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FOREWORD

The 1974 Army Numerical Analysis Conference, sponsored by the Army
Mathematics Steering Committee (AMSC), had as its host the U.S. Army
Frankford Arsenal, Philadelphia, Pennsylvania, and was held on the dates
of 13 and 14 February 1974. Mr. Sylvan Eisman, Chairman on Local Arrange-
ments, shouldered the major share of the responsibility for the conduction
of the conference. Those in attendance would like to thank him and other
members of his committee for doing an outstanding job of arranging physical
accommodations and handling the many problems that arose during the course
of the meeting.

No conference in this series was held in 1973. This fact may be just
one of the reasons there was such a large number of papers submitted for

. this eleventh meeting. The theme of this conference was "Optimal Use of

Computers in Army R&D," and many of the contributed papers that were
accepted for the program emphasized t)ii¢ topic. A new feature in this
conference was a concluding meeting wherc =ach chairman presented a brief
summary and a critique of the papers in his technical session.

In addition to the above-mentioned speakers, three persons gave
invited addresses. The first of these was delivered by Dr. Mel Pirtle,
who des:vibed the large-scale centralized computer facility at the NASA
Ames Research Center located at Moffett Field, California. Professor
Magnus R. Hestenes of the University of California at Los Angeles and
Thomas J. Watson Research Center, Yorktown Heights, New York, gave a
survey of various optimization techniques. In particular, he described
the steepest descent and conjugate direction algorithms and compared their
relative advantages. Dr. J. M. Yohe, the third invited speaker, discussed
the computer facilities at the Mathematics Research Center at the
University of Wisconsin. He also described various computer routines and
packages which have been developed and are available for use by Army
scientists.

Another important phase of this conference was the presentation of
the citation noted below.

DEPARTMENT OF THE ARMY
CERTIFICATE OF ACHIEVEMENT

Awarded to John H. Giese

The Army Mathematics Steering Committee expresses its
appreciation of and its gratitude for the valuable contritution
made by Dr. John H. Giese as Chairman of the Computing anr
Numerical Anzlysis Subcommittee. His keen insight into the
role of computers and numerical anailysis in the business of
Army research and development is best summarized by his statement
to the subcommittee: "Ask not what mathematics can do for us,




-

but rather ask what new things it has done for us lately!"
His missionary activity to bring the frontiers of
computers and numerical analysis to bear on the mission
of the subcommittee, on his own laboratory, and on the
entire community of the Army computer users is herewith
recognized with great appreciation.

The Army Mathematics Steering Committee expresses
its gratitude for Dr. John H. Giese's contributions
and looks forward to his continuing participation in
the work of the committee and for his stimulating ideas.

" oA
12 February 1974 ‘jc%tuw{’ )vat(lﬂl,.,/

Lothrop Mittenthal

coL, AD

Chairman, Army Mathematics
Steering Committee

In the photograph the gentleman on the right is Colonel Lothrop
Mittenthal, Commander of the Army Research Office at Durham, North
Carolina. He is seen presenting the certificate to Dr. John H. Giese.

As chairman of the AMSC Subcommittee on Numerical Analysis and Digital
Computers, Dr. Giese organized the first ten of this series of conferences.
The chairmanship job has been taken over by Dr. R. P. Uhlig of the U. S.
Army Materiel Command, Alexandria, Virginia.
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AGENDA

1974 ARMY WUMERICAL ANALYSIS COMFERENCE

U, S, Army Prankford Arsenal, Philadelphia, Pennsylvania

0815-0845 REGISTRATION - Building 12
0845-0900 OPENING OF THE CONFERENCE - Executive Conference Room
Building 12A
WELCOMING REMARKS - Colonel Rex D, Wing, Commanding
Officer, U.S. Army, Frankford Arsenal
0900-1000 GENERAL SESSION 1 - Executive Conference Room
CHAIRMAN: Dr. Ronald P, Uhlig, Chief, Scilentific and
and Management Information Division, Army Materiel
Command, Alexandria, Va.
LARGE SCALE CENTRALIZED COMPUTER FACILITY
Dr. Mel Pirtle, Director, Institute for Advanced
Computation, NASA Ames Research Center, Moffett
Field, CA 94035
1000-1020 BREAK
1020-1200 TECHNICAL SESSION I - Room A
CHAIRMAN: Dr., Walter Foster, U,S. Army Surgeon
General, Washington, D.C.
PROGRAM INTEGRATION WOR OPTIMAL SYSTEM DESIGN
Dr. Leonard F, Nichols and Ferdinand Scerbo,
Picatinny Arsenal, Dover, NJ
NON LINEAR AND MIXED INTEGER PROGRAMMING
Bruce D. Barnett and Byron O, White, Picatinny
Arsenal, Dover, NJ
DEVELOPMENT OF A TARGET ALGORITHM FOR USE WITH UNATTENDED
GROUND SENSORS
Raymond Coakley, US Army Mobility Equipment Research
and Development Center, Fort Belvoir, VA
Preceding page blank

Wednesday, 13 February 1974
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Wednesday AM

1020-1200 TECHNICAL SESSION I  (Continucd)

EDC"WOOD ARSENAL INCENERATION PROGRAM
William R, Brankowitz and William Shulman,
Edgewood Arscnal, Aberdeen Proving Ground, MD

EDGEWNOD ARSENAL POLLUTION ABATEMENT SCRUBBER PROGRAM
William Shulman and William R. Braukowitz,
Edgewnod Arsenal, Aberdeen Proving Ground, MD

1020-1200 TECHNICAL SESSION II - Executive Conference Room

: CHAIRMAN: Dr. Ralph Harris, U, S. Army Management
Engineering Training Agency, Rock Island, IL

A COMPUTER MODELING TECHNIQUE APPLIED TO PRIORITY
RANKING OF DEVELOPMENT PROGRAMS
Dr. Edward H. Gamhle, US Army Test and Evaluation
Command, Aberdeen Proving Ground, MD

ECONOMIC, RISK AND SYSTEMS ANALYSIS OF THE CHEMICAL
AGENT/MUNITION DISPOSAL SYSTEM (CAMDS)

John Seigh and Lynn Davis, Edgewood Arsenal,
X Aberdeen Proving Ground, MD

FORECAST OF SCHEDULE/COST STATUS UTILIZING PERFORMANCE
REPORTS OF THE (OST/SCHEMILE CONTROL SYSTEMS CRITERIA:
A BAYESTIAN APPROACH
Dr. M. Zaki El-Sabban, US Army Aviation Systems
Command, St, Louis, MD

COMPUTER GRAPHICS APPLIED TO TEACHING OF MATHEMATICAL
PRINCIPLES AT THE UNITEL STATES MILITARY ACADEMY
CPT Arthur G. Bonifas, Department of Mathematics,
US Military Academy, West Point, NY 10996

i 1020-1200 TECHNICAL SESSION III - Room B

{

CHAIRMAN: Dr. John H, Giese, Chief, Applied
Mathematics Lahoratory, Ballistics Research
Laboratcries, Aberdeen, MD

APPROXIMATIONS IN EVALUATING THE RADIATIVE TRANSFER EQUATION
Dr, Louis D, Duncan, Atmospheric Sciences Laboratory,
US Army Electronics Command, White Sands Missile
Range, NM 88002
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1020-1200

1200-1315

1315-1415

1425-1640

Wednesday AM and PM

TECHNICAL SESSION III (Continued)
ON THE NUMERICAL CONVERGENCE OF MATRIX EIGENVALUE
PROBLEMS DUE TO CONSTRAINT CONDITIONS
Julian J, Wu, Beret Weapons Laboratory,
Watervli:t Arsenal, Watervliet, NY 12189

AN IMBEDDING METHOD FOR NONLINEAR MATRIX EIGENVALUE
PROBLEMS OF STABILITY AND VIBRATION
E, Zagustin, R, E, Kalaba, and M, R, Scott,
California State University, Long Beach, CA 90840

NUMERICAL SOLUTION SCHEMES FOR HIGHLY NONLINEAR

STATIC STRUCTURAL BEHAVIOR
John F, McNamara, Structural Mechanics Branch, CERL
and University of Illinois, Champaign-Urbana, IL 61801

DEVELOPMENT OF COMPUTERIZED NUMERICAL METHODS FOR
APPROXTMATING THE VELOCITY AND TEMPERATURE DiISTRIBUTION
IN NONLINEAR, AXISYMMETRIC SOLIDS UNDERGOING LARGE
PLASTIC DEPORMATION
Paul Gordon, Pitman-Dunn Laboratory, Frankford
Arsenal, Philadelphia, PA and Taylan Altan, Pattelle
Columbus Laboratories, Columbus, OH

LUNCH
GENERAL SESSION II - Executive Conference Room

CHAIRMAN: Colonel Lothrop Mittenthal, Commanding
Officer, U.S. Army Research Office, Durham

CONJUGATE DIRECTIONS METHODS IN OPTIMIZATION
Professor Magnus R, Hestenes, University of
California, I.cc Angeles and Thomas J, Watson
Research Ceuter, Yorktown Heights, NY 10598

TECHNICAL SESSION IV - Room A

CHAIRMAN: Dr, Ronald P, Uhlig, Chief, Scientific and

Management Information Divis‘on, Army Materiel
Command, Alexandria, VA

xiii
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1425-1640

1525-1540

1425-1640

Wednesday PM

TECHNICAL SESSION IV (Continued)

AN ADVANCED HYBRID COMPUTER SYSTEM FOR SIMULATION AND

DATA REDUCTION
A, Gerald Edwards, Yicacinny Arsenal, Dover, NJ
and Aldric Saucier, Army Materiel Command,
Alexandria, VA

COMPUTERGRAPHICS LANGUAGE FOR YOUR DESIGN EQUATIONS
Robert 1, Isakower and Robcrt E. Barnas, Picatinny
Arsenal, Dover, NJ

BREAK

HYBRID COMPUTER SOLUTION TECHNIQUES FOR LAPLACE'S
EQUATION
J. Thomas Broacn and Rcbert M. McKechnie III,
US Army Mobility Equipment Research and Development
Center, Fort Belvoir, VA

MINICOMPUTER VIRTUAL MEMORY TECHNIQUE FOR DATA
Dr. Larry 1. Amstutz, US Army Mobility Equipment
Reszarch and Development Center, Fort Belvoir, VA

ANALYSIS PROCEDURE FOR OPTIMIZING HELIUM REFRIGERATION
CYCLES
Dr, Larry 1. Amstutz and Russell Eaton 111, US Army
Mobility Equipment Research and Duvelopment Coenter,
Fort Belvoir, VA

COMFUTER AIDED X-RAY ANALYSIS OF SELECTLED AMMUNITION
MATERIALS
F. Witt, Pitman-Dunn Laboratcry, Frankford Arsecnal,
Philadelphia, FA

TECHNICAL SESSION V - Executive Conference Room

CHA RMAN: Dr, Edmund Inselmann, Office of the Chief
Mathematician,Army Materiel Command, Alexandria, VA

MODULAR FORCE PLANNING SYSTEM (MFPS)

CONSTRAINED FORCE MODEL (CONFORM)
E. Pederson and S, Dix, USA Management Systems Support
Agency, Operations Research Branch, Systems Development
Division, Washington, D,C, 20310
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1425-1640

1525-1540

1425-1640

Wednesday I'™M

TECHNICAL SESSION V (Continued)

TIREL DIMENSIONAL AIR DEFENSE KINEMATIC LAUNCIH AND
INTERCEPT BOUNDARY COMPUTER PROCRAM
J. L. Harrls, Aeroballistics Directorate, US Army
Missile RD&E Laboratory, US Army Missilc Command,
Redstone Arscnal, AL

BREAK

A BACKWARD SOLUTION COMPUTING MISS DISTANCE RESULTING
FROM INPUT ERRORS TO GUN AIR DEFENSE SYSTEMS
T. H, Slook, Fire Control Development and Engineering
Directorate, Frankford Arsenal, Philadelphia, PA

ANALYSIS OF CLOSED LOOP FIRE CONTROY. SYSTEMS FOR TANKS
Louis R, Cerrato and Kenneth R, Pfleger, Fire Control
Development and Engineering Directorate, Frankford
Arsenc¢.l, Philadelphia, PA

MATHEMATICAL MODEL FOR PREDICTION OF VISUAL RANGES
ATTAINABLE WITH OPTICAL SIGHTS
David L. Steinberg and Wright I, Scidmorc, Firc
Control] Development and Engineering Directorate,
Frankford Arsenal, Philadelphia, PA

COMPUTER AIDED DESIGN OF GRAPHICAL FIRING SCALES
Diana T. Dadamo and Joseph W. Kaszupski, Fire Control
Development and Enginecering Directorate, Frankford
Arsenal, Philadelphia, PA

TECHNICAL SESSION VI - Room B

CHAIRMAN: Professor Carl De Boor, Mathematics Research
Center, University of Wisconsin, Madison, WI

A COMPUTATIONAL SYSTEM FOR NUMERICAL INTEGRATION WITH
RIGOROUS ERROR ESTIMATION
Professors Louis B. Rall and Julia ll. Gray, Mathcmatics
Research Center, University of Wisconsin, Madison,
WI 53706

TOTALLY CONSER ATIVE METHODS FOR THE NUMERICAL INTEGRATION
OF EQUATIONS OF MOTION
Dr. Robert A, La Budde, Mathematics Research Center
and Professor Donald Greenspan, Computer Sciences
Department and Academic Computing Center, University
of Wisconsin, Madison, WI 53706
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1425-1640

1525-1540

TECHNICAL SESSION VI  (Continued)
BREAK

ON THE EFFECTIVE USE OF A LARGE COMPUTER PROCRAM FOR
STRUCTURAL CALCULATIONS
E. Cuthill and P, Matula, Naval Ship Research and
Development Center, Bethesda, MD 20034

APPLICATION OF NONLINEAR ANALYSIS (PLASTIC) TO NASTRAN

USING RING ELEMENTS INCLUDING ASPECT RATIO EFFECTS
Diana L. Frederick, Munitions Development and
Engineering Directorate, Frankford Arsenul,
Philadelphia, PA

AN OPTIMAL COMPUTERIZED ALGORITHM FOR CALCULATING THE
DYNAMIC RES?PONSE OF CONTINUA
Paul F. Gordon, Pitman-Dunn Laboratory, Frankford
Arsenal, Philadelphia, PA

HYDRCDYNAMIC COMPUTER CODE SOLUTION OF EXPLOSIVE
EXCAVATION DESIGN PROBLEMS
J. E. Lattery, Explosive Excavation Rescarch
Laboratory, US Army Corps of Engincers Waterways
Experiment Station, Vickburg, MS
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0800
0830-0930

0930-0945

0945-1215

Thursday, 14 February 1974

Bus Leaves Sheraton Motor Inn for the Conference.
GENERAL SESSION III - Executive Conferencc Room

CHAIRMAN: Dr. Sylvan Eisman, Pitman-Dunn Laboratory,
U.S. Army Frankford Arsenal

COMPUTER SOFTWARE DEVELOPMENT AT MRC
Professor J. M. Yohe, Assistant Direcctor, Mathematics
Research Center, University of Wisconsin, Madison,
WI 53706

BREAK

TECHNICAL SESSION VII - Room B

CHAIRMAN: Professor Louis B, Rall, Mathematics Rescarch
Center, University of Wisconsin, Madison, WI 52706
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0945-1215

Thursday AM

TECHNICAL SESSION VII (Continued)

COMPUTER MODELING IN DETERMINING STABILITY OF A MORTAR
REPOSITIONING NONLINEAR CONTROL SYSTEM "\
C. N, Shen and G. N, Woods, Benct wWcapons Laboratory,
US Army Watervliet Arsenal, Watervliet, NY 12189

CONVERGENCE PROPERTIES OF QUASI-NEWION METHODS WITH
APPROXIMATE LINE SEARCHES
Professor Melanie L. Lenard, Mathematics Research
Center, University of Wisconsin, Madison, WI 53706

ADAPTIVE NONLINEAR ESTIMATION APPLICATION FOR TEMPERATURE

FORECASTING
Newton B, Penrose, Departmerit of Electrical Enginecring,
US Military Academy, West Point, NY

A METHOD TO ANALYZE NONLINEAR MAGNETIC SYSTEMS
Robert H. Haveson, Picatinny Arsenal, Dover, NJ

RATES OF CONVERGENCE FOR A CLASS OF NONLINEAR
PROGRAMMING ALGORITHMS
Professor Stephen M., Robinson, Mathematics Research
Center, University of Wisconsin, Madison, WI

TECHNICAL SESSION VITI -~ Room A

CHAIRMAN: Dr, William J. Sacco, Chief Applicd Mathematics
and Statistics Group, Biomedical Laboratory,
Edgewood Arsenal, MD

MODERN LENS DESIGN ON LARGE SCALE COMPUTERS
James W, Shean, Fire Control Development and
Engineering Directorate, Frankford Arsenal,
Philadelphia, PA

DIAGROSTIC FUNCTIONS FOR SEARCH AND RETRIEVAL FROM
SPECTRAL DATA BANKS
D. H. Robertsen, C. Merritt, Jr., US Army Natick
Laboratories, Natick, MA

MATHEMATICAL MUuJLING AND SIMULATION OF THE CELLULOSE/

TV-CELLULASE HYDROLYSIS
Chul Kim, US Army Natick Laboratories, Natick, MA
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0945-1215

0945-1215

Thursday AM

TECHNICAL SESSION VIII  (Continucd)

GEOMETRY OF FOOD PREFERENCES
T. J. Reed, H, R, Moskowitz, US Army Natick
Laboratories, Natick, MA

COMPUTED ENERGY DISTRIBUTIONS OF DOUBLE-SCATTERED
PHOTONS OBTAINED FOR PURPOSES OF MINE DETECTOR
DESIGN ANALYSIS
Fredrick L. Roder, Douglas G. Conley, US Army
Mobility Equipment Research and Development
Center, Fort Belvoir, VA

COMPUTERIZED EQUIVALENT CIRCUIT MODELS OF FLUID
CAPILLARIES
Joseph M, Iseman, Harry Diamond Laboratorics,
Washington, D.C. 20438

TECHNICAL SESSION IX - Executive Conference Room

CHAIRMAN: Dr. Lawrence A, Gambino, Director, Computer
Science Laboratory, Engineering Topographic
Laboratories, Fort Belvoir, VA

AUTOMATED PROCEDURES FOR ACQUISITION, STORAGE,
MANIPULATION, AND ANALYSIS OF TOPOGRAPHIC DATA
FOR USE IN SYSTEMS ANALYSIS PROBLEMS
Phillip L. Doiron, Sr., US Army Engineer Waterways
Experiment Station, Vicksburg, MS

OPTIMAL REPRESENTATION OF GEOGRAPHICAL MAPS FOR COMPUTERS
Dr., Theodosios Pavlidis, Department of Electrical,
Engineering, Princeton University, Princeton, NJ
and Fire Control Development and Engineering Directorate,
Frankford Arsenal, Philadelphia, PA

COMPUTATION OF SMOOTH CONTOURS FROM NON-UNIFORM DATA
Richard J., Blair, Benet Weapons Laboratory, Watervliet
Arsenal, Watervliet, NY

THE TWO-STREAM INSTABILITY STUDIED WITH FOUR ONE-
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David I. Brown, Fire Control Development and
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1330-1500

Thursday AM and PM

TECHNICAL SESSION IX {Continued)

COMPUTER SIMULATION OF SYMPATHETIC DETONATION
James D. Wood, US Army Edgewood Arsenal, Aberdcen
Proving Ground, MD
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PROGRAM INTEGRATION F(R OPTIMAL
SYSTEM DESIGN

Leonard F. Nichols
Ferdinand A. Scerbo
Concepts and Effectiveness Division
Nuclear Development and Engineering Directorate
U,S. Army Armaments Command
Picatinny Arsenal, Dover, N.J,

ABSTRACT. A generalized method for combining existing computer
programs under the control of an executive program is presented. The
system has been applied to integrate computer programs used in the
design of projectile ammunition. The system is capable of defining
key variables which may be modified under executive program control,
The over-all system makes extensive use of permanent files to handle
both data base and program storage as well as data analysis and opti-
mization, Computations include interior and exterior ballistics,
static shell property calculations, aerod,mamic properties generation
and lethal area effectiveness, The system can be operated in an inter-
‘ active teletype or batch mode,

1, INTRODUCTION., Vugraph 1 - The purpose of this talk is to
present progress associated with work related to the Army Materiel
Command sponsored CAD-E Program titled: Integrated Projectile Systems
Synthesis Model (IPSSM). I intend to discuss how the program operates,
the applications programs it uses and how the data management aspects
of the model are handled. I will also discuss tasks that have been
accomplished since the program started and what we hope to accomplish
in FY75. I will complete the talk by discussing some of the benefits
that cau be derived from such a system after full implementation is
accomplished, The objective of the Integrated Projectile Systems Syn-
thesis Model is to develop a complete computer model for use in the
preliminary design of iarge caliber projectiles.,

2. BACKGROUND, Vugraph 2 - In May 1970, AMC initiated a feasi-

)’ bility study directed toward weapon system computer modeling which would
provide preliminary design parameters for tactical missile weapon system
concepts, After AMC had presented the concept.and preliminary comments
of subordinate commands to the CAD-E Courcil in October 1970, the IWSSM
(Integrated Weapon System Synthesis Model) Ad Hoc Working Group of the
Council was established to study the concept in more detail, After a
six month effort the working group concluded that such a system was both
feasible and desirable but initially it should be limited to the con-
struction of a number of computer models, each addressing a particular
military commodity. It was considered too large an undertaking to
develop one model which would handle all commodity designs such as guns,
projectiles, missiles, aircraft, vehicies, etc,




The recommendation of the IWSSM Working Group was that each command
submit a Program Data Sheet outlining a proposed activity directed toward
a specific commodity. The Integrated Projectile System Synthesis Model
(IPSSM) program was established at Picatinny-ARMCOM to address the pre-
liminary design of large caliber projectiles such as artillery and mortar
rounds. The Picatinny IPSSM program was funded as a CAD-E task in March 1972,

3. DESCRIPTION OF COMPUTER SYSTEM., Vugraph 3 - describes the major
characteristics of IPSoM. As shown, This system is being developed for use
in large caliber shell design. The major effort is in the establishment
of the executive computer program which controls the execution of appli-
cation programs already developed. In addition the executive program pro-
vides the data management necessary to manipulate information into and out
of programs for use in other programs within the system. Graphics shouid
play a major role in the final IPSSM model., However, at this time we are
primarily working on an interactive teletype version of IPSSM, The execu-
tive program is also capable of running in batch mode. The basic guide-
line in the IPSSM development is to provide a useful and simple tool for
the projectile design engineer, Use of this system will allow him time to
analyze and compare many design innovations without the need for laborious
computer set-ups and hand computations which are common in today's
enviromment,

Vugraph i - shows an overall flow diagrsm of the IPSSM system, This
model is a set of computer programs and subroutines integrated by the
execuvive program in such a manner as to provide a realistic, interactive,
computational tool for engineers and designers e iged in the development
of preliminary design information for projectiles. The model is designed
to perform all the calculations necessary to formulate projectile design
concepts, The present IPSSM system can execute five app’ications programs
from the batch or TTY mode. These programs perform the following computa-
tions: (1) Static Properties Calculations (2) Generation of Aerodynamic
Coefficients (3) Interior Ballistics (4) Exterior Bgllistics and (5) Lethal
Area Computations,

The IrXSSM executive program also contains options for examining and
modifying common data base information, The system also permits data
base changes to facilitate the execution of parametric analyses where
selected variables are "linked" so that a restricted set of combination
rens can be made, Special output can be stored automatically for later
use,

Vugraph 5 - Lists the significant accomplishments to date. The flow
diagram shown on the previous vugraph was established and existing application
programs were selected, tested and stored. Some programs were modified
slightly to establish input and output interfaces. The initial executive
program has been developed to operate in the teletype and batch modes.,
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Discussions with users have been made during the past six months and the
system is now available for trial use, The next vugraph describes how
the executive program is used,

Vugraph 6 = The user begins by calling the executive program from
the teletype. Once the user has attached the executive program, he selects
the program and data to be used. The executive program will then auto-
matically generate job control cards and data in the correct format to run
the program selected, The mode of cperation is then switched to batch.
Following successful execution, the output data is stored in a specified
data set for subsequent use or printed out on the users batch terminal,
Selected lines of output may also be viewed on the teletype during the next
run,

The executive program can also be used directly in the batch mode., In
this case, card input is used to modify key variable data and tables,

Vugraph 7 = Describes the initial data file generation required prior
to ruming the executive program. This is accomplished by an independent
program called IPSDATA which uses input from an initiel master file con-
taining all available information pertinent to a particular initial shell
design. This program sorts key variable data and generates permanent files
which can later be called by executive program functions.

Vugraph 8 - Describes the input-output interface that is created by
the executive program when a particular applications program is called for,
The executive program can examine aiu modify stored data prior to executing
the applications program, It also provides for the output options shown,

The next series of vugrzphs provide a general discussion of applications
programs presently incorporated into the IPSSM System,

Vugraphs 9 and 10 - Describe the weight program which calculates static
properties of a shell given the geometry of body items and their density.
The program can also be used to compute whether or not the proposed shell is
stable,

Vugraphs 11 and 12 - Describe the use of the spinner program, This
program calculates aerodynamic coefficients as a function of Mach number
and also is capable of performing a stability analysis,

Vvgraphs 13 and 1 - Illustrate the 2ssential features of the exterior
ballistics program which is used to provide trajectory information as a
function of time., It also is used in conjunction with a range error analysis
which I will describe in a later wvugraph,
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Vugraph 15 - Shows the data management scheme used to modify
original data base information in such a way that the output from one
program can generate input to a second program. For example, the spin-
ner program which generates drag coefficients as a function of Mach
muber can be automatically transferred as input to the terminal ballis-
tics program which I described in a previous vugraph. Modifications can
be made on a permanent basis to the existing files or output data can be
transferred to establish a new data base file,

Vugraph 16 - Describes the interior ballistics program currently
incorporated within the IPSSM System., It is based on simplified equations
which require only the ‘tems listed under input to have it function. It
can be used to calculat: muzzle velocity, propellant weight or maximum
pressure depending on Lhe option selected,

Vugrapn 17 and 18 - Describe the major features of the lethal area
program which is used to calculate the anti-persomnel effectiveness of
fragnenting ammnition, Vugraph 18 lists all of the features available
when using this program, IV is a tri-service standard program for performing
these camputations. Vugraph 18 shows the input and output requirements
and options capabilities,

Vugraph 19 - Describes the error analysis which is controlled by he
executive program and interfaces with the exterior ballistics program, Auto-
matic ravion for three selected variables is currently operational, This
scheme illustrates the type of data analyses that can be incorporated into
the IPSSM system, Multiple cases can be run with the executive program in
an easy manner because of the way in which the key variable data is stored,
Six values may be stored for each variable, Another feature of the execu-
tive program is that it can "link" key variables together so that if one
variable changes value, all other variables linked to it will also change
value, This feature is useful in setting up run combinations where all com-
binations are not required.

Vugraph 20 - Lists the tasks planned for FY75., Each item listed here
can ve accomplished by extending techniques described earlier, Although
it appears that no technical problems exist extensive effort is required
to implement these features, ‘I‘raming, maintenance and documentation of
the system are activities which require continued emphasis, The major task
during FY75 will be to provide interactive graphics capability to the maxi-
mum extent possible,

Lo CONCLUSIONS, Vugraph 21 - Lists the benefits of the IPSSM program.
All of these are generally self-explanatory in that such a system emphasizes
the use of analytical techniques and minimizes the need for triai-and-ervor
approaches, It also provides for the use of well documented and tested
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computer programs applicable to the projectile design process, These
programs are easily accessible and can be used to perform extensive
parametric investigations, Data management routines provided by the
IPSSM system also gives the design engineer the capability to readily
examine, modify and store design information for specific projectile
designs. Thus, engineering time can be significantly reduced in per-
forming projectile design calculations.
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NON-LINEAR AND MIXED INTEGER PROGRAMMING

Byron O. White
Management Information Systems Directorate
Mathematical Analysis Division
Picatinny Arsenal
Dover, New Jersey

ABSTRACT. The presentation will describe the experience
which Picatinny Arsenal has in the field of linear programming
and mixed integer programming. The talk will cover the nature
of LP and MIP, application areas, and the use of computer codes
at this Installation. Typical input/output and the description
and handling of a rather large problem will be discussed.

INTRODUCTION. Linear programming encompasses a wide spectrum
of users from the mathematically rigorous to those that are
management oriented. - The present day mathematical program system,
as it is referred to, is oriented to both types of users
as amazing as this may seem. These systems contain a base
of involved matrix routines surrounded by efficient matrix
and report generators. The efficiency obtained by these cen-
tral memory and time consuming monsters requires that every
advantage obtainable from a given computer system be utilized.

Recent developments allow the linear programming user to
restrict some of the variables of a problem to take on only
integer values - hence the name mixed integer programming.
Although the number of integer variables allowed is small,
the increased capability to the user is extraordinary.

This presentation will neither elaborate on the mathe-
matical aspects nor on the results, but rather deal with some
of the applications and basic concepts generally used in solving
problems.

Mixed integer programming may be used in many different
application areas ranging from executive decision in the frent
office to efficient methods of packaging and handling in the
shipping department. The engineer and scientist may also use
mathematical programming systems to solve technical problems
from control of nuclear reactors to solution of large matrices
generated by PDE and other related problems. What then are
some specific areas of application?

Production scheduling problems dealing with multiple product
assembly lines, changeover costs, and time phased assembly.
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Investment tradeoff where the decision maker must choose
between risk and payoff, or for stock market enthusiasts, the
choice between portfolio buying or individual stock transaction
and manipulation.

Inventory control where the problem is a combination of
knapsack problem and investment problem.

Site selection deals with choices of raw material acquisition
as well as building cost indices. This type of problem is
related to a transportation problem.

Transportation and distribution considers various modes of
transportation, time relationships, and physical properties of
products.

Chemical blending such as in the operation of a refinery
where there i1s a requirement and associated cost for eveiy
product.

In the case of most Army problems as is the case of most
industrial problems, it takes a combination of these methods
to successfully solve most -problems.

Not all problems due to their structure are solved the
same way. Hence there is no one best algorithm to solve all
problems. What then are some of these solution methods
(Figure 2)? In the case of small problems, in other words
where the number of integer variables are small, the methods
of solution used are Cutting Plane and Enumeration. Enumeraticn
solves the problem for all possible values for each of the
integer variables and then manually or bv some snazzy algorithm
ranks the various alternatives. The Cuiting Plane methods, of
which Gomorey's algorithm is one, are geometric in form and
usually difficult to control, although in some cases one can
find rapid solutions to small problems.

Bender's algorithm is a method used on medium-sized probiem,
medium-sized meaning problems where the Cutting Plane method
runs into difficulties in obtaining a solution. 1In Bender's
algorithm the problem is separated into two parts, an integer
part and a continuous part. These two parts are solved
separately and then solutions are obtained by putting the two
parts back together. If this all sounds complicated, it is.
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Most large scale mixed integer mathematical programming
codes use the Branch and Bound algorithm. This is so because
it has been found to be the most stable code for the solution
of large problems. Each manufacturer adds his own specialties
which again make the code very problem dependent but basically
they are all the same.

The Branch and Bound algorithm naturally lends itself to
some very special variable types (Figure 3). The first type
is the bivalent or decision variables. It can take on the
integer values of 0 or 1. This variable allows the user to
incur fixed costs or make decisions dQuring solution of the
problem. The second type is the integer or quantity variable.
This variable indicates that in the solution only an integral
quantity is allowed. Most codes require a range in which
this integral value must lie which can effect running time.
The last of these three types are known as special ordered sets.
Special ordered sets are fancy ways of using bivalent variables.
There are two types of special ordered sets. Type one is where
only one member of the set may be set to one and all the rest
set to zero. Type two is where two adjacent members must be
set to one and all the rest set to zero. These sets may be
used to handle non-linear relationships as well as discontinuous
types of constraints.

An example of a simple text-book type problem is shown in
Figure 4. This problem has a non-linear constraint where the
feasible region is bounded by the elliptical constraint and
various values of the objective function are represented by
the parabolic curves. In separable programming, care must be
taken that all functions be kept convex so that a solution may
be obtained. However, by using type two special ordered sets,
this need not be the case. 1In order to solve a problem such
as this, the user rewrites the equations in a linearized
form represented in Figure 5 and solves the resulting LP
problem. 1In this formulation the top equation represents
the constraint and the bottom equation represents the nbjective
function. The A represents points on a linearized curve
(Figure 6). Formulation of this problem using bivalent
variables or special ordered sets results in the solution shown
in Figure 4.

Next I would like to discuss a problem presently being
solved. This problem is a combination of transportaticn,
productlon, site selection, and investment problems encountered
in modernization of the existing army production base (Figure 7).
An integrated line is an assembly line which produces all the
components for a given ammunition item, and a complex is
defined to be a plant containing multiple item integrated
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lines. It is important to note that the existing ammunition
production base is structured such that a solution for only
a single ammunition iter is not sufficient for production
planning purposes. Therefore the base restructure econcmic
model solves the problem for multiple end items to determine
the most economic mix of plant production.

In Figure 8 it can be seen that a trade-off exists between
a complex or integral plant versus an existing plant where
component parts must be shipped in. Also a trade-off exists
between in-plant storage versus shipping through a depot. 1In
this problem both a Pacific and European requirement were usec.
All of the trade-offs are based on economic or cost considera-
tions as shown in Figure 9. An example of the 105mm M1 production
base along with a typical choice of plant and transportation
configuration is shown in Figure 10.

It would appear that althcugh very large LP problems may
be solved using mixed integer codes, the number of allowable
integers is extremely limited. By careful formulation and
choice, a few integer variables can be made to control many
other variables. Figure 11 shows some specific details of
how this was accomplished in the case of the base restructure
econcmic model.

The top of the chart represents some typical constrai..ts
and the bottom represents some typical results. I, is a
bivalent variable representing when a plant is operating in
time period t. By is a bounded continuous variable representing
a time period in which a plant is built or modernized. O
is a bounded continuous variable representing when a plant
is opened. K; is a bounded continuous variable representing
when a plant 1is closed. From the possible results it can be
seen how the integer variables I, force the variables B
Ot ,» K¢ to also be integers. Constraint 2 says once B
is set to 1 it must remain 1. This allows (C,-C,+1) oP the
cost function to represent a cascaded building cost which in
this case represents the discounted cost of building the
plant in different time periods. C; in the cost function
represents the cost ¢f the plant while in lay away and since
it occurs in both the B, and I, variables, this cost is only
incurred after the plant has been built but only when its
not producing. C, represents a cost of opening a plant or
taking it out of ?ay away where Cy represents the cost of
putting a plant into lay away. Cg represents the fixed cost
of operating a plant which in this case in strictly the over-
head cost. Other factors such as minimum and maximum operating
rates may also be contrclled by the same I variable.
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TARGET LOCATION USING AN ARRAY OF SENSORS WHICH PRODUCE
CLOSEST POINT OF APPROACH AND MULTIPLE RANGE ALARMS

Raymond F. Coakley, Jr.

Special Projects Division
Countermine/Counter Intrusion Department
Mobility Equipment Research and Development Center
U. S. Army Troop Support Command
Fort Belvoir, VA 22060

ABSTRACY. The problem of target location by means of an array of
sensors can be approached in many ways. Most ways require the processing
of analog data at some central point. The objective of this approach is
to use two distinct outputs of omnidirectional point sensors generated
in response to (1) a target coming within range, and (2) passing at CPA
(Closest Point of Approach). Each sensor is designed to emit a coded
alarm indicating the time of passage at several range (gain) thresholds
and another coded alarm indicating time at CPA, through processing of
acoustic, seismic or other signals. The sensor alarms are rece’ :d and
clocked at some central location (SRU) where a coded message is passed
to a data processing computer. This method utilizes very low information
bandwidths compared to the analog data, thus. it is suitable for use in a
sophisticated electronic countermeasure environment.

The author has developed a mathematical model by which the necessary
target parameters of velocity and position can be calculated. Location
accuracy depends on sensor position error, CPA alarm time error, and
range ratio error. For the worst combinations of errors, the resultant
target parameters are found to be marginally acceptable. However, in the
typical case where the errors are randomly distributed, the target velocity
and location are usually specified with sufficient accuracy foir Army
target location requirements. The combined effect of all errors on the
specification of target position one minute after the target passes through
the array produces an error of less than 75 meters in the average (randomly
simulated) case.

The use of a sensor producing a pair of range alarms such that the
ratio of the two ranges is constant has not been previously reported as a
method of avoiding the problem of unpredictable range. The variations
caused by energy propagation, various source intensities, and different
transducer implacements are greatly reduced as the need for knowing exact
target ranges is eliminated by this range ratio -technique.

1. INTRODUCTION. The subject matter of this paper emerged from a
program to develcp ground sensors capable of producing information useful
for locating and classifying military vehicles on and above the battle-
field. The Special Projects Division is now building sensors which can
locate wheeled and tracked vehicles when used in certain arrays and pro-
cessing schemes.
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2. APPROACHES. An array of unattended ground sensors is capable
of providing target location information if their locations are known
and if at least four non-redundant target determined alarms are pro-
duced. The need for four independent data values can be seen in the
expression for the target coordinates as a function of time. (Figure
1.) The four alarms which provide sufficient data are identified with
some distance relationship between the target and the sensor. Their
times of arrival at a central location are the data values. Sensors
producing alarms corresponding to three distinct target-to-sensor re-
lationships are the object of this discussion.

The most basic of these sensors activates only at a specified range
to produce one kind of alarm. (Figure 2.) Four of these one-range
sensor alarms produce data which can be used to solve four simultaneous
second-order equations for the target parameters of velocity and time-
dependent coordinates. The range of each of the sensors as well as
their coordinates must be known. A computer solution was written for
the set of equations which showed a very great sensitivity to incorrect
range values. With present technology the unr -liability of the range
specification adds to the complexity of the eq.ations and makes this ap-
proach impractical.

The second of these sensors, a more sophisticated ore, activates
with a unique alarm corresponding to the time when a target is at its
closest point of approach (CPA) to the sensor. (Figure 3.) Three of
these CPA sensor alarms provide sufficient data to calculate target
velocity. (Figure 4.) Any pair of velocity equations can be solved for
speed and bearing if the target motion is assumed linear. If one of
these can also produce a fixed range alarm, then the complete target
Tocation can be calculated. (Figure 5.) The arctangent of the bearing
can be found, then the speed;and this speed value leads to the sensor-
to-CPA distance which locates the target path. The equations are simpler
and the minimum number of sensors is smaller; but the previously men-
tioned unreliability of the range specificaticn makes this approach de-
fective in practice, too.

Another type of sensor is being developed to reduce the range deter-
mination problem. It appears that a senscr can be built which will pro-
duce a pair of range alarms such that the ratio of the two ranges is
reasonably constant even though the actual ranges vary greatly. (Figure
6.) The range ratio replaces the range, and the coordinates of the CPA
do not depend explicitly on this unreliable parameter. (Figure 7.) Thus
the variations caused by energy propagation through the medium, by the
various source intensities of different targets, by different transducer
emplacement, etc. can be reduced. By increasing the minimum data points
to five, the range parameter is not specifically needed. Such a multiple
range sensor, now called a CPA/MR sensor, is an object of intense develop-
ment.
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3. DISCUSSION OF METHOD. The solution program for an array of eight
or more CPA/MR sensors in a field array has been written and debugged.
The target coordinates are expressed as a function of time and a straight-
forward application of the Pythagorean Theorem and the trigonometric rela-
tions yields enough equations to solve for the two components of velocity
and some reference location from the input sensor locations, range ratios
and activation.times. (Figure 8.) Because a real system can not be ex-
pected to produce all the appropriate alarms from all sensors, the program
was written to take the alarm times available from an arbitrary number of
sensors and use them in all possibla combinations to compute average speed,
jverage bearing and least-squares-fitting target path.

The average target location is found as follows. Each of the CFAs is
used to find the target coordinates at an arbitrary "reference" time. Since
a CPA can be found for each sensor which activates with the full complement
of Range 1, Range 2 and CPA alarms, a number of paths can be found. The
target coordinates are calculated for the last CPA time, and the mean values
of these doordinates is the equivalent of a least-squares fit of the target
path.

Several features of the target location program are worth noting. While
the data and geometry provide a unique solution for the velocity from the
sensor coordinates and CPA alarm times, the range ratio times provide an
ambiguous CPA. The application of the Pythagorean Theorem in the calculation
of the distance from sensor to CPA produces a square root value. The am-
biquous polarity corresponds to the possibility o’ the target's path being
located on either side of the sensor. (Figure 9.) The resolution of this
ambiguity constituted a major problem in the algorithm development. The
method found to perform most consistently calculates the distances (D and D')
from the two possible CPAs [(X,Y) and (X',Y')] to the other sensor locations
[e.g., (Xi,Yig], one after the other; then it determines which distance comes
closest to the ideal hypoteneuse of the triangle formed by the other sensor's
offset (Aj) and the target path length [V(t;. - tjc)].

In the operational solution program some other finesse is introduced.
The target locatiun which arises from the average values coming from various
combinations of redundant data reflects certain arbitrary parameters. These
are used to determine the acceptibility of intermediate values in the mathe-
matical solution, for exampie, a minimum time difference or an individual
bearing value's contribution to an average. These allow adjustment of the
program to various levels of sensitivity to input variable deviations, as
well as tu reasonable speeds of the expected targets. In addition, the
counting parameters used in the averaging processes are retained as a measure
of confidence in the input data and of "goodness of fit" of tnhe target path.
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4. TESTING BY SIMULATION. However, the target location program is
only the first step in analyzing the performance of a sensor array in the
real world. It must be tested against all reasonable target speeds and
directions and in all expected configurations and dimensions. Then it
must be tested for sensitivity to systematic and random errors in the in-
put variables. This testing involved the largest portion of computer time
and analyst energy.

A data generating program was written to compute the activation times
that would result from a constant velocity target passinag through an array
at a chosen offset from some arbitrary point. Then the amount of variation
in the sensor coordinates, range ratios and activation times could also
be chosen. (Figure 10.) This error analysis was done in two stages, the
first to determine what the worst case result could be and the second to
determine what the average performance would be when the input variables
were subject to random errors of specified deviations.

To find the configuration of input deviations which caused the worst
output errors, an iterative technique rather than a mathematical analysis
was used, since the solution equations were quit2 involved. This involved
varying each of the input variables in turn, by a fixed amount, in all
possible weys. Once the worst case was found, the deviations were increased
systematically to plot the resultant errors in target velocity and coordinates.

To find the average performance of the array, the input variables were
calculated for a specified target approach, then were modified by a random
error using a Monte larlo technique. The averages were found to Ysettle
down" after one or two hundred target passes, depending upon the size of the
sigma assigned to the deviations.

The data generating program also made possible a trade-off determiziation
of the best choice for range ratio and sensor separation. For example,
greater sensor separation improves velocity accuracy but degrades path loca-
tion. In addition, the best values for the arbitrary constants governing
sensitivity could be found frcm the simulation program.

5. CONCLUSION. The net result of the development of the target location
algorithm and the simulation program has been the determination of the accuracy
which can be expected of an array of UGS as a function of sensor performance
and the establishment of a working solution which can be incorporated in a
remotely monitored battlefield sensor system.
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INPUT
Chose: 5

Target Bearing 20 degrees
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Sensor Spacing 200 meters

Initial Target Offset .50 times spacing
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OUTPUT

Standard Deviation of the Bearing in Degrees.

Standard Deviation of the Speed in Meters per Second.
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EDGEWOOD ARSENAL INCINERATION PROGRAM

William Shulman and William R. Brankowitz
Manufacturing Technology Directorate
US Army Materiel Command
Edgewood Arsenal
Aberdeen Proving Ground, Maryland

ABSTRACT. The Edgewood Arsenal Incineration Program is used to
simulate the incineratior of military chemicals for process design of
incinerator complexes. This computer program is a modified version of
the NASA rocket engine performance program. The program minimizes Gibbs
Free Energy for a species subject to stoichometrical constraints and
yields the stack output. More than 109 chemical species have been con-
sidered in some problems. The stack outputs, though in thermodynamic
equilibrium, are used to predict actual outputs under real conditions.
Specific problems of the newer applications of this program to the
Molten Salt incinerator are presented. Statistical methods and estimation
techniques of building up the background thermodynamic library are dis-
cussed. Specific examples sueh as the incineration of chemical agent
mustard and pesticides are presented.

1. EDGEWOOD ARSENAL INCINERATION PROGRAM. The name of the program
which we received early Tast year was "A Computer Program for the Cal-
culation of Complex Chemical Equilibrium Compositions, Rocket Performance,
Incident and Reflected Shccks and Chapman-Jougut Detonation". After
noticing the program came from the Lewis Research Center of NASA, I was
dubious as to what applications we might have for a program originally
made for rocket research, since our group is concerned with the demil-
itarization of chemicai warfare agents.

In the way of background, this program was first developed in the
early 6Q's specifically to get information on the combustion products
and thermodynamic properties of rocket reactions. The program was built
around a library which, by the late 60's, had increased to about 500
fairly simple compounds you would expect to find in the temperature
ranges of a rocket exhaust. As time passed, the program was rewritten
to take advantage of the advances in computer languages such as the
development of Fortran Y. For example, the easier data input methods
such as the Namelist option were employed. It also had written into it
some additional applications such as the Shock routine.

At Edgewood Arsenal in late 1972, we were pondering on how to put
this high powered program to use for cur purposes. The word combustion
was the one which finally caught our eye. We have been charged with the
mission of developing processes for the disposal of chemical munitions
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which have been declared excess. For many years, burning of certain of
these acents has been a tried and true procedure. With the advent of
pollution limits and the declaration to excess of certain agents whick
had never been disposed of in gquantity, we were faced with a problewm:
Could a reasonable model te developed to give us <in idea of what to
expect in the controlled incineration of a chemical agent? This program
has’ given us this capability.

For a time, we worked on getting the program into shape. We re-
named the routine BURN and put it into our program library. A few quick
changes to the device numbers, since we use a Univac 1108, produced for
us our working program dubbed BURN 2. And along came our first probtlem -
How to get rid of X-5 Mustard [5-(CHpCH,Cl), | . For quite some time,
mustard has been burned. It is a fuel oil consistency liquid which has
the enviable trait of supporting its own combustion; i.e., the obviocus
choice of disposal methods is incineration. However with the new
pollution laws, we were stuck with a compound which was, in essence, a
high sulfur fuel. Analysis had been done on the combustion products at
some specific conditions, but our group wished to see what products came
off 2t a variety of conditions of pressure, lemperature and mix. The
program, in its original form, allows this. Reactants are read in as
fuels or oxidizers. Conditions of temperature, pressure and nix are input
under one Ramelists option - mix being expressed in fuel percent, oxidant
to fuel ratio, or two other format choices. Up to 25 combinaticns of
! temperature and pressure can ve specified for each wix value. The mix
[ values are only limited by the pages you are willing to expend.

? Our first runs indicated that we were getting good results, compatible
to experimental findings in the known conditions. We soon ran off our runs

for a multitude of other conditions to be used as a guide for possitcly

lowering concentrations of S0y and scrubbing the product gasses. In

addition, by using a trace routine, we could detect concentrations of

out to 35 places past the decimal point mole fraction.

Detecting possitle compounds, however, is only as gocd as your duta
library. Our first efforts of modification on the BURN Program, then,
were directed toward expanding this library. To make our mustard results
more significant, we added principally sulphur compounds; at first, mustard
itself, the mercaptans, and finally scme thios-chlorides.

To add compounds to the libvrary, we found that a regular pattern wes
followed. First, we would make a literature search for heat capacity,
enthalpy, and entropy data on our compound. These are the three building
blocks from which the free energy mininization is derived. Here are the
equations to which this library data is fitted in the program:
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The library is, in fact, a repository of coefficients &, to a_, for each
compound in both a high temperature range (1,C00%K to 5,000°K) and low
temperature range defined from 300°K to 1,000°K. Thus, 1k coefficients
are read in on 3 data cards. Other formula, temperature and phlase data
are stored on a preceding card, the identifying card.

Next, we performed a regression analysis of this data to give us our
necessary coefficients. To perform this analysis, we have used the
National Bureau of Standards Ommitab II Program. The authors of the NASA
Program have now made availatle & second program known as PAC 2 to process
thermodynamic data into cards usable in the BURN libtrary, but we have
not vet received a working copy of this program.

When using this program as a combustion routine, we have worked up
a number of preliminary guide lines for engineers, which might be helpful
to mention now bvefore going further. First, we emphasize that this
program should te used only as a guide - as any mathematical model should
be. Not to represent firm solutions. Seccnd, it is a thermodynamic
guide and does not account for the kinetics of a reaction. This has a two-
fold meaning. First, we must assume that the concentrations predicted
are those of an absolute equilibrium. This asserts that the combustion
reaction has gone thermodynamically to completion. Second, we assume
that if the model operates, the reaction will work, though the pressure
of some catalyzing force may be necessary to make it occur. We assume
that if the model does not operate, the reacticn does not occur. Using
this last assumption, we have investigated the procabilitics of agent
reactions with certain chemicals under combustion conditions.

The next problems which occurred forced revisions to the program
itself. Under its NASA role, simple compounds had been used for reactants.
Thus the reactant cards were formatted in such a way as to have only 5
elements to & compound read. -‘This was fine for mustard, but had to be
altered when we wished to simulate the incineration of a nerve agent VX
E(CH3CH20)P0(CH3)(SCH2CH2N(C3H7)2)]. As a quick check of the compound

shows, VX contains 6 elements.
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Thus, to accom>date the VX molecule, changes had to be made to the
basic read and wr .. formats dealing with reactant cards. Dimensicning
which involved the storage cf the compounds ocasic data also had to te
changed. Lastly, changes in the iteration scheme of the data search also
had to be mzde. All total, this numbered slightly over 50 cards revised
of the original 3,331. This program was called BURN 3 and was uscd
primarily in an investigation of a persistant phosphorous pollutant which
ve wished to minimize in our product gasses.

At about this time our library underwent yet another expansion. For
the VX problem, severa2l phosphorous compounds were added. A problem with
burning a tear agent also added to our growing wealth of compounds. Before
long we accounted for some {ifty new compounds including organic chlorides,
organophosphate, several alcohols and some acids as well. This expansion
soon ran into a snag,however. The library, similar to the reactants
cards, had been built{ basically to handle simple prcducts. We were
interested, however, in the possibility of any residue of agent which mig¢ht
be left for some thermodynamic reason. Thus compounds much like VX which
we wished to add, were faced with a 4 element limit.

We once again set to work to modify the program. On the initial
formula~-temperature-phase card - the identifying card which I spoke of
tefore - there exists some "dead space" toward the end. Once again,
some format, dimension and iteration changes were made. This presented
us with a program version BURN 4 which will handle data library compounds
of up to 6 elements, by using this available dead space as additional
formula data space. This modification has opened up the doors to check
for residual molecules of up to six elements which include organophosphorous
and pesticide compounds. This version is the current one in use at
Edgewood Arsenal by our Division.

By this point in time, several interesting techniques specifically
related to using this routine for incineration had been developed. The
first of these was the development of sources of data for the compound
library. The search for thermodymanic data, particularly if needed for
higher temperatures, is frequently long and frustrating. Compounds which
seem to be surorisingly simple at times, lack putlished data even at the
lower more reasonable temperatures. The best available collections of
data we have found to this time come from the JANAF tables, the "Selected
Values of Chemical Thermodynamic Properties" of the National Bureau of
Standards, and an article from Chemical Reviews by S. W. Benson et al,
entitled "Additivity Rules for Estimation of Thermodynamical Properties".
This last mentioned article has data for at least five temperatures for
a great many "hard-to-get" compounds. More importantly it contains a
metr-d for estimating properties which we have found to be astonishingly
accurate. This estimating method is the only way to obtain thermodynamic
data in some instances, especially when the compound is very complex
or toxic. )
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Another technique we have developed in the coursc cof usinz the
program is a "simulated pyrolysis". Here, insiced of nroviding a
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