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1 .0 INTRODUCTION 

This report i s  a summary of the work performed by the Highway Safety 

Research I n s t i t u t e  (HSRI) of the University of Michigan on a project  

e n t i t l e d ,  "Calibration Procedures of Test Dummies fo r  Side Impact Testing ," 
conducted f o r  the National Highway Traff ic  Safety Administration under 

contract  number DOT-HS-6-01296. The overall  objectives of the program 

were t o :  

1.  Review available data on actual or simulated side impacts - -  
both from biomechanical and t e s t  dummy studies -- and review dummy 

tes t ing  and cal i  bration procedures currently being employed in the f i e l d .  

2. Identify,  through analysis of avai lable data and limited sled 

impact t e s t s ,  those dummy components which have a major e f fec t  on the 

overall dummy response during side impacts. 

3. Develop and es tabl i sh  recommended t e s t s ,  tes t ing  procedures 

and ca l ibra t ion  c r i t e r i a  by which t e s t  dummies shall be characterized 

and qua1 i f i e d  f o r  s ide impact compliance t e s t ing .  

The subject of s ide impact injury protection in automobile crashes 

has received re1 a t i  vely 1 i t t l e  emphasi s  when compared to  the research 

conducted on frontal  impact protection. This i s  mainly due t o  the 

high p r io r i ty  of protecting vehicle occupants in frontal  type crashes. 

As t h i s  goal i s  approached, a t tent ion  has been shi f ted  t o  considera- 

t ion of the side impact problem. Protection of vehicle occupants s i t t i n g  

on the near s ide of a  vehicle subjected to  a  s ide impact presents several 

d i f f i c u l t i e s ,  the major ones being: 

1 .  Plinimal crush distance to  at tenuate and control the forces 

of the crash. 

2 .  Penetration of the occupant conipartment space. 

3. Part ial  eject ion of the occupant through the side windows -- 
thereby allowing interact ion with outside objects .  

4.  Diff icul ty of adequate l a t e ra l  r e s t r a i n t  of the occupant by 

conventional r e s t r a i n t  systems. 

The sequence of events which happen to  a  near s ide occupant in a  

s ide impact depend somewhat on the seating position re l a t ive  t o  the 

point of impact and upon the geometry of the impacting s t ruc ture .  



I n  t h e  case o f  an u n r e s t r a i n e d  occupant  seated near  t h e  p o i n t  o f  

impact ,  t h e  i n i t i a l  a c c e l e r a t i o n  o f  t h e  v e h i c l e  due t o  t h e  c rash i s  

n o t  t r a n s m i t t e d  t o  t h e  occupant  --  i n s t e a d  t h e  v e h i c l e  undergoes a  

v e l o c i t y  change w h i l e  t h e  u n r e s t r a i n e d  occupant  con t i nues  a t  t h e  v e l o c i t y  

he had i n  t h a t  d i r e c t i o n  a t  t h e  s t a r t  o f  t h e  crash.  E v e n t u a l l y ,  t h e  

s i d e  s t r u c t u r e  o f  t h e  v e h i c l e  (wh ich  may be moving toward  t h e  occupant  

due t o  i n t r u s i o n )  and t h e  occupant  meet i n  a  second impact  w i t h  a  r e l a -  

t i v e  v e l o c i t y  which depends upon t h e  c rash  v e l o c i t y  and t h e  r a t e  o f  

i n t r u s i o n .  The f o r c e s  genera ted by  t h e  impact  o f  t h e  occupant  w i t h  

t h e  s i d e  s t r u c t u r e  depend on t h e i r  r e l a t i v e  v e l o c i t y  and t h e  mechanical  

p r o p e r t i e s  o f  b o t h  t h e  occupant  and t h e  s i d e  s t r u c t u r e .  I n  many 

s i d e  impacts,  t h e  window g l a z i n g  s h a t t e r s  upon t h e  i n i t i a l  impact  and 

i s  gone by t h e  t i m e  t h e  occupant  reaches t h e  s i d e  s t r u c t u r e  o f  t h e  v e h i c l e  

T h i s  l eads  t o  a d d i t i o n a l  c o n c e n t r a t i o n  o f  t h e  occupant  impact  l oads  

i n t o  t h e  t h o r a x  s i n c e  t h e  g l a z i n g  no l o n g e r  can se rve  as a  l o a d  b e a r i n g  

sur face on t h e  upper p o r t i o n s  o f  t h e  body. The shape o f  t h e  i n t e r i o r  

su r faces  o f  t h e  s i d e  s t r u c t u r e  a l s o  i n f l u e n c e s  t h e  l o a d  d i s t  ; b u t i o n  

developed when t h e  occupan t ' s  body impacts t h e  s i d e  s t r u c t u :  

The p r o t e c t i o n  o f  occupants i n  s i d e  impacts depends p r i m a r i l y  

upon c o n t r o l l i n g  t h e  magnitude and d i s t r i b u t i o n  o f  impact  f o r c e s  ap- 

p l i e d  t o  t h e  occupant 's  body as t h e  v e h i c l e  s i d e  s t r u c t u r e  and t h e  occu- 

p a n t  c o l l i d e .  The des ign  o f  t h e  s i d e  s t r u c t u r e  i n t e r i o r  su r faces  t o  

ach ieve t h i s  goal  depends on a  knowledge o f  t h e  b iomechan ica l  c h a r a c t e r -  

i s t i c s  o f  t h e  human body under l a t e r a l  impac t  --  p a r t i c u l a r l y  o f  t h e  

shou lde r ,  t h o r a x  and p e l v i s  -- and t h e  development o f  t e s t  dev i ces  

based on such knowledge. 

1.1 Review o f  Past  Biomechanics Research 

1.1.1 Biomechanics o f  Whole Body L a t e r a l  Impact .  The b u l k  o f  

t h e  biomechanics resea rch  wh ich  dea ls  w i t h  l a t e r a l  l o a d i n g  as a  p a r t  o f  

whole body l a t e r a l  ( ' G  ) a c c e l e r a t i o n  has been a s s o c i a t e d  w i ' h  
Y 

r e s t r a i n e d  t e s t  s u b j e c t s  wh ich  do n o t  a c t u a l l y  i ~ ; p a c t  any sii aces b u t  

r a t h e r  a re  loaded i n e r t i a l l y  due t o  a t e s t  s l e d  a c c e l e r a t i o n .  I n  

c o n t r a s t  t o  s t u d i e s  o f  impact  t o l e r a n c e  i n v o l v i n g  v e r t i c a l ,  fo rward ,  o r  

r e a r w a r d - f a c i  ng body o r i e n t a t i o n s ,  few s t u d i e s  have been conducted w i t h  

s u b j e c t s  f ac ina  s ideward  r e l a t i v e  t o  t h e  impact  d i r e c t i o n .  Animal t e s t s  have 



been primari ly conducted re1 a t i  ve t o  aerospace programs. I n  support 

of Apollo t e s t s ,  one American black bear, wearing ful l  Apollo 

r e s t r a i n t ,  except fo r  the helmet, was exposed to  a peak la tera l  accelera- 

t ion of 46 G with a velocity change of 32 f t / s ec  and onset r a te  of 

4180 G per second, without reported injury ( 1  ) .  

Robinson, e t  a l .  ( 2 )  have exposed rhesus monkeys t o  repeated 

la tera l  impacts of up  to 75 G a t  32 f t / s ec  while restrained in half- 

body molds. They found electrocardiographic evidence of transi ent 

abnormalities in b o t h  conduction and rhythm following impacts a t  

accelerations higher than 55 G.  Comparison of radiographs taken pre- 

and post-impact revealed an increase in the percent of the total  

heart shadow on the dependent side of the midline following the t e s t .  

Abnormalities of the heart occurred twice as often in those monkeys 

receiving l e f t  l a te ra l  impacts as those impacted on t he i r  r ight  side.  

Stapp (3 )  reported no in jur ies  t o  f ive  chimpanzees decelerated 

on the Holloman rocket t r a c t  a t  20.8 t o  476 (calculated) input l a te ra l  

accelerations ( r i g h t ,  +G,) a t  929 t o  1180 G/sec for  0.118 t o  0.170 

seconds duration.  amb bard, e t  a1 . (4), exposed guinea pigs t o  240 

g fo r  0.033 seconds a t  100,000 G/sec ra te  of onset in a fu l ly  con- 

toured r ig id  support system. 

More recent t e s t s  u t i l i z ing  baboon subjects have resulted in 

findings which indicate t h a t  s ignif icant ly  greater injury occurs in 

l a te ra l  ( + G  ) impact, re la t ive  t o  e i the r  forward o r  rearward facing 
Y 

exposures, a t  every level of impact studies from 15 t o  44 G ( 5 ) .  

These t e s t s ,  contrary t o  the bear, chimpanzee, and rhesus t e s t s  noted, 

were conducted with minimal r e s t r a i n t  of a lap be l t  only, and may be of 

greater  signi ficance t o  the 1 ap-be1 ted human automobile occupant than 

the previous t e s t s  with fu l l  body support. Injuries f e l l  into several 

categories. Five animals received ruptured bladders, an injury which 

only occurred in the l a te ra l  impacts. Contusions, t ea r s ,  or lacera- 

tions a n d  a complete severance of the uterus also occurred in f ive  

cases. I n  three instances , cervical fractures occurred w i  t h  com- 

plete atlanto-occipi t a l  separation and transection of the spinal cord 

occurring in one 30 G impact. Such cervical trauma did not occur 

in e i the r  rear-facing or forward-facing impacts. The most signi i i can t  

f i v  li 1. a r l  rq i t -  11-ex x t e d ,  was tha t  of pancreatic hemorrhage in 



a1 1 1 a tera l  cases autopsied. Subsequent investigations were conducted 

of baboon subjects exposed t o  la tera l  impact wearing 3-point,  Y-yoke, 

and a n  upper torso single diagonal be1 t only ( 6 ,  7 ) .  Ninety degree 

side impacts a t  22 G ,  with the 3-point system, resulted in severe dural 

and urinary bladder hemorrhage, and fa ta l  dislocation of the at lanto-  

occipi tal  jo in t  a t  30 G .  These t e s t s  indicate t h a t  in any future side- 

impact s tudies par t icular  at tent ion should be paid t o  kidney, dural , 
and myocardial trauma, in ju r i e s .  

Human l a t e ra l  impact t e s t s  in support of Apollo have been con- 

ducted under conditions of maximum r e s t r a i n t  protection incl uding use 

of a 3-inch lap b e l t ,  a thigh s t r a p ,  leg r e s t r a i n t s ,  f u l l  torso re- 

s t r a i n t  vest with integrated shoulder s t r aps ,  a pressure s u i t  helmet 

with restraining s t r aps ,  and  f u l l  body support by a contoured micro- 

ballon mattress backed by 0.25 inch aluminum plate ( 8 ) .  Sixteen 

volunteer subjects were impacted in a se r i e s  of 32 t e s t s .  No adverse 

subjective reactions were reported to  peak accelerations of u p  

t o  22 G produced with velocity changes of u p  t o  19.3 f t / s e c . ,  a t  
a maximum onset r a t e  u p  t o  1350 G/sec. However, in view of the f a c t  

t h a t  these were young healthy male subjects in superb physical con- 

d i t ion ,  u t i l i z i n g  the most sophisticated r e s t r a i n t  protection ye t  

t e s t ed ,  the extrapolation of these findings t o  the general population 

and to  the automotive side-impact i s  d i f f i c u l t .  A subsequent study by 

Brown, Rothstein and Fostor ( 9 )  of 11 human t e s t s ,  using a 3-inch 

lap b e l t ,  double shoulder harness, inverted " V "  pelvic s t r aps ,  and 

head r e s t r a i n t ,  found no s igni f icant  injury from la te ra l  impact a t  
forces t o  1 4  G on the s l ed ,  a1 though e f fec t s  reported by subjects included 

extended chest pain, muscle spasms, shoulder o r  abdominal pain. 

Human t e s t s  with subjects protected by Project Mercury r e s t r a i n t  

and helmets were conducted in 21 r ight  90' l a t e ra l  impacts and 23 

l e f t  90' la tera l  impacts a t  u p  to 23 peak G (27.5 f t . s e c  velocity 

change). Only t rans ient  in ju r i e s  were reported without reaching a 

tolerance endpoint fo r  th i s  system (10) .  

Lateral impact t e s t s  have been conducted on 64 Air Force volunteers 

protected by various mi 1 i  tary a i r c r a f t  and spacecraft r e s t r a i n t  sys- 

tems a t  u p  t o  18.7 sled G a t  20 f t j s e c  entrance v e l o r ' t  .iJ 1 : 

nif icant  injury (11) .  



Royal Air Force t e s t s  of the F-111 r e s t r a i n t  ( b o t h  G D  F-1.11 and 

RAF 1 A M  versions) involved 18 l a t e ra l  impacts to f ive  human subjects 

u p  t o  17.7 G a t  390 G/sec. Subject symptoms ranged from chest ,  groin, 

throat  and co l l a r  bone discomforts t o  eye blood vessels ruptures, 

fa in tness ,  and breathing d i f f i c u l t i e s ,  b u t  no i r revers ib le  injury 

(12) .  

Zabrowski (13) on the Holloman "bopper" performed 87 t e s t s  on 

52 male Air Force subjects a t  impact u p  t o  11.59 G and durations of 

0.22 t o  0.09 sec while restrained with both lap be l t  and shoulder 

harness and side r e s t r a i n t  panel. No permanent physiological changes 

were noted. Minor subjective physical complaints were reported by 

more than 60% of the subjects when exposed t o  8.8 average G's or 
greater .  The possibi 7i ty  of cardiovascular trauma ha1 ted the experi- 

ments a f t e r  two subjects were exposed to  11.59 average G's a t  

13.3 and 1 4 . 6  f t / s e c  entrance veloci t ies .  Whi tehouse (14) reported 

finding no pulmonary damage in 18 l a t e ra l  ( - G  ) impacts condrcted 
Y 

on nine human subjects impacted a t  15 G, using head and tori: -e- 

s t r a i n t .  

There apparently has been only one publ ished study involving 

impact tolerances on the human while restrained by lap be1 t only. 

Zabrowski , Rothstein, and Brown (15) publ ished the f i r s t  medical 

investigation on humans (restrained by lap be l t  only) in l a t e ra l  

impact and these had t o  be discontinued a t  9 G (with impact durations 

of 0.1 sec)  due " to  subject discomfort with prolonged s t i f fness  and 

soreness in the neck musculature." Fif ty percent of the subjects 

complained of physical discomfort a t  6 G .  

States and States (16) found in a study of 48 l a t e ra l  auto- 

motive accidents tha t  fractures of the acetabulum with intrapelvic protrusion 
of the hip and fractures of the pubic rami are charac ter is t ic  of d i rec t  

side impacts t o  the eccupant compartrwnt. The v . ~ h i c l ~  door s the 

s t ruc ture  producing the most in jur ies  in such cases. They also noted 

tha t  head in jur ies  in l a t e ra l  impact were frequent and tha t  chest 

injury was the most common l i f e  threatening injury.  



Fr iedbe rg ,  e t  a l .  ( 17 )  s t u d i e d  d a t a  f rom 1490 au tomot i ve  s i d e  

c o l l i s i o n s ,  conc lud ing  t h a t  t h e  f requency o f  dangerous o r  f a t a l  i n j u r y  

i s  t w i c e  as g r e a t  f o r  occupants seated on t h e  s i d e  o f  t h e  c a r  impacted, 

as f o r  those away f rom t h e  impact .  Subsequent ly ,  L i s t e r  and N e i l s o n  

(18 ) ,  s t u d y i n g  automot ive  s i d e  impacts i n  t h e  U n i t e d  Kingdom, r e p o r t e d  

t h a t  such c o l l i s i o n s  account  f o r  about  13:L o f  a l l  a c c i d e n t s  i n v o l v i n g  

ca rs  i n  wh ich  some occupant  was s e r i o u s l y  o r  f a t a l l y  i n j u r e d .  

Head i n j u r i e s  i n  s ide - impac t  c o l l i s i o n s  have been found t o  be t h e  

most common cause o f  f a t a l  i n j u r y  i n  s t u d i e s  b y  Huelke and by  Siege1 

and Nahum ( 1 9 ) .  

1.1.2. Biomechanics o f  Loca l  L a t e r a l ,  Impact .  A biomechani c a l  t e s t  techn ique 

which i s  an a l t e r n a t i v e  t o  whole body l a t e r a l  impact  t e s t  methods i s  t h a t  o f  

l o c a l  i z e d  impacts a p p l i e d  d i r e c t l y  t o  t h e  s t a t i o n a r y  body s t r u c t u r e  o f  an i  - 
mals and human cadavers. One o f  t h e  few s t u d i e s  o f  t h i s  t y p e  i n  l a t e r a l  

impact  was conducted by S t a l n a k e r  e t  a l .  ( 20 )  a t  HSRI on NHTSA 

Con t rac t  No. DOT-HS-2-382. A  s e r i e s  o f  l ower  p r ima tes  ( t h e  u i r r e l  

monkey, t h e  Rhesus monkey, t h e  baboon and t h e  chimpanzee) ai nembalmed 

human cadavers, were impacted l a t e r a l l y  t o  t h e  head, t ho rax ,  

and abdomen w i t h  f l a t  and contoured impactors .  A l l  

impacts were c a r r i e d  o u t  by pneumat ical  l y  opera ted t e s t i n g  machine 

s p e c i a l l y  c o n s t r u c t e d  f o r  impact  s t u d i e s .  The s t r o k e  o f  t h e  impac to r  

was p r e c i s e l y  c o n t r o l l e d  by i t s  i n i t i a l  p o s i t i o n ,  and i t s  v e l o c i t y  

was c o n t r o l l e d  by t h e  r e s e r v o i r  p ressu re .  The impac to r  was i n s t r u -  

mented w i t h  an acce lerometer  and an i ne r t i a - compensa ted  f o r c e  t r a n s -  

ducer.  High-speed mo t ion  p i c t u r e s  (3000 f rames/s)  were taken f o r  

pho tomet r i c  a n a l y s i s  . The tho rax  and abdominal body areas were 

d i v i d e d  i n t o  t h r e e  major  impact  r e g i o n s .  Region I c o n s i s t e d  o f  t h e  

tho rax  as l o c a t e d  between t h e  j u g u l a r  no tch  o f  t h e  sternum and t h e  

diaphraqm. Region 11 was d e f i n e d  as i n c l u d i n g  t h e  area between t h e  

diaphragm ( n i n t h  r i b )  and a  h o r i z o n t a l  p lane  t r a n s e c t i n g  the  tbdomen 

a l o n g  t h e  i n f e r i o r  marg in  o f  t h e  l i v e r  and t h e  stomach, and ~ ~ c a t e d  

app rox ima te l y  0.50 - 1.40 inches s u p e r i o r  t o  t h e  u m b i l i c u s  on t h e  

sur face.  Region I11  i n c l u d e d  t h e  e n t i r e  t h o r a x  and abdominal a rea,  

f rom t h e  j u g u l a r  no tch  t o  t h e  i l i a c  c r e s t .  



Two t ypes  o f  impac to rs  were used i n  t h e  s tudy ,  a  f l a t  c i r c u l a r  

d i s c  ( 6  i nches  i n  d iame te r  f o r  t h e  cadavers and sca led  a c c o r d i n g l y  f o r  

t h e  an ima ls )  and a  con tou red  deformable  s i m u l a t i o n  o f  an a rmres t .  The 

f l a t  impac to r  was used on some t e s t s  i n  a l l  t h e  body r e g i o n s  and t h e  

con tou red  impac to r  was used i n  some t h o r a c i c  and abdominal t e s t s .  

The t e s t  d a t a  f r o m  t h e  animal  t e s t s  was ana lyzed u s i n g  t h e  tech -  

n iques  o f  d imens iona l  a n a l y s i s  t o  e x t r a p o l a t e  t h e  i n j u r y  d a t a  t o  es- 

t i m a t e  t h e  i n  v i v o  human t o l e r a n c e  t o  s i d e  i n j u r y  f o r  t h e  t h r e e  body 

r e g i o n s .  The human cadaver d a t a  was used t o  enhance t h e  r e s u l t s  o f  

t h e  s c a l i n g  a n a l y s i s .  The t h r e s h o l d  o f  c l o s e d  b r a i n  i n j u r y  t o  humans 

was e s t i m a t e d  t o  be 76 G peak l a t e r a l  a c c e l e r a t i o n  w i t h  a  d u r a t i o n  o f  

20 msec a t  an impac t  v e l o c i t y  o f  43 f p s .  f o r  a  padded impact .  For  a  

r i g i d  impac t  t o  t h e  s i d e  o f  t h e  head, t h e  t o l e r a b l e  impac t  v e l o c i t y  

was found t o  be 22 f p s .  I n  t h e  t h o r a x ,  a  d e f l e c t i o n  o r  p e n e t r a t i o n  

c r i t e r i a  was used and an e x t r a p o l a t e d  va lue  o f  3.7 inches (31% pene- 

t r a t i o n )  was e s t i m a t e d  f o r  a  severe ( n o t  1  i f e - t h r e a t e n i n g )  i n j u r y  

l e v e l .  (Note :  I n  t h e  o r i g i n a l  work, an e r r o r  i n  t h e  c a l c u l a t i o n  o f  

t h e  e f f e c t i v e  p e n e t r a t i o n  l e d  t o  an i n c o r r e c t  e s t i m a t e  o f  2.65 i nches  ) . 
I n  t h e  cadaver impacts ,  r i b  f r a c t u r e s  d i d  n o t  occur  f o r  an average 

impac t  v e l o c i t y  o f  20.4 f p s  and an average p e n e t r a t i o n  o f  2 .1  inches,  

w h i l e  r i b  f r a c t u r e s  d i d  occu r  a t  an average v e l o c i t y  o f  29.2 f p s  

w i t h  an average p e n e t r a t i o n  o f  3.0 i nches .  

The da ta  reco rded  f o r  t h e  l a t e r a l  t h o r a c i c  impacts  was i n  a 

form t h a t  was u s e f u l  f o r  b iomechan ica l  response c h a r a c t e r i z a t i o n  

o f  t h e  t h o r a x .  I n  gene ra l ,  t h e  l o a d - d e f l e c t i o n  response f o r  a  f l a t  

r i g i d  impac t  t o  t h e  s i d e  was s i m i l a r  i n  genera l  shape t o  t h e  f r o n t a l  

response o f  t h e  t h o r a x  under s i m i l a r  t e s t  c o n d i t i o n s  b u t  t h e  i n i t i a l  

f o r c e  l e v e l s  were somewhat l o w e r  t han  those produced i n  f r o n t a l  

impac ts .  

S c a l i n g  o f  t h e  abdominal impact  r e s u l t s  t o  humans was accompl ished 

by employ ing  a  f a c t o r  t h a t  r e l a t e s  impact  c o n t a c t  area,  animal  mass, 

impac t  f o r c e ,  and p u l s e  d u r a t i o n  t o  i n j u r y  s e v e r i t y .  The niaximum 

t o l e r a b l e  ( i  . e. severe  i n j u r y - p r o d u c i  rig) c o n t a c t  p ressu re  t o  t h e  

upper abdomen o f  t h e  human was e s t i m a t e d  t o  be 32 p s i .  

I n  a subsequsnt s tudy  s u p p o r t i n g  t h e  development o f  t h e  H S R I  



anthropometric t e s t  dummy under sponsorship of the Motor Vehicle 

Manufacturers Association ( 2 1  ) a se r i e s  of cadaver s ide head r ig id  

impacts were conducted a t  10-13 fps.  to  obtain response data.  The 

resu l t s  were an average peak acceleration of approximately 160 G 

with a duration of 4 msec. In cont ras t ,  s imi lar  frontal  impacts pro- 

duced an average peak acceleration of approximately 200 G with a 

duration of 3 msec. 

1.1.3 Side Impact Tests With Dummies. One of the most compre- 

hensive se r i e s  of simulated side impact t e s t s  with dummies in cars  was 

the se r i e s  of t e s t s  performed by the Calspan Corp. on NHTSA Contract 

No. DOT-HS-00922 ( 2 2 ) .  A serie.s of seven baseline impact simulations 

in t h a t  program are of par t icular  i n t e r s t  in the present program. I n  

those seven t e s t s ,  which used 1973 Ford 4-door, pi1 lared hardtop auto- 

mobiles having a nominal curb weight of 4300 1 bs. fo r  both s t r ik ing  

and struck ca r s ,  the in te r io r s  of the cars  were of conventicr?l design. 

Five d i f fe ren t  impact configurations were simulated: 

Struck Str iking Impact Axis Re1 a t ive  
Configuration Vehicle Vehicle t o  Struck Vehicle 
Number Velocity Velocity Long. Axis 

( m p h )  ( m p h )  (degrees) 

Test dummies (Humanoid Part 572) were placed in the f ront  and 

rear  sea ts  on the struck side of the car  with no r e s t r a i n t  systems. 
The peak acceleration readings from the head, chest and pelvis accelero- 

meters are  l i s t e d  f o r  those t e s t s  in Table 1 . I .  



TABLE 1.1 SUMMARY OF PEAK DUMMY ACCELERATION DATA FOR CALSPAN BASELINE 

LATERAL COLLISION TESTS 

T e s t  C o n f i g u r a t i o n  Dummy 
HEAD ACCELERATION CHEST ACCELERATION PELVIC ACCEL. 

Number Number P o s i t i o n  AP LR S I  RES AP LR S I  RES L R 

The averaged r e s u l t s  and t h e i r  ranges f r o m  t h e  above t e s t s  a r e  t h e  

f o l  l o w i n g :  

Bod,y Region F r o n t  Seat  Occupant Rear Seat  Occupant 

Head R e s u l t a n t  Acce le ra -  37.5 G ( 1 5  - 55)  62 .9  G (32  - 104) 
t i o n  

Chest  R e s u l t a n t  Acce l -  50.3 6 ( 2 6  - 66)  49.2 G (41  - 73) 
e r a t i o n  

P e l v i s  L-R Acce l  e ra -  42.6 G ( 22  - 86) 38.3 G ( 16  - 66)  
t i o n  

T h i s  d a t a  can be used t o  assess t h e  r e a l i s m  o f  s l e d  t e s t  s i m u l a t i o n s  

w i t h  r e s p e c t  t o  c a r  c r a s h  t e s t s  i n  te rms o f  t h e  g e n e r a l  s e v e r i t y  o f  t h e  

a c c e l e r a t i o n  env i ronmen t  . 



1 2 Analysis of Accident Investigation Data on Side Impact Coll is ions 

Information on the real-world injury pat terns associated with side 

impact col l i s ions  was obtained through the use of computerized occupant 

data f i l e s  of the Collision Performance and Injury Report (CPIR) pro- 

grams available a t  HSRI. These f i l e s  contain a to ta l  of 14275 cases of 

occupant in ju r i e s  f o r  a l l  types of accidents.  A f i l t e r  was devised t o  

se lec t  only those cases which met the following c r i t e r i a :  

1 .  Only passenger car  occupants were considered [V117 = 01 - 10, 

17-20] 

2 .  Impact was t o  the s ide  of the vehicle [V144 = 2 , 4 ]  

3. Impact direct ions were from 2 to  4 o 'clock and from 8-10 o 'clock 

[V137 = 02 - 04, 08 - lo] 

4. Only occupants aged 16 years or over were considered [V582 = 02 - 1 1 1  

5. Only occupants t h a t  were not ejected were considered [V604 = 21  

The data tha t  was generated by using t h i s  f i l t e r  on the C P I R  f i l e  
-. 

was then s t r a t i f i e d  in to  near-side and far -s ide  occupants. :3 to ta l  num- 
ber of occupants in the resul t ing  f i l e  was 2432 which include; 1147 near- 

s ide  occupants and 1285 far -s ide  occupants. For the purpose of identifying 

injury pat terns associated with l a t e ra l  impact t o  the body,only the near- 

s ide cases were used. This was done t o  minimize the e f fec t  of uncontrolled 

impact configurations associated with unrestrained fa r - s i  de occupants 

moving across the car  before impacting the i n t e r i o r .  

The near-side occupant data was then s t r a t i f i e d  into the e ight  

categories based on the following variables:  

1 .  Sex; Male or  female 

2 .  Posi t ion;  l e f t  o r  r igh t  

3. Overall Injury Severi ty;  low (AIS < 2) o r  high (AIS - > 2 )  

The resul t ing  information was then analyzed fo r  each body region. 

The body regions of qreates t i n t e r e s t  to. thi  s prpqram were c r  - s i  dered to  

be brain,  neck, shoulder g i r d l e ,  thorax, lumbar spine, abdomen, and pel- 

v is .  Some of the regions in which differences between the categories 

were noted were: 



1 .  Brain -- males showed a higher frequency of f a t a l  head injury 

in the l e f t  position than females. 

2 .  Neck -- females showed a grea ter  tendency for  both low level 

and high level in ju r i e s  than males. 

3.  Thorax -- males showed a higher frequency of higher sever i ty  

in ju r i e s  than females in the l e f t  posi t ion.  

4. Lumbar Spine -- females showed a higher frequency of injury 

than males in the r igh t  posi t ion.  

5. Abdomen -- males had a higher frequency of severe in ju r i e s  than 

females in the l e f t  posi t ion.  

6 .  Pelvis -- females had a higher frequency of injury than males. 

A n  aggregate of the near-side occupant data i s  l i s t e d  in Table 

1.2. In the table  the actual number of cases a t  each injury severi ty 

and body region i s  shown with the r e l a t ive  overall  frequency in percent 

shown in parentheses. From t h i s  table  i t  i s  possible to  note the 

importance of the brain,  thorax, abdomen and pelvis  as sources of high 

level injury (AIS - > 3 ) .  



TABLE 1.2 D i s t r i b u t i o n  o f  I n j u r y  S e v e r i t y  by  Body Region f o r  1147 Near- 

S ide  Occupants i n  S ide  Impact  C o l l i s i o n s .  

Body Abb rev ia ted  I n j u r y  Sca le  

Reg i on 0  1 2 3 4  5  6  

B r a i n  926 50 6 4 24 9  22 5  0  
(80.8%) (4 .4%)  (5 .6%)  (2 .1%)  (0 .8%)  (1 .9%)  (4 .4%)  

Neck 937 170 11 7 5  2 15 
(81 . 7 % )  (14.8%) (0 .7%)  (0.6%) (0.4%) (0 .2%)  (1 .0%)  

Shoulder  925 151 50 7 0 0 1  
S i  r d l  e  (80.6%) (13.2%) (4 .4%)  (0 .5%)  (0%)  (0%)  (0.17:) 

Lumbar 1062 , 68 10 5  1  0  1 
Spine (92 .65)  (5 .9%)  (0 .8%)  (0 .4%)  (0 .1%)  (0%)  (0 .1%)  

Abdomen 1027 6  8  9 14 -.8 8 12 
(89.5%) (5.9%) (0.8%) (1 .2%)  (0 .7%)  (0 .7%)  (1 .0%)  

Pel  v i  s  898 151 3  5  5  1  9  1  1 
(78.3%) (13 .2%)  (3 .1%)  (4.4%) (0 .8%)  (0 .1%)  (0 .1%)  



2.0 RESULTS OF L A T E R A L  IMPACT-TESTS ON NHTSA CONTRACT N O .  DOT-HS-4-00921 

One phase of an ongoing NHTSA program e n t i t l e d  "Quant i f ica t ion  

of Thoracic Response and In jury ,"  (NHTSA Contract No. DOT-HS-4-00921) 

being conducted a t  HSRI which has par t icular  application to  t h i s  program 

was a s e r i e s  of l a t e ra l  impact t e s t s  conducted with the HSRI Impact 

Sled Faci 1 i t y  and reported a t  the 6th Experimental Safety Vehicle Conference 

(23) .  The t e s t  subjects used in the study were unernbalmed human cadavers, 
a Part 572 anthropometric t e s t  device and a prototype side impact t e s t  

device developed by Transport a n d  Road Research Laboratory ( T R R L ) .  

The unembalmed human cadavers were stored under ref r igera t ion  (5" C )  

except when being surgica l ly  prepared and were a1 lowed to  reach room 

temperature (25' C )  p r ior  to  tes t ing .  Testing took place typica l ly  5-7 

days post mortem, and the e f fec t s  of r igor  mortis were past a t  the time 

of tes t ing .  Instrumentation surgical ly  attached t o  the cadavers included 

the following: 

1 .  An external ly mounted array of uniaxial Endevco 226:- 2000 piezo- 

r e s i s t ive  accelerometers on the r igh t  s ide of the head oriel 3 one each 

in the anterior-posterior  ( A - P )  , super ior - infer ior  (S-I)  and l e f t - r i g h t  

( L - R )  d i rec t ions .  

2 .  An array of 10 uniaxial Endevco 2264-2000 accelerometers mounted 

on the thorax in a manner described in detai 1 by Robbins, e t  a1 . ( 2 4 ) .  
Briefly,  t h i s  array consists  of biaxial arrays on the f i r s t  thoracic 

vertebra ( T I )  ( A - P  and S-I )  and the twelfth vertebra ( T I  2 )  ( A - P  and 

L - R )  as well as various uniaxial mounts o n  individual r ibs  and  the sternum. 

3. An external ly mounted t r i a x i a l  array of uniaxial Endevco 2764- 

2000 accelerometers in the A - P ,  S-I and L - R  d i rec t ions  on the rear  of 

the pelvis in the mid-sagittal plane. 

All accelerometers were attached in a r ig id  manner to  the bony struc-  

tures indicated. I n  addition t o  the accelerometers, pressurn transducers 

( K u l  i  t e  miniature piezoresist ive un i t s )  were inserted into t t ~ e  trachea 

and aor t i c  arch to  measure airway and  vascular system pressures. The 

vascular system of the cadavers was f lu id  f i l l e d  and the lungs were a i r -  

f i  1 led;  both were pressurized to  physiological levels  pr ior  to  t e s t ing .  

The cadaver t e s t  subject data i s  l i s t e d  in Table 2 .1  for  the seven cadavers 



TABLE 2.1 

Cadaver T e s t  S u b j e c t  Data 

T e s t  Age Sex S t a t u r e  Weigh t  
No. y r s .  cm. k g  



used in t h i s  study. The cadavers were clothed in vinyl exercise s u i t s  

t o  minimize moisture loss and then sui ted in cotton thermal underwear 

t o  provide an appropriate outer surface for  t e s t ing .  

The Part  752 anthropometric t e s t  device used in the study was 

instrumented with t r i  axi a1 arrays of uniaxi a1 Endevco 2264-2000 

accelerometers mounted internal ly in the required head, thorax and 

pelvic locat ions.  The dummy was sui ted in the same type of cotton 

therrrral underwear as the cadavers. 

The T R R L  s ide  impact t e s t  device was instrumented with t r i ax ia l  

arrays of uniaxi a1 Endevco 2264-2000 accelerometers in the head, thorax 

and pelvis in the same manner as the Part 572 dummy. I n  addit ion,  th i s  

t e s t  device features load c e l l s  bui 1 t into the various side struc-  

tures of the dummy. The load c e l l s  are contained in the shoulder, the 

four individual r ibs  which comprise the thorax, the i  1 iac c res t  and 

the hip. The d e t a i l s  of t h i s  design can be found in the paper of 

Harris (25) .  A notable feature of the device i s  the absence of arms, 

-- the shoulder load c e l l s  take t h e i r  place. This dummy was also 

sui ted in cotton thermal underwear for  the t e s t s .  

2.1 Test Methods 

All t e s t s  in t h i s  study were performed a t  the HSRI Impact Sled 

Faci l i ty .  The sled i s  a deceleration type which operates on the re- 

bound principle.  Since the t e s t s  were t o  simulate an unrestrained 

vehicle occupant in a s ide impact, the t e s t  technique u t i l ized  a 

t e s t  f ix tu re  consisting of a r ig id  bench sea t  mounted in a s ide impact 

configuration on the sled with a r ig id  wall s t ruc ture  representing 

the side of the vehicle a t  the l e f t  end of the s e a t .  The t e s t  sub- 

j ec t  was placed a predetermined distance from the impact surface 

such tha t  the subject was f ree  to  t r ans la te  along the sea t  during 

the sled deceleration and impact the surface only a f t e r  the sled 

deceleration had terminated. This technique produced an impact s i tua t ion  

in which the t e s t  subject and the impact surface came together a t  the de- 

s i red  re1 a t ive  impact velocity while al lowing the t e s t  subject decelerations 

to be determined solely by the interact ion between the subject and 

the impact surface rather  than the sled deceleration p ro f i l e .  Three 
t e s t  r e l a t ive  ve loci t ies  were .( C ? > , I  q r  , - ,  7 r  ,-rlated as 



low, medium and high ve loc i t i e s ,  respectively. In addi t ion ,  a special 

low velocity (10 m p h )  t e s t  was performed on the T R R L  dummy only. 

The impact surface configurations consisted of a f l a t  r ig id  wall 

and a contoured energy absorbing s t ruc ture .  The f l a t  wall buck configura- 

t ion (shown in Figure 2 . 1 )  was constructed on one inch plywood backed 

by a s tee l  beam reinforcing s t ruc ture  t i ed  t o  the s led .  The energy 

absorbing s t ruc ture  (shown in Figure 2.2) consisted of a thorax and pel- 

vis  bolsters  developed in the NHTSA RSV program. The thorax bols ter  

was constructed of 6 inches of polystyrene foam d r i l l e d  with l a t e ra l  

holes t o  adjust  crush strength a n d  covered with 0.5 inches of Ensolite 

energy absorbing vinyl foam. The pelvis bolster  was constructed of 6 

inch thick Hexcell cardboard honeycomb a1 so covered with Ensol i  t e .  

The bolsters  were attached t o  the r ig id  wall surface of the buck, as 

shown in Figure 2.2. 

Lateral a n d  overhead view high speed movies were taken of every 

t e s t  a t  1000 pi ctures/second. 

2 . 2  Test Results 

The resul t s  of the t e s t  program are presented in the following 

sect ions,  f i r s t  in terms of general kinematic and then followed 

by tabular summaries of transducer response and cadaver injury rat ing.  

The transducer signal s were f i  1 tered according t o  SAE J211 a speci f i  ca- 

t ions :  head accelerations - Channel Class 1000, thorax and pelvis 

accelerations - Channel Class 180, a n d  load c e l l s ,  Channel Class 600. 

2.2.1 Test Subject Kinematics. During the phase of the t e s t  when 

the t e s t  subject i s  s l id ing towards the impact surface,  a l l  three types 

of t e s t  subjects behaved similarly and exhibited uniform translat ion 

of the body with no re l a t ive  motion of body par ts .  As soon as im- 

pact with the side s t ruc ture  begins, each type of t e s t  subject s t a r t s  
t o  exhibi t  individual impact behavior unique to  the s t ruc tura l  charac- 

t e r i s t i c s  of the subject.  The differences were most marked in the 

r ig id  wall impact t e s t s .  I n  the case of the Part 572 dummy, the side 

of the torso contacts the wall and then deforms s l igh t ly  due to the 

low compliance of the dummy internal s t ruc ture .  This i s  qui te  pro- 

nounced in the shoulder region where the shoulder linkage transmits the 

forces dir .>ct ly to  t h e  base of the neck and thereby s t a r t s  the h .  

ro ta te  toward the wall. The result ing l a t e ra l  flexion - I, .'- 
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ro ta tes  the head almost horizontal ly,  but the shoulder s t ruc ture  does 

n o t  l e t  the head f u l l y  contact the wall -- i t  barely grazes i t  a t  the 

higher t e s t  ve loc i t i e s .  With the T R R L  dummy, the lack of arms a1 lows 

the head t o  be much closer  t o  the wall and thus the head contacts the 

wall more d i r e c t l y ,  although only a f t e r  l a t e ra l  neck flexion on the 

order of 30" - 45" occurs. 

The cadaver subjects exhibited a completely d i f fe ren t  head-neck 

response in the r ig id  wall t e s t s .  The shoulder linkage of the cadaver 

displaced l a t e r a l l y  with l i t t l e  apparent resistance and the head- 

neck system does n o t  undergo appreciable l a t e ra l  f lexion.  The resu l t  

i s  tha t  the head s t r i k e s  the wall in an upright pos i t ion ,  and the 

loads are carr ied by the lower parietal  a n d  temporal bone regions. 

For the case of the padded s t ruc ture  impacts, the differences in 

head-neck response diminished somewhat due to  the spacing of the torso 

impact surface away from the wall.  The highly compliant cadaver 

shoulder s t ruc ture  s t i l l  reduces the l a t e ra l  neck flexion and a1 lows 

head contact with the wall b u t  the contact i s  more onto the par ie ta l  

bone region. I t  should be noted tha t  the shoulder bones were not broken 

or dislocated in any of the t e s t s .  

The general motions of the r e s t  of the body below the shoulders 

were similar  in a l l  three types of t e s t  subjects .  The pelvis  region 

tended t o  rebound f i r s t  followed by the thoracic region - -  leading 

t o  a marked tendency of the subject to  ro ta te  out of the sea t  in a 

counterclockwise manner when viewed from above. 

2 . 2 . 2  Head Impact Response. The resu l t s  of the head accelerometer' 

peak readings are  summarized in Table 2 . 2 .  The lower acceleration values 

of the Part 572 dummy in a l l  the t e s t s  i s  a t t r ibu tab le  t o  the lack of 

l a t e ra l  shoulder compliance and i t s  e f f e c t  on head kinematics as dis-  

cussed above. The lack of arms on the T R R L  dummy allowed head impacts 

more l i k e  those produced with the cadavers to  take place. Direct com- 

parison of the A - P  and S- I  values between cadavers and dummies i s  

questionable due to  the external mounting of the accelerometers on 

the cadaver head. In those cases where skull f rac ture  took place, i t  

can be expected tha t  high peak values may occur in various direct ions 

depending , - + -. F ~r 



TABLE 2.2 

Head Pea k A c c e l e r a t i o n s  ( G )  

A. R i g i d  Wal l  Impac t  Tes t s  

Low V e l o c i  ty Medi urn V e l o c i t y  H igh  V e l o c i t y  

S u b j e c t  CAD 572 TRRL CAD CAD 572 572 TRRL CAD 572 

T e s t  No. 012 016 010 011 013 014 017 005 015 

L-R - 64 135 293 179 82 41 197 J58 104 

B. Padded S i d e  S t r u c t u r e  Tes t s  

Low V e l o c i t y  Medi urn V e l o c i  t y  H igh  V e l o c i t y  

S u b j e c t  CAD 572 TRRL CAD 572 TRRL CAD 572 TRRL 

T e s t  No. 029 028 045 039 043 030 042 044 046 

A-P 
S -  I 
I-R 



2.2.3 Thorax Impac t  Response. The r e s u l t s  o f  t h e  t h o r a x  a c c e l e r o -  

me te r  peak r e a d i n g s  a r e  summarized i n  Tab le  2 .3 .  Due t o  t h e  d i f f e r e n t  

acce le rome te r  p lacement  on t h e  cadaver  t h o r a x ,  a  d i r e c t  compar ison  o f  

t r a n s d u c e r s  i s  n o t  p o s s i b l e .  The A-P and S - I  v a l u e s  were t aken  f r o m  

t h e  b i a x i a l  acce le rome te r  p a i r  mounted on t h e  f i r s t  t h o r a c i c  v e r t e b r a  

( T I )  w h i l e  t h e  L-R v a l u e s  were t a k e n  f r o m  a  u n i a x i a l  a c c e l e r o m e t e r  

mounted on t h e  4 t h  r i b  on t h e  r i g h t  hand s i d e  o f  t h e  body ( o p p o s i t e  

t h e  impac ted  s i d e ) .  

Comparison o f  t h e  L-R peaks i n  t h e  r i g i d  impac ts  shows t h a t  t h e  

va lues  p roduced i n  t h e  cadaver  t h o r a x  were g e n e r a l l y  comparable t o  

t hose  o b t a i n e d  i n  t h e  P a r t  572 dummy, w h i l e  t h e  TRRL dummy gave l o w e r  

va lues .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  i n  t h e  l ow  v e l o c i t y  r i g i d  t e s t ,  

t h e  FMVSS 208 l e v e l  o f  60G f o r  d u r a t i o n s  exceed ing  3 msec was exceeded by t h e  

cadaver  and t h e  P a r t  572 dummy w h i l e  i n  t h e  padded low v e l o c i t y  t e s t ,  o n l y  t h e  

cadaver  exceeded t h e  45 G l e v e l  , and none exceeded t h e  FMVSS208 l e v e l .  

2 .2 .4  P e l v i s  Impac t  Response. The r e s u l t s  o f  t h e  pe1:"s a c c e l e r o -  

me te r  peak r e a d i n g s  a r e  summarized i n  Tab le  2.4.  The e x t e r n ,  p lacement  

o f  t h e  acce le rome te rs  on t h e  cadaver  p e l v i s  i s  most  l i k e l y  t h e  cause 

o f  t h e  l a r g e  d i f f e r e n c e s  wh i ch  appear  i n  t h e  A-P and S - I  va lues  

when compar ing t h e  cadaver  va lues  t o  t h e  dummy v a l u e s .  The L-R v a l u e s  

a r e ,  f o r  t h e  most  p a r t ,  q u i t e  comparable i n  b o t h  t h e  r i g i d  w a l l  and 

padded s t r u c t u r e  t e s t s .  The e x c e p t i o n  t o  t h i s  i s  t h e  l o w  v e l o c i t y  padded 

t e s t .  

2.2.5 Cadaver I n j u r y  R a t i n g s .  The i n j u r i e s  s u s t a i n e d  by  t h e  

cadavers  i n  t h e  v a r i o u s  r i g i d  w a l l  i m p a c t  t e s t s  a r e  l i s t e d  i n  T a b l e  2.5 

a l o n g  w i t h  t h e  assessments o f  t h e  A b b r e v i a t e d  I n j u r y  Sca le  (A IS )  

r a t i n g s  o f  t h e  i n j u r i e s .  The moderate i n j u r i e s  s u s t a i n e d  i n  t h e  15 mph 

impac t  e s c a l a t e  s h a r p l y  a t  t h e  20 mph l e v e l  i n d i c a t i n g  t h a t  i n  r i g i d  

w a l l  impac ts  t h e  A I S  3 l e v e l  i s  most  l i k e l y  reached i n  t h e  17-18 mph 

v e l o c i t y  range.  The s e v e r i t y  o f  t h e  i n j u r i e s  a t  t h e  35 mph ' v e l  p o i n t  

o u t  t h e  s e r i o u s  need t o  manage t h e  occupant  k i n e t i c  energy  i n  impac ts  

a t  v e l o c i t i e s  c o n s i d e r a b l y  l o w e r  t h a n  t hose  a s s o c i a t e d  w i t h  f r o n t a l  c rashes .  



TABLE 2.3 

Thorax Peak A c c e l e r a t i o n s  ( G )  

A. R i g i d  Wall  Impact Tests 

Low V e l o c i t y  Medium V e l o c i t y  Hi  gh V e l o c i t y  

S u k j e c t  CAD 572 TRRL CAD CAD 572 572 TRRL CAD 572 
- - 

T.._ No. 003 012 01 6 010 011 013 014 017 009 015 

8 .  Padded S ide  S t r u c t u r e  Tests 

Low Vel o c i  t y  Medi urn Vel o c i  t y  H i g h  V e l o c i t y  

S u b j e c t  CAD 572 TRRL CAD 572 TRRL CAD 572 TRRL 

Tes t  No. 029 028 045 049 043 030 042 044 046 

A- P 14 5  5  25 4 11 44 14 13 
S-  I 24 8 5 37 12 7 5  1  24 26 
L-R 56 28 37 19 102 4 0  175 145 88 



TABLE 2.4 

Pel v i s  Peak Accel e r a t i o n s  ( G )  

A. R i g i d  Wall  Impact  Tests 

Low V e l o c i t y  Medi um Vel o c i  t y  H igh  V e l o c i t y  

Sub jec t  CAD 572 TRRL CAD CAD 572 572 TRRL CAD 572 

T e s t N o .  003 012 016 010 011 013 014 01 7  009 015 

B.  Padded S ide  S t r u c t u r e  Tests  

Low V e l o c i t y  Medium V e l o c i t y  High V e l o c i t y  

Sub jec t  CAD 572 TRRL CAD 572 TRRL CAD 572 TRRL 

Test  No. 029 028 045 039 043 040 042 044 046 



T A B L E  2.5 

Cadaver Injury Summary - Rigid Wall Impact Tests 

Test 
No. In jur ies  

AIS 
Rating 

003 Thorax Left s ide  - minor r i b  f r ac tu re  d i rec t ly  2 
25 k p h  under fourth r i b  accelerometer mount 

01 0 Head Superficial bruising of brain a t  the base 4/5 
33 k p h  of the frontal  lobe 

Thorax Left s ide  - f rac ture  of r ibs  1 ,  2, 3 ,  4, 
5 ,  6 ,  7 ,  and 8 in f ront  a n d  3 and 4 in 
rear  4 
Right s ide  - f rac tures  of r ibs  1 ,  2, 3 ,  
4 and 5 in  f ront  

.-.7 1 Head Depressed f rac ture  of the l e f t  s ide of 
k p h  the sku1 1 , f r ee  blood in the cavity 

r igh t  s ide :  subarachnoid hemmorrhage 5 

l e f t  s ide :  frontal  lobe hemorrhage 

Thorax Left s ide  - f rac tures  of r ibs  2 ,  3 ,  4 ,  5, 
6,  7 ,  and 9 
Right s ide - f rac tures  of r ibs  2, 3 ,  4 ,  4 

5 and 6 
Spinal dislocat ion between C4/C5 

Abdomen Liver - small t ea r  on surface 
Spleen - crushed 

009 Head Left s ide - massive depressed skull  frac-  
43 k p h  tures and extensive hemorrhaging in scal p , 6 

muscle, and dura mater 

Neck Cervical spine f rac tures  a t  C 1  and dis-  
location between C2/C3 6 

Thorax Left s ide  - 15 r ib  f rac tures  in f ront  
and 11  r i b  f rac tures  in r ea r  
Right s ide  - 13 r i b  f rac tures  in f ront  
and 2 r i b  fractures in rear  6 

7 cm. t ea r  of l e f t  lung with f ree  blood 
2 cm. t ea r  of pulmonary ar tery  

Abdomen Crushed l e f t  kidney 5 

Pelvis Left s ide  i l i a c  c res t  crushed severely 
with s o f t  t i s sue  damage 5 



The resul t s  of the in ju r i e s  sustained in the padded s t ruc ture  t e s t s  

are given in Table 2 . 6 .  Although the severi ty of the in jur ies  was re- 

duced a t  the high velocity in comparison t o  the r ig id  wall t e s t ,  the 

padded structures did not change the injury level of the thorax a t  the 

medium velocity and  actual ly raised i t  s l igh t ly  in the low velocity t e s t .  

The padded s t ruc ture  did help t o  reduce head in jur ies  in the low and 

medium t e s t  ve loci t ies  even though the head h i t  the wall in the 

medi u m  vel oci ty t e s t .  

Some insight  into the factors  affect ing injury production in the 

padded side structures can be gained by examining the result ing deforma- 

tion patterns in the energy absorbing materials used in the structures.  

The Part 752 dummy consistently produced larger  local ized penetrations o f  the 

thorax padding and in the medium and high velocity t e s t s  most l ike ly  

bottomed the foam ou t ,  tha t  i s ,  completely penetrated i t ,  This was 
due t o  t h e  r ig id i ty  of the arm s t ruc ture  which penetrated the foam a t  
lower load levels than produced by more distr ibuted loadinq on the side 

of the cadaver thorax. The T R R L  dummy with no arms produced thorax padding 

deformation patterns simi 1 a r  t o  those of cadavers. 

An addi tion31 feature was noted in the deformations of the pelvis 

honeycomb padding. The cadaver t e s t s  tended to produce crushing d i s t r i -  

buted along the honeycomb in contrast  to the more localized crushing 

associated with the pelvis and knees of the dummies. This behavior 

may be due to  the more concentrated masses of the dummy pelvis and 

knee structures as opposed t o  the more evenly distr ibuted s o f t  t i ssue  

masses of the cadavers. 

2 .3  Summary and Concl usions 

A ser ies  of comparative side impact t e s t s  using unembalmed human 

cadavers, a Part 572 t e s t  device and the T R R L  s ide impact t e s t  device 
has been presented in br ief .  The resul t s  of the program indicate the 

following: 

1 .  Significant differences in head-neck kinematics ex i s t  in the 

side impact behaviors of the three types of t e s t  subjects; the lack 

of l a t e ra l  compliance of the shoulder s t ruc ture  in dummies contributes 

to  th i s  e f fec t .  



T A B L E  2 . 6  

Cadaver Injury Summary - Padded Side Structure Tests 

Test AIS 
No. In j uri es Rating 

029 
25 kph Thorax Left side - 4 r ib  fractures 3 

039 Thorax Left side - 11  r ib  f rac tures ,  4 
33 kph very s l igh t  surface hemorrhage 

on heart 

042 Head Left side - massive depressed 
43 kph sku1 1 fracture with fractures 

extending t o  the r ight  s ide .  5 
Extensive hemorrhage over the 
r ight  teniporal and pari eta1 
lobes of the brain 

Thorax Left side - 1 2  r ib  fractures 
Mid shaf t  fracture of l e f t  4 
humerus 



2. The peak responses of the thorax accelerometers were similar  in 
the three types of t e s t  subjec ts ,  b u t  the resul t ing  in ju r i e s  in the 

1 imi ted cadaver t e s t  sample did not correl a t e  we1 1 with suggested 

tolerance 1 eve1 s fo r  1 a tera l  accelerat ion.  

3 .  The peak responses of the pelvis  accelerometers were similar  
fo r  the three types of t e s t  subjects .  

4. The differences between dummy and cadavers in l a t e ra l  com- 
pliance of the shoulder and arm s t ruc tures  and in the d is t r ibut ion  of 
masses in the lower body must be considered in the design of energy- 

absorbing side impact s t ruc tures .  



3.0 SLED TEST PROGRAM 

A se r ies  o f  n i ne  s i de  impact t e s t s  us inq a s i n g l e  P a r t  572 dummy 

(A1 derson Research Laborator ies  Model Hybr id  I I S e r i a l  No. 658) 

were conducted w i t h  the  HSRI Impact Sled F a c i l i t y .  The purpose of 

these t e s t s  was t o  a i d  i n  i d e n t i f y i n g  those dummy components which e x e r t  

a  major i n f l uence  on t he  o v e r a l l  dummy response dur ing  s i d e  impact. 

The s l e d  used was a dece le ra t ion  type which operates on t he  rebound p r i n c i p l e .  

Since t he  t e s t s  were t o  s imulate  an unres t ra ined  veh i c l e  occupant i n  

a  s ide  impact, the  t e s t  technique u t i l i z e d  a t e s t  f i x t u r e  cons i s t i ng  

o f  a  r i g i d  bench seat  mounted i n  a  s i de  impact con f i gu ra t i on  on the  

s l ed  w i t h  a  r i g i d  w a l l  s t r u c t u r e  represen t ing  the  s i de  o f  the veh i c l e  

a t  the  l e f t  end o f  the  seat .  The t e s t  sub jec t  was placed a predetermined 

d is tance  from the  impact sur face such t h a t  t he  sub jec t  was f r e e  t o  

t r a n s l a t e  along t he  seat  dur ing  the  s l e d  dece le ra t ion  and impact the 

surface on l y  a f t e r  t he  s l e d  dece le ra t ion  had terminated. Th is  tech- 

nique produced an impact s i t u a t i o n  i n  which the  t e s t  sub jec t  and 

the  impact surface came toge ther  a t  the  des i red  r e l a t i v e  impact 

ve loc i t y ,  wh i l e  a l l ow ing  the  t e s t  sub jec t  dece lerat ions t o  be de te r -  

mined s o l e l y  by t he  i n t e r a c t i o n  between the  sub jec t  and the  impact 

surface, r a t h e r  than t he  s l ed  dece le ra t ion  p r o f i l e .  Three bas ic  impact 

surface/dummy con f i gu ra t i ons  were used. These con f i gu ra t i ons  were: 

Con f iqu ra t ion  1. (F igure  3.1) Purpose: Th is  c o n f i g u r a t i o n  was 

designed t o  produce nominal ly  simultaneous impact t o  the head, chest 

( through the  shoulder and arm) and p e l v i s  ( through the  l e g ) .  The con- 

f i g u r a t i o n  was based on the  r e s u l t s  o f  human cadaver t e s t s  conducted 

under NHTSA Contract  No. DOT-HS-4-00921, where the cadavers impacted 

a f l a t  r i g i d  w a l l  i n  a  head-upr ight  manner due t o  h i gh  compliance o f  

the  shoulder s t r u c t u r e  i n  t he  cadaver. 

Dummy: Seated i n  a normal manner w i t h  arms a t  t he  s i de  and hands t o -  

gether  i n  the  l ap .  

Impact Surface: Stepped r i g i d  sur face cons i s t i ng  o f  end g r a i n  ba lsa 

wood b locks faced w i t h  one h a l f  i n c h  t h i c k  plywood. A mod i f ied  ve rs ion  

o f  t h i s  surface was used f o r  padded head impacts w i t h  two inches o f  

Ensol i t e  v i n y l  foam padding shown i n  F igure 3.2. 







Conf igurat ion 2. (F igure  3.3) Purpose: Th is  c o n f i g u r a t i o n  was designed 

t o  produce a  t o r so  s i d e  impact i n c l u d i n g  the  arm and shoulder bu t  w i t h  

no head con tac t .  The i n t e n t i o n  was t o  s imulate  a  s i de  impact where the re  

i s  no s i d e  window (due many t imes t o  s h a t t e r i n g  o f  the  window dur ing  

the  i n i t i a l  e x t e r i o r  s i de  impact i n  a  v e h i c l e ) .  

Dummy: Seated i n  a  normal manner w i t h  the  arms a.t the s i de  and the  

hands toge ther  i n  the  l ap .  

Impact Surface : Stepped r i g i d  surfaces w i t hou t  t he  head impact sur face 

o f  Con f igu ra t ion  1. -- t o  a l l ow  simultaneous arm and p e l v i s  con tac t .  

Con f i gu ra t i on  3. (F igure  3.4) Purpose: Th is  c o n f i g u r a t i o n  was de- 

s igned t o  produce a  t o r s o  s i d e  impact w i t hou t  load ing  the  a m  and 

shoulder o f  the  dummy -- i n  o rder  t o  o b t a i n  d i r e c t  l oad ing  o f  the  

dummy chest  s t r u c t u r e .  

Dumny: Seated i n  a normal manner b u t  w i t h  t he  l e f t  arm r a i s e d  up and 

f o l ded  across the  upper thorax.  

Impact Surface: Stepped r i g i d  su r face  t o  a l l ow  simultaneous chest  and 

p e l v i s  con tac t .  

Ins t rumenta t ion  f o r  the  s l e d  t e s t  se r i es  cons is ted  o f  head, 

chest,  and p e l v i s  t r i a x i a l  accelerometer u n i t s  ( t r i a x i a l  sets  o f  un i  - 
a x i a l  Endevco 2264-2000 accelerometers),  s l e d  acce le ra t i on  and v e l o c i t y  

and h i gh  speed movie coverage a t  1000 p ic tures/second - s i d e  and over- 

head views. Transducer data was recorded u n f i  1  t e red  on magnetic tape 

a t  30 i p s .  For d i s p l a y  purposes, t he  data was p layed back a t  1  718 i p s  

and f i l t e r e d  a t  the  f o l l o w i n g  SAE Channel Class f i l t e r  l e v e l s :  

a. Head acce le ra t i on  -- Class 1000 

b. Chest acce le ra t i on  -- Class 180 

c. P e l v i s  acce le ra t i on  -- Class 180 

d. Sled acce le ra t i on  -- Class 60 

The f i l t e r e d  analog data f o r  a l l  o f  t he  s l e d  t e s t s  i s  d isp layed  i n  Ap- 

pendix A of t h i s  r e p o r t .  
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3.1  I n i t i a l  S l e - d A s L S e r i e s  

An i n i t i a l  t e s t  s e r i e s  o f  t h r e e  t e s t s  were conduc ted ,  one each 

o f  t h e  above b a s i c  c o n f i g u r a t i o n s .  A s l e d  v e l o c i t y  was chosen t o  p r o -  

duce a p p r o x i m a t e l y  a 1 5  mph r e l a t i v e  v e l o c i t y  between t h e  dummy and 

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

used  w i t h  cadavers  i n  t h e  t e s t  p rogram o f  DOT-HS-4-00921. The dummy 

was c l o t h e d  i n  c o t t o n  t h e r m a l  underwear  i n  a  manner s i m i l a r  t o  t h e  cadave r  

t e s t s .  T h i s  a l l o w e d  t h e  dummy t o  s l i d e  f r e e l y  a l o n g  t h e  r i q i d  s e a t  

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

The r e s u l t s  o f  t h e  t h r e e  i n i t i a l  t e s t s  (765001, 765002, and 765003) 

a r e  p r e s e n t e d  i n  T a b l e  3.1 i n  te rms  o f  t h e  peak a c c e l e r a t i o n s  r e c o r d e d  

i n  each o f  t h e  ana tom ica l  c o o r d i n a t e  d i r e c t i o n s  A-P ( a n t e r i  o r - p o s t e r i  o r ) ,  

S - I  ( s u p e r i o r - i  n f e r i o r )  and L-R ( l e f t - r i g h t )  f o r  each body r e g i o n .  I n  

many o f  t h e  r e g i o n s ,  t h e  peak L-R a c c e l e r a t i o n s  were h i g h e r  t h a n  o b t a i n e d  

i n  comparable cadaver-dummy t e s t s ,  and i t was j u d g e d  t h a t  a  l o w e r  t e s t  

v e l o c i t y  wou ld  be more a p p r o p r i a t e  t o  a v o i d  o v e r d r i v i n g  t h e  system. Thus, 

a  second s e r i e s  o f  t e s t s  were pe r f o rmed .  

3 . 2  Second S l e f i s t  S e r i e s  

The second s l e d  t e s t  s e r i e s  were p e r f o r m e d  w i t h  a  r e l a t i v e  

v e l o c i t y  between s u b j e c t  and i m p a c t  s u r f a c e  o f  8-10 mph. The same 

t e s t  c o n f i g u r a t i o n s  were used as i n  t h e  p r e v i o u s  t e s t s ,  w i t h  t h e  ad- 

d i t i o n  o f  t h e  padded head i m p a c t  s u r f a c e  ( t e s t  numbers 765007 and 

765008) .  The t e s t  r e s u l t s  i n  te rms  o f  t h e  peak a c c e l e r a t i o n s  r e c o r d e d  

i n  each o f  t h e  a n a t o m i c a l  c o o r d i n a t e  d i r e c t i o n s  f o r  each body r e g i o n  

a r e  1  i s t e d  i n  T a b l e  3.2.  These r e s u l t s  were j u d g e d  t o  be more s a t i s f a c - .  

t o r y  i n  te rms  o f  t h e  a c c e l e r a t i o n  l e v e l s  p roduced  i n  t h e  c h e s t  and 

p e l v i s  b u t  t h e  head a c c e l e r a t i o n  l e v e l  o f  439 G i n  t h e  r i g i d  i m p a c t  

was s t i l l  t o o  seve re .  The padded i m p a c t  t e s t s  p roduced  much l o w e r  

head a c c e l e r a t i o n s  (53-65  G)  . 

The head/neck response  o f  t h e  t e s t  number 765009 was a n a l y z e d  

p h o t o m e t r i c a l l y  t o  o b t a i n  t h e  a n g u l a r  response  o f  t h e  head r e l a t i v e  

t o  t h e  t o r s o .  T h i s  i s  shown i n  F i g u r e  3.5 as a f u n c t i o n  o f  t i m e .  The 

a n a l o g  t r a c e s  o f  t h e  body r e g i o n  a c c e l e r a t i o n s  j u d g e d  mos t  r e p r e s e n t a -  

t i v e  o f  t h e  t e s t  s e r i e s  a r e  shown f o r  t h e  L-R d i r e c t i o n  i n  F i g u r e s  

3 .6  ( head ) ,  3 .7  ( c h e s t )  3 .8  ( s h o u l d e r )  and 3.9 ( p e l v i s ) .  



Tab le  3.1 Body Region Peak A c c e l e r a t i o n s  -- I n i t i a l  T e s t  S e r i e s  

Body Region Peak A c c e l e r a t i o n s ,  G 

Tes t  T e s t  Con- Head Chest P e l v i s  
Number f i g u r a t i o n  AP S I  LR AP S I  LR AP S I  LR 

Tab le  3.2 Body Region Peak A c c e l e r a t i o n s  - -  Second Tes t  S e r i e s  

Body Region Peak A c c e l e r a t i o n s ,  G 

Tes t  T e s t  Con- Head Chest P e l v i s  
Number f i g u r a t i o n  AP S I  LR AP S I  LR AP S I  LR 

765007 1 (padded) 6  12 53 3  19 71 2  7  41 

765008 1  (padded) 4 8 65 5 7  56 4 6  32 



TIME, msec. 

Figure 3.5 Dummy Eleck Lateral Flexion Angle-Time History, Sled Test 765009 
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The response data produced in the second ser ies  of sled t e s t s  was 

found t o  be the most comparable in general t o  the Calspan side impact 

dummy crash t e s t  data (Section 1 .1 .3)  and the low velocity cadaver 

t e s t  data (Section 2 . 0 ) .  The r igid impacts t o  the thorax and  pelvis 

in the second t e s t  ser ies  produced responses that  were similar  in level 

t o  real i s t i c  crash simulations using deformable side structures.  The 

padded head impacts a1 so produced appropriate response levels .  

Thus, the response data and the impact velocit ies produced in the 

second ser ies  of sled t es t s  was used as a guide in the development 

of cal ibrat ion procedures. 



4.0 DEVELOPMENT OF TESTS, TESTING PROCEDURES A N D  CALIBRATION CRITERIA 
FOR TEST DUMMY SIDE IMPACT 

Analysis of the r e su l t s  of the sled t e s t ing  program in combination 

with the r e su l t s  of other biomechanical research programs (Sections 1 . 1  

and 2.0)  and accident invest igat ion data (Section 1 . 2 )  indicated 

tha t  the body regions of grea tes t  importance in the s ide  impact 

s i tua t ion  in terms of combination of injury po ten t i a l ,  frequency of 

in jury ,  and control of response are :  

1 .  Head 

2 .  Neck 

3. Thorax (a l so  including shoulder and arm loading) 

4. Pelvis (including hip'and thigh) 

Other regions such as the abdomen and lumbar spine were studied 

b u t  were considered t o  be of 1 esser  importance, e i t h e r  due t o  lack 

of involvement in accidents (lumbar spine) o r  lack of e f f e c t  o n  s ide  

impact response (abdomen). In both these regions there i s  : :otal 

lack of any biomechanical response d a t a .  

4.1 Development of Test Equipment 

The c r i t e r i a  used to  s e l e c t  the t e s t  configurations and equipment 

fo r  performing cal i  bration t e s t s  were: 

1 .  Simp1 i c i  ty of design and instrumentation. 

2 .  Degree of control of t ra jec tory  and repeatabi l i ty  of t e s t  

condi t i  ons . 
3. Effectiveness and relevance of the t e s t s  in producing r e a l i s t i c  

responses. 

After review of the ca l ibra t ion  tes t ing  procedures now in use 

fo r  frontal  impacts, i t  was concluded t h a t ,  whenever possible,  i t  would 

be useful to  apply exis t ing  equipment and t e s t  techniques to  s ide impact 

t e s t ing .  The goal of s implici ty of design and nl inirni~aLion diverse 

t e s t  equipment fo r  conducting the t e s t s  led to consideration of the 

t e s t  probe device used in frontal  ca l ibra t ion  impact t e s t s  for  the 

chest and knees of dummies. The probe consists  of a 51.5 I b .  

cyl indrical  impact mass which has a 6 inch diameter impact face 



and i s  gu ided  d u r i n g  impac t  t o  produce a  l i n e a r  mo t ion  w i t h  no s i g n i f i c a n t  

l a t e r a l ,  v e r t i c a l  o r  r o t a t i o n a l  movement. The a c c e l e r a t i o n  o f  t h e  probe 

a l o n g  i t s  a x i s  i s  t ransduced by  an a x i a l l y  p o s i t i o n e d  acce lerometer .  

T y p i c a l l y ,  t h i s  p robe i s  suspended by  4  o r  8 cab les  and i s  p u l l e d  

back, up and away f rom t h e  t e s t  s u b j e c t ,  and a l l o w e d  t o  swing f r e e l y  

i n t o  t h e  s u b j e c t  a t  t h e  d e s i r e d  t e s t  v e l o c i t y .  HSRI dec ided  t o  de- 

coup le  t h e  impac to r  p robe and t h e  v e l o c i t y  p roduc ing  process  i n  o r d e r  

t o  o b t a i n  more v e r s a t i l i t y  o f  use and c o n t r o l  o f  t h e  t r a j e c t o r y  o f  t h e  

probe.  T h i s  was ach ieved by  s u p p o r t i n g  t h e  impac t  probe,  i n  t h e  fo rm 

o f  a  s t e e l  c y l i n d e r  2.5 i nches  i n  d iame te r  w i t h  a  6 i n c h  d iame te r  t e s t  

f ace  on one end, i n  a  l i n e a r  b a l l  b e a r i n g  f i x t u r e .  The hous ing  f o r  

t h e  b e a r i n g  a l s o  served as a  s t r o k e  l i m i t i n g  dev i ce  f o r  t h e  probe.  

The energy source  f o r  d r i v i n g  t h e  probe a t  any d e s i r e d  v e l o c i t y  was a  

m o d i f i e d  v e r s i o n  o f  t h e  neck t e s t  pendulum used i n  f r o n t a l  dummy c a l i -  

b r a t i o n  t e s t i n g .  The pendulum as i n s t a l l e d  a t  HSRI was somewhat l o n g e r  

t han  a  s tanda rd  pendulum (105.6 inches versus 65.25 i n c h e s )  and more 

massive. The a d d i t i o n  o f  w e i g h t  t o  t h e  s tanda rd  pendulum can produce 

t h e  same pendulum response as t h e  m o d i f i e d  pendulum a t  HSRI, however. 

A  schemat ic  d rawing o f  t h e  o v e r a l l  t e s t  system arrangement i s  shown i n  

F i g u r e  4.1.  

The probe s t r o k e  i s  l i m i t e d  by t h e  b e a r i n g  s u p p o r t  s t r u c t u r e  th rough 

t h e  use o f  a  b u t y l  r ubbe r  compression r i n p  t o  a t t e n u a t e  t h e  snubbing 

f o r c e .  S t rokes  up t o  15 i nches  can be o b t a i n e d  w i t h  t h e  p r e s e n t  

des ign .  An o v e r a l l  v iew o f  t h e  dev i ce  i s  shown i n  F i g u r e  4.2 Note a l s o  

t h e  use o f  a  conven t i ona l  au tomob i l e  t u b u l a r  h y d r a u l i c  shock absorber  

as a  snubber f o r  any excess pendulum k i n e t i c  energy f o l l o w i n g  t h e  t r a n s -  

f e r  o f  t h e  pendulum energy t o  t h e  probe.  

A magnet ic  p i c k - u p  i s  i n c o r p o r a t e d  i n t o  t h e  b e a r i n g  hous ing  

des ign  t o  a1 low probe v e l o c i t y  measurement. A  s e r r a t e d  me ta l  s t r i p  

wh ich  i s  p a r t  o f  t h e  probe s h a f t  passes under t h e  p i ck -up  and produces 

a  sawtooth v o l t a g e  o u t p u t  which can be recorded as a  f u n c t i o n  o f  

t ime .  The v e l o c i t y  o f  t h e  probe can be c a l c u l a t e d  f rom t h e  f requency 

o f  t h e  sawtooth waveform and t h e  .known spac ing  o f  t h e  s e r r a t i o n s .  
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Figure 4.1 Schematic Layout o f  the HSRI Pendulum Impactor System 
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The impact probe and i t s  bearing support s t ruc tu re  were mounted 

r ig id ly  t o  a  beam s t ruc tu re  which was, in tu rn ,  fastened t o  the labora- 

tory f loor .  A simple f l a t  horizontal sea t  surface,  adjustable fo r  height ,  

was a lso  mounted on the beam near the impact surface side of the probe. 

This sea t  was provided with an adjustment height range su f f i c i en t  to  

allow the probe axis  t o  coincide with any point between the dummy 

pelvis  and the head c .g .  axis .  

In order to  use the neck t e s t  pendulum as a  means of tes t ing  dummy 

necks, ra ther  than as an energy source f o r  the impact probe, i t  i s  only 

necessary t o  block the impact probe in to  a su i table  pos i t ion ,  add an 

adapter p la te  t o  the end of the probe and place an aluminum honeycomb 

crush material on the adapter p la t e .  The system then functions as 

the decelerator  fo r  the neck pendul um as shown in Figure 4 . 7 .  

4 . 2  Development of Test Procedures 

The regions of the dummy tha t  were chosen to  be impacted with the 

prcbe device were: 

1 .  Side of the head through the head center of gravity.  

2 .  Shoulder-arm s t ruc ture  a t  the same height from the sea t  

surface as the Part 572 frontal  chest impact height (17.7 inches) .  

3. Side of the thorax (with the arm raised out of the way) a t  the 

level of 17.7 inches from the sea t  surface. 

4. Side of the hip (thigh-pelvis s t ruc tu re )  through the H-point 

of the thi  gh-pel vis  s t ruc tu re .  

In addit ion,  a  l a t e r a l  neck response t e s t  was chosen which was 

s imi lar  to  the Part  572 f ronta l  t e s t  b u t  with the headlneck system 

oriented f o r  1 atera l  impact. 

The development of the t e s t  procedures centered around determining 

appropriate speeds for  the various t e s t s  which would produce the 

desired accelerat ion and time duration response levels  with respect 

t o  the s led  t e s t  and car  crash side impact data.  I t  was f e l t  t h a t ,  

whenever possible,  the ca l ibra t ion  t e s t ing  procedures should be conducted ~i t h  

the i n t a c t  dummy to  minimize the e f f o r t s  of tear ina  down and assembly f o r  

each ca l ibra t ion .  



4.2.1 Head Tes t  Procedures.  I n i t i a l l y ,  c o n s i d e r a t i o n  was g i v e n  

t o  deve lop ing  a  padded head impact  t e s t  w i t h  a  probe v e l o c i t y  i n  t h e  

14 f p s  range and some p r e l i m i n a r y  exper iments  o f  t h i s  t ype  were con- 

ducted.  A l though t h e  t e s t s  were success fu l  u s i n g  one i n c h  o f  E n s o l i t e  

padding, t h e r e  was a  concern o v e r  t h e  p o s s i b l e  i n f l u e n c e  on t h e  

t e s t  r e p e a t a b i l i t y  t h a t  padd ing p r o p e r t y  v a r i a t i o n s  m i g h t  e x e r t .  As a  r e s u l t  

i t  was concluded t h a t  a  r i g i d  impact  s u r f a c e  would e l i m i n a t e  t h i s  

problem, b u t  t h a t  i t  would r e q u i r e  a  l ower  probe v e l o c i t y  i n  order t o  

produce reasonab le  l e v e l s  o f  head a c c e l e r a t i o n .  Thus, a  7 f p s  t e s t  

v e l o c i t y  was chosen f o r  f u r t h e r  i n v e s t i g a t i o n .  T h i s  t e s t  c o n d i t i o n  

produced a  L-R peak a c c e l e r a t i o n  on t h e  o r d e r  o f  240 G f o r  a  p u l s e  

d u r a t i o n  o f  about  2  msec. The response i s  s i m i l a r  t o  t h e  P a r t  572 

f r o n t a l  head impact  response and i f  t h e  t e s t  were a p p l i e d  t o  more b i o -  

mechanical  l y  r e a l  i s t i c  head des igns  i t  shou ld  produce an accep tab le  

t e s t  c o n d i t i o n  f o r  such heads as evidenced i n  t h e  H S R I  dummy develop-  

ment e f f o r t  ( 22 ) .  The t e s t  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  4.3. 

The dummy i s  seated i n  a  s t a b l e  u p r i g h t  p o s i t i o n  and t h e  s e a t  h e i g h t  

i s  a d j u s t e d  t o  a l l o w  t h e  probe c e n t e r l i n e  t o  pass th rough  t h e  c e n t e r  

o f  g r a v i t y  o f  t h e  dummy head. The t e s t  p rocedure  i s  t o  be conducted 

on b o t h  t h e  l e f t  and t h e  r i g h t  s i d e  o f  t h e  dummy head. The d u r a t i o n  

o f  t h e  r i g i d  impact  i s  so b r i e f ,  t h a t  t h  f a c t  t h a t  t h e  head i s  a t t a c h e d  

t o  t h e  r e s t  o f  t h e  dummy i s  o f  l i t t l e  o r  no consequence i n  d e t e r m i n i n g  t h e  

head response t o  such an impact  a t  t h e  7  f p s  v e l o c i t y  l e v e l .  

4.2.2 Shou lder  T e s t  Procedures. The purpose f o r  deve lop ing  a  

shou lde r  t e s t  procedure i s  two fo ld .  F i r s t ,  t h e  shou lde r  and arm s t r u c -  

t u r e  i n f l u e n c e s  t h e  l o a d i n g  o f  t h e  t h o r a x  i n  a  major  manner i n  l a t e r a l  . 

impact  and t h e r e f o r e  i t s  response shou ld  be c a l i b r a t e d .  Secondly, 

i f  a p p r o p r i a t e  b iomechan ica l  da ta  were ava i  1  a b l e  f o r  shou lde r  and 

arm s t r u c t u r a l  response, i t s  s p e c i f i c a t i o n  and c a l i b r a t i o n  would be an 

i m p o r t a n t  improvement i n  t e s t  dummy development. I n  v iew o f  t h e  complete 

l a c k  o f  any d e f i n i t i v e  d a t a  on shou lde r  s t r u c t u r a l  response, o n l y  

t h e  f i r s t  purpose can p r e s e n t l y  be served by a  c a l i b r a t i o n  t e s t .  W i th  

t h i s  i n  mind i t  was dec ided t o  p o s i t i o n  t h e  dummy and s e a t  such t h a t  

t h e  probe a x i s  was a t  a  l e v e l  o f  17.7 inches above t h e  s e a t i n g  su r face  

and cen te red  on t h e  upper arm f o r e  and a f t  when the  upper arm i s  

s t r a i g h t  down and t h e  l o w ~ r  -rr- hr -i 7 n + ? l  ar sl- wr i r  F i g u r e  44. 

A1 though c o t t o n  underw remcved 







fo r  tes t ing  purposes in subsequent work. 

An impact veloci ty of 14 fps was used in tes t ing  and with the 

r ig id  impactor i t  produced peak resul tant  accelerat ions of 40-50 G 

with a duration on the order of 1 2  msec. These values are quite  com- 

parable t o  those produced in the sled t e s t s  a t  s imilar  impact ve loc i t i e s .  

4.2.3 Thorax Test Procedures. The thorax t e s t  procedure tha t  

was developed was essent ia l ly  the same as tha t  used with the shoulder 

t e s t  except tha t  the dummy arm i s  rotated u p  out of the way of the 

probe impact surface t o  allow a d i rec t  impact t o  the  thoracic s t ruc tu re .  

The t e s t  configuration i s  shown in Figure 4. 5. Although there a re  

some load deflect ion response data available on l a t e ra l  thoracic re- 

sponse (20) there i s  no adequate way t o  measure l a t e ra l  r i b  cage 

deflect ion a t  t h i s  time. Thus, a  load-time response or  an accelera- 

tion-time response would appear t o  be the most ef fec t ive  method of 

quantifying thoracic 1 a tera l  response for  cal i  bra t i  on purposes. 

Again a t e s t  veloci ty of 14 fps was chosen and t h i s  produced -.peak 

resul tant  acceleration in the thorax of 25-30 G with a durai n on the 

order of 17 msec -- similar  in waveform t o  the sled t e s t  r e su l t s  a t  

the same velocity. The peak load obtained from the probe accelerometer 

and the probe mass was typica l ly  on the order of 1290 lbs .  

4.2.4 Pelvis Test Procedures. The pelvis t e s t  procedure involved 

positioning the dummy such tha t  the H-point was on the probe centerl ine 

(3.9 inches above the sea t  surface) .  This configuration i s  shown 

in Figure 4.6. The pelvis in the human  i s  e s sen t i a l ly  a  r ig id  s t ruc-  

tu re  as i t  i s  in the dummy. Thus, the s o f t  t i s sue  o r  the dummy synthet ic  

covering i s  the main determining fac tor  f o r  forces generated in a  r ig id  

impact t o  the side of the pelvis .  Acceleration of the pelvis was 

chosen as the response measure and a t e s t  velocity of 14 fps was 

used. The development t e s t s  showed the peak resul tant  acceleration 

t o  be 50-60 G with a duration on the order of 1 4  nlsec - -  s i r ' l a r  to  

the waveform generated in the sled t e s t s  a t  the same veloci ty.  

4.2.5 Neck Test Procedures. The neck t e s t  procedure represents 

a  modification o f  the exist ing Part 572 t e s t  procedure for  frontal  

neck response. The modficiations involve mounting the headlneck 

system a t  90 degrees to the impact d i rec t ion ,  us ;b~-  I < '  ' 

o f  13 fps and increasing the weight of +9e 1 1  ;,,I .u , j e . ~  l L  



F i g u r e  4 .5  Tho rax  I m p a c t  C a l i  b r a t i o n  T e s t  C o n f i g u r a t i o n  
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(as opposed t o  65.2 Ibs)  with the moment of ine r t i a  about the pivot 
2 2 axis measuring t o  185 1b.f t .sec (as opposed t o  24.5 1b.f t .sec ) .  

In order for  the standard neck t e s t  pendulum t o  produce an equivalent 

energy level a t  13 fps,  i t  would be necessary t o  add approximately 

55.6 lbs inside the pendulum arm a t  the impact end. The same decelera- 

tion material (Hexcell 1.8 1 b/cu.ft a1 uminum honeycomb) was used. 

The 13 fps velocity was found t o  give good agreement with the neck re- 

sponse measured in the sled t e s t  (763009). During the t e s t ,  no great 

tendency fo r  the head t o  rotate a b o u t  i t s  S-I  axis was noted. The 

headlneck angle and  the head chordal displacement were determined from 

photometric analysis of high speed movies taken a t  1000 frames/second. 

Figure 4 .7  shows the general neck configuration. 



F i g u r e  4 .7  L a t e r a l  Neck C a l i  b r a t i o n  T e s t  C o n f i g u r a t i o n  
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4.3 Evaluation of the Calibration Procedures for  Side Impact Testing 

In order to  study the effectiveness of the t e s t  procedures developed 

in the program and discussed in the previous sect ions,  the procedures 

were applied t o  three t e s t  dummies specified by NHTSA regulation, One of the 

dummies was the same dummy tha t  was used in the sled and developmental t e s t s ,  while 

the other two were obtained expressly for  the evaluation t e s t s .  The 

pert inent  dummy information i s  as follows: 

Dummy 
Designation Manufacturer Model Number Serial  Number 

Dummy No. 1 Alderson Research Labs Hybrid I1 658 

Dummy No. 2 A 1  derson Research Labs ATD30016 61 3 

Dummy l o .  3 Humanoid Systems 572 155 

A ser ies  of three t e s t s  on each side of each dummy were performed. 

Multiple t e s t s  were also conducted on the necks of each dummy in both 

l e f t  a n d  r igh t  direct ions.  The data t races from a l l  of these t e s t s  are 

included in Appendix B of t h i s  report .  

4.3.1 Head Impact Tests.  A summary of the peak acceleration 

values for  the 18 head impact t e s t s  conducted a t  7 fps with a r ig id  

impactor a re  given in Table 4.1. The data tends to be f a i r l y  consistent  

with the exception of the r ight  s ide of Dummy #3. Examination of t h i s  

dummy head and of the others revealed tha t  a major fac tor  in controlling 

the response level in t h i s  t e s t  i s  the thickness of the vinyl skin 

material a t  the impact s i t e .  This fac tor  i s  discussed in general l a t e r  

in the report in Section 4.3.5. With t h i s  one exception, the t e s t  resul t s  

were similar  in magnitude and range t o  those produced in acceptable 

Part 572 frontal  tests .  

4.3.2 Shoulder Impact Tests.  A summary of the peak acceleration 

values for  the 18 shoulder impact t e s t s  conducted a t  1 4  fps with a 

r ig id  impactor are given in Table 4.2. The average peak response 

values vary great ly from dummy t o  dummy. The worst case i s  the r ight  

s ide of Dummy # I .  The high peak values are apparently due to load 

trans miss;^^ tl- -ol i h  t b q  ~"?v'-Ies- 5'-ucture t o  the thorax accelerometer 
mou!itj q !- , sharp spi kel i ke acceleration 



TABLE 4.1 Peak A c c e l e r a t i o n  Response i n  G 7 f p s  R i g i d  
Head S i d e  Impac ts  

Dummy $1 

T e s t  No. S i d e  LR S I  AP RES PROBE 

765025 L 234 15 1 3  235 

765026 L 246 26 12 248 

765027 L - 251 - 21 - 6 252 

AVERAGE 244 21 10  245 

765113 R 228 12 14  229 10  

765 1 1 4 R 239 30 1 3  241 10 

7651 1 5  R 255 . - 26 - 9 256 - 10  
AVERAGE 240 23 12  242 10 

Dummy #2 

09 6 L 209 5 8 209 10 

098 L 21 9 5 1 3  219 10  

100 L 235 - 7 235 - 5 - - 10 - 
AVERAGE 2 2 1 5 9 221 10 

09 7 R 261 6 1 3  261 10 

099 R 257 5 7 257 10 

101 R - 264 7 4 264 - - 10 - 
AVERAGE 261 6 8 261 10  

Dummy 83 

057 L 286 16 7 269 10 

059 L 269 29 12 270 10 

061 L - 238 11 21 239 - 10 - 
AVERAGE 258 19  13  259 10 

AVERAGE 350 24 14 351 9 



TABLE 4.2.  Peak A c c e l e r a t i o n  Response i n  G, 14 fps, R i g i d  
Shou lde r  S i d e  Impacts  

- Dummy f 1  

T e s t  No. S ide  LR S I  AP RES Probe 

76501 7 L 4 7 8 10  4 9 

76501 8 L 4 2 9 8 4 4 

76501 9 L - 4 3 9 10  - - - 45 

AVERAGE 4 4 9 9 46 

7651 19 R 83 18 15 86 4 0 

7651 20 R 102 19 14  105 43 

7651 21 R -. 77 . 15 10  - - - 40 79 - 
AVERAGE 87 1 7  13 90 4 1 

Dummy #2 
765039 L 38 10 15 42 29 

765041 L 5 3 9 11 5 5 38 

765043 L - 4 1 9 21 - - 47 - 29 - 
AVERAGE 4 4 9 16  48 3 2 

765038 R 3 0 4 19 36 2 9 

765040 R 3 3 7 22 40 49 

765042 R - 4 0 - 5 18 - 44 - 4 1 - 
AVERAGE 34 5 20 4 0 39 

-- - -- 

Dummy f 3  

765076 L 30 5 12 3 3 2 5 

765078 L 39 2 9 4 0 29 

765080 L - 3 5 5 10  - - 3 7 2 6 - 
AVERAGE 35 4 1 0  3 7 2 7 

765077 R 34 3 9 3 5 2 4 

765079 R 3 7 4 - _ 38. 29 

765081 R -- 36 - 4 - 7 37 - 26 - 
AVERAGE 3 6 4 8 3 7 26 



t r a c e  i n  t h o s e  t e s t s  when compared t o  t h e  o t h e r  t e s t  waveforms (See 

Appendix 0 ) .  An a d d i t i o n a l  f a c t o r  t h a t  i s  r e s p o n s i b l e  f o r  some o f  

t h e  v a r i a t i o n  i n  t h e  responses  o f  t h e  o t h e r  dummies i s  t h e  v i n y l  

f l e s h  t h i c k n e s s  v a r i a t i o n .  (See S e c t i o n  4 . 3 . 5 ) .  

4.3.3 Thorax  Impac t  T e s t s .  The r e s u l t s  o f  t h e  18 l a t e r a l  r i g i d  

impac ts  a t  14 f p s  d i r e c t l y  o n t o  t h e  t h o r a x  a r e  g i v e n  i n  Tab le  4 .3 .  As 

i n  t h e  o t h e r  t e s t s  t h e  p rocedu re  seems t o  be r e p e a t a b l e  b u t  v a r i a n c e s  

i n  t h e  dummy c o n s t r u c t i o n  i n f l u e n c e  t h e  response.  I n  t h i s  case t h e  

ma in  i n f l u e n c e  was s k i n - f l e s h  t h i c k n e s s ,  a1 though o t h e r  c o n s t r u c t i o n  v a r i -  

a b l e s  may a l s o  have c o n t r i b u t e d  t o  t h e  d i f f e r e n c e  between t h e  r i g h t  and 

l e f t  s i d e  responses o f  Dummy #1 (See S e c t i o n  4 .3 .5 ) .  

4 .3.4 P e l v i s  Impac t  T e s t s .  The t e s t  r e s u l t s  o f  t h e  18 l a t e r a l  

r i g i d  impac ts  t o  t h e  p e l v i s  a t  14 f p s  a r e  g i v e n  i n  T a b l e  4 .4 .  A 

c o n s i s t e n t  b i a s  due t o  a t h i c k n e s s  d i f f e r e n c e  i n  a l l  t h r e e  d u ~ m i e s  

p roduced h i g h e r  l e f t  s i d e  r e a d i n g s  t h a n  t h e  r i g h t  s i d e .  

4.3.5 I n f l u e n c e  o f  Dummy F l e s h  Th i ckness  on Impac t  Response. 

As shown b y  t h e  d a t a  p roduced d u r i n g  t h e  e v a l  u a t i  on t e s t s  , t h e  v i n y l  

s k i n - f l e s h  t h i c k n e s s  on t h e  dummy appears t o  e x e r t  a  s t r o n g  i n f l u e n c e  on t h e  

response o f  t h e  dummy t o  impac t .  T h i s  i s  n o t  unexpected,  p a r t i c u l a r l y  

w i t h  t h e  head and p e l v i s  because o f  t h e i r  r i g i d  s t r u c t u r e ,  when a  r i g i d  

i m p a c t o r  s t r i k e s  a  de fo rmab le  s u r f a c e .  The s k i n - f l e s h  t h i c k n e s s  was measured 

on a l l  t h e  t h r e e  dummies a t  t h e  v a r i o u s  i m p a c t  s i t e s  and t a b u l a t e d  

i n  Tab le  4.5.  C o n s i d e r a b l e  v a r i a t i o n s  can be no ted .  Some a r e  r a n -  

dom, b u t  i n  t h e  case o f  t h e  p e l v i s  t h e  t h i c k n e s s e s  a r e  c o n s i s t e n t l y  

d i f f e r e n t .  A p l o t  o f  peak response ve rsus  t h e  r e c i p r o c a l  o f  t h e  

s k i n - f l e s h  t h i c k n e s s  i s  shown i n  F i g u r e  4.8 wh i ch  demonst ra tes  t h e  e f f e c t  

o f  t h i s  f a c t o r  on response.  A l t hough  i t  i s  n o t  t h e  o n l y  f a c t o r  ( n o t e  

t h a t  t h e  response o f  t h e  r i g h t  t h o r a x  o f  Dummy $2 does n o t  c o r r e l a t e  

w i t h  t h i c k n e s s ) ,  s i n c e  v a r i a t i o n  i n  t h e  s k e l e t a l  c o n s t r u c t i o n  o f  t h e  

dummy i s  a l s o  i m p o r t a n t ,  i t  i s  s t i l l  a  f a c t o r  w h i c h  must  be c o n t r o l l e d  

b e f o r e  c a l i b r a t i o n  va lues  o f  dummy s i d e  i m p a c t  response can be deve loped.  



TABLE 4 . 3 .  Peak A c c e l e r a t i o n  Response i n  G, 14  f p s ,  R i g i d  
Thorax S i d e  Impac ts  

Dummy f l  

T e s t  No. S ide  LR S I  AP RES Probe 

765020 L 2 5 2 7 2 6 

765021 L 2 6 2 7 2 6 

765022 L - 2 2 - 4 - 7 - 23 
AVERAGE 2 4 3 7 2 5 

765116 R 30 2 16  34 2 5 

7651 17 R 2 8 3 16 3 2 2 5 

765118 R - 2 7 - 3 1 4  - 3 1 2 5 - - 
AVERAGE 2 8 3 16  3 2 2 5 

Dummy #2 

765032 L 4 4 10  14  47 2 5 

765033 L 50 5 14 52 2 6 

765035 L - 4 - 12 - 5 1 49 - 2 4 - 
AVERAGE 48 6 13 5 0 2 5 

765034 R 4 8 5 12 5 0 24 

765036 R 4 9 6 14  5 1 24 

765037 R - 47 - 5 - 12 - 49 - 2 5 
AVERAGE 48 5 13  5 0 2 4 

Dummy i f3 

765070 L 3 2 3 3 3 2 27 

765072 L 29 3 1 2 9 27 

765074 L - 3 2 - 2 - 3 - 32 2 7 

3 1 3 2 3 1 2 7 

76JC69 R 30 3 8 3 1 2 6 

765071 R 2 8 1 11 3 0 26 

765075 R 2 7 - 2 - 20 - 3 4 - 26 
AVERAGE 28 2 13  3 2 26 



TABLE 4.4. Peak Acceleration Response in G, 14 fps, Rigid 
Pelvis Side Impact 

Dummy !1 

Testpi:,. Side L?, SI AP RES Probe 

76301 4 L 6 2 3 10 6 3 

76301 5 L 59 4 9 6 0 

76301 6 L - 6 9 - 9 8 - 7 0 - 
AVERAGE 6 3 5 9 64 

Dummy $2 

7 65 043 L 6 0 5 9 6 1 44 

763046 L 6 7 6 12 68 4 4 

763048 L - 3 13 75 - - - 4 4 76 - 
AVERAGE 6 7 5 1 1  6 8 44 

763045 R 49 4 6 5 0 4 1 
765047 R 6 5 8 1 1  6 6 4 2 

765049 R 53 7 5 4 - 6 - - 40 - 
AVERAGE 56 6 8 5 7 4 1 

Dummy $3 

763082 L 7 7 5 5 7 7 4 5 

765084 L 8 5 7 6 8 6 4 5 

763087 L 8 7 - - 7 - 8 - 4 4 88 - 

AVERAGE 83 6 6 84 4 5 

763083 R 4 6 4 6 47 3 7 

763085 R 4 6 5 7 47 37 

763086 R -- 5 2 - 6 6 - 5 3 - 38 - 
F\\!ERAGE 4 8 5 6 4 9 3 7 



TABLE 4.5 Dummy F l e s h  Th ickness  Values f o r  t h e  Three T e s t  E v a l u a t i o n  

Dummies 

Dummy Number 

# 1 #2 # 3 
Body Region ( i n c h e s )  ( i n c h e s )  ( i n c h e s )  

-- 

Head L 

R 

Shou lde r  L 

R 

Thorax L 

R 

P e l v i s  L 

R 



I HEAD / I El / 
/ 

/ 

RECIPROCAL O F  F L E S H  THICKNESS; in.-' 

krless E f f e c t s  o n  Dummy Response 
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4.3 .6  Neck Response T e s t  R e s u l t s .  The r e s u l t s  o f  14  pendulum 

neck t e s t s  a r e  summarized i n  Tab le  4.6 i n  terms o f  maximum head lneck  

a n g l e  and maximum head c e n t e r  o f  g r a v i t y  c h o r d a l  d i sp lacemen t  va lues .  

The d a t a  i s  q u i t e  c o n s i s t e n t  and i n d i c a t e s  o n l y  m i n o r  l e f t - r i g h t  

d i f f e r e n c e s  i n  response.  A compos i te  c u r v e  o f  a  s e r i e s  o f  a n g l e  t i m e  

cu rves  f o r  t h e  v a r i o u s  t e s t s  i s  shown i n  F i g u r e  4.9. The mean maximum 

a n g l e  was 42.5 degrees w h i l e  t h e  mean maximum c h o r d a l  d i sp lacemen t  

was 3.81 i n c h e s .  



TABLE 4.6 Dummy Neck T e s t  Peak Va lues  

Dummy nU1 

Max imum Head/ Maximum Head C.G. 
V e l o c i t y  Neck Ang le  Chorda l  D i sp lacemen t  

TEST NO. S I D E  f~ s degrees i n c h e s  

Dummy #3 
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5.0 DISCUSSION O F  PROGRAM RESULTS 

The review of exis t ing  biomechanical 1 i t e ra tu re  (Section 1 . 1  and 

2.0) has indicated tha t  very limited data i s  avai lable on human tolerance 

to  l a t e ra l  impact -- and even l e s s  i s  known about the biomechanical 

response t o  l a t e ra l  loading. There i s  some data on head l a t e ra l  

impact response t o  r ig id  impact a t  ve loci t ies  of 10 - 13 fps ( 2 1  ) and 

on thorax l a t e ra l  impact response a t  ve loci t ies  of 20 - 30 fps ( 2 0 ) .  

The most common type of response data available f o r  the head, thorax 

and pel vis i s  acceleration-time his tor ies  for  r ig id  impact inputs.  

For such an impact, whole-body impact ve loci t ies  on the order of 2 2  fps 

appear to cause l i t t l e  or no skeletal  trauma ( 2 3 )  when dis t r ibuted  

over the e n t i r e  s ide of the body. 

Accident invest igat ion data (Section 1 . 2 )  emphasizes the im- 
portance of the head, thorax, abdomen and pelvis as locations of severe 

in ju r i e s  t o  occupants of vehicles involved in l a t e ra l  col l i s i q n s .  

Whole-body 1 atera l  impact t e s t s  with human cadavers have ind' -3ted the 

importance of head-neck-shoulder kinematics in l a t e ra l  irnpa- and have 

shown present dummy designs to  be def ic ient  in t h i s  respect.  

The t e s t  procedures developed in t h i s  program are  intended t o  

evaluate the performance of c r i t i c a l  regions of the body with respect 

to kinematic control and injury evaluation. Due to  the lack of bio- 

mechanical knowledge in many of these regions the t e s t s  can only be 

considered as preliminary procedures unti l  more and be t t e r  inforniation 

becomes available.  This i s  par t icular ly  t rue fo r  the l a t e ra l  neck 

t e s t  and the shoulder t e s t .  The monolithic rubber necks of present 

dummies would not be expected to  exhibi t  marked differences in flexural 

response for  d i f ferent  direct ions of loading, b u t  the human neck does 

and advanced t e s t  dummy designs may incorporate such d i rec t iona l i ty  

e f f e c t s .  Thus, such a t e s t  was deemed necessary to  cover those pos- 

s i b l e  s i  t u a t i ~ q s .  Similarly,  present dummy shol:lder '>cignr ' o  not 

provide fo r  l a t e ra l  compliance b u t  advanced dummies should, for  i t  i s  
a n  important fac tor  in control l ing l a t e ra l  impact kinematics of the 

body. Therefore a shoulder t e s t  i s  necessary to ca l ib ra te  such a 

response. The present shoulder t e s t  has already shown i t s  usefulness 

in pointing out shoulder transmitted load spikes - -  a phenomena tha t  

occurred in only one side of the three dummies tested in t h i s  progrp- 



F u r t h e r  i n v e s t i g a t i o n  o f  t h e  source o f  t h e  l o a d  p a t h  r e s p o n s i b l e  f o r  

such an e f f e c t  c o u l d  l e a d  t o  i t s  e l i m i n a t i o n  th rough redes ign .  

The c h o i c e  o f  impact  mass, t e s t  v e l o c i t y  and t h e  r e s u l t i n g  response 

l e v e l s  used i n  t h e  t e s t  procedures rep resen ts  a  combinat ion  o f  i n p u t  

f r om c a r  c rash  t e s t s  a t  r e a l i s t i c  c rash  v e l o c i t i e s ,  dummy t e s t s  i n t o  

r i g i d  su r faces ,  and b iomechanical  exper iments on whole-body and l o c a l  

impacts w i t h  human cadavers. A1 though o t h e r  masses and o t h e r  t e s t  

v e l o c i t i e s  c o u l d  have been used, t h e  ones chosen a l s o  r e p r e s e n t  an 

e f f i c i e n t  use o f  t e s t  equipment which a l r e a d y  e x i s t s  i n  many t e s t i n g  

1  a b o r a t o r i e s .  

The t e s t  procedures have proven t o  be s imp le  and r e p e a t a b l e  when 

a p p l i e d  t o  a  P a r t  572 t e s t  dummy. Lack o f  c o n t r o l  on t h e  th i ckness  o f  

t h e  f l e s h  o f  t h e  dummy l e d  t o  l a r g e  v a r i a t i o n s  i n  s i d e - t o - s i d e  and 

dummy-to-dummy response 1  eve1 s  i n  t h e  d i r e c t  impact  t ype  t e s t s .  

Con t ro l  o f  t h i s  p rob lem must be e f f e c t e d  b e f o r e  a  s u i t a b l e  range o f  

accep tab le  response va lues  f o r  a  dummy can be e s t a b l i s h e d .  However, 

f r om t h e  ranges o f  t e s t  responses determined i n  t h e  program f o r  t h e  

most symmetr ica l  dummy (Dummy No. 2)  i t  appears t h a t  t h e  f o l l o w i n g  

response 1  eve l s  c o u l d  be expected f o r  t h e  body reg ions  1  i s t e d :  

Head 220 - 260 G 

Shou lder  40 - 50 G 

Thorax 40 - 50 G 

P e l v i s  50 - 70 G 

I n  t h e  case o f  t h e  l a t e r a l  neck t e s t ,  adequate c o n t r o l  o f  t h e  e x i s t i n g  

neck s t r u c t u r e s  appears t o  be p resen t  and t h e  response o f  t h e  necks 

as determined by t h e  t e s t  p rocedure  can be cons ide red  r e p r e s e n t a t i v e  

o f  t h e  response o f  t h e  P a r t  572 dummy neck under t h e  c a l i b r a t i o n  t e s t  

c o n d i t i o n s  . Th is  d a t a  suggests t h e  f o l  1  owing response c o r r i d o r s  : 

HEAD-NECK ROTATION TIME RANGE CHORDAL DISPLACEMENT 
ANGLE, degrees ms e  c  OF HEAD C. G. , i nches 

0  
2  0  

Maxi mum 
20 
0  



6.0 CONCLUSIONS A N D  RECOMMENDATIONS 

A s e r i e s  of t e s t  procedures have been developed for  determining 

the response of the head, neck, shoulder, thorax and pelvis to  

1 a t e ra l  impact. The t e s t  procedures ref1 e c t  considerations of the 

available biomechanical da ta ,  car  crash t e s t  data,  and accident inves- 

t iga t ion  data as well as a se r i e s  of special dummy la te ra l  impact 

t e s t s  designed t o  fu r the r  ident i fy  those dummy components which 

exer t  a major influence on overall l a t e ra l  impact response. 

The t e s t s  which were developed a re  simple t o  perform using exis t ing  

Part  572 t e s t  apparatus and, with the exception of l a t e r a l  neck t e s t ,  

do not require disassembly of the t e s t  dummy. The t e s t s  a re  repeatable 

and have demonstrated the a b i l i t y  t o  indicate dummy conditions which 

can produce a r t i  factual t e s t  data.  The t e s t  procedures produce 

repeatable r e s u l t s ,  b u t  in  evaluation t e s t s  on three d i f fe ren t  t e s t  dum- 

mies, variat ions in response levels  were noted. The major sources 

of variat ion in the d i r e c t  impact t e s t s  were considered to  be lack of 

control of the simulated f lesh thickness overlying the dummy skeletal  

s t ruc tures  and, in  some body components (shoulder and thorax),  

s t ruc tura l  load p a t h  var ia t ions .  

In view of the limited knowledge of the biomechanics of l a t e ra l  

impact response, the t e s t  procedures must be considered prel imi nary 

procedures which will  be subject  t o  revision or modification as more 

know1 edge in t h i s  area becomes available.  

Specif ic  recolnmendations fo r  future work which can be made 

based on the work performed in t h i s  program are :  

1 .  More research on the biomechanics of l a t e ra l  impact, par t icular ly  

on shoulder-neck-head kinematics, i s  needed to  aid in developing def in i -  

t ive  t e s t  procedures fo r  assessing 1 a tera l  impact protect ion.  

2 .  The load path variat ions which can occur in the present Part 

572 dummy shoulder s t ruc tu re  should be investigated and modifications 

made to  eliminate spurious responses. 

3. Careful control of simulated f lesh  thicknesses and properties 

must be maintained i n  the c r i t i c a l  contact regions of the sides of the 

t e s t  dummies in order t o  mi nimi ze r , * . . > - i i, "I' 
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APPENDIX A SLED TEST DATA 









DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 002 DUMMY NO. 1 SIDE L- BODY REGION #E/J, 0 

.- - - - .- 

IMPACT SLED 
DECELERATION 

- --. - - 

lo  G = 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 1 0 0 0  
- - -- - -- - - - -- - - -- - - - - - - -- - - -- - - 

SUPERIOR- INFER1 OR 
ACCELERATION 

F i  1 tered Cl ass /a 0 0 

LEFT- RIGHT 
ACCELERATION 

Filtered Class )OOQ . - - -  - . - .  



T 
3,115 nsec 



\ 4- TCSS 763002  ~ e \ v i s  Acce e r a  i d n  



DUMMY S I D E  I M P A C T  C A L I B R A T I O N  PROCEDURE PROGRAM 

T E S T  NO. 763 863 DUMMY 1\10. 2 S I D E  BODY REGION H£A D 

I M P A C T  SLED 
DECELERATION ........ . . . . .  

. . . . . . . . . . . . . . .  

........... .~~ 

10 cl = 

F i  1 t e r e d  C l a s s  66 
... . . - ._ _ _  . . . . . . . . . . .  

ANTERIOR-POSTERIOR 
ACCELERATION 

. ..... . _-__-- -. -............ ...-......... -. 

- . . . - - . . .  . .  .. ~ - . -  -. . 

. .-  - -  - --........-....--. -- .-..--.-.. -. - -_- .... _ -. . . . . . . . . .  

. . ... . .- - ...-..-.. _ ............. 
. , I ---,_..-----.- ~ 

/9,2G= . .... 

. . ... ....... . . . . . .  ..... 

F i  1 tered C l a s s  .. . _ 
.......... .-- .--.. ~ 

--- -- 

SUPERIOR- I N F E R I O R  
ACCELERATION 

--- ---- 
. . 

-.... . - . . . .  . 
. . 

- -  - _  _ _  _ 

. .. . .. .. - . .. -- ... -- - ... ---. ..... ..- . - - - -- - - - -- - --- - 

-. - . .  . . _. . . - -  --.-. _. . . .  . .  

-. - . -. . - . . . . . . . . . .  

18, 8 G = 
. - . . . . . . . . .  

.... .,..... . . - . .  -...... . . . . . - . . .  . - . . - . . . . . . . . . . . .  - 

F i  1 tered C l  a s s  / O O o  .... . . . . . . . . . . . . . . . . .  - - . ..... . . . . . . . . .  - 

. _- . 

LEFT-  R I G H T  
ACCELERATION 

. . . . . . . . . . .  

2 Of9 G = 

Filtered Class JOOQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . _ . .  _ . .*- _ _. - 







DUMMY SIDE IMPACT CALI BRAT I OM PROCEDURE PROGRAM 

TEST NO. 765004 DUMMY NO. 1 SIDE L BODY REGION #&A /I 

I MPACT SLE 0 
DECELERATION 

Fi 1 tered Class 60 \-------- / 

ANTERIOR-POSTERIOR . - 

ACCELERATION - - 

- 

I 

Filtered Class /ooo . -. - 

SUPERIOR- INFERIOR 
ACCELERATION 

Fil tered Class /a  o b  7 

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class luob 
. - .- - -- -- - . . - - - - - - - . - - - -< -- 



TEST 765004 Tho rax  A c c e l e r a t i o n  

See F i g u r e  3.7 i n  m a i n  t e x t  



TEST 765004 Pelvis  Acceleration 

See Figure 3 .9  i n  main t e x t  









DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

T E S T N O . 7 6 5 0 0 6  DUMMYNO. - SIDE L-. BODY REGION f3 

IMPACT SL%-0 
DECELERATION 

- - 

10 G = 

Fil tered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 1000 . - . . 

---- -. - . 

SUPERIOR- INFERIOR 
ACCELERATION 

qL4 G =  

Filtered Class /goo - - - 
. - - - .- -- - - .  . 

LEFT- RI GHT 
ACCELERATION 

F i  l tered Class 1000 







DUNMY S I D E  IMPACT C A L I B R A T I O N  PROCEDURE PROGRAM 

TEST NO.  765 007 DUMMY NO. S I D E  ,!- BODY REGION H f A O  

I M P A C T  .SLED 
DECELERATION 

- - - 

Filtered C i a s s  60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered C l a s s  loo0 - - 
- - ----. - - .- - - -- - . - -- - - .-- -- -. - 

SUPERIOR- I N F E R I O R  
ACCELERATION 

18.8 G = 

Filtered C l a s s  lbn0 ---- . - --- -- . - 

LEFT-  R I G H T  
ACCELERATION 

I 

Filtered Class -- 1000 ........ -- .... ..... .... - ... -..... . . . . . .  - -- 



T e s t  76J007 n o r a x  ~cteIera+iov\  





TEST 765008 Head A c c e l e r a t i o n  

See F i g u r e  3 .6  i n  ma in  t e x t  









TEST 765009 Thorax  A c c e l e r a t i o n  

See F i g u r e  3.8 i n  ma in  t e x t  





APPENDIX  B 

C A L I B R A T I O N  TEST DATA TRACES 



D U M M Y  S I D E  11, lPACT C A L I B R A T I O I I  P R O C E D U R E  PROGRAM 

TEST NO.  763 - 014 DUNllY NO. SIDE L BODY R E G I O N  --- ~ 1 5  

I MP A C T  l4AS S 
D E C E L E R A T I O I , I  

F i  1 tered C l a s s  6 0  
v 

A N T E R I O R - P O S T E R I O R  
A C C E L E R A T I O N  

F i  1 tered C l a s s  -- 180 

S U P E R I O R -  I N F E R I O R  
A C C E L E R A T I C N  

F i l t e r e d  C l a s s  I $  o 

LEFT- RIGI l ' r  
ACCELEFIAl* ION 



DUMMY SIDE IllPACT CALIBRATIOEI PROCEDURE PROGRAM 

TEST NO. 7650/( DUt4blY 110. 2 S I D E  L - - BODY flEGION y& VIS 

IMPACT MASS 
DECELERATION 

ANTERIOR-POSTER1 OR 
ACCELERATION 

10.1 G = 

Filtered Class 180 - 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 76JO/6 -- DUMMY NO. i SIDE L ' BODY REGION 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class BQ 

LEFT- RIGHT 
ACCELERATION 

Fi  1 tercd Class 



DUMMY S I D E  I M P A C T  C A L I  BRAT1 OtsI PI:OCCDURE PROGRAEl 

TEST 1.10. 765m DUMMY NO. 1 S I D E  l- BODY R E G I O N  --. ~104LD6R 

a 6 =  Z - - -  - 

F i  1 tered C l a s s  60 

A N T E R I O R - P O S T E R I O R  
A C C E L E R A T I O I 4  

F i l t e r e d  C l a s s  190 

S U P E f ? I C R -  I I I F E R I O R  
A C C E L E I l A T i O P l  

T i  1 t e r e d  Class I 

L E F T -  RIGI iT 
A C C E L E R A T I O N  

T i 1  tel-ed C l a s s  JQc 



DUM?IY S I D E  I r S P A C T  C A L I B R A T I O N  P R O C E D U R E  PROGRFtP1 

T L S T  N O .  76~0/8 DUliMY NO.  S I D E  - L BODY R E G I O N  5 , L D  - . 

Filtered Class  

ANTERIOR-POSTERIOR 
A C C E L E R A T I O I 4  

. - 

F i  1 tered C l a s s  - 

. .. 

. . .  SUPERICR- I ! I F E R I O R  1 

F i  1 tered C l a s s  

LEFT- R I G H T  
ACCELCRATION 

F i  1 tcrec.1 Class 180 



D U M M Y  S I D E  I M P A C T  C A L I B R A T I O N  P R O C E D U R E  PKOGRAM 

T E S T  NO. 76Jm DUHMY N O .  1 S I D E  & BODY R E G I O N  3 LOR. . 

Fil tered C l a s s  60 

- - -  

A N T E R I O R - P O S T E R I O R  
A C C E L E R A T I O N  

F i  1 t e red  C l a s s  &Q 

S U P E R I O R -  I N F E R I G R  
A C C E L E K A T I O f 4  

F i  1 tered C l a s s  

LEFT- R I G H T  
A C C L L E R A T I O I I  

t ' i  1 tared Class 1% 



DUttlMY S I D E  I l l P A C T  C A L I G R A T I O t i  P R O C E D U R E  PROGRAM 

T E S T  NO.  765 020 DUPiMY NO. 1 S I D E  f- BODY R E G I O N  7 / 0 ~ ~  

I M P A C T  IiiASS 
D E C E L E R A T I O N  

- .  

F i l t e r e d  C l a s s  60 
7 

A N T E R I O R - P O S T E R I O R  
A C C E L E R A T I O I 4  

Fi 1 tered C l a s s  -- 180 

S U P E R I O R -  I N F E R I O R  
A C C E L E R A T I O N  

F i l  t e r c d  C l a s s  180- 

LEF'T- RI GiiT 
A C C E L E R A T I O I I  



DUMMY SIDE 1 !!PACT CALIBRATI ON PROCEDURE PROGRAM 

T E S T N O . ~ ~ J ~ /  D U M M Y N 0 . L  SIDE L '  BODY REGION f / ~ , ~ f l %  

IMPACT MASS 
DECELERATION 

F i 7  tered Class 

ANTERIOR-POSTERIOR 
ACCELERATION 

/o,/ G = 

Filtered Clsss 

SUPERIOR-INFERIOR 
ACCELERATION 

2/.2 G = 

Filtered Class 

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

L TEST NO. 7 6 ~ a  DUMMY NO. 1 SIDE BODY REGION ~ X / Q R A X  

IMPACT MASS 
DECELERATION 

ANTERIOR-POSTERIOR 
ACCELERATION 

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

T E S T N O .  ~ ~ J ~ ~ D U I ~ M Y  NO. SIDE L BODY REGION f i f l  r) 

IMPACT MASS 
DECELERATION 

.ig G = 

Fil tered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i  1 tered Cl ass  

SUPERIOR- INFERIOR 
ACCELERATION 

LEFT- RI GET 
ACCELERATION 

I 
1 I 

Filtered Class 1000 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

T E S T N 0 . 7 6 5 E ) u  - DUMMYNO. 1 SIDE L BODY REGION fjEAD 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i  1 tered Cl ass 

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class 

I Gould Inc., Instrument 1 
:HART 

Cleveland. Ohio 
I 

Prit 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 ~ g 7  DUMMY NO. L SIDE L BODY REGION @@ 

IMPACT MASS 
DECELERATION 

Filtered Class 60 2 -___- 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class fooo 

SUPERIOR-INFERIOR 
ACCELERATION 

Y2.5~  = 1 -. 
A l 

Filtered Class l oo0  

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class A M -  



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765028 DUMMY NO. i SIDE L BODY REGION HEAD, , .  PAD 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 60 A A 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i 1  tered Class 10 00 

SUPERIOR- INFERIOR 
' ACCELERATION 

Filtered Class Iooo 

LEFT- RI GHT 
ACCELERATION 

16.7 G = 3 
' . 4 4 w C h w  

Filtered Class l o o o  



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 J O 2 9  DUMMY NO. 1 SIDE L BODY REGION / fEAp,  .I BAD 

IMPACT MASS 
DECELERATION 

- --- . - 

Filtered class 60 7 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class ' l o d o  

SUPERIOR-INFERIOR 
ACCELERATION 

Fi 1 tered Class lo00 3 .  

. . 

LEFT- RIGHT 
ACCELERATION 

/6*7 G = 

F i  1 tered Class /obo 
- .  - 



DUMMY SIDE I ;,!PACT CALI BRATI OM PROCEDURE PROGRAM 

TEST NO. 7EJ 030 DUMIMY i!O. 1 S i  DE L BODY REGION D ,.FAD 
I .  - 

IMPACT MASS 
DECELERATION 

Fil tered Class 6 
7 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class /090 

SUPERIOR- INFERIOR 
ACCELERATION 

g*< G = II 
Filtered Class 1000 

LEFT- RIGHT 
ACCELERATION 

/6*7 G = 

Filtered Class loo0 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TESTNO. 76J032DUMMY NO. - 2 SIDE L BODY REGION 7?7'0x@' 

IMPACT MASS 
DECELERATION 

Fi1 tered Class ( 0  

-7 

ANTERIOR-POSTERIOR 
ACCELERATION 

I 
Filtered Class 180 - 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 180 

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 5 m  DUMMY NO. 2 SIDE L BODY REGION T ~ O R A ~  

IMPACT MASS 
DECELERATIOM 

Filtered Class 60 
7 

ANTERIOR-POSTERIOR 
ACCELERATION 

Fi 1 tered Class J g  0 

SUPERIOR-INFERIOR 
ACCELERATION 

F i  1 tered Class 180 

LEFT- RIGHT 
ACCELERATION 

1 

5 -  G = , . - 
F i  7 tered Class 18 0 - 

- - -- - -  - 



DUMMY SIDE IMPACT CALI BRAT ION PROCEDURE PROGRAM 

TEST NO. 765 03 4 DUMMY NO. 2 SIDE BODY REGION TYURAX 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 60 
1 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class f O 

SUPERIOR- INFERLOR 
ACCELERATION 

- - - -. - - --- - - -- - - - - 

- - 
. . . . 

Filtered Class 186 - - -  

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE I \!PACT CALI BRAT1 ON PROCEDURE PROGRAM 

TEST NO. 7 6 J 0 3 (  DUllMY NO. 2 SIDE t BODY REGION - - I ~ g  

I M P A C T  MASS 
DECELERATION 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 180 

SUPERIOR- INFERIOR 
ACCELERATIOII 

Filtered Class 1/80 

L E F T -  RIGHT 
ACCELERATION 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 J m  DUMMY NO. 2, SIDE R BODY REGION rIC/QRA X 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 

ANTERIOR-POSTERIOR 
ACCELERATION 

Fi 1 tered Class 1 0 

SUPERIOR- INFERIOR 
ACCELERATION 

Fi 1 tered ~l ass ' Jyd 

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE I b1PACT CALI BRATION PROCEDURE PROGRAM 

TEST NO. 765 037 DUCRY E!O. 3 SIDE & BODY REGION TflORdX 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 60 
-7 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class (80 . - 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 130 

LEFT- RIGHT 
ACCELERATION 

Fil tered Class V 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 ~  o 3 8 DUMMY NO. a SIDE R BODY REGION S ~ L O R  - 

IMPACT MASS 
DECELERATION i b, 

/a G = - J  

Fi 1 tered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 180 

SUPERIOR- INFERIOR 
ACCELERATION 

Fil tered Class /go 

LEFT- RIGHT 
ACCELERATION 

Filtered Class )$a 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765039 DUMI.IY NO. 2 SIDE L BODY REGION s ~ ~ L O R  , 

IMPACT MASS 
DECELERATION 

Filtered Class KO 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class jg0 
- 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 180 

LEFT- RI GHT 
ACCELERATION 

Filtered Class 120 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765040 DUMMY NO. 2 SIDE R BODY REGION SHOULDER 

IMPACT MASS 
DECELERATION 

Filtered Class 60 

i 

ANTERIOR-POSTER 
ACCELERATION 

IOR 
. . ---- -. - -- - -. -- - . -  

t~.- 

/ O  G = - . - .- . . - - - - 

Filtered Class /TO 

SUPERIOR- INFERIOR 
ACCELERATION 

- - - - -- -- 

/ o  G =  I ~ -  
F i  1 tered Cl ass /YO .i - 

LEFT- RIGHT 
ACCELERATION 

Fil tered Class 



DUMMY S I D E  I M P A C T  C A L I  B R A T 1  ON PROCEDURE PROGRAM 

T E S T  NO. 765  - B Y /  DUMMY NO. S I D E  L BODY R E G I O N  S H 6 D R  

I M P A C T  MASS 
D E C E L E R A T I O N  

f 10 C; = 

Fi l  tered C l a s s  60 
7 

A N T E R I O R - P O S T E R I O R  
A C C E L E R A T I O N  

- 

Fil  terea C l a s s  I20 

SUPERIOR-  I N F E R I O R  
A C C E L E R A T I O N  

Fil tered C l a s s  J Z O  

L E F T -  R I G H T  
A C C E L E R A T I O N  

Fil tered Class 180 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 J o  92 DUMMY NO. d. SIDE R BODY REGION SHLO/X 

IMPACT MASS 
DECELERATION 

tered Class' 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class I f 5  

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 180 

LEFT- RIGHT 
ACCELERATION 

Fi 1 tered Class /go 



DUNMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO, 765 0 4 3  DUl,lMY PIO. 2 SIDE L BODY REGION sHLD I;C . , 

IMPACT MASS 
DECELERATION 

Filtered Class' 60 - \ I  

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class /go 

SUPERIOR- INFERIOR 
ACCELERATION 

. - 
F i  1 tered Class 

- 
* - 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 3  Q4y DUMMY NO. j? SIDE L ' BODY REGION PfL 

IMPACT MASS 
DECELERATION 

Fil tered Class (60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class (go 

SUPERIOR- INFERIOR 
ACCELERATION 

A h -  

Filtered Class 180 

LEFT- RIGHT 
ACCELERATION 

Fi  1 tered Class / 8 0  



DUMMY S I D E  I M P A C T  C A L I B R A T I O N  PROCEDURE PROGRAM 

T E S T  NO. 765 04< DUMMY NO. S I D E  R BODY R E G I O N  PELVIS - -  

I M P A C T  MASS 
D E C E L E R A T I O N  

Filtered C l a s s  60 

7 

A N T E R I O R - P O S T E R I O R  
A C C E L E R A T I O N  

Filtered C l a s s  l/g o 

SUPERIOR-  I N F E R I O R  
A C C E L E R A T I O N  

l o  G =  1 
. . 

Fi 1 tered C l  a s s  x 0 -.- . 

LEFT- R I G H T  
A C C E L E R A T I O N  



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 O 46 DUllMY NO. 2 SIDE L BODY REGION PEbVl f  -A 

IMPACT MASS 
DECELERATION 

Filtered Class 40 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class /80 

SUPERIOR- INFERIOR 
ACCELERATION 

F i  1 tered Class /KC, 

LEFT- RIGHT 
ACCELERATIOr4 

Filtered Class /go 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 763 097 DUMMY NO. 2 SIDE R BODY REGION P E  L V IJ  

IMPACT MASS 
DECELERATION 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class /go 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 180 

LEFT- RIGHT 
ACCELERATION 

F i l t e r e d  Class - '7'4" 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 - 048 DUMMY NO. 2 SIDE L BODY REGION P E L  , - -  

IMPACT MASS 
DECELERATION 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class If 0 

SUPERIOR- INFERIOR 
ACCELERATION 

F i  1 tered Class 180 

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 J O 4 9  DUMMY NO. 2 SIDE /?.- BODY REGION P ELVIS 

IMPACT MASS 
DECELERATION 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i  1 tered Class 180 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class /go 

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 - 03-6 DUMMY NO. 3 SIDE FL BODY REGION . HELO 

IMPACT MASS 
DECELERATION 

Fil tered Class 60 -----A- 
ANTERIOR-POSTERIOR 
ACCELERATION 

Fi  1 tered Class 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class / #oo  , -.- 

LEFT- RIGHT 
ACCELERATION 

F i  1 t e r e d  Class / O W  



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 7 DUMMY F!O. 3 SIDE L BODY REGION - #E#D 

IMPACT MASS 
DECELERATIOFI 

........ 

G =  
Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class / o  o o 

SUPERIOR-INFERIOR 
ACCELERATION 

Filtered Class 1000 

LEFT- RIGHT 
ACCELERATION 

F i I tt:r~cl Class 10 o 0 -L------------ 



DUMMY SIDE IP,lPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 DUMMY NO. 3 SIDE P- BODY REG1 ON HEAD' 

IMPACT MASS 
DECELERATIO?I 

Filtered Class 60 dd 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class loo0 

SUPERIOR- INFERIOR 
ACCELERATION 

- - - -- - - -  - -  - -  . 

- 

/ 6 , 3  G = 

Filtered Class )a0 0 

LEFT- RIGHT 
ACCELERATION 



DUMMY S I D E  I M P A C T  C A L I B R A T I O N  PROCEDURE PROGRAM 

T E S T  NO. 765  05-9 DUMMY NO. 3 S I D E  L BODY REGION HERD 

I M P A C T  MASS 
DECELERATION 

F i l t e r e d  C l a s s  60 ldd 
ANTERIOR-POSTERIOR 
ACCELERATION 

F i l t e r e d  C l a s s  1 0 0 0  

SUPERIOR- I N F E R I O R  
ACCELERATIOI i  

F i  1 t e r e d  Cl a s s  /000 

LEFT- RIGHT 
ACCELERATION 



DUMMY S I D €  IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765  0 60 DUMMY NO. - 3 SIDE f?- BODY REGION - /? f l  D 

IMPACT MASS 
DECELERATION 

Filtered Class 6 0 0:- 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class / 0 0 0  

SUPERIOR- IrIFERIOR 
ACCELERATION 

Filtered Class 1000 

LEFT- RIGHT 
ACCELERATION 

Filtered Clasc /O 00 I 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765  06/ DU'IMY NO. 3 SIDE L BODY REGION HEAD- . 

IMPACT tv1ASS 
DECELERATION 

Filtered Class 60 --------i'- 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 10 o o 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class / 0 o o  

LEFT- RIGHT 
ACCELERATION 



DUMMY S I D E  IMPACT C A L I B R A T I O N  PROCEDURE PROGRAM 

T E S T N O . 7 6 J O D U M M Y N O .  3 S I D E  R B O D Y R E G I O N  T H O R A X  

IMPACT MASS 
DECELERATION 

F i l t e r e d  C l a s s  6 0  

ANTERIOR-POSTERIOR 
ACCELERATION 

F i  1 t e r e d  C l a s s  ) 8 0 

SUPERIOR- I N F E R I O R  
ACCELERATIO!l 

- - - 
F i l t e r e d  C l a s s  180 - .  

LEFT- RIGHT 
ACCELERATION 

F i l t e r e d  C l a s s  180 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765  0 7  0 DUMMY NO. - 3 SIDE L BODY REGION T~OR A X 

IMPACT MASS 
DECELERATION 

Filtered Class 6 0 

- -  - - -  

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 180  

SUPERIOR- INFERIOR 
............. - -- - - - - - - --- - 

ACCELERATION 

Filtered Class I 8  a 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 0 



DUNMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

T E S T N O , 7 6 J 0 7 /  - DUMMYNO. 3 SIDE R BODY REGION ; 7//0R;'aX 

IMPACT MASS 
DECELERATION 

lo G = 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELEMTION 

Fi 1 tered Class 8 6 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 12'0 

LEFT- RIGHT 
ACCELERATION 

17 Ci = 1 1  
Filtered Class /ZQ 

. - .  - -  - - -  . 



DUMMY SIDE I?,!PACT CALIBRATION PROCEDURE PROGRAM 

T E S T N O . 7 6 5 0 7 2  DUbIMYNO.  3 SIDE L BODY REG1 ON T H O R A X  

INPACT MASS 
DECELERATION 

-- - - - 

Filtered Class 60 
- - -  . --. 

ANTERIOR-POSTER102 
ACCELERATION 

Fi 1 tered Class 3 0 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class /g a 
-- - 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 18 0 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

- 3 SIDE TEST NO. 765 07 9 DUMMY NO. BODY REGION THORAX 

IMPACT MASS 
DECELERATION 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class /8 0 

SUPERIOR- INFERIOR 
ACCELERATION 

- - - - -  
.-- 

-. -- F i  1 tered Cl ass I B  0 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 180 



DUMMY SIDE IP.1PACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 76507( DUMMY NO. 3 SIDE R BODY REGIOii - T H O R A X  - - - - - - - 

IMPAC'T MASS 
DECELERATION 

Filtered Class 60  % 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class -- / 80 

SUPERIOR- INFERIOR 
ACCELERATION 

F i  1 tered Class / 80 

LEFT- RIGHT 
ACCELERATION 

17 G = g,ll 
Filtered Class /80  



DUMMY S I D E  I M P A C T  C A L I  B R A T 1  ON PROCEDURE PROGRAM 

TEST NO. 7 6 J m  DUMMY NO.  3 S I D E  L BODY R E G I O N  SHo L 0 E& 

I NPACT MASS 
DECELERAT IOM 

F i  1 tered Class 60 \ 

7 i --- 

A N T E R I O R - P O S T E R I O R  
A C C E L E R A T I O N  

Filtered C l a s s  18 * 

S U P E R I O R -  I N F E R I O R  
A C C E L E R A T I O N  

F i  1 tered C l  ass 1 g 

L E F T -  R I G H T  
A C C E L E R A T I O N  

Filtered Class 180 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 077 DUMMY NO. 3 SIDE % BODY REGIOE: 5 H LD . - 

IMPACT MASS 
DECELERATION 

Filtered Class dQ 7 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i  1 terea Class / '80 

SUPERIOR- INFERIOR 
ACCELERATION 

F i  1 tered Class I %' 0 

LEFT- RIGHT 
ACCELERATION 

Filtered Class  180 '--.--A LP---- 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765  078 DUFlMY NO. 3 SIDE BODY REGION SNLDR 

IMPACT MASS 
DECELERATION 

Fi1 tered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

2 = . .  
Fi1 tered Class / g o  

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 18 Cr 

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class 680 



DUMMY S I D E  I ! ?PACT  C A L I B R A T I O N  PROCEDURE PROGRAM 

T E S T  NO. 765 079 DUNMY N O .  3 S I D E  R BODY R E G I O N  SH f D R' - 

I K P A C T  MASS 
DECELERATIO I !  

F i l t e r e d  C l a s s  60 

A N T E R I O R - P O S T E R I O R  
A C C E L E R A T I O G  

F i l  t p r p d  C ~ ~ S S  1 %  0 -- V -\I i I 

S U P E R I O R -  I t 4 F E ? I O R  
A C C E L E R A T I O N  

Fil  t e r e d  C l a s s  I 8 O . L 

L E F T -  R I G H T  
A C C E L E R A T I O N  

LG=I  
F i l t e r e d  C l a s s  180 -- 

-- - 



DUMMY S  I DE I l.lPACT C A L I  B R A T 1  ON PROCEDURE PROGRAM 

T E S T N O . 7 6 5 0 7 9  D U M M Y N O .  3 S I D E  % BODY R E G I O N  V L  R . 

I M P A C T  PIASS 
D E C E L E R A T I O N  

Fil tered C l a s s  6 0 - 
\ 

A N T E R I O R - P O S T E R 1  OR 
A C C E L E R A T I O N  

S U P E R I O R -  I N F E R I O R  
A C C E L E R A T I O N  

4 

Fi  1 tered Class )2  0 

Filtered C l a s s  /SO 

LEFT- R I G H T  
A C C E L E R A T I O N  

- - -- - - - - - - - - - - - .  - - . . - - - - 

f 

1, 

I 

Fi 1 tcred C l a s s  180 -- - --- __zS_ 

. . 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

T E S T N O . 7 6 5 0 8 0  DUMMYNO. 3 SIDE L BODY REGION k. 

IMPACT MASS 
DECELERATION 

Filtered Class 60 - 
\ 
'i 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class -- 15'0 

- - -  - - -  - . - - -  - -  -. - - 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 1'30 

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE IFIPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 0 8) DUMMY FIO. 3 SIDE R BODY REGION SW L 0 R 

IMPACT MASS 
DECELERATION 

Filtered Class 60 
7 

ANTERIOR-POSTERIOR 
ACCELERATIOJ 

Filtered Class /'g 0 

SUPERIOR- !NFE!?IOR 
ACCELERATI Oil 

- .. . . .  - a  

7.3 G = 1 1 .  
F i  1 tered Class /8 0 

LEFT- RIGHT 
ACCELERATIO!i 

Fil  t p r p d  r l a r s  19-0 -----------?i L 



DUMMY SICE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 5 c 2  DUMMY NO. 3 SIDE L BODY REGION PEL -- p / s  

IMPACT MASS 
DECELERATION 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i l  terea Class -- 180 

SUPERIOR- IIIFERIOR 
ACCELERATION 

V 
8.2 G = -J 

Filtered Class /ZO -+- - 

LEFT- RIGHT 
ACCELERATION 

Fi 1 tered Class - - -  180 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 76J0g3  DUMMY NO. 3 SIDE R BODY REGION p E L Y / / S  

IMPACT MASS 
DECELERATION 

Filtered Class 66 

. - - - - - -- - - - -. - . - 

ANTERIOR-POSTERIOR 
ACCELERATIOII 

y . r  G . 1  
Filtered Class 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 1 jBb 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 



DUIvlMY SIDE IFIPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 Ogy DUblMY NO. 3 SIDE L BODY REGION P seVl3 ' -- 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATICfi 

Filtered Class -- I f 0  

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 180 

LEFT- RIGHT 
ACCELERATION 

38.3 G = 

Filtered Class 12 0 
-- - - - . - --- - 



DUMMY S I D E  IP,IPACT C A L I B R A T I O N  PROCEDURE PROGRAM 

T E S T  NO. 765 0 g 5 DUflMY NO. 2 S I D E  k BODY REGION P E L V I S  

I M P A C T  MASS 
DECELERATION 

Filtered Class ,5 0 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class / g o  

S U P E R I O R - I N F E R I O R  
ACCELERATION 

. - . ,- 

F i  1 tered Class I S  0 4 - 
I 

LEFT-  R 1  GHT 
ACCELERATION 

Fi 1 tered C l a s s  - 



DUMMY SIDE IPlPACT CALIBRATION PROCEDURE PROGRAM 

T E S T N O . 7 6 J O g 6  DUMMYNO. 3 SIDE R B O D Y R E G I @ ~ P E L V / J  

IMPACT MASS 
DECELERATION 

tered 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i  1 tered Class / 8  0 

SUPERIOR- INFERIOR 
ACCELERATION 

F i  1 tered Cl a s s  1% 0 

LEFT- RIGHT 
ACCELERATION 

Filtered Class /4 f  . - -.- - - 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 - 87 DUMMY NO. 3 SIDE L BODY REGION P E LVIS ' 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class ,/$8 

SUPERIOR- 
ACCELERAT 

Fi 1 tered 

INFERIOR 
'ION 

8.2 G = 

Class l8b 

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class 



DUMMY S IDE IMPACT C A L I  BRATION PROCEDURE PROGRAM 

TEST NO. 7 6 ~ 0 9 0  DUMMY NO. 2 SIDE L a BODY REGION HE 4 P /MU 

IMPACT MASS 
DECELERATION 

Fi 1 tered C l a s s  

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered C l a s s  1 6 0 0  

SUPERIOR- 
ACCELERAT 

Fi 1 tered 

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class 



t-m a w  
t-W 
O C  
KC3 

LLJ  
00 a w -  

LATERAL 
13 FPS (NOM. I 

TIME ( M S I  

NECK PENDULUM TEST 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM I 
TEST NO. 765 0 9 f DUMMY NO. - 2 SIDE % BODY REGION AD /rn 

I 

IMPACT MASS 
DECELERATION 

~ i l  terld Class 

ANTERIOR-POSTER 
ACCELERATION 

Fi l tered Class 

SUPERIOR- 
ACCELERAT 

F i  1 tered 

INFER1 
ION 

Class 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 

nent Systems Division 

Printed in U.S A. . . . 



LATERRL 
13 FPS (NOM, I 

TIME [ M S I  

NECK PENDULUM TEST 



DUMMY S I DE IMPACT C A L I  BRATION PROCEDURE PROGRAM 

TEST NO. 765092 DUMMY NO. 2 S I D E  L BODY REGION HEhf3 - 

IMPACT MASS 
DECELERATION 

F i l t e r e d  C l a s s  66 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i  1 t e r e d  C l a s s  /DM 

SUPERIOR- INFERIOR 
ACCELERATION 

3.3 G 

F i l t e r e d  C l a s s  LOUO 

LEFT- RIGHT 
ACCELERATION 

%6 G 

Fi 1 tered C l a s s  



LRTERRL 
13 FPS (NOM, 1 

TIME ( M S )  

NECK PENDULUM TEST 



DUMMY S I D E  IMPACT CAL IBRAT ION PROCEDURE PROGRAM 

TEST NO. 7 6 J m  DUMMY NO. - 2 S I D E  K BODY REGION H E A D  I 

IMPACT MASS 
DECELERATION 

F i  1 tered C l a s s  

ANTERIOR-POSTER1 
ACCELERATION 

F i  l tered C l a s s  - 

SUPERIOR- 
ACCELERAT 

F i  l tered 

LEFT- R IGH 
ACCELERAT 

F i  1 tered 

INFERIOR 
I O N  

L!xL 
C l a s s  160 0 

Gwid inc., instrument Systems Division 

Cleveland, Ohio Printed.in U.S.A. . . . 

T 
I O N  

C l a s s  

, 4 , I , 8 , , , , 3 , < 8 . .  L 6 . 8  I . ,  i 



WTERAL 
13 FPS (NOM.1 

TIME ( MS I 

NECK PENDULUM TEST 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TESTNO. 76JQ94 DUMMY NO. 2 ,  SIDE L BODY REGION H E A D  

IMPACT MASS 
DECELERATION 

F i  1 tered Class 

ANTERIOR-POSTERIOR 
ACCELERATION 

F i  1 tered Class 1000 

SUPERIOR- 
ACCELERAT 

F i  1 tered 

LETT- RIGHT 
ACCELERATION 

Fi 1 tered Class 



LRTERRL 
13 FPS @JOM.) 

TIME ( M S I  

NECK PENDULUM TEST 



DUMMY S IDE IMPACT CALIBRATION PROCEDURE PROGRAM 

k BODY REGION H E A D/GW TEST NO. 765 095 DUMMY NO. 2- SIDE 

IMPACT MASS 
DECELERATION 

F i  1 tered Class 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 0 8 

SUPERIOR- 
ACCELERAT 

F i  1 tered 

INFER1 
ION 

C1 ass 

t Systems Division 

rinted in U.S.A. . 

LEFT- RIGHT 
ACCELERATION 

Fi 1 tered Class 



LATERAL 
13 FPS tNOM.1 

TIME ( M S )  

NECK PENDULUM TEST 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

L TEST NO. 765 o 96 DUMMY NO. 3- SIDE BODY REGION A_ Q 
-.. 

ANTERIOR-POSTERIOR 
ACCELERATION 

2 s  k-+ , - - - 

Filtered Class /OO 0 

IMPACT MASS 
DECELERATION 

-- - -- 

SUPERIOR- INFERIOR 
ACCELERATION 

- 

- - - - - - - - -- - a - x - 

- - -  - - - - 

3.3 G = 

Filtered Class / b o a  

Filtered Class 6 5  

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class 1000 --'C--s--------- 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST No. 763 091 DUMMY N o .  - a SIDE R BODY REGION HE# D 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

3.3 G = 

Filtered Class -- /boo 

SUPERIOR- INFERIOR 
ACCELERATION A- 

3.3 G = f 4- 

Filtered Class 1000 
i 

LEFT- RIGHT 
ACCELERATION 

__C 

- 

Fi 1 tered Class lo 00 
. -- -- . . - - - - - . 



DUMMY SIDE IF,1PACT CALIBRATION PROCEDURE PROGRAM 

BODY REGION HEAD . TEST NO. 76Jm DUMMY NO. 2 SIDE f- 

IMPACT MASS 
DECELERATION 

ANTERIOR-POSTERIOR 
ACCELERATION 

Fi 1 tered Class 1000 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class la00 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 1000 --------------'- 



DUMMY SIDE IMPACT CALI BRATION PROCEDURE PROGRAM 

TEST NO. 765099 DUMMY NO. 2 SIDE R BODY REGION /-/&QI) 

IMPACT MASS 
DECELERATION 

Fi1 tered Class ( 0  ] \ A / 

ANTERIOR-POSTERIOR 
ACCELERATION 

t - - - -  - - .  

Fil terea Class 1000 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 1000 

LEFT- RIGHT 
ACCELERATION 

96 G = 3  
Filtered Class I000 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 100 DUMMY NO. 3 SIDE L, BODY REGION -- H E A  D 

IMPACT MASS 
DECELERATION 

Filtered Class 60 - O ' \ r " - - -  

ANTERIOR-POSTERIOR 
ACCELERATION 

.- -- - . . 

6.7 G = .w 
Filtered Class ] B O O  

SUPERIOR- INFERIOR 
ACCELERATION 

F i  1 tered Class 10 00 

LEFT- RIGHT 
ACCELERATION 

96 ~ = 3  1 
F i  1 tered C1 ?SC '4f  9 

.-.. - _  _- - _ _  -. 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE, PROGRAM 

TEST NO. 76J b/ DUMMY NO. 2 SIDE R ' BODY REGION M ' 

IMPACT MASS 
DECELERATION 

Filtered Class 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 1060 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM I 

I 

T E S T N O . 7 6 J ) O Z  - DUMMYNO. f SIDE L BODY REGION # E A D / ~ ~ ~ , ~  i I 

IMPACT MASS 
DECELERATION 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class /000 

Fi I tered Class BOO 

LEFT- RIGHT 
ACCELERATION 



LATERAL 
13 FPS (NOM.1 

TIME I M S I  

NECK PENDULUM TEST 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 103 DUMMY NO. SIDE k BODY REGION 1 E A  p,/~&.& 

IMPACT MASS 
DECELERATION 

F i  1 tered Class 

ANTERIOR-POSTER1 OR 
ACCELERATION 

Filtered Class 

SUPERIOR- 
ACCELERAT 

F i  1 tered 

I NFERI 
'ION 

Class 

LEFT- RIGHT 
ACCELERATION 

Filtered Class 

Gould Inc., Instrument Systems Division 

Cleveland, Ohlo Pr~nted ~n U.S.A. . . . 



LRT ERFlL 
13 FPS (NOM. I 

TIME ( MS 1 

NECK PENDULUM TEST 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 76J DUMMY NO. f SIDE L ' BODY REGION /f &b bk& 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class )DO@ 

SUPERIOR- INFERIOR 
ACCELERATION 

3.3 G 

Filtered Class /OWQ 

LEFT- RIGHT 
ACCELERATION 

36 G 

Fil tered Class 



HEAD CHORORL OISPLACEMENT HEAD ROTATION 
[ INCHES I ( DEGREES I 



DUMMY S I DE IMPACT C A L I  BRATION PROCEDURE PROGRAM 

TEST NO. 765 1 0 5  DUMMY NO. 1 S I D E  & BODY REGION ff MIP/M~& 

IMPACT MASS 
DECELERATION 

F i l t e r e d  C l a s  

SUPERIOR- I N F E R I O R  
ACCELERATION 

F r l  tered C l a s s  10 00 

I Gould lnc., ln 
BRUSH ACCUCHART i 

LEFT- R IGHT  
ACCELERATION 



HEAD CHORDAL DISPLACEMENT HERO ROTATION 
( INCHES 1 ( DEGREES 1 



DUMMY S I D E  IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 76J 104 DUMMY NO. -3 S I D E  C BODY REGION HEA D/MECX 

IMPACT MASS 
DECELERATION 

Fi 1 tered C l a s s  

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered C l a s s  j D O O  

SUPERIOR- 
ACCELERAl 

F i  1 tered 

, INFERIOR 
' ION 

C l a s s  ]god 

LEFT- RIGHT 
ACCELERATION 

Fi 1 tered C l a s s  



HERD CHORDRL DISPLRCEMENT HERO ROTRTION 
[ INCHES 1 ( DEGREES 1 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

R BODY REGION ~/EAD/$U TEST NO. 765 /07 DUMMY NO. 3 SIDE W k  

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 

ANTERIOR-POSTE 
ACCELERATION 

Filtered Class 

SUPERIOR- 
ACCELERAT 

Fi 1 tered 

LEFT- RIGHT 
ACCELERATION 

Fi 1 tered Class 



LRTERAL 
13 FPS 1NOM.I 

TIME ( M S I  

NECK PENDULUM TEST 



DUMMY S I D E  IMPACT C A t  I B R A T l O N  PROCEDURE PROGRAM 

T E S T N O . 7 6 J w  DUMMYNO. 3 S I D E  L BODY REGION &&JD /#ga 

I I i ;  
1 ' '  ' I I 7 L l  

I 1 ; ; ; ;  a r l l , ,  . , 
I , ,  

I BRUSH ACCUCHART 



LRTERAL 
13 FPS (NOM.1 

TIME ( M S )  

NECK PENDULUM TEST 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 
* 

TEST NO. 76J lPq DUMMY NO. 3 SIDE a BODY REGION 
H ~ A o / ~ #  

IMPACT MASS 
DECELERATION 

Filtered Class 

LEFT- RIGHT 
ACCELERATION 

F i  7 tered C7ass 



LATERRL 
13 FPS (NOM.1 

TIME ( M S )  

NECK PENDULUM TEST 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 76J 11 '-/ DUMMY NO. 1 SIDE BODY REGION MKAD - - 

I t4PACT MASS 
DECELERATION 

Fi 1 tered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Fi 1 tered Class l o o  0 

SUPERIOR- INFERIOR 
ACCELERATION 

Fil tered Class 100 0 

LEFT- RIGHT 
ACCELERATION 

F i 1  tered Class 1000 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 ~ 6  DUMMY NO. 3 SIDE BODY REGION HE40 

IMPACT MASS 
DECELERATION 

Filtered Class ( 0  

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class jOb0  

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class l o o ~  

LEFT- RIGHT 
ACCELERATION 

F i  1 tered Class 1'000 
-- - ---- .. - - - - - 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 7 6 J j / g  DUMMY NO. 2 SIDE R BODY REGION M o R A X  

IMPACT MASS 
DECELERATION 

ANTERIOR-POSTERIOR 
ACCELERATION 

2 -,- L- - - - -  - -  

Filtered Class -- /$O.. 

SUPERIOR- INFERIOR 
ACCELERATION 

- .. - - - - . -. . .- - - - -- - -. - - - -. -- - 

l o  G = 

Filtered Class -. 180 

Filtered Class 60 
- - - --- 

LEFT- RIGHT 
ACCELERATION 

- 
w 

- -- 

Filtered Class 180 
-- -- --- -- 



DUi4MY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 763 DUMMY NO. 1 SIDE . f?, BODY REGION T//o&A,%'. - - 

IMPACT MASS 
DECELERATION 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class /PO 

SUPERIOR- INFERIOR 
ACCELERATION 

Fi 1 tered Class }/8 0 

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE IF,IPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 76J /B DUMMY NO. 1 SIDE ' BODY REGION ~ H o R ~ X  

IMPACT MASS 
DECELERATION 

- -- -Ia,$h S -__ - . -- lo  G =  1 
Filtered Class 69 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class /SO 

SUPERIOR- INFERIOR 
ACCELERATI0;l 

Filtered Class 180 
. . 

-- 

LEFT- RIGHT 
ACCELERATION 

F i 1  tered Class jgC0 
M '----P----- 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 76J DUMMY NO. 1 SIDE R BODY REGION 5:fjL pk 

IMPACT MASS 
DECELERATION 

Fi 1 tered Class 6 o 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class /f6 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 180 . -. 

LEFT- RIGHT 
ACCELERATION 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

T E S T N O , 7 6 J / Z i  D U M M Y N O . 1  SIDE bI) B O D Y R E G I O l l 5 H L b R .  - 

IMPACT MASS 
DECELERATION 

Filtered Class 60 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class ljTO 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class / g o  

LEFT- RI GliT 
ACCELERATION 

Fil tered Class /SO ---! L-- - .. -- 



DUMMY SIDE IMPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765 12 1 DUMMY NO. 1 SIDE & ' BODY REGION P E L  PIS 

IMPACT MASS 
DECELERATION 

Fil tered Class do 
-7 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class _/go 

SUPERIOR- INFERIOR 
ACCELERATION 

F i  1 tered Class I80 

LEFT- RIGHT 
ACCELERATION 

Fil tered C l a s c  - 1-9'3- C\. . 



DUMMY SIDE IMPACT CALI BRAT1 ON PROCEDURE PROGRAM 

TEST NO. 765 1 2 3  DUMMY NO. a SIDE BODY REGION P E L V I S  

IMPACT MASS 
DECELERATION 

I ,  = 
- - - . - -. - . 

- - -  

Filtered Class 6 6  - 

ANTERIOR-POSTERIOR 
ACCELERATION 

Filtered Class 180 

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class 

LEFT- RIGHT 
ACCELERATION 

f _)7 G =  

Fi1 tered Class / g o  - ,.- Y - - 



DUMMY SIDE 1F.lPACT CALIBRATION PROCEDURE PROGRAM 

TEST NO. 765124 DUMMY NO. SIDE ,R' BODY REGION PE[v/f '  

IMPACT MASS 
DECELERATION 

lo 

Filtered Class 40 

- -- - - . - - - - --- .- - - - ---.- . -- - - . - - - - . 

ANTERIOR-POSTERIOR 
ACCELERATIO8 

Filtered Class / 8 0  

SUPERIOR- INFERIOR 
ACCELERATION 

Filtered Class )PO 

LEFT- RIGHT 
ACCELERATION 

I I - G = ~  
Fi 1 tered Class 180 - ,- - - +  

- .  - - - .  




