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1 .0  INTRODUCTI ON 

1 . I  General 

The purpose of th i s  project has been to expand the Crash Victim 

Simulation software, original ly developed a t  Calspan Corp. The objec- 

t ives  were to:  1 . review the capabil i t y  of advanced features of the 

software; 2 .  improve the contact algorithm in the CVS; 3. develop sof t -  

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  f i r s t  two of the objectives. 

1.2 Organization of Report 

This report i s  organized in three volumes. The f i r s t  volume deals 
with the analysis of the new features and i s  supplementary to the in i -  

t i a l  CVS writeups (1)  and updates ( 2 ) .  This volume i s  intended for the 

analyst who wishes to understand the basic assumptions incorporated in 

t h i s  model . The second volume presents an updated user ' s  manual for the 

e n t i r e  CVS model as  now constituted a n d  i s  expected to serve as su f f i -  

c ient  documentation for  the  ordinary user of the model. The third vol- 

ume presents information concerning the CVS model as a computer program 

and i s  intended for professional programmers who need to make changes in 

the program. 

Volume One contains sections dealing with the new e l l  ipsoid-plane 

contact algorithms, the material properties now available,  and shared 

defl ection. 

Volume Two contains sections deal i n g  with the updated, machine- 
produced input writeup, a general description of o u t p u t  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- 

t a i l ed  layout of possible output from the program. 

1 . 3  Scope of Changes 

The HSRI Version of the CALSPAN CVS Model i s  based on Version 18A 

of that  model augmented by some of the corrections of Version 19 con- 



cerni ng Eul er j o i n t s .  HSRI re f ined  the contact  algorithms f o r  e l l  ipsoid-  

panel i n t e r ac t i ons .  Three important basic  problems i n  the  contact  a1 go- 

rithms were addressed. The f i r s t  problem i s  accurate  computation of  de- 

f l e c t i o n s  even f o r  the  case o f  complete penetra t ion o f  an e l l i p s o i d  i n t o  

a contact  su r face .  The second problem i s  the  computation o f  contact  

forces  based on mutual deformation o f  t he  i n t e r ac t i ng  elements. The 

t h i r d  problem i s  hand1 ing o f  permanent deformation by contact  su r faces .  

The contact  sec t ion  of the old CVS was l a rge ly  replaced w i t h  an a l -  

gorithm based on t he  approach taken i n  e a r l i e r  HSRI models (3 ,4 ,5)  i n -  

corporat ing some o f  the  ideas o f  British Leyland ( 6 ) .  In our  e a r l y  

deal ings  with the  o ld  CVS, we modified the input  sec t ion  t o  read and 

check the ID f i e l d  of  the input  cards.  In add i t ion ,  we modified the  o u t -  
p u t  s e c t i on  t o  use only one log ica l  device and t o  print op t iona l ly  in 

equal increments of  simulated time. These changes were made t o  p a r t i a l l y  

f a c i l  i t a t e  the use o f  the model. A more general spec i f i c a t i on  o f  vehicle  

i n i t i a l  condi t ions  and more f l e x i b i l i t y  in repor t ing o f  kinematics were 
1 a t e r  incorporated f o r  the same reason. In general ,  we have followed 

t h e  pol i cy  of  making changes only where such changes were defendable by 

t h e i r  u t i l i t y  t o  Occupant Side Impact Simulation.  
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2 . 0  THE ORGANIZATION OF PACKED INTERNAL TABLES 

The contact algorithms developed for  the HSRI version of the CVS a l -  
low a great  deal of f l e x i b i l i t y  in number and attachment of both e l l i p -  
soids and planar panels. This f l e x i b i l i t y  makes the  use of a tree-type 
data s t ruc ture  ef fec t ive .  The essence of t h i s  type of s t ruc ture  i s  that  
the tables include data elements which function to describe the organiza- 
t ion  of the table  i t s e l f .  Such data elements are called control elements 
and point to the beginning of a part  of the tables,  or  s t a t e  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  t h i s  type of data s t ruc ture  are maximizing f lexi-  
b i l i t y  i n  what combinations of  data tha t  can be specified and minimizing 
the use of computer storage. The disadvantages are  the complexity of 
programming and the longer computer times involved i n  accessing through 
the s t ruc ture .  Experience in e a r l i e r  models has shown tha t  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 
s t ruc ture  employed. The information described i n  these tables physi- 
ca l ly  resides i n  two large arrays, one integer and one rea l .  A value of 
KONTL ( the  beginning index of  the standard area) i s  provided by means of 
a COMMON. When you look in the integer array with index KONTL, you find 
f i r s t  the  word of the  Standard Control Area entry as shown i n  Table 1.  
The f i r s t  four words or  elements give the number of body segments, planar 
panels, interact ions,  and materials.  Then follows the  index of the be- 
g i n n i n g  element of the Secondary Table Beginnings entry described i n  

Table 10. This serves as a backdoor into the interact ion,  G-R,  tangen- 
t i  a1 , bivariate polynomials and bivariate table information. The next 
NSEG ( t h e  number contained i n  the f i r s t  element) elements contain the 
index of  the f i r s t  element of an entry of one of the body segments. Each 

of  those ent r ies  i s  l a i d  out a s  specified in Table 2 .  

This i s  the  way these tables a r e  used, going from table to table 
looking fo r  the pointer t o  the next table until  the index of the piece 



of information t h a t  i s  needed i s  obtained. The next paragraph i s  a more 

formal restatement of the explanation just given. 

The Standard Area o f  the Control Array serves as a table of con- 

tents  for  the other control ent r ies  and i s  presented as Table 1 .  The 

Standard Area refers  t o  the other control ent r ies  by recording the 

beginning index in the Control Array of each entry. For convenience 

sake, each type of control entry has a part icular  name assigned to the 

beginning index of the "typical entry."  The following Tables present the 

layout of each such typical control entry. The control entr ies  in turn 
record the beginning indices of information ent r ies  and working storage 

ent r ies .  I t  should be understood that  a l l  en t r ies  occur as often as needed 

by the data s e t  fo r  each run and t h a t  the typical entry merely presents the 
format of each such entry, Tables 1 through 19 contain integer informa- 

t i o n  and tables 20 through 32 contain real information. 

TABLE 1 Standard Control Area 

Relative Index 

KONTL 

KONTL + 1 
KONTL + 2 
KONTL + 3 

KONTL + 4 

KONTL + 4 + I , I= l  ,m 

KONTL + 4 + m + I , I= l ,n  
KONTL + 4 + rn + n + I , I =  
l , k  

Description 

Number o f  body segments (m) (NSEG) 
Number of planar panels (n)  (NPL) 

Number of interactions active (1  ) 

Number of materials (k)  

Secondary Tab1 e Beginnings Entry beginning index (KESTAB) 

Beginning indices of segment controls (KSEG) 

(Zero indicates no such entry. ) 

Beginning indices of planar panels (KPAN)  

Beginning indices for  material properties (KMATL)  

TABLE 2 Typical Segment Control Entry 

Relative Index Description 

KSEG Number of el l ipsoids for  th i s  segment ( k )  
KSEG + 1 through Beginning indices fo r  el 1 ipsoid control entr ies  
KSEG + k ( K E L L P )  



TABLE T y p i c a l  P lanar  Panel Cont ro l  E n t r y  

R e l a t i v e  Index D e s c r i p t i o n  

KPAN 

KPAN + 1 

KPAN + 2 

KPAN + 3  

KPAN + 4 

KPAN + 5 th rough 
KPAN + 8 

KPAN + 9 

KPAN + 10 

KPAN + 11 

KPAN + 12 

KPAN + 13 

TABLE 

R e l a t i v e  Index 

KELLP 

KELLP + 1  

KELLP + 2 

KELLP + 3 th rough 
KELLP + 6  

KELLP + 7 

KELLP + 8 

KELLP + 9 

KELLP + 10 

KELLP + 11 

KELLP + 12 

Beg inn ing  i ndex  o f  r e a l  i n f o r m a t i o n  e n t r y  (KPANR) 

Beg inn ing  i ndex  o f  m a t e r i a l  c o n t r o l  e n t r y  (KMATL) 
Zero i n d i c a t e s  panel cons idered r i g i d .  

Sw i t ch  NINTRL = Body Segment Number means I n p u t  W .R.T. Body; 
NVEH NSEGt1 means I n p u t  W.R.T. Veh ic le ;  
NGRND = NSEG+NBAG+2 means I n p u t  W.R.T. 

I n e r t i a l  

S o l i d  s w i t c h  ( 0  = i s o l a t e d ,  1  = face o f  s o l  i d )  (ISOLAT) 

Number o f  t ime  p o i n t s  (NUMTIM) 

Panel Name (16 cha rac te rs )  

Number o f  p lane  i n  i n p u t  

Ex te rna l  panel number 

Cur ren t  t i m e  p o i n t  beg inn ing  i ndex  (KPANRE) 

L a s t  t i m e  p o i n t  beg inn ing  i ndex  

Sw i t ch  (LEDGSW) 
= 0  f o r  Normal S c a l i n g  
= 1  f o r  No Edge S c a l i n g  
= 2  f o r  No Depth S c a l i n g  

3 f o r  No S c a l i n g  

4 T y p i c a l  E l l i p s o i d  Con t ro l  E n t r y  

D e s c r i p t i o n  

Beg inn ing  i ndex  o f  r e a l  i n f o r m a t i o n  e n t r y  (KELR) 

Beg inn ing  i ndex  o f  m a t e r i  a1 c o n t r o l  e n t r y  (KMATL) 
Zero i n d i c a t e s  e l l i p s o i d  cons idered r i g i d .  

Body segment number a t tached  t o  

Name o f  e l l i p s o i d  (16  cha rac te rs )  

Beg inn ing  i ndex  o f  B M a t r i x  E n t r y  o r  zero i f  
no e l l  i p s o i d - e l l  i p s o i d  c o n t a c t  a1 lowed (NBMATX) 

Number o f  a l l owed  panels (NPALOW) 

Number o f  a1 1  owed e l  1  i p s o i d s  (NEALOW) 

Beg inn ing  i ndex  o f  a l l owed  panel e n t r y  (KKPALOW) 

Beg inn i  ng i ndex o f  a1 lowed e l  1  i p s o i d  e n t r y  (KEALOW) 

Ex te rna l  e l  1  i p s o i  d  number 



TABLE Typ i ca l  A l l o w e ~ E l l i p s o i d E n t r y  

R e l a t i v e  Index D e s c r i p t i o n  

KEALOW through NEALOW e n t r i e s  o f  form: 
KEALOW + 2*NEALOW - 1  0 Beginn ing  i n d i c e s  o f  a1 lowed e l  1 i p s o i d s  (KELLP) 

+1 Beginning i n d i c e s  o f  e l l  i p s o i d - e l l  i p s o i d  
i n t e r a c t i o n  c o n t r o l s  (KACT) 

TABLE 5 T y p i c a l  Al lowed Panel En t r y  
. . 

Re1 a t i v e  Index D e s c r i p t i o n  

KPALOW through NPALOW e n t r i e s  o f  form: 
KPALOW + 2*NPALOW - 1  0 Beginn ing  i n d i c e s  o f  a1 lowed panel s ( K P A 4 )  

+l Beginning i n d i c e s  for e l 1  ipso id-pane '  
i n t e r a c t i o n  c o n t r o l s  (KACT)  



Re1 a t i  ve Index  

KMATL 

KMATL + 1  

KMATL + 2  

KMATL + 3 

KMATL + 4 

KMATL t 5 

KMATL + 6 

KMATL + 7 th rough 
KMATL + 10 

TABLE 7 T y p i c a l  M a t e r i a l  Con t ro l  E n t r y  

D e s c r i p t i o n  

Beg inn ing  i ndex  o f  r e a l  i n f o r m a t i o n  (KMATR) 

Load ing  Curve S p e c i f i c a t i o n  
i f  < 0,-KPOLY po lynomia l  beg inn ing  i ndex  
i f  = 0, ze ro  p r o p e r t i e s  
if > 0, NBIVTK t a b l e  beg inn ing  i ndex  

F r i c t i o n  c l a s s  ( IFR IK )  

G-R Tab le  Beg inn ing  Index  (KGRTAB) 
i f  = 0, G = 0. and R = 1.  

Un load ing  Sw i t ch  (YUNLSW) = 
1  G-R u n l o a d i n g  
2  Unload on l o a d i n g  cu rve  
3 G o n l y  
4 G as s l o p e  o n l y  
5 1,3,4 mixed  
6 G=O. and R=l .  

Load ing  cu rve  Type = 

LODTY P 
7 - I 

- 6 
- 5 
- 4  
- 3 
- 2  
- 1 
+ 1  
+2 
+3 
+4 
+ 5  
+ 6 
+7 

Means - 
b i v a r i a t e  random t a b l e  
r a t e  t a b l e  
b i  v a r i a t e  genera1 polynomi a1 
4 t h  t o  6 t h  power r a t e  po lynomia l  
c u b i c  r a t e  po lynomia l  
q u a d r a t i c  r a t e  po lynomia l  
1  i near  r a t e  polynomi a1 
l i n e a r  d e f l e c t i o n  po lynomia l  
q u a d r a t i c  d e f l e c t i o n  po lynomia l  
c u b i c  d e f l e c t i o n  po lynomia l  
4 t h  t o  6 t h  power d e f l e c t i o n  po lynomia l  
b i  v a r i a t e  1  i n e a r  po lynomia l  
d e f l e c t i o n  t a b l e  
b i v a r i a t e  l a t t i c e  t a b l e  

E x t e r n a l  M a t e r i a l  Number 

M a t e r i a l  Name ( 1  6 c h a r a c t e r s )  



TABLE 8 Re1 a t i  onsh i  ps o f  LODSWT t o  LODTYP' s f o r  Shared D e f l e c t i o n .  

LODTYP f o r  second f o r c e  p roducer  

TABLE 9 R e l a t i o n s h i p s  o f  LODSWT t o  Rou t i ne  Used f o r  Shared D e f l e c t i o n .  

LODSWT ROUTINE 

-10 t h r u  - 6  SHARED v i a  SHARET ( r a t e  o n l y )  
- 5 SHAREG 
-4 t h r u  +4 SHARED ( ~ o s i t i v e  d e f l e c t i o n  on ly ;  

n e g a t i v e  r a t e  o n l y )  
+5 SHAREL ( b i  v a r i a t e  1 i n e a r )  
+6 t h r u  +I0  SHARED v i a  SHARET ( d e f l e c t i o n  o n l y )  
t 1 1 ,  +12 SHAREL v i a  SHARET ( b i  v a r i  a t e  1 i n e a r )  
+13 SHAREG a f t e r  se t -up  i n  SHARET 



TABLE 10 Secondary Tabl e Begi n n i  nqs E n t r y  

R e l a t i v e  Index  D e s c r i p t i o n  

KESTAB I n t e r a c t i o n  Tab le  o f  Contents Beg inn ing  Index  (K IACT)  

KESTAB t 1 G-R Table Tab le  o f  Contents Beg inn ing  Index (KNTLGR) 

KESTAB + 2 Tangen t i a l  S p e c i f i c a t i o n  Tab le  o f  Contents Beg inn ing  
Index  (KNTANG) 

KESTAB + 3 B i v a r i  a t e  Polynomials  Tabl e  o f  Contents Beg inn ing  
Index (KPOLYC) 

KESTAB t 4 B i v a r i a t e  Tab1 es Tab le  o f  Contents Beg inn ing  Index 
(NBIVIC) 

TABLE 11 I n t e r a c t i o n  Table o f  Contents E n t r y  

Re1 a t i  ve Index  D e s c r i p t i o n  

KIACT 

KIACT + 1 

Number o f  A1 lowed I n t e r a c t i o n s  (NINACT) 

Number o f  A1 lowed Plane-El 1 i p s o i d  I n t e r a c t i o n s  
(NIPLEL) 

NIPLEL e n t r i e s  o f  form: 

KIACT t 2 through Beg inn ing  Index o f  I n t e r a c t i o n  Con t ro l  o f  Plane- 
KIACT+N I PLEL+1 E l l i p s o i d  Type (KACT) 

(NINACT-NIPLEL) e n t r i e s  o f  form: 

KIACT+NIPLEL+2 th rough Beg inn ing  Index  o f  I n t e r a c t i o n  Con t ro l s  o f  
K I  ACT+N I NACT+1 E l 1  i p s o i d - E l l  i p s o i d  Type (KACT) 

TABLE 1 2  G-R Tab le  o f  Contents E n t r y  

R e l a t i v e  Index  D e s c r i p t i o n  

KNTL GR Number o f  G-R Tables (NTABGR) 

KNTLGR + 1 NTABGR e n t r i e s  o f  form: 
th rough KGRTAB 0 Number o f  p o i n t s  i n  Tab le  (NPTSGR) 
KNTLGR + 2*NTABGR t 1  Beg inn ing  index  o f  Real E n t r y  (KTBGRR) 

TABLE 13  l ' angen t i a l  S p e c i f i c a t i o n s  Tabl e o f  Contents E n t r y  

R e l a t i v e  Index D e s c r i p t i o n  

KN TAN G Number o f  Tangen t i a l  S p e c i f i c a t i o n s  (NUTANG) 
KNTANG + 1 th rough NUTANG e n t r i e s  o f  form: 
KNTANG + 3*NUTANG 0 F r i c t i o n  c l a s s  A (IFRIKA) 

+1 F r i c t i o n  c l a s s  B (IFRIKB) 
+2 Beg inn ing  index  o f  r e a l  e n t r y  (KTANG) 



TABLE 14  T y p i c a l  I n t e r a c t i o n  C o n t r o l  E n t r y  

R e l a t i v e  Index  Desc r i  p t i o n  

KACT 

KACT + 1  

I n t e r a c t i o n  t y p e  (INACT) 
1  = e l  1  i p s o i d - p a n e l  
2 = e l l i p s o i d - e l l i p s o i d  

Beg inn ing  i n d e x  o f  second f o r c e  p roducer  (KPAN o r  
KELLP2) 

KACT + 2 B e g i n n i n g  i ndex  o f  f i r s t  f o r c e  p roducer  (KELLP) 

KACT + 3 

KACT + 4 

KACT + 5 

KACT + 6 

KACT + 7 

KACT + 8 

Be i n n i n  o f  r e a l  work e n t r y  e s t a b l i s h e d  l a s t  t i m e  
~ K A c T R ~  

Beg inn ing  o f  r e a l  work e n t r y  b e i n g  e s t a b l i s h e d  c u r -  
r e n t  t i m e  ( c o n t a i n s  c u r r e n t  o u t p u t )  (KAcTO) 

Beg inn ing  o f  i ntege r  work e n t r y  e s t a b l  i s h e d  1  a s t  
t i m e  (KAcT I )  

B e g i n n i n g  o f  i n t e g e r  work e n t r y  b e i n g  e s t a b l i s h e d  
c u r r e n t  t i m e  (KACTJ) 

Shared d e f l e c t i o n  s w i t c h  (KSHAR) 
( 0  = b o t h  hard ;  1 & 2  names s o f t  one; 3 and up 
bo th  (LODSWT) s o f t ;  < 0  r o l l i n g )  

Number o f  t h i s  i n t e r a c t i o n  i n  o r d e r  o f  scann ing  o f  
a l l  i n t e r a c t i o n  s o f  t h i s  t y p e  

KACT + 9 Be i n n i n  i n d e x  o f  t a n g e n t i a l  f o r c e  s p e c i f i c a t i o n  
fKTANG3 

TABLE 1 5  T y p i c a l  I n t e r a c t i o n  I n t e g e r  Work E n t r y  

R e l a t i v e  I ndex  D e s c r i p t i o n  

KACTI ( o r  KACTJ) Con tac t  c o n t r o l  s w i t c h  (q,., ETAS) 

KACTI + 1  Con tac t  c o r n e r  s w i t c h  (vSB, ETASB) 

KACTI + 2 

KACTI + 3 

KACTI + 4 

KACTI + 5 

Con tac t  edge s w i t c h  (qSE, ETASE) 

A l g o r i t h m  c o n t r o l  f o r  f i r s t  f o r c e  p roducer  (IALGOR) = 
1  r e g u l a r  l o a d i n g  
2 r e g u l a r  u n l o a d i n g  
3 r e g u l a r  r e l o a d i n g  
4 a1 t e r n a t i v e  r e l o a d i n g  
5 s a t u r a t i o n  1 oad i  ng 
6 s a t u r a t i o n  u n l o a d i n g  
7 s a t u r a t i o n  r e l o a d i n g  
8 breakdown l o a d i n g  
9 breakdown u n l  oad i  ng 

10 breakdown r e 1  oad i  ng 
11 compl e t e  breakdown 

i f  u n l o a d i n g  comple te - -negat ive  s i g n  a p p l i e d .  

A1 g o r i  thm c o n t r o l  f o r  second f o r c e  p roducer  (JALGOR) 
( S e t t i n g s  t h e  same as IALGOR). 

IAO -1  p r o p o r t i o n a l  m a t e r i a l s  
0 f i r s t  t i m e  

+1 t h e r e a f t e r  

KACTI + 6 Contac t  c o n t r o l  s w i t c h  ( ,  ETAR) 



TABLE 15 B i v a r i a t e  Po lynomia ls  Tab le  o f  Conten ts  E n t r y  

R e l a t i v e  I ndex  D e s c r i p t i o n  

KPOLYC Number o f  B i  v a r i a t e  Po lynomia ls  (NBPOLY) 

KPOLYC + 1 th rough  NBPOLY E n t r i  es : 
KPOLYC + 2 NBPOLY 0 E x t e r n a l  po l ynomia l  number (NPOLYE) 

1  Beg i  n n i  ng I n d e x  o f  Po lynomia l  S p e c i f i c a t i o n  
E n t r y  (KPOLY) 

TABLE 17  Tab le  o f  Contents E n t r y  f o r  B i v a r i a t e  Tables 

R e l a t i v e  Index  D e s c r i p t i o n  

NB I VTC Number o f  B i  v a r i a n t  Tab1 es (NUMBIV) 

+I E x t e r n a l  Tab le  No. (NBIVEX) 

+2 Beg inn ing  i ndex  o f  i n d i v i d u a l  t a b l e  c o n t r o l  
(NBIVTK) 

TABLE 18 T y p i c a l  C o n t r o l  E n t r y  f o r  I n d i v i d u a l  B i v a r i a t e  Tab le  ( N o n - L a t t i c e  Case) 

R e l a t i v e  I ndex  Desc r i  p t i o n  

NB I VTK Beg inn ing  i n d e x  o f  r e a l  b i v a r i a t e  t a b l e  e n t r y  (NBIVRL) 
NBIVTK + 1 Column spac ing  i ndex  f o r  box d e s c r i p t i o n  (NBIVLC) 

NBIVTK + 2 S w i t c h :  0 = l i n e a r  i n t e r p o l a t i o n ,  1  = l o g  i n t e r -  
p o l a t i o n  

NBIVTK + 3  Number o f  boxes (NBILVN) 

NBIVTK + 4 t h rough  NBIVLN e n t r i e s  o f  form:  
N B I V T K + 2 * N B I V L N + 3  0  B e g i n n i n g i n d e x o f b o x e n t r y ( N B 1 V ~ B )  

+I  Number o f  p o i n t s  i n  box e n t r y  (NBIvBN) 

TABLE 19 T y p i c a l  E n t r y  f o r  I n d i v i d u a l  B i v a r i a t e  Tab le  ( L a t t i c e  Case) 

R e l a t i v e  I ndex  

NB I VTK 

NBIVTK + 1 

NBIVTK + 2  

NB IVTK + 3 

NBIVTK + 4 

NBIVTK + 5 

NBIVTK + 6 

NBIVTK + 7 

NBIVTK + 8  

NBIVTK + 9 

D e s c r i p t i o n  

S e t  -1 f o r  x-dependence o n l y ,  -2  f o r  y-dependence 
o n l y ,  - 3  f o r  bo th  (LATCON) 

B e g i n n i n g  i n d e x  o f  Real X E n t r y  (KBIvxL)  

Beg inn ing  i n d e x  o f  Real Y E n t r y  (KB IVYL)  

B e g i n n i n g  i ndex  o f  Real Force E n t r y  (KBIVFL) 

Number o f  X E n t r i e s  (NFIVX) ( 0  i f  LATCON = - 2 )  

Number o f  Y E n t r i e s  (NBIvY) ( 0  i f  LATCON = -1 ) 

Number o f  Force E n t r i e s  (NBIVF) 

I n t e r p o l a t i o n  s w i t c h  as b e f o r e  (INMETA) 

L a s t  X number (LBIVX) 

L a s t  Y number (LBIVY) 



TABLE 20 Typical Panel Real Information Entry 

Relative Index Description 

KPANR through NUMTIM entr ies  of form. The l a s t  such entry omits 
KPANR + 21 *NUMTI M - 11 +I0 through t20. 

0 t Effective time 

+1 X I .  Y 1 ¶  Z1 Coordinates of point 1 

t4 x2 3 Y2 , z2 Coordinates of point 2 

+7 X3, Y3, Z3 Coordinates of p o i n t  3 

rt Time Ramp Length for Velocities 

Time Span Covered by Current 
time segment 

A A A  

x1 3 y1 9 z1 Coordinate slopes of point 1 

X2, Y 2 .  z2 Coordinate slopes of point 2 

X3.  Y3 .  z3 Coordinate slopes of point 3 

T A B L E  21 Typical Ellipsoid Real Information Entry 

Relative Index Description 

KELLPR ( K E L R )  A, B ,  C Semi -major axes 

KELLPR + 3 

KELLPR + 6 

KELLPR + 9 

xo9  zo Coordinates of center re1 a t i  ve 
t o  body segment system. 

$ Y  0 ,  19 Euler angl es of el 1 ipsoid system 
re la t ive  to body segment system. 

KELLPR + 10 through De 
KELLPR + 18 

Effective radius 

Direction cosine matrix of e l l i p -  
soid system from body system. 

TABLE 22 Typical El 1 ipsoid B-Matrix Entry 

Relative Index Description 

NBMATX through B matrix stored i n  columns 
NBMATX + 8 where 



TABLE 23 T y p i c a l  M a t e r i a l  Real I n f o r m a t i o n  E n t r y  

R e l a t i v e  I ndex  D e s c r i p t i o n  

KMATR Force S a t u r a t i o n  Value (FSAT, = 0 f o r  no t e s t )  

KMATR + 1  

KMATR + 2  

KMATR + 3  

KMATR + 4  

S a t u r a t i o n  Un load ing  S lope (DM, < 0, use as G 
i n s t e a d )  

Y i e l d  P o i n t  (DC) 

S t a r t  Breakdown (DE) 

F i n i s h  Breakdown (DF) 

TABLE 24 I n t e r a c t i o n  Real Work E n t r y  

R e l a t i v e  I ndex  D e s c r i p t i o n  

KACTR ( o r  KACTO) D e f l e c t i o n  o f  f i r s t  f o r c e  p roduce r  (s l ) .  

KACTR + 1  

KACTR + 2  

KACTR + 3  

KACTR + 4  

KACTR + 5  

KACTR + 6 

D e f l e c t i o n  o f  second f o r c e  p roducer  (62 ) .  
0 

D e f l e c t i o n  r a t e  o f  f i r s t  f o r c e  p roducer  (6 , ) .  

D e f l e c t i o n  r a t e  o f  second f o r c e  p roducer  ( %  
2 )  

Combined d e f l e c t i o n  ( 6 ) .  

Combined d e f l e c t i o n  r a t e  ( i ) .  
Force ( FN) . 

KACTR + 7 T a n g e n t i a l  f o r c e  ( FT) . 
KACTR + 8  T a n g e n t i a l  d e f l e c t i o n  ( 6 ) .  
KACTR + 9, + 10, + 11 Con tac t  p o i n t  i n  segment 1  system ( X I ,  Y1, 21) 

KACTR + 12, + 13, + 14  Con tac t  p o i n t  i n  segment 2  system (X2, Y2, 22) 

KACTR + 15, +16 E l l i p s o i d  c e n t e r  i n  panel  system (XXO, YYO) 

KACTR + 17 F r i c t i o n  f o r c e ( f F ) .  

KACTR + 18  Snap back f o r c e  ( F ~ ) .  

KACTR + 19, + 20, + 21, Un load ing  c o e f f i c i e n t s  UNLCOF ( 1  t o  5 )  
+ 22, + 23 

KACTR + 24 

KACTR + 25 

Turnaround p o i n t  t o  b e i n g  u n l o a d i n g  (n, BOG). 

Permanent d e f l e c t i o n  (u, OG) 

KACTR + 26 Turnaround p o i n t  t o  b e g i n  r e l o a d i n g  ( 6 ,  OGB) 

KACTR + 27 F r a c t i o n  o f  f o r c e  produced by  pu re  d e f l e c t i o n  
terms ( S )  

KACTR + 28 Energy 

Note:  KACTR + 29 t h rough  KACTR + 38 a r e  t h e  co r respond ing  i n f o r m a t i o n  f o r  
t h e  second fo r ce  p roducer  t h a t  KACTR + 19  t h rough  KACTR + 28 a r e  
f o r  t h e  f i r s t  f o r c e  p roducer .  



TABLE 24 I n t e r a c t i o n  Real Work E n t r y  ( c o n t i n u e d )  

Re1 a t i v e  Index  D e s c r i p t i o n  

KACTR + 39 

KACTR + 40 

KACTR + 41 t h rough  
KACTR + 47 

KACTR + 48 

KACTR + 49 

KACTR + 50 

KACTR + 51 

KACTR + 52 

KACTR + 53 

KACTR + 54 

KACTR + 55 

KACTR + 56 

KACTR + 57 

KACTR + 58 

C o e f f i c i e n t  used i n  shared d e f l e c t i o n  i n v o l v i n g  
t a b l e s  ( A O )  

Time o f  l a s t  c o n t a c t  (TM) 

C o e f f i c i e n t s  used i n  shared d e f l e c t i o n  (C60, C O 6 $  
Cl5. C 2 4 s  C33,  C42, C 5 i  r e s p e c t i v e l y )  

Tangen t i a l  d e f l e c t i o n  r a t e  (f) 
X-coord i  n a t e  ( i n  panel sys tern) o f  r e f e r e n c e  p o i n t  
f o r  edge e f f e c t s  (XX1) 

Y-coord ina te  ( i n  panel  system) o f  r e f e r e n c e  p o i n t  
f o r  edge e f f e c t s  (YY1) 

Prev ious  v a l u e  o f  DELTA ( 6 p )  => RQ(KACTQ+~) 

D i s tance  f rom m id  p o i n t  o f '  panel t o  p o i n t  o f  f i r s t  
c o n t a c t  (dmid)  

T o t a l  D e f l e c t i o n  Double Time D e r i v a t i v e  ( 6 )  
T o t a l  D e f l e c t i o n  T r i p l e  Time D e r i v a t i v e  6) 
P a r t i a l  o f  Force w.r.t. d e f l e c t i o n  f o r  1 s t  m a t e r i a l  
(PFD(I)). 

P a r t i a l  o f  Force w.r.t. d e f l e c t i o n  f o r  2nd m a t e r i a l  
( P F O ( 4 )  1. 
P a r t i a l  o f  Force w.r.t. d e f l e c t i o n  r a t e  f o r  1 s t  
m a t e r i a l  (PFDD(1)). 

P a r t i a l  o f  Force w . r . t .  d e f l e c t i o n  r a t e  f o r  2nd 
m a t e r i a l  (PFDD(4) ) . 



TABLE 25 T y p i c a l  G-R Tabl e  Real E n t r l  

Re1 a t i v e  Index  D e s c r i p t i o n  

KTBGRR th rough  NPTSGR e n t r i e s  o f  form:  
KTBGRR t 3*NPTSGR - 1  0 D e f l e c t i o n  (6) 

t 1  G-Ration (G) 
+2 R-Rat io  ( R )  

TABLE 25 T y p i c a l  T a n q e n t i a l  Real I n f o r m a t i o n  E n t r y  

R e l a t i v e  I ndex  D e s c r i p t i o n  

KTAN G 
KTANG + 1  
KTANG + 2 
KTANG + 3 
KTANG + 4 
KTANG + 5  
KTANG + 6 

F r i c t i o n  c o e f f i c i e n t  0 (FMUO) 
F r i c t i o n  c o e f f i c i e n t  1  ( M U 1 )  
F r i c t i o n  c o e f f i c i e n t  2  (FMU2) 
Snap back c o e f f i c i e n t  1  ( A l )  
Snap back c o e f f i c i e n t  2 (A2) 
Maximum f o r c e  (FTMAX) 
V e l o c i t y  ramp l e n g t h  (TvON) 

TABLE 27 T y p i c a l  B i  v a r i a t e  Po lynomia l  Real S p e c i f i c a t i o n  

Re1 a t i v e  I ndex  D e s c r i p t i o n  

KPOLY t h r o u g h  
KPOLY + 26 

C o e f f i c i e n t s  o f  terms o f  form:  A. .  tii;' where 
o r d e r  i s  p resen ted  on E.5.A. - E . ~ ? c ,  d e s c r i p -  
t i o n .  

TABLE 28 T y p i c a l  Real B i  v a r i a t e  Tabl e  E n t r y  ( N o n - L a t t i c e  Case1 

R e l a t i v e  I ndex  D e s c r i p t i o n  

NBIVRL 

NBIVRL + 1  

NBIVRL + 2  

NBIVRL + 3 

NBIVRL + 4 

NBIVRL + 5 

NBIVRL + 6 

X o f  l o w e r  l e f t  co rne r  p o i n t  o f  c o n t r o l  box 

Y o f  l owe r  l e f t  c o r n e r  p o i n t  o f  c o n t r o l  box 

X o f  upper  r i g h t  c o r n e r  p o i n t  o f  c o n t r o l  box 

Y o f  upper  r i g h t  c o r n e r  p o i n t  o f  c o n t r o l  box 

X i nc remen t  f o r  c o n t r o l  box 

Y i nc remen t  f o r  c o n t r o l  box 

O f f s e t  t o  one 

TABLE 29 T y p i c a l  Real Box E n t r y  f o r  B i v a r i a t e  Tab les  

R e l a t i v e  I ndex  D e s c r i p t i o n  

NBIVRB th rough  NBIVBN e n t r i e s  o f  form:  
NBIVRB + 3*NBIVBN - 1  0 X c o o r d i n a t e  o f  p o i n t  

+1 Y c o o r d i n a t e  o f  p o i n t  
+2 Force v a l u e  f o r  p o i n t  



TABLE 30 T y p i c a l  Real B i v a r i a t e  Tab le  H o r i z o n t a l  I n f o r m a t i o n  E n t r y  
( L a t t i c e  Case) 

Re1 a t i v e  I ndex  D e s c r i p t i o n  

KBIVXL t h r o u g h  X Values 
KBIVXL + NBIVX-1 

TABLE 31 T y p i c a l  Real B i v a r i a t e  Tab1 e V e r t i c a l  I n f o r m a t i o n  E n t r y  
( L a t t i c e  Case) 

Re1 a t i v e  I ndex  D e s c r i p t i o n  

KBIVYL t h rough  
KBIVYL + NBIVY-1 

Y Values 

TABLE 32 T y p i c a l  Real B i v a r i a t e  T a b l e  Force  E n t r y  ( L a t t i c e  Case) 

R e l a t i v e  I n d e x  D e s c r i p t i o n  

KBIVFL 

KBIVFL + 1 t h rough  
KBIVFL + NBIVF 

O f f s e t  

Force  Values ( ( F i j ,  i = 1, NBIVS), j = 1 
NBIVY) 



3.0 STRUCTURE O F  PROGRAM 

The HSRI Version of  t he  CVS i s  organized i n to  133 subprograms. The 

following th ree  sec t ions  provide information concerning t he  funct ion,  the  

1 inkage, and the  communication among these  subprograms. 

3.1 Functional Breakdown 

The CVS has been organized i n t o  subprograms t o  achieve e f f ic iency  of  

code and ease o f  understanding. Structured programming has not been em- 

ployed i n  this development, but most o f  the  logical  p r inc ip les  involved have 

been general ly  followed. Table 33 l i s t s  t he  133 subprograms and presents a 

s h o r t  descr ip t ion  of  each subprogram. 



Table 33 Subproqram Description Table (1 of 7 )  

Routine 

ADJUST 

A1 RBAG 

A1 RBGG 

BELTG 

BELTRT 

B GG 

BINPUT 

BIVIN 

B L D E F L  

B LKDTA 

BLOCK 

BOXSCN 

BXINFO 

C FACTT 

CHAIN 

CINPUT 

CMPUTE 

Description 

recomputes val ues of the  parametri c forms for s t a t e  vari abl es . 
Used t o  reconstruct time history when time increment i s  changed. 

for  each airbag, controls interact ion w i t h  panels and body seg- 
ments, computes differentia1 pressure and forces and torques on 
bag and segments. 

computes volume of intersection of airbag w i t h  body segments or  
panel. 

processes i n p u t  cards and does in i t i a l i za t ion  for  airbags. 

calculates thermodynamic properties and updates l inear  and angu- 
l a r  position and velocity of each airbag. 

computes tangent points, vectors from tangent points to  anchor 
points and length of be l t  segments. 

computes be1 t forces and torques. 

computes volume of intersection of airbag w i t h  body segment or  
panel and force and torque per unit  pressure on each. 

processes i n p u t  cards for  occupant and ini t i  a1 izes 

processes input cards and i n i t i a l  i zes for  bivariant polynomial s ,  
bivariant tables and G-R tables fo r  materials 

determines penetration, locat ion,  and veloci t ies  for  an e l l ipsoid  
against a planar panel in terms of the  panel system. 

i n i t i a l i z e s  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 1 inear positions and veloci t ies  for  a1 1 segments from 
that  of the f i r s t  and of vehicle 

processes input cards fo r  material s and contacts 

controls the evaluation of acceleration for  a given s e t  of para- 
metric forms fo r  s t a t e  variables and time 



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

CONTCT 

CROSS 

CSOL I D 

CUBRUT 

DAUX 

D A U X l  1 

DAUX 31 

DAUX44 

DAUX55 

DEBUG 

DHHPIN 

DINT 

DOTT31 

DOTT33 

DOT 31 

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 a f t e r  applying 
external forces and constraints 

used by DUAX to compute sub-matrices Cl and R1 in order to el i -  
mi nate body accel e ra t i  ons 

used by DAUX to compute sub-matrices C12 and Cpl  i n  order to e l i -  
mi nate body accelerations 

used by DAUX to compute sub-matrices C 2 2  and R2 in order to e l i -  
minate body accelerations 

used by DAUX to  compute sub-matrices C13 and Cgl i n  order to e l i -  
mi nate body accelerations 

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

used by DAUX to compute sub-matrices Cg3 and R3 i n  order to el i- 
minate body accelerations 

used by DAUX to compute sub-matrices for  f lexible elements 

used by DAUX to  compute sub-matrices for singular elements 

processes debug input into switch values 

se ts  u p  proper direction cosine matrix for  pinned or unpinned 
jo int  

controls integration steps between print times 

calculates matrix from two vectors; A X B T 

performs matrix multiplication; A X B 
T 

performs matrix mu1 t i  pi ication of matrix transpose times a 
vector 

T performs matrix multiplication; A X B 



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

DRCY PR 

DS ETD 

Ds ETQ 

DSMSOL 

DZP 

EDEPTH 

E FUN CT 

E JOINT 

ELONG 

ELTIME 

ENTCOL 

ENTROW 

ENTVAL 

EQUILB 

ERRMSG 

E U L R A D  

EVALFD 

FI NPUT 

FLXSEG 

FOEVAL 

se ts  u p  direction cosine matrix for rotation angles yaw, pitch 
and roll  

updates direction cosine matrix using an incremental angular 
motion and renormalizes i t  

computes new direction cosine matrix from original and incremental 
motion expressed i n  quatern ion form 

solves as s e t  of simultaneous linear algebraic equations 

computes s t a t e  variables from parametric forms and evaluates ex- 
ponential weights 

detemi nes depth of penetration for two el 1 i psoi ds 

computes non-1 inear spring torque for Euler joints  

computes torques for  Euler joints  

computes arc 1 ength on an el 1 ipse 

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 i n t o  a matrix 

enters a sing1 e value i n t o  a matrix 

adjusts i n i t i a l  i n p u t  position values so t h a t  i n i t i a l  normal contact 
forces are equal t o  e i ther  suppl ied val  ues or constraint force values 

prints proper fatal  er ror  message 

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

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

processes input cards for  a1 1 owed contacts 

does calculation for  f lexible segments 

computes contact force for single material only w i t h  unloading, 
saturation and breakdown 



Tabl e 33 Subprogram Description Tabl e (continued) ( 4  o f  7 )  

FRCDFL 

FS MSOL 

GETGR 

GLOBAL 

HEDING 

HERRON 

I MPLS2 

IMPULS 

I N I T A L  

INTERL 

INTERP 

INTERS 

I OVRLP 

I RE GN 

LOADSW 

LOADTP 

LODFEL 

L O K I D J  

L T I M E  

mai n 

MAINPG 

evalues force-deflection function i n  the TAB array a t  a point 

sol ves a se t  of simultaneous equations, the coefficient  matrix 
of which i s  stored as submatrices 

gets proper G and R values for  the material for  unloading 

does calculations for  global graphic joints 

prints t i t l e s  on output pages 

computes angle values for  use in joint  stops 

called by UPDATE when a joint  locks to apply proper impulse 

computes l inear  and angular accelerations from an impulse and 
modifies 1 inear and angular velocit ies 

processes input cards for  occupant i n i t i a l  position 

does a bivariant interpolation, f i r s t  finding the four nearest 
points 

does the actual interpol ation from IHTERL 

determines intersection for two el l ipsoids 

determines whether edge effects  on a panel overlap 

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

given loading type indices for two materials , determines compo- 
s i t e  interaction index 

determines loading type index for a material 

controls con t ac t  interaction calculation 

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

checks that  i n p u t  card being read i s  one expected for unique 
cards 

measures CPU elapsed time i n  units of .O1 seconds 

defines lengths of I Q  and RQ storage arrays 

control i n p u t ,  i n i t i a l i za t ion ,  integration and output of program 



MAT31 

MAT33 

NEARPT 

NEW PAG 

NORLOD 

ORTHO 

OUTPUT 

PANEL 

PDAUX 

PH I TAB 

PLAN IN 

P L E L P  

PLOTRl 

PLOTR2 

PLSEGF 

PLTXYZ 

PRINT 

PRI PLT 

PSOLI D 

PUSHER 

Subproqram Description Table (continued) ( 5  of 

performs matrix multiplication of a matrix times a vector 

performs matrix mu1 tip1 ication of two matrices 

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

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

evaluates table or polynomial material force for given deflection 
and deflection ra te  

generates a s e t  of right-handed orthonormal vectors from a given 
one 

controls final printed output 

se ts  u p  required panel parameters for  airbag 

interfaces between DINT and DAUX t o  s e t  u p  system 

f i t s  a l inear  polynomial to a table a n d  determines the valid 
range 

does planar interpolation from three points, used i n  the random 
interpolation routines 

controls computation of forces a n d  torques from body segments con- 
tact ing panels 

writes i n i t i a l  and constant data for off- l ine plots 

writes time point data for off- l ine plots 

obtains force for segment-segment contact case and appl ies th is  
force t o  segment force and moment arrays 

stores plot characters into printer  plot arrays 

prints selected variables from selected routines a t  each time 
poi n t 

sets  u p  printer plot arrays for Y-Z and X-Z plane views 

computes proper reference point for  edge effects  

a l lo t s  space in integer and real storage arrays for i n p u t  data 



Table 33 Subproqram Description Table (continued) ( 6  o f  7 )  

QSET 

RCRT 

RDT 

RSTART 

SEARCH 

SEGSEG 

SETACT 

SHARED 

SHAREG 

SHAREL 

SHAREM 

SHARET 

SINPUT 

SLVCBC 

SLVGEN 

SPDAMP 

TODAY 

prints  o u t  contents of integer and real storage arrays for de- 
b u g g i n g  purposes 

used t o  recompute time history when time step i s  doubled 

computer radius of curvature of el l ipsoid a t  point normal to a 
specified plane 

computer rotation matrix for an angle about an axis 

controls reading and writing of program variables for res ta r t  
capabil i tg of program and redefines new variables from i n p u t  

finds new variables to be redefined 

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

se ts  u p  the entr ies in the packing tables for interactions of the control 
o f  the computation of force 

se t s  u p  i n i t i a l  values of certain arrays used in DAUX before contact 
routines 

se ts  u p  i n i t i a l  values o f  certain arrays used in DAUX a f t e r  contact 
routines 

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

computes contact force when both materials are general 

computes contact force when both materials are 1 inear in deflection 
and deflection ra te  

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

se t s  u p  coefficients to be used in SHARED and SHAREL 

processes i n p u t  cards for  vehicle in te r io r ,  be1 t s ,  constraints, 
spring damper functions, tangential force functions and body sym- 
metry options 

solves a cubic equation for a root i n  a specified range 

solves a general equation ( 4 t h  to 6 t h  order) for  a root i n  a spe- 
c i f i  ed range 

computes forces and torques from spring dampers 

obtains the day's date from the computer 



TRANB Y 

TRI GFS 

TURN PT 

UPDATE 

UPDFDC 

VEHPOS 

VINPUT 

VISCOS 

VISPR 

XDY 

YPRDEG 

ZUMARY 

Table 33 Subprogram D e s c r i p t i o n  Table ( con t i nued )  ( 7  o f  7 )  

conve r t s  coord ina tes  from any body segment system t o  t h e  i n e r t i a l  
system 

computes components o f  da ta  parameters dependent upon t ime  s t e p  

c a l c u l a t e s  exac t  m a t e r i a l  tu rnaround p o i n t ;  i e  d e f l e c t i o n  f o r  
which d e f l e c t i o n  r a t e  i s  zero 

updates c o n d i t i o n s  b e f o r e  and a f t e r  an i n t e g r a t i o n  s tep  

updates f u n c t i o n s  i n  t h e  TAB a r r a y  

computes v e h i c l  e  p o s i t i o n  and v e l o c i t y  components 

processes i n p u t  cards and i n i t i a l  i z e s  f o r  v e h i c l  e  mot ion  

computes coulomb f r i c t i o n  and v iscous to rques a t  j o i n t s  

computes v iscous and s p r i n g  to rques a t  j o i n t s  

per forms m a t r i x  m u l t i p l i c a t i o n  o f  v e c t o r  t imes m a t r i x  t imes 
v e c t o r  

computes yaw, p i t c h ,  and r o l l  angles i n  degrees from d i r e c t i o n  
cos ine  m a t r i x  

c o n t r o l s  read ing  and p r i n t i n g  o f  o u t p u t  data f rom b i n a r y  f i l e  



3 . 2  L inkage S t r u c t u r e  

The 1  inkage between t h e  133 subprograms i s  too  complex t o  be il l u s t r a t e d  

i n  a  convent iona l  f l o w  diagram. Tables 34 and 35 have been developed t o  sum- 

mar ize  t h e  l i n k a g e  s t r u c t u r e  i n  a  s imple  b u t  conven ient  way. Tab le  34 l i s t s  

each subprogram and each r o u t i n e  t h a t  i t  c a l l s .  Table 35 i s  t h e  i n v e r s e  l i s t -  

i n g  each subprogram and each r o u t i n e  t h a t  c a l l  s  i t .  Both t a b l e s  a r e  u s e f u l  

depending which way you a r e  f o l l o w i n g  a  cha in  o f  l o g i c .  



T a h l ~ !  34 L INKAGE CROSS REFERENCE--PART 1, CALLER-CALLFn (1  o f  6 )  

C a l l e r  Used 

ADJUST 

A 1  RBAG 

AIRBGG 

A 1  RBGl 

A I R B G 3  

BELTG 

BELTRT 

B GG 

B I N P U T  

B I V I  N 

B LDE F L  

BLKDTA 

BLOCK 

BOXSCN 

BXINFO 

C FACTT 

CHAIN  

C INPUT 

CMPUTE 

CONTCT 

CROSS 

CSOLI  D 

CUBRUT 

DAUX 

AIRBGG, CROSS, DOT31, E L T I M E ,  MAT31; DSQRT 

BGG, DOT31 

DOT31 , DOT33, DRCYPR, L O K I D J ,  MAT33, PANEL ; DSQRT, MOD 

A 1  RBGG, DOT31 E L T I M E  MAT31 PANEL , Y PRDEG 

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

BELTG, CROSS, DOTT33, DOT31 , E L T I M E ,  FRCDFL, MAT31 

CROSS, DOT31, EDEPTH, INTERS,  MAT31, MAT33, ORTHO, RCRT; 
DARS I N ,  DSQRT 

DRCYPR, ELT IME,  L O K I D J ,  LOOKID,  NEWPAG, PUSHER; I A B S  

L O K I D J ,  LOOKID,  NEWPAG, PUSHER; DABS, DLOG, DMAXl 

CROSS, DOTT33,  DOT33, MAT31; DMAX1, DMIN1,  DSQRT 

DATAN2 

MAXO, MINO,  MOD 

DMIN1,  MAXO 

CROSS, DOT31 , E L T I M E ;  I A B S  

B I V I N ,  F INPUT,  LOADTP, LOKIDJ ,  LOOKID,  NEWPAG 

DZP, OUTPUT, PDAUX 

AIRBAG, BELTRT, ELT IME,  PLELP,  SEGSEG, SETACT; I A B S  

DSQRT 

CHAIN,  CONTCT, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33, 
DAUX44, DAUX55, E J O I N T ,  E L T I M E ,  FLXSEG, FSMSOL, P R I N T ,  SETUP1 , 
SETUP2, SPDAMP, VEHPOS, V I S P R ;  DABS, I A B S  



T a b 1  e 3 4  LINKAGE CROSS-REFERENCE--PART 1 , CALLER-CALLED ( 2  o f  6)  

- 
C a l l  e r  U s e d  

DAUXl 1 ELTIME; I A B S  

DAUX12 ELTIME; I A B S  

DAUX22 DOT31, ELTIME; I A B S  

DAUX31 ELTIME; I A B S  

DAUX32 ELTIME; I A B S  

DAUX33 ELTIME 

DAUX44 ELTIME; I A B S  

DAUX55 ELTIME; I A B S  

DEBUG LAND, SHFTR 

DHHPIN 

D I N T  ADJUST, CMPUTE, ELTIME, OUTPUT, PDAUX, QSET, TRIGFS, UPDATE ; DEXP, 
D M I N l  

DOTT31 

DOTT33 

DOT31 

DOT33 

DRCYPR MAT33, ROT 

DSETD CFACTT; DABS, DCOS, DSIN,  DSQRT 

DSETQ CFACTT; DABS 

DSMSOL DABS 

DZP ELTIME; DABS, DEXP 

EDEPTH DSMSOL, MAT33; DABS, DSQRT 

EFUNCT DABS, DSIGN 



T a b 1  e 3 4  L I N K A G E  CROSS-REFERENCE--PART 1 , CALLER-CALLED ( 3  o f  6 )  

C a l l  er U s e d  

E J O I N T  CROSS y DOT31 y DOT335 EFUNCT, E L T I M E ,  EULRADy GLOBAL, MAT31 y ROT, 
VISCOS;  DABS, DSQRT, I A B S  

ELONG DABS, DCOS, DSIN ,  DSQRT 

E L T I M E  L T I M E ;  FLOAT 

ENTCOL 

ENTROW 

ENTVAL 

E Q U I L B  C H A I N  y DAUX 9 DOT31 y DRCY P R Y  MAT31 y OUTPUT , PRINT,  XDY; DABS , DSQRT 

ERRMSG 

EUL RAD DABS, DARCOS, DATAN2, DMOD, DSIGN 

EVALFD DABS, DMAX1, D M I N l  

F I N P U T  EVALFD, L O K I D J y  LOOKID,  PUSHER; DABS I A B S  

FLXSEG CROSS, DOTT33, DOT31 , DOT33, DRCYPR, E L T I M E ,  MAT31 , MAT33,  XDY; 
DARSINy DATAN2, DCOS, D S I N ,  DSQRT 

FOEVAL GETGRy NORLOD, TURNPT; DABS, I A B S  

FRCDFL EVAL FD 

FSMSOL E L T I M E ;  I A B S  

GETGR 

GLOBAL FRCDFL , HERRON ; DABS , DARCOS , DSQRT 

HEDING FLOAT, I A B S y  MINO 

HERRON EVAL FD; DATAN2, DSQRT 

I M P L S 2  DAUX y DOT31 y DOT33 , DSMSOL, E L T I M E  , P R I N T ,  XDY 

IMPULS CROSS, DAUX, DOT31 , E J O I N T ,  ELT IME,  MAT31 y OUTPIIT, P R I N T ,  VISPR;  
I A B S  



T a b 1  e 3 4  L INKAGE CROSS-REFERENCE--PAKT 1 , CALLER-CALLED ( 4  o f  6) 

C a l l  er Used 

I N I T A L  CHAIN,  DOT31 , DRCYPRy ELT IME,  E Q U I L B  y L O K I D J ,  LOOKID,  MAT31 y VEHPOS; 
I ABS 

I NTE RL  INTERP,  NEARPT, PLANIN;  DEXP 

I N T E R P  

INTERS DSMSOL, MAT31 ; DABS, DSQRT 

I O V R L P  

I REGN DABS 

LOADSW MAXO, MINO 

LO ADTP 

LODFEL FOEVAL, SHARED, SHAREG y SHAREL, SHAREM, SHARET; DMAX1, DMIN1,  I A B S  

L O K I  D J I A B S  

LOOKI  D 

L T I M E  T I M E  

(ma in )  MAINPG 

MAINPG B INPUT,  BLKDTA, CINPUT,  DEBUG, D I N T ,  E L T I M E  , ERRMSG, I N I T A L ,  LOOKID, 
NEWPAG, OUTPUT, PLOTR1 y PLOTR2, PRINT,  P R I P L T ,  QBUGy RSTART, S INPUT,  
TODAY , VINPUTy  ZUMARY ; DABS MCD 

NEARPT BLOCK, BOXSCN, B X I N F O  

NEWPAG 

NORLOD I N T E R L ;  DMAX1, D M I N l  

ORTHO DSQRT 

OUTPUT CROSS , DOTT33 , DOT31 , E L T I  ME , HE DING , L O K I  D J  , LOOK1 D , MAT31 Y PRDEG; 
DARCOS y DSQRT y I ABS y MINO 

PANEL CROSS, DOT31 , MAT31 , MAT33  

PDAUX CROSS, DAUX, DSETQ, E L T I M E ,  QBUG; DSQRT 

P H I  TAB NEARPT; DABS, DMAX1, D M I N l  



T a b l e  3 4  L INKAGE CROSS-REFERENCE--PART 1 ,  CALLER-CALLED ( 5  o f  6)  

C a l l  e r  U s e d  

PLAN I N  DABS 

PLELP BLDEFL  , CROSS y CSOLID,  DOTT33, DOT31 DOT333 IOVRLP,  LODFEL y 

MAT31 , P S O L I  D , TRANBY ; DABS, DMAX1, DMIN1,  DSQRT 

PLOTRl  

PLOTR2 

PLSEGF CROSS, DOT31, LODFEL, MAT31 ; DMIN7 , DSQRT 

PLTXY Z MAT31 

P R I N T  DOT31, YPRDEG; DSQRT 

P R I P L T  DOT31 , E L T I M E  , PLTXYZ;  I A B S  , MOD 

P S O L I  D IREGN 

PUSHER 

QB UG I A B S  

QS E T  DSQRT 

RCRT DSQRT 

ROT DABS, DCOS, DSIGN,  D S I N  

RSTART E L T I M E  , OUTPUT, SEARCH ; DABS y I A B S  

SEARCH MAX0 

SEGSEG CROSS, DOTT33,  DOT31 , DOT33, DSMSOL, ELT IME,  INTERS,  MAT31 , MAT33,  
PLSEGF, PUSHER, XDY; DSQRT, I A B S  

SETACT LOADSW PUSHER; DABS, I A B S  

SETUP1 CROSS, DOT31 , E L T I M E ;  I A B S  

SETUP2 CROSS, DHHPIN, DOTT31, DOTT33, DOT31, E L T I M E ,  MAT33;  DABS, DSQRT, 
I A B S  

SHARi  D SLVCBC, SLVGEN ; DABS , DMIN1 ,  DSQRT, I A B S  

SHAR E G FOEVAL, SHARED; DABS, MAX0 



T a b l e  34 L I N K A G E  CROSS-REFERENCE--PART 1, CALLER-CALLED ( 6  o f  6 )  

C a l l  er 

SHAREL 

SHAREM 

SHARET 

S I NPlJT 

S L VCB C 

SLVGEN 

SPDAMP 

TODAY 

TRANBY 

T R I  GFS 

TURN P T  

UPDATE 

UPDFDC 

VEHPOS 

VIFIPUT 

VISCOS 

V I S P R  

XDY 

Y PRDEG 

ZUMARY 

D M I N l  

FOEVAL; DABS, DMAX1, DMIN1,  DSIGN 

P H I T A B ,  SHARED, SHAREL; DMAX1, D M I N l  

A I R B G 1 ,  DRCYPR, LOKIDJ ,  LOOKID,  NEWPAG, PUSHER; DMIN1, MOD 

CUBRT; DARCOS, DCOS, DSQRT 

DABS 

CROSS, DOT31 , ELTIME,  MAT31 ; DABS, DSQRT 

T I  ME 

CROSS, DOT31 

DMA X 1 

A I R B G 3 ,  CROSS DAUX, DOT31 E L T I M E  , I M P L S 2  , IMPULS , OUTPUT, P R I N T  , 
SETUP29 UPDFDC, XDY; DABS, DSQRT, I A B S  

EVALFD, FRCDFL ; DMAX1, DSQRT 

DFLOAT, D S I N  

DOT31 DRCYPR, DSETD, L O K I  D J  , LOOKID , NEWPAG, Y PRDEG; DCOS DFLOAT 
DSIN ,  I A B S ,  MOD 

CROSS, DOT33, EFUNCT, E L T I M E ,  GLOBAL, MAT31 , VISCOS ; DARCOS , DATAN2 , 
DSQRT, I A B S  

DABS, DARS I N, DATAN2 , D S I  GN 

HEDING; MINO,  MOD 



T a b 1  e 3 5  L INKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER ( 1  o f  6 )  

C a l l  ed U s e r s  

ADJUST D I N T  

A IRBAG CONTCT 

A 1  RBGG AIRBAG, A I R B G 3  

A 1  RBGl S I N P U T  

A 1  RBG3 UPDATE 

BELTG BELTRT 

BELTRT CONTCT 

B GG A 1  RBGG 

B I N P U T  MAINPG 

B I V I N  CINPUT 

BLDEFL PLELP 

B L  KDTA MA1 N PG 

BLOCK NEARPT 

BOXSCN NEARPT 

B X I N F O  NEARPT 

C FACTT DSETD, DSETQ 

CHAIN DAUX EQIJILB I N I T A L  

C INPUT MAINPG 

CMPUTE D I N T  

CONTCT DAUX 

CROSS AIRBAG, BELTG, RELTRT,  BGG, BLDEFL , CHAIN , E J O I N T ,  FLXSEG, IMPULS , 
OUTPUT, PANEL, PDAUX, PLELP , PLSEGF, SEGSEG, SETUP1 SETUP2 , 
SPDAMPy TRANBY , TRANVI  UPDATE, V I S P R  

CSOLI  D PLELP 

CUBRUT SLVCBC 

DAUX EQUILB,  IMPLS2,  IMPULS , PDAUX, UPDATE 



T a b 1  e 3 5  LINKAGE CRflSS-REFFRENCF--D4?T 2, CiLLFD-CALLER ( 2  o f  6 )  

C a l l  ed U s e r s  

DAUXl 1 DAUX 

DAUX12 DAIJX 

DAUX22 DAUX 

DAUX32 DAUX 

DAUX33 DAUX 

DAUX44 DAUX 

DAUX55 DAUX 

DEBUG MA I N  PG 

DHHPIN SETUP2 

D I N T  MA1 NPG 

DOT31 AIRBAG, AIRBGG, A I R B G I y  AIRBG3,  BELTRT, BGG, CHAIN, DAUX22, E J O I N T ,  
E Q U I L B ,  FLXSEGy I M P L S 2 y  IMPULS, I N I T A L y  OUTPUT, PANEL, PLELP, 
PLSEGF, PRINT,  P R I P L T ,  SEGSEG, SETUP1 y SETUP2 , SPDAMP, TRANBY , 
UPDATE, VINPUT 

DOT33 

DRCY PR 

DSETD 

DS ETQ 

DSMSOL 

DZP 

E DE PTH 

E FUN CT 

E J O I N T  

ELONG 

A I R B G I  BLDEFL,  EJOINT,  FLXSEG, IMPLS2,  PLELP, SEGSEG, V ISPR 

A I R B G I  B INPUT,  E Q U I L B  , FLXSEG, I N I T A L  , SINPUT,  V INPUT 

VINPUT 

PDAUX 

EDEPTH I M P L S 2  , INTERS , SEGSEG 

CMPUTE 

B GG 

EJOINT,  V ISPR 

DAUX, IMPULS 

BELTG 



T a b 1  e 3 5  L INKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER ( 3  o f  6 )  

C a l l  ed Users 

E L T I M E  AIRBAG, A IRBG3,  BELTRT,  B I N P U T ,  CHAIN  , CONTCT, DAUX, DAUX11 DAUX12 
DAUX22, DAUX31 , DAUX32, DAUX33, DAUX44, DAUX55, D I N T ,  DZP, E J O I N T ,  
FLXSEG, FSMSOL, I M P L S 2 ,  IMPULS,  I N I T A L ,  MAINPG, OUTPUT, PDAUX, 
P R I P L T ,  RSTART, SEGSEGy SETUP1 SETUP2 , SPDAMP, UPDATE , V I S P R  

E Q U I  L B  I N I T A L  

ERRMSG MAINPG 

EULRAD E J O I N T  

EVAL FD F INPUT,  FRCDFL HERRON, UPOFDC 

F INPUT C I  NPUT 

FLXSEG DAUX 

FOEVAL LODFEL, SHAREG, SHAREM 

FRCDFL BELTRT,  GLOBAL , UPDFDC 

FSMSOL DAlJX 

G ETGR FOEVAL 

GLOBAL E J O I N T ,  V I S P R  

HEDING OUTPUT, ZUMARY 

HERRON GLOBAL 

I MPLSP UPDATE 

IMPULS UPDATE 

I N I T A L  MAINPG 

I NTE RL NORLOD 

I N T E R P  I N T E R L  

INTERS BGG, SEGSEG 

I O V R L P  PLELP 

I REGN P S O L I  D 



Tab1 e 35 LINKAGE CROSS-RE FERENCE--PART 2, CALLED-CALLER ( 4  o f  6 )  

C a l l  e d  U s e r s  

LOADSW SETACT 

LOADTP C I N PUT 

LODFEL PLELP, PLSEGF 

L O K I  DJ AIRBG1, BINPUT, B I V I N ,  CINPUT, FINPUT, I N I T A L ,  OUTPUT, SINPUT, 
VINPUT 

LOOK1 D BINPUT, B I V I N ,  CINPUT, FINPUT, I N I T A L ,  MAINPG, OUTPUT, SINPUT, 
VINPUT 

L T I  ME ELTIME 

MAINPG (ma i n) 

MAT31 AIRBAG, AIRBG3, BELTG, BELTRT, BGG, BLDEFL, EJOINT , EQUILB,  
FLXSEG, IMPULS , I N I T A L  INTERS , OUTPUT, PANEL PLELP y PLSEGF, 
PLTXYZ, SEGSEG, SPDAMP , VISPR 

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

NEARPT INTERL, PHITAB 

NEWPAG BINPUT, B I V I N ,  CINPUT, MAINPG, SINPUT, VINPUT 

NORLOD FOE VAL 

0 RTH 0 BGG 

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

PAN EL AIRBG1, AIRBG3 

PDAUX CMPUTE, D I N T  

PH I TAB SHARET ' 

PLAN I N INTERL 

PLELP CONTCT 

PLOTRl MA1 NPG 

PLOTR2 MAINPG 

PLSEGF SEGSEG 

PLTXYZ P R I P L T  

PRINT DAUX, E Q U I L B  IMPLS2 IMPULS, MAINPG UPDATE 

P R I  PLT MA1 NPG 
3 6 



T a b 1  e 35 L INKAGE CROSS-REFERENCE--PART 2 ,  CALLED-CALLER ( 5  of .  6! 

C a l l e d  U s e r s  

PSOL I D PLELP 

PUSHER B INPUT,  B I V I N ,  F INPUT,  SEGSEG, SETACT, S I N P U T  

QBUG MAINPG, DAUX 

QS ET D I N T  

RCRT BGG 

ROT DRCYPR, E J O I N T  

RS TA RT MA1 NPG 

SEARCH RSTART 

SEGSEG CONTCT 

SETACT CONTCT 

SETUP1 DAUX 

SETUP2 DAUX, UPDATE 

SHARED LODFEL, SHAREG, SHARET 

SHAREG LODFEL 

SHAREL LODFEL, SHARET 

SHAREM LODFEL 

SHARET LODFEL 

S I N P U T  MAINPG 

SLVCBC SHARED 

SLVGEN SHARED 

SPDAMP DAUX 

TODAY MAINPG 

TRANB Y PLELP 

T R I  GFS D I N T  

TURNPT FOEVAL 



Tab1 e 3 5  L INKAGE CROSS-REFERENCE--PART 2, CALLED-CALLER ( 6  o f  6 )  

Call ed U s e r s  

UPDATE D I N T  

UPDFDC UPDATE 

VEH POS DAUX, I N I T A L  

V I N PUT MAINPG 

VISCOS E J O I N T ,  V I S P R  

V I S P R  DAUX, IMPULS 

XDY E Q U I L B ,  FLXSEG, IMPLSZ,  SEGSEG, UPDATE 

Y PRDE G A IRBG3,  OUTPUT, P R I N T ,  V INPUT 

ZUMARY MAINPG 



3.3 Internal Communication 

The communication of information i s  hand1 ed by means of arguments and 

commons. Table 36 1 i s t s  each subprogram which uses arguments together with 
the arguments. Table 37 1 i s t s  each subprogram together w i t h  a l l  the labelled 

commons which are used in i t .  Table 38 i s  the inverse 1 is t ing each common 

together with a l l  subprograms in which i t  appears. B o t h  tables are useful 

depending on which way you are following an information chain. Table 39 

i s  a Symbol Dictionary covering every quantity which appears in an argument 
l i s t ,  a common, or  i s  in a debug printout. A t  this  writing, not al l  quan- 

t i t i e s  have been defined in th is  table. The level of e f fo r t  required was 
not within the scope of th is  contract. Some commons contain temporary sto- 

rage and have different  uses of the same physical storage i n  different parts 

of the model run. Redefinitions of th is  so r t  are specified in the Symbol 

Table by postscripting a number sign ( # )  and a number signifying which de- 

f in i t ion t o  the common name. 



T a b l e  3 6  ROIITTNF ARGllMENT L I S T S  (1 o f  5 )  

"' O f  A r g u m e n t s  ROUTINE 

ADJUST 5 

A 1  RBGG 1 

A I R B G 3  1 

BELTG 5 

BELTRT 5 

BGG 1 9  

BLDEFL  2 

BLOCK 5 

BOXSCN 10 

B X I N F O  9 

C FACTT 3 

CMPUTE 7 

CROSS 3 

CSOL I D 1 1  

CUBRUT 1 

DAUX 1 

DEBUG 2 

I RESET 

I, 11, MM, M, N T  

~ ( 3 , 3 ) ,  Z A ( ~ ) ,  ~ ~ ( 3 , 3 ) ,  B F A ( 3 ) ,  V A ( 3 ) ,  WA(3) ,  B ( 3 , 3 ) ,  Z B ( 3 ) ,  
~ ~ ( 3 , 3 ) ,  B F B ( ~ ) ,  u B ( 3 ) ,  WB(3 ) ,  VSCS, I F U L L ,  T V ( 3 ) ,  F R A ( ~ ) ,  
TORQ(3) ,  T Q B ( 3 ) ,  VOL 

M, KELLPR 

HOMBOX, RADIUS,  BOXNUM, MUMROW, NUMCOL 

L I N D E X ,  X, Y, BOX, XNEAR( IO,~ ) ,  FNEAR(10) ,  MNRAD2, D I S T ( 1 0 ) ,  
FARPTR, NCLOSE 

L I N D E X y  X, Y y  DELMIN,  HOMBOX, NUMROWy NUMCOL, MAXBOX, 
MINRAD 

~ ( 3 ) ~  B ( 3 ) ,  C ( 3 )  

XO, YO, ZO, X l ,  X2, Y2,  XX1, YY1,  Q, RBAR, I E T A S E  

ARG 

DHHPIN 5 D D ( 3 , 3 ) ,  B N ( 3 )  , L ,  My N 

D I N T  1 0  I N ,  N, DPTR, HO, HMAX, HMIN,  T, X ( 2 4 0 ) ,  D E R ( 2 4 0 ) ,  N D I N T  

DOTT31 3 A ( 3 ) ,  B ( 3 ) ,  C ( 3 , 3 )  

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

DOT31 3 A ( 3 , 3 ) ,  B ( 3 ) ,  C ( 3 )  



T a b l e  36 ROUTINE ARGUMENT LISTS ( 2  o f  5 )  

No'  O f  Arguments ROUTINE 

DOT33 

DRCYPR 

DSETD 

DSETQ 

DSMSOL 

DZP 

E DE PTH 

E FUN CT 

EJOINT 

ELONG 

ELTIME 

ENTCOL 

ENTROW 

ENTVAL 

EQUILB 

ERRMSG 

EUL RAD 

EVAL FD 

FOEVAL 

FRCDFL 

FSMSOL 

GETGR 

GLOBAL 

A(3Y3) Y 5 ( 3 ¶ 3 )  9 C(3Y3) 

D(3,3), A ( 3 ) ,  11, 12, 1 3  

D(3,3), TH(3) ,  T 

E(393)y  TH(3)y ESy ECy D(3y3)  

A ( L L Y 1 ) ,  KK, LL 

Ny X(1)Y GG(5y1)y E ( 3 y l ) y  Ry M 

A(393) B(393)  XM(3) y Ty Y(3) y XA(3) y XB(3) y XLy XU 

TH , THDy SPR(5) y JSTOP 

I J y  MJ 

A ¶  BY C Y  DY E 

LY N 

A(2)  3 ~ ( 2 )  y N, My J 

A(2 )  5 ~ ( 2 )  N y My 1 

A(2 )y  V y  Ny My I y  J 

Y ~ ~ ( 3 , 2 2 )  

I FATAL 

D(3,3), A (3 ) ,  I C  

DY NY L 

K, I C  

Dy My N 

C(3,3,1), ~ ( 3 ~ 1 ) ~  NN(JNY1) ,  MX, MAXN, JN 

Ky KMATLy DELy G y  R 

J y  HD3(3)y DHI(3y3)  TQCy T9(3 )  y ANFiL(3) 



T a b l e  3 6  ROUTINE ARGUMENT L I S T S  ( 3  nf 5 )  

No.  o f  
A r g  . A r g u m e n t s  

-- -- 

L I N E S ,  KATGRY HEDING 

HERRON 

I M P L S 2  

IMPULS 

I N T E R L  

I N T E R P  

I N T E R S  

I O V R L P  

IREGN 

LOADSW 

LOADTP 

LODFEL 

L O K I  D J  

LOOK1 D 

L T I M E  

MAT 3 1 

MAT33  

NEARPT 

~ ~ 3 ( 3 )  y N T 1  y THETO y THETOP 

L I N D E X ,  X,  Y ,  F, PFD, PFDD, I E R  

XCORNR(2y2)  , D E L T A ( 2 )  y Xy Y y  Fy FNEAR(4 )  y PFD, PFDD 

D y  R, I E T A R  

L 1 ,  L 2  

KKACT, FN y FTS y F T F  

L I N D E X y  X, Y, XNEAR(10,2) ,  FNEAR(10) ,  D I S T ( 1 0 ) ,  MINBOXy 
MAXBOX, FARPTR, NCLOSE 

NEWPAG 

NORLO D 

ORTHO 

OUTPUT 

PANEL 

PDAUX 

L I N E ,  N, M 

TDEL, TDELD, FOR, PFD, PFDD 

I JK 

DRR(3,3) ,  Z R ( 3 ) ,  JB 

v A ~ ( 3 , l  ) , DER(3,1) ,  NEQ, K D I N T  



T a b l e  3 6  ROUTINE ARGUMENT L I S T S  ( 4  o f  5 )  

No.  o f  
ARG. A r g u m e n t s  

PH I TAB 9 

P L A N I N  8 

PLELP 4 

PLOTRl  1 

PLOTR2 1 

PLSEGF 3 

PLTXY Z 2 

P R I N T  1 

P S O L I D  1 3  

PUSHER 3 

QSET 5 

RCRT 4 

ROT 3 

RSTART 2 

SEARCH 4 

SEGSEG 3 

S ETACT 6 

SHARED 3 

SHAREL 1 

SLVCBC 7 

SLVGEN 11 

TODAY 3 

TRANB Y 3 

- - 

N B I V T K ,  C O E F ( 2 7 ) ,  CZERO, D ,  R, BOTDT, TOPDT, BOTRT, TOPRT, 

~ N ( 3 , 2 ) ,  F N ( ~ ) ,  XV, YV, FV, PFD, PFDD, I E R  

KELLP,  KPAN, KACT, I P I C P  

LDNELL  

LDNELL  

M, N, KACT 

P ( 3 ) ,  C 

SUB 

X, Y, XOC, YOC, X l ,  X2, Y2, Q, RBAR, XX1, YY1, I E T A S E ,  I E T A R  

I D I R ,  IBEG,  NUM 

F ( 5 , 3 , 8 0 ) ,  Y (5 ,3 ,80 ) ,  X ( 3 , 8 0 ) ,  DER(3 ,80 ) ,  N 

A ( 3 , 3 ) ,  P L ( 4 , 3 ) ,  Z ( 3 ) ,  I P  

A ( 3 , 3 ) ,  L ,  TH 

I F ,  I T  

AVAR, INDEX,  NCOM, I T E M  

KELLP,  KELLP2 ,  KACT 

KFP1 , KFP2, NUMACT, KACSWT, KACT, KKK 

LSWT, LSUB, NCOUNT 

NCOUNT 

U, V, W, BOT, TOP, X, I E R  

2,  BOT, TOP, CO, C1, C2, C3, C4, C5, C6, I E R  

I ,  J, D A T E ( 3 )  

P ( 3 ) ,  P D ( 3 ) ,  NBODY 



T a b l e  3 6  ROUTINE ARGUMENT L I S T S  ( 5  o f  E )  

O f  A r g u m e n t s  ROUTINE Arg, 

TURNPT 6 

UPDATE 1 

UPDFDC 1 

VISCOS 3 

V I S P R  2 

XDY 3 

YPRDEG 2 

ZUMARY 1 

Dy DP, DPP, R, RP, RPP 

ZD, V I S C ( 5 ) ,  HA 

I J ,  NJ 

X ( 3 ) ,  D ( 3 , 3 ) ,  Y ( 3 )  

D ( 3 , 3 ) ,  A ( 3 )  

ISWT 



T a b l e  3 7  CnMMON I ISAGE--PART 1,  ROIITINE-COMMnNS USED ( 1  o f  6) 

R o u t  i n e  Commons U s e d  

ADJUST  C D I N T ,  CNSNTS, FLECK 

A I R B A G  ABDATA,  CNSNTS , CNTSRF, CONTROL , CYDATA , DESCRP , FORCES , I O C N T L  I RBASE , 
JBARTZ ,  SGMNTS , TEMPVS , VP QSTN 

A I R B G G  ABDATA CNSNTS CNTSRF, CONTROL , CY DATA FORCES I RBASE , JBARTZ ,  SGMNTS 
TEMPVS , VP OSTN 

A 1  R B G l  ABDATA,  CNSNTS, CNTSRF, CONTRL, CYDATA, DESCRP, ERRER, FORCES, I N T E S T ,  
IOCNTL ,  I R B A S E  , SGMNTS , TEMPVS , T I T L E S  

A I R B G 3  ABDATA, CNSNTS, CNTSRF, CONTRL, CY DATA, FORCES, I O C N T L ,  I R B A S E  , JBARTZ ,  
SGMNTS , TEMPVS, VPOSTN 

B E L T G  CNSNTS , CONTRL, I O C N T L  , TEMPVS 

B E L T R T  CNTSRF, CONTRL, FORCES, SGMNTS, TABLES,  TEMPVS , VPOSTN 

BGG CNSNTS, I RBASE, TEMPVS 

B I N P U T  CEULER, CNSNTS , CNTSRF, COMTRL DESCRP, ERRER, F L X B L E  , I N T E G  I N T E S T ,  
I O C N T L ,  I RBASE , TEMPVS , T I T L E S  

B I V I N  CNSNTS, CNTRLZ ,  ERRER, I N T E G ,  I O C N T L ,  I RBASE, REAL 

B L D E F L  CONTRL , DSTUFF,  I O C N T L  REAL, SGMNTS 

B L K D T A  CNSNTS , TEMPVS 

BLOCK 

BOXSCN I N T E G ,  REAL 

B X I N F O  I N T E G ,  REAL 

C FACTT 

C H A I N  CONTRL, DESCRP, I O C N T L ,  SGMNTS, TEMPVS 

C I N P U T  ERRER, I N T E G ,  I O C N T L ,  I R B A S E ,  REAL,  TABLES , TEMPVS 

CMPUTE C D I N T ,  CONTRL, I RBASE 

CONTCT CONTRL, FORCES, IMTEG,  I R B A S E ,  JBARTZ ,  TABLES 

CROSS 

C S O L I  D 

CUB RUT 

DAUX CMATRX CNSNTS , CONTRL CSTRNT, DESCRP , ERRER , F L X B L E  , I OCNTL , I RBASE 
SGMNTS TEMPVS 



T a b l e  3 7  COMMON USAGE--PART 1, RnllTINE-COMMONS USED ( 2  o f  6 )  

R o u t  i ne Commons Used 

D A U X l l  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 IOCNTL 

DHHPIN 

D I N T  

DOTT31 

DOTT33 

DOT31 

DOT3 3 

DRCY PR 

DS ETD 

DSETQ 

DSMSOL 

DZP 

E DE PTH 

E FUN CT 

E J O I  NT  

ELONG 

E L T I M E  

CEULER, DESCRP, SGMNTS 

CDINT,, CNSNTS , CONTRL, FLECK, I N T E S T ,  IOCNTL, IRBASE 

CNSNTS 

CNSNTS, IOCNTL 

CNSNTS , IOCNTL 

IOCNTL , I RBASE 

CNSNTS 

CNSNTS , CONTRL, IOCNTL,  I R B A S E  

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

GBTIME , IOCNTL 



R o u t  i ne Commons U s e d  

ENTCOL 

ENTROW 

ENTVAL 

E Q U I  L B  CMATRX, CNSNTS, CNTSRF, CONTRL, CSTRUT, DESCRP, IOCNTL,  IRBASE,  JBARTZ,  
SGMNTS, TABLES, TEMPVS , T I T L E S  

ERRMSG ERRER, I O C N T L  

EULRAD CNSNTS 

EVALFD TABLES 

F I N P U T  CNSNTS CONTRL CSTRNT, DESCRP, ERRER, INTEG,  I O C N T L  y IRBASE JBARTZ, 
TABLES,  TEMPVS , T I T L E S  

FLXSEG CNSNTS, FLXBLE,  SGMNTS , TEMPVS 

FOEVAL CONTRL, INTEG, I O C N T L  , IRBASE , REAL , SHRCMA, SHRCMG, SHRCMH 

FRCDFL TABLES 

FSMSOL IOCNTL,  I R B A S E  

GETGR INTEG,  REAL 

GLOBAL CNSNTS , DESCRP TABLES TEMPVI  

HEDING 

HERRON 

I M P L S 2  

IMPULS 

I N I T A L  

I NTE RL 

I NTE RP 

INTERS 

CNSNTS, COMAIN CONTRL , FORCES y INTEG,  IOCNTL , I R B A S E  , JBARTZ, OUTCTL 
REAL RSAVE , TEMPVS T I T L E S ,  ZUMOUT 

CNSNTS , TABLES 

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

CMATRX , CONTRL, CSTRNT, DESCRPy ERRER , FLXBLE , IOCNTL,  IRBASE,  JBARTZ, 
SGMNTS, TABLES,  TEMPVI  , VPOSTN 

CNSNTS , CONTRL, DESCRP, ERRER, IOCNTL,  IRBASE,  SGMNTS , TEMPVS , T I T L E S ,  
VPOSTN 

S I V T A B  , CONTRL, ERRER y INTEG,  IOCWTL y MISCL,  REAL 

CNSNTS , IOCNTL,  I RBASE 

47 



T a b l e  37 COMMON USAGE--PART 1, ROUTINE-COMMONS USED ( 4  o f  6 )  

R o u t i n e  Commons U s e d  

I OVRL P 

IREGN 

LOADSW 

LOADTP 

LODFEL CONTRLy ERRER, INTEG, IOCNTL , I RBASE, M I S C L ,  REAL y SHRCMA, SHRCMB 
SHRCMCy SHRCMDy SHRCMEy SHRCMF, SHRCMGy SHRCMH 

L O K I  D J  ERRER 

LOOK1 D ERRER 

L T I M E  

(ma i n) INTEG, IRBASE,  REAL 

MAINPG CNSNTS, CNTRL2y CNTSRFy COMAINy CONTRL, ERRER, FORCES, INTEG,  IOCNTL,  
I RBASE y M I S C L  y REAL, RSAVE y RSTUFF, SGMNTS , T I T L E S ,  VPOSTN 

NEARPT B I V T A B ,  I N T E G  

NEW PAG IOCNTL 

NORLOD CONTRL , ERRE R, I O C N T L  , I R B A S E  M I S C L  REAL, SHRCMG 

ORTHO 

OUTPUT CNSNTS COMAIN y CONTRLy CSTRNT, DAMPER, DESCRPy ERRER, R X B L E ,  FORCES y 

INTEG,  IOCNTL,  I RBASE , JBARTZy OUTCTL y REAL, RSAVE RSTUFF, SGMNTS , 
TEMPVS , T I T L E S ,  VPOSTN , ZUMOUT 

PANEL CONTRL , SGMNTS 

PDAUX CONTRL, DESCRPy FLXBLE , I N T E S T ,  I R B A S E  y SGMNTS, TEMPVS 

P H I  TAB CNSNTS, CONTRL, ERRER, INTEG,  IOCNTL,  IRBASE,  REAL 

P L A N I N  

PLELP CNSNTS y CONTRL y DSTUFF, INTEG,  I O C N T L  y I RBASE y M I S C L  , PLSTRy REAL y 

S GMNTS , TEMPVS 

P L O T R l  CNTSRF y CONTRLy I N T E G  y REAL y T I T L E S  

PLOTRZ CNTSRF, CONTRL, INTEG,  PLSTR, REAL, SGMNTS, VPOSTN 



T a b l e  37 COMMON USAGE--PART 1 , ROUTINE-COMMONS USED ( 5  o f  6) 

R o u t i n e  Commons U s e d  

PLSEGF CSTRNT, INTEG,  I RBASE REAL SGMNTS TABLES TEMPVI  TEMPVS 

PLTXY Z CONTRL, SGMNTS, TEMPVS, VPOSTN 

P R I N T  CMATRX CNSNTS , CONTRL , CSTRNT , DESCRP , I O C N T L  , SGMNTS, T I T L E S  

P R I  P L T  CNTSRF, CONTRL , DESCRP , I O C N T L  , JBARTZ, SGMNTS TEMPVS T I T L E S  , VPOSTN 

P S O L I  D 

PUSHER CONTRL , ERRER, INTEG, I O C N T L  , I RBASE , REAL 

QB UG INTEG, IOCNTL , I R B A S E  , REAL 

QS E T  

RC RT 

'ROT CNSNTS 

RS TA RT ABDATA, C D I N T  CEULER, CMATRX, CNSNTS CNTRL2 , CNTSRF , COMAIN, CONTRL , 
CSTRNT, C YDATA, DAMPER, DESCRP, FLXBLE , FORCES, INTEG, I N T E S T ,  IOCNTL,  
IRBASE,  JBARTZ, M I S C L  OUTCTL REAL, RSAVE RSTUFF, SGMNTS TABLES 
TEMPVI  T I T L E S  VPOSTN ZUMOUT 

SEARCH 

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

SETACT CNTRL2 , CONTRL , I N T E G  , I O C N T L  , I R B A S E  , REAL 

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

SETUP2 CMATRX CNSNTS , CONTRL CSTRNT, DESCRP, SGMNTS TEMPVS 

SHARED CONTRL IOCNTL,  M I S C L  , REP.L , SHRCMA, SHRCMB , SHRCMD, SHRCME , VPOSTN 

SHAREG CNSNTS CONTRL , IOCNTL,  I RBASE , REAL SHRCMA SHRCMB , SHRCMC , VPOST N 

SHAREL CONTRL, IOCNTL , N I S C L  , REAL, SHRCMA , SHRCMB SHRCMD, SHRCME , SHRCMF 

SHARE M CONTRL, IOCNTL,  I RBASE, REAL , SHRCMA, SHRCMB , SHRCMC 

SHARET CONTRL, IOCNTL,  I R B A S E ,  MISCL,  REAL, SHRCMA, SHRCMB , SHRCMC, SHRCME, 
SHRCMF 

S I N P U T  CNSNTS , CNTRL2 , CNTSRF, CONTRL , CSTRMT , DAMPER , ERRER, I NTEG, IOCNTL , 
IRBASE , REAL SGMNTS , TEMPVS , T I T L E S  



T a b l e  37 COMMON USAGE--PART 1 ,  ROIITINF-CnMMnNF IISf? ( 6  o f  = )  

R o u t  i n e s  Commons U s e d  

SLVCBC 

SLVGEN CONTRL , I OCNTL 

S P DAMP DAMPER, S GMNTS , TEMPVS 

TODAY 

TRANBY SGMNTS 

T R I  GFS C D I  NT, CNSNTS , FLECK 

TURN P T  

U P DATE CEULER, CMATRX, CONTRL, CSTRNT, DESCRP, FORCES, INTEG,  IOCNTL,  IRBASE,  
JBARTZ, SGMNTS , TABLES,  TEMPVI  

UPDFDC TABLES 

VEHPOS CNSNTS , CONTRL, SGMNTS, VPOSTN 

V I  N PUT CNSNTS , CONTRL, DESCRP, ERRER, INTEST,  IOCNTL,  IRBASE,  SGMNTS , TEMPVS , 
T I T L E S ,  VPOSTN 

VISCOS 

V I S P R  CEULER, C M T R X ,  CNSNTS , CONTRL, DESCRP, FORCES, IOCNTL,  SGMNTS, TEMPVI  , 
TEMPVS 

Y PRDEG CNSNTS 

ZUMARY CNSNTS , COMA1 N , CONTRL , FORCES, INTEG,  IOCNTL,  I RBASE , JBARTZ , OUTCTL, 
REAL, RSAVE , TEMPVS , T I  TLES , ZUMOUT 



T a b l e  3 8  COMMON USAGE--PART 2 ,  COMMON-ROUTINES USED I N  (1 o f  3 )  

Cornmo n 

AB DATA 

B I VTAB 

CDINT 

CEULER 

CMATRI X 

CNSNTS 

CNTRL2 

CNTSR F 

COMA1 I 4  

CONTRL 

CSTRMT 

C Y DATA 

DAMPER 

DESCRP 

DSTU F F  

ERRER 

FLECK 

R o u t i n e s  

AIRBAG, AIRBGG, AIRBG1,  AIRBG3,  RSTART 

INTERL,  NEARPT 

ADJUST, CMPUTE, DIMTy RSTART, TRIGFS 

B INPUT,  DAUX22, DHHPIN, E J O I N T ,  RSTART, UPDATE, V I S P R  

DAUX, DAUX11, DAUX12, DAUX22, DAUX31, DAUX32, DAUX33, DAUX44, DAUX55, 
E J O I N T ,  EQUILB,  IMPLS2,  IMPULS PRINT,  RSTART, SETUP1, SETUP23 UPDATE , 
V I S P R  

ADJUST, AIRBAG, AIRBGG, A IRBG1,  AIRBG3,  BELTG, BGG, B INPUT,  B I V I N ,  
BLKDTA, DAUX, DAUX55, D INT,  DRCYPR, DSETD, DSETQ, DZP, EDEPTH, EJOINT,  
EQUILB , EULRAD, FINPUT,  FLXSEG, GLOBAL, HEDING , HERRON, I N I T A L  , INTERS, 
MAINPG, OUTPUT, PHITAB,  PLELP, PRINT,  ROT, RSTART, SETUP2, SHAREG, 
S INPUT,  TRIGFS , VEHPOS, VINPUT,  V ISPR y YPRDEG, ZUMARY 

B I V I N ,  MAINPG, RSTART, SETACT, S I N P U T  

AIRBAG, AIRBGG, AIRBG1,  A IRBG3y  BELTRT, B INPUT,  E Q U I L B ,  MAINPG, 
PLOTR1 , PLOTR2, P R I P L T ,  RSTART, SEGSEG, S I N P U T  

HEDING, MAINPG, OUTPUT, RSTART, ZUMARY 

AIRBAG, AIRBGG, A IRBG1,  AIRBG3,  BELTG, BELTRT, B INPUT,  BLDEFL,  CHAIN, 
CMPUTE CONTCT, DAUX , DAUX11 DAUX12, DAUX22 DAUX31, DAUX32 DAUX33, 
DAUX44, DAUX55 DINT,  EDEPTH y E J O I N T ,  E Q U I L B ,  FINPUT,  FOEVAL, HEDING, 
IMPLS2,  IMPULS,  I N I T A L ,  INTERL,  LODFEL, MAINPG, NORLOD, OUTPUT, PANEL, 
PDAUX, PHITAB,  PLELP, PLOTR1, PLOTR2, PLTXYZ, PRINT,  P R I  PLT, PUSHER, 
RSTART, SETACT, SETUP1 y SETUP2, SHARED, SHAREGy SHAREL, SHAREM, SHARET, 
SINPUT,  SLVGEN, UPDATE, VEHPOS, VIIJPUT, V ISPR,  ZUMARY 

DAUX, DAUX31, DAUX32, DAUX33, DAUX44, DAUX55, E Q U I L B ,  FINPUT,  IMPLS2,  
IMPULS, OUTPUT, PLSEGF, PRINT,  RSTART, SEGSEG, SETUP23 S INPUT,  UPDATE 

AIRBAG, AIRBGG, A IRBG1 , AIRBG3,  RSTART 

OUTPUT, RSTARTy S INPUT,  SPDAMP 

AIRBAG, A IRBG1,  BINPUT,  CHAIN , DAUX, DAUX11 DAUX12, DAUX22, DAUX31 
DAUX32, DAUX33, DAUX44, DAUX55, DHHPIN, EJOINT,  E Q U I L B  , FINPUT,  GLOBAL, 
IMPLS2,  IMPULS , I N I T A L ,  OUTPUT, PDAUX, PRINT,  P R I  PLT, RSTART, SETUP1 
SETUPZ, UPDATE, VINPUT,  V I S P R  

BLDEFL,  PLELP 

AIRBG1,  B I N P U T ,  B I V I N ,  CINPUT,  DAUX, ERRMSG, FINPUT,  IMPULS,  I N I T A L ,  I N T E R L ,  
LODFEL, L O K I D J ,  LOOKID, MAINPG, NORLOD, OUTPUT, PHITAB,  PUSHER, S INPUT,  VINPUT 

ADJUST, D INT,  TRIGFS 



T a b l e  3 8  COMMON USAGE--PART 2, COMMON-ROUTINES USED I N  ( 2  o f  3 )  

Common 

FLXBLE 

FORCES 

GBTIME 

INTEG 

I N T E S T  

I OCNTL 

I RBAS E 

JBARTZ 

MISCL 

OUTCTL 

PLSTR 

REAL 

RSAVE 

RSTUFF 

SH RCMA 

SHRCMB 

SHRCMC 

SHRCMD 

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

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

ELTIME 

BINPUT, B I V I N ,  BOXSCN, BXINFO, CINPUT, CONTCT, FINPUT, FOEVAL, GETGR, 
HEDING, INTERL, LODFEL, ( m a i n ) ,  MAINPG, NEARPT, OUTPUT, PHITAB, PLELP, 
PLOTR1, PLOTR2, PLSEFG, PUSHER, QBUG, RSTART, SEGSEG, SETACT, S I  NPUT, 
UPDATE, ZUMARY 

AIRBG1, BINPUT, DINT,  PDAUX, RSTART, VINPUT 

AIRBAG, AIRBG1, AIRBG3, BELTG, BINPUT, B I V I N ,  BLDEFL, CHAIN, CINPUT, 
DAUX, DEBUG, DINT,  DSETD, DSETQ, DSMSOL, EDEPTH , ELTIME, EQUILB,  
ERRMSG, FINPUT, FOEVAL, FSMSOL, HEDING, IMPULS, I N I T A L ,  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 

AIRBAG, AIRBGG, AIRBG1, AIRBG3, BGG, BINPUT, B I V I N ,  CINPUT, CMPUTE, 
CONTCT, DAUX, DINT, DSMSOL, EDEPTH, EQUILB , FINPUT, FOEVAL, FSMSOL, 
HEDING, IMPLS2,  IMPULS, I N I T A L ,  INTERS, LODFEL, ( m a i n ) ,  MAINPG, NORLOD, 
OUTPUT, PDAUX, PHITAB, PLELP, PLSEGF, PUSHER, QBUG, RSTART, SEGSEG, 
SETACT, SHAREG, SHAREM, SHARET, SINPUT, UPDATE, VINPUTy ZUMARY 

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

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

HEDING, OUTPUT, RSTART, ZUMARY 

PLELP, PLOTRZ 

B I V I N ,  BLDEFL, BOXSCN, BXINFO, CINPUT, FOEVAL, GETGR, HEDING, INTERL,  
LODFEL, ( m a i n )  , MAINPG, NORLOD, OUTPUT, PHITAB, PLELP,PLOTR~ , PLOTRZ, 
PLSEGF,PUSHER, QBUG, RSTART, SEGSEG, SETACT, SHARED, SHAREG ,-SHAREL, 

HEDING, MAINPG, OUTPUT, RSTART, ZUMARY 

MAINPG, OUTPUT, RSTART 

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

LODFEL, SHARED, SHAREG, SHAREL, SHAREM, SHARET 

LODFEL, SHAREG, SHAREM, SHARET 

LODFEL, SHARED, SHAREL 

5 2 



Common R o u t i  n e s  

SHRCME LODFEL, SHARED, SHAREL, SHARET 

SHRCMF LODFEL, SHARE L ,  SHARET 

SHRCMG FOEVAL, LODFEL, NORLOD 

SHRCMH FOEVAL, LODFEL 

SGMNTS AIRBAG, AIRBGG, AIRBG1,  AIRBG3,  BELTRT, BLDEFL, CHAIN, DAUX, DAUX11, 
DAUX22, DAUX33, DAUX44, DAUX55, DHHPIN, E J O I N T ,  E Q U I L B ,  FLXSEG, IMPLS2,  
IMPULS,  I N I T A L ,  MAINPG, OUTPUT, PNAEL, PDAUX, PLELP,  PLOTR2, PLSEGF, 
PLTXYZ, PRINT,  P R I P L T ,  RSTART, SEGSEG, SETUP1 , SETUP2, S INPUT,  SPDAMP, 
TRANBY , UPDATE, VEHPOS, VINPUT,  V I S P R  

TABLES BELTRT,  CINPUT,  CONTCT, E Q U I L B ,  EVALFD, FINPUT,  FRCDFL, GLOBAL, HERRON, 
IMPULS, PLSEGF, RSTART, SEGSEG, UPDATE, UPDFDC 

TEMPVI  E J O I N T ,  GLOBAL, IMPULSy PLSEGF, RSTART, UPDATE, V ISPR 

TEMPVS AIRBAG, AIRBGG, AIRBG1,  AIRBG3,  BELTG, BELTRT,  BGG, B INPUT,  BLKDTA, 
CHAIN, CINPUT,  DAUXy DAUX11 DAUX12 , DAUX22 , DAUX31 , DAUX32 DAUX33, 
DAUX44y DAUX55, E J O I N T ,  EQUILB ,  F INPUT,  FLXSEG, HEDING, I N I T A L ,  OUTPUT, 
PDAUX, PLELP , PLSEGF, PLTXYZ, P R I P L T ,  SEGSEG, SETUP1 , SETUP2 , SINPUT,  
SPDAMP, VINPUT,  V ISPR,  Z U M R Y  

T I T L E S  A IRBG1,  B INPUT,  EQUILB ,  ' F I N P U T ,  HEDING, I N I T A L ,  MAINPG, OUTPUT, PLOTRI ,  
PRINT,  P R I P L T ,  RSTART, S INPUT,  VINPUT, ZUMARY 

VPOSTN AIRBAGy AIRBGG, AIRBG3,  BELTRT,  IMPULS , I N I T A L ,  MAINPG, OUTPUT, PLOTR2 
PLTXYZ, P R I P L T ,  RSTART, SHARED, SHAREG, VEHPOS 

ZUMOUT HEDING, OUTPUT, RSTART, ZUMARY 
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Table 39 SYMBOL DICTIONARY ( 3  o f  53) 

ITEM 

B 

B(3) 

IFATAL o r  
debug I D  COMMON 

DSTUFF 

TEMPVS#2 

TEFIPVS#15 

AB DATA 

TEMPVS#17 

TEMPVS#l 

AB DATA 

FORCES 

TITLES 

DSTUFF 

CNTSRF 

TITLES 

CNTSRF 

AB DATA 

ROUTINE(S) DEFINITION 

square o f  BB 

BELTG c o e f f i c i e n t  o f  equat ion  o f  be1 t plane 
e l l i p s e  

SEGSEG 

semiaxes o f  panels f o r  a i rbags 

BELTG 

con tac t  sur face e l l  i pso id  i na t r i x  and 
e l l i p s o i d  cen te r  i n  a i r b a g  system 

u n d i s t o r t e d  volume o f  a i  rbags 

computed o u t p u t  q u a n t i t i e s  f o r  a i rbag-  
segment contac ts  

d e s c r i p t i v e  t i t l e s  f o r  t h e  poss ib le  
a i  rbags 

semiaxis o f  e l  1  i p s o i d  

e l l i p s o i d  i n f o r m a t i o n  f o r  be1 t s  and 
a i  rbags 

d e s c r i p t i v e  t i t l e  f o r  t h e  occupant 

l o c a l  name o f  B E L T ( ~ O , ~ )  i n  BELTG f o r  
c u r r e n t  be1 t e n t r y  

coord inates  o f  anchor p o i n t s  and body 
segment con tac t  p o i n t  and s lack  o f  b e l t s  

coord inates  o f  a i r b a g  con tac t  e l  1  i p s o i d  
centers  w i t h  respect  t o  a i rbag  cen te r  o f  
grav i ty  



Table 39 SYMBOL DICTIONARY ( 4  o f  53) 

ITEM 

BLTTTL(5,8) 

BN( 3) 

B  OT 

BOTD 

BOTR 

I FATAL o r  
debug I D  COMMON ROUTINE(S) 

TITLES 

TEMPVS#7 

SH RCME 

S  H  RCME 

FORCES 

TEMPVS#16 

TEMPVS#2 

CMATRX 

CSTRNT 

CSTRNT 

FLXBLE 

DSTUFF 

TEMPVS#7 

DAUX22 

SHARED 

PRI PLT 

BELTG 

DEFINITION 

d e s c r i p t i v e  t i t l e s  f o r  t h e  var ious  be1 t s  

lower value o f  t h e  v a l i d  range f o r  shared 
d e f l e c t i o n  

lower  value o f  t h e  v a l i d  range f o r  d e f l e c -  
t i o n  f o r  shared d e f l e c t i o n  

lower value o f  t h e  v a l i d  range i n  d e f l e c t i o n  
r a t e  f o r  shared d e f l e c t i o n  

s t r a i n  and f o r c e  f o r  both p a r t s  o f  each b e l t  

p a r t i a l  r e s u l t :  l a s t  h a l f  o f  e l l i p s o i d  
equat ion f o r  be1 t anchor B  

submatr ix B12 

submatr ix B3i  i n  c o n s t r a i n t  equat ions 

submatr ix B32 i n  c o n s t r a i n t  equat ions 

submatr ix  B42 i n  c o n s t r a i n t s  f o r  f l e x i b l e  
elements 

square o f  C C  

DAUX, DAUXll+DAUX55 mat r i ces  f o r  s o l u t i o n  o f  a  s e t  o f  s imu l ta -  
neous equat ions 

FSMSOL mat r i ces  f o r  s o l u t i o n  o f  a  s e t  o f  s imu l ta -  
neous euqat ions 
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Table 3 9  SYMBOL DICTIONARY (11 o f  5 3 )  

I FATAL o r  
debug I D  ITEM 

DP( 2 ) 

COMMON ROUTINE(S~  

SH RCMC 

D E F I N I T I O N  

previous value o f  d e f l e c t i o n  i n  each f o r c e  
producer i n  shared d e f l e c t i o n  

DSTUFF d i r e c t i o n  cosine m a t r i x  o f  panel system 
w . r . t .  i n e r t i a l  system 

DSTUFF 

AB DATA 

t ime d e r i v a t i v e  o f  DPTG(3,3)  

v e c t o r  a long which a i r b a g  c.g. l i e s  d u r i n g  
i n f l a t i o n  

AB DATA d i r e c t i o n  cos ine m a t r i x  o f  o r i e n t a t i o n  o f  
a i r b a g  panels i n  v e h i c l e  re ference 

SH RCMC minimum s t e p  i n  d e f l e c t i o n  i n  shared d e f l e c -  
t i o n  

DSTEPX SHRCMC maximum s tep  i n  d e f l e c t i o n  i n  shared d e f l e c -  
t i o n  

DT 

DUN IT( 3 )  

COMA I F4 

TEM PVS #19 

t ime i n t e r v a l  f o r  i n t e g r a t i o n  

S PDAMP u n i t  vec to r  components o f  l i n e  o f  a c t i o n  
o f  a  s p r i  ng-damper 

components o f  r e l a t i v e  v e l o c i t y  o f  a  sp r ing -  
damper 

IMPULS 

VINPUT 

IMPULS 

IMPULS 

IMPULS 

c u r r e n t  d i r e c t i o n  cos ine m a t r i x  f o r  v e h i c l e  







Table 39 SYMBOL DICTIONARY (14  o f  53) 

I FATAL o r  
debug I D  COMMON ROUTINE(S) 

DS TU F F  

ITEM 

ETAS E 

D E F I N I T I O N  

con tac t  edge swi tch ,  O=normal contact ;  
l = c o r n e r  con tac t  on s o l i d  

i n t e r p o l a t e d  b i  v a r i a n t  tab1 e  v a l  ue INTERL 

SHRCMB polynomial c o e f f i c i e n t s  o f  f i r s t  f o r c e  pro- 
ducer i n  shared d e f l e c t i o n  

fo rces  a c t i n g  on j o i n t s  CMATRX 

CDINT s torage o f  i n t e r g r a t i o n  v a r i a b l e s  

D I N T  i n d i c a t e s  whether any convergence t e s t  has 
been f a i l e d  

F A I L  

S P DAMP 

FOEVAL 

SHARED 

PLELP,PLSEGF 

PLELP 

PLSEGF 

damping f o r c e  o f  a  spring-damper 

eva l  u a t i o n  o f  f o r c e  f o r  m a t e r i a l  

eva l  u a t i o n  o f  f o r c e  f o r  shared d e f l  e c t i o n  

TEMPVS #15 

FFN ( 3) 

TEMPVS#15 

DSTUFF 

DS TU F F  

d e f l e c t i o n  o f  con tac t  i n t e r a c t i o n  FMA X 

square o f  rad ius  vec to r  o f  e l  1 i p s o i d  t o  
p o i n t  o f  maximum d is tance i n t o  p lana r  
panel 

LODFEL 

PLELP 

normal f o r c e  o f  a  con tac t  i n t e r a c t i o n  

normal f o r c e  o f  a  con tac t  i n t e r a c t i o n  





Table 39 SYMBOL DICTIONARY (16  o f  53) 

ITEM 

FX(10) 

F X I  (1  0) 

FZE RO 

GC(3,3) 

GF(3,4) 

GG( 5,240) 

GH( 3,4) 

GRAvITY(3) 

GZERO 

I FATAL o r  
debug 10 COMMON ROUTINE( S) 

TEMPVS#9 EQU I LB 

TEMPVS#9 EQUI LB 

SHRCMB 

DSTUFF 

DSTU FF 

PLELP 

SHRCMB 

TEMPVS#10 FLXSEG 

TEMPVS#l 0 FLXSEG 

CDINT 

FLECK 

CNSNTS 

SH RCMB 

CDINT 

DESCRP 

DEFINITION 

constant  f o r c e  term f o r  f i  r s  t f o r c e  producer 
i n  shared d e f l e c t i o n  

normal e l  l i pso i  d-panel f o r c e  be fo re  any edge 
scal  i n g  

t a n g e n t i a l  e l  1 i pso id-pane l  f o r c e  be fo re  any 
edge sca l  i ng 

polynomial c o e f f i c i e n t s  o f  second f o r c e  pro- 
ducer i n  shared d e f l e c t i o n  

parametr ic  form o f  s t a t e  v a r i a b l e s  

components o f  t h e  a c c e l e r a t i o n  o f  g r a v i  t y  

constant  f o r c e  term f o r  second f o r c e  pro- 
ducer i n  shared d e f l e c t i o n  

c u r r e n t  va lue  o f  t ime  s tep  

even vec tors  a r e  f r a c t i o n  o f  d e v i a t i o n  from 
f u l l  on v iscous to rque f o r  each angle. Odd 
vec to rs  are  torques f o r  l a s t  r e v e r s a l  o f  
l o c k i n g .  



Table 39 SYMBOL DICTIONARY (17 o f  53) 

I T E M  

HAC 

HAD 

HARDC F 

HARDLM 

I FATAL o r  
debug I D  

TEMPVS #21 

M I  SCL 

COMMON ROUTINE( S )  

V I S  PR 

V I S P R  

MISCL 

DESCRP 

TEMPVS#l 1  

FLXBLE 

TEMPVS #17 

TEMPVS#7 

CSTRNT 

TEMPVS#8 

TEMPVS#8 

E J O I N T  

E JO I N T  

V I S P R  

DE F I N  I T I  ON 

fo rce d e f l e c t i o n  l i n e a r  spr ing c o e f f i c i e n t  f o r  
r i g i d - r i g i d  contact  i n t e r a c t i o n  

force d e f l e c t i o n  fo rce  l i m i t  value f o r  r i g i d -  
r i g i d  contact  i n t e r a c t i o n  

d i r e c t i o n  cosines o f  ax i s  about which l ock i ng  
takes place w. r. t. both proximal and d i g i t a l  
sys tems 

components o f  vector  de f in ing  4 (used t o  de- 
f i n e  angle o f  j o i n t  s top)  

components o f  vector  de f i n i ng  +(used t o  de f i ne  
angle o f  j o i n t  s top)  

c o e f f i c i e n t s  o f  quadrat ic  form func t ion  de- 
f i n i n g  o r i e t a t i o n  o f  i n t e r i o r  segments o f  
f l e x i b l e  elements 

T T hh o r  I -hh f o r  each cons t ra in t  

E J O I N T  

E J O I N T  
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Table 39 SYMBOL DICTIONARY ( 2 0  o f  5 3 )  

I FATAL o r  
debug I D  COMMON 

RSTUFF 

D E F I N I T I O N  ITEM 

IHEX( 9) debug s w i t c h  s e t t i n g s  i n  hex f o r  n i n e  t ime  
p o i n t s  

IHEXP RSTUFF index o f  n e x t  t ime a t  which debug sw i t ch  
s e t t i n g s  w i l l  be changed 

I I 

I I 

I J 

I ~ K ( 5 4 , 5 4 )  

p I L I N E S  

ILSTEP 

I L T  

INACT 

IND(4O) 

INDEX(3)  

RSTART new va l  ue o f  i n t e g e r  v a r i a b l e  

D I N T  i n t e g r a t i o n  v a r i a b l e  number 

TEMPVS#7 

TEMPVS#7 

RSTUFF 

RSTU FF 

RSTUFF 

DAUX, DAUXl1- 5 5  

LODFEL con tac t  i n t e r a c t i o n  t ype  i n d i c a t o r  

GBTI  ME 

RSTART a r r a y  i n d i c e s  o f  v a r i a b l e  be ing  rede f ined  on 
r e s t a r t  

INUM 

I N Z  

I P I C P  

I P I N ( 2 1 )  

E RRE R 

RSTUFF 

numeral o f  expected I D  o f  i n p u t  card  

PLELP index o f  panel i n  p l o t  s torage a r r a y  

i n d i c a t o r  o f  type and i n i t i a l  s t a t u s  o f  
j o i n t s  

DESCRP 

INTEG i n t e g e r  pa rk ing  a r r a y  



Table 39 SYMBOL DICTIONARY (21 o f  5 3 )  

ITEM 

I R S I N  

I RSOUT 

I S I N G ( 2 2 )  

ISTEP 

ITEM 

I T E R  

I TRY 

V 
ul 

ITYPE 

I U S E I Q  

I USERQ 

I 1  

I 2  

I 3  

J 

JCARD 

J J 

JNT(21)  

I F A T A L  o r  
debug I D  COMMON ROUTINE( s ) 

COMA I N  

COMA1 N 

DESCRP 

COMA I N  

SHRCMB 

I RBASE 

I RBASE 

DESCRP 

RSTART 

E D E P M  

IMPULS 

IMPULS 

IMPULS 

VISPR 

EQUILB 

SINPUT 

D E F I N I T I O N  

l o g i c a l  u n i t  number f o r  r e s t a r t  i n p u t  

l o g i c a l  u n i t  number for  r e s t a r t  o u t p u t  

i n d i c a t o r  o f  segment s i n g u l a r i t y  

c u r r e n t  i n t e g r a t i o n  s t e p  number 

index i n  i t s  common o f  v a r i a b l e  t o  be r e d e f i n e d  

i t e r a t i o n  counter  f o r  convergence 

i n d i c a t o r  o f  which shared d e f l e c t i o n  r o u t i n e  i s  
be ing t r i e d  

type i n d i c a t o r  f o r  v a r i a b l e  be ing r e d e f i n e d  on 
r e s t a r t  

l e n g t h  o f  I Q  i n  use 

l e n g t h  o f  RQ i n  use 

i n d i c a t o r  f o r  r o u t i n e  from which IMPULS i s  
c a l l  ed 

index o f  c o n t a c t i n g  segment o r  j o i n t  a x i s  

index o f  plane, segment o r  j o i n t  a x i s  

second card  number f o r  i n p u t  e r r o r  

i n d i c a t o r  o f  segment associated w i t h  each 
j o i n t  





Table 39 SYMBOL D I C T I O N A R Y  ( 2 3  o f  5 3 )  

I F A T A L  o r  
debug I D  I TEM 

K FPl 

D E F I N I T I O N  COMMON ROUIINE(S) 

SETACT beginning index o f  second force producer con- 
t r o l  en t r y  

SETACT beginning index o f  f i r s t  fo rce  producer con- 
t r o l  e n t r y  

SHRCMH index o f  cu r ren t  KALGOR f o r  both f o r ce  pro- 
ducers 

SH RCMH index o f  previous KALGOR f o r  both fo rce  pro- 
ducers 

TEMPVS #11 

OUTCTL 

OUTCTL 

H E D I N G  

u 
KKACT 

KKELP 

FOEVAL 

FOEVAL 

S E T A C T  

index o f  cu r ren t  KALGOR 

K K I  P index o f  previous KALGOR 

KKK index i n  IQ where KACT w i l l  be i nse r t ed  i n  
a1 lowed contact  tab les  o f  contents 

KKR FOEVAL beginning index o f  cu r ren t  ar ray f o r  unloading 
parameters 

KKRP FOE VAL beginning index o f  previous ar ray f o r  unloading 
parameters 

KKU(2 ,ZO)  

KMATL 

H E D I N G  

beginning index o f  mate r ia l  con t ro l  e n t r y  f o r  
both fo rce  producers 

SHRCMH beginning index of mate r ia l  con t ro l  e n t r y  f o r  
both fo rce  producers 





Table 3 9  SYMBOL DICTIONARY ( 2 5  o f  53) 

I T E M  
I FATAL o r  
debug I D  COMMON ROUTI NE ( s 1 

CSTRNT 

D E F I N I T I O N  

segment ind ices  f o r  second po in ts  t o  be con- 
s t r a i ned  

SHRCMH beginning index o f  cu r ren t  ar ray f o r  unloading 
parameters f o r  both force producers 

SHRCMH beginning index o f  previous ar ray f o r  unloading 
parameters f o r  both force producers 

KSHAR 

KSWT(2) 

LODFEL shared d e f l e c t i o n  i n d i c a t o r  

SHRCWF 

TEMPVS#6 

polynomial t ab le  swi tch f o r  both f o r ce  produ- 
cers 

CINPUT,  F I N P U T  

PUSHER 

SETACT 

K T I T L E  ( 31 ) 
w 

KUS E 

temporary storage f o r  t i tl es 

present 1 ength o f  a r ray  

beginning index o f  mate r ia l  con t ro l  e n t r y  f o r  
f i r s t  fo rce  producer 

SETACT beginning index o f  mate r ia l  con t ro l  e n t r y  f o r  
second fo rce  producer 

L 

LASKAT 

LASN RN 

LDNCAR 

LDNELL 

PH I TAB 

OUTCTL 

OUTCTL 

I OCNTL 

I OCNTL 

l o g i c a l  u n i t  number f o r  i n p u t  

l o g i c a l  u n i t  number f o r  spec ia l  e l  1 i p s o i d  
post  processor 

LDNHIC  

LDNPLT 

I OCNTL 

I OCNTL 

l o g i c a l  u n i t  number f o r  H I C  output  

l o g i c a l  u n i t  number f o r  p r i n t e r - p l o t  output  
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Table 39 SYMBOL DICTIONARY ( 2 9  o f  53) 

I FATAL o r  
debug I D  I T E M  

NCRD 

N D I N T  

COMMON ROUTINE(S1 

ERRER 

COMA I N  

D E F I N I T I O N  

number o f  i npu t  card as read 

number o f  i t e r a t i o n s  f o r  i n t e g r a t i o n  conver- 
gence t e s t  

NEDGE 

NELP 

NELSEG 

BLDE FL index o f  maximum de f l ec t i on  i n  EDGE(8) 

CONTRL number o f  body e l  1  ipso ids 

SINPUT number o f  body segment t o  which e l l i p s o i d  M 
i s  attached 

COMA I N  

TEMPVS#6 

number o f  i n t e g r a t i o n  var iab les  

FINPUT index o f  o l d  mate r ia l  proper ly  funct ions f o r  
be1 t s  and j o i n t s  

FLXBLE i d e n t i f i c a t i o n  numbers o f  reference, i n t e r i o r ,  
and terminat ing segment f o r  each i n t e r i o r  
segment 

N FLX t o t a l  number o f  i n t e r i o r  segments f o r  a l l  
f l e x i b l e  elements 

BINPUT number o f  segments f o r  which H F  arrays a re  
t o  be suppl ied (must equal NFLX)  

CON TRL 

SH RCM F 

NGRND index o f  ground ( i e  i n e r t i a l  reference sys- 
tem) 

N I X  

N J 

def ines order o f  shared d e f l e c t i o n  forms type 

FINPUT body contact  e l  1  i psoid index; be1 t index; 
j o i n t  index 

CONTRL N JNT 

N J 2  

number o f  j o i n t s  

DAU X 



Table 39 SYMBOL DICTIONARY (30 o f  53) 

I T E M  

N N 

NPS F 

$2 NQ 

NQ2S 

NRPCAT 

N S 

NS D 

NSEG 

NSG(7)  

NSS F 

NSTEPS 

I FATAL o r  
debug I D  COMMON ROUT1 NE ( S )  

2 3 FSMSOL 

FORCES 

CON TRL 

CONTRL 

FORCES 

CSTRNT 

TEMPVS#7 

OUTCTL 

DESCRP 

DAMP Eli 

CONTRL 

RSAVE 

FORCES 

COMAIN 

S GMEN TS 

D E F I N I T I O N  

conta ins  l o c a t i o n  i n  a r r a y  o f  I, J elements 
f o r  s o l u t i o n  o f  a  s e t  o f  simultaneous equa- 
t i o n s  

number o f  p lana r  panels a l lowed t o  c o n t a c t  
t h e  a i rbags 

number o f  p lana r  panels 

sw i t ch  a r r a y  f o r  va r ious  o p t i o n a l  d i a g n o s t i c  
o u t p u t  

number o f  p l  ane-segment con tac t  i n t e r a c t i o n s  

number o f  c o n s t r a i n t s  t o  be suppl i ed 

DAUX, DAUX11- 33, 
DAUX55 

number o f  s  i ngul  a r  segments 

number o f  spring-dampers t o  be supp l i ed  

number o f  segments 

number o f  se lec ted  p o i n t s  f o r  t h e  var ious  
types o f  t ime h i s t o r y  o u t p u t  

number o f  segment-segment con tac t  i n t e r a c t i o n s  

number o f  t ime  steps t o  be i n t e g r a t e d  ( d e f i n e s  
program run  t ime covered) 

segment symmetry o p t i o n  switches 





Table 3 9  SYMBOL DICTIONARY ( 3 2  o f  5 3 )  

I FATAL o r  
debug I D  COMMON ROUTINE( S )  I T E M  

PCYMIN( 5 )  prev ious  value o f  C Y M I N ( 5 )  a t  l a s t  a i rbag  
i n t e g r a t i o n  s t e p  

AB DATA 

prev ious  value o f  C Y V ( ~ )  a t  l a s t  a i r b a g  
i n t e g r a t i o n  s t e p  

A0 DATA 

d i f f e r e n t i a l  pressure f o r  a i rbags A0 DATA 

NORLOD e v a l u a t i o n  o f  p a r t i a l  d e r i v a t i v e  o f  f o r c e  w i t h  
respec t  t o  d e f l e c t i o n  

SH RCMA p a r t i a l  d e r i v a t i v e  o f  force w i t h  respec t  t o  
d e f l e c t i o n  fo r  each f o r c e  producer f o r  t h e  
th ree  p o s s i b l e  eva lua t ions  i n  shared d e f l  ec- 
t i o n  03 m 

P FDD NORLOD e v a l u a t i o n  o f  p a r t i a l  d e r i v a t i v e  o f  f o r c e  w i t h  
respec t  t o  d e f l e c t i o n  r a t e  

SH RCMA p a r t i a l  d e r i v a t i v e  o f  f o r c e  w i t h  respec t  t o  
d e f l e c t i o n  r a t e  f o r  each f o r c e  producer f o r  
t h e  th ree  eval  ua t ions  i n  shared d e f l e c t i o n  

prev ious  va lue o f  PFDD f o r  each f o r c e  producer 
i n  shared d e f l e c t i o n  

SHRCMC 

prev ious  va lue o f  PFD f o r  each f o r c e  producer 
i n  shared d e f l e c t i o n  

SHRCMC 

P H I  ( 3 , 2 2 )  components o f  segment p r i  n c i  p l  e  moments o f  
i n e r t i a  

DESCRP 

CNSNTS 

DSTUFF 

va lue o f  .r 

c o e f f i c i e n t s  o f  equat ion  o f  p lane o f  p lana r  
panel 



Table 39 SYMBOL DICTIONARY (33 o f  53) 

I FATAL o r  
ITEM debug I D  

PLD(3) 11-2-3 

PLOT1 (1 20,60) 

PLOT2(120,60) 

PLTPL(4,3,20) 

PPFD 15-1-2 

00 
u PPFDD 15-1-2 

PP2 ( 3) 21 

P P ~ (  3) 2  1  

PREVT 

COMMON ROUTINE(S) 

TEMPVS #1 B GG 

DSTUFF 

TEMPVS#16 PLTXY Z, PRI PLT 

TEMPVS#16 PLTXYZ, PRI PLT 

PLSTR 

FOE VAL 

AB DATA 

FOEVAL 

PLELP 

PLELP 

FORCES 

TEMPVS#10 FLXSEG 

AB DATA 

AB DATA 

BLDE FL 

DEFINITION 

equat ion  o f  p lane a t  maximum pene t ra t i on  p o i n t  
f o r  a i rbags 

t ime d e r i v a t i v e s  o f  PL(3) 

s torage o f  p l o t  image f o r  Y-Z view 

storage o f  p l o t  image f o r  X-Z view 

p l  anar panel corner  p o i n t  coord inates  

e v a l u a t i o n  o f  p a r t i a l  d e r i v a t i v e  o f  f o r c e  w i t h  
respec t  t o  d e f l e c t i o n  

e v a l u a t i o n  o f  p a r t i a l  d e r i v a t i v e  o f  f o r c e  w i t h  
respec t  t o  d e f l e c t i o n  r a t e  

va lue o f  TIME a t  p rev ious  a i r b a g  i n t e g r a t i o n  
s tep  

compute o u t p u t  q u a n t i t i e s  f o r  j o i n t s  

prev ious  values o f  VBAG(5) a t  l a s t  a i r b a g  
i n t e g r a t i o n  s t e p  

prev ious  values o f  CYMOUT(5) a t  l a s t  a i r b a g  
i n t e g r a t i o n  step.  

e l l i p s o i d  cen te r  v e l o c i t y  vec to r  r e l a t i v e  
panel 



Table 39 SYMBOL DICTIONARY (34  o f  53) 

I FATAL o r  
debug I D  COMMON ROUTINE(S) 

TEMPVS#18 SINPUT 

DEFINITION ITEM 

Pl (3)  

P l (3 )  

coordinates o f  f i r s t  corner  o f  p lana r  panel ; 
a l s o  semiaxes o f  con tac t  e l l i p s o i d s  

DSTUFF 

DSTUFF 

coord inates  o f  f i r s t  corner  o f  p l  anar panel 

components o f  v e l o c i t y  o f  f i r s t  corner  o f  
p l  anar panel 

SINPUT coord inates  o f  second corners o f  p l  anar panel ; 
a1 so coord inates  o f  centers  o f  con tac t  e l  1 i p -  
so ids  r e l a t i v e  t o  segment centers  o f  g r a v i t y  

DSTUFF 

DSTU FF 

coordinates o f  second corner  o f  p lana r  panel 

components o f  v e l o c i t y  o f  second corner  o f  
p lana r  panel 

coord inates  o f  t h i r d  corner  o f  p l  anar panel ; 
a l s o  o r i e n t a t i o n  o f  con tac t  e l l i p s o i d  

SINPUT 

coord inates  o f  t h i r d  corner  o f  p l  anar panel DSTUFF 

DSTUFF components o f  v e l o c i t y  o f  t h i r d  corner  o f  
p lana r  panel 

UP DATE 

CSTRN T 

TEMPVS#15 

computer c o n s t r a i n t  f o r c e  

SEGSEG 

FSMSOL r i g h t  hand s i d e  f o r  s o l u t i o n  o f  a s e t  o f  
simultaneous equat ions 

VISPR R A 

RADIAN CNSNTS convers ion f a c t o r  from degrees t o  rad ians  



Table 39 SYMBOL DICTIONARY (35 o f  53) 

ITEM 

RB 

RBA(3) 

RBAD(3) 

RES (50) 

RHS(3,54) 

RHSN ( 3) 

RHSl(3) 
03 

UJ RHSZ(3) 

R K ~  (3,12) 

RK2(3,12) 

RLM(3) 

RLN ( 3) 

RM( 3) 

RM(3) 

RMD( 3) 

RMG( 3) 

IFATAL o r  
debug I D  COMMON 

TEMPVS#10 

TEMPVS#10 

CSTRNT 

CSTRNT 

TEMPVS#15 

TEplPVS #15 

TEMPVS#15 

TEMPVS#17 

TEMPVS#15 

DSTUFF 

OUTPUT 

DAUX, DAUXl 1 , 22, 
33,44,55 

FLXSEG 

FLXSEG 

FLXSEG 

DEFINITION 

coordinates o f  f i r s t  p o i n t  t o  be cons t ra ined  

coord inates  o f  second p o i n t  t o  be cons t ra ined  

PLSEGF,SEGSEG 

PLSEGF,SEGSEG 

SEGSEG 

SETUP2 

SEGSEG 

FLXSEG 

d is tance  f o r  e l  1 i p s o i d  center  t o  l owes t  p o i n t  
o f  e l l i p s o i d  





Table 3 9  SYMBOL DICTIONARY ( 3 7  o f  5 3 )  

ITEM 

R 8 

R 9 

s( 3 )  

SCALE ( 5 )  

I FATAL o r  
debug I D  COMMON 

DSTUFF 

DS TU F F  

TEMPVS #17 

AB DATA 

DSTUFF 

DSTU FF 

T I T L E S  

S GMN TS 

S GMN TS 

S GMN TS 

ROUTINE ( S)  D E F I N I T I O N  

e q u i v a l e n t  o f  DDPTM(2,3) 

equi  va l  en t o f  DDPTM( 3,3) 

SETUP1 

sca le  f a c t o r  from geometr ic volume t o  
a i r b a g  volume 

PLELP 

PLELP 

PLELP 

INTEST 

TEMPVS#8 EJOINT 

TEMPVS#7 DAUX12,22 

TEMPVS#7 DAUXl2,22 

square o f  d is tance from p o i n t  1 t o  p o i n t  2 
o f  panel 

d i s tance  from p o i n t  1 t o  p o i n t  2 o f  panel 

names o f  t he  segments, abbrev ia ted 

components o f  segment a c c e l e r a t i o n  

components o f  segment p o s i t i o n s  

components o f  segment v e l o c i t i e s  

segment covergence t e s t  parameters 



Tab1 e 39 SYMBOL DICTIONARY ( 3 8  o f  53)  

IFATAL o r  
ITEM debug I D  COMMON 

DESCRP 

AB DATA 

CSTRW T 

TEMPVS#17 

DESCRP 

DSTU FF 

DSTU FF 

DSTUFF 

AB DATA 

DEFINITION 

s p r i n g  c h a r a c t e r i s t i c s  f o r  j o i n t s  

s p r i n g  constant  f o r  a i r b a g  attachment r e l a t i o n  

R term f o r  each c o n s t r a i n t  

j o i n t  l o c a t i o n s  i n  l o c a l  re ference o f  ad jacent  
segments from Card B.3  

SETUP1 ,SETUP2 

SETUP1 ,SETUP2 

SETUP2 

SETUP2 

INITAL 

PLSEGF 

SETUP1 , SETUP2 

EQUILB 

square o f  n o r m a l i z a t i o n  f a c t o r  f o r  panel 

t ime d e r i v a t e  o f  square o f  normal i z a t i o n  fac-  
t o r  f o r  panel plane 

n o r m a l i z a t i o n  f a c t o r  f o r  panel p lane 

r e c i p r o c a l  d e n s i t y  o f  a i r b a g  a t  t ime  o f  
i n i t i a l  f u l l  i nFl a t i o n  
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Table 39 SYMBOL DICTIONARY ( 4 4  o f  53) 

ITEM 

T2(3) 

T2( 3) 

T2(3) 

T2(3) 

T3(3) 

IFATAL o r  
debug I D  COMMON 

TEMPVS #13 

TEMPVS#15 

TEMPVS#17 

TEMPVS#19 

TEMPVS#l 

ROUTINE(S) 

OUTPUT 

SEGSEG 

SETUP2 

S PDAMP 

B GG 

OUTPUT 

SEGSEG 

SETUP2 

SPDAMP 

VISPR 

B GG 

OUTPUT 

SEGSEG 

SETUP2 

S PDAMP 

B GG 

SETUP2 

SPDAMP 

DEFINITION 

angu lar  v e l o c i t y  components f o r  c o n t a c t  su r face  
i n  c o n t a c t  sur face system 

angu lar  v e l o c i t y  components f o r  c o n t a c t  su r face  
i n  a i r b a g  system 
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ln 
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4.0 OUTPUT FROM CVS (DETAILED DESCRIPTION) 

This section i s  somewhat parallel t o  Section 3.0 of Volume I1 and f i l l s  
in the deta i ls  which Volume I1 l e f t  out. 

4.1 Debuggi ng Printout and Error Messages 

Debugging printout for the CVS i s  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 a l l  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 general ized force vector of 
each force component 

3 = t e r t i a ry  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 i s  
a1 lowed t o  vary in level as a function of simulated time ( a t  u p  t o  eight 

time points) during a run of the program. In order t o  avoid inputting 

sixteen separate tables of debug level versus effective time, advantage i s  
taken of the binary characterist ics of the IBM 370 computer. The four 
levels of a debugging switch can be represented by two binary bi ts .  The 

poss ibi l i t ies  for a l l  sixteen switches can then be represented by thir ty-  
two bits .  Eight hexadecimal d igi ts  a1 so represent thirty-two b i t s .  Hence, 

debugging control i s  achieved by use of a table of eight hexadecimal d igi t  

control words versus effective time. When any or a l l  of the switches are 
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t o  change l e v e l ,  a  new c o n t r o l  word i n  t h e  t a b l e  i s  needed. The swi tches 

correspond t o  groups o f  two b i t s  from t h e  l e f t  o f  t he  word, i .e . ,  s w i t c h  

one i s  c o n t r o l l e d  by t h e  l e f t - m o s t  two b i t s ,  s w i t c h  two by t h e  n e x t  two, 

and so on. The s w i t c h  w i l l  take  on t h e  s p e c i f i e d  l e v e l  a t  t he  f i r s t  t ime 

s t e p  equal t o  o r  g r e a t e r  than t h e  e f f e c t i v e  t ime s p e c i f i e d .  

As an example setup o f  t h e  hexadecimal debugging c o n t r o l  word, cons i -  

der  t h e  case where p r i n t o u t  o f  t h e  q u a n t i t y  " X Y "  , t h e  p o s i t i o n  o f  panel,  i s  

des i red .  Th i s  i s  s p e c i f i e d  under debug s w i t c h  11, debug l e v e l  3. As each 

d i g i t *  o f  t h e  hexadecimal word covers two debug swi tches,  t h i s  p r i n t o u t  w i l l  

be covered by t h e  f i r s t  two b i t s  o f  t h e  s i x t h  d i g i t .  Because no spec ia l  

p r i n t o u t  i s  des i red  f rom debug s w i t c h  12, t h e  l a s t  two b i t s  o f  t h e  s i x t h  

hexadecimal d i g i t  must be "00". Because t h e  des i red  debug l e v e l  i s  3, t h e  

f i r s t  two b i t s  o f  t h e  s i x t h  d i g i t  must be "11". Therefore, t h e  s i x t h  d i g i t  

takes on t h e  va lue  "1100" o r  " C " .  Thus, t h e  hexadecimal word w i l l  be 

"00000C00" a t  t h e  e f f e c t i v e  t ime.  

The t a b l e  o f  e f f e c t i v e  t imes and c o n t r o l  words i s  s p e c i f i e d  t o  the  pro-  

gram by means o f  Cards A.6.A and A. 6.B. The t o t a l  span o f  s imu la ted  t ime 

f o r  t h e  run  shou ld  be covered by  e f f e c t i v e  t imes o f  c o n t r o l  words i f  these 

cards a r e  used a t  a l l  . 
The user i s  warned t h a t  t h e  volume o f  p r i n t o u t  can be s t a r t l i n g  huge 

and hence utmost  d i s c r e t i o n  must be exe rc i sed  i n  t h e  use o f  t h i s  f ea tu re .  

Table 41 con ta ins  a d e t a i l e d  l i s t  o f  t h e  s i x t e e n  debug swi tches and the  

q u a n t i t i e s  which w i l l  be p r i n t e d  f o r  each debug l e v e l  o f  each swi tch .  Table 

41 should be used i n  c o n j u n c t i o n  w i t h  t h e  Symbol D i c t i o n a r y  (see Sec t i on  3.3, 

Table 39) and i n  some cases t h e  l i s t i n g  o f  t h e  program. 

Each l i n e  i n  Table 41 corresponds t o  one l i n e  i n  t he  p r i n t e d  o u t p u t  so 

t h i s  t a b l e  can be used t o  i d e n t i f y  i n d i v i d u a l  q u a n t i t i e s .  

Under t h e  column e n t i t l e d  "Contents"  t he re  appears a  f a c s i m i l e  o f  each 

o u t p u t  l i n e  i n c l u d i n g  t h e  1  i n e  i d e n t i f i c a t i o n  and showing the  Fo r t ran  name 

f o r  each p r i n t e d  q u a n t i t y .  The name o f  t h e  sub rou t i ne  from which t h i s  p r i n t -  

o u t  i s  made i s  g iven i n  t h e  column l a b e l e d  "Rout ine".  

*Base 16 d i g i t s  a r e  0  t o  9  p l u s  A t o  F. 
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These printouts are organized on ID N urrber which consists of debug 
switch, level ,  and number of printout a t  tha t  level hyphenated. 

Error messages produced by the CVS are  shown i n  Table 42 which i s  
sel f-expl anatory. 





Debug 
I D  R o u t i n e  Con t e n t s  

DAUX DAUX PRINT OF I J K  MATRIX 
1 2 3  - - - - - - - - - - - - -  N J 2  
1 I J K ( 1 , l )  - - - - - - - - - - I J K ( 1  ,NJ2) 

DAUX PRINT OF RHS ARRAY 
1 RHS(I,I) RHS(Z,I) - - -  - -  - - 

NJ2  RHS(1,NJZ) R H S ( ~ , N J ~ )  - - - - - - - 

DAUX PRINT OF C ARRAY ELEMENTS 
1 C(1  ,1,1) C(1 ,2,1) C (1  ,3,1)- - - C(3,1,1) C(3,2,1) C(3,3,1) 

-- __a_ ' -- 
(5-1 -1  ) DINT HALVE TCUR TPRINT HS H HPRINT F A I L  K ICNT 

(when  t i m e  s t e p  h a l v e d )  

D INT  same or d o u b l e d  
DOUB L - 





W e ?  -i Y aJ 
C Y u l - u  L 
u u + v C r a J  
Ar-  ZI: COX 
m c r s  a m  L 

1 %  I- 
d 0 
A n -2 
O n Y h Y  
P:Y * Y  "  " 
ur- nor- 

w u  em I II 
I-n- I r - Y  

I- w 
II Z 

m < 
w 
E 2 
+dm" 
D: 1 
C I-- 
LL U- 
a u 

V)x+ 
Z o n  
w m m  
I -V)  I  
CCVC 

LI ,-. 
a < +  
z m  
ov- 
v m  

C Z  
ALL 
W n 

m  
LL 

L 

hhh 

?cum 
UYU 

n n n  
m m m  
nnn 

hnn 
r N W  
uuu 
m m m  
Pa& 

uuu 
n n n  
NNN 
nna 

hhh 

r ~ m  
VUV 

nnn 
r N M  
YYV 

n n n  
r - r r -  
nnn 

hhh 

r -Nrn  
YYY 

r-r-F 
Pan. 

YYV 

n n n  
V U U  
A d d  
W W W  

nnn 
m m m  

I l l  
r-Fr- 
a n * 

r - N M  

nnn 
r - N m  
UUY 

r r t  
X X X  



Table 41 DEBUGGING PRINTOUT LAYOllT ( 5  o f  8) 

Debug 
I D  Rou t i ne  Contents  

PLELP 

PLELP 

PLELP ETAE ETAS ETASB ETASE XXO !YO FMAX 

12-1 -1 BLDE FL TCUR NEDGE  EDGE(^-^) 

12-2-1 BLDEFL DPT6D( 1 , l -3 )  POD(1) CENT M(1) VP2(1) ~ ~ 3 ( 1 )  
DPTGD(~, 1-3) ~ o D ( 2 )  CENT ~ ( 2 )  VP2(2) VP3(2) 
DPTGD(3,l-3) ~ o D ( 3 )  CENT M(3) VP2(3) ~ ~ 3 ( 3 )  

13-1 -1  LODFEL TCIJR KFPDl KFPDZ KACT INACT KSHAR TDEL TDELD 
- -- 

13-1 -2 LODFEL RQ(KACTO+KACT0+3) FN FT FTF FTS 
- - 







T a b l e  4 1  DEBUGGING PRINTOUT LAYOUT ( 8  o f  S )  

Debug 
I D  R o u t  i ne C o n t e n t s  

14-3-1 SLVGEN I P DERP Z 
-- - . .. 

1 5 - 1  -1 FOEVAL KMATL K K I  K K I P  KKR KKRP KALGOR DEL DELD 

1 5 - 1  -2 FOEVAL KALGOR F F  PPFD PPFDD 

1 5 - 2 - 1  NORLOD KACT KALGOR KPOLTA KMATR FOR PFD PFDD 

1 6 - 1  -1 S ETACT TCUR K F P l  KFP2 NUMACT KACSWT 

A 

C3 1 6 - 1 - 2  SETACT KACT KKK I Q ( K A C T # A C T + ~  1 ) 

PUSHER TCUR I D I R  NUM I B E G  KUSE KNEND L I M I T  











4 .2  E x t e r n a l  S to rage o f  Normal Outpu t  

The normal tabu1 a r  o u t p u t  o f  t h e  CVS model i s  s t o r e d  i n  an e x t e r n a l  

f i l e  d u r i n g  t h e  course o f  a  r u n  and t hen  upon comp le t i on  i s  r ead  back i n  

and p r i n t e d .  T h i s  e x t e r n a l  f i l e  a l s o  serves  as i n p u t  t o  some pos tp rocessors ,  

p a r t i c u l a r l y  t h e  V a l i d a t i o n  Command Language (VCL). Tab le  43 c o n t a i n s  a  r e -  

c o r d  by r e c o r d  s p e c i f i c a t i o n  o f  t h i s  e x t e r n a l  f i l e .  The Symbol D i c t i o n a r y  

(Tab le  39) shou ld  be used w i t h  t h i s  t a b l e .  



Ta$le 43 BINARY FILE LAYOUT (1 of 3) 

Record Number Contents 
I 

f 
I 

1 NPSF[I] MBSF[I] NSSF[I] NBAG[I] 
1 LPP[I] NRPCATCI] DDATE ( 3) [A] DATE (3) [A] 
I UNITL [A] UNITT[A] UNITF[A] LDNPRT[I] 
I NJNT[I] NBLT[I] NPL[I] NSEG[I] 

3 1 NSG(7) [I] BDYTTL (5) [A] MNBLT(8) [I] 
I 

I ! COMENT(1-20) [A] 
i 

i 
; I COMENT(21-40) [A] 

/ VPSTTL (20) [A] 
I 

/ SEG(1-20) [A] 
I 

i /  JOINT(^ -20) [A] 
16 MNSEG(1-20) [I] 

I 
I 



Table 43 BINARY FILE LAYOUT (2 o f  3) 

Record Number Contents 
I 

NPANEL(1-6) [I] MNBAG(1-6) [I] LASNRNCI] LASKAT[I] 
NFLX[I] NATAB[I] NELP[I] NQ[I] NSD[I] KNLTPR[I] 

51+i;i=1,8 1 MBLT(1-3,1-5,i)[I]BLTITL(l-5,i )[A] 
1 

I final page no. ' UTIND(l,l-15)[II ,,5) I 
I 

6 0 

beg. record no. 
KATIND(2Y1-15)rIl {6i;i=1 J5) 

BAGTTL(1-5,l-4) [A] 

1 MBOPL(1-20) [I] 
74 

CONVF[D] 
KONTL [I] 
NLRQ[Il 

NBOPL(1-20) [I] 

CONVT [Dl 
NBIVTC[I] 
KBIQ[Il 



Table 43 BINARY FILE LAYOUT ( 3  o f  3) 

6 ,  =a, -1tNTIMES 

Where ac tua l  order  

i 
i 
/ Recorded i n  KATIND(2,n) i n  record 73 above. 
i 

1 Category n j Description 

o f  ca tegor ies  i s  ! 

1 1  I Segment Linear Acceleration i n  Local Coor- 
n=1-7, 9, 11-15, 8 ,  10 I ' di nates 

m =1-7, 8 ,  9-13, 14 ,  15 i 2 / Segment Linear Velocity i n  Vehicle Coor- 
I i dina tes  
1 

1 3  i 
I 

i i Segment Linear Displacement i n  Vehicle 
j i Coordi nates  
I 1 

i 4 / Segment Angular Acceleration i n  Local 
/ Coordinates 

1 5  I Segment Angular Velocity i n  Vehicle 
i 
I 

: Coordinates 

6 Segment Angular Displacement i n  Vehicle 
i 
I Coordinates 
1 i 7 J o i n t  

I , 8 i Plane-Segment Contact Forces 

9 Be l t  Forces 

10 Segment-Segment Contact Forces 

11-15 I Airbag Forces f o r  Airbag 1-5 






