AN IMPROVED THREE DIMENSIONAL
COMPUTER SIMULATION
OF VEHICLE CRASH VICITIMS
VOL. II1 - USER'S MANUAL

EDC Library Ref. No. 1037



DISCLATIMER

These materials are available in the public domain and are not
copyrighted. Engineering Dynamics Corporation (EDC) copies and
distributes these materials to provide a source of information to
the accident investigation community. EDC makes no claims as to

their accuracy and assume no liability for the contents or use
thereof.



F}j (‘aa "zj L&“ TECHNICAL REPORT STANDARD TiT

1. Report No. 2, Government Accession No, 3. Recipient’s Coteleg No.
DOT HS-801 509 ‘ 32&33

4. Title and Subtitle . . 5. Report Dare
An Improved Three Dimensional Computer Aprii, 19753

Simulation of Vehicle Crash Victims

6. Performing Organizotien Code
Volume III User Manual

o Authortal B. Parlorming Orgonization Report No
J.T.Fleck, F.E.Butler and S.L.Vogel 2Q-5180-L-1

9. Perdorming Diganization Mame and Address T8, Wark Umt Mo, ]
Calspan Corporation N9l-Series
4455 Genesee St, 1T, Contract ar Grant No
Buffalo, New York 14221 Phone: (716) 632-7500 DOT-HS-053-2-485

3. Type of Repart and Peried Covered

t2. Sponsoring Ageancy Nome ond Address

Final Report

National Highway Traffic ?afety Administration 6/30/72-7/3L/74
Department of Transportation .
Washington, D.C. 20390 14. Sponsoring Agency Code

15

Supplementory Notes

14, Abstrect

A digital computer program to simulate in three dimensions one or mor:
motor vehicle crash victims either occupant or pedestrian has been develo]
The ground work for the program was performed in Phases I and II. 1In the
present version, numerous improvements in the modeling have been made, D
this version, disjoint sets of connected rigid bodies may be specified sir
ulating multiple victims and victim interaction. Additional ellipsoids a
or planes may be attached to any segment. Position, rolling and sliding
constraints between segments is now a user option. Modeling of impulsive
forces arising at first contact has been incorporated in this version. I
proved modeling of joint-stop torques plus the capability of locking and :
locking joints has been added to the program. Adjustments to the exponen
integration technique has reduced run time substantially. Because of the
improvements, the model is no longer restricted to a particular crash vic
simul~tion and may be considered a general three dimensional simulation.

s“:;fu

8 b
g‘ ! f‘.; E-E e
Ha ,}J:l's' .

D
=2
-(.--—-*:4-‘
s
=
‘.,.;_-::

LY

[P M A .
AR 13 A“":::
i Gudnd bl s UILLY
17. Xay Words . . 18, Distribution Statement
Computer Simulation - Three r -

Dimension Dynamics
Mathematical Model - Vehicle
Crash Victims

19, Secutsty Classif. (of thss repert) 2. Secutity Classif, fof this poge) 21. No. of Poges 22, Pricn

Unclassified Unclassified 204

Form DOT F 1700.7 (s-63)

ZQ-518i




FOREWORD

This report, consisting of four volumes, describes the further de-

velopment of the Calspan Three-Dimensional Crash Victim Simulation computer
program to enhance its usability,

A digital computer program to simulate in three dimensions one or
more motor vehicle crash victims, either occupant or pedestrian has been de-
veloped. The ground work for the program was performed in Phases I and 11*,
In the present version, numercus improvements in the modeling have been made.
Because of these improvements, this simulation may be considered highly adap-
table to general three-dimensional motiom and has capabilities well beyond
those of previous models,

The research effort summarized in this report was performed for
Naticnal Highway Traffic Safety Administration, Department of Transportation
under Contract No. Calspan H$-053-2-485. John T. Fleck of the Computer Mathe-

matics Department of Calspan Corporation r:rved as principal investigator.

Tt T Fhoch
Prepared By: - Reviewed and Approved By:

John T. Fleck
m-daahlf_ , n«.btft‘\ /J’M %’%
Frank E. Butler Robert W. Miller,Assistant Head

Computer Mathematics Department

5@4&:&: L 4//0?-(/,
Stephen L. Vogel

* Phases I and Il were both jointly sponsored by NHTSA and the Motor Vehicles
Manufacturers Association.

2Q-5180-L-1




SECTION

10.0

11.0
12.0

13.0

14.0

HSR! |
TABLE OF CONTENTS W

Jaa33

PAGE NO.
INTRODUCTION............ e e 1
INPUT DATA FEATURES.......... . st resss it 7
OUTPUT DATA FEATURES........ e r e es e et 10
DESCRIPTION OF THE RESTART PROCEDURE.....0vever.n. 14
ERROR MESSAGES . ittt ittt it ieneienncnnesnsnnsnas 19
JOB CONTROL LANGUAGE {JCL) IBM370. . i viierininneans 24
INPUT DESCRIPTION. ..\ttt insensenenenneenannnnens 25
SAMPLE INPUT.............. et rr e et sa e 61
SAMPLE QUTPUT . .t i ii ittt iiaissennnrsnncsnesnennss 80
PROGRAM VARIABLE DICTIONARY BY LABELED
COMMON BLOCKS . .. it ir ittt et ssnsiinmnnnnnenns 132
ANALYSIS VARIABLE DICTIONARY . i v vt e veronansans i51
VERIFICATION OF PROGRAM FEATURES........ crieve....168
SUBROUTINE, COMMON BLOCK AND VARIABLE
CROSS REFERENCE CHARTS......... P ¥ 11
REFERENCES . ... \.vvvnrenn.. s [ .190

v ZQ-5180-L-1




vii

LIST OF TABLES

TABLE NO. PAGE NO.

12.1 CATALOGUE OF COMPUTIR IXECUTIONS FOR
CONTRACT = PART .. ..''iiteneerseneeieeee e, 169

12.2 CATALOGUE OF COMPUTLR EXECUTIONS FOR
CONTRACT = PART I@.....'soronennononn i, 170

12.3 CATALOGUE OF COMPUTLR EXECUTIONS FOR
CONTRACT = PART II1....uu'iuervninrnn i, 171

12.4 CATALOGUE OF COMPUTER EXECUTIONS FOR
CONTRACT = PART IV...'i'tieiinian e, 172

12.5 CATALOGUE OF COMPUTER EXECUTIONS FOR
CONTRACT - PART V............ e . 173

ZQ-5180-L-1

i




12.
12.
12,
13.
13.

13.

i3.

13.

13.

i3,

FIGURE NO,

1

LIST OF FIGURES

DESCRIPTION PAGE NO.

TEST RUN #1.................. D 175
TEST RUN #2...0o i 177
TEST RUN #3........ oo, e veenl79
MATRIX OF COMMON BLOCK USAGE...................... 181
MATRIX OF SUBROUTINE USAGE - PART I..iiiiiinnn..,, 182
MATRIX OF SUBROUTINE UéAGE = PART II.............. 183
MATRIX OF SUBROUTINE USAGE - PART III............. 184
CROSS REFERENCE OF VARIABLES IN LABELED

COMMON = PART I...ouuuisiiinns . .185
CROSS REFERENCE OF VARIABLES IN LABELED

COMMON - PART II.................... et i, 186
CROSS REFERENCE OF VARJABLES IN LABELED

COMMON - PART I1T............... ... . . . 187
CROSS REFERENCE OF VARIABLES IN LABELED

COMMON - PART IV......o it 188
CROSS REFERENCE OF VARIABLES IN LABELED

COMMON - PART V.ot 189

ix

2Q-5180-1-1



ACKNOWLEDGEMENTS

The authors gratefully acknowledge the assistance of Mr, Harold
Camnitz in contributing his expertise to the analytical development of pagts o
the program. Thanks are also due to Mr, John Bartz for pro&iding assistance
and suggestions for this report preparation resulting from his experience with
Phases T and II. Special thanks are due Miss Christine Shultz for her efficie

report typing under demanding deadlines.

The authors also wish to thank Dr. L. Ovenshire of the Depart-
ment of Transportation for his suggestions and direction during the
analytical development of the program. His direction in the development of
models for the tension and flexible segments and the global graphic stop torqu:

model was invaluable.

i ZQ-5180-1-1




oA

SECTION 1
INTRODUCTION

For nearly a decade, research in computer simulation of the automobile
crash victim, both vehicle occupants (References 1, 2, 3 and 4) and pedestrians
{Reference 5),has been performed at Calspan. Prior to the present research,
efforts at Calspan were confined to planar motion, with emphasis on frontal
collisions. The present research was motivated by the need for a tool to study
the highly variable, three-dimgnsional contact force enviromment and dynamics
of a motor vehicle crash victim, either occupant or pedestrian, such as exper-
jenced in ohblique vehicle collisions of sideswipe pedestrian accidents. An
increasingly complete system representation, essential for simulation of the
complex physical event, has become feasible because of the.trend towérd decreasing
computer costs. The present body dynmamics model is aimed at achieving an accep-

table balance between required system representation and computation cost.

The model was developed to complement experimental research in auto-
mobile crash environments and to provide a functional instrument fo. parametric
investigations. The equations of motion and constraint are formulated from
Euler's rigid body equations in a manner that allows variation of the number of
segments and joints in the formulation. In this respect, the present model
differs from existing three-dimensional occupant models, most of which were
formulated with Lagrange's equations of motion. These include models developed
by the Texas Transportation Institute (twelve segments, thirty-one degrees of
freedom}, Reference 6; the Highway Safety Researcﬁ Institute (three segments,
twelve degrees of freedom), Reference 7; and work reported by the Society of
Automotive Engineers of Japan (three segmenté, twelve degrees of freedom),

Reference 8.

Evolution of the 3-D Model is documented in Phases I and II,(References
8 and 10)in which versions I and II of the program were developed under the joint
sponsorship of the Department of Transportation and the Motor Vehicle Manufac-.

turers Association.
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The Phase I effurt consisted primerily of the fornulation and imple-
mentation in the computer program of a fifrteen-segment body dynamics model niti:
forty degrees of freedom, a contact modcl to seherate external forces acting on
the simuluted crash victim, wud a sTaphics divplay nodel to simplify diagnosis
and inteipretation of iesults. In addition, an injury criteria model, to‘péo-
vide & mcuns of readily aussessing the degree or injury suctuined by the simu-
lated crash victim, was devedoped and partially iwplementcd in the computer pro-
gram,

1

The Phuse Il effort consisted in o coutinuing research effort, gener.
alization of the computer propram and cxée:imantal validation of the mudel.
Prograi generalizatiuus consisted primarily of the wadition of an aiibag nodel,
& program rOr & PuSsenier Compartineny wich sis Gegrees Of freedom To simulute
crashes in which the wotor vehicl. virdergoss gen.ral three-dlicentivnsl motions,
treatment of multiple impucts between tne crash vicrim and vehicle, initizliza.
tion of the crash victiw, z.d IRPTOVements in inpet/output format. In additiosn,
other generalizations, such as incorporation of a variable-step exponential in-

tegrator to reduce computation costs, were incluced.

The current version (Versiom III) is « generalization of the Calspan
3-U Crash Victim Simulation tiodel (Versiou IT1) which wus cumpleted in December
1972, AL iaportuant generaliration is thst the program is now availalle to accom-
Rodilu vy desired numdber of seguents up te The sturave linits specified for the
Prograu. ‘the vehicle and the grownd are now cousidersd sepments and are desiy-
nated d» Cepwent N+l and N2 respectively, 1o, . gy;tum in whizh N ocdupant
$eglenls arc Loea. Disjoint sets of Scglieal: .a) now Lo definid, enabling the
user to sodel aeltiple veCUpants and tis interactisne that may occur. This
capabitivy is realized Ly acilizing o "tre. staveruie for wefining the ednnec-
tion Letween scguwents and ailuwing specificaticic oo o "mll Jedng” indicating
no CulneCYiun bLetween tie segwents involved. Whe Duoic reference system for
descrivis, the segments is _d.ated ot the -~ 7 of the scegment wligned with ihe

rincipal moment ofF inertic d.es (L.e. Tl saeiila olLoT is di 1.)
P H ago .

Y
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In the present version, each segment has a contact ellipsoid associated
with it which is used by the contact routines to determine forces and torques
during contact, The location and orientation of the ellipsoid may be defined in
any position with respect to the segment c¢.g. but must be specified at the time
of input. Additional ellipsoids and planes which are inputted separately.may be

associated with any desired segment,

The lowest numbered segment in each set is the reference segment for
that set. Specification of a joint array JNT(j} defines the connectivity of
the model as a '"tree structure:” A set of connected segments are disjoined
from another set by setting JNT(j)¥0 toﬁdenote a null joint. The program is
structured such that when INT(3)>» 0, joint j is associated with a flexible ele-

¥

ment. .

Additional program flexibility is obtained through” addition of types
of constraints that can be applied between segments. Version III provides two
types cf pesition constraints, sliding or rolling constraints, tension elements

and flexible elements.

 External forces and torques are applied to the segments during contact
with another segment, restraint belt, airbag or vehicle and/or ground surface.
Tho-contact forces are computed using a user specified force deflection function
in four types of contact: ellipsoid-plane, ellipsoid-ellipsoid, ellipsoid-belt,

and ellipsoid-airbag.

Torques at the joints are computed as a function of relative orien-
tation and relative angular velocity. Asymmetrical torques are also computed
if the angular motion exceeds the joint stop contour designated for that par-

ticular joint {e.g. neck, elbow, ankle.)

As an additional feature the user may now specify either of two
symmetry modes for each segment. The first mode is a 2-D symmetry in which

3 7Q-5180-1-1




the motion is confined to the X, ¢ inertial plane. The second mode is a

mirror type symmetry in which symmetrical parts of the body (e.g. arms or legs) [

may have equal but opposite motion (mirrored in x, z plane.) ]

Due to the increased flexibility of Version III its potential uses are
numerous. A few of the many possible applications of the program are listed
below:

(a} Standard 15 segment occupant of Version Il

(b} Multiple occupants - interacting with each other and/or ¢
the vehicle and ground

(¢) Pedestrian struck by vehicle

(d) Airplane occupant in crash environment including situations
of current special interest where the seat is a separate
segment or set of segments

(e} Motorcycle, or bicycle, driver or victim where the cycle can he
regarded as a set of segments

(f) General 3-D motion of sets of interconnected or disjoint
rigid segments,

The program is well suited to the study of small aireraft, bus, train

br-rapid transit occupant in high deceleration or crash environments. The effeoct
of interior design, seat structure, of restraint systems as injury producers in
any of these vehicles may be analyzed by this program As an example, the seat
structure can be modeled as a segment or set of segments. A joint is used to
connect the seat and the vehicle frame. As an alternate method, the position
constraint capability of the program is used to connect the seat and vehicle
frame,

4 ' 2Q-5180-L-1
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Documentation of version IIl is presented in four volumes:

Volume I Engineering Manual
Volume II Model Validation
Volume III User's Manual
Volume IV Programmer's Manual

Under this cover, Volume 111 contains information needed for program
use. 1nput and output features of the program are described in sections 2 and 3,
acquainting the user with the control available to him. The next section presents
a summary of error messages which are pr&nted by the program when an error situa-
tion is detected. Section 5 contains the Job Control Language setup for the IBM
370/168. Also included in Volume III is a detailed description of all input
parameters, input array dimensions, and appropriate units., Sample input and out-
put for a particular configuration is included to verify input procedures, and
acquaint the user with the output format. Dictionaries of analysis and program
varisbles are provided in order to relate the analysis variables defined in
Volume 1 with the program variables used in the code. Cross referencing of sub-
routine calls and cross referencing of common block variable usage in the sub-

routines are presented in chart form.

Under a separate cover, Volume I contains a detailed development
of the mathematical equations used in the program. This includes a derivation
of the system and constraint equations and, techniques used for defining external
joint torques. In addition the geometrical relationships used to define the
various types of contacts are described along with the techniques used to compute
forces produced by these contacts. Also included is a derivation of the equations
of motion using a Lagrangian approach, which is compared to the Eulerian Method

used to derive the equations utilized in the program.
Also under a separate cover, Volume II presents the results of the

model validation study performed in Phase II. In this volume, predicted re-

sponses have been compared with results from a variety of experiments, which

5 2Q-5180-L-1




include smatic‘bvnnﬁ!ﬂast35vu?uwﬁﬁdhutrvhe:aimﬁng;shapuea&gpnithmf pendulum
tasts with a dummy'ﬂorso‘ﬁbmmzvnsmvaiﬂaﬁfand:dacaranaﬁed‘By an: airbag, anthro-
pomorphic dummy tests on am impuot sled with: Hoth. Belt and airbag restraints,
and a fuil—scale.cax#to»cam'arasﬂitusﬂ.withaanaautomoﬁilb*cancainingranthrops-

morphic dummies..

Volume IV, also under a separate caver, is. the programmer's manual
and contains specific infommatiom nscessary for program modification. This
includes a detailed documentation of ali subroutines used in the program, and
complete listing of the source decks.. THis volume also contains. cross refer-
ernccing of subroutines callled: by other suboutines plus a czoss reference of all
wariables: carried: in common blocks.. AW overall flow chart and: program flow
description indicates the general flow of the computational structure. Analysis
and program variables ave desuribed in this mamuall for comp leteness.,

6. ZQ-5180-L-1




SECTION 2

INPUT DATA FEATURES

The card input required by the Calspan 3D Crash Victim program is of
fixed format and is in modular form. A complete description of each required
input variable appears in Section 7. The modularity of the input makes it
possibie for complete sets to be replaced by existing sets that have been pre-

viously used.

The format for each card appears in the input description. Standard
FORTRAN naming conventions are used throughout, i.e. variables with first letter
A-H or 0-Z are real {actually double precision for IBM computers), those with
first letter I-N represent integers. Several names, titles and other descriptive
data are alphanumeric. Generally, all real variables have a format of F n.0
where n is the field width. On mbst computers E,D and F formats are completely
interchangeable and one may input an exponential number (e.g. 10'6 as 1.0 D-6)
provided it is right adjusted in the field. All other real numbers should be
punched with a decimal point to override the 0 in the format description. The
normal right adjusting of all integers and left adjusting for all alphanumeric

data applies.

Following is a summary of all the input cards. A more complete

description appears in the input description.

A. Main ﬁrogram Input

A.l.a-¢  Ppate, restart control card run description

A.Z.a-n  Variable changes for restart procedure

A3 Unit names and components of g
A4 Integrator parameters
A.S NPRT array for output control

7 2Q-5180-L-1




%ubrogtine BINPUT

B.1

B.2.a-i
3.3.a-j
8.4.a-3
B.5.a-j
B.6.a-1
B.7.a-n

Body description
Physical characteristics of segment ellipsoids
Physical characteristics of joints

Joint spring function coefficients

Joint viscous function coefficients

Integrator convergence test inputs for each segment

Controls for flexible elements

Subroutine VINPUT

CC.1

c.2
C .3‘3-]'1

C.4.a-m

Crash vehicle deceleration description
Deceleration control input data
One direction deceleration tables

Six degree of freedom deceleration tables

Subroutine SINPUT

D.1

D.2.a~d
D.J3.a-¢
D.4.a-h
D.5.a-j
D.6.a-j
B.7

D.8.a-j

Number of planes, belts, bags, ellipsecids,
constraints and spring dampers

Plane description and input data.

Belt description and input data

Airbag description and input data

Additional eilipsoid contact surface input data
Constraint input description data

Symmetry options input data

Spring damper input

Subroutine CINPUT (Function definitions)

E.1
E.2
E.3

E.4.a~-n

Function number and description
Function control input
Polynomial type function definition

Tabular function definition

8 2Q-5180-L-1




Subroutine CINPUT (Allowed contacts)

F.l.,a-n Matrix for plane-segment contact functions
F.2.a-n Matrix.for belt-segment contact functions
F.3.a-n Matrix for segment-segment contact functions
F.4.a-n Matrix of airbag-segment allowed contacts

Subroutine INITIAL

G.1. Printer plot origin coordinates

G.2.a-m Initial position and velocity for reference
segments

G.3.a-n Initial yaw, pitch and roll angles and angular

velocities of body segments

Subroutine HEDING

H.l.a-n Control of optional output for segment linear
accelerations

H.2,a-n Control of optional output for segment linear
velocities

H.3.a-n Control of optional output for segment linear
displacements

H.4 Control of optional output for segment linear
angular accelerations

H,5 Control of optional output for segment linear
velocities

H.6 Control of optional output for segment angular
displacements

H.7 Control of optional output for segment joint
Parameters

9 2Q-5180-1-1




SECTION 3
QUTPUT DATA FLATURES

All of the output produced by the Calspan 3D Crash Victim program
is opticnal and is controlled by various control input variables, primarily

by input cards A.5, H.1-H.7 and indirectly by cards F.1-F.4,

FORTRAN output unit no. 1, a tape containing data written by the
main program is designed to be useful for plotting ellipsoidal segment plots
at the print time point intervals specified by DT on card A.4. Its existence

and frequency are controlled by the value of NPRT{i) on card A.S.

FORTRAN output units 2 and 3; to be printed on the system output,
are printer plots written by SUBROUTINE PRIPLT depicting Y-Z and X-I views
of the location of the segment c.g.'s and joint locations, and outline of the
airbags. These have been called stick-man plots, appear to be confusing at
first, but, as one becomes accustomed to the input segment and joint symbols,
are valuable tools in obtaining a quick view of what has happened to the crash
vicitm. They also are produccd at the time point intervals specified by DT on
card A.4. Their existence and frequency are controlled by the value of NPRT(5)

and {6} on card A.5.

FORTRAN output unit no. 6 (the standard system output unit} contains
the following output:

1. A complete annotated printout of all the card input, generally

in the basic card format.

2. Tables of segment linear and angular position information and

joint forces and torques are produced by SUBROUTINE PRINT as

called by main program at the print time intervals specified
by DT on card A.4. Its existence and frequency are controlie.
by NPRT(3) on card A.5. ¥

10 2Q-5180-1-1




3. A table of computer elapsed CPU times used by the primary
subroutines and number of calls to these subroutines as produced by
SUBROUTINE ELTIME. It may be printed at the print time point
intervals specified by DT on card A.4 at a frequency controlled
by NPRT(2) on card A.5. If it is not called for, it is pro-

duced once at the successful completion of the run,

4. Various diagnostic type output that is produced at every call
to various subroutines as controlled by the values of NPRT(7)
to NPRT(26}. This output is intehded for diagnostic or check-
out purposes only, and if used indiscriminantly, can result in
voluminous amounts of output. This output is not completely
labeled and the user should consult the various subroutine

listings for a description of the variables printed.

Subroutine OUTPUT (and HEDING) produce output on FORTRAN out-
put unit numbers commencing with no. 21 and use as many units as required by
the contents of input cards H.1-H.7 and F.1-F.4, A minimum of 20 units is re-

quired here but we have seen runs where 45 units were Tequired.

It is realized that this amount of output units perhaps taxes
the facilities of some computer systems. The alternatives were writing data on
an output unit and writing a post processing step, or writing all the data
onto one unit and sorting the data before output. Both of these methods were
attempted and resulted in greatly increased computer costs and perhaps incom-

patibility with other computer systems and were therefore discarded.

The output produced on these units are as follows:

1. Components of segment linear accelerations in local segment
reference (to simulate accelerometer data) of points on

segments as specified by cards H.1.

11 7Q-5180-L-1




2. Components of segment linear velocities in vehicle reference
(to correspond to a camera attached to the vehicle) of points

on segments as specified on cards H.2.

3. Components of segment linear displacements in vehicle refer-

ence of points on segments as specified on cards H.3.

4-6. Components of segment angular accelerations, velocities and
rotations in vehicle reference of segments as specified on
cards H.4-H.6. '

7. Joint parameter data {angles and torques} of joints specified

on card H.7.

8. = Contact forces data for all allowed contacts between planes and

segments as specified on cards F.1.

9. Contact force data for all allowed contacts between belts

and segments as specified on cards F.2.

10, Contact force data for all allowed contacts between segments

as specified on cards F.3.

11. Airbag parameters and contact forces for all allowed contacts

between airbags and segments as specified on cards F.4.

All of the above data is printed (ome line per unit) in tabular form,
each line representing the conditions that exist at the end of each successful
integration step in SUBROUTINE DINT. These time points automatically include
the print time points. Each page is numbered in form of NT.XX where NT is the
FORTRAN output unit number and XX starts at .0l and increments by .01 every
45 lines of output. This means that the data on each NT unit with the same

.XX represent the same time points.

12 ZQ-5180-L-1




To help estimate the number of output units required, the number of

data points for each unit is as follows:

Segment linear accelerations
Segment linear velocities
Segment linear positions
Segment angular accelerations
Segment angular velocities
Segment linear positions
Joint torques and forces
Plane-segment contacts
Belt-segment contacts

Segment-segment contacts

ool 2N = - BN N« AN &5 IR - N PN S N, S

O

Airbag-segment contacts

No. Of Points Per Unit

points per unit
points per unit
points per unit
segments per unit
segments per unit
segments per unit
joints per unit
contacts per unit
contacts per unit

contact per unit

Ee R T B O B O R £ 7S O 7S 7S

data points per unit (number of
data points is the number of seg-
ments contacting the airbag, the num-

ber of reaction panels plus 3)

Each portion of the above numbers require an entire unit.

Illustrative samples of all of the above types of output are shown

in Section 9.

13 2Q-5180-1-1




SECTION 4

DESCRIPTION OF THE RESTART PROCEDURE

The Calspan 3-D Crash Victim Simulation Program has a built-in op-

tional restart procedure that is versatile, is easy to use and is independent of

the computer and operating system being used.

To use the restart procedure, the following steps must be followed:

1)

2)

3)

4)

Any computer simulator yun (including a restart run itself)
may be a base run by defining the restart output unit
IRSOUT # 0 on card A.1.A.

To restart the base run, define the restart input unit
IRSIN # © and the restart time (RSTIME) on card A.1.A. and

redefine the date and run description on cards A.]l.A-A.1.C.

Program modifications are made on cards A.2 which permit the
user to change any variables in the program labeled common

blocks. No further input is required for the restart run.

For the restart run, the program is loaded into the computer
as normal. However, the user should include the necessary
Job Control Language (JCL) to define the restart input and

output units.

To use the restart procedure, the user should be aware of the following

procedures, considerations and restrictions.

1y

The procedure consists of two subroutines (RSTART and SEARCH
called by the main program) written entirely in FORTRAN IV and
1s therefore completely independent of the computer and operating

system being used.

14 ZQ-5180-1.3
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2)

3)

5)

6)

The restart procedure is completely optional, Its use is
controlled by three additional input parameters on the first
input card in such a manner that blank or zero values de-
activate the procedure. This permits its optional use with-

out disturbing the organization of current input decks.

Any computer simulation can be made the base run by defining
IRSOUT # 0 on card A.1.A. This defines the restart output
unit {& value of 3 or 4 is suggested since the program uses
units 1, 2, 5, 6, 7 and 21 and up) and requires the proper

JCL to define this output unit,

During execution of the base run, an initial record is written
on the restart output unit containing all the information in
the program labeled common blocks that were defined by the in-

put and initialization portions of the program.

At equally spaced simulation time intervals (DT as specified
on card A.4), when the integration returns control to the main
program to perform optional output, time point records are
written on the restart cutput unit. These records contain all
information in the program labeled common blocks that are time
dependent and/or necessary to restart the program. The writing
of the restart umit in no way disturbs the normal operation

of the computer simulation,

To restart, the program is reloaded in the normal manner (pro-
gram changes since the base run are permissible if the changes
did not affect the format and contents of the restartunit.)
Input cards A.1.A, A.1.B and A.1.C are required defining a
new date, run description, the restart input unit number
(IRSIN) and the restart time (RSTIME, an integral multiple of
DT). IRSOUT may be defined, if desired, to generate an
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7)

8)

9)

additional restart output unit. Again make sure the proper
JCL is included for units IRSIN and IRSOUT .

The program reads the initial input record from the restart
input unit described in step 4. The program then bypasses

the remainder of the input and initialization steps. One

set of A.2 cards are then processed to modify any of the

input or initialization data from the base run that is to apply
to the new run. If the new value of IRSOUT is nen-zero, step

4 is repeated for the new restart output unit with the input

modifications, if any.

The program then advances the computer simulation time in DT
increments by reading the restart input unit records, instead
of calling the integrating routine DINT, up to and including
the restart time RSTIME. After each step, the main program
performs any optional output that is required including writing
the time point record onto the new restart output unit, if re-
quired. In addition, the restart procedure calls Subroutine
OUTPUT at each DT time increment to write a line of output on
all the time history output units, thereby producing abbreviated

time histories prior to the resumption of normal operation.

Immediately preceeding the resumption of normal operation at
the restart time RSTIME, the second set of A.2Z input cards 15
read allowing the user to change any variable in the labeled
common blocks to be used by the program during the succeeding

normal operation of the program.
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All program modifications are made through the use of the
input cards A,2. Two sets (each terminated by a blank card)
are processed, the first after the input record is read from
the restart input time, and the second just prior to resump-
tion of normal operation of the program. Through the use of
these cards, the user has the capability of changing any
variable in the program labeled common blocks. The program
merely makes the chinges indicated by the user and no attempt
is made to check the validity or consistency of the modifica-
tions. The progruw modifications fall into five broad cate-

gories as follows:

A. Desirable {and usc¢iul) Modifications

1. To control tne lenyth of the run (NSTEPS, DT)
2. To control uvutionul output (elements of NPRT array)
3. To control tne integrator (HMIN,HMAX,NDINT,SGTEST) '

B, Permissible Moditications

1. Any alphanumcric vuriables used for identification

purposcs

C. Restrictive Modifications

1. In general, any variable that affects the position and
velocity ot segments through contacts or comnstraints

can be moditied before they become active

D. Useless Modificutions E

1. Many variables would be recomputed before they are used
or supplied fur output purposes |
2. Variables that would not normally be used by the current |
options and controls jin effect
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3. Input parameters that are modified or used to establish
initial comditions and hence are no longer active in
the program

E. Prohibited Modifications

1. Modifications that would cause abrupt discontinuities
in the integration procedure

2. Geometrical dimensions of the body segments and joints
used to compute segment positions by the CHAIN procedure

3. Controls of contacts, constraints that are currently
active

4. Control of force deflection characteristic functions

that are currently loading or reloading.

In general, the user should carefully evaluate the potential effects

of restart modifications before prescribing them.
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SECTION 5

ERROR MESSAGES

In addition to the normal operating system error messages, which
may differ from computer to computer and therefore will not be discussed here,
several error messages exist in the program, some of which cause the program

to immediately terminate. They are as follows:

1. "FUNCTION NO. nn HAS ALREADY BEEN INPUTTED AND WILL BE RE-
PLACED BY NEXT FUNCTION,

The function number nn as supplied on card E.1 for SUBROUTINE
CINPUT has been duplicated, the last one loaded will be used

and any previous ones will be discarded.

2. "CONTACT INPUT ERROR, PROGRAM TERMINATED"

The contact surface number NJ {plane, belt or segment nc.) on
cards F,1.B,F.2.B, or F.3.B are not in order or do not agree with
the required number of cards from cards F.1,A, F.2.A or F.3.A

in SUBROUTINE CINPUT.

3. "FUNCTION NG. nn HAS NOT BEEN DEFINED. PROGRAM TERMINATED."

The function number nn as supplied as an element of the NF
array on cards F.1.B, F.2.B or F.3.B was not defined on one of
the cards E.1 in SUBROUTINE CINPUT.

4. "DSETD RENORMALIZATION DID NOT CONVERGE, DET =

+ XXXXXX XXXXX XXXXX D:xx”

The normalization of the direction cosine matrix in SUBROUTINE
DSETD has not converged in 10 iterations to a value of

1.0 i_10*6 and the last value has been accepted by the program.
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10.

""DSETQ RENORMALIZATION DID NOT CONVERGE,

DET = # X.XXXXX XXXXX xxxxx D + xx"

Same as 4. except for SUBROUTINE DSETQ.

"DSMSOL MATRIX STINGHLAR.®

The program will terminate if the matrix of coefficients
supplied to SUBROUTINE DSMSOL is singular. DSMSOL is currently
called by Subroutines EDEPTH, INTERS, SEGSEG and IMPLSZ.

“EDEPTH ITERATION DID NOT CONVERGE"

The iteration in SUBROUTINE EDEPTH has not converged to the
desired cirteria in 50 steps. The last computed values will

be accepted and the program will continue.

"MAXIMUM DIMENSION OF 140 ON C ARRAY HAS BEEN EXCEEDED IN
SUBROUTINE FSMSOL. TO CORRECT PROBLEM, REDUCE NUMBER OF
CONSTRAINTS OR INCREASE THE 140 DIMENSION ON C IN COMMON/
TEMPVS/ IN THE DAUX SUBROUTINES AND INCREASE CORE SIZE ACCORD-
INGLY. PROGRAM IS BEING TERMINATED. COMPLETE PRINT-OUT OF
1JK, RHS, AND C ARRAYS POLLOW."

“IMPROPER ARGUMENTS TG SUBROUTINE IMPULS. ARGUMENTS=1l, mm,
nn. PROGRAM TERMINATED."

Controls for impulse option are probably incorrect.

"INTERS INTERATION DID NOT CONVERGE."

The iteration in SUBROUTINE INTERS has not converged to the
desired criteria in 50 steps. The last computed values wiil

be accepted and the program will continue.
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14.
15.

"PLANE INDEX INPUT ERROR, jj, 3"

The numbers identifying the plane must be supplied in con-
secutive order on cards D.,2.a in SUBROUTINE SINPUT. Program

is terminated.

"ERROR IN SUBROUTINE CINPUT, SIZE OF TAB ARRAY = XXXXX.
PROGRAM TERMINATED.

The dimension of the TAB array in COMMON/TABLES/ is 2000 and
has been exceeded, Reéuce the number of functions and resub-

mit program,

“NINT = xxx, NQ = xxx, NS = xxx and NJ2 = xxx. THIS EXCEEDS
THE ARRAY SIZES FOR RHS AND IJK IN SUBROUTINE DAUX. PROGRAM
TERMINATED.

Either reduce the number of segments, joints or constraints
used or increase the dimension 54 for RHS and IJK in COMMON/
TEMPVS/ in all of the DAUX routines.

"NUMBER OF VARIABLES IN SUBROUTINE DINT IS xxx AND EXCEEDS
THE ARRAY SIZES OF 120, PROGRAM TERMINATED.

Either reduce the size of the input options used or increase
the dimension 120 in COMMON/CDINT/ and COMMON/COMAIN/.

DINT CONV. TEST [T,II1,TT,TE, {XTEST(1),I1=11,12] TEST FAILED
AT TIME = x,xxXxxxx.

The convergence test in Subroutine DINT has failed for the
indicated values. This is for informative purposes only. A
complete history of all the convergence test criteria may be
obtained by setting NPRT(25) = 1 on card A.5.
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16.  SUBROUTINE RSTART INPUT ERROR.
[values of AVAR, INDEX, NCOM, ITEM, ITYPE, RR,II,AA]
PROGRAM IS BEING TERMINATED.

The restart redefinition data on card A.2.A is incorrect.
Check spelling of variable name (make sure name was left
adjusted in field), value of INDEX against the dimensions

for the variable and type of variable.

17. INPUT ERROR ON CARD B.7.A, NFX = mm BUT NFLX = nn AS COMPUTED
FROM CARDS B.3. PROGRAM TERMINATED.

18. INPUT ERROR ON CARD B.7.J, SEGMENT NO. nn IS NOT AN INTERICR
SEGMENT OF A IFLEXIBLE LL:MENT FROM DATA ON CARDS B.3.
PROGRAM TERMINATED.

In general, all of the input is printed out and, if an input error ﬁ
exists, one should be able to tell from the printout approximately where the ;

error has occurred, Since all of the input is of fixed form and controlled

by other input variables, & counting error will generally cause unpredictable
results but an examination of the print out should identify the point at which

error occurred.

The last set of input cards (Cards H.1-H.7) are not printed, and
if an error occurs here the program will probably end with an end of file

message for the input data set, the output of the initial positions being the

last output,

The two most common errors that have occurred at CALSPAN have been:

1. Not supplying enough data set definitions in the job control
language as required by SUBROUTINES OUTPUT and HEDING. The
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required number is controlled by the contents of cards

H.1-H.7 and the number of allowed contacts.

Very often, several underflow messages have occurred in
SUBROUTINE VISPR as a result of cross operations with very
small values of « . As long as the systems properly sets
these underflowed quantities to zero, these underflows are
permissible. However, recent program modifications have

been made to eliminate these underflows.
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i SECTION 7

INPUT DESCRIPTION
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INPUT DESCRIPTION FOR THE CALSPAN 3-D CRASH VICTIM SIMULATION PROGRAM
REV 10 09/13/74 i

ANY LINE WITH A ®|= AT THE RIGHT INDICATES A CHANGE MADE TO
THE INPUT DESCRIPTION SINCE CALSPAN REPORT NOo VJ-2978-V~2e

ODUTLINE OF INPUT YO THE PROGRANW @

CARDS A — DATE AND RUN DESCRIPTION, URITS OF INPUT AND QUTPUT,
CONMTRQL OF RESTARY, INTEGRATOR AND OPTIONAL CUTPUT.

CARDS B — PHYSICAL CHARACTERISTICS OF THE SEGMENTS AND JOINTS.

CARDS C -~ OESCRIPTION OF THE VEHICLE MOTION.

CARDS D - CONTACY PLANES, BELYS, AIR BAGS, CONTACY ELLIPSOICS,
CONSTRAINTSy AND SYRMETRY OPTIONS.

CARDS € = FUNCTIONS DEFINING FORCE-DEFLECTIONS, INERITIAL SPIKE,
ENERGY ABSORPTION FACTOR, AND FRICTION COEFFICIENTS.

CARDS F — ALLOWED CONTACTS AMONG SEGMENTS, PLANES, BELTS., AIR BAGS
AND CONTACT ELLIPSOIDS.

CARDS G -~ INITIAL CRIENTATIONS AND VELOCITIES OF THE SEGHMENTS.

CARDS W — CONYROL OF OQUYPUT GF TIME HISTORY OF SELECTED SEGMENT
MOTIONS AND JOINY PARAMETERS.

THE SYMBOL # IS USED TO INDICATE °*NOT EQUAL® !
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é A.  MAIN PROGRAM INPUT
|

CARD Asl.A

¢ 0A7E‘I'|I=173

IRSIN

IRSCUT
RSTIME

CARDS Acl‘B - A-I-C

COMENTI(I),4121,40

FORMAT {3A4,214,F8.0)

DATE OF THE RUN {12 CHARACTERS).

RESTART INPUT UNIY NO. IF BLANK OR ZERC,
ALL INPUT TO BE SUPPLIED ON CARDS A.3 TO
CARDS H.T. IF NUNZERO (SUGGESTED VALUE =4}
INPUT WILL BE SUPPLIED FROM A PREVIOUS
RESTARY TAPE AND CARDS A.1.B,C AND AJ2.

RESTART OUTPUT UNIT NO. IF NONZERD (SUGGESTED
VALUE =3). RECORDS WILL BE WRITTEN ON THIS
QUTPUT UNIT FOR FUTURE RESTART RUNS. AN
INITIAL RECORD CONTAINING ALL INPUT AND
INITIALIZATION DATA WILL BE WRITTEN PLUS A
TIME POINT RECORD AT EVERY TIME INTERVAL AS
SPECIFIED BY DT ON CARD A.4.

RESTART TIME (SEC.) REQUIRED IF IRSIN # O,
SHOULD Bt NONZERDO AND AN INTEGER MULTIPLE

UF OT ON CARD Ao4. PROGRAM WILL READ RECORDS
FROM THE PREVIODUS RESTART TAPE UP TO AND
INCLUDING THIS TIME, MAKE CHANGES PER CARD
A2 AND CONTINUE OPERATION FROM THERE.,

FURMAT (20A4/20A4}

DESCRIPTION OF THE RUN {160 CHARACTERS ON
TWO CARDS).
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THESE CARUS REQUIRED ONLY IF IRSIN > O » IN WHICH CASE ALL

OTHEK INPUT AS SPECIFIED ON CARDS 4.3 TO H.T7 ARE BYPASSED.

TWO SEYS OF A.2 (EACH TERMINATED WITH A& BLANK CARD) ARE REQUIRED.
THE FIRSY SET IS PROCESSED AFTER THE INITIAL INPUT RECORD IS READ
FROM INPUT UNIT IRSIN AND, IF IRSOUY # O, BEFORE THE INPUT

RECORD 1S WRIYTEN ON CGUTPUT UNIT [RICUT. THE SECOND SET IS
PROCESSED AFTER THt TIME POINT RECORD FOKR TIME = RSTIME HAS BEEN
READ AND. IF IRSOUY # O, AFTER THE SAME RECORD IS WRITTEN ON
OUTPUT UNIT IRSOUT, BUT BEFCR: THE PROGRAM RESUMES OPERATION.

CARDS AchA - AQZON

AV AR

INDEX(T.1=1,3

ITYPE

RR.IT OR AA

RROLD 110D
0/ AAOLD

FORMATI{AB, &l4ay 2(FB8,0y 18y A8} )

ALPHANUMERIC NAME (LEFT ADJUSTED IN FIRDI
OF VARIABLE TO BE REDEFINED FOR RESTART.
PROGRAM 1S CAPABLE OF CHANGING ANY VARIABLE
IN THE LABELED COMMON BLOCKS AS USED AFTER
ALL INITIALIZATION HAS BEEN PERFORMED. THE
USER SHOULD ASCERTAIN THAT CHANGING THIS
VARIABLE IS VALID FOR THE PROGRAM.

THE ARRAY INDICES, IF ANY, OF THE VARIABLE.
MUST AGREE IN NUMBER AND THE VALUES MUST BE
LESS THAN OR EQUAL TO THE DIKENS IONS OF THE
VARIABLE. BLANK OR ZERD FOR KO DIMENSEION.

SUPPLY 1,2 OR 3 TO INDICATE THAT THE NEW
VALUE 1S5 TO Bt REAL(RR], INTEGER(II} OR
ALPHANUMERIC(AA). MUST AGREE WITH THE TYPE
OF THE VARIABLE WITHIN THE PROGRAM.

NEW VALUE DOF Trt VARIABLE AVAR TC BE
SUPPLIED IN THE APPROPRIATE FIELD DETERMINED
BY THE VALUE OF ITYPE.

THE PREVIOUS VALUE OF THE VARIABLE AVAR IN
THE APPROPRIATE FI1ELD ACCORDING TO THE ITYPE
VALUE. INTEGER OR ALPHANUMERIC DAVA WILL BE
TESTED EXACTLY, REAL DATA TO 5 SIGNIFICANT
DICITS. 1F THE CURRENT VALUE 1S DIFFERENT,
THE PROGRAR WILL TERMINATE WITH AN ERROR
MESSAGE. IF ZLERD OR BLANK IS SUPPLIED,NO
CHECK IS PERFDORMED.

THESE Ae2 CARDS WILL BE PROCESSED UNTIL A BLANK VALUE FOR
AVAR IS ENCDUNTERED. NO FURTHER INPUT IS REQUIRED.
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CARD &.3 FORMAT (3a4: 3F12.0)

UNITL UNIT OF LENGTH (4 CHARACTERS)
UNTTH™ UNIT GF FORCE {MASS} (4 CHARACTERS)
UNITY UNIT OF TIME (4 CHARACTERS).

NOTE 3 UNITL, UNITM AND UNITY SHOULD CORRESPOND TO THE USERSS
INPUTS . THROUGHOUT THIS DESCRIPTION, INCHES, POUNDS AND SECONDS
(INJLBS,SEC) ARE USED AS SAMPLE UNITS.

GRAVIY(I),I=1,23 THE Xy Y AND I COMPONENTS
: OF GRAVITY (IN/SEC®%2},

.

CARD A.4 FORMAY (214, 4FB8,0)

NDINT NUMBER OF ITERATIONS FOR FINAL CONVERGENCE
TEST OF THE INTEGRATOR SUBROUTINE DINTY
{MINIMUM VALUE = 2, SUGGESTED VALUE = 4).

NSTEPS NUMBER OF INTEGRAYION STEPS (DR CUTPUT
TIME POINTS) FOR THE INTEGRATOR RUUTINE.
MAY BE ZERO TO OBTAIN INITIAL CONDITIGONS.

DT MAIN PROGRAM TIME INTERVAL FOR INTEGRATOR
RUUTINE OUTPUT (SEC). TOTAL TIME OF RUN
WILL BE NSTEPS=®DY SECONDS WITH MAIN PROGRAM
TAPE 1, PRINTER PLOT AND OPTIONAL OUTPUT
PRODUCED EVERY DT SECONDS.

HO INITIAL INTEGRATOR STEP STIZE (SEC).

HMA X MAXIRUM INTEGRATOR STEP SIZE (SEC). FOR BEST
EFFICIENCY DT SHOULD BE AN INTEGRAL MULTIPLE
OF HMAX AND HHAX A POWER OF TWD MULTIPLE
OF HO« {SUGGESTED VALUE = 0,001 SEC.)

HY TN MINIRUM INTEGRATOR STEP SIZE (SEC). IF &
FIXED STEP SIZE IS DESIRED, SET HMIN GREATER
THAN HMAX, AND STEP SIZE WILL DOUBLE FROM HO
UNTIL HMAX IS ACHIEVED.
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CARD A4 a5 FORMAT {4012} |

NPRT{I) Iz]1,40 AN ARRAY OF INDICATORS THAT CONTROL VARIQUS
OPTIONAL DIAGNOSTIC OUTPUY FOR THE PROGRAM,
A VALUE OUF ZERD DR BLANK INDICATES NO OUTPUT
FOR THAY PARTICULAR ITEM. IN GENERAL, A VALUE
OF 1 HMEANS THAT THE OUTPUT WILL BE PRODUCED
EVERY TIME & PARTICULAR SUBROUTINE IS EXEC-
UTED. MOWEVER, FOR ELEMENTS 1-6 THE VALUE
INDICAYES THE PRINY FREQUENCYy EoGes A VALUE
OF 5 WILL PRODUCE OUTPUT EVERY 5TH EXECUTION
OF THE SUBRDUTINE, OUTPUT PRODUCED BY ELE~
MENYS 7-26 IS INTENDED FOR DIAGNDSTIC DR
BCHECK OUT®™ PURPOSES AND IS NOT COMPLETELY
LABELED. THE USER SHOULD CONSULT THE LISTING

OF THE SUBROUTINE EOR A DESCRIPTION OF THE
VARIABLES THAT ARE PRINTED.
THE NPRT ARRAY !
ELEMENT oUTPUT
NG .« SUBROUTINE PRODUC ED 4
1 HAIN TAPE 1 DUTPUT
2 MAIN ELTIME OUTPUT
3 MA TN SUBROUTINE PRINT OUTPUT i
4 NOT USED !
5 PRIPLT Y-Z VIEW PRINTER PLOT
6 PRIPLY X-7 YIEW PRINTER PLOT
7 BINPUT HA, HB
8% DAUX UK yRHS ,C ARRAYS H
9 DAUX SUBROUTINE PRINT OQuTPUT !
10 IMPULS DIAGNOSYIC OUTPUY |
il SETUP] U2.V1 ARRAYS !
12 VISPR DYIAGNOSTIC OUTPUT
13 PRIPLY CJOINT ARRAY
14 NOT USED |
15 BELTG DIAGNOSTIC OQUTPUT
16 NOT USED
17 EDEPTH DIAGNOSTIC OUTPUT
18 NOT USED , !
19 NOT USED {
20 CHAIN XCOMP . XVCOMP, SEGLP ,SEGLYV
21 © ALRBAG DIAGROSTIC OUTPUT
22 - AIRBG) DIAGNOSTIC QUTPUT
23 " AIRBGS DIAGNOSTIC OUTPUT
24 UPDATE ROLL~SLIDE YEST OUTPUT i
25 DINT CONVERGENCE TEST DATA
26 DINT SUBROUTINE QUTPUT EVERY STEP i

* A VALUE OF NPRT(8) = 2 WILL PRINT ARRAYS BEFORE AND o
AFTER THE FIRST CALL TO SUBROUTINE FSMSOL ONLY. !
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AR . sy

Be SUBROUTINE BINPUY

CAKD Bal FORMAT {216y BX, 5A4)}

NSEG THE NUMBER OF SEGMENTS {MAXIMUK = 20), i
NOTE: THE VEHICLE AND GROUND WILL BE ASSIGNED |
SEGMENT NUMBERS NSEG+! AND NSEG+2. |

NJINT THE NUMBER OF JOINTS (MAXIMUM = 21},
NOTE : NORMALLY NJUNT = NSEG-1, BUT JOINT
NUMBERS RSEG AND NSEG+1 MAY BE USED TO
CONNECT THE VEHICLE AND THE GROUND TO
LOWER NUMBERED SEGMENTS.

BOYTTL(I)y1=1,45 DESCRIPTION OF THE CRASH VICTINM
(20 CHARACTERS) .

CARDS BeZ2eh — B2l FORMAT (A4, IX, Al, 10F6.0)
{(MSEG CARDS)

EACH CARD {I} FOR I = 1, NSEG WILL CONTAIN INPUT DATA FOR THE ITH
SEGMENT. THE SEGMENT IDENTIFYING NUMBERS (1) WILL BE REFERRED TO
ON LATER INPUT CARDS.

SEGA{I) AN ABBREVIATION OF THE NOMENCLATURE

OF THE 1TH SEGMENT {4 CHARACTERS}.
CGS{IL THE PLOT SYMBOL OF THE SEGMENT CeGo

(1 CHARALYER).
Wil THE WEIGHT OF THE SEGMENY (LBS).
PHILJsI)ed=1,3 THE PRINCIPAL MOMENTS DOF INERTIA OF THE

SEGMENT ABOUT THE X, Yy AND 2

AXES DF THE SEGMENT (LBS-SEC%#%2-IN).

THERE ARE NO RESTRICTICNS ON THE VALUES OF
W(I) UR PHI(J,I)y THEY HMAY BE NEGATIVE OR
ZERDe IF ANY COMPONENT IS ZER0O, IT IS
ASSUMED THAT THE SYSTEM IS SUITABLY CON-
STRAINED SO THAT THE SYSTEM MATRIX IS NON-
SINGULAR .

BUOCJs1ded=1,43 THE X, Y, AND I SEMIAXES OF .THE
SEGMENT CONTACT ELLIPSODID (IN}.

BDUJel ) pd=4,0 THE LOCATION OF THE CENTER OF THE SEGMENT
CONTACT ELLIPSOID, WITH RESPECY TO THt
CENTER OF GRAVITY OF THE SEGMENT, IN THE
LOCAL BODY SEGMENT REFERENCE{IN}. THESE
PRIMARY CONTACT ELLIPSOIDS ARE GIVEN THE
SAME INDENTIFYING NUMBER AS THE SEGMENT,
THEY MAY BE REDEFINED WITH AN ARBITRARY
ORIENTATION ON CARDS D.5.

— ey Sy o —
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b

ARDS BOBOA - Bﬁat\j"
(2#NJINT CARDS -~ 2 CA

EACH CARD (J) FOR J
JOINT. THE JOIRT iD
LATER INPUY CARDS.
JOINTL S}

JsJdh

JNTLIY

IPINLID

SR(IuZ*J-lle‘1|3

SR‘IQZ*J’,I“!Q3

FURMAT (A%, 1X, Al, 214, 6F6.0/ 14X, 6F6.0)
RDS FOR EACH JOINT)

= 1, NJNT WILL CONTAIN INPUT DATA FOR THE JTH
ENTIFYING NUMBERS (J) WILL BE REFERRED TO ON

AN ABBREVIATION OF THE NOMENCLATURE
OF THE JTH JOINT (4 CHARACTERS]).

PLOY SYHMBOL OF THE JOINTY LOCATION (1 CHARACTERI}.

MAGNITUDE INDICATES THE NUMBER OF THE SEGMENTY
THAT IS CONNECTED TO SEGMENT J+l BY JOINT Jta
IF NEGATIVE, JOINT J IS ASSOCIATED WITH &
FLEXIBLE ELEMENT. IF ZERO, SEGMENT J+1 IS

THE REFERENCE SEGMENY OF ANOTHER 800Y .
ClaNTLINE < Jeld.

THERE ARE TO BE NO CONSTRAINTS ON JOINT J.

JOINT J IS PINNED IHINGED}.

JOINT J 1S NOT PINNED {BALL AND SOCKET) S

JOINT J IS GULOBALGRAPHIC {BALL AND SOCKET)

- JOINT J IS AN EUVLER JOINT.

NON-ZERO VALUES FOR IPIN MAY BE SUPPLIED

AS POSITIVE DR NEGAYIVE TO INDICATE THAT THE

INITIAL CONDIVION OF THE JOINT IS UNLOCKED

(POSITIVE) OR UNLOCKED {NEGATIVE} .

AN EULER JOINT MAY USE THE GLOBALGRAPHIC OPTION.
SPECIFY IGLOB = 1 ON CARD Fobeh

THE INITIAL STATE OF AN EULER JOINT IS SET BY

USE OF IPIN AS FOLLOWS

i

RN -
t

1PIN IEULER STAYE

& 8 FREE
- & T ALL AXES LOCKED
-5 ] SPIN FREE, OTHERS LOCKEO
- & 5 NUTATION FREE, OTHERS LOCKED
-7 & PRECESSION FREE, OTHERS LOCKED
- 8 3 SPIN LOCKED, OTHERS FREEL
- 9 2 NUTATION LOCKED, OTHERS FREE
-10 1 PRECESS ION LOCKED, OTHERS FREE

{ PRECESSION ABOUT I

NUTATION ABDUT RESULTANT X

SPIN ABOUT RESULTANT Z )
IF IPIN IS LESS THAN ~3 PROGRAM WILL SET IEULER
AS ABOVE AND THEN SET IPIN = ~h

COORDINATES OF LOCATION OF JOINT J (IN.) IN
THE LOCAL REFERENCE SYSTEM OF SEGHENT UNTUJ}.

COORDINATES OF LOCATION OF JOINT J (INe} IN
THE LOCAL REFERENCE SYSYEM OF SEGHMENTY Je¢l.
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AP T oy e

FOLLONING DATA IS ON 2ND CARD FOR EACH JOINT. |

YPRI(I ydbel=l,y3 THE YAW, PITCH AND ROLL ANGLES {(DEGREES])
SPECIFYING THE PRINCIPAL AXES OF JOINT J IN
THE LOCAL REFERENCE SYSTEM OF SEGMENT JNT(J).
Y aM ABOUT Z AXIS
PITCH ABOUT RESULYANT Y AXIS
ROLL  ABOUT RESULTANT X AXIS

YPR2{Isd) s I=143 THE YAuW, PITCH AND ROLL ANGLES IDEGREES)

SPECIFYING THE PRINCIPAL AXES OF JOINT J IN
THE LOUCAL REFERENCE SYSTEM OF SEGHENT J+l.
THE Z AXIS 1S THE REFERENCE AX1S TO DEFINE
FLEXURES. THE Y AXIS IS USED AS THE PIN AXIS
EXCEPT FOUOR THE SPECIAL EULER JUINTS. THE XY
PLANE IS USED FOR GLOBALGRAPHIC JUINTS WITH
X AS THE REFERENCE AXIS,

CARDS BakeA — Bobold FORMAT {2 {4F6.0, F12.0}1}
{NJNT SETS OF CARDS, OME FOR EACH JOINT Jeo IF JIPIN{JI] # 4,
EACH SET READS VALUES FOR 3%J-2 AND 3%J-1 ON ONE CARD ONLY.
IF TIPINGIML = 4 4 JOINT J 15 AN EULER JOINT AND A SECOND CARD
1S MECESSARY TO READ VaALUES FOR 32}

]

|

i

}

!

SPRING(E,3%0~2), THE FLEXURAL SPRING CHARACTERISTICS FOR |
1=1,5% JOINY Jo TF J IS AN EULER JOINT, THE SPRING {
CHARACTERISTICS ABOUT THE PRECESSION AXIS. |

|

SPRING(I43=J-11, THE TORSIONAL SPRING CHARACTERISTICS FOR {
I1=1+5 JOINT J. IF J IS AN BULER JOINT, THE SPRING [
CHARACTERISTICS AROUT THE NUTATION AX1S. |

!

SPRING(I 3=0), SECOND CARD OF EACH SET IS REQUIRED {
I=1+5 ONLY IF J IS AN EULER JOINT, THE SPRING {

|

CHARACTYERISTICS ABOUT THE SPIN AX1S.

I=1 ULINEAR SPRING COEFFICIENT
(IN-LBS/DEG) .

i=¢ QUADRATIC SPRING COEFFICIENT
(IN~LBS/DEG*%2},

I=3 CUBIC SPRING COEFFICIENT
(IN-LBS/DEGw=%3},

I=4 ENERGY DISSIPATION COEFFICIENT
{DIMENSIONLESS) .
A VALUE OF Y. SPECIFIES NO LOSS i
A VALUE OF Us SPECIFIES MAXIMUM LOSS |

I=5 JUINT STOP LOCATION WITH RESPECT YO
THE CENTER OF SYMMETRY (DEG).
FOR A& VALUE OF ZERD THE ROUTINE WILL USE ONLY '

THE LINEAR SPRING COEFFICIENT AND WILL APPLY !
THE ENERGY DISSIPATION FACTOR H
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CARDS BoSeA - BeS.d
(NJNT SETS DR CARDS.

vALUES FOR 3%J

4 IS AN EULER JO
ON & SECOND AND TH

VISCHLI 3%d=210,
!=1|?

YISCLI3%d=1)y
12197

VISCHL +3%J)
I=1,7

1=5

I=6

I=7

FORMATL 5F6.0, 18X, 2F6.01}
ONE FOR EACH JOINT Jo IF IPING YL # 4,

-2 ARE ON ONE CARD ONLY. IF IPINLUY] = &
INT AND VALUES FOR 3%J-1 ANOD 3%J ARE REQUIRED
IRD CARD OF EACH SET.)

THE VISCOUS CHARACTERISTICS FOR JOINT Je
IF J IS AN EULER JOINT, THE VISCOUS (HAR-
ACTERISTICS ABOUT THE PRECESSION AXISe.

THE SECOND CARD OF EACH SET 15 REQUIRED
ONLY IF J IS AN EULER JOINT, THE VISCOUS
CHARACTERISTICS ABOUT THE NUTATION AXIS.

THE THIRD CARD OF EACH SET 1S REQUIRED
ONLY IF J IS AN EULER JOINT, THE VISCOUS
CHARACTERISTILS ABOUT THE SPIN AXIS.

VISCOUS COEFFICIENT {IN-LB-SEC/DEGI.
COULOMB FRICTION COEFFICIENT (IN-LB).

RELATIVE ANGULAR VELDCITY OF JOINT
AT WHICH FULL COULOMB FRICTION is
APPLIED (DEG/SEC). MUST BE GREATER THAN O.

T1: THE MAXIMuUM TORQUE (1IN~ BS) ALLOWED FOR A
LOCKED JOINT (OR EULER AXIS). 1F EXCEEDED,THE
JOINT ®WILL UNLOCK. IF T1 = 0y THE TEST WILL
NOY BE PERFORMED.

T2: THE HINIMUM TORQUE {IN-LBS)
ALLDWED FOR JDINT J YO REMAIN UNLOCKED »
IF T2 = 0, THE TEST WILL NOT BE PERFORMED.

T3a: THE MINIMUM ANGULAR VELOCITY (RAD/SEC)
NECESSARY FOR JOINT J YO REMAIN UNLOCKED.
IF T3 = 0, THE TEST WILL NOT BE PERFORMED.

E = (1+4U)/2 WHERE U IS THE CLASSICAL
COEFFICIENT OF RESTITUTION YO BE USED FOR THE
IMPULSE OPTION IF THE JOINT HITS THE JOINT
STOP (O<E<1 OR ~1<U<+1). A VALUE OF E = 0
MEANS THAT THE IMPULSE OPTION WILL NOT BE
EXERCISED FOR THIS JOINT.
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CARDS Bob-ﬁ - 8-6-1 FORHAT (12F6.0}
(NSEG CARDS)

SETEST{1s1,11 MAGNITULE TEST FOR THE ANGULAR VELODCITY
OF SEGRENT NO. I (RAD/SECH.
SGTEST( (24141 ABSOLUTE ERROR TESY FOR THE ANGULAR
VELODCITY OF SEGMENT NO. I (RAD/SEC)H.
SCTEST (35141 RELATIVE ERROR TEST FOR THE ANGULAR
© VELODCITY OF SEGMENT NO. I (DIMENSIONLESS).
SGTEST(L1.2,1 SAME AS ABOVE, BUT FOR THE LINEAR
29241} VELGLITY OF SEGMENT NDOs T (IN/SEC).
{34241}
SGTEST{1,3,11 SAME AS ABOUVE, BUY FOR THE ANGULAR
(243,11 ACCELERAYION OF SEGHMENT NO. 1 (RAO/SEC*%2),
(33,11}
SGTEST{1,4,1) SAME AS ABOVE BUT FOR THE LINEAR
{2+4,1) ACCELERATION OF SEGMENT NO. I {IN/SECH%2),
{(3;4,1}

THESE CONVERGENCE TESTS ARE PERFORMED IN SUBROUTINE DINT ON THE
RESULTANT OF THE DERIVATIVE VECTORS. THE LINEAR VELOCITIES AND
ACCELERATIONS ARE COMPUTED ONLY FOR REFERENCE SEGMENTS (I eE. SEGMENT
NOe 1 AND THDSE SEGMENTS I WHERE JNT(I-1) < 13, THEREFORE ANY TEST
NUMBERS SUPPLIED FOR LINEAR VELOCITIES AND ACCELERATIONS OF OTHER
SEGMENTS WILL BE IGNOREDe THE TESTS FOR CONVERGENCE ARE PERFORMED

IN THE FOLLOWING ORDER :

1y IF THE MAGNITUDE TEST IS ZEROs NO TESTING IS DONE FOR THAT
VARIABLE.

2} IF THE MAGNITUDE OF THE RESULTANT VECTOR IS LESS THAN THE
MAGNITUDE TEST.THE ROUTINE HAS PASSED THE CONVERGENCE TEST
FOR THAT VARIABLE.

3) IF THE ABSOLUTE ERROR TEST IS GREATER THAN ZERD, AND THE
MAGNITUDE OF THE ABSOLUTE ERROR ({DIFFERENCE BETWEEN THE PREDICTED
AND COMPUTED VECTOR} 1S LESS THAN THE ABSOLUTE ERROR TEST, THE
ROUTINE HAS PASSED THE CONVERGENCE TEST FOR THAT VARIABLE.

4} IF THE KELATIVE ERROR OF THt MAGNITUDE OF THE ABSOLUTE ERRQOR

COMPARED TO THE MAGNITUDE OF THE COMPUTED VECTOR 1S GREATER
THAN THE RELATIVE ERRDR TEST, THE CONVERGENCE TEST HAS FAILED.
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IF NFLX # O, CARDS B.T ARE REQUINKED. EACH FLEXTIBLE ELEMENT AS
DEFINED ON CARDS B.3 CONTAINS AT LEAST THREE CONNECYED SEGMENTS
CONSISTING UF A REFERENCE SEGMENT, ONE OR MDRE INTERIDR SEGMENTS
AND & TERMINATING SEGMENT. EACH JOINT IN THE ELEMENT SHOULD HAVE
A NEGATIVE VALUE FOR JNT, AND THE NUMBER OF INTERIOR SEGKENTYS
WILL BE ONE LESS THAN THE NUMBER OF NEGATIVE VALUES OF JNT FOR
£ACH ELEMENT. NFLX IS THE TOTAL NUMBER OF INTERIOR SEGHENTS OF
ALL FLEXIBLE ELEMENTS.

CARD BoTeh FORMAT (1814)

NF X THE NUMBEK OF INTERIOR SEGMENTS FOR
WHICH HF ARRAYS ARE TOQ Bt SUPPLIED.

KNT (K] yR=14NFX THE INTVERIOR SEGMENT IDENTIFICATION NUMBERS
IN THE ORDER OF THE HF ARRAYS TO BE SUPPLIED.
IF THE VALUES OF NEX AND KNY ARE NOT CONSTISTENT
WITH THE NEGATIVE VALUES OF JNT ON CARDS
B.3 THt PROGRAM WILL TERMINATE WITH AN
APPROPRIATE EHROR MESSAGE.

CARDS B.T.B — Ba7eN FURMAT (12Fb .0 )

{4%NFX CARDSy 4 CARDS FOR LACH SEGMENT IM THE ORDER AS THEY
ARE DEFINED IN THE KNT VECTOR)

(HF(I, JeK)sd=1,412} THE COEFFICIENTS OF THE QUADRATIC FORM:
rixled FUNCTIUN USED YO DEFINE THE QRIENTATION
OF INTERIDR SEGMENT KNTI(K) WITH RESPECY TD
REFERENCE SEGMENT OF THE ELEMENT.

FORM THE COLUMN VELTOR v RWITH FDUR COMPONENTS Y PsR AND 1,
WHERE YyPeR ARE THE YAW, PITLH AND ROLL OF THE TERMINAYING
SEGMENT RELATIVE TO THE REFERENCE SEGMENT. LET H BE A SYMMETRIC
«X&% MATRIX SUCH THAT F(V) = 1/2 V.HY REPRESENTS A QUADRATIC
SCALAR FUNCTION OF THE VARIABLES Y,P AND R IN RADIANS. THUS

YAW OF SEGHMENT KNTIK)
PITLH OF SEGMENT KNT{K)
ROLL OF SEGMENT KNT(K)

172 VoHF(I¢d K}V
172 VeHFIT  Jeb K )V
172 VeHF (T 4 J#8,K)V {Igdxly4)

R U

L
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Ce SUBROUTINE VINPUT

CARD (el

YPSTTL{TI}1,1=1420

CARD C.2

ANGLELTI1,1=1,3

YMPH

VT IME

XO(1)yl=1,3

NATAB

FORMAT (z20Aa4)

DESCRIPTION OF THE CRASH VEHICLE DECELERATION
{BO CHARACTERS).

FORMAT (BF6.0, 16,y 2F6.0)

FOR THE HalLF SINE-WAVE DECELERATIOUN
{NATAB = 0) DR FOR THE UNIDIRECTIONAL
DECELERATION TABULAR INPUT (NAYAB > 0},
ANGLE(1) AND ANGLE(2} REPRESENT THE
AZIMUTH AND ELEVATION (OBLICUE ANGLES)
OF THE CGIRECTION OF THE DECELERATION
IMPULSE {DEG). ANGLE(3) IS KROT USED

AND THE INITIAL YAW, PITCH AND ROLL

GF THE VEHICLE ARE ASSUMED 70O BE ZERO.
FOR THE OMNIDIRECTIONAL TABULAR INPUT
(NATAB < O}s THEY REPRESENT THE INITIAL
YAd; PITCH AND ROLL OF THE VEHICLE {DEG).

THE INITIAL VELOCIYY OF THE CRASH VEHICLE
{IN/SEC — UNITS AS SPECIFIED ON CARD A.3)

THE TIME DURATION OF THE DECELERATION
IMPULSE (SEC). REQUIRED ONLY IF NATAB = 0.
A YALUE OF ZEROD IS NOT PERMITYED IF NATAB=0.

THE INITIAL X, Y, AND Z COORDINATES
OF THE VEHICLE REFERENCE ORIGIN IN
INERTIAL REFERENCE (IN).

INTEGER NUMBER OF TIME POINTS FOR WHICH
VEHICLE DECELERATION DATA IS TO BE SUPPLIED.
THE ALGEBRAIC SIGN OF NATAB DETERMIMNES THE
TYPE OF VEHICLE MOTION AS FOLLOWS:

IF NATAB = 0, YHE DIRECTION IMPULSE 1S AN
ANALYTICAL HALF~SINE WAVE FUNCTION THAT
DECELERATES THE VEHICLE FROM AN INITIAL
SPEED OF ¥MPH YO ZERD IN VYIME SECONDS.

IF NATAB > O, THE VEHICLE MOTICN IS
UNIDIKECTIONAL AND ONLY THE RESULTANT L INEAR
DECELERATION IS INPUTTED IN TABULAR FORM ON
CARDS Ce3e (NATAB SHOULD BEf ODD AND MAXIMKUM
VALUE IS5 99.)

1IF NATAB < O, THE VEHICLE MOTION IS ALSO
RUTATIONAL, AND THE COMPONENTS OF ROTH
LINEAR AND ANGULAR ACCELERATION ARE INPUTTED
IN TABULAR FORM ON CARDS C.4. (MINIMUHM

VALUE OF NATAB I5 ~100.)
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ATO THE BEGINNING TIME POINT FOR THE
DECELERATION TABLE INPUT (SECH.

ADT FIXED TIME EINTERVAL FOR THE DECELERATION
TABLE IRPUT {SEC).

CARDS {-oagA - c‘3oN FORNAT (12“650)
THESE CARDS ARE REQUIRED ONLY IF NATAB > 0.

ATABLL:I)sIsloNATAB THE NATAB VALUES OF DECELERATION
(G*S) FOR THE CRASH VEMICLE
FOR FIXED TIME INTERVALS

T{I} = ATO 4 (I-1)%ADT FOR I=]l.NATAB.

INPUY 12 NUMBERS PER CARD, USE AS
MANY CARDS AS NECESSARY. SINCE

A SIRPSON®S INTEGRATION IS USED TO
CUMPUTt VELDCITY AND POSITION, THE
VALUE OF MATAB SHOULD BE ODD AND
THE LAST VALUE IN THE TABLE SHOULD
BE ZERD. HOWEVER, THE PROGRAK
WILL EXTEND THE TABLE IF NECESSARY
TO FULFILL THESE REQUIREMENTS.

CARDS Cabeh ~ CodaM FORMAT (10X, &F10.0)

MATAB CARDS ARE REQUIRED OWLY IF MATAR < 0 (MATAB = ~NATAB]

EACH CARD (1) wiILL CONTAIN THE LINEAR AND ANGULAR ACCELERATIONS
FOR TIHME T(I) = ATO ¢ {(I-1)®iDY FOR I = 1.MATAR,

ATABIJdoIlol=1,43 YHE VYALUES OF THE X, Y, AND Z
COMPONENTS DF LINEAR DECELERATION
tG*S) FOR TIME POINRT T(I).

ATABLJ 1) e d=b46 THE VALUES OF THE COMPONENTS OF
ANGULAK ALCELERAYION (DEG/SEC®%2)
FOR TIME POINT T(I}.
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Do SUBROUTINE SINPUT

CARD Dol

NPL

NBLT

NBEAG

e AR

NELP

NSD

FORMAT (616)

THE NUMBER OF PLANES DESCRIBING
A CONTACT PANEL OF THE VEHICLE
{20 MAXIHUM} .

THE NUMBER OF BELTS USED TO RESTRAIN THE
CRASH VICTIM (8 MAXTMUM} .

THE NUMBER OF AJR BAGS USED TO RESTRAIN
THE CRASH VICTIM ({5 MAXIMUM},

THE NUMBER OF CONTACY ELLIPSOIDS TO BE
SUPPLIED BN CARDS D.5.

THE NUMBER OF CONSTRAINTS TO BE SUPPLIED

ON CARDS Deba EACH CONSTRAINT TYPE 5 WILL BE
CONSIDERED AS TWO CONSTRAINTS REQUIRING TWO
SETS OF CARDS (NOTE: THE PROGRAM WILL LATER
INCREMENT NQ BY 1 FOR EACH NF(1) = 0O ON
CARDS Fai.B AND Fo3.R  AND THE FINAL
MaXIMUM ON NQ IS 12},

THE NUMBER OF SPRING DAMPERS TOD BE SUPPLIED
ON CARDS DeB8 (20 MAXIMUM]) .
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IF NPL # O, MPL SETS OF D.2 ARE REQUIRED.

CARD DalsA FORKAT {(l&y 4X, 3h4)

J THE WUMBER IDENTIFYING THE PLARE,
RUST BE INPUTTED AS SUCCESSIVE
INTEGERS 1a 2¢ 3rsees NPLo

PLTTLLTI e ddeX=1,5 & 20 CHARACTER DESCRIPTIDN OF THE
JTH BANEL.
CARDS DQZ-B - D..ZG.D "OR"&-!' (3’:12-03
PLIL)eI=1le3 THE X.¥ AND 2 COGRDINATES OF POINT Pl IN

VEHICLE {OR SEGMENT TO WHICH PLANE IS
ATTACHED) REFERENCE (IN),

#P2(1),I=1,3 THE XY AND Z CODRDINATES OF POINT P2 IN *
VEHICLE (DR SEGMENT TO WHICH PLANE IS
ATTACHED) REFERENCE (IN}).

P3{1)s1=1e3 THE X,Y AND 2 CODRDIMATES OF POINTY P3 IN
VEMICLE (OR SEGMENT TO WHICH PLANE IS
ATTACHED) REFERENCE (IN}.

WHERE Pl, Pcy AND P3 ARE 3 OF THE CURNERS OF A BOUNDED KECTANGUL AR PLANE

SUCH THaT THE EDGE PLP2 I3 90 DEGREES CLOCKRISE {AS VIEWED FROM THE
EXTERNAL SURFACE) FROM THE EOGE PLP3.
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If NbLT & Uy NBLT SETS

CARD LelaA

BLTTTL (s Jd;1=145

CARD Da.3.B

BELT Iy d)el=l,2

BELT Ll sJ)el=4,6

NOUTE: THE PRUGRAM MUST PASS A PLANE THROUGH THE THREE POINTS, ANCHOR
POINT A, ANCHOR POINT 8, AND A FIXED POINT ON THE CONTACTED BODY SEGMENT.
IF ANCHOR POINTS A AND B COINCIDE, THEY MUST BE SEPARATED SLIGHTLY FOR

OF Da3 AKRE REQUIRED,

FURMAT (5A4)

A 20 CHARACTER LESCRIPTION OF THE
JYH BELT.

FORMAT (6F12.0)

XYy ANUD Z COURDINATES, IN VEHICLE (DR SEGHENT

TO WHICH BELT IS ANCHORED) REFERENCE, OF
ANCHOR PUINT A FOR THE JTH BELT (IN}e

Xe¥y AND Z COORDINATES, IN VEHICLE (DR SEGMENT

TO whlCH BELT 1S ANCHORED) REFERENCE, OF
ANCHOR POINT B FOR THE JTH BELT (IN}.

INPUT SUCH THaT THE DESIRED BELT PLANE WILL BE DEFINED.

CAKD De3.C

BelLTLI 9J}|1=7'9

BELT{iO0s3}

BELT(11.J)

FORMAT {(5F12.0)

Xo Yy aND 7 COCRDINATES, IN LOCAL BODY
SEGMENT REFERENCE {BUT WITH RESPECT TO
ELLIPS0ID CENTER, NOT CeG.ty DF THE
FIXED CONTALT POINT DN THE BODY
SEGMENT FOR THE JTH BELT (IN).

CURRENTLY NOT USED BY THE PROGRAM,

BELT SLACLK {IN)e THE SLACK, WHEN ADDED TQ
THE INITIAL GEOMETRIC LENGTH, RESULTS IN
THE INITIAL BELT LENGTH., IF DESIRED, THE
INITIAL BELT LENGTH MAY BE INPUTTED AS A
NEGATIVE NUMBER AND THE PROGRAM WILL
COMPUTE THE SLACK.
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IF NBAG # O, NBAG SETS OF Do% ARE REQUIRED BY

SUBROUTINE :AIRBEI .

CARD Doded

BACTTL (I J)41=1,5

NPANEL (J)

CARD U 4B

ABlled)slImlye3

BF‘A‘X'J“I‘I'.’B

CARD Dedol

‘YByPHyRE

IDEP(IvJ),olm},2

CARD Do4lD
XeM(.g)

cYyo(s)

CYPALY)
CYSFLL)
cYvets)

CYVO(J)

FORMAT (5h4, 14)

A 20 CHARACTER DESCRIPTION OF THE

ATH AIR BAG.

NUMBER OF VEHICLE CONTACT PANELS
THAT ARE ALLOMWED TO INTERACT WITH
THE JTH AR BAG {MAXIMUM = &),
FORMATIG6F 12,01}

THE Xy¢ Y AND Z SEMIAXES OF THE JTH AIR BAG
WHEN FULLY INFLATED AND UNDEFORMED {IN].

THE XsY AND Z COORDINATES OF THE CENTER OF
THE AIR :BAG CONTACT ELLIPSOID WITH RESPECT
TO THE .AIR BAG CENTER OF GRAVITY (IN}.
FORMAT (6F12.0)

THE INITIAL ODRIENTATION (YAW, PITCH,

AND ROLL) OF THE JTH AIR 8AGC IN THE
YEHICLE REFERENCE (DEG).

THE Xy Yy AND I COORDINATES OF THE
DEPLDYMENT PGINY OF THE JTH alIR

BAG IN THE LOCAL REFERENCE OF THE

15T RANEL ON CARD Do4.G (1IN}«

FORMAT (6F12.0)

WEIGHT OF AIR BAG MEMBRANE AND CONTENTS (LBS).

GAS SUPPLY ACTUATOR FIRING TIME AFTER
THE STARY OF VEHICLE DECELERATION (SEC!.

ATHMOSPHERIL PRESSURE (PSIAl.
INITIAL GAS SUPPLY PRESSURE [PSIG).

INITIAL GAS SUPPLY TEMPERATURE (DEG R).

GAS SUPPLY RESERVOIR VOLUME (JN#%3),




CARD Deb.ok FOURMAT (6F12.01
CYLD{J) SONIC THROAT DISCHARGE COQEFFICIENT
{DIMENSIONLESS )W

3
% CYK(J) RATIC UF SPECIFIC HEATS OF SUPPLY
- GAS (DIMENSIDNLESS).

CYRLY) SPECIFIC GAS CONSTANT (IN/DEG Rl

CYAT(J) SONIC THRUAT AREA (IN%%2),

B CYpPVYiJ) VENT PRESSURE OF THE EXHAUSY
; ORIFICE (PSIG).
Cycoord) EXHAUST URIFICE DISCHARGE
COEFFICIENT (DIMENSIONLESS).

CARD U oéoF FORMAT (5F12.0)
5 CYADLY) EXHAUST ORIFICE AREA (IN%%2).
SPRK{JS) SPRING CONSTANT OF A LINEAR SPRING

USED 7O SIMULATE ATTACHMENT OF THE
BAG AT THE DEPLOYMENT POINT IN THE
VEHICLE {LB/IN}.

VSCS(tJ) COEFFICIENT GF SLIDING FRICTION OF
THE AIR BAG (DIMENSIONLESS)

CKJ) PARAMETER USED TO STABILIZE AIR
BAG NUMERICAL INTEGRATION (SEC#*%~1},
SUGGESTED VALUE = 250,

CMASSIY) MULTIPLIER TO INCREASE DR DECREASE
THE MASS OF THE AIR BAG TO ARTIFICIALLY
DAMPEN THE INTEGRATED AIR BAG MOTION.
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NPANEL (J} SETS OF THE FOLLOWINC YW CARDS ARE REQUIRED TO DEFINE THE
ELLIPSDIDS USED YU APPRUXIMATE THE CONTACT PANELS FOR THE JTH AIR BAG,
THE FIKSY RANEL IS THE ReACTION PANEL,

CARD D.koG FURMAT (6F12.0)

BUI,Kedd,051,3 Koy Yo AND I SEMIAXES FOR YHE KTH
PaMEL FOR THE JTH AIR BAG (INJ}.

BFBIIsKodd I=1,3 THE LOCATION OF THE CENTER OF THE
PANEL ELLIPSOIN WITH RESPECT 10 ITS
CENTER OF GRAVITY (IN).
CARD DoboH EDRMAT (4F12.0)
ZE{Y o Koddolel,3 Xy ¥y ANO I CODRDINATES IN VEHICLE
REFERENCE DF THE CENTER OF GRAVLITY
OF THE KTH PANEL OF THE JTH AIR BAG {IN).

YP PP RP THE OQRIENTATION, YAW, PITCH, AND
®OLL OF THE KYH PANEL (DEG),
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I NELP # Oy NELP D.5 CARDS ARE REQUIRED BY SURROUTINE SINPUT.

NOTE: NELP IS THE NUMBER OUF CONTACY ELLIPSOIDS TO BE SUPPLIED HERE,
NUT THt NUMBER OF CONTACT ELLIPSOIDS IN THE PROGRAM. THE FIRST NSEG
ELLIPSUIDS WERE SUPPLIED DN CARDS BaZoA = Bo2.I WITH NO ANGULAR
ROUTATIONS. THEY MAY BE REPLACED HERE IF DESIRED,

s

CARDS DeBehd =~ Dabad FORMAT ({I6y 9F6.0}
{NELP CARDS)

M CONTACT tLLIPSOID NUMBER. MAX = 24, IF
M < NSEGy DATA WILL REPLACE INPUT SUPPLIED
O~ CAROS BOZ.A - BuZ.In

P1011yI=1,43 THE Xy Yy AND 7 SEMIAXES CF THE COUNTACT
ELLIPSOID (IN}

P2illel=1y3 THE X, Y, AND 2 CODRDINATES OF THE
ELLIPSOID UFFSET FROM THE SEGMENT CENTER
OF GRAVITY.

P3LIly1=1,3 THE YAW, PITCH AND ROLL (DEGREES) OF THt
CONTACT ELLIPSOID FROM THE PRINCIPAL AXIS
OF THE SEGMENTY,.

i A, ik om0
. ———— T EAPR . — ——— iy — — T m— —
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CARDS Dabed = Dobadd

{NQ CARDS)

KQTYPE(J)

Kgledd

K@z tyl

RK1I(Ysdlel®l,3

RE24Ts Jtelzmls 2

IF NO # Op NO De6 CARDS ARE REQUIRED BY SUBROUTINE SINPUT.

carmAt (316, 6F6.0)

TYPE NUe. OF THE JTH CONSTRAINT

12 POINT SPECIFIED BY RK1I ON SEGMENT KQI
WilL BE CONSYRAINED YD BE THE SAKE AS
THE PUINT SPECIFIED BY RK2 ON SEGHENT
K2 a

2% POINT SPECIFIED BY RK1 ON StGMENT KQl
WILL BE CONSTRAINED TO REMAIN AT AN
EQUAL DISTAKCE {D > 0) FROM THE POINT
SPECIFIED BY RK2 ON SEGMENT KQZ.

5t TENSION ELEMENT CONSTRAINT COUNNELTING
POINT RK)Y UN SEGMENT KQ1 TO POGINT RK2
ON SEGMENT RK2 {REQUIRES TWO CARDS WITH
KQTYPE: KQl AND KQZ THE SAME ON BOTH) .

SEGHMENT IDENTIFICATION NUMBER OF THE
1ST SPECLIFIED POINT.

SEGMENT IDENTIFICATION NUMBER OF THE
ZND SPECIFYcir POINTY,

CODRDINAYES OF SPECIFIED PDINT ON

SEGMENY KQL (IN). IF KQTYPE = 5, THE SECOND
CARD WILiL CONTAIN THE EFFECTIVE MASSES Mk,
HB ANU MAB (LHELSEC*%2/IN} IN PLACE OF RK1l.

CUDRDINAYES OF SPECIFIED PUOINTY ON

SEGMENT KQ2 (IN)}. TF KQTYPE = 5, THE SECOND
CARD WILL CONTAIN THE SPRING CONSTANT K
{LB/INYy THE VISCOUS DAMPING CONSTANT D

(LB SEC/IN) AND THE REFERENCE LENGTH L (IN)
IN PLALE OF RK2.
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CARD De7 IS5 ALRAYS hEOUiRED- SUPM.Y BLANK CARND =07 MOSL™4) 3D MOTION,

s

CARD Do7 FORMAY (1814) IF MNSEG>IR, USE 2 CARDS.

NSYM(J) o=t s NSEG COMTRALS SYMKETRY OPTION OF BODY SEGMENTS
AS FOLLOWS :

NURMAL THREE DIMENSIONAL MOTIOM FOR RODY
SEGHENT J.

[}
[=]
.

NSYH(J)

mOTLON OF BODY SEGMENT J WILL BE PESTRICTED
TO THE X—Z PLANE WITH NO LATERAL MOTION,
HEWCE IT WILL BE TWO DIMENSIONAL .

NSYHR{J)

"
e
o

RUDY SEGMENTS J AND K ARE TO REMAIN SYMMETRICAL
HITH NO LATERAL MOTION. THE MOTION GF FACH WILL
Bk REPLACED WITH THEIR AVERAGE AND RESTRICTED
T THE LOCAL X-7 PLANE. NSYM{K) RUST EQUAL J.

KSYMEJ)

]
x

*

£ODY SEGHMENTS J AND K 4RE YO REMAIN HIRRNOR
SYMMETRICAL WITH RESPECT TO THk X-1 PLANE,
€QUsL. BUT OPPOSITE LATERAL MNTION IS
PERMITTEDS MSYMIK) MUST EOUAL =1,

NSYMUJ}

NOTE 3 IN THE ABOVE SYMMETRY UPTIONS, THE USER MUST TAKE EXTREME
CARE THATY ALL IMPUT WILL A Om THE SYMMETRY TD EXIST.

- IF NSD # 0. MSD D.2 LarRDS ARE REQUIRED BY SUBROUTINE SINPUT.

CARDS DnBoh — DalBoad FORMAT (213, 11F6.0)
(RSN CANRDS |
HSDﬁlJf ' SEGMENT IDENYIFICATION NUMBERS (M AND N}

MSOMIT.4) TO WHICH THE JTH SPRING DAMPER IS AYTACHED.

APPSO if,I=1,3 COGRDINATES OF ATTACHMENT POINTS IN LOCAL
APSDNINEIIyX=1,™  SHGMEMT REFERENCE ON SEGMENTS M 4MD N FOR
THE ATH SPRING DAMPER (IM.)

ASD(T,J0)98=1,5 COEFFIC TENTS OF QUADRATIC FUNCTINNS TO
1=1 : DO (IN) COMPUTE THE. SPRING FORCE (FS) AND THE
in2 @ Al {L&/IN) YISCOUS FORCE (FD) FOR THE JTH SPRING
I=3 : A2 [LBYIN®=2} DAMPER USING THE RELATIDNSHIPS
Is4 : BL (B SEC/IM)’ A i
I=5 : R2 0L SECes2/IR=e?) . :

o, ‘ ESs (D-DOI={}AY] « A2%{D~-DOI)

- Fb=  ov=t Bl « B2%lDLV])

: : WHERE D ANMD DY ARE THME OISTANMCE AMD ITS TiME
i - DERIVATIVE RETWEEM THE POINTS APSUM AND APSON.
T ’ IF AL « D4 < ARD. (D-D0) < O.,
" PROGRA® WILL SEY FS= 0.y I.E. THIS WILL ACT &S &
v TEMSIO® ELEMENT.

[
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SUBROUTINE CINPUT (FUNCTIDMS INPUY)

THESE FUNCTIONS ARE REFERRED TO 8Y NUMBER IN THE NF ARRAYS REQUIKED

ON CARDS Foleably FoloBy Fu3e.B AND F.4.B. THEY ARE USED TO DEFINE THE ‘
FORCE DEFLECTION, INERTIAL SPIKE. R (ENERGY ABSORPTIODN) FACTOR, i
G (DEFLECYIUNE FACTYOR AND FRILTION COEFFICENT FUNCTIONS.

EACH FUNCTION MAY BE SUBOIVIDED, IF DESIRED, INTO TRO SEPARATE PaRTS,
F1 AND F2, WHERE

FL{D) 15 DEFINED FOR 0 .LE. DO obEe D oLE. DI}
FZ{D)Y IS DEFINED FOR D1 otFe D <LE. D21
IN ADDITION, EACH PART OF EALH FUNCTION MAY BE DEFINED IN LIM0ieK
OF ThREE FUNCYIONAL FORMS: CONSTAMT VALUE, TABULAR DATA, OR & FLIFIH DFlnc.

POLYNOMIAL ., ‘'LHE EXISTENCE AND FORM OF EACH FUNCTION PART Ui UEYTUKMINED b,
THE SUPPLIED VALUES OF DOy Dle AND D2 AS FOLLOWS:

Fi Fe DO 8] | vz
CONSTANT - 0 U 1 = D2
TabULAR - DO .GE. O Dl «LTo O 0
POLYNOMI AL - D0 .GEe O DI «GTe O o
TABULAR POLYNGMI AL DO .GEe O DI .LT. © C2 4GT. O
POLYNDRMIAL TABULAR DO «GEs © D1 6T 0 D2 LT. U
PULYNOMIAL PGLYNOMT AL U0 «GEs O D1 6T« O D¢ GT. U

THE CONSTANT FORM IS APPLICABLE TO F) ONLY BECAUSE THE ROUTIREL ASSUML
IF D «GTe [D2F THEN F(D)} = F{ [D2] ) FUR D2 NE. O OR
IF D .67« ID1] THEN F(D)} = FU DLl ) FOR D2 = 0.

THE CASE OF BOTH FI AND F2 BEING TABULAR 15 UNNECESSAKRY.
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A MAXIHMUM OF 50 FUNCTIUNS MAY BE SUPPLIED YO THE PROGRAM. EACH
FUNCTIGN WILL REQUIRE THE FOLLUWING INPUT.

CAKD £l FORMAT (4, 44X, 5a4)

1 THE FUNCTION IDENTIFYING NUMBER. THESE

NUMBERS NEED NOT BE SUPPLIED IN NUMERIC

£ ORDER. IF THE SAME NUMBER IS USED MORE
THAN ONCE, A WARNING WILL BE PRINTED AND
THE LAST UNE SUPPLIED WILL BE USED. THE
END OF THE FUNCTION INPUT IS INDICATED BY
SUPPLYING A SINGLE CARD WITH I > 50.

KTITLE A 20 CHARACTER ALPHANUMERIC
i TITLE DESCRIBING THE FUNCTION.
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CARD E.g  FORMAY (5F12.0)

B0 THE LOWER ABSCISSA VALUE OF THE FIRST PART
OF THE FUNCTION, Fle DO MUST BE NON-NEGATIVE
{UNITS ARE IN. EXCEPY FOR THE BELT STRESS-
STRAIN FUNCTIONS WHERE THEY ARE IN/IN}.

0l THE MAGNITUDE OF D1 IS THE UPPER ABSLISSA
VALUE OF F1 AND THE LOWER ABSCISSA valUt DF
F2y IF ANY. D1l < O INDICATES FL IS TABULAR,
0L > 0 IKDICATES F1 IS A POLYNCMIAL. AND
Dl = O INDICATES F1 = D2¢ A CONSTANT.

D2 if D1 = Oy D2 IS THE CONSTANT VALUE OF Fl.
OTHERWISE, THE MAGNITUDE OF D2 1S THE UPRER
ABSCISSA VALUE OF F2. If D2 = 0y F2 IS KOT
QEFINED; IF D2 1S NEGATIVE, F2 IS TABULAR;
AND IF D2 IS PUSITIVE, FZ IS A POLYNOMIAL.

D3 IF THE FUNCTION IS TO BE USED FOR AN INERTIAL
SPIKE, D3 REPRESENTYS THE ABSCISSA VALUE FOR
WHICH THE INERTIAL SPIKE IS TO BE IGNORED IF
UNLOADING OCCURS AFTER DEFLECTION EXCEEDS D3.
IF YHE FUNCTIOW IS TO BE USED FOR A COEFFICIENT
OF FRICTIONy D3 = {1+U}/2 WHERE U IS THE
COEFFICIENT OF RESYITUTION FOR THE IMPULSE
QOPTION (0<D3<] OR ~1<U<+l}). A VALUE OF D3 = O
MEARS THAT THE IMPULSE OPTION wWILL NOT 8E
USED FOR THOSE CONTACTS USING THIS FUNCYION.
WHEN THE GLOBALGRAPHIC COPTION IS5 USED, A
FRICTION FUNCTION IS DEFINED AND THE VALUE
OF D3 IS USED YO SPECIFY THE IMPULSE.

{SEE CARD Ba5.)

L R e

D4 IF THE FUNCTION IS JO BE USED AS A FORCE
DEFLECTION FUNCTION BY SUBROUTINE PLELP,
De=RHO, THE SCALAR THAT OETERMINES THE
POINT OF FORCE APPLICATION. SUPPLY ZERO
FOR POINT DF MAXIMUM PENETRATION, ONE FOR
CENTER OF INYERSECTION ELLIPSE. IF USED AS
THE FRICTION FUNCTION FOR A ROLL-SLIDE CON-
STRAINY, D& IF THE COEFFICIENT OF STATIC
FRICYTION TD BE USED FOR THE ROLL CONSTRAINT.

W T e S . L S AT e
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Trie DeFINLTIONS GF F1 AND F2, IF THEY EXIST, ARE NOW SUPPLIED
ON CARD t.2 FOR THE FIFTH DEGREE PULYNDMIAL DEFINITION, OR ON
CARDS ted FUR THE TABULAR DEFINITIUN.

CARD E .3 FORMAT {6F1:.01
AGehlyA2yA3,A4485 COEFFICIENTS OF FIFTH-DEGREE POL YNOMI AL

F o= AD 4+ Al®X & AZ%X#®R2 + AZRYXER3I ¢+ ALsXwx4
+ ASEYNARS

{UNITS ARE DEPENDENT ON USE OF FURCTION.)

CARD Eob.oA FORMAT (I6)

NP1 THE NUMBER OF DATA POINTS TC BE
SUPPLIED TU IDENTIFY THE FUNCTIUN IF
1T 1S DEFINED IN TABULAR FORM.

CARDS Eo4eB — Ea4uN FORMAT {(6F12.0)

(XTIheYilhoI=1yRP1} THE ABSCISSA AND ORDINATE VALUES
UF THE DATA POINTS USED YO DEFINE
THE TABULAR FORM OF THE FUNCTIONG
THE PROGHAM WILL LINEARLY INTERPOLATE
TO DETERMINE INTERMEDIATE
VALUES. SUPPLY 3 POINTS PER CARD;
USE A5 MANY CARDS AS REQUIRED.
(UNITS ARE DEPENDENT ON USE OF FUNCTION.)
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Fe SUBROUTINE CINPUY {ALLOWED CONTACYS)

IF NPL # Oy Fel IS REQUIRED.

CARD Falaoh

MNPLUJ jyJdu ]l NPL

FORMAY (1814} TF NPLD1B, USE 2 CARDS.

FOR PLANE Jy THE NUMBER OF SEGMENTS FOR
WHICH SEGMENT-PLANE CONTACT IS ALLOWED.

NPL IS THE NUMBER OF PLANES FRDM CARD U.l.
THE VALUE OF ANY MNPL FOR PLANE J MAY BE
ZERD ANRD THE MAXIKUM VALUE IS 5. HUWEVER IF
IT 15 REGUIRED TO HAVE MORE THAN 5 SEGHMENTS
CONTACT THE SAME PLANE, SEY UP TwW0D OR- MORE
IDENMTICAL PLANES AND PERMIT A MAXIMUM DOF 5
SEGRENTS TO CONTACY EACH PLANE.

FOR EACH PLANE Jo MNPL(J) CARDS OF THE FOLLOWING WUST BE SUPPLIED.

CARDS F.I.B ~ FoleN

NJ

MS(L)

NS L2)

N5{2)

FORMAT (914)

THE PLANE NUMBER FOR WHICH CONTACTY IS
ALLOWED. NJ MBUST CORRESPOND TO J ABOVE.,
THERE MUSY BE MNPLIJ) CARDS WITH THIS
SAME NJe. IF MNPLIJ) = 0, NO NJ = J
SHOULD BE PRESENT.

THE SEGMENT NUMBER TO WHICH PLANE J IS
ATTACHEDs IF VEHICLEs SUPPLY NSEGe¢l, IF
GROUND, SUPPLY NSEG+2.

THE SEGMENT NUMBER (DETERMINED BY THE CARD
NUMBER 1 UNDER CARD Buo2.h FOR WHICH CONTACT
WITH THE NJTH PLANE IS ALLOWED.

THE NUMBER OF THE CONTACT ELLIPSOID
ASSGUIATED WITH THE SEGMENY NSI(2).
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KFELL)

NFL2)

NF (3}

NF(4)

NF (51

THE FURMCTION NUMBER FROM CARD £.1 TO DEFINE
THE FURCE-DEFLECTION FUNCTION FOR THIS CONTACT,
1F NF(1) = 0, A ROLLING = SLIDING CONSTRAINT
UPTION WILL BE EXERCISED BY THk PROGRAM FOR
THIS CONTACT WHICH DOES NOT REQUIRE KF{2),
NF{3) DR NF(4) BUY DOES REQUIRE A FRICTIiON
COEFFICIENT FUNCYION YO BE DEFINED BY NF(5]).
THE VALUE OF D3 ON CARD E.2 OF THIS FUNCTION
SHOULD BE 0.5 {NDN~ZERD TO ACTIVATE THE
IMPULSE AND TO SET THE NORMAL COMPUNENT

OF RELATIVE VELOCITY YO ZERO AFTER THE
IMPULSE HAS BEEN APPLIED). ALSO THE INITIAL
POSITIONS ON CARDS G.2 MUST BE SUCH THATY
CONTACY DOES NOT EXISY AT TIME = O.

THE FURCTION NUMBER FROM CARD Eol TO
DEFINE THE INERT]AL SPIKE FUNCTION
FOR THIS CONYACT. IF NF{2) = 0, NO
INERTIAL SPIKE EXISTS.

THE FUNCTIOR NUMBER FROK CARD E.) TO
DEFINE THE R (ENERGY-ABSORPTION) FACTOR
FUNCYTION. IF NF{3) = 0, A DEFALLT VALUE
OF R = § IS ASSUMED.

THE FUNCTION NUMBER FROM CARD E.1 TO DEFINE
THE G {DEFLECYTION} FACTOR FUNCTION. IF
NF{4)} = 0, A DEFAULT VALUE OF G = 0 IS5 ASSUMED.

THE FUNCTION NUMBER FROM CARD E.i TO
DEFINE THE FRICTION COEFFICIENT FUNCTION.

53 7Q-5180-L-1

— Pl A TV G W— ——— Y — i




IF NBLT # O, Fe2 IS5 REQUIRED.

CARD Foeleh

MNBLT(J) =1 4NBLT

FORMAT (814)

FOR BELT Jy THE NUMBER OF SEGMENTS FOR
WHICH SEGMENT-BELY INTERALTION IS ALLOWED.
NBLT IS YHE NUMBER OF BELYS FROM CARD D.l.
EACH MNBLY MAY HAVE A VALUE OF 0 DR 1 ONLY.

FOR EACH BELY Jy MNBLT(J} CARDS OF YHE FOLLOWING MUST BE SUPPLIED.

CARDS Fodolth = Fe2eN

NJ

NS(11)

NS(2)

NS{3}

NF(1)

NF{I)els2y4

NF{5)

FORMAT (914}

THE BELT NUMBER TO BE CONTACTED,
MUST CORRESPORD TO J ABOVE.

THERE KUST BE MNBLT(J) CARDS

WITH THE SAME NJ. IF MNBLTUJ) = O,
NO NS = J SHOULD BE PRESENT,

THE SEGHENT NUMBER TO WHICH BELT NJ IS
ATTACHED. IF VEHICLE, SUPPLY NSEG+]1l, I¥f
GROUND, SUPPLY NSEG+2,

THE SEGMENT NUMBER (DETERMINED

BY THE CARD NUMBER I UNDER

CARD B.2eA} FOR WHICH INTERACTION
WITH THE NJTH BELT IS ALLOWED.

THE NUMBER OF THE CONTACT eLLiPSOID
ASSOCIATED WIYH THE SEGHMENT NS{2Z).

THE FUNCTION NUMBER FROM CARD E.l TO DEFINE

THE FORCE-DEFLECTION FUNCTION FOR THIS CONTACT.
THE ABSCISSA FOR THIS FUNCYION SHOULD BE

STRAIN (IN/IN}.

SAME DEFINITION AS ON CARD Fol.B ABOVE.

IF NON-ZERD, FULL BELY FRICTION IS ASSUMED,
lsE.+ FODRCES ARE COMPUTED FOR EALH HALF OF
THE BELT SEPARATELY, IFf ZERO, ZERQ BELT
FRICTION IS5 ASSUMED, I.E., BELT TENSION IS
IS THE SAME AT BOTH BELT ANCHOR PDINTS.
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A BLANK Foe3.4 CARD IS REQUIRED FOR NO SEGHMENT~SEGMENT CONTACTS.

CARD Faidan

MNSEGUJ ) 221 yNSEG

FDR EACH SEGMeNT J,

CARDS F'QBQB - F.3-N

heJ

NS(L)

NS (21

NSL3)

NE(I)sI=1,5

FORMAT (1814} IF NSEZD>18, USE TWD CARDS.

FOK SEGMENT J, THE NUMBER OF SEGHMENTS FOR
WHICH SEGMENT-SEGMENY CONTACT IS ALLOWED
NSEG IS5 THE NUMBER OF SEGMENTS FROM CARD
Bele EACH SEGMENT CONTACT, & VERSUS B, MAY
BE INPUTTED EITHER WAY EXCEPT WHERE AN
INTERIOR CUNTACT 1S DESIRED (StE NS{3) ).
ANY OR ALL VALUES OF MNSEG MAY BE LERD,
THE MAXIMUM VALUE FOR EACH MNSES IS 5e

MNSEGIJ) CARUS OF THE FOLLOWING MUST BE SUPPLILD.

FORMAT {914} -

THE SEGMENT NUMBER TD BE CONTACTED,
MUST COGRRESPUND TD J ABOVE. THERE MUST
Bt MNSEG(J) CARDS WITH THIS SAME NJ.
IF MNSEGIJ) = 0, NO NJ = J SHOULD BE
PRESENT .

THE NUMBER OF THE CONTACT ELLIPSOID
ASSCCIATED WITH SEGMENT NJ. '

THE SEGMENT NUMBRER (CETERMINED
BY THE CARD NUMBER I UNDER

CARD BoZoh) FUR WHICH CONTACT
W1TH THE NJTH SEGMENT IS ALLOWED .

THE NUMEBER OF THE CONTACT ELLIPSOID
ASSOCIATEU WITH THE SEGMENT NS{2)a

1F NEGATIVE, aN INTERIOR CONTACY Wity Bt
ASSUMED WITH ELLIPSOID NS(1) INSIDE NS(31}.

SAME DEFINITIONS AS ON CARD F.l1.B ABOVE.
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IF NJNY > 04 Foeboh IS5 REQUIRED.
SUPPLY IGLOB=1 FOR GLOBALGRAPHIC OPTIDM, OTHERWISE SUPPLY 0 OR BLANK

CARD Foheh

IGLOBEJ) s I=l s NJNT

CARDS Fs‘.ta - Ft“gJ

NJ

MSEI)el=led

NEL1)

NF (2}

NF(I}el=3,5

FORMAT {1814} IF NJNT>18, USE TWO CARDS.

FOR EACH JOINT J, SUPPLY 1 FOR 1GLOB(J) IF
IPINEJ) 15 €3 OR ~3 ON CARDS Bu3eA = Be3sds
CTHERWISE SUPPLY ZERD OR BLANK. ONE CARD
Fokod MUST BE SUPPLIED BELOW FDR EACH J FOR
WHICH IGLOBLJ} =1,

FORMAT (914}

THE IDENTIFICATION NUMBER FOR A GLOBALGRAPHIC
JOINT, MUST CORRESPUND YO J ABOVE AND CARDS
MUST BE SUPPLIED IN ASCENDING ORDER ON NJa

CURRENTLY NOT USED BY PROGRAM.

THE FUNCTION NUMBER FROM CARD E.1l TO DEFINE
THE TORQUE-DEFLECTION FOR THIS GLOBALGRAPHIC
JOINY. THE ORDINATE FOR THIS FUNCTION SHOULD
BE TORQUE (IN. LB.) AND THE ABSCISSA IS5 THE
ANGULAR DEFLECTION {RADIANS) INTO THE STOP.

THE FUNCTION NUMBER FRDM CARD E.l TO DEFINGE
THE HERRON FORMULAS FOR ¥ {JOINT STGP ANGLE
IN RADIANS) AND ITS DERIVATIVE TP WITH RES-
PECT TO PHI BOTH AS FUNCTIONS OF PHI (THE
JOINT ANGLE FROM THE REFERENCE AXIS IN RAD-
TANS )« RORMALLY THEY WILL BE CDWMPUTED 8BY

T = Pl + SP#pP2
TP = P1l* +« CP#P2 + Sp%p2*

WHERE Pl,P2 ARE THE 5TH DEGREE POLYNOHWIAL
EVALUATIONS OF COS{PHI} USING THE
TWO POLYNOMIALS F1 AND F2 OBTAINED BY
SETTING BOTH D1,D2 > O ON CARD E.2%

Pl*¢P2* ARE THEIR DERIVATIVES WITH
RESPECT TO PHI:

AND CPoSP ARE COSt{PHI) AND SIN(PHI.
IF D1,D2 ARt NOY BOTH POSITIVE., T AND TP
WlLl BE EVALUATED AS FUNCTIONS OF PHI IN
RADIANS (0 < PHI < 2#PI} AS SPECIFIED OR
CARDS Eel ~ Eo4% FOR FUNCTION MF(2]).

SAME DEFINITIONS AS ON CARD F,.1.8 ABOVE
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IF NBAG # Oy NBAG CARDS UF THL FOLLOWING MUST BE SUPPLIED. SINCE

THE AIR BAG HOUTINES DO NCT USE THt FORCE-DEFLECTION FUNCTIONS e THIS

INPUT HAS CIFFERENT FURMATS THAN THE ALOVE ALLOWED CONTACTS.

CARDS FobahA — F oB N

K

NK

MBAGLIZ s+ 1,+K ),
MBAG(3,I;K}'I=17NK

FORMAT (214, 20312}

THE AIR BAG NUMBER CORRESPONUING TO TRE
INDEX J UNDER CARDS Do4 ABOVE. K MUST BE IN
NUMERIC UHOER K = 1 TD NBAG, WHERE NBAG IS
THE NUMBER UF AIX BAGS DEFINFD uUN CAKD Dol

THe NUMBER OF SEGMENTS ALLOWED

T CONTACT THE KTH AIR BAG. THE
MAXIMUM VALUE IS 10. IF NK = O,
THE REMAINDER OF THE CARD IS BLANK.

THE SEGMeNT NUMBERS (DETERMINED BY THE
CAKD NUMBER I UNDER CARD B.Z.A} EACH
FOLLOWED BY THE NUMBER OF THE ASSOCIATED
CUNTACY ELLIPSOID FOR WHICH CONTACY
FORCES WITH THE KTH AIR BAG wiILL BE
CUMPUTED.
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G. SUBROUTINE INITAL

CARD Gel

IPLTIIYsI=1s3

iledlel2ed2

13

FORMAT €23F10.0, 514}

THE Xy Ys AND Z PLOT COORDINATES
{FOR SUBROUTINE PRIPLT)} OF THE
ORIGIN OF THE VEHICLE REFERENCE
SYSTEK. © < X < 61

6 <Y < 61

0 <2 <121

NOT USED BY THE CURRENT PROGRAM.

IF ZERD, SEGMENY AND ANGULAR VELOCITIES ARE
NOT SUPPLIED ON THE FOLLOWING CARDS BUT ARE
SET EQUAL TO YHE INITIAL VEMICLE VELOCITY.

IF I3 # O, SEGLY AND WMGDEG MUST BE SUPPLIED.

ONE Go2 CARD MUST BE SUPPLIED FOR EACH REFERENCE SEGMENT (X Eey
SEGMENT NO. 1 AMD FOR EACH SEGKENT J+1 WHERE JNT(J) = 0 ON CARDS
B.3) IN ASCENDING SEGMENT NUMBER SEQUENCE.

CARDS GDZ.A - GOZDH

SEGLPEY »Jiel=1y3

SEGLVITJd)oI=1,3

CARDS Ge3echA - Gw3oN
(NSEG CARDS)

YPR{IJ)elmle3

FORMAY {&6FL10.0)

THE INITIAL Xo ¥, AND Z COORDINATES OF THE
JTH BODY SEGMENMY IR INERTIAL REFERENCE (IN).

THE INITIAL X, Y, AND I COMPONENTS OF VELOCITY
OF THE JTH BODY SEGHENT IN INEATIAL REFER-
ENCE fIN/SECI. THESE FIELDS MAY BE LEFT BLANK
IF I3 = O ON CARD G.1 IN WHICH CASE THE
INITIAL VELOCITY OF THE VEHICLE WiLL BE USED.

FORMAT (6FLC.0})

THE IRITIAL YAW, PITCH AND ROLL ANGLES OF
THE JYH BOOY SEGHMENT (OEGREES].

NOTE: THE DIRECTION COSINE MATRICES OF THE BODY SEGMENTS ARE INITIALLY
COMPUTED BY ASSUMING THE URDER OF THE ROTATING ANGLES IS REVERSED,

lefes ROLLPITCH,YAM,

{ROLL ABOUT Xy PITCH ABOUT Yy AND YaAW ABOUT Z.}

WMGDEG( Iy dielxl,3

THE INITIAL COMPONENTS OF ANGULAR YELOCIYY
ABOUT FHE LOCAL X,Y AND I AXES OF THE JTH
BODY SEGMENT (DEG/SEC). IF I3 = 0 ON CARD
Gele THE INITIAL ANGULAR VELOCITY OF THE
VEHICLE WILl BE CONVERTED TO THE SEGMENY
REFERENCE AND WILL BE USED.
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SUBROUTINE HEDING

THIS SUBRGUT INE PROVIDES INFPUT TG CONTROL THE DESIRED TIMg HISTORY
ODUTPUT OF SELECTED SEGMENT LINEAR AND SaNGULAR ACCELERATIONS, VELOCITIES,
AND DISPLACEMENTS, AND JODINY PARAMETERS,

SEGMENT LINEAR ACCELERATIONS (K = 1)

CARD H.1l.4 FORMAY (21e, 3Fl2.86)

NSGIK} THE NUMBER OF SELECTED POINTS ON
THE VARIOQUS BODY SEGMENTS FOR
WHICH TIME HISTORIES ARE DESIRED.
THE MAXIMUM YALUE FOR NSGIK) Is 20,
iF NSGtK) 15 O» INSERY 2 BLANK CARDS.
IF NSGIK} Is Iy A SINGLE BLANK CaARD
SHOULD FOLLOW CARD Hal.K,

M5GI1,K) THE SEGMENT NUMBER 45§ DETERMINED
BY INUEX I ON CARDS
BeZeA =~ B.2.N OF THE FIRSY POINT.

XSG(I,I-K};I=I,3 THE X, ¥, aND Z CODRDINATES IN

SEGMENT REFERENCE OF THE FIRST
POINY LINCHES),

FOLLOKWED BY NSGiKI~1 caRrDs OF THE FOLLOWING (g = 2y NSGIK} )

CARDS H.1.8 - Hoel N FORMAT (112, 3F12.6)
MSG(d4K ) SAME AS ABOVE BUT FOR THE JTH POINT.

XSG(I,J:KI,I=1.3 SAME AS ABQOVE BUT FOR THE JTH POINT.

SEGMENT LINEAR VELOCITIES (K = 2)

CARDS He2eh - Ho2.N FORMAT (z]e, 3F12.6/0112, 3F12.6))
CESCRIPTIUN SAME 4y For Hel.

SEGMENT LINEAR DISPLACEHENYS (K = 3)

CARDS Ho3.4 ~ Ha3 o N FORMAT (clé, 3F12o6/(112. 3F12.6))
DESCKIPTION SAME AS Fli Hal,
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Ho4 SEGMENY ANGULAR ACCELERATIONS (K = &)

CARD reé FORMAT (1216/112, 316}

NSGK) THE NUMBER OF SELECTED BOODY
SEGMENYS FOR WHICH YIME HISTORIES
ARE DESIRED. INSERT BLANK CARD
IF NONE ARE DESIRED (NSEG MAXIMUM),

ME5GLJsK) g J=]loKS0 THE SEGMENT NUMBERS AS DETERMINED

WHERE KSG=NSGIK) BY INDEX I ON CARDS Bu2.4& — BoZoN.
IF NSGIK) > 11, USE THE SECOND CARD,
LEAVING THE FIRST FIELD OF & COLUMNS BLANK .
If NSGEK) = 11, A SECOND CaRDy COMPLETELY
BLANK, SHUULD FOLLOW THIS CARD.

HeZ  SEGMENT ANGULAR VELOCITIES (K = &)

CARD H.5 FORMAT (12167112, 316}

DESCRIPTION SAME AS FOR Ho4.
Hot  SEGMENT ANGULAR DISPLACEMENTS K = &)

CARD H.6 FORMAT (12167112, 316}

DESCRIPTION SARE AS FOR Hed,
He?7 JUINT PARAMETERS (K = Ti

CARD H.7 FORMAT {1216/112, 218}

NSG(K) THE NUMBER OF SELECTED JOINTS FOR
WHICH TIME HISTORIES ARE DESIRED.
INSERT BLANK CARD IF NONE ARE
DESIREL (NJINT MAXIMUK).

MS5G({JeK) 4 d=1,K56 THe JUINT NUMBERS AS DETERHMINED
WHERE KSG=NSG(X) BY INDEX J ON CARDS Bo3oA ~
Be3ede IF NSGIK) > 11, USE &
SECONO CARD LEAVING THE FIRST FIELD
UF & COLUMNS BLANK, IF NSGIK) = 11,
A SECOND CARD, COMPLETELY BLANK,
SHOULD FOLLOW THIS CARD.
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SECTION 8
SAMPLE INPUT
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SECTION 10

PROGRAM VARIABLE DICTIONARY BY LABELED COMMON BLOCKS

Dimensions for the variables defined below generally will de-

termine indexing rules unless otherwise specified in the definitions.

Dimension Definition of Corresponding Index
g 3 The x, y and z coordinates of a point or components of
‘ a vector
4 The index for airbag panels (K=1, NPANEL{J)for J=1,
NBAG)
5 The index for airbags (J=1, NBAG)
8 . The index for belts (J=1 , NBLT)
% 12 The index for constraints (J=1, NQ)
20 The index for forces print out (J=1, NPSF, NBSF,
NSSF or NBGSF)
20 The index for planes (J=1, NPL)
20 The index for spring dampers  (J=1, NSD)
21 The index for joints of the crash victim (J=1l., NJNT)
22 The index for segments of the crash victim
(J=1, NSEG)
24 The index for pairs of values for constraints. The

odd (2J-1) and even (2J) refer to segments KQl and
kQ2 (J=1, NQ)
25 The index for ellipsoids (J=1, NELP)
42 The index for pairs of values for joints. The odd vali:e

(2J-1) refers to segment JNT(J) and the even value to
segment J¢l(J=1, NJINT)

120 The index for functions being integrated by Subroutine

DINT (J=1, NEQ)

Q- -L-
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Normal FORTRAN naming conventions apply throughout, i.e. if
the variable name begins with the letters I-N, the variable is an integer and
if the variable name begins with A-H or 0-Z, it is real (double precision for
IBM computers.) The only exception are thosc variables that consist of alpha-

numeric characters.
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ABDATA

ABC _ (3,5) Airbag ellipsoid semiaxes

ZA (3,5) Position of airbag c.g. in inertial ref-
erence

DA (3,3,5) Airbag direction cosine matrix

BFA (3,5) Fully inflated airbag c.g. offset
(Card D.4.B}

BCGV {3,5) Velocity of airbag ¢,g. in inertial
reference

BMEG (3,5) Angular velocity of airbag in local reference

CDINT

E (3,120)

F (5,120)

Intermediate storage of function evalua-

66 (5,120 tions in Subroutine DINT
(5,120)
{5,120)
Current value of the independent variable
step size in Subroutine DINT
HPRINT Saved value of H while integrating to print
point only
TSAVE Currently not used by program
TPRINT value of next print time point
TSTART Start time of an integration step
ICNT Count of successive integration steps for
which convergence has been successful
IDBL Maximum value for ICNT before test to
; double step size is performed
% IFLAG Currently not used by program
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CMATRX

V1

V2

V3

B12

A22

TQ

WJ

CNSNTS

Pl
RADIAN

THIRD
EPS1
EPS4
EPS6
EPSS8
EPS12
EPS15
EPS20
EPS24

(3,21)

(3,21)

(3,12)

(3,3,42}
(3,3,42)

(3,21)

(3,21)

(213

Right hand, side of system of equations

! o s
11748, % + B =V,

Right hand side of system of equations

Byg X + By t=V,

Right hand side of system of equations

. ) .
831 X + B + BSS g =V

32 3

Subarray elements of 812

Subarray elements of A22

Comporents of force acting on the joints
from the solution of system equations

Components of torque acting on the joints
from the solution of system equations

Relative angular velocity of each joint

3.1415 92653 58979 324DO0
1.7453 29251 99432 96D-1
Resultant of gravity vector
3.3333 33333 33333 33D-1
.0D-1 ”
.0D-4

.06

.0b-8

.0B-12

.0D-15

0D-20

.0D-24

L T N WP U T
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CNSNTS  {Cont'd)

LNITL unit of length (Card A.3)

UNITM vnit of force or mass (Card A.3)

UNITT Unit of time (Card A.3)

GRAVITY 3 Gravity vector (Card A.3)

CNTSRF

PL (17,20} Array of parameters that define each
plane (See description of Subroutine
SINPUT)

GAB (8,3) Not used by the program

BELT {20,8) Array of parameters that defime each belt

(Cards D.3.A - D.3.C)

TPTS (6,8) Location of belt tangent points in iner-
tial reference

BD (24,25) Array of parameters that define each
ellipsoid (See description of Subroutine
SINPUT)

COMAIN

VAR (120) Integrated function values supplied by

Subroutine DINT to Subroutine PDAUX

DER : (120) Function derivatives supplied by 8ub-
routine PDAUX to Subroutine DINT

DT Time interval for main program output
time points (Card A.4)

HO Initial integrator step size (Caxd A.4)
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COMAIN

HMAX
HMIN
RSTIME
ISTEP

NSTEPS

NDHNT

NEQ

IRSIN

IRSOUT

CONTRL

NSEG

NJINT
NE3
NJ3

NPL

NBLT

(Cont'd)

Maximum integrator step size (Card A.4)
Mimimum integrator step size (Card A.4)
Restart time (Card A,1.A)

Current integration step number

No. of integration steps for duration of
simulation (Card A.4)

No. of iterations for convergence test for
Subroutine DINT {Card A.4)

Total number of functions integrated by
Subroutine DINT

Restart input unit no. (Card A.l.Aj

Restart output unit no., (Card A.l1.A)

Number of body segments of crash victim
(Max=20} (Card B.1)

Number of joints (Card B.1)
3 x NSEG
3 x NJNT

Number of plane definitions supplied on
Cards D.2 (Max=20)

Number of belt definitions supplied on
Cards D.3 (Max=8) '
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CONTRL ‘{Cont'd)
NEAG
NVEH
NGRND

NPRT

CSTRNT

Al3

A23

B31
B32

HHT

RK1

RK2

Q

™Q

(40)

(3,3,24)

(3,3,24)

(3,3,24)

(3,3,24)

(3,3,12)

(3,12)

(3,12)

(3,12)

(3,12)

Number of airbag definitions supplied on
Cards D.4 (Max=5)

Segment identificaticn number for-the ve-
hicle (NVEH=NSEG+1)

Segment identification number for the
ground (NGRND=NSEG+2)

Indicators that control optional output
of the program (Card A.5)

Subarray elements of A13 for system of

eﬂyations

Mc + Ay E v Aa = U

Subarray elements of AZS for system of
equations

Quw * Ayf ¢ Ayt + Ayza = Uy

Subarray elements of B,, for system of
equations defining coné%raints

Subarray elements of B_, for system of
equations defining cong%raints

Array hhT or I~hhT for each constraint

Specified point on segment number KQl
(Card D.6)

Specified point on segment number KQ2
(Card D.6)

Computed force necessary to maintain. each
constraint

Normal vector at the point of entact:for
each constraint
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CSTRNT

RQQ
HQQ
S
CFQGQ
NQ

KQl

KQ2

KQTYPL

DAMPER

APSDM

APSDN

ASD

NSD

MSDM

MSDN

{Cont'd)

(3,12)
(3,12)
(3,12)

(12)

(12}

(12)

{(12)

(3,20}

(3,20)

(5,20)

(20}

(20}

R dot term for constraint equation
Reference vector at point of constraint

R term for constraint equation

Coefficient of friction for each constraint

The number of constraints in the program
{Card B.1)

Segment identification number of the lst
specified point (Card D.6)

Segment identification number of the 2nd
specified point (Card D.6)

Constraint type number (Card D.6)

Attachment point in local reference of
segment M for spring dampers (Card D.8)

Attachment point in local reference of
segrent N for spring dampers {(Card D.§)

Spring and viscous force function coetffi-
cients {Card D.8)

No. of spring dampers (Max=20) (Card D.1)

Identification number of segment M

{Card D.8)

Identification number of segment N
{(Card D.8)
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DESCRP

PHI

SR

HB

RPHI

RW

SPRING

VIsC

JNT

IPIN

NS

ISING

(3,22}

(22)
(3,42)

(3,42)

(3,42)

(3,3,42)

(3,22)

(22)
(5,42)

(5,42)

£21)

(21)

(22}

‘Segment principal moments of inertia
(Cards B.2Z)

Segment mass (Cards B.2)

Joint locations in local reference of
adjacent segments (Cards B.3)

Principle line of joint from which flexure
angle is measured

Perpendicular to HA (pin axis if joint is
-pinned)

Principal axes of the joints

Reciprocal moments of inertia for -sach
segment

Reciprocal mass (g/w) for each segment

Flexural and torsional spring characteris-
“tics {Cards B.4)

Flexural and torsional viscous characteris-
ties {(Cards B.5)

Magnitude indicates the segment .identifica-
stion number that is conmected to segment J+1
by joint J {Cards B.3)

‘Iridicator of joint type (Card B.3)

Number of singular segments, i.e., W or
at least one component of PHI is .zero

Indicator (value=1) that segment is singular
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FLXBLE

HF

B42

V4

NFLEX

NFLX

FORCES

PSF

BSF

SSF

BAGSF

NPSF

NBSF

NSSF

NBGSF

NPANEL

PRJINT

(4,12,8)

(3,3,24)

(3,8)

(3,8)

(7,20)

(4,20)

(10,20)

(3,20)

(6)

(6,21)

Coefficients of quadratic function de-
fining relative orientaticon of interior
scgiments of flexible eiements

Subarray elements of matrix B4 in the
construint equations for flex1%le elements

Right hand side of the constraint equations
for flexible elements.

The wdentification numbers of reference,

interior and terminating segments for each
interior segment

Total number of interior segments of all
flexible elements.

Array of output values for plane-segment
contacts

Array of output values for belt-scgment
contacts

Array of output values for segment-segment
contacts

Array of output values for airbag-segment
contacts

Number of plane-segment contacts (Max=20)
Number of belt-segment contacts (Max=20)
Number of segment-segment contacts (Max=20)

Number of items to be printed for airbag-
segment contacts (Max=20)

Number of reaction panels for each airbag
(J=1, NBAG)

Output arrays for joint parameters
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INTEST

SGTEST

XTEST

JBARTZ

JMNPL

MNBLT

MNSEG

MNBAG

MPL

MBLT

MSLG

MBAG

NTPL

NTBLT

NTSEG

(3,4,22)

(3,88)

(20)

(8)

(22)

(6)
(3,5,20)

(5’5:8)

(3,5,22)

{3,10,6)

(5.,20)

(5.8}

(5,22}

—
="

fmtegrator convergence test input numbers
{Cards B.6)

Integrator convergence test numbers set
op by PDAUX for DINT

Number of segments to contact each plane
{Card E.1.A)

Number of segments to contact each belt
{Card F.2.A)

Number of segments to contact each segment
{Card F.3.A)

Number of segments to contact each airbag

Segment and ellipsoid identification num-
bers for each plane-segment contact

Segment and ellipsoid identification num-
bers for each belt-segment contact

Segment and ellipsoid identification num-
bers for each segment-segment contact

Segment and ellipsoid identification num-
bers for each airbag-segment contact
(Cards F.4)

index to NTAB array for each plane-segment
contact

Index to NTAB array for each belt-segment
contact

index to NTAB array for each segment-
segment contact
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RSAVE

XSG

NSG

MSG

SGMNTS

)
WMEC

WMEGD

Ul
U2

SEGLP

SEGLV

SEGLA

NSYM

(3,20,3)

(7}

(20,7)

(3,3,22)
(3,22)

(3,22)

(3,22)
(3,22)

(3,22)

(3,22)

(3,22)

(22)

Points in local segment reference for first
three types of time history output ‘
{(Cards H.1-H.3)

No. of segments for each type of time his-
tory output (Max=20) (Cards H.1-H.7)

The segment identification numbers for each
type of time history output (Cards H.1-H.7)

Segment direction cosine matrix
Segment angular velocity in local reference

Segment angular acceleration in local
reference

Total external forces on each segment
Total external torgques on each segment

Segment ¢.g. linear position in inertial
reference

Segment ¢,g. linear velocity in inertial
reference

Segment c,g. linear acceleration in inertial
reference

Indicators that control the symmetry options
for body segments (Cards D.7)
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TABLES

MXNTI Dimension (50) of NTI array

MXNTB Number of elements in the NTAB array

MXTB1 Number of elements in TAB array used
to define functions

MXTB2 Total number of elements in TAB array

NTI {50) Index pointers to the TAB array for

data defining function no. I.

NTAB (500) Index pointers to TAB array for each
function used for allowed contacts

TAB (2000) Subdivided into arrays containing
function definitions and update infor-
mation for each allowed contact

TEMPV1

TT1 (3} Value of Ul array for impulse

R1IL (3) value of RK1 for current constraint or
impulse

R2I (% value of RK2 for current constraint or
impulse

CREST coefficient of restitution for currsnat
impulse :

JSTOP (3,2,21) Indicators to signify joint is in joint
stop

TEMPVS

Variables in this labeled common block are temporary for eath
subroutine that refers to it.
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TITLES

BATE

COMENT

VPSTTL

BDYTTL

BLTTTL

PLTTL

BAGTTL

SEG

JOINT

VPOSTN

TIME

X0

XDOTO

XCOMP

(3

(40)

(20)

()

(5,8)

{5,20)

(5,6)

(22)
(21)
(22)

(21)

(3)

(3)

(3)

Date of computer run in 12 alphanumeric
characters {Card A.1.A}

160 character description of the run
Cards A.1.B - A.1.0)

80 character description of the crash
vehicle deceleration (Card C.1)

20 character description of the crash
victim (Card B.1)

20 character description of each belt
{Cards D.3)

20 character description of each plane
(Cards D.2)

20 character description of each airbag
{Cards D.4)

4 character segment nomenclature (Cards B.2)
4 character joint nomenclature (Cards B.3)

1 character plot symbol of the segment C.G.
(Cards B.2)

1 character plot symbol of the joint lo-
cation (Cards B.3)

Current value of time of simulation

Initial position of vehicle reference origin
in inertial reference (Card C.2)

Initial velocity of vehicle reference origin
in inertial reference

Current position of vehicle reference origin
in inertial reference
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VPCSTN

XVCOMP

AX

ANGLE

VMPH

VTIME

ATAB

ATO

ADT

OMEGA

NATAB

NACLR
DVEH

VMEG

VMEGD

XACOMP

THET
ZPLT

(Cont'd)

(3)

(3

(3

{15,100)

(3,3)

(33

(3)

(3)

(3)
(3)

Current velocity of vehicle reference
origin in inertial reference

Unit vector of deceleration impulse
direction

Oblique angles of deceleration impulse
(Card (.2}

Initial velocity of the vehicle (MPH)
(Card C.2)

Time duration of the deceleration impulse
(Card C.2)

Tables of computed or supplied (Cards C.3

or C.4) values of linear deceleration (1.3},
velocities (4-6), displacements (7-9),
angular accelerations (10-12) and velocities
{13-15) of vehicle motion

Beginning time point of the deceleration
table input (Card C.2)

Fixed time interval for deceleration table.
input (Card C.2)

Frequency of the half-sine wave deceleration
type (Card C.2)

Number of points in deceleration table. Sign
determines type (Card C.2}

Not used by program
Current direction cosine matrix of vehicle

Current angular velocity of vehigle in ve-
hicle reference

Current angular acceleration of vehicle
reference origin in inertial reference

Current linear acceleration of vehicle reg-
erence origin in inertial reference

Incremental angular motion of vehicle motiom

Flot ceordinates of the vehicle referemce
origin (Card C.1.A)
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WJONES

FORCE

TORA

XBM

ZDEP

VBAGG

VSCSs

BPHI

DBR

DPVCTR

DEPLOY

AB

SPRK

CYTD

CYPA

CYSp

CYTO

cYvo

CYco

CYK

(3,5)
(3,3)

(5)

(3,5}

(5)
(5)

(3,5)

(3,3,5)

(3,5)

(3,5)

(3,5)

(53

(5)
()
(5)
(5)
(5)
(5)
(5)

Total forces acting on airbag
Total torques acting on airbag

Weight of airbag membrane and contents
(Card D.4.1)

Deployment point of airbag in local ref-
erence of lst reaction panel (Card D.4.C)

Geometric volume of fully inflated airbag

Coefficient of siiding friction of the air-
bap (Card D.4.F)

Computed principal moments of inertia of
the airbag

Direction cosine matrix of airbag relative
to vehicle

Vector along which airbag c.g. lies during
bag inflation

Location of deployment point

Semiaxes of fully inflated ellipsoid air-
bag {Cards D.4.B)

Spring constant  of a linear spring used
to simulate attachment of the airbag at
the deployment point (Card D.4.F)

Gas supply actuater firing time (Card D.4.D)
Atmospheric pressure (Card D.4.D)

Initial gas supply pressure (Card D.4.D)
Initial gas supply temperature (Card D.4.D)
Gas supply reservoir volume (Card D.4.D)

Sonic throat discharge coefficient (Card D.4.E)

Ratio of specific heats of supply gas
{Card D.4.E)
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WJONES  (Cont 'd)

CYR (%) Specific gas constant (Card D.4.EY

CYAT (5) Sonic throat area (Caxd D.4.E)

CYPV (5) Vent pressure of the exhaust orifice
(Card D.4.E)

CYCDO (8) Exhaust orifice discharge coefficient
(Card D.4.E)

CYAD (5) Exhaust orifice area (Card D.4.F)

CYPO (5) Initial air cylinder gauge supply pressure

CYSS {5) Speed of sound

YLD ' {5) Characteristic length

CYc (5) Air cylinder gas constant

CYRHOO (5) Initial air cylinder density

CYVMAX (5) Air cylinder maximum volume

CYORFC {5) Air cylinder exhaust orifice constant:

CYRHO (53 Density of air cylinder gas supply

CYT (8) | Temperature of air cylinder gas supply 1

CcYp (5) pressure of air cylinder gas supply

CYMIN (5 Mess flow into the airbag

CYMOUT (5) Mass flbw out of airbag

BAGPV (5} Undeformed airbag volume

PD (53 Airbag pressure differential

VBAG (5) Airbag volume

VOLBP (5) Total volume of intersection of airbag witl

contacting segments and panels

SWITCH (5) Reciprocal density of airbag at time of
jnitial full inflation
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WJONES (Cont'd)

IFULL {6} Indicates that airbag is fully inflated

TM™P (18} Temporary storage

T™P1 (3) Temporary storage

A {3,3) 3 x 3 matrix defining ellipsoid XT AX=1
for airbag

PF £3) Not used by program

TORQ {3) Torque on airbag caused by contacting
ellipsoid

TQB {3,10) Torque on contacting segment caused by
airbag

FRE (3,103 Force on airbag by contacting body seg-
ments

VOL (10) Intersection volume of airbag and con-

tacting segments

DELF (3) Force acting on airbag due to linear spring
function
B (9,4,5) 3 x 3 matrix defining eilipsoid XTBX=1 for

reaction panel

ZB (3,4,5) Location of panel c,g. in inertial refer-
ence
ZR (3,4,5) - Location of panel c,g. in vehicle refer-

ence (Card D.4.H)
BFB {9,4,5) c.g. offset of reaction panel (Card D.4.G)

DRR (9,4,5) Direction cosine matrix of reaction panel
relative to inertial reference

DB (5,4,5) Direction cosine matrrix of reaction panel
relative to inertial reference

PCGY (%,4,5) Velocity of panel ¢.g. In inertial reference

PMEG (3,4,5) Pancl angular velocity in local reference
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WJONES (Cont'd),

VOLP
FRA
PREVT
CK

CMASS

(4,5)

(3,4)

&)

(5)

Intersection volume of airbag and reaction
panels

Force an airbag by contacting reaction
panels

Value of TIME at previous airbag integra-
tion step

Parameter used to stabilize airbag numer-
ical integration (Card D.4.F)

Mulitplier to increase or decrease the
mass of the airbag to artificially
dampen the integrated airbag motion
(Card D.4.F)
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SECTION 11

ANALYSIS VARIABLE

DICTIONARY
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SHCTION 12

VERLFIGATION: OF 1L PROGRAM FEATURES

A set of five test runs were made and inciuded with the pregram on the
tape (GBCV30) submitted at the completion of the contract, These runs were made

with the final version of the pwvogram as listed on the above tape.

It is recommended that the user correlate the input data fop each test
run with the input description of the program. This exercise is the bast method

of understanding the use of the many fedtures of the program..

Test run O is a veviffication of the standard 15 segment grash victim
using the same data as was ueed: an previous test runs submitted duriang the course
of the contract. Test runs 1 thwaugh 4 illustrate the use of most af the spacial

features of the program.
The only pwincipal features of the program which are not included in
these runs are the use of the Glebalgraphic Joint Stop and the use of the Buler

Joirt. The input description clearly specifies how these two options are selectedl

Table (12.1) is a summewy of the test runs executed for program Veni-

fication.
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TEST RUN #1 7 Segments

in-1b-sec units, gravity vector 0, 0, 386.088 in/sec2 (z directien)

k11 segments

Weight 10 lbs 2

Inertia 0.5, 0.5, 0.5 1lb-sec -in
Contact

Ellipsoid 4" radii spheres centered at cg

ball joints

flexure
spring 1000 ir lb/deg. , stop 20 deg.
torsion
spring 500 in lb/deg. , stop 30 deg.
Integrator Test Numbers 40, 10, 0.05 (Reference segments only)
Print interval Sms 1,3,5,7
initial step 0.25ms
Max. step 1. 0ms
Min. step 0.2ms
Segments
1-2 Free fall
3.4 Segment 4 to contact plane 1 with 10000 1b/in
force, friction coef. = 0.5
5-6 Segment 6 to contact plane 2 with 10 1b/in force,
friction coef, = (0.5,elastic impulse on comtact
coef. of restitution = 1.
7 Roll-slide on 32" radius sphere attached to ground,

friction coef. = 0.5, static friction coef. = Z.0
impulse on contact;coef, of restitution = 0
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TEST RUN #2 4 Segments

cm-kg-sec units, gravity vector 980.66, 0, O cm/sec2 (x direction)

All Segments

Weight 5k 9
Inertia 0.5, 0.5, 0.5 kg-sec -cm
Centact
ellipsoids 10 cm spheres offset + lcm on x axis

Joints
Flexure . 2
spring 1000 kg-cm/deg , _ 1 kg cm /deg)
cnergy dissipation 0.5 ; stop 50 deg
Torsion
spring 500 kg-cm/deg
stop 30 deg
i Viscous
char. 1 kg cm sec/deg, ramp 10deg/sec
Joint 1 initially locked
unlock at 1000 kg-cm
relock at 10 kg-cm, 0.5 rad/sec
Joint 3 impulse at joint stop,

coef. of restitution = 0

Integrator Test Numbers 100, 25, 0.05 (reference segments only)

Print

interval Ims 1,3
Initial step 0.25ms
Max. step 1.0ms

Min. step 0.2 ms
Segments
i-2 Segment 2 to contact plane 1 attached to ground, force=

1800 kg/cm, friction coef. = 0.05

-4 Segment 4 to roll-slide on plane 1 attached to vehicle,
friction coef=0.5, static friction coef. = 2.0
coef. of restitution on impact = 0.
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TEST RUN #3 10 segments

in-1b-sec units, gravity vector 0, 0, 386.088 in/sec2

All segments
weight 10 1bs 9
Inertia .5, 6.5, 0.5 1b-sec -in
(Segment 2 has wi=inertia=0)

Contact Ellipsoids - 10 in radii spheres centered on g

Joints
flexure
spring 1000 lb-in/deg

torsion
spring 500 1lb-in/deg

viscous
char none

Integrater Test Numbers 100, 25, .05 (reference segments only)

Print interval Sms s 1,4,7,8

Initial step 0.25ms, Max. 1lms, Min. 0.25ms
Segments

1-2-3 Segment 1 to contact plane i,

force 1000 ib/in, coef. of friction (0.5
Segment 2 is singular {zero mass)

4-5-6 Segment 4 to coatact plane 1 (as above)
flexible element with segment 5 to maintain a yaw,.
pitch, roll ef one-half of the relative yaw, pitch
and roll between 4 and 6

7-8 Segment 7 to contact plane 1 (as above)
Spring damper attached between segments,
310 in. nominal length, spring constant 80000 lb/fin
damping constant 100 1b sec/in

9-10 Segment 9 to contact plane 1 (as above)
Tension elemcnt attached between segments
10 in. nominal length, spring constant 10000 1b/in
damping censtant 10 1b sec/in )
effective masses 0.01, 0.01, 0.005 1b sec”/in
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PIN BETWEEN 1 & 3
BALL BETWEEN S & 6

200 in./sec
9
1 i | i
CONTACT PLANE 50 {in.)
10 X
20 b
¥
SPRING DAMPER TENSION
8 10 (A)
X
7 )
4 B, ol 3 i { 1 ] 1 ]
CONTACT PLANE 50 {in.) CONTACT PLANE 50 (in.}
e e
10 b 10 |-

ik

1

TEST RUN #3

FIOURE 12,3
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Section 13

SUBROUTINE, COMMON BLOCK AND VARIABLE
CROSS REFERENCE CHARTS

Several subroutine cross reference charts are presented to assist’ the
user in locating variable usage in the program. A matrix of common block usage
in the program subroutines 1is presented in Figure 13.1. Subroutine call cross
relerence information 1s Figures 13.2 and 13.3. The program uses its own set of
utility routines and calls to these subrovtines are referenced in Figure 13.4.
The next five figures 13.5 thru 13.10 prescnt variable, subroutine cross refer-

ence by common blocks.
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