 1,KF~YIDOc~~~ ’encc 44 ’ .T IDR
0 0 € 5 6 ’ O O C 1 3 5 -  J SR R XER R

I

00€ 5 7’C00737 JPP WA TT

0 0 6 6 0 ’ O O Q O l t  ~ f11 : 10

A- 12

f — —

— — •— -- — - - -
-
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001, s” fIT b
(0 61’Ci ~0o1 ~‘1i2: 10
CC (62 ’C0001 ~ l~T’I4: 15
00&~~3 ‘OOOOU I ~A fCH: I A
O C t 6 s ~ ’ C 0 C 0 1 t ~ ~:117: ‘6

j

~~~ --• --~~~~~~~~~~~~~~~~-~~~~~~~~~ - -.—---‘ • ~~~~~~~~~~~~~~~~~~~~~~~~~~ —•—--•.‘.~~~--•
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~~~~~~~~~~~~~~~~

~ ~;( I  
~ ~I I ‘IS

7K E Y P C ) I ~I~ CI~~~i I~(I I T P S I~
h A S P  J _ I~. N f l , — 20

P 7 J P S I ~ I l I L P I J Y  — 10
— •• — • • •• .. . —

0 C ( ’ ’ ’ (  (0(~t ’— I ( I XC N T ~ ;CP lU
00 ( - c-~ , ( 7 C r . 3 2  I. I’P () , K C f l
(J O t - t i ‘COI-12t— •’ X~’I~LV

IN!. 0 ,y C ~~P t Nl ~A l ) ( ( ‘~~~A F~I 1.] NF
• N ( i t j  2~- —  ~~~~

( C i  7 7 ’ i 2 L 4 i 1  L I P  0 , X C N I )  ;C li J.* I ~i , I ;  ~ F 5 ~~i ( ; E .~i ’f I~F ’I
( C ( - 7~ ‘ C 4 C 6 5 4 S i / I  0 , p O J N T

0,0 ;ZFPO cC ~~t / I i ~~ ~‘QHl)
G U I ’ ! t ’ ‘C 4C 4U7 SIP (l,CM flI ’
(~C ( 1~ ‘02 (417 IDA 0,TRAY :NU~’Hl I~ OF C Ilt~k J~L l C ~~I N P Ct ~- T • ~~0C !7’Q4C4~~7 SIP 0 , D N 1 F ~Y
0 (700 ‘ C C k ~~55  K! P0: J5P~ X C T C I I  t GET  ( T J P I P  ( ‘I C O M M A N I ~00701 ‘ C 3 4 4 ( (  ir ~ 3 .P~cH u S  CHAP C H
(ç7n , ‘1 1 41 ‘~ S U P s  0 ,3 ,~~N P
00~’0 3 ’CL - C43 ~’ PI P1 Y E S
0~ 701 ’C34 4~~4 L.I:t~ 3 , P F ~L,~ :15 C h A P  HLPNI~C C 7 ” ’ ~ ’ 1 i I~4 1 5  S t J P 1  0 ,3 . 5 r . P
0 0 7 G b  • C C r , 3 2  F~LP I ;Y F S
0 C 7 0 ’ 1 ’ ( ) 2 4 4 4 2  LNA I,K101 :JS ( ‘ HA l  A L F T T F R
0071 (’CJ C 4 f., 2,K132

AL ’(Zt 0,1, SN C ;E1 (II ~F NC’! il - TiER. 1 (i > C }P l
0C 7 12 ’

~~
j c 4

~~
3 SUP2~ 0,2.SNC ;SKIl’ 1~ LFTIFH ,

0C 7 13 ’c (C4 C6 Jb’ P KiP2 ,NCI L E ’ I T F P
(10714’124 434 [NA 1,1( 100 ;LEI ’I~~P , SUP 100 FPC7’ C NAH
0 0 7 1 5 ’ 1 2 2 4 0 ( :  SUP 1,0
0 0 1 i U ’ C ~~C 4 1 0  J M P MI’ 3
0 0 7 I 7 ’ ( 2 4 4 ~~4 ~L P2 : L B A  1 , 1 ( 6 0  :15 CIIPH Nt IPPFP
00720’03t 441 2,1 (71
o c 7 : ’ 1 ’ 1 ( E o 3 3  PD C 2~ C , t , s I~C ;SI< fl’ iF NC’! F .l’ fr , ~ C > (l-I !
C0 722 ’11 24 3 3 SUP Z$ 0,7.SPC ;SK1l ~ J I NU14 . 11> :CHA! ,
C C 1~~3 ‘ C C C  4 ( ~2 U W I  ;N C i  N U ~ • F R P O P
00774’C2443C [CA 1,1(25 INUW
0 C 7 2 5 ’ I 2 ~~4 C C  SU~ 1,0 ;SUR 25 FPCP CHAP
0 0 7 ? ” ’C4C43 0 NLI’3 : Slit 0,TCHAP
0 0 7 7 , ’ C j 0 4 3 5  L C P 2 , C P D W
0N730 ’C24432 I.LA 1,r~30U
0C 73 1 ’C ((42I~ JSP ~X M L~Y
0C732 ’C3 (12 4 Lf; A 2 , ’ ICH /I F< :PDC P C H A P
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()2414’C7 (055
02415’020116
0?416’047440
024 17’C26040
02420’ 030440
02421 ‘C2~’440
02422’ 054505
02423 ’051451
02424’C37440
0 2 4 2 5 ’  C 2 C O C C

MS 127 : . T X T  *?~~W 1 N DING(15,*
0 2 4 2 6  ‘ C 5 1  105
02427’053511
02430 ‘ 047 104
02431 ‘044516
02432 ‘043415
02433 ‘000000
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— 0~ 4 5  M l Il ‘
~

: 5 W  1 4 1  111 J M .  ~~ ( LJ1I’U -~ It ’ P/U RI -A D IN ( S AS A V( I DCl-

12 4 ~4 ‘ 5 -l 4 1~ ~
,iu I ) :  ST/I 3, A D R f R

(J
2 -~ 4 5’C~~4 1 -1 — LOP 3.WSP :SICRF v FORMAT SPEC

( i 4  it’ ’( 2 1 4 ) 1  [1)/I O,Wp1’F
124 I7’ ( 4 1 1 ,12 SiP 0 ,12 1. 3
(24 0’C ? (:410 1t ~~ 0,DFPE
0 2 1 4 1 ’ C 4 1 5 2 2  5 7 / I  0,122,3

02 4 1 2 ’ C 2 C 4 - 7  LOP C,PF’LOC 751CR!- PSSRESS CF A/C LIST
02~)-1 3 ’C4C4 C 7 SIP 0 . 8 l - P N T

C 2 l 4 4 ’ C C 4 4 ~.7 JS R P F R U O  7PR1 N T CNF LINE

C-244’~’cc24c1 PCR )N

0244~ ‘00 0000 AD1 ’lR: C
C 2 4 - 7 ’ C C C C 1  P ~.FPF : 6
C 2 4 - r  ‘ C 0 0 0 2 D O P E :  2
024’) ‘(C ~~~5.? 3 ’ R l - J  CC: A D L J S T
0 2 4 ~’ 7 ’ O 0 C 0 C ( :  I4F~~NT: 0

C24’3’C5 4437 B V R U N :  SIP 3,RXRTN
C2454’C2 0437 LOP O ,PFTMS ;STCRE NUM PEB CF TINES
02455’ )40431 ST/I 0,PFDNS

0245(’C36776 RF PC I : LDP~ 3 , R F PN T
O 2 4~~7’C2C43 7 ID/I O,BENI6
024~~(’1b 2433 SUP2$ 3,0.SNC :514!? IF ACO GE AC3
024h1’000474 LiM P PFPL)2
074P’2’2751 2 ( N C V 7 L  3.3
024f’3’C2C4 2€ LOP 0.ZRFA 1)D
C 24 t- 4’ II 7CC I A CE 0,3
02465’C 5443C ST/I 3.PFPLC

02416 ‘077777 FF14 7
O2 slf’7’C2C43C FLO P 0,F409P6
02470’062425 FFLC~ PFPLC
02471’C2t424 FLCP~ 1,RFPLC
02472 ’1042CC FDIV 0,1
02473’1 44061 FFCCF I
02474’ 106000 FEX I
02475’01C755 ISZ PFPNT
074I (- ’C 7C4 73 LOP 0,BF1ISG
62477’C 06171— J5P~ X WRIJ O
C2500 ’C14414 MFRC 3 : CE! PFDNS
02501’C 0C755 LiM P PFRDI

02502’C2042C IC/I 0.RFMSX
02 50 3 ’C 0€126 — JSRO XWR LO
O2504’C024 (Yt~ JMP~ PXRT N

02505’C2C4 63 1$l-802: IC/I
J5P~ X hRLO

02507 ’OO CTI I LiMP PF M D3
I

0 2 5 ) 0  ‘ C C 5 7 0 ( - ” R F M P K :  M 7FX2 *2
025)j’002535’ZPFAI )IJ : PP/ICC
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003t 1’1 [15

0251 2’ CUC u iO HX P1I : 0
0251 3’C0Ct ~1( 1~~~;: 8,
0?S14’C0c~~CC li P- I - I : , : 0
02515 ’CCC CCC RI I 1.C: C
0751b ’CC (-O I b I - 1 4 1 # . : 16 ,
02’.17’C 4)4~~1 l - 4 0~4I’t . : 4(9,1-
025?0’11 4 ~i
(12521 ’ COS lt- ~~‘I- P-~ - C ~ 7 * f r -  ) ( H

• , v 2’?7’C0 (’~ ~~‘ I 4 I w — x :  7 * 1 ’ I ( C
02’ — 74’ (t l I t  A l - I  1:- i 0

7
02525 ’CCN-ll 12.
02526 ’CC (c1~ 13.
02 5 ?7’ C C C Ilt- 14 .
C251 0 ’CC CC17 15,
C 7’ 31 ‘C C C CI (
02 53 7 ’CCoOII 9.

M S I C H :  .~~X 1 * *
02533 ‘C 2C C 4 C
0 2 5 3 4  ‘ C C C  C C C

0 0 6 0 4 0  14/ICI: .I~I.1( 3 2 .
C 2 5 75’CCCC CC 0

00C16’1 v. P - t f l / I :  . P t 1 (  ICC ,
02742 ’OCCCC 0

#ZPXZ: .TXT * *
02743 ‘C2CC 4C
02744’ C2CO4C
07745 ‘C 20040
02746 ‘C2 (U~~0
02747’ CO C C C C

I
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— (IC fl NP -  I 75
sUI-oco I l  14 71 4 P~J~ I~:~FI - 0 0/IT/I Fl - i IA C C II! - CT JO 14 4 11-FE 0

1 10 1 11- 01 !-U~ I- ~ 0

C 2 7 ~, 0 ’ C 5 4 4 2 1  1~~r~F~~ : :;TP 3,TRANCP
O77’~I ‘(-34421 tr~ 3 ,zSORc
(d7- ’2’ I - 4 0 421 LI;P

• 02751 ’070421 11 . / I 0,7016
C27’~4 ’C 4 (- 42I SIP 0,l)TPX

(:77’;’, ’) 2 4 4 C C  1~ - I 4  I: 5~~P 1, 1
11/I (,0,3

(2)5 7 ’ 1 0 1 1 3 2  1 ’CV7 L P C . 0 .SZC
O 2 7 P-0’1 ~4- (CC A l - C 1, 1
(77 (1 ‘C4 ’~C t (  ST/I 1 , 0.7
( ‘2 7 ’  7 ’ C - ~ 1 C C 1  51 / I  0,1,2
c27 ~~~’1~~I - ~cC 11. 1 2 , 2
027t’4’1’ -)4 0C 1!~C 2 , 2
( 2 7 ~~~ ’ 1 7’ . 4 C C  INC 3.3
(27(- ’ ’01 44 07 Ls7 IT O X
C 2 7 ~ - 7 ’ C 0 C 7e ~’

C 2 7 7 0 ’ C C 2 4 0 1  LiMP)’ 1I-AN C E

( ; ? 7 7 i ’ - C C C ( t  I P - ~A~- C F :  0
(- 2 7 7 2 ’ ~~C C ( C ~ .-

~~- ( 4 ( :  0 1~~~’~~F F R  IiiC.TER S(JPJ}-~C E
02773 ‘(;02S35 ‘ YO F ~‘T
0 2 7 7 4 ’ C 0 6 0 2 0  T I -’ 16:  16 .
C 2 7 75 ’C C C CCC I)TMX: 0
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A 0038 ME L T S
I A/I) Cr-NVERS1C N TA SK
IT A S K  17
lPPIOI 4 fl Y 15
;iHIS 1 / 4 5 1 4  I~I L I .  PRO~~] Di- - A / i )  I I f l U I 4 f r / I T J W~ PECIJ J }- l- F P
71) 10 T A S K , FP~~

) ChAIJ N I I, SAP -l O t- I- TA SK • !.N l) ( }-~Cl-;T HI.S 7/4 5 4< P - - i L L  PP - C OMP ACT IV I -  F V F R Y  10 145 -

02711’C 2C4 53 CNVRT : LOP 0,CNP-1 6 ;MJ ISK CUT /I/J) ~~~~~~
‘

0 2 7 7 7 ’ O C ’ 2 0 7 7  P”SKC (
~)

03C 00 ’CC—0 22 1 141CC /ICCV
•

03C 01 ’1C24 00 SUP 0 ,0 J C L E A I ~ JILl, I -EO U ES 7 S
0 3 0 0 2 ’C 4 001 2— 51 /I 0 ,D I000
03C 03 ’C4C 01 4— SIP 0,CHK0Q

03C 04 ’C2C44 C- LB/I 0,CLT1M ~SET UP USER CLOCK
03C05 ’C2 4072— LOP 1,XSAM P
03C0 (,’C0 I~017 .SYSIM
03CC 7 ’021001 .CUCL<
03C 10’ C 061 3 5— JSP~ XE ??

;W AIT  IC R S Y STE M CLOCK
03C1 j ’C2 0073-Cr~V 1 : LU /I O,XS14SG
03012 ’GC1€t ~C ’ .RFC

ITHIS SF .CTICK M C t~ITORS THE A GITP TOR ,
:11 SF15 CR C L EAN S A FLA G “ACPUi. ” IDICA’IIN G
: iF TOE /I(IjpiCP IS RUNNIN G.

03C 13 ’02C 015— LOP 0,FSTCH N J G E T  CHA N N U PP ER
03014’061127 DC/IS 0,AP CV
03C 15 ’C€ 352 1 SKFPZ A LCV
03016 ’C0C777 LiM P
0 3 0 3 7 ’ C 6 2 6 2 1  131CC 0,ADCV
03C20’024426 LD/I I,AG2P5

- 
- 03C71’152400 SUP 2,2

03C22’122032 A0C2* 1,0,SZC ;SKIP IF INPUT LE 2 .SV
0302 3 ’ISCC CC CON 2,2
03024’024424 LOP 1,AGPST
03C25 ’05C423 SIP 2 .AGPST
03C76 ’132414 SUPI 1.2,SZP
03C27 ’C 0C 412 LiMP CNV IO :NCT FC~U A L
03C3 0 ’01C4 17 IS? PC-CuT
03C3 1 ’C2C4 16 LOP 0,AGCNT
03C37’C244 21 LOP 1,AG2 00
03C 3 3 ’12 2C33 PCC ?* l,0.SNC :S14]P IF PGCNT GT 200
03C34’CCC4 2C LiMP CKV2
03C3 5 ’1C240C SUP 0,0
C3C3 6’C 4C 025— SI/ I  0,/IGRUN
0 3 C 3 7 ’ C 4 C 4 I C  SI/I 0 ,A GC N T
03C40’C004)4 LiM P C 14V2
03C4 1’1C2 4C ( CNV IO: SUP 0.0
03C42’C4C405 ST/I 0,ACCNT
03 C43 ’ICCO C C CCI’ 0,0
03C44’ (:4C025— 0 .A GOIJN
03045’ o00407 C14V2
C 3C4e’002000 /I62P51 1024 . IPPROX 2.SV

4 C3C4 1 ‘CCC OC (; AC (11: 0
03C 50 ’CCCCCC AGOST: 0 PAST REA DING
03051’1777 3 (- C1P6 : 17773C ;MA ~~
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O C 3 ’ ~ M EL TS
c - 3 C 5 2 1 0 ( l c 0 O 1  ( J I l I ’ :  1 h iM !- liJ i l-O V A L  11)1’ S
0 305 3 ’ 0 0 0 3 1 0  A 0 2 0 o  : 2 CC • I ~ 1-O O~ 2 4 C (IONS PEP C O U N T )

; IJU ~~s 010 1 / 451 < O F C U J I ~P A/I: SANO L !-~S?
03C54’02 6012-CNV ?: LD~ 0,01000

NOV 0 ,0 ,SN FC
03C56’0 ((505 LiNE CNV3 ~NC FOR DIGIT i Z E

C3C 5 7 ’C1 C 55 2 IS? UCCOT
03C 60’C2C5 51 LOP 0 , U ( ; C O T
03C (-1’0 24~i42 LU!) 1,C1~H7
03 0t 2 ’122433 SUP2* 1,0,SNC ;~~K1P 1!- DC .CNT GE 5
03C 63 ’CCC72 ~ Li ME Ct~V I

03 (64’C2C532 LU/I 0,CNPI ~LC C P ( C l I NT  15 , U CF C E / I N  “ 1
C3C OS’ C4C 537 SiP 0,CNR2 7 0 0 4 - N CCUIYI W O R D
C3C 66’02C54 1 LOP 0,L)GADD
O3 Cb7 ’C4 C5 3 1 SI/I 0 ,C’N0 3 A 0 0 0 F - E S  FCP D A T A  SICRE
O 3 C 7 O ’ 1 C 2 4CC SUP 0.0
03C 71’ C4C S 4C C , D G C N T
03C72’C~~1 1 2 1  DC/IS 0 ,AO CV :51/IPT A /D PT CON C
C3C 73 ’101 4cc CNV4: 114C 0,0
03C74 ’C6 3521 SKIP ! A C CV
03C 75 ’CCC77 7 LiNE .—1
03016’C6~~62l 01CC I,AE)CV
0 3C7 1 ’C611 2 1 CC A E 0,ADCV
0 3 1 0 0 ’ 0 4 6 5 2 C  SI/I~ 1.CNO3
0 3 1 C 1 ’ C 1 C ~- 1 7 IS! Ct.P3
03 10 2 ’C 1151 5 DSZ CI’-P2
C3103 ’C 60770 Li FE C14V4
03104 ’C 63521 SKP PZ A CCY
03105 ’C 0C777 LiNE .—i
03106’C (2621 01CC 0 .ADCV -

03107’C42511 STP~ 0.CNR3 I S T C R F  LAST CO/I N.

~THI S S P - C IICN CEE CKS CO /IN ZERO TO SEE OF P’A IE PIP L
: IS PFIN C LC /ICEU INTC~ KETTLE

03110’022517 LCP~ 0 , 1 3 0 A D D
• 03111’02 4421 LU/I 1,OT2PS

03112’ 122C3 3 PCCZ$ 1,0,SNC ISKI P IF AC O GT 2.5
03 11 3 ’CC C4C ~ LiMP Cl~V 1 1
03 )14’1024C 0 SUP 0.0
03 115’ C4C4 16 SIP 0 .MTCNT
03 1 1 6 ’ I O C C C C  CCI’ 0.0
03117’ C4C 02 6— ST/I C ,MTPIJ N
03120’C 00415 LiM P C NV I2
C3 1 2 1 ’ C 1 0 4 1 2  C N V I I :  15! I’ICNT
03 122 ’C2C4 11 LOP 0,~’TCNT
0312 3 ’C244 )I LOP 1.141600
03174’127033 A DC Zs 1,0,SNC ;5141P IF ACO CT 600 (30 SFC)
03 125’Cc 0 4 10 LiVE C 14V 12
0312 .’’1C 2 400 SUP 0.0
C317 7’C4 0464 SIP 0,MICNT
C 3 130 ’C4 c C - ;~~— Sip 0 , M T P U N

• 0313 1 ’CCC 4C4 LiMP CNVI2
03132’0020 CC 141215: 1024. 7/IPPROX 2.SV
03 1 7 3’ CCC QC C ‘~1CI.1: 0
03 134 ’CO j 130 N 1 € 0O :  600. 730 SEC (50FI~ PER CC-liNT)
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004C NP - I T S

IROES C 4-! -CK 14P - E C  P/I) VALUES, iF SO TOAN SF E P V /I L UF S
IFPUI-’ t:i€ IC COE C K .

03135’O?0014 .- ( NV 12: LU /I 0 .CHNRO
0313 6’ )CICO ” I’O’Q 0,0.SNR
03137’000 420 CKV 5 :140 CHECK P/IT/I RECUIPEC- .

03140’020461 LOP 0,CNH4 :NU I’OE P OF C l-IN
03141 ‘C4C4S- SI/I 0.CNR? :DCI~N CCUNI WOND
03142’C20465 ID/I 0,DCADD

• 03143’C40455 51/4 0,CNF3 ;PDCRFS5 OF OP T/I
0 3 1 4 4 ’ C 2 C 4 - 4  LOP 0,CHKADD
03145 ’C4C455 ST/I 0.CNR5 :ACDPESS OF WHERE IC M CVE 0/41/I
031 4t~’C72 452 CFJ V 6- : LD/I~ C ,CNR 3
03147’0424’- 3 S1P~ 0.CNRS
03 150 ’O 1C4 S C IS? CNP3
03 151 ’C IC4 SI IS? CNR 5
C3152 ’01444 5 DS~. Ch ’R2
03 153 ’CcC77 3 LiNE CNV 6
03154’C244 52 LU/I 1,CHKII)
03155 ’CO2 7cC ‘ .TItR
031~~6’C 061 3 5— JSP~
03157’024445 CNVS : LC/I 1,DGID
03160 ’C03155 ’ .110?
031 61’60€- 13 5— J5l~~ X E ? ?
03162’C0C 627 LiMP CKV I

;SFF IF C}41C4< EFCU IPES DA T /I
03 163’ C2 OC - 1 4-C r -V 3 : LC /I 0,CHKPO
0316 4 ’101CC5 C,0,SNR
03165 ’CC 0E24 LiMP C KV I
03166’C2 043C LCA 0 ,CNR I LOCP COUNT 15 .  * CF COK — 1
03 67’C4C43C SIP 0.CNR2 :DCAN CCUNI WORD
(i3170’ 02C44C LOP 0,cH~ /IDD
03 17 1’C4 0427 ST/I 0,C?~R3 ;ST CR F PDD RE S S
03112 ’1O ?400 SUP 0,0
0 3 1 7 3 ’ C € 1 1 2 1  DC /IS 0,A D CV
0 3 1 7 4 ’ I O I 4 0 0  C N V 7 :  INC 0,0
03175 ’C 6352 1 SKPPZ PCCV
C3176’C 0C7 77 LiNE
03177’C (662 1 01CC 1.AD C V
032 00’ C 1-11 2 1 CC/I S 0.ADCV
0320l’C4~~417 SIA~ t ,CN R 3
032 02 ’C 1C41i IS! CN P 3
03203’014414 138! CNR 2
0320 4’COC77C LiM P CNV T
032 05’C€ 352 1 SKPPZ PCCV
03206’CCC777 LiM P
G3~~O7 ’C€26 2 I 01CC 0,ADCV
C3 2 1 0 ’ 0 4 2 4 1 c  S7/I~e 0,CNR3 ;STCRE LAST C l-I AN
032 11’C244 15 IDA 1,CHK1D
03212 ’CO3IIC ’ .710?
0 3 2 1 3 ’ C C € 1 3 5 -  JSR~ X~~RR
03214’00?401 XCNV I

03215 ’C03011 ‘X CNV 1 ~ CNV 1
0 3 211 ’C 0C01 7 C?~R 1: 15. ~* OF CHN — I
032 )7 ’CCCCC I CNR 2 : 0 7COWN COUNT LOCATION
03221’000010 (‘N03: 0 7/IDORESS SIC?!-
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0041 M I - I T S
0 3 2 ? ) ’  0 ( 1 :  ( 4 2 0  C 0 0 4  1 ~ • I I 04- COO
C3~~2? ‘ C  ( C ( : C C  C r 0 5 :  0 7/ ID I ) M I - SS  SlUIC E
03 2 2 3 ’ C ( C C O S  C N I 7 :  5.
0 3 2 2 1 ’ C C C O C €  0 ( 4 1 :  ~‘
((3 2 7 5 ’ 0 0 0 0 3 c  P - S i  10: 30
(43276’C0 (014 CON )!: 14
03227 ‘C C 3 / 3 5 ‘ l W / I l  I’: uc~~c
03230 8 (J017 j2 ‘C IINAJID : C O E N U E

C 3 2 3 1  ‘ O C C u O C  DCC K’I  : 0 7CUUNT FOP EVEPY 5TH TINE IKIF FY/I L F.C!- H-~~1

— ~~~~~ _ 
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‘ 0042 MI - I T S
ISU P’OOI ) ’I 101 1( C~ ECK ‘E l) SEE II- LISTING I~A TA
, P E < j U l I ( E .D JIM ) ‘IC INC CASEI TE ICECORI ) P-RITI}- K

0 3 2 3 2 ’ ( 5 4 4 3 2  R A I N ~ Si/I 3,TRAI N

7 I K C F F M E N i  7~PI’F OFCCPI ) COUNT
032~~3’ :I41I5 . L I /I 3,TAI ’CN
037~~4’ (-?0i1~-— I O A

Soot 0,3 ,s7p
O3 2 C ~- ‘ ( - (

~~ 4 C 3  Li ME- .43
C 3 2 37 ’ (10117— 157 0ETCN
032 40 ’C :C4C ; .42
0324 1 ’ C 1 C 1 2 1 —  IS? N.STCN

;CHI CK I- IN L IS TI NG OF 14A’I /I RFCUIPEI3

03242 ’C34 010— LD/I 3,00LJTC
03243’ 3750C5 MCV 3,3,SNR
03244’00242C Li14P~ T R A I N
03245’c34422 LOP 3,RNN I :SICRE TIME
03246’021775 LOP O, — 3 .3
032-”7’047422 SIP~ 0,PNN3
03250’0717Th LOP 0,— 2,3
03251’C4242 1 ST/I~ 0,,RNN 3+1
03252 ’C21 )77 L1: /I 0,—1. 3
03253’C4242c ST/IS 0,RNN3+2
03254’C70413 LOP 0,RNP4 1 SICRE DATA
03255’042413 ST/I~ 0,RNN 2
0325€ ’0C 6410 JSP€ WT IC NF R
03257 ’C2C4O~ LU/I 0,ZTDNC
03260’C24 4C5 LOP 1,ZTDMG
03261’077777 .XF’ I DI4IP ?FA[)Y FOR PRINT CUT
03262’C0~~135— LiSP~ X E ??
03263’C02401 TRA IN

032 64’CCCCCC TRAIN: 0
032~ 5’CO3274’77 [)P-c: 11MG
03 2 6 6 ’  C C 2 7 S C  ‘~~T b N F p :  TP-NFP
0 3 2 6 7  ‘ C C ( ’ 7 2 4  ‘ E N N I  : X E L F 4 €
03270’002772 ‘PNN2: ZSCFC
032 71 ‘ C 0 C 0 7 5 - P 0 N 3 :  C R S C
03272’ CCCC 7~~— CR5 1
03273 ’CCC 077— CR52
03274 ’COCOCC T DP’C- : 0
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A 0 (43 FF1 1 5

~ SUl IWt iT  IN E 11 CU IPUT TIME
i TI NE : XX XX XX
IPRINTS CR50 . 0051 , 0RS2

C3~~7’~’CS44 21 P T IMl - : SIP 3,OPTXZ
03776’0?042 LU)) 0.PT2 :3

LOPE 1 ,P13 iORSO
(‘33 00 ’c0 6u11— LiSN I-’ X IN flf C
C 3301 ‘ C 2 0 4 3 C  101’ C,PT7 ;EE
03 302’ C 0- 1?4- — JSP~ XNICI -U
C~~3O 3’C 2C4I~ ID/I C ,PT2
C 33 04’C2~’417 LII P~ 1,PT5 :O F . S 1
C 33 (5 ’CC C l l —  JSFP XPNI)l-C
C330€ ’C2 0 4 23 LOP C ,I’T7 ;~~f!
C 330 7 ’C (’01 2 f- - JSEP X~~PLO
C3 310 ’ 020410 LOS) 0.012
O,,3 1 1 ’  026 413 LOPE 1 ,L’T6 IC ES ?
O3 ~~12 ’ 0 u o u 1 1 .  ~J 50E  X P N I ) F C
C 3 ~~13 ’C 2G 4C J IC/I 0 ,P 1 4
0331 4 ’ C 0 6 1 2 - —  JSF~ XK HL ( )
0 33 1 5’CC24C I JfrF~ P O T X Z

C 3 3 1 6 ’ : O C C - C C  OPTX 7 : 0
C 3 3 1 7 ’ C C € 6 5 2 ” O T I  : 2 * M S I  15
C332 0’C0 0003 PT2: 3
03321 ‘C0007S— P13: CPSC
03322’ 0C(-664 “ E ’T 4 :  2$YE 11€
03323’ C0 0076-PT5 : CR SI
03324’ C00077—PT t : CR52

14811 5 : .IX I * I IME *

03375’ (‘52111
03326 ‘C 4 ~ SC 5
03327 ‘C7CO 4C
03330’ 0000CC
03 33 1 ’C0€€ 7C”PT 7 : I’53C0*2

14S116: .1Y•l * *
03332 ‘C2CO 4C
03333 ‘CCCCC C

14S300: .TX1 * :*
03334 ’C3 500C

.,~ ~ _iT~ _ _
~~ 

—- 

-~~ 
- — — — —-- —•-‘•- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ — — —•- -~~—



- 

~~~~~~~~~

_

J 
A (O’~4 NI - I IS

4 : S t ) E O ( ’ U T l E  I It 01- 1NT DATI :
II))~4I XX X>: X X X X

P O I N T S  C R 5 0 , 0051  • 0R52

()3335’U’,’.473 01)/Ill- : Si/I 3d4DTX2
(13336 ‘020474 LOP ~- ,Pfl2 ;3
03337’C7 (424 LC))E 1,PI)3 :0050
03340’UO (- (I ll— Li5l~ X ONDNC
0 334 1 ’C2C 423 I - OP 0,004 :PH
03342’ 0061 2 (- — X~~P1

_,()
03743’02C417 LOP 0,01) 2 :3
03344 ’026421 LU/IN 1,01)5 :0051
0 3 3 4 5 ’ C O ( - O l t —  XE N UE C
03346’02 (416 LI))’ 0,P04 ,PP
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C54 71’1 3 6033 A D CZ $ l,3, SNC ISK IP IF TGNEh.NO ISE CI TOCLE

• C 54 72 ’C SC O 3C— ST/I 2.TQDIP

C 5 473 ’ IC€ 4CC SUP 0,1
05474’l?51 32 M CVZLI 1,j .SZC
05475’12 44CC NEC 1,1 IN - /IK E PA TE CF CHANCE ALkAY5 FCS- .
0547 6’C44 031— ST/I 1 ,TOPA TE
C5477 ’C4 002 7— ST/I 0 ,IOPCEJ E

:DE IFRM INE Pit RISE UP FALL A NC /IDC TO IN T ERCA L
05500’C3€ 456 LD /I9 3 .VCAH LD
05501’ C 21 775 ID/I 0,~~3,30!502’C4C 024- SI/I O ,BTUFST
C 5 5 0 3 ’ C 2 1 C 3 ; —  LEA 1,010
C~~50 4’C3C C 3 ’-— LEA 2,BT UZ FP
05505’142400 SUP 2,0

:11 N E C NC C HE C K

• 05506’1C11 32 M C V Z L S  O ,O .SZC
C 550 7 ’CC C 42C JM F A LL 2
055 I 0’1 2 51 32 N - CV ? Lu 1.1 . 57C
C 5 5 1 1 ’ C C C 4 I 6  JM F P002
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0070 MF L I O
05512’10 2400 SUB 2,2
0551 3’1D003 4— ST/I 2,I4TW)IR
0551 4’152520 SUBZL 2.2
055 15’C 34C 56— LOP 3,NOIsE:
05516’11 44C 0 NEC 3,3
0551 7 ’1170C 0 A CE 0,3
05520’166 433 SUE7$ 3,1, SNC
055 2 1 ’C SCC34 — ST/I 2 .BTUOIR
05 52 2’ IS2O CC AEC 2,7
05523 ’C34 056— LOP 3,NO1SE
055? 4 ’ 1 1 7 0 C C  A CC 0 ,3
C552 5’13 (-033 AO CZ I l,3 ,SNC
C552 6’C 5CC34- ST/I 2,BTUDIP

05527’C4C ()32—A [)L2: SIP 0,BTU
C55 30’C2 4C33— LOP 1,BTUSUM
05 5 3 1’1C7 000 A CE 0, 1
05532 ’C44C33 - SIP 1,PTUSUN
C 55 33 ’1 25 1 3 2 M CVZ L S 1,1.SZC
C 5534 ’124400 NEC 1.1
05535’C3C42 2 LEA 2 ,ADBM X ;CCN - P/IPE WI TH 30 ,0CC
C553 6’1 4 6- C 3 3 AD CZ * 2,1. SNC :SI<IP IF SUN - CT 300CC
05537’CCC4C 5 PIL l
C55 40 ’C24C33 - LEA 1,8TUSUM
C 5 5 4 1 ’ 1 7 - t j i  N - CV Z L I l,1,SZC
C5 542 ’15C4 C C NEC 2,2
05543 ’C 5CC33— SI/I 2,BTUSUM

:SICRE CA V A LUES IN OUTPUT PUFFER
DA O -8 CR/IN 8

iD /I l —7 CR /IN 9
05544’C3 6412 ADL I : LCA ~ 3,VCARLD
C5545’C20 022. LEA 0 , D A O
05546’C4 1770 ST/I
05547’C20 C23 - LOP 0,0/Il
05550’C4 1771 SI, 0.— 7 ..3

PF/IDY PUIC CCNT PCL TASK
INC CHE CK IS N - A C E  TC SEE IF TASK EXIST .

C5551 ’C2 44C7 LOP j,AUTII)
05552’C05434 ‘ .TICP
0555 3 ’COC4C I JPF .41

0555 4’C02401 JM FU ACBC K

05555 ’CCCOCC /ICP C P: 0 :PETUPN ACCRESS
0555 6 ‘C03722 ‘V OAF -L O: C A R L O
C 5557 ’C 72 4 6C Ar PN - x: 3CCC O. iN - AX 11111’! CN P’IUSUN-
C 55 60’CCCC 40 P11110: 40 ,AUTO TASKIC

p/ ICC CC p - TAIN S N EW VALUE OF’ IORCUF~ W i-lEN EN IEPINC
PA Ct WILL RE ICAC ED W ITH ‘t Il E PAST VALUE OF TCPCUE

4 IDEL AY C C N I P  IN S IF- I-. P OF 5 SEC INT ERVALS FOP THE A C E CF ctr
05561 ’C5 44 17 PC F- l0: ST/I 3 .,PPPET V A L U E .
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05 ! I i  ( ‘ 0 3 0 0 1 , 0 —  l O P  2 , !1 l A Y
05’t ~4 ’ l 7 3 0 o ( j  P l C  3.2 ;AC3~ ‘PSE AIWHI -SS 4 CI - I P Y

JO /I 2 ,PPAIw
05566’151400 INC 2,2
05567’!56433 sUP7~ 2 ,3 , 51-SC :SKIP IF /IC2 IT AC3
05570 ’C3 0412 I D A

:11/IKE ~U1- F A C O F - E S S  IS NOT LESS THAN BASE ACCP E S S
C 5571’0 3 4 411 LOP 3,PPH/ (SE : 1 ( r - LW F S S
05572 ’1560 32 A UC Z~ 2 ,3,SZC ISKI P II - AC? CF AC3
C5573’ C 344C3 11:/I 3,ppB/\sf:
05574’C5C 4C’— ST /I
05575’C25000 LOP 1,0.2
05576’ C4 100 C- 51/I 0,0,2
05577’CC24 01 JN- P~ PPR ET
C 5 6 0 0 ’ C C C C C C  I ’ P P FT :  0
05601 ‘005 603 (-PA rr) : PP/ISE
056 02 ’CC56C 3 ’ (’FHA ~~i~: 1 H A 5F

C-0C 044 EF 1A5F . : .BLE 3€ .
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“ 0 0 7 2  fr} L ’J S
.N P FL
11h111P1 1 Z/IT ION TASK
ITA S K  1.0’, NO. — 4
ITAS K I-f~ICHITY — 50
1 —

INII, :
05€47’1C2400 SUB 0,0 ICLEAR CASSETTES IN IT I /I L I7F C P - L I C ’I C I
05 (-5O ’C4 00i€— Si/I 0,INITL

0565l’020142 . 00/I 0 ,XTV FH :INIT . PR IN - /I PY UNIT
0565?’12€ 400 SUP 1 ,1 IPAF T I/IL INIT IPL Iz/I1rcb
05 (53’ (coO 17 .SYEIM
05604 ‘C C 4 C C C  .INII
05650’CC (-135 . J5P ~x~;pp0565(,’CC6C17 .SYST M JOEI AN OPEN CHANNEL NUN - PE R
G5~~57 ’C21O52
056 60’CCe13S . JSR ~X FPR INC FR EE CHANNELS
O S E€ ) ’ C 5 0 1 1 6— SIP 2,PTCN
C5€ 62’ S C l I S -  SI/I 2,TAPCN
O56 (,3’C2C 142- LC/I 0,xTVFR IOPFN THE DE S I G N A T E D  I / IRE UNI’!
05664’C0601 7 .EYSIN-
05665’C25077 .111000 ~7 7
05666’C0 6-135— JSP ~X F P R
05€6 7 ’C2C 143 - LOP 0,XTVFS UNIT. SECCNDAPY UNIT
05€ 7 0 ’12i- 4Cu SUP 1,1 PPRTI /IL IN ITIAL IZAII CK
05671 ‘006017 .SYSIM
05672 ‘0040CC .INI T
05€73 ’C06135- JSP ~XE PR
05674 ’COf-017 .SYSI P 7CEI AN OPEN CHANNEL N U N - PEP
05€75’ C2 1052 - •CCBN
05676’CC 6135- ~X ERR INC FREE CH ANN ELS
O5€7 7 ’05Cl 2C— SI/I 2.STCN
C 5700’C ?C143 . LOP O ,XTVFS IOPEN THE DESIGNATE D TAP E U?~I1
05701 ‘C 0 6C 17 .SY SIN-
C5702’C2’— C77 .M T C P E  77
05703’006135- JSP ~X E R R
05704’126400 SUP 1,1
05705’C 44 123— SI/I 1,PSTF
05706’C44117- 5’!P 1.NPTCN :NM OF PECOPD PPIYAP Y
05707’ C44 12 1- SI/I 1,NSTCN :NIJ N- CF RECORD SECCND/IPY
C 57l O ’12 652C SUP2L 1,1
05711’ C44 122— SI/I 1,NCHN

C5 ’112 ’IC2 00C ACC 0,0
0571 3 ’C4CC I€ . Si/I 0 ,INITL :CPSSEIIES INITIALIZE D

C 571 4 ’CC 5 43€ ’ .IcILL
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I
05715 ’C5 44 1C c-DAlE. : ST/I 3,CDO
05716’ 006017 •5Y51 H
05717’0210 06 .GC/IY
C572 0’006135 . ~ X EPR
(1572 1 ’04CC 7 6— SIP 0 ,OR SI ;D A Y
0572?’C44075— SI/I 1.ORSO :MCNTH
057?3’05C077- ST/I 2,ORS2 flEAH
0’ ’1 ? 4 ’ 0 C ~~4 C t  iN- P Ø C DO
0 5 7 2 5 ’ C C C O O O  c - n O :  0

ICE ! l IM E ROU T INE
I • . • • — — • • _ a a a e

05726’C54410 c - TI F F :  ST/I 3,GTO
05727 ‘(0(017 .SY~~1M
05 ’730 ’C2ICC3 .G’TCC
C 57 3 1’C 0&1 3 5 - JSF QXE RR
0573 ?’C4CC7 7— Sip 0,OPS2 SECONC
057 33 ’C44 07€— ST/I 1,ORSI IMINU T E
C 5734’C SCC7 S- SI/I 2.OPSO IHOUR
05735’N24C1 iN-P ~CTO
0573 6’C C C C C C  c-TO: 0

.EXT N .B I N D
• ZP E L

0CC74— C77771 X PIN r) : .PINC
CCC7 5—0000 0C (RSC: 0
00C7 6— CCC CCC CF - S I : 0
0CC77-CCC000 ORS2 : 0
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“ 1401 4 N - I- ITS
-
~ ISCA N X X X X X  RI -CO RDS CR FI LE S TASK

IT / I S l(  1.0- . Nt . — 16
p 1AEl ( IF -  ICR ITY — 10

-
~~ I — a — — a — a a a a. aS  a a

C 57 37’C ?CO CO— SCAN : I-OR 0,TINPR
05740’1C2 4C4 SUP 0,0,S7P
05741’CCC442 JMP SC7
05742 ’C2C472 IDA O .SC9
05743 ’C 0612t- — JSP~ ~ W R L 0

• C5744’0044s1 iSP SOCII) ;DECIDF IF FORWARD CF RE VE RS E
057 45 ’C3C I11— LEA 2,1 (3 IF FEIURN.  LOAD CODE
C574f- ’C2C4 73 tO/I 0,SC N :LCAD M E S S / I C -F: BYTE PO IN T E R
05747’CCC4C3 I.JN-F SCI
05750 ’C30112- LOP 2,1(4 ;R RETURN , LOA D CCCE
05751 ’C2C4 71 LB/I 0,SCN-. i gL C PO M E SS /ICE BYTE FCIN’IEP
C5752’050464 Sd .: SI/I 2ISCNK p SAVE CODE
C 5 7 5 3 ’ C 0 - e 1 2€ -  iSP ~ X W P L U  ;CU1P [J T MESSAGE
05754’C06100-sC2: iSP ~XDB 1N ;CCNV FFT NUMB ER IC B I N AR Y
05755 ’C3C 46C LEA 2.SCSP
05756’142404 SUE 2,0.SZR ;FIN ISFIE D?
05757’000775 iN-F SC2 INC
05760’C44457 SIP l,SCNN IVES, SAVE NUM BER
05’761’CC4434 iSP SCCID :CECICE IF FIlES CF RE CC RCS
C57 (2’C2C451 LOP 0,SCN.- i II - RE TU RN , LOAD MESS A GE BYTE FOINTIF -
057~~3 ’C C€1 2 6- iSP ~X WPLO ;OUTPUT BESS/ICE
057 64’COC4 II iN-P SC3
05765’C?C457 LB/I O ,SCN+3 IP RETU RN , LO AD M ES SA GE BYT E FCI N1F ~057 66’CC€1 2 6— iSP ~XW RL0 ;CUTPUI MESSAGE
05767’C24447 IC/I 1.SCNK :CCN-PINE VALUES FOP CCP N - PN L (‘(P0-
05770’02C447 LCA 0,SCNN
05771 ’107CCC A CE 0,1
C5772’C0~~124- iSP ~XTVFE ;EXE RCISE TAPE UNIT
C 5773 ’CCC 4j€ iN-P SC5 ;PE/ID AN ECF CR ECI
05774 ’COC4 II iN-P 8C4
C5775’C24441 SC): IDA 1,SCNK :GEI CCN -MA NC WORD
C5 776 ’C06124— iSP ~XTVFE :EXERCI 5E TA PE UNIT

-
‘ 

05777’COC4O6 JN-P SC4
C 6COC’ C 1443 7 DSZ SCNN :FTNISHFD?
O 6COI’ C 0C7 74 iN-F SC3 iNC . CONTI NUE
C6002’0C04C3 iN-P 5C4
06C03’C2C43 C SC7: LB/I 0,SC8
06C04’C0 (126- JSP~ XbiR LO
C 6CO S’ C24001-504: ID/I 1,KEYID iTES , ICENIIFY IcEVE C /IPO TASK 70 SYSTFP -
C€- CO6’C C 555 2 ’ .IICR
06C 07’C 061 35— JSFQ X E P R
C 6C 1O ’C 0 57 1 4 ’ .KI LL
C 6C11 ’CC€ C7 4- SC5: iSP ~XBI [4D POUTFUT NUN -PER OF PFCCPOS SCA N NED
06C 12 ’C2C4 20 LC/I 0,SCA :MESS/IGE BYTE POINTER
06C 13 ’CC€I 2 (- - iSP ~X W RLC

• 0601 4 ’CCC 77 I iN-P 8C4 IEXX T

• ICE C IC E  IF F OR P R C UT I N F
7 . a a a a a S a .  e W e  a . a a e a a — a

• C 6C I5’C 5 44 12 SIJCID: SI/I 3 ,SDR T :Si~V F  R E T U R N
0t01 6’0061C3- isp ~XC.ETc IGET CHA RAC T ER
C (C 17’ C3C4 11 LOP 2,SDF
C 6C2O ’11 24C5 SUP 0,2,SNR US CHA RACTFR A N M I M I
C € C 2 1 ’ 0 C 2 4 C 6  iN-F ~SDRT lIES. RETURN
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C (c22 ’C~ 0407 LU/I 2,SDI-t
Of- C 2 4 ’11 24 0 4 SUB 0,2.S7R :15 CHA P /ICI ER AN “H”?

0772 iN-F SCCII)+1 N0. 1RY FOP P NF h ChPU/ICIFI -
O#07’ ‘C 34 4( 2 ICR 3 .SDHJ ; YES • RI - TURN
O e C 2 ( - ’ C ( J 1 4 ( 3  JI-’I 3.3

0 (C2~~’C O G 0 C C  1 F - ’ ! :  0
0~-C 30’0& ~C 1 C ~ ~ I I- : “F
06031 ‘(00122 SOP :
C~~C32 ‘0141 12 ’~ -CA : ?$N -FC SN
C€ C33 ’C0 3724” -s(’~~: 2*1151 10
0€ C34 ’C 1 4 2 C4 5C9:
0€C3 S’ C C C C 4 C  SC’- P :
C 6C 3 N ’ C C C O C O  SCP l— i 0
C 6C37 ’C OCO C C SCNN : 0
0 (C4 0’CCCC CC SC’OF- : 0
06(41 ‘C 1 4 1 3 e ’S (~~: 2*BEW C
06C42 ‘014 ISC ’ 2 *N - FE~
06C43 ‘C1 4 1 (-2 ” 2*MFII E
06044 ‘(14172” 2*N - FECC

MPCSN: .11(1 “ RECORDS SCPNNI-D<j5><1 2 )”
06(45 ‘C20 122
06C46 ‘(42503
C t-C47 ‘047522
06C50’C 47123
0€ C 51 ‘C2C 123
0(052 ‘0415C 1
06C53 ‘C471 le
06C54 ‘042504
06055 ‘CC€ 4 12
0 6 0 5 6 ’  C O C 0 0 0

MFIwC: .TXT “FORWAR D “

06C57’C43117
0fC~-O ‘(51127
06061 ‘C4C 522
06062 ‘C42 C 4 0
06C 63’C C C C CO

N-RE V: .TXT “PEVEp5~ “

06C64’C SllOS
C6C65 ‘(53105
06066 ‘051 123
C6C 67 ‘C4244C-
C 6C7 C ‘ CC CC CC

N -F ILE : .t X t “IILES<15 ,<12>”
06071 ‘043111
C6C72 ‘046105
C6C73 ‘C51415
06(74 ‘CC SOC O

NRECD : .TXT “PECOPDSc15)- (12,”
06C75 ‘ C51 105
06C70 ‘C4151 7
06C77 ‘051 1C4
06IO C ’C 51 415
06101 ‘(05000

N-SC /IN: .IXI •SCAN *
06102 ‘051503
06 103 ‘040516
0€ 104 ’C2C000
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‘ 00 7 6 MI - IT S
.N FE L
IINIII /II1Z E DATE ROUT iNE
7 a — a a a a a se a  — a a a a — s e a. .

0f105’054417 INTO T : S I / I  3.DTO ;SA’VE RET URN
O 3 0 ~~’C20417 LOP 0.DT :OUIPLJ T M ESSAGE
(J6107’CC44 37 JSR INIGN IOFT DATE
0 ’110’131000 N -CV 1,2 ;YEPR IN1O RC2
061 j t ’C2 453 LB/I 0,GN2 ID/Il INTO ACO
0611 2’C2 4451 LDP 1,GfJ l ;N-CNTH INT O AC I
C 6 1 1 3 ’ C c e 0 1 7  .r

_
Y S 1 N -  ISEI CA l F  INTO REAL T IME CLCCM

0611 4 ’C2 10C 5 .51/Il
O€ 11 5 ’C( C 4 0 3 iN-F BIER
C€ 1 1 6 ’ C C e C 6 C —  iS- ~XC RL F
06117’007405 iN-P @0-TO ;REIURN

06120’C2C 403 fl IER : LOP 0,MDEPR
061 2 1 ’CC €1 2 6a JSP@ X ?A PLO
06122 ’0C0764 iN-F INTDT4I

06123 ’0C233C”M [)ERR: 110051*2
Ot- 1 2 4 ’C O C C C C  0-TO: 0
06125 ‘C14430”DI : 2 *N -LCRT

7INIII AL IZF TIME PCU TINE
7 a . a a a a a a S — a a a ,  a a a — a a

0t-12 6’C 544 1€ IN1IN- :  SI/I 3,TMO :SAVE RETU RN
06127’C2C4 16 LCA 0,TM J O U I P U T  MES SAGE
06130’0C44 16 JSP INTGN JOEl TIME
06131’121000 1,0 ISECONE INT.C ACO
06132 ’024432 LOP 1,GN2 :N-INUTF INTOC A C 1
06133 ’C3C43 ( LB/I 2.GNI JHCUR INTO AC2 (24 E4C LF C L O C K )
06134 ’OC 6C 17 .818111 ISET TIME INTO REAL TIME CL (-CN
06135’C 2I CC4 .81CC
C€ 1 3 6’CCC4 0 3 iMP SIER
06137’CCeO Ct . JSP @XCRLF
0€1 40’002 4C4 iN-P @IMO :RETUPN
06141’C2C7 62 STE P: LEA 0.BDERR
C6 142’CC 612C a JSP@ X (’RIO
0€1 43 ’CC C7 64 iN-F I N T T M + i

0€ -1 44 ’CCC C CC IN-C : 0
06145 ‘C 1447 6 “Ti -’: 2 *WUIIN -
06146’C54414 INIGN: 51/I 3 .GNO
061 47 ’C 061 2 6— iSP @XWRL O
0615 0’C2C4 15 LOP 0,GN3
061 5 1 ’C C€126 - iSP ~ X W PLO
061S2 ’CC44 14 iSP C .NDBN :GEI N-CN TH CR HOUR
0615 3’C444 1C SI/I 1.GNI
0€15 4 ’CC4 4)C iSP GNSPO
0€155 ’C044 11 JSP CNDPN JOEl DAY OP MINUTE
C6156’C44406 SI/I 1,GN2
06157’C04425 iSP GNSPO
0€ 160’C044C 6 iSP GN DBN :CET YEAR OP SECOND
0 6 1 6 1 ’ 0 0 2 4 0 1 iN-F @ GN O

0616 2 ’CCC COC GNO: 0
0f1 63’CCCCCC c -N I: 0
0616 4’C CCCCC GN2 : 0
06165 ‘C14544”GN3 : 2*N -8F1 4
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O616~~’C544I4 (•~~I)I~N: ST/I 3 ,I~NO
U61~~ !’C 0t-IO0 — iSP RX D P I N
(6170 ‘1’ 3041 3 LOP 2 •
(if1 7 1 ’ 1 4 7 4 1 5  SUP : 2,O.~ ;N H
0617 - i ’002 4 10 JM~~~ F-N O
O617~~’(i0404 LOP 2 ,PNCR
0617 4’14241’ SUP 2 ,O,SNR
C 6175’ C (d 4C 5 Jt-’PW
C 6 1 7 6 ’ O C C 7 7 1  iN-F GNDB N+ 1
0.177’ C C CC l c F-N C R : 15
06200’C0C775 iN-F
0e 01’O C2 4C I JN-F ~ ENO :EXII . B INARY NC . IN PCI
O € 2 0 2 ’ C O C O C C  F - N O :  0
0 € 2 0 3 ’ C C C C 4 0  F- N~~P:

0f204’C54405 ON SPO X Si/I a , po o
C 205 ’07C4C 5 LCA O ,poj
062fl 6’C244 05 IC/I 1,P02
0 e 2 0 7 ’ C C 6 1 2 ~~- iSP ~ X W R L O
06210’002401 iN-F ~ P O O

062 1 1 ’ C C C C C O  P00: 0
0f2 12 ’C 1456 4” PC 1 : 2*N -SFS
0e21J’ C 0CC ~~0 P02: 20

MUD /IT: .IXI “ENTER DATE MONTH DAY ffPP (15> (12)’
06214 0425 16
06215’ 052105
0 6 2 1 6 ’  CS 1040
06-21 7 ’ C4 2101
Cf 220 ‘C~~2 105
06221 ‘C2 0C4 0
06222 ‘C4 6517
C€2 23’ C4 71 24
06224 ‘044040
06225 ‘C2C 0<C
06226 ‘C2CC40
0 6 2 2 7 ’ C 4 2  101
06230’C54440
06231’ C2C 04c
062 )2 ‘C2CC4c
06233 ‘C54505
0623 4 ’C 4C 522
06235’C 06412
062 3 6’ C C C CCO

M ( J 7 I N - g  . T X T  “ ENTE R TIME I4CUR MINUTE S EC CNC ( 15 > <1 2 ”
0t 2 3 7 ’ C 4 2 5 1 €
0 4 0  ‘052 105
06241’ CS 104C
06242’ C52 11 1
06243 ‘C4 65C5
06244 ‘C20040
C6245- ’C 2 C II c
06246 ‘C47525
CE 47 ‘ CS 1040
(€250 ‘ 0 2 ( 0 4 0
C€251’ C4 65Il
0 6 2 5 2  ‘ C 4 7  1 25
06-253’ C~~2 105
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007P MELTS
06 2 54 ‘ C 2 C 0 4 0
C - I ’ S  ‘0 5 1 5 0 5
06 2 5 6 ‘ 0 4 1 5 1 7
O€257’0 4710 4
0 6 2 6 (1 ‘ C C  6 4 1 2
06261 ‘ 0 0 ( 0 0 0

MSP 4: .IX1 TM

062 h2’020040
O € 2 ~~3 ’c2Cc 4c
0 .2 (4 ‘ C 2 0 ( I -1 (
0€ 2 5 ‘ C 2 C 0 4 C
0( 2~~6 ‘0 2 ( : ( 4 ( )
06-2 (7 ‘C 7004c
06270 ‘020040
06 7  1 ‘C CC (iCC

MSPS: .T X T  “

06272 ‘020040
06273’ C2C 040
01-274’C2C 000 

-

.EX IP ’ .CPIN

.ZFFL
00100— 077177 XD PIN : .CPIP ’

.NPF I
- IGEI C R A P / I C I E R  FROM K E Y B O A R D  ROUTINE

7 a.  . a a a a a a . a a e aa e a a ee e a a a e a a  S e e
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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, Equ ipment 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 An~nunition Plant (formerly

Naval Ani~unition Depot McAlester). However, cost 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
‘I

conservative since actual test data demonstrated 40 pev cent to be possible)

• would reduce end item costs by $1.83 for each Mk 82 bomb produced .

Considering a peace time buy of 25,DOO bombs per year, the gross cost

savings woula be S4D,7~~/year. Using an investment cost of $14,150 for etlUipI c - .

J 
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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 nius elimi nation 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 equi pment, 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 13,100 bomb: 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 elimi nation
• of large 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 l~oaded Army projectiles would

amount to much more tha n can be obta ined in bomb loading. This Is d .-
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time required to perform the multiple-step probe method .
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