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1.0 INTRODUCTION
1.1 General

The purpose of this project has been to expand the Crash Victim
Simulation software, originally developed at Calspan Corp. The objec-
tives were to: 1. review the capability of advanced features of the
software; 2. improve the contact algorithm in the CVS; 3. develop soft-
ware for use in correlation and validation studies; and, 4. apply the
software to problems in side impact. This three volume report consi-
ders the first two of the objectives.

1.2 Organization of Report

This report is organized in three volumes. The first volume deals
with the analysis of the new features and is supplementary to the ini-
tial CVS writeups (1) and updates (2). This volume is intended for the
analyst who wishes to understand the basic assumptions incorporated in
this model. The second volume presents an updated user's manual for the
entire CVS model as now constituted and is expected to serve as suffi-
cient documentation for the ordinary user of the model. The third vol-
ume presents information concerning the CVS model as a computer program
and is intended for professional programmers who need to make changes in
the program.

Volume One contains sections dealing with the new ellipsoid-plane
contact algorithms, the material properties now available, and shared
deflection.

Volume Two contains sections dealing with the updated, machine-
produced input writeup, a general description of output options and an
example run.

Volume Three contains sections describing the layout of packing
tables for variable information, the structures of the program and a de-
tailed Tayout of possible output from the program.

1.3 Scope of Changes

The HSRI Version of the CALSPAN CVS Model is based on Version 18A
of that model augmented by some of the corrections of Version 19 con-



cerning Euler joints. HSRI refined the contact algorithms for ellipsoid-
panel interactions. Three important basic problems in the contact algo-
rithms were addressed. The first problem is accurate computation of de-
flections even for the case of complete penetration of an ellipsoid into
a contact surface. The second problem is the computation of contact
forces based on mutual deformation of the interacting elements. The
third problem is handling of permanent deformation by contact surfaces.

The contact section of the old CVS was largely replaced with an al-
gorithm based on the approach taken in earlier HSRI models (3,4,5) in-
corporating some of the ideas of British Leyland (6). In our early
dealings with the old CVS, we modified the input section to read and
check the ID field of the input cards. In addition, we modified the out-
put section to use only one logical device and to print optionally in
equal increments of simulated time. These changes were made to partially
facilitate the use of the model. A more general specification of vehicle
initial conditions and more flexibility in reporting of kinematics were
later incorporated for the same reason. In general, we have followed
the policy of making changes only where such changes were defendable by
their utility to Occupant Side Impact Simulation.

1.4 References

1. Fleck, J. T., Butler, F. E., Vogel, S. L., "An Improved Three-Dimen-
sional Computer Simulation of Vehicle Crash Victims", Calspan Corp.,
Buffalo, 4 vols., NTIS Nos. PB241692-5.

2. Butler, F. E., Addendices to reference 1., A-K, Calspan Corp., Buf-
falo, unpublished.

3. Robbins, D. H., Bennett, R. 0., and Roberts, V. L., "HSRI Three-Di-
mensjonal Crash Victim Simulation: Analysis, Verifications; Users'
Manual, and Pictorial Section," HSRI, The University of Michigan,
Ann Arbor, NTIS No. PB208242, June 1971.

4, Robbins, D. H., Bennett, R. 0., and Bowman, B. M., "HSRI Six-Mass,
Three-Dimensional Crash Victim Simulation," HSRI, The University of
Michigan, Ann Arbor, NTIS No. PB239476, Feb. 1973, 302 p.

5. Bowman, B. M., Bennett, R. 0., and Robbins, D. H., "MVMA Two-Dimen-
sional Crash Victim Simulation, Version 3," HSRI, The University of
Michigan, Ann Arbor, 3 vols., NTIS Nos. PB235753/1, 236907/2,
236908/0, 684 p., 1974.



6. Butterfield, K. R., "The Computation of the Maximum Penetration of
an E1lipsoid Through a Panel," Report No. NA2, British Leyland,
unpublished, July 1976, 5 p.




2.0 THE ORGANIZATION OF PACKED INTERNAL TABLES

The contact algorithms developed for the HSRI version of the CVS al-
low a great deal of flexibility in number and attachment of both ellip-
soids and planar panels. This flexibility makes the use of a tree-type
data structure effective. The essence of this type of structure is that
the tables include data elements which function to describe the organiza-
tion of the table itself. Such data elements are called control elements
and point to the beginning of a part of the tables, or state the amount
of information present, or in some cases identify the type of information.

2.1 The Advantages and Disadvantages of Packing

The advantages of this type of data structure are maximizing flexi-
bility in what combinations of data that can be specified and minimizing
the use of computer storage. The disadvantages are the complexity of
programming and the longer computer times involved in accessing through
the structure. Experience in earlier models has shown that the advan-
tages outweigh the disadvantages for the storage of contact information.

2.2 Packing Used in CVS Contacts

The following tables present a complete description of the data
structure employed. The information described in these tables physi-
cally resides in two large arrays, one integer and one real. A value of
KONTL (the beginning index of the standard area) is provided by means of
a COMMON. When you look in the integer array with index KONTL, you find
first the word of the Standard Control Area entry as shown in Table 1.
The first four words or elements give the number of body segments, planar
panels, interactions, and materials. Then follows the index of the be-
ginning element of the Secondary Table Beginnings entry described in
Table 10. This serves as a backdoor into the interaction, G-R, tangen-
tial, bivariate polynomials and bivariate table information. The next
NSEG (the number contained in the first element) elements contain the
index of the first element of an entry of one of the body segments. Each
of those entries is laid out as specified in Table 2.

This is the way these tables are used, going from table to table
looking for the pointer to the next table until the index of the piece



of information that is needed is obtained. The next paragraph is a more

formal restatement of the explanation just given.

The Standard Area of the Control Array serves as a table of con-
tents for the other control entries and is presented as Table 1.  The
Standard Area refers to the other control entries by recording the
beginning index in the Control Array of each entry. For convenience
sake, each type of control entry has a particular name assigned to the
beginning index of the "typical entry." The following Tables present the
layout of each such typical control entry. The control entries in turn
record the beginning indices of information entries and working storage
entries. It should be understood that all entries occur as often as needed

by the data set for each run and that the typical entry merely presents the
format of each such entry. Tables 1 through 19 contain integer informa-
tion and tables 20 through 32 contain real information.

TABLE 1 Standard Control Area

Relative Index Description

KONTL Number of body segments (m) (NSEG)

KONTL + 1 Number of planar panels (n) (NPL)

KONTL + 2 Number of interactions active (1)

KONTL + 3 Number of materials (k)

KONTL + 4 Secondary Table Beginnings Entry beginning index (KESTAB)
KONTL + 4 + I,I=1,m Beginning indices of segment controls (KSEG)

(Zero indicates no such entry.)
KONTL + 4 + m + I,I=1,n Beginning indices of planar panels (KPAN)

¥OﬁTL +4 +m+n+ I,I= Beginning indices for material properties (KMATL)

TABLE 2 Typical Segment Control Entry

Relative Index Description

KSEG Number of ellipsoids for this segment (k)

KSEG + 1 through Beginning indices for ellipsoid control entries
KSEG + k (KELLP)




TABLE 3  Typical Planar Panel Control Entry

Relative Index Description
KPAN Beginning index of real information entry (KPANR)
KPAN + 1 Beginning index of material control entry (KMATL)
Zero indicates panel considered rigid.
KPAN + 2 Switch NINTRL = Body Segment Number means Input W.R.T. Body;

NVEH = NSEG+1 means Input W.R.T. Vehicle;
NGRND = NSEG+NBAG+2 means Input W.R.T.
Inertial

KPAN + 3 Solid switch (0 = isolated, 1 = face of solid) (ISOLAT)
KPAN + 4 Number of time points (NUMTIM)
KPAN + 5 through Panel Name (16 characters)
KPAN + 8
KPAN + 9 Number of plane in input
KPAN + 10 External panel number
KPAN + 11 Current time point beginning index (KPANRE)
KPAN + 12 Last time point beginning index
KPAN + 13 Switch (LEDGSW)

= 0 for Normal Scaling

=1 for No Edge Scaling

= 2 for No Depth Scaling

= 3 for No Scaling

TABLE 4 Typical Ellipsoid Control Entry
Relative Index Description
KELLP Beginning index of real information entry (KELR)
KELLP + 1 Beginning index of material control entry (KMATL)
Zero indicates ellipsoid considered rigid.
KELLP + 2 Body segment number attached to
KELLP + 3 through Name of ellipsoid (16 characters)
KELLP + 6
KELLP + 7 Beginning index of B Matrix Entry or zero if
no ellipsoid-ellipsoid contact allowed (NBMATX)

KELLP + 8 Number of allowed panels (NPALOW)
KELLP + 9 Number of allowed ellipsoids (NEALOW)
KELLP + 10 Beginning index of allowed panel entry (KKPALOW)
KELLP + 11 Beginning index of allowed ellipsoid entry (KEALOW)
KELLP + 12 External ellipsoid number



TABLE 5 Typical Allowec ETlipsoid Entry

Relative Index Description

KEALOW through NEALOW entries of form: o

KEALOW + 2*NgALOw -1 0 Beginning indices of allowed ellipsoids (KELLP)
+1 Beginning indices of ellipsoid-ellipsoid

interaction controls (KACT)

TABLE 6§  Typical Allowed Panel Entry

Relative Index Description

KPALOW through NPALOW entries of form:

KPALOW + 2*NPALOW - 1 0 Beginning indices of allowed panels (KPAN)
+] Beginning indices for ellipsoid-pane’

interaction controls (KACT)




TABLE 7  Typical Material Control Entry

Relative Index Description
KMATL Beginning index of real information (KMATR)
KMATL + 1 Loading Curve Specification

if < 0,-KPOLY polynomial beginning index
if = 0, zero properties
if > 0, NBIVTK table beginning index

KMATL + 2 Friction class (IFRIK)

KMATL + 3 G-R Table Beginning Index (KGRTAB)
if=0,6=0.and R=1.

KMATL + 4 Unloading Switch (MUNLSH) =
1 G-R unloading
2 Unload on loading curve
3 Gonly
4 G as slope only
5 1,3,4 mixed
6 G=0. and R=1.

KMATL + 5 Loading curve Type =

LODTYP Means
-7 bivariate random table
-6 rate table .
-5 bivariate general polynomial .
-4 4th to 6th power rate polynomial
-3 cubic rate polynomial .
-2 quadratic rate po1yqom1a1
-1 Tinear rate polynomial .
+1 linear deflection po]ynom1a1.
+2 quadratic deflection p01¥n0m1a1
+3 cubic deflection po]ynom!a1 .
+4 4th to 6th power deflection polynomial
+5 bivariate linear polynomial
+6 deflection table
+7 bivariate lattice table
KMATL + 6 External Material Number
KMATL + 7 through Material Name (16 characters)

KMATL + 10




TABLE 8 Relationships of LODSWT to LODTYP's for Shared Deflection.

LODTYP for second force producer

1 2 3 4 5 6 7 -1 -2 -3 -4 5 -6 -7
S
Q
S| +1| +2| +3| +4] 45| +6 [ +12] +5| -5| -5 -5] -5| +12[+12
©
e 2 +2| +2| +3| +4| -5/ +7 | +13] -5| -5 -5 -5| -5| +13{+13
213 +3| +3| +3| +4] -5| +8 | +13 -5| -5| -5| -5 -5| +13[+13
3 4 +4] +4| +4] +4] -5 +9 | +13 -5} -5] -5| -5| -5 +13]+13
S +5] -5] -5] -5] +5[+12 [ +13] +5| -5| -5 ] -5] -5| +12|+13
“1 6 +6] +7| +8] +9[+12[+10 [+ +12 [ +13] +13 [+13 [ +13 [ +11 [+
- 7 +12[+13[+13[+13]+13]+11 | +11] +12 | 413 | +13 [ +13 [ +13 | +11 | +11
= -] +5| -5] -5] -5 +5[+12 [ +12] -1]| -2| -3| -4 -5 -6 [|+12
172 -5{ -5 -5] -5] -5[+13 |+13 -2] -2| -3} -4| -5] -7 [+13
S| -3 -5] -5 -5] -5] -5[+13|+13] -3] -3| -3| -4 -5| -8 [+13
“1-4 -5 -5] -5 -5] -5[+13|+13] -4 -4] -4| -4 -5 -9 [+13
&1 -5 -5] -5 -5 -5] -5[+13|+413] -5| -5] -5 -5 ] -5| +13[+13
51 -6 +12[+13[+13[+13[+12[ 417 [ +11] -6 -7 -8 | -9 [+13 | -10 [ +11
S| -7 +120 4131 +13]+131+13[+11 [ +11] +12 1 +13 ] +13 [ +13 1 +13 | +11 | +11

TABLE 9 Relationships of LODSWT to Routine Used for Shared Deflection.

LODSWT ROUTINE

-10 thru -6  SHARED via SHARET (rate only)

-5 SHAREG

-4 thru +4 SHARED (positive deflection only;

negative rate only)

+5 SHAREL (bivariate linear)

+6 thru +10  SHARED via SHARET (deflection only)

+11, 412 SHAREL via SHARET (bivariate linear)

+13 SHAREG after set-up in SHARET




TABLE 10

Relative Index

KESTAB
KESTAB + 1
KESTAB + 2

KESTAB + 3

KESTAB + 4

TABLE 11

Relative Index

KIACT
KIACT + 1

KIACT + 2 through
KIACT+NIPLEL+1

Secondary Table Beginnings Entry

Description

Interaction Table of Contents Beginning Index (KIACT)
G-R Table Table of Contents Beginning Index (KNTLGR)

Tangential Specification Table of Contents Beginning
Index (KNTANG)

Bivariate Polynomials Table of Contents Beginning
Index (KPOLYC)

Bivariate Tables Table of Contents Beginning Index
(NBIVIC)

Interaction Table of Contents Entry

Description

Number of Allowed Interactions (NINACT)

Number of Allowed Plane-E1lipsoid Interactions
(NIPLEL)

NIPLEL entries of form:

Beginning Index of Interaction Control of Plane-
E1lipsoid Type (KACT)

(NINACT-NIPLEL) entries of form:

KIACT+NIPLEL+2 through

KIACT+NINACT+

Beginning Index of Interaction Controls of
Ellipsoid-E11ipsoid Type (KACT)

TABLE 12 G-R Table of Contents Entry
Relative Index Description
KNTLGR Number of G-R Tables (NTABGR)
KNTLGR + 1 NTABGR entries of form:
through KGRTAB 0  Number of points in Table (NPTSGR)

KNTLGR + 2*NTABGR

TABLE 13

+1  Beginning index of Real Entry (KTBGRR)

langential Specifications Table of Contents Entry

Relative Index

KNTANG

KNTANG + 1 through
KNTANG + 3*NUTANG

Description

Number of Tangential Specifications (NUTANG)

NUTANG entries of form:
0  Friction class A (IFRIKA)
+1 " Friction class B (IFRIKB)

+2  Beginning index of real entry (KTANG)

10




TABLE 14 Typical Interaction Control Entry

Relative Index Description
KACT Interaction type (INACT)
1 = ellipsoid-panel

2 = ellipsoid-ellipsoid

KACT + 1 Beginning index of second force producer (KPAN or
KELLP2)

KACT + 2 Beginning index of first force producer (KELLP)

KACT + 3 Beginning of real work entry established Tast time
(kacTR)

KACT + 4 Beginning of real work entry being established cur-
rent time (contains current output) (KACTO)

KACT + 5 Beginning of integer work entry established last
time (KACTI)

KACT + 6 Beginning of integer work entry being estab]ished
current time (KACTJ)

KACT + 7 Shared deflection switch (KSHAR)

(0 = both hard; 1 & 2 names soft one; 3 and up
both (LODSWT) soft; < 0 rolling)

KACT + 8 Number of this interaction in order of scanning of
all interactions of this type

KACT + 9 Be?innin§ index of tangential force specification
KTANG

TABLE 15 Typical Interaction Integer Work Entry

Relative Index Description

KACTI (or KACTJ) Contact control switch (ns, ETAS)
KACTI + 1 Contact corner switch (”SB’ ETASB)
KACTI + 2 Contact edge switch (”SE’ ETASE)

KACTI + 3 Algorithm control for first force producer (IALGOR) =
regular loading
regular unloading
regular reloading
alternative reloading
saturation loading
saturation unloading
saturation reloading
breakdown loading
breakdown unloading
10 breakdown reloading
11 complete breakdown
if unloading complete--negative sign applied.

OCOoONOOTOITDWwN —

KACTI + 4 Algorithm control for second force producer (JALGOR)
(Settings the same as IALGOR).
KACTI + 5 IA0 -1 oproportional materials

0 first time
+1  thereafter

KACTI + 6 Contact control switch (”r’ ETAR)

1




TABLE 16 Bivariate Polynomials Table of Contents Entry

Relative Index Description

KPOLYC Number of Bivariate Polynomials (NBPOLY)
KPOLYC + 1 through NBPOLY Entries:

KPOLYC + 2 NBPOLY 0 External polynomial number (NPOLYE)

1 Beginning Index of Polynomial Specification
Entry ?KPOLY)

TABLE 17 Table of Contents Entry for Bivariate Tables

Relative Index Description
NBIVTC Number of Bivariant Tables (NUMBIV)
+1 External Table No. (NBIVEX)
+2 Beginning index of individual table control
(NBIVTK)
TABLE 18 Typical Control Entry for Individual Bivariate Table (Non-Lattice Case)
Relative Index Description
NBIVTK Beginning index of real bivariate table entry (NBIVRL)
NBIVTK + 1 Column spacing index for box description (NBIVLC)
NBIVTK + 2 Switch: 0 = linear interpolation, 1 = log inter-
polation
NBIVTK + 3 Number of boxes (NBILVN)
NBIVTK + 4 through NBIVLN entries of form:

NBIVTK + 2*NBIVLN + 3 0 Beginning index of box entry (NBIVRB)

TABLE

Relative

+1  Number of points in box entry (NBIVBN)

19 Typical Entry for Individual Bivariate Table (Lattice Case)

Index Description

NBIVTK

NBIVTK
NBIVTK
NBIVTK
NBIVTK
NBIVTK
NBIVTK
NBIVTK
NBIVTK
NBIVTK

+ + F + + o+ + + o+

Set -1 for x-dependence only, -2 for y-dependence
only, -3 for both (LATCON)

Beginning index of Real X Entry (KBIVXL)
Beginning index of Real Y Entry (KBIVYL)
Beginning index of Real Force Entry (KBIVFL)
Number of X Entries (NEIVX) (0 if LATCON = -2)
Number of Y Entries (NBIVY) (0 if LATCON =-1)
Number of Force Entries (NBIVF)

Interpolation switch as before (INMETA)

Last X number (LBIVX)

Last Y number (LBIVY)

O 00 N OO O B w N =
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TABLE 2p
Relative Index
KPANR through

KPANR + 2T1*NUMTIM - 11

0
+1
+4
+7
+10
+11

+12
+15
+18

TABLE 21

Typical Panel Real Information Entry

Description

NUMTIM entries of form.

+10 through +20.
t
1» Yo I
X2, Yo, I

Xy5 Y

X3, Y3, 13

The Tast such entry omits

Effective time

Coordinates of point 1
Coordinates of point 2
Coordinates of point 3

Time Ramp Length for Velocities

Time Span Covered by Current
time segment

Coordinate slopes of point 1
Coordinate slopes of point 2

Coordinate slopes of point 3

Typical Ellipsoid Real Information Entry

Relative Index

KELLPR (KELR)
KELLPR + 3

KELLPR + 6

KELLPR + 9

KELLPR + 10 through
KELLPR + 18

TABLE 22

Relative Index

NBMATX through
NBMATX + 8

Description

A, B, C

Xas Yos 2

0* '0° "0

¥, 6, ¢
r
De

Semi-major axes

Coordinates of center relative
to body segment system.

Euler angles of ellipsoid system
relative to body segment system.

Effective radius

Direction cosine matrix of ellip-
soid system from body system.

Typical Ellipsoid B-Matrix Entry

Description

B matrix stored in columns

where
At o0 o
T 2
B=D,| 0 1/B° 0 D,
0 0 1/c2



TABLE 23  Typical Material Real Information Entry

Relative Index Description

KMATR Force Saturation Value (FSAT, = 0 for no test)

KMATR + 1 Saturation Unloading Slope (DM, < 0, use as G
instead)

KMATR + 2 Yield Point (DC)

KMATR + 3 Start Breakdown (DE)

KMATR + 4 Finish Breakdown (DF)

TABLE 24 Interaction Real Work Entry

Relative Index Description

KACTR (or KACTO) Deflection of first force producer (5]).

KACTR + 1 Deflection of second force producer (62).o
KACTR + 2 Deflection rate of first force producer (6]).
KACTR + 3 Deflection rate of second force producer (32).
KACTR + 4 Combined deflection (¢).

KACTR + 5 Combined deflection rate ().

KACTR + 6 Force (FN).

KACTR + 7 Tangential force (FT)' )

KACTR + 8 Tangential deflection (&).

KACTR + 9, + 10, + 11 Contact point in segment 1 system (X1, Y1, Z1)
KACTR + 12, + 13, + 14 Contact point in segment 2 system (X2, Y2, Z12)

KACTR + 15, +16 Ellipsoid center in panel system (XX0, YYO0)
KACTR + 17 Friction force(FF).
KACTR + 18 Snap back force (FR).
KACTR + 19, + 20, + 21, Unloading coefficients UNLCOF (1 to 5)

+ 22, +23
KACTR + 24 Turnaround point to being unloading (2, BOG).
KACTR + 25 Permanent deflection (w, 0G)
KACTR + 26 Turnaround point to begin reloading (w, 0GB)
KACTR + 27 Fraction of force produced by pure deflection

terms (S)

KACTR + 28 Energy

Note: KACTR + 29 through KACTR + 38 are the corresponding information for
the second force producer that KACTR + 19 through KACTR + 28 are
for the first force producer.

14



TABLE 24

Relative Index

KACTR + 39
KACTR + 40

KACTR + 41
KACTR + 47

KACTR + 48
KACTR + 49

KACTR + 50

KACTR + 51
KACTR + 52

KACTR + 53
KACTR + 54
KACTR + 55

KACTR + 56

KACTR + 57

KACTR + 58

through

Interaction Real Work Entry (continued)

Description

Coefficient used in shared deflection involving
tables (A0)

Time of last contact (TM)

Coefficients used in shared deflection (CGO’ C06’
Ci50 Cogs C335 Cgp» Csy resp§ctive1y)

Tangential deflection rate (%)

X-coordinate (in panel system) of reference point
for edge effects (XX1)

Y-coordinate (in panel system) of reference point
for edge effects (YY1)

Previous value of DELTA (5p) => RQ(KACTOQ+4)

Distance from mid point of panel to point of first
contact (dmid)

Total Deflection Double Time Derivative (3)
Total Deflection Triple Time Derivative (35

Partial of Force w.r.t. deflection for 1st material
(PFD(1)).

Partial of Force w.r.t. deflection for 2nd material
(PFD(4)).

Partial of Force w.r.t. deflection rate for 1st
material (PFDD(1)).

Partial of Force w.r.t. deflection rate for 2nd
material (PFDD(4)).

15



TABLE 25  Typical G-R Table Real Entry

Relative Index Description
KTBGRR through NPTSGR entries of form:
KTBGRR + 3*NPTSGR - 1 0 Deflection (&)

+1  G-Ration (G)
+2  R-Ratio (R)

TABLE 25 Typical Tangential Real Information Entry

Relative Index Description

KTANG Friction coefficient 0 (FMUO)
KTANG + 1 Friction coefficient 1 (FMU1)
KTANG + 2 Friction coefficient 2 (FMU2)
KTANG + 3 Snap back coefficient 1 (A1)
KTANG + 4 Snap back coefficient 2 (A2)
KTANG + 5 Maximum force (FTMAX)

KTANG + 6 Velocity ramp Tength (TVON)

TABLE 27 Typical Bivariate Polynomial Real Specification

Relative Index Description

KPOLY through Coefficients of terms of form: A.. $ oJ where

KPOLY + 26 order is presented on E.5.A. - E. %3c descrip-
tion.

TABLE 28 Typical Real Bivariate Table Entry (Non-Lattice Case)

Relative Index Description
NBIVRL X of lower left corner point of control box
NBIVRL + 1 Y of lower left corner point of control box
NBIVRL + 2 X of upper right corner point of control box
NBIVRL + 3 Y of upper right corner point of control box
NBIVRL + 4 X increment for control box
NBIVRL + 5 Y increment for control box
NBIVRL + 6 Offset to one

TABLE 29 Typical Real Box Entry for Bivariate Tables
Relative Index Description
NBIVRB through NBIVBN entries of form:
NBIVRB + 3*NBIVBN - 1 0 X coordinate of point

+1 Y coordinate of point
+2  Force value for point
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TABLE 30 Typical Real Bivariate Table Horizontal Information Entry
(Lattice Case)

Relative Index Description

KBIVXL through X Values
KBIVXL + NBIVX-1

TABLE 31 Typical Real Bivariate Table Vertical Information Entry
(Lattice Case)

Relative Index Description

KBIVYL through Y Values
KBIVYL + NBIVY-1

TABLE 32 Typical Real Bivariate Table Force Entry (Lattice Case)

Relative Index Description

KBIVFL Offset

KBIVFL + 1 through Force Values ((Fij, i = 1, NBIVS), j =1
KBIVFL + NBIVF NBIVY)
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3.0 STRUCTURE OF PROGRAM

The HSRI Version of the CVS is organized into 133 subprograms. The
following three sections provide information concerning the function, the
linkage, and the communication among these subprograms.

3.1 Functional Breakdown

The CVS has been organized into subprograms to achieve efficiency of
code and ease of understanding. Structured programming has not been em-
ployed in this development, but most of the logical principles involved have
been generally followed. Table 33 lists the 133 subprograms and presents a
short description of each subprogram.
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Routine

ADJUST

AIRBAG

AIRBGG

AIRBGI
AIRBG3

BELTG

BELTRT
BGG

BINPUT
BIVIN

BLDEFL

BLKDTA
BLOCK

BOXSCN
BXINFO
CFACTT
CHAIN

CINPUT
CMPUTE

Table 33 Subprogram Description Table (1 of 7)

Description

recomputes values of the parametric forms for state variables.
Used to reconstruct time history when time increment is changed.

for each airbag, controls interaction with panels and body seg-
ments, computes differential pressure and forces and torques on
bag and segments.

computes volume of intersection of airbag with body segments or
panel.

processes input cards and does initialization for airbags.

calculates thermodynamic properties and updates linear and angu-
lar position and velocity of each airbag.

computes tangent points, vectors from tangent points to anchor
points and length of belt segments.

computes belt forces and torques.

computes volume of intersection of airbag with body segment or
panel and force and torque per unit pressure on each.

processes input cards for occupant and initializes

processes input cards and initializes for bivariant polynomials,
bivariant tables and G-R tables for materials

determines penetration, location, and velocities for an ellipsoid
against a planar panel in terms of the panel system.

initializes various constants

determines next box of points for table interpolation search for
nearest points

searches box of points for nearest points to interpolation point
determines box parameter for box of points
computes matrix transpose of cofactors and determinant

computes linear positions and velocities for all segments from
that of the first and of vehicle

processes input cards for materials and contacts

controls the evaluation of acceleration for a given set of para-
metric forms for state variables and time
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CONTCT

CROSS
CSOLID
CUBRUT

DAUX

DAUX11

DAUX12

DAUX22

DAUX31

DAUX32

DAUX33

DAUX44
DAUX55
DEBUG

DHHPIN

DINT
DOTT31
DOTT33
DOT 31

DOT33

Table 33 Subprogram Description Table (continued) (2 of 7)

controls computation of forces and torques generated by body
segments contacting panels or other body segments or belts or
airbags

computes vector cross product

computes proper scaling factor for edge effects

computes cube root of a number

evaluates system linear and angular accelerations after applying
external forces and constraints

used by DUAX to compute sub-matrices C]] and R] in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices C]Z and C21 in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices C22 and R2 in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices C]3 and C3] in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices C23 and C32 in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices C33 and R3 in order to eli-
minate body accelerations

used by DAUX to compute sub-matrices for flexible elements
used by DAUX to compute sub-matrices for singular elements
processes debug input into switch values

sets up proper direction cosine matrix for pinned or unpinned
joint
controls integration steps between print times

calculates matrix from two vectors; A X BT

performs matrix multiplication; A X BT

performs matrix multiplication of matrix transpose times a
vector

performs matrix multiplication; AT XB
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DRCYPR

DSETD

DSETQ

DSMSOL
Dzp

EDEPTH
EFUNCT
EJOINT
ELONG

ELTIME

ENTCOL
ENTROW
ENTVAL
EQUILB

ERRMSG
EULRAD

EVALFD

FINPUT
FLXSEG
FOEVAL

Table 33 Subprogram Description Table (continued) (3 of 7)

sets up direction cosine matrix for rotation angles yaw, pitch
and roll

updates direction cosine matrix using an incremental angular
motion and renormalizes it

computes new direction cosine matrix from original and incremental
motion expressed in quaternion form

solves as set of simultaneous linear algebraic equations

computes state variables from parametric forms and evaluates ex-
ponential weights

determines depth of penetration for two ellipsoids
computes non-linear spring torque for Euler joints
computes torques for Euler joints
computes arc length on an ellipse

counts number of times some subroutines are used and accounts for
computer times used by them

enters a column of values into a matrix
enters a row of values into a matrix
enters a single value into a matrix

adjusts initial input position values so that initial normal contact
forces are equal to either supplied values or constraint force values

prints proper fatal error message

computes procession, mutation and spin angles from direction co-
sine matrix

evalues derivative, value or integral of a function in the TAB
array

processes input cards for allowed contacts
does calculation for flexible segments

computes contact force for single material only with unloading,
saturation and breakdown
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FRCDFL
FSMSOL

GETGR

GLOBAL
HEDING
HERRON
IMPLS2
IMPULS

INITAL
INTERL

INTERP
INTERS
IOVRLP
IREGN

LOADSW

LOADTP
LODFEL
LOKIDJ

LOOKID

LTIME
main

MAINPG

Table 33 Subprogram Description Table (continued) (4 of 7)

evalues force-deflection function in the TAB array at a point

solves a set of simultaneous equations, the coefficient matrix
of which is stored as submatrices

gets proper G and R values for the material for unloading
does calculations for globalgraphic joints

prints titles on output pages

computes angle values for use in joint stops

called by UPDATE when a joint Tocks to apply proper impulse

computes linear and angular accelerations from an impulse and
modifies linear and angular velocities

processes input cards for occupant initial position

does a bivariant interpolation, first finding the four nearest
points

does the actual interpolation from INTERL
determines intersection for two ellipsoids
determines whether edge effects on a panel overlap

determines in which part of a panel the contact occurs; for de-
termination of edge effects

given Toading type indices for two materials, determines compo-
site interaction index

determines loading type index for a material
controls contact interaction calculation

checks that input card being read is one expected for non-unique
cards

checks that input card being read is one expected for unique
cards

measures CPU elapsed time in units of .01 seconds
defines lengths of IQ and RQ storage arrays

control input, initialization, integration and output of program
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MAT31
MAT33
NEARPT

NEWPAG

NORLOD

ORTHO

OUTPUT
PANEL
PDAUX
PHITAB

PLANIN

PLELP

PLOTR1
PLOTR2
PLSEGF

PLTXYZ
PRINT

PRIPLT
PSOLID
PUSHER

Table 33 Subprogram Description Table (continued) (5 of 7)

performs matrix multiplication of a matrix times a vector
performs matrix multiplication of two matrices

determines the four closest points to a given point, for inter-
polation in a random table

determines whether a new page is needed for neat printing of the
input data

evaluates table or polynomial material force for given deflection
and deflection rate

generates a set of right-handed orthonormal vectors from a given
one

controls final printed output
sets up required panel parameters for airbag
interfaces between DINT and DAUX to set up system

fits a linear polynomial to a table and determines the valid
range

does planar interpolation from three points, used in the random
interpolation routines

controls computation of forces and torques from body segments con-
tacting panels

writes initial and constant data for off-line plots
writes time point data for off-line plots

obtains force for segment-segment contact case and applies this
force to segment force and moment arrays

stores plot characters into printer plot arrays

prints selected variables from selected routines at each time
point

sets up printer plot arrays for Y-Z and X-Z plane views
computes proper reference point for edge effects

allots space in integer and real storage arrays for input data
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Table 33 Subprogram Description Table (continued) (6 of 7)

QBUG prints out contents of integer and real storage arrays for de-
bugging purposes

QSET used to recompute time history when time step is doubled

RCRT computer radius of curvature of ellipsoid at point normal to a
specified plane

RDT computer rotation matrix for an angle about an axis

RSTART controls reading and writing of program variables for restart
capability of program and redefines new variables from input

SEARCH finds new variables to be redefined

SEGSEG controls computation of forces and torques from body segments
contacting other body segments

SETACT sets up the entries in the packing tables for interactions of the control
of the computation of force

SETUP] sets up initial values of certain arrays used in DAUX before contact
routines

SETUP2 sets up initial values of certain arrays used in DAUX after contact
routines

SHARED computes contact force when both materials are functions of deflec-
tion only

SHAREG computes contact force when both materials are general

SHAREL computes contact force when both materials are linear in deflection

and deflection rate

SHAREM computes contact force based on the assumption of effective depen-
dence upon deflection

SHARET sets up coefficients to be used in SHARED and SHAREL
SINPUT processes input cards for vehicle interior, belts, constraints,

spring damper functions, tangential force functions and body sym-
metry options

SLVCBC solves a cubic equation for a root in a specified range

SLVGEN solves a general equation (4th to 6th order) for a root in a spe-
cified range

SPDAMP computes forces and torques from spring dampers

TODAY obtains the day's date from the computer
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TRANBY

TRIGFS
TURNPT

UPDATE
UPDFDC
VEHPOS
VINPUT
VISCOS
VISPR
XDY

YPRDEG

ZUMARY

Table 33 Subprogram Description Table (continued) (7 of 7)

converts coordinates from any body segment system to the inertial
system

computes components of data parameters dependent upon time step

calculates exact material turnaround point; ie deflection for
which deflection rate is zero

updates conditions before and after an integration step
updates functions in the TAB array

computes vehicle position and velocity components
processes input cards and initializes for vehicle motion
computes coulomb friction and viscous torques at joints
computes viscous and spring torques at joints

performs matrix multiplication of vector times matrix times
vector

computes yaw, pitch, and roll angles in degrees from direction
cosine matrix

controls reading and printing of output data from binary file
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3.2 Linkage Structure

The Tlinkage between the 133 subprograms is too complex to be illustrated
in a conventional flow diagram. Tables 34 and 35 have been developed to sum-
marize the linkage structure in a simple but convenient way. Table 34 lists
each subprogram and each routine that it calls. Table 35 is the inverse list-
ing each subprogram and each routine that calls it. Both tables are useful
depending which way you are following a chain of logic.

26



Tahle 34 LINKAGE CROSS REFERENCE--PART 1, CALLER-CALLFD (1 of &)

Caller Used

ADJUST

AIRBAG AIRBGG, CROSS, DOT31, ELTIME, MAT31; DSQRT

AIRBGG BGG, DOT31

AIRBGI DOT31, DOT33, DRCYPR, LOKIDJ, MAT33, PANEL ; DSQRT, MOD

AIRBG3 AIRBGG, DOT31, ELTIME, MAT31, PANEL, YPRDEG

BELTG CROSS, ELONG, MAT31; DABS, DATANZ, DMAX1, DMIN1, DSQRT

BELTRT BELTG, CROSS, DOTT33, DOT31, ELTIME, FRCDFL, MAT31

BGG CROSS, DOT31, EDEPTH, INTERS, MAT31, MAT33, ORTHO, RCRT;
DARSIN, DSQRT

BINPUT DRCYPR, ELTIME, LOKIDJ, LOOKID, NEWPAG, PUSHER; IABS

BIVIN LOKIDJ, LOOKID, NEWPAG, PUSHER; DABS, DLOG, DMAX1.

BLDEFL CROSS, DOTT33, DOT33, MAT31; DMAX1, DMINT, DSQRT

BLKDTA DATAN2

BLOCK MAXO, MINO, MOD

BOXSCN

BXINFO DMIN1, MAXO

CFACTT

CHAIN CROSS, DOT31, ELTIME; IABS

CINPUT BIVIN, FINPUT, LOADTP, LOKIDJ, LOOKID, NEWPAG

CMPUTE DZP, OUTPUT, PDAUX

CONTCT AIRBAG, BELTRT, ELTIME, PLELP, SEGSEG, SETACT; IABS

CROSS

CSOLID DSQRT

CUBRUT

DAUX CHAIN, CONTCT, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33,

DAUX44, DAUX55, EJOINT, ELTIME, FLXSEG, FSMSOL, PRINT, SETUP1,
SETUP2, SPDAMP, VEHPOS, VISPR; DABS, IABS
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (2 of 6)

Caller Used

DAUX11 ELTIME; IABS

DAUX12 ELTIME; IABS

DAUX22 DOT31, ELTIME; IABS

DAUX31 ELTIME; IABS

DAUX32 ELTIME; IABS

DAUX33 ELTIME

DAUX44 ELTIME; IABS

DAUX55 ELTIME; IABS

DEBUG LAND, SHFTR

DHHPIN

DINT ADJUST, CMPUTE, ELTIME, OUTPUT, PDAUX, QSET, TRIGFS, UPDATE; DEXP,
DMIN1

DOTT31

DOTT33

DOT31

DOT33

DRCYPR MAT33, ROT

DSETD CFACTT; DABS, DCOS, DSIN, DSQRT

DSETQ CFACTT; DABS

DSMSOL DABS

DzZP ELTIME; DABS, DEXP

EDEPTH DSMSOL, MAT33; DABS, DSQRT

EFUNCT DABS, DSIGN
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (3 of 6)

Caller Used

EJOINT CROSS, DOT31, DOT33, EFUNCT, ELTIME, EULRAD, GLOBAL, MAT31, ROT,
VISCOS; DABS, DSQRT, IABS

ELONG DABS, DCOS, DSIN, DSQRT

ELTIME LTIME; FLOAT

ENTCOL

ENTROW

ENTVAL

EQUILB CHAIN, DAUX, DOT31, DRCYPR, MAT31, OUTPUT, PRINT, XDY; DABS, DSQRT

ERRMSG

EULRAD DABS, DARCOS, DATAN2, DMOD, DSIGN

EVALFD DABS, DMAX1, DMINI

FINPUT EVALFD, LOKIDJ, LOOKID, PUSHER; DABS, IABS

FLXSEG CROSS, DOTT33, DOT31, DOT33, DRCYPR, ELTIME, MAT31, MAT33, XDY;
DARSIN, DATAN2, DCOS, DSIN, DSQRT

FOEVAL GETGR, NORLOD, TURNPT; DABS, IABS

FRCDFL EVALFD

FSMSOL ELTIME; IABS

GETGR

GLOBAL FRCDFL, HERRON; DABS, DARCOS, DSQRT

HEDING FLOAT, IABS, MINO

HERRON EVALFD; DATAN2, DSQRT

IMPLS2 DAUX, DOT31, DOT33, DSMSOL, ELTIME, PRINT, XDY

IMPULS CROSS, DAUX, DOT31, EJOINT, ELTIME, MAT31, OUTPUT, PRINT, VISPR;

IABS
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (4 of 6)

Caller Used

INITAL %XégN, DOT31, DRCYPR, ELTIME, EQUILB, LOKIDJ, LOOKID, MAT31, VEHPOS;

INTERL INTERP, NEARPT, PLANIN; DEXP

INTERP

INTERS DSMSOL, MAT31; DABS, DSQRT

IOVRLP

IREGN DABS

LOADSW MAXO, MINO

LOADTP

LODFEL FOEVAL, SHARED, SHAREG, SHAREL, SHAREM, SHARET; DMAX1, DMIN1, IABS

LOKIDJ IABS

LOOKID

LTIME TIME

(main) MAINPG

MAINPG BINPUT, BLKDTA, CINPUT, DEBUG, DINT, ELTIME, ERRMSG, INITAL, LOOKID,
NEWPAG, OUTPUT, PLOTR1, PLOTR2, PRINT, PRIPLT, QBUG, RSTART, SINPUT,
TODAY, VINPUT, ZUMARY ; DABS, MOD

MAT31

MAT33

NEARPT BLOCK, BOXSCN, BXINFO

NEWPAG

NORLOD INTERL; DMAX1, DMINI

ORTHO DSQRT

OUTPUT CROSS, DOTT33, DOT31, ELTIME, HEDING, LOKIDJ, LOOKID, MAT31, YPRDEG;
DARCOS, DSQRT, IABS, MINO

PANEL CROSS, DOT31, MAT31, MAT33

PDAUX CROSS, DAUX, DSETQ, ELTIME, QBUG; DSQRT

PHITAB NEARPT; DABS, DMAX1, DMINI
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (5 of 6)

Caller Used

PLANIN DABS

PLELP BLDEFL, CROSS, CSOLID, DOTT33, DOT31, DOT33, IOVRLP, LODFEL,
MAT31, PSOLID, TRANBY; DABS, DMAX1, DMINT, DSQRT

PLOTRI

PLOTR2

PLSEGF CROSS, DOT31, LODFEL, MAT31; DMINT, DSQRT

PLTXYZ MAT31

PRINT DOT31, YPRDEG; DSQRT

PRIPLT DOT31, ELTIME, PLTXYZ; IABS, MOD

PSOLID IREGN

PUSHER

QBUG IABS

QSET DSQRT

RCRT DSQRT

ROT DABS, DCOS, DSIGN, DSIN

RSTART ELTIME, OUTPUT, SEARCH; DABS, IABS

SEARCH MAXO

SEGSEG CROSS, DOTT33, DOT31, DOT33, DSMSOL, ELTIME, INTERS, MAT31, MAT33,
PLSEGF, PUSHER, XDY; DSQRT, IABS

SETACT LOADSW, PUSHER; DABS, IABS

SETUP1 CROSS, DOT31, ELTIME; IABS

SETUP2 %Eggs, DHHPIN, DOTT31, DOTT33, DOT31, ELTIME, MAT33; DABS, DSQRT,

SHARED SLVCBC, SLVGEN; DABS, DMIN1, DSQRT, IABS

SHAREG FOEVAL, SHARED; DABS, MAXO
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Table 34 LINKAGE CROSS-REFERENCE--PART 1, CALLER-CALLED (6 of 6)

Caller Used

SHAREL DMINI

SHAREM FOEVAL; DABS, DMAX1, DMINT, DSIGN

SHARET PHITAB, SHARED, SHAREL; DMAX1, DMINI

SINPUT AIRBG1, DRCYPR, LOKIDJ, LOOKID, NEWPAG, PUSHER: DMIN1, MOD

SLVCBC CUBRT; DARCOS, DCOS, DSQRT

SLVGEN DABS

SPDAMP CROSS, DOT31, ELTIME, MAT31; DABS, DSQRT

TODAY TIME

TRANBY CROSS, DOT31

TRIGFS

TURNPT DMAX1

UPDATE AIRBG3, CROSS, DAUX, DOT31, ELTIME, IMPLS2, IMPULS, OUTPUT, PRINT,
SETUPZ, UPDFDC, XDY; DABS, DSQRT, IABS

UPDFDC EVALFD, FRCDFL; DMAX1, DSQRT

VEHPOS DFLOAT, DSIN

VINPUT DOT31, DRCYPR, DSETD, LOKIDJ, LOOKID, NEWPAG, YPRDEG; DCOS, DFLOAT,
DSIN, IABS, MOD

VISCOS

VISPR CROSS, DOT33, EFUNCT, ELTIME, GLOBAL, MAT31, VISCOS; DARCOS, DATANZ,
DSQRT, IABS

XDy

YPRDEG DABS, DARSIN, DATANZ, DSIGN

ZUMARY HEDING; MINO, MOD

An
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Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (1 of 6)

Called Users

ADJUST DINT

AIRBAG CONTCT

AIRBGG AIRBAG, AIRBG3
AIRBGI SINPUT

AIRBG3 UPDATE

BELTG BELTRT

BELTRT CONTCT

BGG AIRBGG

BINPUT MAINPG

BIVIN CINPUT

BLDEFL PLELP

BLKDTA MAINPG

BLOCK NEARPT

BOXSCN NEARPT

BXINFO NEARPT

CFACTT DSETD, DSETQ
CHAIN DAUX, EQUILB, INITAL
CINPUT MAINPG

CMPUTE DINT

CONTCT DAUX

CROSS AIRBAG, BELTG, BELTRT, BGG, BLDEFL, CHAIN, EJOINT, FLXSEG, IMPULS,

OUTPUT, PANEL, PDAUX, PLELP, PLSEGF, SEGSEG, SETUP1, SETUP2,
SPDAMP, TRANBY, TRANVI, UPDATE, VISPR

CSOLID PLELP
CUBRUT SLVCBC
DAUX EQUILB, IMPLS2, IMPULS, PDAUX, UPDATE
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Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (2 of R)

Called Users

DAUX11 DAUX

DAUX12 DAUX

DAUX22 DAUX

DAUX31 DAUX

DAUX32 DAUX

DAUX33 DAUX

DAUX44 DAUX

DAUX55 DAUX

DEBUG MAINPG

DHHPIN SETUP2

DINT MAINPG

DOTT31 SETUP2

DOTT33 BELTRT, BLDEFL, FLXSEG, OUTPUT, PLELP, SEGSEG, SETUP2

DOT31 AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTRT, BGG, CHAIN, DAUX22, EJOINT,
EQUILB, FLXSEG, IMPLS2, IMPULS, INITAL, OUTPUT, PANEL, PLELP,
PLSEGF, PRINT, PRIPLT, SEGSEG, SETUP1, SETUP2, SPDAMP, TRANBY,
UPDATE, VINPUT

DOT33 AIRBGT, BLDEFL, EJOINT, FLXSEG, IMPLS2, PLELP, SEGSEG, VISPR

DRCYPR AIRBG1, BINPUT, EQUILB, FLXSER, INITAL, SINPUT, VINPUT

DSETD VINPUT

DSETQ PDAUX

DSMSOL EDEPTH, IMPLS2, INTERS, SEGSEG

DZp CMPUTE

EDEPTH BGG

EFUNCT EJOINT, VISPR

EJOINT DAUX, IMPULS

ELONG BELTG
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Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (3 of 6)

Called Users

ELTIME AIRBAG, AIRBG3, BELTRT, BINPUT, CHAIN, CONTCT, DAUX, DAUX11, DAUX12,
DAUX22, DAUX31, DAUX32, DAUX33, DAUX44, DAUX55, DINT, DZP, EJOINT,
FLXSEG, FSMSOL, IMPLS2, IMPULS, INITAL, MAINPG, OUTPUT, PDAUX,
PRIPLT, RSTART, SEGSEG, SETUP1, SETUPZ2, SPDAMP, UPDATE, VISPR

EQUILB INITAL

ERRMSG MAINPG

EULRAD EJOINT

EVALFD FINPUT, FRCDFL, HERRON, UPDFDC
FINPUT CINPUT

FLXSEG DAUX

FOEVAL LODFEL, SHAREG, SHAREM
FRCDFL BELTRT, GLOBAL, UPDFDC
FSMSOL DAUX
GETGR FOEVAL

GLOBAL EJOINT, VISPR

HEDING OUTPUT, ZUMARY

HERRON GLOBAL

IMPLS2 UPDATE

IMPULS UPDATE

INITAL MAINPG

INTERL NORLOD

INTERP INTERL

INTERS BGG, SEGSEG

IOVRLP PLELP

IREGN PSOLID



Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (4 of 6)

Called Users

LOADSH SETACT

LOADTP CINPUT

LODFEL PLELP, PLSEGF

LOKIDJ AIRBG1, BINPUT, BIVIN, CINPUT, FINPUT, INITAL, OUTPUT, SINPUT,
VINPUT

LOOKID BINPUT, BIVIN, CINPUT, FINPUT, INITAL, MAINPG, OUTPUT, SINPUT,
VINPUT

LTIME ELTIME

MAINPG (main)

MAT31 AIRBAG, AIRBG3, BELTG, BELTRT, BGG, BLDEFL, EJOINT, EQUILB,
FLXSEG, IMPULS, INITAL, INTERS, OUTPUT, PANEL, PLELP, PLSEGF,
PLTXYZ, SEGSEG, SPDAMP, VISPR

MAT33 AIRBG1, BGG, DRCYPR, EDEPTH, FLXSEG, PANEL, SEGSEG, SETUP2

NEARPT INTERL, PHITAB

NEWPAG BINPUT, BIVIN, CINPUT, MAINPG, SINPUT, VINPUT

NORLOD FOEVAL

ORTHO BGG

OUTPUT CMPUTE, DINT, EQUILB, IMPULS, MAINPG, RSTART, UPDATE

PANEL AIRBG1, AIRBG3

PDAUX CMPUTE, DINT

PHITAB SHARET

PLANIN INTERL

PLELP CONTCT

PLOTR1 MAINPG

PLOTR2 MAINPG

PLSEGF SEGSEG

PLTXYZ PRIPLT

PRINT DAUX, EQUILB, IMPLS2, IMPULS, MAINPG, UPDATE

PRIPLT MAINPG

36



Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (5 of 6)

Called Users

PSOLID PLELP

PUSHER BINPUT, BIVIN, FINPUT, SEGSEG, SETACT, SINPUT
QBUG MAINPG, DAUX
QSET DINT

RCRT BGG

ROT DRCYPR, EJOINT
RSTART MAINPG

SEARCH RSTART

SEGSEG CONTCT

SETACT CONTCT

SETUP1 DAUX

SETUP2 DAUX, UPDATE
SHARED LODFEL, SHAREG, SHARET
SHAREG LODFEL

SHAREL LODFEL, SHARET
SHAREM LODFEL

SHARET LODFEL

SINPUT MAINPG

SLVCBC SHARED

SLVGEN SHARED

SPDAMP DAUX

TODAY MAINPG

TRANBY PLELP

TRIGFS DINT

TURNPT FOEVAL




Table 35 LINKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER (6 of 6)

Called Users

UPDATE DINT

UPDFDC UPDATE

VEHPOS DAUX, INITAL

VINPUT MAINPG

VISCOS EJOINT, VISPR

VISPR DAUX, IMPULS

XDY EQUILB, FLXSEG, IMPLS2, SEGSEG, UPDATE
YPRDEG AIRBG3, OUTPUT, PRINT, VINPUT

ZUMARY MAINPG
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3.3 Internal Communication

The communication of information is handled by means of arguments and
commons. Table 36 lists each subprogram which uses arguments together with
the arguments. Table 37 1ists each subprogram together with all the labelled
commons which are used in it. Table 38 is the inverse Tisting each common
together with all subprograms in which it appears. Both tables are useful
depending on which way you are following an information chain. Table 39
is a Symbol Dictionary covering every quantity which appears in an argument
list, a common, or is in a debug printout. At this writing, not all quan-
tities have been defined in this table. The level of effort required was
not within the scope of this contract. Some commons contain temporary sto-
rage and have different uses of the same physical storage in different parts
of the model run. Redefinitions of this sort are specified in the Symbol
Table by postscripting a number sign (#) and a number signifying which de-
finition to the common name.
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Table 36 ROUTINFE ARGHMENT LISTS (1 of 5)

No. of

ROUTINE Arg. Arguments

ADJUST 5 M, D1, N, X(240), DER(240)

AIRBGG 1 J |

AIRBG3 1 IRESET

BELTG 5 D(3,3), BELT(20), Z6(3), BD(24), ZC(3)

BELTRT 5 I, II, MM, M, NT

BGG 19 A(3,3), ZA(3), DA(3,3), BFA(3), VA(3), WA(3), B(3,3), ZB(3),
DB(3,3), BFB(3), VB(3), WB(3), VSCS, IFULL, TV(3)., FRA(3),
TORQ(3), TQB(3), VoL

BLDEFL z M, KELLPR

BLOCK 5 HOMBOX, RADIUS, BOXNUM, NUMROW, NUMCOL ’

BOXSCN 10 LINDEX, X, Y, BOX, XNEAR(10,2), FNEAR(10), MNRAD2, DIST(10),
FARPTR, NCLOSE

BXINFO 9 LINDEX, X, Y, DELMIN, HOMBOX, NUMROW, NUMCOL, MAXBOX,
MINRAD

CFACTT 3 A(3,3), B(3,3), D

CMPUTE 7 K, M, FT, T, N, X(240), DER(240)

CROSS 3 A(3), B(3), c(3)

CSOLIN 1 X0, YO0, 20, X1, X2, Y2, XX1, YY1, Q, RBAR, IETASE

CUBRUT 1 ARG

DAUX 1 I

DEBUG 2 J, IBUG(16)

DHHPIN 5 DD(3,3), BN(3), L, M, N

DINT 10 IN, N, DPTR, HO, HMAX, HMIN, T, X(240), DER(240), NDINT

DOTT31 3 A(3), B(3), €(3,3)

DOTT33 3 A(3,3), B(3,3), C(3,3)

DOT31 3 A(3,3), B(3), C(3)
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Table 36 ROUTINE ARGUMENT LISTS (2 of 5)

No. of

ROUTINE Arg. Arguments

DOT33 3 A(3,3), B(3,3), €(3,3)

DRCYPR 5 D(3,3), A(3), I1, 12, 13

DSETD 3 D(3,3), TH(3),

DSETQ 5 E(3,3), TH(3), ES, EC, D(3,3)

DSMSOL 3 A(LL,1), KK, LL

DZP 6 X(1), 66(5,1), E(3,1), R, M

EDEPTH 9 A(3,3), B(3,3), xM(3), T, Y(3), XA(3), XB(3), XL, XU
EFUNCT 4 TH, THD, SPR(5), JSTOP

EJOINT 2 10, NJ

ELONG 5 A, B, C, D, E

ELTIME 2 L, N

ENTCOL 5 A(2), V(2), N, M, J

ENTROW 5 A(2), V(2), N, M, I

ENTVAL 6 A(2), V, N, M, I, J

EQUILB 1 YPR(3,22)

ERRMSG 1 IFATAL

EULRAD 3 D(3,3), A(3), IC

EVALFD 3 D, N, L

FOEVAL 2 K, IC

FRCDFL 3 D, M, N

FSMSOL 6 c(3,3,1), R(3,1), NN(JN,1), MX, MAXN, JN
GETGR 5 K, KMATL, DEL, G, R

GLOBAL 6 J, HD3(3), DH1(3,3), TQC, T9(3), ANGL(3)
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Table 36 ROUTINE ARGUMENT LISTS (3 of 5)

ROUTINE Xgé.of Arguments

HEDING 2 LINES, KATGRY

HERRON 4 HD3(3), NT1, THETO, THETOP

IMPLS2 3 MODE, J, H(3)

IMPULS 3 11, 12, I3

INTERL 7 LINDEX, X, Y, F, PFD, PFDD, IER

INTERP 8 XCORNR(2,2), DELTA(2), X, Y, F, FNEAR(4), PFD, PFDD

INTERS 7 A(3,3), B(3,3), XM(3), T, X(3), Vv, AX(3)

I0VRLP 4 X1, Y2, Q, RBAR2

TREGN 3 D, R, IETAR

LOADSH 2 L1, L2

LOADTP 3 ND, NR, NC

LODFEL 4 KKACT, FN, FTS, FTF

LOKIDJ 5 I, J, K, M, N

LOOKID 3 I, J, K

LTIME 1 N

MAT31 3 A(3,3), B(3), C(3)

MAT33 3 A(3,3), B(3,3), €(3,3)

NEARPT 10 LINDEX, X, Y, XNEAR(10,2), FNEAR(10), DIST(10), MINBOX,
MAXBOX, FARPTR, NCLOSE

NEWPAG 3 LINE, N, M

NORLOD 5 TDEL, TDELD, FOR, PFD, PFDD

ORTHO 3 P(L,3), X(3), L

OUTPUT 1 10K

PANEL 3 DRR(3,3), ZR(3), JB

PDAUX 4 VAR(3,1), DER(3,1), NEQ, KDINT
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Table 36 ROUTINE ARGUMENT LISTS (4 of 5)

ROUTINE ﬁgé.of Arguments

PHITAB 9 NBIVTK, COEF(27), CZERO, D, R, BOTDT, TOPDT, BOTRT, TOPRT,
PLANIN 8 XN(3,2), FN(3), XV, YV, FV, PFD, PFDD, IER
PLELP 4 KELLP, KPAN, KACT, IPICP

PLOTR1 1 LDNELL

PLOTR2 1 LDNELL

PLSEGF 3 M, N, KACT

PLTXYZ 2 P(3), C

PRINT 1 SUB

PSOLID 13 X, Y, X0C, YOC, X1, X2, Y2, Q, RBAR, XX1, YY1, IETASE, IETAR
PUSHER 3 IDIR, IBEG, NUM

QSET 5 F(5,3,80), Y(5,3,80), X(3,80), DER(3,80), N
RCRT 4 A(3,3), PL(4,3), Z(3), IP

ROT 3 A(3,3), L, TH

RSTART 2 IF, IT

SEARCH 4 AVAR, INDEX, NCOM, ITEM

SEGSEG 3 KELLP, KELLP2, KACT

SETACT 6 KFP1, KFP2, NUMACT, KACSWT, KACT, KKK

SHARED 3 LSWT, LSUB, NCOUNT

SHAREL 1 NCOUNT

SLVCBC 7 u, v, W, BOT, TOP, X, IER

SLVGEN 11 Z, BOT, TOP, CO, C1, C2, C3, C4, C5, C6, IER
TODAY 3 I, J, DATE(3)

TRANBY 3 P(3), PD(3), NBODY
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Table 36 ROUTINE ARGUMENT LISTS (5 of &)

No. of

ROUTINE Arg. Arguments

TURNPT 6 D, DP, DPP, R, RP, RPP
UPDATE 1 I

UPDFDC 1 M

VISCOS 3 ZD, VISC(5), HA

VISPR 2 1J, NJ

XDY 3 X(3), D(3,3), Y(3)
YPRDEG 2 D(3,3), A(3)

ZUMARY 1 ISWT
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Table 37 COMMON IISAGE--PART 1, ROITINE-COMMONS USED (1 of 6)

Routine Commons Used

ADJUST CDINT, CNSNTS, FLECK

AIRBAG ABDATA, CNSNTS, CNTSRF, CONTROL, CYDATA, DESCRP, FNRCES, IOCNTL, IRBASE,
JBARTZ, SGMNTS, TEMPVS, VPOSTN

AIRBGG ABDATA, CNSNTS, CNTSRF, CONTROL, CYDATA, FORCES, IRBASE, JBARTZ, SGMNTS,
TEMPVS, VPOSTN

AIRBG1 ABDATA, CNSNTS, CNTSRF, CONTRL, CYDATA, DESCRP, ERRER, FORCES, INTEST,
IOCNTL, IRBASE, SGMNTS, TEMPVS, TITLES

AIRBG3 ABDATA, CNSNTS, CNTSRF, CONTRL, CYDATA, FORCES, IOCNTL, IRBASE, JBARTZ,
SGMNTS, TEMPVS, VPOSTN

BELTG CNSNTS, CONTRL, IOCNTL, TEMPVS

BELTRT CNTSRF, CONTRL, FORCES, SGMNTS, TABLES, TEMPVS, VPOSTN

BGG CNSNTS, IRBASE, TEMPVS

BINPUT CEULER, CNSNTS, CNTSRF, CONTRL, DESCRP, ERRER, FLXBLE, INTEG, INTEST,
IOCNTL, IRBASE, TEMPVS, TITLES

BIVIN CNSNTS, CNTRLZ, ERRER, INTEG, IOCNTL, IRBASE, REAL

BLDEFL CONTRL, DSTUFF, IOCNTL, REAL, SGMNTS

BLKDTA CNSNTS, TEMPVS

BLOCK

BOXSCN INTEG, REAL

BXINFO INTEG, REAL

CFACTT

CHAIN CONTRL, DESCRP, IOCNTL, SGMNTS, TEMPVS

CINPUT ERRER, INTEG, IOCNTL, IRBASE, REAL, TABLES, TEMPVS

CMPUTE CDINT, CONTRL, IRBASE

CONTCT CONTRL, FORCES, INTEG, IRBASE, JBARTZ, TABLES

CROSS

CSOLID

CUBRUT

DAUX CMATRX, CNSNTS, CONTRL, CSTRNT, DESCRP, ERRER, FLXBLE, IOCNTL, IRBASE,

SGMNTS, TEMPVS
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Table 37 COMMON USAGE--PART 1, ROUTINE-COMMONS USED (2 of 6)

Routine Commons Used

DAUX11 CMATRX, CONTRL, DESCRP, SGMNTS, TEMPVS

DAUX12 CMATRX, CONTRL, DESCRP, TEMPVS

DAUX22 CEULER, CMATRX, CONTRL, DESCRP, SGMNTS, TEMPVS

DAUX31 CMATRX, CONTRL, CSTRNT, DESCRP, TEMPVS

DAUX32 CMATRX, CONTRL, CSTRNT, DESCRP, TEMPVS

DAUX33 CMATRX, CONTRL, CSTRNT, DESCRP, SGMNTS, TEMPVS

DAUX44 CMATRX, CONTRL, CSTRNT, DESCRP, FLXBLE, SGMNTS, TEMPVS
DAUX55 CMATRX, CNSNTS, CONTRL, CSTRNT, DESCRP, FLXBLE, SGMNTS, TEMPVS
DEBUG TOCNTL

DHHPIN CEULER, DESCRP, SGMNTS

DINT CDINT, CNSNTS, CONTRL, FLECK, INTEST, IOCNTL, IRBASE
DOTT31

DOTT33

DOT31

DOT33

DRCYPR CNSNTS

DSETD CNSNTS, IOCNTL

DSETQ CNSNTS, IOCNTL

DSMSOL IOCNTL, IRBASE

DZP CNSNTS

EDEPTH CNSNTS, CONTRL, IOCNTL, IRBASE

EFUNCT

EJOINT CEULER, CMATRX, CNSNTS, CONTRL, DESCRP, FORCES, SGMNTS, TEMPVI, TEMPVS
ELONG

ELTIME GBTIME, IOCNTL
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Table 37 (COMMON IISARE--PART 1, RNIITINE-COMMNNG IISER (3 o €)

Routine Commons Used

ENTCOL

ENTROW

ENTVAL

EQUILB CMATRX, CNSNTS, CNTSRF, CONTRL, CSTRNT, DESCRP, IOCNTL, IRBASE, JBARTZ,
SGMNTS, TABLES, TEMPVS, TITLES

ERRMSG ERRER, IOCNTL

EULRAD CNSNTS

EVALFD TABLES

FINPUT CNSNTS, CONTRL, CSTRNT, DESCRP, ERRER, INTEG, IOCNTL, IRBASE, JBARTZ,
TABLES, TEMPVS, TITLES

FLXSEG CNSNTS, FLXBLE, SGMNTS, TEMPVS

FOEVAL CONTRL, INTEG, IOCNTL, IRBASE, REAL, SHRCMA, SHRCMG, SHRCMH

FRCDFL TABLES

FSMSOL IOCNTL, IRBASE

GETGR INTEG, REAL

GLOBAL CNSNTS, DESCRP, TABLES, TEMPVI

HEDING CNSNTS, COMAIN, CONTRL, FORCES, INTEG, IOCNTL, IRBASE, JBARTZ, OUTCTL,
REAL, RSAVE, TEMPVS, TITLES, ZUMOUT

HERRON CNSNTS, TABLES

IMPLS2 CMATRX, CONTRL, CSTRNT, DESCRP, FLXBLE, IRBASE, SGMNTS

IMPULS CMATRX, CONTRL, CSTRNT, DESCRP, ERRER, FLXBLE, IOCNTL, IRBASE, JBARTZ,

SGMNTS, TABLES, TEMPVI, VPOSTN
INITAL CNSNTS, CONTRL, DESCRP, ERRER, IOCNTL, IRBASE, SGMNTS, TEMPVS, TITLES,

VPOSTN
INTERL BIVTAB, CONTRL, ERRER, INTEG, IOCNTL, MISCL, REAL
INTERP
INTERS CNSNTS, IOCNTL, IRBASE
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Table 37 COMMON USAGE--PART 1, ROUTINE-COMMONS USED (4 of 6)

Routine Commons Used

IOVRLP

IREGN

LOADSH

LOADTP

LODFEL CONTRL, ERRER, INTEG, IOCNTL, IRBASE, MISCL, REAL, SHRCMA, SHRCMB,
SHRCMC, SHRCMD, SHRCME, SHRCMF, SHRCMG, SHRCMH

LOKIDJ ERRER

LOOKID ERRER

LTIME

(main) INTEG, IRBASE, REAL

MAINPG CNSNTS, CNTRL2, CNTSRF, COMAIN, CONTRL, ERRER, FORCES, INTEG, IOCNTL,
IRBASE, MISCL, REAL, RSAVE, RSTUFF, SGMNTS, TITLES, VPOSTN

MAT31

MAT33

NEARPT BIVTAB, INTEG

NEWPAG IOCNTL

NORLOD CONTRL, ERRER, IOCNTL, IRBASE, MISCL, REAL, SHRCMG

ORTHO

OUTPUT CNSNTS, COMAIN, CONTRL, CSTRNT, DAMPER, DESCRP, ERRER, FLXBLE, FORCES,
INTEG, IOCNTL, IRBASE, JBARTZ, OUTCTL, REAL, RSAVE, RSTUFF, SGMNTS,
TEMPVS, TITLES, VPOSTN, ZUMOUT

PANEL CONTRL, SGMNTS

PDAUX CONTRL, DESCRP, FLXBLE, INTEST, IRBASE, SGMNTS, TEMPVS

PHITAB CNSNTS, CONTRL, ERRER, INTEG, IOCNTL, IRBASE. REAL

PLANIN

PLELP CNSNTS, CONTRL, DSTUFF, INTEG, IOCNTL, IRBASE, MISCL, PLSTR, REAL,
SGMNTS, TEMPVS

PLOTRI1 CNTSRF, CONTRL, INTEG, REAL, TITLES

PLOTR2 CNTSRF, CONTRL, INTEG, PLSTR, REAL, SGMNTS, VPOSTN
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Table 37 COMMON USAGE--PART 1, ROUTINE-COMMONS USED (5 of 6)

Routine Commons Used

PLSEGF CSTRNT, INTEG, IRBASE, REAL, SGMNTS, TABLES, TEMPVI, TEMPVS

PLTXYZ CONTRL, SGMNTS, TEMPVS, VPOSTN

PRINT CMATRX, CNSNTS, CONTRL, CSTRNT, DESCRP, IOCNTL, SGMNTS, TITLES

PRIPLT CNTSRF, CONTRL, DESCRP, IOCNTL, JBARTZ, SGMNTS, TEMPVS, TITLES, VPOSTN

PSOLID

PUSHER CONTRL, ERRER, INTEG, IOCNTL, IRBASE, REAL

QBUG INTEG, IOCNTL, IRBASE, REAL

QSET

RCRT

ROT CNSNTS

RSTART ABDATA, CDINT, CEULER, CMATRX, CNSNTS, CNTRL2, CNTSRF, COMAIN, CONTRL,
CSTRNT, CYDATA, DAMPER, DESCRP, FLXBLE, FORCES, INTEG, INTEST, IOCNTL,
IRBASE, JBARTZ, MISCL, OUTCTL, REAL, RSAVE, RSTUFF, SGMNTS, TABLES,
TEMPVI, TITLES, VPOSTN, ZUMOUT

SEARCH

SEGSEG CNTSRF, CSTRNT, FORCES, INTEG, IRBASE, REAL, SGMNTS, TABLES, TEMPVS

SETACT CNTRL2, CONTRL, INTEG, IOCNTL, IRBASE, REAL

SETUP1 CMATRX, CONTRL, DESCRP, IOCNTL, SGMNTS, TEMPVS

SETUP2 CMATRX, CNSNTS, CONTRL, CSTRNT, DESCRP, SGMNTS, TEMPVS

SHARED CONTRL, IOCNTL, MISCL, REAL, SHRCMA, SHRCMB, SHRCMD, SHRCME, VPOSTN

SHAREG CNSNTS, CONTRL, IOCNTL, IRBASE, REAL, SHRCMA, SHRCMB, SHRCMC, VPOSTN

SHAREL CONTRL, IOCNTL, MISCL, REAL, SHRCMA, SHRCMB, SHRCMD, SHRCMF, SHRCMF

SHAREM CONTRL, IOCNTL, IRBASE, REAL, SHRCMA, SHRCMB, SHRCMC

SHARET CONTRL, IOCNTL, IRBASE, MISCL, REAL, SHRCMA, SHRCMB, SHRCMC, SHRCME,
SHRCMF

SINPUT CNSNTS, CNTRLZ2, CNTSRF, CONTRL, CSTRNT, DAMPER, ERRER, INTEG, IOCNTL,

IRBASE, REAL, SGMNTS, TEMPVS, TITLES
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Table 37 COMMON USAGE--PART 1, ROUTINF-COMMONS HISER (A of &)

Routines Commons Used

SLVCBC

SLVGEN CONTRL, IOCNTL

SPDAMP DAMPER, SGMNTS, TEMPVS

TODAY

TRANBY SGMNTS

TRIGFS CDINT, CNSNTS, FLECK

TURNPT

UPDATE CEULER, CMATRX, CONTRL, CSTRNT, DESCRP, FORCES, INTEG, IOCNTL, IRBASE,

JBARTZ, SGMNTS, TABLES, TEMPVI
UPDFDC TABLES

VEHPOS CNSNTS, CONTRL, SGMNTS, VPOSTN

VINPUT CNSNTS, CONTRL, DESCRP, ERRER, INTEST, IOCNTL, IRBASE, SGMNTS, TEMPVS,
TITLES, VPOSTN '

VISCOS

VISPR CEULER, CMATRX, CNSNTS, CONTRL, DESCRP, FORCES, IOCNTL, SGMNTS, TEMPVI,
TEMPVS

XDY

YPRDEG CNSNTS

ZUMARY CNSNTS, COMAIN, CONTRL, FORCES, INTEG, IOCNTL, IRBASE, JBARTZ, OUTCTL,

REAL, RSAVE, TEMPVS, TITLES, ZUMOUT
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Table 38 COMMON USAGE--PART 2, COMMON-ROUTINES USED IN (1 of 3)

Common Routines

ABDATA AIRBAG, AIRBGG, AIRBG1, AIRBG3, RSTART
BIVTAB INTERL, NEARPT

CDINT ADJUST, CMPUTE, DINT, RSTART, TRIGFS

CEULER BINPUT, DAUX22, DHHPIN, EJOINT, RSTART, UPDATE, VISPR

CMATRIX DAUX, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33, DAUX44, DAUX55,
EJOINT, EQUILB, IMPLS2, IMPULS, PRINT, RSTART, SETUP1, SETUP2, UPDATE,
VISPR

CNSNTS ADJUST, AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTG, BGG, BINPUT, BIVIN,
BLKDTA, DAUX, DAUX55, DINT, DRCYPR, DSETD, DSETQ, DZP, EDEPTH, EJOINT,
EQUILB, EULRAD, FINPUT, FLXSEG, GLOBAL, HEDING, HERRON, INITAL, INTERS,
MAINPG, OUTPUT, PHITAB, PLELP, PRINT, ROT, RSTART, SETUP2, SHAREG,
SINPUT, TRIGFS, VEHPOS, VINPUT, VISPR, YPRDEG, ZUMARY

CNTRL2 BIVIN, MAINPG, RSTART, SETACT, SINPUT

CNTSRF - AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTRT, BINPUT, EQUILB, MAINPG,
PLOTR1, PLOTR2, PRIPLT, RSTART, SEGSEG, SINPUT

COMAIN HEDING, MAINPG, OUTPUT, RSTART, ZUMARY

CONTRL AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTG, BELTRT, BINPUT, BLDEFL, CHAIN,
CMPUTE, CONTCT, DAUX, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33,
DAUX44, DAUX55, DINT, EDEPTH, EJOINT, EQUILB, FINPUT, FOEVAL, HEDING,
IMPLS2, IMPULS, INITAL, INTERL, LODFEL, MAINPG, NORLOD, OUTPUT, PANEL,
PDAUX, PHITAB, PLELP, PLOTR1, PLOTR2, PLTXYZ, PRINT, PRIPLT, PUSHER,
RSTART, SETACT, SETUP1, SETUP2, SHARED, SHAREG, SHAREL, SHAREM, SHARET,
SINPUT, SLVGEN, UPDATE, VEHPOS, VINPUT, VISPR, ZUMARY

CSTRNT DAUX, DAUX31, DAUX32, DAUX33, DAUX44, DAUX55, EQUILB, FINPUT, IMPLS2,
IMPULS, OUTPUT, PLSEGF, PRINT, RSTART, SEGSEG, SETUP2, SINPUT, UPDATE

CYDATA AIRBAG, AIRBGG, AIRBGI, AIRBG3, RSTART

DAMPER OUTPUT, RSTART, SINPUT, SPDAMP

DESCRP AIRBAG, AIRBG1, BINPUT, CHAIN, DAUX, DAUX11, DAUX12, DAUX22, DAUX31,

DAUX32, DAUX33, DAUX44, DAUX55, DHHPIN, EJOINT, EQUILB, FINPUT, GLOBAL,
IMPLS2, IMPULS, INITAL, OUTPUT, PDAUX, PRINT, PRIPLT, RSTART, SETUPI,
SETUPZ, UPDATE, VINPUT, VISPR

DSTUFF BLDEFL, PLELP

ERRER AIRBG1, BINPUT, BIVIN, CINPUT, DAUX, ERRMSG, FINPUT, IMPULS, INITAL, INTERL,
LODFEL, LOKIDJ, LOOKID, MAINPG, NORLOD, OUTPUT, PHITAB, PUSHER, SINPUT, VINPUT

FLECK ADJUST, DINT, TRIGFS
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Table 38 COMMON USAGE--PART 2, COMMON-ROUTINES USED IN (2 of 3)

Common Routines

FLXBLE BINPUT, DAUX, DAUX44, DAUX55, FLXSEG, IMPLS2, IMPULS, OUTPUT, PDAUX,
RSTART

FORCES AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTRT, CONTCT, EJOINT, HEDING, MAINPG,
OUTPUT, RSTART, SEGSEG, UPDATE, VISPR, ZUMARY

GBTIME ELTIME

INTEG BINPUT, BIVIN, BOXSCN, BXINFO, CINPUT, CONTCT, FINPUT, FOEVAL, GETGR,

HEDING, INTERL, LODFEL, (main), MAINPG, NEARPT, OUTPUT, PHITAB, PLELP,
PLOTR1, PLOTR2, PLSEFG, PUSHER, QBUG, RSTART, SEGSEG, SETACT, SINPUT,
UPDATE, ZUMARY

INTEST AIRBG1, BINPUT, DINT, PDAUX, RSTART, VINPUT

IOCNTL AIRBAG, AIRBG1, AIRBG3, BELTG, BINPUT, BIVIN, BLDEFL, CHAIN, CINPUT,
DAUX, DEBUG, DINT, DSETD, DSETQ, DSMSOL, EDEPTH, ELTIME, EQUILB,
ERRMSG, FINPUT, FOEVAL, FSMSOL, HEDING, IMPULS, INITAL, INTERL, INTERS,
LODFEL, MAINPG, NEWPAG, NORLOD, OUTPUT, PHITAB, PLELP, PRINT, PRIPLT,
PUSHER, QBUG, RSTART, SETACT, SETUP1, SHARED, SHAREG, SHAREL, SHAREM,
SHARET, SINPUT, SLVGEN, UPDATE, VINPUT, VISPR, ZUMARY

IRBASE AIRBAG, AIRBGG, AIRBG1, AIRBG3, BGG, BINPUT, BIVIN, CINPUT, CMPUTE,
CONTCT, DAUX, DINT, DSMSOL, EDEPTH, EQUILB, FINPUT, FOEVAL, FSMSOL,
HEDING, IMPLS2, IMPULS, INITAL, INTERS, LODFEL, (main), MAINPG, NORLOD,
OUTPUT, PDAUX, PHITAB, PLELP, PLSEGF, PUSHER, QBUG, RSTART, SEGSEG,
SETACT, SHAREG, SHAREM, SHARET, SINPUT, UPDATE, VINPUT, ZUMARY

JBARTZ AIRBAG, AIRBGG, AIRBG3, CONTCT, EQUILB, FINPUT, HEDING, IMPULS, OUTPUT,
PRIPLT, RSTART, UPDATE, ZUMARY

MISCL INTERL, LODFEL, MAINPG, NORLOD, PLELP, RSTART, SHARED, SHAREL

OUTCTL HEDING, OUTPUT, RSTART, ZUMARY

PLSTR PLELP, PLOTR2

REAL BIVIN, BLDEFL, BOXSCN, BXINFO, CINPUT, FOEVAL, GETGR, HEDING, INTERL,

LODFEL, (ma1n) MAINPG NORLOD, OUTPUT, PHITAB, PLELP,PLOTR1, PLOTRZ,
PLSEGF,PUSHER, QBUG, RSTART, SEGSEG SETACT, SHARED, SHAREG, SHAREL,

SHAREM, SHARET, SINPUT, ZUMARY

RSAVE HEDING, MAINPG, OUTPUT, RSTART, ZUMARY

RSTUFF MAINPG, OUTPUT, RSTART

SHRCMA FOEVAL, LODFEL, SHARED, SHAREG, SHAREL, SHAREM, SHARET
SHRCMB LODFEL, SHARED, SHAREG, SHAREL, SHAREM, SHARET

SHRCMC LODFEL, SHAREG, SHAREM, SHARET

SHRCMD LODFEL, SHARED, SHAREL
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Table 38 CAMMON NISAGE--PART 2, GOMMON-ROITTNES USED TN (3 af 3)

Common Routines

SHRCME LODFEL, SHARED, SHAREL, SHARET

SHRCMF LODFEL, SHAREL, SHARET

SHRCMG FOEVAL, LODFEL, NORLOD

SHRCMH FOEVAL, LODFEL

SGMNTS AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTRT, BLDEFL, CHAIN, DAUX, DAUX1T1,
DAUX22, DAUX33, DAUX44, DAUX55, DHHPIN, EJOINT, EQUILB, FLXSEG, IMPLSZ,
IMPULS, INITAL, MAINPG, OUTPUT, PNAEL, PDAUX, PLELP, PLOTR2, PLSEGF,
PLTXYZ, PRINT, PRIPLT, RSTART, SEGSEG, SETUP1, SETUP2, SINPUT, SPDAMP,
TRANBY, UPDATE, VEHPOS, VINPUT, VISPR

TABLES BELTRT, CINPUT, CONTCT, EQUILB, EVALFD, FINPUT, FRCDFL, GLOBAL, HERRON,
IMPULS, PLSEGF, RSTART, SEGSEG, UPDATE, UPDFDC

TEMPVI EJOINT, GLOBAL, IMPULS, PLSEGF, RSTART, UPDATE, VISPR

TEMPYS AIRBAG, AIRBGG, AIRBG1, AIRBG3, BELTG, BELTRT, BGG, BINPUT, BLKDTA,
CHAIN, CINPUT, DAUX, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33,
DAUX44, DAUX55, EJOINT, EQUILB, FINPUT, FLXSEG, HEDING, INITAL, OUTPUT,
PDAUX, PLELP, PLSEGF, PLTXYZ, PRIPLT, SEGSEG, SETUP1, SETUP2, SINPUT,
SPDAMP, VINPUT, VISPR, ZUMARY

TITLES AIRBG1, BINPUT, EQUILB, FINPUT, HEDING, INITAL, MAINPG, OUTPUT, PLOTRI,
PRINT, PRIPLT, RSTART, SINPUT, VINPUT, ZUMARY

VPOSTN AIRBAG, AIRBGG, AIRBG3, BELTRT, IMPULS, INITAL, MAINPG, OUTPUT, PLOTRZ,
PLTXYZ, PRIPLT, RSTART, SHARED, SHAREG, VEHPOS

ZUMOUT HEDING, OUTPUT, RSTART, ZUMARY
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9s

IFATAL or
ITEM debug ID

B
B(3)

B(3,3)=TT(3,3)
B(9,4,5)

BA

BA(3,4)

"BAGPV(5) 1-1-1

BAGSF(3,20)

BAGTTL(5,6)

BB
BD(24,25)

BDYTTL(5)
BELT(20) 2-1-1

BELT(20,8)

BFB(3,4,5)

Table 39 SYMBOL DICTIONARY (3 of 53)

COMMON
DSTUFF
TEMPVS#2

TEMPVS#15
ABDATA
TEMPVS#17
TEMPVS#1

ABDATA
FORCES

TITLES

DSTUFF
CNTSRF

TITLES

CNTSRF

ABDATA

ROUTINE(S)

BELTG

SEGSEG

SETUP2

BGG

BELTG

DEFINITION
square of BB

coefficient of equation of belt plane
ellipse

semiaxes of panels for airbags

contact surface ellipsoidmatrix and
ellipsoid center in airbag system

undistorted volume of airbags

computed output quantities for airbag-
segment contacts

descriptive titles for the possible
airbags

semiaxis of ellipsoid

ellipsoid information for belts and
airbags

descriptive title for the occupant

local name of BELT(20,8) in BELTG for
current belt entry

coordinates of anchor points and body
segment contact point and slack of belts

coordinates of airbag contact ellipsoid
centers with respect to airbag center of
gravity



LS

Table 39 SYMBOL DICTIONARY (4 of 53)

IFATAL or

ITEM debug ID COMMON ROUTINE(S) DEFINITION

BLTTTL(5,8) TITLES descriptive titles for the various belts

BN(3) TEMPVS#7 DAUX22

BOT 14-1-3 SHARED lower value of the valid range for shared
deflection

BOTD 14-21-1 SHRCME Tower value of the valid range for deflec-
tion for shared deflection

BOTR 14-2-1 SHRCME lower value of the valid range in deflection
rate for shared deflection

BSF(4,20) FORCES strain and force for both parts of each belt

BSN(2) TEMPVS#16 PRIPLT

BX(3) TEMPVS#2 BELTG partial result: Tlast half of ellipsoid
equation for belt anchor B

B12(3,3,42) CMATRX submatrix B]2

B31(3,3,24) CSTRNT submatrix B3] in constraint equations

B32(3,3,24) CSTRNT submatrix B32 in constraint equations

B42(3,3,24) FLXBLE submatrix B42 in constraints for flexible
elements

C DSTUFF square of CC

€(3,3,400) 4-1-1 TEMPVS#7 DAUX, DAUX11->DAUXS55 matrices for solution of a set of simulta-
neous equations

c(3,3,400) 23 FSMSOL matrices for solution of a set of simulta-

neous euqations
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g9

IFATAL or
ITEM debug ID
DP(2)
DPTG( 3,3) 21,11-2-3
DPTGD( 3,3) 12-2-1
DPVCTR(3,5)
DRR(9,4,3)
DSTEPN
DSTEPX
DT
DUNIT(3)
DV(3)
DV(3) 7-1-2
DVEH(3,3)
DWR1(3) 7-1-2
DWR2(3) 7-1-2

DWR3(3) 7-1-2

Table 39 SYMBOL DICTIONARY (11 of 53)

COMMON
SHRCMC

DSTUFF

DSTUFF
ABDATA

ABDATA

SHRCMC

SHRCMC

COMAIN
TEMPVS#19

TEMPVS#19

TEMPVS#20

ROUTINE(S)

SPDAMP
SPDAMP

IMPULS
VINPUT
IMPULS
IMPULS
IMPULS

DEFINITION

previous value of deflection in each force
producer in shared deflection

direction cosine matrix of panel system
w.r.t. inertial system

time derivative of DPTG(3,3)

vector along which airbag c.g. lies during
inflation

direction cosine matrix of orientation of
airbag panels in vehicle reference

minimum step in deflection in shared deflec-
tion

maximum step in deflection in shared deflec-
tion

time interval for integration

unit vector components of line of action
of a spring-damper

components of relative velocity of a spring-
damper

current direction cosine matrix for vehicle
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89

ITEM
ETASE

F
F(27)

F(3,21)
F(5,240)
FAIL

FD
FF

FF
FFM(3)
FFN(3)
FM
FMAX
M3

IFATAL or
debug ID

11-1-1,1*

14-1-12
14-2-1

5-1-1

15-1-2
14-1-4
11-31

11-3-1

11-1-1*

13-1-2
11-1-2

Table 39 SYMBOL DICTIONARY (14 of 53)

COMMON
DSTUFF

SHRCMB

CMATRX
CDINT

TEMPVS#19

TEMPVS #15

TEMPVS#15
DSTUFF
DSTUFF

ROUTINE(S)

INTERL

DINT

SPDAMP
FOEVAL
SHARED
PLELP,PLSEGF
PLELP

PLSEGF

LODFEL
PLELP

DEFINITION

contact edge switch, O=normal contact;
1=corner contact on solid

interpolated bivariant table value

polynomial coefficients of first force pro-
ducer in shared deflection

forces acting on joints
storage of intergration variables

indicates whether any convergence test has
been failed

damping force of a spring-damper
evaluation of force for material

evaluation of force for shared deflection

deflection of contact interaction
square of radius vector of ellipsoid to
point of maximum distance into planar
panel

normal force of a contact interaction

normal force of a contact interaction
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0L

ITEM
FX(10)
FX1(10)
FZERO

F1

F2
F3
G(27)

GC(3,3)
GF(3,4)
GG(5,240)
GH(3,4)
GRAVITY(3)
GZERO

H
HA(3,42)

IFATAL or
debug ID

14-2-1
11-1-2
11-1-2

11-1-2
14-2-1

14-2-1

5-1-1

Table 39 SYMBOL DICTIONARY (16 of 53)

COMMON
TEMPVS#9
TEMPVS #9
SHRCMB

DSTUFF

DSTUFF

SHRCMB

TEMPVS#10
TEMPVS#10
CDINT
FLECK
CNSNTS
SHRCMB

CDINT
DESCRP

ROUTINE(S)
EQUILB

EQUILB

PLELP

FLXSEG
FLXSEG

DEFINITION

constant force term for first force producer
in shared deflection

normal ellipsoid-panel force before any edge
scaling

tangential ellipsoid-panel force before any
edge scaling

polynomial coefficients of second force pro-
ducer in shared deflection

parametric form of state variables

components of the acceleration of gravity

constant force term for second force pro-
ducer in shared deflection

current value of time step

even vectors are fraction of deviation from
full on viscous torgue for each angle. 0dd
vectors are torques for last reversal of
locking.



L

IFATAL or
ITEM debug ID

HAC 10-1-1
HAD
HARDCF

HARDLM
HB(3,42)

HDT(3,3)

HD3(3)

HD3(3) 10-1-1
HEAD(20)

HF(4,12,8)

HH(3)

HH(3,3)

HHT(3,3,12) 9-1-1
HIJ(3,3)

HIM(3,3)

Table 39 SYMBOL DICTIONARY (17 of 53)

COMMON

TEMPVS #21

MISCL

MISCL

DESCRP

TEMPVS#8

TEMPVS#8

TEMPVS#21

TEMPVS#11

FLXBLE

TEMPVS #17
TEMPVS#7
CSTRNT

TEMPVS#8
TEMPVS#8

ROUTINE(S
VISPR

VISPR

EJOINT
EJOINT

VISPR

HEDING

SETUP2

DAUX22

EJOINT
EJOINT

DEFINITION

force deflection linear spring coefficient for
rigid-rigid contact interaction

force deflection force 1imit value for rigid-
rigid contact interaction

direction cosines of axis about which locking
takes place w.r.t. both proximal and digital
systems

components of vector defining ¢ (used to de-
fine angle of joint stop)

components of vector defining ¢(used to define
angle of joint stop)

coefficients of quadratic form function de-
fining orietation of interior segments of
flexible elements

hhT or I—hhT for each constraint
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vL

ITEM
THEX(9)

THEXP

II
II
IJ

1JK(54,54)

ILINES
ILSTEP
ILT
INACT
IND(40)
INDEX(3)

INUM
INZ
IPICP
IPIN(21)

1Q(15000)

IFATAL or

debug ID

24
5-2-1
4-1-1
4-1-1

13-1-1

11-1-1

Table 39 SYMBOL DICTIONARY (20 of 53)

COMMON

RSTUFF

RSTUFF

TEMPVS#7
TEMPVS#7
RSTUFF
RSTUFF
RSTUFF

GBTIME

ERRER
RSTUFF

DESCRP

INTEG

ROUTINE(S)

RSTART

DINT
DAUX, DAUX11-55
DAUX,DAUX11-55

LODFEL

RSTART

PLELP

DEFINITION

debug switch settings in hex for nine time
points

index of next time at which debug switch
settings will be changed

new value of integer variable

integration variable number

contact interaction type indicator

array indices of variable being redefined on
restart

numeral of expected ID of input card

index of panel in plot storage array

indicator of type and initial status of
joints

integer parking array



SL

ITEM
IRSIN
IRSOUT
ISING(22)
ISTEP
ITEM
ITER
ITRY

ITYPE

TUSEIQ
TUSERQ
In

I2

I3

J
JCARD
JJ
JNT(21)

IFATAL or
debug ID

24
6-1-1

24

25

25

25
10-1-1
26
1,2,3,5

Table 39 SYMBOL DICTIONARY (21 of 53)

COMMON
COMAIN
COMAIN
DESCRP
COMAIN

SHRCMB

IRBASE
IRBASE

DESCRP

ROUTINE(S

RSTART
EDEPTH

RSTART

IMPULS

IMPULS
IMPULS
VISPR

EQUILB
SINPUT

DEFINITION
logical unit number for restart input
logical unit number for restart output
indicator of segment singularity
current integration step number
index in its common of variable to be redefined
iteration counter for convergence

indicator of which shared deflection routine is
being tried

type indicator for variable being redefined on
restart

length of IQ in use
length of RQ in use

indicator for routine from which IMPULS is
called

index of contacting segment or joint axis

index of plane, segment or joint axis

second card number for input error

indicator of segment associated with each
joint
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LL

ITEM
KFP1

KFP2
KI(2)
KIP(2)

KKA(20)
KKACT
KKELP
KKI
KKIP
KKK

KKR
KKRP

KKU(2,20)
KMATL

KMAT(2)

IFATAL or
debug 1D
16-1-1

16-1-1

15-1-1
15-1-1
16-1-2

15-1-1

15-1-1

15-1-1

Table 39 SYMBOL DICTIONARY (23 of 53)

COMMON

SHRCMH
SHRCMH

TEMPVS #11
OUTCTL
OUTCTL

TEMPVS#11

SHRCMH

ROUTINE(S)

SETACT

SETACT

HEDING

FOEVAL
FOEVAL
SETACT

FOEVAL

FOEVAL

HEDING

DEFINITION

beginning index of second force producer con-
trol entry

beginning index of first force producer con-
trol entry

index of current KALGOR for both force pro-
ducers

index of previous KALGOR for both force pro-
ducers

index of current KALGOR
index of previous KALGOR

index in IQ where KACT will be inserted in
allowed contact tables of contents

beginning index of current array for unloading
parameters

beginning index of previous array for unloading
parameters

beginning index of material control entry for
both force producers

beginning index of material control entry for
both force producers
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6L

ITEM

KQ2(12)

KR(2)

KRP(2)

KSHAR
KSWT(2)

KTITLE(31)
KUSE
K1

K2

L

LASKAT
LASNRN
LDNCAR
LDNELL

LDNHIC
LDNPLT

IFATAL or
debug ID

9-1-1

13-1-1
14-2-1

10,16-1-3
46

46

14-1-11

Table 39 SYMBOL DICTIONARY (25 of 53)

COMMON
CSTRNT

SHRCMH

SHRCMH

SHRCMF

TEMPVS#6

OUTCTL
OUTCTL
TOCNTL
TIOCNTL

ITOCNTL
TIOCNTL

ROUTINE(S)

LODFEL

CINPUT, FINPUT

PUSHER
SETACT

SETACT

PHITAB

DEFINITION

segment indices for second points to be con-
strained

beginning index of current array for unloading
parameters for both force producers

beginning index of previous array for unloading
parameters for both force producers

shared deflection indicator

polynomial table switch for both force produ-
cers

temporary storage for titles
present length of array

beginning index of material control entry for
first force producer

beginning index of material control entry for
second force producer

logical unit number for input

logical unit number for special ellipsoid
post processor

logical unit number for HIC output

logical unit number for printer-plot output



uorjeuabusajul AuaAs burjuiuad it
pa2jutuad 8q 03 sjuirod Bwl]l JO JdQWNU wNWLXew

J4aqunu prosdi| |9 30e3UO0D

payoejje st pios
-dL® 30°3U0D yYoLym 03 juawbas Apoq O xvpul

93PJ4 UOL}DD|4Op 4O UOLII3|4dp SL UOLIDD |4

-9p padJeys J40j uUOL}R[dA4 3J404 Bulrqrudsap uolL]
-enba jo a|qeiLaeA juapusdapul 43Y3aYym S3jedLpul

UoL3}23|49p padeys 404
uoije|ad ad404 bBurqruosap uorienba jo u4apuo

saaonpoud 32404 Yy30q JO SUMOJ
BuLaapLsuod uoL}129|jap padeys jo adA} sauiryap

A43ud [o4aquod 3jqe3 jo xapul bBuruuibaq

a3 ua
LO43U0D 3|qe] ajeLdeAlq Jo xapui bupuupbaq

oa|lqLssod Aeuue jo yjbua| wnwyxew

suoL329 4
-3p paJeyS J0j SUOLIRUIIL 40 J3QUNU WNWLXeW

bY 40 yjbua| ajqe|LeAe wnwixew
DI J0 yjbuay| o|qe|LeAe wnwixew
3ndino Aueurq 40) udqunu 3run (eoiboy
Indino pajuiud 40y uaqunu 3run [earboy

NOILINI4d3d

INdNIS

d131d

Q3AVHS

Q3UVHS

1NdNID

THILNI
d43HSNd

(SYaN1LnoY

11LNJOI

1nonWnz

dWIUHS

OWIUHS
ISYAII
EN LD
TLNDOI
1LNDOI
NOWWOD

(€5 40 92) AYVUNOILIIG T09WAS 6€ 3Lqel

L=L-tt

€E-L-vlL

€-L-vl

L-L-vlL
14

v-2-vL°LE
€-1-91°01

oL‘8-L-¥lL

a1 bngap
40 TYLYAI

NITXVW

1MST
dd1

d430y¥01

1MSaon
avon

X3ANIT
LIWIT

INIWIT
0YN3T
OINIT

AAMNAT

J4dNaT

Wil

80



andino Au03siy awi} jo sadAiy
SnoLJdeA 3yl 404 sjurod 404 S32Lpul Juawbas

payoejje st Jsadwep-buiuads
30 pus puodas ystym 03 Juawbas o sadipul

payoejje st uadwep-buruds
30 pud 3su4li yorym o3 juawbas Jo sadipul

S} 19q
Y3}LM pajeLdosse Saotpul pLosdijl® pue juswbas

xapul pLrosdi||a 3de3U00 Apoq

3d713INW prosdi(i@ 3203
-u0d Apoq J40j S3}2LJU0D PIMO||e JO J3qunu [el03

1189 yoes yiim
joeud3ul 03 pamojle sjuawbas Apoq j0O uaqunu

bequie yoea 32e3u0d 03 sjuauwbas jo Jaqunu

p4ed 3ndul jo Jaaqunu pa3}dadxa JO an|eA

39e3U0d judwbas-3|aq
yoea J40j suaqunu °p- L prosdi||d o juawbas

bequre yoea 30e3
-u0d 031 paMmo||e sadlpul prosdL||® pue juawbas

NOILINI43d

INdNId
INdNId

1NdNI4

93593S°49357d

AYYWNZ “ONIA3H

S)3ANILNOY

JNTLED

JAVSY

d3dWva

d3dWva

9#SAdW3L

Zigvar
Zlyvar
d3dy3

S L#SAdWIL
1NoWnz

L L#SAdW3L

Zravae

Zryvae
NOWWO2

(€S 40 £Z) AYYNOILDIQ T0SWAS 6€ @LqeL

(Ot )NILW

(£°02)9SK

(0Z)NaswW

(02)Wasw

(€)SN=(€)SKW
6L°9L°G1 JdT3INW

91 REREL

(8)L719NW
(9)9vaNW
dX3W

4JW

4SaW
(0z)1doan

(8°s‘e)L1aw
(9°0L‘€)ovean

a1 bngsp W3LlI
40 YLV41

81



uoLjeaall 40 xapul

uoLjeudail 0 xapui

$30e3U00 Juawbas-313aq 40 Jaqunu

9snh ulL s31|aq jJO0 Jaqunu

A4qud
[043U0D 3|qe3 |eL4ajew jo xapul Buruulbaq

S3uUa3juod jo 3|qel
S9|qe} 91eLUBALQ 40 -Lun JO x3apul bBupuuirbaq

s3oejuod juawbas-bequaie 404 jutud 03 43qunu
asn ul sbequie jo uaqunu

a1qe3
UOL3eU3|328p 3|2LYaA 40) sjuirod awil O Jaqunu

payoejje si aued aeued yoLym o3
(punouab pue 3|5tyaA buipniout) aaqunu juauwbas

feade gyl ul SIUBWA[d 40 43quNu | B3 03

suoL3ouny aulLyap
03 pasn Aeade gyl U} SIUBWI|d JO Jaqunu

NOILINI43Q

W3IUVHS
IJUYHS
1dv1Sy
935935°493S7d

AYYWNZ “ONiQ3H

V1 1IHd

d131d

(S)aNILnod

G L#SAdWIL
INTLED
S32404

LL#SAdW3L
TYINOD

ISYaQI
S3J2404
T41NOD

NLSOdA

S31avl

S3Tavl
NOWWOD

(€6 30 82) AMVYNOILIIQ 109WAS 6€ ®LqeL

oL-l-vL LNNODN

8-L-vL 1INNODN

v2 WOON

40N

(ot )IN

4SaN

(02)1dOaN

17aN

02 NLATEN

LL-L-¥L JLAIGN

45949N

9y AN

av.LYN

L-L-LL N

Ll 29LXKW

L9LXW

a1 bngap W3ILI
40 VLY4I

82



€8

ITEM
NCRD
NDINT

NEDGE
NELP
NELSEG

NEQ
NF(5)

NFLEX(3,8)

NFLX
NFX
NGRND

NIX
NJ

NJINT
NJ2

IFATAL or
debug ID

12-1-1

14,28

11,14

19

28
28, 4-1-1

Table 39

COMMON

ERRER
COMAIN

CONTRL

COMAIN

TEMPVS#6

FLXBLE

FLXBLE

CONTRL

SHRCMF

CONTRL

ROUTINE(S

BLDEFL

SINPUT

FINPUT

BINPUT

FINPUT

DAUX

SYMBOL DICTIONARY (29 of 53)

DEFINITION
number of input card as read

number of iterations for integration conver-
gence test

index of maximum deflection in EDGE(8)
number of body ellipsoids

number of body segment to which ellipsoid M
is attached

number of integration variables

index of old material properly functions for
belts and joints

identification numbers of reference, interior,
and terminating segment for each interior
segment

total number of interior segments for all
flexible elements

number of segments for which HF arrays are
to be supplied (must equal NFLX)

ind§x of ground (ie inertial reference sys-
tem

defines order of shared deflection forms type

body contact ellipsoid index; belt index;
joint index

number of joints



ITEM
NN

NPANEL (6)

NPL
NPRT(11)

NPSF

NQ
NQ2s

NRPCAT
NS

NSD
NSEG
NSG(7)

NSSF
NSTEPS

NSYM(22)

IFATAL or
debug ID
23
28
28

Table 39 SYMBOL DICTIONARY (30 of 53)

COMMON ROUTINE(S)

FSMSOL

FORCES

CONTRL
CONTRL

FORCES
CSTRNT

TEMPVS#7 DAUX,DAUX11-33,

DAUX55
OUTCTL
DESCRP
DAMPER
CONTRL
RSAVE

FORCES
COMAIN

SGMENTS

DEFINITION
contains location in array of I, J elements
for solution of a set of simultaneous equa-
tions

number of planar panels allowed to contact
the airbags

number of planar panels

switch array for various optional diagnostic
output

number of plane-segment contact interactions

number of constraints to be supplied

number of singular segments
number of spring-dampers to be supplied
number of segments

number of selected points for the various
types of time history output

number of segment-segment contact interactions

number of time steps to be integrated (defines
program run time covered)

segment symmetry option switches
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98

ITEM

PCYMIN(5)

PCYV(5)

PD(5)
PFD

PFD(6)

PFDD

PFDD(6)

PFDDP(2)

PFDP(2)

PHI(3,22)

PI
PL(3)

IFATAL or
debug ID

15-2-1

15-2-1

11-2-3

Table 39 SYMBOL DICTIONARY (32 of 53)

COMMON
ABDATA

ABDATA

ABDATA

SHRCMA

SHRCMA

SHRCMC

SHRCMC

DESCRP

CNSNTS
DSTUFF

ROUTINE(S)

NORLOD

NORLOD

DEFINITION

previous value of CYMIN(5) at last airbag
integration step

previous value of CYV(5) at last airbag
integration step

differential pressure for airbags

evaluation of partial derivative of force with
respect to deflection

partial derivative of force with respect to
deflection for each force producer for the
three possible evaluations in shared deflec-
tion

evaluation of partial derivative of force with
respect to deflection rate

partial derivative of force with respect to
deflection rate for each force producer for
the three evaluations in shared deflection

previous value of PFDD for each force producer
in shared deflection

previous value of PFD for each force producer
in shared deflection

components of segment principle moments of
inertia

value of =

coefficients of equation of plane of planar
panel



(8

IFATAL or
ITEM debug ID
PLANE(4,3)
PLD(3) 11-2-3
PLOT1(120,60)
PLOT2(120,60)
PLTPL(4,3,20)
PPFD 15-1-2
PPFDD 15-1-2
PP2(3) 21
PP3(3) 21
PREVT
PRINT(6,21)
PTD(3)
PVBAG(5)
PYMOUT(5)
POD(3) 12-2-1

Table 39 SYMBOL DICTIONARY (33 of 53)

COMMON ROUTINE(S)
TEMPVS#1 BGG
DSTUFF
TEMPVS#16 PLTXYZ,PRIPLT
TEMPVS#16 PLTXYZ,PRIPLT
PLSTR

FOEVAL

FOEVAL

PLELP

PLELP
ABDATA
FORCES
TEMPVS#10 FLXSEG
ABDATA
ABDATA

BLDEFL

DEFINITION

equation of plane at maximum penetration point
for airbags

time derivatives of PL(3)

storage of plot image for Y-Z view
storage of plot image for X-Z view
planar panel corner point coordinates

evaluation of partial derivative of force with
respect to deflection

evaluation of partial derivative of force with
respect to deflection rate

value of TIME at previous airbag integration
step

compute output quantities for joints

previous values of VBAG(5) at last airbag
integration step

previous values of CYMOUT(5) at last airbag
integration step.

ellipsoid center velocity vector relative
panel



88

ITEM
P1(3)

P1(3)
P1D(3)

P2(3)
P2(3)
P2D(3)
P3(3)

P3(3)

P3D(3)

QN
QQ(3,12)
R(3)
R(3, )

RA
RADIAN

IFATAL or
debug ID

11-2-12
11-2-2

21, 11-2-2
11-2-2

21,11-2-2
11-2-2

9-1-1

9-1-1

23

10-1-1

Table 39 SYMBOL DICTIONARY (34 of 53)

COMMON
TEMPVS#18

DSTUFF
DSTUFF

TEMPVS#18

DSTUFF

DSTUFF

TEMPVS#18

DSTUFF
DSTUFF

CSTRNT
TEMPVS#15

CNSNTS

ROUTINE(S)
SINPUT

SINPUT

SINPUT

UPDATE

SEGSEG
FSMSOL

VISPR

DEFINITION

coordinates of first corner of planar panel;
also semiaxes of contact ellipsoids

coordinates of first corner of planar panel

components of velocity of first corner of
planar panel

coordinates of second corners of planar panel;
also coordinates of centers of contact ellip-
soids relative to segment centers of gravity
coordinates of second corner of planar panel

components of velocity of second corner of
planar panel

coordinates of third corner of planar panel;
also orientation of contact ellipsoid

coordinates of third corner of planar panel

components of velocity of third corner of
planar panel

computer constraint force

right hand side for solution of a set of
simul taneous equations

conversion factor from degrees to radians



68

ITEM
RB

RBA(3)
RBAD(3)
RES (50)
RHS(3,54)

RHSN(3)
RHS1(3)
RHS2(3)
RK1(3,12)
RK2(3,12)
RLM(3)
RLN(3)
RM(3)
RM(3)
RMD( 3)
RMG( 3)
RM3

IFATAL or
debug ID

10-1-1

9-1-1
9-1-1

Table 39 SYMBOL DICTIONARY (35 of 53)

COMMON

TEMPVS#17
TEMPVS#17
TEMPVS#13
TEMPVS#17

TEMPVS#10
TEMPVS#10
TEMPVS#10
CSTRNT

CSTRNT

TEMPVS#15
TEMPVS #15
TEMPVS#15
TEMPVS#17
TEMPVS#15
TEMPVS#10
DSTUFF

ROUTINE(S)
VISPR
SETUP2
SETUPZ
OUTPUT

DAUX,DAUX11, 22,
33,44,55

FLXSEG
FLXSEG
FLXSEG

PLSEGF,SEGSEG
PLSEGF,SEGSEG
SEGSEG
SETUP2
SEGSEG
FLXSEG

DEFINITION

coordinates of first point to be constrained

coordinates of second point to be constrained

distance for ellipsoid center to lowest point
of ellipsoid
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L6

ITEM
R8
R9
s(3)

SCALE(5)

SD1

SD2

SEG(22)
SEGLA(3,22)
SEGLP(3,22)
SEGLV(3,22)
SF1

SF2

SF3

SGTEST(3,4,22)

SH(3)
SM(3,3)
SN(3,3)

IFATAL or
debug 1D

3-2-1
3-2-1
11-1-2
11-1-2
11-1-2

Table 39 SYMBOL DICTIONARY (37 of 53)

CCOMMON ROUTINE(S)

DSTUFF

DSTUFF

TEMPVS #17 SETUP1

ABDATA

DSTUFF

DSTUFF

TITLES

SGMNTS

SGMNTS

SGMNTS
PLELP
PLELP
PLELP

INTEST

TEMPVS#8 EJOINT

TEMPVS #7 DAUX12,22

TEMPVS #7 DAUX12,22

DEFINITION
equivalent of DDPTM(2,3)
equivalent of DDPTM(3,3)

scale factor from geometric volume to
airbag volume

square of distance from point 1 to point 2
of panel

distance from point 1 to point 2 of panel
names of the segments, abbreviated
components of segment acceleration
components of segment positions

components of segment velocities

segment covergence test parameters



26

ITEM

SPRING(5,63)

SPRK(5)
sqq(12)
SQS1
SR(3,42)

SS1
SS2

SS3
SWITCH(5)

s1
s2
s3
s4
T(3)
T(3)
T(3)
T(5)

IFATAL or
debug ID

9-1-1

Table 39

COMMON
DESCRP
ABDATA
CSTRNT
TEMPVS#17
DESCRP

DSTUFF
DSTUFF

DSTUFF
ABDATA

TEMPVS#17
TEMPVS#17
TEMPVS#17
TEMPVS#17
TEMPVS#12
TEMPVS#15
TEMPVS#17
TEMPVS#9

SYMBOL DICTIONARY (38 of 53)

ROUTINE(S) DEFINITION
spring characteristics for joints
spring constant for airbag attachment relation
R term for each constraint

SETUP2
joint locations in local reference of adjacent
segments from Card B.3
square of normalization factor for panel
time derivate of square of normalization fac-
tor for panel plane
normalization factor for panel plane
reciprocal density of airbag at time of
initial full inflation

SETUP1,SETUP2

SETUP1,SETUP2

SETUP2

SETUP2

INITAL

PLSEGF

SETUP1,SETUP2
EQUILB
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Table 39 SYMBOL DICTIONARY (44 of 53)

ITEM ézﬁlgLIBr COMMON ROUTINE(S) DEFINITION

T2(3) TEMPVS#13 ouTPUT

T2(3) TEMPVS#15 'SEGSEG

T2(3) TEMPVS#17 SETUP2

T2(3) TEMPVS#19 SPDAMP

T3(3) TEMPVS#1 BGG angular velocity components for contact surface
in contact surface system

T3(3) ; TEMPVS#13 OUTPUT

T3(3) TEMPVS#15 SEGSEG

T3(3) TEMPVS#17 SETUP2

T3(3) TEMPVS#19 SPDAMP

T3(3) | TEMPVS#21 VISPR

T4(3) TEMPVS#1 BGG angular velocity components for contact surface
in airbag system

T4(3) TEMPVS#13 ouTPUT

T4(3) TEMPVS#15 SEGSEG

T4(3) TEMPVS#17 SETUP2

T4(3) TEMPVS#19 SPDAMP

T5(3) TEMPVS#1 BGG

T5(3) TEMPVS#17 SETUP2

T5(3) TEMPVS#19 SPDAMP
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4.0 OQUTPUT FROM CVS (DETAILED DESCRIPTION)

This section is somewhat parallel to Section 3.0 of Volume II and fills
in the details which Volume II left out.

4.1 Debugging Printout and Error Messages

Debugging printout for the CVS is organized in terms of sixteen four-
level switches. Each switch corresponds to a particular section of the
program. The levels of a particular switch control the depth of detail of
the debugging printout from the section of the program which the swtich
covers. High levels of a switch include all the printout from lower levels
from the switch.

The four levels are represented by integers zero through three. Zero
represents no debugging printout, and higher levels are represented by lar-
ger integers as described in Table 40.

TABLE 40. DEBUG SWITCH DEFINITION

0 = summary output only
1 = primary debugging information such as forces

2 = secondary debugging information such as the con-
tributions to the generalized force vector of
each force component

3 = tertiary debugging information to allow a detailed
inspection of the inner workings of the program

To avoid needless volume of printing, each of the sixteen switches is
allowed to vary in level as a function of simulated time (at up to eight
time points) during a run of the program. In order to avoid inputting
sixteen separate tables of debug level versus effective time, advantage is
taken of the binary characteristics of the IBM 370 computer. The four
levels of a debugging switch can be represented by two binary bits. The
possibilities for all sixteen switches can then be represented by thirty-
two bits. Eight hexadecimal digits also represent thirty-two bits. Hence,
debugging control is achieved by use of a table of eight hexadecimal digit
control words versus effective time. When any or all of the switches are
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to change level, a new control word in the table is needed. The switches
correspond to groups of two bits from the left of the word, i.e., switch

one is controlled by the left-most two bits, switch two by the next two,

and so on. The switch will take on the specified lTevel at the first time
step equal to or greater than the effective time specified.

As an example setup of the hexadecimal debugging control word, consi-
der the case where printout of the quantity "XY", the position of panel, is
desired. This is specified under debug switch 11, debug level 3. As each
digit* of the hexadecimal word covers two debug switches, this printout will
be covered by the first two bits of the sixth digit. Because no special
printout is desired from debug switch 12, the last two bits of the sixth
hexadecimal digit must be "00". Because the desired debug level is 3, the
first two bits of the sixth digit must be "11". Therefore, the sixth digit
takes on the value "1100" or "C". Thus, the hexadecimal word will be
"00000C00" at the effective time.

The table of effective times and control words is specified to the pro-
gram by means of Cards A.6.A and A.6.B. The total span of simulated time
for the run should be covered by effective times of control words if these
cards are used at all.

The user is warned that the volume of printout can be startling huge

and hence utmost discretion must be exercised in the use of this feature.

Table 41 contains a detailed 1ist of the sixteen debug switches and the
quantities which will be printed for each debug level of each switch. Table
41 should be used in conjunction with the Symbol Dictionary (see Section 3.3,
Table 39) and in some cases the listing of the program.

Each 1ine in Table 41 corresponds to one line in the printed output so
this table can be used to identify individual quantities.

Under the column entitled "Contents" there appears a facsimile of each
output line including the line identification and showing the Fortran name
for each printed quantity. The name of the subroutine from which this print-
out is made is given in the column labeled "Routine".

*Base 16 digits are 0 to 9 plus A to F.
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These printouts are organized on ID Nunber which consists of debug
switch, level, and number of printout at that level hyphenated.

Error messages produced by the CVS are shown in Table 42 which is
self-explanatory.
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Tahle 41 DERIGARING PRINTOUT LAVOUT (2 of 8)

Debug
ID Routine Contents

(4-1-1) DAUX DAUX PRINT OF IJK MATRIX
1 2 3 = =2 = = 4 = = 4 4 =4 = = - NI
1 TIK(O,1) - - - - - - - - - TJK(1,NJ2)

NJ2 TJK(NJ2,1) - - - - - - - 1IK(NJ2 ,NJ2)

DAUX PRINT OF RHS ARRAY
1 RHS(1,1) RHS(2,1) - - = - - - -

NJ2 RHS(1,NJ2) RHS(3,NJ2) - - = - - - -

Lt

~

DAUX PRINT OF C ARRAY ELEMENTS

1 ¢(1,1,1) ¢(1,2,1) ¢€(1,3,1)- c(3,1,1) ¢(3,2,1) €(3,3,1)

10 c(1,1,19) - - - - - - - - - C(3,3,10)

(5-1-1) DINT HALVE TCUR TPRINT HS H HPRINT FAIL K ICNT
(when time step halved) o

(5-1-2) DINT WHOLE ] same when time step same or doubled
DOUBL ie ICNT > IDBL
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Table 41 DEBUGGING PRINTOUT LAYOUT (5 of 8)

Debug
ID Routine Contents

11-2-4 PLELP HIT(1) HITD(1) FR(1) TQM(1) TQN(1)
HIT(2) HITD(2) FR(2) TQM(2) TQN(2)
HIT(3) HITD(3) FR(3) TQM(3) TQN(3)

11-3-1 PLELP Y(1) vyp(1) TM(1) YDTM(1) VYM(1) FRM(1) VYN(1) FFN(T)
Y(2) vyn(2) TM(2) vYDTM(2) VYM(2) FFM(2) YN(2) FFN(2)
Y(3) vYyD(3) TM(3) YDTM(3) VYM(3) FFM(3) VYN(3) FFN(3)

11-1-1* PLELP ETAE ETAS ETASB ETASE XXO YYO FMAX

12-1-1 BLDEFL TCUR NEDGE EDGE(1-8)

12-2-1 BLDEFL DPTGD(1,1-3) POD(1) CENT M(1) vp2(1) vP3(1)
NDPTGND(2,1-3) POD(2) CENT M(2) VvP2(2) VP3(2)
DPTGD(3,1-3) POD(3) CENT M(3) vP2(3) VvP3(3)

13-1-1 LODFEL TCUR KFPD1 KFPD2 KACT INACT KSHAR TDEL TDELD

13-1-2 LODFEL RO(KACTOsKACTO+3) FN FT FTF FTS
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Table 41 DEBUGGING PRINTOUT LAYOUT (8 of &)

Debug
ID Routine Contents
14-3-1 SLVGEN I P DERP Z
15-1-1 FOEVAL KMATL KKI KKIP KKR KKRP KALGOR DEL DELD
15-1-2 FOEVAL KALGOR FF PPED PPFDD
15-2-1 NORLOD KACT KALGOR KPOLTA KMATR FOR PFD PFDD
16-1-1 SETACT TCUR KFP1 KFP2 NUMACT KACSWT
16-1-2 SETACT KACT KKK IQ(KACT2KACT+11)
16-1-3 PUSHER TCUR IDIR NUM IBEG KUSE KNEND LIMIT
16-2-1 PDAUX-QBUG 1Q(1-1USEIQ)
16-2-2 PDAUX-QBUG RQ(1-1USERQ)




LNdNIA “LNdNIS
‘LHVLSY “LNdIN0 “9dNIVW
“IVLINI ‘LNdNIA
‘47Ind3 “LNdNID

(" ¥3gWNN)  auvd @3103dx3 (T Y3AGWNN) Q¥YD JAVH  CNIAIE ‘LNdNIg © 19SYIV z1
= SINIW3TI 378IX374 40 SLINIW93IS YOIYILNI ANV 00L---d0¥d3 TVLVA 1ndnIg L
@30332X3 AV¥YY 39VH0LS---40¥Y3 TvLv4 ¥3HSNd oL
"39Y3IANOD 01 STIV4 NOILIIT43A QIYVHS---HOWY3 VLV 134001 6
QILYNIWYIL
Wv¥90ud “ONIYLS NI LINC JAILYIIN INO ATINO “SINIW9IS I19IX314 ONINIZIA NI HOHY3 1ndNIg 8

(31VYNIWJIL WVH90Yd
“€°d SAYVYI NO Y1Vd Wo¥4d IN3IW3ITI 3I19IX3 14

V 40 LNIW93S HOIYIINI NV LON SI "ON IN3IW93IS ‘0 "/ "9 QivI NO d0uy3 LNdNI 1ndnNI1g L
7 IN3W93S HNOYM SIINIYIATY 3ISAITII---d0¥HI TVLVA 9dNIVW 9
YIGWN QYD NO 13NV 404 IWIL 3IWYS LV SINIOd IWIL OML---HOWY¥3 TVLvd 1NdNIS g
© O dIWNN adv)d NO

©0I0SdITI3 Y04 INIW9IS AGOE NO IININDIS 40 LNO SATOSAITI3---HO¥YI IVLy4 1NdNIS b
© W3GWNNT QWY NO TNV 04 SIWIL NN¥ NYAS LON 0d SINIOd IWIL---d0¥yd 1vLvd 1NdNIS £
© ¥3GWNN QYYD NO  TANVd 404 3ONIND3S NI LON SINIOd IWIL---dOW¥3 VLVd 1NdNIS 2
©WIGNON QYD NO W3SWON T3NVd 3LYDITdNQ---HO¥¥d WLvd LNdNIS L

abessay autinoy W1V4I

(v 340 L) SIYYSSIW d0dY3 2 3Lqel

119



(e3ep)
SINIWITI AVYdY O 40 LNIdd 1T0SKWSAH

(e3ep)
AVHYY SHY 40 LNIYd 10SWSA

(e3ep)
XTYLVW ACI 40 INIYd TOSWSA
*MOT104 SAVHYY D ANY SHY “M0I 40 LNO-LINI¥d 3137dW0OD  "AILVYNIWY3IL 9NIFG SI WvHdI0ud
*ATONIQY0IIY 3ZIS 0D ISVIYONI ANV SANILNOYENS XNVA IHL NI/SAMWIL/NOWWOI NI 3 NO
NOISNIWIA 00F IHL ISYIYINI HO SINIVYLSNOD 40 ¥IGWNN IINAFY ‘W3T90dd LI3YH0I OL

*10SWS4 INILNOYENS NI a3a330X3 NIIG SVH AVHHY O NO 00% 40 NOISNIWIA WNWIXVW 0SWSA €2
"QILUNIWYIL WYY90dd “UVINONIS XIULVW TOSWSA 10SKSa 22

(e3ep jo saur| /)
NOILYWIO4SNYYL WILSAS avd---dOouyl Tv.ivd d131d 12
: JAILINIZIQ 10N 379Vl WOANVY---¥0¥d3 V1vd av1IHd 02
: adyd WoY4 "HOLVW LON 00 S3IJIANI QIOSdITI3---d0oyy3 WLVA 1NdNI4 61
*QILYNIWYIL WYH90Udd “QINI43a NI LON SVH *ON NOILONNA LNdNI4 8l

*QILYNIWYIL Wv¥I0dd

= AVdYY 4Vl 40 3ZIS “1INdNID INILNOYENS NI d0Hd3 INdNI4 Ll
_ ayvd
Wod4 arosdiiig dod ¢ ‘ONNO4 1ON S1JVINOD G3IMOTIV 40 HIGWNN---U0dd3 vVLvd INdNIA 91
Qdvd WOYd4  Q3INI43a N33g LON SVYH aI0SdIT13---40dyd3 1vivd INdNI4 Gl
QILYNIWYIL WYd90dd “€°9 SAUYI WOdd d3LNdWOI SV
= X14N Lnd = X4N ‘V°/°9 Qv NO d0Y¥d3 LNdNI 1NdNIg Pl
SNOILYII4I23dS WIYALVYW ANVW OOL NIAISG €l
abessaly 2uLlnoy W1LV4I

(¢ 30 2) SIIVYSSIW dYOH¥I zp Ol9El



INdNIA “LNdNIS
‘LYVLISY ‘LNdIN0 “9dNIVKW
TV LINI “LNdNIA
‘97Ind3 “1NdNID

"03131dW0D LNINI 340439 3714 40 ANI  “NIAIS “LNdNIG © 199dIV (X
LNdNIA “1ndNIS
‘LYVLSY “1Nd1N0 “9dNIVW
IV LINI “LNdNId
‘g1I1nd3 “1NdNID
REEMY QYY) ONIQY3IY 40¥Y3 NOISYIANOD  “NIAIG ‘LNdNIG 9941V 2€
"NOILYY¥3173330 37DIH3A TYNOILIIFYIAINN Y04 SAYYI €70 NO SINIOd 66 NVHL JYOW--Y0dH3 TVLVA LNdNIA Le
39Y3ANOD 1ON QIG NOILWYILI HLd3IA3 H1d3a3 o€
"8Sd3 + NIWH H °1¥0S 93N XN¥ad “AILNIWYIL WYY90ud INIC 62
"0ILYNIWYIL WYHD0YUd
"XNYA 3INILNOYENS NI ACI ANV SHY d04_3ZIS AVYYY 3JHL SA3IFIXI 20N 40 INTYA IHL
=gCN aNY ¢ =1INCN¢ =ON* =X1dN ¢ =SN Xnva 82
IWIL LY €941V INILNOYENS NI HOWY3 €oPIY L2
"Q3LYNIWYIL WY4D04d : 9 QYYD NO d0¥¥3 LNdNI g11nd3 92
GILYNIWYIL WYY90dUd =S1INIWNOYY
3STINdWI INILNOYENS OL SINIWNOHY YIdOUdWI SINWI G2
"QILYNIWYIL HNI3E SI WYd90ud =Yy =11 =4y
=3dAll =W3LI =WOIN =X30NI =dVAY 40¥d3 LNdNI LYVLSY 3INILNOYENS Lyvisy ve
abessay auLInoy  Y1v4I

(? 30 £) SIIVSSIW YOWY3 zp @lgeL

121



21 [ “3AUND HNIAVOT I19ISSOdWI-H0dd3d VLvd 1Jv1i3S 9
"QLMSI d04 JYVHS NI d0dd3 Tvivd WIYVYHS 17
*ILVI4VATE 10N 376vL WOONYY 1NdNID 1’4
*NI Q3717114 LON SIN3NOD 40 378Vl TVIY3LVW INdNII 147
*d3GWNN TVIY3LVYW 31vII1dNd INdNIS v
“SINILNOD 40 379VL T3INVd NI 329V¥dS INIIDIJ4NSNI-H0YHI NOILVIOTTY 3IIVdS 1NdNIS LY
*31vY 40 NOILI31430 ¥3IHLII NO IONIANIAIA ON HLIM d3I4123dS SI ~ "ON 318Vl NIAIg oy
*03$S3204d 3719vL LSV1 NI INIOd 31v3Idnd NIAIg 6€
*X09 V OL @3Lyd0711v LON 3¥IM Q3SSII0dd 379Vl LSYT JHL 40 SLNIOd 3IHL 40 3WOS NIAIG 8¢
(TY3INI YIA) "IAILINI43Q 1ON 379YL WOANYY---d0¥d3 vivd QOTHON LE
*d137d NI 1ON SI 14 1ng 0d3zZ SI IVWLAA d131d 9¢
B JAILY9IN Id01S INIAVOTINN YVINITIE 1VA304 1
HNOYM INIOd NOILJI3TINI INIAVOINN ¥VINITIE TYA304 ve
abessal auLinoy IWLVAI

(v 40 §) SIIVSSIW HOUYZ 2¢ °L9el

122



4.2 External Storage of Normal Output

The normal tabular output of the CVS model is stored in an external
file during the course of a run and then upon completion is read back in
and printed. This external file also serves as input to some postprocessors,
particularly the Validation Command Language (VCL). Table 43 contains a re-
cord by record specification of this external file. The Symbol Dictionary
(Table 39) should be used with this table.
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Tahle 43 BINARY FILE LAYOUT (1 of 3)

Record Number Contents
1 | LINES[I] NT[1]
I
2 NPSF[I]  MBSF[I] NSSF[1] NBAG[1]
| LPPLI] NRPCAT[I]  DDATE(3)[A]  DATE(3)[A]
CUNITL[A]  UNITT[A] UNITF[A] LDNPRT[I]
'NONT[I]™  NBLT[I] NPL[1] NSEG[1]
3 INSG(7)[1] BDYTTL(5)[A] MNBLT(8)[1]
4 | COMENT(1-20)[A]
5 COMENT (21-40)[A]
6 VPSTTL(20) [A]
6+i3i=1,7 MSG(1-20,1)[1]
14 SEG(1-20)[A]
15 JOINT(1-20)[A]
16 MNSEG(1-20)[1]
164k, k=i+3%j-3; —
i1 33015 MSEG(1,J,1-20)[1]
32 MSEG(1-2,1-5,21-22)[1]
33 MSEG(3,1-5,21-22)[1] SEG(21-22)[A] JOINT(21-21)[A]
33+k;k=1+3%]-3; : :
11 35013 XSG(1,1-10,3)[D]
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Table 43 BINARY FILE LAYOUT (2 of 3)

Record Number

Contents

42+k;k=i+3%j-3;

XSG(1,11-20,3)[D]

i=1,3;3=1,3
51+i31=1,8 MBLT(1-3,1-5,1)[I]BLTITL(1-5,1)[A]
60 BAGTTL(1-5,1-4)[A]
61 BAGTTL(1-5,5-6) [AJPHED(5)[D]
61+i3i=1,6 MBAG(1-2,1-10,1)(1]
67+k;k=1,3 MBAG(3,1-10,2k-1-2k)[1]
7 NPANEL(1-6)[1] MNBAG(1-6)[1] LASNRN[I] LASKAT[I]
NFLX[I] NATAB[I] NELP[I] NQLI] NSD[I] KNLTPRLI]
72 KATIND(1,1-15)[1] {T‘"ﬂ]]P?gf no.
73 KATIND(2,1-15) (1] £g5%; Te52n¢ me-
74 NBOPL (1-20)[1]
75 MBOPL (1-20)[1]
76 CONVLLD] CONVFLD] COWTLD] IUSEIQ[I]
TUSERQ[ 1] KONTL[I] NBIVTC[I] KIACTLI]
NLIQ[I] NLRQLI] KBIQI] KBRQ[I]
T6+igis=1, 1Q(20%i-19 - min(20%i, IUSEIQ))[I]

a0=[(IUSEIQ+19)/20]
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Table 43 BINARY FILE LAYOUT (3 of 3)

Record Number

Contents

76+a +i;
i=],°60=[(IUSERQ+9)/10]

RQ(10*i-9 - min(10*i,IUSERQ))[D]

B1=7T+a +8_
Bm =8m -1+NTIMES

Where actual order
of categories is

n=1-7, 9, 11-15, 8, 10
m=1-7, 8, 9-13, 14, 15

Recorded in KATIND(2,n) in record 73 above.

_Category n ; Description

1 Segment Linear Acceleration in Local Coor-
dinates

2 Segment Linear Velocity in Vehicle Coor-
dinates

3 Segment Linear Displacement in Vehicle
Coordinates

4 Segment Angular Acceleration in Local
Coordinates

5 Segment Angular Velocity in Vehicle
Coordinates

6 Segment Angular Displacement in Vehicle

' Coordinates

7 Joint

8 . Plane-Segment Contact Forces

9 _Belt Forces

10 . Segment-Segment Contact Forces

11-15

t Airbag Forces for Airbag 1-5
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