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1  . INTRODUCTION 

T h i s  Use rs '  Guide t o  t h e  UMVCS-1 i s  an i n s t r u c t i o n  and i n f o r m a t i o n  

manual t o  enab le  t h e  u s e r  t o  p r e p a r e  an i n p u t  da ta  s e t  f o r  e x e r c i s i n g  

t h e  program. The r e m a i n i n ?  f o u r  p a r t s  o f  t h e  Guide d e s c r i b e :  

- t h e  i n p u t  q u a n t i t i e s  wh i ch  must be p r o v i d e d  t o  t h e  e x e c u t i v e  

s e c t i o n  o f  t h e  program 

- a  d e s c r i p t i o n  and sample o u t p u t  o f  t h e  e x e c u t i v e  s y s t e m  

- a d e s c r i p t i o n  and s a m p l e  o f  t h e  o u t p u t  p r o d u c e d  by t h e  

compute r  p rogram 

- a n  example  p r o b l e m  i n c l u d i n g  a s a m p l e  d a t a  s e t  and e x e r c i s e  

o f  t h e  p r o c r a m  

2.  INPUT DESCRIPTION 

I n p u t  t o  t h e  V e h i c l e  Crash S i m u l a t i o n  c o n s i s t s  o f  a  s e r i e s  o f  

e i g h t y  c h a r a c t e r  ca rds  d e s c r i b i n g  t h e  v e h i c l e  i n  v e r y  gene ra l  te rms.  

A l t h o u g h  t h i s  program was deve loped f o r  t h e  s i m u l a t i o n  o f  t h e  v e h i c l e  

i n  a  c r a s h  env i ronment ,  t h e  model i s  a p p l i c a b l e  t o  a w ide  range o f  

s t r u c t u r a l  p rob lems.  

A summary o f  t h e  ca rds  r e q u i r e d  t o  e x e r c i s e  t h i s  program i s  i n -  

c l uded  as T a b l e  1.  T h i s  t a b l e  c o n t a i n s  an o r g a n i z a t i o n  l e v e l  i n  column 

one, t h e  s h o r t e s t  a b b r e v i a t i o n  f o r  t h e  i n p u t  c a r d  i d e n t i f i c a t i o n  i n  

column two,  and a  s h o r t  d e s c r i p t i o n  o f  t h e  f u n c t i o n  o f  t h e  c a r d  i n  

t h r e e .  

The i n p u t  t o  t h i s  model i s  o r g a n i z e d  i n  t h r e e  l e v e l s .  The 

v e h i c l e  i s  d e s c r i b e d  i n  te rms of i d e a l  i zed subsystems c a l  l e d  modules 

and t h e  connec t i ons  between t h e  modules. Examples o f  p o s s i b l e  modules 

a r e  : 

- f o r e s t r u c t u r e  



- frame 

- passenger compartment - r e a r  body 

- f i r e w a l l  - f r o n t  suspension 

- d r i v e - t r a i n  - r e a r  suspension 

- bumper 

The modules a r e  comp le te l y  s p e c i f i e d  by t h e  use r  i n  terms o f  s t r u c t u r a l  

components wh ich  may be e i t h e r  a  genera l  frame or a rigid body, and in 
terms of connections between the components. 

' ' 'he frame components are 3;)ecifiecl l?v a set or nodal points connected 
by elements. The element library includes a large deformation plastic 

beam element and a variety of generalized mechanisms. 

A t  p r e s e n t ,  t h e r e  a r e  no d e f a u l t s  b u i l t  i n t o  t h e  program, so t h e  

v e h i c l e  must be c o m p l e t e l y  s p e c i f i e d  f o r  each r u n .  Tab le  2 c o n t a i n s  

a  d e t a i l e d  d e s c r i p t i o n  o f  each i n p u t  ca rd .  The f i r s t  column o f  t h i s  

t a b l e  shows a  f a c s i m i l e  o f  t h e  d e s c r i p t i v e  sentence wh ich  i d e n t i f i e s  

t h e  c a r d  t o g e t h e r  w i t h  mark ings  wh ich  i n d i c a t e  p o s s i b l e  a b b r e v i a t i o n s .  

The second i n c l u d e s  sentence a b b r e v i a t i o n s  co r respond ing  t o  t hose  used 

i n  Tab le  1.  The t h i r d  column i n c l u d e s  necessary v e r b a l  i n f o r m a t i o n  

f o r  compar ing t h e  d a t a  w h i l e  t h e  f o u r t h  column r e f e r s  t o  l i n e  numbers 

i n  Tab le  4 wh ich  i s  a  comple te  example da ta  s e t .  

U n d e r l i n e d  l e t t e r s  i n  t h e  f i r s t  column a r e  those  upon which t h e  

i d e n t i f i c a t i o n  o f  t h e  c a r d  i s  made and must be i n c l u d e d  and c o r r e c t .  

The i d e n t i f i c a t i o n  process i s  c o n f i n e d  t o  t h e  f i r s t  two words. These 

two words may be a b b r e v i a t e d  by these two o r  t h r e e  l e t t e r s  p l a c e d  

c o n t i g u o u s l y  o r  separa ted by b l a n k s .  Any f o l l o w i n g  words must 

appear as shown un less  they  a r e  surrounded by parentheses o r  b r a c k e t s .  

Parentheses i n d i c a t e  o p t i o n a l  i n f o r m a t i  on wh ich  may be i n c l u d e d  f o r  

r e a d a b i l i t y  o r  use r  c l a r i t y .  I f  o p t i o n a l  i n f o r m a t i o n  i s  i n c l u d e d ,  



it must appear as shown. Sometimes optional information is re- 

quired. The third column of the table will discuss the circum- 

stances involved. Brackets enclose a number of choices separated 

by slashes. One such choice must be made and appear as shown. 

Every sentence must end with a period. Sentences may appear on 

n maximum of ten consecutive cards as needed. 

!!any sentences are followed hv a data section. In such a 

case, the first column of Table 2 contains a description of the 

data to be included in the order in which the data is to appear. 

Column three contains a description of the format expected and 

tells the number of data terms which must appear to satisfy the 

sentence. 

All data should be provided in a consistent set of units, 

for example the inch-pound-second system. Output will correspond 

to the selected system of units with the exception of acceleration 

which are in "g's" . 
Several rules should be mentioned for the ordering of cards 

in the data set. These are: 

1. A CRO must come immediately after MC, CC, or NC. 

2. An NO must come immediately after NN. 

3. An NS must come immediately after NO. 

4. A CO must come immediately after CN. 

5. A CS must come immediately after CO. 

6 .  A CRS must come immediately after CRY. 



7 .  Each NA o r  NF must b e  c l u s t e r e d  w i t h  an NH. I t  is 

a s s i g n e d  t o  t h e  l a s t  p r e v i o u s  N N .  

8 .  A l l  cards d e s c r i b i n g  a p a r t i c u l a r  module,  component, 

node,  c o n n e c t o r ,  o r  t a b l e  must appea r  c o n t i g u o u s l y .  

S e n t e n c e s  a r e  used  a s  needed t o  d e s c r i b e  t h e  v e h i c l e .  Each 

s e n t e n c e  i n c l u d e d  must b e  comple t e .  



TABLE 1 .  PROGRAM INPUT DATA REQUIREMENT SUMMARY 

SENTENCE 
INFORMATION LEVEL ABBREVIATION DATA REQUIRED 

For  Run Con t ro l  C L S Run c o n t r o l  parameters 

R T Run t i t l e  

OD Standard o u t p u t  s p e c i f i c a t i o n  

Auxi  1 i a r v  o u t ~ u t  s ~ e c i f i c a t i o n s  
~ a r  tiblek of 'beam quantity 
f itfine coefficients 

L, 

F o r  e n t i r e  v e h i c l e  

v 0 

M C 

CRO 

P o s i t i o n  and o r i e n t a t i o n  o f  v e h i c l e  

I n t e r c o n n e c t i o n s  between modul es 

Connector o r i e n t a t i o n  i f  appl  i c a b l  e 

For  each module h4N Module name 
MO Position and orientation of modules 

CC I n t e r c o n n e c t i o n s  between components 
w i t h i n  module 

CRO Connector o r i e n t a t i o n  i f  appl  i c a b l  e 

For  each component CN 

co 

CRO 

Component name 

Position and orlentation of 
components withln module 

I n t e r c o n n e c t i o n s  between nodes 
w i t h i n  component 

Connector o r i e n t a t i o n  i f  app l  i c a b l e  

Appl i e d  f o r c e s  w i t h i n  component 



TABLE 1. PROGRAM INPUT DATA REQUI REkIENT SUMIIARY 

(Continued) 

SENTENCE 
INFORhlATION LEVEL ABBREVIATION DATA REQUIRED 

For each node NN Nodal point  name 

Pos i t ion  of nodes w i t h i n  
component 

NS Nodal parameter s p e c i f i c a t i o n s  

NA Applied fo rces  f o r  d i r e c t i o n s  

YES Node s top  

Forced displacement f o r  
d i r e c t  ions  

R s Specia l  t e s t s  t o  s top  run 

For  each connector CRY Connector name and type 

CRS Connector parameter specif i . -  
ca t  ions 

-- 
For each t a b l e  TN Table name and s p e c i f i c a t i o n s  



TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS 

Sentence Tab le  4 
Sentence Contents A b b r e v i a t i o n  Notes Examples 

CONTROL SPEC1 FICATIONS (FOLLOW). C L S Run c o n t r o l  parameters.  1  , 2, 3 

( a )  IDS Sw i t ch :  a l l  beams 
A l l  va lues  s p e c i f i e d  a s  

0 = remains p l a s t i c  f l o a t i n g  p o i n t  numbers 

f 0  = r e t u r n s  t o  separa ted by con.ttnas. 

e l  a s t i  c End o f  da ta  marked by 
a s t e r i s k .  S t a r t  d a t a  

( b )  KMAX Maximum number o f  
s teps  

( c )  TMAX Maximum t i m e  

( d )  DTK I n i t i a l  t i m e  s t e p  

( e )  ALR Beam 1  eng th  r e f e r e n c e  

( f )  DR Beam dep th  re fe rence  

( 9 )  ER E l a s t i c  modulus 
r e f e r e n c e  

( h )  AIR Moment o f  i n e r t i  a  
r e f e r e n c e  

( i )  EPS A1 1  owabl e  e r r o r  f o r  
acceptance 

(j) TR Time r e f e r e n c e  u n i t  
( k )  ALOER A l l o w a b l e  e r r o r  t o  

t e s t  two q u a n t i t i e s  
equal  

( 1 )  ISTART R e s t a r t  s w i t c h  ( n o t  
a v a i  1  a b l e  i n  UM-vCS-1 ) 

(m) IEND Record i n f o r m a t i o n  
f o r  r e s t a r t  ( n o t  
a v a i l a b l e  i n  UM-VCS-1 ) 

( n )  BASTEP Normal i n t e g r a t i o n  
t i m e  s t e p  

( 0 )  PERAOW F r a c t i o n  o f  maximum 
increment  

( p )  SIZMAX Maximum d isp lacement  
increment  

( q )  BUNL Y i e l d  convergence 
1 ower bound 

( r )  BUNN Y i e l d  convergence 
upper bound 

on new l i n e .  
Twenty numhers must  
b e  s p e c i f i e d .  

( s )  GR G r a v i t y  ( i n / s e c 2 )  
( t )  IGSLEC S w i t c h :  

0 = i t e r a t e  a l l  i n v e r s i o n s  
1 = i t e r a t e  o n l y  s t i f f n e s s  i n v e r s i o n s  
2 = i t e r a t e  no i n v e r s i o n  

7 



TABLE 2 .  GENERAL VEIIICLR INPUT DATA FORVATS (Continued) 

Sentence Contents 
Sentence Table 4 
Abbreviation IJo t e s  Examples 

RUN TITIIE . - - RT Run t i t l e  speci -  4 ,  5 ,  6 
f i c a t i o n .  :(laxi- 
mum of 132 c l~a rac -  
t e r s  per  l i n e  fo r  
a  maximum of t en  
l i n e s .  End of 
each l i n e  marked 
by a  s l a s h ,  end 
of a l l  t i t l e s  by 
a s t e r i s k .  Each 
l i n e  w i l l  be 
cen te red .  

OUTDUT DES I  RED (FOLLOWS ) - - 

Note: N = l ,  Generalixed 
f o r c e  a t  nodes. 

2 ,  Displacements of 
nodal p o i n t s .  

3 ,  pos i t i on  of nodal 
po in t s .  

4 ,  Ve loc i t i e s  of 
nodal p o i n t s .  

5 ,  Accelerat ion of 
nodal p o i n t s .  

G ,  G e n e r a l i ~ e d  fo rce s  
a t  connector ends.  

7 ,  Gnergy d i s s i p a t i o n  
a t  connector ends. 

QD Output category 7 ,  ? 
s e l e c t i o n s  a r e  a  
s t r i n g  of i n t e r -  
mixed e n t r i e s  
nrlrlich a r e  e i t h e r  
ind iv idua l  l i s t -  
inqs  ( N ) ,  o r  con t i -  
quous ranye l i s t -  
ings ( N  -- IJ) 11 hick[ 
means 11 t o  N) ordered 
a s  d e s i r e d .  This 
sentence i s  pro- 
cessed normally by 
the  execut ive  but 
y i e l d s  no output  
s ince  t abu la r  out-  
put i s  not ava i l -  
ab le  i n  UTIVCS-1. 



TAIZT,IS 2 . GEVRRAL VEJII CJJE INPUT DATA FORHATS (Con t inucd) 

Sentence Contents 
Sentence Table 4 
Abbreviation Notes Examples 

UEUUG OUTPUT (FOLLOWS)  - - DO Specification f o r  9 ,  . . . ,18 
each debug switch 

debug switch (time, level, at various times 
. . . , time, level), . . . * with a debug level 

for each time 
point. Up to ten 
time points may 
be selected for 
each switch. This 
sentence must be 
used with great 
caution since the 
volume of printing 
is extensive. 
(See Part 5) Debug 
output from the 
executive may be 
obtained by debug 
switch zero, no 
time and a single 
level number. 



TABLE 2 .  GENERAL VEIIICLE I V U T  DATA FORMATS ( C o n t i n u e d )  

S e n t e n c e  C o n t e n t s  
S e n t e n c e  T a b l e  1 
A b b r e v i a t i o n  Tiotes Examples  

VARY TABLES. - - 

( a )  S w i t c h :  

1 = Box c r o s s - s e c t i o n  

2 = Channe l  c r o s s - s e c t i o n  

( b )  S w i t c h :  

1 = S t r o n g  b e n d i n g  

2 = Weak b e n d i n g  

Changes t h e  clef a u l t  
s e t t i n ?  o f  beam 
q u a n t i t y  f i t t i n g  co- 
e f f i c i e n t  t a b l e s  f o r  
r u n .  S e e  CRS f o r  
e x p l a n a t i o n  o f  beam 
q u a n t i t i e s .  T h i r t e e n  
numbers must  b e  
s p e c i f i e d .  

3 = T o r s i o n  

4 = A x i a l  

( c )  S w i t c h :  

( d )  Ten f i t t i n g  c o e f f i c i e n t s  

hlODULE NAhlED module name. - - )El Marks s t a r t  o f  a  
s p e c i f i c a t i o n  o f  a  
module .  Each 
module name must  b e  
u n i q u e  and may h a v e  
up t o  e i g h t  c h a r a c -  
t e r s  w i t h  no b l a n k s  



TABLE 2 . GENERAL VEIIICLE INP'IIT DATA FO'I1F4ATS ( Con t i n  ucd  ) 

Sentence Contents 
Sentence Table 3 
Abbreviation Notes Examples 

VEHICLE ORIENTATION (FOLLOFVS ) . - - VO Spec i f i ca t i on  of NOYE 
s t a r t i n g  pos i t i on  

( a )  X-coordinate and o r i e n t a t i o n .  
Sentence abbrevia- 

( b )  Y-coordinate t i o n  i s  on f i r s t  
l i n e .  The da t a  

( c )  Z-coordinate fol lows on the  nex t .  
Quan t i t i e s  a ,  b ,  c  

( d )  n ine  d i r e c t i o n  cos ines .  a r e  l i n e a r  dimension. 
The f i r s t  t h r ee  
d i r e c t i o n  cosines  
a r e  f o r  X-coordinate, 
t he  next f o r  Y and 
the  l a s t  f o r  Z. Each 
s e t  a r e  cosine of 
the  angle with re-  
spect  t o  X ,  Y ,  and Z, 
r e spec t ive ly .  T h i s  
sentence has no 
e f f e c t  s ince  the  
opt ion i s  not ava i l -  
ab le  i n  UAIVCS-1. 
Twelve numbers must 
be s p e c i f i e d  i f  a  VO 
card i s  included.  



TABLE 2 .  GEYERAL VEHICLE INPUT DATA FORMATS ( C o n t i n u e d )  

S e n t e n c e  C o n t e n t s  
S e n t e n c e  Table 4 
A b b r e v i a t i o n  N o t e s  Examples  

( (OF  COMPONENT) component -  
name) 

( (OF MODULE) module-name) 

( (OF CORfPOYENT) component-  
name) 

( (OF MODULE) module-name) 

BY 
C o n n e c t o r  name.  

1 IC T h i s  s e n t e n c e  20 
s p e c i f i e s  o n e  con-  
n e c t i o n  b e t w e e n  two 
m o d u l e s .  "OF COMPO- 
NENT" a n d  "OF 1IODULE" 
p h r a s e s  a r e  n e c e s s a r y  
o n l y  i f  t h e  r e s p e c -  
t i v e  n o d a l  n o i n t  name 
is  n o t  u n i q u e  w i t h i n  
v e h i c l e .  I f  o n l y  
o n e  o f  t h e  two 
p h r a s e s  i s  p r e s e n t ,  
"OF COIIPONENT" o r  "OF 
blODULEn mus t  b e  
s p e c i f i e d .  C o n n e c t o r s  
a r e  d e f i n e d  s e p a r a t e l y  
( S e e  CRN) a n d  u s e d  a s  
many t i m e s  a s  d e s i r e d .  
A l l  names mus t  b e  
< e i g h t  c h a r a c t e r s .  - 
Each  p h r a s e  mus t  b e  
e n t i r e l y  on  o n e  l i n e .  
The  n o d e  i n  t h e  
c u r r e n t  m o d u l e  mus t  
a p p e a r  f i r s t  i n  t h i s  
s e n t e n c e .  

hlODULE ORIENTATION ( F0LLO:VS ) - - MO S e e  VO. f o r  s p e c i -  i;O.'JE 
f  i c a t i o n s .  T h i s  

( a )  X - c o o r d i n a t e  s e n t e n c e  h a s  no 
e f f e c t  s i n c e  t h e  

( h )  Y - c o o r d i n a t e  o p t i o n  i s  n o t  a v a i l -  
a b l e  i n  U?IVCS-1. 

( c )  Z - c o o r d i n a t e  Twelve  numbers  
mus t  b e  s p e c i f i e d  i f  

( d )  n i n e  d i r e c t i o n  c o s i n e s  a  :I0 c a r d  i s  i n c l u d e d .  



TABLE 2.  GENERAL VEHICLE INPUT DATA FORMATS (Con t i nued )  

Sentence Tab le  4 
Sentence Conten ts  A b b r e v i a t i o n  Notes Exampl es 

CONNECTOR - - OR1 ENTATION (FOLLOWS). CRO Must f o l l o w  MC, C C ,  
o r  NC t o  wh i ch  i t  

A. Fo r  BEAM t y p e :  app l  i e s  immed ia te l y .  - .  

a .  c o n n e c t o r  l e n g t h  

b .  n i n e  d i r e c t i o n  cos ines  
f o r  i -end 

c .  n i n e  d i r e c t i o n  cos ines  
f o r  j - e n d  

B. For  a1 1 connec to rs  e x c e p t  
BEAM: 

For  beams, n i n t e e n  
numbers must be  
s p e c i f i e d .  For 
UJIVCS-1, t h e  two 
sets of  d i r e c t i o n  
c o s i n e s  shou ld  be  
t h e  same. The 3- 
d i r e c t i o n  l i e s  a l o n g  
t h e  beam and p o i n t s  
from t h e  node 

a. c o n n e c t o r  l e n g t h  o c c u r r i n g  f i r s t  i n  

b .  t h r e e  d i r e c t i o n  cos ines  
f o r  l - d i r e c t i o n  (BEND 
and SHAR o n l y )  

c .  t h r e e  d i r e c t i o n  cos ines  
f o r  2 - d i r e c t i o n  (BEND 
and SHAR o n l y )  

t h e  d a t a  s e t  t o  t h e  
node o c c u r r i n g  second 
i n  t h e  d a t a  s e t .  
D i r e c t i o n s  1 and 2 
must form a  r i g h t h a n d  
sys t em w i t h  d i r e c t i o n  
3.  For a l l  o t h e r  
c o n n e c t o r s ,  one  
number must be  s p e c i -  
f i e d  e x c e p t  f o r  bend- 
i n g  and s h e a r  con- 
n e c t o r s  f o r  which 
seven  numbers must be  
s p e c i f i e d .  D i r e c t i o n s  
1 and 2 must form a  
r i g h t h a n d  sys tem w i t h  
d i r e c t i o n  3 which l i e s  
a long  t h e  c o n n e c t o r  
p o i n t i n g  from t h e  f rame 
node t o  t h e  r i g i d  body 
o r  f r o a  t h e  r i g i d  body 
node named f i r s t  i n  t h e  
d a t a  s e t  t o  t h e  r i g i d  
body node named second  
i n  t h e  d a t a  s e t .  



TABLE 2 .  GENERAL VEHICLE INPUT DATA FORMATS ( C o n t i n u e d )  

S e n t e n c e  C o n t e n t s  
S e n t e n c e  T a b l e  -1 
A b b r e v i a t i o n  N o t e s  Examples  

COPPONENT NAMED componen t-name - - CN Marks s t a r t  o f  a 3 2 ,  60 
s p e c i f i c a t i o n  o f  1 5 7  

(AND I S  OF TYPE) [FRAME/RIGID]. a component  
w i t h i n  a m o d u l e .  

CORlPONENT CONNECTED - - 

( (OF COhPONENT) component-  
name) 

( (OF  COMPONENT) component-  
name) 

BY c o n n e c t o r  name. 

CC T h i s  s e n t e n c e  NONE 
s p e c i f i e s  o n e  con-  
n e c t i o n  b e t w e e n  
two componen t s  
w i t h i n  a p a r t i c u -  
l a r  modu le .  The 
"OF COJ4PONENT1' 
p h r a s e s  a re  n e c e s s a r y  
o n l y  i f  r e s p e c t i v e  
n o d a l  p o i n t  name is  
n o t  u n i q u e  w i t h i n  
t h e  m o d u l e .  Con- 
n e c t o r s  a r e  d e f i n e d  
s e p a r a t e l y  ( S e e  CRN) 
a n d  may b e  u s e d  a s  
many times a s  d e s i r e d .  
The  node  i n  t h e  
c u r r e n t  component  
mus t  a p p e a r  f i r s t  
i n  t h i s  s e n t e n c e .  

CO?t@ONENT ORIENTATION (FOLLOTA'S ) . - - 

( b )  n i n e  d i r e c t i o n  c o s i n e s  

CO Needed o n l v  f o r  33,  3 4 , 3 5  
RIGID c o m p o n e n t s .  
C o o r d i n a t e s  o f  t h e  
c e n t e r  o f  g r a v i t y  
c o o r d i n a t e  s y s t e m  
a r e  X ,  Y ,  Z. The 
a n g l e s  0 1 ,  0 2 ,  0 3  

o r i e n t  t h e  c o o r d i -  
n a t e  s y s t e m  a l o n g  
t h e  t h r e e  p r i n c i p a l  
a x e s  o f  i n e r t i a  o f  
t h e  b o d y .  The 
d i r e c t i o n  c o s i n e s  a r e  
d e f i n e d  as i n  V O .  
The  s i x  g e n e r a l i z e d  
f o r c e s  a r e  a p p l i e d  a t  
t h e  c e n t e r  o f  g r a v i t y  
a l o n g  and  a r o u n d  t h e  
p r i n c i p a l  a x e s  o f  
i n e r t i a .  T h i r t y -  
t h r e e  numbers  mus t  be 
s p e c i f i e d .  



TABLE 2 .  GENERAL VEHICLE INPUT DATA FORhlATS ( Cont inuecl ) 

S e n t e n c e  C o n t e n t s  
S e n t e n c e  T a b l e  1 

A b b r e v i a t i o n  Notes  ~ X L P ~ ~ P S  

CORZPONENT SPECIFICATIONS (FOLLOWS) CS - - S p e c i f i c a t i o n  o f  363,37 
v a l u e s  p e r t a i n i n ?  

( a )  we i~ ' ;h t  t o  e n t i r e  compo- 
n e n t .  Needed o n l y  

( h )  t h r e e  moments o f  i n e r t i a  f o r  RIGID. Four  
numbers must b e  
s p e c i f i e d .  

NODE NAMED Nodal-point-name - - NN "Noda l -po in t -  3 8 , 2 4 1  
name" s p e c i f i e s  a  

( ( I S )  PRINTED). c o n n e c t  p o i n t  on 
a  r i g i d  body and 
a  mass p o i n t  f o r  
a  f r a m e  compo- 
n e n t .  ' ' I S  PRINTED" 
a p p l i e s  t o  r i g i d  
b o d i e s  and s p e -  
c i f i e s  a p o i n t  f o r  
which  i n f o r m a t i o n  
i s  t o  b e  p r i n t e d .  
I f  t h i s  p o i n t  i s  
a  c o n n e c t  p o i n t  
and a l s o  p r i n t e d  
i n f o r m a t i o n  i s  
d e s i r e d ,  two names 
must  b e  p r o v i d e d .  

- - 

NODES COYNECTED - - 

BY C o n n e c t o r  name. 

NC T h i s  s e n t e n c e  7  0 
s p e c i f i e s  o n e  con- 
n e c t  i o n  between t ~ o  
n o d a l  p o i n t s  w i t h i n  
a  p a r t i c u l a r  compo- 
n e n t .  C o n n e c t o r s  
a r e  d e f i n e d  s e p a r a t e l y .  
( S e e  C R N )  and u s e d  
a s  many times as  
d e s i r e d .  Rot  u s e d  
f o r  RIGID components .  



TABLE 2 .  GENERAL VEHICLE INPUT DATA FORMATS ( C o n t i n u e d )  

S e n t e n c e  C o n t e n t s  
S e n t e n c e  T a b l e  
A b b r e v i a t i o n  N o t e s  Examples  

COhPONENT APPLIED - - 

(FORCE FOLLOWS). 

( a )  X, Y ,  Z o f  p o i n t  

( b )  F,, F2r F3, M1, hf2,  M 3  

A p p l i e s  o n l y  t o  YOKE 
RIGID. T h i s  
s e n t e n c e  h a s  no  
e f f e c t  s i n c e  o p t i o n  
n o t  a v a i l a b l e  i n  
UMVCS-1. N i n e  
n u m l ~ e r s  mus t  be  
s p e c i f i e d  i f  a CA 
c a r d  i s  i n c l u d e d .  

NODE ORIENTATION (FOLLQIYS ) . - - 

A .  F o r  RIGID 

( a )  X ,  Y ,  Z 

. For  FR A.ME 

N9 T h e s e  c a r d s  mus t  3 9 , 4 ? ~ ,  
f o l l o w  t h e i r  NN 6 2 , 6 3  
i m m e d i a t e l y .  F o r  
R I G I D ,  t h e  X, Y, 
Z a r e  s p e c i f i e d  
w i t h  r e s p e c t  t o  
t h e  c o o r d i n a t e  
s y s t e m  d e f i n e d  on  
CO c a r d s .  T h r e e  
numbers  mus t  b e  
s p e c i f i e d .  F o r  FRAME, 
a l l  q u a n t i t i e s  a r e  
i n e r t i a l .  E i g h t e e n  
numbers  mus t  b e  
s p e c i f i e d .  

NODE SPECIFICATIONS (FOLLOIV) . - - NS S p e c i f i c a t i o n  o f  G4,6,5 
v a l u e s  p e r t a i n i n c  

( a )  w e i g h t  o f  mass p o i n t  t o  t h i s -  n o d a l  p o i n t .  
Veeded o n l y  f o r  
FR,AME. One number 
mus t  b e  s p e c i f i e d .  

NODAL APPLIED t a b l e - n a m e  - - NA S p e c i f i c a t i o n  f o r  NONE 
f o r c e s  ( s ~ e c i f i e d  

(FOR DIRECTION) [ X / Y / Z / 1 / 2 / 3 ] .  as t abu la r  funct ions 
d e f i n e d  by c a r d s  
T3)  t o  b e  a p p l i e d  
a t  n o d a l  p o i n t s .  
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TAUI,l? 2 . GIZn\II;IZAL VEII ICLE INPUT DATA FORMATS (Con t i n u c d )  

S e n t e n c e  C o n t e n t s  
S e n t e n c e  Table  '2 
A b b r e v i a t i o n  Notes  Examples  

NODE STOP noda l -po in t -name  lax s I f  r e l a t i v e  d i s -  7 2 , 7 ?  - - 
p l a c e m e n t  o c c u r s  1 2 0 , 1 2 1  

(FOR DIRECTION) [ X / Y / Z /  1 /31 3 1 be tween N 3  n e a r -  
est  t o  YES s t a t e -  
ment and " n o d a l -  
po in t -name ,  ' '  t h e n  
NN o n e  b e q i n s  t o  
s t o p  i n  i n e r t i a l  
s p a c e .  I f  p > 0, 
t h e  two p o i n t s  
c a n n o t  a p p r o a c h  
c l o s e r  t h a n  D on 
t h e  p o s i t i v e  s i d e .  
I f  a < 0, t h e y  can 
a p p r o a c h  no c l o s e r  
on t h e  n e q a t i v e  
s i d e .  I f  n o d a l -  
point -name i s  r e -  
p l a c e d  by NO'JE , 
t h e  mot ion  r e -  
s t r i c t i o n  is b a s e d  
on mot ion  from z e r o  
time. If  p f 0, 
item ( c )  i s  u s e d  
w h i l e  ( b )  and j d )  
a r e  i g n o r e d .  I f  
p = 9, ( b )  and 
( c l )  a r e  u s e d  w h i l e  
( c )  is  i g n o r e d .  
When TI i n  t i m e  
i s  r e a c h e d ,  t h e  
node b e g i n s  t o  
s t o p .  The  



TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS ( c o n t i n u e d )  

Sentence Conten ts  
Sentence 
A b b r e v i a t i o n  Notes 

Tab le  4 
Exampl es 

q u a n t i t y  r i s  t h e  s t o p -  1 0 7 , 1 2 0  
p i n g  d i s t a n c e  if s t o p -  
p i n g  i s  based on a  d i s -  
p lacement .  The q u a n t i t y  r 
i s  t h e  t i m e  r e q u i r e d  f o r  
s t o p p i n g .  Four numbers 

---- 
must be s p e c i f i e d .  

-. 

RUN STOP [DISP/FORC] 
-. - R S The model s t o p s  e x e c u t i o n  ?iON% 

(FOR DIRECTION) [X/Y/Z/1/2/3] .  i f  d i sp lacemen t  (DISP) 
o r  f o r c e  (FORC) v a l u e  

( a )  Displacement o r  f o r c e  v a l u e  s p e c i f i e d  by  ( a )  a r e  ex -  
ceeded i n  t h e  s p e c i f i e d  
d i r e c t i o n .  RS app l  i e s  t o  
t h e  n e a r e s t  p r e v i o u s  NN 
f o r  f rame e lements  o r  CN 
f o r  r i g i d  b o d i e s .  I t i s  
computed a t  t h e  mass 
p o i n t  f o r  FRAME and t h e  
CG f o r  RIGID. One number 

- -- must be s p e c l w .  
CONNECTOR NAMED connector-name - - - CRN Marks s t a r t  o f  a  s p e c i f i -  312 

(AND I S  OF TYPE) connec to r - t ype -  c a t i o n  f o r  a  c o n n e c t o r .  
Name must  be un ique .  The 

keyword.  c o n n e c t o r  t y p e  i s  one o f  
t h e  p r e s c r i b e d  names 
w h i c h  a r e  a v a i l a b l e  (See 
Tab le  3 ) .  

CONNECTOR SPECIFICATIONS ( t a b l e  name). CRS - - - S p e c i f i c a t i o n  o f  va lues  313, 314, 315, 

A. Fo r  BEAM (fu1l.s~ i f i c a t i o n ,  30 p e r t a i n i n g  t o  c o n n e c t o r .  316, , 328, 323, 
numbers requlreSF Unused f o r  RPIN, REAM, 353, 354, ?-)I? 

( a )  k , i ,  k:i, Xmi 9 O i ,  f i 9  M o i  HPIN, CRS ca rds  f o l l o w  

f o r  i = 1 ,  2, 3, 4 i m m e d i a t e l y  a f t e r  C R Y .  
No te  Moq = Po a l o n g  t h e  

where p l a s t i c  bend ing  l o a d - d e f l e c -  
t i o n  f o r  each d i r e c t i o n  i s  3 - d i r e c t i o n .  Tab le  name 

model l e d  b y :  p r o v i d e d  f o r  1  o a d - d e f l  ec -  
t i  on c h a r a c t e r i s t i c s  

U i  ' Moi (aj i  + b j i [ l  + k . .  (x i  - 
J 1 

f o r  EXTS, TORS, SHAR, 

- k  e i  (x i  - x m i  ) and BEND o n l y .  Data 
x ,n i ) l e  J number requirements 

where a r e  i n  column one 
f o r  t h i s  sen tence .  

j = 1 i f  x i  < X m i ,  o t h e r w i s e  j = 2.  



TABLE 2 .  GENERAL VEHICLE INPUT DATA FORMATS ( c o n t i n u e d )  

Sen tence  C o n t e n t s  
Sentence 
A b b r e v i a t i o n  Notes 

Tab le  4 
Examples 

( b )  E ,  Young 's  n iodulus 

( c )  G ,  shea r  modulus 

( d )  AJ, t o r s i o n  constant  

( e )  A I 1 ,  moment o f  i n e r t i a  abou t  
1 - d i r e c t i o n  

( f )  AI2, moment o f  i n e r t i a  a b o u t  
2 - d i  r e c t i o n  

( g )  A, a r e a  o f  c r o s s - s e c t i o n  

B .  F o r  BEAI\I ( s h o r t  speci  f i c a t i  o n ,  11 numbers) 

( a )  up y i e l d  s t r e s s  

( b )  11, heiqht  of cross-sect ion 

( c )  13, width of c ross -sec t ion  

( d )  T ,  mz te r i a l  thicl iness 

( e )  Switch:  

1 = Box c ross -sec t ion  

2 = Channel c ross -sec t ion  

( f )  E l  Young's modulus 

( g )  G ,  shear  modulus 

( h )  !,J, t o r s i o n  constant  

( i )  AI1,moment of i n e r t i a . a b o u t  
1-direction (major r l n c i p a l  a x i s )  

( j )  AI3, moment o f . l n e r  ! i a  about 
2-direction (rnlnor principal d i r e c t i o n )  

(k) A ,  a rea  of c ross -sec t lon  

C. For EXTS ( o n l y  one number) 

( a )  swi tch,  O = r egu la r  sp r ing  

1 = one-sided exten- 
s iona l  spr ing  

2 = one-sided com- 
p re s s ive  spr ing  



TA13LE 2. GENEIlAL VEHIC1,E IIJPU'I' DATA FOR?IATS (Continued) 

Sentence Contents 
Sentence 
Abbreviation Xotes 

Table  4 
Examples 

TA131JIC NAAnlED table-name - - T:J Snecif ications of 261, 3C2 
tables. Pairs of 

(ABSCISSA, ORDINATE), . . .  t abscissas and ordinates 
are enclosed in nar- 
enthesis and seuara- 
ted by conmas. An as- 
terisk marks end of data. 



TABLE 3 .  AVAILABLE CONNECTOR TYPES 

CONNECTION TYPE KEYWORD COMMENTS 

E x t e n s i o n a l  

T o r s i o n a l  

Shear  f o r c e  

Bend ing  

Spec i  a1 c o n n e c t o r  

R i g i d  beam 

nall a o i n t  P in  

P i n  h i n g e  ( U n i v e r s a l  
j o i n t  o r  d o o r  h i n g e )  

De fo rmab le  beam 

EXTS 

TORS 

SHAR 

BEND 

SPEC 

REAM 

RPIN 

HPIN 

BEAM 

Ava i  1 a b l e  between components 
i n  a l l  p o s s i b i l i t i e s  and 
w i t h i n  f rame components (Ap- 
p l i e s  t o  a l l  e x c e p t  REAM and 
BEAM). 

No t  a v a i l a b l e  i n  UBIVCS-1. 

A v a i l a b l e  between r i g i d  com- 
ponen t s  and between one 
f ra ine component and one 
r i g i d  component.  
Onlv one rigid or n i n  connector  
may be u sed  at any one node .  

No t  a v a i l a b l e  i n  U!,IVcS-l. 

A v a i l a b l e  o n l y  w i t h i n  o r  
between f rame components 
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PART 3 .  OIITPUT DESCRIPTION 

The Executive Program echoes each input  card i t  reads  and 

then produces a  summary o f  a l l  i n te rconnec t ions  between modules, 

components, and nodes. Table 4 con ta ins  the  echoed data  s e t  

f o r  t he  sample exe rc i s e  discussed i n  P a r t  4 toge ther  with t h e  

connection summary f o r  t h i s  c a s e .  Table 5 con ta ins  t he  output  

from t h e  dynamics s o l u t i o n  nrocessor  f o r  t h i s  same case .  

Output is  presented f o r  t h r e e  d i f f e r e n t  time s t e p s ,  k = 1 

( . 2  m s ) ,  1~ = 10 (2 m s ) ,  and k = 38 ( 4 . 6  m s ) .  The s t e p  number 

and time a r e  i nd i ca t ed  on t h e  f i r s t  l i n e .  

The remainder of t h e  output  descr ibe  e x t e r n a l  fo rce  (moment), 

p o s i t i o n ,  v e l o c i t y ,  and a c c e l e r a t i o n  a t  each of the  18 mass p o i n t s  

and f o r  t h e  2 r i p i d  body masses. One exception is t h a t  t he  

fo rce  (moment) a t  node p o i n t s  with a  r i z i d  o r  p in  connector i s  

t he  connector f o r c e .  These q u a n t i t i e s  a r e  shown i n  s i x  columns 

r e f e r r i n g  t o  t h e  s i x  l i n e a r  and angular  coord ina tes  ( X ,  Y ,  7 ,  e l ,  

e 2 ,  € I 3 ) .  Mass p o i n t s  and r i g i d  bodies a r e  assiyned numbers i n  

t he  o rder  which they appear i n  t h e  input  d a t a .  The e x e c u t i v ~  

system summary con ta ins  a  t a b l e  showing the  correspondence of this 

numbering with t he  user-suppl ied names of mass p o i n t s  and r i g i d  bodies .  

The same numbering p r i n c i p l e  i s  employed sepa ra t e ly  f o r  each 

of t h e  t h r e e  types of connect ions:  beam connect ions ,  general  

mechanism connections between frame mass p o i n t s ,  and genera l  mecha- 

nism connections between r i g i d  bodies  o r  between a  r i y i d  body and 

a  frame mass p o i n t .  A t a b l e  f o r  each of these  t h r ee  ca t ego r i e s  

of connections show the  correspondence of t he se  numbers with the  



c o n n e c t i o n s  s p e c i f i e d  t o  t h e  e x e c u t i v e .  These  numbers a r e  used  

a s  i d e n t i f i c a t i o n  i n  t h e  p r e l i m i n a r y  o u t p u t .  

The n e x t  p o s i t i o n  of t h e  p r i n t o u t  d e a l s  w i t h  f o r c e s  and 

moments a t  e a c h  beam e n d .  As an example ,  c o n s i d e r  t h e  s t a t e m e n t ,  

! 1 1 .  The f i r s t  number is t h e  beam number w h i l e  t h e  second  

number is  t h e  mass p o i n t  number, No. 1 i n  t h i s  c a s e .  The mass 

p o i n t  number is  numbered t h e  same a s  t h e  "YASS" q u a n t i t i e s  shown 

e a r l i e r .  The s i x  columns o f  i n f o r m a t i o n  g i v e  t h e  f o r c e s  and moments 

w i t h  r e s p e c t  t o  S, Y ,  Z, e l ,  0 * ,  e 3 .  The q u a n t i t i e s  SW, YFCT, 

and  DISSP r e f e r  t o  i n t e r n a l  a c t i v i t v  o f  t h e  program.  I f  Sly = 0 ,  

e l a s t i c  b e h a v i o r  a t  t h e  node is  i n d i c a t e d  whereas  S\V = 1 i n d i c a t e s  

p l a s t i c  b e h a v i o r .  YFCT is  t h e  c u r r e n t  v a l u e  o f  t h e  y i e l d  f u n c t i o n  

and DISSP is t h e  t o t a l  e n e r g y  d i s s i p a t e d  a t  t h e  hinq-e.  

The n e x t  s i x t e e n  l i n ~ s  r e l a t e  t o  g e n e r a l i z e d  mechanisms be- 

tween f rame  mass p o i n t s .  

Code l e t t e r s  a r e :  

EX = e x t e n s i o n a l  

CY = c o n n e c t o r  

SH = s h e a r  

BN = bend ing  

TR = t o r s i o n a l  

T?le t h r e e  columns of  numbers r e f e r  t o  f o r c e s  ( o r  moments) w i t h  r e -  

s p e c t  t o  X ,  Y ,  2 a x e s .  

The f i n a l  s i x  l i n e s  d e s c r i b e  t h e  c o n n e c t i o n s  between r i g i d  

b o d i e s  o r  be tween a  r i g i d  body and a  mass p o i n t .  The code  l e t t e r s  

a r e  t h e  same a s  p r e v i o u s l y  u s e d .  The i n t e g e r  number is t h e  s u p p l i e d  

i d e n t i f i c a t i o n  number a s s i g n e d  t o  e a c h  c o n n e c t i o n .  The t h r e e  

columns o f  numbers r e f e r  t o  f o r c e s  o r  moments a s  used  b e f o r e .  



EXERCISE 

An example  problem i s  p r e s e n t e d  i n  t h i s  s e c t i o n  a s  :In 

i l l u s t r a t i o n  o f  u q i n g  UMVCS-1 f o r  mode l ing  v e h i c l e  s t r u c t u r e s .  

T h c  r e s u l t i n g  d a t a  s e t  is  l i s t e d  i n  Table  4 .  Althougll  t ! ~ e  

problem i s  a  h y p o t h e t i c a l  s t r u c t u r e ,  i t  h a s  f c a t u r e s  c h a r a c t e r -  

i s t i c  o f  r e a l i s t i c  a p p l i c a t i o n s  t o  v e h i c l e  s t r u c t u r e s .  

The "vehicle", shown i n  F i q u r e  1 ,  i s  a  f r ame  s t r u c t u r e  

w i t h  bumper s y s t e m ,  e n q i n e  and t r a n s m i s s i o n ,  p a s s e n y e r  compar t -  

m r n t ,  and  f r o n t  and r o a r  s u s p e n s i o n .  An i s o m e t r i c  v iew o f  t h e  

f rame s t r u c t u r e  showing t h e  nodes  and beam e l e m e n t s  i s  shown 

i n  F i g u r e  2 .  The c o o r d i n a t e s  o f  t h e s e  n o d a l  p o i n t s  and t h e i r  

w e i g h t s  a r e  g i v e n  i n  T a b l e  6. 

The beam members a r e  shown e n c i r c l e d  i n  t!le i s o m e t r i c  v iew 

of t h e  f r a m e  s t r u c t u r e  i n  F i g u r e  2 .  T h e  members o f  t h e  sample  

f r a m e  a l l  have  r e c t a n g u l a r  t u b u l a r  c r o s s  s e c t i o n  w i t h  t h r e e  

d i f f e r e n t  s i z e s .  B e c a u s e  1, 2 and 3 a r e  i n  same s i z e ,  c a l l  t h e m  

t y p e  A .  Beams 4 t h r o u g h  1 9  and  heam 1 2  a r e  i n  o n e  s i z e  and c a l l e d  

t v p e  B .  Beam 11 i s  a n o t h e r  s i z e  c a l l e d  t y p e  C .  T a b l e  7 shows 

t h e  c o m p l e t e  s e t  o f  s e c t i o n a l  and  h i n g e  p r o p e r t i e s  o f  t h e s e  

d i f f e r e n t  c r o s s  s e c t i o n s .  







TABLE 6 .  NODAL CIIORUINATES ( i n c h e s )  AND WEIGHTS ( I b s )  

Node number C o o r d i n a t e s  We igh t  
Ibs. 

X Y z 

The o r i g i n  i s  l o c a t e d  on node 1. The o r i e n t a t i o n  o f  t h e  c o o r d i n a t e  

sys tem can be seen i n  F i g u r e  2 .  



To i l l u s t r a t e  t h ~  modular  s t r u c t u r e  of  the proqram,  t h c  

vc~ l~ i c l e  h a s  been d i v i d e d  i n t o  a number of  modules .  T h e y  a r e  

o u t l i n e d  below w i t h  t h e  components which makc up t h e  rnodul c i n d i c a t t t l .  

Component 

Jlodul e : ENqTRANI'; 

? l o t o t r a n  

? l o d u l e  : FOI?ESrl'VC 

Tladiator  

Mo d u l  e : ENG1IONT 

C h a s s i s  

110 d u l  e : STIJBW? 473 

Pasmount 

Type  --- Nodes 

R ig id  

Frame 

Frame 

R i g i d  -- 

Frame PT10, PT14, PT15 

?T 16 

T h e  c o n n e c t i o n s  between modules ,  g e n e r a l i z e d  mechanisms t h a t  are 

employed i n  some of tile f rame components ,  and c o n s t r a i n t  c o n d i t i o n s  

imposed a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  



Eng ine  and t r a n s m i s s i o n  a r e  mounted on nodes 11 and 16 w i t h  p i n  

c o n n e c t o r s .  The c e n t e r  o f  g r a v i t y  o f  t h i s  p o i n t  i s  l o c a t e d  a t  ( 9 ,  0, 2 5 )  

o f  t h e  g l o b a l  system. A 'I i n e a r  e x t e n s i o n a l  s p r i n g  w i t h  a  s t i f f n e s s  o f  

5 5 x 10 l b / i n  r e p r e s e n t s  a d r i v e  s h a f t  wh i ch  connec t s  t h e  t r a n s m i s s i o n  

and d i f f e r e n t i a l  ?ea r  a t  node 18. 

The c o o r d i n a t e  ( - 2 ,  0, 67 )  i s  t h e  l o c a t i o n  o f  t h e  c e n t e r  o f  

g r a v i t y  o f  t h e  passenger  compar tment  and i s  mounted on nodes 14 and 

15 w i t h  p i n  c o n n e c t o r s .  The passenger  conipar tment  a l s o  connec t s  t o  

t h e  r e a r  end suspens ion  o f  node 17 w i t h  e x t e n s i o n a l  and shea r  connec-  

3  6 t o r s .  The s t i f f n e s s e s  a r e  2  x  10 l b / i n  and 10  l b / r a d  r e s p e c t i v e l y ,  

The bumper sys tem and i t s  s u p p o r t  a r e  r e p r e s e n t e d  b y  e x t e n s i o n a l  

and shea r  c o n n e c t o r s  between noda l  p o i n t s  4 and 7. The f o r c e - d i s p l a c e -  

nlent r e l a t i o n  o f  t h e  e x t e n s i o n a l  c o n n e c t o r  i s  shown i n  F i g u r e  3 .  

6 The s t i f f n e s s  o f  t h e  shear  c o n n e c t o r  i s  1  x  10  I b / r a d .  The 

niechanisin between nodes 2 ,  5  and nodes 3, 6 r e p r e s e n t  t h e  p a r t s  i n  

f r o n t  o f  t h e  e n g i n e ,  such  as t h e  g r i l l ,  r a d i a t o r ,  f a n ,  e t c .  The 

f o r c e - d e f l e c t i o n  r e l a t i o n  o f  t h e s e  mechanisms i s  shown i n  F i g u r e  4. 

I n  t h e  frame s t r u c t u r e s ,  t h e  nodes 1 ,  2,  5, 12, 16 and 18 have a  

s,ynimetric c o n d i t i o n .  Nodes 9  and 17 can  n o t  move i n  any d i r e c t i o n  

e x c e p t  i n  t h e  Z - d i r e c t i o n .  S i n c e  o n l y  h a l f  o f  t h e  v e h i c l e  i s  modeled,  

t h e  c e n t e r  o f  g r a v i t y  o f  t h e  e n g i n e  and passenger  compar tments  have 

a  symmet r i c  c o n d i t i o n .  

Bes i de  t h e  p i n  c o n n e c t o r s  w h i c h  c o n n e c t  d i f f e r e n t  modules,  

t h e r e  a r e  t h r e e  more c o n n e c t o r s  between d i f f e r e n t  modules.  

1  . node 2 on t h e  frame s t r u c t u r e  w i  11 c o n t a c t  t h e  f r o n t  end 

o f  t h e  e n g i n e  ( s i g n  (I) on F i g .  1 ) .  An e x t e n s i o n a l  









connec to r  i s  used t o  t r a n s m i t  t h e  c o n t a c t  f o r c e .  The f o r c e -  

d i sp lacemen t  r e l a t i o n  i s  shown i n  F i g u r e  5. 

2. Rear end o f  eng ine  w i l l  p e n e t r a t e  i n t o  t h e  passenger compart -  

ment .  A symbol (11 )  on f i g u r e  1  i n d i c a t e s  t h e  l o c a t i o n .  

Aga in  an e x t e n s i o n a l  connec to r ,  w i t h  f o r ce -d i sp lacemen t  r e -  

l a t i o n  i s  shown i n  F i g u r e  6, B ,  i s  used t o  t r a n s m i t  t h e  f o r c e .  

3.  Nodal p o i n t  3 w i  11 t ransn i i  t f o r c e  t o  passenger compartment. 

I t  i s  shown i n  F i g u r e  1  w i t h  symbol (111). The f o r c e - d i s p l a c e -  

ment cu rve  i s  shown i n  F i g u r e  7 .  

The v e h i c l e  B i s  m o v i n g  a l o n g  t h e  n e g a t i v e  Z - d i r e c t i o n  w i t h  i n i t i a l  

v e l o c i t y  of  30 mph ( o r  528 i p s ) .  The t h r e e  c o n t a c t  p o i n t s ,  5, 6  and 7 

w i l l  be s topped ( 5  and 6  i n  .011364 seconds and 7 i n  0.0075 seconds) .  

The v e l o c i t y  o f  t hese  t h r e e  p o i n t s  w i l l  be:  

v = -  520 ( 1  + c o s ~ t )  i n / s e c  0  t 0.01 1364 seconds 
2  - - 

= 0  0.011364 < t ( f o r  p o i n t s  5  and 6 )  

w h i l e  u = 3.14159/0.011364 

528 V = - ( 1  + c o s ~ t )  i n j s e c  0  < t < 0.0075 seconds 2  - - 

= 0  0.0075 < t ( f o r  p o i n t  7 )  

w h i l e  u = 3.14159/0.0075 









PART 5 .  UMVCS- 1 PROGRAY IYFORMATION 

Input  is  p resen ted  t o  t h e  e x e c u t i v e  a s  s t r i n q s  of a lpha-  

numeric c h a r a c t e r s  arranycld j n  2 8  d i s t i c c t i v e  formats  (See  

Tnbles 1 and 2 ) .  The f i r s t  s t e p  of t h e  e x e c u t i v e  i s  t o  read  

cnch of t h e  s t r i n g s  i n  t u r n ,  determine t h e  format which i s  

t h e  prototype of t h e  s t r i n q ,  conver t  any numeric informat ion  

p r e s e n t ,  i d e n t i f y  which of t h e  p o s s i b l e  o p t i o n s  have been 

c l e c t e d  and produce a h i n a r y  r ecord  i n  i n t e r n a l  s t o r a g e  7ri7hich 

c o n t a i n s  a l l  t h i s  i n fo rma t ion .  

When a l l  t h e  inpu t  has  been read  and e x i s t s  i n  b inary  form 

i n  i n t e r n a l  s t o r a g e ,  t h e  p rocess  of producing t h e  t a b l e s  needed 

by t h e  v e h i c l e  c rush  s o l u t i o n  p rocesso r  beq ins  b y  t ak inx  s e v e r a l  

p a s s e s  t o  l o c a t e  and o r g a n i z e  t h e  connect ions  between modules, 

components, and nodes,  The f i r s t  v e r s i o n  of t h e  connect ion  

c o n t r o l  t a b l e s  IV ( s e e  Table 8 ) ,  IELM ( s e e  Table 9), and IFCfi 

( s e e  Table 1 0 )  a r e  produced a t  t h i s  t ime .  

Next, t h e  s t o r a g e  l ayou t  f o r  t h e  inpu t  t a b l e s  and t h e  temporary 

s t o r a g e  t a b l e s  used by t h e  v e h i c l e  c rush  s o l u t i o n  p rocesso r  i s  

completed. This  s t e p  c o n s i s t s  of f i r s t  computing t h e  begiinning 

of  each o f  t h e  134 t a b l e s ,  ana lyz ing  t h e  piece-wise l i n e a x  

t a b u l a r  informat ion  t h e  u s e r  s u p p l i e d ,  and then  o f f s e t t i r g  each 

of t h e s e  beginnings  f o r  convenient  u s e  i n  t h e  s o l u t i o n  p r o c e s s o r .  

The 134 t a b l e s  a r e  a r ranged i n  f o u r  l a r g e  a r r a y s .  The o f f s e t  

beginnings  a r e  s t o r e d  i n  a r r a y  I D  and a r e  computed such t h a t  t h e  

index i n  t h e  a p p r o p r i a t e  l a r z e  a r r a y  cor responding  t o  a  r e f e r e n c e  

A(I,J,K) of a  p a r t i c u l a r  t a b l e  of dimensions A ( L , M , N )  is 



index = ID(N) t I t L * <J + L * 11 * K .  

where N i s  t11e ID index f o r  t he  t a b l e  " A " .  

I f  the  t a b l e  i s  one-dimensional only the  f i r s t  two terms a r e  

used.  I f  the  t a b l e  is  two-dimensional only t he  f i r s t  t h r e e  

terms a r e  used. Tablt2 11 conta ins  a l i s t i n g  of t he  I D  i l ldices 

f o r  each of t + e  134 t a b l e s .  Table 12 conta ins  an a lphabe t i ca l  

l i s t i n g  of t he  t a b l e s  toge ther  w i t h  a  one phrase desc r ip t i on  of 

each.  

The layout of the  binary output  t ape  i s  completed nex t .  There 

a r e  45  t a b l e s  of input  quailti t i e s  used d i r e c t l y  by t he  so lu t i on  

processor  and 26 t a b l c s  of con t ro l  information which a r e  used 

secondar i ly  by the  so lu t i on  nrocessor t o  con t ro l  t he  ~ n p u t ,  t he  

ou tpu t ,  and c e r t a i n  i n t e rna l  f e a t u r e s .  Table 13 l i s t s  the  71  

t x b l e s  i n  t + c  order  s t o r ed  i n  ex t e rna l  binarv output  s t o r age .  

Each of the  71 t a h l e s  i s  f i l l e d  by mallin? passes  over t he  

binary innut  information i n  i n t e r n a l  s t o r age  and s e l e c t i n ?  appro- 

p r i a t e  q u a n t i t i e s .  To conserve t 5e  amount of s t o r age  needed f o r  

this assembling process ,  t a b l e s  a r e  ou tpu t ted  t o  ex t e rna l  binary 

s to r age  a s  soon a s  conpleted and the  assembly s to rage  i s  reused.  

When a l l  t a b l e s  a r e  completed and ou tpu t ted ,  a  main program 

f o r  t he  so lu t i on  processor conta ining co r r ec t  dimension s ta tements  

f o r  t h e  four  l a r g e  a r r a y s  i s  ou tpu t ted .  The l a s t  funct ion of t he  

execut ive  i s  t o  produce a  p r in t ed  summary of modules, components, 

nodes, connectors,  and connections.  

The so lu t i on  processor uses  the  external  binary s to rxge  and the  

main program produced by the  execu t ive .  The s o l u t i o n  processor 



op t iona l ly  produces ex tens ive  p r i n t o u t  of in termediate  r c s u l t s  

which is  occas iona l ly  usefu l  i n  f ind ing  e r r o r s  i n  a da t a  s e t .  

T h e  s p e c i a l  output  i s  con t ro l l ed  by e ighteen four- level  swi tches .  

Tab le  1 R  con ta ins  an explanat ion of the  mean in^ of each o f  the  

four  l e v e l s .  Table 15 con ta ins  a. s p e c i f i c a t i o n  of the  q u a n t i t i e s  

whicll may be p r i n t o u t  under each of  t h e  e ighteen swi tches .  Table 

16 conta ins  a  v a r i a b l e  name d i c t i ona ry  f o r  the  names used i n  t h e  

t a h l e s  and not described i n  one of  the  t a b l e s .  



TABLE 8 

CONNECTIONS NOT WITHIN FRAY,IE ( I 9  A R 9 A Y )  SUBSCRIPTS 

1. Connect ion number ( b e g i n n i n g  i n d e x )  

2, Module A number = 1 = f rame 

3 .  bloclule 13 number > 1 = r i g i d  body number + 1 

4 .  Number of  Nodal P o i n t  of  Yodule A 
( l o c a l  numbering)  

5 .  Number o f  Nodal P o i n t  o f  hlodule E3 
(: l o c a  1 numbering) 

6. Type  of  c o n n e c t i o n  

1 =I e x t e n s i o n a l  

2 == t o r s i o n a l  

3 - s h e a r  

4 =. bend ing  

5 = s p e c i a l  c o n n e c t o r  (dummy) 

6 == r i g i d  c o n n e c t o r  beam 

7 = p i n  c o n n e c t o r  

8 = h i n g e  c o n n e c t o r  (dummy) 

7 .  Number of  t a b l e  o f  f o r c e  de fo rma t ion  cu rve  

+ lnOnn9 * ILEXT ( i f  e x t e n s i o n a l )  

where 

3 = r e g u l a r  s p r i n g  

ILEXT = 1 = e x t e n s i o n a l  o n l y  

2 = compres s ive  o n l y  



TABLE $3 

BEAM CONNECTIQNS (IELM ARRAY) SUBSCRIPTS 

where 1 - < I < J - c :LTU\IP are mass point numbers 

/ > O  
connection index for deformable beam 

and K = \ ='I no connect ion 

< o  neyative of connection index for 
general connector (if more than one 
such connection between two mass 
points last one encountered appears) 



GGNE2ALIZED CONNECTIONS \'/ITIIIIJ F9AVE ( I  I C V  A R R A Y )  

SUUSCRTPTS 

1. Connect ion  ?lumber (beginning index)  

2 .  ' l ass  Point  A Number 

3 .  Vass Poin t  7% Number 

4 .  Type of Connection 

1 = ex tens iona l  

2 = t o r s i o n a l  

3 := shear  

4 := bending 

5 = s p e c i a l  connector (dummy) 

G = r i g i d  connector beam (no t  al lowed) 

7 - pin connector 

8 = hinge connector (dummy) 

5 .  Number of  t a b l e  of fo rce  deformation curve 

+ 190000 * ILEXT ( i f  ex t ens iona l ,  s e e  note 
i n  Table 3 ) .  



TABLE 11 

V A R I A B L E  STORAGE L I S T  

( O r d e r e d  by I D  1 n d e x )  

I D  I N D E X  NAME LENGTH 

T K  (MT,MT) MT * MT 

DBM ( M T )  MT 

DR ( M T )  MT 

DCTK (3 ,3 ,NRB) 9 * NRB 

C L F  ( 3 , N E F )  3 * NEF 

CL  (3 ,NCRB)  3 * NCRB 

D I S M  (6 ,NRB)  6 * NRB 

VO (6 ,NRB)  6 * NRB 

DRFE ( 6 , N E F )  6 * NEF 

DCTKMl (3 ,3 ,NRB) 9 * NRB 

DCTKM2 (3,3,NRB) 9 * NRB 

RFOM (6 ,NRB)  6 * NRB 

DRE ( N R B 6 )  6 * NRB 

RMAST ( N R B )  NRB 

R M I T  (3 ,NRB)  3 * NRB 

SON (NNC) NNC 

DDKT (6 ,NRB)  6 * NRB 

DDKTMl  ( 6  ,NRB) 6 * NRB 

DDKTM2 (6 ,NRB)  6 * NRB 

ZA (NUB)  NUB 

ZG (NUB)  NUB 

Zll (NUB)  NUB 

2 1 2  (NUB)  NUB 

2 2 1  (NUB)  NUB 

2 2 2  (NUB)  NUB 

2 3 1  ( N U B )  NUB 

2 3 2  (NUB)  NUB 

M I 0  (NUB)  NUB 

M 2 0  (NUB)  NUB 

M 3 0  (NUB)  NUB 

I D  I N D E X  NAME LENGTH 

PO (NUB)  NUB 

THOLD ( N D ~ M  
N D O ~ : )  

RHOLD (NDOETIX) 

GCNLO (NGCN) 

AR1 (2 ,NUB)  

AR2 ( 2 , N U B )  

AR3 ( 2 , N U B )  

D C l K  (3 ,3 ,NUB) 

DC2K ( 3 , 3  ,NUB) 

F L  (2 ,NUB)  

DDK ( 2  ,NUB) 

R K  ( M T )  

FRK ( 1 2 , N U B )  

D I S K  (MT) 

A L  ( N U B )  

SCFP (2 ,NUB)  

DU ( M T )  

DXKMl (MT)  

UDD (MT) 

UD ( M T )  

RNK ( 1 2 , N U B )  

UE ( 6  ,NUB) 

AKAP ( 6  ,NUB) 

BETA (6 ,NUB)  

PANG (2 ,4 ,NUB) 

AKPT (2 ,4 ,NUB)  

AGRFT (2 ,4 ,NUB)  

DRN (12 ,NUB)  

D C l  K P l  ( 3 , 3  ,NUB) 

DC2KP1 ( 3 , 3 ,  NUB) 

NGCN 

2 * NUB 

2 * NUB 

2 * NUB 

9 * NUB 

9 * NUB 

2 * NUB 

2 * NUB 

MT 

1 2  * NUB 

MT 

NUB 

2 * NUB 

MT 

M T 

MT 

MT 

1 2  * NUB 

6 * NUB 

6 * NUB 

6 * NUB 

8 * NUB 

8 * NUB 

8 * NUB 

1 2  * NUB 

9 * NUB 

9 * NUB 



TABLE 11 

V A R I A B L E  STORAGE L I S T  

( O r d e r e d  by I D  I n d e x )  

I D  I N D E X  NAME LENGTH I D  I N D E X  NAME LENGTH 

RNKPl  (12 ,NUB)  1 2  * NUB 9 0 

FRKP ( 1  2 ,NUB) 1 2  * NUB 9 1 

FK1 (2 ,NUB) 2 * NUB 9 2  

UNC (3 ,NCKB) 3 * NCRB 9 3  

RHS ( M T )  M T 9 4  

RHSB ( N D O F m )  NDOFIB 9 5 

RK (NDOFMX, NDODM) N D O ~ ~ ~ N D O F M X  9 6 * *  

D I S S K  ( 2  ,NUB) 2 * NUB 9 7  

I FCN ( 5 ,  NGCN) 5 * NGCN 9 8  

XM1 ( M T )  MT 9 9  

AMASS (NUMP) NUMP 100 

DUDD ( M T )  MT 101 * 
D I S K P l  ( M T )  MT 102;k 

DXKM2 ( M T )  MT 1 0 3 *  

DUB (MT)  MT 1 0 4 *  

R K P l  (MT)  MT 1 0 5 *  

D I S P  (2 ,NUB)  2 * NUB 1 0 6  

E 1 T  (3 ,NNC) 3 * NNC 1 0 7  

E 2 T  (3 ,NNC) 3 * NNC 108 

ANGl  (NNC) NNC 1 0 9  

ANG2 (NNC) NNC 1 1 0  

GAMT (2 ,NNC) 2 * NNC 1 1 1  

ANG3 (NNC) NNC 1 1 2  

SW ( 2 , N U B ) ( I n t e ~ e r )  2 * NUB 1 1 3  

I E L M  (NMPM1, NUMP) (NUMP-1)  * 1 1 4  

(NUMP) 1 1  5 

I V  (7 ,NNC) 7 * NNC 1 1  6 

NCV (NRB) N RB 1 1 7  

I N R S  (2 ,NRB) 2 * NRB 1 1 8  

NF ( N R B )  N RB 1 1 9  

IPERM ( M T )  m a x ( M T  , l 2 )  

AKE ( 3 , N U B )  3 * NUB 

BKE (3 ,NUB) 3 * NUB 

AKT (6 ,6 ,NRB)  3 6  * NRB 

S M l T  (NNC) NNC 

U 3 T  (3 ,NNC) 3 * NNC 

TKN (MT,MT) M T * M T  

T M T X l  ( 6  ,MT) 6 * MT 

TMTX2 ( 6  ,MT) 6 * MT 

DBMN (MT)  M T 

I M P C T L  ( M T )  MT 

XO (MT)  MT 

A (MT)  M T 

AT (MT)  MT 

R (MT)  MT 

RT (MT)  MT 

ACCO (6 ,NRB) 6 * NRB 

AKA1 (6 ,NUB) 6 * NUB 

NPV (NRB)  N RB 

PRPT (3 ,NPRT)  3 * NPRT 

ZRt10 (5,NSTO11) 5 * NSTOP 

ZVO ( 5  ,NSTOP) 5 * NSTOP 

AKA2 (6 ,NUB)  6 * NUB 

KX (NNC) NNC 

AR4 (2 ,NUB) 2 * NUB 

B (2 ,NUB)  2 * NUB 

BC ( 2 , ~ u B )  2 * NUB 

C (2 ,NUB) 2 * NUB 

T (2 ,NUB)  2 * NUB 

AX (2 ,NUB)  2 * NUB 



T A B L E  11 ( c o n t i n u e d )  

V A R I A B L E  STORAGE L I S T  

( O r d e r e d  by I D  I n d e x )  

I D  I N D E X  NAME LENGTH 

AA ( 2 , N U B )  2 * NUB 

AB (Z ,NUB)  2 * NUB 

A T  ( 2 , N U B )  2 * NUB 

I A  (2 ,NUB)  2 * NUB 

I R I V ( 5 , I R M A X )  5 * I R M A X  

IRPV ( 5 ,  IRPMAX) 5  * IRPMAX 

I P I V ( 3 , I P M A X )  3 * I P M A X  

RRTC ( 6 , I R M A X )  6  * I R M A X  

RTKN ( 6 , M T , I R M A X )  6  * MTk IRMAX 

RPTC ( 3 , I R P M A X )  3 * IRPMAX 

R P T K N  ( 3  ,MT, I RPMAX) 3  * MTJcIRPMAX 

P T C  ( 3 ,  I P M A X )  3  * I P M A X  

PTKN (3 ,MT , IPMAX)  3 * MT* IPMAX 

DCCLR(3,4 , IRMAX: l  1 2  ff I W X  

* be longs  i n  TQ a r r a y  

'b* be longs  i n  SQ a r r a y  

NOTE: A l l  o t h e r  r e a l s  a r e  i n  RQ a r r a y  and 

a l l  o t h e r  i n t e g e r s  a r e  i n  I? a r r a y  



TABLE 1 2  

VARIABLE STORAGE LIST 

(Ordered  by Narne) 

VARIABLE I D  INDEX DESCRIPTION 

A ( M T )  102* Accumul a t e d  d i sp lacemen ts  f o r  s e l e c t e d  degrees o f  freedom. 

AA (2 ,  NUB) 120 St rong  a,xis f i r s t  p l a s t i c  bending c o e f f i c i e n t .  

AB ( 2 ,  NUB) 121 Weak a x i s  f i r s t  p l a s t i c  bending c o e f f i c i e n t .  

ACCO (6 ,  NRB) 

AGRFT (2,4,NUB) 

AKAP (6,NUB) 

AKA2 (6,NUB) 

AKE (3,NUB) 

P,,KPP (2,4,NUB) 

AKT (5,6,NRB) 

A,L ( VUB)  

AMASS (NUI1P) 

ANGl (NNC) 

ANG2 (NNC) 

ANG3 (NNC) 

AR1 (2,NUB) 

AR2 (2,NUB) 

AR3 ( 2  ,NUB) 

AR4 (2,NUB) 

AT (MT) 

A c c e l e r a t i o n s  o f  r i g i d  bod ies  a t  t i m e  z e r o .  ( I n p u t )  

G r a d i e n t  o f  y i e l d  f u n c t i o n s  a t  beam ends ( f o r c e  and 3 
moments ) . 
C o e f f i c i e n t s  f o r  p l a s t i c  l o a d - d e f l e c t i o n  o f  bend ing  
around d i r e c t i o n  1 .  ( I n p u t )  ( S t r o n g  a x i s )  

C o e f f i c i e n t s  f o r  p l  a s t i n g  l o a d - d e f l e c t i o n  o f  bend ing  
i n  d i r e c t i o n  2. ( I n p u t )  (Xeak a x i s )  

E x t e n s i o n a l  f o r c e  a l o n g  d i r e c t i o n  3. ( I n p u t )  (Axi.ai  1 
Computed c o e f f i c i e n t  o f  2nd o r d e r  e l  a s t i  c  r o t a t i o n  
f o r  each beam. 

T o t a l  p l a s t i c  d e f o r m a t i o n  f o r  beam ends. 

Temporary s t o r a g e  f o r  computed q u a n t i  t i e s  . 
Length  o f  each beam. ( I n p u t )  

Mass o f  each node p o i n t  o f  f rame s t r u c t u r e .  ( I n p u t )  

T o t a l  r o t a t i o n  i n  t h e  1  - d i r e c t i o n .  

T o t a l  r o t a t i o n  i n  t h e  2 - d i r e c t i o n .  

T o t a l  r o t a t i o n  i n  t h e  3 -d i  r e c t i o n .  

Maximum moment a t  each bean end around 1 - d i r e c t i o n .  

Maximum moment a t  each beam end toward  2 - d i r e c t i o n .  

Maximum moment a t  each beam end toward  3 - d i r e c t i o n .  

Maximum f o r c e  a l o n g  3 - d i  r e c t i o n .  

Tes t  va lues  f o r  accumulated d i sp lacemen ts  f o r  s e l e c t e d  
degrees o f  freedom. ( I n p u t )  

Tors ion  f i r s t  p l a s t i c  bending c o e f f i c i e n t .  

Axial  f i r s t  p l a s t i c  deformation c o e f f i c i e n t .  

S t rong  a x i s  second p l a s t i c  bending c o e f f i c i e n t .  

Axial  second p l a s t i c  deformation c o e f f i c i e n t .  



TABLE 12 (con t inued)  

VAQIABLE STORAGE LIST 

(Ordered b y  Name) 

VAR I AI3LE ID INDEX DFFCRIPTIDN 

UETA ( 6 ,  NUB) 5 8 2  Input t o r s i o n a l  c o e f f i c i e n t  o f  p l a s t i c  
region of load de f l ec t i on  curve f o r  
beams. ( Input )  

13RE ( 3 , N U R )  9 :? Computed cons tan t s  f o r  each beam. 

C (i!,WUB) 1 1 ' 7  Weak a x i s  second p l a s t i c  bending c o e f f i c i e n t  

C'L (3,NCRB) 6 Coordinates of r i g i d  body connect 
p o i n t s .  ( I n p u t )  

5 Coordinates of r i g i d  body e x t e r n a l  
appl ied fo rce  p o i n t s .  ( I n p u t )  

DBll (117') /., o Terms of RHS due t o  pas t  t ime p o i n t s .  

DBF!!~ ( MT ) 99 Temporary vers ion of DB?,!. 

DCCLR ( 3 , 4 ,  I R M A X )  133 Temporary s t o r a g e  f o r  coord ina tes  and 
d i r e c t i o n  cos ines  f o r  r i g i d  connect ion.  

DCCLR? ( 3 , 4 ,  I  RP!,IAX) 134 Temporary s to r age  f o r  coord ina tes  and 
d i r e c t i o n  cosines  f o r  pin connect ions .  

DCTK (3,3,NRB) 4 J l i rec t ion  cosines  of each r i g i d  body 
f o r  cu r r en t  t ime.  ( I n p u t )  

DCTI{;"Il ( 0 ,  3 N R U )  10 Direc t ion  cos ines  of each rig;id body 
f o r  l a s t  t ime.  ( I n p u t )  

I)CTK?I?I ( 3 , 3 ,  N R 3  ) 11 Direc t ion  cos ines  of each r i g i d  body 
f o r  next t o  l a s t  t ime.  ( I n p u t )  

DC1K ( 3 , 3 ,  N U B )  38 Current  d i r e c t i o n  cosines  f o r  each 
beam a. t  i -end.  ( I n p u t )  

DClKPl (3,3,NUB) 59 Next time d i r e c t i o n  cos ines  a t  i-end 
of each beam. 

UC2K (3,3,NUB) 39 Current  d i r e c t i o n  cosines  f o r  j-end of 
each beam. ( I n p u t )  

DC2Kn1 ( 3 , 3 ,  N U B )  69 Next time d i r e c t i o n  cosines  a t  ,j-end of 
each beam. 

DDK (:!,NUB) 41 Diss ipa ted  energy a t  each beam end due t o  
p l a s t i c  deformation.  

DDKT (G,NRB) 17 P o s i t i o n a l  increment f o r  each r i g i d  body 
a t  cu r r en t  t ime.  ( I n p u t )  

IIDKTE.11 ( 6 ,  NRB ) 18 P o s i t i o n a l  increment f o r  each r i g i d  body 
a t  l a s t  t ime.  

DDKTM2 ( 6 ,  NRB ) 19 P o s i t i o n a l  increment f o r  each r i g i d  body 
a t  next  t o  l a s t  t ime.  



VAR I ABLE 

TIISK (1IT) 

IIISP ( 2 , N U B )  

DISSK ( 2  , N U B )  

nn ( I IT)  

D R E  ( N R B 6 )  

TABLE 12 (Continued) 

VARIABLE STORAGE LIST 

(Ordered by Name) 

TD INDEX DESCRIPTION 

44 Dosi t ion of each nodal point  a t  
cur ren t  t ime.  ( Inpu t )  

73 Pos i t i on  of each nodal point  a t  next t ime.  

7 I n e r t i a l  coordinates  of each r i g i d  
body. ( Inpu t )  

7 '7 Tota l  energy d i s s ipa t ed  a t  each beam e n d .  

68 Incremental d i s s ipa t ed  energy a t  each 
beam e n d  due t o  p l a s t i c .  

:3 Generalized fo rce  increments.  

13  External  appl ied fo rce  on each r i g i d  body. 



'TABLE 12 (Con t i nued )  

' l a r i a b l  e  S to rage L i s t  

(Ordered  by Name) 

VARIABLE I D  INDEX DESCRIPTION 

DRFE (6,NEF) 9 R e s u l t a n t  f o r c e  due t o  each a p p l i e d  f o r c e .  

DRN (12,NUB) 58 Force  i nc remen t  on b o t h  beam ends. 

DU (MT) 4 7  P o s i t i o n a l  i nc remen ts  o f  nodal  and r i g i d  bod ies .  

DUB (MT) 7 5 *  

DUDD (MT) 7 2  

DXKMl (MT) 4 8  

DXKM2 (MT) 7 4 

E1T (3,NNC) 7 8 

E2T (3,NNC) 7  9 

FK (2,NUB) 4  0 

FK1 (2,NUB) 6 3  

FRK ( 1  2,NUB) 43 

FRKP ( 1  2  ,NUB) 6 2  

GAMT ( 2  ,NNC) 82 

GCNLO (NGCN) 3 4 

I A  ( 2 ,  NUB) 123 

IELM ( NUMP-1 ,NUMP) 85 

I FCN (5 ,  NGCN) 6 9 

IMPCTL (MT) 100 

INRS (2,NRB) 88 

IPERM (MT) 9 0  

I P I V  (3,IPMAX) 126 

I R I  V ( 5 ,  IRMAX) 124 

I RPV ( 5 ,  I RPMAX) 125 

I V  (7,NNC) 8  6 

K X  (NNC)  113 

MI0 (NUB) 2  8 

M20 (NUB) 2  9 

S o l u t i o n  o f  p o s i t i o n a l  inc rements  . 
A c c e l e r a t i o n  i nc remen ts  o f  nodal  and r i g i d  b o d i e s .  

P o s i t i o n a l  i nc remen ts  o f  nodal  and r i g i d  a t  l a s t  
t i m e .  ( I n p u t )  

P o s i t i o n a l  i nc remen ts  o f  nodal  and r i g i d  bod ies  a t  
n e x t  t o  l a s t  t ime .  ( I n p u t )  

U n i t  v e c t o r  i n  1 - d i r e c t i o n  o f  connec to r .  ( I n p u t )  

U n i t  v e c t o r  i n  2 - d i r e c t i o n  o f  connec to r .  ( I n p u t )  

C u r r e n t  y i e l d  f u n c t i o n  va lue  f o r  each beam end. 

Next  t i m e  y i e l d  f u n c t i o n  v a l u e  f o r  each beam end 

C u r r e n t  f o r c e  on beam ends r e l a t i v e  t o  l o c a l  c o o r d i -  
n a t e s .  

Next  f o r c e  on beam ends r e l a t i v e  t o  l o c a l  c o o r d i n a t e s .  

Shear d e f o r m a t i o n  o f  shea r  connec to rs .  

Length  o f  gene ra l  connec to r  i n  frame (1:nput) 

Y i e l d  f u n c t i o n  computa t ion  c o n t r o l  s w i t c h .  

Connect ion  sw i t ches  (See Tab le  9 )  . ( I n p u t  ) 

C o n t r o l s  f o r  gene ra l  connec t i ons  i n  frame (See 
Tab le  19). ( I n p u t )  

C o n t r o l  o f  c o n t r o l l e d  f o r c e  and p o s i t i o n  o p t i o n s  f o r  
mass p o i n t s  and r i g i d  bod ies .  ( I n p u t )  

G loba l  connec t  and f o r c e d  p o i n t  base i n d i c e s  f o r  r i g i d  
bod ies  ( p a r t i a l  sums o f  NCV and NF a r r a y s  f o r  1  and 2 
r e s p e c t i v e l y .  ( I n p u t )  

Used as temporary  s t o r a g e  f o r  s o l u t i o n s  o f  e q u a t i o n s .  

Used as temporary  s t o r a g e  o f  p i n  c o n t r o l s  i n  f r a n e  

Used as temporary  s t o r a g e  o f  r i g i d  connec to r  c o n t r o l s .  

Used as temporary  s t o r a g e  o f  p i i i  c o n t r o l s  o u t  of  
f r ame .  
Connect ion  c o n t r o l s  o u t s i d e  frame (See Tab le  8 )  . 
L a s t  s t e p  number f o r  connec to rs .  

Maximum moment f o r  each beam a l o n g  1  - d i r e c t i o n .  ( I n p u t )  

Maximum moment f o r  each beam a l o n g  2 - d i r e c t i o n .  ( I n p u t )  



TABLE 12 ( C o n t i n u e d )  

VARIABLE STORAGE LIST 

( O r d e r e d  by Name) 

VARIABLE ID INDEX DESCRIPTION 

if30 ( N U B )  

NPV (NRG) 

30 ?Isximum moment f o r  e a c h  beam a l o n g  
3 - d i r e c t i o n .  ( I n p u t )  

37 Number o f  c o n n e c t  p o i n t s  i n  each  
r i g i d  b o d y .  ( I n p u t  1 

8 9 Number o f  a p p l i e d  p o i n t s  on  r i g i d  
body.  ( I n p u t )  

1 0 8  Numt)er o f  p o i n t s  a t  which  a c l z e l e r a t i o n s  
t o  b e  p r i n t e d  on e a c h  r i g i d  body.  ( I n p u t )  

PANG (2,4,NUB) 5 ii Accumulated  p l a s t i c  r o t a t i o n  a t  e a c h  
beam e n d .  

T'O ('TITB) 3 :L Maximum a x i a l  f o r c e  f o r  e a c h  beam. ( I n p u t )  

PRPT (3,NPRT) 1 Oc3 P o i n t s  on r i g i d  b o d i e s  a t  which 
a c c e l e r a t i o n s  a r e  t o  b e  p r i n t e d .  ( I n p u t )  

PTC ( 3 ,  IPhlAX) 131. Used a s  t e m p o r a r y  s t o r a g e  f o r  p i n  q u a n t i t i e s  

PTKN ( 3 ,  RIIT, IP?.fAX) 132; Used a s  t e m p o r a r y  s t o r a g e  f o r  m a t r i x  
e l e m e n t s  r e p l a c e d  by p i n  c o n s t r a i n t s .  

194* Accumulated f o r c e  f o r  s e l e c t e d  d e g r e e s  
o f  f r eedom.  

RFO?? ( 6, NRB ) 12  R e s u l t a n t  f o r c e  on e a c h  r i g i d  body 
d u e  t o  mot ion  and a p p l i e d  f o r c e .  

RiIOI,D ( NDOFI\IX ) 3 2 Temporary s t o r a g e  f o r  m a t r i x  e q u a t i o n  
r e s i d u a l .  

R!IS ( ~ M T  ) 65* RHS o f  main e q u a t i o n s .  

PHs3 (NDOFMX) 6E* RIIS o f  r e d u c e d  e q u a t i o n s .  

42* C u r r e n t  i n e r t i a l  f o r c e  on e a c h  nodal  
p o i n t  and r i g i d  body.  

RR ( NDOFMX , NDOFMX ) 67 Reduced s t i f f n e s s  m a t r i x .  

RIiPl (FIT) 7 6 Next time RK (MT).  

RMASS (NRB) 1 4  Yass  o f  e a c h  r i s i d  bodv.  ( I n p u t )  

RVIT ( 3 ,  N R B )  1 5  Ploment o f  i n e r t i a  o f  e a c h  r i g i d  b o d y .  (In1,ut)  

RNK (12,NUg) 5 1 C u r r e n t  time f o r c e  on e a c h  beam end  
r e l a t i v e  t o  i n e r t i a l  c o o r d i n a t e s .  

R N k T l  (12,NUU) 6 1  Next time f o r c e  on  e a c h  beam end r e l a t i v e  
t o  i n e r t i a l  c o o r d i n a t e s .  



TABLE 1 2  ( C o n t i n u e d )  

VARIAULT;: STORAGE LIST 

(Orde red  l ~ v  Name) 

ITARI ABLE I D  IN'DEX DESCRIPTION 

lZPTC (3,IllnhlAX) 1 2 9  Used a s  t e m p o r a r y  s t o r a g e  f o r  p i n  
q u a n t i t i e s .  

RPTRU (3,iclT,IRPJIAX) 1317 Used a s  t e m p o r a r y  s t o r a g e  f o r  m a t r i x  
e l e m e n t s  r e p l a c e d  hy  p i n  c o n s t r a i n t s .  

RRTC' (6, I R h l A X )  12'7 Used a s  t e m p o r a r y  s t o r a g e  f o r  r i g i d  
q u a n t i t i e s .  

105*  T e s t  v a l u e s  f o r  a c c u m u l a t e d  f o r c e  f o r  
s e l e c t e d  d e g r e e s  of  f r eedom.  ( I n p u t )  

RTKN(6, MT, I R V A X )  1 2 5  Used a s  t e m p o r a r y  s t o r a g e  f o r  m a t r i x  
e l e m e n t s  r e p l a c e d  by r i g i d  c o n s t r a i n t s .  



TABLE 1 2  (Con t i nued )  

V a r i a b l e  S to rage L i s t  

(Ordered by Name) 

VARIABLE I D  INDEX DESCRIPTION 

SCFP (2,NUB) 46 S c a l i n g  f a c t o r  f o r  each beam end a t  c u r r e n t  t i m e .  

SON (NNC) 16 I n i t i a l  l e n g t h  o f  connec to rs .  ( I n p u t )  

SMIT (NNC)  94 C u r r e n t  1 eng th  o f  connec to rs .  

SW (2,NUB) 8 4 Sw i t ch  wh i ch  i n d i c a t e s  e l a s t i c  o r  p l a s t i c  f o r  each 
beam end. 

T (2,NUB) 118 Torsion second p l a s t i c  bending c 1 9 e f f i c i e n t ~  

THOLD (NDOFMX, NDOFMX) 32 Temporary s t o r a g e  f o r  m a t r i x  decompos i t ion .  

TK (MT,MT) 1 **  Combined mass and s t i f f n e s s  m a t r i x .  

TKN (IVIT,MT) 96** Temporary TK. 

TMTXl (6,MT) 97 S torage m a t r i x .  

TMTX2 (6,MT) 98 Storage m a t r i x .  

UD (MT) 50 V e l o c i t y  o f  each nodal  p o i n t  and r i g i d  body. 

UDD (MT) 49 A c c e l e r a t i o n  a t  each nodal  p o i n t  and r i g i d  body 

UE (6,NUB) 

UNC (3,NCRB) 

U3T ( 3  ,NNC) 

VO (6,NRB) 

XM1 (MT) 

XO (MT) 

ZA (NUB) 

ZG (NUB) 

Z l l  (NUB) 

212 (NUB) 

221 (NUB) 

222 (NUB) 

231 (NUB) 

232  (NUB) 

ZRHO ( 5  ,NSTOP) 

Z V O  ( 5  ,NSTOP) 

Re1 a t i v e  e l a s t i c  d i sp lacemen t  between each two beam 
ends. 

C u r r e n t  i n e r t i a l  p o s i t i o n  o f  a l l  r i g i d  body connec t  
p o i  n  t s  . 
3-Uni t v e c t o r  i n  i n e r t i a l  space. 

I n i t i a l  i n e r t i a l  v e l o c i t i e s  o f  each r i g i d  body.  ( I n p u t )  

Disp lacement  a t  l a s t  t i m e  s t e p .  ( I n p u t )  

D isp lacement  a t  c u r r e n t  t i m e  s tep .  ( I n p u t )  

Computed c o n s t a n t  f o r  each beam. 

Computed c o n s t a n t  f o r  each beam. 

Computed c o n s t a n t  f o r  each beam. 

Computed c o n s t a n t  f o r  each beam. 

Computed c o n s t a n t  f o r  each beam. 

Computed c o n s t a n t  f o r  each beam. 

Computed c o n s t a n t  f o r  each beam. 

Computed c o n s t a n t  f o r  each beam. 

Node s t o p  c o n t r o l  ( # ,  p ,  t, A , T) ( I n p u t )  

Node s t o p  w o r k i n g  s t o r a g e  ( t l  , t2, A, B, C) 



T A B L E  1 3  

LAYOUT OF E X T E R N A I ,  B I N A R Y  S T O R A G E  

LEIJGTII  N U M I N P  I N D E X  

N U M I N P ( N q I N P , 3 )  

I D  ( N q I D )  

N U I I P L T  ( N q U T  , 2 ) 

DKIASKS (KDBPWD) 

D S I I I F T  (KDBPWD) 

CPlASKS ( KCI-IPWD ) 

CSIIIFT (KCIIPWD) 

LISTPR ( K T S C S Z * N U M T A B  ) 

S T P R  ( N U M E N T )  

AL ( N U B )  

3110 ( N U B )  

412'7 ( N U B )  

:>Inn ( N U B )  

PP ( N U B )  

711 ( N U B )  

Z12 ( N U B )  

Z 2 l  ( N U B )  

Z22 ( N U B )  

Z 3 1  ( N U B )  

Z32 ( N U B )  

ZA ( N U B )  

ZG ( N U B )  

AKE ( 3 , N U B )  

BKE ( 3 , N U B )  

D C l K  ( 9 , N U B )  

D I S K  (M6) 

NF ( NRB ) 

NCV ( N R B )  

SQ)N ( N N C )  

I V  ( 7 , N N C )  

3 * N P I N P  

N P I D  

2 *NPUT 

KDBPWD 

KDBPWD 

KCHPWD 

KCIIPIVD 

KTiXSZ *NUUTAB 

VUIIENT 

NUB 

NIjB 

NUB 

?TUB 

NUB 

NUB 

NUB 

NUB 

UUR 

NUB 

NUB 

NUi3 

NUB 

3 * X U B  

3 *NUB 

S * N U B  

M6 

NRB 

N R B  

YNC 

7 *NNC 

( s ta r t s  l i n e  6 )  

3 

4 

19 

49 

50 

5 1 

5 2 

1 

3 
'a 

5 

6 

7 

8 

12 

10 

11 

1 2  

1 3  

14 

15 

16 



4 5 .  

46 . 
4 7 .  

48. 

49,  

50. 

51. 

52 .  

53,  

54 . 
55. 

56 .  

57. 

58. 

59.  

G O .  

TABLE 13 (Cont i .nucd)  

IiPYOUT OF EXTERNAL BINARY STORAGE 

RFPM ( 6, NRB ) 

IZhlAST ( N R G )  

AKAP (6,NUBj 

AKA1 (G,MUB) 

BETA (6,NUB) 

AKA2 (6,NUU) 

IELM (NU1.P-1,NUMP) 

RFlIT (3,NRB) 

DISM (6,NRB) 

V@ (6,NRB) 

DCTK (Q,N9B) 

CL (3, NCRB) 

CLF (3,NEF) 

DRFE (6,NEF) 

EIT (3,NCNBS) 

E2T (3,NCNBS) 

A?IASS (NUhP) 

X9 (M6) 
X h l l  (bI6) 

AT (hlT) 

RT (MT) 

ACCP (6,NRB) 

NPV (NRB) 

PRPT ( 3, IPRT) 

INFC (5,NGCN) 

GCNLP (NGCN) 

nC2K (9,NUR) 

U (6,NUI3) 

I rlPCTL ( blT ) 

INRS (2,NRB) 

LENGTII 

3*NCNBS 

3 *NCNRS 

NU3P 

p,! 6 

F36 

?IT 

?IT 

NIZBE 

NRB 

3*NPRT 

5 *NGCN 

NGCN 

9*NUB 

6 *NUB 

FIT 

2 *NRB 

NUMINP INDEX 



TAI3TJE 1 3  ( C o n  t i nued ) 

LAYOUT OF EXTERNAL 5 I U A R Y  STORAGE 

K T I T L E  ( K R U N T )  

T'qS CQ)N ( 5 ,  I"J(1)IJP ) 

PPSVAL ( 3 ,  NqNP ) 

KCVflD ( L G ? I P D )  

KCQ)RIP (LGC$??1) 

K C N P D  ( L G N g D  

K C P N T N  ( 3 * V p C Q ) N N )  

K C P N T R  (LGCTR) 

7lASrJ$3D ( NIJ'IP ) 

KRBCPM ( N R I 3 )  

ZRH@ (5,NSTqP) 

KQ UNT 

:Ti*r\ig:Jp 

3 K;\IQ?i?" 

I ~ G ~ I ~ I I  

LGCP? I 

L G N P D  

3 *KKNflC@IJN 

L G C T R  

NIThlP 

NRB 

5 *NSTQ)? 

NUAlINP INDEX 

62 

G:! 

f 4  

53 

54 

65  

6 6 

G7 

68 

Gq 

7 0  



Level 

0 

TABLE 1.1 

DEBUG SWITCH LEVEL DEFINITION 

No Debug Output 

Values printed to five 
significant figures 

Values printed to five significant 
figures except k = 1, 6, etc where 
values printed to sixteen signi- 
ficant figcres 

Values printed to sixteen 
significant figures. 



DESCRIPTION OF DEBUG DRINTOUT 

VARIABLES PRINTED 

ZA (IJUB) I < =  1 o n l y  

7:G ( N U B )  K = 1 o n l y  

Z11 (\iU!3) I; = 1 o n l y  

>:12 ('JITR) I: = 1 o n l y  

X21 (7JCB) K = 1 o n l y  

222  (YU2) K = 1 o n l y  

7 3 1  (NUB) i< = 1 o n l y  

7 3 2  (;JUD) K = 1 o n l y  

AKR (3,NUR) K = 1 o n l y  

EKE ( 3 , U U B )  K = 1 o n l y  

iIC1IC ( 3 , 3 ,  beam) 

DC3K ( 3 , 3 ,  heam) 

RNK ( 7 - 1 2 ,  beam) 

S T I F l  (6,B) 

AKRT ( 6 , 3 )  

BKRT ( 6 , 3 )  

D U E 1  ( 6 )  

DUE2 ( 6 )  

DUE3 ( 6 )  

DUE ( 6 )  



T A B L E  15  ( C o n t i n u e d )  

D E S C R I P T I O Y  OF DE1311G P R I N T O U T  

DEBUG SW I TCII V A R I A B L E S  P R I N T E D  - 

li STK ( 1 2 , 1 2 )  

ROUTINE 

IIU3 ( TJD(8?7"1X ) * CYJJ!.IA I N 

DU ("IT) b e f o r e  s c a l i n g  

DR ( ' IT)  b e f o r e  s c a l i n g  

IIU (hIC;) a f t e r  s c a l i n g  G @ ? l A I N  

DR ( M E )  a f t e r  s c a l i n g  

increments  of p l a s t i c  CBDISP 
deformation 

DISSK ( 2 ,  beam) 

RK (ND@FMX,ND(8FMX)* 

RHS (!4T ) 

RHSB (ND$JFMX)* 



TABLE 1 5  ( C o n t i n u e d )  

DESCRIPTION OF DEBUG PRINTOUT 

DEBUG SWITCH VARIABLES PRINTED - .-- ROlirTINC 

c o n n e c t  i o n  no I3ENC:JT 

t h r e e  f o r c e  components  EXTCNT 
3r moments 

SHBCYT 

TORCYT 

.LG** 01.d r e g u l a r  o u t p u t  $!IUT:P 

TI<N ( PAT , h!T ) 

Iju (MT) 

19- 30 unused  

NOTE: Where "beam" a p p e a r s ,  a l l  q u a n t i t i e s  f o r  e a c h  beam a p p e a r s  
t o g e t h e r  f o l l o w e d  by a l l  q u a n t i t i e s  f o r  t h e  n e x t  beam i f  
any and s o  o n .  

* Only a c t u a l  d e g r e e s  o f  f reedom a r e  p r i n t e d ,  NDPFIIX i s  t h e  
d imens ion  and maximum number e v e r  p r i n t e d .  

* *  S w i t c h  1 6  is  p e r m a n e n t l y  s e t  on i n  t h e  a b s e n c e  of t h e  
o u t p u t  p r o c e s s o r .  



V t l R I A I I L E  NI1'113 D I C T I O N A R Y  

,4i< ( 6 ,  6 )  

4KRT ( 6 , 3 )  

I3K ( 6 , G )  

I3KRT ( 6 , O )  

CK ( T , G )  

CtillSKS ( KCHPUTD ) 

CSIII F T  ( KCIIPWD ) 

DFIASKS (KDBPWD) 

IISIII FT ( KDUPIYD ) 

DIJE ( 6 )  

nrrE7 ( 6 )  

PUE.?(6) 

I lUE3(6 )  

FDIiP1 ( 1 2 )  

I D  ( N P I D )  

I P h l A X  

I RXlAX 

I RP MAX 

KCIIPWD 

KChlPD ( L G M P D )  

K C N P D  ( L G X P D )  

Itcpnp ( L G C ~ M  ) 

K C q V T N  ( 3 * N P C 9 N N )  

K C P N T R  ( L G C T R )  

Icr)np.wn 

KRBC9M (NRB) 

KTI3CSZ 

K T I T L E  ( K R U N T )  

Riqid body q u a n t i t y  

Beam q u a n t i t y  

R i f ; i  d body q u a n t  i t y  

R i i ~ i d  body ( { u a n t  i t y  

l l a s k s  for c h a r a c t e r  u n ~ a c k i n q  and  paclcinq 

Sh i  f ts f o r  c h a r a c t e r  u n p a c k i n g  and p a k c i  nc; 

Elasks f o r  debug  s w i t c h  u n p a c k i n g  and  p a c k i n g  

S h i f t s  f o r  debug  s w i t c h  u n p a c k i n g  a n d  p a c k i n g  

B e a m  y u a n t  i t y  

Beam q u a n t i t y  

Beam q u a n t i t y  

Beam q u a n t i t y  

Beam q u a n t i t y  

O f f s e t  b e ~ i n n i n g  i n d i c e s  f o r  v a r i a b l e  
l e n g t h  a r r a y s  

Number o f  p i n  c o n n e c t o r s  i n  f r a m e  

Number o f  r i g i d  c o n n e c t o r s  o u t s i d e  o f  f r a m e  

Number o f  p i n  c o n n e c t o r s  o u t s i d e  o f  f r a m e  

Number o f  c h a r a c t e r s  p e r  mach ine  word 

Summary o f  modu les  s p e c i f i e d  i n  i r p u t  

Summary o f  n o d e s  s p e c i f i e d  i n  i n p u t  

Summary o f  components  s p e c i f i e d  i n  i n p u t  

Summary o f  c o n n e c t i o n s  s p e c i f i e d  i n  i n p u t  

Summary o f  c o n n e c t o r s  s p e c i f i e d  i n p u t  

Number o f  debug s w i t c h e s  p a c k e d  p e r  mach ine  word 

C r o s s  r e f e r e n c e  l is t  o f  beam number t o  
c o n n e c t i o n  number 

Number o f  words  p e r  t a b l e  c o n t r o l  e n t r y  

Run t i t l e  = 4 + KWDPNM i n  p a c k e d  c h a r a c t e r s  



TABLE 16  ( C o n t i n u e d )  

VARIABLE ?TAME DICTIONARY 

VARIABLE TJAME DESCRIPTION 

KRUNT Number o f  words  of  t i t l e  = 13Z*N~LINE/KCHPWD 

K!VDPNM Number o f  machine  words  p e r  packel3 name 

LGCTR 

Number o f  words i n  component summary 
=: ?lIJNQ)DE + N$3C?IIPT* ( 4tK'IYDPNRI ) 

Numher o f  words  i n  c o n n e c t o r  summary 
= NqC$JUC * (1tKWDPNM) 

Number o f  words  i n  module summary 
= N$3CMPT + N$3M$JD*(2+KVDPNM) 

Number o f  words  i n  node summary 
= N(3C(8NH + NUNPDE* ( 5+KWDPNM) 

hIASV(i9D (NUMP ) C r o s s  r e f e r e n c e  l i s t  o f  mass p o i n t  numbers 
t o  node b e g i n n i n g  number i n  KCNOD 

IrflST@R (KTBCSZ*NUMTAB) T a b l e  c o n t r o l  a r r a y  

\IT G*(NUF,IP + NRB)  t o t a l  d . 0 . f .  w i t h  no c o n s t r a i n t s  

MCi 6*NUlP t o t a l  d . 0 . f .  i n  f r ame  

NC'JBS 

NCRP, 

N1)Q)FMX 

NEF 

NGCN 

NFlPM 1 

NNC 

T o t a l  number of s h e a r  and b e n d i n g  c o n n e c t i - o n s  
i n  v e h i c l e  

Number o f  r i g i d  body c o n n e c t  p o i n t s  

Number o f  d . 0 . f .  i n  r e d u c e d  m a t r i x  

Number o f  c o n s t a n t  a p p l i e d  f o r c e s  f o r  r i g i d  b o d i e s  

Numher o f  g e n e r a l i z e d  c o n n e c t i o n s  i n  f r ame  

NUMP- 1 

Number o f  g e n e r a l i z e d  c o n n e c t i o n s  o u t s i d e  
o f  f r a m e  

Number o f  components  o f  b o t h  t y p e s  

Number o f  c o n n e c t o r s  d e f i n e d  

Number o f  c o n n e c t i o n s  

Number o f  t a b l e s  l a i d  o u t  i n  ID = 134 

Number o f  e x t e r n a l  b i n a r y  t a b l e s  l a i d  o u t  
i n  NUMINP = 71  



TARLE 16  ( C o n t i n u e d )  

VAR I A'BL,E NA?IE D I  CT I  ONARY 

VARIABLE NAME DES CR I PT I  ON 

N(I)L I NE 

N(OFII$OSI 

Nfl?U' 

NQUT 

N'RT 

NRB 

IJR;3C, 

NSTPP 

NUB 

NUr:IENT 

NITr\?INP (NPINP, 3) 

NUhIQ)UT (NPUT , 2 ) 

N IJIIP 

NUllTAR 

NUNODE 

P$JSC$3N ( 8 ,  NpVD)  

IlNW ( 1 2 )  

S T I F l  ( 6 , G )  

STIi ( 1 2 , 1 2 )  

STPR (I'lUhTElNT ) 

TD ( 2 , 3 )  

TI1 ( 2 ,  6 )  

U (E,NU3) 

Number o f  l i n e s  i n  r u n  t i t l e  

Nun1)er of modules 

Numher of  n o d a l  p o s i t i o n  c o n t r o l  s p e c i f i c a t i o n s  

Nur;th~r o f  o u t p u t  c a t e g o r i e s  i n  NU:\IPUT = 7 

Number of  p r i n t  p o i n t s  on r i g i d  b o d i e s  

Yumber o f  r i q i d  b o d i e s  

G*K9B Number o f  d . o . f .  i n  r i g i d  b o d i e s  

Mumher of  nodal s t o p  s p e c i f i c a t i o n s  

Vurnber of beam c o n n e c t i o n s  

Number 01 words  used  i n  STqK 

C o n t r o l  a r r a y  Por e x t e r n a l  b i n a r y  s t o r a g e  

C o n t r o l  a r r a y  f o r  o u t p u t  p r o c e s s o l e  

Number o f  mass  p o i n t s  i n  f rame 

Number o f  t a b l e s  u s e d  

Number o f  nodes  o f  a l l  t y p e s  

Nodal  p o s i t i o n  c o n t r o l  a r r a y  

Eeam q u a n t i t y  

KURL m a t r i x  f o r  beam 

BITJVR m a t r i x  f o r  beam 

S t o r a g e  a r r a y  f o r  t a b l e  v a l u e s  

Beam q u a n t i t y  

Beam q u a n t i t y  

Beam q u a n t i t i e s :  E,G,AJ, A I l , A I 2 , A  


