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PART 1. INTRODUCTION 

T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  a  r e s e a r c h  p r o j e c t  a t  t h e  Highway 

S a f e t y  Research I n s t i  t u t e  e n t i t l e d ,  "Pos i  t i o n  and Filobil i t y  o f  S k e l e t a l  

Landmarks o f  t h e  5 0 t h  P e r c e n t i  l e  Ma1 e  i n  an Au tomo t i  ve S e a t i n g  P o s t u r e . "  

The b a s i s  f o r  t h i s  p r o j e c t  i s  t h e  use o f  c r a s h  t e s t  dummies i n  

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

o c c u p a n t  p r o t e c t i o n  syst2ms.  A r a t i n g  o f  i n j u r y  h a z a r d  i s  o b v i o u s l y  o n l y  as 

v a l i d  as t h e  l e v e l  o f  c o r r e l a t i o n  between t h e  mechan i ca l  b e h a v i o r  o f  t h e  

dummy and  t h a t  o f  t h e  human occupan t .  

A m a j o r  d e t e r m i n a n t  o f  p h y s i c a l  response  i n  an i m p a c t  e n v i r o n m e n t  

i s  t h e  geomet ry ,  i n i t i a l  c o n f i g u r a t i o n ,  and r e l a t i v e  mot io r i s  p o s s i b l e  i n  t h e  

t e s t  s u b j e c t .  The o v e r a l l  o b j e c t i v e s  o f  t h e  s t u d y  were t o  d e f i n e :  1 .  t h e  

p o s i t i o n  i n  space o f  a  human occupan t  o f  a  c a r  s e a t ;  2. t h e  s p a t i a l  r e l a t i o n -  

s h i p s  between t h e  v a r i o u s  segments o f  t h e  human (head ,  neck,  c h e s t ,  s h o u l d e r  

complex,  l umba r  s p i n e ,  p e l v i s ,  upper  arms, and uppe r  l e g s )  ; 3. t h e  v o l u n t a r y  

m o t i o n s  between t h e s e  body p a r t s  t h a t  can be g e n e r a t e d  b y  t h e  human; and, 

4. t h e  r e 1  a t i o n  between t h e  s e a t e d  human v e h i c l e  o c c u p a n t  and  a u t o m o t i v e  

e n g i n e e r i n g  t o o l s  such  as t h e  t i - p o i n t  machine and t h e  Dummy Mas te r  Body 

Forms, o r  " g o l d e n  she1 1s . "  

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

and an a t t e m p t  t o  s a t i s f y  as many o f  t h e  a b o v e - s t a t e d  o b j e c t i v e s  as p o s s i b l e ,  

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

was f ound  t o  c o v e r  a t  l e a s t  t h e  f o l l o w i n g  d i s c i p l i n e s  and a reas  o f  a c t i v i t y :  

1 .  a n t h r o p o m e t r y ;  2. e rgonomics  ; 3. s i t t i n g  p o s t u r e  and o r t h o p e d i c  con- 

s i  d e r a t i o n s  ; 4. b i omechan i cs  ; 5. anatomy; 6. SAE commi t tee  a c t i v i t y ;  and, 

7. dummy deve lopment  p r o j e c t s  and r u l e m a k i n g  a c t i  v i  t y .  Each o f  t h e s e  l i t e r a t u r e s  

was f o u n d  t o  r e f l e c t  a  p a r t i c u l a r  p o i n t  o f  v i e w  more o r  l e s s  i n d e p e n d e n t  



f rom t h e  o t h e r s .  Tile r e v i e w ,  a l t t i o u g h  i t  was l i m i t e d  b y  t i m e  and f unds ,  

i s o l a t e d  d e f i c i e n c i e s  i n :  1 .  t h e  a b i l i t y  t o  l o c a t e  a  human s u b j e c t  i n  t h r e e -  

d imens io r l a l  space,  based  p a r t i c u l a r l y  or1 t h e  d a t a  o f  c l a s s i c a l  an th ropome t r y ;  

2. knowledge o f  t h e  geometry  and f l e x i b i l i t y  o f  t h e  t h o r a c i c  s k e l e t o n ;  

3. knowledge o f  t h e  f l e x i b i l i t y  o f  t h e  l umba r  s p i n e ,  p e l v i c  geometry ,  l o -  

c a t i o n  o f  t h e  h i p  p i v o t  p o i r l t  in t h e  p e l v i s ,  and t h e  degree  o f  t i l t  o f  t h e  

p e l v i s  i r ~  a s e a t e d  person ;  4. knowledge o f  t h e  geometry ,  f l e x i b i l i t y ,  and 

range  o f  m o t i o n  o f  t i l e  v a r i o u s  components o f  t h e  s h o u l d e r  complex;  and, 5. 

a  l a c k  o f  a  l i s t  o f  dummy p n y s i c a l  pa rame te r s  arid t h e i r  compar isor i  w i t h  human 

da ta .  

T r i i s  r e p o r t  i n c l u d e s  f o u r  a d d i t i o n a l  p a r t s .  P a r t  2 d e s c r i b e s  t h e  1  i t e r a -  

t u r e  s u r v e y  w l l i  l e  P a r t  3 a t t e m p t s  t o  s a t i s f y  o v e r a l l  p r o j e c t  o b j e c t i v e s  u s i n g  

a v a i l a b l e  da ta .  P a r t  4 summarizes t h e  recommendat ions made w i t h i n  P a r t s  2 and 

3 and o u t l i r ~ e s  a  p rog ram o f  r e s e a r c h  n e c e s s a r y  t o  accomp l i sh  o v e r a l l  p r o j e c t  

o b j e c t i v e s .  P a r t  5 i s  a  l i s t  o f  76 r e f e r e n c e s  c i t e d  i n  t h e  t e x t  as w e l l  as a  

b i  b l  i o g r a p i t y  w i  t l l  136 pub1 i c a t i  o r ~ s  r e l a t e d  t o  t h e  work .  



PART 2. LITERATURE SURVEY 

The l i t e r a t u r e  r e l a t i n g  t o  t h e  s i t t i n g  p o s i t i o n  o f  an automobi le  

occupant  covers a t  l e a s t  t h e  f o l l o w i n g  d i s c i p l i n e s  and areas o f  a c t i v i t y :  

1. anthropometry ; 

2. ergonomics;  

3. s i t t i n g  p o s t u r e  and o r thoped i  c  c o n s i d e r a t i o n s  ; 

4. biomechanics ; 

5. anatomy; 

6. a c t i v i t i e s  o f  v a r i o u s  committees w i t h i n  t h e  S o c i e t y  o f  Automot ive  

Eng ineers ;  and, 

7. dummy development p r o j e c t s  and ru lemak ing  a c t i v i t y .  

Each one o f  t h e  l i t e r a t u r e s  r e f l e c t s  a  p a r t i c u l a r  p o i n t  o f  view more o r  l e s s  

independent  f r o m  the  o t h e r s .  

The i d e n t i f i c a t i o n  o f  r e l e v a n t  l i t e r a t u r e  p roved  t o  be a  ma jo r  t a s k  be- 

cause o f  the  b road  range o f  t o p i c s .  D u r i n g  t h e  e a r l y  p a r t  o f  t h e  p r o j e c t ,  

c o n t a c t s  were made w i t h  e x p e r t s  i n  a l l  o f  t h e  f i e l d s  f o r  t h e  purpose o f  i d e n -  

t i f y i n g  t h e  S t a t e  o f  t h e  A r t  i n  t h e  p a r t i c u l a r  d i s c i p l i n e s  and a c t i v i t i e s .  

Because o f  t h e  obscure and p r o p r i e t a r y  n a t u r e  o f  some o f  t h e  r e p o r t s  and docu- 

ments (some o f  wh ich  a re  s t i  11 n o t  a v a i l a b l e ) ,  t h i s  a c t i v i t y  went  on f o r  t h e  

d u r a t i o n  o f  t h e  Phase I p r o j e c t .  As m a t e r i a l  became a v a i l a b l e ,  i t  was reviewed.  

Anthropometry p roved  t o  be one o f  t h e  e a s i e r  areas o f  l i t e r a t u r e  i d e n t i -  

f i c a t i o n  as t h e  most e x t e n s i v e  surveys  a r e  r e l a t i v e l y  r e c e n t  and have been 

conducted e i t h e r  by  t h e  U.S. P u b l i c  H e a l t h  S e r v i c e  o r  t h e  U.S. Department o f  

Defense. However, t h e  o r i g i n a l  documents a re ,  i n  many cases, d i f f i c u l t  t o  

o b t a i n .  

The i d e n t i f i c a t i o n  o f  r e l e v a n t  1  i t e r a t u r e  o f  an thropomet ry  l e d  d i r e c t l y  

t o  t h e  l i t e r a t u r e  o f  ergonomics m a i n l y  because o f  t h e  a c t i v i t y  i n  b o t h  



f i e l d s  conducted by t h e  Anthropo logy  S e c t i o n  o f  t he  Aerospace Medica l  Research 

Labora to ry  a t  Wri gh t -Pa t te rson  A i r  Force Base, Ohio. Ergonomics a p p l i e d  t o  

s e a t i n g  was found t o  be l a r g e l y  a  European a f f a i r  w i t h  ma jo r  resea rch  f i n d i n g s  

most o f t e n  p u b l i s h e d  i n  Germany o r  Sweden and d i f f i c u l t  t o  o b t a i n  d u r i n g  t h e  

t ime  span o f  t h e  Phase I c o n t r a c t .  S e a t i n g  f o r  motor  v e h i c l e s  produced i n  

t he  U n i t e d  S t a t e s  i s  developed i n  des ign  l a b o r a t o r i e s  w i t h  l i t t l e  i n p u t  f rom 

s c i e n t i f i c  e x p e r t s  i n  ergonomics o r  p o s t u r a l  o r thoped ics .  

Review o f  t h e  ergonomics l i t e r a t u r e  l e d  d i r e c t l y  i n t o  t h e  p o s t u r a l  and 

o r t h o p e d i c  1  i t e r a t u r e  wh ich  i s  aga in  p r i m a r i l y  a  European phenomenon w i t h  

l i t t l e  resea rch  b e i n g  conducted i n  t h e  U n i t e d  S ta tes .  A  b a s i c  l i t e r a t u r e  

rev iew  has been conducted, however, a  f u r t h e r  comprehensive rev iew  i s  recom- 

mended. 

The l i t e r a t u r e s  o f  biomechanics and anatomy were combined f o r  t h i s  su r -  

vey. Biomechanics has been t h e  p r imary  source o f  a n a l y t i c a l  procedures t o  

1  ocate  anatomica l  segments i n  space. These procedures,  developed i n  t h e  

l a t e  1 9 t h  c e n t u r y ,  a r e  found p r i m a r i l y  i n  t h e  p u b l i c a t i o n s  o f  t h e  German 

anatomis ts .  D e t a i l e d  and e x t e n s i v e  s t u d i e s  o f  mot ions  a t  j o i n t s  and mot ions 

o f  one body segment w i t h  r e s p e c t  t o  ano the r  have been p u b l i s h e d  by  the  same 

school  o f  anatomis ts  ove r  a  p e r i o d  f rom t h e  1880 's  th rough t h e  1930's.  

T r a n s l a t i o n s  a re  r a r e ;  a  complete up- to -date  rev iew i s  needed t o  supplement 

modern data ,  wh ich  i s  much l e s s  amb i t i ous  and genera l .  T h i s  l i t e r a t u r e  i s  i n  

a d d i t i o n  t o  t h e  wel l -known works on body segment cen te rs  o f  g r a v i t y  and 

mass p u b l i s h e d  by many o f  t h e  same anatomis ts .  

The comni t t e e s  o f  t h e  S o c i e t y  o f  Automot ive Engineers ( p a r t i c u l a r l y  t h e  

Crash Tes t  Dummy Subcommittee) a r e  a l s o  a  source  o f  i n f o r m a t i o n .  T h e i r  



d e l i b e r a t i o n s  and p roduc ts  (SAE s tandards ,  recommended p r a c t i c e s ,  i n f o r m a t i o n  

r e p o r t s ,  e t c .  ) a re  based on c o r p o r a t e  needs f o r  improved dynamic t e s t  p ro-  

cedures, des ign manik ins ,  e t c .  The data  base which t h e y  use i s  a meagre 

c o l l e c t i o n  o f  r e a d i l y  ava i  l a b l e  documents. Where no data  a r e  a v a i l a b l e  i n  

t h e  l i t e r a t u r e ,  e s t i m a t e s  a r e  made. The comrni t t e e  vo tes  t o  accept  t h e  

es t ima tes .  I t  has been d i f f i c u l t  t o  r e c o n s t r u c t  t h e  reason ing  beh ind  some 

of t h e  p a s t  es t ima tes  because o f  t h e  passage o f  t i m e  and t h e  l a c k  o f  de- 

t a i  l e d  commi t t e e  notes .  

The f i n a l  a rea o f  a c t i v i t y  wh ich  was rev iewed i n v o l v e d  t h e  a c t u a l  dummy 

development p r o j e c t s .  I n  each case (e.g., General Motors ATD, H y b r i d  11, 

HSRI Repeatable Pete, t h e  OgleIMIRA s e r i e s ,  e t c . )  , t h e  s t a n d a r d  m i l i t a r y  

an th ropomet r i c  da ta  base was used, u s u a l l y  m o d i f i e d  by  t h e  more r e c e n t  P u b l i c  

H e a l t h  S e r v i c e  data,  I n  some cases, p a r a l l e l  research  was conducted t o  b e t t e r  

model some segment o f  t h e  body as p h y s i c a l  hardware. 

I n  t h e  f o l l o w i n g  t e x t ,  each o f  t h e  d i s c i p l i n e s  and areas o f  a c t i v i t y  i s  

d i scussed  i n d i v i d u a l l y  w i t h  r e f e r e n c e  t o  s p e c i f i c  documents. I n d i v i d u a l  docu- 

ments r e f e r e n c e d  i n  t h e  t e x t  a re  l i s t e d  i n  numer ica l  o r d e r  i n  P a r t  5.1 , w h i l e  

a  more e x t e n s i v e  b i b l i o g r a p h y  a l p h a b e t i z e d  by a u t h o r  i s  i n c l u d e d  as P a r t  5.2. 

2.1 AtiTHROPOMETRI C DATA 

An th ropomet r i c  data  a re  gathered and p resen ted  p r i m a r i l y  t o  d e s c r i b e  popu- 

1 a t i o n s  o f  s u b j e c t s .  These da ta  a r e  e s s e n t i a l  l y  c o l  l e c t i o n s  o f  f a c t s  d e s c r i b i n g  

c e r t a i n  d imens iona l  p r o p e r t i e s  o f  humans. T h i s  r e f l e c t s  a  s t a n d a r d  methodology 

of  b i o l o g i c a l  s c i e n t i s t s  --  the  c o l l e c t i o n  and m a n i p u l a t i o n  o f  l a r g e  masses 

o f  d a t a .  

An th ropomet r i c  da ta  do n o t  d e s c r i b e  an average-s ized man f o r  des ign pur -  

poses. Man i s  desc r ibed  i n  terms o f  a  s e r i e s  o f  p h y s i c a l  dimensions o f  t h e  

va r ious  p a r t s  o f  t h e  body. A n t h r o p o l o g i s t s  recogn ize  t h e  s t a t i s t i c a l  con- 



c e p t  o f  a  5 0 t h - p e r c e n t i l e  man, b u t  i t  has been demonstrated by  D a n i e l s  ( 1 )  

t h a t  no man measured i n  t h e  1950 su rvey  e x i s t s  w i t h  a l l  5 0 t h - p e r c e n t i l e  

U.S, A i r  Force d imensions.  

A d i scou rse  between H e r t z b e r g  (2), who i s  a  c l a s s i c a l  a n t h r o p o m e t r i s t ,  

and S e a r l e  ( 3 )  conce rn ing  d imens iona l  d e s c r i p t i o n s  o f  c rash  t e s t  dummies 

m a n i f e s t s  a  c o n t r o v e r s y  wh ich  a r i s e s  between t h e  eng inee r  and t h e  a n t h r o -  

p o l o g i s t .  T h i s  c o n t r o v e r s y  a r i s e s  n e c e s s a r i l y  because a  c rash  t e s t  dummy 

r e q u i  r e s  a  unique d imens iona l  d e s c r i p t i o n ,  w h i l e  an th ropomet r i  c  da ta  p r o v i d e s  

i n d i v i d u a l  body d imensions i n  s t a t i s t i c a l  f o rm w i t h o u t  p r o v i d i n g  a  g e o m e t r i c a l  

d e s c r i p t i o n  o f  t h e  who1 e  body. The g r e a t e s t  c o n t r o v e r s y  a r i s e s  when a t t e m p t i n g  

t o  d e f i n e  human s i z e s  o t h e r  t han  t h e  5 0 t h - p e r c e n t i l e ,  o r  average. 

The techn iques  used f o r  p r e s e n t a t i o n  o f  a r l t h ropomet r i c  d a t a  (e.g., measure- 

ments o f  h e i g h t s ,  l e n g t h s ,  spans, c i r cumfe rences ,  e t c . )  a r e  i n s u f f i c i e n t  f o r  

l o c a t i n g  a  body i n  space i n  t h e  sense o f  c l a s s i c a l  mechanics. To adapt  

a n t h r o p o m e t r i c  da ta  t o  t h e  c u r r e n t  problem, i t  i s  necessary  t o  employ t h e  

concepts o f  frames o f  r e f e r e n c e  ( 4 ) .  T h e r e f o r e ,  an th ropomet r i c  da ta  a lone  i s ,  

a t  b e s t ,  o n l y  p a r t  o f  t h e  da ta  necessary f o r  d e t e r m i n i n g  t h e  l o c a t i o n  o f  a  

5 0 t h - p e r c e n t i l e  male occupant  i n  an automobi l e  seat .  

Much o f  t h e  1  i t e r a t u r e  o f  an thropomet ry  i n v o l v e s  m i l i t a r y  s u b j e c t  popu- 

1  a t i o n s .  T y p i c a l  surveys  have been conducted b y  H e r t z b e r g  ( 5 ) ,  Oberman (6), 

Whi te  ( 7 , 8 ) ,  C h u r c h i l l  (9), and Clauser  ( 1 0 ) .  Surveys o f  more genera l  popu- 

l a t i o n s  have been conducted by S toud t  (11 )  and Hooten ( 1 2 ) .  The P u b l i c  

H e a l t h  S e r v i c e  s tudy  o f  S toud t  i s  t h e  b a s e l i n e  o f  da ta  f o r  t h e  c i v i l i a n  

p o p u l a t i o n .  Hooten 's  l i m i t e d  s t u d y  i s  r e l a t e d  t o  s e a t i n g  and i s  p r o b a b l y  

o b s o l e t e .  The adequacy o f  t h e  Drey fuss  (13 )  da ta  has been cha l l enged  by  

p h y s i c a l  a n t h r o p o l o g i s t s  , and t h e  Sahley ( 1  4 )  survey  has been w i thd rawn  

from c i r c u l a t i o n  a f t e r  i t s  a u t h e n t i c i t y  was quest ioned.  



A  d i f f e r e n t  approach has beer1 used by Robbins ( 1 5 ) .  I n  a t t e m p t i n g  t o  

d e f i n e  t h e  shape and dy r~am ic  p r o p e r t i e s  o f  t h e  human body, s e v e r a l  non- 

c l  a s s i  c a l  a n t h r o p o m e t r i  c  measurements were deve loped  t o  he1 p  overcome t h e  

1  i m i t a t i o n s  o f  c l a s s i c a l  an th ropome t r y .  111 t h i s  case, measurements on t h e  

i n d i v i d u a l  were  i m p o r t a t i t  i n  o r d e r  t o  m a t h e m a t i c a l l y  s i m u l a t e  i n d i v i d u a l  r e -  

sponses t o  an i rnpact  env i r onmen t  and no  a t t e m p t  was made t o  r e l a t e  t h e  i n d i v i -  

dua l  s u b j e c t s  t o  any p o p u l a t i o n .  

Two o t h e r  documerits s h o u l d  be c i t e d .  A C o l h t i o n  3 f  An th ropomet ry  

by G a r r e t t ,  e t  a l .  ( 1 6 )  r e p o r t s  t h e  r e s u l t s  o f  i n d i v i d u a l  measurements g a t h e r e d  i n  

v a r i o u s  su rveys  and s h o u l d  be rega rded  as a  c e n t r a l  s o u r c e  o f  i n f o r m a t i o n .  

S t e i n b e r g  ( 1 7 )  proposes development  o f  a  i l a t i o n a l  A n t h r o p o m e t r i c  Da ta  Base 

by  t h e  N a t i o n a l  Bureau  o f  S tanda rds .  I n t e r a c t i o n  w i t h  t h e  i n d i v i d u a l s  

p l a n n i n g  t h i s  s u r v e y  s h o u l d  be v i g o r o u s  i n  o r d e r  t o  ensu re  t h e  g r e a t e s t  range  

o f  a p p l i c a b i l i t y  o f  t h e  r e s u l t i n g  d a t a  base when and i f  t h e  s u r v e y  i s  conducted.  

I n  conc l  u s i o n ,  some d i s c u s s i o n  o f  t h e  meaning o f  t h e  words " a n t h r o p o m e t r i c "  

and "an th ropomorph i c "  w i  11 be he1 p f u l  . P h y s i c a l  a n t h r o p o l o g i s t s ,  i n  gene ra l  , 

r e c o g n i z e  k o  d i s t i n c t  meanings i n  t n e s e  words.  The f o r m e r  wo rd , "an th ropome t r i c "  

( a n t n r o p o m e t r y )  i s  used g e n e r i c a l l y  t o  d i s c u s s  q u a n t i t a t i v e  measurements o f  

man, and, in  some cases ,  t h e  l o w e r  p r i m a t e s .  There  a r e  many methods and 

techn iques  b y  w h i c h  one can measure p r o p e r t i e s  o f  t h e  human body. An th ropo-  

m e t r y  c l a s s i c a l  l y  nas measured 1  i n e a r  s u r f a c e  d imensions ; b u t  d u r i n g  t h e  p a s t  

t h r e e  decades, w i t h  t h e  a i d  o f  r a d i o g r a p h i c  and s i m i l a r  t e c h n i q u e s ,  i n t e r n a l  

measurements o f  t h e  human body have a l s o  been made. "An th ropomorph i c "  means, on 

t h e  o t h e r  nand, s i m p l y  "man-1 i ke"  and d e s c r i b e s  t h e  qua l  i ty  o f  form 

r a t n e r  t han  t h e  q u a n t i t y  o f  man 's  d imens ions .  T h e r e f o r e ,  b y  d e f i n i t i o n ,  

an ant r i ropornorphic  t e s t  d e v i c e  can have o n l y  t h e  q u a l  i ty  o f  form o f  

man. An a r ~ t h r o p o r n e t r i c  t e s t  d e v i c e ,  wh i ch  i s  t h e  necessa ry  r e s u l t  o f  t h e  

v a r i o u s  dummy development  p r o j e c t s ,  i s  t h e  o n l y  p o s s i b i l i t y  f o r  d u p l i c a t i n g  



o r  r e p r e s e n t i n g  t h e  p h y s i c a l  responses o f  man i n  an impac t  env i ronment .  

2 . 2  ERGONOMICS 

Ergonomics a t tempts  t o  r e l a t e  man t o  h i s  p h y s i c a l  envi ronment.  Both  

man and t h e  env i ronment  a r e  d e s c r i b e d  i n  p h y s i c a l  e n g i n e e r i n g  terms (dimen- 

s i o n s ,  fo rces ,  mot ions ,  e t c .  ) . The usual  approach o f  ergonomics i s  t o  s t u d y  

t h e  a c t i v e  p a r t i c i p a t i o n  o f  man, as a  machine, i n  h i s  env i ronment .  How much 

can tie l i f t ?  What mot ions  a re  most t i r i n g ?  How f a r  can he reach? What a re  

o p t i m a l  d e f i n i t i o n s  o f  work t a s k s ?  e t c .  Expe r t s  i n  t h e  f i e l d  o f  ergonomics 

a r e  o f t e n  adept  a t  b o t h  b i o l o g i c a l  and e n g i n e e r i n g  approaches t o  prob lem 

s o l v i n g .  Hence, s e v e r a l  t o o l s  o f  ergoriomics have d i r e c t  a p p l i c a b i l i t y  t o  t h e  

p r e s e n t  problem. T h i s  i n c l u d e s  r e p r e s e n t a t i o n  o f  man as a  s e r i e s  o f  

l i n k s  wh ich  r e q u i r e s  use o f  w e l l - d e f i n e d  frames o f  r e f e r e n c e .  However, t h e  

usual  a p p l i c a t i o n  o f  ergonomics i n v o l v e s  t h e  a c t i v e  p a r t i c i p a t i o n  o f  t h e  

s u b j e c t  i n  h i s  env i  ronment. The c u r r e n t  app l  i c a t i o n  t o  a n t h r o p o m e t r i c  

t e s t  dev ices  p laces  t h e  s u b j e c t  i n  a  more pass i ve  ro le,where t h e  env i ronment  

can do h im  v i o l e n c e .  As such, ergonomics p r o v i d e s  l i t t l e  o r  no d a t a  on 

dynamic mass d i s t r i b u t i o n ,  ranges o f  mo t ion  t o  t h e  trauma l e v e l ,  a c t i o n  and 

c a p a b i l i t y  o f  muscle groups i n  r e s i s t i n g  impac t  l oads ,  e t c ,  

Among t h e  ma jo r  ergonomics s t u d i e s  which a re  r e l e v a n t  t o  t h e  c u r r e n t  

s tudy  a r e  t h e  work space s t u d i e s  o f  Dempster ( 1 8 ) ,  t h e  t o r s o  l i n k a g e  developed 

under Snyder,  e t  a1 , (19) .  t h e  genera l  workspace l i n k a g e  o f  Luming and Krause 

( 2 0 ) ,  t i l e  l i n k a g e s  o f  C h a f f i n  (21,  22), BOEMAN as developed by  Ryan e t  a l .  

( 23 ,  24 ) ,  and K i  l p a t r i c k ' s  workspace model ( 2 5 )  ,which i n c l u d e s  d i s c u s s i o n s  

o f  s p i n a l  l o c a t i o n  and j o i n t  c e n t e r s .  A1 1  these s t u d i e s  use complex s e t s  o f  

c o o r d i n a t e  systems t o  l o c a t e  t h e  human body i n  space. The geometry and phy- 

s i c a l  dynamic body p r o p e r t i e s  a re  based f o r  t h e  most p a r t  on t h e  o l d  anatomica l  

1  i t e r a t u r e  on segment mass, j o i n t  l o c a t i o n s ,  c e n t e r s  o f  g r a v i t y ,  e t c .  



Th roug l i ou t  t h e s e  documents a r e  s t r o n g  s t a t e m e n t s  abou t  t h e  l a c k  o f  p h y s i c a l  

d a t a  on t n e  human body. Assumpt ions  a r e  u s u a l l y  made t h a t  j o i n t  c e n t e r s  

a r e  f i x e d  w i t h  r e s p e c t  t o  a d j a c e n t  body e l emen ts .  

Dempste r '  s  ( 1  8)  c l  a s s i  c  wo rk ,  "Space Requi rernents o f  t h e  Sea ted  Ope ra to r , "  

i s  r e l e v a r i t  t o  t h e  c u r r e n t  p r o j e c t  and some d a t a  can be e x t r a c t e d  d i r e c t l y  

f o r  t h e  a r l a t om ica l  l o c a t i o n  o f  j o i n t  c e n t e r s  o f  r o t a t i o n ,  ranges  o f  mo- 

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

r e l a t e d  t o  an a u t o m o t i v e  s e a t .  F u r t h e r m o r e ,  some o f  t h e s e  d a t a  were  measured 

on embalmed cadavers  w h i c h  c o u l d  i n t r o d u c e  an i n e s t i m a b l e  b i a s  i n  t h o s e  

d imens ions  dependent  upon d e n s i t y  and t h e  muscu lo - ske l  e t a 1  system. t iowever ,  

when i t  i s  p o s s i b l e  t o  d e f i n e  wit11 a  known p r o b a b i l i t y  where t h e  p e l v i s ,  

spi lne l i n e  ( a  l i n e  r e p r e s e n t i n g  t h e  o r i e n t a t i o n  o f  t h e  v e r t e b r a l  co lumn) ,  

and i iead a r e  l o c a t e d  i n  space r e l a t i v e  t o  an a u t o m o t i v e  s e a t ,  t h e n  more use 

o f  D e m p s t e r ' s  r e s u l t s  w i l l  be p o s s i b l e  t o  d e f i n e  s e v e r a l  body j o i n t  l o c a -  

t i o n s ,  c e n t e r s  o f  g r a v i t y ,  ranges  o f  m o t i o n  ( f r o m  t h e  s e a t e d  p o s i t i o n ) ,  and 

l i n k  l e n g t h s .  

Tiie Snyder ,  C h a f f i n ,  and S c h u l t z  r e p o r t  ( 1 9 )  e n t i t l e d , " l i n k  System o f  

t h e  Human Torso , "  c o t i c e n t r a t e s  on t h e  s p i n a l  l i n k a g e ,  p e l v i s ,  and t o r s o -  

t o - e l  bow 1  i nkage. A1 1  measurements 1  o c a t e  a  f u n c t i o n a l  e l  bow p o s i t i o n  r e 1  a- 

t i v e  t o  an F\ir Fo rce  s e a t  c o n f i g u r a t i o n  where l umba r  and t l i o r a c i c  s u p p o r t  i s  

removed. As such ,  t h i s  does n o t  r e l a t e  t o  t i l e  p r o b l e m  o f  a u t o m o b i l e  s e a t i n g .  

I n  a d d i t i o n ,  t h e i r  s u b j e c t  sample was s t r a t i f i e d  p r i m a r i l y  by  s t a t u r e  t o  

match an A i r  Force  ma le  p o p u l a t i o n  (see  Re fe rence  19, page 266)  t h a t  may n o t  

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

A  f u r t h e r  d i f f i c u l t y  o c c u r s  when one a t t e m p t s  t o  c o n s t r u c t  a  comp le te  

s p i n a l  l i n k a g e  f rom t h e  da ta .  One must  choose among "most  l i k e l y "  a l t e r n a t i v e  



l i n k a g e s  based on t h e  v a r i e t y  o f  ways p o s s i b l e  t o  implement t h e  r e g r e s s i o n  

equa t i ons .  T h i s  i s  n o t  i n t e n d e d  t o  be a  r e f l e c t i o n  on t h e  q u a l i t y  o f  t h e  

methodology o f  t h e  l i n k  system model. I t  r e f l e c t s  o n l y  t h e  s i z e  o f  t h e  x - ray  

p l a t e s  used t o  measure s p i n a l  p o s i t i o n  and on the  d i f f e r e n t  a p p l i c a t i o n  o f  

t h e  r e s u l t s  o f  t h a t  p r o j e c t .  The nove l  p rocedures  used i n  t h e  " t o r s o  l i n k "  

s tudy  c o u l d ,  a lone be used t o  accompl ish  t h e  o b j e c t i v e s  o f  t h e  c u r r e n t  p r o j e c t .  

2.3 SITTIijG POSTURE AIID ORTHOPEDIC C O N S 1  DERATIONS 

S i t t i n g  p o s t u r e  and o r t h o p e d i c  v a r i a b l e s  have r a r e l y  been cons ide red  i n  

r e c e n t  an th ropomet r i c  t e s t  dev ice  development p r o j e c t s .  However, s t u d i e s  

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

i n s i g h t  on the  v a r i e t y  o f  p o s i t i o n s  a person can assume i n  a  sea t .  I n -  

t u i t i v e l y ,  s a f e t y  eng ineers  r e g a r d  p o s t u r e  as an i m p o r t a n t  v a r i a b l e  i n  t h e  de- 

s i g n  o f  r e s t r a i n t  systems. The combinat ion  o f  an th ropomet r i c ,  ergonomic, 

and o r t t i o p e d i c  resea rch  methodology p r o v i d e s  most o f  t h e  t o o l s  t o  d e f i n e  t h e  

automot ive  sea ted  p o s i t i o n  o f  a  5 0 t h - p e r c e n t i  l e  male. 

The o r thoped ics  o f  s p i n a l  p o s t u r e  i s  a lmost  e x c l u s i v e l y  a  European 

resea rch  s u b j e c t .  Represen ta t i  ve and r e c e n t  work has been pub1 i shed by  

h e r b l o r n  ( 2 6 ) ,  Andersson ( 2 7 ) ,  c a r l s o o  (28 ) ,  Grandjean (29 ) ,  and Schoberth 

(30 ) .  Three o f  these au tho rs ,  Grandjean, Schoberth,  and Andersson, deal  i n  

depth w i t h  au tomot ive  s e a t i n g  p o s t u r e  and a t t e m p t  t o  develop g u i d e l i n e s  f o r  

comfo r tab le  designs.  X-rays d e f i n i n g  s p i n e  l i n e  a re  commonly used t o  denon- 

s t r a t e  concepts and t o  develop da ta .  The document e d i t e d  by Grandjean (29 )  

con ta i r i s  s e v e r a l  papers r e l a t i n g  t o  t h e  c u r r e n t  p r o j e c t .  Medical  cons idera-  

t i o n s  are  p resen ted  by t h e  above au tho rs  as w e l l  as by t h e  Japanese, Kohara 

( 3 1 ) ,  and by t h e  American, Keegan (32,33).  

The Arneri can a n t h r o p o l o g i s t  , t iooten (1 2 ) ,  conducted a  c l  a s s i  c a l  s t u d y  on 

t r a i n  sea ts .  Keegan has p resen ted  des ign  c r i t e r i a  f o r  good s e a t i n g  and has 



a l s o  compared s e a t i n g  s y s t e n  f o r  conformance t o  h i s  c r i t e r i a .  Automot ive 

s e a t i n g  r a t e s  low on h i s  comfo r t  s c a l e .  

Geo f f rey  (34 )  and more r e c e n t l y  I<ohara (31 )  bo th  have conducted work 

r e l a t i v e  t o  au tomot ive  s e a t i n g  des ign  manik ins .  Kohara 's  man ik in  i n c o r p o r a t e s  

a  degree o f  s p i n a l  f l e x i b i l i t y  and i s  i n t e n d e d  as a  c o m f o r t  design t o o l .  

G e o f f r e y ' s  work has s p e c i a l  re levance  t o  t h e  c u r r e n t  p r o j e c t  i n  t h a t  t h e  

t i - po in t ,  o r  h i p - p i v o t  p o i n t ,  i s  d e f i n e d  i n  an automot ive  seated p o s i t i o n  

u s i n g  who le - to rso  x - rays .  The t i - po in t ,  as d e f i n e d  i n  SAE 31326, i s  t h e r e f o r e ,  

based on documented expe r imen ta l  da ta ,  c o l l e c t e d  f rom a  sma l l  group of sub- 

j e c t s  sea ted  i n  an automot ive  sea t .  llr. Geo f f rey  has made a v a i l a b l e  t o  t h e  

p r o j e c t  t h e  da ta  ga thered d u r i n g  h i s  p r o j e c t ,  i n c l u d i n g  t h e  who le - to rso  x - rays .  

U n f o r t u n a t e l y ,  t h e  s u b j e c t  p o p u l a t i o n  i s  n o t  composed o f  5 0 t h - p e r c e n t i  l e  males. 

I n  a d d i t i o n  t o  t h e  a d m i t t e d l y  d i f f i c u l t  t i - po in t  measurements, many o f  t he  x- 

rays  show t h e  s p i n e  l i r l e ,  some d e t a i l s  o f  t h e  p e l v i s ,  most o f  t h e  c e r v i c a l  

ve r teb rae ,  and, i n  a  few cases, t h e  s k u l l .  A d e t a i l e d  rev iew  o f  these x - rays  

i s  h i g h l y  recommended, n o t  o n l y  t o  v e r i f y  t h e  o r i g i n a l  r e s u l t s ,  b u t  a l s o  

t o  see i f  a d d i t i o n a l  s p i n a l  p o s i t i o n  da ta  can be e x t r a c t e d .  

2.4 BIOMECHANICS AND AIIATOP4Y 

Biomechanics, f o r  t he  p r e s e n t  d i s c u s s i o n ,  w i l l  be d e f i n e d  as t h a t  f i e l d  

o f  s tudy  concerned w i t h  t h e  e n g i n e e r i n g  response o f  t h e  human t o  dynamic 

l oads .  I n  a p p l i c a t i o n  t o  t h e  prob lem o f  au tomot ive  s e a t i n g  p o s t u r e ,  b i o -  

mechanics draws heavi  l y  on the  work o f  f u n c t i o n a l  anatomis ts  who h i s t o r i c a l l y  

have been i n t e r e s t e d  i n  how t h e  anatomy o f  t he  body i n t e r a c t s  w i t h  a  dynamic 

env i  ronment. The biomechanics s p e c i a l  i s t  o f t e n  concen t ra tes  on mathemat ical  

models o f  human mot ions and expe r imen ta l  procedures f o r  measur ing human 

mechanical  p r o p e r t i e s .  The approach i s  o f t e n  an e n g i n e e r i n g  one and may 

i n v o l v e  o n l y  minimal  i n p u t  f r om t h e  b i o l o g i c a l  sc iences.  The biomechanics 



s p e c i a l i s t  i s  a l s o  an e x p e r i m e n t a l i s t .  tie designs procedures t o  measure 

s t a t i c  and dynamic s t r e n g t h  o f  t h e  body and i t s  components w h i l e  w o r r y i n g  

about  t he  accuracy o f  measurements of f o rce ,  a c c e l e r a t i o n ,  v e l o c i t y ,  and 

p o s i t i o n .  Frames o f  r e f e r e n c e  a re  an i m p l i e d  t o o l  o f  t h e  t r a d e  because a l l  

p h y s i c a l  v e c t o r  q u a n t i t i e s  have a  magnitude and a  l i n e  o f  a c t i o n  d e f i n e d  i n  

space. Because o f  t h e  c o n c e n t r a t i o n  on dynamic response, b iomechanics,  as 

de f i ned  above, o f f e r s  a  unique i n p u t  t o  t h e  development o f  c rash t e s t  

d  ummi es . 
The b r i e f  survey  conducted f o r  t h i s  p r o j e c t  grouped a v a i l a b l e  documents 

i n t o  f o u r  c lasses .  Tile f i r s t  c l a s s  o f  documents was developed by 1 9 t h  cen- 

t u r y  anatomis ts  such as Braune and F i s c h e r  ( 3 5 )  and F i c k  ( 36 ) .  Braune and 

F i s c h e r  de termined body segment masses and cen te rs  o f  g r a v i t y .  A most i n t e r e s t i n g  

i t e m  i n  t h e i r  p u b l i c a t i o n  i s  a f i g u r e  wh ich  shows f r o n t  and s i d e  schemat ic  

views o f  t h e  human body on t h e  background o f  s c a l e d  graph paper. The re fo re ,  

u s i n g  t h e  f i g u r e s ,  i t  i s  p o s s i b l e  t o  o b t a i n  th ree -d imens iona l  c o o r d i n a t e s  

o f  j o i n t  c e n t e r s ,  segment mass c e n t e r s ,  e t c . ,  f o r  t h e  v a r i o u s  s t a n d i n g  pos- 

t u r e s  wh ich  were cons ide red  i n  t h e i r  s tudy .  It i s  s u r p r i s i n g  t h a t  i t  i s  neces- 

sa ry  t o  re-emphasize t h e  importance o f  t h e  " c o o r d i n a t e  system approach" 

about  85 y e a r s  l a t e r .  The work o f  F i c k  b u i l d s  on t h e  p r e v i o u s l y  l a i d  foun- 

d a t i o n s ,  w i t h  a d d i t i o n a l  d e t a i l s  o f  t h e  mechanisms and ranges o f  j o i n t  mo- 

t i o n s  added. 

The second c l a s s  o f  documents i n c l u d e s  more r e c e n t  e f f o r t s  t o  measure 

and d e f i n e  human body p r o p e r t i e s .  C lause r  e t  a l .  ( l o ) ,  Dempster (18),  

B a r t e r  ( 3 7 ) ,  D r i l l i s  ( 3 8 ) ,  Decker ( 3 9 ) ,  and Wal l e r  ( 7 7 ) ,  among o t h e r s  have 

c o n t r i b u t e d  t o  t h i s  e f f o r t .  B e r n s t e i n  quotes data  ( 4 0 )  b u t  t h e  o r i g i n a l  docu- 

men ta t i on  r e p o r t i n g  r e s u l t s  does n o t  appear t o  be a v a i l a b l e .  Recent work 

conducted a t  t h e  C i v i l  Aeromedical I n s t i t u t e  o f  t h e  Federal  A v i a t i o n  



A d m i n i s t r a t i o n  (See Reynolds, e t  a l .  ( 7 8 ) )  w i t h  t h e  c o o p e r a t i o n  o f  t h e  U.S. 

A i r  Force and 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  adds substan-  

t i a l  l y  t o  t h e  data  base on body segment parameters.  These a r e  t h e  f i r s t  

d a t a  r e p o r t i n g  t h e  i n e r t i a l  t e n s o r  f o r  t h e  whole body and i t s  ma jo r  ana- 

t o m i c a l  segments on male cadavers.  

The t h i r d  c l a s s  o f  documents r e f l e c t s  t h e  need f o r  body segment mass, 

l e n g t h ,  g r a v i t y  c e n t e r s ,  and moments o f  i n e r t i a  f o r  human s u b j e c t s  n o t  

f i t t i n g  t h e  cadaver p o p u l a t i o n s  d i scussed  above, Based m o s t l y  on an i n p u t  

c o n s i s t i n g  o f  c l a s s i c a l  a n t h r o p o m e t r i c  measurements, resea rche rs  such as 

Hanavan ( 4 1 ) ,  P a t t e n  ( 4 2 ) ,  and Robbins ( 1 5 )  have developed s imp le  mathe- 

m a t i c a l  fo rmulas  wh ich  p r e d i c t  t hese  q u a n t i t i e s .  The accuracy o f  t hese  p r e -  

d i c t i o n s  has n o t  been e s t a b l i s h e d ,  b u t  r e s u l t s  f rom a  m o d i f i e d  Hanavan model 

have been compared w i t h  measured data  by Chandler .  The f i r s t  r e s u l t s  appear 

t o  p r e d i c t  t h e  p r i n c i p a l  moments o f  i n e r t i a  w i t h i n  10% t o  20% o f  t h e  

mzasured va lues ,  Hanavan's work r e l a t e d  t o  space a p p l i c a t i o n s ,  w h i l e  

P a t t e n ' s  ai:d Robb ins '  models a r e  used t o  deve lop  i n p u t  d a t a  s e t s  f o r  mathe- 

m a t i c a l  c r a s h  v i c t i m  s i m u l a t i o n s .  

The f o u r t h  c l a s s  o f  documents i s  t h e  work p r i m a r i l y  o f  mathemat ic ians ,  

e n g i n e e r s ,  and i n  some cases, ana tomis t s .  I n  t h i s  work, a t t emp ts  a re  made 

t o  d e s c r i b e  t h e  dynamics o f  human body mo t ion  i n  terms o f  mathemat ica l  

f o r m u l a t i o n s .  A1 1  such a t tempts  r e q u i r e  we1 1 - d e f i n e d  c o o r d i n a t e  systems. 

The most success fu l  a t t emp ts  u s u a l l y  r e f l e c t  t h e  g r e a t e s t  i n s i g h t  i n t o  body 

anatomy and anthropomet ry .  One o f  t h e  e a r l y  e f f o r t s  was by F i s c h e r  (43 ) ,  

who f o l l o w e d  t h e  l e a d  of E u l e r  ( 4 4 )  i n  d e s c r i b i n g  t h e  human body as a  cha in  o f  

r i g i d  l i n k s .  The f o r m u l a t i o n  by Grammel ( 4 5 )  uses a  more modern n o t a t i o n  

and appears t o  be a  ma jo r  " l i n k  i n  t h e  c h a i n "  o f  development between t h e  a n c i e n t s  

and t h e  r e c e n t  work o f  Bowman ( 4 6 ) .  A l l  t h e  p r e v i o u s  models segment t h e  

body i n t o  r i g i d  l i n k s  -- t h e  approach o f t e n  a s s o c i a t e d  w i t h  dummy manufacture.  

Recent f i n i t e  e lement  approaches add f l e x i  b i  1  i t y  w i t h i n  body segments. 



A n d r i a c c h i  ( 4 7 )  has developed one such model. The d e t a i l  needed f o r  d e s c r i p -  

t i o n  o f  t h e  body components i n  these most r e c e n t  models i s  demonstrated 

i n  t h e  works o f  Roberts (48)  and S c h u l t z  ( 4 9 ) ,  who a t temp t  t o  d e f i n e  r i b  and 

r i b  cage geometry. T h i s  r e c e n t  work r e f l e c t s  t h e  s t a t e  o f  t h e  a r t  i n  

d e f i n i n g  t h e  r i b  cage i n  t h r e e  d imensions.  The da ta  p resen ted  i s  f o r  cadaver 

m a t e r i a l  which i s  n o t  r e l a t e d  t o  any p o p u l a t i o n  data .  I n  a  f o l l o w - o n  

phase o f  t h e  p r e s e n t  p r o j e c t ,  i t  may be p o s s i b l e  t o  r e l a t e  t h e  work o f  Roberts 

t o  a  p o p u l a t i o n  and e x t r a p o l a t e  i t  t o  a  sea ted  5 0 t h - p e r c e n t i l e  male. 

The p u b l i c a t i o n s  l i s t e d  i n  t he  above d i s c u s s i o n  r e p r e s e n t  o n l y  a  s m a l l  

p o r t i o n  o f  those a v a i l a b l e .  I n c l u s i o n  o f  a l l  work i n  t h i s  f i e l d  wou ld  r e s u l t  

i n  a  survey  f a r  beyond t h e  scope o f  t h e  p r e s e n t  p r o j e c t .  However, f o r  pu r -  

poses o f  h i s t o r i c a l  resea rch  and t o  i s o l a t e  and compare a l l  a v a i l a b l e  da ta ,  

t h e  c u r r e n t  i n v e s t i g a t o r s  b e l i e v e  t h a t  a  complete rev iew  wou ld  be h i g h l y  

u s e f u l  t o  researchers  i n  many f i e l d s .  

2.5 SAE RULEMAKING , AND DUMl4Y DEVELOPMEI4T 

The S o c i e t y  o f  Automot ive  Engineers has been very  a c t i v e  i n  c rash t e s t  

dummy development, Groups such as t h e  Crash T e s t  Dummy Task Force have 

been a c t i v e  f o r  an ex tended p e r i o d  and have developed a  v a r i e t y  o f  s tandards  

and recommended p r a c t i  ces. Commi t t e e  minutes and documents, where ava i  1  a b l e ,  

have been rev iewed as an a i d  i n  t r a c i n g  t h e  h i s t o r y  o f  t e s t  dev i ce  des ign  spec i  

f i  c a t i o n s  such as H-poin t, SAE 5963 (Anthropomorphic T e s t  Device f o r  Dynamic 

T e s t i n g ) ,  and t h e  "go lden s h e l l s . "  I n  many ways t h e  SAE groups have been 

a t  t i l e  mercy o f  a d m i t t e d l y  meagre data.  A t  t h e  same t i m e  t h e y  have been under 

s t r i c t  schedules f o r  p r o d u c i n g  r e s u l t s ,  based on committee vo tes ,  w i t h o u t  

h a v i n g  t h e  resea rch  resources  r e q u i r e d  t o  assess and document t h e  accuracy o f  

t h e i r  conc lus ions .  Separate f rom b u t  p a r a l l e l  t o  t h e  SAE a c t i v i t y  a re  t e s t  



dev i ce  development and e v a l u a t i o n  p r o j e c t s  sponsored m o s t l y  by  t h e  U.S. 

Government i n  s u p p o r t  o f  ru le rnak ing  a c t i v i t y .  Where pub1 i s h e d  r e s u l t s  a re  

a v a i  1  a b l e ,  t h e y  have been rev iewed w i t h  r e s p e c t  t o  t h e  o b j e c t i v e s  o f  t h e  

p r e s e n t  c o n t r a c t .  Fo r  t h e  most p a r t ,  t h e  same base o f  a n t h r o p o m e t r i c  da ta  

has been used i n  t h i s  a c t i v i t y  as has been used by SAE committees. 

The impor tance o f  knowing t h e  sea ted  l o c a t i o n  o f  a  v e h i c l e  occupant  i s  

r e f l e c t e d  i n  t he  number o f  SAE recommended p r a c t i c e s ,  s tanda rds ,  i n f o r m a t i o n  

r e p o r t s ,  e t c . ,  wh ich  make r e f e r e n c e  t o  t h e  eye p o i n t  oP t h e  t i - po in t .  The 

t h i r t e e n  wh ich  have been i d e n t i f i e d  a re  l i s t e d  i n  Tab le  1. Seven r e f e r  t o  

v i s i o n  w h i l e  t h e  remainder  r e f e r  t o  s e a t  des ign  o r  t h e  dynamic i n t e r a c t i o n  o f  

an occupant  w i t h  a v e h i c l e  i n t e r i o r .  

Dumtry development, ru le rnak ing  a c t i v i t y ,  and SAE commit tee work have 

been found t o  be so i n t e r - r e l a t e d  t h a t  i t  has been d i f f i c u l t  t o  i d e n t i f y  t h e  

source  o f  t h e  a n t h r o p o m e t r i c  and b iomechan ica l  da ta  wh ich  was used i n  d e s i g n i n g  

one dummy a t  any one t ime .  Rather  t han  t h e  academic e x e r c i s e  o f  compar ing 

and e v a l u a t i n g  numbers used a t  v a r i o u s  t i m e s ,  a  chrono logy  o f  even ts  i s  p r e -  

sen ted  i n  Tab le  2 i n c l u d i n g  s e l e c t e d  i t e m s  i n  r e c e n t  dummy development, 

ru lemak ing,  and SAE a c t i v i t y  wh ich  a r e  b e l i e v e d  r e l e v a n t  t o  t h e  p r e s e n t  s tudy .  



TABLE 1. SAE DOCUMENTS 

I d e n t i f i c a t i o n  

JlOO 

5198 

T i t l e  

Passenger Car G l a z i n g  Shade Bands 

Windsh ie ld  Wiper Systems-Trucks , Busses, 
and Mu1 ti purpose Veh ic les  

Motor  V e h i c l e  I n s t r u m e n t  Panel L a b o r a t o r y  
Impact  T e s t  Procedure-Knee-Leg Area 

Windsh ie ld  D e f r o s t i n g  Systems Performance 
Requirements - Trucks ,  Busses, and Mu1 t i- 
purpose Veh ic les  

Motor  Veh ic le  Seat B e l t  Anchorage 

Devices f o r  Use i n  D e f i n i n g  and Measur ing 
Motor  Veh ic le  S e a t i n g  Accommodations 

Passenger Car Rear V i s i o n  

Motor  Veh ic le  S e a t i n g  Systems 

Passenger Car W indsh ie ld  D e f r o s t i n g  
Sys tems 

Passenger Car W indsh ie ld  Wiper Systems 

Motor  Veh ic le  D r i v e r ' s  Eye Range 

S t e e r i n g  Wheel Assembly Labora to ry  Tes t  
Procedure 

Anthropomorphic Tes t  Device f o r  Use i n  
Dynamic T e s t i n g  o f  Mo to r  Veh ic les  

Reference No. 

50 



Date 

Pre- 1967 

1968 

May 2, 1969 

Jan. 1970 

Feb. 1970 

end 1970 

mid  1971 

J u l y  1971 

Aug. 1971 

Jan. 1972 

TABLE 2. CRASH TEST DUMMY DEVELOPMENT FOR 
AUTOMOTIVE APPLICATIONS 

I tem 

E a r l y  g e n e r a t i o n  dummies 

5963 pub1 i s h e d  

Proposa l  s u b m i t t e d  by  S i e r r a  Eng inee r ing  t o  b u i l d  body 
forms.  

Three golden s h e l l s  completed by  S i e r r a  Eng ineer ing .  

New P u b l i c  H e a l t h  S e r v i c e  da ta  ( 6 3 )  r e l e a s e d  wh ich  made 
some f e a t u r e s  o f  golden s h e l l s ,  5963, e t c .  cand idates  
f o r  r e v i s i o n .  

A  k i t  was p r o v i d e d  t o  mod i f y  t h e  S i e r r a  w i t h  a  r e t r o f i t  
d e t a i l e d  p e l v i s  i n  o r d e r  t o  p r e v e n t  b e l t  submar in ing.  
T h i s  a c t i v i t y  was p r e c i p i t a t e d  by General Motors wh ich  
p r o v i d e d  S i e r r a  w i t h  human p e l v i s  d a t a  t o  model. 

H y b r i d  I dummy i n  use. Th i s  c o n s i s t e d  o f  S i e r r a  1050 
head, VIP50A t o r s o  and l i m b s ,  and a  GM P r o v i n g  Ground 
rubber  neck. A  ma jo r  purpose was improved b e l t  t e s t  
r e s u l t s .  

MVMA i n i t i a t e d  a  dummy neck development p r o j e c t  a t  HSRI. 

NBS i s s u e d  a  d r a f t  r e p o r t  d e t a i l i n g  r e s t r a i n t  system dy- 
namic t e s t s  u s i n g  S i e r r a  1050 and m o d i f i e d  850 dummies. 

A lde rson  p resen ted  a  r e p o r t  on d imens iona l  and mass 
d i s t r i b u t i o n  data  f o r  golden s h e l l s  w i t h  r e f e r e n c e  
t o  t h e  new P u b l i c  H e a l t h  S e r v i c e  data.  

Apr.  15, 1972 MVMA i n i t i a t e d  duriuny development p r o j e c t  a t  HSRI . 
mid  1972 H y b r i d  I 1  dummy i n  use. T h i s  was developed t o  o b t a i n  

improved a i r b a g  t e s t  r e s u l t s .  Problems w i t h  H y b r i d  
I, such:,as c h i n - c h e s t ,  i n t e r a c t i o n ,  were el  imfnabed. 

J u l y  1972 NHTSA i s s u e d  dummy purchase d e s c r i p t i o n .  I t s  s p e c i f i c a -  
t i o n s  were s i m i l a r  t o  H y b r i d  11. 

Nov. 13, 1972 A  dummy procurement was i s s u e d  by NHTSA t o  GM. T h i s  was 
based on a  GM coun te rp roposa l  t o  t h e  J u l y  dummy purchase 
d e s c r i p t i o n .  The c o n t r a c t  began Dec. 1, 1972 and con- 
t i n u e d  th rough most o f  1973. 

Nov. 27- W i l l i a m s b u r g  meet ing  on the  Veh ic le  Research I n s t i t u t e  
Dec. 1, 1972 



Date 

Dec. 5, 1972 

Dec. 1972 

Feb. 7, 1973 

Apr. 2, 1973 

June 1973 

Aug. 1, 1973 

Oct, 15, 1973 

Dec. 1973 

Apr. 15, 1974 

TABLE 2. CRASH TEST DUMMY DEVELOPMENT FOR 

AUTOMOTIVE APPLICATIONS (con t. ) , 

I tem 

The c o u r t  r u l i n g  on dummy performance was issued.  

General Motors i ssued  a  reques t  f o r  p roposa l  on t h e  an th ro -  
pomet r i c  measurements o f  a  sea ted  v e h i c l e  occu a n t  t o  a supplement t h e  work i n  deve lop ing  t h e  GM-ATD-5 2 .  

HSRI proposa l  on t h e  above m o d i f i e d  and p resen ted  t o  
VRI. 

NHTSA recogn ized H y b r i d  I 1  as t h e  "most s a t i s f a c t o r y  
des ign  wh ich  i s  c u r r e n t l y  commerc ia l ly  a v a i l a b l e .  " 

Repeatable Pete,  t h e  HSRI dummy, was d e l i v e r e d .  

P a r t  572 ( H y b r i d  I I )  w r i t t e n  i n t o  Motor  V e h i c l e  S a f e t y  
Standard  208. 

VRI S e a t i n g  Posture  Anthropometry p r o j e c t  i n i t i a t e d  a t  
HSRI. 

GM-ATD-502 d e l i v e r e d  t o  NHTSA. 

Planned comp le t i on  date  f o r  VRI Sea t ing  Pos tu re  Anthro-  
pometry p r o j e c t .  



PART 3. SATISFACTION OF PROGRAM OBJECTIVES 

PHASE I EFFORT 

The seven s e c t i o n s  o f  P a r t  3  d e s c r i b e  work done d u r i n g  t h i s  p r o j e c t  and 

t h e  d a t a  a v a i l a b l e  f r o m  t h e  l i t e r a t u r e  su rvey  r e l a t i v e  t o  t h e  seven p r o -  

gram o b j e c t i v e s  l i s t e d  i n  t h e  s t a t e m e n t  o f  work.  The degree t o  w h i c h  t h e  

Phase I e f f o r t  s a t i s f i e s  each o f  t hese  o b j e c t i v e s  i s  i n d i c a t e d .  

3.1 ANTHROPOMETRIC LANDMARKS AND REFERENCE FRAMES 

The o b j e c t i v e  i s  t o  de te rm i  ne an t h r o p o m e t r i  c  1  andmarks and r e f e r e n c e  

frames on o r  w i t h i n  t h e  s k e l e t a l  s t r u c t u r e s  o f  t h e  head, t h o r a x ,  and p e l v i s ,  

and on t h e  e x t e r n a l  body s u r f a c e s  a s s o c i a t e d  w i t h  t hese  s t r u c t u r e s .  Cand ida te  

c o o r d i n a t e  systems have been proposed f o r  t h e  head by  Ewing (68)  and Hubbard 

( 6 9 ) .  The d i r e c t i o n s  o f  t h e  c o o r d i n a t e  axes a r e  t h e  same i n  t h e  two cases 

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

a r e  d i f f e r e n t ,  w i t h  Hubbard 's  l o c a t e d  a t  t h e  n a s i o n  o f  t h e  s k u l l  and E w i n g ' s  

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

and r i  gh t aud i  t o r y  meatus. N e i t h e r  o f  t h e  o r i  g i n s  i s  1  o c a t e d  a t  t h e  c e n t e r  o f  

g r a v i t y  o f  t h e  head. E i t h e r  c o o r d i n a t e  sys tem o f f e r s  a  s u f f i c i e n t  f ramework 

f o r  s t u d y i n g  k i n e m a t i c s  and dynamics o f  t h e  head when i t  i s  v iewed as a  

r i g i d  body. Hubbard 's  has t h e  p o s s i b l e  advantage o f  b e i n g  l o c a t e d  on t h e  

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

The t h o r a x  p r e s e n t s  a  c o n s i d e r a b l e  p rob lem because o f  i t s  f l e x i b i l i t y ,  

t h e  l a c k  o f  c l a s s i c a l  landmarks wh i ch  may b e  r e l a t e d  t o  t h e  t h o r a c i c  s k e l e t o n ,  

and t h e  d i f f i c u l t y  o f  u s i n g  x - r a y  p rocedures  t o  q u a n t i f y  t h e  p o s i t i o n  o f  

t h e  t h o r a c i c  s k e l e t o n  a t  any p o i n t  i n  t i m e .  The o n l y  known c o o r d i n a t e  



system assoc ia ted  w i t h  t h e  t h o r a c i c  s k e l e t o n  o t h e r  than  those used f o r  mathe- 

m a t i c a l  model ing  procedures,where each bone o f  t h e  t h o r a x  i s  d e f i n e d  i n  terms 

o f  one o r  more c o o r d i n a t e  systems, has been developed by Ewing (68 ) .  T h i s  

c o o r d i n a t e  system i s  capable of f o l l o w i n g  t h e  mot ions o f  t h e  f i r s t  t h o r a c i c  

v e r t e b r a  as a  r i g i d  body. I t s  o r i g i n  i s  a t  t h e  a n t e r i o r  s u p e r i o r  c o r n e r  

o f  t h e  v e r t e b r a l  body. A + X  a x i s  i s  d e f i n e d  by  connec t ing  t h e  m i d p o i n t  o f  

a  1  i n e  between t h e  s u p e r i o r  and i n f e r i o r  co rne rs  o f  a  p o s t e r i o r  spinous 

process t o  t h e  a n t e r i o r  s u p e r i o r  co rne r .  A +Z  a x i s  i s  s e t  p e r p e n d i c u l a r  i n  

a  s u p e r i o r  d i r e c t i o n .  To account  f o r  f l e x i b i l i t y ,  t h e  c u r r e n t  au thors  r e c o m  

mend t h a t  a  s i m i l a r  c o o r d i n a t e  system be developed f o r  each o f  t h e  t h o r a c i c  

ver tebrae.  I n  a d d i t i o n ,  t o  be a b l e  t o  m o n i t o r  mot ions  a t  t h e  f r o n t  o f  t h e  

chest, i t i s  recommended t h a t  add i  t i o n a l  c o o r d i n a t e  systems be developed f o r  t h e  

sternum, p o s s i b l y  based on s u p r a s t e r n a l e  and substerna le ,  I f  i t  i s  though t  

necessary t o  d e f i n e  t h e  t h o r a x  as a  r i g i d  body o r  as a  f l e x i b l e  body w i t h  

a  s i n g l e  c o o r d i n a t e  system, t h e  au tho rs  recommend t h e  f o l l o w i n g  procedure:  

1. connect  t h e  f i r s t  and t w e l f t h  t h o r a c i c  v e r t e b r a  c o o r d i n a t e  o r i g i n s  w i t h  a  

l i n e ;  2, connect  t h e  s u b s t e r n a l e  and s u p r a s t e r n a l e  w i t h  a  l i n e ;  

3. connect  t h e  cen te rs  o f  t h e  two 1  i n e s  w i t h  a  new l i n e  d i r e c t e d  toward t h e  

f r o n t  o f  t h e  ches t  t o  d e f i n e  t h e  d i r e c t i o n s  o f  a  +x a x i s  ; 4. c o n s t r u c t  a  

p e r p e n d i c u l a r  i n  t h e  s u p e r i o r  d i r e c t i o n s  t o  d e f i n e  + z - d i r e c t i o n  and a  +y- 

d i r e c t i o n  t o  t h e  l e f t ;  and, 5. choose as t h e  o r i g i n  t h e  c e n t e r  o f  g r a v i t y  o f  

t h e  t h o r a x  as measured i n  a  50th  p e r c e n t i l e  seated male automot ive  d r i v e r  i n  

t h e  m i d d l e  o f  t h e  b r e a t h i n g  c y c l e .  

The p e l v i s  i s  s u f f i c i e n t l y  r i g i d  t o  w a r r a n t  t h e  use o f  a  s i n g l e  c o o r d i n a t e  

system. D i f f i c u l t i e s  a r i s e  i n  t h a t  s u f f i c i e n t  s o f t  t i s s u e ,  o f t e n  o f  cons ide rab le  

d e l i c a c y ,  surrounds t h e  s t r u c t u r e  t o  mask most bony landmarks. X-ray examina- 

t i o n  o f  t h e  p e l v i c  r e g i o n  i s  a l s o  d i f f i c u l t  f o r  t h e  p resen t  purpose. Candidate 



landmarks ( a l l  p a l p a b l e  and a c c e s s i b l e  by x - r a y )  a r e  symphysion and t h e  

r i g h t  and l e f t  a n t e r i  o r - s u p e r i o r  i l i a c  sp ines .  A p o s s i b l e  r e f e r e n c e  f rame 

c o u l d  be c o n s t r u c t e d  as f o l l o w s :  1. connect  t h e  two a n t e r i o r - s u p e r i o r  i l i a c  

sp ines w i t h  a  l i n e ;  2 .  s p e c i f y  as t h e  o r i g i n  t h e  c e n t e r  o f  t h e  l i n e ;  3 ,  d e f i n e  

a  +X-axis as t h e  l i n e  f rom the  o r i g i n  t o  t h e  symphysion; and 4. c o n s t r u c t  an 

upward normal t o  d e f i n e  t h e  + z - a x i s  and a  l e f t w a r d  normal t o  d e f i n e  t h e  +y-ax is .  

3.2 SHAPE OF THE THORACIC SKELETON 

The o b j e c t i v e  i s  t o  determine t h e  shape o f  t h e  t h o r a c i c  s k e l e t o n  f o r  

t h e  50th  p e r c e n t i l e  American male. It has n o t  been p o s s i b l e  t o  s a t i s f y  t h i s  

o b j e c t i v e  based on t h e  l i t e r a t u r e  su rvey  o r  man ipu la t i ons  of  t h e  da ta  i n  t h e  l i t e r -  

a t u r e  survey.  A p r i m a r y  reason f o r  t h i s  has been t h e  i n s u f f i c i e n c y  o f  a v a i l a b l e  

an th ropomet r i c  da ta  f o r  l o c a t i n g  t h e  t h o r a x  i n  space, Circumferences,  

breadths  and depths,  etc., have been measured, b u t  t h e  h e i g h t  a t  wh ich  t h e  

measurement i s  taken i s  u s u a l l y  n o t  a v a i l a b l e .  ( I t  shou ld  be no ted  t h a t  

n i p p l e  h e i g h t  i s  n o t  we1 1 - c o r r e l a t e d  w i t h  measurements o f  bony 1  and- 

marks.) I n  a d d i t i o n ,  c h e s t  measurements a r e  u s u a l l y  made on a  s u b j e c t  s t a n d i n g  

e r e c t  w i t h  a  s p i n e - l i n e  and t h o r a c i c  mass d i s t r i b u t i o n  

d i f f e r e n t  t han  f o r  an automot ive-seated s u b j e c t .  Breadths and depths a r e  

a l s o  n o t  u s e f u l  un less  t h e y  a r e  o r i e n t e d  w i t h  r e s p e c t  t o  a  c o o r d i n a t e  sys-  

tem such as t h e  t h o r a c i c  system proposed i n  S e c t i o n  3.1, The o n l y  known cases 

where t h e  p o s i t i o n  i n  space o f  t h e  elements o f  t h o r a c i c  s k e l e t o n s  have 

been q u a n t i  f i  ed a r e  r e p o r t e d  by A n d r i a c c h i  (47), Roberts (48), and Schul t z  (49).  

U n f o r t u n a t e l y ,  t h e  da ta  p resen ted  i n  t h e s e  papers have n o t  been r e l a t e d  t o  

p o p u l a t i o n s  b u t  r a t h e r  t o  s p e c i f i c  s k e l e t a l  { m a t e r i a l  f o r  t h e  purpose o f  deduc- 

t i v e  mathemat ical  a n a l y s i s .  

I t  i s  recommended t h a t  a  procedure  be developed s p e c i f i c a l l y  f o r  t h e  pur-  

pose o f  d e f i n i n g  the  t h o r a c i c  shape o f  t h e  sea ted  automobi le  occupant.  The o p t i -  

mal p rocedure  wou ld  p robab ly  make use o f  s te reopho tog raph ic  techn iques t o  d e f i n e  



e x t e r n a l  c o n t o u r s ,  x - r a y  p r o c e d u r e s  t o  d e f i n e  i n t e r i o r  t h o r a c i c  geometry  and  

c o o r d i n a t e  sys tems, and a l s o  s p e c i a l  a n t h r o p o m e t r i c  measurements w h i c h  c o u l d  b e  

r e 1  a t e d  t o  c l a s s i c a l  measurements. The new p r o c e d u r e  s h o u l d  be correlated 

w i t h  s t a n d a r d  a n t h r o p o m e t r i  c  p r o c e d u r e s  and  p o p u l a t i o n s  u s i n g  a  minimum 

3 f  t e s t  s u b j e c t s  measured i n  s t a n d a r d  s e a t e d  and s t a n d i n g  a n t h r o p o m e t r i c  

p e s i  t i o n s .  

3.3. SEATED POSITION OF 50TH PERCENTILE MALE 

The o b j e c t i v e s  a r e  t o  d e t e r m i n e  f o r  t h e  5 0 t h - p e r c e n t i l e  ma le  i n  a  r e p r e -  

s e n t a t i v e  a u t o m o t i v e  s e a t e d  p o s i t i o n  t h e  l o c a t i o n  o f :  1. t h e  s h o u l d e r  j o i n t  

c e n t e r s  and  s k u l l  r e l a t i v e  t o  t h e  t h o r a c i c  s k e l e t o n ;  2. t h e  t h o r a c i c  s k e l e t o n  

at id femora  r e l a t i v e  t o  t h e  p e l v i s ;  and, 3. t h e  l o c a t i o n  o f  t h e  s h o u l d e r  j o i n t  

c e n t e r s ,  sku1 1  , t h o r a c i c  s k e l e t o n ,  p e l v i s  and femora  r e l a t i v e  t o  a p p r o p r i a t e  

e x t e r n a l  body c o n t o u r s .  To a c c o m p l i s h  t h i s  o b j e c t i v e ,  i t  i s  necessa ry  t o  

p r e s e n t  a l l  t h e  r e q u i r e d  d a t a  i n  one c o o r d i n a t e  system. The f i r s t  o f  t h e s e  

o b j e c t i v e s  can  be  accomp l i shed  f o r  t h e  s p e c i a l  case  o f  a  h a r d  Air Fo rce  s e a t  

( 6 "  s e a t  pan, 15"  1  umbar s u p p o r t ,  no uppe r  s e a t  back )  u s i n g  p r o c e d u r e s  s e t  

f o r t h  i n  Snyde r  and  C h a f f i n ' s  t o r s o - l i n k  s t u d y  ( 1 9 ) .  R e s u l t s  o f  a  s i m i l a r  

e x e r c i s e  have been  r e p o r t e d  b y  Genera l  Mo to r s  C o r p o r a t i  on ( 6 5 )  i n  c o n n e c t i o n  

w i t h  t h e i r  deve lopment  o f  t h e  GM-ATD-502 dummy. Re fe rences  on t h e  t h o r a x  a r e  

l i m i t e d  t o  t h e  t h o r a c i c  s p i n e ,  however .  R e l a t i v e  t o  t h e  second  o b j e c t i v e ,  

t h e  t h o r a c i c  s p i n e  can b e  r e l a t e d  t o  t h e  p e l v i s  u s i n g  t h e  same p rocedu res  

and s e a t i n g  c o n f i g u r a t i o n .  The a n g u l a r  p o s i t i o n  o f  t h e  femora i n  a  r e p r e s e n -  

t a t i v e  a u t o m o t i v e  c o n f i g u r a t i o n  i s  n o t  known t o  t h e  a u t h o r s .  ~t may 

b e  more d e s i r a b l e  t o  e s t a b l i s n  a  r ange  o f  p o s i t i o n s  f o r  t h e  femora  based  on 

t h e  v e h i c l e  occupan t  t a s k ,  w h e t h e r  i t  be r e s t i n g ,  b r a k i n g ,  a c c e l e r a t i n g ,  f e e t  

on  f l o o r ,  f e e t  on t o e b o a r d ,  e t c .  Da ta  a r e  n o t  a v a i l a b l e  t o  s a t i s f y  t h e  t h i r d  

o b j e c t i v e .  Aga in ,  we recommend as an o p t i m a l  p r o c e d u r e  t h e  use o f  s t e r e o p h o t o -  

g r a p h i c  t e c h n i q u e s  t o  d e f i n e  e x t e r n a l  c o n t o u r s  and x - r a y  p r o c e d u r e s  t o  d e f i n e  



i n t e r i o r  t h o r a c i c  geometry and c o o r d i n a t e  systems. S e c t i o n s  3.3.1 and 3.3.2 

p r e s e n t  t h e  a v a i l a b l e  da ta  and procedures  t h a t  have been rev iewed and 

r e 1  a t e  t o  t h i s  t ask .  S e c t i o n  3.3.1 c o n t a i n s  a n t h r o p o m e t r i c  d a t a  - 
modi f i e d  f o r  p r e s e n t a t i o n  i n  a  th ree -d imens iona l  c o o r d i n a t e  system. 

The shor tcomings and 1  i m i t a t i o n s  o f  t h i s  p rocedure  a r e  d iscussed.  A1 1  

measurements have been taken  i n  t h e  e r e c t  sea ted  p o s i t i o n .  S e c t i o n  3.3.2 

uses t h e  t o r s o -  1  i n k  procedures and r e g r e s s i o n  equa t i ons  o f  C h a f f i n  ( 1  9 )  

t o  e x t r a p o l a t e  t o  a  s e a t e d  p o s t u r e  n o t  much d i f f e r e n t  f r o m  t h e  au tomot i ve  

case. Because t h e  t o r s o -  1  i n k  s tudy  r e 1  a tes  t o  workspace requ i remen ts  and e l  bow 

reach,  t h e  normal sea ted  p o s i t i o n  i s  n o t  a s t a n d a r d  p o s i t i o n .  T h i s  may l e a d  

t o  i n a c c u r a c i e s  i n  t h e  r e s u l t s  p resen ted  here .  These r e s u l t s  a r e  i n c l u d e d  

p r i m a r i l y  t o  demonstrate t h e  power and p o t e n t i a l  o f  t h i s  t echn ique  i n  accom- 

p l i s h i n g  o v e r a l l  p r o j e c t  o b j e c t i v e s .  P a r t  3.3 i s  conc luded by S e c t i o n  3.3.3, 

wh ich  i s  a  genera l  d i s c u s s i o n  o f  t h e  e r r o r s  encountered i n  a n t h r o p o m e t r i c  

measurements. 

3.3.1 Seated P o s i t i o n  Us ing  Anthropomet r i  c  Techniques 

A  p a r t i a l  d e s c r i p t i o n  o f  an e r e c t  sea ted  5 0 t h - p e r c e n t i l e  male has been 

made u s i n g  a n t h r o p o m e t r i c  measurements. The f i r s t  s t e p  i n  t h i s  process was 

t o  rev iew  t h e  l i t e r a t u r e  and assemble r e l e v a n t  da ta  f r o m  s e v e r a l  surveys .  

These surveys  p r e s e n t  da ta  c o l l e c t e d  f r o m  l i v i n g  c i v i l i a n  and m i l i t a r y  p o p u l a t i o n s .  

There a re ,  t h e r e f o r e ,  obv ious  s t a t i s t i c a l  and measurement t echn ique  cons ide ra -  

t i o n s  wh ich  make t h e  r e p o r t e d a v e r a g e  values o f  q u e s t i o n a b l e  use. The t h i r t y -  

one measurements a re  l i s t e d  i n  Tab le  3, i n c l u d i n g  t h e  d a t a  source  and t h e  over -  

a l l  average va lue .  As t h e  second s t e p ,  these measurements were man ipu la ted  

t o  f o rm a  th ree -d imens iona l  d e s c r i p t i o n  o f  t h e  r e l a t i o n  between head, p e l v i s ,  

h i p  j o i n t ,  s h o u l d e r  j o i n t ,  and a  l i m i t e d  number o f  s p i n a l  p o i n t s .  T h i s  i n f o r -  

ma t ion  i s  p r e s e n t e d  i n  Tab le  4. S i m i l a r  p rocedures  c o u l d  be deve loped t o  

de f i ne  t h e  p o s i t i o n  o f  t h e  occupant  i n  an au tomot i ve  s e a t ,  i n c l u d i n g  landmarks 



TABLE 3. BASIC AF.ITHROPOMETRIC DATA ( 5 0 t h  PERCENTILE) 

A i r  T r a f f i c  
1 S50 1000 A v i a t o r s  HEW-PHS S o l d i e r  Body Army Av ia -  C o n t r o l l e r s  Army Av ia -  Holloman L i n k  Study 
Survey 1965 1965 S ize  1966 t o r s  1970 1965 t o r s  1961 Sub jec ts  1972 Hooten 

Measurement No. Her tzberg(5)  Oberman ( 6 )  S toud t  (1 1)White(7) C h u r c h i l l  ( 9 )  Snow (70)  White ( 8 )  Robbins( l5  ) Snyder(1g ) 1945(12) Average 

Number o f  Subjects 4000+ 675 3091 6682 1402 678 5 00 6 
18 - 45 

28 
Age of Subjects 18 - 79 21 - 50 

1959 
17 - 4 0 t  20 - 47 

Populat ion USAF US C i v i l .  US Army US Army USAF Col 1 eqe 

S t a t i s t i c a l  Basis 
~ t u d e i t s  

50th Percen. 50 th  Percen. 50 =Zen. 50 Percen. 50 th  Percen. 5 0 t h  Percen. Elear. Median Mean 5 0 t h  Percen. 
STANDING 
~ m . 1  bs ) 1 161.9 166 156.28 170.53 158.7 
S t a t u r e  ( i n )  2 69.1 

167 174-61 
68.3 68.67 68.73 69.5 69.497 69.6 70.26 69.2 

165 

Tragion H. 3 64.0 64.0 
Cerv ica le  H. 4 59.2 58.85 

64.0 
58.93 59.0 60.13 59.3 

Acromial H. 
59.5 

5 56.6 56.66 56.32 
I l i o c r i s t a l e  H. 6 

57.8 57.9 57.95 57.2 
41.87 

A.S.I.S. H .  7 
41.655 42.69 42.1 

Penale H. 8 34.5 
40.41 40.4 

34.1 
Biacromia l  B. 9 15.8 15.7 

34.3 

Shoulder B. 10 17.9 
15.9 15.67 15.8 

17.81 18.66 
Chest B. 11 

18.3 18.268 18.0 18.2 
11.98 13.5 12.7 

Chest D. 12 9.0 
12.9 12.8 

9.06 9.46 9.2 
Waist D. 

9.4 
13 7.9 

9.2 

14 
8.1 

B i - I l i a c  B. 
8.9 8.3 

Bisp inous B. 15 11.5 
Bu t tock  D. 16 8.8 

10.21 10.2 
9.3 9.1 9.1 

SITTING 
S i t t i n g  H. 17 36.0 

18 
36.1 

Cerv ica le  H.  
35.608 35.8 36.66 36.0 

Eye H. 19 31.5 
25.5 26.55 26.0 

Back H. 20 
32.0 30.904 31 - 0  31 - 2  

Waist H. 21 9.3 
28.6 28.6 

Thigh Clearance 22 5.6 
8.5 8.9 

5.08 
Trochanter ion H. 23 

6.3 5.7 

Troch. - Seat 24 3.5 
P Back 5.5 

Knee-Knee Back 25 7.9 7.9 
HEAD (SITTING) 

T r a g i o n - v e r t ~ . <  26 5.1 5.21 5.23 4.986 
Tragion-occ iput  27 4.0 

5.1 
4.01 4.06 

Nasal r o o t - o c c i p b t  28 7.8 
4.0 

7.52 7.87 
Ext. Canthus-occi- 29 6.8 6.78 

7.7 
6.81 

D u ~  
6.8 

B i  t r a g i o n  30 5.6 5.31 5.58 
I n t e r p u p i l l a r y  B. 31 2.49 2.41 5.5 2.5 
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on t h e  t h o r a x .  The g r e a t e s t  shortcomings o f  t h i s  p rocedure  a re  t h e  l a c k  o f  

i n f o r m a t i o n  conce rn ing  t h e  s p i n e  and e x t e r n a l  body con tou rs .  Procedures such 

as x - rays  (See S e c t i o n  3.3.2)and s tereo-photography c o u l d  be used t o  o b t a i n  t h i s  

a d d i t i o n a l  data.  The t e x t  which f o l l o w s  discusses each o f  t h e  q u a n t i t i e s  p resen ted  

i n  Tab le  4 w i t h  p a r t i c u l a r  d e t a i l s  conce rn ing  t h e  p e l v i s .  

Ve r tex  

X-Axi s  

No da ta  have been l oca ted .  

Y -Ax i  s  

The v e r t e x  i s  assumed t o  l i e  i n  t h e  m i d s a g i t t a l  p lane  o f  symmetry. 

T h i s  i s  a  f u n c t i o n a l  d e f i n i t i o n  and i s  a  reasonable assumption f o r  mode l ing  

purposes. c 

Z-Axi s  

T h i s  h e i g h t  i s  taken u s i n g  an anthropometer  w i t h  t h e  s u b j e c t  i n  

t h e  c l a s s i c a l  e r e c t  seated p o s i t i o n .  

T rag ion ,  R i g h t  and L e f t  (Assume b i l a t e r a l  symmetry). 

X-Axi s  

The measurement o f  t h i s  d imension i s  o f t e n  taken on t h e  seated s u b j e c t  

w i t h  h i s  head v i s u a l l y  a l i g n e d  i n  t h e  F r a n k f o r t  Plane. The  o c c i p u t  r e s t s  

a g a i n s t  a  back board  and t h e  v e r t e x  i s  t o u c h i n g  a  p e r p e n d i c u l a r  "head board."  

The dimension i s  thus taken w i t h  a  m o d i f i e d  anthropometer  as t h e  p e r p e n d i c u l a r  

d i s t a n c e  f rom t h e  back board  (on  o c c i p u t )  t o  t r a g i o n .  

Y -Ax i  s  

T h i s  d imension i s  measured w i t h  sp read ing  c a l i p e r s  on t h e  seated sub- 

j e c t  as t h e  d i s t a n c e  between t h e  r i g h t  and l e f t  t r a g i o n  ( B i t r a g i o n  D iameter ) .  

Z-Axi s  

T h i s  d imension has n o t  been measured i n  t h e  seated p o s i t i o n  and i s  

t h e r e f o r e  a  d e r i v e d  l e n g t h  i n  t h e  Z-Ax is .  T r a g i o n  h e i g h t  i n  t h e  s t a n d i n g  po- 

s i t i o n  has been r e p o r t e d  i n  two o f  t h e  r e f e r e n c e d  s t u d i e s .  T h i s  d imension 



when s u b t r a c t e d  f rom s t a t u r e  i s  5.2 inches, which corresponds t o  t h e  more 

d i r e c t  measure (No. 26) o f  5.1 inches, which i s  t h e  d i s t a n c e  f rom t r a g i o n  t o  

ve r t ex .  T rag i on  h e i g h t  f o r  t h e  p resen t  seated p o s i t i o n  was d e r i v e d  by sub- 

t r a c t i n g  5.1 inches f rom s i t t i n g  h e i g h t  (measureaent 17).  

I n f r a o r b i t a l e ,  R i g h t  and L e f t  (Assume b i l a t e r a l  symmetry) 

X-AX! s 

Th is  p o i n t  i s  one o f  two p o i n t s  used by a n t h r o p o l o g i s t s  t o  a l i g n  t h e  

head i n  t h e  F r a n k f o r t  P lane.  For  t h e  purposes o f  t h i s  r e p o r t ,  f o u r  p o i n t s  

(T rag ion ,  R  & L and I n f r a o r b i t a l e ,  R & L )  w i l l  be used t o  d e f i n e  t h e  Frank- 

f o r t  Plane. I n f r a o r b i t a l e ,  t h e  lowes t  p o i n t  on t h e  i n f e r i o r  s u r f a c e  of 

t h e  bony o r b i t  o f  t h e  eye, has n o t  been measured on a  l i v i n g  p o p u l a t i o n  r e l a -  

t i v e  t o  t he  head o r  f l o o r .  It was assumed t h a t  t h i s  p o i n t  would be approx imate ly  

t h e  same d i s t ance  f rom t h e  o c c i p u t  as t h e  l a t e r a l  co rne r  o f  t h e  eye. Thus, 

measurement 29 o f  Table 3 was used t o  d e f i n e  t h i s  q u a n t i t y .  

Y -Ax i  s  

There i s  a l s o  no measure o f  t h e  d i s t a n c e  between r i g h t  and l e f t  

i n f r a o r b i  t a l e s .  There fo re ,  as an es t ima te  u s i n g  a v a i l a b l e  an th ropome t r i c  data, 

t h e  d i s t a n c e  between t h e  p u p i l s  o f  t h e  eyes was used. Measurement 31 f rom Table 

3 was d i v i d e d  by 2. 

Z- Axi-s 

S ince  t he  T rag ion  and I n f r a o r b i t a l e  landmarks a r e  be i ng  used t o  

e s t a b l i s h  t h e  F r a n k f o r t  P lane which i s  p a r a l l e l  t o  t h e  f l o o r  ( pe rpend i cu l a r  

t o  t he  g r a v i t y  v e c t o r ) ,  t h i s  dimension i s  t he  same as t h a t  g i ven  f o r  t h e  

r i g h t  and l e f t  T rag ion .  

C 2  Sur face  Landmark 

X - A x i  s 

l i o  da ta  have been l o c a t e d ,  



Y-Axi s  

I t  i s  assumed t o  l i e  on t h e  p laae  o f  symmetry and i s  equa l  t o  0. 

Z-Axi s  

T h i s  i s  an approx imate  l o c a t i o n  o f  an area d e f i n e d  by Hooten (12) .  

He measured back h e i g h t  as t h e  p e r p e n d i c u l a r  d i s t a n c e  f rom t h e  s e a t  t o  t h e  ". . . 
p o i n t  o f  j u n c t i o n  between t h e  head and neck," wh ich  i s  app rox ima te l y  t h e  

h e i g h t  o f  t h e  1 s t  and 2nd c e r v i c a l  ve r teb rae .  T h i s  measurement was taken  

u s i n g  a  s p e c i a l  measur ing c h a i r  w i t h  6" s e a t  pan and 13" s e a t  back 

p i t c h .  

C 7  Su r face  Landmark 

X-Axi s  

There a r e  no data  l o c a t i n g  t h e  d i s t a n c e  o f  t h e  t i p  o f  t h e  spinous 

process of t h e  seventh c e r v i c a l  v e r t e b r a e  w i t h  r e s p e c t  t o  t h e  p l a n e  o f  t h e  

back i n  t h e  e r e c t  seated p o s i t i o n .  There fo re ,  based on measurement a t  H S R I  

o f  two s u b j e c t s ,  a  d i s t a n c e  o f  1  i n c h  has been chosen. 

Y-Axi s  

The p o i n t  i s  assumed t o  l i e  i n  t h e  p lane  o f  symmetry and i s  t h e r e f o r e  equal  t o  0. 

Z-Axi s  

The h e i g h t  o f  c e r v i c a l e  has been measured p r i m a r i l y  i n  t h e  s t a n d i n g  

p o s i t i o n  ( 4  s t u d i e s  based on ove r  10,000 m i l i t a r y  male s u b j e c t s  1. Two s t u d i e s  

( 3 4  male c i v i l i a n s )  measured i t  i n  t h e  seated p o s i t i o n .  D e r i v i n g  t h e  h e i g h t  

o f  c e r v i c a l e  f rom t h e  s t a n d i n g  data  g i ves  a  seated h e i g h t  . I  i n c h  g r e a t e r  

t han  t h e  seated data .  The h e i g h t  o f  c e r v i c a l e  was d e r i v e d  by  s u b t r a c t i n g  

t h e  s t a n d i n g  c e r v i c a l  h e i g h t  (No. 4 )  f rom s t a t u r e  (No. 2 )  and then  s u b t r a c t i n g  

t h e  r e s u l t  f r o m  s i t t i n g  h e i g h t  (No. 17 ) .  

The P e l v i s  

B e f o r e  d i s c u s s i n g  t h e  means o f  e s t i m a t i n g  f i v e  p o i n t s  ( r i g h t  and l e f t  

a n t e r i o r - s u p e r i o r  i 1  i ac sp ines ,  symphysion, r i g h t  and l e f t  h i p  j o i n t  c e n t e r s )  



on t h e  p e l v i s  i n  t h ree -d imens iona l  space, a  b r i e f  rev iew  o f  t h e  mo t ion  and 

p o s i t i o n  o f  t h e  p e l v i s  i n  t h e  s e a t i n g  and sea ted  s u b j e c t  s h o u l d  be  g iven.  

F i r s t ,  t h e  p e l v i s  can be de f i ned  as r ~ t a t i n ( l  about  t h e  L5/S1 ( l u m b m s a c r a l )  

j o i n t .  Acco rd ing  t o  Dempster ( 1 8 ) ,  t h e  p e l v i s  r o t a t e s  app rox ima te l y  46" (p.  

113) f r o m  "normal s t a n d i n g  p o s i t i o n "  when t h e  s u b j e c t  s i t s  w i t h  l e g s  comp le te l y  

ex tended ( i  .e., s i t t i n g  on t h e  f l o o r  w i t h  t o r s o  approx,  90" t o  f l o o r  p l a n e ) .  

H i s  d a t a  a r e  p resen ted  as an a n g l e  between a  h a r d  s e a t  pan ("wooden r e p l i c a  o f  

t h e  p i l o t  c o c k p i t " )  and a  p lane  formed by  t h e  r i g h t  and l e f t  a n t e r i o r  

s u p e r i o r  i l i a c  s p i n e  and symphysion. The a n g l e  i s  r e l a t e d  t o  seat -pan h e i g h t  

i n  i nc remen ts  o f  3  i nches  from 0 i nches  t o  30 i nches .  Dempster s t a t e s  t h a t  

he a d j u s t e d  t h e  r e f e r e n c e  l i n e  on h i s  p e l v i c - t i l t  measur ing  dev i ce  t o  make i t  

equal  t o  0" ( v e r t i c a l  ) b u t  he f a i l s  t o  g i v e  da ta  r e c o r d i n g  t h e  amount o f  

ad jus tment .  Thus one must assume t h a t  t h e  anatomica l  p l a n e  i s  p a r a l l e l  t o  

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

I n  a d d i t i o n ,  t h e r e  i s  some c o n f u s i o n  r e g a r d i n g  t h e  a c t u a l  s e a t  and sub- 

j e c t  p o s i t i o n  wh ich  Dempster employed. I t  appears t h a t  he used b l o c k s  t o  

e l e v a t e  t h e  s u b j e c t  i n  3 - i nch  increments  and had t h e  s u b j e c t  remain i n  a  l e g s -  

ex tended p o s i t i o n  f r o m  0 i nches  t o  30 i nches  s e a t  h e i g h t .  The s e a t  

pan, s e a t  back,and t h i g h  o r i e n t a t i o n  c o n t r i b u t e  s i g n i f i c a n t l y  t o  p e l  v i c  

o r i e n t a t i o n ,  and these v a r i a b l e s  a re  n o t  discus:.ed by Dempster, 

If Dempster ls  p e l v i c  r o t a t i o n  d a t a  a re  accu ra te  (and t h e y  a re  t h e  o n l y  d a t t  known 

o u t s i d e  o f  European l i t e r a t u r e  t h a t  has n o t  y e t  been c o m p l e t e l y  rev iewed) ,  One 

then  needs t o  know t h e  l o c a t i o n  o f  one o r  more o f  t h e  p o i n t s  on t h e  p e l v i s  

r e l a t i v e  t o  t h e  L5/S1 j o i n t  c e n t e r .  The p r e s e n t  au tho rs  do n o t  b e l i e v e  t h a t  

there a r e  460 degrees o f  a n g u l a r  r o t a t i o n  i n  one s p i n a l  column j o i n t - - t h i s  i s  p r o b a b l y  

ach ieved th rough  movement i n  t h e  whole 1  umbar r e g i o n .  The l i n k  s tudy  o f  Snyder 

and C h a f f i n  ( 1 9 )  concludes t h a t  t h e r e  i s  20% more m o b i l i t y  i n  t h e  1 5 / 5 1  t o  13/14 



l e v e l s  than i n  t h e  L 3 / L 4  t o  L l / L 2  l e v e l s .  However, t h e y  suggest  t h a t  b i o -  

k i n e m a t i c  models may use a  s i n g l e  v e c t o r  t o  rep resen t  t h e  lumbar reg ion .  T h i s  

c o u l d  be ques t i oned  by t h e  p e l v i c  t i 1  t i m p l i c a t i o n s  f o r  t h e  lumbar s p i n a l  

column found i n  Dempster. Fur thermore,  t h e  l i n k  s tudy  does n o t  appear t o  

p r o v i d e  any da ta  on p e l v i c  r o t a t i o n  i n  t h e  s u b j e c t s .  There a r e  no da ta  

a v a i l a b l e  a t  p r e s e n t  which desc r i be  the  p e l v i c  geometry i n  th ree-d imens iona l  

space. 

Thus, i t  appears t h a t  t h e r e  a r e  two problem areas.  F i r s t ,  a l l  o f  t h e  

p reced ing  head and t o r s o  p o i n t s  need t o  be a d j u s t e d  i n  t h e  Z -ax i s ,  ( p o s s i b l y  

t h e  X-axis as we1 1  ) f o r  a  g i v e n  degree o f  p e l v i c  t i  1  t. For example, t h e  

h e i g h t  o f  those p o i n t s  above t h e  p e l v i s  c o u l d  be reduced i n  t h e  seated p o s i t i o n  

by as much as 1.5 inches i n  a  r e p r e s e n t a t i v e  automobi le  s e a t  w i t h  a  compressed 

s e a t  pan h e i g h t  o f  6 inches i f  i t  can be assumed t h a t  measurements taken 

across s o f t  and h a r d  t i s s u e  a r e  l i n e a r l y  r e l a t e d  t o  those measurements 

made on t h e  s k e l e t o n  above. See F i g u r e  1  and Reference 71. 

Second, t h e  p e l v i s  must be l o c a t e d  r e l a t i v e  t o  t h e  s e a t  pan-seat  back 

c o n f i g u r a t i o n .  The anatomica l  landmarks as w e l l  as t h e  h i p - j o i n t  c e n t e r  w i l l  

r o t a t e  above t h e  L5/S1 j o i n t  c e n t e r  th rough unknown paths .  A t  p resen t ,  one 

must assume a  s t a n d i n g  p o s i t i o n  as t h e  p o s i t i o n  f rom which t o  s t a r t  r o t a t i n g ,  

and t h a t  p o s i t i o n  has n o t  been d e f i n e d  by any bony landmark l o c a t i o n s  i n  t h e  

X-axis.  

Dempster ( 18) proposes t h a t  t h e  h i p  j o i n t  c e n t e r  can be approximated 

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

su r face .  The means by which he a r r i v e d  a t  t h i s  d e r i v a t i o n  o f  Z-ax is  l o c a t i o n  

o f  h i p  j o i n t  c e n t e r  i s  q u e s t i o n a b l e  as t o  a p p l i c a b i l i t y  over  a w ide range of 

s e a t i n g  c o n f i g u r a t i o n  problems. Furthermore,  he d e f i n e s  t h e  t o l e r a n c e  l e v e l  

in  h i s  l a s t  two paragraphs on p. 117, wh ich  a r e  wor th  quo t i ng :  



NOTE: ASIS a A n t e r i o r  S u p e r i o r  I l i a c  Sp ine  

S u p e r i o r  

1 2 3 4 5 
H o r i  z o n t a l  d i s t a n c e  f r o m  Symphysion - inches  

F i g u r e  1. P e l v i c  r o t a t i o n  f r o m  s t a n d i n g  t o  s i t t i n g  w i t h  

a  6 - i nch  s e a t  pan h e i g h t  f r o m  f l o o r .  



"The e a r l  i e r  s t u d y  o f  ins tantaneous axes f o r  j o i n t  movement 
p o i n t e d  o u t  t h a t  c e n t e r s  o f  r o t a t i o n  s h i f t  about  ove r  an appre- 
c i a b l e  range. The c l u s t e r  o f  c e n t e r  l o c a t i o n s  v a r i e d  somewhat f rom 
one cadaver j o i n t  specimen t o  another .  A "mean c e n t e r "  p o s i t i o n  
f o r  t h e  h i p  i s  surrounded by a  c i r c l e  o f  p r o b a b i l i t y  o f  j o i n t -  
c e n t e r  p o s i t i o n  w i t h  a  1-cm r a d i u s .  T h i s  f a c t o r ,  added t o  t h e  
range o f  v a r i a b i l  i ty o f  t h e  m id -ace tabu la r  p o s i t i o n  i n  r e l a t i o n  t o  
t h e  sea ted  p o s i t i o n  o f  t h e  p e l v i s  , c o u l d  v e r y  we1 1  be doub le  t h e  
0.75 i n c h  c i r c l e  ment ioned above; t h i s  v a r i a b i l i t y  i n  p o s i t i o n  
wou ld  be f u r t h e r  augmented f o r  fo rward  movments of a  s u b j e c t  i n  
t h e  sea t .  

Thus, ou r  a n a l y s i s  on pe lves  has o n l y  con f i rmed  t h a t  made on 
femora, sugges t ing  t h e  j o i n t  c e n t e r  c o u l d  a t  b e s t  be  p r e d i c t e d  
o n l y  w i t h i n  a  1.2- t o  1.6 i n c h  e l l i p s e .  For  t h e  s u b j e c t  seated 
w i t h  t h e  r e f e r e n c e  p lane  a t  40" t o  t h e  v e r t i c a l ,  a  1  i n e  dropped 
v e r t i c a l l y  f rom t h e  a n t e r i o r  s u p e r i o r  s p i n e  becomes t h e  b e s t  
es t ima te .  T h i s  p r e d i c t i o n ,  however, i s  a  nominal  l o c a t i o n  t h a t  
may be m o d i f i e d  by f o r w a r d  d isp lacement  o f  t h e  t r u n k ,  f o r w a r d  
o r  backward r o t a t i o n  o f  t h e  p e l v i s ,  o b l i q u e  o r i e n t a t i o n s  o f  t h e  
p e l v i s ,  and v a r i a b l e  amounts 'o f  f a t  padd ing o r  padd ing caused by 
c l o t h i n g . "  

Thus, t h e  l o c a t i o n  o f  t h e  p e l v i s  and t h e  h i p  j o i n t  c e n t e r  i s  tenuous 

a t  b e s t  w i t h  a v a i l a b l e  data .  The measurements used a r e  f o r  t h e  most p a r t  

app rox ima t ions  on t h e  p a r t  o f  t h e  au tho rs  as t o  wh ich  an th ropomet r i c  dimen- 

s i o n s  b e s t  d e s c r i b e  t h e  p o s i t i o n  o f  t h e  d e s i r e d  bony landmarks. 

Furthermore,  t hese  da ta  a r e  presented as i f  t h e  s u b j e c t  were sea ted  i n  

a  h a r d  s e a t  pan -- p a r a l l e l  t o  t h e  f l o o r  --  6" f rom t h e  f l o o r .  The p e l v i s  has 

been r o t a t e d  42" r e l a t i v e  t o  t h e  v e r t i c a l  p lane  p e r p e n d i c u l a r  t o  t h e  f l o o r  

and thus  assumes a  0° r o t a t i o n  as s t a r t i n g  p o i n t .  I n  a d d i t i o n ,  some o f  t h e  

data  a r e  based on t h e  h a r d  seat-pan seat-back c o n f i g u r a t i o n  modeled a f t e r  t h e  k ir  

Force s e a t  angl  e  s tandards .  

The rema in ing  da ta  have been c o l l e c t e d  on s u b j e c t s  i n  an e r e c t  s i t t i n g  

p o s t u r e  w i t h  t h i g h s  p o s i t i o n e d  p a r a l l e l  t o  t h e  p l a n e  o f  t h e  f l o o r ,  t he reby  

i g n o r i n g  "des ign  s e a t  h e i g h t "  and s t a n d a r d i z i n g  "anatomica l  s i t t i n g  p o s i t i o n . "  

Symphysion 

The s t a n d i n g  measurement of  b u t t o c k  depth  i s  taken a t  app rox ima te l y  

t h e  l e v e l  o f  t h e  pub ic  symphysis. Thus, t h i s  d+mension has been used t o  



l o c a t e  t h e  x -ax i s  f o r  t h e  symphysion. 

Y -  Ax i  s  

Symphysion i s  assumed t o  l i e  i n  t h e  p lane o f  symmetry and i s  t h e r e f o r e  

chosen t o  be equal t o  0. 

Z- Ax i  s  

S ince t h e  p e l v i s  i s  assumed t o  r o t a t e  about  t h e  L5/S1 j o i n t  c e n t e r  i n  t h e  

seated c o n f i g u r a t i o n ,  t h e  s t a n d i n g  1  o c a t i o n  o f  penal e  h e i g h t  ( j u n c t i o n  o f  p e n i s  

and abdomen) - wh ich  app rox ima te l y  l o c a t e s  symphysion -- w i l l  be used t o  

d e f i n e  i t s  l o w e s t  p o s s i b l e  h e i g h t .  Fur thermore,  i t  i s  f e l t  t h a t  t h e  s u p e r i o r  

bo rde r -  o f  t h e  p u b i c  symphysis w i l l  n o t  r o t a t e  above t h e  uppermost l e v e l  o f  

t h e  t h i g h  ( t h i g h  c lea rance  No. 22). The re fo re ,  t h e  average o f  penale h e i g h t  

i n  t h e  sea ted  p o s i t i o n  (No. 17 - (No. 2  - No. 8 ) )  and t h i g h  c lea rance  has 

been used as t h e  l o c a t i o n  o f  symphysion i n  t h e  sea ted  p o s i t i o n .  

A n t e r i o r - S u p e r i o r  I 1  i ac Spines,  (ASIS), R i g h t  and L e f t  (Assume B i l a t e r a l  Symmetry) 

X-Axi s 

S ince  l o c a t i o n  o f  L5/S1 j o i n t  c e n t e r  o f  r o t a t i o n  i s  unknown, t h e  p e l v i s  

w i l l  be assumed t o  r o t a t e  around symphysion (see F igu re  1 ) .  Thus, w i t h  a  

42" r o t a t i o n  ( 6 "  s e a t  pan h e i g h t )  t h e  ASIS, i n  t h e  mid-sagi  t t a l  p lane,  

moves p o s t e r i o r l y  f r om symphysion approx imate ly  4 inches.  The re fo re ,  Measure- 

ment i io, 16 minus 4 inches has been chosen f o r  t h e  x -coo rd ina te .  

Y -Ax i  s  

Assume b i l a t e r a l  symmetry and d i v i d e  Measurement No. 15 by 2 .  

Z-Axis 

See F i g u r e  1  f o r  i n f e r i o r - p o s t e r i o r  movement o f  ASIS i n  t h e  XZ p lane.  

The spinous process i s  app rox ima te l y  4.5 inches above symphysion i n  t h e  sea ted  

p o s i t i o n .  Therefore,  4.5 inches i s  added t o  t h e  Z-ax is  d imension f o r  symphysion. 

Th i s  agrees reasonab ly  we1 1 w i t h  t h e  computa t ion  p resen ted  i n  Tab le  4. 



H i p  J o i n t  Center  (Assume B i l a t e r a l  Symmetry) 

These dimensions a r e  dependent upon where and how t h e  j o i n t  c e n t e r  i s  

de f i ned .  Dempster (17 )  i s  t h e  o n l y  person known t o  have d e f i n e d  i t s  l o c a t i o n  

b u t  t h e  d e f i n i t i o n  on page 125 o f  h i s  r e p o r t  i s  made w i t h  t h e  s u b j e c t  i n  

t h e  c l a s s i c a l  anatomica l  p o s i t i o n .  Thus, one must f o l l o w  h i s  assumptions on 

pages 114-117 wh ich  were b r i e f l y  d i scussed  i n  t h e  s e c t i o n  on t h e  p e l v i s .  The 

f o l  l o w i n g  assumptions have been made based on Dempster 's work: 

1 )  The g r e a t e r  t r o c h a n t e r  of t h e  femur i s  t h e  b e s t  an th ropomet r i c  l o c a -  

t i o n  o f  t h e  j o i n t  c e n t e r  p r o j e c t e d  on t h e  m i d - s a g i t t a l  p lane.  

2) The j o i n t  c e n t e r  l i e s  app rox ima te l y  h a l f  t h e  d i s t a n c e  between t h e  ASIS 

and t h e  s e a t  pan. 

3)  The human body i s  b i l a t e r a l l y  symmetr ica l .  

X-Axi s  

The d i s t a n c e  f rom s e a t  back t o  g r e a t e r  t r o c h a n t e r  has been measured 

i n  one s t u d y  ( 1 9 ) .  

Y -Ax i  s  

The knee-to-knee b read th  p lus  30 mm has been taken as t h e  t r a n s - p e l v i c  

l i n k  d iameter .  See Dempster (18 ) ,  p. 128. 

I - A x i  s  

H a l f  t h e  h e i g h t  of ASIS f rom t h e  s e a t  pan. See Dempster ( 1 8 ) ,  p. 116. 

The Shou lder  

The shou lde r  i s  t h e  most complex l i n k  mechanism i n  t h e  body. I t  i s  

compr ised o f  t h e  s t e r n o - c l a v i c u l a r ,  acromio-c l  a v i c u l  a r ,  c o r a c o - c l a v i c u l a r ,  

and humero-scapular j o i n t s  th rough a l l  o f  wh ich  pass a  shou lde r  " l i n k a g e . "  

Thus, t h e  l o c a t i o n  o f  e i t h e r  acromion o r  t h e  shou lde r  j o i n t  c e n t e r  becomes a  

f u n c t i o n  o f  t h e  p o s i t i o n  o f  s e v e r a l  l i n k s  w i t h  r e s p e c t  t o  each o t h e r  as w e l l  

as t h e  p o s i t i o n  o f  t h e  humerus r e l a t i v e  t o  these j o i n t s .  



Shoulder J o i n t  Center  (Assume B i l a t e r a l  Symmetry) 

There a r e  no d a t a  l o c a t i n g  t h e  j o i n t  cen te r ,  o r  any landmark(acromion 

o r  b a l l  o f  humerus) w i t h  r e s p e c t  t o  t h e  back plane,  There fo re ,  i t  i s  assumed 

t h a t  t h i s  d imension c o u l d  be g r o s s l y  approximated by h a l f  o f  ches t  depth. 

Measurement 12 i s  d i "4 ided by 2. ( I t  s h o u l d  be n o t e d  t h a t  t h i s  p o i n t  i s  

more a c c u r a t e l y  determined u s i n g  t h e  x - ray  procedures d iscussed i n  S e c t i o n  3.3.2). 

There i s  some i n c o n s i s t e n c y  here:  Dempster (18) - p. 125 

"Glenohumeral j o i n t  c e n t e r  -- M id reg ion  o f  t h e  p a l p a b l e  bony mass o f  
t h e  head and t u b e r o s i t i e s  o f  t h e  humerus; w i t h  t h e  arm abducted 
about  45" r e l a t i v e  t o  t h e  v e r t e b r a l  marg in  o f  t h e  scapula;  a  l i n e  
dropped p e r p e n d i c u l a r  t o  t h e  l o n g  a x i s  o f  t h e  arm f rom t h e  outermost  
marg in  o f  t h e  acromion w i l l  app rox ima te l y  b i s e c t  t h e  j o i n t . "  

Paragraph 3 i n  l e t t e r  f rom C h a f f i n  t o  Hubbard 7/24/73 ( 7 2 ) .  

"When t h e  g l  eno-humeral j o i n t  c e n t e r  i s  used as a  c e n t e r - o f - r o t a t i o n ,  
t h e  d i s t a n c e  between t h e  cen te rs  o f  t h e  shou lders  i s  app rox ima te l y  
12.94 i nches  f o r  an average s t a t u r e  man. T h i s  i s  based on t h e  f o l -  
l ow ing .  F i r s t ,  t h e  x - r a y  s tudy d i s c l o s e d  a  mean d i s t a n c e  f rom t h e  
C7/T1 d i s c  c e n t e r  t o  t h e  humeral head c e n t e r  o f  6.47 inches w i t h  
t h e  arm r a i s e d  h o r i z o n t a l l y  and s l i g h t l y  fo rward .  T h i s  same arm 
p o s i t i o n  d i s c l o s e d  a  s u p r a s t e r n a l e  t o  ac romio -c lav i  c u l a r  j u n c t i o n  
mean d i s t a n c e  o f  6.5 + 1.13 = 7.63 inches.  A check o f  t h i s  l a t t e r  
d imension w i t h  t h e  over-body da ta  (page 103) d i s c l o s e d  a  mean 
d i s t a n c e  o f  8.00 inches w i t h  t h e  arm down. The d i f f e r e n c e  i s  t h e  
f a c t  t h a t  t h e  o v e r - t h e  body measurement was t o  t h e  l a t e r a l  bo rde r  o f  
acromion, and t h e  acromion r o t a t e s  i nward  as t h e  arm i s  r a i s e d  
( Inman, e t  a1 . )  . Consensual va l  i d i  t y  f o r  t h e  shou lde r - to -shou lde r  
j o i n t  cen te rs  be ing  c o r r e c t  i s  g i ven  by t h e  c l o s e  agreement w i t h  
Dempster ls  data   ro roper ties o f  Body Segments.. .", An. J, Anat., 
v o l .  120, 1967), who d i s c l o s e d  a  mean o f  12.89 i nches  f o r  an 
average s i z e  man." 

B i a c r o m i a l  b read th  has been presented i n  Tab le  4. T h i s  measure needs 

f u r t h e r  development. 

The h e i g h t  o f  t h e  shou lde r  j o i n t  c e n t e r  has been d e r i v e d  by est ima-  

t i n g  s i t t i n g  ac romia l  h e i g h t  and s u b t r a c t i n g  2 i nches  (See Dempster (18 ) ,  p. 111).  



3.3.2 Seated P o s i t i o n  Us ing  X-Ray Procedures 

The o b j e c t i v e s  o f  t h i s  p rocedure  were t o :  1. e v a l u a t e  t h e  c a p a b i l i t i e s  

o f  t h e  techn iques deve loped by Snyder,  Chaf f in ,  and Schutz  i n  t h e  t o r s o - l i n k  s t u d y  

( 1  9); 2, d e f i n e  i n s o f a r  as i s  p o s s i b l e  t h e  geomet r i c  r e l a t i o n s  between body 

landmarks, j o i n t  cen te rs ,  head, t h o r a x  and p e l v i s  f o r  a  sea ted  p o s i t i o n ;  and, 

3. deve lop  more d a t a  conce rn ing  t h e  l o c a t i o n  o f  t h e  v e r t e b r a e  i n  space t o  

d e f i n e  a  t r i a l  s p i n a l  geometry. The n e x t  few paragraphs d e s c r i b e  t h e  

techn iques used, p r e s e n t  t h e  r e s u l t s  , and make recommendations t o  use s i m i l a r  

procedures t o  accompl i s h  t h e  o v e r a l l  o b j e c t i  ves o f  t h i s  p r o j e c t .  

I n  o r d e r  t o  l o c a t e  head, e x t e r n a l  s p i n a l  landmarks, i n t e r n a l  v e r t e b r a l  

j o i n t  l o c a t i o n s ,  p e l v i c  o r i e n t a t i o n ,  e t c . ,  i t was necessary  t o  use a  t w o - s t e p  

process .  The f i r s t  s t e p  was t o  use r e g r e s s i o n  equa t i ons  deve loped by  C h a f f i n  

t o  l o c a t e  t h e  f o l l o w i n g  e x t e r n a l  landmarks:  1. r i g h t  acromion; 2. s u p e r s t e r n a l e ;  

3. seventh  c e r v i c a l  v e r t e b r a  ( ~ 7 ) ;  4. e i g h t h  t h o r a c i c  v e r t e b r a  (T8) ;  5. 

t w e l f t h  t h o r a c i c  v e r t e b r a  (T12);  6. second lumbar v e r t e b r a  (12) ;  7. f i f t h  

lumbar v e r t e b r a  ( L 5 ) ;  and 8. t h e  r i g h t  a n t e r i o r - s u p e r i o r  i l i a c  sp ine .  The 

genera l  r e g r e s s i o n  equa t i ons  were implemented as a  simp1 e  computer program 

r e q u i r i n g  as i n p u t  t h e  p o s i t i o n  o f  t h e  elbow i n  space. An a l t e r n a t e  s e t  o f  

r e g r e s s i o n  equa t i ons  was implemented wh ich  use s e v e r a l  a n t h r o p o m e t r i c  para-  

meters t o  more c l o s e l y  p r e d i c t  t h e  e i g h t  s u r f a c e  marker l o c a t i o n s  f o r  s p e c i f i c  

s u b j e c t s .  The e l  bow p o s i  t i o n  chosen f o r  t h e  p r e d i c t i o n s  r e p r e s e n t e d  t h e  

upper arm a l i g n e d  w i t h  a  v e r t i c a l  a x i s  c l o s e  t o  t h e  t o r s o .  T h i s  was n o t  a  p o s i -  

t i o n  used i n  g a t h e r i n g  t h e  o r i g i n a l  d a t a  f o r  g e n e r a t i o n  of t h e  r e g r e s s i o n  e q u a t i o n s  

and r e p r e s e n t s  somewhat o f  an e x t r a p o l a t i o n .  W i t h i n  t h e  t ime  framework o f  t h i s  

p r o j e c t  i t  was n o t  p o s s i b l e  t o  de termine t h e  e f f e c t  o f  t h i s  on t h e  accuracy  

o f  t h e  r e s u l t s .  The l o c a t i o n  o f  C 7  was p r e d i c t e d  f o r  a d d i t i o n a l  e l b o v ~  

p o s i t i o n s  8 and 12 i nches  i n  f r o n t  of t h e  L5 s u r f a c e  marke- wh ich  may be 



a  more r e p r e s e n t a t i v e  p o s i t i o n  o f  an au tomob i l e  occupant .  F i g u r e  2  shows 

t h e  l o c a t i o n  o f  t h e  e i g h t  s u r f a c e  p o i n t s  as p r e d i c t e d  u s i n g  t h e  genera l  r e -  

g r e s s i o n  model and i n c l u d e s  t h r e e  p o s i t i o n s  f o r  C7. P r e d i c t i o n s  u s i n g  t h e  

r e g r e s s i o n  equa t i ons  m o d i f i e d  f o r  an th ropomet r i c  da ta  d i d  n o t  appear t o  

be r e a l i s t i c  i n  t h e  case where numer i ca l  va lues  d e r i v e d  f r o m  SAE 5963 were 

used. Conversat ions  w i t h  Dr. Cna f f i n  i n d i c a t e d  t h a t  p o s s i b l e  f u t u r e  r e f i n e -  

ments o f  t h e  an th ropomet r i c  model were necessary t o  improve i t s  accuracy. 

The s e c o t ~ d  s t e p  was t o  use t h e  t o r s o - l i n k  x - ray  data  t o  p r e d i c t  t h e  

l o c a t i o n  i n  t h r e e  dimensions o f  t h e  remainder o f  t h e  landmarks,  i n c l u d i n g :  

1.  nas ion ;  2. C2/C3 j u n c t i o n ;  3. C3/C4 j u n c t i o n ;  4. C4/C5 j u n c t i o n ;  5 .  C5/C6 

j u n c t i o n ;  6. C6/C7 j u n c t i o n ;  7. C7/T1 j u n c t i o n ;  8. T4/T5 j u n c t i o n ;  9. 

T8/T9 j u n c t i o n ;  10. T12/L1 j u n c t i o n ;  11. 12/13 j u n c t i o n ;  12. L3/L4 j u n c t i o n ;  

13. L4/L5 j u n c t i o n ;  14. L5/S1 j u n c t i o n ;  15. ac romio -c lav i  c u l a r  j u n c t i o n ;  

16. humeral head; 17. humeral mark; 18. s t e r n o - c l a v i c u l a r  j u n c t i o n ;  and 

19. s u p e r s t e r n a l e .  These l o c a t i o n s  a r e  S ~ O V J ~  i n  t h r e e  d imensions i n  F igu res  

2 ,  3, 4. V i s u a l  comparison o f  t h e  r e l a t i v e  l o c a t i o n s  o f  these p o i n t s  w i t h  

s k e l e t a l  m a t e r i  a1 i n d i c a t e s  t h a t  t h e y  are  r e a l  i s t i c .  

Four a d d i t i o n a l  p o i n t s  have been added t o  F i g u r e  2 ,  The f i r s t  i s  t h e  

h i p  p i v o t  p o i n t  as e s t i m a t e d  by Dempster (18) .  I t i s  l o c a t e d  d i r e c t l y  

below t h e  a n t e r i o r - s u p e r i o r  i l i a c  sp ines ,  o n e - h a l f  t h e  d i s t a n c e  t o  t h e  su r -  

face of t h e  s e a t .  The second p o i n t  i s  t h e  H - p o i n t  as d e f i n e d  i n  SAE J 826a, 

It shou ld  be n o t e d  t h a t  t h e  ha rd  s e a t  pan a l l o w s  d i r e c t  a p p l i c a t i o n  o f  t h e  

dimensions o f  t h e  H-poin t machi ne o r  two-dimensional  d r a f t i n g  temp1 a te .  The 

H - p o i n t  i s  l o c a t e d  5.28 inches i n  f r o n t  of t h e  s e a t  back and 3.84 i nches  

above t h e  s e a t  pan. Both  o f  these h i p  j o i n t  p i v o t s  are based on human data .  

I t was n o t  p o s s i b l e  t o  r e s o l v e  t h e  d i f f e r e n c e s  w i t h i n  t h e  framework o f  t h i s  

p r o j e c t .  



F igu re  2. L o c a t i o n  of  Body Landmarks Using Torso-Llnkage Concepts (S ide  View) 
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Ttle t h i r d  and f o u r t h  p o i n t s  a re  d e r i v e d  u s i n g  the; e y e l l i p s e  d a t a  f rom 

SUE 5941. The e y e l l i p s e  c e n t e r  f o r  a  15" s e a t  back f a l l s  between t h e  8 - i nch  

and 12 - inch  elbow p o s i  t i ons ,wh ich  appears t o  be r e a l i s t i c  f o r  a  d r i v e r .  

Ttle e y e l l i p s e  c e n t e r  f o r  a  25" s e a t  back i s ,  as wou ld  be expected,  f a r t h e r  back. 

T h i s  sample s tudy  o f  sea ted  p o s i t i o n  landmarks and j o i n t  cen te rs  demon- 

s t r a t e s  t h e  power and scope o f  t he  procedures developed by  Snyder, C h a f f i n ,  

and Schutz (19 ) .  I t  i s  recommended t h a t  t h i s  work be expanded t o :  1. d e f i n e  

a  more complete s e t  o f  s k e l e t a l  and s u r f a c e  landmarks u s i n g  anthropornet r ic  

i n f o r m a t i o n ;  2. l o c a t e  c o o r d i n a t e  systems i n  t t ie  head, t h o r a x ,  and p e l v i s  based 

on t h e  combined data;  and, 3. r ede f i ne  t h e  t o r s o - l i n k a g e  f o r  t h e  automot ive  

sea ted  p o s i t i o n  u s i n g  whole body x - rays  ( i f  m e d i c a l l y  p o s s i b l e )  t o  decrease 

e r r o r s  a s s o c i a t e d  w i t h  an a l i a l y s i s  o f  m u l t i p l e  x-rays, o r  p o s s i b l y  r e a n a l y z i n g  

C h a f f i n ' s  da ta  t o  p r o v i d e  a s e t  o f  r e g r e s s i o n  equa t i ons  more c l o s e l y  r e l a t e d  

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

3 . 3 . 3  Anth ropomet r i c  e r r o r  

E r r o r s  i n  a r l th ropomet r ic  d a t a  o r i g i n a t e  f rom t h r e e  sources i n  a d d i t i o n  

t o  p o s s i b l e  equipment o r  da ta  hand1 i n g  e r r o r s :  

1. t h e  o b s z r v e r  

2. t he  measurement 

3. t h e  p o i n t  

A l l t ~ i r o p o m e t r i  c  measurements are made and reco rded  a c c o r d i n g  t o  what  t h e  

a l i t h r o p o m e t r i s t  observes. O b j e c t i v e  e r r o r s  (See Kernper and P i e t e r s  ( 73 )  and 

Jarnisorl and Zegura ( 7 4 ) )  o c c u r  between two o r  more observers  and r e l i a b i l i t y  

e r r o r s  o c c u r  f o r  one observer .  I n  b o t h  cases, obse rve r  e r r o r  i s  dependent 

upori p e r c e p t i o n  o f  t h e  same an th ropomet r i c  model f o r  each s u b j e c t .  The model 

i n  t h i s  case i s  t h r e e  d imens iona l ,  dynamic, and h i g h l y  va r i ab le ,  and must 

be d e s c r i b e d  p r e c i s e l y  by s t a t i c  d imensions.  



Every  a n t h r o p o m e t r i s t  f u r t h e r  recogn izes  t h e  geomet r ic  n a t u r e  o f  h i s  

measurements. The i n s t r u m e n t s  when c o n s t a n t l y  c a l i b r a t e d  a re  accu ra te  w i t h i n  

a  m i l l i m e t e r  t o l e r a n c e .  Thus, t h e  second source  o f  e r r o r  - t h e  measurement 

- i s  t i l e  a b i l i t y  o f  t h e  a n t h r o p o m e t r i s t  t o  measure p r e c i s e l y :  1. a  perpen- 

d i c u l a r  d i s t a n c e  o f  one p o i n t  t o  a  f l o o r  o r  s e a t  p lane ;  2, t h e  magni tude o f  

a  v e c t o r  d i s t a n c e  between two a b s t r u s e  p o i n t s ;  o r  3. t h e  c i r cumfe rence  o f  an 

i r r e g u l a r ,  compress ib le  body. These measurements are  u s u a l l y  made w i t h  r e f e r e n c e  t o  

ur lde f ined a x i s  systems. F o r  example, s t a t u r e ,  s i t t i n g  h e i g h t ,  c h e s t  depth  

and b r e a d t h  a re  measurements taken  p a r a l  1  e l  and p e r p e n d i c u l a r  t o  t h e  g r a v i t y  

v e c t o r .  Coord ina te  d i  r e c t i o r ~ s  a re  p a r t i  a1 l y  s p e c i f i e d .  These measurements 

assume an i n e r t i a l  a x i s  system whose p o i n t  o f  o r i g i n  remains u n s p e c i f i e d ,  

I n  addi  t i o i l ,  hand l e n g t h ,  hand b r e a d t h ,  shoul  d e r - e l  bow leng th ,  and upper arm 

c i r cumfe rence  ( r e 1  axed) a re  measurements taken  p a r a l  l e l  and p e r p e n d i c u l a r  t o  

a  segment a x i s  system. Th i s  l a t t e r  a x i s  system i s  c o n s t r u c t e d  by t h e  obse rve r  

as he takes  t h e  measurement, and i t  i s  b a s i c a l l y  some l o n g i t u d i n a l  a x i s  on t h e  

segment. In t h i s  case, t he  segment a x i s  system i s  u n s p e c i f i e d  as t o  i t s  p o i n t  

o f  o r i g i n  and t i l e  d i r e c t i o n  o f  c o o r d i n a t e s .  

The accuracy  o f  t h e  measuremer~ t , t h e r e f o r e ,  depends on s u b j e c t  p o s i t i o n ,  

i n s t r u m e n t  a1 ignment and p o s i t i o n ,  as w e l l  as c o r r e c t  r e a d i n g  and r e c o r d i n g  

o f  t h e  measured q u a n t i t y .  S u b j e c t  p o s i t i o n  i s  o f t e n  t h e  most d i f f i c u l t  

v a r i a b l e  t o  c o r l t r o l ,  p a r t i c u l a r l y  when t h e  measurement i s  made ac ross  s e v e r a l  

j o i n t s  as i n  t he  case o f  b i a c r o m i a l  diameter. The acromion landmark on t h e  

acromion process  o f  t h e  scapu la  i s  a t  t h e  l a t e r a l  and s u p e r i o r  edge o f  t h e  

shou lde r .  Dempster ( 1 8 )  approximates t h e  movement o f  t h e  complex 1  inkage 

system i n  t h e  s h o u l d e r  by s t a t i n g  t h a t  t h e  acromion moves on a  hemispher ica ' i  

s u r f a c e .  T h i s  c o n c l u s i o n  was based on t h e  e a r l y  work o f  F i c k  ( 3 6 )  and o t h e r s  

W ~ I O  dev i sed  g lobog raph ic  d e s c r i p t i o n s  o f  j o i n t  mot ions .  The d i s t a n c e  between 



the two acromion landmarks - bi acromial diameter - i s  therefore dependent 

both on the position of the human body and the defini t ion of the surface 

1 andmarks. In the International Biological Program Handbook, No. 9 (1969), 

the maximum biacromial diameter i s  defined f o r  a subject when he ". . .stands 

with his snoulders relaxed to  the point of slumping forward" ( p .  10).  Other 

s tudies define t h i s  position d i f fe ren t ly .  For example, in the Anthropometry 

of Flying Personnel - 1950 (Hertzberg ( 5 ) ) ,  the subject s i t s  in an e rec t  

"anthropometric seated position" ( i . e , ,  head in Frankfort Plane, torso e r e c t ,  

upper arms hanging a t  s ides with lower arms flexed 90" and hands extended). 

The United States Public Health Survey 1960 - 1962 ( S t o u d t  (63)), used a 

s1 ight ly  d i f fe ren t  seated subject  posi t ion.  The anthropometri s t  ", . .placed 

his hands on the examinee's shoulder, asked him t o  ro l l  his shoulders s l igh t ly  

forward, and ass is ted  him to do so" ( p .  4 ) .  Another position was used in the 

link system of the human torso study by Snyder, Chaffin, and Schutz ( 1 9 ) ,  

where the subject  stands in an e rec t  posture with his "arms hanging a t  his 

s ide . .  ." (p.  105). Thus, in four reports concerning anthropometry, four 

positions were described which could gi ve four d i f ferent  dimensions f o r  biacromial 

diameter. Data avai 1 able in the 1 i te ra ture  are confounded by variables (popu-  

l a t i o n ,  equipment, observers, e t c .  ) which do not permit a quant i ta t ive  evalua- 

tion of these problems. T I I U S  , pirysical anthropologists consider 

the above problems t o  produce s ign i f i can t  e r ro r .  

The defini t ion of the measurement points - the th i rd  source of e r r o r  - 
i s  also c r i t i c a l  and variable for  items such as biacromial diameter. Most 

of the def in i t ions  used by anthropometrists have been noted by Garrett  (16) .  

I n  summary, acromion i s  defined as a point on the "external borders," the " l a t e ra l  

edge," and the "superior edge of the l a t e ra l  border" of the scapula. A11 of these 

defini t ions r e fe r  to  a rounded bony protuberance tha t  moves re l a t ive  to  the 

examinee and the examiner. Furthermore, the acromion landmark i s  the "bony 



point" by which tile shoulder jo in t  center  i s  located as indicated by Dempster 

(1 8)  arid Snyder (1  9 ) .  

The acromion 1 andmark and biacromi a1 diameter have served to  i l l u s t r a t e  

problems it1 in te rp re t ing  the anthropometri c 1 i t e ra tu re .  Other landmarks 

(e.g.  , t rochanterion,  which i s  equally important f o r  locat ing the hip jo in t  

center )  could have been chosen because they each present the same problems 

in ever1 grea ter  complexity fo r  the arithropometrist, These problems, however, 

along with claims tha t  everything has been measured, do not conclude the role 

of atiti~ropometry in workspace design. 

All three sources of e r r o r  cannot be avoided e n t i r e l y  by the most highly 

t ra ined and experienced pllysi cal antiiropologist speci a1 i zing in anthropometry. 

Unfortunately, much anthropowtri  c data are taken by non-professionals. In 

most cases, tile measurers are t rained by professionals ,  but occasionally data 

wi 1 1  be col lected by non-trained personrlel thereby magnifying a1 1 of the above 

e r ro r s .  

Traditional antnropometri c techniques are 1 imi ted by anthropometric 

e r ro r s  but these techniques provide adequate data on s t a t i c  dimensions with 

wtlich one car] define populations. These data have been useful also f o r  

1 imi ted workspace appl icat ions ; b u t ,  kri t h  the advent of modern high speed 

transportat ion wtlere spl i t-second timing can make the difference between 

l i f e  o r  death, the old techniques must be replaced with new techniques and 

new forms of data which precisely define man in his three-dimensional work- 

space. The human body i s  not a d is jo in ted  collect ion o f  dimensional par ts  

b u t  an integrated three-dimensional system which functions precisely in 

three  dimnsions.  I t  i s  apparent t h a t  present-day anthropometric descrip- 

tions of the i~uman body underestimate and grossly define the precision with 

wtii ch the human body can perform within an exactly defined dynamic workspace. 



3.4 HIP PIVOT POIiiT VERSUS 3-D H-POIIjT MACHINE 

The o b j e c t i v e  i s  t o  compare t h e  f i n d i n g s  o f  t h e  l i t e r a t u r e  rev iew  

w i t h  s e a t i n g  r e f e r e n c e  p o s i t i o n s  g i ven  by t h e  SAE 3-dimensional  H -po in t  

machine. F i g u r e  2 shows a  d i r e c t  comparison between H-po in t  and e s t i m a t e s  

made by Dempster (18 ) .  The a p p l i c a t i o n  o f  Dempster 's  e s t i m a t e  f o r  t h i s  

s tudy  depends on t h e  work o f  Snyder, C h a f f i n ,  and Schutz (19 )  f o r  a  c o r r e c t  l oca -  

t i o n  o f  t h e  r i g h t  a n t e r i o r  s u p e r i o r  i l i a c  sp ine .  I t  shou ld  be r e c a l l e d  t h a t  t h e  

H - p o i n t  i s  based upon t h e  x-ray s tudy  conducted by  Geo f f rey  (34)  o f  Fo rd  Mo to r  Com- 

pany. It has n o t  been p o s s i b l e  t o  r e s o l v e  t h e  d i f f e r e n c e s  w i t h i n  t h e  scope 

o f  t h i s  c o n t r a c t ;  b o t h  p o i n t s  seem t o  be based on reasonable da ta  and 

assumptions. The accu ra te  l o c a t i o n  of a  h i p  p i v o t  p o i n t ,  because o f  i t s  

p o t e n t i a l  l y  l a r g e  e f f e c t  on occupant  dynamics, i s  a  p r i m a r y  resea rch  t o p i c  

wh ich  shou ld  be i n c l u d e d  i n  any f u r t h e r  a t tempts  t o  meet t h e  o v e r a l l  ob- 

j e c t i  ves o f  t h i s  p r o j e c t .  

3.5 RELATIVE BODY SEGMENT TRAJECTORIES 

The o b j e c t i v e  f o r  t h e  sea ted  c o n f i g u r a t i o n  i s  t o  determine t h e  pos- 

s i  b l e  t r a j e c t o r i e s  and extreme c o n f i g u r a t i o n s  which can be o b t a i n e d  w i t h o u t  

v o l  u r ~ t a r y  muscular  h ind rance  f o r :  1, humeri r e l a t i v e  t o  shou lde r  j o i n t  

c e n t e r s ;  2.  s h o u l d e r  j o i n t  c e n t e r s  r e l a t i v e  t o  t h e  t h o r a c i c  s k e l e t o n ;  3. 

s k u l l  r e l a t i v e  t o  t h o r a c i c  s k e l e t o n ;  4. t h o r a c i c  s k e l e t o n  r e l a t i v e  t o  p e l v i s ;  and, 

5. femora r e l a t i v e  t o  t h e  p e l v i s .  The s tanda rd  p r e s e n t a t i o n  o f  humerus 

range o f  mot ion  i s  r e l a t i v e  t o  t h e  t h o r a x  w i t h o u t  c o n s i d e r i n g  t h e  shou lde r  

l i n k a g e  and t h e  movement i n  space o f  t he  shou lde r  j o i n t .  Authors such as 

Dempster (18 )  and F i c k  (36 )  use a  g lobog raph ic  app rox ima t ion  t o  l o c a t e  t h e  

range o f  t h e  shou lde r  p i v o t  p o i n t .  S tandard  data  f rom SAE J963 rep resen ts  

t h e  combined mot ion .  I t  i s  p o s s i b l e  t h a t  a  combinat ion  o f  t h e  Dempster da ta  

w i t h  t h a t  from SAE 5963 c o u l d  be used t o  uncouple t h e  two types  o f  mot ion .  



The da ta  then  c o u l d  be p resen ted  f o r  t h e  seated pos tu re .  None o f  t h e  range- 

o f -mot ion  da ta  has been gathered f o r  t h e  seated p o s t u r e , n e c e s s i t a t i n g  a  

new method o f  p r e s e n t i n g  data.  

A more complex and accu ra te  a l t e r n a t i v e  i s  t o  use t h e  procedures o f  t h e  

t o r s o - l i n k  s t u d y  o f  Snyder, C h a f f i n  and Schutz (19)  t o  generate t h e  l i m i t s  o f  

mot ion .  T h e i r  procedures d e f i n e  e l  bow p o i n t ,  humeral head, acromio-c l  a v i c u l  a r  

j u n c t i o n ,  and s t e r n o - c l a v i  c u l  a r  j u n c t i o n  i n  space. A new exper iment  wou ld  

have t o  be conducted, however, i n  t h a t  t h e i r  t e s t s  a1 lowed mo t ion  o f  t h e  

t o r s o  f o r  the purpose o f  e s t a b l i s h i n g  maximum reach r a t h e r  t han  a range o f  mot ion.  

Cons iderab le  da ta  i s  a1 ready ava i  1  a b l e d e s c r i  b i n g  t h e  mot ions o f  t h e  

s k u l  1 r e l a t i v e  t o  t h e  t h o r a x .  Again, however, much o f  t h e  da ta  show o n l y  

an angle o f  t h e  head r e l a t i v e  t o  some l i n e  d e f i n i n g  t h e  t o r s o .  To t h e  b e s t  o f  

t h e  knowledge o f  t h e  c u r r e n t  au tho rs ,  no d a t a  are  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  

mo t ion  o f  a  c o o r d i n a t e  system a t t a c h e d  t o  t h e  sku l  1, r e l a t i v e  t o  a  c o o r d i n a t e  

system a t t a c h e d  t o  e lements o f  t h e  upper t h o r a c i c  s k e l e t o n .  A t  l e a s t  two 

research p r o j e c t s  which a re  c u r r e n t l y  i n  p rogress  shou ld  y i e l d  t h i s  t ype  o f  

data.  One, which i s  n e a r i n g  comple t ion ,  i s  sponsored by t h e  Insurance I n s t i t u t e  

f o r  Highway S a f e t y  a t  The U n i v e r s i t y  o f  Mich igan and i s  under t h e  d i r e c t i o n  

o f  R. G. Snyder. Another,  a l s o  a t  The U n i v e r s i t y  o f  Michigan,  i s  sponsored 

by the  U.S. Department o f  Hea l th ,  Educat ion ,  and Wel fa re ,  and i s  under t h e  

d i r e c t i o n  o f  J. W .  Me lv in .  Cu r ren t  resea rch  by Ewing a t  t h e  Naval Aerospace 

Medical  Research Labora to ry  shou ld  a l s o  produce da ta  o f  t h i s  genera l  type.  

The o u t p u t  f r om these p r o j e c t s  shou ld  s a t i s f y  t h i s  o b j e c t i v e  o f  t h e  c u r r e n t  

p r o j e c t .  

Only l i m i t e d  d a t a a r e  a v a i l a b l e  conce rn ing  mo t ion  o f  t h e  t o r s o  r e l a t i v e  

t o  t h e  p e l v i s .  The da ta  i n  5963 show angles o f  bend ing t h e  t o r s o  fo rward ,  

backward, s ideward,  as w e l l  as tw i s t ,wh ich ,  i n  a  l i m i t e d  sense,describes t h e  



s u b j e c t  mot ion .  Us ing  these da ta ,  i t  i s  n o t  p o s s i b l e  t o  r e l a t e  t h e  p o s s i b l e  

ranges o f  mo t ion  o f  a  c o o r d i n a t e  system i n  t h e  t o r s o  w i t h  r e s p e c t  t o  a  p e l v i c  

c o o r d i n a t e  system. I n  a d d i t i o n  t o  t r a c k i n g  t h e  p e l v i s ,  i t  i s  necessary t o  

d e f i n e  t h o r a c i c  f l e x i b i l i t y  i n  o r d e r  t o  r e l a t e  t h e  two c o o r d i n a t e  systems. 

Another  approach wou ld  r e l a t e  t h e  mot ions  o f  a  c o o r d i n a t e  system a t t a c h e d  t o  

t h e  L l / T 1 2  i n t e r s p a c e  t o  t h e  L5/S1 i n t e r s p a c e  and f i n a l l y  t o  t h e  p e l v i c  system. 

Th i s  approach has t h e  advantage o f  a v o i d i n g  t h o r a c i c  problems and i s o l a t i n g  

1  umbar f l e x i b i  1  i t y .  No known resea rch  d e f i n i t e l y  s t u d i e s  t h i s  

problem. Any f u r t h e r  resea rch  p r o j e c t  a t t e m p t i n g  t o  reach t h e  o v e r a l l  ob jec-  

ti ves s h o u l d  ass ign  t h e  p e l  v i s - t h o r a x  range-o f -mot ion  s tudy  a  h i g h  p r i o r i t y .  

There a re  cons ide rab le  da ta  d e f i n i n g  t h e  mo t ion  o f  t h e  femora r e l a t i v e  

t o  t h e  genera l  area o f  t h e  body c o n t a i n i n g  b u t t o c k s ,  p e l v i s ,  and lumbar 

sp ine .  (See 5963).  However, as i s  usua l ,  t h e  d a t a  are  n o t  p resen ted  and can- 

n o t  be p resen ted  i n  terms o f  c o o r d i n a t e  systems. I t  i s  recommended t h a t  t h i s  

s u b j e c t  be cons ide red  i n  an o v e r a l l  p r o j e c t  d e a l i n g  w i t h  f l e x i b i l i t y  of t h e  

l o w e r  body e lements f r o m  T12/L1 t o  t h e  femora. 

3.6 DUMMY MASTER B O D Y  FORMS 

The o b j e c t i v e  o f  t h i s  t a s k  i s  t o  c r i t i c a l l y  rev iew  t h e  Dummy Master  Body 

Forms ," golden s h e l l s  ," and s p e c i f y  t he  degree o f  c o m p a t i b i l i t y  between t h e  

f i n d i n g s  o f  t h e  p r e s e n t  p r o j e c t  and these forms. I t  has been n o t e d  i n  S e c t i o n  

3.3 t h a t  t h e  d a t a  are  inadequate  t o  d e f i n e  t h e  sea ted  p o s i t i o n  o r  any o t h e r  p o s i t i c n  

r e l a t i v e  t o  e x t e r n a l  body con tou rs .  I n  t h e  p a s t ,  body shape has been judged 

by o v e r a l l  appearance -- an anthropomorphic e v a l u a t i o n .  T h i s  p rocedure  can- 

n o t  y i e l d  a  q u a n t i f i c a t i o n  o f  t h e  body con tou rs  r e l a t i v e  t o  c o o r d i n a t e  systems 

a t t a c h e d  t o  t h e  body s k e l e t a l  s t r u c t u r e .  

I t  i s  p o s s i b l e ,  however, t o  compare t h e  an th ropomet r i c  measurements o f  

SAE 5963 w i t h  s t e r e o m e t r i c  measurements made on t h e  golden s h e l l s  by Radovich 

and Herr0t-1 ( 7 5 ) .  There i s  c l o s e  agreement between t h e  two s e t s  o f  data.  When 



a relat ion i s  established between the anthropometric data and body coordinate systems, 

then i t  wil l  be possible to  complete the analysis based on Herron's work. 

If there i s  close compatihility, i t  may be possible t o  use much of Herron's 

data t o  es tabl ish  quantified external body contours. If the compati bi 1 i t y  

i s  poor, i t  would be recommended tha t  the golden she l l s  be modified. 

In concl usi o n ,  reconmendations fo r  fur ther  work are as fo l l  ows : 

1 .  Develop procedures to present Herron ' s data fo r  the various body 

segments in terms of internal skel e ta l - re la ted  coordinate systems. 

2 .  Compare the Herron data as related to  seated occupant coordinate 

systems with the new data to  be gathered during continuations of t h i s  project.  

3.  Revise the golden she l l s ,  es tabl ish  new body contours using stereo- 

metric procedures, and reanalyze the new forms using the procedures refereed 

t o  in Recommendation 1 .  

3.7 SEATED GEOMETRY FOR O T H E R  PERCENT1 LES 

The objective of t h i s  task i s  t o  specify a valid scheme by which the 

resu l t s  of t h i s  program for  the 50th-percentile male can be extended t o  other 

percenti les.  To the knowledge of the authors, no completely sa t i s fac to ry  

scaling laws have been developed fo r  use i n  specifying occupants with sizes 

other than the 50th percenti le .  One of the most promising procedures has been 

developed a t  Calspan Corporation by Bartz and Gianotti ( 7 6 ) .  However, t h e i r  

work has limited relevance to  the present problem, fo r  two reasons: 1. the 

d a t a  they are using are based on classical  standing and seated anthropo- 

metric measurements which have not ye t  been related to  the motor vehicle 

seated posture; and, 2 .  the output from the computer program i s  in a form 

useful primari l y  as input to  computerized mathemati cal crash victim simulations . 



The basic problem in developing scaling laws relates to the necessity of 

combining a se t  of independent measurements t o  represent a complete man. 

For example, there are many individual measurements defining t b e  .95th-percenti l e ,  b u t  

attempts to  construct a dummy using only 95th-percenti le  measurements have 

failed t o  produce rea l i s t ic  results.  I f  95th-percentile limb lengths for 

lower leg, upper leg, torso length, and head-neck length are added together, 

the total  length will sum up t o  be 3 t o  4 inches greater than 95th-percentile 

stature.  As mentioned in a previous section of this  report, the most interes- 

ting interchange of thoughts in the l i te ra ture  on this  topic is reflected in 

a series of papers by Hertzberg ( 2 )  and Searle (3).  

The authors of  this  report recommend that a team consisting of a physical 

anthropologist , a s tat is t ic ian,  a n d  an engineer be assembled t o  develop the 

scaling laws. The physical anthropologist can define the various descrip- 

tors of the human. The s ta t i s t ic ian  can validate data populations and 

devel op val id procedures t o  manipulate and/or combine the data. The engineer 

can make the necessary judgments of which physical measurements describing 

man are important t o  his dynamic response or works pace geometry, and, therefore, 

which measurements must be included in the scaling laws governing eventual 

dummy designs. 



PART 4. RECOMlilENDATIONS 

T h i s  p a r t  o f  t h e  r e p o r t  c o l l e c t s  recommendations made th roughout  t h e  

t e x t  i n t o  one p lace  (4 .1 )  and conso l i da tes  these i n t o  recommendations f o r  

f u r t h e r  research ( 4 . 2 ) .  

4.1 SUMMARY OF RECOMMENDATIONS 

Tile f i r s t  t h r e e  recommendations are Lased on the  l i t e r a t u r e  survey  

presented i n  P a r t  2. 

1. The l i t e r a t u r e  o f  Ergonomics shou ld  be s u b j e c t e d  t o  f u r t h e r  rev iew 

w i t h  an emphasis on t h e  European l i t e r a t u r e ,  much o f  which i s  n o t  p u b l i s h e d  

i n  t h e  E n g l i s h  language. 

2. A  f u r t h e r  and more d e t a i l e d  rev iew  shou ld  be conducted on the  o l d e r  

arlatomical and b iomechanical  l i t e r a t u r e s  c o v e r i n g  t h e  p e r i o d  f rom about 1840 

t o  1945. Much o f  t h i s  l i t e r a t u r e  has a l s o  n o t  been p u b l i s h e d  i n  Eng l i kh .  

3. A l i s t  shou ld  be compi led  o f  a l l  parameters needed f o r  dummy design 

and c o n s t r u c t i o n .  A t a b l e  o f  values f o r  these parameters shou ld  then  be 

prepared,  i n c l u d i n g  data  f rom t h e  golden s h e l l s ,  t he  P u b l i c  H e a l t h  S e r v i c e  

ar l th ropomet r ic  surveys,  t h e  va r i ous  m i l i t a r y  surveys ,  t h e  H-po in t  machine, 

and t h e  f o u r  most w i d e l y  used c ras l i  t e s t  dummies. 

The rema in ing  seven recommendations are  r e l a t e d  t o  comple t ion  o f  t h e  seven 

o v e r a l l  o b j e c t i v e s  o f  t h i s  p r o j e c t .  

4. Using t h e  da ta  presented i n  t h i s  r e p o r t ,  g r a p h i c a l  p r e s e n t a t i o n s  

s t iou ld  be made o f  c o o r d i n a t e  systems based i n  t he  head, t h o r a x ,  and p e l v i s .  

5. A procedure shou ld  be developed t o  d e f i n e  e x t e r n a l  and s k e l e t a l  geo- 

metry o f  t h e  t h o r a x  f o r  t h e  5 0 t h - p e r c e n t i l e  automot ive seated male, and co r re -  

1 a t i o n s  made w i t h  s tanda rd  an th ropomet r i c  measurements. An approximate s h o r t -  



range s o l u t i o n  t o  t h i s  p rob lem i s  t o  s c a l e  t h e  s k e l e t a l  d a t a  o f  A n d r i a c c h i  ( 4 7 )  

and Roberts (48) t o  t h e  p o p u l a t i o n  used i n  t h e  t o r s o - l i n k  s tudy  o f  Snyder 

e t  a l .  ( 1 9 )  drid p r e s e n t  t h e  t l l o r a c i c  d a t a  superimposed upon F i g u r e  2 o f  t h i s  

r e p o r t .  The f l e x i b i l i t y  o f  t h e  t h o r a x  s h o u l d  be i n v e s t i g a t e d  under b o t h  

s t a t i c  and dynamic c o n d i t i o n s .  

6. iJi t h  r e s p e c t  t o  t h e  p e l v i s ,  a  thorough s tudy  o f  p e l v i c  t i 1  t i n  

v a r i o u s  s e a t i n g  c o n f i g u r a t i o n s  shou ld  be conducted. The l o c a t i o n  o f  t h e  

p e l v i s  s h o u l d  be de f i ned  i n  t h ree -d imens iona l  space w i t h  r e s p e c t  t o  a coor-  

d i  n a t e  sys tem a t t a c h e d  t o  non-deformable s e a t  s t r u c t u r a l  members and r e 1  a t i v e  t o  

a d j a c e n t  body s t . ruc tu res  such as t h e  lumbar s p i n e ,  t h e  tho rax ,  and t h e  femur. 

One procedure  f o r  accompl i s h i n g  these recommendations i s  t o  adopt  t h e  p r e v i o u s l y  

d i scussed  x - ray  and pho tog raph ic  procedures o f  t h e  to rso -1  i n k  s tudy  developed 

by Snyder, e t  a1 . ( 7 9 ) .  The range o f  mo t ion  o f  t h e  p e l v i s  r e 1  a t i  ve t o  t h e  

t h o r a x  and femurs s h o u l d  a l s o  be determined by t h e  procedures.  

7. The d i f f e r e n c e s  between t h e  H - p o i n t  (as measured by t h e  H - p o i n t  

machine) and Dempster 's  method f o r  p r e d i c t i o n  o f  h i p  p i v o t  p o i n t  as p resen ted  

i n  F i g u r e  2 s h o u l d  be reso l ved .  

8. Range o f  mo t ion  da ta  s h o u l d  be developed as f o l l o w s :  

a. t h e  s h o u l d e r  m o b i l i t y  d a t a  o f  SAE 5963 s h o u l d  be uncoupled i n t o  

mot ions  a t  t h e  s t e r n o - c l  a v i c u l  a r  j u n c t i o n  and a t  t h e  gleno-hurneral j o i n t  

p o s s i b l y  u s i n g  t h e  da ta  o f  Dempster ( 1  8) and F i c k  ( 3 6 ) ;  b.  s h o u l d e r  m o b i l i t y  

shou ld  be e v a l u a t e d ,  u s i n g  procedures o f  t h e  t o r s o - l i n k  s tudy ;  c. p rocedures  

s h o u l d  be developed t o  d e f i n e  range o f  mo t ion  and f l e x i b i l i t y  o f  t h e  human 

body from t h e  T12/L1 j u n c t i o n  down t o  t h e  femora. 

9. Procedures shoul  d  be developed t o  p r e s e n t  geometr i  c a l  d a t a  d e s c r i b i n g  

t h e  go1 den she1 1s i n  terms o f  s k e l e t a l - r e l a t e d  c o o r d i n a t e  systems. These d a t a  

s h o u l d  tnen be m o d i f i e d  and p resen ted  i n  terms o f  an au tomot i ve -sea ted  coor-  



d i n a t e  system f o r  c o r r e l a t i o n  w i t h  even tua l  s t u d i e s  u s i n g  human s u b j e c t s  i n  

an au tomot i ve  s e a t e d  p o s t u r e .  

10. An i n t e r d i s c i p l i n a r y  team s h o u l d  be e s t a b l i s h e d  t o  deve lop  laws 

t o  s c a l e  50 th  p e r c e n t i l e  da ta  t o  o t h e r  occupant  s i z e s .  A n t h r o p o l o g i c a l  i n p u t s  

w i  11 d e f i n e  human d e s c r i p t o r s  ; s t a t i s t i c a l  i n p u t s  w i l l  deve lop  and v a l i d a t e  

t h e  s c a l i n g  1  aws; e n g i n e e r i n g  i n p u t s  w i l l  de termine r e l e v a n c y  o f  p h y s i c a l  

q u a n t i t i e s  wh ich  a r e  proposed f o r  i n c l u s i o n  i n  t h e  s c a l i n g  laws.  

4.2 SUGGESTED FUTURE RESEARCH PROJECTS 

W i t h i n  t h e  c o n t e x t  o f  t h e  above recommendations, f o l l o w - o n  resea rch  i n  

t h r e e  phases i s  suggested.  W i t h  t h e  p r e s e n t  work d e f i n e d  as Phase I, t h e  

Phase I 1  e f f o r t  shou ld :  1.  a t t e m p t  t o  t i e  t o g e t h e r  t h e  d a t a  c o l l e c t e d  d u r i n g  

Phase 1; 2. deve lop  expe r imen ta l  p rocedures  t o  o b t a i n  needed da ta ;  and 3. 

t e s t  t h e  procedures  on smal l  p o p u l a t i o n s  o f  app rox ima te l y  t e n  s u b j e c t s .  

The t a s k s  wh ich  a r e  recommended f o r  i n c l u s i o n  i n  Phase I 1  f o l l o w  d i r e c t l y  

f r o m  t h e  p r e s e n t  work :  

1. Develop a  1  i s  t o f  dummy des ign  parameters and a1 1  re1  a t e d  d a t a  de- 

s c r i b i n g  human p o p u l a t i o n s  and e x i s t i n g  dummy designs. 

2 .  Develop a  t h o r a c i c  shape based on e x i s t i n g  da ta  and a t e s t  program 

t o  d e f i n e  t h o r a c i c  f l e x i b i l i t y .  

3. Def ine  p e l v i c  geometry, o r i e n t a t i o n  i n  space ( s e a t e d  p e l v i c  t i  1  t ) ,  

and t h e  f l e x i b i l i t y  o f  t h e  human s u b j e c t  f r om t h e  T12/L1 j u n c t i o n  t o  t h e  

femora. 

4. Def ine s h o u l d e r  1  i nkage  geometry f o r  t h e  sea ted  occupant ,  t h e  con- 

s t r a i n t s  t o  mot ion ,  t h e  v o l u n t a r y  range o f  mot ion ,  and e s t i m a t e s  o f  t h e  mass 

o f  t i s s u e s  i n v o l v e d  i n  these mot ions .  

5. Develop s c a l  i n g  1  aws t o  o t h e r  p e r c e n t i l e s  f r o m  t h e  5 0 t h  p e r c e n t i l e  

s e a t e d  occupant  da ta .  



The purposes o f  Phase I11  a r e  t o  e s t a b l i s h  t h e  sea ted  p o s i t i o n  o f  t h e  

50th p e r c e n t i  l e  male sub j e c t ,  based on a  v a l i d  p o p u l a t i o n  and on v a l i d  t e s t  

procedures, and a1 so t o  d e f i n e  resea rch  programs t o  c o n s i d e r  dynamic p rope r -  

t i e s  o f  t h e  human. The two tasks  are :  

1. Conduct p o p u l a t i o n  s t u d i e s  f o r  geometry, range o f  mot ion ,  and body 

f l e x i b i l i t y  as o u t l i n e d  i n  t h e  o r i g i n a l  Phase-I p roposa l  developed by H S R I .  

2 .  Develop recommends ti ons f o r  research programs t o  d e f i n e  dynamic 

human parameters such as body segment masses and cen te rs  o f  g r a v i t y ,  dynamic 

range o f  mot ion ,  dynamic mass d i s t r i b u t i o n ,  and dynamic s t r e n g t h  ( a l l  r e l e v a n t  

t o  f u t u r e  dummy des ign) .  

Phase I V  wou ld  concen t ra te  on o b t a i n i n g  t h e  dynamic human d e s c r i p t i o n s .  

From t h e  p r a c t i c a l  p o i n t  o f  view a  p r imary  o b j e c t i v e  o f  t h i s  f i n a l  phase wou ld  

be t o  unders tand t h e  parameters d e s c r i b i n g  t h e  occupant  t o  such an e x t e n t  

t h a t  r a t i o n a l  s i m p l i f i c a t i o n s  i n  dummy des ign  can be recommended, executed i n  

hardware, and v e r i f i e d  by t e s t .  



PART 5. REFERENCES AND BIBLIOGRAPHY 

T h i s  p a r t  o f  t h e  r e p o r t  i s  d i v i d e d  i n t o  two p a r t s .  P a r t  5.1 i s  a l i s t  

i n  numer i ca l  o r d e r  o f  t h e  r e f e r e n c e s  i n c l u d e d  i n  t h e  t e x t .  P a r t  5.2 i s  a 

more e x t e n s i v e  b i b l i o g r a p h y  i n  a l p h a b e t i c a l  o r d e r  by  a u t h o r  i n c l u d i n g  a1 1 
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