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Avaifability of Programs described in this Catalog

Programs described in this cataloa mav be obtained from
the Computer Software Management and information Center
(COSMIC), 112 Barrow Hall, University of Geotaia, Athens,
Georgia, 30602, Telephone (30 H32-3265.

Additional Programs

This catalog containg only a sample of the over 1,500
programs in the COSMIC inventory. I you do not see the
proaram vou need in the catalog, contact a COSMIC
representative directty 1o determine o there is a program
to fit your needs,

This document was prepared under the sponsorship of the
Nationa! Actonautics and Space Administration. Neither the
United States Government nor any person acting on behalf
of the United States Government assumes any liability
resulting trom the use of the intormation contained in this
document, ot warrants that cuch use will be tree trom
privately owned rights,

PUBLISHED BY:

Nationa! Acronautics &
Space Administration
Techiology Utilization Office
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Foreword

The Computer Software Managemert and Infermation Center
{COSMIC) is operated for NASA by the University of Georgia
for the purpose of making computer programs developed in
the space program available to the public. Many programs from
the Department of Detense and selected software from other
government agencies are also oftered. At present, over 1500
programs in almost every technical or managerial discipline
are available. This catalog describes about 300 of the programs
for which most requests have been received.

Before oftering a program for sale, COSMIC ascertains that
it will compile and that the documentation describing it is
adequate. Then a brief description is written for inclusion in
Computer Program Abstracts, which is the complete catalog of
software that is available (for ordering details, contact
COSMIC). Especiaily useful proarams are also describad in
NASA Tech Briefs, a free quarterly publication containing about
150 articles on NASA innovations of ali types thought to have
commercial application. To get on the maiting list for
Tech Briets, write NASA, Code KT, Washinaton, DC 20546.

Another important, and free, service offered by COSMIC is
the identification of potentially useful software for customers
who are unable to find what they need in the catalng. Simply
call or write COSMIC to obtain assistance. Also, in some cases
NASA engineers can offer guidance to users in in<talling or
running a program when difficulties are encountered.

The prices charged by COSMIC are established in accordance
with NASA policy to recover as large a portion of COSMIC's
operating expenses as possible, without mahing programs
prohibitively expensive for small firms. In actual practice,
NASA subsidizes about one third of the cost of the services
provided by COSMIC.

COSMIC is eager to help you save money by using software
for which the development experses have already been paid.
For more information about services or software avaiable
from COSMIC, call or write:

cosvic

112 Barrow Hall

The University of Georgia
Athens, Georgia, 30602
Telephone: (404) 542-3265
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AdLE OF COUHTENTS

Ssaction Page
AERODYNAMICS .. e 1
AR CRAFT L e 7
AUXILIARY SYSTEMS .o e i 11
BIOTECHH OLOGY i e 13
CHEMISTRY e e 17
COMPUTERS ..t i e e e e 19
ELECTRONICS . i i e e .. 3
FACILITIES, RESEARCH AND SUPPORT ... ... ..., 37
FLUID MECHANICS ..o i e e et 47
GEOPHYSICS L it i e e e e 51
INSTRUMENTATION AND PHOTOGRAPHY ... .. ... ... ... ..., 55
MACHINE ELEMENTS AND PROCESSES ......... ... ... ... ....... 59
MATHEMATICS . . e e e 65
STRUCTURAL MECHANICS ... . i i e 77
THERMODYNAMICS AND COMBUSTION ... ... ... e 91
AERODYNAMICS

{Includes Aerodynamics of Bodies, Wings, Rotors, and Control Surfaces; internal Flow in

Ducts and Turbomachinery)

LAR-11047 — Vortex-Lattice FORTRAN Program for Estimating Subsonic Aero-
dynamic Characteristics of Complex Pizntorms

LAR-11197 — Computer Program to Determine Piessute Distribution and Forces
on Blunt Bodies of Revolution

LAR-11305 — An Improved Method for the Aercdynamic Anzlysis of Wing-Bedy-
Tail Contigurations in Subsonic ana Supersonic Flow ,

LAR-11573 — Mcdified Multhopp Litting Surface Mett.od of Aero Characteristics

LAR-11663 — A Computer Program for Calculating Inviscid, Adiabatic Flow About
Biunt Bodies Traveling at Supzroonic and Hypersonic Speeds at
Anple of Attack

LAR.11727 — Sutsonic Annular Wing Theory with Application to Fiow About
Nacelles

* LEW-00235 — Computer Program for Calculating Flow Distributinn in a Radial
inflow Turbine

LEW-10471 — Computer Program for Analysis of Geometry and Design foint
Pertormance of Axial Flow Turbines

LEW-10743 — FORTRAN Program for Calculating Velocities and Stieamlines on
a Blade to Blade Stream Surface of a Tandem dlade Turbomachine

LEW-10764 — Fortran IV Program 10 Estimate the O Design Performance of
Radial Infiow Turbines

LEW-10765 — Computer Programs for Axial Flow Compressor Design

LEW.10788 — Tuible.Fortran Program tor Calcuiating Velocities and Streamiines
on a Blade-to-Blagz Stream Surface of a Turbomachine

LEW-10789 — Magnify.Fortran Program for Calcufating Velocities in a Magnified
Repion on a Blade to Blads Surtace of a Turbomachine

LEW-10977 — Tsanic-Fortran Proprem for Calculating Transonic Velocitics on a
Blade Stream Surface of a Tu:wmachine

1
1
2
2
2
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LEW.11029 — Analysis of Geometty and Desian Paoint Performance of Awat Flow 4
Turbines Using Specified Mendional Vewacty Gradients

LEW-1163% — Fortran Program tor Quasi-Three Dimenstonal Calculation of Suiface s
Velocities and Choking Flow for Turbomachine Blade Rows

LEW-117%6 — FORTRAN Program tor Calculating Velocitres in the Mendicnal Plane 5
of a Turbomachine ) ) )

LEW-11515 — Computer Program for Preliminary Design Analysis of Axial Flow 5
Turbines

LEW-12152 — Computer Program for Calcutating Potential Flow in Propulsion 5
Syst=m Inlets ) )

LEW.12325 — Computer Program for Definition of Transonic Axiat-Flow Compressor 6
Blade Rows

MSC-16433 — Stanton Number-Aerodynamic Heating 6

AIRCR FT

(Inctudes Aircraft Design, Testing, and Performance: Aircraft Communication and Navi.
g-tion; Aircralt Instrumentation, Ancraft Propulsion Systems; Aircraft Stability and
Controf)

ARC-10350 — Aircratt Noise Source and Contour Estimation Computer Program

LAR.11013 — Prediction of Statl Charactenstics of Straight Wing Aircralt

LAR.11249 — Theoreticar Prediction of Interference Loading on Aircraft

LAR-11250 — Thecretical Prediction of Interference Lozding on Aircraft Stores.
Supersonic Case

LAR-11548 — An Improved Metaod tor Das:gn of Lxpansion Chamber Mulfiers with
Applicatien to an (perational Helicopter

LEW-10952 — Comyp- ter Program for Design Point Performance of Turbojet and
Tutbofan Engine Cycles

LEW-11336 — Analysis of Jet Engine Burst Rotor Containment Deovices

LEW.11516 — Computer Progtamis for Predicting Turbopump  Inducer Leadirg,
Stress Magpmitude, Distubution and Vibration Characteristics

LEW.12285 — Computer Programs for Handgling Propulsion System MNoise Data

MSC-17572 — LAGLOP Landirg Gear Loads Program

DO P o O N~

AUXILIARY SYSTERIS

{Inctudes Auxiliary Power Sources Such as Chemical Power Umits, Fission Tlectric Cells,
Nuclear Power Umits, Electric Batteriecs, Electnc Generators, and Solar Pewer Units;
Auxitiary Gas Turbines; Hyvdraulic, Pnenmatic and Electrical Systems)

GSC- 11539 — POSIMO . Power system Simulator Model n

LEW 10299 —- Transformer Optimization Program 11

LEW 11693 — ESATA-Executne Subroutines tor Afterheat Temperature Analysis of bW
a Mobile Gas Codled Nuctear Reactor Power

MSC-148323— SESOP-Program for Solar Energy Heating Systems Analysic 12

BIOTECHNOLOGY

(Includes Life Support Systems: Bidengireering {Bioinstrumentation, Biometrics, Bio-
telemetry, Cardiography, Llecticencephalography); Personnel Training, Evaluation, and
Maintenance (Mcdical))

CO3-02450 -— Veterans Administration Automated ECG Analysis System, CDC 13
3020 Series Version
C0S-02451 — Vcterans Admuinistration Automated £C4G Analysis System, Varian 13

73 Version
GSC.11540 — MIMS Medical Information Management System 13
LAR-11802 — Proton Tissue Dose for the Blood Fermiung Organ in Human Geome- 14
try: tsotropic Rad.ation
MFS.21237 — Metabolic Balance Analysis Program 13
MSC-14386 — VECTAN I1: A Computter Program for the Analysis of Vectorcardio- 14
gram
NPQ.12206 — Nutritional Evaluation of Diats 15

CHEMISTRY

{tncludes Chemical Analysis and ldentificaton, Chemicat Engineering, Electrochemistry,
Inorganic and Physical Chenustry)

GSC.11279 — Qualitative and Quantitatae Analysis of Low Resolution Mass 17
Spectra Compuater Program

LAR-11801 — Chemical Lquihibrium of Ablation Materials Including Condensed 17
Species
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LEW-114567 — General Chemical Kinetics Computer Program for Static and Flow "
Reactions with Application to Combustion and Shock Tube Kinetics
LEW-11722 — ACE-Aerctherm Chemical Equilibrium Computer Program 18
LEW.11740 — Computer Program for Calculation of Complex Chemical Equitibrium 18
mzesitions, Rocket Performance, Incidert and Reflected Shocks,
2nd Chapman-Jounuet Detenations
NPO-11930 — Three Bit Mass Spectral Search Program 18

CCOLIPUTERS

{Includes Programs and Systems Designed to Manage, Evaluate, and Effect Control of the
Operations of Hardware Resources; Systems {or the Design, implementation, Processing,
and Monitoring ot Software Resources; General Systems for the Manazement of User Data
Including Informaticn Searches and Retrieval and Graphics Suppott Pack:gcs)

COS-02210 — FLOW-CHARTER, A Program for Producing Flow Charts of FORTRAN 19
Source Decks, 1BM-3680 Version

COS-02241 —- SLACMON-SLAC Scitware Monitor, Version 2.2 19
COS.02251 — PROGLOOK-SLAC Program Performance Monitor 20
C0S.02:80 — B!BSYS Bibhopraphic System 20
COS-02510 — Fortran Analyzer 20
COS02520 — EXTRAN-Expression Translator ol

DOD-00017 — NIPS-National Military Command Information Processing System, 2
System 360 Formatted File System
DOD-00333 — G2neral Purpose Overlay Loader for COC 6000 Series Computers 22

GSC-11330 — 5 350 AUTOFLOW Preprocessor System (SDS.GX) Series) 22
GSC-11331 — S 250 AUTOFLOW Preprocessor System (DDP-24, 124, or 224) 22
GSC.11332 — S 330 AUTOFLOW Preprocessor System (CDC 3000L Series) 22
GSC-11333 — S 330 AUTOFLCW Pre procossor System (Univac 1100 Series) 22
GSC.11333 —FORTAP FORTRAN Tape Conversion Package 22
GSC-11545 — Source Deck CompreS;non and Update Propram 22
GSC-11612 —SGINDEX-OS 360-System Generaticn Cross Reference (ndex 23
GSC-11737 — C33-Character String Scanner 23
GCS-11933 —«’STRCMACS-OS 350 Assembly Language Structured Programming 23
\t22108
GSC.11852 — Library Documentation System 23
HQN-10426 — BCHMRET-Bellcomm infarmation Retrieval System 4
HEN. 10551 — PLTCON-Contour Plotting Program 24

HQN-10639 — RECON STIMS.Remote Console and Scientific and Technical infor. 24
mation Modular System

KSC.10450 — FFCPI.Fortran Flow Chart Program 24
KSC 10619 — ADMIS-Automated Data Management information System el

SC-10778 ~ YMultipie Utitity Computer Program 25
KSC 10337 — RFi-Remote File Inguiry System 25
LAR.1G372 — Genoralized Digital Contouring Program 25
LAR-lOBQ —..O"»ER Common Generation prcwa-n 26
LAR-10830 — DOC-Autematic Documentation Computu Program 26

LAR-11123 — rLTL'B Automatic Computer Subprogram Selection {frem Application 26 .
Frogram Libraries

LAR-11324 — CDINEX-Executive Computer Program for Linking Independent Com. 26
cuter Programs

LAR.11414 — BLKIO.Aa | O Buffering Scheme with Skipping Capability 27

LAR-11698 — Prapram for Intertacing a H.P Model 9330 Calculator with a H.P 27
Lodel B Multichanne! Analyzer

LEW-10357 — FORTRAN {V-Subroutines for Generatinrg Printed Plots 27

LEW-10482 — PLOT3D.A Packape of FORTRAN Subprograms to Draw Three 27
Dimensional Surfaces

MFS.15107 — Atgorithm for Reducing the Number cf Required Points in 3 Graph- 27

izal Data Set
MFS.18725 — GSAM-Variable Length Input Output Routine 28
MFS-22535 -— MIRADS Marshall tnformation Retrieval and Display System 28
MFS.22653 —(‘”mpu er Utilization Prediction +odel 28
MFS.24250 —- Llerce and or Modify Tabular Data Computer Program 28
MSC.14161 — FORTRAN Ro2ad Package .9
MSC-14315 — Hewlett-Packard 65 Emulator 29
MSC-17434 — CONSTAT.A Propram for Concordances and Statistics 29
tSC-17557 — CHANCE-FORTRAN {V Digital Program Change 29
MSC.19423 —~ Indrces and Cross References from Computer Readable Text 29
$ASC.19480 — 2D Plotting Program. HP Q320A 30
NPO-10127 -- Conteur Plotling, FORTRAN 1V Subroutines 30
HPO. 136052 — GFTRAN.Structured Programming to Fortran Transtater 30

WLP-10339 -- FLOWCHARTER-Prorram for Producing Flow Charts of Fortran Source 39
Scurce Decks, GE-635 Version
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ELECTRGHICS

(Includes Etectronic Circuit Design and Analysis; Design and Development of Basic Elec-
trical and Etectronic Components; Feedback and Control Theory)

ARC.10616 — VASP-Variable Dimension Automatic Synthesis Program 3
GSC-11526 — AUTOWIRE.IBM-350 Version 31
GSC-11847 — Puzzie-Computer Aided Design 32
GSC-11848 — AUTOSKEM 1.Automatic Electronic Schematics Program 2
HQN. 10305 — SEE.Systems Ettectiveness Evaluation Computer Program 32
LAR-11125 — ASAP-Automated Staistical Analysis Program 32
LAR-11184 — STICAP-Linear Circurt Analysis Program with Stiff Systems Capa- 33
bility
LAR.11210 — Design of Microstrip Components by Computer k]
LEW-11749 — Computerized Technique tor Documenting Complex Wiring kx]
MFS.13084 — ECAP.Llectronic Circuit Analysis frogram (IBM 380 \ersuon) ki
LEW-10567 — ECAP-Tlectronic Circnt Analysis Program (CDC Version) 34
NPO-11412 — ECAP-Electronic Circuit Analysis Ph\gr.‘;m (UNIVAC Version) ki}
FS15002 -- CIRCUS A Digtal Computer Emgmm for Transient Analysis of k2]

Electronic Circuits . .
MFS.15045 — MPP.Contral Propram to Determine Minimum Phase from Variable 34
Gain Characteristics

MFS.22401 — Computerized Logic Design of Digital Circuits 3

MSC-17437 — Telerance Anmalysis Program 35

NPO.132 — Wire Chain Program, UNIVAC-1108 Version 35

NPO.1149¢ — MTRAC.Computer Program for Analysis of Circuits Inctuding Mag- 35
netic Cores

FACILITIES, RESEARCH AND SuUPPORT

(Includes Simulators and Simulation Methods: Test Facidity and Tect Equipment Design
and Operation; Cost Effectiveness, Examunation and Sclection of Equipment, Materials,
Personnel, and Methods for Optimum Performance of Tasks: Suppart Facility Administra.
tion, KManzgement and tmventory Control)

LEW-12505 — Digital Program tor Solving the Linear Stochastic Optimat Control 37
ang Cstimation Problem

ARC-10912 — Magnetic Tape Library System kY

COS-023% — CPM Critical Path Method Computer Program 33

DOD 00337 — NGPSS.NADC General Purpose Simulation System for CDC 6539 33
Series Computers

GSC- 10009 — CANS.Computer Assisted Network Scheduling System 33

GSC-11512 — GREMEX-Geddard Research and Enginteening Management Exercise 33
Simulation Syctem

GSC-11631 - GEMS . Generahized Evaluation Madel Simutator 39
GSC.11652 — CALICO Capital Assets Location Imventory Control 39
KSC-1(205 — Bocing Computetized Preventative Maintenance Program

KSC-10519 — Logistics, Hardware and Services Control System 39
LAR-11837 — LRC MASA PERT 1t £0
MFS 18141 — LABCON.Laboratory Job Control Program 40
MFS-16631 — Network Path Program 40
MFS-1900 — Special Program  tor Discounted Case Flow Rate of Return 4

Evatuation

MFS.21477 — MIS Manpower Manogzement Information System 41
MFS-21478 — Vehicle and Equipment Operations Management Program 41

MFS.21669 — Job Resource Optimization Monitor for Project Management System 41
(PMS) Programs
MFS.21670 — Job Resource Allocation, GPSS Modet 41
MFS.21701 — MARVES-Marshall Vehicle Dngineenng Sim- lation System 42
MFS.21873 — FAA Balanced Field Length. Critical Engine Faiture Speed, and 42
Landing Distance Computor Programs

RFS-22670 — MARSYAS Marshall System for Aorosmc» Simulation 43
MFS-22937 — A Computerized Solution of the hepner-Tregoe Method Algorithm 43
MFS.23073 — RETANN-MSFC Estimated Retirement Annuity Calculation Program 43
MFS. 23321 — Emuneening Cnticat Components Listing 43
MSC-17122 — Piant Senvices Recalt System 43
MSC.17336 — Failure Mode and Ettects Analysis bropram (FMEA) 43
MSC.17451 -~ Record of Task Progress 43
MSC.1755% — Cost Information Management Computer Prog:am 44
MSC-19116 — Logistics Resuppty Computer Program [
NPO-11973 .- Manpower Accounting Program Ix
NPQ-13522 - Morgantown Mass Transit Simufation Mode! 4
NPQ 13334 — Minaritv Business Capabilities File &
NUC.10213 — TIMER.A Tree.Like Task and Time Record System 45
vi
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FLUID RMECHANMICS

{Includes Boundary Layer Flow; Compressible Flow; Gas Dynamics; Hydrodynamic
Turbulence)

GSC-IZ‘OOQ — MULTIWICK: A Computer Program that Numerically Integrates the
Differential Equations that Describe the Hydrodynamics of a Large
Class of Heat Pipes

"LAR.109%0 — Compressible Laminar or Turbulent Nonsimilar Boundary Layers

Computer Program
LAR-11048 — Program to Determine Radiating, Nonaviabatic, Inviscid Flow Over
a Blun! Body by the Method of Integrat Relations
LEW.11415 — Numericat Sofution of the Unsieady Navier-Stokes Equations
LEW-11859 — CFNA-Compre:sible Flow Network Analysis Computer Program

. LEW-12286 — Computer Program for Quasi-One-Dimensional Compressible Flow

with Area Change and Friction for Application to Gas Film Seals
LEW-12326 — Calculation cf Supersonic Stream Parameters of a Real Gas from
Measurable Quantities )
MFS.00443 — Solution of Comoressible Flows in Piping Systems
MFS-14583 — Compressible Flow Computer Program
MFS-21955 — KALV-Water Landing Loads Analysis
MFS$-24172 — Computer Program for Pressure Drop and Pumping Power for Fluid
Flow through Round Tubes
MSC-17566 — SMAC-Simplified Marker and Celt Method for Calculating Incompres.
sible Fluid Flows . )
MSC.19178 — DUCT.Adiabatic Compressible Flow Duct Analysis Program
NPO-10395 —Num'erical Solution of Transonic Flow in a Convergent-Divergent
ozzle
NUC.10376 — Computer Program for Analyzing Piping Systems

GEGPHYSICS

e - ——— o Y S N
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47

48
48
48

43
49

{Includes Aeronomy; Upper and Lower Atmosphere Studies: Oceanography; Cartography;
Geodesy; Hydrology and Limnology; Geochemistry and Geomagnetism)

C0S02540 — EXILE EXIST IRIS-Mineral Exploration Investment Optimization
and Resource Estimation Computer Program

GSC-11597 — Geomagnetic Field and Field Line Calculation Computer Program

KSC-10425 —-gSCOI-Statistical Summary of Climatological Data Computer

rogram

MFS-21113 — Handbock for Estimating Toxic Fuet Hazards

MFS.22338 — Four.Dimensional World Wide Atmospheric Models

MSC-14093 — A Program for Computing the Brightness Temperature of a Clear
Atmosphere from Radiosconde Data

NPO-11892 — AIRPOL-Wind Trajectory Tracing for Air Pollution Studies

UGA-02330 — QUAL 1.Simulation of Water Quatity in Streams and Canals

UGA-02330 — DOSAG 1.Simulation of Water Quality in Streams and Canals

INSTRUMENTATION AND PHOTOGRAPHY

51

51
52

52
52
53

53
53
54

(Includes Design, Installation: and Testing of Instrumentation Systems; Sensors and Trans.
ducers; Photegraphy (Including Oplical, Aerial, and Radar Photography); Infrared Tech.
nology; Display Systems; Data Recording and Processing)

FRC-10017 — Optical Systems Ray Tracing .

GSC-11393 — OSTRI-Optical Systems Ray Tracing Computer Program

GSC.12079 — SMIPS.Smalt Interactne Imaye Processing System .

LAR-11873 ~— CONVERT.Technique and Computer Program for Calculating Phato-
graphic Film Density Varatiors

MFS-18433 — Instrumentation Rehability Analysis Program

MFS-23033 — Digital Image Registration Method Based Upon Binary Boundary

"aps

MSC.14630 — ASTEP-Algorithm Simulation Test and Evaluation Program

MSC-14823 — LARSYS 11l Multispectral Data Amalysis System, Release 3.1

NPO-10:03 — FOLDP-FORTRAN Optical Lens Design Program

NPO-13415 — VICAR: Vicar Image Cemmuaication and Retrieval Syvslem (IBM
320 55 Programming System (33 PS Monitor)

GSC-12076 — VICAR: Vicar Image Commun’cation and Retrieval System (IBM
350 370 OS Moniter)

vii
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FLUID- MECHANICS

{Includes Boundary Layer Flow; Compressible Flow; Gas Dynamics; Hydrodynamics and
Turbulence) :

GSC-12009 — MULTIWICK: A Computer Program that Numerically Inteprates the 47

Differential Equations that Describe the Hydrodynamics of a Large
. Class of Heat Pipes

LAR.10930 — Compressible Lanunar or Turbulent Nonsimilar Boundary Layers 48
Computer Program

LAR-11048 — Program to Determine Radiating, Nenariiabatic, Inviscid Flow Over 48
a Blunt Body by the Method of Integrat Relations

LEW.11415 — Numerical Solution of the Unsicady Navier.Stokes Equations 48

LEW-11859 — CFNA-Comprezsible Flow Network Analysis. Computer Program 28

LEW-12286 — Computer Prognam for Quasi-One.Dimensional Compressible Flow 49
with Area Change and Friction for Application to Gas Film Seals

LEW-12326 — Calculation of. Supersonic Stream Parameters of a Real Gas from 49
Measurable Quantities :

MFS.00443 — Solution of Comoressible Flows in Piping Systems 49
MFS.14683 — Compressible Flow Computer Program . 49
MFS-21855 — KALV-Water Landing Loads Analysis 49

MFS.24172 — Computer Program for Pressure Drop and Pumping Power for Fluid 50
. Flow through Round Tubes
MSC.17566 — SMAC-Simplified Marker and Cell Method fer Calculating Incompres. 50
sible Fiuid Flows
MSC.168178 — DUCT-Adiabatic Compressible Flow Duct Analysis Program 50
NPO-10395 — Numeniczl Solution of Tranconic Flow in a Convergent-Divergent 59

Nozzle .
NUC-10376 — Computer Program for Analyzing Piping Systems 50

GEOPHYSICS

(Includes Aeronomy; Upper and Lower Atmosphere Studies: Oceanography; Cartography;
Geodesy; H)'dro!ogy and Limnology: Gecchemistry and Geomagnetism)

COS-02540 — EXILE EXIST IRIS.Mineral Exploration Imvestment Optimization 5}
: and Resource E<timation Computer Program

GSC-11597 — Geomagnetic Field and Field Line Calculation Computer Program 51

KSC-10425 -- SSCO1-Statistical Summary of Climatologica! Data Computer 52

Program
MFS-21113 — Handbook for Estimating Toxic Fuel Hazards 52
MFS.22333 — Four.Dimensional World Wide Atmespheric Models : 52

MSC.14093 — A Program for Computing the Brightness Temperature of a Clear 53
Atmosphere from Radiosconde Data

NPO-ilSQL’—A!RPOL-Wind Trajectory Tracing for Air Pollution Studies 53
UGA-02330 — QUAL 1-Simulation of Water Quality in Streams and Canals 53
UGA-02340 — DOSAG 1.Simulation of Water Quality in Streams and Canals 54

INSTRUMENTATION AND PHOTOGRAPHY

(!ncludes Design, Installaticn: and Testing of Instrumentation Systems; Sensors and Trans.
ducers; Photography (Including Optical, Acrial, and Radar Photography); Infrared Tech.
nolegy; Display Systems; Data Recording and Processing) ’

FRC-10017 — Optical Systems Ray Tracing 55

GSC.11393 — OSTRI-Optical Systems Ray Teacing Computer Program 55

GSC-12079 — SMIPS.Small Interactine Image Processing System 56

LAR-11873 — CONVERT.Technique and Computer Program for Calculating Photo. 56
graphic Film Density Varnatiors

MFS.18483 — Instrumentation Reliability Analysis Program 56

MFS.23033 — Digital Image Registration Method Based Upoan Binary Boundary 56

Maps
MSC.1465) — ASTEP-Algorithm Simulation Test and Evaluation Program 57
MSC-14823 — LARSYS lI-Multispectra! Data Analysis System, Release 3.1 57
NPO-10503 — FOLDP-FORTRAN Optical Lens Design Program 57

NPO-13315 — VICAR: Vicar Image Cemmunication and Retrieval System (IBM 57
350 55 Programming System (34 PS Monitor)
GSC.12076 — VICAR: Vicar Image Communication and Retrieval System (1BM 57

360 370 OS Moniter)

vii
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PAACHINE ELEMENTS AND PROCTESSES

es Bearings and Gears, Seals, Pumps, Vacuum Technology: Lubrication and Lubri-
Friction and Wear; Materials Fabrication; Numerically Controlled Machining; Manu.
facturing Processes and Quality Controk Structures and Component Reliability Analysis)

LAR.11261 — Systems Identification Using a Modified Newton-Raphson Method
LEW-11033 — Investigation of Isothermal Compressible Flow Actoss a Rotating
Sealing Dam
LEW-HHO—%zm‘putcr Program for Calculating the Temperature Field of Face
als

LEW-11511 — Evaluation of Rotating tncompressibly Lubricated Pressurized
Thrust Bearings . .
LEW-11679—FORTRAN Programs for the Design of Liquid-to-Liquid Jet Pumps
LEW-11910—-ggrr;putcr Program for Calculating Critical Speeds of Rotaling
aft

LEW-12008 — Program for Calculating Total Efficiency-Specific-Speed Char.
acteristics of Centrifugal Compressots
MFS-12641 — Bellows Calculation Program, (BM 350 Version' ~
MFS-14513 — RAM-Retiability Analysis Mode! ) .
MFS.16499 — Exact Minimal Path and Minimal Cut Technigques for Determining
Gystem Reliability
MFS-24034 —P.PRDCT-Apportionmen! Prediction
MFS.24121 — ERSION 3 Reliability Goeal Status .
MFS.24484 — SCOPE-System for Computing Operational Probabitity Equations
MSC-17552 — Digital Servo Analyzer ] .
MSC-17930 — Optimization ot Fiuid Line Sizes with Pumping Power Penalty
- MSC-19494 —_ Reinforced Carbon-Carbon Mass Loss
NUC-10402 — TRACE-Fault Tree Computer Code Agalyzes Large and Complex
Systems to identify and Eliminate Combinations of Malfunctions,
Failures, and Hazards .

MATHEMATICS

ARC.10165 — Spearman Rho Multiple Rank O-der Correlation Program

ARC-10163 — AESOP.Autemated Engineering and Scientific Optimization Program

ARC-10577 — Finding An Extremum of 2 Bounded Multivariable Function Without
Determination of the Detivatives

ARC.10336 _. CONMIN.A Fortran Program for Constrained "unction Minimization

€0S5-02530 — TIDEDA.Time Dependent Data Analyzer

GSC-11499 _- SIGPAC.Signilicance Arithmetic Experimentas 'ackage

GSC-11950 T NUM:NG-Numetic tntegration by Gaussian Quadrature

HQN-10649 — PAP-Parametric Analysis Program

HQN-10735 — Be!lcomm's Approximation Library

HQN-10733 — Bellcomm Linear Algebra Library

KSC-10418 — LPI1.LaGrange Three Point Interpotation Computer Program

LEW-10439—FORTRAN IV Program for Symbolic Sotution of Up to 20 Simul-
tancous Equations

LEW.10830 — MATAR-Convetsaticnal Appreach to Matrix Calculations

LEW-10917 — Computer Program for Spline Fit Curves

LEW-11052 — RAPIER.FORTRAN IV Program for Multiple Linear Regression
Analysis Providing Internalty Evaluated Remodeling

LEW-11462 — GIPTRAN.General input Probabitity Transliator

LEW-11651 — FITLOS-FORTRAN Program for Fitting Low-Order Polynomial Spines

. by the Method of Least Squares

LEW-11842 — NEWRAP.An Improved Muitiple Linear Regression and Data
Analysis Computer! Program o

MFS.00465 — AMINT-Adams Moulton Integration Subroutine

1AFS.01128 — Outlier Technique Program :

MFS.02358 — Calcutation of Eigenvalues and Eigenvectors of Arbitrary Matrices

MFS.02486 — Joint Transtormation-Orthographic to Perspective, FORTRAN H Ver-

sion for 360 System Use

MFS-12947 -— Sotution of Large Sets of Simuitaneous Lincar Equations with

Banded Symmetric Mattices

MFS.12931 — RKADAM.Subroutine to Solve Oitferential Equations

MFS-13122—%E{‘JhOF;D-Solution of Differential Equations Using the Nordsieck

etho
MFS-18565 — FORIER-Subroutines for Lens Cesign Program
MFS-21555 — Method tor MNonlinear Exponential Regression Analysis

viii
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60
60

{Includes Numerical - Analysis Techniques Such as Error Analysis, Function Evaluation,
Numerical * Integration and Differentiation, Differential and !Integral E£quation Solution;
Combinatorial _and Discrete Mathematics; Mathematical Programming: Mathematical
Statistics and Probability)




(e

e

MFS.22136 — Selection. of Approximating fFupnctions for Tabulated Numerical 72

Data
MFS. 22994-0 Com‘))uter Program for Standard Statistical Distributions (IBM 72
ersion .
MFS-214656 — A Computer Program for Standard Statistical Distributions (UNI. 72
VAC Version)
MFS-24100 — TEMPO-Technique for Evaluating Multiple Probability Occurrences 12

MSC.14094 — Polynomial Matnx Equation Solver 13
MSC-14147 — UHELP-University of Houston Easy Linear Programming System 73
MSC-17560 — Algorithm for Matrix Bandwidth Reducation 73
MSC-19078 — Addition Conwolution Computer Program for Cost Risk Analysis 13
MSC-19289 — Routines for 3.0 Vector Computations 73
MSC-19475 — Statistical Table Vatue Estimation (t and Chi Square) 74

NPO-10514 — VERGE-Computer Subroutine to Accelerate the Convergence of 74
Iterative Processes ’

NPQ-10786 — SPLINT.Parabolic Spline intetpolation Subtoutine 4
NPO-11523 — Random Number Generator - 74
NPO.11649 — RFT!1.One-Dimensional Real Fourier Transform 74
NPO.11651 — CFT.Multi-Bimensional Complex Fourier - Transform 75
NPO-11718 — ROMBS Modifited Single Precision Romberg Quadrature Subroutine 15
NPO-11805 — STURM:-Eigenvalue Routine by Sturm Sequence Method 15
NPQO-13304 — Relhiability Computation from Reliability Block Diagrams . 15
NPO.13344 — SPIN.Spining Structures Eigenproblem Solver 76

STRUCTURAL MECHANICS

(Includes Structural Element Design and Weight Analysis; Fatigue Studies for Structures
ard Components; Stress Including thermal) Catculation and Analysis of Structures; Analysis
of Vibration and Damping in Structutes; Analysis of Shell Structures Including Stresses,
Loads, Buckling and Vibration)

C0S.02350 — MASFLAY-Finite Element Mesh Generation Program n
C0S-02310 — Isometric Pipirg System Drawing and Material Takeoff Program 77
DOD-00033 — BANDIT-Structural Matrix Bandwith Reduction Computer Program 78

(CDCY
DOD.00034 —(Bé\‘j”[)lf Structural Matrix Bandwith Reduction Computer Program 78

DOD. 00035—(81‘}N|D|T -Structural Matrix Bandwith Reduction Computer Program 78
UN

DOD-00054 — BANDIT-Structural Matrix Bundwith Reduction Computer Program 78
{Honeywell)

DOD-00023 — MEC21.Pipe Flexibihty Analysis Program (1BM Version) 78
DOD-0XI25 — MEC21-Pipe Flexibilily Analysis Program (UNIVAC Version) 73
DOD.0002¢ — MEC21.Pipe Flexibility Analysis Program {CDC Version) 18
DOD-00027 —— MEL40.Piping Flex:bility Analysis Program 78
DOD-03030 — SHCP-Ship Hull Charactenstics Pregram 78
DCD-00036 — TOWER12-Guyed Tower Analysis Coinputer Program 79
DOD-0004] — Midship Section Design for Naval Soips 79

DOD-00050 — GRID2D-IGFES: Two Dimensional Grid Generator and Terminal 79
Control System

GSC-11039 — Automated Input Data Preparation for NASTRAN 80

HQN-10677 — Advanced Structure Geometry Studies 80

LAR-10473 — Structural Synthesis of a Stitfened Cylinder 80

LAR.10736 —geox‘?emcally Nonlivear Analvsis of Arbitrarily Loaded Shells of 80
volution

LAR.11109 - Geemettically Nonlinear Static and Dynamic Analysis of Arbitrarily 81
.Loaded Shells of Revolution

LAR-11369 — Computer Program for Stress, Vibration, and Bucklmg Charac- 81
teristics of Generat Shells of Revolution

LAR-11529 — SNAP Dynamic Structural Network Analysis Pror,ram, CDC 6000 82
Series Version

LAR-11530 —SNAP Static Structural Network Analysis Program, CDC €2°) Series 83

ETSIO!"I

LAR.11569 — SALORS.Structural Analysis of Layered O.thotropic Ring Stiffened 83
Shells of Revolution, Linear Stress Analysis Option

LAR-11696 —- BUCLAP2.A Computcr Prozram for Instability Analysis of Laminated 83
Long Plates Subjected to Combined Inplane Loads

MFS-01488 — Torsionai Vibration Naturat Frequencies Program 83

MFS.02227 — Column Analysis Complex 84

MFS.12622 — Kellogg Piping Analysts Propram, IBM-360 Version 84

MFS.13217 — Stress Analysis of Bellevilie Springs Program 84

MFS-15302 — SAMECS-Structural  Analysis  Method for Evaluating Complex 84
Struetures

MFS.20648 — forsion Analysis of Open Sections 84

MFS.21432 — Vibrational Transfer Functions for Base Excited Systems 85

ix
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MFS 21493—;0RMA Svn'hegs of Dynamic Systems Using FORTRAN Matrix 85

MFS-21531 - SNAP Dynamic Structural Network Analysis Program, UNIVAC 1103 85
Version

14FS-21670 — ASTROX-Automated Shell Theory for Rotating Structures 86
MFS-23027 — aTARSZ)S -Shell  Theory Automated for Rotational Structures 86
(Statics
MFS.23172 — PANES.Program for Analysis of Nonlinear Equilibrium and Stability 86
MFS.24042 — Remote Access Terminal Circutar Frame Computer Program 86
MFS-24043 — FRAP.Pressurized Structure Optimization . 86 .
MSC-127%6 — CAPR-Compression Allowable Plotting Routine . 87
MSC.13955 - Fracture Mechanics of Apailo Spacecrm Pressure Vessels 87
MSC.14733 — SOR-Shells of Revolution (CDC 6030 Version) 87
MSC-14749 — SOR-Shells of Revolution (IBM 360 Version) 87
MSC-17031 — Geometry Processor, Mesh Topology and Nodal Point Generator 87
MSC-17562 — FMA-Fra...e Modal Analysis 88
MSC.17619 — Program to Reduce the Size of Structural Matrices 88

MSC-17931 —. STRESS-Structural Thermal Rapid Evaluation-Stresses and Strains €8
LAR-10050 — SAMIS-Structural Analysis and Matrix Interpretive System (CDC 83

Version}
NPO.11319 — SAWS)alructural Analysis and Matrix interpretive System (UNIVAC 88
Version
NPO.11555 — ELASS-A General Purpose Digita! Computer Pro,.,ram for the Equili. 89
brium Probiems of Lincar Structures °

NPO.11543 — COMTANK.Structural Design and Stress Analys:s -Program for 89
Advanced Composite Filament-Wound Axisymmetric “Pressure

Vessels
NPO-13322 — WAVEFRONT-Strectural Stiffness Matrix- WaveFront Resequencing 89

Program .
NUC-10342 —Finite Element Analysis of Compressible Solids with Nonlinear €0
Materiat Properties

THERMGDYHAMICS AND COMBUSTION

«  ({includes Thermodynamic and Transport Properties; Combustion Processes and Analysis;
Therma! Protection Systems; Heat Transfer; and Heat Exchangers)

DOD-00057 ~ Subrcutine for the Thermodynamic Properties of Steam and Water 91

GSC.11158 - Nodal Network Thermal - Batance Program 91

LAR.10794 — General Transient Heat Transfer Computer Program for Thermally 91
Thick Walls

LAR-11049 — Program for the Transient Response of Ablating Axisymmetric 92
Bodies Including the Effect of Shape Change

LEW.1025% — FORTRAN IV Program for Calculation of Thermodynamic Data 92

LEW.11629 — Computer Program for Calculating the Thermodynamic and Trans- 92
port  Properties for Eight Fluids-Helium, Methane, Neon, Nitrogen,
Carbon Monoxidz, Oxygen, Argon, Carbon Dioxide

LEW.11854 — ACKIA.Aerotherm Charring Materials Ablation Computer Program 92
LEW 12110 — Regenerative Cociing Dos-gn and Analysis Computer Program 93
LEW-12205 — Computer Pragram for Calculating Water and Steam Properties 93
MFS 15055 — BETA 11.Boe.ng Enginecring Thermal Analyzer 93
MFS.15148 — Thermal Analysis of Fluid Fiow in a Pipe 93

MFS.21075 — RAVSAC-Radiation View Factor Program 93
MFS-21032 — FNG-Fluid Network Generator 93
MSC.13205 — SINDA-Systems Improved Numerical Differencing Analyzer 94
MSC.17026 — Gererat Heat Transfer Program 94

MSC-15184 — Phase Change Subroutine for Use with Finite Differencing Programs 94

MSC-19500 — Determination of View Factors to Finite Surfaces Using the H-P 94
Desk Computer

NUC-10049 — Computer Program for the Steady-State Temperature Analysis of 95
Plane or Axtsymmetnc Bodies

NUC-16189 — TRACK-Compt:ter Program for Transient and Steady State Coupled 95
Fluid Flow and Heat Conduction Analysis

NUC-1024]1 — AUTOTEM.A Computer Program for Automated Geometry Meshing 95 .
and Heat Conduction Calculation

NUC 10282 — TAPA.Program for Computing Transuent or Steady-State Tempera- 95
ture Distnibutions
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AERGDYNAMICS

Includes aerodynamics of bodies, wings, rotors, and
control surfaces; internal tlow in ducts and turbo-
machinery.

Vortax-Lettice FORTRAN Pregram for Estimsting Subsonic
Atrodyznmic Charactzristics of Compliax Planforms

in recent years, some wings have become very complex
because of the vanied speed regimes in which they are
required to operate. In order to solve the problems of

preliminary designs or parametric evaluations, a computer

program has been developed for estimating the subsonic
aerodynamic charactenistics of complex planforms. The
program represents the hiting planforms with a vortex-
fattice. These complex planforms include wings with
vanable-sweep outer paneis, wings with several changes in
dihedral angle across the span, wings with twist and/or
camber, and a wing in conjunction with either tad or a
canard. The aerodynamic charactenstics of interest are Lift
and pitchi~«, moment for both the flat and/or twisted wing,
drag-due-to-uft parameter, leading edge thrust, teading-
edge suction, distnbutions of leading-edge thrust and
suction coethicients, distnbutions of several span loading
coefficients, distribution ot Liting pressure coetficient,
damping-in-pitch parameter, damping-in-roll parameter,
and Iift coethicient due to pitch rate. The program uses a
minimum of input data to describe relatively complex
planforms. These planforms may be descnbed by upto 24
line segments ¢n a semispan. They may have an outboard
variable-sweep panel or they may have severa!l dihedral
angles across the span. In addition, two planforms may be
used together to represent a combination of wings and
tails or wings, bodies, and tails. The analysis has been
extended to handle planforms in a sidewash field The
documentation provides examples and typrcal running
times of var.ous types of confipurations which can be used
In addition, the results of parametnc applications of the
prIgram are presented to provide guidance 1n specitying
vortex-lattice arrangements which can be expected to give
acceptable results.

LANGUACE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Aporoximately 1,572 source statements
PRICE: Program $687.00 Documentation $15 50
PROGRAM NUNMBER: LAR-11047

Computer Prozram to Dolermine Pressure Distribution znd
Forces on Biunt Bodies ¢l Rovolution

The process described in the NASA Technical Note.
NASA TN D-4865, for obtaining the surface pressures
atong menidian lines of blunt bodies of revolution has been

programmed for high-speed digital computation. The
computer program _has been wniten to mclude the
integration of the surtace pressures 1n order to obtain the
axial.force, normalforce., and pitching-moment coetfi-
cients. The program reads in the body geometry in terms
ot a spherical nosecap radwus and x, y coordinates starting
at the point of tangency tc the nose cap. The progrem then
generates for the desired radiat angles 8 the equivalent
bodies which represent the <hape of the mendian kines of
the body at the input angle of attack The program
represents the longitudinal shape of these bocies by
straight line elements between the transforme) mput
coordinates. The spherical cap trom the stagnation point
10 the tangency pont is represented by 20 straight-line
segments Ater the caquivalent bodies are ottained, the
pressure distributions are computed and integrated along
the respactive mend:an f.nes of the nput bcdy to octtan
the torces and moments By selecting output options, the
pressure and Mach number vanatons for each mendian
line can be obtained with the forces and moments or just
the forces and mements can be output.

LANGUAGE: CDC FORTRAN Extended .
MACHINE REQUISEMENTS: CDC 000 Seres

PROGRAM SIZE: Approximately 879 source statements
PRICE: Pregram $33000 Documentation $13 00
PROGRAM NURIBER: LAR-11197

t
An Improved Method for tho Aerodynemic Analysis of
Ving-Body-Tail Configurations in Subsonic 2nd Superson-
ic Flow

A new method has been developed for calculating the
pressure distribution and aerodynamic charactenstics of
wing-body tail combinalions in subscnic and supersonic
potential flow. A computer program has heen developed to
perform the numencal calculations The configuration
surface 15 subdivided into a farge number of panels, each
of which contains an aerocdynamic singularty distrnibution.
A constant source distnibution is used on the body panels,
and a vortex distnbution having a hinear variation in the
streamwise direction s used cn the wing and tail panels.
The normal components of veloCity induced at spec:fied
control points by each singulanty distnibution are calculat-
ed and make up the coetficients of a system or linear
equations relating the strengths of the singularities to the
magnitude of the normal velocities. The singularity
strengths which satisfy the boundary conditron of tangen-
tial flow at the control points for a given Mach number and
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angte of attock are determined by solving this system of
equations usig an iterative procedure. Once the singularn-
ty strengths are known, the pressure coetficients are
calculated. and the forces and morrents icting on the
configuration determined by numerical integration. The
new method contains a number of unig e teatures which
are considered improvements over the tormer methods
available for solving th's problem. The u. v. and w
components of velocity ncuced by surtace distributions of
sources and vortices at arbitrary points in the flov field are
denved by an extended version of a current theory. The
new method includes panels inclined to the free stream
direction 1n both subscnic and supersonic flow, which
allows a complete surtface panel representation of the
configuration and a corresponcding improvement in the
aerodynamuc solution. In particular, it permits the analysis
of nori-circular bodies and the calculation of wing hody
interierence effects in the presence of body closure, two
feat rres not available in the onginal method. In addition,
the use of a vortex distribution having a linear vanation in
the streamwise direction resulls in improved chordwise
pressure distributions on wing and tad surfaces. The
compuler program is wr:*ten in FORTRAN tV for the CDC-
6600 computer, ocoupres 70.000 (octal) words and
operates in overlay mode. The program requires five
peripheral storage disc-fifes in addition to the input and
output files.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: CDC 6000 Senes

PROGRAM SIZL: Approxmately 6,594 source statements
PRICE: Program 3960 00 Documentation $27.50
PROGRAM NUMBER: LAR-11305

klodified Multhopp Lifting Surfzce Kiethod of Aero Charze.
teristics

This program determines the longitudinal subsonic
aerodyanmic characteristics of wings, which may be
cymnosite, by an extension of the approach used by
Mutthopp. The solution s based on linearized potential
flow with compressibility being accounted for by use of the
Prandt-Glauret factor. The charactenistics determined
include the overall ift-curve slope. the overall ptching-
moment-curve slope, the acrodynamic center. the ratio of
the induced drag based on the spanw:se distribution of

circulation to the hit coefficient, and many of the section -

features. The loadings for wings with twist and camber can
also be computed. Since a large portion of this program s
concerned with compatation of required geometric repre-
sentation, two additional routines are included 1o aid in
obtatning this geometric input data for the program. One
routine determines the aspert ratio ot a wing which can
have a broken leading and traihng edge and skewed tp. in
addition, the program can iterate on the traiding edge
sweep to determune the required angle to give a particular
aspect ratio. The other routire determines the X and Y
focation of the pivot that an arrow wing with a ckewed tipin
its high sweep position must haven crder for: (1) the pivot
to occur at a certamn fraction of the high sweep normal
chord, and (2) the outer panel in the low sweep posttion to
have a centain specified span increase over that of the high
sweep wing.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC €000 Series

PROGRAM SIZE: Approximately 2.023 source statemerts
PRICE -Program $440 00 Documentation $12.50
PROGRAM MUMBER: LAR-11573
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A Cemputer Progzram for Czloulating lnvzeid, Adishstic
Flow About Blunt Dedies Traweling st Superronic end
Hyperscnic Speeds £1 Angis ot Attack

Tris 15 a computer program wich calculates inviscid
plane, axisymmetnc, ard three simensional flow about
blunt bodies traveling at supersomc and hypersonic
speeds tn a unitorm free stream An exacttime-dependent
finite-ditterence method of second-o:der 2ccuracy s used.
The bodies which can be treated include plane and
ancymmetnic bodies with sharp shoulders and smooth
nonauisymmetnic bodies Equilibrium air and perfect-gas
thermodynamic models can be used and a procedure for
approximating equihbnum gases with the pertect gas
model s alsc descnibed Tne resuits of the program
inciude the shock - wave focation and the fiow properties at
a number of gnd points on the body surface, on the shock
wave, and in the ¢ :ion between the body and shock.

LANGUAGE FORIRAN IV

MACHINE REQUIREMENTS CDC 6000 Senes

PROGRAM SIZE: Approumately 1,709 source statements
PRICE Program $330 00 Documentation $9.00
PROGRAN HIUMBER: LAR.11663

Subsonic Annular Viing Thaory With Anplicaticn to Flow
About Hecelles

This program was written to assist in the des:gn of high-
bypass-ratto tan engin2 nacelles. These nacelles can be
treated as annular wings on which the circulation devel-
oped determines both the external and internal flow. The
program was developed for calcuiating the flow over a
nacelle at zero angle cf attack and at csubsonic Mach
numbers The method uses the annular wing theory and
boundary-layer theory and has shown good correlation to
expermental data. The method perrmils vanation ot the
mass fiow by changing the size ot a center body.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Scries

PROGRAM SIZE: Approximately 1.442 source statements
PRICE Progrom $510 00 Documentation $10.50
PROGRAM MUFABER: LAR-11727

Computler Program for Caleulating Flow Distribution in a
Radial Inflow Turbine

This computer program provides a flow analysis of a
radial inflow gas turbine. The program obtains a mendion-
al solution on the mean surface between the blades.
followed by solutions on hub. mean, and shroud blzde-to-
blade surfaces. 1n a single computer run. Suggestions for
modifying the program for use with other types of
turtbomachines are g.wen. Techmques for overcoming
convergence problems are drscussed. The method used s
based on an eqation for the velocity gradient along an
arbtrary quass orthogonal hetween blades and 1s simular to
a method using quasi-orthogonals 1n a mendional plane.
With this method. a streamhne analysis can be made for
any blade-to-blade stream surface. This surface. if desired.
may be assumed to be a surface Jf revolution generated by
a mendional streamhne obtained from a mendicnal
streamhine analysis On this stream surface a two-
dimenstonal  soiuticn for the velocity and pressure
distributions 1s obtamned With several such blade-to-blade
solutions. the velocity disinbution throughout the rotor
passage can be calcu'ate,. Simiphtying assumptions for
upstream and downst -im conditions are made tor the
purpose of readity ottzining a reascnable approximation
near the iniet and outiet.
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angle of attoack are determined by solving this system of
equations ustng an iterative procedure. Once the singutan.
ty strengths are known, the pressure coetficients are
calculated, and the forces and momrents 3cting on the
configuration cetermined by numerical integration The
new method contains 3 number of uniq e features which
are considered improvements over the former methods
available for solving th's problem. The u, v. and w
components of velocity incuced by surtface distnbutions ot
sources and vortices at arbitrary points in the flow field are
derived by an extended version of a current theory. The
new method includes panels inclined to the free stream
direction in both subsonic and supersonic ticw, which
allows a complete surface panel representation of the
configuration and a corresponding improvement 1n the
aerodynamic solution. In particular, 1t perrmits the analysis
of ncri-circutar bodies and the calcutation of wing-body
inter’erence etfects 1n the presence of body closure, two
feat 1zes not available in the onginal method. In addition,
the use of a voriex distribution having a linear varniation in
the streamwise direction results in improved chordw:se
pressure distributions on wing and tail surfaces. The
computer program 1s wr:*ten in FORTRAN IV for the CDC-
6600 computer. occupres 70.000 (octal) words and
operates in overlay mode. The program requires five
peripheral storage disc-files in addition to the input and
output files.

LANGUAGE: FGRTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE: Approxmately 6,594 source statements
PRICE: Program %960 00 Documentation $27 50
PROGRARY HURBER: LAR-11305

todified Kuilthopp Lifting Surface Mathod of Acro Charas-
teristics

This program determines the longitudinal subsonic
aerodyanmic charactenstics of wings, which may be
composste, by an extension of the approach used by
Mu'thopp. The solution 1s based on lineanzed potential
tiow with compressibility being accounted for by use of the
Prandti-Glauret factor. The charactenistics determmned
include the overall hft-curve. slope, the overall pitching-
moment-curve slope, the aerodynarmic center, the ratio ot
the induced drag based on the spanwise distribution of
circulation to the fift coeflicient, and many ot the section
features. The loadings for wings with twist and camber can
also be computed. Since a large portion of this progrem s

concerned with computation of required geometnc repre--

sentation, two additional routines are included to aid in
obtaining this geometnc input data for the program. One
routine determines the aspect ratio of a wing which can
have a broken leading and trailing edge and skewed tip In
addition, the program can iterate on the traiing edge
sweep to deternune the required angle to give a particular
aspect ratio. The other routine determines the X and Y
location of the pivot that an arrow wing with a ckewed tip in
1ts high sweep position must have in crder for: (1) the pivot
to occur at a certanr fraction of the high sweep normal
chord. and (2) the outer panel in the low sweep position to
have a certain specified span increase over that of the tugh
sweep wing.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE: Approximately 2,023 source statemerts
PRICE Program $440 00 Documentation $12 50
PROGRAM NUMBER: LAR-11573

T T S T

A Computer Program for Coleulsting Inviscid, Adighstic
Flow  About Giunt Bodies Treveling et Superronic end
Hyporconic Speads ot Angla of Attack

Trus 1s a computer program wrich calcutates mviscid
plane, ausymmetnc. ang three aimensional flow about
blunt bodies traveling at supersonic and hypersonic
speeds in 3 umiform free strearn. An exact ime-dependent
finite-ditterence method of second order accuracy 1s used
The bodies which can be treated include plane and
axicymmelnc bodies with sharp shoulders and smooth
nonaxisymmetnc bodies Equilibrium-air and pertect-gas -
thermodynamic models can be used and a procedure for
approxmating equitbtium gases with the perfect gas
mocel s alsc described  Tne resuits of the program
include the shock-wave location and the fiow properties at
a number of grid points on the body surface, on the shock
wave, and 1n the 1 »£:on between the body and shock.

LANGUAGE FORIRAN IV

MACHINE REQUIREMENTS CDC 6000 Series

PROGRAM SIZE: Apprommately 1,709 source statements
PRICE Program $340 00 Documentation $9.00
PROGRAM NUSIDER: LAR-11663

Subsonic Annular Wing Thsory With Anplication to Flow
Abcut Nacelles

This program was written to assist in the design of high-
bypass-ratio fan engine nacelles These nacelles can be
treated as annutar wings on which the circulation devel-
oped deternunes both the éxternal and mnternal flow. The
program was developed for calculating the flow over a
nacelle at zero angle of attack and at subsonic Mach
numbers. The method uses the annular wing theory and
boundary-layer theory and has shown good correlation to
experimental data. The method permits variation of the
mass flow by changing the size of a center body.

LANGUAGE- FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Scries

PROGRAM SIZE: Approuimately 1,442 source statements
PRICE Progrom $510 00 Documentation $10.50
PROGRART RUMBER: LAR.11727

Computer Program for Calculating Fiow Distribution in a
Radial Infiow Turbine

This computer program provides a flow analysis of a
rachal inflow gas turbine The program obtains a mernidion-
at solution on the mean surface between the blades,
tollowed by solutions on hub, mean, and shroud bizde-to-
blade surfaces, in a single computer run. Suggestions for
modifying the program for use with other types of
turbomachines are gwen. Techniques for overcorming
convergence problems are discussed. The method used 1s
based on an equation for the velocity gradient along an
arbitrary quasi-orthogonal hetween blades and is similar to
a methad using quast-orthogenals in a mendional plane.
With this method, a streamiine analysis can be made for
any blade to-blade stream surface. This surface. if desired,
may be assumed to be a surface of revolution generated by
a mendional streambine obtained from a mendional
streariine analysis. - On this stream surface a two-
amensional  solution for the velocity and pressure
distributions 1s obtaned With several such blade-to-blade
solutions, the velocity disiribution throughout the rotor
passage can be calcutates. Simplitying assumptions for
upstream and downst .-am conditions are made for the
purpose of readity obtamning a reasonable approximation
near the inlet and outletl.
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angte of attack are determined by solving this system of
equations using an iterative procedure. Once the singulan-

ty strengths are known. the pressure coetficients are -

calculated, and the forces and momrents scting on the
configuration determined by numencat mtegration. The
new imethod contains a number of uniq e features which
are considered improvements over.the former methods
available for solving th's problem. The u, v. and w

. components of veloctty incuced by surface distnibutions ot

sources and vortices at arbitrary points inthe flow tield are
denved by an extended version of a current theory. The
new method includes panels inclined to the free stream
direction 1n both subsonic and supersonic flow, which
allows a complete surface panel representation of the
configuration and a corresponding improvement in the
aercdynamic solution. In particular, it permuts the analysis
of nori-circular bodies and the calculation of wing body
interierence effects in the presence of body closure, two
feat 1zes not available in the onginal method. In addition,
the use of a vortex distribution having a linear variation in
the streamwise direction results in improved chordwise
pressure distnbutions on wing and tail surfaces The
computer program s wr:'ten in FORTRAN 1V for the CDC-
6600 computer, occupies 70.000 (octal) werds and
operates in overisy mode. The program requires five
penpheral storage disc files in addition to the input and
output files.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: CDC 6000 Seres

PROGRAM SIZL: Approxmately 6.594 source statements
PRICE: Program 3960.00 Documentation $27.50
PROGRARY NUMBER: LAR-11305

tdodificd NMulthopp Liking Surface fMethod of Aero Charac-
teristics

This program determines the longitudinal subsonic
aerodyanmic charactenstics of wings, which may be
cnmnosite, by an extension of the approach used by
Mu!thopp. Tha solution 1s based on hinearized potentiat
flow with compressibility being accounted fcr by use of the
Prandt-Glauret factor. The charactenistics determined
include the overall hift-curve siope, the overall pitching-
moment-curve siope, the aerodynamic center, the ratio of
the mduced 'drag based on the spanwise distribution of
circulation to the hift coefficient, and many of the section
features. The loadings for wings with twist and camber can
also be computed. Since a large portion of this programs

" concerned with computation of required geometric repre-

sentation, two additional routines are included to aid 1n
obtaining this geometnc input data for the program. One
routine determines the aspert ratio of a wing which can
have a broken feading and trailing edge and skewed tip. In

- adduition, the program can iterate on the traihng edge

sweep to determina the required angle to five a particular
aspect ratio. The other routine determines the X and Y
location of the pivot that an afrow wing with a skewed tip in
its thgh sweep position must have in crder for. (1) the pivot
to occur at a certan fraction of the tugh sweep normal
chord. and (2) the outerpanel in the low sweep position to
have a certain specified span increase over that of the high
SWeep wWINg

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS' CDC 6000 Seres

PROGRAM SIZE: Approuimately 2.023 source statements
PRICE Program $340 00 Documentatinn $12.50
PROGRAM NUMBER: LAR-11573

A Computar Progrem for Calculsting Inviecid, Adisbatic
Flow About Blunt Bodizs Traveling ot Superronic and
Hypmomc Spoeds ot Angls of Aftsck

This 1s a computer pvogram which calculates mnviscid
pizne. amisymmelnc, and three simensiunal flow about
blunt bodies traveling at supersonic and hypersomc
speeds 1n 3 uniform free strearmn An eaact time-dependent
finite- ditference method of second order accuracy is used
The bodies which can be tredted include plane and
ansymmetnc bodies with sharp shoulders and smooth
nonausymmetnic bodies Equiibnium-air and perfect gas
thermodynanuc models can be used and a procedure for
approumating equilibtium gaces with the perfect-gas
mocel 1s alsc descrnibed Tne results of the program
include the shoch-wave location and the fiow properties at
a number of grid points on the body surface, on the shock
wave, and m the 1 gion between the body and shochk.

LANGUAGE FORIRAN 1V

SACHINE REQUIREMENTS  CDC 6000 Senes

PROGRAM SIZE- Approximatety 1,709 source statements
PRICE Program $340 00 Documentation $9.00
PROGRAM fiUMBER: LAR-11663

Subsonic Annular Wing Theory With Anplication to Flow
About Hacellos

Thus program was written to assist in the design of high-
bypass-ratio tan engine nacelles These nacelies can be
treated as annular wings on which the circuiation devel-
oped determines both the external anJ mnternal fiow. The
program was developed for calculating the flow over a
nacelle at zero angle of attack and at subsonic Mach
numbers The method uses the annular wing theory and
boundary layer theory and has shown good correfation to
experimental data The method permits variation ot the
mass flow by changing the size of a cenier body.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE: Approximately 1.442 source statements
PRICE Program $510 60 Documentaticn $10.50
PROGRAM HUMBER: LAR-11727

Computer Pregram for Calculating Fow Distribution in a
Radial Inflow Turbine

This computer program provides a flow analysis of a
radial inflow gas turbine. The program obtains a mendion-
al solution on the mean surface between the blades,
followed by solutions on hub, mean, and shroud blzde-to-
blade surfaces. in a single computer run. Suggestions for
modifying the program for use with other types of
turbomachines are gwen. Techmiques for overcoming
convergence problems are discussed. The method used i1s
based on an equation for the velocity gradient along an
arbitrary quasi-orthogonal hetween blades and 1s simslar to
a method using quast orthogonals in a mendional plane.
With this method, a streamtine analysis can be made for
any blade-to-btade stream surface. This surface. if destred,
may be assumed to be a surtace )1 revolution generated by
a mendional streamline obtamned from a mendional
streamhne analysis. On this stream surface a two-
dimensional sotution for the velocity and pressure
distnibutions ts obtained With several such blade-to-blade
solutions, the velocity disinbution throughout the rotor
passage can be calculates. Simphfying assumptions for
upstream and downst-am conditions are made for the
purpose of readily obtaining a reasonable approximation
near the iniet and outlet.




LANGUAGE: FORTRAN 1V (89%), MAP (11%)

MACHINE REQUIREMENTS: {BM-7094 .
PROGRAM SIZE: Approximately 1,415 source statements
PRICE:Program $460.00 Documentation $14.00
PROGRAM RUNMBER: LEW.00226

Cemputsr Progrem for Analysis of Goomatry and Dasign
Point Performanco of Axial Fiow Turbinss

This program was developed to solve the basic equa-
tions which govemn the design-point performance of an
axial flow turbine, avoiding lengthy and time-consuming

- numerical methods. The program is capable of analyzing

both single and muitispool units (a maximum of three
spools is atlowed). The program will determine the
standard turbine design parameters at a pre-selected
number cf streamlines. These parameters will be consist-
ent with the reguiremient of radial equilbrium, the
definition of blade element performance being used for
the analysis, and the input specifications of design
requirements and analysis variables when a valid solution
of the design problem exists. When used for the analysis of
a single spool, designs for any number of sets of analysis
variables may be computed consecutively.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-70594

PROGRAM SIZE: Approximately 2,214 source statements
PRICE: Pregram $460.00 Documentation $28.00
PROGRAM NUISBER: LEW-10471

FORTRAN Prozram For Calculating Velocitiss and Stream-
lincs on a Blade to Blade Stream Surfcce of a8 Tandem
Blade Yurbomachine

This computer program gives the blade-to-tiade solution
of the two-dimensional, subsonic. compressible (or
incompressibie), nonviscous flow problem fcr a circular or
straight infinite cascade of tandem or slotted turboma-
chine blades. The blades may be fixed or rotating. The flow
may be axial, radial. or mixed. The method of solution is
based on the stream function using an itertise solution of
nonlinear finite-difference equations. These equations are
solved using two major levels of iteraticn. The inner
iteration consists of the colution of simuttaneous linear
equations by successive overrelaxation, usirg an estimat-
ed optimum overrelaxation factor. The outer steration then
changes the ceefficients of the simultaneous equations to
correct for compressibility. The program input consists of
the basic blade geometry, the meridional stream channe!
coordinates, fluid stagnation conditions, we:ght flow and
flow split through the slct, and inlet and outiet flow angles.
The output includes btade surface velociies, velocity
magnitude and direction throughout the passage, and the
streamline coordinates.

LANGUAGE: FORTRAN 1V (99%), MAP (1%)

MACHINE REQUIREMENTS: iBM-7094

PROGRAM SIZE: Approximately 2,583 scurce statements
PRICE: Program $460.00 Dozumemation $14.30
PROGRAM NUMBER: LEW-10743

Fortran 1Y Program to Estimate the Off Destign Perfor-
mance of Radial Inflow Turbines

This program is designed to calculate the off-design
performance of radial infiow turbines. The analysis
consists of 2 one-dimensional solution of tiow cenditions
along the mean streamiine, using perteci gas relations and
is written for subsonic flow only, since stater choking is not

expected. The program uses the thermodynamic equa-
tions of rotor incidence loss and the calculation of
additional performance parameters. Use of the program
requires as input information the turbine flow arcas,
diameters, and blade angles. An estimate of design puint
performance is alco necessary. The output consists of
conventional performance parameters at specified flow
conditions any' speeds.

LANGUAGE: FORTRAN IV :

MACHINE REQUIREMENTS: 1Bi1-7094/7044 DCS
PROGRAM SIZE: Approximately 407 source statements
PRICE: Program $280.C0 Documentation $8.50
PROGRAM NURDER: LEVY-10764

Computer Progrems for Axial Flow Comprossor Dezign

Four FORTRAN IV computer programs far the design of
axial flow compressors have been developed. (1) The first
of these programs was based on the assumption of simple
radial equilibrium of static pressure and constant efficien-
cy radially. In this program, limits on hub and tip ramp
angies, axial velocity ratio across blade rows, rotor hub and
stator tip loadings, rotor exit relative flow angle, and stator
hub Mach number are specified; the velocity diagram and
stage-by-stage performance are calculated. (2) The
second program accounts for complete radial equilibrium
of flow. Losses are evaluated on the hasis of blade element
loss prediction methods. Radial distribution of energy is
specified as a polynomial variation of whirl velocities at the
exit of each blade row; rotor tip toadings, limiting values of
rotor hub relative exit angles, stator hup Mach numbers,
stator hub loadings, and the ceompressor flow path are also
specified. (3) Program 3 differs from Program 2 in that the
radial distribution of total pressure is specified for each
rotor blade row rather than the whirl velocity distribution,
and there is the option of specifying the flow path or
specifying the axial velccity ratios and calculating the
resulting flow path. (4) The fourth program developed is
an off-design perforr iance calcilation. The calculation
accounts for variable coecific heat and full radial equilibri-
um and determines energy addition and adiabatic
efficiencies on the basis of data for hlade element turning
and !oss. The program user has available as options cither
double-circular-arc or NACA 65-series blade performance

data, plus tha capability of specifying reference incidence -

angle through tabutar input for any individual blade row or
through the criterion of suction surface tangency for any
double-circular-arc blade row. The off-refierence incre-
ment in deviation angle is furnished in the form of a
correlation of selected NASA data.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-7094

PROGRAM SIZE: Approxmately 14,251 source statements
PRICE: Program $1,070.00 Documentation $50.50
PROGRAM NUMBER: LEV/-10765

Turble-Fortran Program for Calculating Velecities and
Gtreamlines on 2 Blade-to-Blade Stream Su:face of a
Turbamachine

This program is a revision of an existing program for
blade-to-blade aerodynamic analysis of turbornachine
blades and it is a simpler program while consistent with
related programs. The analysis is for two-dimensional,
subsonic, compressible (or incompressibie), nonviscous
fiew in a circular or straight infinite cascade of blades,
which may be fixed or rotating. The flow may be axial,
radial, or mired, and the stream channal thickness may

A




change in the through-flow direction. The program input
consists of blade and stream channe! geometry, total ficw
conditicns, inlet and outlet flow angles, and blade-to-blade
streamn channel weight flow. The output includes blade
suttace velocities, velocity magnitutde and direction at al!
interior mesh points in the biade-to-blade passage, and

~ streamline coordinates tiiroughout the passage.
. LANGUAGE: FORTRAN IV (98%), MAP (2%)

MACHINE PLOQUIREMENTS: IBM-7094

PROGRAM ~i_E: Approximately 2,171 source statements
PRICE: Prog.aim $480.00 Documentation $5.50
PROGRAN v/ UFABER: LEVW-10783

flaznify— Fortren Program for Caleulating Vulceltias in a
fA2gnifiod Region on a Blsde to Glade Surfaca of a
Turbsmac:. na

This program obtains a local detailed solution around a
leading or trailing edge orin a slot region for compressible,
subsonic, nonviscous flow on a blade-to-blade surface
between turbomachine blades. Using this program. a
coarse mesh solution for an entire blade-to-blade region
can be magnified by a chosen magnication factor in a
small rectangular regior,. The program input requires
information obtained trom a less detailed solution from
one of three programs: TURBLE, TANDEM, and 2DCP.
These programs are available trom COSMIC. The output
includes detaited surtace velocities, velocity magnitiide
and drrection, and stream function vatues throughout the
magnified region. The method is based on the stream
tunction with the solution of the stmultaneous, nonlinear
finite-ditference equations being obtained by two major
levels cf iteration. The inner weration consists of the
solution of simultaneous linear equations by successive
overrelaxation, using an estimated oplinmum overrelaxa-
tion factor. The outer teration then changes the coetficient
of the simultaneous equations to compensate for com-
pressibility.

LANGUAGE: FORTRAN vV (98%), MAP (2%)

MACHINE REQUIREMENTS: IBM-70%4

gprogram size; approximately 2,516 source statements
PRICE: Program $480.00 Documentation $9.50
PROGRAM NUSKBER: LEYW-10789

Tsonic—Fortran Program For Calculating Transenic
Vetocitiss on a Blade Stream Surfaco of & Turbomachine

This proqram obtains a transomic flow solution on a
blade-to-blade surface between blades of a turbomachine.
The flow must be essentially subsonc, but there may he
locally supersomic flow. The solution s two-dimensional,
isentropic, and shock-tree. The baldes may be fixed or
rotating. The flow may be ax«al, radial. or muxed. and there
may be a change in stream channel thickness in the
through-flaw direction. A loss 0 telative stagnation
pressure may be accounted tor. The program mput
consists of blade and stream-channel geometry, stagna-
tion flow conditions, e and outlet flow angles, and
blade-to blade stream-channel weight flow. The output
mcludes blade surface velocittes, velocity magnitude and
cdirectian at atl interior mest paints in the blade-to-blade
passage. and Streambae coordinates throughout the
passage. The transonic solution s obtamned by a combina-
tion of a finite-difterence, stream function solulion and a
velocity-gradient solution. The finite-ditference solution at

a reduced weipht flow provides infermation needed to

obtain a velocity gradient solution.

LANGUAGE: FORTRAN IV (98%), MAP (2%)

MACHINE REQUIREMENTS: I1BM.7094

PRGGRAM SIZE: Approximately 2,602 source statements
PRICE: Program $480.00 Documentation $10.50
PROGARANM HUMBER: LEV-10977

Anslysis of Geomatry and Dezizn Point Performence cf
Axial Flow Tusbinzs Usaing Epecliied leridionsl Velocity
Grsdicnts

This ccmputer program uses a non-restrictive method
tor determining the alternative geometries and associated
design pomnt pertormance of axtal-flow turbines capabte of
satistying specified design requirements; it solves the flow
field within the turbine without making the simplitying
assumpltions. that resuit 1n restnctive designs. . The
program is capable ot analyizing both single and multis-
pool units (a maximum of three spools is allowed), and
each spoo! may have up to eight stages. The absolute and
relative flow fiolds are computed at the first stator nlet, at
each interblade row plane, and at the final rotor exit. The
effects of the radial variation of the following quantities are
taken into account: inlet conditions, streamline angle of
inchination and curvature, loss coefficient or etficiency,
mendional velocity, or angie. Further, the effects of coolant
tlows, mterfilament moang, and a station-to-station varia-
tion of specific heat can be mcluded. As additional
features, the propram allows tor: (1) the internal calcula-
tion ot losses based on a correlation which has been
develaped tor pressure-loss coefficient, and (2) cither
subsonic or supersonic solutions for the absolute velceily.
The program will determine the standard turbine design
parameters at a preseiected number of streamlines. These
parameters will be consistent with the requirement of
radical equiithrium, the specified or calculated blade
elemen! performance, and the mput specifications of
design requuements. When used for the analysis of a
single spool, desipns tor any number of sets of analyss
vanables may be computed consecutively. This programi is
a moditication of LEW-10471 (M63-10338). 1t comple-
ments the ongnal rather than replaces it in that not all of
the onganally selected optimal specifications of a design
are made available m this new version. However, the new
version can be used independently of the ongwinal for
designs in which blade-element pertormance 1s directly
specified by total-pressure-loss coetficients or indirectly
by the coetficients of a correlation of the total-pressure-
toss coetficient chosen for tully consistent analysis

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM.7094

PROGRAM SIZE: Approximately 2,038 source statements
PRICE- Program $490 00 Documentation $21.00
PROGRA NUMBER: LEW-11029

Fortran Propram for Quasi-Three Dimensional Calculation
cof Surface Velocitias and Choking Flow for Turbzmachine
Blzde Rows

A computer program. CHANEL. has been developed to
obtann a quasithree dimensional solutions "ot surface
velocies and choking How for turbomachinery blade rows.
The aerodynanuc design of turbomachmery  blades
requires the determination of blade surface velocity
distrihution Also, 1t s necessary to know the choking flow
in many dasigns, there are sigmificant velocty gradients
bath from Dladeto-blade and from hubto tip. This
condition  necesstates  consideration  of the three-
dimensional etfects One of the usetul techmiques for
calculating surtace velocities where three-dimensional




“eftects are of importance is the velocity gradient (stream

filament) method. The general velocity gradient equation
deternunes the velocity vanation 1n any direction. In
particulatr, the velocity gradient equation can be reduced
to special cases to determine bioth the blade-to-blade and
hub-to tip variation in velocity. A combination of the
velactly variation in two directions with a specitied mass
flow will determine the velocities at a passage Cross

. section, This method works well in a well-auided passage.

Some of the coinditions that can be handled by the
CHANEL program could not be handled previously are:
(1) Nonumtorm inlet temperature, pressute, and prewhirl;
&) Nonaxial tiow where mendional flow angle; () Mernd-
tanal streamline curvaiure; (4) Radws can vary as desired
from the hub t2 the tip.

LANGUAGE: FORTRAN IV :

MACHINE REQUIREMENTS: IBM-7094

PROGRAM SIZE: Approximately 433 source statements
PRiGE: Program $370.00 Documentation $6.50
PROGRAM NUMBER: LEV/-11635

FORTRAN Program for Calculzting Velocities In the
Kisridionz! Plens of a Turhomachine

A computer program has heen developed which
calculates the - velocities in the mendional plane ot a
centritugal compressor. This program will deterrmine the
velocities in the mendicnal plane of a backward swept
mpeller, a radial impeller, and a vaned dittuser. The
velocty gradient equation with the assumption ot a hub to-
shroud mean stream surtface 1s salved along arbitrary
quasi-orthogonals i the mendionat plane. These quasi-

~orthogonals are foed strasght lines that remam fixed.

regardiess of any streamhne change it the streamlines are
not smooth, a smoathig toutine can be used. increased
interest has been shown in high pressure ratio hachward-
swept centnitugal impellar blades because centriugal
compressors with such blades have the potential of
achieving  higher  etficiencies than those with radial
impeler blades. Several methods are  avaldable tor
destipning rachal bladed compressors, but only imited
work has been done on backward swept impeller blades
The mput quantities consist essentally of mass tlow,
totational speed. number of blades. specific-heat ratio,
inlet total temperature and density, gas constant, loss in
tatal relative pressure, hub-to shroud profile, mean blade
shape, and a normal thickness table In the input. each
ttem has units specthied in both the St and US customary
systems. Since the program does not use any constants
which depend on the system of units being used, any
consistent set of units may be emploved.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1BM 7094

PROGRAM SIZE- Approximately 1,264 source statements
PRICE: Program $590.00 - Documentation $6.50
PROGRAM NUMBER: LEW-11756

Combuter Propram for Preliminary basizn Anzlysis of Axial
Flow Turbinas

A computer program has been deoveloped tor the
prelmunary design - analysis of axial tlow turtunes. The
computations are based on mean-diameter tlow properties
and do not consider any radal gradients. Specific heat
ratio s assumed constant throughout the turbie. For any
given turtunie, all stages, except the test, are specitied to
have the same shape velocity diagram. The tirst stage
ditfers only 1o that the infot flow s axtal The velocity

diagram shape depends upon the speed-work parameter
value and the specified type of velocity diagram. Any of
thiee types of velocity diagrams can be specified:
symmetrical, zero exit swirl, or unpulse. Exit turming vanes
can be included in the design. Input design requirements
include power or pressure ratio, mass flow rate, inlet
temperature and pressure, and rotative speed. The design
variables inctude infet and exit diameters, stator angle or
exit radius ratio, and number of stages. Gas properties are
nput as gas constant, specitied heat ratio, and viscost-
ty.The progrem output mcludes inlet and exit annulus
dimenstons, exit temperature and pressure, total and
static ethicrencies, blading angles, and last-stape critica!
velocity ratios Pronram ventication by COSMIC was himited
to compitation and link-edit on an IBM-7094

LANGUAGE: FOPRTRAN tV

MACHINE BEQUIREMENTS: IBM-7094

PROGRAM SIZE: Approxmately 598 saurce statements
PRICE: Propram $370.00 Dacumentation $6.50
PROGRAR NUMDER: LE¥Y-11815

Computer Pregram for Caleulsting Potential Flow in
Propultion System Inlcts

in the process of desyning nlets, particularly tor
Vertical Takeott and Landing and Short Takeoft and
Landing propulsion systems, a system ot thrce computer
mrograms evolved. The chiet program is an axisymmetric
potentiat tlow propram which calctlates the incompresst-
ble potential tiow about arbutrary axisymaietnic bodies:
One generates input trom vanous specified  analytic
shapes tor the inlet components. The other program takes
basic solutions of interest and applies a compressitulity
correction.

LANGUAGE. FORTRAN IV (949, MAP (6%)

PROGRAM REQUIREMENTS: IBM 7094

PROGRAM SIZE: Approaimately 7,083 source statements
PRICE: Program $630 00 Documentation $15 Q0
PROGRAM NUMBER: LEW-12152

Cemputer Program for Dafinition of Transonic Axial-Flow
Compressor Blada Rows

A computer program tor designing anai flow compres.
sor blading trom stacked blade elements has been
developed. The particular type of blade element used has
two segments which have centerhnes and surtaces
descnbed by constant change ot angle with path distance
on a cone. The computer program begins with mput from
velog ity diagrams for stations near the leading and traiing
edges of the blade and parameters tor blade-element
description The blade desigh steps are. (D blade element
definiion, () blade-element stacking, (3) intertacing the
reterence station velocity diagrams to the blade-element
edges, and (4) terminal calculations The fust three parts
are used in anterative procedure to establish the tlade tor
termunal calculations. Jlade-element angles are obtamned
from the velocity diagrams by (1) correcting the velacity
diagrams trom fixed locations to the edges of the blades
through continunty and conservation of angular momen
tum principles as staching adjustments move the blade
edges, () determuming and  applying  incidence  and

deviation angles at the edges of the hlade with one ot

several commaon methods chosen through control optians,
and (3) correcting the inlet and outlet blade edge angles
on a streambine of revolution to the blade element tavout
cone with the use of appropnate direction derivatives The
terative staching adiastments are made by traslating the

"




blade elements along the cone sothat the center of area of
the associated blade seclion is alined on the stacking aws.
The stacking axis through input controls can be leaned in
either the axial or tangantial directions. The output of the
computer program gives coordinates for fabrication and
properties for aeroelastic analysis on planar blade section.
These coordinates and properties are def'ned by interpola-
tion across conical blade elements to planes perpendicu-
lar to radial tine through the hub stacking pcint. The output
blade-section properties are area, center-of-area location,
stacki.g-point focation, maximum and minimum mo-
ments of inertia along with their orientation, torsion
constant, and twist stiftness.

LANGUAGE: FORTRAN tV

MACHINE REQUIREMENTS: 1IBM-360

PROGRAM SIZE: Approximately 3,523 sou.ce statements
PRICE: Program $350.00 Documentation $19.00
PROGRAIA RUMBER: LEW.12325

Stanton Number - Rerodynaric Heating

This desk-top procedure calculates the Stanton
Numbers corresponding to specified flow conditions and

configurations in the rarefaction regime. The solutions are
valid for 3-D stagnation wadge/cylinder flows, cone/ogive
flows, yawed-cylinder flows, flat plate flows and all
combinations ot the models (ogive for instance) depend.
ent only upon selection of the proper option within the
program provided. First and second order boundary
conditions, where continuum and free mclecular fiow
regimes are defined, are satisfied and accounted for in the
program. The curve fits of experimental data -pproduce
the polynomials that generate the Stanton Number
variations. In the non-continuum regime, the Stanton
Number is given as a tunction of a newly developed
rarefaction coefficient, W, that combines the Mach
number, Reynolds Number, compressibility {actor, and

. Knudsen number.

LANGUAGE: Instructions and data are entered at the time
of processing.

MACHINE REQUIREMENTS: Hewlett Packard 9820A

PROGRAM SIZE: Not Applicable

PRICE: $25.00

NOTE: The price includes the documentation and a

program listing only. The documentation is not sold

separately from the program listing.

PROGRA RUMBER: £35C-12493




RAFT

RIRCRA

Includes aircraft design, testing, and performance;

aircraft communication and navigation; aircraft

_instrumentation, aircraft propulsion systems; air-
craft stability and control.

Aircrzft Noise Source and Contour Estimztion Computar
Program

This computer system was developed for 1/3 octave
band noise estimates for quiet engines, lift fans, it ‘cruse

fans, propellars and Yelicopters in addition to conventional . .

et engines. It also has the capability of computing noise
contours (footprints). The system was written as two
programs, one for providing source noise estimates {or an
aircraft operating at a prescribed set of conditions and the
second to compute noise contours for an aincraft during
takeott or landing nperations.

LANGUAGE; FORTRAN IV

MACHINE REQUIREIMENTS: IBM 360 -
PROGRAM SIZE: Anproximately 10,768 source statements
PRICE: Program $1.420 00 Documentation $32 00
PROGRAM NUMBER: ARC-10280

Prediction cf Stalt Charzcteristics of Straight Wing Aircrz@t

The objective of this computer program 1s to calculate
the span-wise distributions of ft, drag, and prching
moment coetficients on a wing fuselage combination upto
the angle-of-attach at which stall occurs and to predict the
spanwise position of initial stall. The program considers an
unswept wing with a circula- or ellipticat fuselage. The
wing may have part-or full-span deflected flaps. and the
wing aspect rat must be 6 or greater. For a wing without
fuselage the htting-ine method of Sivells (NACA TR 1020)
is employed. When a tuselage s present the method of
Multhopp (NACA TM 1036) 15 used to transform the wing-
tuselage combination into an equiwvalent wing-alone
contiguration. Lifting line theory, which ts then applied to
this transformed contiguration, emiploys two-dimensional,
experimental airfoil charactenstics to obtain the litt, drag,
and pitching moment coettictents at each station on the
wing span. For a selected value of fuselage angle-of -attach,
an approximate distubution ot section hift coethiciert s
assumed. This distnibution 1s then used to calculate the
section angles of-attack at each spanwise station on the
wing. From curves of expenimental section hift versus
angle-of-attack, new values ot section hift are obtained and
compared with the mutial values. Using the ditterences
between inttial and calculated values, a new and better
appronimation to the hift distibution 1s calculated. An
terative procedure is then employed until the guessed and
caiculated values agree. Once the correct hiit distribution s
established, the distnibutions of drag and pictnng moment

are obtamned from the curves of expenmental two-
dimensional  arrfoil section charactenstics. Spanwise
integration of the Lift, drag, and pitching moment distribu-
tions yield the overall wing Iift, drag, and pitching moment,
respectively. if calculations are made at a sufficiently high
value of fuselage angle-of-attack a pont on the span will be
reached where the local angle -of-attack equals or exceeds
the angle of-attack tor maximum kit as determined from
the two-dimensiona! section data. When this occurs the
wing 1s said to stall. Thus the method can be used to
predict the spanwise location of initial stall on the wings of
wing fuselage combinations, )

LANGUAGE: FORTRAN tV

MACHINE REQUIREMENTS: CDC 6000 series

PROGRAM SIZE: Approxmately 10,295 source statements
PRICE: Program $370CO Documentation: $22 .50
PROGRAM NUMBER: LAR-11013

Theoreticz! Prediction of Interforence Loading on Aircraft

A method 1s developed for theoretically predicting the
tacding on pylon mounted stores 1 subsonic compress:-
ble tiow. Linear theory ts used, without two-dimensional or
slender body assumptions. to predict the flow field
produced by the aircratt wing, nose, inlet, and pytons. The
interterence foading is 'ntegrated over the store length by
considenng the local crosstlow, its amal and radial
dervatives, and buoyancy. Store moment calculations
under an F-4 aircraft at Mach B are compated to wind
tunnel data.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 series

PROGRAM SIZE: Approxumately 1.600 source statements
PRICE: Program $520 00 Documentation $22.00
PROGRAM HUIMMBER: LAR-11243

Theoretical Prediction of Intenerence Loading on Aircraft
Stores - Supersonic Casa

A program was developed for theoretically predicting the
loading on pylon.mounted stotes 10 supersoric flow.
Linear theoty i1s used. without twe-dimensional or slender
body assumptions, to predict the tlow teld produced by
the arrcralt waing, nose. inlet, and pylons. Aircratt shock
wave locations are predicted, and their etect on the fiow
feld 1s included through a transtormation of the aircraft
geometry The interference loading 1s integra‘ed over the
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store length by considering the local crosstiows, its axial
and radial derivalives, and buoyancy. Store moment
calculations under an F-4 aicraft at Mach 1.2 are
compared to wind tunnel data. The method 15 computer-
ized, and program user information s included. A
companion report presents the method in subsonic tlow.

LANGUAGE: FORTRAN v

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 2,310 source statements
PRICE: Program $700.00 Documentation $21.50
PROGRAM NUMEBER: LAR-11250

An imgroved (dethod for Desimn of Erpsntion Chambor
Mulllars with Application to an Cporational Hellcoplor

An improved method for. the design of expansion-
chan.ber mufflers for reciprocating engines is described
and applied to the task of reducing exhaust noise
generated by a helicopter. The method 1s an improvement
of standard transmisston line theory in that it accounts tor
the etfectot the mean exhaust-gas flow on the acoustic-
transnussion properties of muttler system, including the
termination boundary condition. The method has been
computerized, and the computer program includes an
optimization procedure that acdjusts muttler component
lengths to achieve a minimum specified desited transos-
sion loss over 3 specihed trequency range. A tield test of a
mutfler designed with the aid of this method was
conducted on a helicopter (H130 with a known exhaust-
noise problem. Whnen the exhaust noises of the helicopter
with a standard exhaust svstem and a simular hehicopter
with a mutfler system instatied were compared for hover
thght cond:tions, the muttier system was iound to reduce
the oxhaust noise by approuimately 11 dB 7A). No
siznificant degradation in the engine performance was
observed,

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS. CDC 6000 seties

PROGRAM SIZE: Approximately 817 scurce statements
FRICE: Program $350.00 Documentation $10.00
FROGRAM NUNMBER: LAR-11548

Computer Prozrem for Dasign Point Performance of
Turbojet znd furbofan Engine Cycles

This program 1s one designed for the calcutation of
design-point performance of turbojet and turbotan engine
cycles. This program tequires as input the aitplane Mach
number, the altitude-state equations, turbinesniet temper.
ature, atterburner temperature, duct-burner temoerature,
bypass ratio, coolant tlow, component ethciencies, and
component pressure ratios. The output yields specitic
thrust, specific fuel consumption, engine etficiency, and
several component temperatures and pressures. The
thermodynamic properties of the gas are expressed as
tunctions of tempetature aind fuei to-air ratio. The program
1s provided with an exampie case.

LANGUAGE: FORTRAM 1V

MACHINE REQUIREMENTS: IBM- 7094

PROGRAM SIZE: Approximately 370 soutce statements
PRICE: Program $250 00 Documentation $7.50
PROGRAM NUNBER: LEV/-10852

Analysis of Jot Engine Burst Rolor Contzinment Dovices

The turbojet éngme i wide use todav has provenaitseitto
be the most reliable and trouble-tree ancralt engineg in the
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history of aviation. Yet. the uncontained faidure of tugh-
speed rotating turboiel engine parts, due either 1o an
undiscovered tault in the engine, or catastroptuc ingestion
ot toreign matter, s a well-documented problem. The
possibiity of just one commercial aithiner crashing
because of an uncontained enging talure 15 suthicient
ncentive to search for a solution to the problem. A
computer program (JETI) has been developed to predict
the large two-dimensional elastic-plastic dynamic defor-
mations of a free, non-unitormly heated circular nng
sutjected to an inihial impulse loading fellowed by a time-
dependent forcing function which could be defined to
simulate the forces which result from the interaction of a
burst rotor blads and a containment nng. Provisions which
account for temperature-dependent matenal properlies
and etfects of temperature-induced thermal stresses are
inctuded. Temperature-dependent, str2in-hardening, and
stramn-rate ctiects of the nng matenal are taken into
account. A new method which uses measured ning position
data obtuned from high-speed motion picture fiim s
proposed 10 calculate the approximate “external torces”
acting on the nng caused by a fragment-ning interaction.
The required accuracy in position measurements to obtain
meaningful forces 15 presented together with resuiting
example forces.

LANGUAGE: FORTRAN tV

MACHINE REQUIREMENTS: IBM-360

PROCRAM SIZE: Approximately 1,491 source statements
PRICE: Program: $530 00 Documentation. $17.50
PROGRAIX NUMBER: LEW-11339

Comgputer Programs for Predicting Turbospump Inducer
Loading, Stress Magnituda, Distrbution and Vibration
Choracternistics

Inducers are widely used in rocket engine turbopumps
to prevent cavitation in the pump mamn <@ages, thereby,
permutting tucher turbopump operating speeds and/or
reduced pump intet pressute. Inthe design of an inducer,
hydrodynamic performance can be accurately predicted
frem empinical 1oss and deviation data. The prediction ot
operating stresses presents a problem, howevet, because
(1) there 1s a lach of wlormation on blade pressure
loading and (2} the complexity of the inducet blade shape
prevents s'mple steady and witwatory stress analys:s.
Consequently, mducer mechanicat design s usualiy based
on several approximations, with iberal satety tactors being
applied. This approach results in relatively heavy inducers
with' undesirably thick blades. Three computer programs
have been developed for the predsction ¢f (1) design and
oft design hydrodynamic. blade loading under cavitating
and non-cavitating conditions, \2) btade stresses due to
tydrodynanuc and centnfugal toading, and (3) blade
resonant frequencies and relative stress distnbution tor
tabopump inducers. The hydrodynamuc computer pro
gram predicts internal tiow condibions and blade pressute
toadings within an inducer. The input can be diwvided 1nto
two parts: (1) A geomeatnc description of the inducers; and
(2) a desctiption of the inducer operating flow parameters
More than one set ot flow parameters may be input tor a
gwven inducer geometry. The stress computer program
breahks the inducer blade ino {12t tnangulat elements for
analysis The program then calculates stress magnitude
and distnbution caused bty pressure loading and centrifi-
ral force using the matrnix displacement method Input to
the stress progtam generally consists of; A physicat
description of the inducetr, a descnption of the finite
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store length by considering the local crossfiows, its awal
and radial dernivatives, and buoyancy. Store moment
calculations under an F-4 awcratt at Mach 1.2 are
compared to wind tunnel data. The method s computer-
ized, and program user information 1s included. A
companion report presents the method in subsonic tiow.

LANGUAGE: FORTRAN {V

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 2,310 source statements
PRICE: Program $700.00 Documentation $21.50
PROGRAM KUREBER: LAR-11250

An Improved Blethod 'Ot. Design of Erpanzion Chamber
Rutfiars with Appicsticn to an Qperationz! Helicopler

An improved method for the design of expansion.
chanber muttiers for reciprocating engines s descnibed
and applied to the task of reducing exhaust noise
generated by a helicopter. The method ts an improvement
of standard transnussion line theory 1n that « accounts for
the effectot the mean exhaust-gas tlow on the acoustic-
transnussion properties of muftler svstem, including the
termination boundary condition. The method has been
computerized, and the computer program includes an
optimization procedure that adjusts muifler component
fengths to achieve a mimmum specified desired transmus.
sion Ioss over a specitied frequency tange. A field test of a
muffler designed wih the aid ot this method was
conducted on a helicopter (H130 with a known exhaust-
noise problem. Wnen the exhaust noises of the helicopter
with a standard exhaust svstem and a ssmilar helicopter
with a muffler system installed were compared for hover
thight cond:tions, the mutfler system was iound to reduce
the exhaust noise by appronimately 11 dB TA). No
sigmficant degradation in the engme performance was
observed.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: CDC 6000 series

PROGRAM SIZE: Approximately 817 scurce statements
PRICE: Program $350.00 Documentation $10 00
PROGRAM RUNIBER: LAR-11548

Computer Pregram for Design Point Performance of
Turbojet znd Turbotan Engine Cycles

This program is one designed for the calculation of
design-point performance of turbojet and turbotan engine
cycles. This program requires as input the auplane Mach
number, the altitude-state equations, turbine-inlet tempet-
ature, afterburner temperature, duct burner temoerature,
bypass ratio, coolant tiow, component ethciencies, and
component pressure ratios. The output yields speciic
thrust, specitic fuel consumption, engine etticiency. and
several component temperatutes and pressures. The
thermodynanmc properties of the gas are expressed as
functions of temperature and tuei to-air ratio. The program
1s provided with an example case.

LANGUAGE: FORTRAM LV

MACHINE REQUIREMENTS: IBM.7034

PROGRAM SIZE: Approximately 370 soutce statements
PRICE: Program %250 00 Documentation 37 50
PROGRAIA NUMBER: LEVI-10952

Anzlysis of Jot Engine Burst Rotor Contzinment Devizes

The turbojet engine in wide use today has ptoven tselt to
be the most tehable and trouble free aircratt engine inthe
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history of aviation. Yet, the uncontained fadure of tigh-
speed rotating turbolet engine parts, due either to an
undiscovered fault in the engine, or catastrophic ingestion
ot foreign matter, 15 a well-documented problem. The
possibihty of just one commercial awiiner crasturg
because of an uncontained engine tarlure 15 suthicient
incentive o search for a solution to the problem. A
computer program (JETI) has been developed to predict
the large two-dimensional elastic-plastic dynamic defor-

“mations of a tree. non unitormly heated crrcular ning

sutiected to an imitial impulse loading followed by a time-
dependent forcing function which could be detined to
simulate the forces which result trom the interaction of a
burst-rotor blade and a containment nng. Provisions which
account for temperature-dependent matenal properties
and etfects of temperaturesinduced thermal stresses are
included. Temperature-dependent. str2in-hardening, and
strain-rate effects of the nng matenal are taren into
account. A new method which uses measured ning position
data obtaned from high speed motion picture tim s
proposed 1o calculate the approximate “external forces”
acting on the nng caused by a tragment-ning interaction,
The required accuracy in posttion measurements to obtain
meaningtut forces s presented together with resulting
example torces.

LANGUAGE: FORTRAN IV -

MACHINE REQUIREMENTS: IBM-360

FROGRAM SIZE: Approximately 1,431 source statements
PRICE: Pragram: $520.00 Documentation: $17.50
FROGRARE NUMBER: LEW-11339

Computer Programs for Precdicting Turbopump Inducer
Lezding, Stress Ragniude, Distnbution und Vibration
Chrracteristics

Irducers are widely used in rocket engine turbopumps
to prevent caviiation in the pump mamn <ages, thereby,
permutiing higher turbopump operating speeds and/or
reduced pump inlet pressure. in the design of an inducer.
tydrodynamic performance can be accurately predicted
from emprnical toss and deviation data. The prediction ot
operating stresses presents a problem, however, because
(1) thete 15 a lackh of information on blade pressure
loading and (2) the complexity of the inducer blade shape
prevents omple steady and wvibratory stress analysts.
Consequently, inducer mechanical designis usualiy based
on severat approximations, with liberal satety tactors being
applied. This approach results in relatively heavy inducers
with undesitably thick blades. Three computer programs
have been developed tor the prediction of (1} design and
off design hydrodynanuc blade loading under cavitating
and non-cawvitating conditions. (2) blade stiesses due to
hydrodynamic and centnifugal toading., and (3} blade
resonant trequencies and telative stress distnibution for
turbopumy inducers. The hydrodynamic computer pro-
gram pred:cts internal tiow condittons and blade pressure
loadings within an inducer. The nput can be divided into
two parts (1) A geometric description of the inducers; and
(2) a description of the inducer operating tiow parameters,
More than one set of tlow parameters may be input tor a
fven inducer peometry. The stress computer program
breaks the inducer blade into fiat tnangular elements for
analysrs The program then calculates stress magnitude
and distnbution caused by pressure loading and centoitie
gal force using the matnn displacement method nput to
the stress program generally consists ot A physical
description ot the nducer, a description of the tinte
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element breakup to be used, and a descnption of the blade
pressure distribution. The ibration computer programisa
fimte element analysis which uses many of the same
subrot:tines as the stress program. This program calcu-
lates natural trequencies and the distnibution of relative
displacement and stress for each resgnant trequency.
Input to this program generally consists of: A physicai
description of the inducer, a descnption of the finte
element breakup to be used, and a specification ot the
number of vibratoiy nodes required.

LANGUAGE: FORTRAN G (95 6%); ASSEMBLER (4.4%)
MACHINE REQUIREMENTS: IBM-360

PROGRAM S!ZE: Approximately 5,847 source statements
PRICE: Program $950.00 Documentation $43.50
PROGRALY RUNBER: LEVY-11516

Computer Programs for Handling Propulsion System tolse
Data .

This 1s & system programs whuch deals with a variety ot
noise data reduction and analysis tashs. . The data under
consideration are 1/3 octave band spectra obtamned from
multiple far field angular microphone positions about a
source. The central program (WODAG. for WOrking DAta
Generation) takes raw measured data arrays, corrects
them tor atmosphernic absorption tor the test conditions
and computes the sourc.y enussion charaltarnistics. These
include the overall acoustis power level, the power
spectrum " and  deectivily index tor each frequency.
Standard day atmosphenc absorptions  re compited, and
the data s extrapolated to vanous distances for which
peiceived noise levels are also computed. Of particular
importance are the source ernission characternistics which,
 addition to their intninsic value, are punched into a set of

catds called working data which contamn 3'i the informa-

tron pecessary 1o reconstruct the acoustic tisld data.
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Retained by users, and in conjunction with other programs
which are given, thoy proade non-programmers with
comprehensive data mampulation and anatysis capab:lity.
Many commen computational tasks are relegated to
subroutines permutting the user having special needs to
easily program ordinary tasks and to concentrate cn the
special requirements.,

LANGUAGE: FORTRAN tV

MACHINE REQUIREMENTS: 1BM 7034

PROGRAM SIZE: Approximately 1,833 source statements
PRICE: Program $200.00 Documentation $8 00
PROGRANM KUMBER: LEW-12285

LAGLO? Lending Gear Loads Program

A computer program has been developed to compute
landing gear gre and reaction .0ads to be used for airplane-
type landing geas. The program i1s wnitten for the analysis
of conventional auplznetype wheel-tire landing gear
configurations consisting of a single ncse gear and two
mam gears. When a gear consists of a inultiple wheel
assembly, the loads computed tor that gear are divided
equally among the wheels. The foads consist of vertical,
drag. and lateral loads apphied at ihe ground. The
exceptions are the drag loads tor the fanding spin up and
sprngbach conditions which are apphed at the axle. Input
data consists of the vehicie wewght, center ¢t gravity,
tocatin, mamn and nose gear focation, and the gear tactor.
Output consists of tabutation of vertical, drag, and lateral
loads or the nose and main gear.

LANGULAGE: FORTRAN 1V

MACHI-{E REQUIREMENTS: 1BM-360

PROGPAM SIZE- Approxmately 279 source statements
PRICL: Program $160 00 Documentation $3.50
PROGRAN HULIGER: #4SC-17572
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AUTILIARY SYSTENS

Includes auxiliary power sources such.as chemical
power units, fission electric cells, nuclear power
units, - electric batteries, elec’ric generators, and
solar power units; auxiliary ges turbines; hydraulic,
pneumatic and electrical systems.

POSINI0—Power System Simulator Hlodsl

The power system is considered to be a group of both
power consuming or power donating power elements.
Each element may be either a passive load or aload which
may serve as a source for subsequent connected loads.
The nutnerous combinations in which such a set of power
elements can interact to form a particuler power sysiem
can te expressed in terms of kind and number cf serial
and parallel interconnections between these elements,
while the various power flow configurations in any such
power system are determined on the one side of the 2n
combinations of the N status indicators and on the order
side by the power depencant response of the sources
involved. The analysis of the power element combinations
tn a particular power system is performed by program
POSINO PREParation while the calculation of the ditferent
power flow configurations and their inherant power
bafance and charge budget response is done by POSIMO
EXECution. POSIMO PREP will generate the raquired data
set for POSIMO EXEC from three different sources of input:
1. a load - source - assignment list, 2. a load - status -
assignment list and 3. a set of coordinates denoting the
efficiency vs. power response of the different sources. The
outstanding feature of the approach lies in the simplicity of
the lists to be entered, inasmuch as any list item refers to
only one seperate power element disregarding its connec-
tions and impacts on any of the remaining element- of the
system. The first list simply states how muc: power from
which response to which of the power elements is receivéd
or submitted. The second list is simply represented by the
Boolean expre::ions of status indicators for each power
element. Both the sequence of clement names appearing
in the two lists and the status indicators in the Boo’2an
expressions may be written in random order. Usually one
parameter (the nominal power) will be sufficient to
describe the power property of a single power element. For
increased flexibility. however, POSIMO is prepared to take
up to 3 power parameters along with ona parameter
processing designator. If more than one parameter shall
be employed, the user can easily insert his own processing
routines. Basically, POSIMO can handle power systems of
any extent and configuration if they can be descrnibed by
the three input sources as mentioned above. L:imits due to
reasonable array dimensions have been introduced into
POSIMO for power systems considered to be sufficiently
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extensive and comprising up to 200 elements, 50 of which
may be both foads and sources and up to 10 sources in

series. The power systems may be controlled byupto 100 =

status indicators which may be combined in Boolean
expressions with up to 8 ANDs and 8 ORs.

LANGUAGE: FORTRAN iV

MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZE: Approximately 1,131 source statements
PRICE: Program $560.00 Documentation $11.00
PROGRAM NURBER: GSC-11505 .

Transformer Cptimization Program

A computer program has been developed for performing
transformer optimization. In using this program, vaiues of
flux density, frequency, primary and secondary voltage
and current, materials constants, and input volts per turn
ratio must be known or assumed. Given these parameters,
the program computes: (1) primary and secondary turns,
resistance, length of windings and losses; (2) core size,
volume, weight and losses; (3) voltage regulation; and
(4) overall transformer efficiency. The output tabulation
consists of the computed results versus volts per turn
ratio. Since freauency anc flux density are not included in
the transformer optimization routine, the program is not
complete. In its present condition, it wou!d make a good
Lworoutine in a more general transformer optimization
program, ’

LANGUAGE: FORTRAN {V

MACHINE REQUIREMENTS: IBM-7094

PROGRAM SIZE: Approximately 223 source statements
PRICZ: Prcgram $140.00 Documentation $19.50
PRCGRANM NUMBER: LEW-10239

ESATA——Executive Subroutines for Afierheat Tempera-
ture Analysis of a BMobile Gas Cooled Muclear Reactor
Power

The ESATA computer program has been developed to
analvze the thermal safety aspects of post-impacted -
mobile nuclear power plants. The program calculates the
transient temperature and pressure response for a gas.
cooled thermal reactor power plant following impact. The
analysis is based on a closed containment vessel system
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with trapped helium gas where the nuclear afterheat must
be dissipated bv conduction through the containment wall
without exceeding the creep-rupture strength of the
containment vessel. In addiion to the heat transfer
mechanisms of conduction, convection, and radiation,
phenomena such as core and shield melting and displace-
ment, fission product release from the reacter core and
shield melting and disglacement, fission product release
from the reactor core fcliowsd by subsequent condensa.
tion and re-evaporation, metal-water chemical reactions,
and pressure buildup due to inCreased temperatures and
volatile products are simutated. Flexibility was built into
the program to consider variable core, shield, and
containment vessel dimensions, variable weight, initial
temperatures and several shield options. Inadditiontaihe
problem described, one option of the program permits
solution of problems mvolving transient or steady state
heat transfer in multi-dimensiwnat systems having arbi-
trary geometric contigurations, boundary conditions, initial
conditions, and physical properties. The program can be
extended to analyze mobile power plant concepts utilizing
reactor concepts such as the liquid metal cooled tast
reactor. In addition, tie program could be extended to
perform meltdewn anzlysis of stationary power plants o7
analysis of post impact »d fuel capsules following re-entry.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-7054/7044

PROGRAM SIZE: Approximately 6,551 source statements
PRICE: Program $680.00 Documentation $28.50
PROGRAN NHUNMBER: LEW.11693

SESQOP - Program for Solar Ensrgy Hasting Systems
Anzlysis

This program deals with energy conservation and
contains thirteen subroutines for the analysis of heating,
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ventitation and air conditioning systems with solar energy
utifization for space heating and hot water heating.
Operations performed by the program include: (1) Catcu-
fation of the hot water demand protiles. (2) Calculation of
the space heating and cooling loads. (3) Calculationof the
electric demands. () Analysis of flat plate non-tracking
solar collectors and calculation of the energy collected by
the solar coltectors. (5) Calculation of the purchased
energy requirements (electncity, fuel oil and natural gas)
of the heating, ventilation and air conditioning system, as
well as, water 2nd electricity utility systems. (6) Compari.
son of the energy requirements of the conventional
systems and the solar energy systems: Hot water demand
profiles are calcutated by use of einpincal equauons with
the number of occupants per dwelling unit and the
number of dwelling units being the independent variables.
The space heating and cooling loads are calculated for
each building based on outside environment, desired
inside conditions, building construction and geometry,
domestic power usage, occupancy rate and occupant
metabolic rate. Upon completion of calcutation of the
loads for each of the buitdings, the lozds are summed to .
determine the requirements of the central utility systems.
Based upon input descrnptions of the environment and the
solar collectors, an analysis is pertormed to determine a
profita of the amount of useful energy which can be
coliected by the solar collectors. The program uses the
load profiles and solar energy profiles to determine the
energy required by alternative systems 10 meet the utility
demands.

LAMGUAGE: FORTRAN

MACHINE REQUIREMENTS: UNIVAC 1100 Series, Exec 8
PROGRAM SIZE: Approximately 2,256 source statements
DISTRIBUTION MEDIA: 7 Track UNIVAC FURPUR Format-
ted Tape

PRICE: Program $530.00
PROGRAM RUMBER: M3C.14853

Documentation $10.50
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BIOTECHNOLORY

Includes
(bioinstrumentation,

life suppoit systems;
bicmetrics,

bioengineering
biotelemetry,

cardiography, electrcencephalographv); personnel
training, evaluation, and maintenance (medical).

Vetarnns Administration Automatad ECG Analysis Systam,
CDC 3000 Serizs Version

This program was designed and written to 2ssist in the
automatic analysis and diagnostic classification of electro-
cardicgraphic (ECG) data. The analysis peiformed con-
sists primanly of three general phases: (1) Pattern
recognition of individual beats and their component wave
forms. The purposes of pattern recognition are to locate
noise spikes in the ECG input data, to locate the heart
cycles within the input record and to locate the beginnings
and ends of wave forms within each baa’. (2) Calculation
of measurements on the recognized teats and analysis.
The measurement analysis performs four interrefated
functions. single lead wave form analysis, calcutation of
the set of discriptive measurements on each recognized
beat, measurement selection and averazing, and a beat-to-
beat analysis for rhythm determination. (3) Diagnostic
classification of the record. This diagnostic classitication
performs measurement modification, diagnestic classifi-
cation for conduction defects, diagnostic claszification
based on QRS and ST-T measurements, diagnostic
classification based on P wave measurement and diagno-
sis of ventricular strain and wall injury based on ST-T
measurements. Estimated error rates are given in the form
of misclassification matrices, computed from large
numbers of tracings, where the correct diagnoses were
taken from clhinical, laboratory and autopsy information.

LANGUAGE: FORTRAN IV (99%); ASSEMBLER (1%)

MACHINE RTQUIREMENTS: CDC-3200, MSOS version 4.0
PROGRAM = 1ZE: Approximately 6,250 source statements
PRICE: Program $810.00 Documentation $19.00
PROGRAM NUMBER: C0S-C2450 :

Vetsrans Administration Automated ECG Anslycis System,
Varian 73 Version

This program was designed and written to assist in the
automatic analysis and diagnostic ¢class.fication of electro-
cardiographic (ECG) data. The analysis performed con.
sists primanly of three general phases: (!) Pattern
recogmtion of individual beats and their component wave
forms. The purposes of pattern recognition are to locate
noises spikes in the £ECG input data, to locate the heart
cycles within the input record and to locate the beginnings
and ends of wave forms within each beat. Calcu'ation of
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measurements on the recognized bezts and analysis. The

measurement analysis performs four interrelated func.
tions, single lcad wave form analysis, calcutfation of the set
of descriptive measurements on each recognized beat,
measurement selection and averaging, and a beat-to-beat
analysis for rhythm determinaticn. (3) Diagnostic classifi-
caticn of the record. This diagnostic classiiication per-
forms measurement modification, diagnostic classifica.
tion for conduction defects, diagnostic classification based
on QRS and ST-T measutements, diagnostic classification
based on P wave measurement and diagnosis of ventricu-
lar strain and wall injury based on ST-T measurements.
Estimated error rates are given in the form of misclassifi-
calion matrices. computed from large numbers of
tracings, where the correct diagnoses were taken from
clinical, taboratory and autopsy information.

LANGUAGE: FORTRAN IV (89%); ASSEMBLER (11%)
MACHINE REQUIREMENTS: VARIAN 73

PROGRAM SIZE: Approximately 7,656 source statements
PRICE: Program $810.00 Documentation $17.00
PROGRAR RUIBER: C0S-02451

FAIMAS ~— RRedical Information Manzgemsnt System

The Medical Management Information System (MINS)
was developed to bandle all aspects of data related to
patient care. Its prime benefits are (1) the ability to recall
a record of a specific patient in a matter of seconds. (2) to
search for specific types of data among patient records,
and (3) the ability to do medical research with a readily
available data base. The flexibility of the system allows the
user to (1) decide the categoiies of data, (2) decideonthe
format of the data,.(3) change any data entry without
regard to the length of the original data field, (4) retrieve
any selected item of data or ail of the data. (5) generate
tabular information assembled from the comparison of all
the records in the system, and (6) generate statistical
information. MiMS provides an efficient method of flexible
and complete data retrieval.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 4.000 source statements
PRICE: Program $720.00 Documentation $15.50
PROGRAI NUMBER: GSC-11540
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Proton Tigsue Dosa {or tha Blood Forming Organin Human
Geomatry: lsotrepic Radistion

This program contains seventeen <ubroutines and
calculates proton dose averaged over the limbs, trunk, and
skull of the blood forming organ. The program was written
to calcutate the anticipated dose distribution in the human
body in the radiation environment encountered in radia-
ticn shield and dosimeter design, and for space mission
analysis. Usually the human body is approximated by
simple geometnes such as a sphere, slab, or cylinder, with
resultant disagreement among the various approximations
and consequent disagreement on shield and dosimeter
design and undesirable impact on mission objectives.
However, this program treats human body geometry in
detail. The program calculates the areal density disiribu-
tion function, tluence-to-dose conversion factors, and
incident fluence spectrum. These functions are integrated
to give an intermediate function which in turn is used in
the integration of the dosage parameter. The result is
always a conservative estimate of dose and is given.as
physical dose and dose equivalent. Although onginally
programmed on a 60-bit machine, round-off error on
shorter word machines should not be a problem for these
calculations,

LANGUAGE: FORTRAN

MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE: Approximately 554 source statements
PRICE: Program $330.00 Documentation $2.50
PROGRAI RUMBER: LAR-11802 .

Metabolic Balance Analysis Program

This program calculates body metabolic energy availa-
bitity. oxygen and water requirements, body wastes
production, and total packaged food weight requirements
for space missions. These data have been estimated in the
past. These past estimates have, of necessity, been very
conservative and have resulted in excessive design
requirements for consumables. Because of critical weight
limitations on most space missions, the need existed for a
more accurale determination of consumables require-
ments and wastes production. This program co'*ld be
useful in determining or evaluating diets for hospital
patients. Also, the program would be applicable to deter-
mining food and water regquirements for military or
industrial groups working in isolated, remote areas.

LANGUAGE: FORTRAN iV

MACHINE REQUIREMENTS: CDC-6500

PROGRAM SIZE: Approximately 477 source statements
PRICE: Program $340.00 Documentation $5.50
PROGRANM NUMBER: MFS-21237

VECTANM li: A Ccinputer Program for the Analysis of
Vectorcardiograms

VECTAN H i5 designed to analyze vectorcardiographic
(VCG) data trom normal individuals during rest and
controlled orthostatic stress procedures. The program
accepls as input digitized three lead Frank VCG data
sampled at 320 samples/second/lead, analyzing one VCG
complex ir, each tive second interval for experiments of up
to 25 minutes duration. The program calibrates these data.
foc ates the three major waveforms (P-wave, QRS complex,
and T-wave), performs waveform analyses and produces a
statistical summary of the analyzed data. The waveform
recognition technique employed to find tie beginning and
end points of the three basic waveforms uses the VCG
spatial vector length rather thanits derivative to reduce the
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effects of high frequency noise and to eliminate sensitivity
to differences in waveform location among the three leads.
The waveform analysis is designed to give the muimum
number cf parameters that fully characterize an individu-
al's response 10 a stress protocol. These analyses utilize
the eigenloop concept to charactenze the three dimen-
sional vector loops of the QRS and T waves with the results
including the eigenloop area, circumference, depth and
orientation angles as well as fractional circumference
vector parameters characteristic of the ergenloop shape.
Conventional parameters such as ventricular gradient, J-
junction offset, ST segment slope, and waveform temporal
measurements are also produced. Because VECTAN is
designed to measure VCG variations in notmal subjects, rio
diagnostic optrons are inciuded. For VCG analysis prece-
dures designed for use in a clinical setting with diagnostic
options refer to program numbers C0S-02450, COS-
02451, and C0S-02452.

LANGUAGE: FORTRAN V (98%), UNIVAC Assembler (2%)
MACHINE REQUIREMENTS: UNIVAC 1108 (EXEC 1l -
Monitor) SC-4060 Microtilm Recorder

PROGRAM SIZE: Approximately 2.095 source statements
DISTRIBUTION MEDIA: 7 track UNIVAC FURPUR Format-
ted Tape

PRICE: Program $490.00
PROGRAM HUMBER: F15C-143856

Hutritionz! Evalustion of Diets

Documentation $27.50

Evaluation of the diet of people (or anin:: Is and plants) is
important in understanding their heaith. However: 1) The
complete list of nutritionally important food components
(vitamins, minerals, fatty acids. amino acids, etc.) is
lengthy and easily exceeds 50 items; 2) A person’s diet
may contzin one to two dozen cifferent foods: 3) These
foods may be measured in a var:ety of units; and 4) The
recommended nutritional levels of food are a function of
sex, age, and, in some cases, special dietary considera-
tions. These four items entail a considerable amount of
work by anyone trying to evaluate drets by hand computa-
tions. Some of the computer programs designed to solve
this problem do not handle the fuli range of nutrients. This
prograny s-~lves the above problems. This program has
been designed to handle tengthy lists of nutntionat
recommendations (up to 100) and still provide a neat,
reagdable, and complete list of the results. The program
also computes the cost of the amount of food used in the
diet. The program interconverts units so that the units of
measure of a particular food can be reterred to as cups in
one run, grams tn the next, pounds in a third run, and
ounces in a fourth run. Thus, «f a diet card states that a
person ate ' each” of a medium sized banana that cost
$0.25 for 2 pounds, the program would compute the cost
of that half a banana and the nutnitional value in it. It one
knew the weight or mass of the banana (in ounces.
pounds, or grams) then that quantity and that umit could
be entered instead of "*: each ™ The program has atable of
recommended nutritional values, which is a function of
age. sex, pregnancy and lactation, and, for infants, is also a
function of infant weight. For special dietary considera-
tions, any (or all) of the standard recommendations can be
easily modified to any desired value. The program, as
presently written, can handle up to 109 different foods
(and 100 nutrients per focd). If more disk space were
avaiiable, a tnvial program modification would altow the
handling of more foods. The “program™is very modular to
simplify maving changes. It actually consists of four
seperate programs. Three of he programs set up the basic
date and are run infrequently. The fourth program (the
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Analysis Prcgram) performs the diet analysis. This
Analysis Frogram consists of the main program and three
subroutines. Again, the concept was to keep the Analysis
Program atseif modular in order to simphfy making
changes.

LR SR e

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1BM-1130

PROGRAM SIZE: Approximately 600 source statements
PRICE: Program $390 00 Documentation $9.00
PROGRAN NUMBER: IPO-13205
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Includes chemical

Qualitative end Quantitsliva Analytis of Low Resclutien

kises Spectra Computer Program

This program was written to determine the precise gas
constituents from an analysis of low resofuticn mass
spectra. The documentation includes tha analysis tech-
nique; preparation of the reference-library mass spectra;
preparation of the mass spectrum of the gas mixture to be
analyzed; a sample prcolem, with interpretation of the
analysis results; and instructions for use of the computer
program. Applications for this program include gas
analysis for work in space environmental simulators,
space environment, and air poellution monitoring.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 844 source statements
PRICE: Program $380.00 Documentation $10.00
PROGRA NUMBER: GSC-11279

Chemical Equilibrium of Ablation Fisteris!s Including
Congenssd Speciss

This program package consists of a computer program
which calculates chemical equilibriurn compositions of
ablation materials over a range of temperatures. It has
been used for pyrolysis products of phenolic nylon at
temperatures from S00-3500°K, but may be used to
calculate muitiphase chemica! equilibrium compositions
of arbitrary systems. it differs f:om most programs of this
type by including condensed species as well as gascous
species in the calculations. The program can accept 90
gaseous species and 10 condensed species at one time.
Equilibrium is determined by finding the minimum free
energy using the method of steepest descent appliedto a
quadratic representation of the free energy surface. The
program has been shown to be accurate by the compari-
son of computer solutions to exact solutions for simple
reacting systems, also compy ier programming logic has
been used which results in good computing speed. The
program is written entirely in FORTRAN IV to operate in
batch mode and presently runs on CDC Series machines.

LANGUAGE: FORTRAM 1V

MACHINE REQUIREMENTS: COC 6000 Series
PROGRAM SIZE: Approximately 656 source statements
PRICE: Program $450.00 Documentation $6.50
PROGRAM NUMBER: LAR-11801

analysis and
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identification,
chemical engineering, electrochemistry, inorganic
and physical chemistry.

General Chemicz! Kinstics Computer Progrem for Static
end Flow Rezctions with Apgplicztien to Zombuttion and

~ Shock Tuba Kinetlcs

This program can be used for any homogenecus
reaction in either one dimensional flow or a static system.
It is flexible, accurate and easy to use. It can be used for
any chemical system for which species thermodynamic
data and reaction rate constant data are known The
program handles several types of reactions: bimolecular
exchange reactions, unimolecular decompositions, bimo-
lecular decompositions and the reverse recombination
process. An implicit numerical integration method is used
for the solution cf tha differential cquations that describe a
complex reaction. A new step size optimization procedure
has been developed to make this technique work
efficiently f. r a wide range cf cohditions. This includes the
extremes of very slow and very fast reactions. The program
can be used to compute: (1) chemical reaction behind a
shock wave, (2) ignition and combustion in a flowing or
static - system, (3) ignition, combustion, and nozzle
expansion in suparsonic flow, (4) chemical reactionin any
flowing gas mixture whose velecity dees not reach the
speed of sound, (5) chemica! reaction in any static
system, and (6) constant temperature end/or constant
voiume reactions. N

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: I1BM-7044/94 Direct-Couple
System (DCS)

PROGRAM SIZE: Approxmately 5,625 including 2,038
data cards '

PRICE: Program $820.00 Documentation $17.00.
PROGRA NUMBER: LEV/.11467

ACE—Aerotherm Chemica! Equilibrium Computer Pro-
gram .

The Aerotherm Chemical Equilibrium (ACE) computer
program is an extremely versatile code for calculating
quantities of importance to a broad variety of thermo-
chemical processes. The - thermochemical processes
treated may be divided into two categories: closed systems
and open systems. Closed systems are those for whichthe
relative amounts of each chemical element in the system
is prespecified. Open systems are those for which the
relative amounts of chemical elements depend on various
mass transfer rates due, for example, to boundary layer
convection or solid surface degration. The ACE program
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can treat both systems in chemical equilibrium and
systems for which certain reactions are kinctically con-
trolied.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-7094

PROGRAM SIZE: Approximately 3,067 source statements
PRICE: Program $720.0C Documentation $16.060
PROGRAM NUMBER: LEVY-11722

Corputer Program for Calculstion of Cemplex Chemica!
Equitibrium Compositions, Recket Performance, Incident
and Raofiected Shocks, 2nd Chzpman-Jouguet Detonations

The knowledge of chemical equilibrium compositions of
a chemical system permuts calculation of theoreticat
thermodynamic properties of problems in chemistry and
chemical engineering. Some applications are the destgn
and analysis of equipment such as compressors, turbines,
nozzles, engines, shock tubes, heat exchangers, and
chemical processing equipment. This program has been
developed to solve numencaily, through the use of non-
finear algebraic equations, chemical equilibria in complex
systems. A free minimization techrique 15 used. The
program permits calculations such as chemical equitibrs-
um for the following assigned thermodynamic states:
(1) Temperature and pressure; (2) Enthalpy and pres-
sure; (3) Enttopy and pressure; (4) Temperature and
volume or density; (5) Internal energy and volume or
density; and (6) Entropy and volume or density. Other
problems capable of being calculated are: (1) Theoreticat
rocket performance; (2) Chapman-Jouget’ detonations;
and (3) Shock tube parameter calculations. The condition
for equilibria may be stated in terms of any of several
thermodynamic functions such as the minimization of the
Gibbs free energy or Helmholtz free energy. If it is desired
to use temperature and pressure to charactenze a
thermodynamic state, the Gibbs free energy 1s most easly
minimized since temperature and pressure are its natural
vanables. Similarly, the Helmholtz free energy is most
eastly minimized if the thermodynamic state is character-
ized by temperature and volume (or density). Topics
included n the complex equilibnum’ calculations are:
mathematical analysis and techniques for obtaining
chemical equilibrium; formulas for obtamning thermody-
namic mixture properties and derivatives; cnitena for
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inclusion of condensed phéses: calculations at a triple
point, incluston of iomzed species; and applications.

LANGUACE: FORTRAN 1V

MACHINE REQUIREMENTS: 1BM-360

PROGHAM SIZE: Approximately 5,177 including 1,660 of
data

PRICE: Program $63000 Documentation $22.00
PPOGRAIA KUMBER: LEW-11740

Threo Bit flass Spectral Search Program

The purpose of this program is to 2 ~ist the chemist in
identifsing, 1ow r2solution mass spectra by means of a
ibrary cearch against a file of 6.880 mass spectra. For
each unxnown spectrum, the program provides a list of ten
com,ounds in the library whose spectra are “closest” to
the unknown by some goodness of fit criterion. Extensive
testing of the program has shown it to be highly reliable
and extremely rapid for pure compound and binary
mixture identification. in the 3 bit hbrary search, the peaks
heights of both the unknown mass spectrum and the
library spectrum are encoded to 3 bits, or 8 levels. At each
nominal pass. the peak height is an integer 1, where
0=1:7. The transitions betwcen levels have been set
fogrithmetically as a function cf the percent total ion
current. The maximum mass range covered in the search
15 amu 12-253. By means cf data input, narrower mass
ranges can be searched. By. relatively simple coding
changes, it is also possible to mask out certain masses or
mass number ranges in the scarch. Two versions of the
program, using approximately the same amount of ccre is
avadable: (a) Up to 30 unknowns per pass th-augh the
Iibrary can be handled. No detailed side-by-sid2 spectral
summary s provided. (b) Up to 20 unknowns per pass can
be handled. A detaded s:de-by-side spectral summary is
provided at the conclusion of the program. In both
programs, core requirements are roughly proportional to
the maximum number of unknowns to be handled on each
pass through the tape.

LANGUAGE: FORTRAN IV (98); ASSEMBLER (2%) -
MACHINE REQUIRLMENTS: 1BM.360/44 viith 128X bytes
cf core .

PROGRAM SIZE: Approvimately 7.821, including 6,832
data cards

PRICE: Program $280.00
PROCRAI NUMBER: NPO-11960

Documentation $10.00
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can treat both systems in chemica! equilibrium and
systems for which certain reactions are kinetically con-
trolied. .

LANGUAGE: FORTRAN 1Y

MACHINE REQUIREMENTS: 1BM-7094

PROGRAM SIZE: Approximately 3,067 source statements
PRICE: Program $720.0C Documentation $16.00
PROGRAN NUIABER: LEW-11722

Computer Program for Calculstion of Complax Chemical
Equilibrium Compositions, Rocket Ferformance, Incident
2nd Roflzcted Shocks, and Chzpman-Jouguat Dotonations

The knowledge of chemical equilibrium compositions of
a chemical system permits calculation of theoretical
thermodynamic properties of problems in chemistry and

" chemical engineering. Some applications are the design

and analysis of equipment such as cormnpressors, turbines,
nozzles, engines, shock tubes, heat .exchangers, and
chemical processing equtpment. This pregram has been
developed to solve numerically, through the use of non-
linear algebraic equaticns, chemical equilibnia in complex
systems. A free rmunimization technique 1s used, The
program permits calcutations such as chemical equiibri-
um for the followming assigned thermodynamic states:
(1) Temperature and. pressure; (2) Enthaipy and pres-
sure; (3) Enttopy and pressure; (4) Temperature and
volume or density; (5) Internal energy and volume or
density; and (6) Entrcpy and volume or density. Other
problems capable of being calculated are: (1) Theoretical
rocket performance; (2) Chapman-Jouget’ detonations;
and (3) Shock tube parameter calcutations. The condition
for equilibnia may be stated m terms of any of several
thermodynamic functions such as the mimmization of the
Gibbs free energy or Helmholtz free energy. 11 1t is destred
to use temperature and pressure to characterize a
thermodynamuc state, the Gibbs free energy 1s most easily
minimized since tempera‘ure and pressure are its natural
variables. Similarly, the Helmholtz free energy is most
eastly minimized if the thermodynamic state s character-
ized by temperature and volume (or dansity). Topics
included in the complex equilibrium calculations are:
mathematical anatysis and techniques for obtaining
chemical equilibrium; formulas for obtaining thermody-
namic mixture properties and dernvatives: criterta for
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incluston of condensed phases; calculations 2t a triple
point, inclusion of ionized spectes; and applications.

LANGUACE: FORTRAM 1V

MACHINE REQUIREMENTS: IBM-360

PROGKAM SIZE: Approximately 5.177 including 1.660 of
data

PRICE: Program $630 00
PROGRAM NUMBER: LE\Y-11740

Thres Bit Mase Spactrat Search Program

Documentation $22.00

The purpose of this program is to 2 -ist the chemist in
identifsing low rasolution mass spectra by means of a
tibrary search a2gainst a file of 6880 mass spectra. Fer
each unknown spectrum, the program provides a list of ten
com,ounds in the library whose spectra are “closest” to
the unknown by some goodness of fit criterion. Extensive
testing of the program has shown it to be highly reliable
and extremely rapid for pure compound and binary
mixture identificauon. in the 3 bit hibrary search, the peaks
heights of both the unknown mass spectrum and the
library spectrum are encoded to 3 bits, or 8 levels. Ateach
nominai pass, the peck height is an integer 1, where
0=1=7. The transitions betwoen levels have been set
fogrithmetically as a function ¢f the percent total ion
current, The maximum mass range covered in the search
15 amu 12-243. By means of data input, narrower mass
ranges can be searched. By relatively simple coding
changes, it is also possible to mask out certain masses or
mass number ranges in the search. Two versions of the
program, using approx:mustely the same amount of ccre is
avatlable: (a) Up to 30 unknowns per pass thrnugh the
hbrary can be handled. Ho detailed side-by-side spectral
summary s provided. (b) Up to 20 unknowns per pass can
be handled. A detailed <ide-by-side spectral summary 1S
provided at the conclusion of the program. In both
programs, core requirements are roughly proportiona! to
the maximum number of unknowns to be handled on each
pass through the tape.

LANGUAGE: FORTRAN {V (98%); ASSEMBLER (2%)
MACHINT REQUIRIMENTS: 1BM.3607/44 with 128K bytes
cf core : ’
PROGRAM SIZE: Approximately 7,821, including 6.832
data cards

PRICE: Pregram $280.00

. Documentation $10.00
PROCRAM NUMBER: NP0-11960




| COMPUTERS

Includes programs and systems designed to man-
age, evaluate, and effect control of the operations of
hardware resources; systems for the design, imple-
mentation, processing, and monitoring of software
resources; general systems for the management of
user data including information searches and
retrieval and graphics support parkages.

FLO'W.CHARTER, A Program for Preducing Flow Charts of
FORTRAN Source Dacks, IBM-350 Version

The FLOW.CHARTER program is designed to produce
flowcharts of programs written in FORTRAN G or FORTRAN
H. The program gives the ability to revise charts easily and
to produce at will accurate, readable diagrams of the
programs under consideration. The program has several
advartages over previous methods of manually drawing
and revising detaied flowcharts. Other than cbvious
advantages of speed, minimum expense and quality of the
product, there is a detail of the charts that allows the
programmer to ezsily construct a higher level logic
diagram. It is alsa 2 handy debugging tcol, since charts
may be produced 2! any time to assist in studying the
program steps and their logical relationships.

LANGUAGE: FORTRAN

MACH'NE REQUIREMENTS: 1BM-350

PROGRAM SIZE: Acoroximately 600 source statements
PRICE: Program %$330.00 Documentation $2.50
PROGRAM NUMBER: C05-02210

SLACIAON——SLAC Software Honitor, Version 2.2
SLACMON, operating as a systems task or job, is

designed to monitor hardware and software performance

over a given periud cf ime. A senes of resorts is produced
that should aid in icentifying areas of lows utilization as well
as performance bcttienecks. Monitorii- ¢ is performed by
counting various events (SVC catls 170 interrupts) and by
sampling other (the changing of centrol blocks). Those

familiar with statistical techniques aill realize that as the.

number of these samples increase, the sampling results
become more accurate (this 1s derived from the Law of
Large Numbers). Thus, by using this sampling technique,
it is possible to obtam a significant ameunt of pericrmance
data with very Iittle additional systems overhead. SLAC-
MON itse!f consists of three seperate modules whose
structure and funct:ans are otten highly depsndent upon
various services preaded by the QS Supervisor. Mutt.task-
ing is used to ottain WAIT time and to perform the
sampling mentionec above. This program, then, must be

run under MVT or IAFT with subtasieng. Input to SLACMON
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1S twofold: the pa: smeter ficld on the EXECUTIVE card,
coupled with the corresponding operand in the operator's
START command allows various functions to be performed
or omitted: five data sets (optionally) provide names (of
Q's, 170 devices, or modules) that SLACMON will took out
for. Therefore, by careful control of these inputs, overhead
can be reduced to a minimum; unwanted reports can be
eliminated. Output from SLACMON consists of a series of
reports (up to twelve) followed by a page summarizing
both these reports and the run itself. Certain summary
data may appear on the console device, if desired. The
MVT software menitor is generally intended to identify
bottlenecks and interactions rather than measure perfor.
mance, although it certainly dnes the latter adequately.
The output is most usefu! for tuning a system for peak
performance and for indicating desirable hardware and
software reconfipuration. SLACMON is written in As-
sembler Language (f. G, or H levels). It runs on I1BM
System/360 under 0S/360 MVT or MFT with subtasking.
No special requirements are imposed.

LANGUAGE: ASSEMBLER

MACH!NE REQUIREMENTS: IBM 360

PROGRAM SIZE: Approximateiy 7,013 source statements
PRICE: Pregram $870.00 Documertation $12.50
PROGRAM NUFRBER. C05-02241

PROGLOCK - SLAC Program Performanca Monitor

PROGLOOK consists of two programs, PROGTIME and
PROGPLQT, which provide the user with a simple tool for
making detailed measurements of his program while it is
running. it can be used to meastre any user program that
can be run under 0S/MVT, OS/MFT cr VS2 rei 1.6, and
with it th 2 user can ascertain what action is necessary for
him to take in order to improve the performance of the
program. Performance improvement in frequently used
programs benefits an entire computation facility by
reducing run time and thus improving turnarcund time.
PROGTIME uses the control clock to catch a picture of any
program running under it and records this informationin a
data set. It is designed to handle overlay structures and
dynamic programming linkages. The only constrant
associated with this is that a task cannot attach more than
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254 subtashs The new version of PROGTIME uses an
unproved techmique to ebnunate interference trom athet
fbs m the system, I will also property ttme programs
ustng the LOAD macto. These mprivements increase the
usetiuiness and accuracy of the system considerably
PROGPLOT accepts the specially tormatted data sels and
prnts summanes of the obsevations The two programs
work i conjunction with eact other to produce graphs that
show where the program has spent its time (bhoth 1un and
wait titve) end how perdormance can be improved

LANCHGE: ASSEMBLER (79%), FORTRAN IV (23%), JCL
(D) .

MACHINE REQUIREMENTS 1HM.0SMVT, OS 'METVSD
wllb :

PROCGRAM SIZ€: Appronmately 2,901 source statements
PRICE. Program $640 (0 Documentation $7 (0
PROGRA NUMBER: C0S.02251

BIGSYS . Bibliogrephic System

The Bibhographic System (BIRSYS) s a compurter
based system that was developed to enable users to
ostabbish and  muuntaun a machine readable file o
tibliographuc intormation i standard MARC 1 processng
tormat and produce a vanety of tibhographuc tools triem
the basie tormat The BIRSLVS systen o composed of o
ndepondent subwystems, These ate e Mamtenance, foe
Inversion, Report Producton and Rettiever The Tite
Mamtenance updates the master tabliogtaptuc mtorma
tion ble The updating permds additions, deletions ang
changes to be pertarmed both on whole tecords acd on
tiekts ang subtields witho individual records The tina?
DRINE OF PREESMIIE PHHICES A0 aCCeSSION numbet indes
which gives the status of cach recort on the master fie
and the date of the tast ttansaction affecting it The Tie
fversion program provites 8 genetalized system that
mahes it posstbie to sort the master e records on &
cambrution of vanoas hietds and subtields Ths pragram
alse han an explode capatuhty o provade o separate copn
of the ecord for cach ime the s repeated. 1e L atecon
with three authors wall appear three times oy the tirsa!
epwrience ot vach author . The Repaort Producton
Progravm s & two program genctalized pachage whoh
procuces a vanety of pemted output trom the BIRSYS tie
The tast progiam produces o pant fite on tape and the
second program prepates and prants the teport i the
specitied tormat The Retrever program budds o sub Lie
of records selected tram the master tle on the basey of
patameter cards read at the stant of processing The
patamete: cards constitute queties 1o records that meet
certam gualitications . The cuenes are Boolean in natine
and muay bes bustched (o processing

LANGUAGE ANS CQBRO

MACHIND REQUIREMENTS 18M 260

PROGRAM SI2E Appronvimately 1,000 Source Sttements
PRICE Program $1.300 0 Ducumentation $26 N
PROGRAR HUMDBER: COS-02480

Fortren Analyzer

The Fortran Annlvier progeam s designed as an ad m
the revision, machune conversion and documentation of
existing Fortrtan programs Soatce Linguages allowed as
input tor analyses ares IRM Fortran Gand H_ COC fortran s
and 63, GE 600 Senes rortran IV, 1IBM 7000 FORTRAN 1Y
and HITAC (HITACHD 5020 HARP tortran For tise in
machine conversion, the user can also specity as an
‘otyect’ Fortran any ane of the source Fortran languaeges
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acl e statements in the input program will be detected

“that are nat attowed it the ‘otyect Fortran Processing time

15 appeoumately one nunate per 10 Fortran sontree
stateonents, anad unless output s onuttesd, hines equvalent
to fowe ties the number of input cards are panted out
Punted output s contiolled by the user and includss o
progeamny isting wath Hags showing tne resutts ot the
atatyses, o symbal table giving symbol attnbiutes, symbot
Crons reterence tabie, statement number Cross teterence
tabile. a storage map showing the locations of symbois
within COMMON areas, subprogram detuntion and cross
tetereace tables contasnimg subprogram oames, argument
tonms sulynogtam reterence tocations, and undetined
subipeogram names  Addibonal user control - options
nclude output page tittes, intemal table sige spectfication,
mput source Hollenthy code controt (BCD, ERCDIC or
HITACHIY, standard mpuit and output opical umit numbier
conteed, and panter page size control

LANGUAGE: fortran IV (93%)

Assembler ( 7%
MACHINE REQUIREMENTS 1BM 370

PROGHEAM SITE Approasmiately 10887 source statements
Documentation $10.50°

PRICE Program $970 (0
FRCGAALA 1IUMBER: COS-02510

EXTRAN - Erprossion Translator

Thes puogram s a language congaler tor transtating
sonree imstructons whotten i EATRAN whichis a symbaobie
lampuspe desyened o enutate human communication
mettaads e program constraction by pracesding tiom
RODeral aspects o particutars That is, o number of genetal
stateasents are st witten which descnbwe the entire
provesang operation Then torm st contonm o basie
syntew segqutemients, but each statement can e wit g
ot woubar o Englinh sentences  In ather wor §s, the
proRram desen descnption dselt s coded Next, the
e of the terms used i each gencral state noent s
eaplaznedan another set of hines Then the meaming of new
worts ised i the explanation e’ eaplaned i a new
parmaph An EXTRAN program s complete when the

expressons mtrodduced within it are all detined by means

of toty huase sapphied expressons of expressions pre
vy ddetined an termi of these basie espresstons and
avaede i aser hbraries  Expressions introduced in the
programnung provess 1Ny be m the tonm of phurases o
sentences and are not iinnted (o ust one symibol of feseat
terrs An EXTRAN program i execuited egher by invoking
the penerator component o comvert the set of basie
eapreasions reseting from complete expresston sutsstitu
o ante FORTRAN and then processing the TORTRAN
souzee Code o else an nterprelive evilluation of the
Prowtam mas be cartied out as an alternative option ot the
coryuier canponent etfecting espression substitition
Because of the maceo eapanson capatulity. inlerpretive
oaevahion capatubity tor atl o part ot a8 program. and the
Capatnbdy o etting a program asto a hitbvasny (o commaon
tise . the EXTRAN compuler can be used B0t only as a
peeeral purpose compuiter language but also i the
follvwang wavs (1Y Elimunation of the requnement o flow
chasting m the dewgn of programs because the despn
shec st s can e wiltenan EXTRAN (O Construction
of specie predlem onented Lyguages without the need
for sadnacieat compter development ty specitving: expres
sy torms ewd the contents of commands te be intro
duved winch are then entersd into a uses bibtary (D
Prezaration of generat purpose programs i f A\TRAN trom
whachy special purgose FORTRAN programs can be
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generated at compile time through user stipulation ot
paramaters and expression substitution.

LANGUAGE: IBM FORTRAN (954, 1BM ASSEMBLER (5%
NMACHINE REQUIREMENTS: 1BM 360370

PROGRAM SIZE: Appraximately 10,400 source statements
DISTRIBUTION MEDIA: 9 Track Unlabelled Magnetic Tape
PRICE: Program $1.180.00 Documentation $17.00
PROGRAN RUNMBER: C05-02520 :

NIPS . Hz(!anal frilltary Command Information Processing
System, System 360 Formatted Fila Systam

The NIPS System 360 Formatted Dile System (NIPS 360
FFSY s o peneralized  mtormation management and
analysis system atilizing an Enghsh ike control and quety
lang 1age capable of accepting any machme readable data
source having a defiable tormat. Structurally and
opecationally the NIPS 360 FFS 18 most easily described in
terms of the totlowing: majar components which operate on
the data fides on the system (1) the Fite Structunng
component (FSY which genesates the commurcation
artavs hnown as Fite Format Tables (FTTY descntung, the
hietarcheal telationships, relative location, and attnibutes
ot each data element within the records of a file and which
are stoted as part of the data file to be accessed by the
other components when processing user language state
meoents () the Fide Mamtenance Component (F M) which
renerates and - of revises the uset’s data tiles. Severat user
languages are provided winch pernut the analvst to specity
data valdation procedures, logical dota exammation and
manipulatian, and summanzaton The normal output o
this component s the data tile in updated = m. howevet,
auniary output files can be requested (3) the Retreval
and Sort Processor (RASPY 1s used to extract intormation
from one or more data fides based on search ontena
specthied i the form of retneval statements ¢ quenes and
to sequence this extracted ntormation in a vaniety of ways
as deternuned by the requitements of the tinal report to be
praduced  Replacement of query operands and  sort
vatables tar prestored guenes s permutted at execution
time Relationa! (condiional) operators miay iclude uset
detined functions or subroutines (3 the Qutpat Processor
Component (O which s used tor tormal teport produe
tion hased on user tormatting specifications. A data tile
ttsell or an output data Bile trom the RASP companent may
serve as input to the Qutput Processor. Output trom the OF
mav be directed to a printer, card punch, of magnetic tapw,
and mav include editing, data conversion and anthmetic
computations  (5) the Ternunal Processing Component
(TP whuch utiizes local IBM 2250 devices and remote
2260, 2741, o 1050 termunats as mput output unis
allows the termunal user 1o nterrogate data bases with
Quenes that are edited on hine betore being processed
agamst a data e through the Quick Inguiry Processor
(QUIFY Other tunctions avantable throuph QUIP are ssmutar
to those pertormed by RASP and OP including tepont
tormatting  Qutput data may be reviewed 1 a conversa
tonal mode at a ternunal of directed o a printer - The
Saurce Data Autormation (SODAY processor of the TP
companent provicdes the capatubity of remote data tile
mumtenance with mput daa edited. comrrected. and
pravessed using prestored FM logie statements The
structure of datae records which the NIPS 300 FES supports
s hiorchial where a collection of tecord data elements t
the same tevet s tetmed aiset. At the trst level in the data
recird uerarchy s allixed set. of which there may be one
per record, conssting of data elements requmng only one
vaue to mee! recording: regquirements . Subordmates to the
fixed set may be penodic sets of dynamuc Jdata consating

of penerations or subsets of data elements that are
togucally reloted and where all subsets of a given penadic
set are wentically tormatted For each tixed set the user

may detine up to 255 ndependert pernadic sets each ot

which may have trom 1 to 100 detined fields with the
number of subsets for a given penodic set also user
specthed. In addibion to the tixed and petodic sets™ a
tecord may contain, varasle length sofs contamimg
unformatted data (usuatly of textual vanety) definable at
the petadic level One vaniable set may be associated with

the tined set and one with each petiodic subset The data

element value modes available to the user are numenc,
alphanumernic (the tult ERCDIC character set) and the
reopraphie coordinate mode which allows  starage ot
latitade and longitude coord.nates tor retnieval using the
peograpiue retaeval aperators. Undet the NIPS 360 £FS
the user bas tae capalubity of detioung routines which may
be used to rertorm data value conversion tor ransaction
data elements as well as tor data elements residing in
stored records In addition numenc maode elertents may
be edited duning output processing o suppress leading
ceraes, msert decimal points, and perform other editing
functions Although each component of the NIPS 360 FFS
has s own language they are basically simutar and ditter
only in ther apphication to a problem Each language 1s
free format and consists of two hasic types of words:
(1Y Svstemn reserved words analogaus ta verbs or conjunc.
tons in English semtences which are tecognized as
indicating specitic opetations and which i combination
detine the logic to be used by the system component
(Y User supphied words analogoaus o the sutyect and or
obgects of an English sentence that indicate tvpucally the
speciic qualification tor action or i general wentity what
i anvolved i a processing  tunction and  the  result
odtained  The NIPS 360 IS has been desmgned and
programmed for an IBM Svstem 360 Mode! S0H (Dhoh
core size) i will also operate ona Model 30H and farpet
madets of the System. 300 Without on hine terminals, o
will operate on a Model J0G o S0G (178 core size) A
munenum contiguration can ingclude thiee IBM 2311 sk
Units or g sinple IBM 2314 Dish storage ungt, a card roader,
and an’ onlme printer. Tape dove tequitements are
deternuned by the uset's tequitemonts and tange trom
nane to g quantity sutticient to pertorn the largest sort the
user may require When avadable dish sorting s used to
the capacity of the direct access devices NEYS 360 FFS
will operate under PCE, MET, MVT, VSE, o VS2 operating
system contiitrations and s nat testnicted 1o any one level
of the opoerating and uses subsequent releases as they
become avalable

LANGUAGE: ASSEMBL ER (Execiutable code atso supplied)

MACHINE REQUIREMENTS: IBM System 300 Seties
PRICE Propram §$2.470 00 Documentation $10000
FROGRAM NUBER: DOD-00017 )

Gensral Purpoze Dverlay Losder for COC 6000 Ssriss
Computars

This propram pachage 15 a moditicalion and imptove-
ment of the NASA Stractural Anatysis (NASTRANY Linkape
Editor tor CDC 6000 Senes camputers which s designed to
utiize central memory storage etficiently tor medium to
farge programs it atlows the user 10 drrange a Program
ity an averlay structire consisting of inks and sepments
withun inhs which can be assigned the same onggin
adidresses angd foaded at different times Aduvantages of
this Imkhage editor and associated segment toader ovet
others avalable are an untimited number of overlay lovels:
the descnption of overtay segmeents (o the linkage edtor
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through directives specitying subiprograms to be included
and the libranes they reside on this alowing the program
to te structured atier it has been coded; the imphcrt
loading of segments tacilitated by their storage on a
random access file; the dvnamic allocation of memory as
each segment s foaded. the explictt positiorung of named
commanblochks; the acceptance ot either FIN nr RUN
fortran abyect code by the linkage editor; the maintenance
of communication between all levels ot overlay, the
capability of updating indmdual inks without relinking the
entire program; and the ability to selectively rename
edernal reterences. This linkage editor executes under the
SCOPE Operating System (Versions 3 3 or earlier) as a user
program with the finkage editor abject code loaded using
the CDC toadter. This vendor loader 1s also used tolcad the
2e10 level Link generated by the hinkage editor. The zero
level Iinh remains in central memory at all times;
thereatter all ink and segment load rquests are serviced
automatically by a segment loader contained in thus fink
utdising tables generated by the linhage editor tor all
sepments required. Muumal memaory reqiitements tor
execution of this inkage editor are 64K octal words. This
teld length will typrcally accomodate a program contain
ing up to 200 subprograms.

LANGUAGE: FORTRAN 1V (43%)

COMPASS . (57%)
MACHINE REQUIREMENTS: CDC 6000 Series
PROGRAM SIZe: Appromimately 9,624 source statements
PRICE- Program $1.250 00 Documentation $13.50
PROGRAM NUNEER: COD-00038

S/350 AUTOFLOV/ Preprocessor System

Smce programs wotten tor non (BAM compuiters cannot
be directlv processed by the S 360 AUTOFLOW System (a
tlow charting procedure), tour preprocessors have heen
developed to convert Assembly Language and FORTRAN
programs into a tormat acceptable to S 360 AUTOFLOW
AUTOFLOW functions on the printer or the SC-407C
plotter. The tour preprocessors ate writen i S 300
Assemibly Languape and they each occupy apgroxiniately
2H0K bytes of core The AUTOFLOW Sydtern. with
preprocessors, 15 compnsed of three load modules The
tirst module, the Master Cantrol routine, s held i memaory
and 1s catled inviathe EXEC card The second module, one
of the four preprocessor versions, 15 calted in by Master
Control and processes the mput data procdducing two
temparary data sets on cdish. The thud routine, the
AUTSTC W load module, 15 called by Master Contraf to
preas - the data sets on dish. £ach preprocessor requttes
the Master Control routine. a FORTRAN processor, General
subroutines Part A and B and Input Qutput and System
Macros Systermn Macros are used to ease the assembly
fanguage burden, makmge use of the macro capatulity
fedtute of the 300 Assembler Four preprocessor versions
are cutrently  avadable  accepling as nput programs
written in Assembler or Fortran Versiorn 3 (GSC 11330
tor use with programs wotten far S80S Q00 Senies ma
chimes, Version 0 (GSC 11330 for DOP 210G, or 20
machmes, Versian 3 (GSC 11332 tor CDC 30001 Seres
macines, and Verston 4 (GSC 11333 tor Liwvae 1100
Senes machines

LANGUAGE: Assembler

MACHINEG REQUIREMENTS IBM 360 370

PROGRAN SITE Approumately 7000 source statements
PRICE Program $HR0 00 Documentation $13 Q0
PROGRAM NUMBERS: GSC-11330, 11331, 11332, 11333

a9
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FORTAP——FORTRAN Tapos Convarcion P2ckegzo

“ This system is a package of subroutines written to
permit the UNIVAC 110771108 to read or write untormat-
ted FORTRAN tapes compatible with other binary compu-
ters Toe FORTRAN tape conversion pachage - FORTAP -
consists of two externaily dentiied subroutines - CREAD
and CWRITE - and six other subroutines. These subrou-
tines convert single precision integers and real numbers
with single or doubie precision into a compatible torm The
FORTAP sutrroutines arte dependent upon The UNIVAC
FORTRAN Compilet and the  ORTAP Computer Characler-
1stics Table Any change to the compiler that ettects the
number and type of machine instructions may require
rewriding the FORTAP vachage. CREAD and CWRITE alter
the machine code genetated by the FORTRAN read or write
statentents The other routines are senially reusable and
can be used in loops with a patameter that can be
estabhished by the computer identibier The parameter for
CREAD and CWRITE and s values 1s hinuted to those
computer dentitiers which are contained in the computer
characteristics table The FORTAP Computer Charactens:
tics Table lists an associated program symbol for each of
19 tems and gives a verbal description of each item The
assoaciated program symbaols are not associated with any
particutar values until tha proper comiputer s found m the
table. When the computer o found, then, the particular
values for that compuler are stored in the respective
symbolic addresses At present, the tollowing computers
ate included in the table COC 3200, 2600, 3800, 6600,
IBM 360, 7030, 7030, 7090, and 7034,

LANGUAGE- SLEUTH

MACHINE REQUIREMENTS UNIVAC P108, EXEC N
PROGRAM SIZE: Approximiately 3601 souece statemente
PRICE: Program $610 00 Dacermentation $o 50
PROGRAM NUMBER: G5C-11393

Sotvrc? Deck Comp.ezcion and Update Pregrzm

A computer program, CAPS, has ixen developed 1o
produce and update compressed syboohc dochs trom
Hollenth source dechs, and provides & ther teconversion
1o Hollerith form This procedure aleas Jompact storage
of programs on cargds, tape o disk The wie of a
compressed deck, 11 most cases, isoess than one tourth
that ot the Hollentith dech The CAPS proyram may be used
10 precess any source Languape provided thaed the language
uses ondy column 1 through 70 and doe s not contam any of
the CAPS card statemients A CAPS Litrary 1s a compressed
symibiohe hibrary of CAPS decks on g sequential data set
The Wbrary can be selectively updated by o single CAPS
run and the Holletith catput may be usedd 1or subseguert
assembly or conpulation The complete programas wiitten
n FORTRAN and ASSEMBLLR Language tor the 300 using
0S8 360 I requires 1OQ0Q0O (DECY BYTES of memory
mcluding system bbeary rontines The user s 1o supply
system subroutine LAND (opcal and tunction)  Linkage
will pive an untesotved esternal teterence etror o thas
tuncton s not used

LANGUAGE FORTRAN 1V (97 \, ASSEMBLER (&
MACHINE REQUIRIMINTS IRM 200

PROGRAM SITE Approvmately 1,073 source statements
PRICE Program $310 00 Docamentation $300
PROGRAY NUMBER: GSC-11545
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SGINDEX.05/3€0 - Systermy Genzrztion Crozs Refarence
indax

Ttus program provides an easy-te use but comprehen-
stve cross reference tndex of the sysgen results which can
he used tor moditying the Operating System (0S), applying
PIFs, of writing subsystems which intertace with OS. The
program cotlects hey data trom the Stage 11 input tor an
08360 sysgen upon gencration of a new operating
system, sorts it, and prnts a tormatted histing of the index
entries collected . A number of parameters are available tor
controthng the content and tormat of the output bstings.
SGINDEX 1s written in PL-T and uses a region of about
200K i an MVT environment, although this may be
decreased by compuling with OPT=0. # requres SYSEPLIL
IB tor inkage editing and SYS! SORTLIB 1o the OS sont
pachage at run tine. -

LANGUAGE: PL /| :

MACHINE REQUIREMENTS: {BM 360

PROGRAM SIZE. Approntmately 1,511 source statements
PRICE: Program $200 00 Documentation $5 50
PROGRAM NUMBER: GSC-11612

CSS - Charzctor String Scannar

A computer program called Character Stnng Scannet
(CSS), 1s presented 1t s designed 1o searcht a data set tot
any specitind proup of characters.and then to tlag thes
group The output of the S8 program s a histing ot the
data set benyy searched with the specitied group of
Characters bemg thagped by astenshs Theretore, one may
teadilv wiontity speciic heywords, groups of kevwords ot
specitied hines of code internal to a computer prograny, i a
Progrant autput, or many other specitic data set Possible
applications of ths propram s lode the automatic scan ot
an output data set to pettinent heyword data, the editing
ot aprogram to chuamse the appearance of acvetamwond o
sroup of words, amd the comersion of 3 set of codde to a
ditterent set of code

LANGUAGE: FORTRAN IV

MACHINE REQUHREMENTS 1BM- 360

PROGRAR SITE Appronimately 79 source statements
PRICE: $9500

NOTE The prce mwludes the documentation and a
progranmt st only - The documentation s not scld
separately tram the propiram hsting

PROGRANM NUKBER: GSC-11787

STRCLUIACS - 0S/360 Assembly Langusge Structured
Prugramming hMacros

STRCMACS 15 a set of teenty tour macios that enabe
stroctured programonng techimigues to be incorporated
nto IBM 08 3o Assemibler language programs by
providing the Dasie control stractures winch replace the
tses o Diznchinstria Bons and by providiygg ads tor doing
stopwise  retinement programnune Control structures
provided iciude a methad o grouping statements into
locks through hiock itiating: and block terosunating
Mmacres, 3 decimon structute implementing the if then else
construct, and en derabion structitte, winch may be
conditional, throuh the DO and WHILE macros Addiional
COMIEMEeNCe Mactas Providesd (O simplity conceptuaiea
tion and coching g tude the DOCASE and EXET mactes To
ad stepwise retinemient, STROMACS provides for madule
detiition theouyh the procedure delineating mactos PROC
At CORE with the resultant procedare swohed by using
the 1EM CALL maceo. Debiugiing options whose invoc atuon

15 under user control dﬁ:éned into the structured macros
include the aption to print on the 2ssembler source listing

© as comments the name, sequential number, and static

nosting depth of each bloch; the abihity to force all proc
nimes 10 be penerated as inline character constant (o
faciltate 1o ation of the corresponding cade e dumps, the
cption to mamtain execution count statistics ot specihed
procedutes and blocks, and a procedure trice option
which maintains a record of the last 257 procs executed

LANGUAGE: ASSEMBLER :

MACHINE REQUIREMENTS: IBM 360/0S

PROGRAM SIZE- Approvmately 3.031 source statements
DISTRIBUTION MEDIA. 9 Trach, ROO BFPL no label tape
PRICE: Pragram $790 00 Documentation $23 50
PROGRAM HUKBER: G5C.11938

Library Documentation Systom

Bibliographic Products Subsystem s 3 system of
programs desiened to create and mamtam a tnbhographie
data base. The svsterm was designed to process MARC [}
‘Processing Format Structure’ records, used by the Libtary
of Congress, descrnibed in "Books: A MARC Format’, Library
of Congress, Washuinglon, 1970 MARC 11 compatible
tecords are added, changed. o deleted i a tnbliograpie
e at the woid, subtield, tagged tield, of record level
Genetated sort kevs are appendaed 1or arranging the autput
i product, collection, and fiing sequence Catalogs miay
te dictionary, divided o comtunation Entnies are artanged
in atphabetical sequence according to rules estsblistied by
the Librrary of Congress Tatle, subiect, and‘of content hey-
word ndeaes are tiicd by hey word then titie andt. or call
numitwet

LANGUAGE. COBROL (96%), ASSEMBLER (4%)

MACHINE REQUIRELMNTS IBM 360370

PROGRAM SITE Apprevimuately 11,113 source statements
PRICE. Program $1.23000) Dacumentation $20 50
PROGRALY KNUXMBER: GSC-11852

BCLIRET - Beltcomm Intormetion Reotrieve! System

RCMAET. the Rellcomm Information Retrieval System,
has been deweloped over the past two rears ta satisty
Relicomim’s need for a pencraliced intermation storage
and tetneval system The file generation and hie mante
nance programs which have been wotten tor BCMRET are
gontal purpose 1outines  These programs mahke it
possibe 10 use the systerm not eonly an the usuat
Apphi ations ainvalving admmistrative data and docunmant
inforration, but also i apphcations anvolving putely
numencal, engmeeting data BCMRET s capate not only
of generating and mamttaing a hile, but also of gathenng
statistics, sorting output, and generating inal repavts o1
output I order 0 use any  retrieval system on an
agprepate of antormation elements, the aggregate must
first e green some structure which will mahke possible the
computer tecopmbion of each clement Such a structured
agprerate 1s cabled a tile Thete enist two genera tvpes of
tte: a fixed fite, M which the onact focation of each
ntornation eltement 15 predefermnuned, and avarable file,
1 vhach the location ot an intormation element depends
on the sire of every element and on the tatal numbwer of
ciements BOMRET makes use 01 a vaniable hie and admits
an atiatrary cumber ot intornabion clements of artswtrary
size This tleniduiity gives the user Rreat ease s changing.
adding to deleting intormation anywhetre in a tile

e
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LANGUAGE: FORTRAN V (84.7%); ASSEMBLER (5.3%) -
MACHINE REQUIREMENTS: UNIVAC 1108

PROGRAM SIZE: Approximately 15,229 source statements
PRICE: Program $1.120 00 Documentation $18.00
PRCGRAN KUMSEN: HON-10425

PLTCOMN - Contour Plsting Program

PLTCON., Contour Plotting Program, provides a general
contour plotting capability using mnterpolation to reduce
the number of tunction values required. In many studies
the tunction { is now known as a simple equation but rather,
the determination of its value for a particular x and y

involves costly computations or measurements. It is, .

therefore, desirable to be able to generate and plot the
vatious contours of f us.ing as few function values as
possibte. Let {(x.y) be a continuous function whose velue is
known at a subset of a discrete set of equally spaced points
of the x-y plane. PLTCON reads a number of such tunction
from any number of tites and oversees the generation and
plott:ng of f.x, or y constant contours of these tunctions.
£C-4020 and/or printer plots are generated with up to ten
sets of contours per frame for the SC-4020 plots. The
printer plots contain one set of contours per page. Two
directional parabolic interpolation i1s used to provide
sufficient point density without increasing the function
evaluations required. ’

LANGUAGE: FORTRAN
MACHINE REQUIREMENTS: UNIVAC-1108, SC-4020 Piot-

ter

PROGRAM SI12E: Approximately 3,600 source statements
PRICE: Program $350.00 Documentation $3.50
PROGRAM KUMBER: HQN-10551 ’

RECON/STIZNS - Remsta Conscle and Scientific and
Technical Inisrmstion Hodutlar System

The current NASA/STIMS (Sciertific and Techimical
Itarmation Modular System) system consists ot tive
unique subsystems. These are the Onhine Input and
Photocomposition subsystem, the File Maintenance Sub-
system, the batch processing Search and Retnieval

_ Subsystern, the Publications Subsystem. and an onhne

search and retneval system called RECON. The NASA
Online thput and Photocomposition System includes all
the activities necessary in document data reduction,
online and batch data entry, and onhne data correction for
the STIMS Data Base. The File Maintenance Subsystem
can be used independently of the other subsystems to
bulld ana mamntain a data base. The File Maintenance
Subsystem accepts transactions, converts themto internal
system codes, and updates the data base. The data base
architecture 1s built on a generalized record structure. The
data charactenistics, which make one file ditferent from
others, are placed in data definition, parameter tables
These parameters function to identity fields, establish
maumum field fengths, determine whether a field 1s to be
faed or vanabie length, deternine whether fields can have
subtields, and specity the charactenstics of the data The
Search and Retnieval Subsvstem uses Boolean logic
equations 1o search the data base for the wnformation
requested by the user. In prepanng a publication, the
Search and Retnieval Subsystem extracts the data tor the
publication. The Publications Subsystem then tormats the
publication according to the parameters in a publication
format table The output trom the Publications Subsystem
can be either printer output or magnetic tape. The RECON
system s an on hine search and retnieval subsystem that
accesses the data base prepared by the File Maintenance
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Subsystem. RECON is available separately from STIMS as
program number HQN-10694.

LANGUAGE: PL1 and ASSEMBLER

MACHINE REQUIREMENTS: IBM 3560

DISTRIBUTION MEDIA: Four 9 Track, Standard level IBM
IEHMOVE "Unioaded PDS' Magnetic Tape

- PRICE: Program £2,530.00 Ducumentation Hardcopy

$274.00 Microfiche 34000 .
PROGRAM NUMBER: HQN-10559

FFCP1 - Fertran Flow Chart Progrem

The purpose of this program s to provide the capability
of producing computer program tlow charts suitable for
inclusicn in final program documentation utihzing FOR-
TRAN (V type ot coding. Thus the program preciudes the
requirement for manual preparation of tlow charts and
provides a presentation using standard flow chart symbols.
The 1nput to the program is comprised of one or more
FORTRAN card decks, from which all control cards and
blank cards are removed. If these cards were not removed
the program would just commite Each deck normally stans
with a comment card, but may start with a FORTRAN
statement. Each deck must end with an End card. The
output from the program consists of a magnetic tape
which. when processed by the SC-4020 plotter, produces
final computer program flow charts and a cross-reference
listing between program statement numbers and flow
chart page numbers. Options of microtim only or both
hardcopy and microfilm are available,

LANGUAGE: FORTRAN {V (5%.) GMAP (95%)

MACHINE REQUIREMENTS: GE-635

PROGRAM SIZE: Approximately 396 source statements
PRICE. Program $120.00 Documentation $7.00
PROGRAM RUMBER: SC-10450

ADMIS - Automsted Dzta ifznagement Information Sys-
tem .

The Automated Data Management Information System
(ADMIS) 15 a computerized information and retnieval
system used 1o control manned space tlight management
and adnunistration documents The sophisticated input.
venfication and standardization 15 controlled tv the
Mainhine subsystem which 1s 2 composite of six programs.
The mambine subsystem contains 3 master files, a
Document and Distnibution Master file, a Coda File Master.
and a Common Data File Master. The ADMIS Document
and Distnbution Master File contains all data oriented
toward a specific document; 1t 1s the primary source of
1eports generated by the ADMIS system. Each Document
15 represented on the Document and Distnibution Master
File by a group of records all contaiming a unique
Document Senal Number. This group of records 1s
compased of one document record. one distribution
record tor each recipient: of the document, and one
summary record. The ADMIS Code File provides system
disciphine by insunng that standard codes and standard
nomenclature 1s used throughout the system. The input
data is compared with the ADMIS Code Fide standards, and
any deviation causes a rejecthon and the creation of
appropriate error messages Data that s accepted by Code
File standaras allows related data sets to be generated and
entered into the Document and Dvstribution Master File.
The Common Data File contains data for each Require-
ment Document on the Document and Distribution File. it
15 used 10 penerate transactians to update documents
which respond to a related requirement. These generated
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records represent data which is common to both the
requirement and the response document. The maintine
subsystem contains a program to hst all records on a
Master file and a program that will give a statistical
analysis of duta tratfic for the past 6 months and predict
data trathic for the next 12 months. The Keyword
subsystem consists of three programs and one masteriile.
This system will produce a cross-reterence hsting and also
retnieve documents on a keyword basis. The remainder of
the system contains 12 report programs that give a vanety
of information such as. distnibution lists, maiting labels,
data by package tyf, ttle hists, document indexes, etc.

LANGUAGE: COBOL (BOx1: GMAP (20%)

MACHINE REQUIREMENTS. GE 635 .

PROGRAM SIZE: Approumately 25.000 source statements
PRICE: Program $2.410 00 Documentation $176.00
PROGRAR NULIBER: K5C-11619

HRultiple Utility Computar Prozrem

This is a system of two computer utility programs that
pernuts an indivdual with very hittle data processing
trarung to establish a fisld by tield update of a master file
and then select different sorts and reports without
establishing a new program each time. The user can input
data on an (EAM) card and receive up to ten sorts of
specific data fields designated by the user. The user also
has the capability of controlling report headings and card
column posstions. The muttiple utibity computer program
permuts vanous sortiag of ntormation and displaying this
information in many ditferent ways. It was necessary o use

©an 80 80 mput keypunch card and to allow the user o
-have complete control of data input. treld tength, headinigs

and sorts. Previously, manusl méthods were used or a
special program for each system was required. The
programmung delays and inconveniences: for obtaining
simple sarts with headers, page numbenng. etc., were
excessive. Some of the advantages are an eatremely fast
and ethicient way to sort data so that the user has almost
complete control, rapid turnaround time, and the elimina-
tion ot development costs for programming changes each
time a new requitement occurs. The program operates
using less than 10 nunutes (CFU)Y tash and wait time. It
was onginaily designed and wrntten for an IBM.360./650S
MVT using 2314 discs and 9 track tape drives, but can be
modified to operate on availlable hardware.

LANGUAGE: ANSI CCEOL, Level 77

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE- Approuimately 598 source statements
PRICE: Program $470 00 Documentation $3.50
PROGRAM MUISBER: KSC-10778 :

RF) - Remote File Inguiry Syztom

The Remote File Inqury (RFDY system 1s designed for
mamtaining angd imterrogating user definable data files
trom remote ternunals using an Enghsh Like tree form
query language easily fearned by persons not proticient in
computer programming. The RF! system operates in an

asynchronous mode atiowing any number ot inquinies |

within the hmitation of availlable core to be active
concurrently The file structures supported by RFI include
varable length teat records as well as repeated fields. qu
on hine intormation retnieval using RFL an inquiry sentence
is composed of tive tunctional parts: (1Y the tunction name
or file dentification, (2) an optonal title phrase used to
provide report titles, (33 the verb phrase, (4) the object or
Qualitier phrase, and (5) an optional sort phrase giving the
capability of soring the selected data in ascending or

descending order. trr uMa retnieval two verbs are
available: LIST which prints ou* the contents ot a specrired
field-in all records winch meet (he selection critena and
TALLY which totals a specitied nuamenc field or sinpiy
counts the number of qualified re<ords 8 no field s
specified. focr onine updating of recards within a fite,
three additional verbs are avalable. #DD will 2ad a
complete record, including specific values for all fields
Listed. DEL (delete) will remove any record of wth-record
meeting the critena histed CHG (change) will char.ge the
contents of the tields listed to the values included n the
command statement. The qualiher phrase tor record may
be exanuned for equal. not equal, greater than, less than,
and cominnation conditions (e g.. not less than.) Bath AND
and OR connectives are avasiable for compoundmg
conditions. RFI provides securnity control tor all files loaded
on the system. A tive position code, which can be changad
easily by the operator, 15 used to controf access 10 each
file. Separate codes can be provided for reacing and
updating, o required. The RFI system s designed for the
1BM 360 (Model 40 or above) operating under OS/MFT
and assumes the avaability of at least two 1BM 2314 (or
equivalent) disk drives and one 1BM 2301 tape drve.
Minimum core storage required totals 120K for two 0/S
MFT partitions; approximately 40K for the Message Control
Program and a nunimum of E0K for the inquiry Partitian.
This 15 expanded automatically it more core 15 made
available 1o atlow for simuitanaous operation of more
requests. The system s designed to service up 10 93
Teletype or Teletype-compatible terminals in its present
form; however., by redesign of the Message Controf
Program any type of terminal using a page format may be
ccomodated

LANGUAGE: IBM ASSERIBLER (Level F)

MACHINE REQUIREMENTS: IBM 360/37. IS/MFT
PROGRAM SIZE: Approximately 20.000 source statements
PRICE" Program $1.590 00 Documentation $37 00
PROGRARY RUBLIR: KSC-10337

Generzlized Digitz! Contouring Program

This s a dig:tal computer conjouring program developed
by combimng desiable charactenistics from several
ewsting contouring programs. It can easily be adapted to
many different research requuements. The overtad
structure of the program perrmuts desired modificzlions to
be made with ease. The contouning program performs both
the task of generating a depth matrix from esther randomty
or regularly spaced surface heights and the tash of
contounng the data. Each elemant of the depth matrix rs
computed as a weighted mean of haights predicted at an
element by planes tangent to the surface at nerghboring
control ponts Each contour line 1s determined by its
intercepts with the sides of geometrical tigures tormed by
cnnnecting the various elements of the depth matr with
shaight ines. Although contour charts are usuatly thought
of as being two dimensional pictortal representations of
topographic formations of land masses, they can alsg be
useful in portraying data which are obtained during the
course of research n vanous scientthc disciplines and
which would ordinanly be tabutated. Any set of data whch
can be referenced to 2 two dimensional coordinate system
can be graphically represented by this program.

LANGUAGE: FORTRAN IV (13.3%), COMPASS (86.7%)
MACHINE REQUIREMENTS' CDC 6000 SERIES
PROGRAM SIZE. Approximately 17,446 source statements
PRICE: Program $1.36000 Documentation $7.50
PROGRAN NUMBER: LAR-10872
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CCODER - Common Gensration Program

CODER-is a computer program designed to provide
common storage to FCRTRAN non-executable associated
statements. The program automalically generates the
type. common, dimension and equivalence statements for
FORTRAN programs. Manual methods of designing and
updating common storage are tedious and errors a¢ ,ociat.
ed with common storage are. often elusive. Some of the
advantages of vsing CODER are: (1) it automatically
computes the length of common by summing the array
lengths n the data base: (2) Efficient use of ccre storage
can be kept at a minimum by eliminating unused or
imbedded common storage; (3) Common blocks may be
completely radesigned by rearranging the data base input
deck dunng program development or for production
updates.: (4) Arrays may be reduced to the lowest definable
si2e; (5) Only common variables used in a subroutine need
to appear in that subroutine; (6) A stnrage locator will be
referenced by the same symbol wherever it 1s utilized; (7)
Each vanable in common is defined which 1s a very
impertant component of program documentation; (8)
Programming updates which involve the common block
are simplited and automatic. CODER may be easily
converted to other computer systems which have FOR-
TRAN compilers.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 674 source statements
PRICE: Program $230.00 Documentation $2.50
PROGRAR NUMUER: LAR-10959

DOC - Automaztic Documentation Computer Program

DOC is a computer program that automatically gener-

ates internal documentation of each program, function, or .

subroutine as a unit. The following itenis are output for
each element: (1) List of arguments (2) List of subroutines
required (3) List of local symbols (1) List of common
variables that are computed and used (5) List of common
variables that are computed only (6) List ot common
vanables that are used. The purpose of DOC is to faciiitate
documentation of computer programs, especially farge
sca'e programs. All vaniables used in & program unit are
ideri.ined and placed in one of several lists. Internal
documentation of each program element is provided via
comment cards that may be placed within the source
deck. Automatic documentation 1s meticulously accurate
and complete. LOC provides documentation of an average
subroutine (400 lines) in 4.0 seconds of CDC-6500
computer time and utihizes only 60,000 words of storage.
Manual methods: of providing the same information are
time consuming, costly, and maccurate. 8

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approumately 1,964 source statements
PRICE: Program $590 00 Documeniation $5.0
PROGRAM NUKIBER: LAR-10950

ALTLIB - Autematic Computer Subprogram Selection from
Application Program Libraries

Modular programming techmques are currently in
widespread use in the development of scientific and
engineenng computer programs at the NASA Langley
Research Center. These techmigues mvolve the develop-
ment of frequently used algorithms into mogular (subgro-
gram) form and the collection of apphcation modules
supporting a particular area into an apphication-onented
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library. This library can then be employed repeatedly by
programmers weorking in the same ar2a of application to
simphfy new-program development. A major problem;
however, “r people mainiamming their own appihication-
oriented uurary is the complexity and volume of control-
card programming that must be performed to achieve
subprogram selection. The Alternate Library Access
(ALTLIB) program provides a solution to this problem.
ALTLIB is a general-purpose digital computer program
that automates the subprogram selection precess. ALTLIB
analyzes the user's program to determine all externat
requirements ALTLIB then proceec o select from the
alternate library file all subprograme ..t a user's program
requires. The selected subprograms and the user's object
file are then tnerged onto a file designated by the user for
subsequent loading and execution.

LANGUAGE: FORTRAN IV (53%); COMPASS (47%) -
MACHINE REQUIREMENTS: CDC-6U00 Series
PROGRAM SIZE: Approximately 956 source statements
PRICE: Program $370.60 Documentation $5.50
PROGRAM NUMBER: LAR-11124

ODINEX - Exsculive Computsr Prosrzm for Linking
Irdependsnt Computer Programs

ODINEX is a computer program for linking independent
computer programs into an interdependent system of
programs by controlling the sequence of execution of a
network of program elements and maintaining a data base
of common intormation which forms the communication
link among the programs. Any program element may
access or modify the data base through the ODINEX
execulive. The ODINEX preogram is structured to provide
the following: (1) A dynamucally constructed dzta base
containing ait interprogram data. These data can be saved
at user selected ponts in the sunulation. (2) A larguage for
controlling the execution of an arbitrary network of inde-
pendent programs by simple commands. The flow path
may be based on information from the data base. (3) A
control card data base for storing information with regard
to the r~trieval and execution of indwvidual programs.
These data base fites ca.. be ncd~ted either by a separate
run or dynamucally in the simulation. (4) A language for
automatically retneving data base information as input to
any program in the network using an information access
and retrievatl system included as an integral part of the
ODINEX executive. The language requires no modificatic®
to the independent program. (5) A simple technique for
allowing any program mn the network to update the data
base. The technique does not infli:ence the normal stand.
along operation of the program. (6) A capabilty for
generating one or more repors describing the status of the
design. This information can be printed as a part of the
normat computer output. (7) Operational tiexibility to atlow
batch or interactive modes of operation. ODINEX has
general apphcability throughout industry wherever muiti-
ple program tasks are involved. Any process involving
more than one program for which the independent
program elements are available can be synthesized.

LANGUAGE: FORTRAN 1V (93%), COMPASS (7%)
MACHINE REQUIREMENTS- CDC 6000 Ser.es

PROGRAM SIZE: Approxmately 4,571 source statements
PRICE: Program 3650 00 Documentation $17.50
PROGRAM HUMBER: LAR-11324

BLKIO - An /0 Buffering Scheme with Skipping Capability

The subroutine BLKIO provides an effictent structure to
accomplish input/output commands. #t does this by
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blocking data. Blocking is a process of accumutating (or
removing) logical records in a buffer, For reading, one
large buffered (a:so catled blocked) record is read. Then,
as a read request 1s made, one logical record 1s removed
from this butter. For writing data, data s accumulated in a
buffrr untit it s filled. A wnite request for this bufler is
made, and the process rasumes filling. BLKIO reduces the
number of calls .to disk or tape; theretore, reduces
Operating System cells. It provides an alternative to
FORTRAN 1/0 requests. BLKIO provides a complete file
manipulation that allows forward and back spacing of
record and forward and back spacing of tiles in addition to
its read/wrile capability. The read ‘write capabthities also
provide certain tlexibilities not avaslable in the FORTRAN
read /write. BLKIO requires the user to follow precise
caling sequences. For instance, the last wrnite must be
followed by an end-of-file request by means of an end-of-
fite BLKWRIT call to flush all data from the buffer. The
logical record size 1s important. If the logical record size s
between | and N, when N=the butfer size, BLKIO dnes
provide a speed advantage. If N is greater than the butfer
size, BLKIO should not be used. The time advantage for
170 can be closely approximated by the buffer size used.
This advantage s approximately equal to the buffer
size/(14n), where n is the average record size used.

LANGUAGE: COMPASS

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 903 source statements
PRICE: Program $50.00 Documentation $2.50
PROGRAI NUMBER: LAR-11414

Progran: for Interfacing a H-P Kodz21 5830 Czlculator with
a H-P fdcdz! B RMuitichznnel Anzlyzer

This program is a software package designed to allow
interfacing a Hewlett-Packard Mode! 9330 calculator with
a Hewlett-Packard Mode! 5401B muitw hannel analyzer.

LANGUAGE: BASIC

MACHINE REQUIREMENTS: H-P 9830 and H-P 54018
PROGRAM SIZE: Mot Applicable

PRICE: $3500 -

NOTE: The price includes the documentation and a
program hListing only. The documentation is r:t sold
separately from the program histing.

PROGRAM NUMBER: LAR-11638

FORTRAN tV - Subrcutines for Generating Printed Plots

This set of four subroutines provides printed plots as
part of normal cutput. The subroutine PLOTXY is called for
plotting a single curve, while PLOTMY s called for plotting
multiple curves. When using PLOTXY, the values to be
plotted 1n the x-direction must be in sequence: 1f they are
not. prior to calling PLOTXY, subroutine SORTXY must be
called to make the necessary rearrangements. For either
PLOTXY or PLOTMY, if the range of a variable to be plotted
15 unknown, the subroutine SKALE must be called prior to
calling PLOTXY or PLOTMY. These subroutines have been
generalized so that, if desired, the programmer may
choose to use one or more of several options that permit
him to control such things as the appearance of the grid.
the scale for ether vanable, and plotting character. The
programs are almost entirely machine independent and
the documentation s wrnitten to simplity the changes
required to adapt the plotting system to other machine
configurations.

LANGUAGE: FORTRAN G or H
MACHINE REQUIREMENTS: IBM-360
PROGRAM SIZE: Approumately 582 source statements

PRICE: Program $280 00
PROGRAM HUIZBER: LEW-10857

Documentation $9.50

PLOT3D—-A packagza of FORTRAN Subprograms to Draw
Throe Dimansions! Surfaces

Plot3D is .a package of programs to draw three-
dimensional surfaces of the form z = {(x.y). The function {
and the boundary values for x and y are the input to
PLOT3D. The surface thus defined may be drawn aiter
arbitrary rotations. However, st is designed {9 draw only
functions in rectangular soordinates expressed explictly
in the above form. It can’t, for example, draw a sphere.
Output 1s by off-ine incremental plotter or on-line
microfim recorder. This package, unithe other packages,
will plot any function of the form z = {(x.y) an¢ portrays
continuous and bounded functions of two incependent
variables. With curve fitting; however, it can draw
experimental data and pictures which can't be expressed
n the above form. The method used 1s division into a
uniform rectangutar grid of the given x and y ranges. The
values of the supplied function at the grnid poimnts (x.y) are
calculated anda stored; this defines the surface. The
surface ts portrayed by connecting successive (x.y) points
with straight-ing segments for each x value on the grid
and, in turn, connecting successive (x.y) ponts for each’
tixed y value on the gnd. These lines are then projected by
parallel projection onto the fixed yz-plane for plotting.

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: 1BM-360 and on-lne CDC
microfilm recorder .

PROGRAM SIZE: Approximately 355 source statements
PRICE: Program £160.00 Documentation $5.00
PROGRAM NUMBER: LEW-10482

Atgorithm for Reducing tha Humbar of Required Points in 2
Graphica! Data St

The oversper.f.cation of graphs by a large number of
points often makes the time required the graphs exces-
swe. A subroutita called RDCPT3 has been developed for
reducing the number ¢f ponts required to produce the
graph. RDCPTS will produce an accurate and exact
graphical chsplay with a much reduced data set. Where
plots of lower precision are acceptable, the algonthm can
be even more eflective in reducing the time and cost
required in graphical production. The technique used in
RDCPTS mnvolves testing for deviation from hine segments.
The subroutine finds a subset of the oniginai set of points
siich that all of the oniginal points are within a certain
tolerance of the line segments defined by the subset. The
algonthm used 1n RDCPTS 15 fast, but does not necessanly
reduce the number of points to the minimum number that
satisty the tolerance. As currently wiitten, RDCPTS cannot
reduce the number of points by a factor greater than 32.
The first and fast ponts are always included. This
subroutine 1s narticularly valuable for use with Benson-
Lehner plots since 1t can make the plotting much less
expensive. In addition, the resulting plots are much
sharper and easier to read.

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS 1BM 360

PROGRAM SIZE: Approwmately 123 source statements
PRICE" Program $260 00 Documeniation $2.50
PROGRAM NUMBER: #1FS-15107
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QSA;i, —Varizble Length Input/Output Routing

Thi: ‘s an 057360 assembly language routine with
FOFIRAN (0S/360) calling sequences using QSAM data
ma :sgement routines to read/wnte sequential data sets.
Onl one data set each can be input and output at a time.
To input/output more than one data set, the old data set
must be clased prior to input/output of the new set. Data
sets are automatically open when GETR or PUTR is called
and the DCB for GETR or PUTR is closed. Data sets are
closed via catting ENDQ. Two options are provided for
closing, data sets: close and position at beginning of the
data set and clos2 and position at the end of the data set.
This routine is very useful in that it provides the ability to
read records 0. unknown length on 0S/360. Program
documentation consists of a3 program source deck and a
program listing with extensive documentation on the
usage and description of the routine within the comments
of the listing. '

LANGUAGE: ASSEMBLER

MACHINE REQUIREMENTS: 1BM 360

PROGRAM SIZE: Approximately 300 source statements
PRICE: $25.00

NOTE: The price includes the documentation and a
program listing. The documentation 1s not sold seperately
from the program listing.

PROGRAA NUMBER: [4FS-18725

RIRADS—HMarshall Information Retrieval and Display
System :

The Marshall Information Retrieval and Display System
(MIRADS) is an on-line data storage and retnieval system
which allows the user to extract and process information
from stored Data Bases. The uce of remote terminals to
extract and display data from the Data Bases provides a
fast and responsive method of obtaiming needed informa-
tion. This on-line processing eliminates the extensive data
processing cycle normally required when using an off-line
or batch processing mode. The system consists of a
general purpose compuler program containing several
functional subsystems that provide the overall capabilities
of the tota!l system. 4IRADS is a command drniven system
with on-line editing of user commands which provides
error diagnostic messages and recovery procedures that
assist in the utibzation of the system. The system can
process any number of data files via a file Dictionary (one
for each file) which describes the structure of the tile to the
system. New files m3y be added to the system at any time
by creating a file Dictionary for the new fife. MIRADS
provides a highly diversified choice ot data processing
functions to satisfy user requirements. MIRADS consists of
several programs, each performing a series of distinct
functions. These programs are grouped together to form
two subsystems, Search and Retrieval Subsystem (S & R)
and Direct Accoss Data Display Subsystem (DADDS). Each
program s further subdivided into modules to perform
vanous subtunctions. The Search and Retrieval Subsystem
provides the user the capability to select and process
process variable data without extenswve searches. in

response 1o a user query. the system provides the’

capability of searching specified data files. sorting the files
nto a specified order. performing simple cr complex
computations, prnnting or displaying the results, and
updating the Data Base: The Direct Access Data Display
Subsystem provides the capability to access data tiles,
process data, and present results as specified Ly user
commands and specified output formats.
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LANGUAGE: FORTRAN V (10.8%) Assembler (22.5%)
COBOL (66.7%)

MACHINE REQUIREMENTS: UNIVAC 1108 DCT-500 or
Uniscope 300

PROGRAM SiZE: Approximately 23,500 source statements
PRICE: Program $2.470.00 Documentation $38.00
PROGRAN KUIMBER: [4FS-22536

Computer Utilizztion Prediction KModol

This program was designed to assist- in computer
utilization prediction. The method used in developing the
model to predict the computer utihization was to forecast
(1) the utitization of each component series separately,
(2) based on past utitization records. The aggregation of
the component series utilization predictions would then
produce a more accurate utilization prediction. In a
component aggrezation such as this, the errors in
prediction tend to cance! each other.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC 1100 SERIES
PROGRAM SIZE: Approximately 470 source staternents
PRICE: Program $90.00 Docur entation $5.50
PROGRAI NUMBER: WFS-220688

Herge and/or Modity Tabular Data Computer Program

In some analysis programs it is often necessary to
determine the eftects of variations in the tabular input
data. This program can modify an existing data deck, with
a mimmum of additrional nput data. In addition, two
existing rard dechs can be altered and merged to torm a
nevs card deck. The changes which can be accomphished
are shown below: (1) The independent varniable can be
biased (£) on one or two decks. (2) The dependent
vanables of these decks can be added or subtracted to
form a new set. (3) The dependent vanables can te
multiphied by a constant factor and/or a term (¢) can be
combined (again, on two new sets and combined if
desired).

LANGUAGE: FORTRAN 1V

MACHLIE REQUIREMENTS: IBM-3€60

PROGRAM SIZE: Approximately 62 source statements
PRICE: $35.00

NOTE: The price includes the documentation and a
program hsting only. The documentation is not sold
separately from the pregram listing.

PROGRAM NUMBER: 1FS-24360

FORTRAN Read Package

The lack of a flexible tnput scheme in many large digital
pregrams becomes a problem to both program users and
pregrammers. Many input schemes require card formats,
a fixed card order, or a specific number of cards. These
requirements make program usage cumbersome and
error prone. MThe use of this read package offers the
fotlowing advantapes. No card format or spectal order of
cards s required. The package is controlled by a smali set
of parameters whicn can be changed to account for
differences 1n computers and digital programs. The
parameter’s location in COMMON is used to dentify the
parameter. This location number is ptaced anywhere inti.e
first five columns on the data card._The value of the
parameter 15 placed anywhete on the rest of the card a..d
followed by an astensk. Sequential focations may be
defined on the <ame card. The read package determines
what type of parameter 1$ being defined and automat:cally
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differentiates between integer, real, octal, and Hollenth
input. The program has the following capabilities:
(1) Times may be input in HR/MIN/SEC or MIN/SEC:
(2) Aside from FORTRAN F- or E-type input, the package
accepts Hollenth, octal, and double precision input:
(3) The capabihity to specify any parameter in COMMON
for printing is provided: Multiple des:gnation may be used
{o set an entire array equal o the same vatue; () Com-
ments may be intermixed with data to identity input;
(6) Continuations from one card to another are allowed
dunng sequential input; (7) A sophisticated error check-
ing capability is provided: and (8) The read package 1s
written entirely in FORTRAN 1V and can be used on any
computer no matter how many bits are used to define one
computer word. A routine has been included in the Read
Package which is not used during the input phase. This
routine is called SPECPR and has been included to atlow
the printout of any parameters in COMMON. This routine
can be added to the print routine of any program and,
when used in comunction with the Read Package, allows
parameters to be specified for printing from input.

{ANGUAGE: FORTRAN (v
MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE- Approximately 709 source statements
PRICE: Program $260.00 Documentation $2.50
PROGRAN NUMBER: 1SC-14161 -

Hewlett-Packard 65 Emulator

The HP-65 Emutator was designed to aid in the
development and checkout of programs wnitten for the
Hewlett-Packard Model 65 Programmable Pocket Calcuta-
tor. The HP-65 Emulator simulates on a large computer a
user detined HP-65 program. The dragnostic aids otfered
by the emulator help reduce development and chechout
time and the automated documentation reduces book-
keeping and improves the reliabifity of the documentation
task. The Emulator consists of a processor, and executor
and a set of hibrary routines. The processor converts the
HP-65 program, as detined on nput data cards, into a
Fortran program which 1s then compiled, the executor
executes this program as requested by the user through
run control cards. and the library supplies the basic
functions requested by the program, such as trigonomet-
ric, toganthmuc, and exponential functions,

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS. CDC 6000 Series

PROGRAM SIZE- Approximately 1,700 source statements
PRICE: Program $330 00 Documentation $7.00
PROGRAM NUMBER: MSC-14815 .

CONSTAT - A Program For Concordances 2nd Statistics

CONSTAT was ‘conceved as a hterary research tool
which would serve a vanety of users and provide a
concordance and every concevabla {extual statistic that
mught be desired for authorship ascription and deternina:
tion of sequence of composition. It has since proved usetul
as an ad 1o proof-reading, indeung, and stybstic and
vocabulary analyses. It 1s readity adapted to automatic key
word extraction of mactune readable text. An objective has
always been to achieve the utmost in economy of machine
time. Thus, once machine readable text 1s avarlable, many
mechamical textual manmipulations can be economcally
performed. Dunng the process of composition,  for
example, one may maintain a runming index of what one
has written and the total number ot words. The program
may also be used to search through machine readable
materntal to 1ind desired passages or to deternune whether

the matenal is of interest. Though the maniputation of the
text is strictly mechanical, it.e concordance thus obtained

“1s quite useful and the statistics produced are the ones

most commonly used in textual analyses. For statistical
validity, more than usual emphasis .s placed on the
importance of the common words. These latter occur in
large numbers and thus form a more reliable basis for
statistical inference as to authorship or chronology. The
program has provisions (such as for upper case). It will
not, In general. be necessary to adapt exising machine-
readable text to the program. A wide variety of outputs are
otfered. All data may be obtained through the printer,
statistical distribution curves may be plotted and both tape
and card output may be obtained ot the concordances ot
the works of one writer or of several writers, or one may
wish to make correlations of the statistics of severa! texts
to determine most probable authorship or seauence of
composition.

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: IBM 360

PROGRAM SIZE. Approximately 1,356 source statements
PRICE: Program $200 00 Documentation $17.00
PROGRAM NUMBER: MSC.17484

CHANGE—~FORTRAN IV Digital Program Change -

This program s used to modity FORTRAN IV source
language programs to aid in thewr debugging, checkout.
and tinal docurnentaticn. Three modifications may be
accomphished: (1) rearrangement and incrementing of
statement numbers, (2) insertion of card identbfication
and sequencing, (3) insertion ard.or removal of end-of-
batch symbols. The program is designed 1o allow the user
to modity tus program without sactificing turnaround time.
Thus. the user has the oplion to compila, ink edit. and
execute the moditied program as a normal run. There are
other programs available that have the rearrangement and
incrementing features but the aulomatic sequencing of
statement numbers and insertion of end-of-batch symbols
are assumed to be orniginal. -

LANGUAGE: ASSEMBLER (75%); FORTRAN 1V (25%)
MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 2,104 source statements
PRICE: Program $310 00 Documentation $4.50
PROGRAK NUMBER: MSC.17567

Indices and Cross References From Computer Readable
Text

This program was developed to provide indices and
cross reference tables from computer readable texts. The
program witll produce an index on selected werds or
phrases. The program will search the text and reference all
occurtences of the specific words or phrases used as

search heys This program has been conhigured to process

Admumnistrative Termunal Service (ATSY generated texts
The program wilt operate with the Time Shzre Option
(TSOY or on batch processing computers.

LANGUAGE: PLY

MACHINE REQUIREMENTS: 1BM 360

PROGRAM SIZE. Approumately 97 source statements
PRICE: $50 00

NOTE The program price includes the documentation and
a program hsting only. The documentation 1s not sold
separatsly from the program listing

PROGRAM NUMBER: MSC.19423

29

R e T O




it a2y

(3 ]

AR

NSRS e T e P T y s oy M
B - 3 N A N T N T A R s i«.«fﬂ( Tt B 1t :Qxi,;.-'."'""»:,»..
Er Ty A

3-D Plotting Program, HP 9820A

. This procedure allows any 3 dimensional object to be
rotated to any angle in any view and plotted (drawn). The
£lot can be made of the object trom top view, side view or
end view and if desired. all three views can be plotted on
one piece of paper. Dynamics have not been included and
this program does not suppress fines which detine the tar
side of the object.

LANGUAGE: Not Applicatle

MACHINE REQUIREMENTS: Hewlett-Packard 9820A
Hewlett-Packard 9862A

PROGRAM SIZE: Not Applicable

PRICE: $45.00

NOTE: The documentation price includes the documenta-
tion and a program histing only. The documentation is not
sold separately from the program listing.

PROGRAM NUMBER: MSC-19460

Contour Flotting, FORTRAN {V Subroutines

These FORTRAN 1V subroutines are designed to produce
3 contour graph for a user-coded bivariate function. The
routines are independent of the specified plotting equip-
ment and; therefore, can be used with basic plotting
subroutines for any equipment. A gnd-scanning approach
i5 used rather than a curve-following method. Resolution
depends enlirely on the fineness of the gnd specitied by

the user. Since a curve following method must include -

som torm of scanning to avord missing isolated curves, it
s believed that the approach used here ts more efficient
than curve-following when graphic display is the desired
end-product. For applications requiriig extreme precision,
the contours produced as above could be refined by
grad.ent methods or by reapplication ot the routine, using
a finer gnd on smaller regions containming the curves ot
interest. The number of function evatuations, NX x NY, is
tixed by the user’s specification of NX and NY and. in
particular, is independent of the number of ditterent
contour values requested. 1t 1s not necessary to be able to
store the entire matrnix of NX x NY gnid values simultane-
ously. An array of (NX ¢ 2) words provides alf the space
needed to save values at gnd points. The construction of
contour strings uses hist-processing technigues, so 1t is not

necessary to anticipate the number of distinct contour -

curves or the number of points per curve. If the storage
avatlable for the contour strings becomes exhausted, the
subroutine interrupts processing o that the stnings can be
sent {o the basic plolting subroutines belore processing is
resumed.

LANGUAGE: FORTRAN IV
MACHINE REQUIREMENTS: 1BM.7090-7034. SC 4020

OARER 2 5 U dacsy

!ott er )
PROGRAM SIZE: Approxlmalely 938 source statements
PRICE: Program $140.00 Documentation $12.00
PROGRAM MNUMBER: KPO-10127

SFTRAN-—Structured Progrsmming tc Fortran Transtater

The program SFTRAN (Structured Programming to
fortran Translator) was written to allow Fortran pro-
grammers to use the logical control elements of structured
programming. These ¢lements include the fundamental
syntactical elements tF( ) THEN, ELSE, and DO WHILE as

well as certain other elements supplied for user conve-

nience such as PROCEDURE declarations, DO UNTIL, DO
CASE and DO FOR. Because the Fortran language does not
recognize the basic language structures used in structured
programming, SFTRAN s a tronsiator that converts
structured programming source stalements nto Fortran
statements acceptable to the Fortran compiler. The source

- code distiibuted hy COSMIC for SFTRAN is written in

structured Fortran, however the exscutable code for
SFTRAN is also recorded on the distnbution magnetic
tape.

LANGUAGE: SFTRAN

MACHINE REQUIREMENTS: Univac 1100 Series
PROGRAM SIZE: Approximately 680 source statements
DISTRIBUTION MEDIA: 7 track UNIVAC FURPUR Format-
ted Tape

PRICE: Program $380 00
PROGRAM NUINBER: NPD-13602

FLOVWCHARTER—Program For Producing Flow Charts ct
fortran Source Decks, GE-635 Version

The Flo Chart program is designed to produce flowcharts
of programs wntten in FORTRAN IV or FORTRAN Il. The
program gives the ability to revise charts easidy and to
produce at will accurate, readable diagrams of the
program under consideration. This program has several
advantages over previous methods of manually drawing
and revising detailed tiowcharls. Other than obvious
advantages ¢t speed. minimum expense and quabity of the
product, there 1s a detaill of the charts that allows the
programmer to easily construct 3 higher level logic
diagram. 1t is also a handy debugging tool, since charls
may be preduced at any time to assist in studying the
program steps and their logicat relationships.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: GE-635

PROGRAM SIZE: Approwmately 591 source statements
PRICE: Program $160 00 Docum- jation $5.00
PROGRAM NUMBER: WLP-10020

Documentation $9.00
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3.0 Plotting Program, HP 9820A

. This procedure allows any 3 dimensional object to be
rotated to any angle in any view and plotted (drawn). The
clot can be made of the object from top view, side view of
end view and if desired, all three views can be plotted on

" one piece of paper. Dynamics have not been included and

this prog,ram does not suppress lines which define the far
side of the object.

LANGUAGE: Not Applicable

MACHINE REQUIREMENTS: Hewlett-Packard 9820A
Hewtlett-Packard 9862A

PROGRAM SIZE: Not Applicable

PRICE: §4500

NOTE: The documentation price includes the documenta.
tion and a program tlisting only. The documentation is not
sold separately from the program hsting.

PROGRAM NUMBER: MSC-19460

Contour Plotting, FORTRAN IV Subroutines

These FORTRAN IV subroutines are designed to produce
a contour graph tor a user-coded bivanate function. The
routines are independent of the specified plotting equip-
ment and; therefore, can be used with basic plotting
subroutines for any equipment. A gnd scanning approach
is used rather than a curve-following method. Resolution
depends entirely on the fineness of the gnd specitied by
the user. Since a curve following method must include
some torm of scanning to avcid mussing isolated curves, it
+s pelieved that the approach used here is more efficient
than curve-following when graphic display 1s the deswred
end-product. For applications requinng extreme precision,
the contours produced as above could be refined by
prad.ent melhods or by reapplication of the routine, using
a finer grid on smaller regrons containing the curves of
interest. The number of function evaluations, NX x NY, is
tixed by the user’'s specification of NX and NY and, in
particular, is independent of the number of difterent
contour values requested. It is 1ot necessary to be able to
store the entire matnx of NX x NY gnd values simultane-
ously. An array of (NX + 2) words provides all the space
needed to save values at gnd pomnts. The construction of
contour strings uses hist processing technigues, so it 1s not
necessary to anticipate the number of distinct contour
curves or the number of points per curve. tf the storage
available for the contour strings becomes exhausted, the
subroutine interrupts pracessing so that the stnings can be
sent to the basic plotting subroutines before processing is
résumed.

LANGUAGE: FORTRAM IV
MACHINE REQUIREMENTS: IBM.7090-7094, SC 4020

T LA WA\}&“-“Vt“

plotter
PROGRAM SIZE: Approx.ma(ely 933 source statements

PRICE: Program $140.00
PROGRAM NUNABER: KPO-10127

SFYRAN——Structured Programming to Fortren Transiztor

Documentation $12 00

The program SFTRAN (Structured Programmung to

fortran Translator) was written to atlow Fortran pro-
gramimers to use the logical contro! elements of structured
pregramming These elements include the fundamental
syntactical elements IF( ) THEN, ELSE, and DO WHILE as
well as certain other elements supphied for user conve-
nience such as PROCEDURE declerations, DO UNTIL, DO
CASE and 0O FCR Because the Fertran language does not
recognize the basic language strucitires used in structured
programming, SFTRAN 15 3 translator that ccnverts
structured programming scurce statements into Fortran
staternents acceptable to ihe Fortran compiler. The source
code distnibuted by COSMIC for SFTRAN 1s written in
structured Fortran, however the executable code for
SFTRAN is also recorded on the distribution magnetic
tape.

LANGUAGE: SFTRAN
WACHINE REQUIREMENTS: Unmivac 1100 Series
PROGRAM SIZE: Apprommately 680 source statements
DISTRIBUTION MEDIA: 7 track UNIVAC FURPUR Format-
ted Tape

PRICE: Program $320 00
PROGRAM NUMBER: RP0O-13502

FLOWCHARTER——Prozram Far Producing Flow Charts of
Fortran Source Dacks, GE-635 Version

The Flo Chart program s designed to produce flowcharts
of programs wntten in FORTRAN IV or FORTRAN I1. The

Documentation $9.00

program gives the ability to revise charts easily and to-

produce at will accurale, readable diagrams of the
program under cons:ceration. This program has several
advantages gver previous methods of manually drawing
and revising detailed tiowcharts. Other than obwious
advantages of speed. mirumum expense and quality of the
product, there 1s a detadl of the charts that ailows the
prigteammer o easity construct 3 higher level logic
diagram. 1t 1s also a handy debugging tool, since charts
may be rreduced at any time o assist in studying the
program steps and their logical relationships.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: GE-635

PROGRAM SIZE: Approwmately 591 source statements
PRICE: Propram $1€0 00 Docum~ :ation $5.00
PROGRAM NUMBER: WLP-10030
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ELECTRONICS

Includes electronic rircuit design an analysis;
design and development of basic electrical and
electronic components; feedback and control
theory.

VASP——-Variable Dimension Automatic Synthesis Pro
gram ‘

VASP is a Variable dimension Fortran version of the
Automatic Synthests Program called ASP. The program is
used to implement the Kalman filtering and control theory
Basically, it consists of a 31 subpregrams for sob.: = neat
modern contro! problems in inear, ime-varta.»; .- time
invariant) control systems. These subprograms include
operations of matrix algebra. computation of the exponen:
tial of a matrix and its convolution integral, and the
solution of the matrnix Riccati equation The user calis
these subprcgrams by means of & FORTRAN main
program, and so can easily obtain solutions to most
general problems of extremzation of a quadratic function-
al of the state of the hinear dynamucal system. Particularly,
these problems include the synthesis of the Kaiman filter
gamns and the optimal feedback gains for minimization of a
quadratic performance index. The VASP 1s an outgrowth ot
ASP and has the following improvements: (1) more
versatile programming language: (2) more convenent
input/output format; (3) some new subprograms which
consolidate centain groups of statements that are often
repeated; and (4) vanable dimensioning. The pertinent
difference between the two programs s that VASP has
variable dimensioning and a more efficient storage. The
documentation for the VASP program contains a VASP
dictionary and some example prob'ems. The dictionary
contains a description of each subroutine and istructions
on its use. The example problems include dynamucal
response, optimal control gan, solution of the sampled
data matnix Ricatti equation, matrix decomposition, and a
pseudo inverse of a matnx,

LANGUAGE: FORTRAN 1V, H LEVEL compiier

MACHINE REQUIREMENTS: Tested on IBM 360/67 TSS
PROGRAM SIZE: Approumately 2.259 source statements
PRICE: Program $590 00 Documentation $15 00
PROGRAM NUMBER: ARC-10616

AUTOWIRE—~—IBI-360 Version

The AUTOWIRE /360 pregram s used to assist the fogic
designer n the translation from his origiral design to the
finished hardware The assistance s in the form of
diagnostic tests, module placement guides. and machine
mstruction cards to drive the Gardner-Oenyer Automatic
Wire-Wrap machine. The hardware 15 11 the torm of six
socket panels mounted on an alununum trame. A total of

3

360 14 pin dual in-line packaged integrated circuits may
be plugged into the six boards and interconnected by the
AUTOWIRE 360 prosram. The wired frames are mounted
n multipte in conventional rack type drawer assembhies.
Although the program s designed for a particular panel
assembly, it may eastly be modified to support sumular
panel/socket assemblies. Program documentation con-
sists of a user's guide, programmer's guide, operator’s
suide, and logic designer’s guide.

LANGUAGE: FORTRAN IV (98.8%). ASSEMBLER (1.2%)
MMACHINE REQUIREMENTS: 1BM-3560

PROGRAM SI7E. Approumately 4.553 source statements
PRICE: Program $840 00 Documentation $36.00
PROGRAM MUMBER: GSC-11526

Puzzie——Computer Aided Design

This program package represents engineernng design
software. it 1s a single program which s applicable to
problems of dewigruing prninted circuit boaras and s
capable of desigming two-stded boards with a vanety of
components The technigue of man-machine interaction s
used mn which the deswner retains contrel over certain
design dectsions while the computer solves topological
problemis and turnishes graphic output suitable for printed
circut production. This techmque of man.machine
interaction has the advantage of munmizing costly
computer time necessary for the completion of a circuit
card Restrnictions of the programs are: (1) path lengths are
not tmiumized, the routing logic tends to produce short
paths but no effort is made to assure that they are the
shortest paths possible; (2) through holes are not minim.
1zed, (A smcothing routine tends 10 reduce the number of
holes carrying Iines back and forth through the surfaces of
the board, but the algonthm does not murumize them):
(3) sclutions to portions of the topological routing may be
ncomplete, requinng 1-anecessary jumpers or touch-up o*
the artwork. Also the pen and ink drawings are produced
by a Cal Comp Piotter and may be used to preduce
prototype circurt beards by cirect reproduction, but if the
h:gh quality needed tar a proaaction run s to be produced
an oplical ptotting system s needed Inthis case, a Gerber
optical plotting system has been used to plot PUZZLE
output It produces hiph quality Him positives directlty The
pregram operales inointeractive mode and though it s
presently written for CDC 6000 Series machines K s
written entirely in FORTRAN [V and it would be reascnably
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ELECTROMNICS

Includes electronic rircuit design and analysis;
design and development of basic electrical and
electronic components; feedback and control
‘theory,

VAGP—Variable Oimencion Automatic Synthesis Pro-
gram

VASP is a Variable dimenston Fortran version of the
Autcmatic Synthesis Program called ASP. The program s
used to implement the Kalman filtening and controt theory
Bastca'ly, it consists of 2 31 subprograms far so!, - i =t
mocern control problems in inear, ime-vana.»® «i- L
invatriant) control systems. These subprograms include
operations of matrx algebra, computation of the exponert.
t:al of 3 matnx and ds convolution integral, and the
solution of the matnix Riccall equation The user calis
these subprograms by means ¢f & FORTRAN man
program, and <o can easily obtan solutions 1o most
general problems of extremization of a quadratic function.
al of the state of the knear dynamcal system. Particularly,
these probiems include the synthes:s of the Kalman filter
gams and the optimal feedbach gains for mununization ot a
quadrat:c pertormance index. The VASP s an outgrowth of
ASP and has the {ollow.ng improvements: (1) more
versatile programming language: (2) mare conventent
input/output format: (3) some new subprograms which
consol:date certain groups of statements that are often
repeated; and (4) vaniable dimensioning. The pertinent
difference between the two programs s that VASP has
variable dimensioning and a maore etficient storare. The
documentation for the VASP program contains a VASP
dictionary and some example prod'ems. The dictionary
contains a description of each subrouting and instructions
on s use. The examgple problems incluge dynanmicat
response, optimal control gain, solution of the sampled
data matnx Ricatti equation, matnix decompos:tion, and a
pseudo inverse of a mainx.

LANGUAGE: FORTRAN 1V, H LEVEL comprier

MACHINE REQUIREMENTS: Tested on 18% 360/67 1SS
PROGRAM SIZE: Anpronimately 2,259 scurce statements
PRICE Program $590 00 Decumentation $15.00
PROGRAM NUMBER: ARC-10516

AUTOWIRE—1BM-360 Version

The AUTOWIRE /360 pregram s used to assist the logic
designer 1in the trarislation from tus ongiral design to the
fimished hardware The assistance s in the torm of
diagnost:ic tests, module placement guides, and machine
mnstruction cards to drrve the Gardner Jenyer Automatic
Wire-Yirap machine The harcware 15 10 the form of six
socket panels mounted or an aluminum trame A tota! of

350 14.pin cual in hine packaged integrated circuits may
be p'ugged into the six boards and interconnected by the
AUTOWIRE/ 360 program The wired trames are mounted
i muitiple 1n conventional rack type drawer assemtlhes.
Although the program s designed for a particular panet
assembly, it may easily be moditied to support similar
panel/socket assemblies. Program docurientation con-
%588 of a user's guide, programmer’'s guide, operator's
fude, and logic designer’s guide.

LANGUAGE: FORTRAN IV (98.8%): ASSEMBLER (1.27)
MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE. Approumately 4,553 source statements
FRICE: Program $#40 00 Documentation $36 00
PROGRAM MUMBER: GSC-1152¢

Puzzle——Computer Aided Design

Thus program package represents engineernng design
saftware. it 15 a single program which < applicable to
problems of designing printed circurt boargs and ts
capable of desining two-sided boards with a varniety of
compenents. The technique of man-machine interaction s’
uned 1n which the designer tetains control over certain
devign decisions while the computer sclves topologicat
froblems angd furnishes graphic output sintable for printed
circat production  This techmique of man-machine
imnteraction has the advantage of minmizing costly
computer Ume necessary for the comptetion of a circust
card Restrictions of the programs are: (1) path lengths are
not muimimized. the routing logic tends to produce short
paths but no effart 1s made to assure that they are the
shortest paths possible; (2) through holes are not mmmim-
12e4, (2 smocthing routine tends to reduce the number of

hgtes carrying lines back and forth through the surfaces of

the bSoard, but the algorthm does not mimimize them);
(33 solutions to portions of the topologicat routing may be
NLomplete. requIling LaNecessary jumpers of touch-up o*
the artwork. Also the pen and ink drawings are produced
tty a Cal Comp Plotter and may be used to produce
prototype crcud beards by Cirect reproduction, but if the
tugh quahity needed for a progaction un *5 to be produced
an cplical pletiny systerm is needed. in this case, a Gerber
cpical plotting system has been used to plot PUZZLE
castput 1t produces tigh quahity tim positives directly The
pregram operates an anteractive mode and though it s
firesently wrtten for CDC 6000 Series machines 1t s
weitlen entirely in FORTRAN IV and it would be reasonably
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convenient to convert the prcgram for use on other

. machines.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series with Cal
Comp Plotter (see abstract)

PROGRAM SIZE: Approximately 2,427 source statements
PRICE: Program $700.00
FROGRAKM NUPMBER: GSC-11947

AUTOSKEM I—Autométic Electronic Schematics Program

This program package represents a utility program for
drawing electronic schematics on a digital plotter.
Schematic symbols inciuded are lead, circle, arc, ground,
ncde, number, resistor, capacitor, inductor, battery, AC
sources, diodes, and transistors. The program can draw
either a ‘B’ or 'C' size drafting paper outline and has been
designed to be used by personnel with no prior computer
programming knowledge. A high degree of versatility is
zllowed by the program and constraints are few. The
program operates in batch mode and requires the
availability of two 7 track tape units and a Calcomp plotting
package.

LANGUAGE: FORTRAN [V (95%) MAP (5%)

MACHINE REQUIREMENTS: IBM 7094

PROGRAM SIZE: Approximately 1,558 source statements
PRICE: Program $£70.00 Documentation $2.50
PROGRAM NUMBER: GSC-11948

SEE—Systerns Effectiveness Evaluation Computer Pro-
gram

A system of eight integrated computer programs has
been developed to assess the effectiveness of any complex
electronic syster.s. The programs were originally developed
to ascess the reliability and maintainability of twelve sets of
Acceptance Checkout Equipment/Spacecraft ZAEC-S/C),
each szet containing 175 racks of equipment and 1,000
price parts. input to the System Effectiveness Evaluation
(SEE) Programs consists of system configuration data,
elapsed time meter readings and edited failura reports.

The outputs of the SEE Programs are: (a) Mean-Times-

between-Failures (MTBF) and Mean-Times-To-Repair
(MTTR) for all unique parts of assemblies, for all subsys-
tems and for the system, with 2ssociated confidence
parameters and flagging of weak links. (b) Printer-plotter
trend charts of the MTBF's and MTTR's. (¢) MTBF and
MTTR correlation charts comparing performance of all
ground staticns. {(d) Computation of systemn reliability,
availabllity and expected cumulative downtime during 2
simulated mission. (e) Numerous utility program.s used in
spares prediction and to assist in identification of problem
areas. Proper and timely integration of three separate and
distinct data areas are essential for desired results: A set of
transiation tables to precisely encode the complete iogical
description of all equipment to be assessed; systematic
reporiing and processing of failure experience; periodic
recording and processing of equipment operating time.
Tne primary feature of the SEE Program is the ability to
rapidly pin-point equipment problem areas for corrective
action down to the lowest possible level cf assemnbly. The
programs can be rnodified to L : utilized by any large
complex electronic system.

LANGUAGE: FORTRAN (67.65"); GMAP (32.35%)
MACHINE REQUIREMENTS: GE-635

PROGRAM SIZE: Approvimately 12,175 source statements
PRICE: Program $1,000.00
PROGRAM NUMBER: HQN-10306

32

Documentation $14.50 .

Documentation $21.00
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ASAP——Automated Statistical Analysis Program

ASAP (Automated Statisticai Analysis Program) was
designed to perform a Monte Carlo statistical 2nalysis on
the d-¢ currents and voltages of transistor and diode
circuits. It was intended that the ASAP user be required
only to provide a simple topological description of the
circuit in an English-text form. The ASAP program, through
a pattern-recognition subprogram, scans and analyzes
input data, producing a tzble which indicates the sections
of this data. The program then uses this data to write a set
of Kirchoff equations and then solves them algebraically
using the Gauss reduction method. ASAP will build a
mathematical mode! of the circuit and its nonlinear
compcnents, then a subroutine will perform the statistical
analysis. The topological description ~ *12 circuit may

_include resistors, voltage sources, curren. . ces, dicdes,

and transistors. The diodes and transistors are represent
ed by voltage-current tables supplied as input data.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE: Approximately 5,000 source statements
PRICE: Program $620.00 Documentation $10.00
PROGRAM NUMBER: LAR-11125 ;

STICAP——Linear Circuit Analysis Program with Stiff
Systems Capability

Most computer aided networkx analysis programs are
designed to relieve the user of the following burdenc:
(a) Circuit translation - the obtaining of the differential and
algebraic equations governing the network, starting from
an casily specified description of the circuit in the
terminology of the network decigner, and (b) Numerical
integration - the obtaining of a numerically accurate
solution of the imtial value problem for this set of circuit
equations. The present state of the art allows a reasonably
effective <olution of the former problen. However, most
first generation circuit analysis programs are somewhat
restricted in scope, as regards the latter, in the instance of
stiff networks which are characterized by widely separated
time constants. In such circumstances the numerical
integration techniques implemented in the first versions of
programs like CEPTRE and ECAP require such pruhibitive-
ly small time stens that they become impractical 25 aids to
analysis. The primary reason for the design of STICAP is
the motivation to combine the capabilities cf circuit
translaticn using the state varizble topological approach
with efficient numerical integraticn techmques for tran-
sient analysis, using algonthms which possess bcth stiff
and non-stiff capabiiities. The STICAP program is restrict-
ed to the analycis of linear time invariant networks. It
represents a merging, with some modifications to each, of
Pottle’s circuit 2nalysis program CORNAP with Gear's
program ALGORITH 407 - DIFSUB, for the automatic

" integration of ordinary differential equations. The program

package is best wiewed as consisting of three ceperate
components, or r.odes of operation, each having some
advantages and disadvantages over the others in different
circumstances. In each mode the common method of
circust translation is that orizinally employed in program
CORNAP, a topological approach the result of which is a
set of first order hinear ditferential equations governing the
time evolution of the circuit state vanables. The CORNAP
mode makes selectable the program CORNAP with all
previous capablitres, tut optional selection of certain data
printing features. These czpabilities include calcutation of
transfer functions, zeroes of transmission, frequency and
time response of the circuit. The fourth order numerical
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integration algorithm implemented in CORNAP tor time
domain analysis is absotutely stable; hence, it may be used
for either stiff or non-stift networks. However, the stepsize

is fixed throughout the duration of computation, a teature

which can be unecanomical in some instances. Further,
other than impulse or step funclions, the only type of
circuit input is sampled data. The Goar and Mattix modes
may be used to compute time domain transieit, impulse,
or step responses only, with the option of catiing CORNAP
subroutines to obtain transfer funchions and zeroes of
transnussion. The Gear mode allows the selaction of esther
an Adam’s ntegraticn - method, suitable tor non-stitf
equations, or else the methods of Gear, suttable for stiff
equations. This mode can be used for analysis ot the
general hinear time tnvariant network, with torcing func-
tions specified using the {ull power of the FORTRAN
language, or by mezns o sampled data In toth cases,
automatic order selevtion techiniques and vanatiens «nthe
step size are employed &s the integration preceeds, to
achieve a desired leve! of accuracy with the munimum
number of integration steps  The maxtmal orde rtruncation
error selectable by changing from one atgpornithm to another
via the automatic order selection process 1s an eighth
order Adam's methad or a sixth order stitt atponthm. Inthe
matrix mode, a special decomposition 2t the system
mafrix in terms of its eigenvalues 1s empoyedd, to obtain a
closed form solution which avoids a numencal integration.
The resulting method 1s computationatly rapidt and may be
used for ether sttf or non-stitt networks; however, 1t 1s
applicable only in the case of no ~epeated epenvalues ot
the system matnx, axd for systems whose forcmg
functions are linear combinations of sinusmdal, cosimna-
soids, m\pulsc or step 1u-1clmns

LANGUAGE: FORTRAN IV )

MACHINE REQU!.cMENTS. CDC 6000 Senes

PROGRAM SIZE: Approximately 9,208 source statements
PRICE: Prepram $1.440.00 Docutientation $24.50
FROGRAM MUMBER: LAR-11184 -

Deiign of ficrostrip Componants, by Computar

This study presents a numter ot computer programs
used in the synthesis of nucrowave components in
microstrip geometries. The progrems compuite the electris
cal and dimensional perameters required to synthesize
coupiers, filters, circulators, transtormwes, power splitters,
dinde switchies, multiplier,, diode attenuators and phase
shitters. Additional programs are ncluded to analyze and
optimize cascaded transnussicn lines and fumped cle-
ment networks, 10 analyze and synthesize Chebyshev and
Butterworth  filter prototypes, and to compute muxer
intermodulation products. Ttus group of programs can be
divided into component synthesis and design prograims.
The single strip programs include synthests of low pass
fitters, lumped high pass tilters, nucrostup stopband filter,
stepped impedence transformer, hybnd ning and finite
ciculator. The coupled nucrostup lines mclude end
coupled bandpass filters, paraltel coupled bandpass
filters, nucrostnip  directionar coupler and hwbnd T
synthesis. Destgn ads include the Chevyshev response.
spunous mtermodulation products, and anslysis/oplimi-
zation. Mu'tipher design auds are diode charactenstics and
analysis, output and «dier circuts, ang the mucrostnp
tnupler This s a very complete and comprehensive system
that would be usefu! to any environment requuning design
or analysis of microstnp components.

LANGUAGE: FORTRAN IV
MACHINE REQUIREMENTS: CDC G000 Series

PROGRAM SIZE: Approximately 6,000 source statements
PRICE: Program $950.00 Documentation $15.50
FPROGRARY HUMBER: LAR-11220

ing

This software package is an electrical engineering
program developed for documenting the wiring intercon-
nections in complex etectrical systems. This computerized
technique eliminates the need for dratting numerous
detailed wiring diagrams, and the attendant problems of
keeping them up to date with the many changes which
often vccur duning development and testing. The charac-
tenstics and tunctions of each conductor in the elctncal
system are input to the program. Each component s
asstgned a unit number and a sequential signal number
wentifies all conductors from each unit. The output
tabulations include each canductor with both termination
points; and a hriet descnption of the function of the
conductors in the system are given. The output wire hists
show the ongin of each conductor, its destination, the
cable designation nurnber, and the electrica!l charactens-
tics of the circunt. The program is particularly adaptabls to
complex systems where a large number of components
are to be interconnected. The program operates in batch
mode.

LANGUAGE: FORTRANN

MACHINE REQUIREMENTS: IBM 7094

PROGRAM SIZE: Approuimately 472 source statements
PRICE: Program $330.00 Documentation $7.00
PROGRAR RURBER: LEW-11749 : i

ECAP-—Elsctronic Circuit Analyzis Pregram, IBRY 360
Version

The Electronic Circuit Analysis Program (known as
ECAPY is an integrated system of programs designed to aid
the electnical engineer in the design and analysis of
electronic crrcuits.” This system of pregrams can produce
0OC, AC, and/ar transient analyses ot electrical networks
trom a descuption of the connections of the network (the
circuit topology), a bist of corresponding circuit element
values, a selection of the type of analysis desired, a
description of the circuit excitation, ard a list of the output
desired. ECAP recognizes a set of standard electicat
circuit elements. Any electrical. aetwork that can be
constructed trom any or all of the difterent elements in the
set can be anatyzed by ECAP. There s almost rio linit to
the number of ways that the cuircuit elements can be
arranged in the network, The set of standard circuil
elements uons not include electronic coinponents, but
many cases, these components are easily simulated by
means of equivatent circtits constructed of standard
elements. A number of examples are mcluded in thus
manuat that mvolve the use of equivalent circuits. ECAP
altows the circust designer to econonucally and efficiently
exanmune the performance ot a circut dunng the vanous
stnpos of its (‘os:gn by usmg a computer sather than a

“breadbowrd” In thus way. the designer can rapdly
determine the var*ttions in crrcunt response that corres.
pond to change i cucuit parameters. Studies can be
made ot circuits that contain costly components that may
be ditficult to obtarn. Destructive excitation can be applied
to the circuit with no tear of destraying expensive
electromc cwcuit elements, Worst case comtnnations,
which are hard or practically imposstble to realize in the
laboratory, can be examined. Measurements that may he
dithcull to make, and time consunung to mstrument, can
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be made quite simply on the computer. Circuit connec
tions can be changed rapdly In many cases. ECAP can

weave the desipner with a clearet msght into the aperation.

of the crrcut than could be obtained with a breadboard
study, and often at constdetably less cost.

LANGUAGE. FORTRAN tV

HAACHINE REQUIREMENTS: IBM 360370, CDC 6000
Seres, UNIVAC 1100 Senes
PROGRAM SIZE: 1HM Vers
staterments

COC Vers - Approumately 10,000 source statements
UNIVAC Vers - Approximately 7.000 sovirce statements

- Approxsmatety 5600 source

PRICE: 1BM Vers. - Program $820.00 Documentation
$19.00
CDC Vers - Program $600 00 Documentation $9.50

UNIVAC Vers - Program $63° 10 Documentation $8.65C
PROGRAM NUMBERS: 1BM Vors. - 81FS-13094

CDC Vors. - LEW-10667

UNIVAC Vers. - KP0-11412

CIRCUS~—A Digital Computer Program -(or Transiont
Anzlysis of Electronic Circuits

Thus program s desipned to simutate the time domain of
response of an elocttome cucant to an arbitrary forcing
function CIRCUS uses a charge contro! parameter madat
o represent each semwconductor device When piven the
primary photocuttent induced i the semieconductor

~devices. the tansient behavior of a cuacot in a tadiation
enviranmert can be deternuned  The program mitiably sets
up  tme-domam circul. eduations trome a8 topolygicad
descnption of the netwark Steadv-state mutial condiions
are tound by sething the dilterential equations to 2ero, then
evaluatiyg: the tansient solution by numencal integration
of the ditterential equations The program output includes
the input data and coluneat bistings of network vartatles
v e Virtually any cucut vanable including carrents
atd voltages iternat to the senuconductor devices, may
be displayed Althaugh no ploting capabiliy 1s arcinatdy
supphed with CIRCUS, provisions have been made fivr
SavIng vatables on tape tor subsequent pratting or turther
analysis hy other programs

LANGUAGE. FORTRAN H (93}, ASSEMBLER (74
MACHINE REQUIREMENIS 1BM 360

PROGRAM SI7E Approximiately 6.987 source statements
PRICE Program $700 00 Documentation $23 00
PROGRAIA NUMBER: MFS.15602

MPP~—Control Pragram to Determine Kinimum Fhase
from Varizble Gain Characteristics

In designmyg control systems, it s required 1o desypn a
passive electncal networh wluch satisties specitied gam
and phase chatactenstics 1t assumed that a pasnswve
netwark can bie constructed whose correspondmg transter
tunchion refieets stabuldy ot the network i the munemuom
Phase lag associated with g specitied ga ncharactenstic w
fess than a desued phase tag, then an actaas electncad
fetwork Gan be constructed wheeh will satisty hath gam
and pliase charactenshios set torth by the enenet. The
Mitmmam Phase Propram deternunes Gy mwemam
Phase vt at passive electnest netwo ks retlectay the
depr v 3 statulbity of the teanster tunctions basicatly
esta - ed by the o charactenstics detormined by the
e e i the program nput The phase tag s deter:
nuned i the prograny as a tunchion of frequency tor a
specihied pan Chatactenstic Todescrbe gaim charactens
UCs the progiram usen anbaots g tabular aceay of pam versos
treguiency and two slopes The stopes are used to deting

the gamn curve ftor frequencies betore and atter the
trequencies i the tabular detined repion . The slopes are
mpats The integration techmgue employed s the trape-
Zancdal method and the integrgtion can be expressed as a
function of frequency. The tmits of ategration are
computed trom a fraction and muttiple which  are
mutiphed by each cth frequency value. The fraction and
multiple integration imits are user input The accuracy of
the techinque depends pramanty on the mcrement used to
form the base af each trapezomd The user can divide tne
curve anto three regions, each with s awn trequency
mcrement. The trequency ncrements are also user input

LANGUAGE: TORTRAN 1V

MACHINE REOUIR’EMENTS IBM 360

PROGRAM SIZE. Approxmately 412 source statements
PRICE: Program $380 00 Documentation $7 00
FROGRAM HUABER: 81F5-13045

Computerized Logic Da2sign of Digital Circults

A computenzed tagic design procedute s presented tor
a specially developed computer program that pertorms all
the work required tor the lopic design o digital counters of
sequential cireuts and the simplitication ot Boolean
expuessions  The program provides a simple, accurate,
and comprehensive logic desin capatniity to users bath
expenenced and totally inexpetienced in logic design The
program has breen developed tor two mades of operation:

“Counter desyzn and Bootean simphification §n the counter

desyin mode the program provides the simplified thp tlop
it equations for any desined sequence and using in
ether sum-of product or product-of sum torm tor any one
ar all of the tp Hop types The propgram also pravides
prntout of the ntermediate design steps used i obtaming,
the thp Hopainput eguations In the Bootean simphitic ation
muxde, the progrant simphties Boaoleao togic functions that
can be entered mether sum of product o product-of sum
form The counter despn maode can also be used for
desipn of sequential cucuts othed than counters The
progran can be used 1o any seqitentiat design application
whete o praupy of thp tlops are requited to change states in
a prescubed order Another useful teature of the program
15 that for a piven count sequence, the couter design
equttions can be obtamed tor several or all af the avatabie
tvpe thp tiops The desipner can compare these equations
for simphcity or some other desited charactenstic and
select the optinunn type tip thop tar the given sequence
Considerable eftort was eapended i the development of
these proprams to reduce the inbut data tequiements to
the simplest level possible and to present the output
resglts an @ solt explanatory and mstructive tormat

LANGUAGE FORTRAN v

MACHINE REQUIREMENTS UNWAC 110R

FROGRAM SIZE: Approumately 1067 soutce statemerts
PRICE Program $710 00 Dacumentation $17 50
FTROGRAM NUMBER: 14F5-22401

Yolerance Analysis Program

This proptam can be used to determune the mean and
wlerane vatues of anend to end snal cham or tow path
Untine many torerance deternunation techniques, this
progiram doen natb assume the nature or shape of the
nchvidual bualding tloch or et element probatehity
densty tunctions (PDEY Instead. it takes known cirgunt
ciement hardware test data, which may beain the torm ot o
fustopram or specthed as o nomnal value with an
associated set of hnuts, and statrsticatly surms the PDEF s ot
the indnadual crcatt elements ute overalt PDF tar the




complete end to-end signat path From thus overall PDF. a
set of imits is computed which contains a deswed and
preselected amount of probabtuity included between these
bhmats. This program s partrcularly well-suted tor defining
the tolerances to be spectfied 1n procutement or test
specifications, as well as having a utihtanan vatue n the
synthesis and analysis phases of the subsystem design
process. :

LANGUAGE: FORTRAN IV
MACHINE REQUIREMENTS: 1BM 360

PROGRAM SIZE: Approximately 1,400 source statements
PRICE: Program $570 00 Documentation $12.00
PROGRAN NUMBER: £15C-17437 '

Wire Chain Program, UNIVAC-1108 Version

The Wire Chain Program s of uze to anyone doing
complicated elv-ctrical/electroric circunt tayout or design
involving either wired or printed circut routing it provides
a histing of the contents of given efectrical chains. A chain
1s a proup of links (wire between two pin ponts) which are
tied together electrically, and a listing ot links which are
not tied electrically. The program requires three types of
input data: control, chain vertex (starting vertex of a fiver,
chamn), and link data. The program determines the format,
the source of the link input and what type of output 1s
required from the control data card. The cham vertices are
read in and intial the condition set up. As many as 50
chain vertices during one run can he handled by the
program and there can be N number ot inks.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS. UNIVAC-1108

PROGRAM SIZE: Approximately 1,026 source stalements
PRICE. Program $140 00 Docuinentation £2.50
PROGRAM NUNBER: NPO-11332

PATRAC—Computer Progfam for Analysis ot Circuits
Including Magnetic Cores

Transient analysis of ciwcints that include magnetic
cores 15 comphicated by the nonlineanty of the switch:ng-
core mode! and by the magnet:ic coupling among, the loop
currents  These difficuities have been overcome by
incorporaling static and dynanuc cote modets into the
automated circuit-anatysis computer program TRAC The
program has heen modified by including provisions tor
successive modes of operatton, conditional  morutor

anntout of vanable values in ditferent portions of the
program, pict and print-plot routines with external or
mternal specstications for scates, units, and frame sizes,
normal and crcut-fadure run termination, nonlinear
wductor and reststor models, etc. The modified cornputer
rrogram s named MTRAC. Time vanables (voitapes,
currents, MAE's, fluxes, etc.) of complex magnetic-core
cireuits (up to 60 nodes can thus be computed and plotted
automatically All that the user has to supply is the generat
run-control specifications, the circuit topology, and the
watues of tha circut-element parameters. The MTRAC
program consists of two sections, one deahing with
mubhialization. and the other with the transient sofution. The
mitialization section performs the following five tasks:
(1) Read n and print out general input data, (2) Read in
and print cut the circuit-element data, (3) Solve inital
conditions (opuional), Print out and store snitial conditions,
and (%) Read in and print’ out continued run-data
(optional) The transient-solution section performs the
following seven tasks: (1) Compute the magnitudes of the
tme-vanabe current and voltage sources, (2) Untl
conversence s achieved, compute by iterations (using a
routine tor <olving matrnix equations and a moditied
KNewton-Razchson method for solving matrix equations and
a modified tiewton-Raphson method for solving transcen-
dental equations) all the nodal voltages and all the
currents through the nontmear elements (diodes, transts.
tors, and magnetic-core windings); if necessary reset the
unknown values and cut the time step. -t, (3} Compute the
currents ‘trrough the hLinear elements, (4) Adjust -t
according to the recent convergence conditions and
update the time vanables for the next -t, (5) Store (for
plots) and prnt out the resulting time variables, (6) if the
run-time hirnut 1S about to bie exceeded, punch the final
results necessary for a tuture contitnued run on cards, and
(77 Print-pot the specified variable waveforms and store
the plot cata on a tape. begin a new mode, or exit.
fnstructicns for data entry by the user are provided. These
include definitions of special tunctions and/or aunihiary
varables, and input data cards specilying the run control
and the circut-element topology and parameter values.
The MTRAC program has been applied successfully to
transient analyses of several magnetic-core circuuts,

LANGUAGE" FORTRAN 1V

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM! SIZE: Approximatety 5,750 source statements
PRICE: Program $920 00 Documentation $25 00
PROGRALY HUMBER: NPO-11494
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FACILITIES, RESEARCH AND
| SUPPORY

Includes simulators and simulation methods; test
facility and test equipment design and operation;
cost effectiveness, examination and selection of
equipment, materials, personnel, and methods for
optimum performance of tasks; support facility
administration, management and i.wentory control.

Digits! Prozram for Solving tha Linezr Stochsctic Ogtimal
Contrcl znd Estimation Problem

This problem is a mathematics package containing
fourteen subroutines to solve the hinear stochastic optimal
control and estmation (LOSCHE, problem. The program
subroutines are iargely tmplementations of published
algorithms which were previously unavailable as computer
programs. The solution to the LSOCE problem is a Kalman
filter, which estimates the system states, coupled through
a set of optimal regulator gains to produce the desired
contro! signal. The key to solving the LSOCE problem is the
solution of the matrix Riccati differential equation. This
equztion occurs in solving for both the finite time cptimal
finear regulator gains and the. finite time optitnal linear

-estimator (Katman filter) pains. An important special case

is the finte time LSOCE problem, in which the main
equations to be solved use algebra:¢ (steady state) matrix
Riccati equations. The program is written 50 as to handle
systems of any order and is restricted only hy computer
storage size and accuracy. The program bas been apphed
in desigrung control systems for supersonic inlets. It
operates .0 batch mode and uses five subroutines (ARRAY,
SIMQ. FAZTR, HSBG. and tMINV) trom the IBM Scientific
Subrout n2 Package.

LANGUE Z: FORTRAN

MACHINZ REQUIREMENTS: IBM 7094

PROGRA § SIZE: Approumately 1,798 source statements
PRICE: Frogram $420.00 Documentation $18 00
PROGRA 3 NUMBER: LEW.12505

Magnetir. Tape Library System

The Nozinetic Tape Library System is a system of
programs sed to manage magnetic tape utilization in a
computin;, facility. The input to the system consists of a
tape hibré . master file, a date control card. and transac-
tion cards. The date contro! card contains the run date as
well as fields used in selecting the reports to be printed.
The transactron cards contain one of seven codes to
designate what action s 1o be taken with the data on the
remainder of the card. Incoming transactions are verified
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and edited. then processed apainst the master file.
Generated output consists of an updated master file,
control reponts and a report file. Nine 1eports are avaitable
to the user. The Error Report (R1), the Transaction Report
(R2) and the Summary Report (R3) are printed at the time
of processinig on an on-line printer and are control reports.
The rema:ming six reports, Assigned Tape Listing by
Employee (R4). Unassigned tape hsting (5). Tape Release
Schedule (R6), Tape Release Schedule ** Final Notice **
(R7), Assigned Tape listing by Tape (RB) and the Tape
Assigned Summary by Individual (R9) are user reports that
are printed off-line by an OS SLAVE print program that is
also a part of the sysiem.

LANGUAGE: ANS! COBOL

MACHINE REQUIREMENTS: IBM 360

PROGRAM SIZE: Approximately 1,800 source statements
PRICE: Program $680.00 Documertation $8.00
PROGRAM RUMBER: ARC-10342 .

CPil—Critical Path Wethod Computer Program

The Critical Path Method (CPM) program was developed
to assist in the planning and management of a project
where the interrelationships between activities and
functiona!l ateas are numerous and involved, or if the
responsibibties for various phases are fragmented or
widely spread, or if the project ts so large or complex it is
ditficult to visualize as a whole. Thrs program assists in
project management by utlizing the systems concept for
planning. scheduling, and coantrol ot an organization's
nroject objectives and plans. The system s based on the
network anproach, essentially an advanced conce ! of the
flow diagram, with the network made up of two basic
components-activities and events Actwities are physical
or mental work 10 be accomplished and make up the
project time or ife span, and are seen in a network as
arrows between events. Events are connection points
between activities, marking their beginning and ending,
They appear in a network as nodes or yunctions at which
activity arrows converge or diverpe. With the development
of the project plan, the network then displays sequential
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and parallel relationship between tems of work by its -

atrangement of activity ariows

LANGUAGE: FORTRAN V (90" ), ASSEMBLER (104)
MACHINE REQUIREMENTS: UNIVAC 1108. £xec 8
PROGRAM SIZE Appronmately 11,366 source staternents
FRICE Fropram $1.430 00 Documentation $69.00
PROGRAM NUMBER: C05-02330

KRGPSS—— NADC Generzl Purpose Snnulatuon System for
COC 6600 Series Computers

Ttus program pachage 15 an adaptation of the 1BM
General Purpose Simuafating System to CDC equipment
The  simulation system miay be used tor. conducting
evaluations and experiments on systems, methaods, proc
easeh, 0f designs It can beapplied to problems in which
transactions, people, o equipment are competing for
services of other people of equipment, when its of interest
how well the service arpam2zation will respond to demands.
Systent testig and tinte compression (s an advantage of
sunubalion systems such as NGPSS The input parameters
to NGPSS are deternuned trom « fiow chart of the system
beng simulated  An output edstor allows three output
options Output includes stalistics on transactions, as well
as plotter produced histograms and graphs Linutations of
the pachage are few. any wvstem with identifiable entities
nuy be simutated dana over tao tilhion charactenstics can
be assigned 1o the transactions -bemng maodeled. The
package represents an entire sunulation system tor CDC
6000 senes machines operating under SCOPE 33 The
system operates in batch mode trom card nput. .

LANGUAGE: COBOL (52 ) FORTRAN (3!%) COMMPASS
(17

MACHINE REQUIREMINTS. COC 6000 Series SCOFPE 33
PROGRAM SIZE: Approximnately 17,552 soutce statements
DISTRIBUTION MEDIA. 7 Trach CDC SCOPE Formatted
Mag Tape

PRICE Program $1,980
PROGRAM NUMBER: DOD-CG037

CANS-—Computer Assisted Retwork Scheduling Systemn

Documentation $11.00

The computer Assisted Network Scheduhing System
(CANS) was develeped and implementeg to meet the
needs of the Mannd Space Flyght Network This system
provides efficient, effective management and control of
resottces 0 a complex schedubng environment. The

©systems an automated storage and retrieval management
tood The system stores, v computer files, resources
~avalable for sche - hing, accepts and analyres requests or
demands for use of resources; matches resources with
demands, and produces conthct free schedules for the
tme poneds specified by the user. Contlict analysic s
provided tor requested events that cannot be scheduled
due to resaurce conflict Thisas a general purpose program
that can be adapted ta assist management in splving
planming, controlling. and conthet tree scheduling praob-
fems m a complex resoutce scheduling environment

LANGUAGE FORTRAN IV, ASSENMBLER

MACHINE REQUIREMENTS IBM 360

PROGRAM SIZE- One “40() tt magnetic tape (unloaded
a4ty Sel)

PRICE Proyram 31 2R0 00
PROGRAM NUMBER: GSC-10909

GREMEX—Goddard Research and Engmeermg F..anage-
ment Exercise Simulation System

Documentation $13 00

GREMEX s a man martune seimulation game of the Life
of a Research and Development project plan through the

)
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construction phase The pama is computer based to the
extent that a computer 1s used 10 calculate (simulate) the
eftects of management actions and contractor perform.
ance. GREMEX 1s not new inthat it has previously had wide
distnbution, but the program and documentaton has been
revised infiumerable times in the past. This report is tor
the revised version as f exists to date The basic action of
the GREMEX program s 10 simulate ane month of project
vorh 1or each computer input or play The protect itselt s
descnibed in terms of a PERT network and 1s onignally
established by data cards at the start of the game. The
numetical reactions of the model are related *o typical
R&D projects and the PERT data cards include probabil
ties of meeting the tune, cost and performance goals
Provisions tor student inputs (decisions) to change these
values are provided. The computer program itselt must be
supported by other paper simulation da*a such as project
plan or contractor evaluation and seled on documents.
This sstmulation may be adjusted for the t=aching intent or
needs of the group in emphasts on the vanous ateas of the
project The general purpose GREMEX program handles a
project that consists of one to fifteen cantracts Any sort of
system may be represented by the program provided that
it consists of a connected sequence of events that can be
described in a tiow chart The program will accept any
project that consists of less than 1.000 events. A smaller
memoty computer could be utihized by reducing the
number of events and redefming certain dimension
statements through the routines. lmitally, the players are
presented with the project with the understand.ng that no
ground rules exist; however, NASA policy should be their
guide. They are permutted to do almost anything and the
model will teact as it would in reat hfe. To each player or
team of players there 15 avsipned a teteree-instructor who
serves as the interface between the players and. the
computer prograni. He convens the players decision 1o a
form that will be acceptable to the model.

LANGUAGE: FORTRAN H (93" ). ASSEmBLER (7~)
MACHINE REQUIREMENTS. IBM 360 :

PROGRAM SIZE: Approumately 5,706 source statements
PRICE- Program $610 00 Documentation $52 00
PROGRAN NUMBER: GSC-11512

GEMS—Generalized Evalustion Model Simulztor

Generahized Evaluation Model Simulator (GEMS) 1s a
stochastic, time event, digital computer program designed
to awd the analyst system desipns, and in determining the
sensitvity of system performance to changes in des'gn
parameters The program simulales. to a tigh level of
detail, the responses of complex systems of equipment
and personnelf as they are subjucted to a timea varying ioad.
A prime apphcation 1s to situatiens where a number of
“customers” must compete for the services of a system
with himited resources of equipment and personnel. where
the equipment can tad and personnel can commit errars,
and where the correction of these malfunctions s
constramned by operations and maintenance policy and
procedures. The program consists of over 60 modular
routines  Although expenience has shown that these
subroutines can be readily moditied tor special apphica
ton, GEMS has a wide apphicalulity without moditication
because of the general nature of the responses 1t
simulates, and because the toad and system charactens
tics are defined by the input data 11 1s especially useful
when the system pasameters are ether emperically
obtained and cannaot be readily mcorporated in an analvtic
mode!, or where they are unknown and “best values™ muust
be estabhshed by sensitwity analyses. GEMS deals in
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abstract entities known as “customers”™ and “functions,”
whose real world detinitions are maintained external to the
computer; only their pertinent charactenstics are entered
as mput to the simulation. Customers are any entities that
arnve at the system input and demand a specified set ot
cquipment or personnel functions to be interconnected
into an aperational contiguration A customer could be a
satellite commg in view ot a pround station, a batch of raw
data arnving, at a central computing faci2y for process:ng
and reduction, or an individusal requesting a communica
trons circunt from an operator. :

LANGUAGE  FORTRAN IV (834, PL/I (13%), ASSEMBLER
(3%)

MACHINE REQUIREMENTS: IBM 360/95

PROGRAM SIZE: Approumately 3.504 scurce statements
PRICE Program 83000 Documentation $28 00
PROGRAM NUXMBER: GSC-11641

CALICO—Capitzl Assets Locztion Inventary Control

The Capital Assets Location inventery Control (CALICO)
system s desaned o computenize and maintain a location
index tor every lem whuch s constdersd accountable
propetty To provide this tunction, a complete hist of tems
15 mantaned on magnetic - tape. This tape (CALICO
MASTER) s updated by the program and scanned to
obtain several reports to be tsed by the stock toom and
management personnel to guarantee current and accurate
focation mtormation about each dem and ds history of
previous  usage - Two propetty hstings are generated
showing the most current location indes for each item an
the CALICO MASTER tape The Active Property Inventory
shows alt dems which are actively i nventory, The
remarung dents which have been loaned. or transterred
trom the propertly tecord, of have been termporanty used as
equipmient 1or a short term contract, ate combined with
the active property to farm a Total Freperty inventory
Report Other reports inctude Debinguent Reports, Location
by Line Reports, and Chronologie sl History Reports

LANGUIAGE COROL

MACHINE REQUIREMENTS CDC-3000L Senes
PROGRAM SITE. Appronmately 927 source statements
PRICE: Program $360 00
FROGRANM HUNMBER: GSC-11652

Boeing Computetized Preventative fizintenence Program

From 1965 to 1970 there was no eftective system for
scheduling and -documenting pertormance by routine
preventive mamtenance on Boeing assigned  Ground
Support £EQuipment Preventive mamtenance was being
controtled by manually scheduting work orders tor release
of work and ventication of completion of the procedute
and on the woth arder  As preventne maintenance
consists of a farge number of small repelitive tashks, thus
contral systent proved to be cumbersome and did net
pravide timely reporting tor management sunvedlance A
computetoad mamtenance propram was implemented to
tahe care of the above problem. Thete are currently 7.000
active mamtenance ems on fle, generating approxmate-
ly 25,000 tash pertormances pet vear Since implementa
Lo the systen has proven (0 he an eftectye management
100! 10t adanunistening the preventne mamtenance pro-
gram  The Boeing Preventnve Mamtenance Systemt s a
computerited scheduling and reporting system which
automat:cally schedules proventive masntenance actw
ties, records histoncal data relative to maintenance
pertormance and provides detail s<chedubirg and work toad
visihildity  Automatic scheduling s accomplished as a

. Documentation $1300 .
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tunction of 1ast complete data and prescnbed frequency.
Since impiemantation, 100 percent of the hardware has
been maintamed on schedule. The system can generally
be teacily adapted to any existing work instruction media
without changing format The weekly management reports
give detaded wisibility of delinquent mamntenance to be
performead 10 weeks 1n advance. ’

LANGUAGE: COBGL

MACHINE REQUIREMENTS: Any computer with COBOL
Compiler and 200 h bites of storage, 2 tape drives and one
disc dnve.

PROGRAM SIZE: Approximately 4,238 source statements
PRICE: Program $770 00 Documentation $8 00
PROGRALY NURIBER: KSC-10805

Logistics, Hardware and Ssrvicss Contrad System

This computer system permuts on-site direct controf of
lopgistics operations which includes spate parts, inial
instatlation, tool control, and repairable parts status and
controf, through all tacets of operations. The system wilt
integrate all logistics actions and contro! recepts, 1ssues,
loans, repairs, fabrications and moditications to etfectively
predict and allocate fogrstics parts and services. The uset
nputs data on paper tape while posting a ledger and
mamtaining a real ime inventory posting file. Subsequent
repo.1s can be hatch processed as needed 1o provide up to
20 ditferent teports Status of all logistics requirements s
posted as needed with all repair, unserviceable transfers,
putchases., and shortages displayed on one ledger tor
complete inventory control, Configuration of parts s
further mantaimed via the use of a provisionng tedger
report which shows all next higher assembly apphcation,
elc. The sy<iem pernuts a real-time operational mode of
logistics 1ssues, teceipts. loans, shortages. etc. by making
direct inputs into a nuni computer, teceving hatrd copy
after edit, and batching data on paper 1ape {or remote
batch processing to oblain _management and working
teports The farge computer costs are mummized without
depredation of service and edit chechs are performied at
three distingt fevels of operation (nput to nuns; card punch
and ledger print calcutation edi; data element vs. tabie
edit. The advantages are the real tim2 mode of the
mventory balance, the generation ot an edited messarge,
and the subsequent batch processed reports which
integrate the provisioning tunction, tracking tunction, and
the inventory status into a completely controlled loqistics
operation inked to the user's (or production division)
requirements.

LANGUAGE: CORBOL

MACHINE REQUIREMENTS: IBM-360765

PROGRAM SIZE- Approvimately 5,168 source statements
PRICE: Program $770 00 Documentation $27 00
PROGRANM NUKIBER: ¥SC-10819

LRC NASA PERT it

This program pachage 1s an information system de
stgned to provide the information flow necessary for
project planming. monitonng. evaluation, and coordination
at the management lovel The system provides eftective
project control in the areas of time, cost and manpower;
aithough developed tor NASA projects, the dasien can be
moditied to cross manutactunng bnes. FERT TIME HI has
ncorporated many of the simportant features of eattier
logie tlow svstems plus many mproved and desirable
nnovations to further assist the user The system consists
of eleven basic processing phases including path location,
ewpected start and completion dates, and the production

39

T e e e ey .

el XS




. l‘.

SR

abstract entilies known as “customers” and “functrons,”
whose teal world detinitions are maintained eaternal to the
computer; only then pertinent charactenstics are enlered
as input to the simulation Customers are any entitres that
arnve af the systemanput and demand a specified set of
cquipment or personnel tunctions to be interconnected
into an operational conhguration A customer could be a
satellite coming i view of a ground station, a batch of raw
data artving at a central computing tacility for processmng
and reduction, or anindnaidual requesting a communica-
tions crcunt from an operator.

LANGUAGE: FORTRAN IV (83%); PL/E(14%), ASSEMBLER

(3%) -
MACHINE REQUIREMENTS: IBM 360,95

~ PROGRAM SIZE- Approumately 3,504 source statements

PRICE. Program SRIV 00 |
PROGRANM NUMBER: GSC-11641

CALICO—-Capital Assets Locstion Inventory Control

Documentation $28 00

The Capitat Assets Location Inventory Control (CALICO)
system s designed to computerze and maintain a location
index for every item wiich s’ considered accountable
property. To provide thes tunction, a complete hist of tems
1S mamtaned on magnetic tape. This tape (CALICO
MASTER) 1s updated by the program and scanned to
ottain several teports to be used b the stock room and
management personnel (o guaraniee current and accurate
location information about each tem and s history of
previous  usage. Two property bstings  are - generated
showing the most current location index for each ttem on
the CALICO MASTER tape The Active Property Invenioty
shows all tems which are actnely in swentory The
remanung items winch have been laaned. of transtetred
from the property record. or have been temporandy used as
equipment tor a short term contract. are combined with
the active property to torm a Total Property Inventory
Report. Othet reports include Debnguent Reports, Lovation
by Line Reports, and Chronological History Reports

LANGUAGE" COROL

MACHINE REQUIREMENTS: CDC 3000L Senes
FROGRAM SIJE. Approvimately 927 source statements
PRICE: Program 46000 Documentation $1300
PROGRAM NUMDBER: GSC-11652

Bosing Computarized Preventztive Maintenance Program

From 1965 to 1970 there was no effective system tor
scheduling and documenting performance by routime
preventive  mamtenance  on Boemng assigned  Ground
Support Equipment Preventive mantenance was being
controlled by manually scheduhng work orders tor release
of workh and ventication of compietion of the procedure
and on the woth order As preventive mamntenance
consists of a large number of small repetitive tashs, this
control svstem proved 10 be cumbersome ana did oot
provide imely reporting for management survedlance A
computetised Mmamienance Program was implemented to
take care of the above problem. There are cutrently 7.000
actine Mmamtenance items on tle, genetating approumate-

25000 task pertormances pet year Since implementa:
tion. the system has proven (o be an etfective managemeent
tool {for. adnunictenng the preventnve mamtenance o
gram The Boemng Preventive Mantenance System s a
computensed schedulny and reporting system which
automatically scbhedules preventive mamtenance actn-
tiwes, records hestoncal data relative 10 maintenance
pertormance and provides deta! schoduling and work laad

visbilty. Automatic scheduling s accomplished as a

function of last comnlete data and prescribed frequency.
Since implementation, 160 percent of the hardware has
been maintained on schedule. The system can generally
be readity adapled to any existing work mnstruction media
withaut changing format. The weehly management reports
give detailed visibslity of delinquent maintenance to be
performed 10 weeks in advance.

LANGUAGE: COBOL

MACHINE REQUIREMENTS: Any computer with COBOL

Compiler and 200 & bites of storage, 2 tape drives and one
disc drive.

PROGRAM SIZE: Arprmumatcly 4,338 source statements
PRICE - Program $770 00 Documentation §8 00
PROGRAM NUMEER: KSC-1C805

Logistics. Hardwere and Services Control System

This computer system petmits on site direct control of
lyastics operations which includes spare parts, intial
nstallation, tool control, and repairable parts status and
control, through all facets of operations. The systern will
mtegrate all lngistics actions and control recerpts, 1ssues,

loans, tepairs, labncations and modificabions to effectively

predict and allocate logistics parts and services The user
inpuls data on paper tape while posting a ledger and
mamtaining a real time inventory posting tite. Subsequent
repd.ts can be batch processed as needed to provide up to
20 ditferent reports Status of all togistics requirements s
posted as needed with ali repar, unserviceable transters,
putchases, and shortages displayed on one ledger for
complete mventory control. Contiguration of . parts s
turther mamtained via the use of a provisionmg ledger
report wiinch shows all next fugher assembly application,
etc. 1he sysiem permuts a real ime operational mode of
log:shics issues, recepts, loans, shortages, etc. by mahing
direct inputs into a.nuns computer, recenving hard copy
atter edit, and batching data on paper tape for remote
butch processing to obtain management and working
teports The latge computer costs ate munimuzed without
depredation of senaice ang eda chechs are pertormied at
three distinet levels of aperation (inpet to iung; card punch
and ledger pnnt calculation edit; data element vs. table
edit The advantages are the real ime mode of the
mnventory balance. the generation of an edited message,
and the subsequent hatch processed reports which
ntegrate the provissoning function. tracking function, and
the mventory status into a completely controlled logistics
operation hinked to the user’s (or production division)
requirements.

LANGUAGE: COBOL

MACHINEG REQUIREMENTS: 1BM 36065
PROGRAM SI7E- Approumately 5.168 soutce statements
PRICE: Program §$77000 Documentation $27 00
PROGRAM NUKBER: ¥SC-10819

LRC HASA PERT i1

This program package 1s an information system de
signed to provide the information flow necessary for
proect planing, monitonng. evaluation, and coordination
at the management level The system provides eftective
project control in the areas of time, cost and manpower;
although developed 1ot NASA projects, the dssign can be
matitied to cross manufactunng bres PERT TIME Ll has
mcarparated many of the important featutes of eatlier
o flow systeme plus many mproved and desirable
nnovations 1o further assist the user The system consists
of eleven basie pracessmg phases including path location,
ewpected start ang completson dates, and the pravduction
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- of milestone and activity reports. The system uses a time

oriented network structure. Network capacity is character.

ized by a minimum field length (core) of 52K: therecanbe

500 starts for every 1100 actiities: one path cannot
contain more than 700 branches; and the network cannot
have more than 10,000 paths. The networh time span is
timited to a 30 year period from start date to latest
completion date. The program operates in batch, uses the
CDC RUN compiler, and has a plotting option using 2
Caicomp or Vanan plotter.

LANGUAGE: FOOTRAN IV,
MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE: Approximately 7,979 source statements
PRICE: Program $820 00 Documentation $12.50
PHOGRAM NURIBER: LAR-11837 :

ABCON——Laboratory Jcb Control Program

The LABCON program provides a budget control system
in a component test faboratory whose workload 1s made up
from many indwidual budgetary allocations. A job requir.
ing laboratory eftort requires the combined support ot
several jobs and a common denominator 1s apphed to an
incoming job, to which all effort 1s charged and accounted
for. The common denominator is the Laboratory Job
Number System and the tacilities of the Data Processing
Department. A job comes in and s tnserted into the
computer through a Job Input Data Sheet; it is numbered
and a pnme un.t or group 1s realized along with the other
units who will work on it. Each employee makes out a
Weekly Job Card each week. This form has a keypunch
format, and contains spaces for the employee's senal
number, straight time hours, overtime hours, and Labora-
tory Unit Code The computer program will tally all hours
worked against this given Job File Number each week and
carry these hours over trom week-to-week so that, when
this 1ob 1s finally completed. all laboratory effort generated
by the request 1s compiled. The unit code number cerves
as a function and/or equipment utibization code. This code
wili provide, through selected sort and list operations,
valuable information required for proposals and equip
ment justifications, based upon the amount of loading on a
particular facility, system or function.

LANGUAGE: PLI

MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZE: Approximately 319 source statements
PRICE: Program $350 00 Documentation $14.50
PROGRAM MURIEER: RAFS-18141

Neztwork Path Program

Network Path 15 a FORTRAN IV computer program to
determine the Nth best mimimum or maximum paths in a
network The program was developed trom a paper by W.
Hoftman and R Paviey. A Method for the Solution of the
Nih Best Path Prodlem. The mimimum {ree concept as
developed by E F. Moore and G B. Dantzig 1s employed to
compute the best path. The minimium tree 1s then
superimposed upon the network to determine the Nth best
path, using a theorem. Any path Ptrom Oto D, whichis not
ninimal, 15 a deviation from a path Q trem O to D, such that
VIQ)=V(PY. It Pas numimal, thent either Pis unique or Pis a
deviation from another nunimal path The method relative
to computer application considers first finding all the
paths of munimal vatue, te., 015 computed. Next 1s a
calculation of all deviations from the paths in 0 and
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arranging them n numernical order according to the path
value which allows determination of 0 . All deviations from
paths in 0 are then computed, ordered. and merged with
non-minimal deviations from paths in 0, thus determining
(-, etc. Only the Nth best path values are stored at any
stage ot the computation; therefore, for large networks, the
required ‘storage 15 essentially that which s needed to
store the network. Thes program 1s wnitten to handle up to
500 nodes, and the branch hnks cannot exceed 5.000

LANGUAGE: FORTRAN H
MACHINE REQUIREMENTS: 1BN 360

. PROGRAM SIZE: Approximately 521 source statements

PRICE: Propram €230 00 Documentation $5 00

PROGRARI NUMBER: MFS-18591

Spacisi Prozram for Discounted Cash Flow/Rate of Return
Evaluations

This is a set of three programs that 1s designed to aid the
industrial engineer of businessman with an econonucally
sound system for mahing investment decistons. They are
written for any time sharning remote computer terminal
system compatible with BASIC language. The man
program s Discounted Cash Flow.’Rate of Return Evalua-
tions (DCFROR)Y. This program features a tunming option
for a complete detadied printout of all peniod cash flows,
both net cash tiow and discounted cash flow, or final
answers only. The program also provides tor chowces of
input and output for cash flows based on annual, semi- -
annual, quarterly, bi-monthly, or monthly periods. with
answers converted to an annual basis «f other than annual
peniods are used tor tugher accuracy of results The
DCFROR program has served to elinunate the lengthy, time
consunung . and etror prone manual solutions for the
pavout and DCF. ROR percentage results and has up-
graded the economic soundness of evaluations by
pernutting the use of monthly, bi monthly, quatterly or
sem annual net cash tiow pencds in addiion to the
conventonal annual penods, plus further provicing a
continuous rate of return percent i addition to the
conventional perod rate of return percent INTFAC 1s a
computer program used to provide calculated data for
varnous interest 1 +tor considerations such as compound
amount data, pres. * worth data for any. specied wmitial
amount, interest rate and quantity of years. The program
will further provide the requested information as a table of
dollars, as a table ot percentages. or as a table of tactors
Athough this program s prncepaily used for component
catculations in discounted cash flow/rate of return
econpmic evaluations, 4 will provide interest data for any
desired purpose DEFREC calculates the year beginning
book value, annual depreciation amount, and cumutative
depeciation through the year ending, for any of the
folowing methods' (1) Two Hundred Percent (200+) or
Double Declining Balance. (2) One Hundred Fitty Percent
(1501) Dechmng Batance. (3) Sum ot Digits or Sum or
Year's Digits. Program outputis a table of dollars, a tabie of
tactors, or a table of percentages. Another teature of the
progranm s that it has 2mounts for anpual, quarterly and
monthly periods If only an annual printout is tequired. the
quarterly and monthly peniods are excluded, rasulting in
taster output

LANGUAGE: BASIC

MACHINE REQUIREMENTS: GE 420 REMOTE TERMINAL
PROGRAM SIZE Approximately 657 source statements
PRICE: Program $290 00 Documentation $22 00
PROGRAM NUIABER: MFS-19040




RUS—Hznpownr Manazoment Information System

The ultimate objective in the desien of thus system of
programs was ta provide the capabidity of bukdimg and
mamtamung a data bank that integrates all parameters of
manpower adnumstiation The system s designed 1o
provide management and division directorate levels with
deta intormation at the program s systemlevel In addition
o pracessing planmng daty the system afsp integrates
actual performance data (by month andg to date) in orcer to
provide management with regulyr evaluation reports and
to provide a soutce of data for special management
exercises on manpower. The systeny has teen designed to
satisty the following cntena: (1) Dyaamic Analysis-
Emphasis s on an integrated management mtelligence
system (DY Control Reports-These mtorm top manage-
ment of functionat operating performance as compatied to
predetermunad plans () Operating Reports-These mtorm
functional management of the current performance of
operations They are a comparative analyses of current
-operations and operatians of previcus peniods, as well as
curtent performance compared to predetetmined plans
for the mmmediate pernod () Planming Reports-These
show the vanous aspects of the sttucture of the hmted
manpaower resource and provide 3 basis tar alternate
courses of management action (9 Exception Reporting-
The exception reporting principle has been employed as a
furde to management misolating problems o out of line
areas This s done by Hapging excessive vanances on
monthly vanance reports with an astensh and then using
them m the computet logc 1o generate selected charts tor
the specihic division or othce when the number of Hagpeed
vanances 1s excessive. Exception 1EPUNE improves the
information content and applicatylity ot report data

LANGUAGE" COROL

MACHINE REQUIREMENTS UNIVAC-T108. SC- 1020 Plot
ter

FROGRAM SIZE° Approvmately 12.619 source stateents
PRICE Program $1.200 00 Dicamentation §14 00
PROGRAR: NUMBER i*5-21477

Vehicle and cquipment Operations fanagement Program

Thes 1s 3 syatom &2 programs developed to support the
Transportation Division of the Technical Seruces Ottce at
Marehall Space Fleht Center by providing management
reports, statistical data and  presentive . mamtenance
scheduling on wheeled veticles and engineening types of
ecquipment The programs have the tollowing tunctions
(1Y They assist the Transportation Daason m the Evalua
ton ot General Support Contractors (2 Assest in torec.st
Y budge! and manpower requirements tor alf types ot
vetuctes and cqumpment, (3 furnsh slabistics tor the
users of the vehicls and equipment, mcludinyg oxleage,
COstand depreciation of equipvnert. and (3 frovides o
SOt NSPection worktlow 1o the transportation dnasien
mamntenance shops The syslem gererates nolitications of
MEmaor and nunor mamtenance mspocton repnrerments
O att aehncie and equipment based uhon galtons of tuel
consumnd, and o the manths elapsad since the mainte
NANCE WA vsued

LANGUAGE COoBOL

MACHINE REQUIREMENTS UNIVAC 1108 ENEC 8
PROGRAM SIZE . Approvmateiy 1 893 source statenients
PRICT Program $200 00 {avumentation $23 00
PROGRAM NUMBER: MFS-21478

Job Resource Cptimn onitor for Projsct fiznzge-
ment System (PAIS) Frop.. 3

The progran: for Jop Resource Optimization £3 monitor
the PMS (Project Man sgeinent Systang) Pert and Resource
Allocation Program (RAF) routines consrsts of two routines.
The first routine, (Resource Utiization Momitor) RUM. 1s
used to analyze the cutput of PMS and adjust the resource
levels of the input to PMS to increase the utilization
percentage of eact: resource. The second toutine 1s a
control routine, DRIVER, to execute the PMS and RUM
roulines 1N a sequental process over and over untid RUM
retutns a code to signal completion of the optin-vation
process. The PMS program was used for the base for
budding the optimization process since PMS handles the
b tesource Fert network data already and outputs the
tesults in a readily accessible tormat for the optinuzation
process - The optimization process 1o ncrease the utiliza-
tion percentage 1s simply a method ot automaticaily and
systematically  reducing the resources avadabie untit
either the schedule 1s exceeded or a resource 1s hmited by
the quantity needed tor the targest single job. Cost 1s also a
consideration for a nummum because even though the
rescurce levels are being reduced. the total job s being
lengthened resulling in paople required tor 3 longer time
penod Minmmuzing total project cost s theretore the key
overall critena i selectng the best allocation plan from a
senes of derations mvolving many ditterent combynations
of manming levels and schedules within the same overall
project start and end dates. The secoind routine (DRIVER)
15 an assembler prograny and s not a part of this program
package. but a hsting of the routine s included i the
documentation

LANGUAGE: PL1

MACHINE REQUIREMENTS: IBM 360

PROGRAM SIZE Approumately 306 source statements
PRICt Frogram $250 00 Documentation $11 00
PROGRAM NUIMBER: PAFS-21669

Job Resource Allocation, GPSS Mocel

This propram was developed 1o allocate resources
(Manpower, equipment. facilities, e1c ) tor a large number
of obs or tashs based on job priorty and resource
avasatuiily and relating 3 worhabie maodel to convertional
computer programs o solving compley management
tashs mdicates new directions tor computer apphcation
The program develops a model that takes 8 job (GPSS
ransactions) and allocates resources (GPSS storages)
based on prionty 0s 3 job becomes ebgible after inghial
tashs are completed Jobs are pertormed when atl of the

requured tesources are avaitable Resources are set

mtally for each tun depending upon the overd!l job
requitemients It the rescurces are not available, the job
Mast wal of pre empl of possite, a jeb of lower prionty.
The mecting ot 3 mitestone is thus dependent directly on
the requnred resources avaitable at the time needed The
model essentully ehnunates hand maniputation ime to
schedule jobs based on avadable resources.

LANGUAGE GPSS

MACHINE AEQUHREMENTS: IBN 360

PROGRAN SIZE Approvmiately $26 <ource statements
PRICEL Program 700 00 Documentation $5 00
PROGRAM NUIMBER: KFS-21670

MARVES - Marshall Vehicie Engineering Simulation Sys.
tem

The MARVES system s a computer tanguage developed
to and m the solution of problems related to dynanue

41




(A ]

"

systems that can be described by a system of ordinary’

differential equations. The MARVES system contains a
collection of models which represents the problems to be
solved and a description of one or more events paculiar to
the problem. The simulation of dynamic systems on a
computer requires a numerical method of integrating
ditterential equations and a method of interrupting the
integration to introduce discrete changes in the mathem-
atical model. These requirements have ifed. to the
development of six basic processes. (1) The initialization
process consists of rezding input data, computing certain
parameters which remain constant thereafter, such as
starting conditions for the integration process, and setting
certzin logical constants. (2) The evaluations of the
diffsrontial equations. (3) The numerical intagrstion
process consists of providing a numerical procedure

whereby the differential equations may be evaluated-

stepwise until stopping conditicns have been reached.
(4) The intarrupt process consists of providing a method
o! interrupting the integration procedure whien certain
conditions are satistied, or changes in dynamics are to be
rade. (5) The end of step process consists of evaluating
variables at the end of each integration step. (6) The
termination process censists of satistying given stopping
conditions making needer: termuinal computations. The
pnimary function of the MARVES language is to provide
source statements which specify operations that tailor the
program to suit a particutar application. These statements
turnish a short hand notation for (1) specitying the
method of numernical integration, (2) the conditions under
which the numencatl integration 1s to be interrupted for
special event computation, and (3) input/output state-
ments that are easy to code and debug. The MARVES
processor program accepts MARVES statements, converts
the:n to Fortran code, and then executes the Fortran
program in the same manner as any other Fortran
program.

LANGUAGE: ASA Fortran

MACHINE REQUIREMENTS: 1BM 360. IBM 7094, UNIVAC
1108, EMR 6050 and Raytheon 520

PROGRAM SIZE: Approximately 5.200 source statements
PRICE: Program $990 OC Documentation $17.00
PROGRAN NUISBER: £1FS-21703

FAA Botanced Fisld Longth, Critical Enging Faiture Spaed,
and Landing Cistanco Computer Programs

This program was developed to evaluate the ability of a
multiengine aircraft to survive an engine fallure dunng
takeoft. If an engine should fail, a decision must be made
to shutdown and stop teactung the end of the runway or to
continue takeoft with reduced power. The parameters
necessary for making this decision are, (1) the Critical
Engine Failure Soeed or the velocty achieved duning
takeott roll at which the distance necessary to continue
takeoff with cne engine inoperative equals the distance
needed to shut down all engines. apply brakes, and stop.
and (2) FAA Balanced Field Distance or the runway length
n¢ vied to accelerate with 2l engines to the critical engine
failu. - speed, then continue takeoff and clear a 35 foot
obstacle at the end of the runway with orie engine out, of
refuse takeotf and stop. By using the takeotf characteris.
tics of 3 specific plane, this program can calculate these
parameters. .

LANGUAGE: BASIC

MACHINE REQUIREMENTS- SIGMA 7
PROGRAM SIZE: Not Applicable
PRICE: $25.00
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NOTE: The pnce includes the documentation and a
orogram listng only. The documentation is not scid
separetely from the program histing.

FROGRAL NUJMEER: 1AFS-21873

PAARSYAS - Mtarshedl Syztom for Aercensce Simulation

MAKSYAS (Marchall System for Aerospace Simulation)
was developed by NASA's Computation Laboratory at
raarshall Space Flight Conter to furnish engineers with a
scftware system that atlows yuick and easy simulation of
physical systems on a digital computer. MARSYAS s a
simple, flexible language which can be coded by users who
are ynfamuhiar with computer programming. (ts designed
for the engineer with little experience in ssmulation who
desires to simulate large physical systems. The language
can be used to sclve a system of ditferential equations or{d
simulate control systems including analog comiputer block
diagrams or both simultaneously. Thus, the user has the
abiisty to mux differential equations with diagramis in bus
model. The block diagrams can contamn, among other
things. adders. . integrators, transfer functions, multipte
nput/output nonlinear devices, 2igebraic equations and
nantinear ordinary differential equations. A block diagram
is. specified by the user-given names of its models and
submodels, inpuls and outputs. element names, parame-
ters (if any). and their inter-connections. Submodels can
be nested to any degree required. With MARSYAS. no
present pattern of connecling elements s required.
Efements can be connected in pairs, groups or any manner
desired by the user. A large hibrary of Standatd Elements
and Excitatron Functions is part of the MARSYAS system.
DEVICE and FUNCTION statement operators aliow the user
to construct unusual element excitation functions as
needed. MARSYAS s a flexible language in that, with few
exceptions. there is no ngid statement operator structure
witamn a given module. Most statements can be used
without regard for the order in which MARSYAS is installed,
the user has the capability of stoning models i a
Funct.ionat Data Base. The Fortran Object Program gen-
erateu from the MARSYAS source program can be
extracted and run separately, if the user's computing
tacility can accemodate thes teature. When using CHANGE
operators, the user has multiple simulation capabiity
without the nacessity of either rewnting his model or
resubmitting his deck. An elaborate plotting system is part
of the MARSYAS language a'loang the user neatly
unhmited tleubihty in specitving his graphical output.
Additionally, the Fast Founer Transform of any output
vanable can easuy be obtaned Atabular isting of a model
in the Functional Data Sase or of a model currently being
run can be obtained usmg tha LIST operator. Automatic
features ot MARSYAS inctude the detection and solution ot
linear and nontimear algebraic foops. For problems which
contain discontinuities, the MARSYAS system automatcal-
ly changes integration schemes to mtegrate through the
discontinuity. MARSYAS s designed n modular forin so
that modifications to the systems maodels can be made
with a minimum effort. In order to achieve comprehensive
analysis capabiity and etfective computation, modern
control theory 1s used as the mathematical foundation of
MARSYAS. The differential equations generated trom
block diagrams. or coded as equations. are rcarranged
internally into vector matnix state equations which are then
solved. The language s designed so that the user
transouts to the computer only the information essential to
descnbe the mathematical madel and specity the stmula-
tion run. MARSYAS 15 divided into four successive modules
which describe independant functions of the simulation.
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These modules are as follows: (1) Description Module,
(2) Modification Module (optional), (3) Simulation Mod-
ule, (4) Post Processing Module. The user has the ability to
control some cf the internal processing of the simutation
by specifying his numerica! integration method. integra-
tion step size or even the truncation error. Normally, he
need not concern himself with tf.ese details since
MARSYAS handies these details automatically. MARSYAS
names can be up to 36 characters in length so that the
same names as found in engineering documentation can
be used. The MARSYAS alphabet consists of the fetters A
tirough Z, the numbers O through 9, and the backward
slash (/). There are no reserved words in MARSYAS,

LANGUAGE: FORTRAN 1V:

MACHINE REQUIREMENTS: UNIVAr.1108

PROGRAM SI1ZE: Approximately 15,000 source statements
PRICE: Program $1,240.00 Documentation $22.00
PROGRAM NUMBER: MFS-22672

A Computerized Solution of the Kopner-Tregoe Methed
Alzorithm

This package is a set of procedures designed to perform
a computernized solution of the Kepner-Tregoe Method.
(The Rational Marager, A Systematic Approach to Problem
Solving and Decision Making. C.H. Kepner and B.B.
Tregoe, McGraw-Hill Book Company, Incorporated, 1965.)
of selecting the optimal solution from a set of alternatives
which satisfy an imposed set of objectives or constraints.

LANGUAGE: APL (A Programnung Language)

MACHINE REQUIREMENTS: I1BM Model 2741 or 1050
terminal and TSO System

PROGRAM SIZE: Not Applicable

PRICE: $95.00

NOTE: The price includes the documentation and a
program hsting only. The documentation is not sold
separately from the program listing.

PROGRARY NUMBER: M4FS-22997

RETANN - IASFC Estimated Retirement Annuity Calcula-
tion Program

This program provides retirement annuity reports which
outline the retirement benefits available to eligible
employees and their survivors according to length of
service, age, deposits, proposed separation date. and the
current cost of living percentage with reductions to provide
survivor annuity to widow or widower and health benefits
premium. Necessary input parameters are the length of
service, age, proposed separation date, deposits, and the
current cost of hving percentage.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: UNIVAC 1100 SERIES
PROGRAM SIZE: Approximately 667 source statements
PRICE: Program $90.00 Dacumentation $2 50
PROGRANY NUMBER: MFS-23073

Engineering Critical Components Listing

Thrs program was designed to mamtan an mventory of
specifications and part numbers for engineer components
This inventory histing can be automatically updated with
change cards and printed mn a vanety ot optional hists

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS CDC-924

PROGRAM SIZE: Approximately 354 source statements
PRICE: Program $34000 Documentation $2 50
PROGRAM RUMBER: MFS-24321

Plant Services Recall System

Ttus system will provide an automated procedure for
issuing Service Notices and will maintain a current file or
Jroofload test due dates, preventive maintenance (P.M.)
due dates, and dynamic averages of hours/task work
assignments. it issues monthly, quarterly, semi-annual,
and annual summartes of equipment service requirement
schedules and loading. The purpose of this system 1s to
develog 3 system of programs to detect and capture all
due dates and automatically 1ssue Recall-System Notices

. for prooficading and/or preventive maintenance on fixed

or movable equipment and to maintain an average of
hours per task performance. This dynanc average is to be
used as an estimate for schedule loading. This system will
assute timely notification to both the Using Department
and Plant Services <f due dates for proofload testing and
P.M. The system wil! not depend upon the user to become
aware of the due cate, but will provide Automatic Notice to
the using department heads. This pregram should fa-
cilitate the scheduling of proofload testing and preventive
manteriance to maximize usage of manpower and should
conform to coniractual obligations tor any large ndustry
requinng a regular preventive maintenance program

LANGUAGE: COBOL

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 8.084 source stalements
PRICE: Program $500.00 Documentation $15 50
PROGRAM NUMBER: #1SC.17122

Fa‘ilure floda and EHfects Analysis Program (FMEA)

The Failure Mode and Etfect Analysis program is a tool to
be utilized with a faillure point summary dictionary and
standard storage and retrieval routines for the purpose of
maintaiming a data file of rehiabifity analyses ot various
designs. The primary purpose of this program is to assist in
the identitication and correction of taillutes associated with
cntical etfects prior to design refease This progran was
developed tor the space shuttle contract but s general
enough 10 be adapted 11 any aerospace or commercial
rehiability activibies.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: IBM 360 .
PROGRAM SIZE Approximately 137 source statements
PRICE: Program $330 00
PROGRAM NUMBER: MSC-17446

Record of Task Progress

This program 1s a supervisory tool for manipulating task
descriptions and milestones and printing them in several
formats to give management a mgh degree of visibility and
control of a large number of assigned tashs and mtle-
stores. The inputs to the program are task descriptons,
milestones descaptions and due dates dentified by
project and responsibte subordinate, and a descniption of
the changes for which the progra:m s being re run. The
output consists of: (1) a complete lisi *ftash descrniptions.
(2) a complete kst of nulestones. (3) a combrned hists of
tasks - and nulestones tor each sutroutine, and (4) a
“Change Biock,” sinular to those on ergineernng drawings,
gwving a chronctogical tabutation of ihe changes made
each time the program was submutted.

LANGUAGE. FORTRAN 1V (57 ). ASSEMBLER (43°)
MACHINE REQINMREMENTS (BA1-360

PRCGRAM SIZE Apprommatety 882 source statements
PRICE: Program 225000 Documentation $10 50
PROGRAM NUMBER: MSC-17451
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Cost Informaticn P.!znageme'nt Cownputer Program

“CIM is a computer program designed to facilitate
calculation and reporting of costs for programs organized
to a Work Breakdown Structure. The model is general
since the actual computing 2lgorithm and all auxtlary
information are inputs. In addition, the model is designed
to handie multiple cases. After the program calculates the
cost for the lowest levei items for each cost category. it
sums the cost categories and sums o higher levels
automatically. Another added feature to the model is the
ability for the user to “group™ items in sets rather than the
WBS hierarchical scheme.

LANGUAGE: FORTRAN tV

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 852 source statements
PRICE: Program $250.00 Documentation $2.50
PROGRAN NULIBER: MSC-17556

Logistics Resupply Computer Frogram

This program implements a logistics analysis in a
computer program and provides a means for processing a
variety of experiment scheduling and cargo resupply
requirements. The processed data is presented as the
summation of common cargo types for a period of ten
years at monthly intervals, and are documented in tabular
listings and CRT displays. This program provides 3 means
of handling a complex array of logistics items and
scheduling alternatives, 1t may be adaptable to military
areas wherein logistics requirements are sigmficant.
Industries that involve large quantities of logistics mate-
rials may also avail themselves of this program.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZE: Approximately 556 sour. statements
PRICE: Program $350 00 Documentation $2.50
PROGRAN NUMBER: RISC-19116

Manpower Accounting Pregram

This program provides the user with several different
tables on which he ca-. pase tus manpoveer use cost. The
informatic.; given by these tables is as follows: (1) Pro-
vides summares for weekly and monthily activity reports:
(2) Keeps track of the expend:ture of contractor hours and
dollars with estimates of depletion so that procurement
can be nitiated in sufficient time to avoid interruption 1in
contractor services: (3) Prepares summarnes of which
charge numbers "are beming used and at what rate; and
(4) Provides data which can be presented to management
for annual reviews or when there s some question about a
particular phase of the employees use. Some of the tables
are very detailed and some are merely summartes suitatle
for reports. The program recognizes several ditferent
breakdowns of personnel types and task categories and
prepares separate tables for ea n of them There are
twelve different tables given in th:e output: (1} Personnel
Tasks and Hours: (2) Current Tasks; (3) Detailed Actily
Report; (4) Summary of Hours by Section and Task
Catgeory: (5) Summary of Hours by Task Duration and
Task Type; (6) Summary of Hours by Type of Peogle;
(7) Contractor Hours Expended: (8) Contractor Dollars
Expended; (9) Tasks Completed: (10) Summary of Heurs
by Project: (11) Summary of Hours by Charge Number
and (12) Missing Task Cards.

LANGUAGE: FORTRAN 1V
MACHINE REQUIREMENTS: IBM-360/65 or any machme
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that has a3 compatible FORTRAN IV compiler

PROGRAM SIZE: Approximately 525 source statements
PRICE: Program $160.00 Docunientation $9.00
PROGRAM HUNBER: NFO-11973

Hlorgantonn Idass Transit Simulation ficdel

The Morgantown Transit System simulation model is a
too! for studying the etfects of various system designs and
operating policies on the performance of the system. The
model uses the viewpoint that the world is composed of
entities and their attnibutes, various ordered sets of entities
(such as vehicle queues), and events to describe the
system and its operation. The fiow of the model 15 as
follows: Passengers arnive stochastically and a/= pathered
into loads according to their common destinats '\ns. An
attempt 15 made to assign a vehicle to each #u3d. It
successful, departure is scheduled by the dispatch
algonthm. Otherwise, a vehicle departs, its arrval s
scheduled at the destination staticn. AHter armval, it
unloads and the vehicle is avaiiable for reassignment. The
guideway configuration linking the stations is specified by
input, and can be as exact as available data permits.

" Station configuration, ¢n the other hand, 1s an approxima-

tion, but the d:screpancies are minor. There are extensive
provisicns for convernient interactive user control, of the
modef, allovang for a variety of output reports. This
program will run onfy on the National CSS timeshanng
system (NCSS).

LANGUAGE: SIMSCRIPT 11

MACHINE REQUIREMENTS: NCSS System

PROGRAM SIZE: Approximately 2,200 source statements
PRICE: Program $560.00 Documentation $10.50
PROGRAM HUMBER: NP0-13522

Minority Business Capabilities File

This program is a management nformation system
designed to generate reports on selected minority busi-
nesses. The program provides a file cn business capabil-
ties that permuts ready tdentification of sources of specific
or particular requirements. The program is extremely
flexible 1n that the number of organizations and avatlable
capabihities in the file 1s imited cnly by the number of
digits 1n the data contro! numbers assigned . to the
orgamizations and item descriptions or capabilities. The
program provides for the selection of organizations by
physical focation or grouping of locations. On the other
hand, orgamzations can be selected by the sphere cf
interest of their particular capabilities: 1.e., local. regional,
or national. Maximum versatility of terminology describing
availzole capabilities is achieved by the permuted stem
description index. Keypunched data 1s input to the
program to create or update a master file, the input 1s
edited and error messages are printed. The output reports
include: (1) Business Capabilities Register; (2) Business
Capabiities Index: (3) Capabilities Index Headings and
Particular  Interests; (4) ltem Description  Cross-
Reference; (5) Batch List and Error Report. The program
operates in batch mode.

LANGUAGE: COBOL

MACHINE REQUIREMENTS: I1BM OS 360/370
PROGRAM SIZE: Approximately 3.337 source statemente
PRICE: Program $610.00 Documentation $15.00
PROGRAM NUMBER: NP0O-13834

TIMER - A Tree-Like Task and Time Record System

TIMER prewvides a uniform system of reporting and
displaying time charges for all task groups vsthin a




iv

e

multitude of work assignments. The system reports any
combinations desired. It is flexible enough to mak-
reportings as desired. Each week, each employee submi’'s
2 Weekly Time Charge Sheet on which he has recorded the
hours spent on each project, task, and subtask he worted
on. The TIMER program then accumulates the time
charges on a monthly basis and year to datz. The

accumulative man-months are printed for any combina-

tion of the item, department, employee class, project, task,
and subtask. The main features of the program are: (1) a
tree-like structure of tasks, (2) preassignment of tasks,
(3) task definitions at any level of responsibility, (4) tasks

' defined at a lower or higher level of responsibility, which

are under the same line of responsibility, are mutually
inclusive,” and (5) tasks defined at the same level of
responsibility, are mutually exclusive. TIMER can be
applied to almost any tree-stiuctured system, such as
parts lists and organization charts.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 837 source statements
PRICE: Program $340.00 - Documentation $8.00
PROGRAN KUMBER: NUC-10213
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FLUID MECHANICS

Includes boundary layer flow; compressible flow;
gas dynamics; hydrodynamics and turbulence.

MULTIWICK: A Computer Progran: that Numerically
integrates the Differentizl Equations that Dascribe the
Hydrodynamics of a Large Class of Heat Fipes

MULTIWICK is a computer program to numerically
integrate differential equations that describe the hydrody-
namucs of high performance heat pipes that have mutiple
fiow paths for condensate to return to the evaporator
regions. The program MULTIWICK s applicable to the
following types of flow paths: (1) Wick - a single piece of
porous matenal that runs the length of the heat pipe. It is
usually erther a layer that lines the inner wall of the heat
pipe or a diametral slab. (2) Arteries - porous-walled
conduits that run the length of the heat pipe and are closed
at the evaporator end. Primed arteries provide low flow
resistance and a high capillary pressuce. (3) Excess-
Liquid Reservoirs - axial channels that primanity provide
excess-liquid control in zero-gravity operation (excess
liquid res:Ces i the reservoirs rather than in a vapor-space
slug). An excess-fiquid reservoir can be either a porous-
valled open-ended tube, or a channel formed by a tube in
close proaimuty to the intersection of a wick and the heat
pipe vall. Unlike arteries, reservoirs usually do nct remain
filled their entire length. (4) Fillets - liquid that forms in
corners due to surface tension. The filtet size at a given
paint along its length is automatically set by the vapor-
hquid pressure difference at that point. (5) Bilge - hquid
that Les in the bottom of a heat pipe operating in a
gravitational field (5) Circumferential Grooves -distribute
liquid under the action of surface tension across the inner
surface of the heat-pipe wall. {7) Vapor Spaces - provide
flow paths for vapor to return to the condenser sections.
MULTINICK has five operational modes that provide the
user flexibility in answerning crucial heat-pipe design
questions. In the preliminary analysis of a new heat pipe,
the designer uses one operational mode (Mode No 1) to
find the cptimum amount of working fluid and the
corresponding maximum heat-transfer rate for a specific
condition. (The optimum amount of working fluid 1s
defined as that amount that provides the greatest heat-
transfer rate without resulting in a liquid slug i a vapor
space). Once the amount of working flurd has been
determined, the user can then find the maximum heat.
transfer rate at any other operaling condition for that
amount of fluid (Mode No. 4) In Mode No 2. the ucer
specifies both the amount of working find and a heat.
transfer rate. MULTIWICK then calculales the tguid
distnibuticn and the variation of the vapor-hiquid pressure
difference in the heat pipe. Such a calcutation s useful, for
example, tc find the tength of hqusd slugs in vapor spaces
that can result from hquid expans:on at tugher operating

a7

temperatures. In the case of an arterial heat pipe.
MULTIWICK has two additional operational modes that
calculate the maximum heat-transfer rate under which
arteries wili prime. One is for an optimum amount of fluid
for pnming (Mode No. 3); the cther 1s for a specified
amount (Mode No. 5) The MULTHYICK user specifies the
heat input and rejection distribution. The heat pipe s
divided into soctions and the frection of the total hea®
throughout 1s suecified for each section, then the program
is not limited to heat prpes with only one evaporator, one
adiabetic and one condenser sectron. The MULTIV/ICK
program corporates 8 mathematical model of flow
through fibrous wicks that inciudes the etfect of: (1) Me-
niscus recessron - the reduction of the flow area with
increasing vapor-liqud pressure difference due to the
meniscr 3t the wick's surface attaining a higher curvature.
(2) Partial saturation - the emptying of the progressively
smaller pores of the wick as the vapor-liguid pressure
difference approaches the cntical vaiue where the wick
fails (3) Hysteresis - the relationship between the leval cf
saturation of the wick and the vapor-liquid p.essure
difference depends on whether the pressure difference
has been increasing or decreasing. The MULTIWICK user.
therefore, specifies whether the beat pipe starts from a
state whare the wick 1s initially saturated or, as in the case
after a burnout, from a state where the wick in the
evaporator region has dried out. The user may also elect a
simple moaei of fully saturated wick operation that does
not include the zbove effects.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC €000 Series

PROGRAM S°ZE: Approximately 2.321 source statements
PRICE: Pregram $710 00 Documentation $12.50
PROGRAM NUMBER: G5C-12009

Compressible Laminar or Turbulent Nonsimilar Boundary
Layers Computer Program

This computer program was ceveloped to solve the
compressible nonsimitar-bouncary tayer equations for
continuity. mean momentum and 1ctal mean enthalpy for
an ideal gas with constant specific heat Animphcit finite-
difference prosedure 1s used. The program will solve
problems with the following contizurations: (1) two-
dimensionai, (2) axisymmetric where the boundary-layer

thickness s much less- than the hody radius. and

(3) swept in‘inite cylinders. The eddy visc ~sity 15 taken as
a2 function of the local boundary layer thickness, the
rnormal distance from the wall. ard the mean velocity
gradient in the boundary layer. The turbulent Prandtl
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number may be either a constant or a specified tabulated
function of the ratio of the normal distance from the wall to
the boundary-layer thickness. By setting the eddy viscosity
equal to Zero, nonsimitar-laminar-boundary layer flows
may be computed. Since a finite-difference procedure 15
used, the effects of vanable wall and edge boundary
conditions and wall blowing or suction are easity included
by modilying the program inputs.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 1,028 source staternents
PRICE: Program $440.00 Documentation $11.00
PROGRAM NUMBER: LAR-10990

Program to Determine Radiating, Monadiabztic, Inviscid
Flow Over A Blunt Body by the #ethod of Integral Relations

This computer program was developed in support of the
study of the radiating, nonadiabatic. mnviscid tlow proper-
ties (prescsure, temperature, density, velocity, and en-
thalpy) around a blunt body in equihbrium air by use of a
modified method of integral relations. The program
calculates the radiating nonadiabatic flow of air in
chemical equilibrium. Resuits obtained agree with results
from inverse and time-dependent techniques. The agree-

“ment indicates that this method of solution provides an

accurate description of the blunt-body flow field in the
subsonic region. The equations which govern inviscid,
radiating, nonadiabatic steady flow of equilibrium air over
a blunt body traveling at hypersonic speeds are a systemot
nonlinear partial differential equations derived from the
faws of conservation of mass, momentum and energy. The
modified method of integral retations is used to transform
the governing equations 1nto a set of ord:nary ditferentiat
equations that are numerically integrated to yield the
details of the thermodynamic and flow properties within
the shock layer. Prowisions have been made in the
governing equations for coupled radiating flow-field
anzlysis. The govermng differential equations are solved
by a fourth-order Runge-Kutta integration techmigue to
give shock-layer thickness, shock angle, and the fluxes of
mass, momertum, and energy at the body surface. The
documentation contains a descniption of the computer
program along with the methods used in the digital
approximations, flow charts, instructions for the user, and
a test case with input and output listings.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE: Approximately 3.188 source statements
PRICE: Program $790.00 Documentation $14.00
PROGRAM NUMBER: LAR-11048

Numerical Sciution of the Unstezdy Navier-Stokes Equa-
tions

A computer program has been developed to solve the
unsteady. two-dimensional. incompressible Navier-Stokes
equations The numencal method makes use of an
iterative solution of a Poisson’s equation for pressure
followed by an exphicit calculation of velocities. Unsteady
fiow in a two-dimensional, rectangular cavity with the
upper wall mowving at constant velocity 1s investigated
using the computer program. The calculations start vath
the tluid at rest 1n the cavity and continues until no further
change occurs inthe velocity. Results are given for cavities
with aspect ratios of -.. 1, and 2 with a Reynolds number of
100 Results are alsn given for several Reynolds numbers
between 100 and £00 for a square cavity. Caiculeted
velncities froms tne-unsteady Navier-Stokes equations at
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large times are compared where possible 1o velocities
calcutated from the steady Navier-Stokes equations and to
the results of steady erperniments; good agreement is
presented i the docur.ientation. A techmique for conduct
ing a numerical flow visualization experiment tn corjunc-
tion with the solutton of the Navier-Stokes equations s
described. The results of the experiment are recorded on
tilm which may be shown on a projector.

“ LANGUAGE: FORTRAN 1tV

IMACHINE REQUIREMENTS: {BM.360

PROGRAM SIZE: Approximately 611 source statemerits
PRICE: Program $350.00 Documentatron $8 50
PROGRAM NUMBER: LEV/-11415

CFNA - Compressible Flow Network Ahalysis Computer
Program

A computer pregram, CFNA, has been developed which
solves the problem of an arbitranly connected one
dimensional compressible flow network with pumping in
the channels and momentum balancing at flow junctions.
The program has been specHically designed to include
pressure drop calculz2tions for impingement flow and flow
through pin fin arrangement, as currently found in many
air cooled turbine bucket and vane cooling configurations.
The calculation part of the program cons:sts of two major
subdivisions, The first secticn computes the compressitie
pressure drop through a single passage including friction,
orifice, and pumping losses. Provision is made for inlet
losses, variable geometry. and pin fin arrays. The cecond
part cf the program balances flows ard press 5
throughout the network. This is an iterative procedure
involving Matrix evaluations. it converges rapidly in most
instances. The program alternates between these two
sections on a mimmum of three times, and reaches a
required tolerance on percentage change of total flow
befo 2 ocutputing resuits.

LANGUAGE: FORTRAN IV

MACHINE RECUIREMENTS: IBM.7094

PROGRAM SIZE: Approximately 2,898 source statements
PRICE: Program $£590.00 Documentation $13 50 .
! . OGRAM HUMBER: LEW-11859

Co!..puter Program for Quasi-One-Dimensional Compress-
ible Flow With Area Change and Friction for Application to
Gas Film Seals

A computer program, AREAX, has been deva!oped which
calculates the properties of compressible fluid low with
friction and area change. The program carries out 2 guasi-
one-dimensional flow analysis which is vahd for laminar
and turbutent flows under both subsonic anc choked tiow
conditions. The program was written to be agplied to gas
film seals. This computer program enables the prediction
of pas-filin-face-seal pertcrmance when face deformation
and/or radial area change 15 significant. The analysis s
especially useful for chcked flow conditions. The program
must be supplied with tha geomietry of the seal. the gas
properties, the reserveir conditions, the constants for
determining the vanation of mean friction factor with
Reynolds number, and certain logical vinables which
control output. In general. AREAX performs the {ollowing
operations 1n analyzing the flow across a seal: it reads the
input d3ata and checks that thece data are consistent.
When the input have been read. AREAX analyzes the flow
for each combination of film thuckness and tilt angle The
program first sclves the Mach number equation and
determines the tlach number distribution across the seat




number may be either a constant or a spectfied tabulated
functien of the ratio of the normal distance from the wall to
the boundary-layer thickness. By setting the eddy viscosity
equal to Zero. nonsimilar-laminar-boundary layer flows
may be computed. Since a finiteedifference procedure 15
used, the effects of va:able wall and edge boundary
conditions and wall blowing or suction are eastly included
by modifying the program inputs.

LANGUAGE: FORTRAN IV i

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 1,028 source statements
PRICE: Program $440.00 Documentation $11.00
PROGRAIM NUMBER: LAR-105390

Program to Determine Radiating, Nonadiabatic, Inviscid
Flow Over A Blunt Body by the Method of Intezral Relations

This computer program was developed in support of the
stucy of the radiating, nonadiabatic, inviscid flow proper-
ties (pressure, temperature, density, velocity, and en-
thaipy) around a blunt body in equilibrium air by use of a
modified method of integral relations. The program
calculates the radiating nonadiabatic flow of air in
chemical equiibnum. Results obtained agree with results
from inverse and time-dependent techniques. The agree-
ment indicates that this method of solution provides an
accurate description of the biunt-body flow field in the
subsonic region. The equations which govern inviscid,
radiating, nonadiabatic steady flow of equilibrium air over
a b'unt body traveling at hypersonic speeds are a system of
nonlinear partial differential equations derived from the
faws of conservation of mass, momentum and ernergy. The
modified method of integral refations is used to transform
the governing equations into a set of ord:nary differential
equations thet are numerically integrated to yteld the
details of the thermodynamic and flow properties within
the shock layer. Provisions have been made in the
governing equations for coupled radiating tlow-field
anzlysts. The goverring differential equations are solved
by a fourth-orcer Runge-Kutta integration tecanique to
give shock-layer thickness, shock angle, and the fluxes of
mass, momentum, and energy at the body surface. The
documentation contains a description ot the computer
program along with the methods used in the digital
approximations, flow charts, instructions for the user, and
a test case with input and output listings.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE: Approximately 3,188 source statements
PRICE: Program $790.00 Documentation $14.00
PROGRAM NUMBER: LAR-11048

Humerical Sofution of the Unstexdy Navier-Stokes Equa-
tions

A computer program has been developed to solve the
unsteady. two-dimensional. incompressible Navier-Stokes
equations. The numerical method makes use of an
iterative solution of a Poisson’s equation for pressure
followed by an explicit calcutation of velocities. Unsteady
fiow 1n a two dimensional, rectangular cawvity with the
upper wall moving at constant veloCity s nvestigated
using the computer program. The calculations start with
the fluid at rest in the cavity and continues unti! o further
change occurs it the velocity. Rasults are given for cavities
with aspect ratios of *,, 1, and 2 with a Reynolds number of
100 Resuits are atso given for several Reynolds numbers
between 100 and - 500 for a square cawity. Calculated
velocities from tne unsteady Navier-Stokes equations at
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large times are compared where passible to velocities
calculated from the steady Navier-Stokes equations and to

_ the results of steady experiments. good agreement s

presented in the docur.ientation. A technique for conyuct-
ing a numerical flow visualization exgenment in conunc:
tion with the solution of the Nawer-Stokes equations 1s
described. The results of the expenment are recorded on
film which may be shown on a projecior.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-260

PROGRAM SIZE: Approximately 611 source statements
PRICE: Program $350 00 Documentaton $3 50
PRCGRAM NUMBER: LEW-11415

CFNA - Compressible Flow Network Analysis Computer
Program

A computer pregram, CFNA, has been developed which
solves the problem of an arbitranly connected one
dimensional compressible flow retwcrk with pumping in
the channels and momentum balancing at flow junctions.
The program has been specilically cesigned to incluce
pressure drop calcul2tions for impingement flow and flow
through pir: fin arr2ngement, as currently found in many
air cooled turbine buckel and vane conling configurations.
The calculation pan of the program cansists of two major
subdivisions. The first section computes the compressitle
pressure drop through 3 single passage including friction,
orifice, and pumping losses. Proasion 1s made fer inlet
losses. variable geometry, and pn fin arrays. The second
part cf the program balances ficws ard press s
throughout the network. This is an iterative protedure
involving Matnix evaluations. It corverges rapidly in most
instenices. The program aiternates between these two
secticns or 3 mimmum of three times, and reaches a
required toierance on percentage change of tctal flow
befo 2 outputing results.

LANGUAGE: FORTRAN tV

MACHINE RECUIRE!MENTS: IBM.7094

PROGRAM SIZE: Approximately 2,833 source statements
PRICE: Program £590.00 Documentation $13.50
7. OGRAM NUMBER: LEW-11859

Co:..puter Program for Quasi-One-Dimensional Compress-
ible Flow VY¥ith Area Change and Friction for Application to
Gas Fitm Seals

A computer program, AREAX, has t.een developed which
calculates the properties ot compressible fluid ficw with
friction and area change. The proaram carries out a guast-
one-dimensiongal flow analysis wn:ch is valid for larmunar
and turbulent flows under both subsonic anc chored fiow
conditions. The program was writteo 1o be applied o gas
film seals. This computer program enables the pred:ction
of gas-film-face ceal performance «hen face defcrmation
and/or radial area change is sigmifizant. The analyss is
especially usefu! for choked flow conditions. The program
must be supplied vath the geometry of the seal. the gas
properties, the reservoir conditicns, the constants tor
determining the vanation of mean friction factor with
Reynoids number, and certain 1zgical vanables which
control output. in general, AREAX gerforms the fotcwing
cperations in analyzing the flow across a seal: it reads the
nput data and checks that the<e data are consistent.
When the input have been read. ARZAX analyzes the flow
for each combination of tiim thugvress and tilt angte. The
program first <olves the Mach number equation and
determines the Mach number distaSution across the seal
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number may be either a constant or a speciied tabulated
function of the ratio of the normal distance from the wall to
the boundary-layer thickness. By setting the eddy viscosity
equal to Zero, nonsimilar-daminar-boundary layer flows
may be computed. Since a finite-difference procedure 1s
used. the effects of vasiable wall and edge boundary

conditions and wall blowing or suction are easily included

by moditying the program inputs.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6C00 Series

FROGRAM SIZE: Approximately 1,028 source statements
PRICE: Program $440.00 Documentation $11.00
PROGRAK NUMBER: LAR-10990

Program to Determine Radiating, Nonadiabatic, Inviscid
Flow Over A Blunt Body by the Method of Integral Relations

This computer program was developed in support of the
study of the radiating, nonadiabatic. inviscid flow proper-
ties (pressure, femperature, density, velocity, and en-
thalpy) around a blunt body in equilibrium air by use of a
modified method of integral relations. The program
calculates the radiating nonadiabatic flow of air in
chemical equilibrium. Results obtained agree with results
from inverse and time-dependent techniques. The agree-
ment indicates that this method of solution provides an
accurate description of the blunt-body tlow field in the
subsonic- region. The equations which govern inviscid,
radiating, nonadiabatic steady flow of equilibrium air over
a blunt body traveling at hypersonic speeds are a system of
nonlinezr partial differential equations derived from the
taws of conservation of mass, momentum and energy. The
modified method of integral relations is used to transform
the governing equations into a set of ord:nary ditferential
equations thet are numerically integrated to yietd the
detadls of the thermodynamic and flow properties within
the shock layer. Provisions have been made in the
goverming equations for coupled radiating  fiow-field
analysis. The goverring differential equations are solved
by a fourth-order Runge-Kutta integration tecamque to
give shock-layer thickness. shock angle, and the fluxes of
mass. momentum, and energy at the body surface. The
documentation contains a description of the computer
program along wath the methods used in the digtal
approximations, flow charts, instructions for the user. and
a test cace with input and output histings.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series
PROGRAM SIZE: Approximately 3,188 source statements
PRICE" Program $790.00 Documentation $14.00
PROGRAM NUMBER: LAR-11048

Numerical Solution of the Unsteady Navier-Stokes Equa-
tions

A computer program has been developed to solve the
unsteady, two-dimensional. incompressitle Navier-Stokes
equations: The numerical method meakes use of an
iterative solution of a Poisson’s equation for pressure
followed by an explicit calculation of velocities. Unsteady
fiow 1n a two-dimensional. rectangular cavity with the
upper wall moving at constant velocity is investigated
using tha computer program. The calculations start with
the flutd 3t rest in the cavity and continues until no further
change occurs i the velocity. Results are given for cavities
with aspect ratios of -2, 1, and 2 with a Reynoids number of
100 Resuits are also given for several Reynolds numbers
between 100 and 500 for a square cavity. Caiculated
velocities from tne unsteady Navier-Stokes equations at
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large limes are compared where possitle to velocities
calculated from the steady Nawvier-Stokes equations and to

‘the results of steady experniments; good agreement 1S

presented in the docut.ientation. A technigue for conuuct-
ing a numerical flow visualization experiment in comunc-
tion with the solution of the Navier-Stokes equations 1
described. The results of the experiment are recorded on
film which may be shown on a projector.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZ2E: Approximately 611 source statements
PRICE: Program $350.00 Documentation $8.50
PRCGRAM NUMBER: LEW-11415

CFNA - Compressible Flow Network Analysis Computer
Program

A computer program, CFNA, has been developed which
solves the problem of an arbitranly connected one
dimensional compressible flow network with pumping in
the channels and momentum balancing at flow junctions.
The program has been specifically designed to include
pressure drop calculations for impingement flow and flcw
through pin fin 2rrangement, as currently found 1n many
air cooled turbine bucket and vane cooling confrguraticns.
The calculation part of the program consists of tao major
subdivisions. The first section computes the compressitle
pressure drop through a single passage including friction;”
orifice. and pumping losses. Provision 15 made fcr infet
losses. variable geometry, and pin fin arrays. The cecnnd
part' cf the program balances fiows ard press :3
thraughout the network. This is an derative prccedure
involving Matrix evaluations. 1t converges rapidly in mest
instances. The program alternates between these two
secticns on a minimum of three times. and reacnes a
required tolerance on percentage change of tctal tlow
befo =+ outputing results.

LANGUAGE: FORTRAN tV
MACHINE RECUIREMENTS: IBM-7094

PROGRAM SIZE: Approximately 2,898 source statements
PRICE: Program $590.00 Documentation $13.50
t . OGRAM NUMBER: LEW-11859 ’

Ca:..puter Program for Quasi-One-Dimensional Compress-
ible Flow With Area Change and Friction for Application to
Gas Film Seals

A computer program, AREAX, has been developed which
calculates the properties of compressible fluid {icw with
triction and area change. The program carries out a quass-
one-dimensional flow analysis which 1s valid for laminar
and turbuient flows under both subsonic ang choked flow
conditions. The program was writter to be apphed to gas
film seals. This computer program enables the prediction
of gas-film-face seal performance when tace defcrmation
and/or radial area change is significant. The analysis s
especiatly useful for choked flow conditions. The program
must be supplied with the geometry of the seal. the gas
properties, the reservoir conditions, the constants for
determuming the vanation of mean friction factor with
Reynolds number, and certain logical vinables which
controt output. In seneral, AREAX perferms the foliowing
cperations in analyzing the flow across a seal: i reads the
input d3ta and checks that these data are censistent.
When the input have been read, AREAX anatyzes the flow
for each combination of film thickness and it angle. The
program first solves the Mach numhber equation and
determunes the Mach number distribution across the seal
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face. AREAX then determines the distributions across the
seal face of pressure; temp-rature; density; velocity; mean
friction factor; Reynolds number; mass and volume flow

 rates; Knudsen number; seal opening force; center of

pressure; and where appropriate, rotational Reynolds
number, variables associated with power dissipation, and

- axial film stiffness. This program should be used when the

eftects of seal-face distortions are desired and when the
radial area change is significant.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 18M 7094

PROGRAM SIZE: Approximately 1,484 source statements
PRICE: Program $570.00 Documentation $10.00
PROGRAM NUMBER: LEW-12286

Calculation of Supsarsonic Strezm Paramaters of a Real
Gas from fleasurable Quantities

This package consists of a set of subroutines that are
designed to calculate flow and thermodynamic properties
of a supersonic stream of real gases from measurable
quantities. These routines will calculate; (1) the isentropic
mass flow rate of gases through subsonic and sonic flow
nozzles; (2) the properties of a supersonic stream as
determined from the stapnation pressure, stagnation-
temperature and the pressure on e surface of a static-
pressure wedge; (3) the properties o1 a supersonic stream
as determined from the pressure wedge; (3) the proper-
ties of a supersonic stream as deicrmined from the
pressure and temperature in a plenum upstream of a
supersonic nozzle and the stagnation pressure at the exit
of the nozzie. The flow and thermodynamic properties
calculated by this set of routines include valocity, denstty,
enthalpy, enthropy, and isentropic exponent. These
routines are specifically applied to air, nitrogen, oxygen,
normal hydrogen, parahydrogen, helium, argon, steam,
methane, and natural gas although the routines are
apolicable to any gas whose properties are known. This
package supersedes LEW-10820 (B6% 10222) and LEW-
11534 (B72-10352).

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1BM 7032

PROGRAM SIZE: Approximately 2,600 source statements
PRICE: Program $450.00 Documentation $13.00
PROGRAFA NUMPER: LEY.12326

Scolution of Compressible Flows in Piping Systems

This computer program will determine the steady state
flow of an ideal compressible gas in a piping system. The
system may involve orifices, heat exchangers, area
rhanges, constant loss factor elements, ad:abatic pipes,
non-adiabatic {:pes, radius bends, and muter bends.
Known values inust include inlet temperatures. Other
values which may be known or unknown are infet and exit
pressures, and flow charts in specific branches of the
system. The unknown pressures and. flow rates are
computed, along with exit temperatures. Tota! and static
pressures, total and static temperatures. and mach
number of the flow are computed at each element in the
system. Forces on each element and the loss factor for
each element are computed together with approximation
volume of each series system. The output data includes
nput data, exactly as punched. Computed cutput values
include mach number, static and total pressure, static and
total temperature, loss factor. and forces un each element.
Output 1s grouped by senes system and inciudes flow rate
and approximate volume. as well as the connecting
junctures. The systems for which flow rates are guessed.

and the corresponding systems for which the orror is’

computed is output. Limitations imposed by the nrogram
include that the system must be defined by not more than
25 series systems connecting not more than 25 junctures.
Three times th2 number of series systems plus the total
number of elements must not exceed 1,000.

LANGUAGE: FORTRAN [l (65%), MAP (35%)

MACHINE REQUIREMENTS: iBM-7094

PROGRAM SIZE: Approximately 2,595 source statements
PRICE: Program $480.00 Documentation $12.00
PROGRA MUMBER: PIFS-00443

Compressibls Fiow Computer Pregram

- This prugram solves problems involving compressible-

pipe flow with heat transter through the use of an electrica!
analogy. Te adapt the container data for program usage,
the container surfaces are assigned node numbers. To
balance the system to be a specitied pressure drop, one of
two compressibie flow solutions can be used: the flow can
be fixed and the orifice diameters adjusted or orifice sizes

“fixed and the fiow corrected. Solving for manifold design

parameters, the fixed flov' routine is first used to

determine approximate orifice sizes and flow rates.

Container inlet temperature values are comnared with the
required temperatures and final adjustments are made on
the variahle flow routine to yield design values for onfice
size, flow and temperature.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-7094

PROGRAM SIZE: Approximately 471 source statements
PRICE: Program $140.00 Documentation $16.50
PROGRANM NUMBER: MF5-24633

KALV - \Yater Landing Lozds Analysis

This program calculates a time history of depth of
penetration, velocity, force, load factor, maximum pres-
sure 2t the water ling, and average pressure for a body of
revolution impacting water. The nose shape of the body
can be conical or a truncated cone frustum with a
spherical nose cap. Forces on the body during submer.
gence of the nose section are based on virtual mass theory.
For submergence past the nose cone, body motion is
determimned by hydrodynamic drag. Either a drag coeth.
cient for the body 15 calculated to balance the fo-ces from
the virtual mass theory at the intersection of the cylinder
and nose cone or a coefficient ot drag can be input to
replace the calculated value. Some possible uses of the
program are tor military ordinance, water recovery of
space and military vehicles, dropping of commercial or
military payloads from aircraft.

LANGUAGE: FORTRAN-H

- MACHINF REQUIREMENTS: IBM 360

PrGT* .1 SIZE: Approximately 280 source statements
PRICE: .rogram $340.00 Documentation $4.50
PROGRAM NUMBER: MFS-21655

Computer Program for Pressure Drop and Pumping Power
for Fluid Flow through Round Tubes

This program calcutates the pressure drop and f{luid
pumping power for flow through round tubes. The
equations which are used are referenced in the following
manner: Jelinek, D. Active Temperature Control Flud
Systems Preliminary Design for Grand Tour Mission.
North Amenican Rockwell Corporation, Aprit 1971. The
solution assumes laminas liow and has been designed for
steady-state analysis. The program is written for the
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Hewlett Packard 9100A electronic desk type computer
The documentatien mctudes a program histing. No “sowrce
deck” 15 available as s notrequired. Potential uses of this
propram mclude desipn of an heating duct systems, aun
cooling duct systems, hot water or steams kines, retagera-
tion system hines, and hydraulic system hnes for use
homes, tactones, or automaobiles.

LANGUAGE: Data entered at the time of processing
MACHINE REQUIREMENTS: Hewlett Packard 9100A
PROGRAM SIZE: Not Applicable

PRICE: $25.00

NOTE: The pnce ncludes the documentation and a
programy histing only  The documentation s not sold
separifely from the program histing.

PROGRAI NUMDBER: M1FS-24172.

SMAC - Simplitied &tarker and Cell method for Calculating

Incompressible Fluid Flows

The Markher and - Celt (MAC) method was previously
praposed tor the numencat soltition of problems concern
ing the ime-dependent, viscous flow of anincompressible
flind in several space dimensions. A Simphfied MAC
(SMAC) methad 1s dectibed: 1t has at least as preat aranpie
of applicatitty as MAC. butis sianiticantly simpler to use
The Market-and-Celt (MAC) method 15 a numerncasl
solution techiuque for mvestigating the dynanucs ot an
mcompressihle thind It has been applied to a vanely of
time-dependent flow prablems in severad space dimen
sions, with 1esults that agree -well with expenments
whenever companson data have been available. The
technique has several advantages tor the calculation ot
confined flows, as siiown in studies of the van Karman
vortex streel, vanous tvoes of internal reactor Hows, and
two fluid problems with sartace tension. The advantages of
MAC are especially apprarent for flows with tree surfaces,
such as the splashieg rop prabiem, i whieh the surtace
confipuration s continuousty changing with trme Recent
investigations have deronstiated, however, that the MAC
method 15 excessvely comphicated 1n several respects
This 1s especialiv true of the boundary condiions, which
require denvation that asstres precise Consstency antomng
the montentun ang prossure equations Thereas relatively
hittle dittic ity tor simpte cantiguration, but i the presence
of rigrd obstacks< and vanous inpat or output boundanies,
both the derwvations and the programnung fogue can
become unduly techous A second ditficutty with MAC 1«
the solution ot the Passon equation, tor which direct
methads are avaslable only for very sinple types ot
canfigurations Both ot these mconvemnent teatures ore
alleviated in the vanation of MAC proposed here In thes
Sunphified MAC (SATAQC) techmique, the pressure nevet
need be calculated Accardingly, only the velocity boung
ary conchtrons and the tree surtace (ol and tangientad
stress canditions are requted toe the momentum e
tions. while the Porsson equation 1or mass cotiservahion
needs only homagenoeus boundary condittons everywhete

LANGUAGE: FORTRAN IV

MACHINE REQUUIRENENTS: 1BM 360

PROGRAM S Appvoamately 700 source statements
PRICE: Proprar $350 00 Documentation $11 50
PROGRAM NUMBER. MSC.17566

DUCT - Adiabatic Compressible Flow Duct Analysis
Program

The DUCT compater progtam maodels the chatwe
turbine stapnation exhaust tenpreraltite wath respect to
changes m turtune Lack pressure, soas tomcorporate the

H0

eftects of turlune etficiency and performance on exhaust
duct pressure drop. The actual turbine back pressure (Pl)
15 delermmed for any gwven ambsent pressure (PO) by
terating on an assumed back pressure until the static
pressure at the exit of anexhaust duct (P2, computed trom
the Fanno relations) 1s equal to the amiuent piessure.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM 360

PROGRAM SIZE: Approximately 96 source statements
PRICE: $70 00

NOTE: The price includes the documentation and a
program hsting only  The documentation 1s not sold
separately from the program histing.

PROGRAM RUMSER: £4SC.19178

Numerica! Solution of Transonic Flow in a Convergent -
Divergent Nozzle

In the throat region of a convergent-divergent nozzle the
flow of a compressible flind reaches sonic velacity. Due to
the wall confipuration in the convergent porticn of the
nozrfe, the transonic flow in the throat regon 1s non-
uniform A descniption of the transoric tiow conditions (s
necessary 1o determine the mass flow through the nozzle
and the supersome flow field downstream ot the throat A
hnowledge of tlow conditions  along the nozzle wall
upstream of the throat s usetul v estimating the heat
transter fo the watl i thus region This pachage of programs
apphes vanous methods i order to solve these flow
condittons and give us a simple analvlic description ot
transonic tiow in the throat regon. The programs use
methods which include vanous tunctions for boundary
values along the nazzle aws, vielding ditterent types ot flow
field configurations. Any approptiaste strteambine i the tlow
field thus constructed can be considered as the noz:le wall
contour. The method of calculating the stbsome flow treld
and the somc line s discussed in detast inthe documenta.
tion. A modiication to the method of charactenstics for
calculating the supersomc flow wimediately down stream
of the somc bne s also desctibed

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Senies.
FROGRAM SIZE Approxunately 833 source statements
PRICE: Program 280 00 Documentation $12.50
PROGRAM RUMBER: NPO-10855

Computer Program For Anzlyzing Piping Systems

This progeam allows mechancal and controls engineers
{o rapndly analyse compies prping systems lnput data are
entered . to the mactune by means of punched cards~"the
catd tormat s designed to expedite entry and muminnse
buman error. Output data include the Kw and ¢ values
assactated willi cach et component (tipe. valve,
vibow, reducer, suedden enlargement and contraction,
onhice, Potter, etc ) I addition L pAL pipe volume and
ather data are cammputed This infonmation s requued tor
the analog computer simalation of pipng systems A totad
of three indnadual tiow rates can e mput o the
program The computer will then calculate the pressure
drop existing dcross each individuat component. Further,
Aoutput vatiables can be sunimed at any tme durnmg: the
calcutation, and the f:na! system, ¢, hw, and pressute drop
data are tabulated

FANGUAGE FORTRAN IV
MACHIND REQUIREMENTS IBM 300

PROGRAM SIZE Approumately 736 <ource statements
PRICE Program $1o000 Documentation $6 H0
PROGRAM MUMBER: NUC-10376 )
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GEOPHYSICS

Includes aeronomy; upper and lower atmosphere

studies; oceanography; cartography; geodesy; hy-

drology and limnology: geochemistry and geomag-
netism,

EXILE/EXIST/IRIS - tinernl Exploration Investment Op-
timizzetio.n and Kesource £stimation Computer Programs

EXILE Thas computer program s concerned with the
econonucs of muneral exploration costs and mvestiments
The purpose of the program s to opltituze investment
polictes relating 1o the search tor an eaplotable nuneral
depost and the develooment of a deposit into the
production  stape The rogram  and  documentation
aresent 2 method by whict awestments can bie kept as low
@s passible with fespect 0 o sutticient capitalization
reserve and the Tevehng ot shock etfects due to sudden
vatiations i consumption patterns The annual stocklable
s calcuated trom anncal metal requrements  ang
Jccumubaine reserves. A cantalization scheme s calcu
Lated basend on the hitst sn test out’ prinaiple The unit
eaplorationt costs per ton of metal s calculated trom the
Quabity ot the ore, probable aumber of deposits, and
capitihizabion product prce of the metat Drojections ot
annual discovery rHes are calculated by appiving rate and
oroduction tme The propram does not take mto account
the costs of the actual cavtabzations, onlv exploration
costs ang anvestments (mctading nterest) EXST The
compter program EXIST optimeses the nuneral explora
son investments according to the crtenons (1) Sutficent
capitatized reserve miust always be accessible (2) Strong
AatAbions ey exphwation actaities must ahways be accesst
Gie (3 Exvpendiutes have to De muumal () Future
adaptations of the econonnc detmition ot an explodable
are deposit have 1o be farecasted and mcorporated The
rrjor ditterence between EXHLE and EXIST s given by the
tourth cnteron® EXIST constrocts o torecast on the
developmen? of the detmtion of an uneaplotabie ore
cepost andd calcuiates the tmat exploration costs from the

- market value of the mimerat (RIS The purpese of the 1RIS

DrORram s 10 gne an accurate prediction of the quantity of
metal within g detined reion The method applies a
Lnted binommal expansion 1o the distiibution of a meta!
within g certm area The tarmutation s such that a single
constant defoes the disprersson of the metal in the
corrsdered repion The actuatva'ue of the constant can be
cacidated out of the hnann reserves  Sequentiathy the
S stubytion of ore deposs ¢ any sce and prade can be
cafcutated  IRIS can also calcutate the distubutions of
rondrals according 10 the Loe normal theony tor compan
o with the present results These programs operate n
tatch mode and use the Catvomy plotter

LANGUAGE FORTRAN (Q0%) ASSEMBLER (10%)
MACHINE REQUIREMENTS IBM 360

PROGRARS SIZE: Approxuimately 618 source statements
PRICE Prowram $250 00 Documentation $15 .50
PROGRAM HIUMBER: C05-025%0

Geomazgnetic Field and Field Line Calculetion Compurter
Program

A set of computer programs has been developed for the
calculausan of the geametnc theld and the tracing ot field
hnes it space The basic subroutine, geocentric ALLMAG.
contamns coetficients (or seven recently pubhished field
models as budt in.data statements At execution time the
user canavan the maodel and or the time period sunply by
changmg ot patameters  Subroutine GDALMG  are
equivalent to Can's FIELD AND FIELDG. with the added
flowtity 01 the choce of seven models LINTRA traces
tield bines from any pomt in space {0 a specitied altitude
mlersect it the same o1 opposite hemisphere, using any of
the models cantamned 1in ALLMAG  Input 1s i ether
geocentnc or peadectic coordmates, and  output s
returned o both, Mceliwain's INVAR  package. which
calcutates B and L, has been adapted to use ALLMAG The
program was cheched on 1BM 360 65 but innovator notes
that it vias tested with equal success on 1BM 360 (40, 75,
and AN, DX 6600, IBM 7094, and UNIVAC 1108

LANGUAGE FORTRAN IV

MACHINE REQUIREMENTS: IBM-360

PRQGRALY SIZE: Appronimately 1,844 source statements
PRICE Peoaram $600 00 Documentation $7 50
PROGRAM NUMBER: GSC-11597

SSCOY - Statistical Summary of Climatological Data
Computer Program

This progras performs a statistical analysts of surtace
wind cobsenasons The observations consist of wind
velocity and cirection recorded hourly tor each day of the
vear Input o the program consists of the monthly
observatians of wind velooity and direction The wind
velow ity data are sorted by the program imnto 10 velocity
ranges tor eash 17 wind direction ranges The program
then summances the observations biv the hour tor each
month and pertorms the following statistical calculations:
(1) The percentage of frequency of wind direction by wind
velacdy (0 Total number  of observations by wind
direction amst by wind velocity (3) Sum ot the wind
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velocities by wind direction. (4) Mean wind velocity by
wind direction. (5) Monthly mean wind velocity. (6) Per-
centage trequency of each wind diwection and velocity
range. (7) Sum of the indidual wind velocities squared.
(8) Standard deviation of the wing velocity based on all
wind duections. Output from the program 1s a tabular
summary of the calculations by the hour for each month.
The program has the optional capability of recording the
summarized data on tape for tustoncal purposes. Thistape
contains 12 files of data, one tor each month of the year.
Ttis histonical tape may then be updated on a moenthly
basts by comtuning the current month’s data with the
previous year's monthly data. Statistical calculations are
then pertormed with the updated summary informaton
and the cumulative monthiy statistics are output in tabular
torm

LANGUAGE: FORTRAN v

MACHINE REQUIREMENTS' GE 635

PROGRAM SIZE: Approximately 358 source statements
PRICE: Program $370.00 Documentation $7.50
PROGRAIS NUMBER: KSC-10425

Handbook For .Estimzmng Toxic Fuel Hazards

This package consists of a program which calculates the
drtt and fall ot air borne matenals 1t was developed to
mode! concentration, dosage and settling ot toxic tuels
emitied in the atmosphere. but can be apphed to poliution
studies of any matenals where atmosphenc laver struc-
tutes, position, concentration,  ditfusion  patameters,
velocity and distribution of particle size can be deter-
mined. The program initially was used tor studies in the 0-
5 hilometer region of the atmosphere, but has been used
for materials at a heght ot 30 kilometers. Certain
assumptions about meteorological conditions are neces-
sary. but accompanying documentation dlustrates how
these assumptions have been made with a reasonable
degree of accuracy. Input patameters are of type types,
meteorotogical nputs required to model atmosphenc
conditions, and source inputs which incorporate charac-
tenstics of the arr borne substance bemng studied. Both
types of mnputs may be used mn a smgle equation. For
example. matenal concentration s calculated by: Concen
tration=(Peak Concentration Term) X (Alongwind Term) X
(Lateral Term) X (Vertical Term) X (Depletion Term) where
(a) Peak Concentration s the concentration at a pont
detined by Gaussian Coordinates (D) The alonpwind term
15 defimed by wind speed and trme o cloud travel (¢) The
Lateral term 1s defined by the position of the source
material (d) The Vertical term s defined by the heght ot
the source matenal, and (e¢) The Depletion termis defined
by matetial loss due to ssimple decay processes such as
gravitational setthing The amount ot matetial dispasited on
the ground surface 1s calcutated by making three principal
assumptions: (1) the rate of preciptabion s constant over
a large area; (2) preciutation onginates at a level above
the toxic cloud; and (3) preciptation time has a distinct
relationship to horzontal cloud moverment. The program
consists of 22 subroutines and 15 written in ASA FORTRAN
V. though currently written for UNIVAC it shoutd execute
under most high ievel FORTRAN compilers when the
appropnate monitor control cards are used.

LANGUAGE: ASA FORTRAN V

MACHINE REQUIREMENTS UNIVAC 1100 Series
PROGRAM SIZE. Approxirmatelv 1.877 source statements
PRICE- Program $710 00 Dacumentation $52 50
PROGRAM NUMBER: MFS-21114
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Four-Dimensional World \Yide Atmospheric fAodals

Trus packape consists of two programs, ANYPT and
ANYRG, and a set of magnelic data base tapes which are

niput to the programs. The data base utihzed by ANYPT |
contains one tile tor each month of the year. Each of these -

files contams records representing atmospheric parame-
ter values at 3490 grid points over the globe. Each record
contains the pressute means and vanances, the tempera-
ture means and vauances. the mosture means and
vanances and the density means and vanances for any
height from 0 to 25 ki a | kmantervals Using this globat
data set. ANYPT will generate tor any month unigue
meteatological profiles consisting of tables of monthly
means and vanances for pressure, temperature, absolute
hunudity and density for any lattude, longitude and level
up to 25 km. Where data ‘o1 a selected grnid point 15 not
available, ANYPT will take existing data and. using
honizontal interpolation schemes. apply it to any location
on the plobe. In addition, ANYPT contamns the option of
curve fitting the profiles generated for any data point so
that meteotological parameter values may be extrapolated
to any height in the range O to 25 km Program ANYRG
accepts as mput data curve it coetficients tor each
meteorological parameter averaged over each month and
selected pnd points within 45 homogenous moisture
regions defined across the globe ANYRG then generates
meteorological profites at specific times and locations
trom the coetticients of the curve fitted tegion data. The
values produced are not umique for each latitude and
longitude tor they are constant throughout a homogenous
masture tegion. However, the execution etliciency of
ANYRG relative to ANYPT, recommends ANYRG in those
applications where lesser precision in generated profifes
can be tolerated

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC 1108

PROGRAM SIZE: Approximately 1,960 source statements.
Approximately 41.000 data records (4 2400 1. magnetic
tapes)

PRICE: Program $420 G0
PROGRAM NURMBER: MFS-22833

Documentation $30 00

A Prozram for Computing the Brightness Temperature of a
Cicar Atmosphere From Rzdiosonde Data

In the spung of 1971, the losses m the antennas,
wavegpuides, and radomes of the Multi-Frequency Micro-
wave Radiometer (MIMR) wete bemng determmed by
measurements made at Table Mountain, Cahitorma In
these determuniations, the brighiness temperature of the
shy must be known. The purpose cf this computer program
15 to calculate the angular distnibution of shy brighiness
temperature at micrewave frequencies from radiosonde
data. A radiosonde 1s a ballosaborne device that measures
pressure. temperatute, ad relative humidity. Soundings
of these quantities are obtained duning the ascent ot the
radiosonde trom the surface to an altitude at which the
balloon breaks The folloming must be considered in
making the angular distritbution ot shy brnightness temper-
atute at nucrowave frequencies from radwosonde data:
(1) The radhosonde data and its shortcomings; (2) The
radwactive transfer problem; and (3) The relationstup
between the radicactive and melerclogical properties of
the atmosphere. Atter selecting a set_of mathematical
e: pressions to describe the mictowave transter process,
these equations are then programmed i a format
compatible with the input data and the needs of the data
reduction program  The atmosphere 15 assumed to be
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composed of a number of homagenous, sphernical shelis
overlying a sphencal surface that has a radiws four-thirds
that of the earth. The meteorological properties of each
shell are taken 1o be the anthmet:c means of the values of
these properties at the boundary of the shell as given by
the rachosonde data. No hquid water 15 assumed to exist in
the atmwsphere

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC.1108

PROGRAM SIZE: Approximately 356 source statements
PRICE. Program $190.00 Documentation $6.50
PROGRA HUKIBER: 185C-14093

ARPOL—Wind Trajoctory Tracing tor Air Polluticn
Studizs :

This program: performs the task of tracing the path of an
air parcel as a function of time. The value of this program
is that {1) it can provide data on the areas atfected by an
air pollution source or (2) t a momitoning station detects a
pollutant, the upstream path of the awr can be traced, and
the potential potiution sources can be narrowed considera-
bly. The program 1s a non-real t:tme program. The program
takes, as input data. wind vectors wind station parame-
ters. and the locations of the desired starting points. The
program computes and hists the air parcel locations in half
hour steps. either tor the duration ot time span requested,
or until no wind vector date 1s available. The program
traces a non-dispersing wind parcel either forward or
backward in time and does 50 0 two dimensions,

LANGUAGE: FORTRAN 1V |

MACHINE REQUIREMENTS: 1BM-360 .

PROGRAM SIZE: Approumately 1,168 soutce statements
PRICE: Program $370.00 Vocumentation $7.50

.PROGRAM NUMBER: NPO-11892

QUAL 1 - Simulation of Water Quality in Streams and
Canzls

A computer program, QUAL-1. s one of two computer
programs developed by the Texas Water Development
Board for use in stream quality ssmutation studies, QUAL-]
was developed to simulate the spatial and temporal
vanations of several speciic water quality parameters in
streams and canals. These parameters are: (1) Tempera-
ture; (2) Biochemucal Oxygen Cemand: Dissolved Oxygen
(BOD/DO). and (3) Conservative Minerals. The program
routes these parameters through a system of streams and
canals on an hourly basis. 1t assumes that the major
transport mechanisms. advection and dispersion, are
significant only along the main airection of flow (fongiud-
nat axis of the stream or canat) it atlows for muttiple waste
discharges, withdrawls, tnbutary tflows, and incrementat
runoff. It alse has the capadb:ty to compute required
dilttion tlows for flow augmentation to meet any prespect-
tred-dissolved oxygen level. The program s designed to
bepin the routing calculations {from the points farthest
upstream theadwaters) of a siream or canal system. As
incrementa flows and waste mnputs of withdrawals are
encountered, they are entered into the calculations The
result at the end of the system 15 a set of simuitaneous
equations equal in number to the number ot computation-
al elements 1n the systemn. This set ot equations s solved,
thus advancing the solution tarward i time. This proce
dureas repeated until steady state conditions are reached.
which 1 approximately the Lme requited for a water
particle at the uppermost pct in the systemy to reach an

end of the system The user has seven (7) options to

choose from: (1) Route temperature,” BOD/DO, and
conservative minerals; (2) Route temperature and BOD-
/D0; (3) Route BOD/DO; (4) Route conservative minerals
and temperature; (5) Route temperature; (6) Route
BOD/DD and conservatve minerals; and (7) Route
conservative munerals. The user has the option to
determine flow augmentation requirements based on pre-
selected mimimum: atlowable dissolved oxygen concentra-
tions if he so desires. The progranm has the following
restrictions:  {1) Maximum number of reaches = 25;
(2) Marimum number of wasto snputs = 25; (3) Maximum
number ‘of headwaters = 9, (4) Maximum number of
junctions = 5; and (5) Maximum number of computationat
elements = 500.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: Can be run on any computer
with a FORTRAN IV compiler i munor modifications are
made. The program has baen operational on the RCA
SPECTRA 70745, the CEC-6400 and 6600, and the
UNIVAC-1108

PROGRAM SIZE: Approumately 2,134 source statements
PRICE. Program %680 00 Documentation $16.50
PROGRAM HUMBER: UGA-.02333

DOSAG 1. - Simulstion of Wzter Quality in Streams and
Canails

A computer program, DOSAG-1, is one of two computer

‘programs developed by the Texas Water Development

Boatd for use in stream quality simulation studies.

_DOSAG:1 15 used to simulate the spatial and tempcrat

vanations in biochemical oxygen demand (BOD) and
dissolved oxygen concentration (D0) under various
conditions of temperature and headwater flow. its princi-
pal use is for rapid evaluation of a number of varying
stream conditions. The purpnse of the model is {o
calculate the BOD/DO in a particular stream system, If
desired, the minimum DO in the stream system may be
chected against a pre specified taiget level DO. it the
mimmum 00 level is below the target DO, the program will
compute the required amount of flow augmentation to
brng the 0O tevel up to the target level in the entwe
system. The user specities the locations within the stream
system at which dilution water s avaitable for flow
augmentation. The program s designed to be run for
varying chimactic and hydrologic conditions during a
twelve month penod. Thus, it 1s possible to enter up to
twelve different temperatures and corresponding dis-
charges to each of the headwaters withinthe stream being,
modeled The output trom a single run of the DOSAG
program will provide a complete description of the DO
resources of the stream system investigated, and the
requited dilution water needed 10 bring the system up to
the target level DO. An additional user option available 1s

the abtulity to find the DO distnibutions for varying levels of .

trteatment (waste treatment plants) in the simulated rniver
basin The program has the followming restrictions: (1) Max-
mum number of headwater stretches = 10; (2) Maximum
number of junctions = 20; (3) Maximum number of
reaches = 50, (4) Maxamum number of stretches = 20;
(5 Maximum of twelve months of routing for temperature
and headwater flows: a nunumum of one month must be
used (6) Maxmum numiber of dissolved oxygen targets =
4, with a minimum ot one specified. which could be
negative it no flow augmentation s deswed. (7) Maximum
of tive degrees ot treatment for toth carbonaceous and
ntrogenous wastes. with a nunimurn of one specified. The
user does not have to exercise this option.
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LANGUAGE: FORTRAN IV _ :
MACHINE REQUIREMENTS: Could be run on any compu-
ter that has a FORTRAN IV compiler
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PROGRAM SIZE: Approximately 1,132 source statements
PRICE: Program $670.00 Documentation $3 00
FROGKAM HUMEBER: UGA02340
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LANGUAGE: FORTRAN IV . . F‘ROGRAM SIZE: Approximately 1,132 source statements
MACHINE REQUIREMENTS: Could be run on any compu- PRICE: Program $670.00 Documentation $9.00

ter that has a FORTRAN IV compiler PROGRAM NUMBER: UGA-02340
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INSTRUNMENTATION AND
PHOTOGRAPHY
. Incluces design, installation, and testing of instru-

mentation systems;

sensors and transducers;

photography (including optical, aerial, and radar
photography); infrared technology; display systems;
data recording and processing.

Opticz! Systems Ray Tracing

Ttns program traces ranvs of hight through optical systems
consisting of up W 65 ditterent oplicat surtaces and
computes the abetrations. For design purposes, parasal
tracimgs with astyimatisny and thurd order tracings are
providded  The provedure accounts tor vanous tiits of the
suttaces with tespect 1o the optecal aus which are
introduced ether ty design o by manatacturimg toleran-
ces Five different types of optical surtaces e treated. and
provision 15 made 10 test for cach hype Also, the
computaions are carned out 1o thiee ditterent values of
the retractne indes Provision s made tor introducimg new
surfaces, of vanations of the onginal ones, into the system
after the computatrons tor the orpuanat have been made
The nput of all varables 1s on cards The basic coordmate
system used 15 a ppht handed Cartesian system with the
positive Z ans directed along the optical aws. the Y- aus
direvted positive verhically, with the X axis completing the
rght handed system An option to tun severat types of
syslems at ongce s avalable, whech gives the advantape of
computing Large numbers of expetiments m only one pass
on the computer

{ANGUAGE FORTRAN IV

MACHINE REQUIREMENTS. GE 635

PROGRAM SIZE. Approumiately 1.677 source stalements
PRICE Progeam £330 00 Documentation $13.50
PROGRAM NUMBER: FRC-10017

OSRT1 - Optical Systems Ray Tracing Computer Program

A computer program has been wotten ahich provides
etticient handling o apticat anatves equations fraun both
the general shes and paraaal tay standpomts, vel s
suttiCiently Reneral in Approach 43 1o accept a wide varety
of systemns mtroduced in g comvervient o Meanimptul
dragnatic messaes are penctated to help the user
popoint any mcensisdencies of the system detimtion: The
propram uses standand opticast system analvsis eduations
As outhinend 1 such pubhcations as the “Nubtaey Standards
sation Handbhook of Optical Desen 7 1O desned to trace
the exact DAths ot up 10 BOO representalne rays through
any numdet of syemmeltne O asyimmetnie opbical systems

hiy

Rays may also be traced thraugh a paraxial ray trace, two
rays at a ume. The functons of the program are
sepmented enough so that, while each segment 1s not
autonomous, the tunctions contained withim each segment
are well defmed to tacilitate conversion to other computers
or other Languages, amd to enable changes in method to be
incorperated eastly  The program s sutticiently general in
appraach to accept a large spectrum of systems detined
bynormal, tited. or decentered ptanar surfaces. Rotation
ally symmetnc quadne, asphenc and deformed sphenic
and comic suttaces may be unput in any combination up to
22 curtaces per system.

LANGUAGE: FORTRAN v

MACHINE REQUIREMENTS: CDC 3000L

PROGRAM SIZE- Approumately 2,811 scurce statements
PRICE: Program $530 00 Documentation $13.50
PROGRAM NUMBER: GSC-11323

SMIPS - Small Interactive Image Precessing System

The Small Interactive Imaye Processmy System s
desmned to facilitate the acqusibion, dgutal processimg,
and recording of image data as wetl as palern recogmition
man ateractnve mode. The system contams approvmately
104 routines and application programs designed tor ease
of communication with the camputer by persannet who are
NOt expert programimets, 1ast response 1o eaaests for
wtormation on pictures, complete errar recaovery, and
sunphtication of futire programenyg ettorts or eddension
of the system SMIPS s intended as an experimental
sy sten sHowtng a Quich tamuduinsation with the character
1stics of the image data rtather than a producton system it
can, however, e usad tor prodoction work and s tult
compatabdity with the VICAR System allows access to
MIMCTOUS  HAREe Processuy;, proprams m the VICAR
hbwrany  Because of ats moduldr desgin, new ainteracine
Capatuhiies can be casity mcluaed g SAPS coutd e
vsed as an evpermental ool e i tutther eapenence for
the Jdesyin of Lager and more: soptusticated interactive
IMAge provessay: systems  Dpotal anape processing
imoives the pictonal or numenic ! display of raw image
daty, the restorabion o enhancement of smages. the
display of resulls as maps o phatographs andg the
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detection of objects. This requires examination of the
image data trom many difterent view points and the SMIPS
system has been developed to give the user flexible and
convienent control of - a variety of image-processing
methods. SMIPS serves for: (1) Fast display of parts of
pictorial data on the screen of an {1BM 2250 display device
either numencally or as a character representation.
(2) Computation and display of histograms. (3) Conve-
nient specification of a variety of image processing tasks
for restoration, enhancement and detection. (4) Output of
numerical results and pictures as graphs, maps and
photographs.

LANGUAGE: ASSEMBLER (60%) FORTRAN IV (40%)
MACHINE REQUIREMENTS: 1BM 360

PROGRAM SIZE: Appreximatety 46,690 source statements
PRICE: Program $2.180.00 Documentation $18.00
PROGRAM NUMBER: GSC-12079

CONVERY - Technique znd Computer Program for
Calculating Photozraphie Filin Density Variations

This computer program converts digitized filmdensities
of aerial photographs into a number representing the tilm
density difference between the unexposed film border and
a point on the photograph. The program contams several
subroutines which allow the caiculation of the angte off the
principal axis of the camera lens so that a correction can
be made for vignetting and atmospheric backscattering.
The program also plots the computed values as a function
of position on tne photograph so that a three dimensional
picture is produced. Ranges of density difference can be
predetermined, and the program will place each data point
into its corresponding range so that the percentage of
points 1n each range can be calculated. There are seven
steps in calculating the film density difference: (1) the
average density of the unexposed film border 1s calculated
(AVERAGE): (2) the density ditference between AVERAGE
and the density for a specific data pomnt 1s calculated;
(3) the vertical pen distance traveied by the recording
plotter pen is calculated; (4) the angle off the punciple
axis of the camera lens 1s calculated; (5) a correction
factor is calculated. (6) the corrected vertical pen
distance is calculated. (7) the film density difterence
value is calculated. The lens principle axis 1s asstiuned to
be the same as the perpendicutar vertical intersecting the
center point of the photograph. The program has utility in
the area of remote sensing and was develepes to temotely
deternine water qually. The program sperates in batch
mode. uses the Calcomp plotter and is presently runmng
under the Scope 3 0 operating system.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: CDC 6000 Series

PROGRAM SIZE. Approxtmately 399 source statements
PRICE: Program $370 00 Documentation 8 00
PROGRAM NUMBER: LAR-11873

Instrumentation Reliability Analysis Program

Ttus program s used for mstrumentation rehiatuhity
analysis. Thus tustory tape can be added. deleted, and
modiied. all in one job. Analysis only jobs can be
pracessed usmg the same program deck with no increase
m computer time or change i nput format. Used
propetly, thus program will reveal faully equipment,
improper recall penod. ot some other fadure condition.
Qutput consists of twelve catepores: (1) Listing of all
nstruments that taled. (2) Mean time i weehks to tnlure
of poputation, (3) Mean time in weeks to tadure of
population, consisting of those mstruments that failed,
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(4) Percentage of failure of population, (5) Average repair
time per insttument, (6) Total number of instruments
analyzed. (7) Penod in weeks over which entire population
1s analyzed, (8) Component and failure mode correlation,
(9) frequency anat-<is of corananent parts, (10) Equip-
ment falure symptoms analysis, (11} Component faillure
symptoms analysis, and (12) Failure cause analysis.

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 690 source statements
PRICE: Program $160 00 Documentation $4.50
PROGRAA HUMBER: MFS-18483

Digital !mage Registration fdsthod Bzsod Upon Binary
Boundary Mips

This program uses binary boundary maps to register
ground scene images from remctely sensed earth observa-
tion data. In change detection, data is acquired from the
same ground scene at ditferent time intervals; therefore,
registration is a necessary part in deternuning changes
that occur in the ground scenes.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: IBM 7094

PROGRAM SIZE: Approximately 375 source statements
PRICE: Program $50.00 Documentation $6.50
PROGRAM NUMBER: K1FS-23033

ASTEP - Algorithm Simulfation Test and Evaluation Pro-
gram

This package represents a data analysts program used
to examune statistical properties of multispectral scanner
data. It serves as a tool to perform experiments to gain
understanding of the problems assoctated with processing
mullispectral earth resources data and to test and evaluate
processing algorithms. Examples of the expennments of
this type include the following mvestigations: (1) quantita-
tively determuning the vanation in spectral signatures for a
given situation, (2) determuning it there are patterns inthe
signature vanation, ether spectrally or spatially. (3) deter- .
nunmg the statistical homogeneity of typical ground truth
sites. (3) determining it the statistical assumptions
requured for maaimum bikehihood processinp of typical
ateas are satisfied. (5) evaluating the pertormance of
vanous clustenng techmiques, and (6) companng the
pettormance of clustermg and maximum hkelihood
algonithms. Since the last version of ASTEP, a number of
new capabilitres have been added. Some of these were
made to improve the overall etficiency of the program and
will be transparent to the user, others include changes in
nput cption and some new options. A main feature of this
updated version s that it can accept input datain LARSCI,
LARSC2. ERTS. and Unwersal formats. and output
processed image or datatapes i Universal format. Alsoan
errof recovery capabihly has been added to prevent the
program from termunating when errors are made in the
namehist inpul. The program now ceonsists of two basic
parts. a drver and a set of apphcation modules The drver
serves several tunctions. It s the holder of the common
storage areas and transfers control to the appropriate
apphications module. The application modules consist of
data classitication and d.oplay algonthms; data statistical
analysis subrontimes: feature selection: utihty options: and
propram infermation options ASTEP consists of over a
hundred sutroutines and operates in either interactive or
batch mode
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LANGUAGE: FORTRAN V
MACHINE REQUIREMENTS: UNIVAC 1100 Series EXEC 8
DISTRIBUTION MEDIA- 7 TraLk UNIVAC FURPUR Format-
ted Tape

PRICE: Propram $970 00

Documentation $35.00
PROGRAM NUMBER: HSC-]_4690 :

LARSYS 1ll - Multispectrzl Data Analysis System, Reloase

The LARSYS software system is designed for remote
sensing research. The system uses pattern recognition
and interactive data handhing . techmiques apphed to
remotely sensed muttispectral and . or multtempoal data.
The primary input data to LARSYS 1s multispectral data in
image onentation. Such data has been obtasned from
aircraflt or spacecralt multispectral scanners.” These

- images of the earth’s suttace are ether recorded in or

converted to digital data tor input to LARSYS. LARSYS has
found application in the areas of aguculture, geology.
hydrology. and geography. but LARSYS facilitates the
apphcation of remote sensing tor researchers in other
disciphines as well. The basic analysis concept of LARSYS
consists of locating data pomnts which are belteved to be
representive of classes ¢t interest A class of interest may
be certam crops. beaches. woads, geologieal features, ete.
Gaussian statistics of these dta pous (3 hey assumption
made in several LARSYS alponthms s that distnibutions
are Gausstan) are calculated and data sets are classifred
by spectral sinulanty Next, the classstication results are
evaluated. Thus, there are four basic concepts to the
analysis: (1) fecation of data points, (2) statistical calcula-
tions,  (3) classificaton,  and  (3) process  evaluation.
LARSYS will operate in batch, interactive or disconnect
mede, and as distnbuted s implementable on IBM 360
machines. The current configuration includes 512K bytes

ot man storage, about 200 nuthon bytes of auxiiary direct

access storage, 10 tape daves, 2 card readers, 2 pninters,
1 card punch, 10 remote typewnter ternunals, 3 remote
reader-pnnter-punch high speed teenunals, and an IBM
4507 Diptal Display Svstem developed especually tor
LARSYS LARSYS optrons allow tor the mstatlation of the
software on a configeration winch represents only a subset
of the present hardware system The operating system
environment includes the 13M supplied Controf Program-
67: the Cambrictge Montoning, System (for virtual machine
operation); a FORTRAN (Y compiler dentical to the 0S G-
fevel compiter; and th2 0S8 - 360 Assembler. Documenta
tion for LARSYS consists of four ditferent manuals
Multiple documentation prices ate avaiable tor LARSYS
The LARSYS Users Manual contams a compreaensive
descoption of the tunctional organication of the system,
the processig functrons provided, and the manner in
which the functions are nvohed and corirolled The
LARSYS Systemr Manual s drected nrmanly to pro
prammers and anafysts who mamtam or revise the system
or write new functiens that must be interfaced with
LARSYS The LARSYS System Program Modutes Manuat
contams the documentation of each FORTRAN and
Assembler routine and cach Canrbnidpe  Monmtoning
System Executive routme it LARSYS The LARSYS Test
Procedure Manual s the basie document to be uswd tor
vortying the proper tunctiomng of the LARSYS Program
System as detined 0 the Users Manual and the Systems
Manua!l The LARSYS program product s available by lease
only for 3 one time miseal tee of $1.000 o domestic U S
tossees and $2.000 tatorestn lessees The leased program
product delwvered inctudes one complete set of supporting
docomentation, howevet, addiional documentation may
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be purchased separately at any tume (Prices avaitabte from

.COSMIC on request).

LANGUAGE: IBM FORTRAN IV (G) and 1BM Assembler
MACHINE REQUIREMENTS: IBM 360

DISTRIBUTION MEDIA: 9 Track, 80O BPt Magnetic Tape
PROGRA!A NUNBER: K1£C-14323

FOLDP—FORTRAN Opticel Lens Design Progrzm

This program utilizes the prirciptes of geometnic oplics
to design optical systems contaming up to 100 plane.
conic or polynormual asphenc surtaces, 7 object ponts, 6
colors and 200 rays Any number of cases can be
processed in a single computer run. The program 1s made
up of 48 subroutines. In the design phase, it uses a
hneanzed least squates techiique to iteratively reduce the
magmitude of the ment function by automatically adjusting
system parameters ‘The wment function 1s made up of the
sum ot the squares of the user-weighted aberrations of the
system. The ray trace capabiliies of the program can be
used indivdually, by option, to tind focal pont, tocal
tength, back focus, f number ang exit pupil location for
every color.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1BM. 70'3-1 SC 4020 platter
PROGRAM SIZE- Approximatety 7.077 source statements
PRICE: Program 3680 00 Documentation $52.00
PROGRAM HUMBER: NPO-10603

VICAR: Vicar Image Communication and Retrieval Systam

The VICAR system consists of an expandable hbrary ot
application programs and a supetvisory control program
and s designed to tacilitate the acqusition, digital
processing. and recording ot image data. The apphcation
programs perform the varnous image processing tunctions
ot picture companson, expansion. two  dimenswonal
convolution filtenng, geometnce transtormation, and othe.
image enhancement tunctions. The image analyst using
VICAR calls tor the automatic execution of one or more of
the bibraty programs, including the requisite image data
management services, through a set of command instruc.
tions supphed to the control prograny which serves as a
communication medmum beteen the user and the program
library and 1s always restdent in central memaory. Because
the library programs are written to be fleuble i applica-
tion, the analyst supphes the parameters specific to a
particular apphcation at execution time through cormmand
language operands, Utihzation ot the VICAR command
tanguage to accomplish picture processing teqgures a
mimimum of programnung knowledge and data wputs
from the analyst. The system also utihizes and provides
ethicient spectal purpase mput ‘output routies designed
for image data transfer which reduce Library and central
memory storage requirements as well as obviating the
necessity tor wnting these tor each processing program
Currently the apphication program hibtary contans sn
excess of 200 processing programs which may be easily
agmented with addiional programs  using standard
VICAR support tacihities. Two versions ot the VICAR system
are available through COSMIC ditterning only i the host
computer operating system requirements One version
(NPO 13315) requires the I1IBM 360 33 Programmimg
System (34 -PS) momtor while the other (GSC-12706) 15
implementable under the 1BM 360370 0S monitor.

LANGUAGE: FORTRAN (60 "), ARSEMBLER (40%)
MACHINE REQUIREMENTS IBM 360

PROGRAM SEZE- Approumately £2.000 source statements
PRICE: Propram $1.670 00 Documentation $88 00
PROGRAM NUMBER: NPO-13415, GSC-12076
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FHACHENE ELEMENTS AND
- PROCESSES

Includes bearings and gears, seals, pumps, vacuum
technology; lubrication and lubricants; friction and
wear; materials fabrication; numerically controlled
machining; manufacturing processes and quality

control;

strucwres and component reliability

analysis.

Systems Identification Using A Modified Newton-Raphson
Method

A digital computer - program written in FORTRAN is
offered which computes a maximum-likelihood estimate
of the parameters of a linear, state space model. Fer the
case considered, the maximum:-liketihood estimate can be
identical to one which minimizes simultaneously the
weighted mean-<quare difterence tetween the computed
and measured response of a system, and the weighted
square of the ditierence between the estimated and a
priori parameter values. A modified Newton-Raphson or
quasitinearization method is used to perform the minimi-
zation which typically requires several iterations. The
modification of the Newton-Raphson method was made in
the interest of reduced computation and program simplic-
ity. A storting technique is used which insures conver-

. gence for any initial values of the unknown parameters. A

Cramer-Rao bound is used to indicate the variance of the
estimated parameter values. Although the primary eppli-
cation of the program has been 10 determine aircraft
stability derivatives from flight data. it 1s directly applicable
to identification of any system which can be descrited by a
linear, constant-coefficient model. The intent of this paper
is t) describe the program and its operation in sufficient
detail to enable the user to apply the program to his
particular problem with & minimy.n of difficulty.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 700 source statements
PRICE: Program $320.00 Documentation $12.00
PROGRAM NUMBER: LAR-11251

lnves(igation ot -sothermal Compressible Flow Across a
Rotating Sealing Dam

This computer program analyzes by means of a
mathematical model the flow across a parallel sezhnz dam
of a shaft face seat. The analysis 1s for steady, lamunar,
subsonic, isothermal compressible flow with rotation of
one of the sealing dam surfaces. Tha etfect of rotation on
mass flow, pressure distribution, and other physical
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parameters is determined. Some power plants, such as
advanced iet engines, exceed the operating limits of face
contact < als. As a result, noncontact face seals are
becomirg necessary if high -leakage associated with
fabyrinth ceals is to be avoided. The effects of relative
rotation of the sealing dam surfaces on the radial pressure
flow does not presently exist in the literature. To achieve a
good design, it is desir=ble to study the effect of the
variation of a large number of parameters; thus, the
automatic calculation and printout of physical variables
facilitates design. The program requires the following
input variables: the dimensions of the seal, pressure
boundary conditions, and molecular weight and physical
properties of the gas. The output includes mass flow rate,
pressure and velocity distribution, Mach number, force,
center of pressure. rotational fiow Reyno!ds number,
pressure flow Reynolds number, power loss, torque, and
approximate temperature rise due to viscous sheanng for
specified film thicknesses.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-7034 11/7044 or 7040
DCS under IBSYS Version 13 using A.TIO

PROGRAM SIZE: Approxiraately 891 source statements
PRICE: Program $280.00 ocumentation $12.00
PROGRAM NUMBER: 15..¥-11032

Computer Prcgram ‘or Calcdating the

Temperature Field
of Face Seals

This program wes developed f)r the calculation of the
temperature field «f shaft-seals. but it is general and can
02 applied to a vanetv of stoal, -state thermal problems.
Snaft seals are .ompo::d basically cf axisymmetric
bodies. The tircumferential temperature gradient ap-
proaches zero for most app'ications. thus the cylindrical
coordinate system is used as a basis for analysis. Various
convection and radiation boundary conditions which can
be used are given: in the deveioped mathematical
formulations. The program is designed to permit ready
substitution or addition of other boundary conditions or
other expressions for the heat transfer coefficients. The
calculation procedure requires that the axisymmetric
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bodies be divided into an arbitrary finte number of
axisymmetric volume elements or nodes which need not
be equal in cross-section. The program takes into account
contact resistance at the interface between nodes and
material properties that vary from node to node. Provisions
are made to handle varying gas temperatures along the
seal boundaries and internatl viscous heat generation
within the fiuid at the boundaries. A subroutine, normally
vendor stipplied, is missing from this program and must
e furmished by the purchaser. The subroutine name 'is
TIMEL, ’

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-7(34

PPOGRAM SIZE: Approximately 1,716 source statements
PRICE: Program $200.00 Documentation $13.00
PROGRAM NUMBER: LEW-11110

Evaluation ot Rotating Incompressibly Lubricated Pressur-
ized Thrust Bearings

An analysis and computer program have been devel-
oped which permit the rapid evaluation of pressurized
thrust bearing designs using an incompressible lubricant.
Included in the analysis are the effects of two self-acting
journal bearings which may be used to provide a radial
toad capacity. Bearing load. torque, lubricant flow rate,
and otoer quantities of interest can be calculated. Either
orifice or capiilary restrictors may be used and etfects ot
bearing rotation are included. A review of the literature
indicates that there is no published nformation on

rctating, compensated. pressurized thrust bearings using.

incompressible lubricants. The program was used to
evaluate a series-hybrid, fluid-fitm ball beanng. For the
fluid-film bearing. an orifice compensated pressurized
thrus' beaaring in conjunction with a self-acting journal
bearirs - 'vas used. Ol viscosities corresponding to experi-
mentai.y measured ball bearing outer-race temperatures
were used in the computer program. Points for the
analytical curve were obtained from plots using measured
bearing torque. The analysis indicated that when the
supply pressure became high enough to hit off the fluid-
film thrust bearing, the intermediate speed dropped
abruptly. After lift-off, the intermediate speed would rise at
a slightly lower rate than shaft speed. Resuits of the
computer program agreed well with experimentai data.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-7094 or others with
FORTRAN IV compiler

PROGRAM SIZE: Approximately 250 source statements
PRICE: Program $250.00 Documentation $5.00
PROGRAM HUMBER: LEW-11511

FORTRAN Programs for the Design of Ligquid-to-Liquid Jet
Pumps

Five computer programs have been written, based on
one-dimensional equations, for the select:on and design of
liquid-to-liquid jet pumps for noncavitating and cavitating
flow. Each program operates on a specific combination of
input parameters and provides a set of output parameters
which enable a designer to choose a pump. There are five
programs because there are five common design situa-
tions, each carrying a unique set of “known™ parameters
and requining another set of output parameters to specify a
design. The five design programs have the followting input
and output elements: Pl=Primary {ctat inlet pressure,
P2:=Secondary total inlet pressure; PD=Outlet total pres-
sure; W1=Pnmary fluid weight tlow; W2=Secondary fiuid
weight flow; M=Flow Ratio, W1/W2; An=Area of pnmary
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nozzle exit plane; At=Area of throat; and R=Area Ralio,
An/At. The major advantages to cach program se:
Program |-Design chart development: Program Il-Kriown
throat diameter; Program Ill-Marginal cavitation luwnids;
Program IV-Known flow rate and pump pressure rise; and
Program V-Off-design performance from known pump
geometry. The programs may be used for any hquid for
which the physical properties are known. Calculations for
noncavitating and cavitating performance were combined,
permitting a calculation of cavitation limuts within the
program. Design charts may be developed without the
manual iteration which s common to existing design
methods. The programs are adaptable in use. Single-pass
design-point calculations may be made if the design
requirements are fully specified. Or, if some of the
parameters ~fe vanable, one or more programs may be
used to construct elaborate design charts.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: 1BM-7094

PROGRAM SIZE: Approximately 420 source statements
PRICE: Program $340.00 Documentation $7.50
PROGRAM KNURKBER: LEW-11679, :

Computer Program for Calculating Critical Spe2eds of
Rotating Shafts

This computer program has beei wnitten to calculate the
cntical speeds of rotating shafts. The shaft may include
bearings. couplings, extra masses (nonshaft mass), and
disks for the gyroscopic. effect. Shear deflection is also
taken intc acccunt and provision is made in the program
for sections of the shaft that are tapered. The boundary
conditions at the ends of the shaft can be fixeu (defleztion
and slope equal! zero) or free (shear and moment equal
zero). The fixed end condition enables the program to
calculate the natural frequencies of cantilever beams. The
program uses continuous integration of the differential
equations of beam flexure across different shaft sections.
In the program cutput a plotter is used to produce a
drawing of the shaft with superimposed deflection curves
at the cnitical speeds together with all pertinent informa-
tion related to the shaft.

LANCUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: IBM-7094

PROGRAM SIZE: Approximately 866 source statements
PRICE: Propram $370 00 Documentation $9.50
PROGRAM NUMBER: LEW-11910

Program for Calculating Total Efficiency - Specific-Speed
Ch: acteristics of Centrifugal Compressors

A computer program has been developed for predicting
design point specific speed-efficiency characteristics of
centrnifugal ccmpressors. Compressor efficiency has been
shown to be a function’of specific speed. Specitic speed is
a charactenstic that relates compressor inlet volume flow
rate, rotation speed, and ideal enthalpy rise. Generally,
high efficiencres are associated with hugh specitic speeds,
and low etficiencies are associated with low specific
speeds Compressor design point geometries that prcduce
maximum attainable elficiency are also tunctions of
specific speed Knowing the vanation in optimum design
point geometnc vanables with specific speed perrmts
rapid selection of hugh etficiency configurations. This
computer program uses a one-dimenstonal mean stream-
hine analysis canducted at fixed stagnation conditions.
Seven specific losses are calcutated for each set of
compressor geometnc vanables and infet velocity diagram
characteristics studied. These are iniet guide vane, blade
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foading, skin friction, disk friction, recirculation, vaneless

diffuser, and vaned diffuser losses. Each of these -

individuat losses 1s expressed as a decrementin compres-
sor total efficiancy. The etfect of these losses is then
related to overall compressor total etficiency. The effect of
these losses 1s then related to overa!l compressor
performance and specific speed. By examning the
program output, the user can select values of nducer hub-
tip drameter ratio, inducer tip-exit diameter ratio, impeiter
biade exit backsweep, impelier exit blade height-diameter
ratio. and :mpeller exit absolute {low angle that will result
in maximum totat etfictency for the chosen application. Fer
given inlet stagnation conditions, the user can generate
efficiency, pressure ratio, specific speed. and relative loss
distributicn data corresponding to various combinations of
impeller inlet velocity diagram charactenstics and im-
peller overall geometries. By examening the output data, a
compressor geometry can be chosen which will yied
maxmura effictency under the constraints imposed. The
following categones are used as nput snformation;
(1) compressor geometry, (2) thermodynamic properties
of the working fluid, (3) velocity diagram characteristics.
and (4) iteration imis. The prewhirt used in this analysis
is sohid-body vortex. For derations on inducer tip absolute
cntical vetocity ratio, the inducer 1p speed is adjusted to
preserve inlet velocity tnangle similarity with that deter-
mined hy the first pair of input inducer tip speed and
inducer tip absolute cntical velocity ratio. That 1s, the
absolute and relative flow angles are held constant for
successive iterations. For each iteration, the following
¢ .aiput information 1s tabulated. compressor geometry.
velocly diagram characteristics and compressor perform-
ance characteristics The program can be used for working
tiuids other than air which approximates i1deal gas
behavior since the thermodynamic properties needed for
the equations soived i1 the programs are specCified inputs.
If a3 workung fluid other than air 1s used n the analysis, an
empinical equation expressing the dynamic viscosity as a
function of temperature must be substituted.

LANGUAGE: FORTRAN (83 ). MAP (175

MACHINE REQUIREMENTS: IBM-7094 -

PROGRAM SIZE. Approximately 360 source statements
PRICE: Program $370 (M) Documentation $7.50
PROGRAM NUMBER: LEW.12008

Bellows Calculation Program,. 1B 360 Version

This programy employs empinca!l and analytical defived
design equations on vanous metal bellows of different
f1zes i order to calculate vanous properties of bellows
used i ducting systems Anthmehic operations are
performed 1n double precision Caiculations are restricted
to four single bellows movements and two double bellows
movements One subroutine and one data deck ate
required with the main program The main program and
the subreutine calculate beliows spring rates. bulging.
bending. and hoop stresses Cycle Wie is calculated by the
data deck. With known bellows dimensions and type of
movements supplied as data. the mam program and
subroutine calcutate spring rate. actuating force. squirm-
Ing pressure, stress, bellows weight, resonant frequency,
fatiue. lite and convulution cleaning

LANGUAGE FORTRAN H

MACHINE REQUIREMENTS. IBM 360

PROGRANM SIZE Appromimately 371 source statements
PRICE Prowram 316000 Documentation $2 50
PROGRAM NUMBER: MFS-12641

fAM—Reliability Analysis tdodel

The rehability Analysis Model (RAM) Program is an
integrated Systems Design Analysis Program whose
pnmary purpose is 1o combine the results of various
Saturn V analyses into a single effective and comn-ehen-
swve program. The RAM Program can be readily apglied to
determine the probability ot success for one or more given
objectives for any complex system. RAM can be applied to
analyze complex transportation systems and traffic control
systems and can be used in designing more reliable and
safer automobides. The Reliability Analysis Model Program
15 also applicable to urban planning, the air pollution
problem, weather prediction, the water pollution problem,
oceanographic exploration. in determining the effect of the
weather on the environment, and in determining the effect
of human facters on reliavility. The RAM program includes
taiture mode and effects, cnticality and reliability analyses,
and some aspects of operations. safety, flight technology,
systems, design engineering, and configur~tion analyses. -
The urmique advantage of this methcdology and s
associated programs 15 that the results cf all these
analyses are fed into a single data bank interms of impact
on mission objectives, so that comparison, correlation, and
trade oifs may be made between the results of the various
analyses. The basic output of the RAM pregram is the
identification of those components that are critical to
primary tlight mission (no abort), vehicle integrity (no
physical destruction of the vehicle). and crew safety. In
addition 10 identifying those components that are criticat
to a specific objective, this program can rark them in order
of importarice (probability of causing foss). The program
also provides estimates of the probab:hity of prirnary fhght
mission success. vehicle integnty. and crew safety - bots
as an overall number and as a profile with respect to
mission time The criticality determination technigue (CD

© techmque) used in comunclion with RAM s a more

general method than those currently used. By this newr
method, cnticality numbers can be assigned to conpo-
nents, subsystermns, systems. stages, missions and crewns
for any given farture distnbution, such as the expanentiof,
Wesbull, Gamma, or truncated normal, where apphcable.

LANGUAGE. COBOL (100-))

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 18.150 source statements
PRICE: Program $2.410 00 Documentation $21.00
PROGRAM NUMBER: MFS5-14513

Exact Minimz| Path and Minimal Cut Techniques for
Determining System Reliability

This 15 a generalization of a family of techniques for
determining by exact methods the probability of success
fully operating a system using tree type logical analysis of
the configuration of the elements. The system is deemed
fo be successtul if a path of unbroken strings of connected
branches corresponding 1o ‘operating elements ang
assemblies can be traced from one end of the tree ‘o
anot! *r. The muimimal paths are a subset of the paths and
penerate all the others: the munimal cuts are the subset ¢t
the failure states that generate all the others. The reliability
of the system s the probabihity that at Ieast one path
obtams. The umique feature of these techmiques 15 that one
can find the system rehability if only either set of nivirsal
states are known. By a recursive process. a system
reliatility (or unrehiability) equation s generated as a
function of the rehabidities (unrehiabiities) ot the elements
using the complete set of nunimal paths (cuts) The
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system reliability (unreliabifity) 1s formed by substitution
into this equation.

LANGUAGE: FORTRAN IV (73%.); ASSEMBLER (27%)
MACHINE REQUIREMENTS. IBXM-360

PROGRAM SIZE: Approumately 1,889 source statements
PRICE: Program $440.00 Documentation $6 00
PROGRAM NUMBER: MFS-16499

APRDCT - Apportionment/Prediction

This is a general program which ulilizes weighting,
failure rates, time, .ehiability equations, and system
contractual stage goals to estatiish phase predicted
indices and phase apportioned reliabifities at the compo-.
nent, subsystem and system levels The weighting factors
used in this apportionment reflect Thurstone Mastelter
weightings denved from analyses of components with
respect to conditions of use. phase stress conditions, and
itam capabiities The phase relability equations are
determined from phase rehability networks by a computer
program called MFS.24484.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1B*M.350 :

PROGRAM SIZE: Approximately 4.648 source staterrents
PRICE: Program £560.00 Documentation $12.00
PROGRAM NUMBER: SF5-24034

ERSION 3 Reliability Goa! Status

The ERSION program s basi 3lly a prediction-type
program which allows the user 59 1nput component ievel
reliability indices and compute os~rail reliability values at
the subsystem, system anu und level. Basically, the
program substitutes the input mndices 1n the SCOPE (MFS-
16410) generated equation for the subsystem to obtamn a
subsystem reliability. A set of sutsystem level indices are
obtained in this manner and are substituted in the
assocrated system SCOPE egusi:on deternmuned by sys-
tem/subsystem 10 code to obtain 3 system reliability
index. Finally, after a coimgiele set «f system level
reliability indices are generated. numbers are substituted
in the SCOPE eguation to prestuce the overall umit
rehability. The program allcws the user to update a
previously generated data <et «f the only difference
between vhat 1s needed and what i avadable from the
previous data set is in the compone. $ renabilities. In this
casa, the user merely ¢, Jes the number of differences on
the system or sut;system controf card and places the new
reliabihitres alter the bosic subsystem set. The companent
code identifies the component o be changed and the
program will apportion the new reliabibity to the phases of
operalion in the same proporin as the old values were
apportioned. Since phase relabihlies are assumed inde-
pendent. the overa!l rebability 1s the product of the phase
reliabihities.

LANGUAGE: FORTRAN IV, H COPILER

MACHINE REQUIREMENTS: 1R% 360

PROGRAM SIZE- Approximately 4 007 source st.ﬂements
PRICE: Program %250 00 Documentation $12.50
PROGRAM NUMBER: MFS-24121

SCOPE - System for Computing Operational Probability
Equations

SCOPE (System for Computinz Operational Probability
Equations) i1s a system for defermiming the probabihity of
success or falure for a given network SCOPE computes
from a logical black diagram. success of failure modes,
success or fallure equations and prebabihity of success or
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{aslure probabifity indices. SCOPE will merge a pert type
path generatcr with an algonthm for combmung fadure or
success modes to obtain failure or success equations. This
allows the user to analyze a system's reliabiity, The
mathematical model for the SCOPE program s based on
the Fundamental Law for the Addition of Probabilities and
its extension to cases of more than two events. This
program could be used in industry to determine the
relicbiity of any large network or sysiem where the
functioning of the system is dependent on each step.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 5,351 source statements
PRICE: Program $760 00 Documentation $16.50
PRCGRAR NUKBER: KFS-24484

Digital Servo Analyzer

A computer program which enables post test analysis of
digitized servomechanism responses on a Hewlett-

-Packard Mode! 910CA Desk Computer 1s offered. The

primary function of the program s to compute amphtude
and phase angle differences between servomechamism
sinusnidal stimuli-and response measurements. In addi-
tion, tne pregram may be used to perform Harmomic and
Fourier analysis of penodic phenomena This program
does not have a program card histing The documentation
and source program are offered only as a complete
package.

LANGUAGE: Not Applicable

MACHINE REQUIREMENTS: Hewlett-Packard 9100A
PROGRAM SIZE: Not Applicable

PRICE: $25 00

NOTE: The price includes the documentation and a3
program hLsting - only. The documentation 1s not sold
separately from the pregram listing.

PROGRAM NUMBER: MSC-17552

Optimization Of Fluid Line Sizes With Pumping Power
Penalty

A computer program has teen developed to calcutate
and total the weights for tubing, fluid in the tubing, and
weight of a fuel c.!f power source necessary to power a
pump based on {low rate and nressure crop. The larger the
tube diameter the greater the weight of tube and flud
weight - For a fixed tiuid !low rate, the larger the tube
diameter the lower the flurd pressure drop anc -onse-
quently the lower the pumping ocower and weight of
electrical power supply The greater the flow raie the

higher the pressure drop and related pumpiag power

required and weight of power source. Using ditferent
stainless steel tubing sives and flow rates, the systems
rates have been calculated for a Shuttle O-biter water and
Frecn 21 system Two ditferent power penallies for
rumping power were used n the calculations for all
conditions The optimu:m water system line size was ', 10"«
inch diameter for a fiow rate of 500 Ib. hr. The optimum
Freon 21 system line size was appromimately ‘e to ‘s inch
diameter for a flow rate of 1800 (b hr. This program can be
used for any fluid system usad in any type of application
aircraft, spacecralt. truchs, ships. refineres, and chemiucat
processing plants. The weight and the pumping power of
the plumbing system can be equated to cost The iuie size
can then be optinuzed relative to weizint or cost

LANCUAGE: FORTRAN IV
MACHINE REQUIREAENTS I1IBM-360
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PROGRAM SIZE: Approximately 33 source statements
PRICE- $25.00

NOTE: The price includes the documentation and a
program hsting only. The documentation 1S not sold
separately irom the propram hsting

PROGRAM NUISBER: MSC-17930

Reinforced Carbon-Carhon Mass Loss

This package ts & senes nf desk top computer routines .

for calculating mass (0ss from Reinforced Carton Carbon
(RCC) matenals used in the Space Shuttle nussions. The
system will calculate and plot mass loss rates and
accumulated mass loss tor cntical locaticns where
temperature and presstire profiles have been determined.
The system should be usefuiin forecasting operating hie of
matenals in tugh temperature cychng.

LANGUAGE: Instructions and data are entered at the time
of processing

MACHINE REQUIREMENTS: Hewlett Packard 9820A
PROGRAM SIZE: Not Applicable

PRICE: $2500

NOTE: The prnice includes the documentaticn and a
program _hsting only  The documentotion s not sold
separately trom the proteam fisting,

PROGRAM NUMBER: MSC-19494
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TRACE - Fault Tree Computer Code Analyzes Large and
Complex Systems to Identify and Eiiminate Combinations
of Maliunctions, Failures, and Hazards

TRACE, a computer simulation fechrique, has been
developed to analyze a fauit-tree, estmate the proabiity
of tree tadure, and « >ntily the most probatile causes The
fault tree concept. onginated at Belt Telephone Laborato-
nes, provides a systematic and ‘ogical procedure for
representng the structure of a system and gives anorderly
descoiption of the vanous combrnations of possible
cocurrences within a system that can resull in a tadure.
TRACE apphes the techiugue of inncortance samoling to
reduce computer time requitements The power rule is
utdized for the impeortance samphling. Tius program
performs a Monte Carlo simulation ts sgentity the minimal
cutsets and cntical paths of a fault tree and to estimate
prebahilities of fault tree fasiere. The basic input events to
a tree are primary and secendary component faitures. The
time-to tadure for a component 1s assumed to be a random
variable with an exponential distnibution. Various types of
logic ates are permutted.

LANGUAGE: FORTRAN §V

MACHINE REQUIRENMENTS: IBM-360

PROGRA' SIZE Appremmately 1.637 source statements
PRICE Projiram $3%0 00 Documerdation §12 00
PROGRAM NUMBEK: KUC-10402
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RIATHEMATICS

error - analysis,

function evaluation,

B i /
Includes numerical analysis techniques cuch as

numerical

integration and differentiation, differential and

integral equation solution; combinatorial and dis-

crete mathematics; mathematical programming;
mathematical statistics and probability.

Spearman Rho Multiple Rank Order Corrclation Pro-
gram

This program ranks raw data, selects one variable
at a time, pairs it with another variable and computes
a rank-order correlation, This process is repeated until
each variable has been correlated separately with
every other variable. Each variable is ranked by as-
signing the rank of 10 to the highest value, 2.0 to
the next highest, etc. Ties in the raw data values are
adjusted by computing an average rank and assigning
that rank to each of the tied data. After all data have
been ranked, one set of ranks is subtracted from the
other, the ditterences are squared, and the rank-
order correlation cofficient is computed. This proce-
dure may be used (1) for small sampies of data, (2)
to obtain the relationship between two variables, one
or hoth of which cannot be measured objectively, but
whicat may be ranked subjectively, or (3) when other
assumptions for parametric statistics cannot be met.
The program wtll process up to 100 cases for up to 30
vatiables. No ata point-may be larger than 999,938.9
nor less than wu. :

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM 7094

PROGRAM SIZE: Approximately 77 source statements
PRICE: $70.00

NOTE: The price includes the documentation and a
program listing only. The documentation is not sold
separately from the program listing.

PROGRAM NUMBER: ARC-10165

AESOP - Automated Engineering and Scientific Opti-
mization Program

This program solves a wide range of multivariable
parameter optimization problems by providing search
techniques for the optimization of non-linear para-
metrically detined systems. The program has the ability
to solve constrained optimization problems involving
up to one hundred parameters. Nine search techniques
arc available lor problem solutions; they are: Section-
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ing, Adaptive Creeping, Steepest-Descent, Quadratic
Search, Davidon's Method, Random Point Search, Ran-
dom Ray Search, Pattern, and Magnification. The
searches may be employed separately cr in any
sequential combination, " The optimization program
may be rapidly coupled with a wide class of param-
eter optimization preblems, including systems which
have previously been synthesized as digital computer
programs.

LANGUAGE: FORTRAN IV {80%); ASSEMBLER (20%)
MACHINE REQUIREMENTS: 1BM 360

PROGRAM SIZE: Approximately 3,571 source statements
PRICE: Program $680.00 Documentation $41.50
PROGRAM NUMBER: ARC-10168 .

Findiag An Extremum of a Bounded Multivariahle
Function without Determination of the Derivatives

This program scarches a local extremum (maximum
or minimum) of a function, analytical or computed
indirectly, of which it is impossibie or difficult to
obtain the derivatives. Any incquality constraints on
the variables or functions of the variables may be
included. The evaluation of the function values is
periormed in a subroutine given by the user, The con-
straints are introduced in this subroutine and hence
may be nonlinear and can be changed during the
search procedure. By a coordinate transformation the
search 1s accemplished in the optimat direction, Dur-
ing the convergence to the optimal point this main
direction in the vector-space is continuously adjusted
oy trials in the remaining secondary directions com-
puted to be orthogonal to the main scarch direction.
By this procedure the algonthm is able to follow
accurately shape irregular ridges or deep-curved val-
leys. The speed of convergence is increased by pre-
dicting the near-optimal point long a iine with a
second order extrapolation—or interpolation method.
tt is possible to treat multidimensional problems in-
volving vanables which may present considerable dif-
ferences in magnitude, this due to an automatic ad-
justment of the step-sizes along each direction.
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LANGUAGE: FORTRAN v

MACHINE REQUIREMENTS: 1BM 360

PROGRAM SIZE: Approximately 172 sowrce statements
PRICE: $120.00

NOTE: The puce includes the documentation and a
program listing only, The documentation s not seld
sepatately from the program hsting,

PROGRAM NUMBER: ARC-10577

CONMIN - & Fortran Program for Censtrained Function
Minimization )

CONMIN is a program, in subroutine form, for the
solution of Tinear or nondhinear constiained optinuza-
tion problems, The basic optimization  alporithm- is
the Method of Fegwble Directions., The . user must
provide 3 main calling progiam and an externat rou-
tine o0 evaluate the objective and constraint func-
tions and to provide pradient intormation, 1f analytic
grxhients of the objective of constraint functions are
not avaitable, thes mtormation 15 calculated by finite
dilference, Whnle the program is intended primarily
for efticient solution of constrained jioblems, uncon-
strained tunction ounmuzation problems may also be
solved, and the conjugate ditection methad of Flotcher
“and Reeves is used for this wurpose. The program
can be used without special hnowledyge of optimiza-
tion techniques.

LANGUAGE: FORTRAN 1tv

MACHINE REQUIREMENTS; Any machine wh a
FORTRAN IV compiler

PROGRAM S17C: Approvimately 1,948 source state-
ments

PRICE: Projram $740.00
PROGRAM NUMBER: ARC-10836

Documentation $10.50

TIDEDA - Time Dependent Data Analyzer

TIDEDA 15 a computer pogram for collecting, col-
lateng, cheching, carrecting, and analyzing: time  de-
pendent data, The praptam was desipned for process.
ing time dependent data i veneral, and rivertlow data
o paddicutar, TIDLDA deals with data that s natu-
rally recorded as sequences in time. For oexample, the
daily o seasonal eycles of air temperawze. The pro.
£ram has g wide nrecrsion range, 1tois able to estab.
lish trends over decades ad at the same time fe-
solve events that chunge trom second to second. The
TIDLDA program s designed with: (1) binary ~oded fites
for computational etticrency; (2 a command RINIAIN
for interactive processing: (31 simply identite d ele.
ments for edsy editing: () unequal time steps and
raling optons to allow nointeretive Oling: (5 auto-
matic interpolation finked  to  the M Continuous
System Modelling Propram (o emulating an analog
camputer. The program assumes that o series of dis-
crete values are jouned by stiright lines and so may
always be praphed as a cunve GRamst time, Thus, ar
temperature can be represented as a line on sraph
paper which idicates  the temperature fevel as ot
vaes continuausty with time, Hypically the data re-
quites & single value which describes temperature,
for example, but sometimes regunres 3 number of
values like the thiee components of welocity, The
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frogram operates in interactive mode, uses the I1BM
Continuous System Modelling Program, and Calcomp
plotter,

LANGUAGE: FCRTRAN (28e,), ASSEMBLER (129,)
MACHINE RECHIREMENTS: IBM 370

PRUGRAM  SIZE: Approximately 9485 source state-
ments

DISTRIBUTION MEDIA: 9 Track am BPL Mapnctic
Tape

PRICE: Program 00000
PROGRAM NUMBER: COS-02530

Documentation $22.00

SIGPAC - Signifizance Arithmetic Expenimental Pack-
age

SIGPAC 18 a software system which permuts a user
of Standard FORTRAN (o test actual enoe propaga-
tion s numencal calculations, The process 15 almost
cempletely mechanistic so that, with Little human
esequencing tequured o permutted, a “numetical pro-
cedure debupging™ tool s made avalable, SIGPAC
consists, in eftect, of a compuler  from H\RIRAN
source tanguage into an artiticial object fanguage in
which anthmetic operations praduce, in addition to
numencH resulls, a measure of the current signifi-
cance of each result opetand,

The purpese ot SIGPAC is to provide to the scien.
tific and engineeting users of the 18BM 3od 95 com-
puting facility a convenient, ettective, and qutite gen-
eral means tor testing and indicating the accuracy of
computer catculations, This work has o primary
coals: () To permit the testing and Iocalizing of
weaknesses within numerical procedutes tor abnor.
mal enor propagation from renerated (primanly tiun.
cation} enors; and (b)Y To prvide an objective basis
for determinimg when single procision pnes adequate
sigmiticance o when double precision should b used.

LANGUAGL: FORTRAN 1V (12%); ASSEMBELER (06%)
MACHING REQUIREMENTS: 130300

PROGRAM  SI7E, Appronimately 0,820 soutce state-
ments ’
PRICE: Progiam $320.00

Documentation $10.50
FROGRAM NUMBER: GSC-11433

NU'ING - Numeric Integration by Gaussian Quadrature

This propram PAchage consists of ten subroutines
which apply the Guassan quadiature formuly to ny-.
mencal mtepation techingues. M has been shown
that Gaussuan Quadrature s supenor te ordinary
Simpson’s Rute tor g wide class of tunctions, An
NCrease in computing speed by o tactor tom 4.7 to
1 times has been shown for Gaussian quadtature rout.
Mg over simibar Simpson's Rule programs, Singe the
majgonty of numencal Inteprat.ons performed at large
computing conters treat tar less pathological mte-
£rands than those tor which Simpson's Rule programs
were desipned, it adavantaeous o use the more
apid Gaussian Quaditures whenever passeble, How-
ever, Sempson’s Rule programs provide an excellent
nmeans of determinng an optimum number for g pien
GECATY with Gaussian quadratures, The propram
OPpertes i bateh made and the subroutines yre writ-
tenan both single and douile precision,
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LANGUAGE: FORTRAN IV
MACHINE REQUIREMENTS: 16M 7094

PROGRAM SIZL: Approximately 1760 source stale-

ments
PRICE: Program $330.00
PROGRAM NUMBER: GSC-11350

Documentation $9.00

“PAP - Paramettic Analysis Program

PAP provides a sys‘omatic approach to Patametric
Analysis of systems vhose characteristics (dependent
variables) are continuous functions of the system
parameters (mdependent variables). 1t is designed to
explote the parameter space of a system using as few
system evaluations as possible. This is achieved by:
(1) Frogram design features which reduce the num-
ber of approaches to the computer requited to obtain
a gwen degree of coverape of the pnnnwlm space;
(2} Algotithms spocifically desipned to nunimize the
nuraber of system evaluations: (3) Extensive use of
interpolation and extrapoation: and (4) The provision
of a flexible contour plotting capability, The approach
taken by PAP is to apply n 2 (0 s the namber of system
parameters) constraints to the parameter space for fixed
values of the remaining two parameters. Determine satu-
tions to this nonlinear constraint problem and map the
solutions found to the points of a grid determuned by
the domains of the two parameters previously foed.
This pives tise to a3 number of functions of two
variables defined at discrete points which represent
the behavior of the constrained system. PAP provides
an interpolation scheme to penerate contows of these
functions and a fleaible plotting capability so that
they may be displayed in various combinations,

LANGUAGE: FORTRAN

MACHINE REQUIREMENTS: UNIVAC- 110‘%

PROGRAM 3IZE: Approximately 2,500 soutce state-
ment:

PRICE: Program $310.00
PROGRAM NUMBER: HQGN-10649

Documentation $9.00

Bellcomm's Approximation Library

This is a pachage of six subsoutines desipned to
calcttate the value of various functions. The sub-
routines and therr functions are: (1) BARN—random
number penerator, (2) CIS1-evaluates sine and cosine
integrals, (3} ELIP- computes complete and. incom-
plete elliptic integrals, (4) NEWTON—finds the 1eat
root of some realvalued functions of a single real
variable by the Newton Raphson method, and (5 & 6)
NUMBERS and RMIDPT— these subioutines compute
the numerical solutions te a system of simultancous
ordinary  ditferential equations,  NUMBERS uses a
fourth order variable step size  predictor conrector
intepration. RMIDPT uses an extension of- the trap-
czoidal tute to approximate the inteptal of a func-
tion and incorparate Euler's revised method to enable
it to solve ditferential equation,

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC 1100 Series
PROGRAM SIZE: Apptaaimately 1,408 soutce  state-
ments

DISTRIBUTION MEDIA:
matted Tape

PRICE: Program $£260.00
PROGRAM NUMBER: HQN-107135

7 trach UNIVAC FURPUR For-

Documentation $3.50

Bellcommvl.inear Algebra Litwary

This library of programs is Bellcomm’s Linear Al-
pebra Libraty, The programs are on magnetic tape and
consist of cight separate tiles. The tites have the fol-
towing functions: File 2 1—-EGNVEC—The complete
eigenvatue problem tor general real matnces: File 22
GAUSS - Solution of a system of tinear equations;
File  z3-HESH  Propram -Hessenberg-Householder -
Reduction, TRNVLC -Vector transtormation; File =4
~ CHOLESKY-- Used Chaleshy {or square oot method)
for computing and mverhing matiices; Fide =5.-MAP
SFind some or ol the frequencies and  orthogonal
made shapes of any hinear discrete system which ' is
governed by g penetalized eenvalue equation; file
=6 QR- Frpensalties and enemvectors of symmetric
mattices; Fide 27— SIRLIG- Used for the solution of
a hneat ponerahized weal symmetne positne definite
cipenproblen: and File = 8 - SGEIG- -Used for solving
the real symmetnc alepbnnic eigenproblem, The docu-
mertation for the programs consists of brief wiite ups
and ar abstracts givingt the tunction and uses of the
rettimefst withes the various fies,

LANGUAGE: FORTRAN IV

MACHINL RLQUIREMENTS: UNIVAC-1108, EXEC-VIN
PROGRAM SIZE: Appronimately 10,000 source  state-
ments

PRICL: Program $600.00
PROGRAM NUMBER: HQN-10738

Dacumentation §14.50

LPI1 - LaGrange Three Pmnt interpolation Computer
Program

This program penctates equally incremented inter-
polated data, using the LaGrange awterpoatation for-
mula for equat o unequal intevals of data, Input to
the program consists of the mput date set and the
followinyy parameters: number of functions to be n-
terpolated, the fitst and last ansumernts to be inter-
potated, and the output oplions. The input data set
may e on cards o tape; the vutput data set and
the uterpolated ates may be on tape, cards, and or
the prater. Lach ot of the input data set consists
ot an argument tollowed by as many as 19 functions
to be anterpolated. Three data points are used to cal-
culate cach interpolated pond, The points to be inter-
potated arte always puntained between the fost and
second of three data pomnts, eacept for the eatrap-
olated  repionss Extrapolation before the data set

Sy be forced by setting the tirst argument to be

interpolated less than the tirst argument of the data.
Extrapalotion beyond the available data may be torced
ty settin the st anument to be interpolated greater
than the last argument of the data.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: GE-635

PROGRAM SITE: Approsaniately 115 source statements
PRICL: §5 00

NQOTE: The ptice includes the documentation and a
propram histing enty, The documentation s not sold
separately from the program histing,

PROGRAM NUMBER: KSC-10418
FORTRAN IV Program for Symbolic Solution of Up to
20 Simultaneous Equations

SThis prepram s bhasically 9 symbohic manipulator
which provides 9 means o oblammmyg an algebraic
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solution to a set of up to 20 simultaneous equations.

The algebraic {as opposed to the numeric) solution .

is useful in understanding the influence ot the co-
efficients on the solution and in determining formulas
which can be used in further analyses. in peneral, the
program operates by reading in the tinear equations
in matrix form as the matrix equation . A; 1X; = Bj
.Y, whete the X's are the dependent variables, the Y's
ate the independent variables, and the A's and B's are
the constant cofficients of the cquations. Also read
in is the list of X solutions desired since it is not
usuatly requited to solve for all X's. The program then
operates on the matrices to develop the matrix equa-
tion i)(. LBy x\"; Juring which operation the
rarticular X solutions requested are obtained.

LANGUAGE FORTRAN IV

MACHINE REQUIREMENTS: 1BM-7094 7044 DCS
PROGRAM SIZE: Approaimately 404 source. statements
PRICE: Program $290.00 Documentation $2.50
PROGRAM NUMBER: LE\Y-10439

MATAR - Conversational Approach to Matrix Catcula-
tions

This is a computer program which enables usets
to do matrix computations without knowledge of com-
puters or programming languages. Potential users can
easily learn the command language recognized by the
program, The program, called MATAR, interacts with
usets i a conversational manner. It is now running
under a time-sharing system. MATAR provides for
simple input output of matrices, maltix anithmetic,
and several other operations. These include formations
of the transpose, inverse, determinant, and eigen-
values and exponentiation, The program can issue
specific complamts about input it cannot process.
For example, if the user tries fo use a matrix not
previvusly defined, the program tells fum that the
matrin is unknown and therefore that particular cal-
cutation must be cancelled. The user can promptly
see and rectify his errors,

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZE: Approximalely 1.338 source state-
memts ’
PRICC: Program $340.00
PROGRAM NUMBER: LEW-10830

Documentation $3.50

Computer Program for Spline Fit Curves

The sphne fit curve is a comvenient’ method for
fitting: a cune’ throuph a piven set of points. This
program will calculate the sphne fit curve, with tunc-
tion vatues, tust and second derivatives, and curna-
tute at any desited mterpolated points. If a set of
function vatues cotrespondimy to a ~et of arguments
is piven, there are se.eral ways a cunve can be fitted
thiough these values o as to approximate the original
nction with these values, The claswical way is by
an ath degree polynomual tor no 1 points, Hoaever,
this may net be satisfactory tor g farce nuember ot
paints, Other methads inctude Least Snauass and the
Four-Pomt Lagrangian interpatation. But *hese meth
ods nave short comungs ovet come by (e spline fit
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or piecewise cubic fit method. The spline fit curve
gives a simple method of determining an approximat-
ing analytical curve which can be used in place of
the original curve for interpolation, determining first
and second derivatives, curvature, or integration.

LANGUAGE: FORTRAN IV
MACHINE REQUIREMENTS: 1BM-7034

PRCGRAM SIZE: Approximately 85 source statements .

PRICE: $80.00

NOTE: The price includes the documentation and a
pregram listing only. The "documentation is not sold
sepatately from the propram listing.

PROGRAMA NUMBER: LEW-10317

RAPIER - FORTRAN IV Program for Muitiple Linsar
Regression Analysis Providing Internally Evaluated Re-
modeling

RAPIER is a very tleaible, easy to use, sophisticated
multiple linear repression program: s major asset is
its comprehensiveness of calculations and options.,
With the aid of a few control cards, the program can
be used readily for o wide range of applications which
can vary from g sumple least-squates cutve-fitting
problem to & complete segression analysis. [t can
provide the variance-covatiance matrix of independent
vartables, regiession  ceetticients, individual t-statis.
tics with their significance fevels, analysis of vatiance
tables tor simmficance of repression, special useage of
rephcated dota to estamate the error due to fack-otfit,
any one of three peoling precedutes aluch may be
used o estimate the ener variaoce, tests for normal.
ity of distribution of the residuals, weighted tepression,
and the use of moe than e dependent aariable.
The mathbematical analysis ¢t the computations and
thei reliability is ded further by the eption of ob-
taming an eemector decomposition of boeth the
vanance-covanance matun and the corretation matrix
of the independent vanables. The program atso 'pto-
vides an option to pertorm a backward  rejection
teression at any puen fevel er siponificance, Despite
its soptustication, RAPIER s retatively ecasy 10 use,
but it presupposes that the user has at‘least a basic
knowledge and or eapenence n the application of
statistical techniques.

LANGUAGE: FORTRAN 1V
MACHINE REQUIREMENTS: 1£M.7094 11 704 DCS
under 18SXS Version 13 vsng ALTIO
PROGRAM SIZE: Approxemately 2,217 soutce state-
ments
PRICE: Program $370.00

Documentation $10.50
PROGRAM NUMBER: LEW-11062 )

GIPTRAN - General Input Probability Translator

The program packayye entitlfed GIPTRAN is actually
twa programs, (GIPTRAN and STORM) wiuch provide
mathematical roubines for statistical analysis in one
computer run, The GIPTRAN program pencrates a
FORTRAN doeck trom a higher tevel Lanpuaye (called
GIPTRAN). The dataas then treated by STORS 10 pne
treguency distiibution; probabidily distiibuiion: cumu-
fotae probatulity  distt.bution: sample st mean
va'ue; stindard desgation: sample range; pocdness-ct-
it tests: anthmetic combinations of probabilily dis-
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tributions; and tolerance intervals, The GIPTRAN lan-
guage is documented in the program package but a
knowledge of FORTRAN is a prerequisite to under-

standing this language. STORM (Statistical Operations -

on Random Measurements) computes statistics and
probabilities (mentioned above) of n independent con-
tinuous random vatiables, The programs are applicable
only when the size of each input sample is large;
the accuracy of the results is seriously eroded when
any of the input. bodies of data has less than 100

‘observations. A maximum of 3000 sample measure-

ments for any one random variable may be input.
The package is designed to be used as a probabilistic
approach to the solution of engineering problems.
It was developed to compute statistical parameters
(random variables) which are simple functions of
many other input parameters (also random variables).
The most impxtant feature of STORM is the ability
to combine. independent continuous random variables
in basic atithmetic operatiors. The program can solve
f={(a.b) c} -d where a, b, ¢ and d ate independent,
continuous random vanables and f is continuous
random variable dependent upon 3, b, ¢ and d. It
accomplishes this by classifying input data into in-
tervals and then computing probabitities correspond-
ing to the interval midpoints.

LANGUAGE: FORTRAN (98°%); COMPASS (2%)
MACHINE REQUIREMENTS: CDC 6000 Series (with
FORTRAN RUN compiler)

PROGRAM SIZE: Approximately 3,860 source state-
ments

PRICE: Program $£820.00
PROGRAM NUMBER: LEWY-114582

Documentation $17.00

FITLOS——FORTRAN Program for Fitting Low-Order
Polynomial Splines by the Method of Least Sguares

FITLOS is a ~omputer program which implements a
new curvefitt,.  f{echnique. This technique consists of
(1} dividing th> set of data points into subsets, (2)
fitting a polynomial of degree two or three to each
subset, and (3) smoothing the total curve by assuring
that the first derivatives in the case of second degree
polynomials, or the tirst and second derivatives in
the case of third degree polynomials, are equal at the
treak points of each segment of the curve. These
continuity constraints are imposed by use of La-
grangian multiptiers. This method can be useful in
weves (1) where the data contains random errots such
t1iat the application of any hnown methods of inter-
palation would lead to undesirable errors, (2) where
the use of potynomuals of sufficiently high degtee, to
provide formally small errors, would result in com-
putation difficulty because of the occurrence of large
coefticients of cpposite signs, and (3) where a reason-
able initial value guess is desited for some iterative
computation., The mamn program, FITLOS, reads the
input gata, calls the appropriate subroutines for the
curve-fitting, calculates a statistical analysis, and
writes the output data. The modutar structure of this
program atlows a potential user t> incorporate this
procedure into another computer program since the
curve-fitting requires only three subroutines,

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1BM-7034 7043 DCS
PROGRAM SIZE: Approximately 1,765 source state-
ments :

PRICE: Program $480.00
PROGRAM NUMBDBER: LEW-11E51

Documentation $11.50

NEW/RAP - An Improved Muitiple Linear Regression and
Data Ansiysis Computer Program

A digital computer program (NEWRAP) has been
developed which can be used with ease to petform
extensive regression analyses or a simple least.
squares curve fit. The major value of the program is
the comprehensiveness of its calculations and options.
NEWRAP computes the variance-covarniance matrix of
the independent variables, regiession coefficients, t-
statistics for individual tests, and analysis of variance
tables for overall testing of regression. There is a
provision for a choice of three strategies for the
variance estimate to be used in computing t-statistics.
Also, more than one set of responses of dependent
variables can be analyzed for the same set of inde.
pendent variables. A backward rejection option method
based con the first dependent variable may be used
to delete nonsignificant terms from th2 model In
this case, a critical significance leve! is supplied as
input. The least significant independent \ariable is
deleted and the regression recomputed. This process
is repeated until all remaining variables have sig-
nificantly non-zero coefficients. The NEWRAP program
uses the triangular form of symmetric matrices
throughout. It allows also tor tha use of weighted re-
gression, computation of predicted values at any com:
bination of independent vatiables, a table of residuals,
and plots of residuals. By use of CRESPIT, a separate
program, a pretegression analysis may be performed
which may ai* in the choice of model to use the
NEWRAP. This program accepts the same raw oata
in the same format and computes the varance-
covariance matrix and correlation matrix of all the
vaniables and an eigemvector decomposition of the
variance-covariance matrix correspondmg to the inde-
pendent variables. Microfilm plots are then printed
of specified pairs of vanables. Punched cutput of
residuals and predicted values from NEWRAP can
also be used for note complicated residual plots
than the direct use of the plotting option NEWRAP
permits. \When a quadratic response function has been
estimated (as for example in optimum-secking experi-
memMation) CREDUC, another saparate program, may
be used to obtain all information necessary for a
cancnical analysis of the function. The three programs
together provide a useful data analysis pachage that
can be applied to 3 targe variety of common research
and development situations.

LANGUAGE: FORTRAN 1V

MACHINE REQUIRTMENTS: IBM.7094 7044
PROGRAM SIZE: Approximately 2,726 source state.
ments

PRICE: Program $360.00
PROGRAM NUMBER: LEW-11842

Documentation $11.00

AMINT - Adams Moulton Integration Subroutine

T!us subroutiae will numencally integrate a set of
n simultaneous first order ordinary differential equa.
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tions, by either the Adams-Moulton method of the
fourth order Runge-Kutta method. It has been checked
against several known sofutions, and in ali cases the
errors were apptroximately equal to their expected
values. There were no indications that round-off errors

. accumulate rapidly. This subroutine cflers the user an

option of using one of the following methods to solve

firstorder differential equations: 1. A fourth-order.

Runge-Kutta- method with 3 fixed step size, 2. Adams-
Motiton miethod with a variable step size, and 3.
Adams-Moulton method with a fixed step size.

LAMGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM 7094

PROGRAM SIZE: Approximately 154 source statements
PRICE: $70.00

NOTE: The price includes the documentation and a
program listing only. The documentation is not sold
separazely from the program listing.

PHOGRAM NUMBER: MFS-00485

Cutlier Technique Program

This program identifies questionable values in an
array of numbers. The program is based on a method
which is called the “Full Normal Plot”, A description

follows: (1) let a, . be a typical value for the ith or-

dered observation in 3 sample of size n from a unit
normal distribution, The choice a, . - GUA -1 gg"}
where P=GUA (y) is the cumulative normal, is an
adequate approximation to what is claimed to be
optimum and is easy to compute. (2) Order the sample
of size n to be examined such that y. y.« ... <Y.-.
Let-y’ be the median of the y's. (3) For the top third
and the bottom third of the ordered array, compute
the quantity Z,==fy,--y’) a: .. The i's with (1,3Ini<
{1 3) (2n) are from the formation of Z,'s both because
the sma!l values of a, . promcte instability and be-
cause Z.'s for such i's szem unrevealing. (4) Approxi-
mately (I 3) (2n) of the Z values have been computed.
Calculate the median, Z°, of the Z's. (5) Special atten-
tion should be given to Z values for which both
(y.—-y')>>AZ and Z,~BZ' whete A and B are prechosen
consaant values. (6) 1t some or several Z, values are
selected from the above, the Zj's with j more extreme

than a selected i also desetve special attention. This

is particularly true if the n is smail.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1BM 7094

PROGRAM SIZE: Approximately 139 source statements
PRICE: $45.00 .

NOTE: The price includes the documentation and a
program listing only. The documentation 1s not sold
separately from the program listing.

PROGRAM NUMBER: MFS-01128

Calculation of Eigenvalues and Eigenvectors of Arbi-
trary Matrices

This program uses a modification of the Greenstadt
method to calculate the eigenvalues and cigenvectors
of an arbitrary complex matz2nial, Basically, the matrix
15 reduced to upper tnangular form. Elements in the
lower trrangle (called the pivot elements) are drnven

70

to zero through the application of a sequence of
unitary transformations. The sequence of opetations
upon the set of pivotl elements 15 called a pass. The
algorithm continues untiy 2 specitied maximum num-
ber ot passes has been made or until the average
modulus of the set of pivot elements has bcen re-
duced to a particular value. The maximum order of tha
input matrix is ‘40, The triangulanzed matrix (labeled
“Eigenvalue Matrix”) is output in two parts, the real
patt and the imaginary part. The eipenvalues appear
on the main diagonal, real part and imaginary part.
The vector matrix of the trianpulanzed system (in
similar  format) follows. Finally, the eigenvector
matrix of the original system.is output. :

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: 1BM 360

PROGRAM SiZE: Approximately 2938 source statements
PRICE: Program. $140.00 Documentation $5.00
PROGRAM HNUMBER: MFS-02338

Point Transformation-Orthographic to Perspe:tive..

FORTRAN H Version for 360 System Use

This is a general purpose subroutine to transform.

orthographic points to perspective points, and present
a perspective picture of an object described by ortho-
graphic- dimensions. Transformation s performed by
means of algebraic formulas. In addition to the co-
ordinates to be transformed, the user specifies in the
call statement the viewing angle from whic « the view
15 10 be taken, the distance from which the view is to
be taken, the height from which the view s to be
taken, and the projection length for the perspective
points,

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: I18M.200

PROGRAM SIZE: Approximately 54 source statements
PRICE: $70.00 :

NOTE: The price includes the documentation and a
pregram listing only, The documentation s not sold
separately from the program listing.

PROGRAM NUMBER: MFS-02485

Solution of Large Sets of Simuitaneous Linear Equa-
tions with Banded Symmetric Matrices

A digital computer program has been wtitten to
solve large systems of. simultancous, tinear cquations

having banded, symmetric matnices, The probtems that .

ate considered by the program arc hmrted to those
which have a bandwidth that s less than the nunmiber
of equations. The core storage needed by the program
is independent of the number of equatiens, and hence,
the program is not limited directly by the order of
the matrix, Flexibility in apptying - the projgram s
realized by variably dimensioned atrays and by user
selection of auxiliary storage devices. As many as
10,000 equations have been solved i taelve nunutes
with this program. Results accurate to mine sigmificant
tigures were obtained.” Subroutines, cattable tiom a
FORTRAN propram, to. read o  FORIRAN-produced
tape backwards ate a feature of the progsram that could
be used elsewhere to reduce execution time.

-
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{.LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: IBM-360 65

PROGRAM SIZE: Approximately 558 source statcments
PRICE: Prograrn $160.00 Documentation $3.00
PROGRAM NUMBER: MFS-12347

* RKADAM - Subroutine to Solve Differential Equations

Subroutine RKADAM gives a stepwise solution to a
system of N first order differential equations of the
form, y,' - f.(x;y0y....¥.), i=1 to N. The user has the
option of selecting one of the following methods to
perforrn the integration: (2) Single step dth order
Runpe-Kutta method with fixed increment; (b) Adams
method with third ditferences and fixed increments:
and (2) Adams-Moulton method with third ditferences
and sariable increments.

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: IBM-350

PROGRAM SIZE: Approxnmately 225 soutce statements
PRICE: £90.00

NOTE: The price includes the documentation and a
program listing only, The documentation is not sold
separately from the program listing.

PROGRAM NUMBER: MFS-12381

BENORD - Solution of Differential Equahons Using the
Noidsieck Method

This subroutine solves an Nth order system of first
order ordinary differentiat equations using the method
described in the following: “On Numerical lntegration
of Ordinary Differential Equations”, Arnold Nordsieck,
fAathematics of Computation 16 (1962), pp. 22-49. This
method, which is stable under all circumstances, in-
corporates automatic starting with automatic choice
and revision of integration step size. In addition, the
amount of computation for a specified accuracy is
approximately minimized. All arithmetic calculations
are petformed in double  precision. This technique
may be applied to any system of ditferential equations
with derivatives which are either continuous or piece-
wise continuous with finite jumps.

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: IBM-3560

PROGRAM SIZE: Approximately 204 source statements
PRICE: $90.00

NOTE: The price includes the documentation and a
program listing only. The documentation is not sold
separately from the program listing,

PROGRAM NUMBER: MFS-13122

FORIER - Subroutines for Lens Design Program

This subroutine computes the coefficients 'ai and
b. of the real Fourier series for a given tabutated
real function ¢, The series is then evaluated for real
arguments, Tha method of calculation, based on a
real Fourier analysis, is described in two textbooks
referenced in the program documentation. All anth-
metic calculations are performed in double precision,
and the calling sequence requires double precision
arguments. The function to bte approximated is as-
sumed to be pericdic with respect Lo the given intes-

val, and the given set of furctional values 1s assumed

to be equally spaced with respect to the given interval. .

It 1s assumed that the initial tunctional value is
located at the left-most point of the interval.

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: 1BM-350

PROGRAM SIZE: Approximately 123 sov:ce statements
PRICE: $90.00

NOTE: The price includes the documentation and a
program listing only. The documentation is not sold
separately from the program listing.

PROGRARY HUMBER: hMFS-185€5

Method for fizalincer Exponcrtial Regression Analysis

The investigation of physical processes frequently
requite the use of models that simulfate or describe
the processes. A model is often chesen so that certain
variables interact in the model according to physical
theonies™ associated with the particular process. A
model equation contains identified independent vari-
ables and unknown parameters. Regression analysis
is the statistical tool used to determine the unknown
parameters which provide an analyticai representation
of the experimental data. The general procedure in
regressicn analysis is to toke partial derivatives of a
specitic madel-dependent minimizing function. These
partiat dervatives are taken with respect to each of
the unknown mode! parameters. If the set of equa.

tions obtained by sctting these partial derivatives

equal to zero can be solved by the usual algebraic
methods, the fitting or analytical representation is
accompishaed. However, f these equations are trans.
cendental in one ar mote of the unknown parameters,
they cannot be solved by the uswval algebraic methads.
The processes of particular interest in this program
are those that can be described by decaying expo-
nential forms. A matkematical model that contains
mate than one exponential term results in a set of
transcendertal  normal  equations  if  conventional
forms of regression analysis are used. Thus, one usually
resorts to terative methods that require initial esti-
mates for the parameters. The method used in this
program is the least squares procedure, whereby, the
nonhinear problem is linearized by expanding in a
Taylor seties. In the iterative method, one develops a
starting nominal guess for the model parameters. A
correction matrix is derived and then applied to the
nominal guess to produce an improved set of model
paramieters. This procedure is continued until some
predetermined criterion is satisfied. The number of
iterations necessary for convergence is closely re-
fyted to this criterion, the initial estimates. and the
form of exponential model. Two general types of ex-
ponential model programs were developed to imple-
ment the thedty for exponential regression analysis.
One concerns a single exponential and the sum of
cxponentials without a constant, and the other cone
cerns the sum of exponentials with a constant in
cluded. Each program comtains double-precision ca-
pabiity and the SC-2020 plotting procedures.

LANGUAGE: FORTRAN IV
MACHINE REQUIREMENTS: UNIVAC-1108, SC-2020
Plotter

n
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PROCPAM SIZE: Approximately 2,159 source state-
ments

PRICE: Program $510.00
PROGRAM NUMBER: MFS-21855

Documentation $10.00

Sefectiun of Approximating Functions for Tabulated
Numerical Data ) .

This computer program selects, from a list of can-
didate functions, the approximating functions and
associated coefficients which result in the “best curve

“fit" of a given set of numerical data. The approach

used in the development of this program yields
several advantages over cther “best iit" programs.
Some advantages offered by this approach are that
multivariable approximations .can be performed and
there is a degree of flexibility with respect to the
type of approximation used. The program is designed
to choose the “best” terms to be used in the ap-
proximation from an arbitrary list of possible terms
sa that little knowledge of the proper approximating
form is required. Elementary matrix operations and
vector methods are the techniques used to determine
the recursion relations which are used in determining
the coefficients of approximating functions. This re-
duces the computer execution time of the program.
This program is missing three minor subroutines that
must be supplied by the purchaser, if a computer plot
is needed. :

LANGUAGE: FORTRAN

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM SIZE: Approximately 760 source statements
PRICE: Pregram $330.00 Documentation $17.50
PROGRAM HUMBER: MFS.22138

A Computer Program for Standard Statistical Dis-
tributions

A computer program that will provicde efficient pro-
cedures for determining theoretical statistical models
for cmpirical data is presented as three options, A,
B, and C. Option A, a thecoretical approach, is the
Pearson System of frequency distributions developed
by Karl Pearson. Option A also provides sample statis-
tics including central and non.central moments, ap-
propriaiz variances and standard errors of theoretical
parameters, and tha cumulative probability function.
Options B and C of the program provide a straight-
forward empirical approach to the problem. Known
standard statistical- distributions are presented as
prospective models for the sample input. Option B
includes continuous distributions, and option C in-
cludes discrete models. Statistical tests for “goodness
of £ are included for making objective decisions in
regard to rejection or non-rejection of hypothetical
models selected.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: 1B8M 360, UNIVAC 1100
series

PROGRAM SIZE: Approximately 836 source statements
PRICE: Program $410.00 Documentation $11.50
PROGRAM NUMBER: MFS-22834 (IBM Vers.), MFS-
21456 (UNIVAC Vers.)

2.
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TEMPO - Technigue For Evaluzting Multiple Proba-
bility Occurrences

- This program was written to automa‘e a statistica!
process by which subjective responses in the form
of paired comparisons are quantitatively evaluated to
produce relative probabilities. The prcgram is useful
in any analysis which requires a ranking to be estab-
lished for a set of elements for whicli there is little
available data, The program has been extensively used
in prediction and apportionment for the S-lI Stage of
the Saturn Rocket. To illustrate the use of this pro-
gram, suppose three systems must b2 ranked as to
their relative probability of success and that previous
data is not available on these systems since they are
in the preliminary design phase. To get the best pos-
sible ranking of these systems, rating matrices are
prepared according to prescribed instructions. The
program then averages all the rating matrix entries
and every entry is transformed into a Normalized
Preference Matrix. This transformation makes all of
the entries positive and less than one, hence they can
be associated with a probability distribution,

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: IBM-360 65

PROGRAM SIZE: Approximately 250 source statements
PRICE: $25.00

NOTE: The price includes the documentation and 2
pregram listing only. The documentation is not sold
separately {from the program listing.

PROGRAM NUMBER: MFS-24100

Polynomial Matrix Equation Solver

Given the matrices A and C whose elements are
polynomials or order 2 or less, A being N by N and
C being N by M, this program obtains the inverse of
A in terms of A- adjoint and the determinant, P. It
then obtains the solution matrix, X, of the rmatrix
equation Ax=C. If desired, it obtains any specified
linear combination of the elements of X. In addition,
all roots of the polynomials which are the determinant
and the numerators of selected elements of X are
printed cut in a manner to highlight frequency and
damping factors. For matrix inversion, Leverrier's
method is used. In this inversion, softwarc-extended
precision equivalent to about 31 decimals is used,
afferded by the Q-Precision System supplied by C. L.
Lawson of JPL, Eleswhere, hardware double-precision
is used froely. This mixture is adequate to avoid
confusing spruicus roots which are without physical
significance. N is limited to 1% cr less, Unless N is
12 v+ less. M is limited to 1. This program can be used
in control problems where the laplace transform is
applied to a set of simultaneous algebraic equations
with polynomials as coefficients. The solution of this
system will yield the system trancfer functions as
elements of the inverse matrix, and also the Laplace
transform of the system response to a given torcing
function. The same mathematical structure is feund
in other applications such as the analysis and syn-
thesis of networks; feedback circuits, and design of
digital band pass filtere.

LANGUAGE: FORTRAN V (85%): SLEUTH (9%)
MACHINE REQUIREMENTS: UNIVAC-1108




" PROGRAM SIZE: Approximately 1,828 source state-

ments
PRICE: Program $260.00
PROGRAM NUMBER: MSC-14034

Documentation $9.00

UHELP-Universi'ty of Houston Easy Linear Program-
ming System

There are a number of finear programming routines
available to the computer user. However, to use these
standard routines effectively, the user must have a
basic knowledge of computer programming and com-
puter vocabulary, The formats in which data has to
be punched for some of these routines are quite
complex. Moreover, the output can be rather con-
fusing to the occasional user. Some of the routines
available are coded in more than one language,
which presents a problem in implementation. Altera-
tion of these existing routines is practicatly impossible
even for an experntenced programmer. To overcome
these ditficulties an interpretive type of language is
presented with the acronym UHELP (University of
Houston Easy Linear Programming). The language en-
ables the user to input tis data in the same form as
he would write his linear programming ptoblem on
paper. The ‘interpreter is coded in FORTRAN IV and
hence can easily be converted to almost any com-
puter system,

LANGUAGE: FORTRAN |V

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM. SIZE: Approximately 1,267 source state-
ments

PRICE: Program $200.00
PROGRAM NUMBER: MSC-14147

Documnentation $6.00

Algorithm for Matrix Bandwidth Reduction

For a great many structural problems, particularly
using the finite element method, the mathematical
model that must be solved is a set of finear simul-
taneous equations. Among the fastest methods for
solving this class of mathematical problems are the
elimination techniques which involve two main steps:
{1} decomposition and (2) backsubstitution. The
amount of time required to perform the technique
is a function of the size and the bandwidth of the
coefficient matrix. For a matrix of a given size, the
time tequired to solve the system is directly propor-
tional to the squate of the bandwidth, Bandwidth is
defined as the maximum size (in terms of column in-
dices) between the main diagonal and any non-zero
clement in that row. A computer program was devel-
oped to solve a system of simultaneous linear equa-
tions by the bandwidth reduction method. Bandwidth
reduction is needed in order to reduce the time and

‘cost of computing answers for systems of equations.

For example, a reduction in bandwidth of 50% repre-
sents a reduction in solution time of 75%. The method
used for the present program is a simple and straight-
forward procedure which systematically moves rows
closer together that are far apart and coupled. A
comparison of this bandwidth reduction method with
existing algorithms s presented in the documentation.
Also results obtamed by using this method on ten
differeat topologies are given,

LANGUAGE: FORTRAN {V

MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZE: Approximately 138 source statements
PRICE: $85.00 :

NOTE: The price includes the documentaiion and a
program listing only, The documentation s not sold
separately from the program listing.

PROGRAK NUMBER: MSC-17580

Addition Cor. olution Computer Program for Cost Risk
Analysis

ln cost risk studies probability density functions
are determined judgmentally by subsystem engineers
and cost analysts working together. These functions
express probability cf cost for subsystem elements.
The subsystem functions then have to be combined
to determine a total system cost probability function.
In many cases the addition convolution theorem is
applicable, which allows the determination of density
functions for sums of random variables through evalu-
ation of a convolution integral. The present computer
program performs this integration numerically, two
functions at a time successively, from input density
functions defined by sets of ccordinate pairs. The
program was wntten to provide a simpler, faster, and
less expensive working tool for risk studies than the
programs which use Beta functions.

LANGUAGE: FORTRAN IV

MACHINE REQUIRCMENTS: IBM-360

PROGRAM SIZE: Approximately 52 source statements
PRICE: $95.00

NOTE: The price includes the documentation and a
propram hsting only. The documentation is not sold
separately from the program listing,

PROGRAM NUMBER: MSC.18018

Routines fcr 3-0 Vector Computations

Frequently used 3-dimensional vector operations
have been proprammed,-to “serve as a mathematical
convenience by providing a coordinated set of routines

-normally used in various sequential order. The solu-

tion of 3 dimensional geometric pioblems which have
ocent mainly solved graphically in the past can now
be programmed for computers.

LANGUAGE: N A

MACHINE REQUIREMENTS: Hewlett-Packard S100A
PROGRAM SIZE: Not Applicable

PRICE: $55.00

NOTE: The price includes the documentation and a
program histing only, The documentation is not sold
separate from the program listing,

PROGRAM NUMBEFR: MSC-15289

Statistical Table Value Estimation (t and Chi Square)

This package of desk-top computer procedures esti-
mates values {probabilittes and percentage points) for
two fiequently used statistical tables, t and X° dis-
tributions, using the standardized norma!l distribution
table,

LANGUAGE: Instructions and data are entered at the
time of processing.

73




. . g 4 ,r.

3 RS 2 L dntharatatt s e Bt e § e Pk - v £ ! T Lad gt =t
bt i TR i L S L6 R B L b D e e S o B B e

MACHINE REQUIREMENTS: Compucorp 145E
PROGRAM SIZE: Not Apphcable

PRICE: $25.00

NOTE: The price includes the documentation and a
program Jisting onty. The documentation is not sold
separately from the program listing.

PROGRAM HUMBER: MSC-18415

VERGE - Computer Subroutine to Accelerate the Con-
vergence of Iterative Procsses

VERGE is a general-pirpose FORTRAN IV routine
which is designed to ac =lerate the convergence of
iterative processes and can be used to solve the
many equations encountered in the numerical solu-
tion of engineering problems which do not permit
explicit solutions for certain variables. lteration is
often the only effective means of sciving non-linear
algebraic and transcendental equations. Therefore,
the general class of problems which is of interest is
that which may be written in the form x=f(x). The
routine is based on the convergence algorithm of
Wegstein, The method accelerates the rate of con-
vergence if the iteration converges, and it induces
convergence if the basic iteration process tends to
diverge. The convergence is quadratic which means
that asymptomatically the number of correct decimal
places is doubled at each step. The method  is
analogous to the graphical procedure of finding the
intersection of curves yz=x and y={{x), except that
the process is automated. fteration is stzrted with a
guess, from which the subroutine derives an improved
estimate, and the process continues until the differ-
ence between successive estimates, and the process
continues until the difference between successive
estimates is arbitrarily small, In addition, urderflow
protection is provided so a search {or roots close to
the origin will pot violate machine limits.

LANGUAGE: CDC FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series
PROGRAM SIZE: Approximately 70 source statements
PRICE: $95G0

NOTE: The price includes the documentation and a
program listing only. The documentation is not sold
separately from the program listing.

PROGRAM NUMBER: NPO-10614

SPLINT - Parabolic Spline Interpolation Subroutine

The SPLINT program performs interpelation and
differentiation using the parabolic spline. This spline
fit, while not as accurate as the cubic or higher order
splines, can be generated by a closed-form expression.
The methad s analytically -equivatent to taking feur
consecutive tabular points and fitting a parabola
through the first three points and a parabola through
the last three. The parabolic spline between the two
middie points of the set is determined by linearly
interpolating betaeen the two parabolas. Continuity
of the first derivative of the fitted curve is preserved.
A new search scheme was devised to permit the use
of tabular data where the independent variable is
either .nonotoncally increasing or decreasing. Tlus
feature allows the subroutine to handle inverse inter-
polation directiy, with the restriction that Yz=F (x)

"

and the inverse operation X=G (y} are both single
valued. Also, in the interest of generality, a special
indexing scheme is used to facilitate multidimensional
interpolation, Endpoints and extrapolations are handled
by letting the first three tabular paints, or the last
thre2, determine a parabola which defines the fit at
the extremities of the table,

LANGUAGE: CDC FORTRAM IV

MACHINE REQUIREMENTS: CDC-6000 Series
PROGRAM SIZE: Approximately 249 source statements
PRICE:-$55.00

NOTE: The price includes the documentation and the
program listing only. The documentation is not sold
separately {from the program.

PROGRAM NUMBER: NPO-10786

Random Number Generator

This package consists of six routines which per-
form random number generations from various types
of populations. UNIFRM generates floating point num-
bers from a uniformly distributed population with a
sample space defined by the open interval (0, 1)
The routine uses a multiplicative, congruential pseudo-
random number generator. GAUSS, on the other hand,
uses Bell's algonithm which is a modification of the
method of Box and Muller to generate floating point
numbers from a normally” distributed population with
a zero mean and unit variance NPOISN uses Snow's
algorithm to generate integers from a population
vhich has a Poissen distribution. The algorithm of
Ralston and Wilt is used by LCXPONT to generate
floating point numbers from a population which satis-
fied an exponential distribution on the intena!
(0, ). If the pcputation has a Rayleigh distribution,
RAYLE! is used to generate floating point numbers,
Finally, GVEC generates random vectors from a multi-
variate normal population with specified mean vector
and variance-covariance matrix.

LANGUAGE: FORTRAN V (91.7°); SLEUTH (8.3%)
MACHINE REQUIREMENTS: UNIVAC 1103, EXEC Vil
PROGRAM SIZE: Approximately 451 source statements
PRICE: $75.00

NOTE: The price includes the documentation and a
program tisting only. The documentation is not sold
separately from the program listing.

PROGRAM NUMEER: NPO-11528

RFT1.One-Dimensional Real Fourier Transform

This subroutine computes one-dimensional Feurier
transforms fer real data using the Cooley-Tukey Fast
Foutier Transform (FFT), Applications inctude: (1)
Finte Fourier analysis, (2) The calculation of Fourier -
transforms, (3) Calculating convolutions and lagged
products_(e.g. digital filtering), (3) The calculation of
?onor spectra, and (5) The inversion of Laplace trans-
arms.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM SIZE: Approximately 456 source statements
PRICE: Program 333000 Documentation $5.50
PROGRAM NUMBER: NPO-11649
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CFT - Multi-Dimensional Complex Fourier Transform

This subroutine computes multi-dimensional com-
plex Fourier transforms in up to six dimensions using
the Cooley-Tukey Fast Fourier Transform (FFT). Appli-
cations of this program include: (1) Finite Fourier
analysis, (2) The calculation of Fourier transforms,
(3) Calculating convolutions and tagged products (e.g.
digital filtering), (4) The calculation of power spectra,
and (5) The inversion of Laplace transforms.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM SIZE: Approximately 416 source statements
PRICE: Program $310.00 Documentaticn $3.50
PROGRAM NUMBER: NPO-11651

ROMBS - Modified Single Precisicn Romberg Quadra-
ture Subroutine ’

* This program pachage consists of two subroutines
for evaluation of a single integral and a group of three
subroutines for the evaluation of multiple integrals.
ROMBD and ROMBS are double and single precision
subroutines respectively for numerical quadrature,
using a modified Romberg procedure with a variable
step size. This package also contains subroutines
RMBI, RMB2, and RMB3 for the evaluation of mul-
tiple integrals. ROMBS is used as the basic integra-
tion technique. These routines represent a “state of
the art” in their fietd. They hae been thoroughly
tested and found to be equal or better than .any
comparable routines. The programs have been com-
pared to SQUANK of J. Lyness {see ACA Journal,
Volume 16, July, 1959, “Notes on the Adaptive Simpson
Quadrature Routine”) and found ta be more reliable
and better able to solve a larger class of probiermns.
Although these routines are designed to serve as a
library *standard” to evaluate most detinite 1.ategrals,
it is necessary to realize that with singulanties and
certain discontinuities in the mtegrand, Gaussian
quadrature or other methods may be more appropriate.

LANGUAGE: FOR/RAN V

MACHINE REQUIREMENTS: UNIVAC-1103

PRCGRAM SIZE: Approximately 1213 source state-
ments

PRICE: Program $260.00
PROGRAM NUMBER: NPO-11718

Documentation $10.50

STURM - Eigenvalue Routine by Sturm Sequence
Method :

This computer program has been penerated for the
efficient solution of certain broad classes of ecigen-
value problems. Extensive applications of the proce-
dure are envisaged in the analysis of many enpineer-
ing problems such as natural frequensy and stability
analysis of practicat structures discretized by the
Ginite element technique. The procedure used this
program fully exploits the banded nature of the asso-
ciated matrices and further enables the user to
compute either alt the rocts of any spacific ones as
desired. Thus once the range of values far the roots
are specified, the routine computes the first required

NR roots lying within the range. The routine also
computes repeated roots as well as the eigenvectors.
Storage tequirements are modest, since only one
working store of moderate dimension is needed for
the solution. Further special storage options enable
storing mostiy nonzero etements only of the associated
main matrix of the eigenvalue problem.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM SIZE: Approximately 867 source statements
PRICE: Program $430.00 Documentaticn $2.59
PROGRAM NUMBER: NPO-1180%

Reliability Computation from Reliability Block Dia-
grams

This program package consists of a probability
calcutation program used to calculate the probability
of system success from an arbitrary tetiability block
diagram. The class of reliability bluck diagrams that
can be handled include any active standby combina-
tion of redundancy, and the computations include the
effects of dormancy and switching in any standby re-
dundancy. The program is based on an alporithm

“which extends probability tree usefulness to standby

systems. Four factors to be considered in catculations
of this type are active block redundancy, standby
block redundancy, partial redundancy and the pres-
ence of equivalent blocks in the diagram. The proba-
nility of successful operation for a system imolving
active redundancy is found using the probability tree
methied. The principie that is used in computing
standby redundancy is simple but ditticulty occurs in
applying the principle to complex circuits; methads
and equ-tions are presented in the program documen-
tation. Partial redundancy is handled by manually
setting up the problem in terms of equinalent blocks.
Equivalent blockhs occur when the same piece of
physical hardaare appears more than onge in the
reliability block diagram. When this happens, the
program assumes that if the block worked in one
occurrence, 1t will work in the other and vice versad.
7o accommodate storage capacity {on the UNIVAC
1:09), the following program limitations exist: (1) maxi-
mum of 5C blocks to a block diagram, {2) maxtmum of
200 success pathis, (3} there can only be one output
block, and (4) maximum of 11 inputs and 13 outpuls
per btock (The first three restrictions ¢an be overcome
by grouping blocks and or .success paths: by rouling
output blocks through one final success block)., The
program 1s written to be used on a Lt JIVAC 1108 timre-
sharing system with 65K core storage and a UNIVAC
1108 FORTRAN V compiler. The program can be fun
in either batch or interactine mode.

LANGUAGE: FORTRAN

MACHINE REQUIREMENTS: UNIVAC 1100 Senes
EXEC & :

PROGRAM SIZE: Approximately 3.756 source state-
ments

DISTRIBUTION MEDIA: 7 Track UNIVAC FURPUR
Formatted Tape

PRICE: Program 3050.00
PROGRAM NUMBER: NP0-13304

Documentstion 8,50

IE}
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SPIN - Spining Structures Eigenproblem Solver

This computer program may be conveniently utilized
for the accurate solution of a wide range of practical
eigenvalue problems. Important applications of the
present work are envisaged in the natural frequency
analysis of spinning structures discretized by the
finite efement technique, and in the determination
of transfer functions associated with the dynamic
blocks of control systems of spacecraft utilizing gas
jets or reaction wheels for attitude control, as well as

"~ of spin.stabilized and dual-spin-stabilized satellites.

The validity of the Sturm sequence property is first
established for the related matrix {crmulation involv-
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‘ing Hermitian and . real symmetric, positive-definite

matrices, both being usually of highly banded con-
figuration, A numerically stable algonitbm based on
the Sturm sequence method is then developed which
fully exploits the banded forn of the asscciated
matrices. The related computer program proved to be

extremely fast and economical in comparison to other

existing methods of such analysis,

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM SIZE: Approximately 695 source statements
PRICE: Program $430.00 Documentation $2.50
PROGRAR NUMBER: NPQ-13244
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STRUCTURAL MECHANICS

Includes structural element design and weight
analysis; fatigue studies for structures and compo-
nents; stress (including. thermal) calculation and
analysis of structures; analysis of vibration and
damping in structures; analysis of shell structures
including stresses, loads, buckling and vibration.

MASFLAY - Finite Element Mesh Generation Program

This program was written to perform finite element
data preparation, It is to be used as an aux’liary
program for finite element analysis and it prepares
the input data on cards for programs which utilize
the generated and controlled mesh. The mesh is
generated for plane figures (two-dimensionai or axi-
symmetric bodies) which are to be subdivided into
quadrilateral ana triangular elements for finite ele.
ment anzlyses (structural, heat transfer, etc). The
program has four steps of operation: (1) Missing data
generation—(a) Generation of nodal point numbers,
coordinates, and temperatures, and (b) Generation of
element numbers, connectivities and material num-
bers. (2) Input data control—The prcgram controls
both the nodal point and the element numbers se-
quence. Calculation of the maximum difference in
wodal point numbers belonging to an element is per-
formed and printed. This information is often required
to limit the stiffness matrix bandwidth in finite ele-
ment analyses. (3} Controt plot of mesh—The plots are
provided using the line printer, (a) The nodal number
is printed in cortespondence of nodal coordinates in
selectable scales, and (b) The element number at the
element centroid is printed out in a plot with the
same scales as that used in the node position plot.
(4) Data cards are punched—Dazta cards are punched
according to FORMATS chosen by the user if the
option for punched data cards is chosen.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 18M-360

PROGRAM SIZE: Approximately 360 source statements
PRICE: Program $260 00 Documentation $3.50

'PROGRAM MUMBER: C0S-02350

Isometric Piping System Drawing and Material Takeoff
Program

The isometric Piping Drawing System was designed
to allow the engineer to have a fully dimensional
isometric drawing produced for him. The system is
comprised of five main parts. (1) Isometric Piping
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Drawing—This produces an isometric drawing of the
piping system viewed from any positive Y quadrant,
It also produces a printed report describing all input
data to the drawing system. {2} lsometric Symbol
Drawing—This inserts pipe fitting symbols onto the
pipin,, drawing. (3) Material Report—Produces a plotted
report listing index, description, length and stockcode
number for each item in the system, (4) Instrument
Point Repurt—Produces 3 plotted report which lists
index, in<trument number, descriplion, stockcode
number, and angulir location pressure instrument
branch connections, sample connections and tempera-
ture instrument thermowells, in the system, (5) Draw-
ing Diménwions—Dimensions the piping system with
extension frne -, It takes into account the preplems of
readability anc dimension placement optimization,
There are severai favorable input features incorpo-
rated in this system, Each line of piping may be com.
prised of a number 0’ elementary scctions of pipe,
which may either ke straight Lines or circular arcs,
pipe fitting symbols may be inserted betweén any
two consecutrve points in the system. Instrument
points mizy be inserted at any pomt in the system,
and the physical properties ci the piping matenal
may chanje at any input data point m the system.
The input for the computer program are data points
necessary to define the piping system. The necessary
inputs are: (1) Beginning points for 3 pipe ine or
segment, (2) Terminal points for a pipe hne or seg-
ment, (3) Points of intersection of th- tangents of the
end of each circular bend in the pipe hine, (1) Points
at which the hine changes direction withsut-a circular
bend, (5) Points at which a piping symbat is located,
{6} Points at which pipe supports are located. (7)
Points at shich instrument paint infcrmation is re-
quired. ¥ihen a draaing run 1s completed, informaticn
consisting of input data, calculated values, and error
messages are prnted. The draaing is preduced cn a
magnetic tape to be plotted by a Calcomp plotter,

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: Univac 1193
PROGRA!A SIZE: Appronmately 8,230
ments

PRICE- Prrpram £870.00
PROGRAM NUMBER: C0S.02410

source  state-

Dacumentation $32,00
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BANDIT - Structural Matrix Bandwidth Reduction Com-
puter Program

BANDIT is a data preprocessor for use with the
NASTRAN structural analysis computer program which
automatically resequences the grid point numbers
associated with structural matrices in order to reduce

" the band width of these matrices, ie. produce a

clustering about the main diagona: of the non-zero
elements in the matrices with a resultant improvement
in computational efficiency for NASTRAN. Although the
structural matrices assembled by MNASTRAN as a
finite element based system are typically sparse and
while many of the routires used by NASTRAN for the
solution of linear equations and extraction of eigen-
values are designea to operate most efficiently when
the bandwidths of the structural matrices are mini-
mum, NASTRAN currently places the burden on the
user to number the structure <o as to provide such a
bandwidth. The inherent difficulties in sequencing
nodal tabels manually can make this a burdensome
task for the analyst. The current public release of
BANDIT, Version 5.2, automatically resequences grid
points using two different enumerative strategies, the
Cuthill and McKee (CM) methad and the Gibbs, Poole,
and Stockmeyer (GPS) method. By default buth strate-
gies are invoked with the resequencing method
selected being that which nroduces the minimal band-
w~idth, Alternatively, the user may specify that only
one resequencing stratepy to be used, Instead of
vandmdth, the user may opticnally select to rcduce
matnx profile, matrix wavetront, or row waselront
variance. BANDIT Version 5.2 s compatible with
NASTRAN release levels 159 and telow and recog-
nizes the finite efements avasiaple «n NASA NASTRAN
Level 159, MSC HASTRAN and NAVY NASTRAN,

LANGUAGE: FORTRAN (5% ASSENBLER CDC Versicn)
PMAACHINE REQUIREMENTS: CUC 6303 Senes, 1BM
360 370 Senes, UNIVAC 1100 Scries, Heneywe!l €000
Series

“» OJGRAM SIZE: Appronmimately 3890 source state-
ments

PRICE: Program $350.00 scumentat.cn $7.00
PROGRAM NUMBER: DOD-05033 (COC), DO0D-00034
(IBM), DGD-00035 (UNIVAC), DOD-C0054 (Haneywell)

MEC21 - Pipe Flexibility Analysis Program

This 15 a program using tensor analysis methods to
analyze the flexibility of multiple branch and clczed-
loop piping systems $ubject to thermal, uniform, and
concentrated Icadings, and is -also applicable on
cryogenic piping systems. All computations are per-
formed in accordance with the requirements cf ASA
B3l 1-1955 Amencan Standard Code for Pressure
Piping. As an incicental feature, the program is also
able to salve certain structural pecblems, The maxi-
mum problem size is 99 kranches, 93 branch-intersec-
ton-points, and ¢r 599 data points. Each data point
may descnibe one to three elements. Machine time
vanes betaeen 0.02 and 0.05 minute per element, de-
pending on the coemplexity of the system.

LANGUAGE: FORTRAN IV
SMACHINE REQUIREMENTS: CDC 6009 Series, UNIVAC
1100 Series

18

© PRICE: Program $639.00

PROGRAM SIZE: Approximately 5220 source stale-
ments

Documentation $25.50
PROGRAM "HUMBER: DO0D-62024 (iBM Vers.), DOD-
06025 (UNIVAC Vers.), DOD-00026 (CDC Vers.)

MEL40 - Piping Flexibility Analysis Prograr’

IMEL-40 is a compuser program using tensor analysis .
methods to analyze the flexibitity of multiple branch
and closed-loop piping <ysiems subject to pressure
vatiaticas, temperature variations, anchor movements,
weight, and or other prescrited loading conditions.
All computations may be perfcrmed in accordance
with the requirements of USA Standard Code for
Pressure Piping. As an incidental feature, the pro-
gram is af;0 able to scive certain structuratl problems.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-360 370 Series
PROGRAY SIZE: Approximately 5273 source state.
ments

PRICE: Proirram $349.00
PRCGRAM NUMBER: DOD-006027

Documentation $26.50

SHCP - Ship Hull Characteristics Program

These are a series of programs that calculate chip
areas, volumes, and centers. They operate on a data
base whinh 1c applicable to atmost any ship hull
proprams have beeon sufficiently checked
2 to pis2 reasonatte assurance of ahid
ansucrs, SHCP s composed of modular routines, each
cperating, &t one of three basic fevels. Level 1-A
miniscule erecuti,e (or monitor) routine which reads
an dent:tication car¢ and a hist of the work to be
done, then supefvises the perfor nance of this work,
Level 2-.Output programs which read their own sets
of data, perform thewr distinct types of calculations
~ith the aid of Lesel 3 rcutines, print out their
answers and return control to b= executive, The first
of these teads sancus combinations of design param-
eters, calculates -the missing parameters, performs
initializations and prints out d=sign information. The
remainder of the Lesel 2 proprams are those which
perform basic n2val architecturat calculatiors. They
are: (1) Hydrostatics, (2) Tnm Lines, (3) Lengitudinal
Strength, {4) Flzccatle Length, (9) Limiting Drafts, (6)
Intact Stamility, {7} Camazed Stability. These programs
have stard atore capability; nore need be aware of the
existence of any of the others, Level 3—VWorking level,
or calzufation routines which perform all integrations,
interpolzticns, and iterations.

LANGUASGE: LO/-LEVEL FORTRAN IV

MACHINE REQUIRELENTS: Any system with FOR-
TRAN 1V comptler. Examples: 182441130, IBM-360, 1BM-
7090 70533, RCA Spectra 70, Hurrouihs 85500, UNIVAC-
1108, CUT-2000 and €503 Sertes )
PROGRAM SIZE: Approximrately 5,265 source state-
ments

PRICE: Pragram 13719.00
PROGRAM NUMBER: DOD-G9032

Documentation $16.50




: < AN - -
el s g et gein gre emmemree ] ey pme e Ry XN ol ;
. - P . 3 TV IRT e P e 2R .,__._l__‘_.::u =T e }‘7,.... PR XN
T - L. . L. e AR P N B L o RN \_‘!
S ameee * . . . . : . ——. PR
R e I Lt et e e Leed Toeo ~ ST , : ;
- 8 .o - K
- o L vy parmees 7ores Ty " e " -~ i i I
e Ay TMT s £ Sy P 7 S et 8 S - vy e : i
Y

' TOWER!Z - Guyed Tower Analysis Computer Prozram

The program is based on a method of analysis

which includes such secondary effects as external -

momants produced by the guys at each level and
those produced by beam-column action, Eftects of ice
loads and insulators on the guys are also included.
Within the limitations described below, the program
will determine deflections, reactions, moments, and
vertical leads for towers subject to loads which cause
it to bend in one cr in two directions, In addition, for
triangular towers, stresses in all members can be de-
termined for the follow'ng wind directions: (1) Wind
directly into a face; Wind A, (2) Wind directly into an
apex; Wind B, and (3) Wind parallel to a tace; Wind C.
If the guys at a!l levels are symmetric with the wind
direction and there are no external loads in a direction
other than the wing, Winds A and B load the tcwer
symmetrically and the tower will deflect in the wind
direction only. Wind C will cause tne tower to bend
in {wo directions because of dissymmetry. It the
tower bends in one direction only, machine run time
can be reduced by inserting the proper vatue for KS

on the pertinent data card as described hereafter.

Pull-off loading 1s assumew to be at the top of the
cantilevered span. If there is no cantilevered span,
the puli-off loading is assumed to be at the top guy
level. This loading consists of a horizontal load, a
vertical load, and a moment produced by the vertical
load acting at some distance from the center of
gravity of the tower. If there are no puli-off loads, the
fields for such data are left blank.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC.6000 Series
PROGRANM SIZE: Approximately 1,800 source state-
ments

PRICE: Program $530.00
PROGRAM NUMBER: DOD-20036

Documentation $8.03

Midship Section Design for Naval Ships

This computer program will design the longitudinal
scantlings of a midship sestion, Any practical com-
binations of decks, platforms, and longitudinal bulk-
heads for the midship section confipuration may be
used. Options to include an inner bottom structure
and to perform a2 nuclear air blast analysis of shell
and upper strength deck structure are provided. The
program -contains the decisions necessary to deter-
mine an initial set of minimum weight scantlings for
the shell, deck bulkhead, and inner bottom segments,
test them to determine compliance with the design
criteria as defined by the Naval Ship Engineernng
Center, and then.increase the scantlings if the cri-
teria are not satisfied. Modification of scantiings
continues until the scantlings developed do not
change the primary stress assignment. If the midship
section has a primary stress deficiency at the deck
and or keel 1tibers, the program will automatically
adjust the material at these fibers and iterate the
design process until scantlings are found that are of
minimum weight and structurally adequate. This pro-
gram requires approximately 220K of memory in order
to execute.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC 6000 Series
PROGRAM CIZE: Approximately 10,000 source state-
ments

PRICE: Program $500.00 Documentation $27.00
PROGRAM NUMBER: DOD-GCD41 .
GRID2D - IGFES: Two Dimeusional Grid Generator and
Terminal Control System

This software package represents a structural de-
sign program which generates twu dimensional finite
etement grids. The package conains the GRID2D
program, which is one of the prcgrams comprising
the Interactive Graphics Finite Elem2nt Systems; and
also contains the Terminal Control System (TCS), which
is a package of computer graphics routines designed
to free applications programmers freon praphics de-
vice dependent considerations. 1.5 interfaces
GRIDZD to graphic devices. The GRID2D program
allows the user to define and display two dimensional
structure, and supports the NASTRAN program. The
grid generation process runs under control of a moni-
tor. The user informs the monitor which phase of
generation is to be performed. The phases are bound-
ary definition, region definition, and monitor manipu-
lation. By making multiple passes through -each- of
these phases the user has the capability of regenerat-
ing regions many times wusing different nodal densities
and element types. The restriction that opposite siizs
of the region must have an equal number of nuazs
is basic to the generation process. Internally each giid
region is represented as a matrix. Thirteen NASTRAN
elements are supported by GRID2D including the Twis:
element and the Axisymmetric trapezoidal ring ele-
ment. The program operates in batch and interactive
mode; currently runs in 80K bytes on an IBM 360 44
running 0S. MFT and 24K word PDP 11 40 uncer
DOS BATCH; and uses the Calcomp plotter,

LANGUAGE: FORTRAN (95%); ASSEMBLER (5%)
MACHINE REQUIREMENTS: IBM 360

PROGRAM SIZE: Approxiinately 1,078 source state-
ments

PRICE: Program $480.00
PROGRAM NUMBER: DOD-00050

Documentation $15.50

Autcinated Input Data Preparation for NASTRAN

This pregram package consists of five computer
progratas which are available to aid the structural
engineer in preparing input data for the NASTRAN
structural analysis program.. The first three progrems
—AXIS, SHELBY, and COONS—are coded in FORTRAN
IV for operation on the IBM-7094 or the IBM-3580 ccm-
puter; while the last twc programs—BANDAID and
tAOVE—are coded in PL-1 for operation on the IBM.
36C computer. Each program may be briefly described
as follows: AXIS generates data for shells described
by tne rotation of a plane curve about an axis.
SHELBY penerates data for shells described by the
transtation of a plane curve along an arbitrary asis
in space. The scale factor may vary along the length
of the axis. COONS penerates data for tree-form shell
structures based cn the description of four baunding
curves. BANDAID automatically resequences the grid

car 8 ek

points of a structural problem to achieve a reduced -\
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bandwidth in the stiffness matrix, given the NASTRAN
data deck for the problem. MOVE generates data for
structures having a number of identical sepments,
piven the NASTRAN bulk data for one of the seg-
ments. ) ’

LANGUAGE: FORTRAN 1V (59.6%); PL-1 (40.4%)
MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZE: Approximately 1,078 source state-
ments

PRICE: Program $490.00
PROGRAM JUMBER: GSC-11032

Documentation $8.00

Advanced Structure Geometry Studies

‘This report” explains onc. method of subdividing a
polyhedron _ into  triangular facets and “exptoding™ 1t
onto the surface of a sphere. A structure is theteby
given which may be used in spherical’ form. The
tetrahedron, octahedron or icosahedion are the tun.
damental geometrical configurations of the structute.
A further subdivision of the configuration cliosen is
accomplished by subdividing each principle side of
each principal polyhedeaal triangle into any number
of segments. The order of subdivision is determned
by subdividing the triangle and the otigin {or center)
of the polyhedron-into equal angle segments, using
the origin as the vertice for subdivision. The pomnts
of intersection of the equal angle segments with the
principle side determines the subdwvision along the
principle side of the principle polyhedral triangle. The
points of subdivision on each side of the Principle
polyhedral triangle are connected with line segments
which are paraliel to the two remaining sides of the
principle polyhedial triangle under consideration, They
intersect at a number of points which define a triangu-
tar grid of subdivision. Due 1o the method of subdivie
sion, small trianpular “windows” occur in the grid. The
centers of these windows are found by one of two meth.-
ods and are used as the vertices of a triangular gnid of
subdivision of the principle polyhedral face and ate
then transformed to the surtace of the sphere which
circumscribes the polyhedron, The cords that connect
these transformed vertices thus define the structwal
grid (hat comprise the structural confipuration de-
sired. A methematical mode! has been determined
which explams the peometry used in subdividing and
transforming the polyhedron into the structural con
{iguration desired. From this model a computer oro-
gram has been wantten which gives the necessay
information needed for construction and anatysis of
the structure. As a further aid in investigation of the
various forms, & plot reatine was develdped to gne a
graphical output of cach of the structural torms.
LANGUAGE: FCRTRAN IV

MACHINE REQUIREMENTS: I1BM-7094, Calcomp Plot.
ter Mode! 740 ’

PROGRAM SIZE: Not Applicable

PRICE: $70.00

NOTE: The price includes the documentation and a
program histing only, The documentation 1s not sold
separately from the program bisting.

PPOGRAM NUMBER: HWN-10677

Structural Synthesis of a Stiffened Cylinder

This program designs mmimum weight ning and
stringer-stiftened cylinders which are subject 5 axial
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and lateral pressure loadings. The basic approach is to
repard weight as a ment function in the destpn vari.
able space and then to determine the mmimun weipht
by mathematical programming techmques, The pro-
pram adjusts seven design vanables: the thickness of
the skin, and the thickness, depth, and spacing of
solid, rectangular, integral rings and stnngets; ad-
justments continue until the design of minimum
weight is obtained. Cybinders are desyined 1o prevent
general and local butkling, and to prevent the shin
and stitfener from yietding. under prescnbed loading
conditions. The lincar. membrane prebuckling state is
the stress stale examined for buckimg and yrelding.
The program considers stiftener eccentricity, prevides
for mintmum gage hmitations, and designs for mule
tiple load condiions. The buckling ond yreldig
fadure conditions constitute constraimts n *he design
vattable space for the optimization problem. A pen-
alty tunction method is used to convert the con-
strtaned problems which are solved by a gradient
method.

LANGUAGE: CDC FORTRAN

MACHINE REQUIREMENTS: CDC 6000 Seties
PROGRAM -S1ZE: Arproximately 1,700 source state-
ments

PRICE: Propram $460.00
PROGRAM NUMBEZR: LAR-10473

Documentation $16.50

Geometrically ~ Honlinear Analysis cof  Arbitrarily
Loaded Shells of Revelution

A digital computer program for the peometnically
nonhinear amylysis of thin clastic shells ot revetution
subjected to arbitrary load and tempetature distniou-
tions has been developed to predict snap buckling of
shell structures due to asymmetnc loads, The anal-
ysis s basad on Sandet's nonlinear shell theoty for

Sthe condition of small strams and moderately small

otations, Duning execution, the progran sohes a set
of  nondinicasw:al hineatized equ. s for ¢ach
Foutier coetticient ot the actuat load, ptus an estis
mated pseudo boad from the nonhinear terms, usiny
a finite difterence tormulation with a Gaussian elinuna.
tion. The opérational parameters of the program and
the houndary conditicns are read i on cards, but the
peometty of the-shell, the inplane and bending stiff.
ness, and the pressure and thermal loads ate intro-
duced through user-prepated subroutines, The input
and output data may be in cither denensional form
or non-dimensienal torm. The program can be com-
pded 1 any order, and no special tapes, discs, or
routines are required. :

NGUAGE: FORTRAN 1V
JACHINE REQUIREMENTS: C£DC 6000 Seties
PROGRAM SIZE: Approximatety 2,111 source state-
ments
PRICE: Program $432.00

Documentation $16.00
PROGRAM NUMBER: LAR-10136

Geome}ri:ally Nonlinear Static and Dynamic Analysis
of Arbitranly Loaded Shelis of Revolution

The design of many shetl structures s influenced
by the peometnically nonbmear response of the shefl
when subjected to static and or dynamic 10ads. As a
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consequence, a number of investigations have been
devoted to the study of the buckling phenomenon
exhibited by shellis. Mosi carly works examine the
behavior ot the shallow spherical cap, the truncated
cone, and the cylinder under axisymmetric loads.
Due to the tack of information on the axisymmetnc
response of shells with other meridional geometries
and on the response of sheils subjected to asym-
metric loads, 3 computer program for the geometrically
nonlinear static and dynamic response of arbitranly
foaded shells of tevolution has been developed. The
progtam can be used to analyze any shell of revolu.
tion for which the following conditions hold: (1) The
grometnc and material properties ot the shell are
avisymmetne, but may vary along the shell meridian:
(2) The applied pressure and temperature distributions
and initial conditions are symmetric abeut a datum
meticional plane. (3) The shell material is isotropic,
but the modulus of elasticity may vary through the
thickness. Poisson's ratio is constant. (4) The bound-
aries of the shell may be closed, free, fixed, cr zlas:
tically testramned. The governing partial differential
equations are based upon Sanders’ nonlinear thin
shell thecry tor the condition of small strains and
moderately small rotations. At each load or.time step,
an estimate of the solution 1s obtained by extrapola-
tion from the solutions at the previcus load or time
steps. The sets of algebraic cquations are repeatedly
sohed using Potter's form of Gaussian elimination,
and the pseudo loads are tecomputed, until the sofu-
tion converges. An automatic vanable fcad increment.
ing 1outime 1s included in the program for the static
analysis. Post-buchling behavior cannot e  deter-
mined. in the static analysis hecause of the method
of solution employed. The documentation contains a
description of the theoty, the method of solution,
nstructions for prepanng the input data, and two
sample problems to - illustrate the data preparation
and output fermasl,

LANGUAGE: FORTRAN IV, Lovel H

MACHINE REQUIREMENTS: IBM.360 370

PROGRAM SIZE: Approximately 2,337 source state-
ments

PRICE: Program $720.00

Documentation $11.50
PROGRAM NUMBER: LAR-11108

Computer Program for Stress, Vibration, and Buckling
Characteristics of General Shalls of Revolution

The SRA system of programs is composed of six
compatible coemputer programs for structural. analysis
of axisyrmettic shell structures. The theory and
method upon which these programs are based are
presented tn ti.e documentation. They apply to a com-
mon structural model, but analyze different modes of
structural response. They may be classified according
to their function into three groups. designated here
as the 100, 200. and 300-series. In particular, they are:
SRA 10-~Linear static respoi.se under asymmetric
loads, SRA 101—Buckling of linear states under asym-
metng toads, STA J00—Nonlinear static responses un-
der amisymmetsic loads, SRA 201—Buckhing of non.
linear states under axisymmetric loads, SRA 202—
Impettection sensiivity of buckling modes under
axisymmetric foads, and SRA 300—Vibrations about

nonlinear states under axisymmetric loads. These pro-
grams treat branched shelis of revolution with an
arbitrary arrangement of a large number of open
branches, but with at most one closed branch. Cur.
rent dimensioning 2ilows for seven branch points,
cach of which may have as many as five branches
emanating from 1t, Branches which ciose at the axis
of tevolution; i.e., dome closures, are not considered
to be closed branches. A maximum of 23 dome closures
or other shell edpes is allowed. At each meridional
station, the shell wall may consist of as many as fie
orthotropic tayers, in each ot which elastic properties
may vary only in the mendional direction, At each
material point, the shell is assumed to possess ottho-
tropic puncipal axes in mendional and cicumfieren.
tial directions. All geometnic and mechanical proper-
ties of the structure are assumed to be axisymmetric,
but may have arbitrary mendional variation. A con-
tinuous teference surface, arbitrarily located within
or near the shell wall is treated. The shell may be
stitfened by: (1) up to 34 discrete isotiopic rings,
2) stringers, whose stilfness 1s cirrcumferentially dis.
tnbuted, and (3) an elastic foundation attached to
tive shell wall. The effect of thermal toads and lie
pressute fields are included.

LANGUAGE: FORTRAN IV (99%); COMPASS {1%)
MACHINE REQUIREMENTS: CDC-6000 Sertes
PROGRAM SIZE: Approximately 18,103 souice state-
ments

PRICE: Program $650.00
PROGIAM NUMBER: LAR-11339

Documentation $34.00

SKAP - Dynamic Structural Network Analysis Program,
CDC €000 Series Version

SNAP Dynamics is applicable to the same class of

latge hinear finite element networks as the basic
static  analysts version of SNAP (LAR-11330). Un.
damped vibrational modes and frequencies of fiee or
constramed systems are computed using an terative
procedure anatogous to the stodola methed of beam
analysis. SNAP Dynamics executes a Rayleigh-Ritz
analysts to obtain imitial approximations of the first
N modes and frequencies of the system (N is speci-
fied by the user). Generalized functions used in the
Rayleigh-Ritz analysis ate whole-structure static dis-
placement functions computed by the program, based
on @ sequence of static loadings defined by the user.
To assute that pood approximations of the first N
modes are obtained, 2N to 3N generatized functions
are normally used. After the imitial approximations of
the mades have been computed, the program executes
an sterative procedure to compute nivally the first
(towest frequency) mode, then the second mode, and
so forth. Beginning with the initial approximation of
3 mode, an ‘equivalent inertia loading’ acting on the
structure is evaluated. The static deformation corre.
spond:ng to the inertia loading is computed, providing
an improved approximation ot the mode. This proce-
dure 15 executed repeatedly until convergence is ob-
tained. In computing higher modes, a process based
on orthogenality relations 1s used to ‘sweep out' low-
fraquency components of each modal approximation,
Routines from the basic static analysis version -of
SNAP are used to compute the successions of modal
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approximations. These routines take full advantage
of system stitfness. matrix . sparsity to reduce com-
puter cnsts to a virtual muumum. Advantage is also
taken of system mass matnix sparsity in computing
kinetic energy terms, equivalent inertia loadings, etc,
ihree optional methods of representing inettia effects
are provided: (1) A diagonal system mass matrix Ray
be used. In this case, the program automaticatly per.
forms the necessary ‘lumpmg’ of distnbuted struce
tural and non-structural mass. This method tesults in
mmirmum computer costs and should be used 1t the
finite element model reasonably supports a lumped
mass approach. (2) Consistent mass matnuce may be
vsed for beams and certam membrane elemuents, (3) A
‘Pseudo-Consistent Mass Matnix" method may be used,
This method in ettect assumes linvar disptacements
for all elements, for purposes of kinetic energy and
inertia force calculations. Input data includes: (A} A
definition of the geometrical and physical properties
of the structure (cp position coordimastes of the
structural “Joints’ at which the elements are inter-
connected, material constants, element section prop-
erties, etc.). {B) Constraint conditions, (C) Definitions
of the static lvadings from which displacement func-
tions are computed for use in the initial Rayleigh-
Ritz analysis, (D) Centrol patameters enabling the
analyst to exercise an array of options governing
modes of cperation, cutput content. elc. Output data
includes " the ftollowing: (AY Frequencies aind- mode
shapes. (B) Detailed comprehensive chechs of numeri.
cal accuracy. () SC-3320 plots of beth undeformed and
deformed structure, generated by a very general sys-
tem of automatic plotting routines, (D) "Restart’ tapes
enabimg problem solutions to be resumed, as required,
without repeating prefimunary steps such as formation
and reduction of the system stiffness matrix. (E)
Sotution data output tapes for use in othet programs.
These tapes contain the system mass matrix, modes,
and frequencies.

LANGUAGE: FORTRAN IV (98%.); COMPASS (2°) -
MACHINE REQUIREMENTS: CDC 6300 Seties, SC
2020 Piotter

PROGRAM SIZE: Approximately 17.000 soutce state-
ments

DISTRIBUTION MEDIA; 7-Teack SCOPE  Formatted
‘apnetic Tape . ’

PRICE:. Program $650.00 .
PROGRAM NUMBF.:: LAR-11529

Documentation $16.00

SNAP - Static Structural Network Analysis Program,
CDC €000 Series Version

SNAP V70J is a tinite element structural analysis
system for executing hinear analyses of large staticatly
loaded networks of beam and shell elements, A
companicen program, SNAP Dynamics (LAR-11529) may

" be used for dynamuc analysis of structures. The sys-
tem consists of 3 man computational program catled
SNAP which executes basic selutions and an array of
associated analytical and praphics display processor
programs. Allowed leadmgs mclude pomnt forces and
moments at joints, ren-zero spectfied punt moticns
(in oblique ditectiens, if required), and thermal tead-
Ss. Output solution data includes  joint motions
(displacement and rctation components),  element
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stresses and or stress resnitants, element nodal forces
and strain enerjties, reactions, ond automatic plotting
of both undeformed and detormed  structures. A
sparse matrix solution procedute 1s used i SNAP
Statics which in many large-scale practical applica-
tions - affords  very substantial savings in computer
excculion cost and data storage requirements, com-
pated with band matnix, ‘active column’ or partition-
iz methods. The basic solution routines —‘decomposi-
tion" of the stifftness matrix and forward bachward
solution for joint motions can approach the mmimum
computer costs theoretically obtainable using direct
solution procedutes {symmetlnc Gaussian ehnunation,
Cholesky, clc.) Multi.dimensional ‘network generaters’
of mput data for element detinitions, posttion cootdi-
nates, constramnt, etc, are prowided. The data input
rout:nes also make extensive use ot ‘hibraries’ of beam
and shell section preperties, material constants, etc.,
n generating protlem detinitions. Thus method can
teduce the amount of manual ettort (and prebability
of et1o:) in preparing data decks for larpe structures.
For example, the section propethes of a beam are
‘defined’ by referring to the apphicable set of data in
one of the librarics. Accordingly, the detailed defini-
tiort of cach unique section appeats v the input data
oniy once, regardless of how many elements have that
particular section. The force-deformation relations of
individual elements ate fepresented within the pro-
sram by “intrinsic stiftness matnices’ eapressing force-
detlection characteristics telative to intninsic (mov-
ing) refetence frames imbedded in the elements, A
peneral set or routines evaluate element dimensions,
onentation, etc., and compute contnbutions to indi-

. viduat elements to the conmplete system  stiffness

nattix. After system jomt motions hawve been evalu-
ated, other gencral routines (e, routines independent
of the sources of the intrinsic sUtfpess matrices)
compute element deformations telatinve to their em-
bedded intrinsic frames, stresses, ete, This apparatus
allows for the addition of new element formulations
to the program, since it is Secessary only to construct
subroutines for computing the cenresponding intrinsic
stittiiess and stress matnices, with eloment dimensions
and section properhies supphed through the calling
sequence from the general reutittes, Plate shell mem-
brane and bending element formulations based on

- Chybid” vanational methods are ancluded, providing

substantial improvements in the accuracy of displace-
ments and stresses. Options are tetamed for” using
ether well-known element formulations for comparison.
Beam elements inciude effects of shear center cen-
trond offsets, transverse shear deflection, and non-
umtorm tersion, Sectien preperties (moments of in-
ertia, ared, shear deflection constants, torsion con-
stants, puncipal axs onemtation, shear center loca-
tien, ete) may be input duectly or the program will
compute them for many types of sections (wide-
flanpes, boves, tube, angles, 2ees, channels, tees), gnen
anly the section dimensions as mput. Detazled checks
of numencal accuyracy are autematically executed. In
perternung these checks the program retums to the
bawc preblem definiion: that is, the checks reflect
net only the errer accumulated in the “factoring'
and displacement evatination procedures, but also the
eftects of round-off in assembling the system stifiness
matrix (whuch, in most apphicatiens, s the primary
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source of errct). There are three checks, (1) a strain
energy external work comparison, (2) a total applied
force reaction companson, and (3) an equilibrium
check at all joints. An option is included for auto-
matically executing an iterative accuracy improve.
ment procedure. 1, in its accutacy checks, the pro-
gram detects numerical etror in excess of a given
tolerance (input by the user), this procedure is im-
plemented which can result in “salvaging solutions
that would otherwise be unacceptably inaccurate.
The program is also structured for easy conversion to
double-precision arithmetic as an aiternative methed
of overcoming accutacy probfems. Other user options
available with SNAP Statics include: (a} Provision for
temparary internatl re-sequencing of jeint numbers,
to allow maximum ad.antage 1o be taken on SNAP's
sparse-matrix  solution procedute. (b) Generation of
‘restart tapes’ enabling problem solutions to be re-
sumed, as fequired, without tepeating preliminary
steps such as format:on and reduction of the system
stiftness matrix, (c) Partial executions principaily for
use in initial data debugging. (d) Reduction of the
system stiftness maten in double precision. (e} Auto-
mation of symmetry anti-symmetty constraint specifica-
tions, {1) Provision tor rigid links offsetting beam ele-
ment end points from the joints to which they are
connected. (g) Reading of input data "in ‘block’
formats for element definitions, joint position coor-
dinates, and beam and shell section properties allow-
ing focal reference trames and local joint numbering
arrangements to be used in various parts of the
structure. This procedute allows data decks generated
for individual parts of the structure to be merged
with minimum efort to form a deck defining the com-
plete structure.

LANGUAGE: FORTRAN IV (97°); COMPASS (3%)
MACRINE REQUIRENENTS: CDC 6000 Series
PROGRAM SIZE: Approximately 20,000 source state-
ments

DISTRIBUTION MEDIA: 7-Track CDC SCOPE Formatted
Magnretic Tape

PRICE: Program 45000
PROGRAM NUMBEER: LAR.11530

Documentation $21.09

SALORS - Structural Analysis of Layered  Orthotropic
Ring Stittened Shells of Revolution, Linear Stress
Analysis Option

A computer program is presented for the linear
static analysis of asymmetrically oaded, thin, elastic
shelis of revolutien. The program is equipped to handle
segmented, laminar, orthotropic shells with discrete
rings. Provisions are made for handling mendional
variations in matenial properties, temperatures, and
vall thickness. The program also altows linear vari-
ations of temperature threugh each layer of the shell
wall. Meridional discontinuities in geometry, tempera-
ture. and material properties and the actual load path
through the joint at a discentinuity are accounted
for. The effects of fongitud:nal stiffening (stringers)
are automatically distributed circumferentially. Circum-
fererntial variations of loads and temperatures are
handiad by Four:er seties expansion,

LANGUAGE: FORTRAN IV
MACHINE REQUIREMENTS: CDC 6000 Series

et e e AT A R A 03 P T N AL B e i £ R s e e b

PROGRAM SIZE: Approximately 3,000 source state-
ments

PRICE: Program $200.00
PROGRAM HUMBER: LAR-1155%

Documentation $15.50

BUCLAP2——A Computer Program for (nstability
Anzlysis of Laminated Long Plates Subjected to Com-
bined Inplane Leads

This is a structurel analysis package containing ap-
proximately eight programs and thirty-one subroutines
to predict theoretical buckling loads of long, rectangu-
lar {lat and curved laminated plates with arbitrary
orientation of orthotropic axes in each lamina. Few
tesults are. avaitable in the literature for laminated
curved plates. Thus, BUCLAP? is expected to aid in
achieving a better. understanding of the buckling
behavior of these curved plates, in addition to supple-
menting the available results for laminated flat plates.
A structure and its displacement is represented by
polar coordinates and strains are represented using the
Kirchoff-Love hypothesis so that stress-strain equations
for a lamina are in matrix form. The stability equa-
tions for taminated curved plates subjected to com-
bined inplane normal and shear loads are derived by
variational methods. Linear theory is used in buckling
analysis. The solution is applicable to (1) finite tength
plates. when the plate is specially orthotropic and the
combined inplane external loads do not include shear,
and (2) intinitely long plates for all other cases. The
buckling analysis considers rectangutar flat or curved
general  laminates subjected to combined " inplane
normal and shear loads. Analysis oriented restrictions
are as fotlows: (1) Linear thin shell buckling theoty is
used; (2) Prebuckling deformaticns are ignored; {3)
Only inpfane applied loads are considered; (4) The
included angle cf the curved plate is hmited to 180",
The program operates in batch mode and presently
runs under SCOPE 3.1 of KRONOS 2.0. All system sub-
routines used are standard CDC release. With the
exception. of three special purpose subroutines (PAC,
UNPACK, and VIPDR in COMPASS) all source routines
are ccded in CDC FORTRAN 1V, The overlay loading
feature is used.
LANGUAGE: FORTRAN
MACHINE REQUIREMENTS: CDC 6000 Series
PROGRAM SIZE: Appreximately 7,400 source statements
PRICE: Program $760.000 Documentation $25.50
PROGRAM NUMBER: LAR-11€88

Torsional Vibration Natural Frequencies Program

This program computes the torsional vibration natural
frequencies and corresponding mode shapes of a
physical system under free vibration, that can be
idealized to N lumped mass polar moments of inertia,
convected by weightless shafts possessing torsional
stiiness. Bcth free-free and free-fixed and fixities can
be accommodated. The method combines the best
features of two techniques: the Holzer methad and the
Stodola method. The latter method obtains the highest
frequency which is used for convergence of the Holzer
iteration in 3 reasonable amount of time.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM.7094

PROGRAM SIZE: Approximately 474 source statements
PRICE: Program $230.00 Documentation $3.50
PROGRAM NUMBER: MFS-01488

83




“"

i

-

Column Analysis Complex

This is a FORTRAN IV digital computer program to
evaluate the stability analysts of complex columns in the
field of structures. tateral deflection, internal moments,
magnitude, position of the maximum ANC-5 interaction
value, and the mmnimum margin of safety on each side of a
pin-ended column are determined by this program. The

effects of secondary bending assume external end:

moments cause bending in only one plane and that the
axial oads act paralle! to a straight hine between the ends
of the column. The centroidal axis is assumed straight
before loading, but it may have a small parabolic warp
which must hie in the plane of bending. The three general
types of problems which can be analyzed by this program
are: (3) To determine the stresses, deflections. interac-
tions, etc. for a specitic column due to a singte icading
condition; (b) To determine the stresses, deflections,
interactions, etc. for a specitic column due to a constant
end moment and an axial ioa3 which increases to the
critical value of load or stress; and (¢) To determine the
stresses, detlections. interactiuns, etc. for a column of
varying length with a constant end moment and a varying
axial load.

LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: 1814.360

PROGRAM SIZE: Approximately 213 source siatements
PRICE: $105.00

NOTE: The price includes the documentation and a
program hsting only. The. documentation is not sold
separately from the program hsting.

PROGRAIX NUMBER: MFS-02227

Kellogg Piping Analysis Program, {BlA-360 Version

This program uses the Kellogg General Analytica!
Method to faciitate the flexibility analysis of rocket engine
propellant tines. A stitfness -matrix approach is used since
it tends itself naturally to complex configurations in three
dimensions. The program accomodates up to S0 curved
members and/or straight segments of single runs of
piping. Flex:bility and stiffness coefficients relating loads
and dellections at the free-end are determined. internat
and free-end reactions due to specific free-end detlections
can be found. as can internal reactions and free-end
defiections due to specific free end loads.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZE: Approximately 850 source statements
PRICE: Program $350.00 Documentation $2.50
PROGRAIN NUMBER: MFS-12622

Stress Analysis of Bellevitle Springs Program

This program computes deflections, membrane forces,
bending moments. stress, and the load-deflection history
{or conical shells (Belleville Springs) of uniform thickness.
The program uses a lcrge deflection theory, and s not
restricted o the range in which defiection is proportional
to the load. Program limitations are: (1} the shell must be
thin and shaltow, (2) symmetrnic axial loads must be
applied and reacted at the edges o: *he shell, and (3) no
axial, radial, or rotational constraints can *e enforced at
either boundary. Significant errors were found in the
results of ccrmputation using prior methods. These errors
have been overcorme by this program.

LANGUAGE: FORTRAN 1V
MACHINE REQUIREMENTS: 1BM-7094
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PROGRAM SIZE: Approximately 376 source statements
PRICE: Program $50.00 Documentation $2.50
PROGARAK NUMBER: R1FS-13217

SAMECS-—Structurzl Analysis (lcthod for Evaluating
Complax Structures

The purpose of this program is to analyze large complex
structures under various types of loading. The structure is
described in rectangular coordinates by & set of control
points (nodes) connected by plates and beams. Each node
is assigned six degrees of freedom: rotations about each of
the coordinate axes as well as displacements in the
directions of the coordinate axes. Flates may be ether
triangutar or quadnlateral, and beams may be either
straight or curved and may have uniform or non-uniform
section properties. Loads may be described as nodal or
element loads. The assumptions normally made in
structural analysis are assumed, i.e.: (1) The material is
pertectly elastic; (2) The deflections are sufficiently small
compared to the size of the siructure that secondary
deflections caused by interaction between the applied
forces and primary deflections are negligible. Further itis
assumed the structure can be acdequately described as
plates and beams. This program s limited to the
evaluation of structures which can be adequately de-
scribed by no more than 2,000 nodes. The total number of
pl2tes and/or beams s limited only by this restriction.
Further, the nodes are grouped into partitions, and the
maximum number of rows of partitions 1s 200, with a
maximum of ten nodes per partition. The total number of
partitions in the stiffness matrix s timited to 500.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC-1108 EXEC Vil
PROGRAM SIZE. Approximately 6,397 source statements
PRICE: Program $420 00 Documentation $11.50
PROGRAM NUMBER: MFS-15302

Torsion Analysis of Open Sections

An open section 15 a section in which the centerline of
the wall does not form a closed curve. Channels, angles, {-
beams., and wide-flange sections are among many.
common structural shapes characterized by combinations
of thin-walled rectangular elements; a variety of thin.
walled curved sections is used n aircraft and mussile
structures. The basic characternstic of these sections is
that the thichness of the component elernent is small in
comparison with other dizhensions. This program per-
forms the torsional analysis of thin walled open sections
for both unrestrained and restrained torsion sections.
Torsional shear stress, angle of twist. and warping
deformations are determined for unrestrained torsion.
Torsional shear stress. warping shear stress, warping
normal stress, angle of twist, and the first, second. and
thrrd derivatives of angle ¢f twist are determined for
restrained torsion :

LANGUAGF: FORTRAN IV

MACHINE REQUIREMENTS: IBM.7094

PROGRAM SIZE Approximately 836 source statements
PRICE: Program 314000 Documentation $10.50
PROGRAM NUMBER: MFS5-20648

Vibrational Transler Functions for Base Excited Systems

A ganeral computer program, GD203. has been deve-
foped for computing wibrationa!l transfer functions for
complex structures excited by a base motion. in the design
of complex structures the governing vibrational environ-
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ment is generally specified in terms of either a sinusoidal
or random base environment. {n either case the response
of the subject structure can be evaluated through the use
of vibrational transter functions. The primary input to the
program are moda! properties of the system. The program
1s capable of handiing modal properties developed

_ through modal coupling techniques with @ maximum . °

162 degrees-of-freedom per structure and up to 150
substructures. The program capabiiy includes plotting of
the computer transfer functions. The program could be
utihized by the arrcraft industry where induced vibration
environments and structural response to these environ.
menls are used in the design of crtical structure. Further
apphication could include the automotive industry in
computing response of vehicles to specified road environ-
ments.

LANGUAGE: FORTRAN (V

MACHINE REQUIREMENT>- CDC- 6000 Series
PROGRAM SIZE: Approximately 771 source statements
PRICE: Program $350 00
PROGRAM NHUISBER: MAFS-21432

FORMA—~—Synthasis Of Dynamic Systems Using FOR-
TRAN Matrix Anzlysis

A library of computer programs catled FORTRAM Matrix
Analysis (FORMA) has been developed in order to find
etficient solutions of small and medwm size structural
dynanucs problems of up to 150 deprees of tfreedom. The
hibrary consists of 86 subroutines that imay be combined in
the form of “bunlding blocks™ that may be used to solve a
farge vanety of structural dynamic problems. The obvious
advaniage of the “"bunfding block™ approach 1s that the only
programnung and chechout time required 1s putting the
necessary blacks together in the proper order. The FORMA
hbrary includes routines for beam mass mustrix calcuta-
tions, beam stftness matrix calculations, oigenvalue-
vector solutions, time response solutions 3s well as the
basic matrix algebra subroutines. The FORMA method has
advantayeous features such as (1) Method will work on
any computer with @ FORTRAN tV compuler Wiih munor
modifications it has  been used on  the (BM-
7044/7094.360. GE 625635, CDC 6400/6500. and
UNIVAC 1108; (2) Computer times are reasonable;
(3) Incorporation of new - subroutmes 15 no problem;
(4) Basic FORTRAN statements may be used to give
extreme floxibility in writing a propram. (5)- An analyst can
program relatively complex problems with very liltle
programming experience; (6) The method of program-
ming 1S closely refated to the manner ¢f the mathematical
formulation ot the physical problemy; and (7) Subroutines
0 the hbrary have been used extenswvely for many years
and as a result are well checked out and debugped. The
documentation for FORMA consists of four volumes:
Methodology: Programming Manual; Subroutine Explana-
tion: and Subroutine Listings.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: Any computer with FORTRAN
IV Compdler (present version, UNIVAC-1108)

PROGRAM SIZE: Approxamately 15,000 source statements
PRICE: Program $1.500 00 - Documentation $32 50 (vo-
lumes 1, 2, 3 only)

PROGRAM NURBER: MFS5-214390

SNAP——Dynamic ~ Structural Hotwork  Analysis
Program, UNIVAC 1108 Version

SNAP_ Dynamucs s a computer program wntten to
calcutate the normal modes of an arbitrary structure frem

Documentation $6.50 -

afinite element mathematical model. The strong feature of
the finite element fechnique is 1its suitability for accurately
characterizing extremely comphicated structures for which
determunation of exact analyticat solutions are impossible.
The basic version of SNAP 15 an extremely general
program for inear analysis of statically-loaded hinear inite
element networks. The computer execution costs achieved
by the basic static solution routines are very close to the
minmum that- can possibly be attained using direct
solution procedures, generally affording substantial sav-
ings when compared with the costs associated with
constant or variable-width band matrix, active column, or
partitioning solution methods used in other programs. This
can be extremely important tn analyzing large complicated
structures. SNAP's allowable number of degrees of
freedom 1s extremely large. Structures having over 15,000
elements. and 12,000 degzrees of freedom have been
solved. and much larger problems can easily be handled.
The sporse matrix solution technique entirely eliminztes
stiffness matnix band width restrictions. Very etficient use
is made of both core and secondary data storage
resources. Dynamic allocation of core storage is automati-
cally mplemented by the program to optimuze size
capacty and execution efficiency for each individual
analysis. An option is included for automaticatly executing
an derative accuracy improvement procedure, If, in its
accuracy checks, the program detects numerical error in
excess of a given tolerance, this procedure is imptement.
ed. The computer execution cost 1s very smali, and often
results 1n salvaging solutions that would otherwise be
unacceptably naccurate. Optionally, double precision
arnthmetic may be used as an additwonal means of
overconung accuracy problems.

LANGUAGE: FORTRAN V .

MACHINE REQUIREMENTS: UNIVAC-11C8. SC-4020 Plot-
ter

PROGRAM SIZE: Approximately 17,000 source statements
PRICE: Propram $1,750.00 Documentation $33.50
PROGRAM NUMBER: fAFS-21531

ASTROS——Aulomulad Shell Theory for Rotating Struc.
tures

The ASTROS c:mpu(er program can be used to analyze
any disk or sheli of revolution ot arbitrary cross section
under nertial loads caused by rotation about the shell axis
and varnieus static loads. including theriv 3! gradients. The
geometnce  shapes incorporated in the program are
ellpsoidal, spher cal, ogival, toroidal, comical, circular
plate. cyhindncal, and parabohc. The program was
developed beczuse of a need for an easy-to-use and
accurate computer program that is oniented directly
toward solving for the stresses and deformations in
rotating dishs and shells of revoluuon such as those
encountered tn rocket engme turbomachinery. This
program has advantages over cther simular programs in
that it uses larger segments of the structure than when the
tinite dfference method 15 used. Therefore, the input to
the program 1s muimized resulting i a farger program
capability and more accurate results. Four classifications
of mformation are used as program input: (1) Geometry
Data - the peometric description of each segment of the
disk or shell or revolution. (2) Material Data - thickness
and matenal properties of the segment. (3) Topology Data
- the manner m which all the segiients are interconnected
to form a structure. (4) Load Data - temperature and
loading data. Loth concentrated and distiibuted. and
angular velocity. Many features o* this progrant such as
treatiment of the branched shells, stiffened wall construc-
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tion, and thermal gradients are retained from a computer
program named STARS i1 (Shell Theory Automated for
Rotational Structures If) which was developed by the
Grumman Arrcraft Engineering Corporation.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: UNIVAC 1100 Senes
PROGRAM SIZE: Approximately 5000 including 3.000
data cards :

PRICE: Program $750 00
PROGRAM KUMBER: IAFS-21970

STARS2S - Shell Theory Automated for Rotational Struc-
tures (Statics) :

Documentation $27.00

These programs use the Love-Reissner first crder shell
theory method to assist i the numerical analysts of the
shells of revolution and can analyze orthiotrop:c thinshells
of revolution subjected to unsymmetric d:stnbuted loading
or concentrated line loads and thermal strains, or they can
perform stability or wibration analysis of thin shells of
revolution subjected to axisymmetric distributed loading
or concentrated hine loads and thermal strains. The sheil
wall cross section used can be a sheet, sandwich,
reinforced sheet or reinforced sandwich. The reinforce-
ment can consist of rings and/or stringers, a waltle
construction rotated at any angle to the pninciple co-
ordinates, or an 1sognd construction. The reinforcement
matenial properties can differ from those of the man sheli,
and a temperature vanation can cause ¢-tferent properties
in the two face sheets of the sandwich shell. The basic
approach to the problem is to cut the structure into several
shell segments. cach baing free to have s own geometnic
shape. provided the shape talls into one of the categortes
mentioned below. Stitfness matnices obtamned tor each
segment are ccupled by standard matnix methods to
obtamn region stiftness, which, atter bemy! reduced m size,
are i turn ccupled to form the total shell structure under
analysis. The shells that can be analyzed with these
programs can consist ot any commination ot the following
geometric shapes: (1} Eliipsaidal - sphernical. (2) Ogwval -
toroidal, (3) Modified ellipse shape, (4) Comical - crrcular
plate, (5) Cylindncat, (6) General point input geometry,
(7)Y Dummy geometry slot to be tiled by the user,
(8) Discrete ning, and (9) Etastic support.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC 1100 Sernes. Exec 8
PROGRAM SIZE: Approximately 25.000 source statements
DISTRIBUTION MEDIA: 7 track UNIVAC FURPUR Format-
ted Tape

PRICE: Program $2.410 C0 Documentation $131.50
PROGRAN NUMBER: MFS-23027

PANES - Programi for Analysis of Nonlinear Equilibrium
and Siability

This program  was developed to utilize mmproved
techniques for analysis of structures with matenal and
geometric nonhneanties, including the hinut point and
tifurcation behavior which occurs i buckling -and
collapse problems. The methods used in this program are
“incrementat toading.” Newten Raphison steration and its
modifications, involving penodic updating, of the Jacobian
matnx and tugher crder methods including vanous orders
of predictor and corrector alporthms. In order 1o mahe
current methods applicable to cases of larpe stram and
arbitrary nonfimear matenasls, the equation generation
process 1s accomphished i the present work by a finite
ditference expansion procedure. s found that generatian
of the nonhnear equations by this means within a
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perturbation context provides a unifying basis for defini-
tion of the nonhingar sotution terms, including as special
cases the first.order Newlon Raphson and incremental
ltoading metho-s, as welt as almost an unlimited var:ety of
highe:-order solution techmques. The perturbaton proce-
dures have the advantage of a sound theorelical basis in
classical develcpments, and lend themselves readily to
both limut point and postbuckhng problems as well as to
simple nonhinear behawvior without critical points,

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM 3607370

PROGRAMN SIZE: Approximately 2,554 source statements
PRICE: Program $200.00 Documentation $14 00
PROGRARK: NUMBER: 11FS-23172

Remote Access Terminal Circular Frame Computer Pro-
gram

This program calculates the internal moment awial, and
shear loads on a ngid ‘circular’ fraime. inner and outer cap
stresses are also included in the output. The programuses
a mimimum energy solution.” The apphied loads are first -
balanced. yielding the balanced static loads. The balanced
static toads and the redundant loads are then related.
using- energy equations to deternune the final internal
loads, The program’s main apphcation is for prehminary
anatysis of circular trames for rocket vehicle and aircratt
structures. although itis also applicable to other industries
using. circular frames. The program’s main advanrtage 1s
that it elinunates the tume delay and cost of runming alarge
producticn program for frames with tess than forty section
cuts.

LANGUAGE FORTRAN IV, IBM Assembier

MACHINE REQUIREMENTS 1BM 360 RAX Tert:..al Sys-
tem :
PROGRAM SIZE: Approximately 793 source statements
PRICE: Fropram $50 00 Documentation $3 50
FROGRAL NUMBER: MFS-23042 .

FRAP . Pressurized Structure Optirnization

This pregram was developed to optinuze the wemnt of
orthotrop:ic cybinders with stitfeners and ninys subjected to
axial comprassion. The program computes (4) skin panel
buckling  stresses  and  load  levels; (b) compressive
runming toad capabiities (shin stnnger colurun buckling)
and associated stress levels of pressunized and non-
pressunzed structures (short cotumn effects are in-
cluded). (¢) gross and eftective section properties of the
cylinder wall, (d) optimum nng frame geometry, and (e)
equivalent tincknesses of the cylinders under considera-
tion. .

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM-360 RAX System
PROGRAM SIZE: Approximately 260 source statements
PRICE: $25 00

NOTE: The price includes the documentation and a
program hsting only. The documentation s net sold
separately teom the program listing

PROGRAM NUMBER: MFS-24043

CAFR - Compression Allowable Plotting Routine

This progranias witten for plothing desiin stress stram,
effective modutes (Etand Es), compression buckhing (Fcn),
and compression cnapphing (Fee) curves tor new materials
or matenals tor which these curves are not available. The
mput ot the program requires the three Rembery: Osgood
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" PRICE: Program $160 00

parametérs (n, £, and FO0.7) which mathematicatly
descnbe_ the matenal stress-strain curve, the design yield
strength (Fcy). and Poisson's ratio (u).

LANGUAGE: FORTRAN vV
MACHINE REQUIREMENTS: IBM 1130
PROGRAM SIZE: Appracimately 550 source statements

- PRICE: $4500

NOTE: The pnce includes tne documentation and a
program hsting only. The dccumentation. s not sold
separately from the program hsting.

PROGRAM NUMBER: ISC-12705 .

Fracture Mechanics of Apollo Spacecraft Precsure Vesseals

This computer program performs a fracture mechanics,
evaluation of Ti 6AL-4V. pressure vessel cyclic presstre
histories using techmques that confaim to NASA specifr-
cations. Evaluation results for each pressure vessel are
defined 11 terms of maximum potential flaw depth based
on its eyclic pressure history. This flaw depth 1s then
interpreted as remauung allowable pressure cycles to a
selected evaluation pressure and also interpreted where
apphicable as maxmum allowable temperature when
pre: turized to the selected evaluation pressure. The nput
o the program consists of tank paranieter data. tables
used for interpolation of certai vanables, and pressure
cycle data. The output conststs of desired tank condition
parameters such as temperature, im.aximum expected tlaw
size and number of pressure cycles that can sately be
applied to the tank. The present pregram is hinuted to
cylindrical or spherical Tt-6A1-4V pressure vessels. The
program- could be generaled to allow an assessment of
pressure vessels of any type of matenal. The. constants
mput for any particular matenal would tave to be
determined trom expenimental data on that meteriat.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM SIZE: Approximately 292 source statements
Documentation $5 50
PROGRAM KRUMBER: MSC-13395

SOR—-Shells of Revoluiion

Stiffness and Mass Matrices (SAMMSOR) - Stiffness and
Mass Matrices for Shells of Revolution are generated
utitzing this program. This program accepts a descrnption
of the structure i terms of the coordinates and slopes ot
the nodes and the properties of the elements jounung the
nodes. For shells with simple geometnes (such as
cylinders, shallow caps. henuspheres. etc.) the shell
geometry can be nternally generated. Utihizing the
element properties, the structural stiffness and mass
matrices are generated for as many as twenty harmonics
and stored 1n magnetic tape. This program generates the
input data to be used by other stiftness of revolution
programs Our advantape ot creating the stiffness and
mass Mmatrices in a separate program s that a vanety of
analyses can be performed on the same shell configura-

tion without having to ¢reate the matrices more than once. -

Dynamic Nontinear Analysis (DYNASOR) - The gaquations
of motion of the shell are solved using Houbolt's numencal
procedure with the nanlinear terms being moved to the
nght-hand side ot the equilibrium equations and agam
treated as generabized loads Tae displacements and
stress resultants can be determined for both symmetrnical
and asymmietncal  loading  conditions.  Asymmetnical
dynamic buckhng can be tnvestipated using this propram
Solutions can be obtamed tor highly nonlinear problems in

reasonable pertads of time on the computer utihzing as

many as five of the harmonics generated i SAMMSOR. A
restart capability 1s incorporated in this cede which allows
the user to restart the program at a speciied ime without
having to expend the computer time necessary to generate
the prior response.

Frequencizs and KModes (FAMSOR) - Using the stitiness
matrix generated by SAMMSOR and a tumped mass
representative developed from the consistent mass matrix
generated by SAMMSOR. a specified number of natural

“frequencies (begmning with the lowest or tundamental

frequency) are oblaned using the nverse tteration
method. The mode shapes for each of the frequencies are
also obtamed The natural frequencies and mode shapes
can be tound n reasonabie penods of computer time
utihzing this code. -

Static Nonlingar Analysis (SNASOR) - The Static Nonlinear
Analysis of Shells of Revolution (SNASOR II) subjected to
arbitrary miechamical and thermal foading 1S performed
using thus computer program  Utihzing the stittness
matnces penerated by SAMMSOR ‘and the loading
conditions and boundary conditions input to SNASOR #,
the equilibrium equations tor the structure are generated.
The nonhinear stran energy terms result i pseudo
generalized forces (as functions of the displacements)
which are combtuned with the apphed generalized forces.
The resulting set of nonlinear algebrarc equiibrium
equations 1s solved by one ot several methods’ Newton-
Raphscn type iteration. incremental stitfness method. and
moditied incremental stiffness method  In general, the
Newton Raphison procedure s the best and yields accu-
rate results tor hughly nonlinear problemis i a reasonable
computer time  Symmetncal and asymmetncal targe
detlection problems have been solved using this code
Buckling loads tor symmetncally and asymmetnically
foaded shells (with moderately large prebuckling detlec:
tion) have been obtained and checked with other solu-
tions

LANGUAGE: FORTRAN IV

PROGRAM SIZE: Ar.proximately 7.000 source statements
PRICE: Program $340 00 Documentation $53.50
PROGNAM HUMBER: MSC-14748 (CDC 6000 Version).
MSC-14749 (181 360 Version)

Geometry Processor. Mesh Topology and Nodal Point
Generator

In ordar to create the mesh topology and nodal point
coordmates for a fimte element stifiness method model tor
a large structure. large amounts of data must be
penerated Generating this data requires large manpower
expenditures: mput errors are numerous and expensive to
debug. ln order to numimuze these problems, the Georelry
Processor computer program calculates cantesian coorch-
nates and defines <tructural elements from such basic
values as rads angd angiles for cylindnical or cone type
structures The coordinates and elements are graphically
disptayed by CRT plots and punched in BCD tormat. The
program alsa contams a “Table of Eguwatent”™ which
relabels the coordinates or elements dentification,

LANGUAGE FORTRAN 1V (65 ), ASSEMBLER (35%)
MACHINE REQUIREMENTS: 1BM 360, SC 4020 plotter
PROGRAM SIZE- Approvmately 2,573 source statements
PRICE: Program $420 00 Documentation $13.00
PROGRAM NUMBER: MSC-17031
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FAIA - Frame fModal Analysis

FMA is a computer program that was initially developed
for the dynamic analysis of the S-11 program but has since
been modified and capabiliities added n order to make
vibration analyses of marny structures, primarnly during
preliminary design. The primary purpose of the program is
to calculate the natural frequencies and modal displace-
ments of three-dimensional franve structures. In addition,
the program may be used to generate the stffness and
mass matrices of frame structures for use in subsequent
analyses. A general beam element and consistent mass
matrices are employed in the idealication. If required by
problem size, the structure may be divided into several
structures or sections prior to calculation of modal
characteristics. Considerable flexibility in the arrangement
of structurai degrees of freedom is provided to the user.
Input data includes member sectional properties and
weights plus coordinates of the node points 2t which the
members join. Stiffness matrices for each beam member
are generated and combined to form the structure
stiffness matrix using the direct stiffness method. A
consistent mass matrix is tormed using the stiffness
information and the weight input data. Node shapes and
frequencies are then calculated by the Jacobi method
using the mass matrix and stiffness matrix. The stiffness
matrix, and/or nodes may be saved on magr-=tic tape for
future use. :

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: 1BM-360

PROGRAM SIZE: Approximately 852 source statements
PRICE: Program $1€0.00 Documentation $12.50
PROGRAM NUMBER: MSC-17562

Program to Reduce the Size of Structurzl Matrices

There are programs available to reduce the size of
stiffness matrices. but none to reduce both stiftness and
mass matrices. This program was developed to reduce
both the mass and stiffness matrices to a size that will
enable the modal program to calculate mode shapes and
frequencies. The reduction is accomphished by eliminating
degrees of freedom using the Cholesky decomposition.
The program performs a Guyan (consistent mass)
reduction on any structural mass and stiffness matrices.
This reduction allows ralculation of Eigenvalues of a
smaller matrix than would otherwise be required. Assum-
ing sufficient auxiliary storage (on tape, disk, or similar
device), the matrix sizes that may be reduced: are
essentially limited only by the cost. Three double precision
arrays and two integer arrays (each of the length of one row
of the matrix) are required to be in core at any one time.
Efficiency is greatly improved, however, it more core 1s
provided since the program automatically utilizes all
«vailable core. Accuracy is dependent upon the condition-
ing of the input matrices and the accuracy with which the
input matrices were formulated.

LANGUAGE: FORTRAN G and H

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 704 source statements
PRICE: Program $140.00 Documentation $5.50
PROGRAM NUMBER: MSC-17619

STRESS - Structural Thermal Rapid E.aluation - Stresses
and Strains

A computer program was written to determine the
inter.1al stresses and strains resulting from therma!
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pradients. in prior analyses either the problem was sotved
longhand which was very time consuming, or a general
purgcose finite eiement program was used with a large
amount of input data which was alsoc time consuming. The

STRESS program has simple input data and provides rapid -

turnaround whic 1 leads to parametric studies and “quick-
look™ evaluations. This program has been used to evaluate
the thermal protective systems on the space shuttle by the
North Amenican Rockwell, Space Dwision.

LANGUAGE: FORTRAN G

MACHINE REQUIREMENTS: IBM-.360

PROGRAM SIZE: Approximately 132 source statements
PRICE: $75.00

NOTE: The price includes the documentation and a
program hsting only. The documentation is not sold
separately from the program listing.

PROGRAN NUMBER: KSC-17931

SAMIS - Structural Analysis and Matrix Interpretive System

SAMIS is designed to solve problems involving matrix
arithmetic, with particutar emphasis on structural applica-
tions. The program can execute, either exclusively or
sequentially, two basic operations. From input data that
define an idealization of a structure, the gencration phase
of the program generates structural matrices for 2ny tvpe
of element available in the program element library. This
phase is based upon the structural concepts of the finite

element method, n particular, the stiffness or displace-

ment method. To enable the programto analyze a range ¢t
structural types (truss, plate, sheil, composite shell beam,
etc.), several elements are programmed and cataloged in
the program eiement hibrary, Contained in the library are
the general line element suitable for representing axial,
bending, and torsicen deformations, and the triangular
plate element which models membrane and bending
deformations. The second basic operation is termed the
manipulative phase, in which either generated or input
matrices are manipulated according to the rutes of linear
algebra. In structural problems, the matrix manipulations
may be sequenced to compute displacements, stresses.
reaction faces, or mode shapes and frequencies. The
ability to compute these quantities for structural systems
which are cescrnibed by a large number of simultaneous
¢ 1uations requires greater than in-core data access and
storage capacity. Because of this requirement, the
pregram was develeped as a chain system. Based mainly
upon the constraint of computer running tima, the SAMIS
program operates efficiently with matrices ranging from
the 100th to 2500th order.

LANGUAGE: FORTRAM (2% Assemblar UNIVAC Version)
MACHINE REQUIREMENTS: CDC-6000 Series, UNIVAC
1100 Series :

PROGRAM SIZE: Approximately 19,000 source statements
(CDC Version), Approximately 18,000 source statements
{UNIVAC Version)

PRICE: COC Version - Program $2,060.00 ' Documenta-
tion $51.00 UNIVAC Version - Program $1,590.00
Documentatiun $48.50 .

PROGRAM NUMBER: CCC Version - LAR-10050

UNIVAC Version - NPO-11319

ELAS8—A General Purpose Digital Computer Program
for the Equilibrium Problems of Linear Structures

ELASS is a general purpose digital computer program
that can handle the equilibrium problems of tinear
structures of one-, two-, or three-dimensional continuum.

o
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The program requnes as input (1) the coardinates. i an
over-all coordinate system, of the mesh points of a random
one-, two-. or three-dimensional mesh established in the
matenal volume of the structure of one-, two-, or three
dimensional continuum, respectively; (2) the geometncal,

topological, matenal, and loading charactenistics of the

mesh elemeits; (3} the list of prescnibed deflections and
forces at the mesh points: and (4) a few program control
parameters. As output they provide (1) the detlections at
the mesh points, (2) the stresses at the tesh points, and
(3) the histings of the input data. The solution 1s obtained
by means of the displacement method and the firute
element techmique. Almoast any geometry and structure
may be handled because of the availabilty of linear,
tnangular and quadnlateral, tetrahedral, hexahedral,
comcal, and tnangular end quadnlateral torus elements
The precewise linear detlection distnbution assumption,
which is used, insures monotonic convergence of the
detlections fromi the stiffer side with decreasing mesh size.
The stresses are provided by the best-fit strain tensors in
the least-squares sense at tne mesh points where the
deflections are given. The selection of local coordinate
systems whenever necessary is automatic. The core
memory s efficiently used by means of dynamic memory
altocation, an optional mesh point relabelling scheme,
wmposition of the boundary conditions during the assembly
time, and the straight ine storage of the rows of the
stitfness matrix within vartable bandwidth and the main
dragonal. The number of unsuppressed degrees of
freedom that can be handled in a given problem s 500 to
600 for a typ:cal structure, but mught far exceed these
average values for special types ot problems. Options
available to users mclude: (1) The abiity to change the
size of the tabeled COMMON to fit the problem being
solved without recompilation. (2) Praduction of a tape file
containing all the output., which may be processed at a
later time by means of the ELAS ' PLOT program to obtain
mesh, curve or contour . plots of vanous quantities.
(3) Minimum Qutput (INP=0) line size of ether 72 o1 120
characters

LANGUAGE: FORTRAN

MACHINE REQUIREMENTS: UNIVAC 1100 Series
PROGRAM SIZE: Approumatecly 6.955 source statements
PRICE. Program $680.00 Documentation $32 50
PROGRAM NUFBER: NPO-11555

COMTANK - Structural Design and Stross Analysis
Program for Advanced Composite Filament-Viound Axi-
symmetric Pressure Vessels ’

A computer program, CO.ATANK. has been deve.yped to
design and analyze advanced composite filament- vound
ausymmetric  pressure vessels The purpose of the
program is to enable the user to automatically develop a
detailed vessel design and pertorm a complex stress
analysis of the design in an efticient and cost-effective
manner. Tiie program has been specifically developed to
handle planar-weund pressure vessels fabricated of either
boronsepoxy or graphite /epoxy advanced composite
matenal. The vessel may or may not contain a cylndrical
midsection; + e . the tans conhiguration may be that of a
cytinder with dome closures or an oolate spheroid. In the
former case. proviston has beer made to accept unequal
boss opentgs 1in the forward and att domes. In general,
mput to the program must be provided in three basic
categones. (1) Tank description, consisting of geometry
and matenal property data. (2) Design loading condition;
and (3) Analysis loading conditions. The tank description
consists of 3 defimtion of overaill tank geometry and

‘PRICE: Program $61000

component geometry relating to the hiner, bosses, and shirt
attachments. The design loading condition consists of
internal pressure only. The analysis loading conditions
consist of internal pressure, boss Iine loadings. and
temperature gradients through the tank wall. ltems (2) and
(3) above indicate that it 1s possilbie to analyze a pressure
vessel desipn for foading conditions other than those tor
which it was designed Given the proger input, COMTANK
will perform computations to provide output that describes
a detailed pressure vessel design and stress analysis The
vessel design consists of midsurface coordinates detining
the entwre tank and shirt support element gecmetry:
element wall thicknesses throughout the structure, ply
construction, enclosed volumes, weiht breakdowns, and
matenal property detadls relating to tilament tape wrap
angles of coefticeents of thermal expansion. The stress
analysts consists of the entire displacement field of the
structure, element nodat forces. stress resultants and

couples. and point stress analysis, giving, a - detasted

breakdown of the longitudinal, transverse, and shear
stress 1N each layer of the composite »° the point of
conssderabion The program makes a ca' for subtoutine
TICK which calcufates the CPU time of a particular run
The user will have o supply tus own TICK subroutine or
remove the small amount of logic-that utilizes the CPU
time.

LANGUAGE. FORTRAN V

MACHINE REQUIREMENTS: UNIVAC 1100 Sertes
PROGRAM SIZE- Approximately 7.079 source statements
* Documentation $7 00
PROGRAM NUMBER: NPO-11943

WAVEFRONT - Structura! Stitfness Matrix WaveFront
Resequencing Program

WAVEFRONT 1s a preprocessor computer program that
resequences the nodes of the structural stiffness matnx by
means of a wavefront reduction algonthm prior to entening
a standard structural analysis computer program The
input and output-are oniented to produce computational
advantages and core-storage teductions particutarly within
the NASTRAN structural analysis program The submitted
version of WAVEFRONT will resequence a structure

“consisting of up tn €00 nodes and 1.800 connection edges.

using 36.000 words cf core storage. The foregoing size
defimtions can  be readily changed by updating une
procedure element and recompiling (with no changes to
the source elements) portions of the remaining program
elements

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC-1108

program size; approximately 599 source statements
PRICE: Program $350 00 Documentation $5 00
PROGRAM NUMBER: NPQ-13322

Finite Element Analysis of Compressible Solids With
Nonlinear Material Properties

The. program is designed to determine displacements
and stresses within plane or amsymmetric sohids vuh
hnear or nonhinear properties, using the finite element
method. in the finite element approximation of sohids, the
continuous body 1s replaced by a funte number of discrete
trnangular or quadnlateral element rrconnected  at
jomts or nodal points. Approxima, are developed
relative to the behavior of any one ele..ient and applied te
the solution of the continuous structure. Eaunhib:um
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equations. n terms of ‘'unknown nodal point displace:
ments, are developed at each noda! pont and the solution
of this set of equations constitutes a solution o the system.
The stress in the sobd i1s found from the displacements at

. the nodes. The options 1n the program include axisymmet.

ne sobds analysis. plane stress analysis, nonhnear
(plastic) “analysis, and equwalent siress and strain
(according to the Von Mises yield condition). Advantages
of the finite-element method compares *oother numerncal
approaches are fumerowis. (1) The menodis tompletely
general with respect to geometry and maternal properties
(2) Complex bodies composed of many difterent materals
are easily represented. (3) Since anisotropiC matenals are

automatically ncluded in the formutation. tdament .
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) structures are readity handled. (4) Displacementor ctress

bonndary conditions may be specitied at any nodal point
within the timite-element system. (5) Arbitrary thermal,
mechanical. and accelerationat loads are passible. (6) in
addition, the tinite element approach provides equilibrium
equations which produce a symmetric, posiive detine
matnix which may be placed in a band form and solved
with-a mimmum of computer storage and time.

- LANGUAGE: FORTRAN H

MACHINE REQUIREMENTS: IBM 340/370 .
PROGRAM SIZE: Approximately 1.477 source statements
PRICE: Program $340 00 Documentation $11.00
PROGRAM MUMBER: NUC-10342 : cee
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" LANGUAGE: FORTRAN IV

 THERMODYNARICS AND .
~ COMBUETION

Includes thermodynamic and transport properties;
combustion processes and analysis; thermal pro-
tection systems; heat transfer; and heat exchangers.

Subroutine for the Thermodyhamic Properties of Steam
and Water

PROGRAM SIZE: Approximately 1.679 source statements
PRICE: Program $440.00 Documentation $7.00

. PROGRAN NUMBER: GSC-11158
SMTAB was developed to determine the thermodynamic 0 ) 8

properties of steam and water. The properties as deter-
mined by this program agree closely with the properties
tabutated in the Keenan and Keyes tables. Table look-up
was not used because of inefficiency and large amounts of
core storage required. Instead. SMTAB makes use of
Keenan and Keyes' equations. as well as curve-fitting and
surface-fitting techmiques. to determine the requued
properties:

General Transient Heat Transfer Cemputer Program for
Thermally Thick Vialls

This is a general heat-transfer program which emptoys a
finite-difference me!~og for the solution of temperature
histories of one-dimerisiLnal. two-dimensional or spherical
systems. Options are available for heat input given in
tabular form. computed from a trajectory, or computed
from a temperature history given for a soecial location. The
types of heat exchange are: (1) ¢ ncuction; (2) convec:
tion with (a) given heat input. (b) heating due to skin
friction with Van Driest equations. (c) stagnztion heating
with Sibulkin, Detra-Kemp-Riddell, and Cohen equations:
(3) radiation-out; (4) air-conduction; and (5) joint con-
duction. The system configuration is specified by an
arbitrary number of discrete clements and their interrela-
tionships. )

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 2.795 source statements
PRICE: Program $420 00 Documentation $17.00
PROGRAM NUMBER: LAR-10794

MACHINE REQUIREMENTS: 1BM 7090

PROGRAM SIZE: Approximately 327 source statements
PRICE: Program 323000 Documentation $8.50
PROGRAM NUMBER: DOD-00007

Nodal Network Therma! Balance Program

This program 1s an update to an earlier thermal balance
program that covered all stages of spacecraft life, from
faunch to orbuital dynamic steady state. Internal heat
exchange by conduction and radsation is determined.
given the appropriate conductances, radiation view
factors. and etfective emittances. The program employs an
implicit solu..on method, inverting the matrix of iinearized
data by the Gauss elimination methoc. Recent improve-
ments and additions to the program include features
which extend the basic thermal computations. Additional
therma!- computation options include a feature for
maintaining at any desired constant ternperature those
nodes designated as "isothermal” =n algosithm for
estimating the power input (or oSutput) required to
maintain any given node at any desired temperature, o
means of imparting a vanable emittance to any node, a
new transient mode associated with an exponentially
expanding time period. and an option for going into steady-

Program for the Transient Repcnse of Ablating Axi-
syminetric Bodies Including the Etfect of Shape Change

A ccmputer program has beer ueveloped to analyze the
transient response of aiv ablating axisymmetric body
including the effect of shape change. The governing
different.al equation, the boundary condtions for the
analysis on which the computer program is based, and the
method of solution of the resulting fimte-difference
equations are discussed in the documentation. Some of
the features of the analysis and the associated program
state node after the last transient period. The program are (1) the ablation material is considered to be orthotrop-
generates an ertensive table with a node-by-node energy ic with temperature-dependent thermal properties; (2) the
balance for every node in the model, a table gving the thermat response cf the entre body 15 considered
node-by-node components of the heat leaks by key nodes. simultaneously; (3) the heat transfer and pressure distri-
and a table summarizing nodal temperatures at succes- bution over the body are adjusted to the new geometry as
swe time periods. ablation occurs: (4) tne governing equations and several

boundary-conditvon cctions are formulated in terms cf
LANGUAGE: FCRTRAN 1tV generalized crihcgonatl coordinates for fixed points in a
MACHINE REQUIREMENTS: 1BM-360 moving coordinate system; (5) the finite-difference equa-
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tions are solved implicitly; and (6) other instantaneous
body shapes can be displayed with a user supplied plotiing
routine. The physical problem to be modeled with the
analysis .is described by FORTRAN input variables. For
example, the external body geometry is described in the
W.Z coordinates; material density is given; and the
stagnation cc.d-wall heating rate 1s given in a time-
dependent array. Other input variables are required which
controt the solution. specify boundary conditions, and
determine output from the program. The equations have
been programmed so that either the Internationat System
of Units or the US. Customary Umits may be used.
Calculations from this arogram may be saved for plotting
purposes but the user will hzve to supply his own plotting
routines. . :

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE: Approximately 1.679 source statements
PRICE: Program $540.00 Documentation $11 00
PROGRAM NUMBER: LAR-11049

FORTRAN 1V Program for Calculation of Thermodynamic
Data

This program calculates ideal gas thermodynamuc
properties for any species for which molecular constant
data are available. These thermodynamic properties can
be calculated in several ways. For monatoniic gases, three
methods are given which differ in the technique used for
truncating the partition function. Unobserved but precict-
ed electronic energy levels may be included. For diatomic
and polyatomic molecules, five methods ere given which
differ in the corrections for nonrigid retation. anharmonicr:
ty and wibration-rotation interactions. Excited slectronic
states may be included. The imtial thermodynanuc
functions calculated by the program are heat capacity.
en:halpy, entropy. and free energy. These functions are tit
to empirical equations and. as a function of temperature.
heats of formation and equihbrium constants are caiculat
ed from assyined reference elements ang/or fren these
elements in theit atomic gaseous state.

LANGUAGE: FORTRAN tV

MACHINE REQUIREMENTS: IBM 360

PROGRAM SICE: Approximately 3.572 source statements
PRICE: Program $350.00
PROGRAM NUMBER: LEW-10254

Computer Program for Calculating the Thermodynamic
and Transport Properties for Eight Fluids - Helium.
Methane, Neon. Nitrogen, Carbon Monoxide, Oxygen,
Argon, Carbon Dioxide

A computer code. GASP, has been developed to provide
thermodynamic and transport properties of the fotlowing
tlurds: argon, cart..on dioxide. carbon monoxide, fluornne,
helium, “metrane. neon, nitrogen, oxygen, and para
hydrogen. The equation of state and transport coeffic: :nts
are updated and other fluids added as new matenal
becomes avaiable. GASP accepis any two of pressure,
temperature or densitv as input condition. In addition.
pressure and either entropy or enthatpy are also allowable
mput variables. The properties available in any combina-
tion as output include temperature. density. pressure,
entropy. enthalpy. specific heats, expansion coetfictent.
sonic velocity. viscosity, thermal conductwity and surtace
tension A special technique 1s provided to estimate the
thermat conductivity near the thermodynanuc cntical
pont. Properties are calculated at pressures from 01 to
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Documentatron $1300 -

200 atmospheres (to 100 atm. for hehum) and at

. temperatures trom near the triple point to 200 K for neon,

to 500 K for argon. carbon dioxide. flucnine and para
hydrogen, and trom 5 2 to 500 K for hehum (restricted use
below 5 2 K). The GASP pachage was developed to be used
with h2at transfer and fiuid flow calculations. and as such
has broad apphication. It appears to be particularly useful
in the many apphcations o Zryogenic fiuids. Seme ot the
problems associated with haquification, storage and

. gassification of hquitied natural gas and hiquified petrole-

um gas can also be studied usig GASP.
LANGUAGE: FORTRAN 1V

. MACHINE REQUIREMENTS: IBM.7094/7044 DCS
PROGRAM SIZE: Apprommately 2.183 source statements

PRICE: Program 343G 00
PROGRAM NUMBER: LEV/-11629

Documentation '$9 00

AZ:AA - Aerotherm Charring Materials Atlation Computer

Program

The Aerotherm Charring Materials Ablation (ACMA)
program 1s an mmphcit, finite difference compuiational
procedure for computing the one-dimensiona! 1sotropic
transient transport of thermal energy in a three dimens:on-

al 1sotropic matenal which can ablate from a front surface

and which can decompose in depth. The ablating surface
toundary conditions involve considerations of surface
thermo:hemistry . In pnnciple, thess surface thermo-
chemical calculations could be performed within the
ACMA program: however, it has proved more expedient to
do these calculations in a separate program and use tre
tabulated results in the ACMA program. A number of
programs may be used to provide the surface thermc.-
chemistry informanion One program specthicaliy intenden,
for this purpose ang specihicaily destgned to complement
the ACMA program s the Aerothierm Chennza, Equilibrium
Program (ACE) (Reference: LEW 11722). The output frem
ACE can be used diectiy as input to the ACMA program.

LANGUAGE: FORTRAN IV

MACHINE REQUIRELIENTS: i8M-7093

PROGRAM SIZE Approuamately 1,935 source statements
PRICE: Program $260 00 Decumentatiors $14 00
PROGRAM NUMBER: LEW-11854

Regenerative Cooling Design and Analysis Computer
Program

This cumputer program was wrtten for the design and
analysis of a regeneratively cooled rocket engira, however,
the program may be used for any convectively heated and
cooled device The intluences of heal transter, stress and
cycle life are eveluated Coolant passages may be formed
by tub2s or chaoneis with or without a gas shide watl
coating These pascazes may be designed hased on a
specified passide aul temperature, coolant side  wall
temperature, or <oatng tempetrature distnibuaon Also a
design may be onatyred smith a specilied coctant passage
size distnibubion 3 determmane the resutting wail tempera-
tures and the cooiant presstre drop Options centimed n
the computer programancluge a iwo dimens:ional thermal
analysis modet ¢f 2 tube or cianrel cross sechion which
uses a relarvatcn techmque &1 M a vanatile number ¢f
nodes. Also a fransert thern + sclution s provided by a
quast two devensorat thermat moadel for considering
wfluences ot erare start, shutdonn or thratieng Another
cpticn s the 8 anon ot structurad satety tactor and
the cycle fife of a cesan,
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LANGUAGE: FORTRAN Vv

MACHINE REQUIREMENTS: IBM 360

PROGRAM SIZE: Approximately 6,429 source statements
PRICE: Program $350.00 Documentation $25.00
PROGRAM NUMBER: LEW-12110

Computer Program for Calculating Water 2nd Steam
Properties

-A computer subprogram Water and Steam Properties
(WASP) was developed to calculate the thermodynamic
and transport properties of water and steam. The
temperature range is from the triple point to 1750 K
(2690°F). and the pressure range is from 0.1 to 100
MN/m2 (1 to 1000 bars) for the thermodynamic preper-
ties and to 50 MN/m2 (500 bars) for thermal conductivity
and to 80 MN/m? (800 bars) fer viscosity. WASP accepts
any two of pressure, temperature, and density as input
conditions. In addition, pressure and either entropy or
enthalpy are also allowable variables. This flexibility is
especially useful in cycle analysis. The properties availahle
in any combination as output include temperature,
density, pressure, entropy. enthalpy, specific heats (Cp
and Cv), sonic velocity, (OP/Op)t, (OP/0T)p, viscosity,
thermal conductivity, surface tension, and the Laplace
constant. The. thermodynamic properties are based on
calcutations using the Helmholtz free-energy equation of
Keyes, Keenan, Hill and Moore; the transport properties
are calculated by using standard curve fits in regions
where these equations exist and are interpolated else-
where. Temperature and all the other properties can be
obtained as a function of pressure and enthalpy (ot
pressure and entropy).

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: IBM 7094

PROGRAM SIZE: Approximately 1,629 source statements
PRICE: Program $610.00 Documentation $12.50
PROGRAM NUMBER: LEW-12206 .

BETA Il - Boeing Engineering Thermal Analyzer

BETA 11 uses numerical methods to provide accurate
heat transfer solutions to a wide variety of heat flow
problems. This new version of the original BETA increases
its capabilities and broadens its options as well as making
the program available to second generation computers
such as the IBM System 360. The program will solve
steady-state and transient problems in almost any
situation- that can be presented by a resistance-
capacitance network. The continuous physical system in
question is replaced by a “lumped” network system
analogous to a resistance-capacitance network. Numerical
equations that represent this network exactly are then
solved. The sotution 1s accomplished in a step-by-step or
iterative fashion. Given a network of temperatures at each
node, the computer makes a pass through the network
using the numerical equations to predict the temperature
at each node a short time tater. This process of predicting
the new temperature from the oid 1s repeated for many
iterations until the problem is solved.

LANGUAGE: FORTRAN H (98%) BAL (2%)

" MACHINE REQUIREMENTS: IBM 360

PROGRAM SIZE: Approximately 10.564 source statements
PRICE: Program. $1.000.00 Documentation $48.50
PROGRAM NUMBER: MFS5-15055

Thermal Analysis of Fluid Flow in a Pipe

Difterential equations governing the thermal transient of
fheid and wall temperatures for flow in an exposed constant

diameter pipe are developed. These equations are solved
with an IBM-360/Model 67 computer to obtain fluid and

" wall temperatures for increments of pipe length at time

increments during a thermat transient. The computer
program: has the capability of solving heat transtfer
problems for fluid flow systems with a variable external
thermal environment for the pipe and variable inlet fluid
temperature and tlow rate. This item may be used for the
heat transfer analysis of fluid flow systems with a vanable
external thermal envircnment for the pipe and variable
infet fluid temperature and flow rate. Possible extenstons
include the analysis of vacuum jacketed and insulated
piping systems. The techniques used could also be
extended to include the thermal analysis of exposed
cryogemic piping systems durning cocldown and {rost
formation.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: IBM-360

PROGRAM SIZE: Approximately 300 source statements
PRICE: Program $340.00 Documentation $16.00
PROGRAM NUMABER: 1AFS.15148

RAVFAC - Radiation View Factor Program

This program riepresents a new technique for calculating

“ditfuse radiation view factors, using contour integrals. The

technique 1s combined with the finite difference (double
summation) technique to compose this program package.
Two techniques for calculating radiation view factors were
included in this program because the contour integral
offers greater accuracy and the finite difference offers

" faster run times. A combination of the two provides

accurate results and keeps the run time within reason. A
technique was also incorporated into the program to
a2ccount for the etfects of shading by other surfaces. There
is a routine that reduces run time by eliminating surfaces
that cannot cause shading on the areas for which the view
factors are being calculate¢ The program provides the
heat transfer engineer with a too! for rapid and accurate
calculation of radiation view factors between systems of
complex surfaces. These view factors are necessary for
calculation of surface temperature distributions of vehi-
cles exposed to heat sources. '

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: UNIVAC-1108

PROGRAM SIZE: Approximately 2,170 source statements
PRICE: Program $260.00 Documentation $18.00
PROGRAM NUMBER: KFS-21075

FNG - Fluid Network Genera or

This program uses the Fliid Network Generator to
standardize and simplify amironmental control system
tnermal modeling. The program reduces analyst time to
set up a complax flurd system computer model from weeks
to minutes and makes complex fiuid system trade-oft
studies practical. The propram automates the environ-
mental control system modehing technique and is well
suited for parametric studies, proposal efforts, pretiminary
design studies, and project thermal efforts.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: CDC-600 Series

PROGRAM SIZE: Approrimately 839 source statements
PRICE: Program $160 00 Documentation $10.50
PROGRAM NUMBER: MF5-21082
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SINDA - Systems Imptoved Numerical Ditterencing Ana.
tyzet o

Tt Propramas witen e assistan the thermal analyss
of spacevaitand other badies Hnsas sty an eyl
PIOCESS thal prows compleaty as the siee of the udy
Dy analyred pets larpet By comtining the hatnan tiltet
with an electicat Aetwarh anatogy, g becomes possible to
desctites the thenmat distntuttion as the sum et conduction
and tadaabion tune funcions lIwp.n.mu-h‘l\1.\l|u|;:uul.\1
the analysis tonm the coethoents tot condinction and
tadnation terms stpfablie o omputensatien However, to

obtain 3 true fempetatuee i ofide o Dody teapies 4 lanpe -

pumber of data points ot nodes Hhas been toutud that the
uppret ot o rapid computensation s 100 nades, which
world ndicate the chimimnation of petworhs w ith, sy, 1,500
nades  Anensting computer propaum catled CINDA 3G
(Reteremwee MSC 1105 has prov Whed e bases tot
developiny: the SINDA program that can tandie both the
anahars of @ 100 nodat areas the bady iy have 10 be
dinded it onder o ebhtan the reqeited tenperatuee
protle The new program s called SINDA - Sestems
tprovand Numoencal titferencmy Anah et Hus foghly
maditied verson of CINDA S0 contans Bamenstis subron
e adhitions The mager diferences Detween SINDA and
CINDA 3G are. (D chennabon whetewet paossble o
ausembly langugye codimg, WD) addidional mnemonic
eptions fod the proprantuset i datnput, (3w luson
of a4 second prewdo compute stueine ot evatuation of
ponhnest netwoth clements, and D aduitional subrou
tnes such as STEP et iy analystd and RALORS
RALEIL - (halman tilterng)  The additionai mnemone
options provade tor a sounee data block, adad capacitanee
A A conpaste, polvnone tepresentation of tempetature
vanng conductons, et Subroutines gee it S0t thermal
etwoth correetion ” These wubirouties tne the Kalman
Ultenng technnauie SINDA proprsn optis atter the tser o
vanety of methods tor wobition ot therimal anatop oS
pl\“..vnh'd q g petwork tonmat The netwoth epresents a
one to ene correspondece to ot the Pphvsical and
matheniateal modets SINDA contains tmerous subrou
fies tor handling: itertelated camples PhenoIeTLE S h
as  subhimation, dittuse padatn within an enclosure,
amultanecus 1 o ompressble fhad tow including
valuay o transpott delay ettects, rensivity analysts amd
thetmal networh correctians method

LANGUAGE FORTRAN V and SLEUTH (UNIVAC 1108
Al tine Languiape) .

MACHING REQUIREMENTS UNIVAC 1108, INEC Vil
wstem S e and or desc units requited tor operation
PROGRAM SETE Approumatiog 1o, 000 soune satenents
PRICE Proptam $.7.010 o Dewctrentation $47° )
PROGRAM NUMBER: MSC-13805

Genetat Heat Transfer Progtam

A <arphe transent heat transter propram has tween
whilten tor ase on he 13T 20 RAN syatem The propram
mchudes vonduction, < omection, and vt sntet
champe The program s capable of tandbing radetion to
e, apiend heat Huxes, and DBantrdary tempetatures
The heat tanes and boundan temeperalures iy byt
A functions of time Mutte dunensaonat prabtems of up o
20 nodes nuy e Consndered

LANGUAGE . FORTRAN IV

MACHINE REQUIKENENTS TRAL 200 Svstem
PROGRAN SLL Approvmately 19D sounee statements
PRICE $H0 00

al

NOTE The prce mcludes the documentation and a
progran listingg only  The dovtimentation s not sold
wparately fnn the proprant histing

PROGRAM NUMBER: 1ASC-17026

Phase Change Subroutine tor Usa with Finite Ditferencing
Programs

Previously, phuse changes which Degan or termminated
dining 3 e step of imte ditferencims programs resultedd
M heat balanee etron Tius subroutine ehiminates cror
due to fingte e steps and greatly amplities the mulusion
of phase chanpe e matentals inte thermal mathy mundels
The program cimplovs mterpolation methads which resufts
W elimnating the accuracy depemdency on time step
dutatrons it atloas any nuntet of phase change vdes to
e handled by oie “drop i’ subroutine Any hitnte
diltereneing, tevhinwae that Is s on systems cmploying
phase chame atenals can use tus subroutine.

LANGUAGE FORTRAN IV

MACHINE REQUIREMENTS [IRINRRIEY]

PROGRAM 8L Approunmately 4 source statements
PRICE $7000

NOTE The prce ncludes the docomentation At &
Proprany fisting cnly  The documentation s not soht
sepatately from the syt histing

FROGRAM NURBER £15C-19184

Determination ot View Factors to Finite Surtaces Using the
H-P Desi Computer :

Thes program will cateutate view factors front pomnts to
any stwee bounded Dy steapht hiwe sepments The
provedure s Dased on g Stohes theorem transtormation ot
the Baste view Lator ared mtepratioan equivalent contout
mtepral Forareas not Dognded by straught e sopmeits,
a el can be abtamed by approvmating the ared with
sraptt hoe sepments

FANGUAGE Computations and data are entered at time ot
PrY eSSy

MACHINE REQUIRENE NIS HP QRJ0A

PROGRAN SETL Not Applicable

PRICE £ 00

NOIE The prae nelides the documentation and o
proprant fistiog only  The documentation s not sold
wpatately from the propitain fsling

PROGRAM NUNMBER: 1SC-19500

Computes Program for tha Steady-State Tempaorature

Analysis of Plane ot Anisymmetric Bodies

This oputal computet PLORLAN LS the tiute element
attalysis techigue has Been developed (o deternune the
deady state tempetature distnbution withine planof
ansyinmettie solnds The contimuoas bodv s replaced by a
watent ot tantolar o quadnlateral clements bach
elonent i merberesd £ actt nedat paint of each clementis
wentited By gs v and Y cootdmate Input into the prognam ’
consiats ! tsdal pount wientitication, temper ure of teat
tlow ot boundan podat pomts, matenad wdentitication of
cach element conductiny of each matenat, and comved
tive heat transtet covthivient - amd tempetatise at each
oty usdal ot Lach gquadniaterat element s
divuded into tour froanestar cdomants The conductaat:
maten for each tarple s tormed and then comtuned e
forns a4 o h raeti e mattn with tespect to the tive
pots The b b onuaton s then redinced o the 323




ag

quadnlateral conductivity matrix by standard techniques.
The quadniaterat conductivity matnx s then added to the
conductivity matnix for the comiplete body. The nodai potnt
temperatures are then found from the solution of the
resulting matrix equations. Within the prograny this 1s
accomplished. by a large capacdy matnx solver All
temperatutes are then printed. A particular teature of this
nrogram is that it provides output which 1s compatible tor
nput to avadable tinite clement stress analysis programs.

LANGUAGE: FORTRAN V

MACHINE REQUIREMENTS: 1BM-7094 .

PROGRAM SIZE: Approximately 736 source statements
PRICE: Program $280 00 Documentation $6 00
PROGRAM NUMBER: NUC-10049

TRACK - Computer Program for Transient 2nd Steady State
Coupled Fluid Flow and Heat Conduction Analysis

Ttus program s designed to compute detaled transient
and/or steady state tlsd conditions (flow. thad terapera-
ture and pressure distributions) and spatial matenal temp
erature distributions for reactor components and other
types of heat exchange apparatus or components. The
spectfied conditions are the geometnic paranwete’s of the
flow system which consists of multiple, parallel flutd
channels for cooling of the sohd matenal. plena wial
conditions, the solid body peometry which can ba arbitrary
in shape and internal nuctear heat generation rates of the
solid matenials, if any. Th transient solution at the end ot a
time slep is cbtamned by derating the channet watl
temperatures between the fluid tlow and the heat
conduction analysis. The procedure starts with a tnal
channel wall temperature distnibution. The flua flow
calculation distributes the fluid between the various flow
channels, calculates the convective heat transter coetti-
cients. the coolant temperature and pressure distnibutions
along the channels. Either the total tiow rate ot the system
overall pressure drop between et and outlet plenum may
be specified. The coofant temperatures and the heat
transfer coetticients thus obtained are applied as boun-
dary conditions to the heat conduction cemptitation ne
resultant channel wall temperatures are compared to the
trial channel wall temperatures used n the fluid tow
calculation. iterations continue until the channet wall
temperatures are within a specified tolerance at the end of
the time step. Computation then proceeds to the nextime
step. Simidar procedures are used for steady state
determmination A transient problem can be started after a
steady state salution 1s obtained. The program utilizes a
finite difference solution to solve the goverming transient
fluid flow and heat conduction equations. It can handle up
to 46 parattel tlow channels with vanous sigle phase
fluids. The heat conduction model may be two or three
dimensional and consist of ditferent sohid materials with
temperature dependent properties.

LANGUAGE: FORTRAN IV

MACHINE REQUIREMENTS: CDC-6000 Series

PROGRAM SIZE' Approximately 4,518 soutce statements
PRICE: Program %680 00 Documentation $11.50
PROGRANM NUMBER: NUC-10189

AUTOTERS - A Computer Program for Automated Geometry
tdeshing and Hest Conduction Calculation

I calctlation of a temperature distnbution for an
artrary wregular body by a finite diference solution, the

_ body must tist be dwded mnto a fimte number ot lumped

macses ot noaal pomts. AUTOTEM generates the majority
of the nput data required for the analysts (the descnption
of the physical nodat system). The program penerates this
data automatically and calculates the temperature distr-
bution for a two dimensional plane section i (x. y)
coordinates or axally symmetrical itreputar bodv an {r, 2)
coordinates Thote are four major sections: (1) mieshing of
the peripheral nodes, (2) generating ot the regulanintenor
nodes and mput data required by the temperature
calcutation codes, (3) calcutating of the temperature
distebution, and (4) plotting of the generat noaal network
and sothenms. The data generated from one section are
stored on tape and are punched out on cards The
execution of the problem can be stopped at the end of any
one section for exanunation, The AUTOTEM code can
handle aay two dimensional (constant m the thard
dimension) or awal symmetnical body consisting of a
single matenal Time degendent internal heat generation,
temy erature dependent matenal thermal properties and
time dependent boundary conditions can be considered.

Thus program is nussing subroutines, TLFL and TIMEX, but |

these routines can be omitted without loss of executabulity
LANGUAGE: FORTRAN IV (98 63 ASSEMBLY (1 .4+)

© MACHINE REQUIREMENTS: CDC 6600, SC-4020 plotter

PROGRAM SIZE: Approuimately 10.719 source statements
PRICE: Program $1.03000 Documentation $9.50
PROGRAM NUMBER: NUC-10241

TAPA - Progeam for Computing Transient or Steady-State
Temperature Distributions

This program solves problems mvolving transient and
steady state heat ttansfer in muitidimensional systems
havirg  arbitrary  geometric  configurations. boundary
condisons. muibal conditions and physical properties. it s
capabte of considenng different maodes of heat transter
and bounaary condtions such as internal conduction and
radiation, free and forced convection, raciation at external
surtaces. specitied time dependent surface temperatures,
and specified time dependent suttace heat fluxes. The
program will also handle space and time dependent
therma!l conduclivity and heat capacity. In addition, the
externa! boundary (environmental) temperatures mav be
functions of time. Either exphict or imphicit mathematical
methods may be used to solve the difference equations.
The mphcit method uses an overall heat balance on the
body being investizated as well as the usual temperature
convergence cntena While stability and convergence of
the sclution are autcmatically provided by the program.
the user has contrel over the accuracy of the solution ard
the amount o! output data produced.

LANGUAGE: FORTRAN 1V

MACHINE REQUIREMENTS: COC 6600

PROGRAM SIZE: Approumately 1,775 source statements
PRICE Program $390 00 Documentation $16 00
PROGRAM NUMBER: NUC-10282
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COSMIC 140EX TER® (KEYWCPL) INCEX

ABERRATION .
FRC-10017 OSQII;O"!CH. SYSTEMS RaY IME'INGf
ASLATION
LAR-11063 COMPUTER PROCPAM FOR THE TEANSIENT PESPOASE OF ABLATIMG AXISYMMETPIC BNDIES INZLUDING THE EFFECTS
LAR-110801 S'E::é:: tt'gl‘:::;nlxun F nuvlﬁu HATERIALS INCLUCING CONCENSED SPECTES
LEW=1185¢ ACHA-AFROTHEEM CHARRING MATER[ALS ABLATION COMPUTER PROGRAM
ABLATIVE MATIRIALS
LAR-11£91 CHEWICAL ECUTLINRIUM CF AELATION MATERTALS INCLUCING CONDENSED SPECIES
&e
LEW-11722 ACE-AEROTHERM CHEMICAL EQUILIBRIUM COMPUTER PPOGCRAM
ACRA '
LEW-118564 RCMR-AERCTHERP CHARRING HATERIALS ABLATION COMPUTER FaDGRAM
ACOUSTIC SELSUREMENTS
ARC-138:40 AJRCRAFT NCISE SCURCE ARL (ONTOUR ESTIMATION COMPUYEP PRANGRA
ACOUSTICS

LEW-12225 SCME PROPULSICA SYSTEM NOISE CATA HANDLING CONVENTIONS AND CCHPUTEFR PROGRAMS USED AT THE LEWIS
PESFARCH CEKTER

ADTACATIC FLCW

MSC-19178 OUCT-ADIABATIC CCMPRESSIELE FLOM DUCT ANALYSTS PROCRAM
ADALS

KST-10619 ADRIS-AUTOMATEL CATA PARIGEMENT [NFCPMATION SYSTEw
ADYECTiON

UGA-02337 OQUAL [=-SIMULPYICK OF WATER QIALITY IN STREAMS AND CANALS
AERIAL PHOTOGRAPHY ’

CSC~12079 SMIPS-SMALL IMTEFACYIVF IMACE PROCESSIFG SYSTEM
WSC-1682) LARSYS DIT-mUt YISPECTRAL DATA ANALYSIS

AERCDYHANIC CHARACTERISTICS

LAR-11013 A DESIGN SUMMAPY OF STALL CHARBCTERTSTICS CF STRAIGHT WING AIPCRAFTY

LAR-11047 VOAYEX LATTICE FCRTRAN PRCCRAM FOR ESTIMAT ING SUBSONIC &FOODYNAKIC CHAPACTERISTICS OF COMPLEX
PLAMNF CRXS :

LAR-11250 THENRETICAL PRENICTION CF IATERFERFNCE LCARING ON BIFCRAFY SYORLS-SUPEFSONIC CASE

LAR-11305 AN (MPROVEL VFTHED £OR THE AFRODYNAMIC ANALYSTS OF WING-RODY-TATL CONFISURATIONS [A S 3SONIC AND
SUPERSTNIC Film

LAR-1157) MNOIFIED MULTHCPF SUBSCAIC LIFTING SURFACE METHRD CF LERD CHAPACTERISTICS

AERCOYNANIC CONFISURATICONS

LAR-11197 COMPUTER PROCRAM TO DETEPAINE PRESSIME DISTRIBUTICN AND FNRCES ON BLUNT BODIES 2F REVILUTIIN
LAR=LI 727 SUBSCNIC ANNULZR WINC THEORY WITH APPLICATIAN TO FLOW ABOUT NACELLES

AERDOYNENIC FORCES

CAR-11289 THEORETICSL FRECICTION CF INTERFEPENCE LDADING ON AIPCRAFT STOYES-SUBSONIC CASE .
AERODYNANIC WEAT TRANSFER

“SC-19493 Sil\YfN MUMEER-2EPOCYRANIC HEAT ING
AERCUYRACIC NEATING

LAR=10T94 CEMFPAL TRENSIERT HEAT TRARSFER COMFUTE® PROGRAM NS THEE®ALLY THICK WALLS

LAR=11049 CIMPUTER PROGRAM FOR THE TEANSIENT ©fSPONSE CF APLATING 2XISYMMETE [C BOOIES INILJDING Twg SFFESTS

OF SHAPE CHANCF

MSC-19493  STARTCN MUYEEE-FEROCYAAMIC FEAT ING
RERCOYNANIC LOADS

LAR-J1269 THECREVICAL FEFCICTION CF INTEFEFFENCE LOACDING CN AIR(PAFTY SYDPES-SURSONIC CASE

LA9-112%3 THEQRCTICAL PRENICTICA OF IRTERFEPENCE INACING DN AIFCPAFT STORFS—SUPERSCNIC CASE

LAR-115T3 “COIFIED MUL THOPF SUBSOMIC LIFTING SUPFACE ®ETNOU OF ACRN CHARACTERPISTICS
AERODYNASMIC STALLIRG -

<y TrY PR Q
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ATRODYKANIC STRUCTURES

LFM=1LYAG  Jr T L-aANELYSIC CF JF1 FROTFE RURSTRNTCR CONTAIAMENT mvicres
AfROTHERROCHF N ISTRY

LEM-118% AC»A-RFRCTNESY tb-“llll.l'. FATERIALS APLATION COWPUTER FEOGRAW
LERGTHERITIVNANICS

NESSIIOSP  SISPLIFITD FLUIC SYSIER UhEBMAL ANALYSIS
aesor ) )

S ARTS101A0 AFSOP-A GUICE TC THE AUTCRATED ENCENETRING AKD SCIEATE1 1€ CPYIMIZATION PaDC A%
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ALGORLITHY FOF ®MaTPIX PANDMICTH REDUCTION
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INCINENT AND REFLECTED SHOCKSs AND CHAPRAN=-JOUCUET DE SINATIONS
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FLUID FLOW
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GIPTRAN-CENERAL INPUT PROBABILIVY TPANSLATOR
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NEAY FLUX
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HEAT TRANSFER
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MES-1468)
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SEE~SYSTEMS EFFECTLVEPESS EVALUATION COMPUTER PPOCRAM
EQUIPKERY
ROEINS CONPLIERTZED PREVENTATIVE MAINTENANCE PROCPANM

TOWER 12-GUYED TUWER SNALYSIS COMPUTFR PROCRAN

LOGISIICS HASCWARE ANC SERVICES CONTRCL SYSTE™
TPACE-TREE APALYSIS CCDE
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VETERANS ADMINISTRATION AUTORATED ECG ANALYSIS SYSTEM, RFLEASE 3.6 COC 3000 SERTES VERSTDY
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MFS=23172 PANES-PROGAAY FOR AKALYSTS F NONULIMEAR EQUILEEPTIUM ANO STABILITY

STAGMATICN FLOW

LEN=10877 FORTRAN FROGRAN FOR CALCULATING TRANSONIC VELOCIVIFS ON A RLADE TO PLADE STREAW SUSFACE OF A
TURECHACHINE

STANDARD DEVIATICN

KSC-1042% SSCCI-STATISTICAL SUNMARY CF CLIMATOLOCICAL DATA .
LEW-114062 GIPTRAN-CEREPAL TAPUT PECBAPILITY TRENSLATOR

STANTON mmEER
MSC-19493  STANTON AUMBER-FEROOYRAPIC HEATING
STARS2S .
MFS-23027 STARS2S-SWELL THECRY AUTCRATED ROTATIONAL STRUCTURES (STRTICS)
STATIC to40s
LAR-11109 CFCMETZ CALLY RCPLINEZR STAYIC AND CYNAMIC ANALYSTS OF ARN{TRARILY COATED SHILLS OF REVOLUTEON
LAR-LES3) SNAP HTATICS-SYRUCTIRAL NETUORK ANALYSTS PROGCAAM
MES~24342 RAX-REFOTE ACCESS TERMINEL CIRCULAR FRAXE CONPUTER PROCRAM
srarecs
MFS-23027 STANS2S-SHELL THECRY AUTCWATED ROTATIONAL STAUCTUSES (STATICS)
STATISTICAL ANALYSIS
KSC-10429  SSCOL-STATISTICAL SUMMASY CF CLIMATCLOCICAL CATA
LAR-J1125 ASAP-AN 2LTCRATFC STATISVICAL AMALYSIS PPOGHANM
MES-2410) TEMPO-TECHNIOUF FOR EVALUATING MULY [PLE PRGBABILITY DCCURRENCES
MSC-14690 ASTEP-ALCCPITHPIC SIMULATICA TFST AND FVA UATIPN PAOGELN
WSC-17486 CONSTAT-4 COPPRENENSIVE PRCCRAM FOR TFXTUAL CONCCRDANCES AND STATTSTICS
STATISTICAL 1STRIBUTIONS
WFS-21466 PROLREM FOR STANCEAD STATISYICEL DISTRIRUTIONS
WES-279% A CORMITER PRCCRI™ FOR STANCARD STATISTICAL DISTRIAUTIONS
MSC-17484 CONSTAT-A CONPEERENSIVE PRCCRAP FOR TEXTUAL CCMCCRCANCES AND STATISTICS
STAYISTICRL TESTS ’
CSC-11699  SIGPAC-SICNIFICANE ARITHNETIZ EXPERIKENTAL PACKAGE
SYAVISYICS

HON=10426 SCHRET-BFLLCCWP TAFCRMATICN RETRIFVAL SYSTEM
LEW-11462 CUIPYRAN-CENERAL INPUT PROMABILITY TPANSLATOR

STEADY FLON
LAR-1 1048 PROCRA% TO OFTEAMINF RACTATING MONADIABATIC tNYISCID FLOW DVER & ALUNT ACOY AY THE PETHOO JF
TNTEGAAL RELATICPS

142

"

[ 1]

T

T

(1)
(34
113

"

(1]

32

1)
[ )

82

[ 1]

(1]

24
59

(1]




STEADY STAVE

LEM-11110 GAS TURBINF FSCE SEAL THERPAL CEFORNMATION AND (Olfﬁ‘fl PROGRAM FOR CALCULATION OF AXISYRNETRIC $0

TEMPERATIAF FIFLEL
NES-18N8%  ATTA [I-eNFINC ERGINEERING TMERRKAL ANALYIER 9]
NUC-10049 C(OMFUTER PROGRAN FOR THE STEADY-STATF TEMPERATURE ANALYSTIS OF PLANE DR AXISYMRWITRIC BIDIES "
NIC-101R9 TTACK-COMPUTER PROGRAP FOA TRANSIENT AND STEADY STATE COUPLED FLUID FLOW AND HEAT CONDUCTIIN - "
ANALYSIS .
NUC-10282 TAP-a+4 PRCGHAN FCR CCPFLYIAG TRANS TENT OR STEADY-STATE TEMPERATURE DISTRIBUTIINS L1
sTEAN
D’D-bOOOY SYMIAR-SURRCL TIAE FCR THE THERMODYNAMIC PRCPERTIES OF STEAM AND WATER L1

STEP FUMNCTIONS

WFS-13127 OENCRI=SCLUTICA CF DIFFEREATIAL EQUATIONS USING THE NORDSTECK MET4OD n
sTICRP

LAR-11188  STICAP-LINEAS CLPCUTT ANALYSIS PROGRAN W1Th STIFF SYSTENS CAPABILITY 3
STIrFENDG

LAR=104TY S‘le'u‘ll. SYNTHMESTES CF & STIFFENED CYLINDER . . ’ : 80
STIFENESS ' .

LARS100SY SAM{S-STRUC TLRAL ANALYSIS 230 MATRIX INKTERPAETIVE s"s'(- (COC 6600 VERSIOND 8

UAR-119A9  SALARS-STRUCTURAL ANALYSIS OF LAYERED OPTMOTRCPIC RING STIFFENED SHELLS OF REVOLUTION, LINEAU 1)

STRESS ARSLYSIS CPTICH

WFS=21493 FORMASSYNTHESTS CF OYRAPIC YSTEMS USIAG FOCRYRAN MATRIX ANALYSIS [ 1]

ML TOIY PROCAAR TO RICUCE THE SIZF OF STPUCTURAL WATPICES : . "

NPN=L1 319 SAMIS-STRUC TARIL ANATYSES SPD RAT®TY INTERPRETIVE SYSTEM (UNIVAC 1108 VERSION) 1 1)

NPO=115% FLASA-COMPUITER PROCAAM FCR LTNFAR EQUILIGRIUM FPOBLENS OF STYRUCTURES [ 1 B

NPO-13V32  WAVEFRONT=STRUCTUPAL ST JFFRAESS MATRIX whyvE FRONT RESEQUENCING PROGRAM "
STRTAS

0N9-00007 STMTAB-SUBROLTINE FCR THE THERMODYKAMIC PROPERTIES OF STFAM AND WATER "
sTacxacs

GSC-11938  STRCHACS-NS/ 360 ASSEMPLY LANCUAGE STRUCTURED PROGRAMMING MACROS 2
STREAM FURCYIONS (FLUTIDSY

LEW-L0TAT  WACKFY-ECRTFIN PFCCRAV FCR CALCULATING VELOCEITIES [N & MAGNLIEIED REGION ON A BLADE TO ALADE SURFALF L]

OF & TURRCMACHINE
LEW=-10977  FORTARAN EADGRIN FOR CALCULATING TRANSOMIC VELOCITIES ON A G ADE TO OLADE STREAN SURFACE OF A L3
TURACKACHINE -
STREANL INING
LFW=-106T1  ANALYS(IS OF CECMETRY SNC CESIGN POINT PERFORMANCE OF AXTAL FLOY TURBINES 3
sSTREANS )
l‘!l!-l2!)6 . CALCULATION (F SUPERSTNIC STREAM PAPASETERS CF A REAL GAS FADM MEASURABLE CUANTITIES USIMG FORTRAN .
IV SNUTINES .
STRESS
MSC-1T793]  STRFSS-SIRLCTARAL THEAMIL RAPID EVALUATION~STRESSES AND STRAINS se

STRESS ANALYSHS

cAFS-02227 CPLUMN AMALY4TS (CMPLEX e
MES-1321¢7 STRESS ANALYSIS COF BFLLEVILLE SPUINGS PRCGRAM [
NOO-L 1948 COWTaNE~STRLOTLRAL CFSICN SAD STRESS ANALYSIS PROCPAM FOR ADVANCED COMPOSITE FULAAFNT-NOUND (1]

AXISYeuF YPIC PRESSURE VESSELS
NIC-10322  FINITE FLEMEAT SRALYSIS CF COMPRESSIRIE SOLINS WITH NONLINEAR MATERIAL PROPERTIES L w0

STRESS CYCLFS

LEM-1211) RFCENERATIVE COOLIACD PESICN/ANALYSTS COMPUTER RPOCH AM 23
WgC=1199% FRACTURE WMECHANICS FVALUAMT ICN OF TI-6A1-4V PRESSLRF VESSELS s7

STRESS-STRAIN DIACRANS

L1270~  COPPCCHMFRFSSICN SLULCHAPLE FLOTTING ECUTINE . [ 2]
WSCLT93]  31meSS-STRUCTLAAL THERWAT PAPID SVALUATION-STRFSSES AND STRAINS na
STRESSES

MO0-33961  HIOSHIP SFCTICA [FSIGR FOR NAVAL SulPS 19

TAR-11 967 COUMITER PROCEEM FOR STRESS, VIAIATION, AND AUCKL ING CHARACTEQTISTICS OF CENFRAL SHFLLS (F REvORUTION sl

CARSL1S69  SALOPS=SINLCYLO8L ANALYSIS CF LAYERFED CRIMOTRCPIC RING STUFFFNED SKELLS OF RIVILUTION, LInfar [}
STRESS AMALYSIS (PTICN .

LAR-[16906 GUCLAR =8 COVELTER PRCCAAN FOR INSTARILITY ANALYSIS CF LAMINATED LONG PLATES SUMJICTED YO JOMRINED L 3)
INPLANE LORDS

wES=20ne8  TOUSION ANALYSIS OF OPER SECTIONS [2)

. ea260%4 CY-APPCRTICAPFNT/PRECICTION 52

LIS EXZY TN CFNNTC ACCFSS TFPWIALL CIRCULAG FEAME (OXPUTER FROGRAM s

MFS-2804%  FRAPPRESSUREIFC STRUCTURE OPTI»I2aTION s
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sTRESSES
NIC-LYS02  FuA-FRARE MOCLL SNALYSES
RSC=17931  STRESS-STRLCILAAL THEOPIL PAPID EVALUATION-STRESSES ANO STRAINS

STRLCTURAL "ANALYSIS

CNS-023%0 PASFLAY-FINIYE FLEMENT PESH GEMERATION PSOCRAM

030-00036 TYOUFR 12-CUYER TCWKER ANALYSIS COMFUTFR PROSRAM

DN-0003I8 GENERAL PURPCSE CVERLAY $CE0EM FOR COC &000 SFRIES COMPUTERS
CSC~11039  AUTCMATED INFLY TAV, PRE-APATION FOR WASTRAN

HON-10BT7  ADVANCED STRUCTURAL . ZOMETPY STLDIES

LAR=1015%0 SINIS=STRUCTREAL ANALYSIS M) RATRIX IHTERPRETIVE SYSTER (COC £400 VERSIONG

TAR-11389 CrYPUTER FROGRAY FOR STRESS, VIARETION, AND RLKKLING O'A!AUEIIST 1C3 OF CERERAL SHELLS OF RTEVILUTION

LAR-T1529  SHRAP DYNSNICS-STRUCTURAL LETSIZK ANALYSIS PROCRAM

LAR=11530 ShAP STATICS~STRLCTUASL AEYRCRR ANALYSIS PPOCRAN

LAR=§1967 SALONS~STRUCTUPAL AMALYSTS GF LAYEREO ORTHOTROPIC RING STIFFENED SHELLS OF REVSLUTION, LINEAR
STRESS ANRLY SIS (PTICH

MES=~15307 SARFCS-STPUC TLRAL ANALYSIS METHOD FOR EVALUATING CCNPLEX STRUCTURES

MES-20048 TORSION ANALYETS OF OPEN SECTIOHS

MES-23172 PANES-PROCRAP FOP ANALYSIS CF SOMLEGTA® ECULILIERIUN AND STZBILITY

HEC=-14T748  SCR-SMELLY OF REVOLLTICA ARALYSIS PAIKAGE (COC 6000 SERlES VERSIDND

WSC~1ATAD  SOR~SHELLS OF REVOLUTION ARALYSTS PACKASE (18% 360 SERIES VERSION)

#SC-17031 CECMETRY #R0CE.3CR, MESH YCFCLOGY AND NNDAL POINT CENERATOR

uSC-17519 PROGCRAM TN REOLCE THE SIZE OF STRUC TURZL RATEICES

NSC-1TIIL  STYRESS=STRUCTUPAL THEEMIL RAPLD EVALUATITN-STIRESSES &ND STRAINS

NPD-11319 SA IS-STPUCTULRAL ANALYSIS AKD KATRIK INTERPRETVIVE SYSTEM (UNIVAL 1108 VEASIOND

NPO=-1180% ST MM-FICENVALLE POUTIKE BY STUXM SEQUEMRCE METHOD

WPO=13122 WAVEFROKT-STRUCTURAL STYIFFNESS KATRIX NAYE FRONT RESEQUENCING PROGERANM

STRUETURRL CESIEN

oND-000Y)
oNoD-000NY
000-00n3¢
b10-00033
ond—-000 41
00D-000%3

00D~000%
LAR=104TY
NFS§-214%2
N20-1194)

STRUCTURAL TRS

SHMCP-SHIP MULL CPARACTFRISTICS PROSRANM

RAMOTT=STRUC ILRAL RATALY BATONIDTH REDUCTICN COMPUTER PROCRAN, COC 6000 SEPLES VERSIOVW
CANDIT-STPUCTUPAL MATRIX RASDAIITH REQLCTION CONPUTER PROGAAN, [8M-350 VCRSION
RAMCTIT=STRUCILEAL MATRIX FARDLICTH PEDUCTION COMPUTE® PROCAAM, UNIVAC 1108 VERSION -
MIOSHIP SECTIrN CESICA FCR tAvAL SMIPS

CRIC2D-TFFS=TRD CINENSTICNAL G0 CENERATOR ANO TEAMINAL CONTROUL SYSTEM OF THME INTEPACTIVE GRAPHICS
FINITE ELEMERT SYSTEmS

KENCIT=STRUCTURAL MATRIX BANDAIOTH REDUCTION CTHPUTER PROGRAM, HOMNEYNELL VERSION

STRUCTUP AL SYNTIMESIS CF & STIFFENID CYLINDER

¥IRRATIONAL VEANIFEM FLACTIMNS FOR CASE EXCITED SYSTEPS

COMTANK-STRUCTUREL DESICON AW) STRESS ANALYSIS PRCGRAM FOR ADVANCED CONPOSITE FILAMENT-40CJY)
AXISYSMRETRIC FRESSURE VESSELS

HXERING

DND~00033  AANDIT-STRUCTURAEL MATRIX E/MOVEIOTH PEDUCTION COMPUTES PROGRAR, CDC 6000 SERIES VERSION
DID=COO0Ys RANDTT-STRUCTURAL MATRIX BANIMIOTH REQULTICH COMPUTE. PEOCRAY, IRM-360 VERSION
DID-Q003% BANDIT-STRUCTLRAL MATPIX RAKDWIDTH REDULCYION CORPUTER FPROGRAM, UNIVAC 1108 VERSION
0ND-00056 MANCIT-SVRUCTURAL NATRIX E4KMIOTH RERICTION COMPUTER PPOGRAM, MONEYRELL YERSIOM

STRUCTURAL STASILITY

" S-02227
NPO=1L3%S

COtUmy ANALY SIS (CMFLEX
ELASE-COMPUTEPR PROGAAM FUR LINCAR EQUILIERIUN PAQFLERS CF STRUCTUPES

STRICTURAL STRAIN

t ll-lx“b‘

RUCLAPZ2-4 COYPLYER PROGRAX FOR INSTASILITY blulusls OF LARINATED LONG PLATES SSRJECTED TO CDWNINED
IKPLANE LCADS

STRUCTLRAL VISRATIOH

ll‘l-[l 189
"FS-214%2

COMPUTER PROCKAN FOR SYRESS, VIBRATION, AND AUCKLING CHARACTFRISTICS OF GENERAL SHELLS OF REVOLUTION
VIAPATIORMAL TEANSFE® FURCTICHS FOR PASE EXCITED SYSTENS

MEC-1T7562 SMA-FRAME MCCAL ANALYVSLS
sTURR

“4P0-1180% STUPK-EICENVALUE ROUTINFE BY STURM SEQUEMCE KETHOD
SUSROUTIKE LIBRARIES {CORPUTENS)

LAR-(1L2¢

ALTL I8-AUTCHATIC COPPUTER SUSPROGRAN SELECTION FPCM APPLICATION PROGRAM ( [BRARIES

LAR=11324 ODIMEX-OPYIPLL CESTON IKYECRATION EXECUTIVE PROGRAM
SUBRCUT INES
DI0-00018 CENERAL PUBFCRE CVERL Y LOSCIR FNR COC 4000 SENTES CONMPUYERS
tAR-11126 ALTYLIQA-AUMMSIIC CONPLTER SUAPRNGRAM SELECYION FROM APPLICAT ICN PROCRAN L IEPARIES
LEN=1083T A SET OF FORTRAN [y SLERCULITVES FOR GEKRFRATING PRINTED PIOTS
HFS-17981 MEATAN-SLPRCLYINE TC SELVE CIFFERENTIIL ECUATSONS

SUBSCRIC FLOM
LAR-11 048

FROCAAM YO CETEOPINE SACIATING NONACTACATIC INVISCIO FLOW OYEY A BLUNT 30DY 8Y TME METHCD OF
INTFGRAL RFLATYICHS

LAR-112643  THECRFTICAL PPFLICYION CF (STERFFREMCE LOADING OW AIRCRAFY STORES~SURSONIC CASE

LAZ=1130% 4N INPROVED FETHIO FCR THF AERODYNARIC ANALYSIS OF WING=RODV~TAIL CONFISURATEIINS N SUISOVIC AND
SIPERSONIC FLOW

LEW-10T64 SOATRAN TV FPCCaSN TO ESTIFMTF THMF CFF NESIGH PERFCRMANCF OF RADIAL INFLCW YURBINES

LEW-10TA9 PAGKFY-FCRTRIA PPCCRAD FOR CALCULATING VELDCITIFS Ih £ MAGNIFIED REGION ON & B ADE T3 BLAIT SUREASE
OF A TUREOMACKING

LEW-110%)  IAVESTIGATICN OF (SCTHERYAL CONPRESSIALE FLOW RCROSS & ADTATING SEALINS DAN te
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SUBSOMIC FLOW
LEN-12206

SUBSONIC SPLED
LaR~11047

SUSSTRIXCTURES
MFS-21432

SURMARIES
APC=13942

SUPERSONIC

LAR-1130%

S v T bmime a4 e ekt s Shm b et e SiA A e s

COMFUTFR POOCRSY FOR QUAST-CNE-DIMENSTONAL CONPRESSIMLE 'L:!vl WITH AREA CHAMGE &ND
FRICTION-APPLICATICON TO CAS FILw SEALS

VORTEX LATIICE FORTAAN FPCCRAM FOR ESTIMATING SUPSOMIC A[.vanll!lc CHAPACTERISTICS OF SOMP EX
PLANFCRNMS

VIRRATIONAL TRANSFER FUICTTONS FOR PASE EXCITED SYSTERS
SCIFNTIFIC PACRETIC TAPE LICAARY SYSTEN

AN IRPROVED #ETHCD FOR THE AESCOVNANIC ANALYSTS OF WiNG-BNOY-TAIL CONFICURATIONS Ih SJUBSONIC AND
SUPFRIONIC FLC .

SUPFRSONIC CONPRESSORS

LEu=12326 CALCULATION CF SUPERSCNIC STREAM PAPANETERS OF 4 REAL CAS FRO® WEASURASLE QUANTEITIES USING FORTRAN
Iv RQUTINES

SUPERSONIC FLOW

tan-titor
LAy 2%}
LAc-11683

COMPUTER PROGPAN TO OFTIRPINE PRESSURE DISTRIAUTICN AND FOACES ON BLUNT RCOIES JF REVILUTIIN
THEORETICAL FOEOICTION NF INTESSERINCE LOADING ON AIRCRAFT STOPES-SUPERSONIC CASE

A CCHPUTER PECGASM FOR CALCULATIRG INVISCID, ATTACATIC FLOW ABOUT PLUNT BODIES TRAVELING AT
SUPERSONIC ANC HYPERSONIC SHEEDS AT ANGLE OF AVIACK

SURFACE PROPERTIFS

LEW=10482 PLOTIN-A PACKACE OF FOATRAN SUBPADGRAKS TO DRAW YHREE DUMENSTONAL SURFACES
LEW=10789 MAGNFV-FCRTRAN PRCCRAFP F(R CALCULATING VELOCITIES IN & MACNIFIED REGION DY 4 ELADE TO BLAVE SURFACE
OF & TURSOMACHINE
LEM=11635 CHAREL=F(RTRIN PFOGRAM FOR CUAST-TKREF-DIMENSIONAL CALCULATION OF SURFACE VELOCITIES <ND CY.OKING
FLOW FOR TURPCFACHINE BLACS ROxS
SURGES
NP(-116496 KIRAC-COPPLYES PROCRAN FLH ANALYSSS CF CINCUITS INCLUDING MACNETIC CORES
SUTTCHES .
LAR=11210 OESICH OF NICECSTRIP COPFCAENTS BY COMPUTER

SYRDOLIC PROGRAIPIING

¢sC-11398
GSC-1154%

SYREOLS
GsC~117a7

FCRTAP-A GENERALIIED FCPYNBN TAPF CONVERSION PROGRAM
CAPS-SOUACE CECK CONPAELSSICN AKD UPDATE PROGRAM

CSS-CHARACTER STRING SCANNER

SYSTEM EFFECTIVENESS

CSC-11641 GEXS-CENFRALIZED EVALLATICA MODEL STNMULATOR
MFS~16499 EXACY BIAIPAL PATR ANC FINIMAL CUT TECHNIQUES FOR DETEFMINING SYSTEM RELIADILEITY
MES=24121 ERSION-RELIAPILITY CCHL $STATYUS

SYSTEM FATLURES

MSC=17646 FMEA-FAILLPE FCOC AND EFFECTS AMALY SIS INPUT/OUTPUT PROGRAN

SYSTEMS AMALYSIS .
03I0-0003F NGPSS=NACC CEMERMBL PUSPCLE SIMULATICN SYSTEM FOR (OC 6000 SERIES COMPUTERS
CSCi1841 CFNS=TENFRAL 127N EVALUATION MIDFL SINULATOR .
LEW-1181% CUMPUIFR FRCCFA% FOR OREL [P INACY DESIGN ANALYSIS OF AXIAL FLOW TUPBINES
MES=220T2 MARSYAS-MAD SHALL SYSTEN FCP AFROSPACE SIMULATION
#F5-24036  APRCCT-APPORTICNMFNT/PRENICTION
WES-24128  ERSION-RFLTAPILITY GCAL ST BTUS
NEO=1149% MYRAC-CNUPLTEP PRNGRAN FCR ANALYSES OF CIRCULTS IMLUDING MAGNETIC CORES
NPQ-13522  MORCANTAWN 4SS TRANSIT STPULAT ION WODEL
NIK-103T76 COMPUTER PROCEAN CALCLLATES PIPING~SYSTEM PARAMETERS
NUC=-10402 YPACE-TREE ANMLYSIS CCOE

SYSTEAS FNCINIERING

DND-00937
GC~11 641
LFw=-11A1%
"C-1T4sn

TABLES (DATAS

NOPSS-NADC GERNIRAL PURPCOSE SIMULATION SYSTEM FOR C0C 6000 SERIES CUMPUTERS
GEMS-GENFUALTIZED FYALLATIPA NIOFL S IMULAIDR

CCHMBPUTER PROGERAM FOR BPELIMINASY DESICN ANALYSIS OF AXIAL FLOW TURBINES
FNEA-FATLURE ®NDE AND EFFECTS ANALY SIS INPUT/SUTPUT PROGRAN

COMPUTER PROCPAY TN MERGE AND/CR WODIFY TAGULAR DATA

HES 24163
NOO-[19h0 TTHREE ALY wacS SPFCTRAL SESRCH FECGRANM
NPO-11973  FORTAAN WANPCHER ACCCLATING PRAOCEAN
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" TANRATION PROCESIES
UES-22136 - THE SELECTICA [F APPPORIMATING FUNI TIONS EOR TASBLLATID NERICAL C2TA - n
TAKECPF .
wFS=2187y tutdrr 4NN LANDING PEPFCOMANTE v «2

TAKECFF RUNMT

MES-218T1  TAKEOFF AND (ANDINC PFRICOPANCE v 82

TAP-A

NUC-13282  TAP-&-4 PEAGRAM FOR rﬂ;PUIm vimsunv 6: STEADY-STATE TFMPEPATIRE DISTPIAUTIING i L1
Tasks

usC=1T4%1 RFCOAD OF YaSK PEOGRESS 43
TIMP!IA“IE - ) ‘

CRC=11169 NODAL KFYwrex THERMAL RALANCE nnr.nn’ ) L1}

LEM=11991 ESATA-CXFCUTIVF SURROUT INFS FOR AFTERMEAT TFMPERATURE ANALYSES OF A MCRILE ZaS ICCLED NUCL3AS R ¥4
REACTON PrusR PLAAT .

TEMPERATURT DISTRIBUTION

€1S-r2430 TIDEDA-TI%E CFPERCENTY DBATA ANALYZF? 13

LEW 42110 GAS TURBINE FACE SEAL THERPAL DEFOAMATION AND COMPUTEE PEOCPAM F0R CALCJLATION ©F AxISrmestall 0
TEWMEFRATLOF FI6LC ’

LEM=1281D PFCENERATIVE (DM ING CESICH/ANALYSIS CCMPUTFR RPOSR N . )

NFS-21075 RAVSAC-RADIATION VIFEW FRACTCR PROSRAM . ER )

NUC-10040 COFPUTER PENCEAP FOR ThE STEADY-STATE TERPECATURE ANALYSIS OF OLANE OF RXISYVESTRIC AIDIES 113

NIC-10189 TRAMK-CNWPUTER PROGHAN FOR TRANSLENT AND STEACY STAVE (AUPLED FLJILTD FLOW AND HEAT (JNNICTIIN 9
ANBLYSIS

SUC-10241 SUTOTF%=A CCPPUTIR PREGEAM FOR AUTOWATED GECMETRY MESHINC AND HEAT COVDUSTINY TOLILAATION °»

NUC=12202 TAP-A-A PENGEAM SCR COMPUTING TAANSIENT CR STEADY-STATE TIMPFRATURE OISTRIRUTIINS . S5

TERPO
wES=2610)  TEMPO-TELHNICUE FOR EVALUATING PULTIPLF PRORARILITY CCCURPENCES 12

TENSILE STRESS
MFS=12641 BFLLOMS CALCULATION PROCZAP ’ ot
TEXSOR AMALYSIS

MD-20026 ML 21-PIPE FLEXIRTLITY AN/LYSIS PROGRAM [IRM 704 VFRSION) . 18

09D~0032% ®FL 21-PIPF FLEXIPILUTY BAN£1YSIS FPRACRAN (INIVAC TICA vERSIONS 18

010~00026 wFL 21-PIFF FLFXTAILYITY ARAL/STS PRCGRAM 1C0L 6000 SERIES VEPSIOND 18

DND=-0I02T  REL 40-PIPINC FLEXIAILETY SMALYSIS PRCGRAM T8
TEXTS .

MEC-1T484 CONSYAT-& CCUPREFENSIVE PRCCRAM COR TFXTUAL CONCOFDNENCES AND STATISTICS 9

THER®AL ANALYSES
MSC-11R08  SINFA 3C-SYSTEPS (MPROVED AUMERTCAL DIFFEIENCING ANELYZEP (UNIVAD 1100 SERLES vERSIDNY 11
THERNAL CONDUC TORS

fOC-1?IN) i TIWI(K=R CCHPUTER PECTAAY THAY NIMERICAILY INTIGRATES THE DIFFEFENTIAL EQUATICAS TrdV DESCAIRE &7
THE HYOPCOYAAPICS OF 8 LIRCE CLASS CF HEAT ¢IPES

THERNAL EWERCY

LEW=-118%4 ACMA-AERCINEGP CHARRING PAVERIALS APLATIN (CHPUTER PPOGEAM 2
° THERNMAL IASLLATION
- WFS=1514% THERMAL ANALYSIS F FLUIL IO IN A PIPF 7 3

THERMAL PROTECTION
' L1793 STOFSS=-SIRLCILEAL THEFNM/L FE210 FVALUATION-STRECSFS AND STRAINS &
THERKAL STASILITY ’

CAC=111%%  NNOAL NFYRCAD THERMAL MALANCE POCCRAW . T}

THERMAL STRESSES

NIN-00926 WEL 21-FIPF FLEXTPILITY ANLYSIS PROGRA® (IPM 7004 VESS[OM) ™
DOP-3902%  WEL 21-P1PF FLENIRILITY LRALYSIS PECGRIw [UNIVAC 11CE vFOSIAND ™
s NIN=00026 mfg 21 -0IPF FLFRIPILITY BPALYSIS PROGREW L(DC 6000 SFRIFS VFRSIOND In
BAN-07027 MFL 4)-PIPINC FLEXITILETY JMALYSIS FROCOAR "
NES-1895%  RFTA (1-8NE[8C FRCINFORING THERMAL ANALYZES 7"

. . THERNOCHEMT STRY '
< LEM-11T2% ACE-LFWNTrERW CHEMICAL FCUILTARIUM COMPUTER PENGRAM ' 16
REW=11722 ACE-AFOLTHEOw (HERICAL FLUTLIARTIIN (TMAUTER PROCFAM e
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