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1  .0  INTRODUCTION 

T h i s  guidebook and r e p o r t  a r e  t h e  r e s u l t  o f  a  p r o j e c t  a t  t h e  

U n i v e r s i t y  o f  M ich igan  e n t i t l e d ,  "An th ropomet r i c  T e s t  Dummy Usage. " 
The p r o j e c t  was i n i t i a t e d  i n  response t o  t h e  c u r r e n t  i n t e r e s t  i n  de- 

v e l o p i n g  countermeasures t o  cope w i t h  t h e  h i g h  i n c i d e n c e  o f  s a f e t y  

problems r e l a t e d  t o  b u i l d i n g  s t r u c t u r e s .  Human i n j u r i e s  occu r  d u r i n g  

t h e  normal and abnormal usage o f  common s t r u c t u r e s  such as doors ,  

r a i l i n g s ,  s t a i r w a y s ,  f l o o r s ,  and a  v a r i e t y  o f  p roduc ts  u t i l i z i n g  

a r c h i t e c t u r a l  q l a z i n g  m a t e r i a l s .  The worke r  -- c o n s t r u c t i o n ,  maintenance,  

p r o d u c t i o n ,  e t c .  - -  i s  t h e  u s e r  o f  walkways, s c a f f o l d s ,  p l a t f o r m s ,  con- 

s t r u c t i o n  s h o r i n g  and o t h e r  s t r u c t u r a l  assemblages a l l  o f  wh ich  have 

p a r t i c u l a r  s a f e t y  problems. 

1  .1 The Role  o f  t h e  T e s t  Dummy 

The r o l e  wh ich  may be p l a y e d  by  t e s t  dummies i n  research ,  develop- 

ment, and s t a n d a r d i z a t i o n  i s  t h e  p r i m a r y  s u b j e c t  o f  t h i s  r e p o r t .  From 

t h e  most s i m p l i s t i c  p o i n t  o f  v iew, t h e i r  r o l e  i s  t o  d u p l i c a t e  t h e  r e -  

sponse o f  man t o  a  p a r t i c u l a r  h o s t i l e  env i ronment  where he may be sub- 

j e c t  t o  impac t  o r  o t h e r  t ypes  o f  i n j u r y .  

The most s o p h i s t i c a t e d  t e s t  dummies r e p r e s e n t  man as a  c o l l e c t i o n  

o f  s k e l e t a l  e lements and j o i n t s  c o n s t r u c t e d  l a r g e l y  o f  m e t a l .  S o f t  

t i s s u e s  a r e  u s u a l l y  r e p l a c e d  by rubber ,  p l a s t i c ,  and o t h e r  p o l y m e r i c  

m a t e r i a l s .  The o v e r a l l  s i z e ,  shape, and w e i g h t  o f  t h e  v a r i o u s  body 

segments a r e  reproduced reasonab ly  we1 1 .  These s o p h i s t i c a t e d  dummies 

a r e  most common1.y c a l  l e d  anthropomorphic t e s t  d e v i c e s .  T h e i r  con- 

s t r u c t i  on i s  based on a n t h r o p o m e t r i c  surveys o f  human p o p u l a t i o n s  

where measurements have been taken  t o  d e f i n e  t h e  hurnan body and i t s  

p a r t s .  For  t h e  sake o f  d e f i n i t i o n ,  t h e  tern1 "anthropomorph ic"  

g e n e r a l l y  r e f e r s  t o  shape p r o p e r t i e s  and appearance whereas "anthropo-  

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

These two terms a r e  o f t e n  confused.  I t  s h o u l d  be no ted  t h a t  t h e  t e r m  

"anthropomorph ic  t e s t  d e v i c e "  r e p r e s e n t s  a  concensus o p i n i o n  on what 

t o  c a l l  s o p h i s t i c a t e d  c r a s h  t e s t  dummies. 

S i m p l i f i e d  dummies a r e  a l s o  o f t e n  fash ioned .  They may be used t o  

r e p r e s e n t :  



- i n d i v i d u a l  body p a r t s  (e .g . ,  headforms f o r  he lmet  t e s t i n g )  

- t h e  whole mass o f  t h e  body (e .g . ,  t h e  punch ing bag used i n  

t h e  t e s t i n g  o f  g l a z i n g  m a t e r i a l s )  . 

F i g u r e  1  shows examples o f  t h e  v a r i o u s  t ypes  o f  dummies. For t h e  pu r -  

pose o f  t h i s  r e p o r t  b o t h  s i m p l i f i e d  and s o p h i s t i c a t e d  dummies w i l l  be 

lumped t o g e t h e r  under t h e  te rm " t e s t  dummy." 

Anthropomorphic t e s t  dummies have found t h e i r  ma jo r  app l  i c a t i o n s  

d u r i n g  t h e  l a s t  seve ra l  y e a r s  i n  t h e  development o f  improved hardware 

f o r  t h e  p r o t e c t i o n  o f  au tomobi le  occupants d u r i n g  crashes.  

T h e i r  ma jo r  success fu l  a p p l i c a t i o n s  have been i n  t h e  area o f  a t t e m p t i n g  

t o  reproduce human mot ions ,  v e l o c i t i e s ,  a c c e l e r a t i o n  and gross  f o r c e  

i n t e r a c t i o n s  w i t h  motor  v e h i c l e  i n t e r i o r s ,  e x t e r i o r s ,  and r e s t r a i n t  

systems. Up t o  t h i s  t i m e  t h e y  have n o t  proved u s e f u l  i n  d u p l i c a t i n g  

s o f t  t i s s u e  i n j u r i e s  such as l a c e r a t i o n s  and ab ras ions .  Research 

i n f o r m a t i o n  on s o f t  o rgan ( b r a i n ,  l ungs ,  h e a r t ,  1  i v e r ,  sp leen,  i n t e s -  

t i n e s ,  e t c . )  i n j u r y  due t o  impact  i s  c o n t i n u a l l y  b e i n g  ga the red  w i t h  

i n c l u s i o n  i n  dummy d e s i g n  s p e c i f i c a t i o n s  as a  ma jo r  o b j e c t i v e .  

1 .2 .  D e f i n i t i o n  -- o f  a  Dummy T e s t  

A dummy t e s t  i s  a  s i m u l a t i o n  o f  t h e  hypothes ized p h y s i c a l  i n t e r a c -  

t i o n  o f  a  human w i t h  h i s  env i ronment  where t h e  r e s u l t  i s  mechanical  i n -  

j u r y  o r  trauma t o  t h e  human. Two p o i n t s  shou ld  be made a t  t h i s  t ime .  

The f i r s t  p o i n t  i s  t h a t  t h e r e  i s  a  s i m u l a t e d  even t  and a  r e a l  1  i f e  

e v e n t  b o t h  o f  wh ich  have scenar ios  w i t h  t h r e e  b a s i c  components - -  t h e  

v i c t i m ,  t h e  env i ronment ,  and t h e  dynamics o f  t h e  i n t e r a c t i o n .  F i g u r e  

2 i s  a  schemat ic o f  t h e  two s c e n a r i o s .  

The second p o i n t  t o  be no ted  a f t e r  r e v i e w i n g  F i g u r e  2 i s  t h a t  

t h e r e  a r e  seve ra l  obv ious p o t e n t i a l  sources o f  d i f f e r e n c e  between t h e  

s i m u l a t e d  and r e a l  even ts .  One o f  t hese  i s  t h a t  t h e  t e s t  dummy i s  n o t  

a p e r f e c t  r e p r e s e n t a t i o n  o f  t h e  e n g i n e e r i n g  p h y s i c a l  p r o p e r t i e s  o f  man. 

For  example, muscle p r o p e r t i e s  a r e  n o t  i n c l u d e d  and, even i n  t h e  most 

s o p h i s t i c a t e d  t e s t  dunimies a v a i l a b l e  a t  t h e  p r e s e n t  t ime ,  t h e  compl iance 

o r  s t i f f n e s s  o f  v a r i o u s  s t r u c t u r a l  e lements i s  o f t e n  t o o  g r e a t .  A l though  

i t  may be p o s s i b l e  t o  d u p l i c a t e  the  environment where t h e  i n j u r y  took 

p lace ,  another  source o f  d i f f e r e n c e  a r i s e s  due t o  t h e  d i f f i c u l t y  o f  du- 

p l i c a t i n g  t h e  i n t e r a c t i o n .  A k e , ~  reason f o r  t h i s  i s  t h e  u n c e r t a i n t y  



I n d i v i d u a l  Body P a r t  (Head fo rm I m p a c t )  

Body Mass ( G l a z i n g  M a t e r i a l  Pendu l  urn 

I' -*I 

T e s t )  

Whole Body L i n k a g e  (Dummy R a i l i n g  T e s t )  

F i g u r e  1 . T h r e e  Examples o f  T e s t  Dummies 
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of human p o s t u r e  a t  any p o i n t  i n  t ime ,  a  f a c t o r  wh ich  i s  known 

t o  have a  s t r o n g  e f f e c t  on t h e  dynamics o f  l i n k a g e  systems. The l a s t  

and most  i m p o r t a n t  source o f  d i f f e r e n c e s  between t e s t  and r e a l  l i f e  

scenar ios  i s  t h a t  t h e  human s u f f e r s  an i n j u r y  (wh ich  i s  o n l y  b e g i n n i n g  

t o  be d e f i n e d  i n  q u a n t i t a t i v e  terms based on c u r r e n t  r e s e a r c h ) .  I n  c o n t r a s t ,  

o n l y  a  v a r i e t y  o f  p h y s i c a l  measurements a r e  p o s s i b l e  d u r i n q  a  dummy t e s t .  

The d e t a i  1s and i m p l i c a t i o n s  o f  t hese  d i f f e r e n c e s  a r e  d i scussed  

l a t e r  i n  t h e  r e p o r t .  

1 . 3  R e ~ o r t  Contents  and Orqani  z a t i  on 

There a r e  t h r e e  b a s i c  s e c t i o n s  t o  t h i s  gu idebook / repo r t  p l u s  an 

append ix .  P a r t  2 shows t h e  t h r e e  b a s i c  reasons f o r  dummy t e s t i n g  -- 
s a f e t y  countermeasure development, compl iance t e s t i n g ,  and prob lem i d e n -  

t i  f i  c a t i o n  th rough  a c c i d e n t  r e c o n s t r u c t i o n .  These reasons a r e  i 11 u s t r a t e d  

b y  examples f r o m  p r a c t i c e .  P a r t  3 d i scusses  t h e  d e t a i  1s o f  dummy 

t e s t i n g  th rouqh  a  compar ison o f  t e s t  and r e a l  l i f e  e n g i n e e r i n g  v a r i -  

a b l e s  wh ich  must be cons ide red .  Guidance i s  g i v e n  r e l a t i v e  t o  d e c i s i o n -  

making based on t e s t  r e s u l t s .  P a r t  4 p r o v i d e s  p r a c t i c a l  i n f o r m a t i o n  

f o r  t h e  p o t e n t i a l  u s e r  of  t e s t  dummies. I tems d i scussed  a r e  t h e  range 

o f  da ta  t o  be expected and procedures  f o r  d a t a  a c q u i s i t i o n  as w e l l  as 

a n a l y s i s .  

The appendix t o  t h e  r e p o r t  g i v e s  a  1  i s t i n g  and s h o r t  r e v i e w  o f  

t h e  l i t e r a t u r e  o f  t e s t  dummies. I t  i s  o rgan ized  t o  g i v e  t h e  reader  q u i c k  

access t o  t h e  t y p e  o f  i n f o r m a t i o n  he may need. Reference t o  s p e c i f i c  

documents i s  n o t  i n c l u d e d  i n  t h e  main t e x t .  



2.0 WHY CONDUCT A DUMMY TEST? 

T h i s  s e c t i o n  o f  t h e  r e p o r t  d i scusses  t h e  o v e r a l l  s c e n a r i o  o f  ac- 

t i v i  t i e s  wh ich  may i n v o l v e  s a f e t y - r e l a t e d  dummy t e s t i n g .  Examples o f  

d i f f e r e n t  t ypes  o f  t e s t s  a r e  g i v e n .  

2.1 The Three B a s i c  Reasons f o r  Dummy T e s t i n g  - 

The reasons f o r  dummy t e s t i n g  become c l e a r  when t h e y  a r e  seen 

w i t h i n  t h e  framework o f  a l l  s a f e t y - r e l a t e d  a c t i v i t y .  F i g u r e  3 i s  a  

s i m p l i f i e d  schemat ic  o f  t h e  t ypes  o f  a c t i v i t y  t h a t  t a k e  p l a c e  w i t h i n  

t h e  s a f e t y  communi ty . 
A p a r t i c u l a r  t y p e  o f  s a f e t y  a c t i v i t y  i s  i n i t i a t e d  on t h e  b a s i s  t h a t  

an i n j u r y  p a t t e r n  i s  observed o r  supposed i n  r e v i e w i n g  o r  g a t h e r i n g  

a c c i d e n t  da ta .  I n  some cases, t h e  cause o f  t h e  a c c i d e n t  i s  c l e a r .  I f  

so, t h e  prob lem i s  q u i c k l y  i d e n t i f i e d .  I f  n o t ,  a  h y p o t h e s i s  i s  de- 

veloped f o r  t h e  cause and s c e n a r i o  o f  t h e  a c c i d e n t .  A t  t h i s  p o i n t ,  

a c c i d e n t  r e c o n s t r u c t i o n  and t e s t i n g  may be done t o  i d e n t i f y  t h e  problem. 

The a c c i d e n t  env i ronment  i s  r e c o n s t r u c t e d  i n  t h e  l a b o r a t o r y  and a  dummy 

s u b j e c t  i s  chosen f o r  use i n  t h e  t e s t .  T h i s  has been done s u c c e s s f u l l y  

i n  t h e  case o f  au tomot i ve  s a f e t y  ( f u l l - s c a l e  b a r r i e r  c r a s h  t e s t s )  and 

more r e c e n t l y  i n  t h e  s t u d y  o f  g u a r d r a i l s  a t  t h e  Center  f o r  B u i l d i n g  

Technology o f  t h e  N a t i o n a l  Bureau o f  Standards.  I n  most cases o f  

a c c i d e n t  r e c o n s t r u c t i o n ,  t h e  dummy chosen i s  as s o p h i s t i c a t e d  as can be 

l o c a t e d ,  p a r t i c u l a r l y  i f  l i t t l e  i s  known about  t h e  mechanisms o f  i n j u r y  

c a u s a t i o n  and t h e  f o r c e s  and mo t ions  wh ich  may be i n v o l v e d .  

Proceed ing down F i g u r e  3, t h e  n e x t  t y p e  o f  t e s t i n g  may occu r  

a f t e r  a  prob lem i s  i d e n t i f i e d  and countermeasures a r e  proposed f o r  i t s  

e l i m i n a t i o n  o r  a t t e n u a t i o n .  E s p e c i a l l y  i n  those cases where t h e  

s c e n a r i o  i s  a l t e r e d  o r  a t t e n u a t e d ,  t e s t i n g  i s  r e q u i r e d  t o  determine 

countermeasure e f f e c t i v e n e s s .  A g r e a t  dea l  o f  dummy t e s t i n g  i s  done 

i n  t h i s  area.  New r e s t r a i n t  concepts f o r  automobi l e  occupant p r o t e c t i o n  

a r e  c o n t i n u a l l y  rev iewed  i n  t h i s  manner b y  means o f  impac t  s l e d  o r  b a r -  

r i e r  impact  t e s t s  u s i n g  f u l l - s c a l e  anthropomorph ic  t e s t  d e v i c e s .  Sim- 

p l e  head forms a r e  used t o  e v a l u a t e  t h e  performance o f  p r o t e c t i v e  head 
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gear and s p o r t s  equipment as w e l l  as au tomot i ve  w i n d s h i e l d s .  T h i s  

a rea  o f  s t u d y  i s  t h e  one which  u s u a l l y  l e a d s  t o  t h e  development o f  new 

and s i m p l i f i e d  concepts  i n  dummies as t h e  need f o r  s p e c i a l i z e d  i n f o r -  

m a t i o n  a r i s e s .  The success o r  f a i l u r e  o f  a  dummy used i n  t h i s  a c t i v i t y  

i s  d i r e c t l y  r e l a t e d  t o  whether  t h e  p a r a l l e l  between t h e  dummy t e s t  and 

t h e  r e a l  w o r l d  o f  i n j u r i e s  i l l u s t r a t e d  i n  F i g u r e  2 i s  k e p t  c l e a r l y  i n  mind.  

The bot tom o f  F i g u r e  3 i s  concerned w i t h  t h e  development o f  s tan -  

dards  and i t  i s  h e r e  t h a t  t h e  f i n a l  t y p e  of  t e s t i n g  i s  accompl ished.  

The purpose o f  a  s a f e t y  s t a n d a r d  i s  t o  show t h a t  a  countermeasure 

(he lme t ,  r e s t r a i n t  system, improved g u a r d r a i l ,  e t c . )  i s  e f f e c t i v e  i n  

r e d u c i n g  p o t e n t i a l  f o r  i n j u r y  t o  a  c l e a r l y  d e f i n e d  l e v e l .  Most o f t e n ,  

t h i s  i m p l i e s  t h a t  t h e  s t a n d a r d  addresses a  v e r y  s p e c i f i c  a c c i d e n t  

s c e n a r i o  w i t h  a  s i m p l e  i n t e r a c t i o n  between t h e  v i c t i m  and h i s  e n v i r o n -  

ment. Because o f  t h i s ,  i t  may be p o s s i b l e  t o  s i m p l i f y  t h e  dummy and 

t e s t  p rocedure  f o r  compl iance- type t e s t s .  Examples o f  t h i s  a r e  t h e  

s i m p l e  headforms ment ioned p r e v i o u s l y  and t h e  punch ing bag impac to r  

used i n  t h e  A N S I  t e s t i n g  o f  a r c h i t e c t u r a l  g l a z i n g  m a t e r i a l s .  The 

v a l i d i t y  o f  s i m p l i f i c a t i o n s  o f  t h i s  t y p e  must be e s t a b l i s h e d  t h r o u g h  

c o r r e l a t i o n  o f  t e s t  r e s u l t s  w i t h  t h e  r e a l  w o r l d  a c c i d e n t  s c e n a r i o  -- 
a  s t e p  wh ich  has r a r e l y  been accompl ished i n  s tandards  development 

up t o  t h e  p r e s e n t  t ime .  

I n  summary, t h r e e  b a s i c  reasons have been i d e n t i f i e d  f o r  dummy 

t e s t i n g .  These a r e :  

1 .  Problem i d e n t i f i c a t i o n  ( a c c i d e n t  r e c o n s t r u c t i o n ) ,  

2 .  Countermeasure development, 

3 .  S t a n d a r d i z a t i o n  and compl i a n c e  t e s t i n g .  

2 . 2  Examples . - - - - From - - - - Research, . - . - - - - Development, - -- - - - - - . - and - - - S t a n d a r d i z a t i o n  - - - - - - - - . . A c t i v i t i e s  - .- - - 

T h i s  s e c t i o n  o f  t h e  r e p o r t  p r e s e n t s  b r i e f  d i s c u s s i o n s  o f  n i n e  exam- 

p l e s  o f  dummy t e s t i n q .  The examples cove r  t h e  t h r e e  b a s i c  uses o f  dum- 

mies p resen ted  i n  S e c t i o n  2.1 as w e l l  as t h e  v a r i o u s  t ypes  o f  dummies 

i n  use f o r  d i f f e r e n t  a p p l i c a t i o n s .  I n  each b r i e f  d i s c u s s i o n ,  t h e  rea -  

son f o r  t h e  t e s t  i s  q i v e n  f o l l o w e d  by  a d e s c r i p t i o n  o f  t h e  t e s t  p r o -  

cedure  and r e s u l t s  o b t a i n e d .  An e v a l u a t i o n  o f  t h e  t e s t  p rocedure  con- 

c ludes  each d i s c u s s i o n  t o  p r o v i d e  t h e  reader  w i t h  some case da ta  t o  a i d  

i n  dec i s ion -mak ing  w i t h  r e s p e c t  t o  f e a s i b i l i t y  and u t i l i t y  o f  f u t u r e  

dummy t e s t s .  



2.2.1 Problem I d e n t i f i c a t i o n .  C h i l d  Car Seat-  Tests .  Before 

t h e  U.S. government i ssued  a  s tandard f o r  t he  safety  performance o f  

c h i l d r e n ' s  c a r  seats (1971 ) 1  i t t l e  i n f o r m a t i o n  was a v a i l a b l e  concern ing 

t h e i r  behav ior  i n  a  dynamic crash environment. I n  response t o  concern 

i n  t h e  p r i v a t e  and p u b l i c  sec to r  about these devices,  t e s t  programs 

were i n i t i a t e d  t o  es t imate  t h e i r  s a f e t y  p o t e n t i a l .  I n  most cases, 

an automot ive seat  was b o l t e d  t o  an impact s led ,  a  c h i l d  seat  was a t -  

tached accord ing t o  manufac tu re r ' s  d i r e c t i o n s  ( i f  any) ,  and an a r t i c u l a t e d  

dummy the  s i z e  o f  a  th ree-year -o ld  was p o s i t i o n e d  as t he  crash v i c t i m .  

The impact s l e d  was then used t o  s imu la te  f r o n t a l ,  ob l ique ,  s ide ,  and 

r e a r  impacts.  The dummy was ins t rumented w i t h  accelerometers i n  t h e  

head and ches t  and high-speed mot ion p i c t u r e  cameras were used t o  r e -  

co rd  t h e  mot ions.  

These t e s t s  demonstrated ser ious  shortcomings i n  t he  s t r u c t u r a l  

designs o f  c h i l d r e n ' s  c a r  seats as sea t  hardware f a i l u r e s  and undue 

dummy mot ions were e a s i l y  observed. The a b i l i t y  t o  r e l a t e  t he  data 

gathered t o  i n j u r y  p a t t e r n s  was very  l i m i t e d  f o r  two reasons. F i r s t ,  

t h e r e  i s  e s s e n t i a l l y  no human impact t o l e rance  da ta  f o r  c h i l d r e n ,  and 

second, no c o r r e l a t i o n s  have been made between dummy performance and 

t he  l i m i t e d  t o l e rance  data which a re  a v a i l a b l e .  The u t i l i t y  o f  t h e  dum- 

my t e s t  was l i m i t e d  t he re fo re ,  t o  two ( v e r y  impor tan t )  f a c t o r s :  

1. The dummy d e l i v e r s  a  mass l oad  t o  t he  p roduc t  ( c a r  sea t )  rep re -  

sen t i ng  an approx imat ion o f  loads which may be expected i n  p r a c t i c e .  

Th is  has l e d  t o  a  r e a l i s t i c  app ra i sa l  o f  p o t e n t i a l  (and observed) prod- 

u c t  f a i  1  ures.  

2. Because o f  i t s  a r t i c u l a t i o n ,  t he  dummy was capable o f  d e f i n i n q  

a  mot ion envelope n o t  poss ib l e  i n  a s t a t i c  t e s t  which showed r e l a t i v e  

mot ions between body p a r t s  and t he  p o t e n t i a l  f o r  f o r c i b l e  i n t e r a c t i o n s  

w i t h  t he  v e h i c l e  i n t e r i o r .  

F iqures 4 and 5 i l l u s t r a t e  t h i s  type of t e s t .  F igure  4 shows f o u r  

frames from a  h i gh  speed movie. The upper l e f t  photograph shows 

t he  p o s i t i o n  o f  t he  sub jec t  j u s t  p r i o r  t o  t he  crash sequence. The 

lower  l e f t  photo shows t he  dummy (and sea t )  moving forward w h i l e  

the  s imulated v e h i c l e  i s  sub jec ted  t o  a  crash dece le ra t i on .  The upper 
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r i g h t  photo shows seat  c o l l a p s e  and v i o l e n t  i n t e r a c t i o n  of t h e  dummy 

w i t h  w indsh ie l d  and ins t rument  panel areas. The lower  r i g h t  photo 

shows t h e  pos t -c rash  s t a t e  o f  r e s t .  F igure  5 shows an engineer  

examining t h e  t e s t  setup f o l l o w i n g  a  s i m i l a r  t e s t .  

2 .2.2 Problem I d e n t i f i c a t i o n .  A r c h i t e c t u r a l  G laz ing  M a t e r i a l s .  Dur ing 

t echn i ca l  d i scuss ions  r e l a t i n g  t o  a s tandard f o r  a r c h i t e c t u r a l  g l a z i n g  

m a t e r i a l s ,  two o f  t h e  i ssues  r a i s e d  were: 

1. How does a  human i n t e r a c t  w i t h  a  l a r g e  g lazed panel  such as a  

s l i d i n g  p a t i o  door? 

2. Does t h e  punching bag impactor  adopted i n  ANSI Standard 297.1 

r e l a t e  t o  t he  human impacts? 

To a i d  i n  t h e  d iscuss ions,  a  l i m i t e d  s e r i e s  o f  t e s t s  were i n i t i a t e d  

where a  s o p h i s t i c a t e d  anthropomorphic t e s t  dummy and a  s tandard punching 

bag (simp1 i f i e d  one mass dummy) were a1 t e r n a t e l y  dropped through g lazed 

panel s  . 
F igures 6-9 show pre-  and p o s t - t e s t  views o f  these exper iments.  

F igure  8 shows one o f  t h e  p o s i t i o n s  assumed f o r  t he  dummy. Th is  s imple 

c o n f i g u r a t i o n  was con t ras ted  w i t h  o the rs  such as a  case where t h e  dummy 

was presumed t o  be runn ing  w i t h  a  s t i f f  arm i n t o  t h e  panel o f  g lass .  

I t  should be noted t h a t  t he  w i r es  runn ing  f rom bo th  t he  punching bag 

and t he  dummy c a r r i e d  accelerometer s i gna l s  t o  FM tape-recorders .  

H igh speed mot ion p i c t u r e s  were a l s o  made t o  r eco rd  t h e  dynamic mot ions.  

I t  was n o t  p o s s i b l e  t o  answer t he  quest ions posed a t  t he  beg inn ing  

o f  t h i s  s e c t i o n  on t he  bas i s  o f  t he  p r o j e c t .  F i r s t ,  the  t e s t  d i d  l i t t l e  

t o  d e f i n e  t he  r e a l  wo r l d  acc iden t  scenar io .  However, i t  d i d  demonstrate 

the  comp lex i t y  o f  t he  i n t e r a c t i o n s  which cou ld  occur  d u r i n g  an acc iden t  

o f  t h i s  t ype  (e .g . ,  f o r  a  runn ing  dummy the  knee and hand contacted 

t he  q lass  a t  about the  same t ime; they bo th  rebounded causing t he  

dummy t o  s t r a i g h t e n  ou t ;  f i n a l l y  t he  whole body c a r r i e d  through the  

panel b reak ing  i t ) .  Thorough acc iden t  i n v e s t i g a t i o n s  would be r e q u i r e d  

t o  shed a d d i t i o n a l  l i g h t  on t h e  r e a l  scenar io  i n  o rde r  t o  d e f i n e  sub- 

j e c t  pos tu re  and v e l o c i t y  a t  t he  t ime  o f  impact.  Second, any i n j u r y  

est imates were imposs ib le .  Glass i n j u r y  u s u a l l y  i nvo l ves  1  acera t ions .  

The dummy s k i n  has n o t  been designed t o  produce a  l a c e r a t i o n  i n j u r y .  

Indeed, no i n d i s p u t a b l e  1  a c e r a t i  on s i m u l a t o r  has y e t  been developed. 





F igure  7 .  P o s t - t e s t  View o f  Punching Bag Dummy Drop Test .  



Figure 8. Anthropomorphic Dummy Positioned f o r  Drop onto Glass Panel. 



F i g u r e  9. P o s t - t e s t  V i e w  o f  Dummy A f t e r  Drop Through Glass Panel . 
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T h i r d ,  because o f  t h e  l a c k  o f  a  c l e a r  d e f i n i t i o n  o f  t h e  r e a l  a c c i d e n t  

s c e n a r i o ,  i t  was a l s o  i m p o s s i b l e  t o  r e l a t e  t h e  punch ing bag drop t e s t  

t o  human i n j u r y  caus ing  impac t  even ts .  

2.2.3 Countermeasure S t u d i e s .  Guard Rai 1s.  I n  r e v i e w i n g  work- 

s u r f a c e  a c c i d e n t s  and f a l l s ,  i t  has been found t h a t  a  s i g n i f i c a n t  

number a r e  g u a r d r a i l - r e l a t e d .  A t e s t  program was i n i t i a t e d  a t  t h e  

NBS Center  f o r  Bu i  1  d i n g  Techno1 ogy wh ich  i n v o l v e d  dynami c a l  l y  1  oad i  ng  

v a r i o u s  g u a r d r a i l  s t r u c t u r a l  assemblages u s i n g  an anthropomorph ic  

t e s t  dummy. As a  r e s u l t  o f  t hese  t e s t s  and o t h e r s ,  a  proposed c r i -  

t e r i o n  was developed f o r  g u a r d r a i l  h e i g h t .  A  schemat ic  f o r  one o f  t h e  

t e s t  c o n d i t i o n s  i s  shown i n  F i g u r e  10.  

The dummy p r o p e r t i e s  wh ich  a r e  o f  r e l e v a n c e  t o  t h e  s t u d y  a r e  

body mass, geometry and a r t i c u l a t i o n .  I t  s h o u l d  be r e c a l l e d  f r o m  

F i g u r e  3 t h a t  t h e  f i r s t  o f  t h e  t ypes  o f  countermeasures l i s t e d  i s  

e l i m i n a t i o n  o f  t h e  a c c i d e n t  scenar io .  Here, t h e  concern  i s  f a l l  p r e -  

v e n t i o n .  Body mass and geometry o f  a  dummy d e f i n e  human body c e n t e r  

o f  g r a v i t y  w i t h  a  f a i r  degree o f  accuracy .  The t e s t s  a r e  thus  

p a r t i c u l a r l y  a p p r o p r i a t e  f o r  d e f i n i n g  gu ide1 i nes w i t h  r e s p e c t  t o  

r a i l i n g  h e i g h t s .  I n s o f a r  as i t  i s  p o s s i b l e  t o  e s t i m a t e  o r  p u t  an 

upper  bound on t h e  v e l o c i t y  o f  impac t  o r  f o r c e  o f  l o a d i n g  o f  t h e  ac- 

c i d e n t  v i c t i m  on t h e  p u a r d r a i l  s t r u c t u r e ,  i t  i s  a l s o  p o s s i b l e  t o  de- 

v e l o p  s t r e n g t h  requ i remen ts  f rom t e s t s  such as these.  

2 .2 .4  Countermeasure S t u d i e s .  P r o t e c t i v e  Helmets. P r o t e c t i v e  

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

workers ,  m ine rs ,  e t c .  , have been t h e  s u b j e c t  o f  s t a n d a r d i z a t i o n  

a c t i v i t i e s  f o r  many y e a r s .  Helmets a r e  known t o  reduce i n j u r y  i n c i d e n c e  

b u t  t h e i r  e f f e c t i v e n e s s  and usage s t i l l  i s  an a rea  o f  g r e a t  c o n t r o v e r s y .  

The p r i m a r y  reasons f o r  t h i s  a r e  t h r e e f o l d :  

1 .  What i s  t h e  a c c i d e n t  scenar io?  ( S i z e ,  v e l o c i t y  and d i r e c t i o n  

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

2 .  What i s  human t o l e r a n c e  t o  head b lows? ( A  m a j o r  research  prob-  

l e ~ n  i n  i t s e l f ,  t h e  data  a v a i l a b l e  must be c l e a r l y  r e l a t a b l e  t o  t h e  

t e s t  p rocedure  adopted f o r  a s t a n d a r d ) .  

3. What dummy o r  hardware shou ld  be used i n  t h e  t e s t  (Headform 

mounted r i g i d l y  o r  on an a r t i c u l a t e d  n e c k ) .  



F i g u r e  10. Schemat ic  o f  T e s t  Dummy F a l l i n g  Against Guardrail 
S t r u c t u r e .  



I n  t he  process o f  deve lop ing countermeasures f o r  p r o t e c t i v e  head 

gear, a  v a r i e t y  o f  a c t i v i t i e s  must take  p lace  s imul taneous ly  i n  r e -  

sponse t o  a l l  t h ree  o f  these ques t ions .  With respec t  t o  t he  dummy, 

a  v a r i e t y  o f  headforms may be used. F igure  11 shows severa l  which a re  

cons t ruc ted  t o  d i f f e r e n t  anthropometr ic  standards.  Some a re  meta l ;  

some a re  p l a s t i c .  Some a re  s o l i d ;  some a re  ho l low.  I n  countermeasure 

development, i t  i s  p o s s i b l e  t o  t ry  var ious  impact  d i r e c t i o n s ,  dummy 

c o n f i g u r a t i o n s ,  and i ns t r umen ta t i on  i n  o rde r  t o  b e t t e r  d u p l i c a t e  o r  

r e c o n s t r u c t  acc iden t  scenar ios .  F igures 12 and 13 show the  pre-  

t e s t  setup f o r  two hard h a t  exper iments conducted a t  HSRI. One 

i nvo l ves  t he  dangerous ver tex  impact (F i g .  1 2 )  w h i l e  t he  o t h e r  i n -  

vo lves a  l e s s  common b u t  e q u a l l y  dangerous impact f rom the  s i de .  

The procedure shown here i s  somewhat more s o p h i s t i c a t e d  than t h e  usual  

t e s t s  found i n  c u r r e n t  standards.  F i r s t ,  t he  headform i s  mounted on 

a  f l e x i b l e  neck and t o r so .  Second, t h e  blow d e l i v e r e d  by the  c o n t r o l l e d  

pneumatic ram impactor  i s  r e g i s t e r e d  as fo rces  and acce le ra t i ons  bo th  

i n  the  head form and i n  the  impactor .  Th i r d ,  h i g h  speed mot ion p i c t u r e s  

r eco rd  t h e  head/impactor i n t e r a c t i o n .  

Tests such as t h i s  demonstrate t h a t  a  p e r i o d  o f  v a r i e d  and some- 

t imes s o p h i s t i c a t e d  t e s t i n g  o f t e n  precedes and supplements development 

o f  new s tandard ized  t e s t i n g  procedures.  Much o f  t h e  reason f o r  t h i s  

i s  t h a t  countermeasure development o f t e n  r equ i r es  more i ns t r umen ta t i on  

and d e t a i l  i n  o rde r  t o  assure measurement o f  a l l  t he  impor tan t  

eng ineer ing  v a r i a b l e s .  

The nrocedures adopted f o r  use i n  standards should  tend t o  be 

as s imple as p o s s i b l e  w i t h o u t  l o s i n g  s i g h t  o f  t he  eng ineer ing  o b j e c t i v e .  

I n  t he  case o f  p r o t e c t i v e  helmets, t he  procedure adopted i n  standards 

has been t o  use o n l y  t h e  head from more s o p h i s t i c a t e d  dummies and assume 

t h a t  coup l i ng  o f  impact loads w i t h  the  neck and t o r s o  can be ignored.  

Th is  procedure has come i n t o  ques t ion  as has t he  problem o f  where on t he  

helmet t o  d e l i v e r  the  impact.  

2.2.5 Countermeasure S tud ies .  .- S i m p l i f i e d  Dummy f o r  Automotive 

Side Impact Tes t i ng .  Two problems w i t h  anthropomorphic crash t e s t  

dummies have l e d  t o  development o f  t he  dev ice shown i n  F igures 14 and 

15  by t he  T ranspo r t a t i on  Road Research Labo ra to r i es  (TRRL) i n  England. 

The problems were t h a t  e x i s t i n g  dummies were unrea l  i s t i  c a l  l y  s t i f f  





Figure 1 2  . Protective Helmet Test. Vertex Impact. 





Figure  14. TRRL S i d e  Impact Dummy P r i o r  t o  T e s t  o f  Vehicle S ide  S t r u c t u r e s .  





when sub jec ted  t o  s i d e  impact and t h a t  t he re  was no known r e l a t i o n  be- 

tween t e s t  data de r i ved  f rom these dummies and human i n j u r y .  Then 

TRRL s e t  o u t  t o  develop a  s p e c i a l i z e d  s i de  impact dummy which 

reproduced v e h i c l e  i n t e r i o r  damage caused by t he  human crash 

v i c t i m .  I n  t u rn ,  t he  v e h i c l e  i n t e r i o r  damage had been c o r r e l a t e d  

w i t h  i n j u r y .  The developers then c o r r e l a t e d  accel  erometer and f o r c e  

t ransducer  da ta  f rom the  p e l v i s ,  shoulder  and r i b s  o f  t h e  dummy w i t h  

t he  i n j u r i e s  t o  produce human impact t o l e rance  c o r r i d o r s  f o r  t h e  s p e c i a l i z e d  

impact.  

The example shown i n  F igures 14 and 15 i n v o l v e  impact s l e d  t e s t s  o f  

p ro to t ype  energy-absorbing v e h i c l e  s i d e  door s t r u c t u r e s .  F igure  14 

shows t h e  i n i t i a l  p o s i t i o n  o f  t h e  dummy. I n  F igure  15, t he  dummy 

has s l i d  i n t o  t he  door s t r u c t u r e s  and rebounded t o  h i s  f i n a l  r e s t i n g  

p lace .  These t e s t  r e s u l t s  have been c o r r e l a t e d  w i t h  t e s t  data us ing  

s tandard anthropomorphic t e s t  dummy and human cadaver sub jec ts  w i t h  

t he  data most resembl ing t he  cadaver r e s u l t s ,  p a r t i c u l a r l y  the  mot ions 

o f  t he  head and thorax .  Th i s  dummy i s  ve ry  impor tan t  f o r  one p r imary  

reason. The reason i s  t h a t  a  d i r e c t  l i n k  has been es tab l i shed  

between observed i n j u r i e s  and a  we1 1  - de f i ned  da ta  ga the r i ng  system 

b u i l t  i n t o  t h e  dummy. I t  i s  t he  o p i n i o n  o f  t he  au thor  t h a t  t h i s  should 

be t he  goal o f  a1 1 1  abora to ry  t e s t  dummies t o  be used i n  any o f  t he  

t h r e e  a p p l i c a t i o n s  s e t  f o r t h  i n  t h i s  r e p o r t .  However, t he re  a re  

some cau t ions  which a l s o  shou ld  be noted. The durnrny has been de- 

s igned f o r  d i r e c t  v e h i c l e  s i d e  impacts s t r o n g l y  l i m i t i n g  i t s  p o t e n t i a l  

t e s t  environment. The i n j u r y  da ta  base a l s o  i s  l i m i t e d  t o  the  same 

type  o f  c rash env i  ronment . 
2.2.6 Countermeasure - --- S tud ies .  In f la t ing_Occupant  -- --  R e s t r a i n t A s t e m s .  - 

A c l a s s i c  case o f  the  use o f  t e s t  dummies f o r  s t udy ing  countermeasures 

i nvo l ves  t h e i r  use i n  t he  development o f  i n f l a t i n g  occupant r e s t r a i n t  

systems o r  a i rbags .  I n  e a r l y  t e s t i n g  t h e  system e x h i b i t e d  reasonable 

performance f o r  dummies p o s i t i o n e d  w i t h  good pos tu re  i n  an u p r i g h t  

seated p o s i t i o n .  However, o b j e c t i o n s  immediately arose about t h i s  

1  i m i  t ed  d e f i n i t i o n  o f  the  acc iden t  scenar io .  A f t e r  a1 1, people, es- 

p e c i a l l y  passengers, assume a  v a r i e t y  o f  p o s i t i o n s  i n  a  ca r .  What 

happens then? F igure  16 shows f o u r  set -up photographs from 

an e a r l y  a i r bag  t e s t  s e r i e s  conducted a t  H S R I  i n d i c a t i n g  a  few o f  t he  





occupant p o s i t i o n s  wh ich  were examined i n  t h e  course o f  t h e  develop- 

ment o f  t h e  a i r b a g  system as a  s a f e t y  countermeasure. The p o s i t i o n s  

a r e  : 

1. Dummy passenger l e a n i n g  fo rward  on t h e  i n s t r u m e n t  pane l .  

2 .  Dumy s louched i n  seat .  

3. C h i l d  dummy on l a p  o f  a d u l t  dummy. 

4. C h i l d  dummy s t a n d i n g  w i t h  ches t  a g a i n s t  a i r b a g .  

The anthropomorphic dummies were i ns t rumen ted  w i t h  t h e  usua l  complement 

o f  t r i a x i a l  acce lerometer  c l u s t e r s  i n  head and ches t .  More o f t e n  

than  n o t ,  t h e  l e v e l  o f  p r o t e c t i o n  was e s t i m a t e d  t o  be degraded 

when t h e  occupants were o u t  o f  t h e  "usua l "  e r e c t  seated p o s i t i o n .  

The i m p o r t a n t  p o i n t  t o  be no ted  w i t h  r e s p e c t  t o  t h i s  example i s  

aga in  t h e  impor tance o f  a c c i d e n t  scenar io  d e f i n i t i o n .  Countermeasure 

t e s t i n g  shou ld  encompass t h e  v a r i e t y  o f  s i t u a t i o n s  l i k e l y  t o  be encountered 

i n  p r a c t i c e  i n  o r d e r  t o  assure  t h a t  s i m p l i f i e d  s tandard  t e s t  procedures 

wh ich  may e v o l v e  cover  t h e  necessary range o f  performance requ i rements .  

2.2.7 Standard Tes t  Procedure. A r c h i t e c t u r a l  G laz ing  M a t e r i a l s .  

The Consumer Product  S a f e t y  Commission has been i n v o l v e d  i n  

t h e  development o f  a  s tandard  f o r  a r c h i t e c t u r a l  g l a z i n g  m a t e r i a l s .  

To a  l a r g e  e x t e n t  t h e  e f f o r t  has concen t ra ted  on a  s imp le  pendulum 

t e s t  where a  l e a d - f i l l e d  punching bag swings i n t o  a  v e r t i c a l l y  

mounted panel o f  g l a z i n g  m a t e r i a l  (See F i g u r e  17 f o r  a  schemat ic o f  

t h e  t e s t ) .  The 100 pound punching bag i s  a  s imple ,  i d e a l i z e d  t e s t  

dummy r e p r e s e n t i n g  a  r u n n i n g  boy. The energy o f  t h e  impact  i s  de- 

te rm ined  b y  t h e  h e i g h t  o f  t h e  bag as i t  i s  r e l e a s e d  and has been 

e s t a b l i s h e d  a t  a  maximum o f  400 f t .  l b .  (ANSI Standard 297.1). The 

i n t e r a c t i o n  b e i n g  modeled, thereby,  i s  a  boy r u n n i n g  a t  a  b r i s k  r a t e  

i n t o  a  l a r g e  g lazed pane l .  I f  t h e  panel  does n o t  break,  t h e  l a c e r a -  

t i o n  i n j u r y  scenar io ,  wh ich  i s  t h e  usua l  forrn o f  i n j u r y  f rom t h i s  

c l a s s  o f  p roduc t ,  does n o t  deve lop.  If i t  does break,  t h e r e  a r e  

l i m i t a t i o n s  on t h e  s i z e  and shape o f  t h e  h o l e  and t h e  fragments o f  

m a t e r i a l  which r e s u l t ,  aga in  a t t e m p t i n g  t o  a v o i d  t h e  assumed a c c i d e n t  

scenar io .  



IMPACT TEST STRUCTURE 

GLAZING MATERIAL 

Figure 17. Pendul urn Test f o r  Architectural Glazing Materi a1 s .  
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This  standard t e s t  procedure, by avo id i ng  o r  e l  i m i n a t i n g  t h e  

p r imary  a n t i c i p a t e d  i n j u r y  scenar io ,  can be judged successfu l  as a  

s t r e n g t h  measure o f  g lazed panels.  Some o f  the  issues which a re  

avoided are:  

1. I n s u f f i c i e n t  acc iden t  scenar io  d e f i n i t i o n  w i t h  respec t  t o  

what p a r t s  o f  t he  human con tac t  the  panel ; 

2. Unknown impact energy l e v e l s ;  

3. Sequence o f  events l ead ing  from panel breakage t o  l a c e r a t i o n  

i n j u r y  i s  undef ined. 

I t  should be s t ressed  t h a t  standards such as t h i s  which a re  in tended 

t o  use a  t e s t  dummy t o  prove avoidance o r  e l i m i n a t i o n  o f  an i n j u r y  

scenar io  a re  u s u a l l y  more tenab le  than those which s t r i v e  t o  a t tenua te  

i n j u r y .  The obvious reasons a re  t he  added need f o r  biomechanical 

da ta  r e l a t i n g  i n j u r i e s  t o  measurable engineer ing parameters and a  

c l e a r l y  documented, s t a t i s t i c a l l y  based acc iden t  scenar io  d e f i n i t i o n .  

2.2.8 Standard Tes t  Procedure. P a r t  572 Dummy. The most s o p h i s t i -  

cated s imu la t i on  of human form, a r t i c u l a t i o n ,  and mass which has been 

incorpora ted  i n t o  a  s tandard i s  the  P a r t  572 anthropomorphic t e s t  dev ice 

(See CFR, T i t l e  49, P a r t  572). I t s  use i s  c a l l e d  f o r  i n  the  Motor 

Vehic le  Sa fe ty  Standard 208 of  t he  Nat iona l  Highway T r a f f i c  Safety  

Adm in i s t r a t i on  i n  t he  eva lua t i on  and c e r t i f i c a t i o n  o f  pass ive 

automobi le occupant r e s t r a i n t  systems. I n  t e s t i n g ,  t he  dummy 

i s  pos i t i oned  e i t h e r  i n  the  d r i v e r  o r  passenger seat  accord ing 
t o  a  complex placement procedure. The c a r  i s  then subjected t o  

a  s e r i e s  o f  crash events c o n s i s t i n g  o f  a  30 mph f r o n t  s o l i d  b a r r i e r  

crash, a  l a t e r a l  b a r r i e r  impact, and a  r o l l o v e r .  The r e s t r a i n t  system 

being t es ted  i s  no t  i n  compliance when t he  transducers i n  head, 

chest ,  and l egs  o f  t he  dummy exceed c e r t a i n  values which t o  the  ex ten t  

poss ib l e  a re  based on biomechanical data .  For t he  head, t he  head 

i n j u r y  c r i t e r i o n  (H.I .C.)  cannot exceed 1000. I t s  computation i s  

based on a  spec ia l  i n t e g r a l  o f  the  r e s u l t a n t  head acce le ra t i on .  

The r e s u l t a n t  chest  a c c e l e r a t i o n  i s  l i m i t e d  t o  60 G's f o r  i n t e r v a l s  

exceeding 3 m i l l i seconds .  Loads i n  i n d i v i d u a l  femurs cannot exceed 

1700 l b .  

Th is  standard,  n o t  y e t  f u l l y  implemented, dup l i ca tes  r e a l  

c rash scenar ios t o  t he  ex ten t  t h a t  a  crash b a r r i e r  dup l i ca tes  the  

v a r i e t y  o f  ob j ec t s  contacted du r i ng  automot ive acc idents  and the  

29 



Par t  572 dummy represents  human dynamic response. The standard has 

had a con t rove rs i a l  h i s t o r y  n o t  o n l y  due t o  the  f a c t  t h a t  pass ive 

r e s t r a i n t  systems a re  con t rove rs i a l  b u t  a l so  because o f  the  l e v e l  o f  

development of crash t e s t  dummies. O f  p a r t i c u l a r  concern have been 

reproduci  b i  1 i ty  o f  t e s t  r e s u l t s  and the  b i o f  i d e l  i t y  o f  the dummy 

( t h e  degree t o  which i t s  p r e d i c t i o n s  r e f l e c t  human response). T i t l e  

49, P a r t  572 was prepared t o  improve and c l a r i f y  the p rope r t i es  o f  the  

dummy and the  t e s t  procedures f o r  i t s  use. F igure 18 i s  a photograph 

o f  a Pa r t  572 anthropomorphic t e s t  dev ice p r i o r  t o  an impact s l ed  

t e s t  o f  a b e l t  r e s t r a i n t  system. 





3.0 WHAT I S  A DUMMY TEST? 

I n  t h e  i n t r o d u c t i o n  t o  t h i s  r e p o r t ,  a  dummy t e s t  was d e f i n e d  as 

t h e  hypothesized p h y s i c a l  i n t e r a c t i o n  o f  a  human w i t h  h i s  env i  ronment 

where t h e  r e s u l t  i s  mechanical i n j u r y  o r  trauma t o  t h e  human. Two 

p o i n t s  were made b r i e f l y :  

- The a c c i d e n t  scenar io  has t h r e e  b a s i c  components which a re  t h e  

v i c t i m ,  t h e  env i  ronment, and t h e  dynamics o f  i n t e r a c t i o n .  

- There a r e  p o t e n t i a l  sources of d i f f e r e n c e s  between t h e  s imu la ted  

and r e a l  events which can be discussed i n  terms o f  eng ineer ing  

parameters o f  t h e  problem. 

The purposes o f  t h i s  p a r t  o f  t h e  r e p o r t  a r e  t o  d iscuss the  eng ineer ing  

parameters o f  dummy t e s t i n g ,  desc r ibe  t h e  s t a t e  o f  knowledge w i t h  

respec t  t o  them, and i n d i c a t e  what types o f  dec is ions  may be p o s s i b l e  

based on dummy t e s t  r e s u l t s .  

3.1 - Engineer ing Parameters i n  Dummy T e s t i n g  

The parameters of dummy t e s t i n g  can be organ ized i n t o  f o u r  groups. 

The f i r s t  t h r e e  deal  w i t h  t h e  t h r e e  components of the  acc iden t  scenar io  

w h i l e  the f o u r t h  dea ls  w i t h  acc iden t  ( o r  t e s t )  r e s u l t s .  Table 1  l i s t s  

parameters w i t h  s i m i l a r i t i e s  between v i c t i m  and t e s t  dummy and a l s o  

those parameters where d i f f e r e n c e s  e x i s t  o r  where t h e r e  may be problems. 

The l i s t  shows t h a t  t h e  b e s t  data  a r e  probably  a v a i l a b l e  f o r  d e s c r i b i n g  

t h e  weight  and shape o f  t h e  human body and i t s  component p a r t s .  A 

problern e x i s t s  as these data  have been implemented i n t o  hardware 

f o r  o n l y  a  few s i zes  r e p r e s e n t i n g  average and l a r g e  males as w e l l  as 

a  smal l  female, i n f a n t ,  t h r e e  year  o l d ,  and s i x - y e a r  o l d  c h i l d r e n .  

L i t t l e  cont roversy surrounds t h e  d e f i n i t i o n  o f  an average o r  50th  

percen t i  l e  male b u t  non-con t rovers ia l  anthropometr ic  d e f i n i t i o n s  have 

n o t  ye ; been developed f o r  t h e  o t h e r  s i z e s .  The parameter problern i s  

il l u s t ~ a t e d  g r a p h i c a l l y  i n  F igu re  19 which shows a diasassembled c h i l d  dummy. 

An a d d i t i o n a l  problem w i t h  a r t i c u l a t e d  t e s t  dummies i s  t h e  l a c k  

o f  biomechani c a l  i n f o r m a t i o n  d e s c r i b i n g  t h e  p h y s i c a l  parameters o f  human 

j o i n t s .  Among t h e  impor tan t  parameters a re  s t i f f n e s s  o r  r e s i s t a n c e  

t o  mot ion a t  t h e  j o i n t .  Th is  p r o p e r t y  r e f l e c t s  l a c k  o f  data  d e s c r i b i n g  

t h e  normal and f o r c e d  range o f  mot ion p o s s i b l e  a t  t h e  body j o i n t s  



Figure  19. Component P a r t s  o f  Anthropomorphic Tes t  Device. 



TABLE 1. PARAMETERS OF THE VICTIM 

Simi l a r  Parameters Problem Parameters 

To ta l  body mass L i m i t e d  number o f  body s i zes  

Weight o f  body p a r t s  Unreal i s t i c  j o i n t  p r o p e r t i e s  

L im i  t e d  anthropometry No muscle t ens i on  

F lesh  i n a p p r o p r i a t e  f o r  s u p e r f i  c i  a1 

i n j u r i e s  

Not a  v a l i d a t e d  i n j u r y  i n d i c a t o r .  

as we1 1  as muscle c a p a b i l i t y  i n  r e s i s t i n g  loads.  A good deal  o f  i n f o r -  

mat ion  i s  a v a i l a b l e  f o r  the  arms, t o r so ,  and l egs  t o  d e f i n e  s t a t i c  l i f t i n g  

s t r e n g t h  b u t  t he  a b i l i t y  t o  r e s i s t  s u r p r i s e  dynamic loads i s  l a r g e l y  

unknown. Most o f  t he  i n f o r m a t i o n  on t h i s  s u b j e c t  r e l a t e s  t o  t he  neck 

( s t u d i e s  o f  t he  whiplash phenomena) and t he  forearm and elbow. 

Other problems w i t h  o r  shortcomings o f  e x i s t i n g  t e s t  dummies 

r e l a t e  t o  t h e i r  a b i l i t y  t o  r e g i s t e r  i n j u r y .  Most o f  t he  a v a i l a b l e  

i n j u r y  c r i t e r i a  deal  w i t h  r es i s t ance  t o  b l u n t  impact on t he  head, 

tho rax ,  o r  t h e  femur. Care must be taken t h a t  an i n j u r y  c r i  t e r i  on 

se l ec ted  f o r  performance e v a l u a t i o n  i s  a p p l i c a b l e  t o  the  t e s t  cond i t i ons  

imposed. For example, head i n j u r y  c r i t e r i a  a re  b e s t  documented f o r  

forehead impact,  less-we1 1  documented f o r  head s i de  impact,  and poor  

f o r  blows t o  t h e  ve r t ex  o r  o c c i p i t a l  ( l owe r  back o f  t he  head) reg ions .  

Chest i n j u r y  c r i t e r i a  a re  b e s t  documented f o r  b l u n t  impact t o  t he  

sternum b u t  a re  sketchy f o r  blows t o  t he  s i d e  o r  back o f  the  ches t .  

F a i r l y  good i n f o r m a t i o n  i s  a v a i l a b l e  f o r  blows t o  t he  kneel femur 

complex b u t  do n o t  r e l a t e  t o  the  t w i s t i n g  and t u r n i n g  o f  the  knee 

as may occur i n  a  fa1  1 .  A f i n a l  problem e x i s t s  w i t h  

t he  f l e s h  o r  s k i n  o f  dummies. The f l e s h  p rov ided  w i t h  anthropomorphic 

t e s t  dummies may be s o f t  and f e e l  somewhat l i k e  s k i n .  I t  may respond 

somewhat l i k e  human f l e s h  when sub jec ted  t o  a  b l u n t  impact .  However, 

a  good l a c e r a t i n g  f l e s h  has y e t  t o  be developed. 

I n  those cases where t o l e rance  data i s  l i m i t e d  o r  n o t  a v a i l a b l e ,  

the most t h a t  can be expected from a  t e s t  dummy i s  a  good rep resen ta t i on  

o f  body mass and form. Th i s  r ep resen ta t i on  can a i d  i n  countermeasure 

development o r  s t anda rd i za t i on  by showing comparat ive a t t e n u a t i o n  



o f  dynamic events b u t  cannot be expected t o  p r e d i c t  a  q u a n t i f i e d  reduc- 

t i o n  o f  i n j u r y  l e v e l .  

The parameters o f  t h e  environment where t h e  acc iden t  takes p lace  

do n o t  p resen t  a  major  problem f o r  l a b o r a t o r y  d u p l i c a t i o n .  I n  so f a r  

as i s  necessary, t h e  s t r u c t u r e s ,  sur faces,  r a i  1  i ngs , f l y i n g  ob jec t s ,  

e t c .  can be recons t ruc ted .  

Given a  t e s t  dummy and an acc i den t  environment, however, i t  i s  

o f t e n  very  d i f f i c u l t  t o  c rea te  t he  c o r r e c t  dynamic i n t e r a c t i o n  be- 

tween t he  two. To s t a r t  w i t h ,  i t  i s  necessary t o  have a  we1 1  - de f i ned  

acc i den t  scenar io .  An example o f  t h i s  problem which has a l ready  

been d iscussed i n  t h i s  r e p o r t  concerns hard ha ts .  An obvious problem 

i n  d e f i n i n g  t h e  i n t e r a c t i o n  i s  t he  p o s i t i o n  i n  which t he  v i c t i m  

has h i s  head. I s  he l o o k i n g  fo rward  o r  down? Are h i s  muscles tensed 

o r  loose?  With r espec t  t o  t h i s  same acc iden t ,  t he  p o s s i b i l i t y  f o r  good 

i n t e r a c t i o n  d e f i n i t i o n  w i t h  respec t  t o  some parameters a l s o  e x i s t s .  

For example, i f  i t  i s  known t h a t  an o b j e c t  drops from a  c e r t a i n  

he igh t ,  t h e  impact v e l o c i t y  and energy a re  we1 1-def ined.  B a s i c a l l y  

then, parameters o f  t he  i n t e r a c t i o n  u s u a l l y  i n v o l v e  t he  i n i t i a l  

p o s i t i o n  and mot ions o f  t he  v i c t i m  i n  t h e  environment. D e f i n i t i o n  

o f  t h e  i n t e r a c t i o n  can be no more accura te  than t h e  a b i l i t y  t o  p o s i t i o n  

the  v i c t i m  i n  space, a  task  which increases i n  d i f f i c u l t y  as t he  num- 

be r  o f  a r t i c u l a t i o n s  i n  t he  t e s t  dummy increases.  

The f i n a l  c l ass  o f  parameters deals  w i t h  t h e  comparat ive r e s u l t s  

o f  an acc i den t  scenar io ,  an i n j u r y  t o  t he  human and data frorn a  dummy 

t e s t .  Comparisons o f  the  va r ious  poss ib l e  ou tpu t  parameters a re  

g iven  i n  Table 2 .  Wi th  t e s t  dummies i t  i s  p o s s i b l e  t o  o b t a i n  s u b s t a n t i a l  

da ta  d e s c r i b i n g  body mot ions, appl  i ed fo rces ,  and k i  nemati c  q u a n t i t i e s  

such as v e l o c i t y  and acce le ra t i ons .  The major  problems l i e  i n  a  

p a u c i t y  o f  i n f o r m a t i o n  r e l a t i n g  i n j u r i e s  t o  biornechanical hur~ian t o l e rance  

c r i t e r i a  which can be de r i ved  from t e s t  dummy data.  The appendix t o  

t h i s  r e p o r t  g i ves  re ferences on t h i s  sub jec t  and t he  o t h e r  parameters 

o f  t he  i n j u r y  event .  



TABLE 2. OUTPUT PARAMETERS ' FROM INJURY-CAUSING EVENT 

Simi l a r  Parameters Problem Parameters 

Gross body mot ions 

Gross f o r ces  

Gross k inemat ics  

No i n j u r y  measure i n  t e s t  dummy. 

No e f f e c t s  of muscle t ens i on  p o s s i b l e  i n  

dummy. 

Force and k inemat ic  data a v a i l a b l e  o n l y  

f rom dummies. 

3.2 Poss ib le  Dec is ions Based on Dummy Test  Resul ts  

Dummy t e s t  r e s u l t s  can p rov ide  a  bas is  f o r  dec i s i on  making w i t h  

respec t  t o  each o f  t he  t h ree  types o f  t e s t s  discussed e a r l i e r  -- problem 

i d e n t i f i c a t i o n ,  countermeasure development, and s tandard ized t e s t  

procedures. Wi th  respec t  t o  problem i d e n t i f i c a t i o n ,  i t  can be determined 

t h a t  a  problem e x i s t s ,  and f u r t h e r ,  a  phys ica l  d e f i n i t i o n  o f  the  

problem can be made, when a  t e s t  dummy and a  human v i c t i m  leave t he  

same " i m p r i n t "  on t he  environment. I f ,  i n  a d d i t i o n ,  t he  t e s t  dummy 

o r  environment i s  c a r e f u l l y  instrumented, t he  i n j u r i e s  o r  o the r  human 

responses can be re1  a ted  t o  eng ineer ing  va r i ab l es  measured du r i ng  t he  

t e s t .  Th is  i s  p r e c j s e l y  what was done i n  t he  case o f  t he  TRRL dummy 

descr ibed i n  Sec t ion  2.2.5 and prov ides a  f i r m  founda t ion  f o r  counter-  

measure development and standards development which may f o l l o w .  

Countermeasures a re  developed t o  e l im ina te ,  a1 t e r ,  o r  s o f t e n  

p o t e n t i a l  i n ju ry -p roduc i  ng scenar i  0s. As a  r e s u l t  o f  t e s t i n g  

p o t e n t i  a1 countermeasures, dec is ions  can be reached based on t h e i  r 

comparat ive performance. I n  o t h e r  words, answers can be ob ta ined  t o  

the  quest ion,  "Did  t he  countermeasure a l t e r  the  outcome o f  the i n i t i a l  

scenar io  i n  a  manner b e n e f i c i a l  t o  the  v i c t i m  on t he  bas i s  t h a t  he f e e l s  

g e n t l e r  fo rces  and mot ion?"  

Compl iance t e s t  procedures can be used i n  the  same manner as counter -  

measure t e s t s  t o  compare performance o f  s a f e t y  countermeasures aga ins t  

s tandard data and c e r t i f y  t h e i r  value as s a f e t y - p r o t e c t i  ve devices.  

I t  i s  obvious, however, t h a t  t he  s tandard may be useless o r  even dan- 

gerous ly  m is lead ing  un less c o r r e l a t i o n  has been es tab l  ished between 

the  acc iden t  and the  s tandard ized t e s t  procedure. 



As a conc lus ion  t o  t h i s  sec t ion ,  a  l i s t  o f  t h r e e  quest ions i s  

g iven  which should be asked anytime a dec i s i on  i s  contemplated r e l a -  

t i v e  t o  any o f  t he  t h r e e  types o f  dummy t e s t s  o u t l i n e d  above: 

1. Does t he  l a b o r a t o r y  t e s t  scenar io  r e f l e c t  a l l  t he  eng ineer ing  

va r i ab les  re1  evant t o  t he  i n j u r y - c a u s i  ng event? 

2. Are the  i ns t rumen ta t i on  and t e s t  dumny which have been se lec ted  

capable o f  r e f l e c t i n g  a l l  t he  r e l e v a n t  engineer ing va r i ab les?  

3. Does the  t e s t  data which i s  obta ined r e f l e c t  t h e  p o t e n t i a l  f o r  

i n j u r y ?  

I f  a l l  these quest ions can be answered i n  t he  a f f i r m a t i v e ,  the  dummy 

t e s t  can be a use fu l  t o o l  i n  dec i s i on  making r e l a t i v e  t o  s a f e t y  counter-  

measures. 



4.0 CONDUCTING AN INSTRUMENTED DUMMY TEST 

The dummy t e s t  as descr ibed i n  t h i s  r e p o r t  i s  a  s imu la t i on  o f  a  

dynamic event  -- u s u a l l y  an impact. The o b j e c t i v e  o f  any ins t rumenta-  

t i o n  i s  t h e r e f o r e  t o  record  t he  parameters o f  a  dynamic mechanical 

event,  t h a t  i s ,  mot ions,  v e l o c i t i e s ,  acce le ra t ions ,  forces,  and 

o t h e r  q u a n t i t i e s  which may be de r i ved  therefrom. I t  i s  t he  o b j e c t i v e  

o f  t h i s  conc lud ing s e c t i o n  o f  the  r e p o r t  t o  o u t l i n e  b r i e f l y  the  range 

o f  data which can be expected i n  t h i s  type o f  t e s t ,  t he  equipment 

u t i l i z e d  i n  a  dummy t e s t  l abo ra to r y ,  and t y p i c a l  requirements o f  

da ta  ana l ys i s .  

4.1 Range o f  Data t o  be Expected 

There a re  s i x  groups o f  va r i ab l es  which a re  measured du r i ng  dummy 

t e s t s .  These are:  

1.  Time 

2. P o s i t i o n  o f  ob j ec t s  i n  t h ree  dimensions 

3. L i nea r  and angular  v e l o c i t i e s  

4. L i nea r  and angular  a c c e l e r a t i o n  

5. Force and moment vec to r  w i t h i n  t he  dummy o r  environment 

6. Other q u a n t i t i e s  such as performance i n d i c a t o r s  which may be 

de r i ved  from the  o the r  va r i ab l es  

Time du ra t i ons  i n  i n j u r y  p roduc t ion  and i n  dummy t e s t s  a re  b r i e f .  

The usual  u n i t  i s  t he  m i l l i s e c o n d  w i t h  t o t a l  events seldom l a s t i n g  more 

than 1/4  second. A commo'n procedure i s  t o  d i g i t i z e  t ime t o  0.1 m i l l i s e c o n d .  

A v a r i e t y  o f  requirements may be p laced on p o s i t i o n  measurement 

depending on t he  p a r t i c u l a r  a p p l i c a t i o n .  Deformat ion o f  a  human body 

o r  a  dummy s imu la t i on  i s  u s a l l y  much l e s s  than s i x  inches. R e l a t i v e  

motions between ad jacen t  segments o f  a r t i c u l a t e d  dummies can be sa id  

t o  be l i m i t e d  t o  any p o i n t  w i t h i n  a  c i r c l e  w i t h i n  about e i g h t  f e e t  o f  

any p o i n t  on the  body. Th is  requirement can s t r e t c h  t h e  imag ina t ion  

o f  even t he  most c r e a t i v e  o f  l a b o r a t o r y  s p e c i a l i s t s  as i t  has i n  the  case 

o f  f u l l  sca le  impacts of pedes t r ian  t e s t  dummies w i t h  an automobi le moving 

a t  30 mph. Body segment r o t a t i o n s  a re  a l s o  c lassed as l a r g e  deforma- 

t i o n s  and may exceed 180" r e l a t i v e  t o  a  l a b o r a t o r y  f i x e d  coord ina te  



system o r  even between ad jacen t  body segments i n  a  dummy. The most 

d i f f i c u l t  problem i n  p o s i t i o n  measurement i s ,  o f  course, t r a c k i n g  

mot ion o f  moving o b j e c t s  i n  t h ree  dimensions. For any r i g i d  body, t h i s  

r e q u i r e s  f o l l o w i n g  t h ree  t r ans1  a t i  onal  and t h r e e  angular  coord ina tes  

f i x e d  i n  t h e  body. 

Acce le ra t ions  measured i n  dummy t e s t s  most o f t e n  do n o t  exceed 

100 G's. Sometimes they  may be as g r e a t  as 500 G's f o r  head impact.  

Frequency response o f  accelerometers and o t h e r  t ransducers  mounted 

i n  t e s t  dummies g e n e r a l l y  i s  n o t  r e q u i r e d  t o  exceed 1000 Hz .  For 

anthropomorphic crash t e s t  dummies, a  Soc ie t y  o f  Automotive Engineers 

s p e c i f i c a t i o n  (521 1 ) recommends 1000 hz. f o r  head-mounted ins t rumenta-  

t i o n ,  180 hz. f o r  the  chest ,  and 600 hz. f o r  t he  l egs .  

Force measurements seldom reach 5000 1 bs.  Most bony s t r u c t u r e s  

i n  t he  human body can bear i n  excess o f  1000 1 bs. A1 though t e s t  dum- 

mies should be designed conse rva t i ve l y  t o  f a r  exceed t h i s  requi rement ,  

i t  i s  n o t  customary t o  g r e a t l y  exceed t he  l e v e l s  expected o f  t he  human 

d u r i n g  t e s t i n g .  The human femur can o r d i n a r i l y  w i t hs tand  loads up t o  

1700 1 bs. w h i l e  t he  tho rax  can be expected t o  r e s i s t  2500 1 b. i f  i t  

i s  w e l l - d i s t r i b u t e d  over  t he  f r o n t  o f  t he  ches t .  

4.2 Data A c q u i s i t i o n  

There a re  b a s i c a l l y  two types o f  data which must be recorded -- 
v i s u a l  and t ransducer .  A c q u i s i t i o n  o f  v i s u a l  da ta  r e q u i r e s  the  use 

o f  h i gh  speed mot ion p i c t u r e  cameras w i t h  frame r a t e s  g e n e r a l l y  i n  the  

range o f  500 t o  3000 p i c t u r e s  pe r  second. Transducer da ta  i s  most o f t e n  

recorded on an FM tape recorder  w i t h  a  f requency c a p a b i l i t y  f l a t  from 

0 t o  10000 hz. 

The key t o  p o s i t i o n  measurement i s  t a r g e t i n g  o f  t he  sub jec t  

and t he  l a b o r a t o r y .  The l a b o r a t o r y  i s  t a rge ted  t o  p rov i de  a f i x e d  

coo rd i na te  system aga ins t  which environmental  o r  v i c t i m  mot ions can 

be measured. F igure  12 i 11 u s t r a t e s  a  s imple t a r g e t i n g  arrangement f o r  

a two-dimensional mot ion s tudy.  A t  t he  l e f t  cen te r  a re  two t a r g e t s  

f i x e d  i n  t h e  l abo ra to r y .  Targets  a re  a l s o  p laced on t h e  impactor ram 

i n  o rde r  t o  mon i to r  i t s  p o s i t i o n  as a  f u n c t i o n  o f  t ime.  F i n a l l y ,  



t a r g e t s  a re  on t h e  helmet and t he  dummy head t o  compare t h e i r  mot ions 

w i t h  t h e  l a b o r a t o r y - f i x e d  system o r  w i t h  each o the r .  

I t  i s  i m p l i e d  i n  t h i s  d i scuss ion  t h a t  p o s i t i o n  i s  determined as a  

f u n c t i o n  o f  t ime  from a  movie a n a l y s i s .  Th is  r equ i r es  t h a t  t he  frame 

r a t e  o f  t h e  camera i n  p i c t u r e s  per  second i s  known p r e c i s e l y .  The 

usual  procedure i s  t o  r eco rd  t ime markers d i r e c t l y  on t he  f i l m  

e i t h e r  us ing  a  c l o c k  i n  t he  f i e l d  o f  camera view o r ,  b e t t e r ,  imposing 

a  t ime  marker on t h e  edge o f  t h e  f i l m  from a  s i g n a l  generator .  Using 

t h i s  procedure i t  i s  p o s s i b l e  t o  synchron ize v i s u a l  and t ransducer  data by 

a l s o  r eco rd i ng  t h e  t ime base s i gna l  on t h e  FM tape. 

D i r e c t  three-d imensional  mot ion measurement i s  a  more d i f f i c u l t  

problem. An example o f  a  system used t o  t r a c k  a  r i g i d  body i n  space 

i s  shown schema t i ca l l y  i n  F igure  20. Here a  t e s t  dummy i s  seated on 

a  moving impact s led .  A t a r g e t  c l u s t e r  o f  f i v e  smal l  b a l l s  i s  r i g i d l y  

a t tached  t o  t he  head o f  t he  dummy d e f i n i n g  a  moving coo rd i na te  system 

i n  t h e  head. Orthogonal ( n o t  a  necess i t y )  cameras record  t h e  mot ion 

f rom two d i r e c t i o n s  w i t h  respec t  t o  a  l a b o r a t o r y  f i x e d  system shown 

a t  t h e  l e f t  o f  t h e  f i g u r e .  F i ve  b a l l s  a re  used t o  i n s u r e  t h a t  a t  l e a s t  

t h r e e  a re  v i s i b l e  i n  bo th  cameras a t  a l l  p o i n t s  i n  t ime.  Th i s  r equ i r e -  

ment i s  based on t h e  f a c t  t h a t  l o c a t i o n  o f  t h ree  n o n c o l l i n e a r  p o i n t s  

i n  a  r i g i d  body can be used t o  d e f i n e  i t s  p o s i t i o n  i n  space. 

Acce le ra t i on  measurement i s  u s u a l l y  accomplished through t he  use 

o f  l i n e a r  accelerometers mounted s i n g l y  o r  i n  groups o f  two o r  t h r e e  

f o r  mu l t id imens iona l  k inemat i c  data a c q u i s i t i o n .  For t e s t  dummy a p p l i -  

ca t i ons ,  the  most commonly used accelerometers a re  the  m i n i a t u r e  p iezo-  

r e s i s t i v e  t ype .  They couple  smal l  s i z e  w i t h  accuracy, s e n s i t i v i t y ,  

and a  wide range o f  f requency responses. The p i e z o e l e c t r i c  

t ype  r e q u i r i n g  a  change a m p l i f i e r  may cause problems o f  d r i f t i n g  

because many o f  t he  impact s i t u a t i o n s  r e q u i r e  r e l a t i v e l y  l ong  response 

cyc l es  g r e a t e r  than 100 m i l l i s e c o n d s  which i s  a t  t h e  edge o f  t h e  

normal low frequency response o f  these dev ices.  The w i r e  s t r a i n  

gage accelerometers a re  u s u a l l y  t oo  l a r g e  and do n o t  have t he  response 

f o r  a p p l i c a t i o n s  o f  t h i s  type.  
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F igure  20. Apparatus f o r  Acgu is i  t i o n  o f  Three-Diminsional Motions of a 
R i g i d  Body. 



The problem of a c c e l e r a t i o n  measurement i n  t h r e e  dimensions has 

o n l y  r e c e n t l y  been so lved i n  a  p r a c t i c a l  sense. The t echn i ca l  problem 

i s  t o  measure t h r e e  1  i n e a r  and t h ree  angular  acce le ra t i ons  a t  a  p o i n t  

t o  complete ly  s p e c i f y  the  a c c e l e r a t i o n  o f  any p o i n t  i n  a  r i g i d  body. 

The two approaches comnonly app l i ed  i n v o l v e  e i t h e r  t he  use o f  r a t e  

gyros o r  m i n i a t u r e  accelerometers.  Rate gyros have t he  advantage o f  

d i r e c t  access t o  angu la r  acce le ra t i ons  b u t  t he  disadvantage o f  r e l a t i v e l y  

l a r g e  s i z e  and h i g h  cos t .  The approach which seems t o  be t h e  most 

w ide l y  accepted i nvo l ves  the  use o f  n i n e  l i n e a r  accelerometers mounted 

i n  t h ree  t r i a x i a l  c l u s t e r s  separated by as g r e a t  a  d is tance  as i s  pos- 

s i b l e  w i t h i n  t h e  c o n s t r a i n t s  o f  t he  t e s t .  The use of n i ne  accelerometers 

has been found necessary t o  avo id  s t a b i l i t y  problems i n  data ana l ys i s  

which always can be shown t o  occur when us ing  o n l y  the  minimum number 

o f  s i x .  

Force t r ansduc t i on  u s u a l l y  i s  a  l e s s  severe problem as f o r c e  

measurements a re  u s u a l l y  made on a  f i x e d  element o f  the environment 

e l i m i n a t i n g  the  problem o f  mot ion.  A v a r i e t y  o f  s a t i s f a c t o r y  f o r c e  

1  i n k s  a re  ava i  1  ab le  usual  l y  based on t he  p r i n c i p a l  o f  s t r a i n  gage 

sensing o f  c a l i b r a t e d  beam bending. F igure  12 shows an example o f  

t y p i c a l  i n s t r umen ta t i on  o f  t h i s  type. Above t he  sur face  o f  t h e  

impactor i s  a  f o r c e  l i n k  i n  s e r i e s  w i t h  t h e  ram. Because o f  the  mot ion 

i t  i s  necessary t o  compensate f o r  the  i n e r t i a  o f  t he  ram i n  o rde r  t o  

o b t a i n  a  c o r r e c t  read ing  o f  f o r c e  a p p l i e d  t o  t he  helmet. Th is  i s  done 

by measuring ram a c c e l e r a t i o n  (accelerometer mounted j u s t  above t he  

f o r c e  l i n k )  and m u l t i p l y i n g  by ram mass t o  o b t a i n  t he  compensation due 

t o  i n e r t i a l  f o r c e  o f  the  ram. 

The reco rd i ng  o f  t ransducer  s i g n a l s  i s  done i n  two ways. 

The f i r s t ,  l e a s t  expensive, and most common i s  t he  use o f  an u m b i l i c a l  

c a r r y i n g  the  s i g n a l  d i r e c t l y  t o  a  r eco rd i ng  dev ice.  The second i nvo l ves  

t e l eme te r i ng  o f  t he  s i g n a l .  Th is  procedure i s  o f t e n  l i m i t e d  by f requency 

response o f  the system r e q u i r e d  i n  r eco rd i ng  an impact event.  For 

soph i s t i ca ted ,  mu1 t i - channe l  experiments, an FM tape recorder  i s  u s u a l l y  

requ i red ,  e s p e c i a l l y  where t h e  data must be subjected t o  p o s t - t e s t  

ana l ys i s .  Where a  s i n g l e  number o r  data t r a c e  i s  r equ i r ed ,  a l i g h t  beam 

osc i  1  lograph o r  s torage osc i  1  loscope a re  o f t e n  s a t i s f a c t o r y .  



4.3 Data A n a l y s i s  

A schemat ic  o f  a  complete d a t a  a c q u i s i t i o n ,  h a n d l i n g ,  and p r o c e s s i n g  

system i s  shown i n  F i g u r e  21. T h i s  i s  t y p i c a l  o f  systems i n  use i n  t h e  

f i e l d  o f  au tomot i ve  s a f e t y  wh ich  o f t e n  i n v o l v e s  t e s t s  a c q u i r i n g  mas- 

s i v e  amounts o f  da ta .  There a r e  t h r e e  d a t a  st reams i n  t h e  schemat ic.  

The f i r s t  r o u t e s  t h e  t ransducer  s i g n a l s  d i r e c t l y  t h rough  fi 1  t e r s  

o n t o  1  i g h t  beam o s c i l  l og raphs .  T h i s  i s  o f t e n  done as p a r t  o f  t h e  t e s t  

i n  o r d e r  t o  o b t a i n  a  q u i c k  l o o k  a t  d a t a  q u a l i t y  and i n s t r u m e n t a t i o n  

f u n c t i o n .  The second s t ream r o u t e s  t h e  t ransducer  d a t a  t o  an FM 

tape  r e c o r d e r  w i t h  a  p r i m a r y  goa l  o f  d e t a i l e d  p o s t - t e s t  a n a l y s i s .  The 

h i g h  speed f i l m s  a r e  developed and form a  p a r a l l e l  d a t a  stream. 

The f i r s t  s t e p  i n  d a t a  p r o c e s s i n g  o f  t h e  tape  i s  t o  p l a y  back th rough  

an ana log  t o  d i g i t a l  c o n v e r t e r  and s t o r e  t h e  r e s u l t i n g  sequence o f  d a t a  

p o i n t s  i n  f i l e  s t o r a g e  o f  a  min icomputer .  F i l m  a n a l y s i s  has t h e  

same g o a l .  I n d i v i d u a l  frames o f  t h e  m o t i o n  p i c t u r e  a r e  p r o j e c t e d  on 

one o f  a  v a r i e t y  o f  f i l m  a n a l y z i n g  t a b l e s .  P o i n t  p o s i t i o n s  a r e  

e i t h e r  manual l y  o r  a u t o m a t i c a l  l y  ( o r  u s i n g  complex scann ing equipment)  

reduced t o  d i g i t a l  f o rm and e n t e r e d  i n t o  f i l e s  o f  t h e  min i -computer .  

The second s t e p  i n  d a t a  a n a l y s i s  i s  t o  assemble, s o r t ,  scan, 

and r e p a i r  ( i f  necessary)  t h e  d i g i t i z e d  da ta  f rom b o t h  t h e  t ransducer  

and v i s u a l  ( f i l m )  d a t a  st reams on a  common b a s i s .  T h i s  i s  g e n e r a l l y  

f o l l o w e d  by  d i g i t a l  f i l t e r i n g  u s i n g  s o f t w a r e  w i t h  t h e  f l e x i b i l i t y  

t o  a l l o w  t h e  u s e r  t o  "des ign  i n "  h i s  own f i l t e r  s p e c i f i c a t i o n s .  

Graph ics  p l o t s  a r e  o f t e n  p repared  a t  t h i s  p o i n t  t o  r e v i e w  t h e  raw b u t  

s a n i t i z e d  da ta .  

The t h i r d  and f i n a l  s t e p  i s  f o rma l  da ta  a n a l y s i s  wh ich  may r e q u i r e  

use o f  a  l a r g e  d i g i t a l  computer. T y p i c a l  i n f o r m a t i o n  des i  r e d  c o n s i s t s  

o f :  

1 .  R e s u l t a n t  a c c e l e r a t i o n s ;  

2. Three-dimensional  mot ions  and a c c e l e r a t i o n  c a l c u l a t i o n s ;  

3. C o r r e c t i o n s  f o r  i n e r t i a ;  and, 

4. Computations o f  performance i n d i c a t o r s .  

The second and f o u r t h  o f  these may i n v o l v e  use o f  s o p h i s t i c a t e d  computer 

so f tware .  
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1 .  R e s u l t a n t  a c c e l e r a t i o n s .  
2. 3 -d imens iona l  m o t i o n  and a c c e l e r a -  

t i o n  compu ta t i ons .  
3. Force  i n e r t i  a1 c o r r e c t i o n s .  
4. Computat ion o f  per fo rmance i n d i c a -  

t o r s  such as i n j u r y  c r i t e r i a .  

F I G U R E  21 .  Complete Data A n a l y s i s  S,ystcnl 



The da ta  ana l ys i s  overview which has been presented i s  i n t e n t i o n a l l y  

broad and i n c l  udes t he  use o f  s o p h i s t i c a t e d  acqui s i  ti on, process ing , 
and ana l ys i s  procedures. I t  i s  r e a l i z e d  t h a t  t he  o b j e c t i v e  o f  most 

t e s t  procedures w i l l  be t o  s i m p l i f y  t h i s  system t o  the  g r e a t e s t  ex- 

t e n t  poss ib l e  t o  reduce cos t ,  t o  e l i m i n a t e  the  p o s s i b i l i t y  f o r  e r r o r ,  

and t o  produce minimum b u t  c l e a r  data.  Th i s  i s  e s p e c i a l l y  t r u e  i n  the  

development o f  s tandard ized t e s t  procedures. I t  i s  a1 so r e a l  i zed 

t h a t  t he re  a re  t imes when s i m p l i f i c a t i o n  i s  n o t  des i r ab le .  The pro-  

cedures which have been presented summarily a re  i n  common use ( i n c l u d i n g  

t he  software which has been b r i e f l y  mentioned) and should present  

few problems t o  t he  c a r e f u l  user.  





LITERATURE REVIEW ON TEST DUMMIES 

AND THEIR USAGE 



A.1. INTRODUCTION 

To suppor t  t he  work l ead ing  t o  the  main t e x t  o f  t h i s  guidebook, 

a  1  i t e r a t u r e  view was conducted on the  general  sub jec t  o f  dummy t e s t i n g .  

The l i b r a r y  a t  t he  Highway Sa fe t y  Research I n s t i t u t e ,  one o f  t he  

l a r g e s t  l i b r a r i e s  i n  t he  w o r l d  d e a l i n g  w i t h  s a f e t y - r e l a t e d  issues 

p rov ided  t h e  b u l k  o f  t h e  i n f o rma t i on .  No a t tempt  was made t o  go 

beyond a  f i r s t  o r d e r  1  i t e r a t u r e  search based on b i  b l  i og raph ies  i nc l uded  

w i t h  most o f  the  documents because o f  l i m i t e d  t ime and fund ing .  I t  

i s  known t h a t  t h e  l i t e r a t u r e  on many o f  t he  sub-categor ies  o f  t h i s  

s u b j e c t  i nc ludes  many thousands o f  re fe rences .  Rather, a  representa-  

t i v e  spectrum o f  l i t e r a t u r e  was i nc l uded  w i t h  s u f f i c i e n t  depth t o  aim 

t he  user  o f  t he  Guidebook toward t he  1  i t e r a t u r e  on any t o p i c  where he 

may r e q u i r e  f u r t h e r  i n f o rma t i on .  

The i n f o r m a t i o n  gathered was d i v i d e d  i n t o  t h r e e  general  

ca tegor ies  : 

- Dummy Usage 

- Dummy D e s c r i p t i o n  

- Dummy Tes t i ng  

L i t e r a t u r e  f a1  1  i n g  i n t o  t h e  Usage category  deals  p r i m a r i  l y  w i t h  t he  

va r ious  types o f  a p p l i c a t i o n s  o f  t e s t  dummies. The dummy d e s c r i p t i o n  

category  covers sub jec t s  rang ing  from background da ta  on which t o  

base dummy designs t o  i n j u r y  c r i t e r i a  f o r  e v a l u a t i n g  dummy t e s t  r e -  

s u l  t s .  Dummy t e s t i n g  documents general  l y  cover  t he  procedures used 

i n  t e s t i n g .  Each o f  t h e  t h r e e  general  ca tegor ies  w a s  f u r t h e r  sub- 

d i v i d e d  as shown i n  Table A-1. An a d d i t i o n a l  category  which i s  i nc l uded  

i n  t h i s  1  i s t  i d e n t i f i e s  t he  type o f  group conduct ing the  work. 

A ca rd  was prepared f o r  each document which was c o l l e c t e d .  A f t e r  

rev iew,  each was assigned a  code word i n d i c a t i n g  t he  Table A-1 

ca tegory .  I n  genera l  t he  codeword i s  g iven  as: 

Agency - U, D, o r  T - subheading 

I t  was found t h a t  many documents f i t  p r i m a r i l y  i n t o  one category  b u t  

con ta i n  i n f o r m a t i o n  f i t t i n g  i n t o  o t h e r  ca tegor ies .  On t h i s  bas is ,  

i t  was decided t o  l i s t  t h e  l i t e r a t u r e  under t he  t h ree  broad ca tegor ies  

g iven  above (U,D, o r  T) r a t h e r  than subd i v i d i ng  i n t o  s h o r t e r  l i s t s .  



TABLE A-1 . CATEGORIES FOR LITERATURE REVIEW 

Dummy Usage (U) 

1 . Acc ident  r e c o n s t r u c t i o n  (Problem i d e n t i f i c a t i o n )  

2. Countermeasure development 

3. Compliance t e s t i n g  

Dummy D e s c r i p t i o n  (D) 

1. Parameter - anthropometry, m o b i l i t y  (human) 

2. Parameter - anthropometry , mobi 1 i t y  (dummy) 

3. I n j u r y  c r i t e r i a ,  biomechanics 

4. B i o f i d e l i t y  

5 .  P a r t i a l  dummies - body b locks  

6. P a r t i a l  dummies - head forms 

7. Other s i m p l i f i e d  dummies 

8. Whole body dummies 

Dummy Tes t i ng  (T )  

1. Data ana l ys i s  - photographic  

2. Data a n a l y s i s  - t ransducer  

3. Data a c q u i s i t i o n  and i ns t r umen ta t i on  

4. Tes t  procedures 

5 .  Test  setup and p o s i t i o n i n g  

6. Dummy t e s t  performance c h a r a c t e r i s t i c s  (Repeatabi 1 i ty, e t c  

Agencies Invo lved  

1. U n i v e r s i t i e s  

2. I n d u s t r i e s  and t r ade  o rgan i za t i ons  

3. P r i v a t e  l a b o r a t o r i e s  and research-o r ien ted  co rpo ra t i ons  

4 .  Federal 

a. NHTSA, NBS, DOT, FAA, CPSC, NIOSH, OSHA 

b. DOD, NASA 

5 .  Fore ign 



Par t s  A . 2 ,  A.3, and A.4 which f o l l o w  a r e  the  t h ree  l i s t s ,  each i n  

a l phabe t i ca l  o rder .  

I t  w i l l  be noted upon rev iew o f  t he  l i t e r a t u r e  l i s t s  t h a t  t he re  

i s  a  l a r g e r  c o l l e c t i o n  o f  documents i n  some ca tegor ies  than o thers  

(See Table A . 2 ) .  Th is  i s  f e l t  t o  r e f l e c t  the  general  s t a t e  o f  a c t i v i t y  

i n  the  dummy t e s t  f i e l d  b u t  a l s o  r e f l e c t s  the  necessa r i l y  cu rsory  

na tu re  o f  the  review. I n  the  case o f  t he  l a r g e  r e l a t i v e  number o f  

uses i n  countermeasure s tud ies ,  the  survey i s  be l i eved  t o  be r e l a -  

t i v e l y  accurate.  Th is  r e f l e c t s  the  d i f f i c u l t y  o f  g e t t i n g  a  dummy 

standardized. With respec t  t o  t e s t i n g ,  the  category T-6, which inc ludes  

t he  most T -en t r ies ,  was used f o r  documents o f  a  general na tu re  w i t h  

much over lapp ing o f  the  o the r  categor ies .  Several o f  the  D-categor ies 

have l i m i t e d  e n t r i e s  and could  be expanded. Th is  i s  p a r t i c u l a r l y  t r u e  

w i t h  respec t  t o  human anthropometry, biomechanics, and p a r t i a l  dummies. 



TABLE A.2. DOCUMENTS I N  EACH CATEGORY 

Category E n t r i e s  



A. 2 DUMMY USAGE 
CODE - 

1. Aldman, B. , "Biodynamic S tud ies  on Impact  P r o t e c t i o n .  " 5-U-2 
Acta  P h y s i o l o g i c a  Scandinavica,  Vol . 56, Supplementum 
192, 1962. 

2. Aldman, B., "A P r o t e c t i v e  Seat f o r  C h i l d r e n  - Exper i -  5-U-2 
ments w i t h  a S a f e t y  Seat f o r  C h i l d r e n  Between One and 
S i x . "  Proceedings,  E i g h t h  Stapp Car Crash Conference, 
Wayne S t a t e  U n i v e r s i t y  Press,  1966, pp. 320-328. 

3. Aldman, B. , Lundel 1 , B. and Thorngren,  L. "Non-perpen- 5-U-2 
d i c u l a r  Impacts - -  An Exper imenta l  Study on Crash Hel -  
mets. " Proceedings,  Biomechanics o f  I n j u r y  t o  Pedes t r i ans  
Cycl i s t s  and M o t o r c y c l i s t s ,  Bron, IRCOBI , 1976, pp. 322-331 . 

4. "American N a t i o n a l  Standard Requirements f o r  S a f e t y  Be1 t s ,  Har- 3-U-3 
nesses , Lanyards, L i  f e l  i n e s  , and Drop L i n e s  f o r  Construc- 
t i o n  and I n d u s t r i  a1 Use. " ANSI, #A10.14-1975, Amer. N a t i o n a l  
Standards I n s t .  N .Y . ,  N.Y.,  1975. 

5. "American N a t i o n a l  Standard S a f e t y  Performance S p e c i f i c a t i o n s  3-U-3 
and Methods o f  Tes t  f o r  S a f e t y  G laz ing  M a t e r i a l  Used i n  
Bu i  1 d ings  ," ANSI, #Z97.1-1975, American N a t i o n a l  Standards 
I n s t . ,  N.Yy N .Y . ,  1975. 

6. B a c k a i t i s ,  S. H., " S e n s i t i v i t y  Study o f  Occupant Response i n  4a- U 2  
S imula ted Crash Environment.  " Repor t  No. SAE 7401 17, 
Automot ive Eng ineer ing  Congress, 25 Feb - 1 March 1974, 
D e t r o i t  , Mich. 

7. B a r t z ,  J. A. ,  "Val  i d a t i o n  o f  a Three-Dimensional Mathemat ical  3-U-2 
Model o f  t h e  Crash V i c t i m . "  Human I m ~ a c t  Response; Measure- 
ment and S i m u l a t i o n ,  Proceedings o f  t h e  ~ y r n ~ o s i u m ~ o n  Human 
Impact  Response, Plenum Press,  New York, 1973, pp. 345-379. 

8. B a r t z ,  J. A., B u t l e r ,  F. E., "A Three-Dimensional Computer 3-U-2 
S i m u l a t i o n  o f  a Motor V e h i c l e  Crash V i c t i m .  Phase 2 - 
V a l i d a t i o n  Study o f  t h e  Model ." Techn ica l  Repor t  No. CAL- 
VJ-2978-V-2, Calspan Corpora t ion ,  B u f f a l o ,  N . Y . ,  638 pp.  
December 1972. 

9. Bishop, P a t r i c k  J . ,  " I c e  Hockey Helmets:  Us ing a Mathemat ical  1-U-3 
Model o f  Head P r o t e c t i o n  f o r  E v a l u a t i n g  Standards. "  J .  Safgty 
Res., Vol . 8, No. 4, pp.  163-170, 1976. 

10. Bloom, E .  " N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  - 4b- U- 2 
Naval A i  r Development Center Advanced R e s t r a i n t  Sys terns Dy- 
namic Tes t  Program. Phase Repor t . "  Naval A i r  Development 
Center,  Crew Systems Department, Warmin is te r ,  Pa., Repor t  
No. NADC-74182-401 MVSS 208, 25 J u l y  1974, 252 pp. 



11. B o t h w e l l ,  P. W . ,  Kn igh t ,  R. E.  and Peterson,  H. C.,  "Dynamics 
o f  M o t o r c y c l e  Impact ,  Volume I: Summary Repor t  - R e s u l t s  o f  
Crash Tes t  Program and Computer S i m u l a t i o n ,  F i n a l  Repor t . "  
Repor t  No. D R I  2574/DOT HS 800 586, Denver U n i v e r s i t y ,  Denver 
Research I n s t i t u t e ,  Colo. ,  52 p .  J u l y  1971. 

12. " B r i t i s h  Dummy Snap-Tests Auto Seat Be1 t s . "  Machine Design, 
Vo l .  34, 19 J u l y  1962, p. 8. 

13. Carr ,  R. W . ,  S i n g l e y ,  G.  T., 111, "Advanced R e s t r a i n t  Systems 
f o r  Army A i r c r a f t .  " i n  A i r c r a f t  Crashworthiness , C h a r l o t t e s -  
v i l l e ,  U n i v e r s i t y  Press o f  V i r g i n i a ,  pp. 365-397, 1975. 
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