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1  .0 INTRODUCTION 

T h i s  r e p o r t  i s  a  supplement t o  t h e  o r i g i n a l  r e p o r t  on t h e  HSRI Three- 

Dimensional Crash V i c t i m  Simul a t o r  e n t i  tl ed, "HSRI Three-Dimensional 

Crash V i c t i m  S i m u l a t o r  : A n a l y s i s ,  V e r i f i c a t i o n ,  Users '  Manual, 

and P i c t o r i a l  Sect ion , "  June 30, 1971, by D. H. Robbins, R. 0. Bennet t ,  

and V. L. Roberts.  ( F i n a l  Repor t  on DOT C o n t r a c t  No. FH-11-6962, NT IS  No. 

PB-208242). T h i s  r e p o r t  desc r ibes  t h e  chanqes made t o  t h e  model s i n c e  t h e  
pub1 i c a t i  on o f  t h e  o r i g i n a l  r e p o r t .  

These changes i n c l  ude: 

1. I n p u t  and Output  o f  a n g u l a r  a c c e l e r a t i o n s  i n  r a d i a n s  p e r  second 

p e r  second i n s t e a d  o f  degrees p e r  second p e r  second. 

2. Numerous f o r m a t t i n g  changes i n  p r i n t e d  o u t p u t .  

3. Value o f  E a r t h  Standard G r a v i t y  changed t o  32.174. 

4. I n p u t  and Output  i n  S. I. ( M e t r i c )  o r  Anglo-American U n i t s .  

5. I n c o r p o r a t i o n  o f  WSU A i rbag  Model w i t h  minor  changes. 

S e c t i o n  2.0 o f  t h i s  r e p o r t  rev iews t h e  a n a l y s i s  of t h e  WSU 

A i rbag  Mode!. S e c t i o n  3.0 o f  t h i s  r e p o r t  c o n s i s t s  o f  an updated ver -  

s i o n  o f  Tab le  7  o f  t h e  o r i g i n a l  r e p o r t .  S e c t i o n  4.0 d iscusses t h e  

use o f  t h e  new f e a t u r e s  and t h e  r e s t r i c t i o n s  on them. 



2.0 ANALYTICAL DESCRIPTION OF THE WSU AIRBAG MODEL 

The o n l y  known p u b l i s h e d  r e p o r t  on t h e  WSU A i rbag  Model i s  SAE Paper No. 

720036 e n t i t l e d ,  "A Mathemat ical  Model o f  an A i rbag  f o r  a  Three-Dimen- 

s i o n a l  S imu la t i on , "  by  A. I. King, C.  C .  Chou, and G.  A .  Mackinder,dated 

Jan. 1972. 

The d e s c r i p t i o n  presented here  i s  based on t h e  unpubl i s h e d  WSU 

f i n a l  p r o j e c t  r e p o r t  t o  NHTSA ( C o n t r a c t  No. DOT-FI-1-11-7607) and r e f l e c t s  

l a t e r  changes made a t  b o t h  WSl! and HSRI. 

The WSU A i rbag  Model was developed t o  s i m u l a t e  a  s p h e r i c a l  a i r -  

bag mounted on a  c o l l  aps i  ng s t e e r i n g  c o l  umn ( d r i v e r  a i  rbag )  . L a t e r  

t h i s  model was m o d i f i e d  s l i g h t l y  t o  r e p r e s e n t  a  c y l i n d r i c a l  a i r b a g  

mounted on a  c o l l a p s i n g  panel  (passenger a i r b a g ) .  Both o p t i o n s  a r e  

a v a i l a b l e  i n  t h e  c u r r e n t  model under s w i t c h  c o n t r o l .  I n  e i t h e r  case, 

t h e  a i r b a g  model c o n s i s t s  o f  t h e  same b a s i c  submodels l i s t e d  below. 

1. The f ree-expand ing a i  rbag submodel 

2. The d e t e c t i o n  o f  occupant t o r s o  c o n t a c t  subniodel 

3. The con tac ted  a i r b a g  submodel 

4. The bot tomed-out  a i  rbag submodel 

5 .  The c o l l a p s i n g  column ( o r  p a n e l )  submodel 

6. A d d i t i o n  o f  a i r b a g  f o r c e s  i n t o  t h e  occupant equa t ions  o f  

mo t ion  subrnodel 

These submodels a r e  d iscussed i n  Sec t i ons  2.1 th rough 2.6, r e s p e c t i v e l y .  

S e c t i o n  2.7 d iscusses t h e  i n t e r r e l a t i o n s h i p  between these s i x  sub- 

model s. 

The b a s i c  assumptions made i n  t h e  d e r i v a t i o n s  o f  t h e  a i r b a g  a n a l y s i s  

a r e  l i s t e d .  

1. Be fo re  impact  w i t h  t h e  occupant, t h e  s p h e r i c a l  a i r b a g  expands 

r a d i a l l y  due t o  gas f l o w .  

2. The p ressu re  of t h e  a i r b a g  i s  always u n i f o r m l y  d i s t r i b u t e d .  

3. The gas f l o w  i s  an a d i a b a t i c  process.  

4. A f t e r  impact ,  t h e  a i r b a g  deforms as if i t  were squeezed by two 

p a r a l l e l  p l a t e s .  



5. The deformation of the airbag wall follows a l inear e l a s t i c  

relation by considering the bag as an  axisymmetric e l a s t i c  thin she l l .  

2.1 The Free-Expanding Ai rbag 

The differential  equations governing the airbag 

impact are l i s ted .  Figure 1 shows the configuration 
-1 1 

expans ion before 

of the airbag before contact. 

where 

R = bag radius 

P = bag gauge pressure 
- 
P = bag absolute pressure = P + 1 atmosphere 

0 
= i n i t i a l  gas density 

k = ra t io  of specific heats (outside t o  inside) 

P = i n i t i a l  bag gauge pressure 
0 

Po = i n i t i a l  bag  absolute pressure = Po + 1 atmosphere 

C = gas mass inflow rate 

,B1 = gas mass outflow ra t e ,  or 

\ 
NOTE: 1 atmosphere i s  the pressure a t  sea level due t o  the 

weight of the atomsphere and has a value of 14.696 lbs/in 
or 101325 N/m2 



STEERING COLUMN 

Figure 1. The free Expanding Ai rbag 



P = venting pressure v 
A = area of vent hole 

B = coefficient of discharge 

4 3 - .rrR for driver airbag 3 

B2 
2 = rbag vO1 = TLR for passenger airbag 

L = cylinder length 

= ( 4 ~  for driver airbag 

B3 2L for passenger airbag 

1 atmosphere 

B6 = ratio of pressures (outside t o  inside) = - 
P 

B7 = ratio of vent hole radius t o  airbag radius raised t o  the 
fourth power = 

A~ 

2hE for driver airbag 

hE for passenger ai rbag 

h = thickness of airbag wall 

E = Young's Modulus of airbag wall 

2.2 Detection of Occupant Torso Contact with the Airbag 

The time t h a t  occupant impact with the airbag occurs (T) i s  the 

f i r s t  time a t  which any of the following three inequalities i s  satisfied. 
Figure 2 shows the configuration for the testing for occupant-airbag contact. 



Figure 2.  T e s t i n g  f o r  Occupant-Ai rbag Contact  

\ 



where 

( x ~ , O , Z ~ )  i s  t h e  f i x e d  p o i n t  i n  t h e  v e h i c l e  where the  c e n t e r  o f  t h e  a i r b a g  

i s  mounted. 

(XT,YT,ZT) i s  t h e  p o s i t i o n  o f  the  t o r s o  c e n t e r  i n  v e h i c l e  coord ina tes .  

(XTN,YTN,ZTN) i s  t h e  p o s i t i o n  o f  t h e  neck j o i n t  i n  the  v e h i c l e  

coord inates .  

(XTH,YTH,ZTH) i s  t h e  p o s i t i o n  o f  t h e  h i p  j o i n t  i n  v e h i c l e  coord ina tes .  

C~ 
= 112 t h e  th ickness o f  t h e  ches t  

R = r a d i u s  o f  the  a i rbag .  

2.3 The Contacted Airbag 

The d i f f e r e n t i a l  equat ions govern ing the  a i r b a g  a f t e r  impact  a r e  

l i s t e d .  F i g u r e  3 shows t h e  c o n f i g u r a t i o n  f o r  the  con tac ted  a i rbag .  

L 

where 

H = t h e  l e n g t h  o f  t h e  f l a t t e n e d  p o r t i o n  o f  t h e  a i rbag .  

P = gauge pressure o f  t h e  a i r b a g  
- 
P = abso lu te  pressure o f  the  a i r b a g  = P + 1 atmosphere 



I N  
PARALLE 

Figure 3. The Contacted A i r b a g  
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Al = 1/2 the distance between parallel plates 

1 1 R T  - 2 D l l  + - (1  2 - a )  D I 2  before rebound begins 
- 
- / - .5 D15 a f ter  rebound begins 

R = airbag radius a t  the time of contact 
T 

a = the fraction of torso movement over the l a s t  time interval 

which i s  allocated t o  airbag deformation 

1 2 T ( A ~ ) ~  + 2 nAIH for  driver bag 3 
2 

nL ( A , )  f 2 L H A l  for  passenger bag 

for driver bag 

for passenger bag 

2 1 2 n ( A 1 )  + H' for  driver bag 
- 

D3 - I T L A ,  + LH for  passenger bag 

- ( 4 h E  for driver bag  

D4 - hE for  passenger bag 

0 i f  P c P,, 

- 1 atmosphere 
D6 - 

- 
P 



P = airbag absolute pressure a t  time of contact. 
T 

Dl 0 ' 'CN 

"CN = velocity of the torso c.g. relative t o  the vehicle 

(X,, YT,  Z T )  = position in vehicle of torso i . 9 .  a t  time of contact 

(xcc, Ycc .  Z c c )  = position in vehicle of torso c .g .  a t  time column 
or panel collapse begins 

( X  , Y , Z ) = position i n  vehicle of torso c.g. when rebound begins R R R  

A1 = value of A1 when rebound begins. 

Other quantit ies as defined in Section 2.1 

Total force on the occupant torso due to  the airbag i s  computed as 



where 

G1 = 

H i f  driver airbag 

a i f  passenger airbag 

a = width of the occupant torso 

2 .4  The Bottomed O u t  Airbag 

When Al 5 0 ,  the airbag i s  considered t o  have bottomed-out. 

The total  force on the occupant i s  then computed as 

where 

FB i s  the value of FT when the airbag bottoms o u t  

kg = 1 i  near spring constant for bottomed-out ai rbag 

(XB,  YE, ZB) i s  position in vehicle of the torso c.g. when the 

airbag bottoms out 

2.5 The Collapsing Column or Panel 

Column or panel collapse begins when the total  force on the column 

or panel due to the airbag exceeds the column or panel collapse force. 

The column or panel is  assumed t o  collapse in such a way that the airbag 
force stays constant. An i terative procedure i s  employed t o  divide the 
torso movement between the airbag and steering column in such a way 

as t o  maintain the constant force. The Young's Modulus ( E )  of the 

airbag wall i s  changed t o  a different inputted constant ( E C O ~ I ) .  

When rebound occurs, the i terat ion ceases, a n d  the airbag alone 
responds t o  torso movement. When the maximum column or panel col lapse 
distance i s  exceeded (the column or panel bottoms ou t ) ,  the i terat ion 
also ceases, and again the airbag alone responds t o  torso movement. 



2.6 Addition of Airbag Forces into the Occupant Equations of Motion 

Contributions t o  the occupa.nt equations of motion due t o  the a i r -  

bag are n o t  computed directly in the WSU airbag model. The approach 

used t o  get the airbag forces into the occupant equations of motion 

i s  to use a s l ight ly  modified version of the HSRI occupant contact 

model. One of the contact planes i s  assigned to the ai rbag . 
In any uninhibited interaction between any body e l l ipse  and the special 

airbag plane for which the deflection i s  posit ive,  the prorated force 

computed by the airbag model i s  substituted for the standard deflection- 

dependent el 1 i  pse-pl ane force computation. The proration of force 

i s  over the number of expected ellipse-airbag plane interactions. 

This force i s  treated by t h e  contact model jus t  as i f  i t  were produced 

by the ellipse-plane interaction and added into the equations of motion 

for the occupant. This means that  the ai rbag force i s  always applied 

to any body e l l ipse  in the direction of the normal t o  the airbag plane. 
Figure 4 shows how the airbag force i s  applied. 

HSRI has made two minor additions to the WSU approach outlined 

above. In order t o  protect the occuparit model integration from po- 

tential  ly large step-functions in force, the prorated ai rbag force i s  

modified by the fo1 lowing deflection-dependent factor.  

where 

6 = the deflection of the airbag plane by the body e l l ipse  for  

the current interaction. 

6ef f = i s  the inputted deflection a t  which the total  prorated 

airbag force i s  t o  be f e l t  by the occupant 

I n  order t o  allow some possibil i ty t o  model an oblique or la tera l  

coll is ion,  the standard handling of planar size and edge effects  has 

been instal led with regard t o  the airbag plane. 



TORSO 

Figure 4. Application o f  A i rbag  Force 



The p r o p e r t i e s  o f  t h e  a i r b a g  p l a n e  a r e  i g n o r e d  excep t  f o r  p o s i t i o n ,  

o r i e n t a t i o n ,  s i z e ,  and edge cons tan t s  a l t h o u g h  a l l  p r o p e r t i e s  must 

be s u p p l i e d  w i t h  reasonab le  values. The use r  must be v e r y  c a r e f u l  t o  

p o s i t i o n  and move t h e  a i r b a g  p lane  so t h a t  i t  m a i n t a i n s  c o n t a c t  

w i t h  each o f  t h e  expec ted  body e l l i p s e s  a t  t h e  p rope r  ang le  w h i l e  

t h e  a i r b a g  model i s  p r e d i c t i n g  non-zero f o r c e .  

2.7 Submodel I n t e r r e l a t i o n s h i p  

The WSU A i  r bag  Model p rogresses  t h rough  t h e  submodel s  d e s c r i b e d  

i n  S e c t i o n  2.1 t h rough  2.6 as o u t l i n e d  below. The a d d i t i o n  o f  a i r b a g  

forces i n t o  t h e  occupant  equa t i ons  o f  m o t i o n  (2 .6 )  i s  o p e r a t i o n a l  a t  

a l l  t imes  when t h e  a i r b a g  o p t i o n  i s  e l e c t e d .  A f t e r  t h e  s i m u l a t e d  t i m e  a t  

wh i ch  t h e  a i r b a g  beg ins  t o  i n f l a t e  i s  reached, t h e  Free-Expanding A i rbag  

Submodel ( 2 .1 )  and t h e  D e t e c t i o n  o f  Occupant Con tac t  Subniodel ( 2 .2 )  

b e g i n  t o  ope ra te .  When c o n t a c t  i s  de te rmined t o  have occu r red ,  

these  two submodels a r e  t u r n e d  o f f  and n o t  used aga in .  A t  t h e  same 

t ime,  t h e  Contac ted  A i r b a g  Submodel ( 2 . 3 )  beg ins  t o  ope ra te .  I f  t h e  

s t e e r i n g  column o r  panel  beg ins  t o  c o l l a p s e ,  t h e  C o l l a p s i n g  Column 

o r  Panel Submodel ( 2 . 5 )  beg ins  t o  o p e r a t e  a l o n g  w i t h  t h e  Contac ted  

A i rbag .  The C o l l a p s i n g  Column o r  Panel Submodel i s  t u r n e d  o f f  i f  rebound, 

a i r b a g  bo t t om ing  ou t ,  o r  column bo t t om ing  o u t  occurs .  I f  t h e  a i r b a g  

bot toms o u t ,  t h e  Bottomed-Out A i r b a g  Submodel ( 2 .4 )  i s  used. I f  t h e  
a i r b a g  p ressu re  goes n e g a t i v e ,  t h e  Contacted A i  r bag  Submodel i s  t u r n e d  

o f f .  



3.0 Updated Description of Program Input Data 

Table 1 contains a description of the cards required by the WSU 

Airbag. I f  the airbag model i s  not used, only the f i r s t  card described 

in Table 1 should be included. Any cards for  the airbag must precede 

a l l  other input cards. Table 2 gives the input cards for  the HSRI 

Three-Dimensional Crash Victim Simulator. The symbols and f igure num- 
bers are those used in the original HSRI report .  In both these tables,  

the expected metric untis are enclosed in parentheses and appear next 

t o  the expected Anglo-American units .  The se t t ing of the switch in 

f i e ld  f ive  on Card S determines which s e t  of units i s  used throughout 

the input data and also in the o u t p u t  of b o t h  the WSU a n d  HSRI Models. 
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TABLE 2. INPUT DATA CARDS (3-D MODEL, 4-77) (7-16) 

Cards Field Symbol Figure Quantity U n i t s  

This f i e l d  is  s e t  to  any negative quanti ty  i f  the  
or ig in  i s  i n  back of t h i s  contact ,  o r  t o  any posi- 
t i v e  quanti ty  i f  the or ig in  i s  i n  f r o n t  of t h i s  
contact .  

J 4 Contact l i n e a r  e l a s t i c  coeff ic ient .  Ib/ in.  (N/cm) 
lk 

J 5 Contact quadratic e l a s t i c  coeff ic ient .  1  b/i n (~/crn') 
Zk 

J 6 Contact cubic e l a s t i c  coeff ic ient .  1 b/i  n 3  ( ~ / c m ~ )  
3k 

J 7 Contact l i n e a r  damping coeff ic ient .  l b  sec/ in.  (~sec/rn)  Ck 

J 8 - Penetration l imi t .  i n .  (cm) 

The J card t r iggers  a special  reading sequence, the f i r s t  card of which has the  following special format. 

- Alpha-numeric t i t l e  of contact surface. (centered in - 
columns one through s ix teen)  

2 Xk 11 Edge constant.  (columns 21 through 30) - C 

3 Frnax ' 7 Maximum force t o  be allowed. (columns 31 through lbs .  ( N )  
40 

4 Dk 7 Saturation unloading slope. Must be s teep enough Ib/ in.  ( N / c m )  
t o  completely unload before load curve zero force 
def lec t ion .  (columns 41 through 50) 





TABLE 2. INPUT DATA CARDS (3-0 MODEL, 4-77) ( 9  of 16) 

Cards - Field Symbol Figure Quanti ty  U n i t s  

- 9 G3klt=tt  10 y coordinate of the  o ther  endpoint of the th ree  i n .  (cm) 
speci f ied  consecutive corner points (columns 65 
through 7 2 ) .  

A 

10 [z3k l t= t '  10 z coordinate of the  o the r  endpoint of the three  in .  ( cm) 
speci f i ed  consecutive corner points (columns 73 
through 80) .  

- The number of the  contact  t o  be used f o r  the  s e a t  
back in movie making and in jury  predict ions.  I f  
zero, f i e l d s  two through e igh t  a re  numbers of con- 
t a c t s  which comprise the  forward vehicle  s t ruc tu res .  

The number of the contact  used as  s e a t  cushion. 

The number of the e l l i p s o i d  used as  the  chest .  

The number of the e l l i p s o i d  used as  the  knee. 

These f i e l d s  contain the  numbers of contacts  
which comprise the  forward vehicle  s t ruc tu re .  
The f i r s t  zero o r  blank f i e l d  encountered from 
l e f t  t o  r i g h t  terminates the  card. 

Bel t  segment index ( l . = l e f t  shoulder b e l t ,  2 .=  
r i g h t  shoulder b e l t ,  3 . = l e f t  lap b e l t ,  4.= 
r i g h t  lap b e l t ) .  

x coordinate of anchor point i n  vehicle .  i n .  
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TABLE 2. INPUT DATA CARDS (3-D MODEL, 4-77) (1 1 of 16) 

Cards Field Symbol Figure Quant i t y  Units 

M 4  bk3n Be1 t cubic spring coe f f i c i en t .  1 b/i n3 (Pl/crn3) 

Be1 t 1 inear  damping coe f f i c i en t .  lb . sec / in .  (Nsec/m) 

Belt  s lack a t  t = O .  (Make negative f o r  pre- in .  (cm) 
loading) 

Switch. I f  switch = 0. , be1 t segment i s  used. 
I f  switch - I . ,  b e l t  segment i s  not 

used. 

Injury tolerance f o r  body damage from t h i s  Ib. 
s e a t  be1 t segment. 

Acceleration t ab le  number 

Normal 
n " Special Symbol 

O n  
Symbo 1 

. . 
1. vehicle  forward acce lera t ion .  x, 

. . 
2. vehicle s ide  acce lera t ion .  y 4  

. - 
3. vehicle downward accelerat ion.  z4 

. - 
4. vehicle yaw accelerat ion.  $ 4  . - 
5. vehicle pi tch acce lera t ion .  4 

. . 
6. vehicle r o l l  acce lera t ion .  

$ 4  

Time value f o r  accelerat ion value. 

Acceleration value. 

Index of accelerat ion t ab le  t o  be p a r t i a l l y  
deleted.  (See card N f i e l d  1 ) .  

C 

See equation 
(2.5.24 e t  seq.) 

sec.  

g ' s  o r  rad/sec 2 



TABLE 2. INPUT DATA CARDS (3-D MODEL, 4-77) (12  of 1 6 )  

Cards Fie ld  Symbol F i g u r e  Quan t i t y  U n i t s  

Lowest v a l u e  o f  time f o r  d e l e t i n g  a c c e l e r a t i o n  t a b l e  sec. 
v a l u e s .  

Upper v a l u e  o f  time f o r  d e l e t i n g  a c c e l e r a t i o n  t a b l e  sec. 
v a l u e s .  NOTE: The 0 - c a r d s  do n o t  need t o  be i n c l u d e d  
i f  n o t  needed.  

The f i e l d s  o f  t h i s  c a r d  a r e  unused w i t h  t h e  e x c e p t i o n  
o f  t h e  "P "  i n  t h e  f i r s t  column. T h i s  c a r d  t r i g g e r s  a  
s p e c i  a1 r e a d i n g  sequence  o f  debugging c o n t r o l  c a r d s  
immedia te ly  f o l l o w i n g  t h e  P c a r d .  The fo rma t  o f  t h e s e  
s p e c i  a1 c a r d s  f o l  low. 

E f f e c t i v e  time. ( n e g a t i v e  v a l u e  t e r m i n a t e s  s p e c i a l  
r e a d i n g  sequence . )  (columns 11 th rough  20)  

8 - d i g i t  hexadecimal debugging c o n t r o l  word. 
NOTE: See  P a r t  4.3.  

Logica l  1 / 0  Un i t  Number from which t h e  n e x t  i n p u t  
r e c o r d  i s  t o  be  r e a d .  I f  n o t  0  t o  9 ,  program w i l l  
r e a d  from SCARDS n e x t .  

Number o f  i n p u t  l i n e s  t o  s k i p  b e f o r e  r e a d i n g .  I f  
n e g a t i v e ,  w i l l  rewind 0 t o  9 .  

Maximum i n t e g r a t i o n  s t e p .  

P r i n t  time s t e p  which must be an  i n t e g r a l  m u l t i p l e  
o f  t h e  maximum s t e p .  

s e c .  

These  c a r d s  m u s t  be  i n  
asc.ending o r d e r  o f  
time v a l u e s .  

4. 

sec. 

sec. 





TABLE 2. INPUT DATA CARDS (3-D MODEL, 4-77) (14 of 16) 

Cards Field - Symbol F i  gure Quanti t y  U n i t s  

Switch. I f  switch = O . ,  input  data  i s  l i s t e d .  
I f  switch f O . ,  input  data  i s  not l i s t e d .  

Switch. I f  switch = O . ,  the  tabulated summary 
output i s  pr in ted .  I f  switch = 1. ,' the  be1 t 
angle page i s  l e f t  out .  I f  switch = Z . ,  the  
two pages of vehicle  data  a re  l e f t  out  a l so .  
I f  switch = 3 . ,  the th ree  pages of body angles 
a re  l e f t  ou t  as  wel l .  (Higher l eve l s  a r e  inclu- 
s i v e  of lower l e v e l s . )  

Switch. I f  switch = O. ,  the contents  of cards C ,  
D ,  E and F a r e  considered t o  be r e l a t i v e  t o  the  
i n e r t i a l  system. I f  switch i s  not zero,  the  con- 
t e n t s  of these cards a r e  r e l a t i v e  t o  the  vehic le ,  
and the program automatically converts t o  the  in- 
e r t i a l .  

Switch. .If switch = O . ,  body k ine t i c  energies  a r e  
not computed, I f  switch i s  not zero, body k i n e t i c  
energies  a r e  computed and outputed. 

Mu1 t ip ly ing  f a c t o r  t o  a1 t e r  s l ed  X-accelerat ion t ab le .  

Multiplying f a c t o r  to  a l t e r  s l ed  Y-acceleration t ab le .  

Mu1 t i p ly ing  f a c t o r  t o  a1 t e r  s l ed  Z-acceleration t ab le .  

Multiplying f a c t o r  t o  a l t e r  s l ed  yaw-acceleration t ab le .  

Mu1 t ip ly ing  f ac to r  t o  a1 t e r  s l ed  pi tch-accelerat ion t ab le .  

Mu1 t ip ly ing  f a c t o r  t o  a1 t e r  rol  l -acce lera t ion  t a b l e .  

T i t l e  card.  Triggers reading of following BCD card.  





TABLE 2. INPUT DATA CARDS (3-D MODEL, 4-77) (16 of 16) 

Cards F i e l d  Symbol F i  gure Quantity Units 

Y 1 P(E1 - Probabi 1 i  ty  of event one. Must be i n  range zero t o  
one. (Event one i s  usual ly  accident  type.)  

Y 2 P(E2) - Probabi l i ty  of event two. M u s t  be i n  range zero t o  
one. (Event two i s  usual ly  occupant pos i t ion . )  

Y 3 P(E3) - Probabi l i ty  of event three .  Must be i n  range zero 
t o  one. (Event three  i s  usual ly  r e s t r a i n t  system 
type - ) 

The Y card t r i g g e r s  the reading o f  a  card of special  format immediately following the  Y card. 

- 1 - - A1 phanumeric descr ip t ion  of event one. (centered in  
columns 1  through 24) 

- 2 - - Alphanumeric descr ip t ion  of event two. (centered in  
columns 25 through 48) 

- 3 - - A1 phanumeri c  descr ip t ion  of event three .  (centered i n  ' 

columns 49 through 72) 

Z no f i e l d s  - - Signals  end of data  deck. 



4.0 Use o f  and R e s t r i c t i o n s  on t h e  New Features 

The WSU A i r b a g  Model was developed p r i m a r i l y  f o r  t h e  f r o n t a l  

c rash s i m u l a t i o n .  The model may be used f o r  o b l i q u e  o r  l a t e r a l  c rash  

s i m u l a t i o n ,  b u t  o n l y  w i t h  v e r y  g r e a t  ca re .  The u s e r  i s  r e f e r r e d  i n  

, p a r t i c u l a r  t o  t h e  d i s c u s s i o n  i n  S e c t i o n  2.6. 

The models a r e  n o t  f u l l y  debugged i n  m e t r i c  u n i t s .  The performance 

o f  t h e  models i n  m e t r i c  i s  approx ima te ly  c o r r e c t  b u t  i s  t o o  much 

d i f f e r e n t  f rom a  cor responding r u n  i n  E n g l i s h  u n i t s  t o  be c a l l e d  

acceptab le .  The u s e r  shou ld  use t h e  M e t r i c  o p t i o n  i n  these models 

w i t h  s u s p i c i o n .  . 


