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1.0 INTRODUCTION 

The purpose of th i s  project was to combine presently available ad- 

vanced computer modeling techniques for  reconstructing a crash sequence t o  
the development of methods for  determining occupant contact ve loci t ies ,  

impact forces and occupant responses in passenger car accidents. This was 

a preliminary study which was intended to develop a methodology t o  analyze 

real -world accidents and to investigate the a p p l  i cabil i ty  of computerized 

vehicle crash a n d  occupant motion simulation modeling techniques t o  the 

improvement of accident investigation-based biomechanics data and staged 

laboratory coll ision t e s t s .  

2.0 BACKGROUND A N D  METHODS 

For the past 13 years, the MVMA has supported f i e ld  accident invest i-  

gation under the direction of Dr. Huelke. That investigation program had 

the potential t o  incorporate biomechani cal ly specialized additions t o  the 

ongoing program and to provide a trained team for  additional accident in- 

vestigations. The gathering of these speci a1 ized data from Washtenaw 

County accidents could also be enhanced by the medical a l e r t  system used 

in the present accident investigation program. Thus, the special ized in- 

jury notif icat ion and data gathering needs of th is  project could be added 

t o  the exist ing emergency room program in the county with a small additional 

e f for t .  

I n  Europe t h i s  type of detailed investigation has been supplemented by 

actual crash t e s t s  with dummies and cadavers t o  obtain biomechanical data. 

This type of approach i s  relat ively costly and only a limited number of 

t e s t s  have been performed. This project was to  subst i tute computer simula- 

tions for both the vehicle crash and the occupant motion phases of the 
study. This approach was expected to be: 

- more f lexible in studying the variables associated with the cases, 

- less  cost ly,  a n d  

- ultimately of much greater general u t i l i t y  in advancing knowledge 
of injury causation, tolerance and protection o f  occupants in 
crashes. 



The goal of the project was to combine state-of- the-art  detailed ac- 
ci dent investigation data, computerized vehicle crash and occupant motion 

modeling, and biomechanical analysis of human injury into a method for  ob- 

t a i  ni ng greatly enhanced biomechani cal data from vehi cl e crashes. The 
findings of the investigations, in the form of probable occupant contact 

ve loci t ies ,  impact forces and occupant impact responses, were compared 

with exist ing biomechanical knowledge fo r  the  purpose of demonstrating the 

uti 1 i  ty of the methods. 

Protocol fo r  the computer simulation procedures and specialized in- 

vestigation techniques was developed prior  t o  i n i t i a t ion  of the active 

accident investigation. 

The following c r i t e r i a  were the primary factors  in choosing an acci- 

dent for  in depth invest isat ion:  

1 .  Occupant in jur ies  of par t icular  biomechani cal significance ; 

2 .  Type or  direction of impact; 

3. Reconstructi bi l i t y  of the  crash in terms of vehicle factors 
and kinematics; 

4.  Comparabil i  ty  to  accidents representative of national acci - 
dent s t a t i s t i c s .  

The focus of the  project was t o  understand, as we1 1 as possible, the 

in jur ies  sustained by the occupant, the sources of the injury and the oc- 

cupant kinematics tha t  were responsible for the injury-producing contact. 

Since occupant in jur ies  were the primary concern, i n i t i a l  identif icat ion 

of a prospective case was through  notif icat ion tha t  speci f ic  types of i n -  

jur ies  had been sustained by a person who  was an occupant in a crashed 

motor vehicle. Following t h i s  not i f ica t ion ,  the vehicle and the accident 

s i t e  were investigated in a preliminary manner. Based on the medical fac- 
t o r s ,  vehicle factors and accident s i t e  factors ,  a review of the case was 

made by the principal investigators.  I f  the predetermined c r i t e r i a  of in- 

jury type, source o f  injury,  crash type and probability of accurate re- 
construction were met, then the investigation proceeded. 

The basic f i e l d  investigation was carried out by the Huelke team. Dr. 
Melvin d i rec t ly  ass is ted  in the investigation from the standpoint of injury 
sources, contact points,  injury mechanisms and other biomechanical factors.  



Dr. Robbi ns was d i rec t ly  invol ved in assessi ng  the reconstructibi 1 i ty of 

the occupant kinematics, incl udi ng occupant anthropometry and pre-crash 

geometry . 

Following the gathering of the accident data,  work commenced on re- 

constructing the vehicle crash factors  using the CRASH I f  computer model. 

When su i tab le  simulation of the vehicle crash was obtained, the resul t ing 

dynamic data were available as input for  two- o r  three-dimensional dynamic 

occupant motion computer simulation models such as those used in other 

MVMA-sponsored studies a t  HSRI. The MVMA-2D occupant motion simulation 

(1 )  was used in t h i s  preliminary study. The computerized reconstruction 

of the occupant kinematics and contact points were compared with the case 

data and judgements made as t o  the real ism of the simulation. 

3.0 SUMMARY O F  PRELIMINARY CASE INVESTIGATIONS 

Eighteen actual crashes were ident i f ied  as being of possible i n t e re s t  

through the screening of ongoing crash investigation information. The 

preliminary accident data were reviewed and, in some cases, the team in- 

spected the vehicles and the crash scene, before coming to a decision in 

regard to  the u t i l i t y  of the crash. Six of the eighteen cases were judged 

to  have su f f i c i en t  merit to  be of fur ther  i n t e re s t  t o  t h i s  project.  A 

capsule description of each accident and the reasons for  rejection from 

fur ther  investigation or inclusion fo r  fur ther  study are  given in the fo l -  
lowing: 

Case if1 

On July 20, 1981 a 1980 VW Scirocco was struck in the l e f t  side by a 
1980 01 dsmobi l e  Omega in an intersect ion type col 1 is ion.  

After impact the Oldsmobile swung completely around with the Scirocco 
going over a curb and down a s l i g h t  embankment t o  come to r e s t  against a 
hedge. Injur ies  were not of a high AIS. 

Reason for  Discontinuance : 

After impact, the V W  h i t  a curb and then went down an embankment into 

a hedge. This cannot be accounted for  in the computer accident reconstruc- 
t i  on program. 



Case #2 

On August 20, 1981 a  fou r -doo r  Chev ro le t  Impala went o f f  t he  road, 

crossed a  p r i v a t e  dr iveway and s t r u c k  a  t r e e  head-on. 

From t h e  a c c i d e n t  r e p o r t  t h i s  c rash l ooked  l i k e  a  p o s s i b l e  case f o r  

t h e  model s i m u l a t i o n  s tudy  b u t  upon v i s i t i n g  t h e  scene o f  t h e  crash i t  was 

found t h a t  t h e  c a r  f i r s t  s t r u c k  a  dr iveway c u l v e r t  b e f o r e  c o n t i n u i n g  on 

and s t r i k i n g  a  t r e e .  

Reason f o r  Discont inuance:  

The impact  w i t h  t h e  c u l v e r t  p reced ing  t h e  t r e e  impact .  

Case #3 

On August 24, 1981 a  1979 Pon t i ac  Grand P r i x  went o f f  t h e  road and 

h i t  a  t r e e  head-on. 

From t h e  acc iden t  r e p o r t  t h i s  looked 1  i k e  a  good cand idate  f o r  t h e  

s tudy  . 
Reason f o r  D iscont inuance:  

F ron t  c e n t e r  impact  w i t h  t h e  t r e e  was a t  a  r e l a t i v e l y  low speed i n d i -  

c a t e d  by t h e  minor  damage. I n  a d d i t i o n ,  t h e  i n j u r i e s  t o  t h e  d r i v e r  were 

AIS-1. Examinat ion o f  t h e  i n t e r i o r  o f  t h e  c a r  showed t h a t  t h e r e  were no 

occupant c o n t a c t  marks v i s i b l e  anywhere on t h e  i n t e r i o r  w i t h  t h e  excep t i on  

o f  a  l i g h t  smudge on t h e  w i n d s h i e l d  g lass .  

Case #4 

On September 1 s t  t h e r e  was an i n t e r s e c t i o n  c o l l i s i o n  between two ve- 

h i c l e s  i n  Ann Arbor.  I n j u r i e s  t o  bo th  p a r t i e s  were minor  b u t  had t h e  po- 

t e n t i a l ,  based on t h e  p o l i c e  r e p o r t ,  f o r  model ing. 

Reason f o r  D iscont inuance:  

Damage was r e l a t i v e l y  minor  - t h e  i n j u r i e s  were minor.  I n  a d d i t i o n ,  

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

ool i c e  was i n c o r r e c t .  



Case if5 

Th i s  was an unusual a c c i d e n t  which had t h e  p o t e n t i a l  f o r  recons t ruc -  

t i o n .  On Saturday, August 23rd  a  Buick was t r a v e l i n g  t h r u  an i n t e r s e c t i o n  

when t r e e  removers a c c i d e n t l y  dropped a  t r e e  i n t o  t h e  roadway c r u s h i n g  t h e  

r o o f  o f  t h e  c a r  and b u r y i n g  i t  underneath t h e  t r e e .  The l ap -shou le r  

b e l t e d  occupants o f  t h e  automobi le were t rapped w i t h i n  t h e  ca r  f o r  about 

an hour  and a  h a l f .  The i n t e r s e c t i o n  was c losed  f o r  seven hours.  

Reason f o r  D iscont inuance:  

To e x t r i c a t e  t h e  c a r  occupants the  f i r e  department c u t  t h e  A-pi1 l a r s  

and pee led t h e  r o o f  back so t h a t  adequate c rush measurement cou ld  n o t  be 

obta ined.  A l so ,  i t  was n o t  r e p r e s e n t a t i v e  o f  n a t i o n a l  acc iden t  data s t a -  

t i s t i c s .  

Case #6 

T h i s  was a  c ross  median crash i n v o l v i n g  a  1978 Renaul t  and a  1976 

Oldsmobile. I n j u r y  s e v e r i t y  o f  t h e  Renau l t  d r i v e r  was AIS-3. 

Reason f o r  d i  scont inuance:  

Ob l ique crash n o t  e a s i l y  recons t ruc ted  by e i t h e r  o f  t he  computer 

models. Some i n v a s i o n  and compromise o f  passenger compartment. Exact  

r e s t  p o s i t i o n  o f  v e h i c l e  n o t  p r e c i s e l y  known. Veh ic le  damage m o d i f i e d  i n  

e x t r a c t i o n  o f  occupant. 

Case Y7 

Th i s  case i n v o l v e d  a 1980 Chevro le t  B laze r  t h a t  r a n  o f f  t h e  road and 

back on s t r i k i n g  an approaching 1980 Chevro le t  C i t a t i o n  head-on. The 

force o f  t he  impact  drove the  C i t a t i o n  rearward and t h e  B laze r  r o l l e d  over 

i t .  The B l a z e r  caught on f i r e .  

On-scene photographs and measurements a re  ava i  1  ab le .  

The d r i v e r  o f  t he  C i t a t i o n  was dead a t  t h e  scene w h i l e  t h e  d r i v e r  o f  

the  B l a z e r  was t r a n s p o r t e d  t o  t h e  h o s p i t a l .  

Reason f o r  Discont inuance:  

Extreme crush and i n t r u s i o n  o f  t h e  C i t a t i o n .  Cannot r e c o n s t r u c t  

B laze r  r o l  l o v e r  on to  C i t a t i o n .  



Case #8 

A  1981 Chev ro le t  C i t a t i o n  went o f f  t h e  west s i d e  o f  t h e  road, h i t  a  

r a i s e d  dr iveway,  bounded ove r  i t  and s t r u c k  a l a r g e  t r e e .  I n j u r i e s  were 

AIS-1. 

Reason f o r  D iscont inuance:  

Double f r o n t a l  impact  (d r iveway,  t r e e ) .  Low i n j u r y  l e v e l .  

Case #9 

A  1981 Mercury Lynx d r i v e n  by a  35-year -o ld  male was on t h e  expressway 

when i t  s t r u c k  t h e  r e a r  o f  a  1972 Chev ro le t  Nova t h a t  was stopped on t h e  

paved r i g h t  shou lder  o f  t h e  roadway. The d r i v e r  o f  t h e  Nova was l o o k i n g  

f o r  something i n  h i s  g love  box. The d r i v e r  o f  t h e  Lynx apparen t l y  f e l l  

as leep and rear-ended t h e  Nova d i r e c t l y  i n  t he  r e a r .  

Usefu l  Case 

P o i n t  o f  impact  and p o i n t  o f  r e s t  o f  t h e  v e h i c l e s  a re  known. Th i s  was 

a  d i r e c t  f r o n t a l  c o l l i s i o n  w i t h  t h e  f u l l  rear -end o f  t h e  Nova. D e t a i l e d  

i n j u r y  d e s c r i p t i o n  was a v a i l  ab le .  

The d r i v e r  was ex t remely  coopera t i ve  and vo lun tee red  t o  come i n  f o r  

an thropomet r ic  measurement and photography.  

Case #10 

A  1977 01 dsmobi l e  Cut lass  S was f o r c e d  o f f  t he  roadway and s t r u c k  a 

56 cm d iameter  t r e e  d i r e c t l y  head-on. F r o n t a l  c rush o f  t h e  c a r  was 93 cm. 

Usefu l  Case 

P o i n t  o f  impact  and v e h i c l e  de format ion  as w e l l  as d e t a i l e d  i n j u r y  

d e s c r i p t i o n  a r e  avai  1  ab le .  

D r i v e r  i n d i c a t e d  t h a t  he would cooperate f u l l y  i n  t h i s  s tudy .  

Case ill 

A 1980 VW Rabb i t  went o f f  t h e  road and s t r u c k  a  t r e e  i n  t h e  r i g h t  

f r o n t  co rne r  a t  approx imate ly  a  45 degree angle.  The 73-year -o ld  male 

was wear ing  t h e  pass ive  r e s t r a i n t  system. The d r i v e r  had mu1 t i p l e  f r a c -  



t u r e s  o f  t h e  r i g h t  r i b s ,  m u l t i p l e  contus ions ,  a  f r a c t u r e  o f  t he  r i g h t  

femur, a  contus ion  o f  t h e  r i g h t  k idney as w e l l  as o t h e r  minor  i n j u r i e s .  

He d i e d  54 hours 1  a t e r  due t o  c a r d i a c  a r r e s t .  

Reason f o r  Discont inuance:  

Th is  was an o b l i q u e  r i g h t  f r o n t a l  c o l l i s i o n  w i t h  t h e  v e h i c l e  sp inn ing  

away from t h e  t r e e  a f t e r  impact  b u t  t h e  exac t  p o s i t i o n  o f  r e s t  was unknown. 

Case i 1 2  

A 2 - v e h i c l e  i n t e r s e c t i o n  c o l l  i s i o n  occur red between a  1969 Cadi1 l a c  

&door DeVi l l e  and a  1981 3-door hatchback Escor t .  The approximate r e s t  

p o s i t i o n  o f  t h e  E s c o r t  i s  known. The C a d i l l a c  was l e f t  a t  t he  scene and 

t h e  o w n e r l d r i v e r  p i cked  i t  up o r  had i t  p i cked  up sometime l a t e r  and 

d r i v e n  o u t  o f  t he  county. 

The Esco r t  d r i v e r  had minor  i n j u r i e s  i n c l  ud ing  contus ions  and 1  acera- 

t i o n s  o f  t h e  t o p  o f  t h e  head and l a c e r a t i o n s  about t h e  forehead from 

s t r i k i n g  the  sunv i so r ,  header and w indsh ie ld .  The damage t o  the  Esco r t  

was concent ra ted  i n  t h e  r i g h t  f r o n t  corner  area. 

Reason f o r  Discont inuance:  

The occupant dynamics were f a i r l y  obvious bu t ,  as i n d i c a t e d  above, 

t he  r e s t  p o s i t i o n  o f  the  C a d i l l a c  and t h e  damage t o  the  C a d i l l a c  were n o t  

a v a i l a b l e .  

Case #13 

Th is  was a  two-veh ic le  o f f s e t  head-on crash between a  1979 B laze r  and 

a  1980 VW Rabbi t .  The B l a z e r  was t r a v e l i n g  downh i l l  i n  an area t h a t  was 

covered w i t h  i c e  near a  r i g h t  hand curve i n  t he  road. The B laze r  s l i d  

ove r  t h e  c e n t e r l i n e  and impacted t h e  Rabb i t ,  seve re l y  damaging the  l e f t  

f r o n t  area hood and the  wheel. Both occupants i n  t he  VW were wear ing 

t h e i r  automat ic  shou lder  b e l t s .  

The male d r i v e r  had ex tens i ve  i n j u r y  t o  bo th  knees from con tac t  w i t h  

t h e  l ower  ins t rument  pane l lknee bols te r  area. 



The female passenger  f l e x e d  f o r w a r d  t o  s t r i k e  h e r  l e f t  cheek on t h e  

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

zygoma a l o n g  w i t h  o t h e r  m i n o r  i n j u r i e s .  

Use fu l  Case 

Very s p e c i f i c  d e t a i l s  on t h e  i n j u r i e s  were a v a i l a b l e ,  a l t h o u g h  t h e  

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

i n j u r i e s  and t h e  t y p e  o f  c rash  were judged  t o  be i n t e r e s t i n g  enough t o  

r e t a i  n  t h i s  case f o r  f u r t h e r  i n v e s t i  g a ~ i o n .  

Case P14 

A 1980 C h e v r o l e t  Cheve t t e  was s t r u c k  b r o a d s i d e  by  a  1977 C h e v r o l e t  

C/20 Chevy Van. I n t r u s i o n  on t h e  passenge r ' s  s i d e  was e x t e n s i v e .  The 

d r i v e r  was wea r i ng  a  l a p - s h o u l d e r  b e l t  and s u s t a i n e d  b u t  m in ima l  (A IS-1 )  

i n j u r i e s .  

Usefu l  Case 

The p o i n t  o f  impac t  and p o i n t  o f  r e s t  can be determined. S i g n i f i c a n t  

c rush  w i t h  l a p - s h o u l d e r  be1 t b e i n g  worn makes t h i s  an i d e a l  case f o r  r e -  

c o n s t r u c t i o n .  

Case #15 

On March 12, 1981 a  1982 Plymouth TC-3 was i n v o l v e d  i n  a  r ea r -end  

c o l  l i s i o n  w i t h  a n o t h e r  c a r .  The d r i v e r ' s  i n j u r i e s  were mu1 t i p l e  b u t  p r i -  

m a r i l y  o f  AIS-1. However h e r  unconsc iousness r a i s e s  t h e  l e v e l  t o  AIS-2.  

Reason f o r  D i scon t i nuance :  

A l t hough  t h i s  was a  good f l u s h  b a r r i e r  t y p e  f r o n t a l  c o l l i s i o n ,  t h e  

e x a c t  p o i n t  o f  impac t  and p o i n t  o f  r e s t  o f  t h e  v e h i c l e s  canno t  be d e t e r -  

mined. 

Case #16 

T h i s  case i n v o l v e d  a  1980 Mercury  Cap r i  r u n n i n g  o f f  t h e  roadway and 

s t r i k i n g  t h e  l e f t  r e a r  c o r n e r  o f  a  p a r k e d  1974 Dodge van. There were no 
s k i d  marks p r i o r  t o  t h e  impac t .  The u n r e s t r a i n e d  d r i v e r  o f  t h e  Capri 

s u s t a i n e d  m i n o r  and moderate i n j u r i e s .  

U s e f u l  Case 

The r e s t  p o s i t i o n  o f  t h e  v e h i c l e s  and t h e  d e t a i l e d  i n j u r y  i n f o r m a t i o n  

a r e  a v a i l  ab l e .  
0 



Case #17 

A 1974 Mustang struck the hooper wheels of a slow moving t ra in .  The 

car damage was of the barrier  type. The driver was kil led.  

Reason for Di sconti nuance: 

No autopsy performed on the driver and no medical investigation avail- 

able. 

Case #18 

This accident involved an intersection type collision of a 1981 Buick 

Skylark +door and  a Ford pickup truck. This was a broadside collision t o  
the l e f t  of the pickup truck. Injuries were multiple and extensive t o  b o t h  

driver and passenger of the Skylark and a l l  injury descriptions are avail- 

able. 

Useful Case 

Details on the p o i n t  of impact, point o f  r e s t ,  and crush profiles of 

the vehicles are available. 



4. (7 THE RECONSTRUCTIONS 

The f o l  l o w i n g  f o u r  sub-sect ions desc r i be  t h e  r e c o n s t r u c t i o n  o f  occu- 

pant  k inemat ics  f o r  t h e  fou r  acc iden t  cases which were se lec ted.  I n  each 

case i n f o r m a t i o n  i s  p resented i n  t h e  f o l l o w i n g  o r d e r :  

- Acc ident  d e s c r i p t i o n  i n c l u d i n g  v e h i c l e  damage and i n j u r i e s ;  

- Geometric d e f i n i t i o n  o f  t h e  s u b j e c t  i n  t h e  v e h i c l e ;  

- Occupant k inemat ics  d u r i n g  t h e  crash sequence; 

- Occupant dynamics i n c l u d i n g  fo rces  o f  i n t e r a c t i o n  and acce lera-  
t i o n s  o f  t he  head and chest .  

4.1 Case No. 9. 1981 Mercury Lynx ( F r o n t a l  Impact. 22.9 mph). 

I n  t h i s  case a  1981 Mercury Lynx d r i v e n  by a  35 y e a r  o l d  male was 

d r i v i n g  on a  freeway when i t  s t r u c k  t h e  r e a r  o f  a  1972 Chevro le t  Nova 

which was stopped on t h e  paved r i g h t  shou lder  o f  t he  roadway. F igure  1 i s  

a  schematic o f  t h e  acc iden t  scene showing t h e  square rear-end impact as 

w e l l  as t h e  w e l l - d e f i n e d  r e s t i n g  p o i n t s  o f  t h e  veh i c les .  F igure  2  shows 

t h e  damage t o  the  f r o n t  end o f  t he  Lynx. 

The l one  male d r i v e r  was u n r e s t r a i n e d  and upon impact  i s  es t ima ted  t o  

have cont inued fo rward  and s t r u c k  t h e  l e f t  sunv i so r  and header w i t h  h i s  

forehead, t h e  w i n d s h i e l d  w i t h  h i s  face,  t h e  s t e e r i n g  wheel w i t h  h i s  t h r o a t  

and chest, and t h e  l ower  panel w i t h  h i s  knees. 

I n t e r i o r  damage t o  t h e  v e h i c l e  was moderate. D r i v e r  con tac t  deformed 

t h e  l e f t  sunv i so r  and cont iguous w i n d s h i e l d  header. A f t e r  t h e  w i n d s h i e l d  

was s t a r r e d ,  cont inued head t r a v e l  caused a  jagged t e a r  i n  t he  l am ina te  o f  

about 20 cm (7 .87  i n )  and an outward bu lge  o f  4 cm (1.57 i n ) .  Chest con- 

t a c t  w i t h  t h e  s t e e r i n g  wheel caused i t  t o  f o l d  around t h e  hub and fo rward  

n e a r l y  t o  t h e  i ns t rumen t  c l u s t e r  eyebrow. The v e h i c l e  s t e e r i n g  column was 

con f i gu red  t o  i n c l u d e  a  V - j o i n t  f l e x i b l e  coup l i ng  and t h e  r i g h t  shear cap- 

s u l  e  was separated about 35 mm (1.38 i n ) .  Also,  t h e r e  was obvious upward 

r o t a t i o n  and l a t e r a l  r i g h t  movement o f  t he  column. Although they  d i d  n o t  

appear t o  be damaged, t h e  d r i v e r  may have had h i s  l e f t  hand between t h e  

s t e e r i n g  wheel r i m  and t h e  two c o n t r o l  l e v e r s  on t h e  l e f t  o f  t he  s t e e r i n g  

column o r  t h e  l e f t  s i d e  o f  t h e  i ns t rumen t  c l u s t e r  eyebrow. The l e f t  end 

o f  t h e  l ower  panel below t h e  head1 i g h t  s w i t c h  was deformed by t h e  d r i v e r ' s  





Figure 2 .  Vehicle Damage (Case No. 9 ) .  
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l e f t  knee w h i l e  h i s  r i g h t  knee deformed t h e  l owe r  panel t o  t h e  r i g h t  o f  

t h e  r i g h t  shear  capsu le  l o c a t i o n .  

The u n r e s t r a i n e d  d r i v e r  s u s t a i n e d  a  v a r i e t y  o f  i n j u r i e s  d u r i n g  con- 

t a c t  w i t h  t h e  v e h i c l e  i n t e r i o r  which were concen t ra ted  on t h e  upper ches t ,  

neck, and head as d e f i n e d  i n  F i g u r e  3. 

Use o f  t h e  CRASH I1 program y i e l d e d  a  v e l o c i t y  change o f  22.9 mph 

a l o n g  t h e  a x i s  o f  t h e  Lynx. Th i s  was rep resen ted  as an a c c e l e r a t i o n  i n  

t h e  form o f  a  t r a p e z o i d  w i t h  a  t o t a l  d u r a t i o n  o f  80 m i l l  i seconds and r i s e  

and decay t imes  o f  5  mi 11 i seconds. 

The f i r s t  s t e p  i n  r e c o n s t r u c t i o n  o f  occupant  dynamics u s i n g  t h e  MVMA- 

2D occupant  mo t i on  s i m u l a t i o n  was t o  develop an e s t i m a t e  o f  v e h i c l e  geom- 

e t r y  and l o c a t i o n  o f  t h e  occupant  w i t h i n  t h e  v e h i c l e .  The key i n f o r m a t i o n  

used were e n g i n e e r i n g  drawings o f  t h e  v e h i c l e  p l u s  i n f o r m a t i o n  ga thered  

d u r i n g  an i n t e r v i e w  w i t h  t h e  v i c t i m  o f  t h e  c rash .  Dur ing  t h e  i n t e r v i e w  

s imp le  an th ropome t r i c  measurements were made documenting h i s  s i z e  as :  

- 72.24 i n .  (183.5 cm.) s t a t u r e  

- 200.5 l b .  (91.1 kg.) we igh t  

- 39.13 i n .  (99.4 cm.) s i t t i n g  h e i g h t  

- 24.09 i n .  ( 61 .2  cm.) knee t o  b u t t o c k  l e n g t h  

To develop t h e  e s t i m a t e  o f  t h e  p o s t u r e  o f  t h e  occupant  i n  t h e  v e h i c l e ,  

photographs were taken showing h i s  normal d r i v i n g  p o s i t i o n  i n  a  v e h i c l e  

e s s e n t i a l l y  g e o m e t r i c a l l y  i d e n t i c a l  t o  t h e  one i n v o l v e d  i n  t h e  a c c i d e n t .  

F i g u r e  4  i s  an example photograph.  A schemat ic  o f  t h e  v e h i c l e  i n t e r i o r  

c r o s s - s e c t i o n  was t hen  made f o r  a  p l ane  t h rough  t h e  c e n t e r - l i n e  o f  t h e  

occupant  u s i n g  v e h i c l e  s c a l e  drawings.  The pho tog raph i c  s l i d e  o f  t h e  

sea ted  occupant  was t hen  p r o j e c t e d  on to  t h e  schemat ic  t a k i n g  account ,  

i n s o f a r  as p o s s i b l e ,  d i s t o r t i o n s  based on camera placement. An ou t1  i n e  

o f  t h e  occupant  was t hen  ske tched on to  t h e  schemat ic .  Th is  r e s u l t  i s  

shown i n  F i g u r e  5. A 1  i nkage  f o r  t h e  occupant  was then  superimposed 

u s i n g  t h e  an th ropomet ry  o f  t h e  d r i v e r .  The dimensions o f  t h i s  1  inkage 

were o b t a i n e d  by s c a l i n g  known 50 th  p e r c e n t i l e  da ta  t o  f i t  t h e  f o u r  

b a s i c  measurements made on him. F i g u r e  6 i d e n t i f i e s  t h e  v a r i o u s  c o n t a c t  

sur faces  d e f i n i n g  t h e  v e h i c l e  i n t e r i o r .  Because o f  t h e  l a c k  o f  f o r c e -  









d e f l e c t i o n  data  f o r  t h e  s p e c i f i c  v e h i c l e s  s t u d i e d  and t h e  e x p l o r a t o r y  

n a t u r e  o f  t h e  p r o j e c t ,  eng inee r ing  es t ima tes  based on ava i  l a b l e  i n fonna -  

t i o n  were used f o r  these q u a n t i t i e s .  The complete da ta  s e t  used i n  t h e  

s i m u l a t i o n  i s  i n c l u d e d  i n  Appendix A  a long  w i t h  those f o r  t h e  o t h e r  t h r e e  

r e c o n s t r u c t i o n s .  

F igures  7-11 show t r a c i n g s  o f  t h e  s imu la ted  occupant p o s i t i o n s  f o r  

severa l  p o i n t s  i n  t ime  d u r i n g  t h e  s i m u l a t i o n .  F i g u r e  7  shows t h e  i n i t i a l  

p o s i t i o n  a t  0  m i l l i s e c o n d s .  A t  70 m i l l i s e c o n d s  ( F i g u r e  8)  t h e  s u b j e c t  has 

moved fo rward  and shows s u b s t a n t i a l  c o n t a c t  w i t h  t h e  lower  i ns t rumen t  

panel w h i l e  c o n t a c t  w i t h  t h e  header has j u s t  begun. F igu re  9 shows com- 

p ress ion  o f  t h e  neck r e s u l t i n g  f rom t h e  header c o n t a c t  and i n i t i a t i o n  o f  

co l  umn/thorax i n t e r a c t i o n s .  F igu re  10 shows t h e  head r o t a t i n g  over  t h e  

column and i n t o  t h e  w indsh ie ld .  It i s  p o s s i b l e  t h a t  t h e  l a r n y x  c o n t a c t  

may have occu r red  a t  t h i s  p o i n t  o r  p o s s i b l y  l a t e r  d u r i n g  t h e  c o n t a c t  w i t h  

t h e  upper i ns t rumen t  panel shown i n  F igu re  11. By 140 m i l l i s e c o n d s  t h e  

co l  umn/rim combinat ion has co l l apsed  seve ra l  i nches  i n  t h e  s i m u l a t i o n .  

Th is  approximates t h e  deformations observed i n  t h e  crashed veh i c le .  I t  

shou ld  a l s o  be no ted  t h a t  by 140 m i l l i s e c o n d s  t h e  knees and t i b i a s  a r e  no 

l o n g e r  i n t e r a c t i n g  w i t h  t h e  lower  i ns t rumen t  panel .  Th i s  represents  t h e  

beg inn ing  o f  t he  rebound phase w i t h  t h e  remainder o f  t h e  body f o l l o w i n g  

d u r i n g  t h e  remain ing  phases o f  t h e  s i m u l a t i o n .  

F igures  12-15 show some o f  t h e  dynamic o u t p u t  r e s u l t s  produced by t h e  

s i m u l a t i o n .  F igu re  12 shows t h e  sequence o f  i n t e r a c t i o n s  between t h e  head 

and, success i ve l y ,  t h e  header, w indsh ie ld ,  and upper i ns t rumen t  panel .  

F igu re  13 shows t h e  chest  and abdomen i n t e r a c t i o n s  w i t h  t h e  s t e e r i n g  wheel/ 

column. I n t e r a c t i o n  between t h e  l ower  p a r t  o f  t h e  s t e e r i n g  wheel r i m  and 

t h e  abdomen leads t h e  chest /column con tac t  by about  10 m i l l i s e c o n d s .  Sub- 

s t a n t i a l  normal f o rces  a r e  generated on bo th  t h e  femur ( a t  t h e  knee) and 

t h e  t i b i a  ( j u s t  below t h e  knee) d u r i n g  t h e i r  c o n t a c t  w i t h  t h e  l ower  i n s t r u -  

ment panel  as shown i n  F igu re  14. Because o f  t h e  two-dimensional n a t u r e  

o f  t h e  MVMA-2D occupant mot ion  s i m u l a t i o n ,  t h e  numbers shown rep resen t  t h e  

sum o f  t h e  l oad ings  t o  bo th  l e g s .  Veh ic le /occupant  i n t e r a c t i o n s  observed 

as a c t u a l  c o n t a c t  p o i n t s  i n  t h e  crashed v e h i c l e  i n d i c a t e  t h a t  t h i s  assump- 

t i o n  i s  reasonable. Head and chest  a c c e l e r a t i o n s  a r e  shown i n  F igu re  15. 





















For the most part the peaks correspond with the peak force loadings shown 

i n  the previous figures. 

4 . 2  Case No. 10. 1977 Oldsmobile Cutlass (Frontal Pole Impact. 28.6 m p h ) .  

I n  t h i s  case a 1977 Oldsmobile Cutlass S was forced off the roadway 

and struck a 56 cm diameter t r ee  directly head-on. Frontal crush of the 

car was 93 cm. Figure 16  i s  a schematic of the accident showing the well- 

defined vehicle motions. Figure 17 shows the severe and almost perfectly 

symmetric damage sustained by the vehicle. 

The lone male driver was unrestrained and upon  vehicle impact with 

the tree i s  estimated to have continued forward and upward contacting the 

sunvisor, header, and windshield with his forehead; the steering wheel 

rim with his throat ;  the steering wheel rim and spokes with his chest; 

the lower panel with his knees; and possibly the mid panel with his right 

shoulder and forearm. 

Interior  damage t o  the vehicle was moderately heavy. The l e f t  sun- 

visor and header were damaged and the windshield was starred by the driver. 

The lower half of the steering wheel rim was severely bent and the spokes 

were s l ight ly  deformed. This caused the energy absorbing device t o  be 

compressed about 123 mm (4.84 i n )  a n d  the shear capsules were separated. 

Upward force by the driver caused the steering column t o  rotate upward, 

b u t  separation of the shear capsules necessitated i t s  final s t a te  t o  be 

down. Driver contact broke the mid and  lower panel areas t o  b o t h  the l e f t  
and right of the column. 

The unrestrained driver sustained a variety of in jur ies ,  during con- 
t a c t  with the vehicle in te r io r ,  to the head, neck, rib cage, hip, lower 

legs, and  lower arms. These are detailed i n  Figure 18. 

Use of the CRASH I1 program yielded a velocity change of 28.6 mph 

along the axis of the Oldsmobile. This was represented as an acceleration 
in the form of a sine curve with a total duration of 80 ms. 

Procedures similar t o  Case 9 were used t o  define the vehicle in te r io r  
geometry and occupant position. Duri ng an interview, the simple anthropo- 
metric measurements on the driver yei lded: 
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- 50 years  o l d  

- 69.2  i n .  (175.8 cm.) s t a t u r e  

- 182 l b .  (82.7 kg . )  w e i g h t  

- 37.2 i n .  (94 .4  cm.) s i t t i n g  h e i g h t  

Photographs were taken o f  t h e  s u b j e c t  i n  a v e h i c l e  e s s e n t i a l l y  i d e n t i c a l  

t o  t h a t  i n v o l v e d  i n  t h e  acc iden t .  F igu re  19 shows t h e  occupant l i n k a g e  a t  

0  m i l l i s e c o n d s  and v e h i c l e  geometry assembled f rom t h e  v e h i c l e  drawings, 

s u b j e c t  photographs, and t h e  1  i m i  t e d  an th ropomet r i c  measurements. The con- 

t a c t  sur faces  and e l l i p s e s  which were i n c l u d e d  were those b e l i e v e d  t o  be 

a c t i v e  i n  t h e  s u b j e c t / v e h i c l e  dynami c  i n t e r a c t i o n s .  

F igu re  19-23 show t r a c i n g s  o f  occupant p o s i t i o n  f o r  seve ra l  p o i n t s  

i n  t ime  d u r i n g  t h e  s i m u l a t i o n .  F i g u r e  20 shows t h e  beg inn ing  o f  k n e e l t i b i a  

i n t e r a c t i o n s  w i t h  t h e  l ower  i ns t rumen t  panel a t  about  50 ms. Also,  t h e  

l o w e r  r i m  o f  t h e  s t e e r i n g  wheel i s  j u s t  beg inn ing  t o  c o n t a c t  t h e  abdomen. 

F igu re  21 a t  60 m i l l i s e c o n d s  shows severa l  i n t e r a c t i o n s  imminent o r  j u s t  

beg inn ing .  The lower  r i m  o f  t h e  s t e e r i n g  wheel i s  i n t e r a c t i n g  w i t h  t h e  

l ower  r e g i o n  o f  t h e  ches t  con tac t  e l l i p s e .  A t  t h e  same t ime the  l ower  a m  

has moved fo rward  and has pene t ra ted  the  p lanes o f  t h e  i ns t rumen t  panel 

(No Contacts were a l l owed  f o r  t h i s  segment i n  t h e  s i m u l a t i o n ,  however t h i s  

view rep resen ts  a  p l a u s i b l e  l o c a t i o n  f o r  t h e  armlpanel  i n t e r a c t i o n s  docu- 

mented i n  t h e  a c c i d e n t  r e c o n s t r u c t i o n ) .  The head, a t  t h i s  p o i n t  i n  t ime ,  

i s  j u s t  about  ready f o r  a  c o n t a c t  w i t h  t h e  header. I t  was necessary t o  

add a smal l  c i r c l e  t o  t h e  t o p  o f  t h e  head (shown i n  t h e  f i g u r e s )  i n  o rde r  

t o  sense t h i s  c o n t a c t  due t o  t h e  s h o r t  l e n g t h  o f  t he  header, t h e  r e l a t i v e l y  

l a r g e  s i z e  o f  t he  main head e l l i p s e ,  and t h e  r e l a t i v e l y  smal l  p e n e t r a t i o n  

o f  t h e  head i n t o  t h e  header. F igu re  22 shows t h e  p r imary  i n t e r a c t i o n  w i t h  

t h e  w i n d s h i e l d  w h i l e  F i g u r e  23 shows t h e  p r e d i c t e d  p o s i t i o n  o f  most f o r -  

ward excu rs ion  w i t h  t h e  head and neck c o n t a c t i n q  t h e  s t e e r i n s  wheel r i m  and 
the  i n s t r u m e n t  panel .  It shou ld  be no ted  i n  F i g u r e  23 t h a t  rebound has 

been i n i t i a t e d  i n  t h e  areas o f  t h e  lower  e x t r e m i t i e s .  T h i s  rebound i s  

t r a n s m i t t e d  on up t h e  l i n k a g e  as t h e  s i m u l a t i o n  cont inues.  

F igures  24-27 show some o f  t h e  dynamic o u t p u t  r e s u l t s  produced by t h e  

s i m u l a t i o n .  F igu re  24 shows t h e  p r e d i c t e d  fo rce  l oad ings  a p p l i e d  t o  t he  

head. The t h r e e  p r imary  i n t e r a c t i o n s  a r e  w i t h  t h e  header, w indsh ie ld ,  and 

i ns t rumen t  pane l .  I n t e r a c t i o n s  o f  t he  ches t  and abdomen w i t h  t h e  s t e e r i n g  
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wheel/column a r e  shown i n  F i g u r e  25. The abdomen i s  i n  c o n t a c t  f o r  appro-  

x i m a t e l y  20 ms b e f o r e  t h e  r i b  cage becomes s u b s t a n t i a l l y  i n v o l v e d  i n  t h e  

dynamics. The t i b i a  and femur l oads  shown i n  F i g u r e  26 show t h e  cons i de r -  

a b l e  f o r c e  wh ich  was l i k e l y  t r a n s m i t t e d  t o  t h e  acetabulum. F i g u r e  27 shows 

head and c h e s t  a c c e l e r a t i o n s  which a re ,  as happened i n  Case No. 9, we1 1  

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

It s h o u l d  be n o t e d  t h a t  t h e  G- load ing  t o  t h e  head due t o  t h e  header  con- 

t a c t  i s  r e l a t i v e l y  low. T h i s  i s  a  case where sma l l  changes i n  i n p u t  da ta  

c o u l d  d r a m a t i c a l l y  change t h e  s i m u l a t i o n .  I f  t h e  occupan t  s a t  112 i n c h  

l owe r ,  t h e  c o n t a c t  wou ld  n o t  occur .  I f  he were 112 i n c h  h i g h e r ,  t h e  s i z e  

o f  t h e  f o r c e  s p i k e  wou ld  l i k e l y  be l a r g e r  t han  t h a t  f o r  t h e  w i n d s h i e l d .  

The e f f e c t  o f  v e h i c l e  p i t c h  d u r i n g  t h e  t r e e  impac t  was n o t  i n v e s t i g a t e d  

due t o  t h e  l i m i t e d  n a t u r e  o f  t h e  p r o j e c t  and c o u l d  a l s o  be a  m a j o r  f a c t o r  

i n  t h e  r e l a t i v e  p o s i t i o n  o f  t h e  head w i t h  r e s p e c t  t o  t h e  v e h i c l e  i n  t h e  

t i m i n g  o f  t h i s  i m p o r t a n t  c o n t a c t .  

4.3 Case No. 13. 1980 Vol kswagen R a b b i t  ( F r o n t  Impact .  Pass ive  R e s t r a i n t .  
36.7 mph.) 

I n  t h i s  case a  1980 Volkswagen R a b b i t  was d r i v i n g  on a  two- lane  road. 

A C h e v r o l e t  B l a z e r  c rossed  t h e  c e n t e r 1  i n e  on an i c y  t u r n .  The impac t  energy  

t r a n s f e r  was n e a r l y  "head-on" f o r  t h e  R a b b i t .  F i g u r e  28 i s  a  schemat ic  o f  

t h e  a c c i d e n t  scene. F i g u r e  29 shows t h e  damage t o  t h e  v e h i c l e .  

The male d r i v e r  was r e s t r a i n e d  by  a  p a s s i v e  be1 t system. Upon impac t  

he c o n t i n u e d  f o r w a r d  a g a i n s t  t h e  s h o u l d e r  b e l t  and h i s  knees c o n t a c t e d  t h e  

knee b o l s t e r .  He s t a t e d  t h a t  he b raced  h i m s e l f  b y  s t r a i g h t e n i n g  b o t h  l e g s  

and slamming b o t h  f e e t  a g a i n s t  t h e  f l oo rpan .  There was no ev idence  o f  

c o n t a c t  between t h e  d r i v e r  and h i s  r i g h t  f r o n t  passenger.  

The f a i r l y  e x t e n s i v e  damage t o  t h e  v e h i c l e  i n t e r i o r  was c o n c e n t r a t e d  

i n  t h e  l e f t  f r o n t  c o r n e r  o f  t h e  passenger  compartment.  The l e f t  end o f  

t h e  i n s t r u m e n t  pane l  was p a r t i a l l y  sepa ra ted  f r o m  t h e  deformed l e f t  A- 

p i l l a r .  The s t e e r i n g  wheel r i m  was s l i g h t l y  deformed f r om  t h e  d r i v e r  ap- 

p a r e n t l y  b r a c i n g  h i s  hands a g a i n s t  i t .  There was some ev idence  o f  s t e e r i n g  

column movement t o  t h e  l e f t  and s l i g h t l y  upward. The i n t e r i o r  o f  t h e  l e f t  

door  was deformed and t h e  g l a s s  b roken  o u t  due t o  impac t  b u t  i t  i s  unknown 

i f  t h e r e  was c o n t a c t  by  t h e  d r i v e r .  There was i n t r u s i o n  o f  t h e  i n s t r u m e n t  





Figure 29 .  Vehicle Damage (Case No. 13) .  
44 



INDICATE LOCATION OF INJURIES, INCLUDING MAJOR BRUISES I 

SKELETAL INJURIES -. 

F i g u r e  30. Occupant  Injuries (Case No. 1 3 ) .  
-. - 4 5 - - 



panel  which f o r c e d  t h e  knee b o l s t e r  back toward t h e  d r i v e r ' s  knees. The 

f l o o r p a n  was buck led  and t h e  d r i v e r ' s  seat  a d j u s t e r  deformed. The i n s t r u -  

ment panel around t h e  i n s t r u m e n t  c l u s t e r  was damaged and t h e  damaged r e a r -  

view m i r r o r  was d i s lodged  f rom t h e  s e v e r e l y  c razed w indsh ie ld ,  b u t  i t  i s  

unknown i f  t h e r e  was any occupant con tac t .  

The d r i v e r  sus ta ined  o n l y  a  con tus ion  on t h e  l e f t  shou lder  due t o  t h e  

r e s t r a i n i n g  f o r c e  o f  t h e  shou lder  b e l t  b u t  s u f f e r e d  r e l a t i v e l y  severe knee 

i n j u r i e s .  The d e t a i l s  a r e  presented i n  F i g u r e  30. 

Use o f  t h e  CRASH I 1  program y i e l d e d  a  v e l o c i t y  change o f  36.7 mph 

a l o n g  t h e  a x i s  o f  t h e  Vol kswagen. Th is  was represented as an a c c e l e r a t i o n  

i n  t h e  fo rm o f  a  t r a p e z o i d  w i t h  a  t o t a l  d u r a t i o n  o f  80 m i l  l i seconds  and 

r i s e  and decay t imes  o f  10 m i l l i s e c o n d s .  

Procedures s i m i l a r  t o  t h e  p rev ious  two cases were used t o  d e f i n e  the  

v e h i c l e  i n t e r i o r  geometry and occupant  p o s i t i o n .  I t  was necessary t o  sup- 

p lement v e h i c l e  d raw i r~gs  w i t h  d i r e c t  measurements on the  geometry o f  t h e  

knee b o l s t e r .  Du r ing  an i n t e r v i e w ,  t h e  s imple  an thropomet r ic  measurements 

on t h e  d r i v e r  y i e l d e d :  
- 47 years  o l d  
- 69.6 i n .  (176.7 cm.) s t a t u r e  

- 184 I b .  (83.6 kg . )  we igh t  

- 35.3 i n .  (89.7 cm. ) seated h e i g h t  

Photographs were taken o f  t h e  d r i v e r  i n  a  Rabb i t  e s s e n t i a l l y  i d e n t i c a l  t o  

t h a t  i n v o l v e d  i n  t h e  acc iden t .  F igu re  31 shows t h e  i n i t i a l  occupant 1  i n k -  

age and c o n t a c t  e l l i p s e  c o n f i g u r a t i o n  i n  r e l a t i o n  t o  t h e  schematic o f  t he  

v e h i c l e  i n t e r i o r .  I n c l u d e d  i n  t h i s  case a r e  the  t o r s o  b e l t  l o c a t i o n s .  

The hand was a l l o w e d  t o  i n t e r a c t  w i t h  t h e  s t e e r i n g  wheel i n  t h i s  case. 

Because t h e  impact  forces r e s u l t i n g  from con tac t  w i t h  t h e  b o l s t e r  appeared 

t o  be a p p l i e d  t o  t h e  t i b i a ,  t h e  knee e l l i p s e  used i n  t h e  prev ious  cases 

was de le ted .  

F igures  31-35 show t r a c i n g s  o f  t h e  s imu la ted  occupant  p o s i t i o n s  f o r  

severa l  p o i n t s  i n  t ime  d u r i n g  t h e  impact. The t i b i a  was i n  con tac t  w i t h  

t h e  b o l s t e r  by 30 m i l  1  iseconds as shown i n  F igu re  32. F igu re  33 shows t h e  

beg inn ings  o f  e f f e c t s  due t o  t h e  upper t o r s o  r e s t r a i n t .  F igu re  34 shows 
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the farthest  forward excursions of the body with the beginnings of rebound 

in the lower legs. The location of the arms and hands throughout the se- 

quence should also be noted. The final drawing, Figure 35, shows complete 

rebound a t  a time of 160 milliseconds. 

Figures 36-39 show some of the dynamic o u t p u t  results  produced by the 

simulations. Interactions between the forearm and the steering wheel are 

shown i n  Figure 36. Although the magnitude of the i n i t i a l  spike i s  prob- 

ably unrealist ic  from a human response point of view, the ab i l i ty  t o  feed 

force and energy into the body through th i s  part in the linkage in a rela- 
t i  vely continuous manner has been demonstrated. Refinement of the force- 

deflection curve for  the steering column, which was used for th i s  simula- 

t i o n ,  t o  ref lec t  a sof ter  material property for  wheel rim deformation, 

would probably solve much of the problem. Similarly, the properties of 

elbow and shoulder joints  could be refined, to include muscle tension ef-  

fects  and the mobi 1 i t y  of the shoulder girdle. No well -researched data 

have been developed to  th i s  point in time for  definition of shoulder girdle 

mobility. Figure 37 shows the major res t ra in t  ef fect  on the chest due t o  
the upper torso belt .  Figure 38 shows the forces on the t ib ia  due t o  con- 
tac t  with the bolster.  This force i s  transmitted into the knee joints  as 

a shear force. Within the limited scope of this  project i t  was n o t  possible 
t o  explore the intrusion of the knee bolster into the occupant compartment. 

This intrusion could have had a marked e f fec t  on the resul ts .  Figure 39 i s  

. a plot of head and chest accelerations. The peak head accelerations follow 
the peak chest accelerations which appear t o  be directly related t o  the 

application of the belt  forces. This phasing relation i s  related t o  the 

pitching down of  the head with respect t o  the upper torso. No evidence of 
contact of the head with the vehicle i s  evident. 

4 . 4  Case No. 14. 1980 Chevrolet Chevette (Lateral Impact. 35 m p h ) .  

In th i s  case a 1980 Chevrolet Chevette was struck in the side by a 
C/20 Chevy Van. Intrusion was extensive on the passenger's side. The fe- 
male driver of the Chevette was wearing a lap-shoulder belt  and sustained 
minimal injuries.  A schematic of the accident scene i s  shown in Figure 40. 

Damage t o  the Chevette i s  shown i n  Figure 41. Although there was a spin 
by the subject vehicle, i t  appeared that the primary force vector was 
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l a t e r a l  as judged by t h e  e x t e r i o r  damage. The a c c i d e n t  occur red on snow- 

covered and s l i p p e r y  su r faces .  Based on t h e  assumed l a t e r a l  f o r c e  vec to r ,  

i t  was decided t o  a t tempt  s i m u l a t i o n  o f  t h i s  case a l s o  us ing  t h e  MVMA-20 

occupant mot ion s i m u l a t i o n .  

The l one  female d r i v e r  was wear ing  t h e  3 -po in t  r e s t r a i n t  system. Upon 

impact  she f l exed  t o  t h e  r i g h t  c o n t a c t i n g  the  f r o n t  r i g h t  door and f l o o r -  

mounted s h i f t  l e v e r .  

Damage was ex tens i ve  t o  t h e  r i g h t  s i d e  o f  t h e  passenger compartment. 

The f loor-mounted T-bar s h i f t  l e v e r  was ben t  t o  t h e  r i g h t  by the  d r i v e r  

caus ing  i t s  p l a s t i c  hous ing  t o  c rack .  Deformat ion o f  t h e  r i g h t  upper A -  

p i l l a r  c razed t h e  r i g h t  h a l f  o f  t he  w indsh ie ld ,  deformed t h e  header, bowed 

t h e  r i g h t  s u n v i s o r  and deformed t h e  r o o f  i n  t he  f r o n t  r i g h t  corner .  The 

f r o n t  r i g h t  door i n t r u d e d  about  41 cm (16.14 i n )  damaging i t s  l a t c h  housing 

and t h e  f r o n t  r i g h t  seat  cushion and seat  a d j u s t e r .  I t s  window s i l l  was 

a l s o  contac ted by the  d r i v e r .  The r i g h t  B - p i l l a r  i n t r u d e d  about 46 cm 

(18.11 i n )  damaging t h e  f r o n t  r i g h t  sea t  back and caus ing  i t  t o  bend t o  t h e  

l e f t  beh ind  t h e  d r i v e r ' s  sea t  back. I n t r u s i o n  o f  t h e  r i g h t  r o o f  s i de  r a i l  

deformed t h e  r o o f .  

The d r i v e r  sus ta ined  o n l y  minimal i n j u r i e s  as i l l u s t r a t e d  i n  F igure  

42. These were apparen t l y  due t o  con tac ts  w i t h  t h e  r i g h t  door, T-bar s h i f t  

l e v e r ,  and seat  b e l t  buck le .  

Use o f  t h e  CRASH I1  program y i e l d e d  a  l a t e r a l  v e l o c i t y  change o f  35 

mph. T h i s  was represented as an a c c e l e r a t i o n  i n  t he  form o f  a  t r a p e z o i d  

w i t h  a  t o t a l  d u r a t i o n  o f  60 m i l l i s e c o n d s  and r i s e  and decay t imes o f  5  

m i l l i s e c o n d s .  Th is  was based on an es t ima te  o f  t h e  amount o f  t ime  f o r  t h e  

impac t i ng  v e h i c l e  t o  cause the  i n t r u s i o n  and t r a n s f e r  i t s  motion. 

Procedures s i m i l a r  t o  t h e  prev ious  cases were used t o  d e f i n e  t h e  ve- 

h i c l e  i n t e r i o r  geometry. Some d i r e c t  v e h i c l e  measurements were necessary 

due t o  t h e  unusual v e h i c l e  c ross -sec t i on  r e q u i r e d  f o r  use i n  t h e  s imula-  

t i o n .  A1 though t h e  s u b j e c t  was n o t  i n te rv iewed ,  h e i g h t  and we ight  were 

o b t a i n e d  from medical  records  : 

- 21 years  o l d  

- 66 i n .  (167.6 cm.j s t a t u r e  

- 125 l b .  (56.8 kg.)  we ight  



I n  o r d e r  t o  e s t a b l i s h  t h e  occupant  l i n k a g e ,  t h e  b a s e l i n e  da ta  i n c l u d e d  i n  

t h e  r e p o r t  by  Robbins, e t  a1 ( 2 )  were used. The l i n k a g e  d imensions,  mass, 

and i n e r t i a l  p r o p e r t i e s  were s c a l e d  t o  t h e  s i z e  o f  t h e  female d r i v e r .  The 

door  and window p lanes  were l o c a t e d  i n  t h e  i n t r u d e d  p o s i t i o n  as c o n t a c t s  

were be1 i e v e d  t o  occu r  a f t e r  t h e  i n t r u s i o n  had taken p lace .  A  t o t a l  o f  12 

inches  o f  i n t r u s i o n  was i nc l uded .  Th i s  i s  an e s t i m a t e  based on t h e  f a c t  

t h a t  maximum i n t r u s i o n  was l o c a t e d  i n  t h e  r e g i o n  o f  t h e  B - p i l l a r  wh ich  i s  

beh ind  t h e  s i m u l a t e d  occupant  mo t i on  p lane .  F i g u r e  43 shows t h e  r e s u l t i n g  

s u b j e c t  and v e h i c l e  geometry. The c o n t a c t  su r f aces  a r e  l a b e l  l e d  w h i l e  t h e  

occupant  e l l i p s e s  and j o i n t  c e n t e r s  a r e  d e f i n e d  i n  a  t a b l e  i n c l u d e d  i n  t h e  

f i g u r e .  To beg in  t o  t a k e  account  o f  t h e  th ree-d imens iona l  aspects o f  t h i s  

p rob lem u s i n g  a  p r o j e c t i o n  o f  t h e  r e a r v i e w  o f  t h e  s u b j e c t  i n  a  p lane,  t h e  

m o b i l i t y  o f  t h e  body 1  i nkage  has been de f i ned  as i s  shown i n  t h e  ske t ch  

i n  t h e  upper  m i d d l e  s e c t i o n  o f  t h e  f i g u r e .  The e lements o f  t h i s  l i n k a g e  

are :  

- 1-2, t h e  neck 

- 2-3, ches t  

- 3-4, abdomen 

- 4-5, p e l v i s  

- 5-6,  upper  l e g s  

- 6- , l o w e r  l e g s  

- 2-9, shou lde r  g i r d 1 2  ( R i g i d  l i n k .  The p o i n t  9 i s  mob i l e  a t  t h e  
end o f  t h e  l i n k )  

- 9-8, upper arm 

- 8- , l o w e r  arm 

I t  s h o u l d  be n o t e d  t h a t  c o n t a c t  between occupant  e l l i p s e s  and v e h i c l e  s u r -  

faces  i s  s e l e c t i v e .  I n  o t h e r  words, p a r t s  o f  t h e  d r i v e r  wh ich  a re  a n t i -  

c i p a t e d  t o  c o n t a c t  v e h i c l e  components a r e  a l l o w e d  t o  genera te  fo rce  w h i l e  

o t h e r s  a r e  n o t  a1 lowed. For  example, t h e  l e g  e l l i p s e s  a r e  a l l owed  t o  con- 

t a c t  t h e  s h i f t  l e v e r  w h i l e  t h i s  component i s  t r a n s p a r e n t  t o  t h e  t o r s o  

e l l i p s e s .  T h i s  f l e x i b i l i t y  o f  t h e  c o n t a c t  a l g o r i t h m  i n  t h e  MVMA-2D code 

makes i t  e a s i e r  t o  account  f o r  t h e  r e s u l t i n g  quas i - t h ree -d imens iona l  e f -  

fec ts .  



Figures 43-47 show tr;.iciiigs of the simulated d r ive r ' s  position for 

several points i n  time during the impact. By 40 milliseconds (Figure 44),  

the legs and torso have contacted the transmission housing and/or the 

shi f ter .  The bel t  i s  just  beginning t o  exert force ( I t  has been assumed 

t h a t  the driver slipped from under the upper torso portion of the 3-point 

be1 t system). Also, she i s  just  beginning t o  p i v o t  down toward the intruded 

door. Figure 45 shows that  the driver has pivoted toward the door. The arm 

has just  in i t i a ted  contact which will peak in about 10 mill iseconds. The 

be1 t i s  effectively restraining the torso from riding over the transmission 

housing. Figure 46 shows the occupant a t  80 milliseconds. The torso has 
pitched over completely and the head has contacted tne window. By tne end 

of the simulation (Figure 47),  the subject has rebounded showing the effects  

of the belts .  

Figures 48-54 show some of the dynamic output results  produced by the 

simulations. Figure 48 shows the force on the head produced during the 

window contact. The restraining effect  of the bel t  forces i s  shown i n  

Figure 49. The effect  of the belts i s  t o  prevent the lower torso and ex- 

tremities from completely riding over the transmission housing. The arm/ 

shoulder interaction with the door i s  shown in Figure 50. Computer exer- 
cises using e i the r  more or less intrusion of the door resulted in higher 

or lower t o  no force of interaction. Figure 51 documents the interaction 

of the thighs and upper legs a t  the h i p  with the transmission housing. The 
location of the 3-point belt  s talk by the housing and the minor injury 

suffered by the driver most l ikely resulted from th i s  interaction. The 
interaction between the leg and sh i f t  lever i s  shown i n  Figure 52.  I t  

also occurs early in the dynamic event. Figures 53 and 54 show the la tera l  

and vertical accelerations experienced by the dynamic linkage. In many 
cases the peaks correlate we1 1 with observed kinematic or  dynamic events. 

Chest accelerations s h i f t  from 1 ateral (40-60 mi 11 iseconds) to  vertical 
(60-80 milliseconds) as the bel t  system and s h i f t  housing causes the torso 

t o  pitch toward the side. A clean spike shows up  in the head la tera l  ac- 
celeration which correlates well with the interaction w i t h  the window. Head 
vertical accelerations appear to be larger than would be expected for a 

human. This could probably be corrected by including better  data ( i f  i t  



e x i s t s )  f o r  l a t e r a l  bend ing  o f  t h e  neck and t h e  e f f e c t s  o f  e l o n g a t i o n  

caused by p i t c h i n g  v i o l e n t l y  toward the  s i d e  o f  t h e  v e h i c l e .  
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5.0 BIOMECHANICAL REVIEW O F  RECONSTIXJCTIONS 

This section discusses the biomechanical aspects of the four recon- 

s truct ions in terms of the accelerations of body regions, contact forces 

and resulting in jur ies .  Comparisons are made between the results  of the 

various reconstructions to high1 ight differences and s imi lar i t ies .  

5.1 Case No. 9 

This large,  35 year old male sustained signif icant  head impacts 
against the header and windshield. The force levels of 1800-1900 lbs.  as- 

sociated with these impacts would not be expected to cause frontal bone 

skull fractures although they approach the lower l imits  of frontal frac- 

ture tolerance for f l a t  impact surfaces. Similarly, the head accelera- 

tions associated with these two impacts are moderately severe (peaks near 

120 G ' s ) .  Additional head acceleration peaks around 80 G's are also present, 

and the en t i r e  head acceleration-time history (Figure 15) i s  characterized 

by signif icant  time durations as well as acceleration magnitudes. This 

subject was concussed for  2-3 minutes. 

The s ize  a n d  position of the subject and  the vehicle in te r io r  geometry 
combined to produce a uniform contact of the chest squarely with the 

steering wheel. Although uniform, the loading was severe enough t o  frac- 

ture the sternum. The predicted load peak was approximately 2000 lbs.  

which i s  similar in magnitude to those produced by experimental studies on  
chest impact with cadavers. The chest accelerations associated with the 
impact were less  than 50 G. 

The contact of the subjec t ' s  legs with the instrument panel produced 
an average force of 1300 lbs. in each femur and 1000 lbs.  into each lower 
leg. This resulted in a total  femur load of approximately 2300 lbs.  i n  

each leg as the lower leg force would  be transmitted by shear to the upper 

leg. The lower leg load was close to  tolerable values for knee joint  l iga- 
mentous damage in cadavers. The subject was t a l l  and had robust legs. 

Neither the average lower leg loads of 1000 Ibs. nor the total femur loads 
of 2300 lbs.  were l ikely near the tolerance of this  subject. 

The most severe injury sustained by the subject was a possible frac- 
tured larynx which has an AIS rating of 4. However, the forces a n d  ac- 



celerations generated in the head and chest impacts and  the in i t ia t ion  of 
temporary brain dysfunction and chest structural in tegr i ty  are indicative 

that  the thresholds of severe injury for  the subjec t ' s  head and chest were 
being approached in th i s  crash. 

5.2 Case No. 10 

This case involves a more severe frontal crash than in Case 9 (28.6 

mph versus 22.9 m p h )  with an older,  smaller male driver (50 years old)  of 

a larger  car.  The contact of the head with the header was not as severe 

as the windshield contact, whch produced a peak of 1600 1bs.--well below 

frontal bone fracture tolerance. The head acceleration associated with 

the windshield contact was higher than that  of Case 9 (150 G peak) b u t  

with a lesser  duration. Similar longer duration acceleration peaks around 

80 G occurred l a t e  in both crashes. The subject was only brief ly uncon- 

scious. 

The contact of the subjec t ' s  chest with the steering wheel was n o t  as 
uniform or aligned as in Case 9 due to configurational differences in the 

vehicle in te r io r  and the subject positioning. A peak chest load of 1200 

lbs.  was produced. The fractures of the 8th a n d  9 t h  r ibs o n  the l e f t  side 
may have been due to the interaction of the bottom half of the steering 
wheel as shown in Figure 21.  The age of the subject may also have had an 

influence on the production of skeletal damage a t  the lower load of 1200 

Ibs. Despite the lower load, the peak chest accelerations were s l ight ly  

higher (55 G )  than in Case 9. 

The average femur contact force was 1550 I b .  on each leg. The average 
tibia1 force was 900 l b .  per leg and the total  average femur load would be 
2450 1 b .  per leg. The deformation of the instrument panel due to knee con- 

t ac t  was greater on the l e f t  side and may have contributed t o  more of the 

load being carried by the right leg. The fracture of the right t i b i a  oc- 
curred with a predicted load of a t  l eas t  900 lbs.  Both the age and the 
lesser  lower leg development of the i r  subject may have also influenced the 
in i t i a t ion  of th i s  fracture a t  loads successfully sustained in Case 9 .  The 
subject also sustained a fracture of the right acetabulum, again a t  a load 

of a t  leas t  2450 lbs. b u t  most l ike ly  greater t h a n  that.  Both of these 



l o a d  l e v e l  ranges (900-1800 1  bs. and  2450-4900 1  bs.  ) a r e  c o n s i s t e n t  w i t h  

t h e  t o l e r a n c e  l i m i t s  d e r i v e d  f rom cadaver  l e g  impac ts .  

5 .3  Case 13 

U n l i k e  t h e  p r e v i o u s  two cases,  t h i s  f r o n t a l  c r ash  i n v o l v e d  a  p a s s i v e l y  

r e s t r a i n e d  d r i v e r  ( 47  y e a r s  o l d )  a t  a  much g r e a t e r  impac t  s e v e r i t y  (36.7 

mph). Due t o  t h e  upper  t o r s o  r e s t r a i n t  b e l t ,  t h e  head a c c e l e r a t i o n - t i m e  

h i s t o r y  was q u i t e  d i f f e r e n t  f r o m  t h o s e  o f  t h e  p r e v i o u s  cases.  It was l e s s  

a b r u p t  i n  n a t u r e  and had no c o n t a c t  s p i k e s ,  a l t h o u g h  t h e  peak reached  

100 G. The d u r a t i o n  o f  t h e  waveform was much g r e a t e r  t h a n  t h e  o t h e r  two 

cases.  No l o s s  o f  consc iousness  was no ted .  

The uppe r  t o r s o  b e l t  l oads  r each  2600 l b s .  d u r i n g  t h e  c r a s h  w i t h o u t  

s k e l e t a l  damage. T h i s  va1 ue i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  cadaver  based 

l i m i t s  f o r  r i b  f r a c t u r e  due t o  b e l t  l o a d i n g .  

The s u b j e c t ' s  l o w e r  l e g  geometry p roduced  s i g n i f i c a n t  l o a d i n g  t o  t h e  

l o w e r  l e g s  by  c o n t a c t  w i t h  t h e  knee b o l s t e r .  The peak average  f o r c e  a c t i n g  

on each t i b i a  was 2100 l b s . ,  w e l l  above t h e  l e v e l  f o r  l i gamen tous  damage 

t o  cadaver  knee j o i n t s .  Bo th  knee j o i n t s  r e c e i v e d  l i g a m e n t  damage w i t h  

t h e  r i g h t  t i b i a 1  p l a t e a u  s u s t a i n i n g  a  s p l i t  f r a c t u r e  a t  t h e s e  h i g h  l o a d  

l e v e l s .  

5.4 Case 14 

T h i s  was a  seve re  f a r - s i d e  impac t  i n v o l v i n g  a  female d r i v e r  r e s t r a i n e d  

b y  a  t h r e e - p o i n t  b e l t  system. The i n t r u s i o n  o f  t h e  r i g h t  s i d e  o f  t h e  ve- 

h i c l e  p r o v i d e d  a  s i g n i f i c a n t  head c o n t a c t  p o i n t  wh ich  p roduced  an a b r u p t  

1350 1  b. peak f o r c e  t o  t h e  head. The c o n t a c t  r e s u l t e d  i n  a  l a c e r a t i o n  t o  

t h e  r i g h t  f r o n t a l  s c a l p  o f  t h e  s u b j e c t .  The l o a d  peak was w e l l  be low s k u l l  

f r a c t u r e  t o l e r a n c e  f o r  a  f l a t  su r face  impac t  t o  t h e  f r o n t a l  bone. The l a t -  

e r a l  head a c c e l e r a t i o n s  were l ow  e x c e p t  f o r  t h e  a b r u p t  c o n t a c t  s p i k e  w i t h  a 

peak o f  140 G. The v e r t i c a l  head a c c e l e r a t i o n s  were e q u a l l y  as h i g h  b u t  

w i t h  much g r e a t e r  d u r a t i o n  d u r i n g  t h i s  c o n t a c t .  The s u b j e c t  was n o t  con- 

cussed. 

A s i g n i f i c a n t  impac t  f o r c e  (1220 I bs .  peak) was p roduced  by  c o n t a c t  

o f  t h e  r i g h t  s h o u l d e r  w i t h  t h e  i n t r u d e d  v e h i c l e  i n t e r i o r .  There a r e  no 

b iomechan ica l  s h o u l d e r  f o r c e  d a t a  t o  compare t h i s  w i t h ,  however. 



This contact a l so  produced very high chest accelerat ions although the 

realism of l a t e r a l  shoulder response data fo r  the model can not be val i -  

dated a t  t h i s  time. Large loads were also predicted against the upper leg 
(2000 Ibs . )  and lower leg (1400 I b s . )  by interact ion with i n t e r i o r  compo- 

nents. No s ign i f i can t  i n ju r i e s  were produced, however. 



6.0 CONCLUSIONS 

1. A p r imary  goal o f  t h i s  p r o j e c t  was t o  combine s t a t e - o f - t h e - a r t  

d e t a i l e d  acc iden t  i n v e s t i g a t i o n  procedures, computer ized v e h i c l e  c rash and 

occupant mot ion  modeling, and biomechanical a n a l y s i s  o f  human i n j u r y  causa- 

t i o n  i n t o  a  method f o r  o b t a i n i n g  enhanced biomechanical data from v e h i c l e  

crashes. Th is  method i n v o l v e d  o r g a n i z a t i o n  o f  a  m u l t i - d i s c i p l i n a r y  team 

which i n v e s t i g a t e d  and a n a l y t i c a l l y  recons t ruc ted  f o u r  acc iden t  cases. The 

recons t ruc t i ons ,  us ing  1  a r g e l y  p r e l  i m i n a r y  data, were eva lua ted  and t h e  dy- 

nami c  l oad ings  p r e d i c t e d  f o r  a p p l i c a t i o n  t o  t h e  v e h i c l e  occupants y i e l  ded 

i n j u r y  r e s u l t s  which were general l y  w i t h i n  accepted ranges o f  known t o l -  

erance data.  

2.  Veh ic le  t r a j e c t o r i e s  and r e s t i n g  p o s i t i o n s  a f t e r  t h e  acc iden t  must 

be documented comple te ly ,  i n s o f a r  as i s  p o s s i b l e ,  t o  a1 low a  reasonable pre-  

d i c t i o n  o f  v e l o c i t y  change d u r i n g  impact, and hence, t o  a l l o w  a  reasonable 

approximat ion f o r  v e h i c l e  a c c e l e r a t i o n  o r  p o s i t i o n  t o  be made as a  f u n c t i o n  

o f  t ime.  Use o f  CRASH and SMAC programs a re  n o t  r e l i a b l e  i f  t h i s  in fo rma-  

t i o n  i s  n o t  a v a i l a b l e .  

3. Improved f o r c e  - deformat ion  data f o r  bo th  v e h i c l e  components and 

t h e  occupant  would improve p r e d i c t i o n s  o f  f o r c e  and a c c e l e r a t i o n  magnitudes, 

energy absorbed by segments o f  t h e  human body, and as a  r e s u l t ,  t h e  rebound. 

4.  The use o f  t h e  i n t e r v i e w  o f  t h e  i n j u r e d  v e h i c l e  occupant was very  

i n f o r m a t i v e  w i t h  respect  t o :  

- d e t a i l s  o f  t h e  acc iden t  

- h i s  o r  he r  phys i ca l  s i z e  

- a d d i t i o n a l  medical d e t a i l s  o f  t h e  i n j u r i e s  
- es t ima ted  d r i v i n g  pos tu re  i n  a  v e h i c l e  e s s e n t i a l l y  t h e  same as 

t h e  one i n v o l v e d  i n  t h e  crash 

The sub jec ts  were very  i n t e r e s t e d  i n  t he  p r o j e c t  and much more coopera t i ve  

and use fu l  than was o r i g i n a l l y  es t imated.  

5. A da ta  bank on human anthropometry should be e s t a b l i s h e d  f o r  use i n  

s t u d i e s  such as t h i s  based on human dimensions, mass d i s t r i b u t i o n ,  i n e r t i a l  

p r o p e r t i e s ,  j o i n t  l o c a t i o n s ,  j o i n t  mobi 1  i t y ,  and j o i n t  s t reng th .  Most o f  



the data available to the project was based on definitions and measurements 

made on anthropomorphic t e s t  devices. These data were particularly suspect 

for  neck and shoulder mobility, f l ex ib i l i ty ,  and elongation. 

6. The analytical methodology provides a technique for adjusting para- 

meters as new data become available. For example, these parameters, a1 1 

required i n  the analytical reconstruction, could represent quantities re- 

lat ing t o  the vehicle dimensions, the accident defini t ion,  vehicle damage 

definitions, occupant anthropometry, and physical properties (strength, 
force-deformation) of the occupant o r  vehicle. In other words, a reconstruc- 

tion i s  no t  los t  a f t e r  the f i r s t  attempt. I t  can be improved upon e i ther  

by the original team or ,  l a t e r ,  by others w i t h  more complete data. 
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APPENDIX 

DATA SETS USED I N  MVMA2D S IMULATIONS 



MVMA ACCIDENT DATA RECONSTRUCTION. CASE NO. 1. 
1. i .  32.174 0. 0. 200. 
0.  0. 0. 0. 0. 0. 
FOOT FLOOR 
CHEST STEERING WHEEL 
CHEST SEATBACK 
ABDOMEN STEERING WHEEL 
H I P  CUSHION 
FEMUR CUSHI  ON 
FOREARM BOLSTER 
FOREARM WINDSHIELD 
ABDOMEN SEATBACK 
HEAD ROOF 
HE AD HEADER 
FOREARM DASH 
CHEST RIMTOP 
HEAD RIMTOP 
FEMUR BOLSTER 
T I B I A  BOLSTER 
HEAD DASH 
HEAD WINOSHIELD 
0 .  1 .  1 .  0. 0. 0. 
0 .  0. 0 .  0. 0.  0. 
0. 0 .  0.  0. - 0. 0 .  
0. 0 .  0 .  0. 0. 0.  
0. 0. 0. 0. 0. 
V I C T I M  N O .  1 

13.9 6 . 7 5  5.0 17.5 
1 .O 8 . 3 5  3 . 0  3.19 9 .02  12.75 
,0267 . 1320 .0225 ,0741 . 1237 ,0568 
,369 4 .020  ,725 2.738 2.227 2.932 
4 .5  ,014 0.  ,0065 40. . 3  
4 . 5  ,014 0.  .OC65 40. - 3  
6. .014 0. ,0065 4 0 .  . 3  
6 .  .014 0 .  ,0065 40. . 3  
40. . 01  0. .75 45. . 3  
50.  .01  0. .75 90. . 3  
15. ,03045 ,00093 0. 300. . 3  
. 5  8 .  0. 0. 1 0 0 .  .3 
25. 0 .  ,006457 0. 400. . 3  

500. 0 .  
20 .  230. 
0. -27.  
1.91 8 .22  
H I P  
ABDOMEN 
CHEST 
HEAD 
FEMUR 
T I B I A  
FOOT 
FOREARM 
H I P  
ABDOMEN 
CHEST 
I iEAD 
FEMUR 
T I B I A  

. loo 
1. 
-29. 
2 . 9 5  

Case tio. 9 Lynx Front I r i pac t  ( 1  o f  4) 



FOOT 6 .  - 3 .  
FOREARM 0.  0 .  

7 1 . 5  9 8 . 5  1 2 0 . 5  1 4 9 .  
- 4 . 2 5  0. - 2 1 . 5  0.  

V E H I C L E  I N T E R I O R  
FLOUR M A l l  L 
D A S H  MA1  [ )ASH 
B O L S T E R  MATBOL 
W I N D S H I E L D  MATWD 
C U S H I O N  MATCH 
SEATBACK MATSB 
HEADER MATHD 
ROOF MATRF 
S T E E R I N G  WHEEL MATSTW 
R I MTOP MATSTW 
FLOOR 3 .  4 .  
D A S H  2 .  2 .  
OOLSTER 1 .  2 .  
W I N D S H I E L D  1 .  1 .  
C U S t I I O N  1 .  3 .  
SEATRACK 1 .  2 .  
HEADER 1 .  6 .  
ROOF 1 .  2 .  
S T E E R I N G  WHEEL 1 .  5 .  
R I M T O P  1 .  5 .  
M A T F L  0. 0.  
MATDASH 0 .  0 .  
MATBOL 0. 0. 
MATWD 0.  0. 
MATCH 0.  0.  
M A T S 8  0 .  0. 
MATHO 0 , 0 .  
MATRF 0 .  0.  
MATS T W 0.  0.  
M A T F L  2 .  0. 
MATDASH 2 .  0. 
MATBOL 2 .  0. 
MATWD 2 .  0. 
MATCH 2 .  0. 
MATSB 2 .  0 .  
MAT H D  2 .  0 .  
MATRF 2 .  0.  
MATSTW 2 .  0. 
FLGR - 1 ,  . 2  
FLGR - 1 .  . 2  
DASHGR - 1 .  . 8  
DAStIGR - 1 .  . 0 8  
OOLGR - 1 .  . 8  
EOLGR - 1 .  - 0 8  
WUGR - 1 .  .95 
WDGR - 1 .  .o 1 
CHGR - 1 .  1 
CtiGH - 1 .  . 85  
SBGR - 1 .  1 
SBGR - 1 .  . 8 5  
HOGR - 1 .  . 5  
HDGR - 1 .  . 5  
R f C R  - 1 .  .5 
RFGR - 1 .  . 5  

F L S T A T  I N E R Z  
O A S H S T A T I N E R Z  
B O L S T A T  I N E R Z  
WDSTAT I N E R Z  
CHSTAT  I N E R Z  
SBSTAT  I N E R Z  
HOSTAT  I N E R Z  
R F S T A T  I N E R Z  
STWSTAT I N E R Z  

8000. 
0.  
0. 
0. 
0. 
0. 
0. 
0. 
0.  
FLGR 
DASHGR 
BOLGR 
WDGR 
CHGR 
SBGR 
HDGR 
RFGR 
STWGR 

Case [lo. 3 Lynx F r o n t  I m p a c t  ( 2  o f  4.) 

85 





120.2 ROOF - 1 .  - 1 . 95  
120.5 STEERING WHEEL -1 .  20.02 
120.6 RIMTOP - 1 .  20 .02  

- - 

123 1 .  3 .  . 2  0 .  
124 1. 4 .  . 8  . 15  
124.5 1 .  5 .  1. 
124.6 1 .  6 .  . l 
125 CRASH 22 .9  MPH 
126 0 .  33 .59  0 .  0 .  
127 5 .  1. 0 .  
128 0. 0 .  5 .  -13 .92  
129 200. 0 .  
133 
134 
200 

1001 0 , 1 . 4 - 1 7 , 2 1 - 3 2 . 3 7 , 4 0 . 4 6 - 5 0 , 4 5  
1002 0. 0. 0. 13.5 
1003 40 .  60 .  110 .3  1. 
1004 0 .  0. -30 .  60.  
1005 21. 0 .  6 .  0 .  
1006 

End of f i l e  

Case No. 9 Lynx  F r o n t  Impact ( 4  o f  4) 







118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
15 1 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
1 'TO 
17 1 
172 
173 
174 
175 
176 
177 

HDGR - 1 .  
RFGR - 1 .  
RFGR - 1 .  
STWGR - 1 .  
STWGR -1. 
F L S T A T  -1. 
D A S H S T A T - 1 .  
B O L S T A T  0. 
B O L S T A T  6. 
WDSTAT -1. 
CHSTAT -1. 
SBSTAT - 1 .  
STWSTAT 0. 
STWSTAT . 1 
STWSTAT .49 
STWSTAT .51 
STWSTAT .75 
STWSTAT 1.5 
STWSTAT 2.4 
STWSTAT 3.9 
STWSTAT 8 .  
STWSTAT 10. 
HDSTAT - 1 .  
R F S T A T  0. 
RFSTAT 2. 
RFSTAT 3. 
I N E R Z  - 1 .  
FLOOR 
TOEBOARD 
TOEPAN 
BOLSTERD 
M I D U L E D H  
UPPERDH 
W I N D S t i I E L O  
C U S H I O N  
SEATBACK 
HEADER 
ROOF 
S T E E R I N G  WHEEL 
R I MTOP 
FLOOR 
TOEBOARD 
TOEPAN 
BOLSTERD 
M I D O L E D H  
UPPERDH 
W I N D S H I E L D  
C U S H I O N  
SEATBACK 
t iEADER 
ROOF 
S T E E R I N G  WHEEL 
R I M I U I '  
FL OOR 
TOECOARD 
TOEPAN 
BOLS l E l l D  
M I D O L E D H  
UPPERDH 
W I N D S H I E L D  

.5 

.5 

.5 

.95 

.05 
800. 
441.24 -109.64 9.3813 0.17045 
0. 
5400. 
2000. 
147. 37.6 -74.48 22.16 
78. -65.4 67.4 -29.4 4.28 
0. 
1562. 
1875. 
2500. 
1875. 
1562. 
1000. 
750. 
750. 
10000. 
4000. 
0. 
2000. 
13000. 
0. 
FLOOR 20. .25 - 1 .  
FLOOR 20. .25 1 .  
FLOOR 20. .25 1 .  
BOLSTER 4. .25 1. 
DASH 4. -25 1 .  
DASH 4. .25 -1. 
W I N D S H I E L D  1. .25 1 .  
C U S t i I O N  20. .25 - 1 .  
SEATBACK 20. .25 - 1 .  
HEADER 4. .25 1. 
ROOF 4. .25 1 .  
S T E E R I N G  WHEEL 2. .25 1 .  
R I MTOP 2 .  .25 1 . 
1 .  
1 .  
1 .  
1 .  
1 .  
1 .  
1 .  
1 .  
1 .  
1. 
1 .  
1. 
1 .  
- 1 .  20. -4.73 35.84 -4,73 
- 1 .  35.84 -4.73 44. - 13. 
- 1 .  44. -10. 44. -25. 
-1. 21.36 -29.9 28.03 -18,6 
-1. 21.36 -29.9 22.5 -33,4 
- 1 .  22.5 -33,4 31,65 -32. 1 
- 1 .  10.65 -45.2 31.65 -32.1 

Case ;lo. 10 Oldsmobile Front Pole Impact (3 o f  4) 



178 C U S H I O N  - 1 .  16.5 
179 SEATBACK - 1 .  2 .  
180 HEADER -1 .  7 .7  
181 ROOF - 1 .  - 2 0 .  
182 S T E E R I N G  WHEEL -1.  15.15 
183 RIMTOP -1 .  15.15 
184 1. 1 .  0. 
185 1 .  2 .  . 7  
186 1 .  3 .  . 2  0. 
187 I. 4.  .8  . I 5  
188 1. 5 .  1. 
189 I. 6 .  . 1  
190 CRASH 28 .6  MPH 
19 1  0 .  4 1 . 9 5  0 .  0. 
192 18. 1 .  0. 
193 0 .  0 .  5 .  - 5 . 02  
194 20. -18 .2  25. - 21 .4  
195 40 .  -25.74 45.  - 2 5 . 2 5  
196 60 .  - 18 .2  65 .  - 14.3 
197 80 .  0. 200.  0. 
198 
199 
200 

1001 0 , 1 , 4 - 1 7 , 2 1 - 3 2 , 3 7 , 4 0 , 4 6 - 5 0 , 4 5  
1002 0 .  0.  0. 1 3 . 5  
1003 4 0 .  60 .  ( 1 0 . 3  1. 
1004 0. 0. -30. 50 .  
1005 21 .  0. 0. 0 .  
1006 

End o f  f fle 

Case I lo.  10 Oldsmobile F r o n t  Pole I m p a c t  (4 o f  4) 

9 1 







CHSTAT - 1 .  
SBSTAT - 1 .  
STWSTAT 0.  
STWSTAT . 1 
STWSTAT . 4 9  
STWSTAT . 5 1  
STWSTAT . 7 5  
STWSTAT 1 . 5  
STWSTAT 2 . 4  
STWSTAT 3 . 9  
STWSTAT 8 .  
STWSTAT 10 .  
R F S T A T  0. 0. 
R F S T A T  2 .  2000.  
R F S T A T  3 .  13000. . - .  

I N E R Z  - 1 .  0. 
FLOOR FLOOR 
TOEBOARD FLOOR 
B O L S T E R 0  BOLSTER 
M I D D L E D H  1 N S T . P A N E L  
UPPEROH I N S T . P A N E L  
W I N D S H I E L D  W I N D S H I E L D  
C U S H I O N  C U S H I O N  
SEATBACK SEATBACK 
ROOF ROOF 
S T E E R I N G  WHEEL S T E E R I N G  WHEEL 
FLOUR 1 .  
TOFDOARO 1 .  
8OLSTERO 1. 
M I D O L E D H  1.  
UPPEROH 1.  
W I N D S H I E L D  1 .  
C U S H I O N  1 .  
SEATBACK 1 .  
ROOF ! .  
S T E E R I N G  WHEEL 1 .  
FLOOR - 1 .  - 1 5 .  
TOEBOARD - 1 .  2 9 . 7  
BOLSTERD - 1 .  1 7 . 5  
M I  DDt. I DH - 1 .  19 .7  
UPPEROH - I .  2 1 . 1  
W I N D S H I E L D  - 1 .  3 2 .  
C U S H I O N  - 1 .  - 8 .  
SEATBACK - 1 .  - 3 . 4  
ROOF - 1 .  16 .  
S T E E R I N G  WHEEL - I .  9 . 7  
1 .  1.  0.  
1 .  2 .  . 7  
1 .  3 .  . 2  0 .  
1 .  4 .  .a  . 1 5  
1  . 5 .  1 .  
1 .  6 .  a 1 
CRASH 5 3 . 8  FT /SEC 
0. 5 3 . 8  0.  0. 
5 .  1 .  0.  
0. 0 .  10. - 2 3 . 8 9  
200 .  0.  
P A S S I V E  TORSO B E L T  
B E L T  0. 0. 
B E L T  2 .  0. 

1. 

1 .  
1 .  
1.  
1 .  
- 1 .  
1 .  
1 .  
1 ,  
1 .  

1 .  

1 1 . 3  
0. 
2 . 5  
- 1 8 . 8  
- 1 6 , 2  
- 3 0 . 9  
- 2 . 5  
- 2 0 .  
- 3 2 . 9  
-20 .  

0. 

80. 

2 0 0 0 .  
B L T S T  

0. 0. 
B I N E R Z  BLTGR 

Case No. 13 R a b b i t  F r o n t  Im?act  ( 3  o f  4 )  

94 



BLTGR 
BLTCR 
BLTST 
BINERZ 
2 . 1 5  
1 . 3  
0 .  

1 0 0 4  0 .  0 .  - 3 0 .  60 
1005 21 .  0 .  6 .  0 .  
1006 

End of f i l e  

BELT 
BELT 
1 .  1 .  
0. 0. 
1 .  0. 0. 
0. 0. 

Case No. 1 3  R a b b i t  F r o n t  Impact  ( 4  o f  4 )  



MVMA ACCIDENT DATA RECONSTRUCTION.  CASE NO.  1 4 .  
SUBJECT NO.  1 4 .  
SEATED HUMAN. REAR V I E W .  
V E H I C L E  I N T E R I O R .  S I O E  STRUCTURES. 

S I O E  I M P A C T .  35 MPH. 
L A P  B E L T  U S E D ,  TORSO B E L T  S L I D  O F F .  

1 .  1 .  3 2 . 1 7 4  .0001 
3 .  0. 0. 0. 
. 2  - 0 2  6 0 0 .  5 0 0 .  

HEAO DOOR 
HEAD SEAT 
HEAD WINDOW 
UPPER TORSO DOOR 
UPPER TORSO WINDOW 
UPPER TORSO SEAT 
LOWER TORSO SEAT 
LOWER TORSO TRANS.HOUS 
LOWER TORSO S H I F T  
R I G H T  UPPER LEG SEAT 
R I G H T  UPPER L E G  TRANS.HOUS 
R I G H T  UPPER L E G  S H I F T  
R I G H T  FOOT FLOOR 
L E F T  FOOT TRANS.HOUS 
L E F T  UPPER LEG SEAT 
L E F T  FOOT FLOOR 
R I G H T  UPPER ARM DOOR 
R I G H T  UPPER ARM WINOOW 
R I G H T  UPPER ARM SEAT 
R I G H T  LOWER ARM DOOR 
R I G H T  LOWER ARM WINOOW 
R I G H T  LOWER ARM SEAT 
0.  0. 0. 0. 
0. 0. 0.  0. 
1 .  1 .  0. 0. 
0.  0. 0 .  0. 
0.  0. 1 .  0. 
HEAO 
I(EAO 0.  0. 
UPPER TORSO 
UPPER TORSO 0 .  0. 
CENTER TORSO 
CENTER TORSO - 1 . 8 8  0. 
LOWER TORSO 
LOWER TORSO 0.  0. 
L E F T  UPPER LEG 
L E F T  UPPER L E G  . 7 5  - 4 . 2 7  
L E F T  LOWER L E G  
L E F T  LOWER LEG - . 3 5  4 . 2 7  
L E F T  FOOT 
L E F T  FOOT 7 . 0 1  4 . 2 7  
R I G H T  UPPER LEG 
R I G H T  UPPER L E G  . 7 5  4 . 2 7  
R I G H T  FOOT 
R I G H T  FOOT 7 . 0 1  - 4 . 2 7  
R I G H T  UPPER ARM 
R I G H T  UPPER ARM 0. 0. 
R I G H T  LOWER ARM 
R I G H T  LOWER ARM 0. 0. 

Case [ lo.  1 4  Chevette L a t e r a l  Impact (1  o f  3 )  





12 1 
122 
123 
124 
1 25 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
14 1 
142 
14 3 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
1 54 
155 
156 
157 

1000 
1001 
1002 
1003 

End of  f 1 

TRANS.HOUS 
W I NUOW 
OOOR 
FLOOR 
SEAT  
S H I F T  
TRANS.HOUS 
W I NOOW 
DOOR 
FLOOR 
SEAT 
S H I F T  
TRANS.HOUS , 

W INOOW 
DOOR 
FLOOR 
SEAT  

5 .  1 .  
0 .  0 .  
200. 0 .  
2 .  1 .  
0.  0 .  
2 .  1 .  
0. 0. 
B E L T  
n E L 7  
BLTGR - 1 .  
BLTGR - 1 .  
B L T S T  - 1 .  
B I N E R Z  - 1 .  
4 . 6 9  0 .  
4 . 6 9  0 .  
3 .  0 .  

TRANS.HOUS 
WINDOW 
OOOR 
FLOOR 
SEAT 
1 .  
1 . 
1 .  
1 .  
1 .  
1. 
- 1 .  1 3 . 5  
- 1 .  4 . 5  
- 1 .  30 .  
- 1 .  26 .5  
- 1 .  -11 .5  
- 1 .  -11 .5  
. 0 5  
0. 0.  

1000. 2000.  0. 0. 
8LTST B I N E R Z  BLTGR 

704 
705 
706 
707 
708 
709 

BELT 712 
BELT 713 
1.  1 .  7 17 
0. 0.  7 19 
I. 0. 0. 7 2 0  

1000 
- 4 0 .  5 .  0. 1500 
0. 1 .  0. 0. 1501 

1600 

Case No. 14 Chevette Lateral Impact (3 o f  3) 


