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SUMMARY . 
T h i s  r e p o r t  desc r i bes  the  development and performance o f  a  new 

c rash  t e s t  dev i ce  a p t l y  named, "Repeatable Pete."  The genera l  goal  

o f  t h e  p r o j e c t  was t h e  development o f  an adequate c rash  t e s t  d e v i c e  

t o  a i d  i n  t h e  e v a l u a t i o n  o f  t h e  i n j u r y  r e d u c i n g  p o t e n t i a l  o f  au tomot i ve  

passenger r e s t r a i n t  systems. The genera l  des ign  c r i t e r i a  were:  

1. R e p e a t a b i l i t y  o f  T e s t  Resu l t s  

2. R e p r o d u c i b i l i t y  o f  T e s t  Resu l t s  

3. Human-1 i ke responses i n  a  moderate au tomot i ve  c rash  env i  ronment 

4. Non-Frangi b i  1  i t y  

B i  omechanical d a t a  d e s c r i b i n g  t h e  dynami c  impac t  responses o f  un- 

embalmed cadavers was used as t h e  b a s i s  f o r  humanl ike  per formance.  

New and u n i q u e l y  r e p e a t a b l e  j o i n t s  were developed. A u re thane 

head and c h e s t  w i t h  more t lumanli  ke dynamic response was a l s o  

developed. Se l  f - s  k i n n i n g  ure thane foam was used e x t e n s i  v e l y .  Great  

ca re  was used th roughou t  t o  i n s u r e  p r o p e r  i s o l a t i o n  o f  meta l  components. 

E x t e n s i v e  s l e d  t e s t i n g  o f  two dev ices  was done t o  v e r i f y  per formance.  
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CRASH TEST DEVICE PERFORMAIKE REQUIREMEIiTS 

1.0 GENERAL DESIGN CONSIDERATIOliiS 

The genera l  goa l  o f  t h i s  p r o j e c t  was t h e  p r o d u c t i o n  o f  an adequate c r a s h  

t e s t  dev i ce  t o  a i d  i n  t h e  e v a l u a t i o n  o f  t h e  i n j u r y  r e d u c i n g  p o t e n t i a l  o f  au to-  

mo t i ve  passenger r e s t r a i n t  systems. To be cons ide red  adequate, a  c r a s h  t e s t  

dev i ce  must p r o v i d e  repea tab le  and r e p r o d u c i b l e  r e s u l t s  w i t h i n  accep tab le  

l i m i t s .  I n  a d d i t i o n ,  i t s  performance must be c o r r e l a t a b l e  w i t h  t h a t  o f  a  

s t a n d a r d  human under s i m i l a r  l o a d i n g .  T h i s  does n o t  mean t h a t  t h e  dev ice  

must n e c e s s a r i l y  behave l i k e  a  human b u t  t h e  t e s t  r e s u l t s  f r o m  use o f  t h e  

dev i ce  must  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  t o  enab le  t h e  p r e d i c t i o n  o f  r e a l  

w o r l  d  sys tem performance. 

U n f o r t u r i a t e l y  t h e  human i s  s u b j e c t  t o  a  wide v a r i e t y  o f  t r a u m a t i c  i n -  

j u r i e s .  Many o f  t h e  mechanical parameters and b i  omechani c a l  f a c t o r s  t h a t  

d e s c r i b e  those i n j u r i e s  a r e  unknown and some may be unknowable. Based on 

t h i s  f a c t  and contemporary c rash  t e s t  e v a l u a t i o n  procedures,  t h e  c rash  t e s t  

dev i ce  d e s c r i b e d  here  uses c u r r e n t l y  accepted methods o f  e v a l u a t i n g  performance.  

There fo re ,  s i n c e  t h e  performance c r i t e r i a  have been e s t a b l i s h e d  f rom human 

v o l u n t e e r  and/or  human su r roga tes  and s i n c e  t h i s  c rash  t e s t  dev ice  w i l l  be 

u t i l i z e d  i n  a  b road  range o f  au tomot ive  c r a s h  environments,  i t s  dynamic p e r -  

formance was matched t o  unembalmed cadaver performance.  

A f u r t h e r  c o n s i d e r a t i o n  has been c o s t .  M h i l e  t h e  c o s t  o f  a  f r a n g i b l e  c r a s h  

t e s t  dev i ce  wou ld  be accep tab le  f o r  c e r t a i n  research  purposes, t h e  l a r g e  

number o f  t e s t s  r e q u i r e d  f o r  e n g i n e e r i n g  development r e q u i r e  a  n o n - f r a n g i  b l e  

dev i  ce. 

Thus, an adequate c r a s h  t e s t  dev ice  f o r  au tomot ive  r e s t r a i n t  system 

performance e v a l u a t i o n  must possess t h e  f o l  l o w i n g  p r o p e r t i e s :  



1. R e p e a t a b i l i t y  o f  t e s t  r e s u l t s  

2. Reproduci b i  1 i t y  o f  t e s t  r e s u l t s  

3. Human l i k e  responses i n  a moderate au tomot ive  c rash  env i ronment  

4. N o n - f r a n g i b i l i  t y  i n  a moderate au tomot ive  c rash  envi ronment.  

H moderate au tomot i ve  c rash  env i ronment  i s  cons ide red  t o  be a 30 mph b a r r i e r  

crash.  Human l i k e  responses have been developed f r o m  t h e  p u b l i s h e d  b i o -  

mechanical 1 i t e r a t u r e  and o t h e r  recogn ized  sources ava i  l a b l e  t o  H S R I .  

U n f o r t u n a t e l y ,  a v a i l a b l e  funds d i d  n o t  p e r m i t  any Biomechanical  resea rch  

t o  be per fo rmed under t he  terms o f  t h i s  p r o j e c t .  

I n  t h e  f o l l o w i n g  s e c t i o n s  t h e  des ign  c r i t e r i a  and performance o f  t h e  

c rash  t e s t  dev i ce  "Repeatable Pete"  w i l l  be d iscussed.  

1.1 Accompl i s  hments t o  Date 

The f o l  l o w i n g  accomplishments have been ach ieved under t h e  e x i s t i n g  

con t r a c t :  

1. A head has been developed t h a t  per fo rms i n  a humanl ike manner when 

impacted w i t h  a r i g i d  o r  padded s t r i k e r  i n  t h e  f r o n t  and s i d e .  T h i s  head, 

th rough a un ique c.g. t r i a x - a c c e l e r o m e t e r  mount ing des ign ,  o f f e r s  c.g. 

a c c e l e r a t i o n s  c o r r e l  a t a b l e  w i  t h  c u r r e n t  cadaver measurements and head 

i n j u r y  c r i t e r i a .  

2. A neck has been developed t h a t  meets t h e  Mer t z  c r i t e r i a .  T h i s  

neck i s  s imp le ,  i nexpens i ve  and durab le .  

3. A s p i n e  c o n s i s t i n g  o f  r i g i d  meta l  b l o c k s  i s o l a t e d  f r o m  each o t h e r  

by b u t y l  r ubbe r  shock pads i n  t h e  t h o r a c i c  r e g i o n  and a c a s t  u re thane l u m -  

b a r  r e g i o n  has been developed. 

4. New j o i n t s  f o r  a l l  l o c a t i o n s  have been developed. These j o i n t s  

have been l i f e  t e s t e d  on a dynamic t o r s i o n  t e s t i n g  machine des igned f o r  

t h i s  purpose. They a re  rugged and l o n g  l i v e d .  They a re  p r e s e t  a t  t h e  

f a c t o r y  and un less  damaged, r e q u i  r e  no f u r t h e r  adjustments.  



5. A new method o f  a p p l y i n g  s k i n  and s o f t  t i s s u e  has been developed 

u s i n g  se1 f - s k i n n i n g  urethane.  T h i s  m a t e r i a l  i s  much s t r o n g e r  than c u r r e n t  

m a t e r i a l s  and more humanlike and i s  used i n  the  arms and l e g s .  

6. A new f l e x i b l e  urethane chest  and abdomen has been developed t h a t  

matches t h e  dynamic responses o f  unembalmed cadavers when impacted i n  

a n t e r i o r - p o s t e r i o r  d i r e c t i o n  as t e s t e d  a t  H S R I  . 
1.2 A d d i t i o n a l  Requi remen t s  

W i t h i n  t h e  l i m i t a t i o n s  o f  t h e  c u r r e n t  c o n t r a c t  and adequate c rash 

t e s t  dev i ce  has n o t  been developed. I t  i s  f e l t ,  however, t h a t  an adequate 

t e s t  dev i ce  can be developed i n  a  one y e a r  c o n t i n u a t i o n  program, The 

f o l l o w i n g  a d d i t i o n a l  tasks  remain: 

1. Redesign t o  p r o v i d e  more humanl ike responses, p a r t i c u l a r l y  t h e  

sp ine  and p e l v i s  responses. 

2. Redesign t o  make a more durab le ,  s i m p l e r  and more e a s i l y  

manufactured device.  

3. Redesign t o  c o r r e c t  d e f i c i e n c i e s  a f t e r  t h e  e x t e n s i v e  p r o t o t y p e  

s l e d  t e s t i n g  accompl ished i n  t h e  c u r r e n t  p e r i o d .  

1.3 Human1 i ke Responses 

The HSRI c rash t e s t  dev ice  has been designed t o  match the  dyanamic 

responses o f  t he  human head, neck and thorax .  The t h o r a x  s p e c i f i c a t i o n s  

are  l i m i t e d  t o  t h e  dynamic l o a d - d e f l e c t i o n  c h a r a c t e r i s t i c s  o f  t h e  f r o n t  

m idd le  s e c t i o n ,  however. New biomechani c a l  i n f o r m a t i o n  has been developed 

a t  HSRI r e g a r d i n g  the  human t h o r a x ' s  c h a r a c t e r i s t i c s  when loaded f rom t h e  

s i  de, a d d i t i o n a l  human neck responses, abdominal c h a r a c t e r i s t i c s  and 

human s p i n  c h a r a c t e r i s t i c s .  I t  i s  proposed t o  con t inue  t h i s  p r o j e c t  

t o  i n c o r p o r a t e  these human c h a r a c t e r i s t i c s  i n t o  t h e  e x i s t i n g  design.  



1.4 Durabi  1 i t y ,  Simp1 i c i  t y  and Ease o f  Manufacture 

Much has been l ea rned  about  t h e  s p e c i a l  f a b r i c a t i o n  methods 

r e q u i r e d  f o r  t h i s  dev ice .  Un fo r tuna te l y ,  t ime  l i m i t a t i o n s  have n o t  per -  

m i t t e d  seve ra l  o f  these new methods t o  be t o t a l l y  i n c o r p o r a t e d  i n  t h e  

c u r r e n t  des ign .  Spec ia l  moulding methods f o r  r i g i d  urethane,  s e l f -  

s k i n n i n g  ure thane foam and b u t y l  r ubbe r  p a r t s  have been developed. A d d i t i o n a l  

a t t e n t i o n  Ilowever, shou ld  be g i v e n  t o  deve lop ing  more duraable, s i m p l e r  and 

more e a s i l y  manufactured p a r t s  w i t h  t h e  same performance l e v e l .  

1 .5  Redesign 

Time l i m i t a t i o n s  have p reven ted  a  second i t e r a t i o n  i n  t h e  t e s t i n g  

and redes ign  c y c l e .  Th is  second i t e r a t i o n  i s  r e q u i r e d  t o  c o r r e c t  c e r t a i n  

sma l l  b u t  i m p o r t a n t  d e f i c i e n c i e s  e s t a b l i s h e d  d u r i n g  t h e  e x t e n s i v e  p r o t o -  

t ype  s l e d  t e s t i n g  accompl ished i n  t h e  c u r r e n t  pe r i od .  

I n  a d d i t i o n ,  NHTSA has developed a  s e t  o f  dummy s p e c i f i c a t i o n s .  

Since t h i s  p r o j e c t  was i n i t i a t e d  p r i o r  t o  t h e  NHTSA announcement, 

"Repeatable Pete1' does n o t  meet t h e  NHTSA dummy s p e c i f i c a t i o n s .  I t  i s  

f e l t  t h a t  t h e  NHTSA s p e c i f i c a t i o n s  a re  obso le te  i n  l i g h t  o f  t h e  new 

Biomechanical i n f o r m a t i o n  a v a i l a b l e  and t h e  demonstrated performance of 

HSRI's "Repeatable Pete . "  

1.6 C o o r d i n a t i o n  w i t h  o t h e r  P r o j e c t s  

A s e n s i t i v i t y  s tudy  and an improved j o i n t  s t r u c t u r e  p r o j e c t  have been 

proposed by HSRI f o r  FY 1974 e f f o r t s .  I d e n t i f i c a t i o n  o f  those dummy 

parameters t h a t  most i n f l  uence performance can be accompl ished by 

s u i t a b l e  e x e r c i s i n g  o f  e x i s t i n g  mathemat ical  models o f  t h e  v e h i c l e  

occupant. These two p r o j e c t s  w i l l  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  

wh ich  shou ld  be coo rd ina ted  w i t h  a d d i t i o n a l  c rash  t e s t  dev i ce  development. 



2.0 OVERALL SPECIFICATIOIiS 

Because human be ings v a r y  so w i d e l y  i n  we ight ,  e x t e r n a l  dimensions and 

ranges o f  mot ion ,  t he  50 th  p e r c e n t i l e  male s p e c i f i c a t i o n s  have been agreed 

upon somewhat a r b i t r a r i l y  f o r  t h e  purposes o f  t h i s  program. 

2.1 S ize  and Shape 

"Repeatable Pete" g e n e r a l l y  conforms w i t h  t h e  dimensions of t h e  

50 th  p e r c e n t i l e  male as d e f i n e d  by t h e  s o - c a l l e d  "Golden She l l s . "  These 

she1 1s a r e  seated f i g u r e s  s c u l p t u r e d  t o  t o l e r a n c e d  dimensions, The source 

document f o r  these dimensions was, "Weight, H e i g h t  and Se lec ted  Body Dimen- 

s i o n  o f  A d u l t s  1960-62." Report s e r i e s  11, number 8, N a t i o n a l  Center  f o r  

H e a l t h  S t a t i s t i c s ,  P u b l i c  H e a l t h  Serv i ce ,  HEW. A t  t h e  t ime  o f  t h e  "Golden 

S h e l l "  development, da ta  on t h e  t h o r a x  and abdominal dimensions were l a c k i n g .  

The m i s s i n g  dimensions were a r r i v e d  a t  by S. W.  A lderson and con f i rmed  f o r  t h e  

SAE Crash Dummy Sub-committee bv H. T. E. Her t zbe rg  b y  e x t r a p o l a t i o n  o f  

da ta  f rom Air Force personne l ,  A newer document, " S k i n f o l d s ,  Body G i r t h s ,  

B io-cromi  a1 Diameter and Se lec ted  Anthropometr ic  I n d i c e s  o f  Adu l ts ,  U n i t e d  

S ta tes ,  1960-62," Repor t  s e r i e s  11, number 35, N a t i o n a l  Center  f o r  H e a l t h  

S t a t i s t i c s ,  Pub1 i c  H e a l t h  Serv ice ,  Ii.E.W., showed t h a t  t h e  e x t r a p o l a t e d  

t h o r a x  and abdomen values were somewhat low b u t  acceptab le .  For  t h e  

dimensions o f  t h e  50 th  p e r c e n t i l e  male f o r m  thus  e s t a b l i s h e d ,  r e f e r  t o  

F igures  1  and 2  and Tab le  1. 

2.2 Segment Weights and Centers o f  G r a v i t y  and Moments o f  I n e r t i a  

The c o r r e c t  segment w e i g h t  d i s t r i b u t i o n  and segment c e n t e r s  o f  g r a v i t y  

were developed by A lderson Research L a b o r a t o r i e s  by means o f  phantoms. Each 

phantom was b u i l t  by f i r s t  c o n s t r u c t i n g  a  mold o f  t he  "Golden S h e l l "  and 

r e g i s t e r i n g  t h e  c l o s e s t  f i t t i n g  human s k e l e t o n  which c o u l d  be ob ta ined  i n t o  



t h e  mold. Lungs, premolded of m a t e r i a l  app rox ima t ing  t h e  s p e c i f i c  g r a v i t y  

o f  t h e i r  human c o u n t e r p a r t ,  were a l s o  r e g i s t e r e d .  F a t  e q u i v a l e n t  m a t e r i a l  

was b u i l t  up i n  t h e  b u t t o c k s  and abdominal r e g i o n s  and f i n a l l y  a  p l a s t i c  

non-hydroscop ic  m a t e r i a l ,  hav ing  a  s p e c i f i c  g r a v i t y  o f  1.0 t o  s i m u l a t e  aver -  

age t i s s u e ,  was poured t o  complete t h e  phantom. 

2.2.1 Weights 

The segment we igh ts  a r e  based on those developed by A lderson Research 

L a b o r a t o r i e s .  The segmenting o f  t h e  above desc r i bed  phantom i s  based on 

f o l l o w i n g  those l o c a t i o n s  wh ich  a re  p r a c t i c a l  f o r  a  c rash  t e s t  dev ice .  The 

segment we igh ts  a r e  l i s t e d  i n  Tab le  2 and i d e n t i f i e d  i n  F i g u r e  3. 

2.2.2 Center  o f  G r a v i t y  

Centers of g r a v i t y  were determined by suspending a  segment s u c c e s s i v e l y  

f rom two p o i n t s  l o c a t e d  i n  t h e  p lane  o f  symmetry, as shown i n  F i g u r e  4. 

The i n t e r s e c t i o n  o f  t h e  two r e s u l t i n g  v e r t i c a l  axes l o c a t e d  t h e  h o r i z o n t a l  

a x i s  upon wh ich  t l i e  c e n t e r  o f  g r a v i t y  i s  l oca ted ,  a t  i t s  p o i n t  o f  i n t e r -  

s e c t i o n  w i t h  t h e  p lane  o f  symmetry. Loca t i ons  o f  t h e  c e n t e r s  o f  g r a v i t y  a r e  

g i v e n  i n  Tab le  5 as t h e  d i s t a n c e  of t he  C.G. f rom t h e  c e n t e r  o f  r o t a t i o n  

when t h e  segment i s  suspended v e r t i c a l l y  f r o m  i t s  s p e c i f i e d  c e n t e r  o f  

r o t a t i o n  ( F i g u r e  3) .  

2.2.3 Moments o f  I n e r t i a  

Moments o f  i n e r t i a  about  t h e  s p e c i f i e d  p o i n t s  o f  r o t a t i o n  were o b t a i n e d  

by  suspending t h e  segment a t  i t s  c e n t e r  o f  r o t a t i o n  by means of a  p a i r  of 

need le  bea r ings ,  and a1 lowed t o  o s c i l l a t e  f r e e l y  t h rough  a  s m a l l  ang le .  

P e r i o d  o f  o s c i l l a t i o n  was o b t a i n e d  by an o p t i c a l  s w i t c h  c o n s i s t i n g  o f  a  p i n -  

l i g h t  source  and p h o t o v o l t a i c  d e t e c t o r .  A need le  p l a c e d  on t h e  segment i n  

l i n e  w i t h  t h e  p o i n t  o f  suspension and C.G. when t h e  segment was suspended, 

a c t i v a t e d  t h e  o p t i c a l  s w i t c h  as t h e  segment passed th rough i t s  v e r t i c a l  p o s i t i o n .  



FIGURE 1, BODY DIMENSIONS SIDE VIEW 







FIGURE 4.  PIVOT LOCATIONS FRONT V I E W  



TABLE 1. BODY DIMENSIONS 

L e t t e r  
D e s i g n a t i o n  D e s c r i p t i o n  

Di  mens i on 
Inches F i g u r e  

Head Length  

Head Breadth  

Head Ci rcumference 

Shou lder  B read th - (B i -de l  t o i d )  

Chest B read th  

Chest C i rcumference 

H i p  Breadth ,  S i t t i n g  

t l i p  C i rcumference,  S i t t i n g  

Wais t  Circumference,  S i t t i n g  

Pop1 i t e a l  H e i g h t ,  S i t t i n g  

Knee H e i g h t ,  S i t t i n g  

Th igh  C learance H e i g h t ,  S i t t i n g  

E l  bow Rest  H e i g h t  

Shoul der -E l  bow Length  

Mid-Shoul d e r  H e i g h t  

S i t t i n g  H e i g h t ,  E r e c t  

But tock-Knee Length  

E l  b o w - F i n g e r t i p  Length  

Foo t  Length  

Foo t  B read th  

Chest Depth 

But tock-Pop1 i t e a l  Length  



TABLE 2. SEGMENT WEIGtiTS, C.G. LOCATIONS AND MOMENTS OF INERTIA 

Weigh t  l l e i g h t  Ref. A x i s  Cen te r  o f  G r a v i t y  
Each T o t a l  f o r  C.G. X Z 3 

Lbs .&To l .  Lbs.  and J f r o m  Ref. f rom Ref .  i n  # seci 

Head 11 ,6  2.3 - I< - 0 . 2 t . l  t 4 . 9 t . 2  0.97+,09 

Head and Neck 13.62 . 4  13.6 L t 2 . 1 t . 1  t5 .92 .4  1 . 8 5 ~ 1 7  

F o o t  2 .71  . 2  5.4 F +2.1+.1 - 1 . 8 t . l  O.lOt.O1 

Lower Leg 8 . 1 t  . 4  16.2 E -0.5+.1 -7.72.5 1 .73 t .16  

Upper Leg 12.3+ . 6  24.6 E -6.12.4 -0 .1 t . 1  1 .60 t .14  

Upper Leg - H ip  21.7 Ref  - D t 5 . 6 t . 3  -1.02.1 3.42t .31 

P e l v i c  Region 38 .4 t1 .5  38.4 G t 2 .02 .1  -4.5k.3 4.22t .38 

Abdomen 7.6 Ref  - G t1 .82 .  1 +I .3+.1 0.27k.02 

Shou lde r ,  Thorax,  49,722.0 49.7 
and Abdomen G + I  .6+.1 t 7 . 2 t . 4  10.10t .95 

Upper Arm 3.95 .2 7.8 A -0.1k.1 -5 .2 t .3  0.51+.04 

Forearm 3 . 0 t  .2  6.0 B t 4 .05 .2  O.Ot.1 0.24k.02 

Hand 1.42 .2 2.8 C t 2 .92 .2  - 0.032k.003 

T o t a l  Body - 7 . 0  X - Y  +9.7+.6 +9.1+.6 -- 
164.5 O r i g i n  

Moment o f  I n e r t i a  
T o t a l  Body About  
C.G.  



TABLE 3. PIVOT LOCATIONS - INCHES 

F e a t u r e  Dim. 

B-C 

B-B 
Y 

Dz 

x 

D- E 

Shou lder  H e i g h t  

Shou lder  Width:  Cen te r - to -Cen te r  

Shoulder-  to-Back L i n e  

Shoul der -E l  bow 

E l  bow-Wri s t  

E l  bow- to-Back 

E l  bow- to -Unders i  de 

H i p  H e i g h t  

Hip- to-Back L i n e  

H ip-  Knee 

Knee- to-Sea t 

Knee-to- F r o n t  

Knee-to-Ankle 

Ankl  e - to -F l  o o r  

Ankl  e- to-Heel  Back 

Lumbar-to-Seat 

Lumbar- to -Back-L ine  

H i p  Cen te r - to -Cen te r  (SAE P e l v i s )  

S te rno -C lav i  c u l a r - t o - S h o u l  de r  

Neck-to-Back L i n e  

Hip- to-Neck 

Head-to-Back-Li ne 

Head-Neck 

Sterno-Cl  a v i  c u l  a r  Cen te r - to -Cen te r  



TACLE 4. 5 0 t h  PERCEIdTILE MALE RAiVGES OF MOTIONS AND TERMINOLOGY 

L e t t e r  
D e s i g n a t i o n  T i t l e  

Angle,  
Degree 

tiead w i t h  Respect t o  Torso  
PI F l e x i o n  
A t i yperex tens  i on 
C L a t e r a l  F l e x i o n  

- -- - - - - - 

Shou lder  G i r d l e  w i t h  Respect t o  Torso  
E A n t e r i  o r - P o s t e r i  o r  Excurs i o n  .-lo 
F  E l e v a t i o n  20+10 

AG Depress ion  10+10 

Upper A r m  o f  Snou lder  
G Abduc t i on  
h Abduct io t i  13 ! l +1~  
I' t l e d i a l  rota ti or^ 
J L a t e r a l  R o t a t i o n  9i )+I o 
K F l e x i o n  
L t fyperextens i o n  l:!j+l~ 

Forearm a t  Elbow 
F l e x i o n  135 m in  

Hand a t  W r i s t  
P Palmar F l e x i o n  

D o r s i f l e x i o n  

T t ~ i  gti a t  t i i  p 
F l e x i o n  
Hyperextens i o n  
Med ia l  R o t a t i o n  
L a t e r a l  R o t a t i o n  
Abduc t i on  
Abduc t i on  

120 m in  
45+10 

;;]+lo 

Lower Leg a t  Knee 
F l e x i o n  135 min 

F o o t  a t  Ank le  
P l a n t a r  F l e x i o n  
Dors i f 1 e x i  on 

Long A x i s  o f  Torso  
AC F l e x i o n  40 m in  
A€ t i ype rex tens ion  30+5 
A D  L a t e r a l  F l e x i o n  35+10 
A E R o t a t i o n  35+10 

i;lOTE: The niovements a r e  d e s c r i b e d  and measured f r o m  a  r e f e r e n c e d  "ana tom ica l  
p o s i t i o n , "  wh i ch  i s  d e f i n e d  as :  "An e r e c t  s t a n d i n g  p o s t u r e  w i t h  t h e  pa lm  
sur faces  o f  t h e  hands p o s i t i o n e d  a n t e r i o r l y  ( i n  s u p i n a t i o n . ) "  
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FIGURE 5. RANGES OF MOTION 
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PLANE OF SYMMETRY 

FIGURE 6 

CENTER OF GRAVITY DETERMINATION 
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When t h e  need le  passed th rough  v e r t i c a l ,  a  d i g i t a l  chronograph was ga ted  on; 

when t h e  need le  reached i t s  maximum amp1 i t u d e  and r e t u r n e d  t h r o u g h  i t s  

v e r t i c a l  p o s i t i o n ,  t h e  chronograph was s h u t  o f f ,  t h u s  r e c o r d i n g  o n e - h a l f  t h e  

p e r i o d .  The measurement c o n f i g u r a t i o n  i s  shown s c h e m a t i c a l l y  i n  F i g u r e  6. 

The p e r i o d  o f  t h e  segment o s c i l l a t i o n  f o r  smal l  a m p l i t u d e  i s  

1 T = 2 n  - 
mgd 

seconds, 

where I i s  t h e  r o t a t i o n a l  i n e r t i a ,  ( i n - l bs -sec ' )  

mg i s  t h e  segment w e i g h t  a c t i n g  a t  t h e  C.G. ,  ( l b s )  

d  i s  t h e  d i s t a n c e  f r o m  t h e  p o i n t  o f  suspens ion  t o  t h e  C . G .  ( i n ) .  

S o l v i n g  f o r  t h e  r o t a t i o n a l  i n e r t i a ,  

~ ' m  d  2  I = -A ( i n - l b - s e c  1, 
4Tr2 

where a l l  t h e  q u a n t i t i e s  on t h e  r i g h t  a r e  d i r e c t l y  measurable, when t h e  

segment C.G. i s  known. 

Moments o f  i n e r t i a  were computed f rom t h e  above e q u a t i o n  w i t h  t h e  

measured v a l  ues o f  p e r i o d ,  w e i g h t  and e q u i v a l e n t  s imp le  pendulum l e n g t h s .  

Accu rac ies  o f  t h e  measurements a r e  app rox ima te l y  between 0.1 % and 

0.5%; r o u n d - o f f  was t o  t h r e e  s i g n i f i c a n t  f i g u r e s .  

Tab le  5 c o n t a i n s  t y p i c a l  va lues  o f  t h e  segment w e i g h t  C,G. l o c a t i o n  

and moments o f  i n e r t i a .  The d e f i n i t i o n  o f  a  p a r t i c u l a r  segment i s  some- 

what a r b i t r a r y .  Our segment s p e c i f i c a t i o n  and p a r t i n g  l i n e  i s  a l s o  

i n c l  uded. 

2.3 Ranges o f  M o t i o n  

The ranges o f  m o t i o n  o f  t h e  c r a s h  t e s t  dev i ce  conform t o  those  l i s t e d  

i n  Tab le  4 and i d e n t i f i e d  i n  F i g u r e  5. These ranges o f  mo t ion  co r respond  

t o  those wh ich  a r e  c o n t a i n e d  i n  t h e  c u r r e n t  SAE 5963  s t a n d a r d  excep t  t h a t  hand 

r o t a t i o n ,  hand p r o n a t i o n  and s u p i n a t i o n  and f o o t  i n v e r s i o n  and e v e r s i o n  have 

been e l  i m i  na ted.  



LL H 

t-t- *=<  
us HI- 
0 0 

o n e  

V) 
s t' 
o c t '  

aJ s 
V) S . r  
s 0 0 

3 Een 
x O t '  
aJ U vr 

0-c,  
d.7- 0 
\ r b >  m - .I- 

-u Q 
>,a r n law 

n t  
s t '  n r b  

' r O V I 1  
I > 'r 

03 . r  >t' 
\ Q a J  P 
b - a J  

3 U Z  - 0 
f l 3 a J  

m F -  0 
aJ a J n  V) w - 4 J  
Z I O W E  
7 - v  a, 
U t ' s  
s u  P O  

' r a J a J Q  
U U E  
"U X 0 

E 5 a J U  
L 
r b  
aJ 
L 
0 
LL 

a J I  I  I  
u C o P \ I m  
U h N m  
5Qaa 

I l l  
or-I-- 
U O O O  
>-- I -  

aJ 
m e . .  

r 0 0 0 
W Z Z Z  



3.0 HEAD, MECHANICAL PROPERTIES 

Ttie c r a s h  t e s t  d e v i c e  has been des i gned  and c o n s t r u c t e d  t o  match 

t h e  f o l l o w i n g  mechan ica l  p r o p e r t i e s  o f  f r e s h  cadave r  heads. These p r o p e r t i e s  

have been measured i n  o u r  l a b o r a t o r y  and t h e  same equ ipment  and i n s t r u m e n t a -  

t i o n  p rocedu res  have been used  f o r  t h e  c o m p a r a t i v e  t e s t s .  A d i s c u s s i o n  o f  

t h e s e  t e s t  p r o c e d u r e s  i s  g i v e n  i n  t h e  Append ix .  

The f i n a l  head d e s i g n  c o n s i s t s  o f  a  s o l i d  s k u l l  c a s t  o f  U r a l i t e  3121 

cove red  w i t h  a  s o f t e r  U r a l i t e  3110 a v a i l a b l e  f r o m  t h e  Hexce l  c o r p o r a t i o n .  

F i g u r e s  32, 33, and 34 show v a r i o u s  v i ews  o f  t h e  head and neck.  

3.1 S t a t i c  S t i f f n e s s  

The s t a t i c  l o a d - d e f o r m a t i o n  c h a r a c t e r i s t i c s  o f  a  s i g n i f i c a n t  number o f  

f r e s h  i n t a c t  cadave r  heads have  been de te rm ined .  The r e s u l t s  a r e  shown i n  

F i g u r e s  8 and 9. The c r a s h  t e s t  d e v i c e  head has been des i gned  s o  t h a t  i t s  

s t a t i c  s t i f f n e s s  f a l l s  w i t h i n  t h i s  band. 

3.2 Impac t  Response 

S i n c e  t h e  head i n j u r y  c r i t e r i a  s p e c i f i e d  i n  MVSS 208 r a t e s  t h e  a c c e l e r -  

a t i  on h i  r i t ~ r y  o f  t h o  h e d d  dur i r lc j  i r l ~ [ ) oc t ,  tllc i11111act rcsponsc? o f  t h e  head o f  

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

o f  i m p u l s e  magn i tudes ,  d u r a t i o n s  and d i r e c t i o n s  f o r  t h i s  c r i t e r i a  t o  be 

m e a n i n g f u l  . Consequen t l y  a  head i m p a c t  pe r f o rmance  c r i t e r i a  has been as t h e  

b a s i c  p e r f o r m r i c e  c r i t e r i a  f o r  t h e  c r a s h  t e s t  d e v i c e  head. F i g u r e s  10 t h r o u g h  

21 show l o a d  and a c c e l e r a t i o n  t i m e  h i s t o r i e s  f o r  i m p a c t s  t o  f r e s h  c a d a v e r  

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

d e v i c e  head has been des i gned  s o  t h a t  i t s  impac t  response  f a l l s  w i t h i n  t h e  

bands o f  t h e s e  cu r ves .  F o r  compar ison  some o f  t h e  d a t a  f rom Hodgson 's  and 

Thomas1 work  d e s c r i b e d  i n  DOT-HS-800-583 f i n a l  r e p o r t  i s  a l s o  i n c l u d e d .  



The HSRI t e s t  r e s u l t s  have been s p e c i f i e d  i n s t e a d  o f  Hodgson's and Thomas' 

because: 

1. Fresh cadavers were used. 

2. The same equipment and i n s t r u m e n t a t i o n  i s  a v a i l a b l e  t o  t e s t  t h e  

c r a s h  t e s t  dev ice .  

3. The same impact  v e l o c i t y  and impac to r  was used f o r  a1 1  t e s t s  i n  t h e  

t e s t  band. 

4. Bo th  r i g i d  and padded impact  d a t a  i s  a v a i l a b l e .  

These comments a r e  i n  no way meant t o  f a u l t  t h e  work o f  Hodgson and Thomas, 

b u t  p o i n t  o u t  d i f f e r e n c e s  t h a t  make t h e  HSRI da ta  more s u i t a b l e  f o r  t h i s  

purpose.  F igu res  24 th rough  29 show t y p i c a l  t e s t  setups.  

3.3 Repeatabi 1  i ty 

A m a j o r  des ign  c o n s i d e r a t i o n  f o r  t h i s  c r a s h  t e s t  dev i ce  head i s  repea t -  

a b i l i t y  and r e p r o d u c i b i l i t y  o f  t e s t  r e s u l t s .  To v e r i f y  r e p e a t a b i l i t y  a t  t h e  

component l e v e l  a l l  f i n a l  q u a l i f y i n g  impact  t e s t s  have been per formed s i x  t imes .  

Less than  5% v a r i a t i o n  between t h e  mean va lue  o f  t h e  peak l o a d  and a c c e l e r a t i o n  

components f o r  t h e  s i x  t e s t s  and t h e  o u t l i e r  were observed. Tests  were 

per formed i n  b o t h  t h e  a n t e r i o r - p o s t e r i o r  and l e f t - r i g h t  d i r e c t i o n s .  

3.4 D r i v i n g  P o i n t  Impedance, Dynamic S t i f f n e s s  and Dynamic Damping 

The d r i v i n g  p o i n t  impedance, dynamic s t i f f n e s s  and dynamic damping have 

been determined f o r  s i x  f r e s h  i n t a c t  cadaver heads. The r e s u l t s  a r e  shown 

i n  F igu res  22 and 23 f o r  t h e  a n t e r i o r - p o s t e r i o r  and l e f t - r i g h t  d i r e c t i o n s ,  

Comparisons a r e  a l s o  p resen ted  w i t h  t h e  S i e r r a  a1 uminum head. S imi  l a r  measure- 

ments have been made on t h i s  c r a s h  t e s t  dev i ce  head f o r  comparat ive  purposes.  

3.5 Sca lp  

The mechanical  p r o p e r t i e s  of s c a l p  have been determined i n  a  v a r i e t y  o f  

ways. F o r  t h e  purpose o f  s e l e c t e d  s c a l p - l i  ke m a t e r i a l s  t h e  work r e p o r t e d  i n :  







Deflection (inches) 

FIGURE 8 HUMAN SKULL LOAD - DEFLECTION CURVES, 
L-R LOADING, 12 TESTS. 



Deflection (inches) 

FIGURE 9 HUMAN SKULL LOAD-DEFLECTION CURVES, 
A-P LOADING, 12 TESTS. 



..: 
: : Sierra Alum. Head . . 
: :fl - . . . . - . . . . . . . . Impact Velocity 7-9 mph . . . 'Test Number 

"k t  No. DOT No. 4, 5 in. drop, 3.5 mph, 
front - fbt plate ( MR. Hodgson, 1971 

' Test No. DOT No. 4, 10 in. drop, 
5 mph, front- flat plate I V. R. Hodgson. 

'\ 
1 
8 

Time (msecl 

FIGURE 10 COMPOSITE FORCE-TIME CURVES FOR CADAVER FRONT 
HEAD IMPACTS WITH RIGID IMPACTOR. 



IMPACT VELOCITY 7-9 MPH 
* T E S T  NUMBER 

+TEST NO. DOT 4, 5 IN. DROP, 
ACCELEROMETER 76, FRONT 
FLAT PLATE ( V  R HODGSON, 1971 ) 

TIME (MSEC) 

FIGURE 11 COMPOSITE ACCELERATION-TIME CURVES FROM A- P ACCELEROMETER FOR 
CADAVER FRONT HEAD IMPACTS WITH RIGID IMPACTOR. 



IMPACT VELOCITY 7-9 MPH 

'TEST NUMBER 
+TEST NO. DOT 4, 5 IN. DROP, 

ACCELEROMETER 77, FRONT- 
FLAT PLATE ( V.R. HOOGSON, Isn ) 

TIME (MSEC) 

FIGURE 12 COMPOSITE ACCELERATION-TIME CURVES FROM S- l  ACCELEROMETER FOR 
CADAVER FRONT HEAD IMPACTS WITH RIGID IMPACTOR. 



I Impact Velocity 24 - 26 mph 

FIGURE 13 COMPOSITE FORCE -TIME CURVES FOR CADAVER FRONT HEAD 
IMPACTS WITH PADDED IMPACTOR. 



IMPACT VELOCITY 24-26 MPH 
'TEST NUMBER 

m.o.omamo HSRI  HEAD 

TIME (MSEC) + 

FIGURE 14 COMPOSITE ACCELERATION-TIME CURVES FROM A-P ACCELEROMETER 
FOR CADAVER FRONT HEAD IMPACTS WITH PADDED IMPACTOR. 



lMPACf VELOCITY 24-26 MPH 
'TEST NUMER 

FIGURE 15 COMPOSITE ACCELERATION-TIME CURVES FROM S- I ACCELEROMETER 
FOR CADAVER FRONT HEAD IMPACTS WITH PADDED IMPLICTOR. 



Impact Velocity 7 -9  mph 

'Test Number 

'Test No. DOT No. 7, 5 in. drop, 
side-flat plate (VR. Hodgson, 
1971 ) 

Time (msec) 

FIGURE 16 COMPOSITE FORCE- T I M E  CURVES FOR CADAVER SIDE 

HEAD IMPACTS WITH RIGID IMPACTORS. 



IMPACT VELOCITY 7- 9 MPH 

'TEST NUMBER 
+TEST NO. DOT 7, 5 IN. DROP, SIDE- 

FLAT PLATE, ACCELEROMETER 7 6  
( V.R. HODGSON, 1971 

m m m m m a m m a m  H S R I  HEAD 

TIME (MSEC) 

FIGURE 17 COMPOSITE ACCELERATION -T IME CURVES FROM L-R ACCELEROMETER FOR 
CADAVER SIDE HEAD IMPACTS WITH RIGID IMPACTOR. 



IMWCT VELOCITY 7 - 9  MPH 

'TEST NUMBER 

+TEST NO. DOT 7, 5 IN. DROP, S I M -  
FLAT PLATE, MCELER-TER 77 
(V.R. HODGSON, 1971 1 

o*ooeoo*o H S R I  HEAD 

TIME (MSEC) 

FIGURE 18 COMPOSITE ACCELERATION-TIME CURVES FROM S-I ACCELEROMETER FOR 
CADAVER SIDE HEAD IMPACTS WITH RIGID IMPACTOR. 



Time (msec) 

FIGURE 19 COMPOSITE FORCE -T IME CURVES FOR CADAVER SIDE H E A D  
IMPACTS W I T H  PADDED IMPACTOR. 



IMPACT VELOCITY 24-26 MPH 

'TEST NUMBER 

TIME (MSEC) 

FIGURE 20 COMPOSITE ACCELERATION-TIME CURVES FROM L-R ACCELEROMETER 
FOR CADAVER SIDE HEAD IMPACTS WITH PADDED IMPACTOR. 



IMPACT VELOCITY 24 - 26 MPH 
*TEST NUMBER 

TIME (MSEC) 

FIGURE 21 COMPOSITE ACCELERATION -TIME CURVES FROM S - 1  ACCELEROMETER 
FOR CADAVER SIDE HEAD IMWCTS WITH PADDED IMPACTOR. 
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- Alderson VIP 50 Head -.-.-.- Sierra Wooden Head 
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------ Sierra 1050 Head a Human Cadaver 

Figure 22 Mechanical Impedance of Heads ( ~ r o n t a l ) .  
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Figure 24 Typical Setup f o r  Front Head Impact w i t h  Rigid Impactor. 



Figure 25 Typical  Setup f o r  Front  Head Impact w i t h  R i g i d  Impactor. 





F i g u r e  27 T y p i c a l  Setup f o r  S ide  Head Impact  w i t h  R i g i d  Impactor .  





Figure 29 Typ ica l  S e t u p  for Padded Impact.  
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Figure 32 Front View HSRI Head and  Neck. 



F i g u r e  33 Side View HSRI Head and Neck. 



F i g u r e  34 Rear  View HSRI Head and Neck. 



1. "To lerance and P r o p e r t i e s  o f  S u p e r f i c i a l  S o f t  T issues i n  S i t u "  by  

Char les  W. Gadd, A lan  N. Nahum, Dennis C .  Schneider  and R icha rd  G. Madeira, 

SAE Paper No. 700910, 1 4 t h  Stapp Car Crash Conference; and, 

2. "Dynamic C h a r a c t e r i s t i c s  o f  t h e  T issues o f  t h e  Head," by  James H. 

McElhaney, John W. Me lv in ,  Verne L. Roberts and H a r o l d  D. Por tnoy,  1972 

Proceedings Symposi um on Biomedical  Eng ineer ing ;  i s  cons ide red  r e p r e s e n t a t i v e .  

S c a l p - l i k e  m a t e r i a l s  have been s e l e c t e d  t o  match as n e a r l y  as p o s s i b l e  

t h e  responses presented i n  F igu re  5 of Reference 1  and t h e  f o u r  parameter  

models f o r  human sca lp  presented i n  Reference 2. The f i n a l  m a t e r i a l  s e l e c t e d  

was a  s o f t  u re thane a v a i l a b l e  f r o m  Hexcel C o r p o r a t i o n  as U r a l i t e  #3110. 

F igu res  32, 33 and 34 show t h e  f i n a l  head design.  

3.6 I n s t r u m e n t a t i o n  

Standard i n s t r u m e n t a t i o n  f o r  t h e  head c o n s i s t s  of a  t r i a x  acce lerometer  

mounted a t  t h e  C.G. o f  t h e  head and p a r t  o f  t h e  neck as r e q u i r e d  by M V S S  

208. The acce lerometer  mounting w i l l  be designed t o  accept  an Endevco t r i a x  

acce lerometer  model 2267C-750. Accelerometers o f  s i m i l a r  s i z e  w i l l  a l s o  be 

accomodated w i t h  s l i g h t  m o d i f i c a t i o n .  

The mount ing and head des ign  have been developed t o  p r e v e n t  spu r ious  v i -  

b r a t i o n s  and shocks f r o m  i n f l u e n c i n g  t h e  t r a n s d u c e r  s i g n a l s .  Acceptab le  pe r -  

formance have been e s t a b l i s h e d  by d e t e r m i n i n g  t h e  resonant  f requenc ies  o f  t h e  

head-accelerometer  mount combinat ion  and comparing these w i t h  acce lerometers  

mounted a t  t h e  A-P and L-R impact  s i t e s .  The acce lerometers  mount resonance 

f requenc ies  a re  lower  t han  t h e  head impact  s i t e  resonance f requenc ies .  

T r a n s f e r  impedance techn iques have been used t o  e s t a b l  i sh these c r i t e r i a  t h rough  

t h e  t h r e e  i n t e r n a l  acce lerometer  axes. 



4.0 TORSO 

The c r a s h  t e s t  d e v i c e  t o r s o  has been designed and c o n s t r u c t e d  t o  match 

the  f o l  l o w i n g  mechanical  p r o p e r t i e s  o f  f r esh  cadaver  t o r s o s .  These p r o p e r t i e s  

have been measured i n  o u r  l a b o r a t o r y  and by C .  K .  K r o e l l  and A .  M. Nahmn. 

Two papers d e s c r i b i n g  t h i s  work a r e :  

1. " D e f l e c t i o n  of t h e  Human Thorax Under S t e r n a l  Impact," SAE Paper 

140. 700400 by A lan  M. Nahum, Char les  W. Gadd, Dennis C .  Schne ider  and Char les  

K. K r o e l l .  

2. " Impact  To le rance  and Response of t h e  Human Thorax," SAE Paper No. 

710851 by Char les  K. K r o e l l ,  Dennis C .  Schne ider  and A lan  M. Nahum. 

4.1 S t a t i c  S t i f f n e s s  

The s t a t i c  l oad -de fo rma t ion  c h a r a c t e r i s t i c s  o f  a  s i g n i f i c a n t  number o f  

f r e s h  cadaver  t o r s o s  i s  p r e s e n t e d  i n  F i g u r e  5 o f  Reference 1  above. 

The c r a s h  t e s t  dev i ce  t o r s o  has been des igned and c o n s t r u c t e d  so  t h a t  

i t s  s t a t i c  s t i f f n e s s  f a l l s  w i t h i n  t h e  band o f  t h i s  da ta .  The method o f  

t e s t i n g  t h e  s t a t i c  c rash  t e s t  dev i ce  t o r s o  per formance was as d e s c r i b e d  i n  

t h e  r e f e r e n c e .  

4.2 Dy~ iamic  S t i f f n e s s  and Damping 

Dynamic s t i f f n e s s  and damping p r o p e r t i e s  f o r  f r e s h  cadaver t o r s o s  have 

been determined by HSRI u s i n g  t h e  methods o f  K r o e l l  and Nahum. F i g u r e  38 

shows t h e  r e s u l t s  f r o m  10 d i f f e r e n t  cadaver t e s t s .  The impact  v e l o c i t y  v a r i e d  

between 12 and 14  m i l e s  p e r  hour  and a  22-pound 6 - i n c h  d iamete r  i m p a c t o r  

cen te red  on t h e  space between t h e  f o u r t h  and f i f t h  r i b s  was used. No r i b s  

were f r a c t u r e d  i n  these impacts .  The c r a s h  t e s t  dev i ce  t o r s o  has been des igned 

and c o n s t r u c t e d  so t h a t  i t s  dynamic s t i f f n e s s  and damping f a l l  w i t h i n  t h i s  band. 

The HSRI  r e s u l t s  have been taken  as t h e  c r a s h  t e s t  d e v i c e  t o r s o  p e r -  

,formance c r i t e r i a  because: 



1. Ten t e s t s  a t  a  s tandard i zed  v e l o c i t y  and p i s t o n  w e i g h t  a r e  a v a i l a b l e  

w i t h o u t  broken r i b s .  

2 .  The i d e n t i c a l  equipment and i n s t r u m e n t a t i o n  i s  a v a i l a b l e  f o r  eva lu -  

a t i  on o f  dummy t o r s o s .  

3. An i n e r t i a  compensated l o a d  c e l l  was used. 

4.3 Repeatabi 1  i t y  

A ma jo r  des ign c o n s i d e r a t i o n  f o r  t h i s  c r a s h  t e s t  dev i ce  t o r s o  i s  

r e p e a t a b i  1  i t y  and rep roduc i  b i  1  i t y  o f  t e s t  r e s u l t s .  To v e r i f y  repea tab i  1  i t y  

a t  t h e  component l e v e l ,  a1 1  f i n a l  qua1 i f y i n g  impact  t e s t s  have been per formed 

s i x  t imes.  Not  more than 5% v a r i a t i o n  between t h e  mean v a l u e  o f  t h e  peak l o a d  

and de fo rma t ion  f o r  t h e  s i x  t e s t s  and t h e  o u t l i e r  was observed. 

4.4 Chest Design 

The f i n a l  ches t  des ign i n c o r p o r a t e d  s i x  f l e x i b l e  s t e e l  r i b s  moulded i n  a  

s o l i d  s o f t  u re thane  she1 1. The ure thane used was U r a l i t e  311 1. F i g u r e  35 

shows t h e  f i n a l  c o n f i g u r a t i o n .  The s t e e l  r i b s  a r e  a t t a c h e d  t o  t h e  sp ine  by 

screws and m a i n t a i n  r e l a t i v e  a l i gnmen t  o f  t h e  c h e s t  and sp ine.  

4.5 I n s t r u m e n t a t i o n  

4.5.1 Accelerometers 

Standard  i n s t r u m e n t a t i o n  c o n s i s t s  o f  a  t r i a x  acce lerometer  c e n t r a l l y  

mounted i n  t h e  c h e s t  on a  s i m u l a t e d  s p i n a l  base so t h a t  t h e  i n t e r s e c t i o n  of 

t h e  se i sm ic  mass c e n t e r s  o f  t h e  t r i a - a x i a l  c l u s t e r  i s  i n  t h e  m i d s a g i t t a l  p l a n e  

5.7 i nches  below t h e  neck - to - tho rax  a t tachment  s u r f a c e  and 4.3 i nches  f o r w a r d  

o f  t h e  dummy's back l i n e ,  and t h e  X-Y-Z axes o f  t h e  acce lerometer  c l u s t e r  a r e  

p a r a l l e l  w i t h  t h e  X - Y - Z  axes o f  t h e  dummy w i t h  maximum p e r m i s s i b l e  o f f s e t  and 

o r i e n t a t i o n  m isa l i gnmen t  n o t  exceed ing 1 / 2  i n c h  2nd 5" r e s p e c t i v e l y .  
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4.5.2 Chest Displacement Transducer  

P r o v i s i o n  has a l s o  been made f o r  mount ing  i n t e r n a l l y  a  d i sp lacemen t  

t r a n s d u c e r  t o  measure r e l a t i v e  n io t ion  between t h e  s ternum and t h e  sp ine .  

Any o f  t h e  v a r i o u s  d isp lacement  t ransduce rs  used f o r  t h i s  purpose can be 

niounted i n  t h e  tiSRI c h e s t  w i t h  a  few s imp le  m o d i f i c a t i o n s .  Because an 

adequate ches t  d isp lacement  t r a n s d u c e r  was u n a v a i l a b l e  a t  t h e  t ime  o f  t h e  

c h e s t  component t e s t i n g ,  a  unique and h i g h l y  accep tab le  dev i ce  was des igned 

and c o n s t r u c t e d .  The dev i ce  c o n s i s t s  o f  a  space l i n k a g e  t h a t  can be moved 

i n  t h r e e  d i r e c t i o n s ,  t hus  a l l o w i n g  t h e  c h e s t  t o  de form n a t u r a l l y .  The 

space 1  inkage d r i v e s  two r o t a r y  f i  l m  p o t s ,  whose o u t p u t  i s  added d i f f e r e n t i a l l y .  

The l i n k a g e  arms a re  such t h a t  t h e  o u t p u t  i s  p r o p o r t i o n a l  t o  t h e  h o r i z o n t a l  

mo t ion  o f  t h e  c h e s t  a t tdchment  p o i n t  and independent  o f  t h e  o t h e r  components 

o f  t h i s  mo t ion .  F i g u r e  36 stiows t t ie  c h e s t  d isp lacement  t ransduce rs  and 

F i g u r e  37 shows i t  i n s t a l l e d  i n  t h e  dummy ches t .  

5.0 I4ECK 

T h i s  c r a s h  t e s t  d e v i c e  u t i l i z e s  t h e  H S R I  neck s i m u l a t i o n  developed 

s e p a r a t e l y  and r e p o r t e d  i n  d ? t a i l  i n  t h e  f i n a l  r e p o r t ,  "AMA Neck Study P r o j e c t , "  

June 1972. 

The HSRI neck was developed t o  produce r e a l i s t i c  t r~o t i ons  o f  t h e  head 

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

t h e  i n p u t s  expe r ienced  i ~ y  human v o l u n t e e r s .  The performance c r i t e r i a  by  wh ich  

t h e  head-neck response ,das j udged  i n c l u d e d  t h e  dynamic neck response enve lope 

o f  Mer t z  and P a t r i c k  and a l s o  cons idered:  

1.  The range o f  a n g u l s r  mo t ion  o f  t t i e  head r e l a t i v e  t o  t h e  t o r s o .  

2. The t r a j e c t o r j  o f  t h e  c e n t e r  o f  g r a v i t y  of t h e  head w i t h  r e s p e c t  t o  

t h e  t o r s o .  



3. The angular and l i n e a r  acce le ra t i ons  o f  t he  head produced dur ing  

t h e  head motion. 

The c r i t e r i a  and performance o f  the  p ro to type  neck i s  shown i n  F igures 

42, 43 and 4 4 i n  f l e x i o n  and i n  F igures 45, 46 and 47 f o r  extens ion.  The 

de ta i  1s o f  t he  neck design and t he  t e s t  program used t o  develop t h e  neck can 

be found i n  the  AMA r epo r t .  

The HSRI neck design has been adapted t o  the  crash t e s t  device and 

i t s  c h a r a c t e r i s t i c s  tuned t o  produce opt imal  head-neck performance based on 

t he  above c r i t e r i a .  F igure 41 shows the f i n a l  neck design. 

6.0 PELVIS 

The crash t e s t  device u t i l i z e d  a mod i f i ed  S i e r r a  brass p e l v i s  meeting 

t he  f o l  l ow ing  requirements:  

6.1 Geometry 

The general  c o n f i g u r a t i o n  of t he  p e l v i s  conforms t o  the  human-li ke 

shape o f  t h e  master p e l v i s ,  now i n  possession o f  the  SAE 5963 Crash Test  

Device Subcommi t t e e .  I n  a d d i t i o n ,  t he  p e l v i s  meets t h e  dimensional r equ i r e -  

ments, w i t h  t he  to le rances  shown i n  F igure 48, t h a t  were submi t ted t o  t he  

SAE 5963 Crash Tes t  Device Subcommi t t e e  and subsequently have been incorpora ted  

i n t o  MVSS 208. 

6.2 Ranges o f  Mot ion 

The h i p  j o i n t  i s  o f  such design t h a t  i t  meets t he  f u l l  ranges o f  mot ion 

s p e c i f i e d  f o r  t he  t h i g h  a t  the h i p  i n  Table 3 (See Sect ion 8, j o i n t s ) .  

Since t h e  p r imary  usage of t h i s  c rash  t e s t  device i s  i n  seated p o s i t i o n ,  

the  human-like s k i n  cover ing w i l l  be c a s t  i n  seat  form so as t o  p rov ide  a 

b e t t e r  f it and e a s i e r  p o s i t i o n i n g  i n  the  t e s t  veh ic le .  The e f f e c t  o f  the  

s k i n  and padding w i l l  be designed t o  be smal l  i n  comparison w i t h  the  con- 

t r o l l e d  r es i s t ance  t o  t h e  mot ion a t  t h e  h i p  j o i n t .  



FIGURE 41 HSRl DUMMY NECK. 
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F i g u r e  49 Rear Assembly  "Repea tab le  Pete."  



7.0 SPINE 

An improved sp ine  has been developed. The t h o r a c i c  reg ion  cons i s t s  o f  

th ree  s t e e l  boxes i s o l a t e d  from each o t h e r  by b u t y l  rubber  pads. The chest  

sec t i on  i s  a t tached  t o  these s t e e l  boxes (see F igure 49) .  The t h o r a c i c  sp ine 

i s  a  f l e x i b l e  urethane b a r  w i t h  a  through cable f o r  t e n s i l e  s t reng th .  U r a l i t e  

3111 i s  used. The cable i s  a t tached t o  the  lower  t h o r a c i c  box a t  the  top  and 

t h e  p e l v i s  a t  the bottom, Human-like f l e x i b i l i t y  i s  ob ta ined  i n  a l l  

d i  rec  ti ons. 

8.0 JOINTS 

8.1 Design Features 

A new and unique j o i n t  system has been developed. The bas ic  fea tu res  o f  

these j o i n t s  are:  

1. Extreme s t r e n g t h  and durabi  1  i t y  . 
2. A s i n g l e  s e t t i n g  t h a t  does n o t  r e q u i r e  f requen t  adjustment o r  

check out. 

3. Long l i f e  w i t h o u t  any maintenance. 

F igures 50 and 51 show t y p i c a l  j o i n t s  w h i l e  Figures 52, 53 and 54 show 

the  design d e t a i l s  f o r  a l l  j o i n t s .  

8.2 L i f e  Tests 

L i f e  t e s t s  on the j o i n t s  were performed by c y c l i n g  t he  angular  d i s -  

placement s i n u s o i d a l l y  f o r  1000 cyc les.  The torque d i d  n o t  change more 

than 7% over  t h i s  per iod.  Moreover, t he re  was no s i g n i f i c a n t  d i f f e r e n c e  

between s t a t i c  and dynamic motions, F igure 55 shows a  t y p i c a l  s e t  o f  

d isplacement and torque h i s t o r i e s  f o r  these t e s t s  w h i l e  F igure  56 shows the  

t e s t  setup, 



9.0 LIMBS 

The l i m b s  a r e  mou lded  o f  s e l f - s k i n n i n g  u r e t h a n e  foam c o n s i s t i n g  o f  a  

r e s i n  p a r t  RX723 and i s o t h a n i  t e  1x700 a v a i l a b l e  f r o m  t h e  Poly-Chem Corp .  

F i g u r e  5 7  shows a t y p i c a l  s e c t i o n  t h r o u g h  t h e  f o rea rm .  

9 .1  P a t e l l a  

The p a t e 1  l a  i s  s p h e r i c a l  i n  shape and l a r g e  enough t o  p r o t e c t  t h e  

movable knee j o i n t  e l emen ts .  It i s  i n t e g r a l  w i t h  t h e  knee c l e v i s  w h i c h  

i s  d i r e c t l y  connec ted  t o  t h e  femur  l o a d  c e l l .  F i g u r e  58 shows t h e  knee 

j o i n t  assembly .  

9 .2  Femur Loads 

P r o v i s i o n  f o r  e i t h e r  GSE o r  Endevco femur  l o a d  c e l l s  has been made. The 

l o a d  c e l l s  must  be d r i l l e d  o u t  t o  a c c e p t  112 i n c h  d i a m e t e r  expandab le  b o l t s  

p r o v i d e d  w i t h  t h e  d e v i c e .  

9.3 S e a t i n g  P o s i t i o n  

Repeatab le  Pe te  i s  des i gned  t o  s i t  u p r i g h t  i n  t h e  usua l  a u t o m o t i v e  

s e a t  w i t h  h i s  head f a c i n g  f o r w a r d .  T h i s  i s  u n l i k e  c u r r e n t  dummies whose 

backs  a r e  g e n e r a l l y  s t r a i g h t .  Because o f  t h i s ,  Repea tab le  Pe te  w i  11 be 

hunched o v e r  when s e a t e d  e r e c t  on a  h o r i z o n t a l  f l a t  s u r f a c e  (See F r o n t i s p i e c e ) .  



TABLE 7 

Dummy # 1 

JOINT TORQUE SPECIFICATIONS 

JOINT TORQUE SPECIFICATIONS 
i n  # 

Ankle R i g h t  5.7+ .57 

Ankle L e f t  5.75 .57 

Knee R i g h t  109.1k 10.9 

Knee L e f t  109.12 10.9 

H i p  R i g h t  (doub le)  237.8k 23.8 

H i p  L e f t  (doub le)  237.8+ 23.8 

blip R i g h t  ( s i n g l e )  237.8i: 23.8 

H i p  L e f t  ( s i n g l e )  237.8k 23.8 

Shoulder R i g h t  (doub le)  96.4+ 9.6 

Shoulder L e f t  (doub le)  96.42 9.6 

Shoulder R i g h t  ( s i n g l e )  96.4+ 9.6 

Shoulder L e f t  ( s i n g l e )  96.4+ 9.6 

E l  bow R i g h t  29.9+ 3.0 

E l  bow L e f t  29.9+ 3.0 

Arm T w i s t  R i g h t  29.92 3.0 

Arm T w i s t  L e f t  29.9i: 3.0 

Y r i s t  R i g h t  4 . 1  ,41 

W r i s t  L e f t  4.1+ .41 

TORQUE MEASURED 
i n  # 

6.1 

6.0 

107 

105 

221 

231 

239 

233 

9 3 

9 8 

9 5 

94 

2 7 

28 

2 7 

29 

4.3 

4.2 



TABLE 8 

Dumrny # 2 

JOINT TORQUE SPECIFICATIONS 

JOINT TORQUE SPECIFICATIONS 
i n  # 

Ank le  R i g h t  5 . 7 t  .57 

Ank le  L e f t  5.7+ -57  

Knee R i g h t  109.1 t  10.9 

Knee L e f t  109.12 10.9 

H i p  R i g h t  ( d o u b l e )  237.82 23.8 

H i p  L e f t  ( d o u b l e )  237.8+ 23.8 

H i p  R i g h t  ( s i n g l e )  237.8t  23.8 

H i p  L e f t  ( s i n g l e )  2 3 7 . 8 i  23.8 

Shou lder  R i g h t  ( d o u b l e )  

Shou lde r  L e f t  ( d o u b l e )  

Shou lde r  R i g h t  ( s i n g l e )  

Shou lde r  L e f t  ( s i n g l e )  

E l  bow R i g h t  

E  1  bow L e f t  

Arm T w i s t  R i g h t  

Arm T w i s t  L e f t  

W r i s t  R i g h t  

W r i s t  L e f t  

TORQUE MEASURED 
i n  # 

5.9 

6.2 

103 

108 

2  29 

222 

225 

228 

101 

104 

9 1  

9 5  

3  1 

2 9 

3  1  

30 

4.4 

4.3 



Figure 50 Typical Joint Assembly. 



Figure 51 Typical J o i n t  Components. 
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F i g u r e  57 S e c t i o n  th rough  S e l f - s k i n n i n g  Urethane Foam Forearm. 



F i g u r e  58 Knee J o i n t  Assembly. 



F i g u r e  59 F r o n t  Assembly "Repea tab le  Pete. "  
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10.0 SYSTEM PERFORMANCE 

10.1 S led  Tes t  Program 

10.1.1 I t i t r o d u c t i o n  

F o r t y - e i g h t  s l e d  t e s t s  were conducted t o  v e r i f y  t h e  r e p e a t a b i l i t y  and 

d u r a b i l i t y  o f  t h e  two tlSRI dummies. Each was s u b j e c t e d  t o  t w e n t y - f o u r  t e s t s ,  

s i x  i n  each o f  f o u r  modes: l a p -  and t o r s o - b e l t e d  (Mode I) ; l a p - b e l t e d ,  

s t r i k i n g  a  p r e - i n f l a t e d  a i  rbag (Mode I I) ; u n r e s t r a i n e d  ( h i p  t e t h e r  o n l y ) ,  

s t r i k i n g  dash and w i n d s h i e l d  (Mode 111); and l a p - b e l t e d ,  s t r i k i n g  s t e e r i n g  

w h e e l / c o l l a p s i b l e  s t e e r i n g  column (Mode I V ) .  

Nominal impact  v e l o c i t y  and d e c e l e r a t i o n  l e v e l  f o r  a l l  t e s t s  was 30 mph 

and 20 G, r e s p e c t i v e l y .  More d e t a i l e d  d e s c r i p t i o n s  o f  t h e  f o u r  t e s t  modes and 

o f  t h e  consequent t e s t  r e s u l t s  a re  p r o v i d e d  below. 

10.1.2 Mode I: Lap- and To rso -Be l ted  Tes ts  

Fo r  t h i s  t e s t  s e r i e s  and f o r  t he  twe lve  s t e e r i n g  column impact  t e s t s  

(Mode I V ) ,  a  s t r o n g  and r i g i d  sea t  s t r u c t u r e  was c o n s t r u c t e d  t o  m in im ize  

p o s s i b l e  v a r i a t i o n  i n  t h e  dummies' p re - impac t  se t -up  p o s i t i o n .  As sliown i n  

F i g u r e  61, a  framework o f  welded 1 "  square s t e e l  t u b i n g  suppor ted  a seat -  

pan and seat-back t h a t  were f u r t h e r  s t reng thened  w i t h  118" sheet  s t e e l ,  t hen  

padded w i t h  1"  t h i c k  E n s o l i  t e  foam. Th ree -po in t  be1 t a t tachments  were added 

( i n  compl iance w i t h  t h e  g u i d e l i n e s  o f  FMVSS 210), t h e  t o r s o  b e l t  r u n n i n g  f rom 

the  r i g h t  shou lde r  t o  t h e  l e f t  h i p .  

For  use w i t h  t h i s  s e a t  s t r u c t u r e ,  a  p o s i t i o n i n g  f i x t u r e  was designed t o  

f u r t h e r  reduce t e s t - t o - t e s t  v a r i a t i o n  i n  dummy set -up  p o s i t i o n  (see F i g u r e  62) .  

i J i  tti t h e  dummy r o u g h l y  p o s i t i o n e d  i n  t h e  sea t ,  two r i g i d  s t e e l  p l a t e s  were 

mounted t o  t he  s ides  o f  t h e  sea t  v i a  gu ide -p ins .  On t h e  i n b o a r d  s i d e  o f  each 

p l a t e  a d j u s t a b l e  s l i d i n g  r o d  assembl ies p i c k e d  up s p e c i f i c  p o i n t s  on t h e  





F i g u r e  62 Mode I :  Dummy P o s i t i o n i n g  F i x t u r e  



shou lders ,  head and knees of  t he  dummy. E l  bows/wr is ts  and a n k l e s l f e e t  were 

l o c a t e d  d i f f e r e n t l y .  The upper arm was pushed inward u t i t i l  f l u s h  w i t h  t h e  

to rso ,  then r o t a t e d  rearward about  t h e  shou lder  u n t i  1  the  back o f  t h e  e l  bow 

con tac ted  the  seat-back sur face.  The lower  arm was then  r o t a t e d  downward 

about the  elbow u n t i l  t he  edge of  t h e  hand r e s t e d  on t h e  seat-pan w i t h  t h e  

palm a g a i n s t  the  s i d e  o f  t h e  t h i g h .  The so les  o f  t h e  f e e t  were p o s i t i o n e d  

w i t h i n  out1  i nes  permanent ly  drawn on the  f o o t - r e s t ,  t hen  be1 t e d  i n  p l a c e  w i t h  

s e a t  be1 t webbing, 

A f t e r  t he  d u m y  had been p o i i t i o n e d  i n  t h e  seat ,  w i t h  l a p  and t o r s o  b e l t s  

a d j u s t a b l e  t o  a  t h r e e  f i n g e r  spacing,  t h e  s t e e l - p l a t e  f i x t u r e s  were removed 

and t h e  s l e d  made ready f o r  f i r i n g .  

10.1.3 Mode 11: P r e - i n f l a t e d  A i rbag  Tes ts  

T h i s  t e s t  s e r i e s  was conducted w i t h  a  cut-down 1971 Ford  Maver ick 2- 

door  hard top body buck mounted on t h e  s l e d ,  and w i t h  a f u l l - s i z e  Eaton 

a i rbag  i n s t a l l e d  i n  t h e  buck (F igu re  63) .  

The doors,  windows and a  s e c t i o n  o f  t h e  r o o f  were removed t o  f a c i l i t a t e  

h igh-speed photography o f  t h e  impact  event ;  t h e  dash, p a r c e l - s h e l f ,  s t e e r i n g  

wheel/column and a l l  under-dash equipment were removed t o  p e r m i t  a i r - b a g  

i n s t a l l a t i o n .  The f r o n t  s p l i  t -back  bench sea t  remained i n  p lace,  b o l t e d  t o  

the  f l o o r  ( t h rough  i t s  t r a c k s )  i n  i t s  rearwardmost p o s i t i o n .  (The o r i g i n a l  

sea t  was rep laced  about ha1 f-way th rough  t h e  t e s t  s e r i e s  when deformat ion  

a f f e c t i n g  dummy pre- impact  p o s i t i o n  became ev iden t .  ) 

The Eaton a i r b a g  was mounted i n  t h e  c e n t e r  o f  t h e  dash-support  area 

( i n s t e a d  o f  i n  t h e  r i g h t  f r o n t  passenger p o s i t i o n ) ,  s i n c e  the  c e n t e r  o f  t h e  

bench s e a t  was chosen as a p o s i t i o n  datum f o r  t h e  dummy (F igu re  64) .  T h i s  

p o s i t i o n  i n s u r e d  t h a t  t h e  dummies' impact  k inemat i cs  would n o t  be compl ica ted 

by c o n t a c t  w i t h  t h e  A - p i l l a r ,  t h e  w i n d s h i e l d  header o r  t h e  buck suppor t  







s t r u c t u r e  t h a t  spanned b o t h  door  openings.  A b l o w e r  motor  was permanent ly  

mounted i n s i d e  t i l e  buck i n  t h e  r i g h t  f r ~ n t  f o o t - w e l l  and was duc ted  t o  t h e  

a i r t a g  i n l e t .  

Be fo re  each s l e d  run ,  t h e  dummy was p o s i t i o n e d  i n  t h e  sea t  w i t h  a  two- 

p a r t  f i x t u r e  t h a t  l o c a t e d  shou lde rs  and knees. Foot  p o s i t i o n  was aga in  

de termined by  p a t t e r n s  marked on t h e  f l o o r  pan b u t  t h e  f e e t  were n o t  f i x e d  

i n  p l a c e .  The dummy was s e c u r e l y  l a p - b e l t e d  a f t e r  p o s i t i o n i n g .  ( S i n c e  

t h e  n o n - r i g i d  a u t o  s e a t  made i t  d i f f i c u l t  t o  e l i m i n a t e  a l l  v a r i a t i o n  i n  

dummy p o s i t i o n ,  and s i n c e  t h e  a i r b a g  i t s e l f  tended t o  a l t e r  dummy p o s i t i o n  

s l i g h t l y  when p r e i n f l a t e d  before  a  s l e d  run ,  t h e  p o s i t i o n i n g  f i x t u r e  used f o r  

t h i s  s e r i e s  was l e s s  e l a b o r a t e  than  t h a t  used f o r  t h e  Mode I and Mode I V  

t e s t s  w i t h  t h e  s p e c i a l - d e s i g n  r i g i d  s e a t . )  

To assu re  p r o p e r  o p e r a t i o n  o f  t h e  10" d iame te r  "b low-ou t "  p o r t  i n  one 

end o f  t h e  a i  rbag,  a  s p e c i a l  s u p p o r t  pane l  was dev i sed  ( F i g u r e s  65 and 6 6 ) .  

T h i s  pane l  was mounted i n  such a way t h a t  t h e  p o r t  was pushed f l u s h  a g a i n s t  i t ,  

e f f e c t i v e l y  s e a l i n g  t h e  open p o r t ,  when t h e  bag was p o s i t i o n e d  by hand and 

p r e - i n f l a t e d  t o  a p p r o x i m a t e l y  3 p s i .  ( P r e - i n f l a t i o n  o f  t h e  bag was t h e  l a s t  

s t e p  i n  p r e p a r a t i o n  o f  t h e  s l e d  f o r  each run ;  t h e  bag ma in ta ined  i t s  p o s i t i o n ,  

shape and p r e s s u r e  w i t h  no d i f f i c u l t y  f o r  t h e  1  o r  2 minutes  t h a t  e lapsed  

between p r e - i  n f l  a t i o n  and s l e d  impact .  ! 

A t  impact ,  t h e  fo rce  e x e r t e d  on t h e  bag b y  t h e  u n r e s t r a i n e d  dummy 

caused s u f f i c i e n t  bag d i s t o r t i o n  t o  p u l l  t h e  p o r t - e n d  away f r o m  t h e  pane l  

and a1 low r a p i d  blow-down, s i n c e  t h e  p o r t  was n o t  a t t a c h e d  t o  t h e  s u p p o r t  

pane l .  I t  shou ld  a l s o  be n o t e d  t h a t  a  s t a n d a r d  w i n d s h i e l d  was i n s t a l l e d  i n  

t h e  buck f o r  t hese  t e s t s  t o  assu re  p r o p e r  o r i e n t a t i o n  and s u p p o r t  o f  t h e  

i n f l a t e d  a i r b a g .  
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A ba lsa / foam knee impact  pane l  was mounted under t h e  c e n t e r  dash 

area t o  c a t c h  t h e  dummy's knees a t  t h e  same p o i n t  i n  e x c u r s i o n  i n t o  t h e  

bag ( F i g u r e  66). 

10.1.4 Mode 111: Dash/Windshield Impact  Tests  

S i x  dash lw indsh ie ld  impact  t e s t s  were r u n  on each dummy, u s i n g  t h e  same 

Maver ick body buck used f o r  t h e  Mode I1  a i r b a g  t e s t s ,  b u t  w i t h  some impor-  

t a n t  changes i n  set-up and dummy p o s i t i o n .  

As be fo re ,  a  s p l i t - b a c k  f r o n t  bench s e a t  was b o l t e d  t o  t h e  f l o o r  i n  

f u l l - r e a r w a r d  p o s i t i o n  on i t s  t r a c k s .  Fo r  these t e s t s ,  however, t h e  dummy 

was seated i n  t h e  r i g h t  f r o n t  passenger p o s i t i o n  ( F i g u r e  67) and secured o n l y  

w i t h  a  l oose  h i p  t e t h e r  t o  p e r m i t  forward e x c u r s i o n  i n t o  dash and w indsh ie ld .  

( A  p o s i t i o n i n g  f i x t u r e  s i m i l a r  t o  t h e  one used f o r  t h e  Mode I 1  t e s t s  was used 

t o  l o c a t e  t h e  dummy i n  t h e  sea t  b e f o r e  each run. )  F o r  each t e s t  a new padded 

dash and w i n d s h i e l d  were i n s t a l l e d ,  t h e  l a t t e r  h e l d  i n  p l a c e  w i t h  a  

s p e c i a l  l y - b u i  1  t removable suppor t  frame (see F igu re  68).  

Below t h e  dash, i n  f r o n t  o f  t he  dummy, a  b a l s a l s t y r o f o a m  pad was 

b u i l t  up t o  c a t c h  t h e  dumny's knees and the reby  p i v o t  h i s  upper t o r s o  and 

head i n t o  t h e  w i n d s h i e l d  and dash i n  t h e  same way d u r i n g  each t e s t .  New 

s ty ro faam s labs  ( f o u r  one - inch - th i ck  pane ls )  were i n s t a l l e d  f o r  each s l e d  

r u n  (see F i g u r e  67) .  

10.1.5 Mode I V :  S t e e r i n g  Wheel Impact  Tests  

For these  t e s t s ,  t h e  same r i g i d  s e a t  used i n  t h e  Mode I t e s t  s e r i e s  was 

m o d i f i e d  t o  i n c l u d e  a  suppor t  s t r u c t u r e  f o r  a  s t e e r i n g  w h e e l / c o l l a p s i b l e  

s t e e r i n g  column assembly. A l though Ford  Maver ick  s t e e r i n g  wheels and 

c o l  l a p s i b l e  columns were used i n  these t e s t s ,  cons ide rab le  m o d i f i c a t i o n s  were 

made t o  c o n s t r u c t  a  s imple ,  s t rong ,  "quick-changeover"  t e s t  f i x t u r e .  No 
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F i g u r e  71 Mode 111: Dummy Head a f t e r  S i x  W i n d s h i e l d  Impacts  



attempt was made t o  compare steering-column performance in these t e s t s  with 

that  of vehicle-installed sceering columns in real-world impact s i tuat ions ,  

and no such comparison i s  implied. The in tent  was t o  use ident ica l ,  

reasonably r ea l i s t i c ,  and easi ly replaceable components in a t e s t  f ix ture  that  

would provide a valid indication of dummy repeatabil i ty.  

As Figure 72 shows, the base of the collapsible column was attached t o  

the foot pan, while the upper end was supported ( a t  a 25' angle) in a sp l i t -  

sleeve clamp. The column could s l i de  within t h i s  sleeve, and a pad of Teflon 

was ins ta l led  in the sleeve to  assure tha t  th i s  s l id ing motion would be 

unrestricted as the tube collapsed axial ly under load. 

Coaxial with the collapsing tube and running down through i t s  center was 

the solid telescoping steering shaf t ,  serving t o  support the outer tube and to  

guide i t s  axial collapse. Both the steering shaft  and the collapsing tube 

mated t o  the h u b  of the steering wheel; the wheel and the collapsible tube 

were replaced for  each t e s t ,  while the same steering shaf t  was used for a l l  

1 2  t e s t s .  

The dummy was securely lap-belted for  each run (Figure 73), a f t e r  being 

positioned in the same way as fo r  the Mode I t e s t s .  (The only difference was 

that  the hands were placed on the steering wheel, instead of resting on the 

seat-pan. ) 

10,2 Instrumentation and Data Acquisition 

The impact event fo r  a l l  t e s t s  was recorded in three forms: output signal 

traces (G-level versus time) of accelerometers mounted on the sled and in the 

dummy; high-speed (1000 frames/sec) color motion pictures taken from beside 

and above the impact point; and a trackside sequence photograph (Polaroid) 

for  rapid t e s t  evaluation. 





F igure  73 Mode I V :  Pre-Test Con f i gu ra t i on  





10.2.1 Accelerometer Data 

Fo r  a l l  48 t e s t s ,  a  t r i a x i a l  pack o f  Se t ra  Model 113 acce lerometers  was 

mounted i n  t h e  head o f  t h e  HSRI dummies a t  t h e  c e n t e r  o f  g r a v i t y .  For  t e s t s  

A-641 through A-654 i n c l u s i v e ,  a  second t r i a x i a l  pack o f  Se t ra  Model 113 ' s  was 

a l s o  mounted i n  t h e  HSRI dumrny chest  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  t o r s o .  

E r r a t i c  ches t  a c c e l e r a t i o n  t r a c e s  d u r i n g  A-653 and A-654 ( t r a c e d  t o  a  p inched 

cab le )  r e q u i r e d  t h e  replacement o f  t h e  Model 113 ches t  acce lerometers  w i t h  

Model 11 1  I s ;  t he  replacement acce lerometers  remained i n  t h e  dummies f o r  t e s t s  

A-655 th rough  A-689 i n c l u s i v e .  

The o u t p u t  s i g n a l s  from t h e  dummy acce lerometers  and f rom t h e  Statham Model 

93 acce lerometer  on t h e  s l e d  were recorded i n  u n f i l t e r e d  fo rm on magnet ic  

tape  and i n  fi l t e r e d  f o r m  on a  Honeywell  Osci I l og raph  d u r i n g  impact .  

The tape- recorded data  was processed l a t e r  f o r  a n a l y s i s  and p r e s e n t a t i o n  w h i l e  

t h e  o s c i l l o g r a p h  t r a c e s  p r o v i d e d  an immediate p o s t - t e s t  i n d i c a t i o n  o f  

peak d e c e l e r a t i  ons d u r i n g  impact .  

10.2.2 H igh Speed Mot ion  P i c t u r e s  

Two Photoson ics  h i g h  speed mot ion  p i c t u r e  cameras - -  one a t  t r a c k s i d e ,  

another  overhead - -  recorded dummy impact  k inemat i cs  a t  1000 frames/ 

second f o r  each t e s t ,  f rom which comparat ive d a t a  on ranges o f  motion, l i n e a r  

and angu la r  d isplacement were determined. Angu lar  v e l o c i t y  and a c c e l e r a t i o n  

can a l s o  be determined f rom these f i l m s ,  a l t h o u g h  such a n a l y s i s  was n o t  

c a r r i e d  o u t  f o r  these t e s t s .  

10.2.3 Graph-Check Sequence Photographs 

A sequence photograph -- approx ima te l y  one frame eve ry  25 msec -- 
recorded each t e s t ,  a l l o w i n g  q u i c k  comparison o f  dumny k inemat i cs  f r o m  t e s t  

t o  t e s t  i n  a  s e r i e s ,  and between s i m i l a r  t e s t  s e r i e s  on t h e  two dummies, 



T y p i c a l  Graph-Check photographs from each s e r i e s  w i t h  each dumny a r e  

presented i n  a  l a t e r  s e c t i o n  d i s c u s s i n g  r e s u l t s  o f  t h e  t e s t  program. 

10.3 S led  T e s t  Resu l t s  

Resu l t s  o f  t h e  s l e d  t e s t  program a re  presented i n  t h r e e  ways on t h e  

pages t h a t  f o l l o w .  

Fo r  each 6 - t e s t  s e r i e s  i n  each mode, peak head and ches t  

a c c e l e r a t i o n s  as w e l l  as head s e v e r i t y  i n d e x  and H I C  a re  

t a b u l a t e d .  Tes t  r e s u l t s  f o r  bo th  dummies i n  a  p a r t i c u l a r  

t e s t  mode a r e  presented on t h e  same sheet  f o r  comparison. 

Four Graph-Check photographs are  presented --  one o f  each o f  

t h e  f o u r  t e s t  modes. 

Head and ches t  acce lerometer  t r a c e s  f o r  a l l  48 t e s t s  a r e  

i tic1 uded, so t h a t  t e s t - t o - t e s t  and s e r i e s - t o - s e r i e s  com- 

p a r i s o n  can be made o f  t h e  peaks and general  shapes o f  t h e  

acce lerometer  t r a c e s .  

T h i s  t e s t  program was under taken t o  denionstrate t h e  du rab i  li t y  and 

r e p e a t a b i l i t y  o f  t h e  two t1SRI Repeatable Pete 50 th  P e r c e n t i l e  Male 

an thropon ie t r i c  t e s t  dummies. As an i n d i c a t i o n  o f  du rab i  1  i t y ,  o n l y  t h r e e  

i ns tances  o f  m ino r  damage t o  t h e  dummies were noted i n  t h e  e n t i r e  48- 

t e s t  program: 

i n  t e s t  A-662, a f t e r  t h r e e  dash /w indsh ie ld  impacts,  t h e  b o l t s  

by wh ich  t h e  c l a v i c l e s  a t t a c h  t o  t h e  shou lde r  assembly on dummy 

# 2 had t o  be t i g h t e n e d .  

a  c h e s t  acce lerometer  c a b l e  was a p p a r e n t l y  p inched between t h e  

dummy s p i n e  and t h e  seat-back d u r i n g  rebound i n  t e s t s  A-653 and 

A-654, so t h e  c h e s t  t r i a x  acce lerometer  pack was r e p l a c e d  and 

t h e  new cab les  r e - r o u t e d  f o r  t e s t  A-665. 



TABLE 9 

DUMMY PERFORMANCE SUMMARY 

T e s t  R e s u l t a n t  S e v e r i t y  R e s u l t a n t  S e v e r i t y  
Mode Peak GIs Index HIC Peak G's Index  

Lap- and Mean = 52 487 39 5 4 8 337 
Torso-Be1 t e d  Range = 50 - 55 450 - 520 380 - 411 45 - 53 320- 360 
Impact  a  = 1.9 23.6 13.2 3.1 13.7 

P r e i n f l a t e d  Mean = 69 603 494 5 5 433 
A i  rbag Range = 67 - 72 540 - 660 440 - 518 51 - 60 340 - 520 
Impact  4 =  2.3 41.1 25.2 3.3 62.6 - 

- -- - - - - - - - - 

* Dash/ Mean = 219 3260 1818 130 1064 
Windsh ie ld  Range = 208 -232 3000 - 3600 1700 - 1920 104 - 146 840 - 1220 
1mpact u = 8.9 233.8 77.0 14.0 129.8 

n 

1807 1439 4 4 257 S t e e r i  ng Mean = 115 
Wheel Range = 100 - 130 1540 -2020 1320 - 1561 38 - 48 240 - 280 
Impact  a  = 9.9 175.9 86.8 2.8 13.8 

Lap- and Mean = 50 507 . 41 0 4 9 310 
T o r s o - b e l t e d  Range = 47 - 53 470 - 530 398 - 418 43 - 57 290 - 320 
Impact  0 = 2.2 22.9 6.4 4.2 13.8 

P r e i n f l a t e d  Mean = 72 665 51 7 54 422 
A i  r bag  Range = 70 - 75 590 - 710 484 - 540 47 - 66 380 - 550 
Impact  a =  1.3 41.2 18.3 6.3 58.7 

CV 

* Dash/ Mean = 241 3367 1875 127 11 13 
Windsh ie ld  Range = 200 - 264 2700 - 3800 1650 - 2030 112 - 148 1000 - 1400 
Impact  a =  22.9 349.9 117.1 13.7 132.9 

0 

S t e e r i n g  Mean = 115 1773 1456 45 280 
W hee 1 Range = 96 - 130 1640 - 2000 1396 - 1580 38 - 56 220 - 340 
Impact  a =  11.4 139.3 63.4 6.2 43.4 



t h e  l e f t  hand o f  dummy # 1  was t o r n  and b a t t e r e d  d u r i n g  Mode I11 

t e s t i n g  ( d a s h / w i n d s h i e l d  i m p a c t ) ,  b u t  s i n c e  t h e  w r i s t  j o i n t  was n o t  

damaged, t h e  hand was n o t  r e p l a c e d .  

Durnniy r e p e a t a b i l i t y  -- t e s t - t o - t e s t  and s e r i e s - t o -  s e r i e s  -- i s  t r e a t e d  

i n  more d e t a i l e d  q u a n t i t a t i v e  t e rms  i n  t h e  s e c t i o n s  t h a t  f o l l o w .  

10.3.1 Mode 1 T e s t  R e s u l t s  

10.3.1 . I  Dummy d 1 Per formance:  Lap- and T o r s o - B e l t e d  Impac t  T e s t s  A-641- 

A- 646. 

R e s u l t a n t  Peak Head A c c e l e r a t i o n :  

Mean = 52 G Range = 50 - 55 G a = 1.9 

t iead S e v e r i t y  I ndex :  

Mean = 487 Range = 450 - 520 0 = 23.6 

HIC: 

Mean = 395 R a n g e =  3 8 0 -  411 a = 13.2 

R e s u l t a n t  Peak Chest  A c c e l e r a t i o n :  

Mean = 48 G Range = 45 - 53 G a = 3.1 

Ches t  S e v e r i t y  I ndex  : 

Mean = 337 Range = 320 - 360 a = 13.7 

See F i g u r e  61 f o r  t y p i c a l  p r e - t e s t  dummy geometry .  

T h i s  s e r i e s  e s t a b l i s h e d  b a s i c  p rocedu res ,  p a r t i c u l a r l y  t h e  use  o f  

t h e  p o s i t i o n i n g  d e v i c e  ( see  F i g u r e  62)  t o  l o c a t e  t h e  dummy b e f o r e  each  

r un .  The o n l y  p r o b l e m  n o t e d  was an  a r t i f a c t  i n  t h e  head AP a c c e l e r a t i o n  

t r a c e  abou t  73 msec a f t e r  i m p a c t  i n  t e s t  A-645 (see  Append ix  B ) .  P i n c h i n g  

o f  t h e  head AP a c c e l e r o m e t e r  c a b l e  a p p a r e n t l y  caused t h e  a r t i f a c t ;  a m i n o r  

change i n  c a b l e  r o u t i n g  s o l v e d  t h e  p rob lem.  (The a r t i f a c t  was n o t  coun ted  

i n  t h e  e v a l u a t i o n  o f  HIC and s e v e r i t y  i n d e x . )  



F i g u r e  75 Mode I: Sequence P h o t o  o f  Impact 



T A B L E  10 

DATA SUMMARY: LAP- AND TORSO-BELTED T E S T S  

Head Chest  

T e s t  Dummy R e s u l t a n t  S e v e r i t y  Resul t a n  t S e v e r i t y  
No. IJo, Peak G ' s  I ndex  H I  C Peak G ' s  I n d e x  

Average 52 487 39 5 4 8 337 

S tanda rd  
D e v i a t i o n  

Average 5 0 507 41 0 49 31 0 

S tanda rd  
D e v i a t i o n  



i i o te :  T e s t  A-647 was an a t t e m p t  t o  e v a l u a t e  an Ogle/MIRA 50 th  - 
p e r c e n t i l e  male dummy i n  t h e  1  a p / t o r s o  be1 t e d  c o n f i g u r a t i o n .  The head 

o f  t he  d u m y  came l o o s e  a t  impact ,  however, and no u s e f u l  head da ta  was 

ob ta ined ,  a l t i l ough  head and ches t  acce lerometer  t r a c e s  a re  i n c l u d e d  i n  t h e  

r e p o r t .  No a t t e m p t  was made t o  r e - r u n  t h e  t e s t .  

Re fe r  t o  Tab les  9 and 10 and t o  Appendix B f o r  d a t a  sumnaries 

and acce lerometer  t r a c e s ,  r e s p e c t i v e l y  , f o r  t e s t s  A-641 th rough  A-647. 

10.3.1.2 Dummy # 2  Performance: Lap- and Torso B e l t e d  Impact  Tes ts  A-672- 

A-677. 

a R e s u l t a n t  Peak Head A c c e l e r a t i o n :  

Mean = 50 G Range = 47 - 53 G a = 2.2 

Head S e v e r i t y  I t idex:  

Mean = 507 Range = 470 - 530 a = 22.9 

HIC: 

Mean = 413 Range = 39; - 418 a = 6.4 

R e s u l t a n t  Peak Chest A c c e l e r a t i o n :  

Mean = 50 G Range = 33 - 69 G a = 10.7 

Chest S e v e r i t y  Index:  

Mean = 297 Range 220 - 320 a = 53.1 

See F i g u r e  61 f o r  t y p i c a l  p r e - t e s t  dummy geometry. 

Except  f o r  m ino r  re f i nemen ts  i n  procedure  based on t h e  exper ience  

ga ined  f r o m  t e s t s  A-641 - A-646, t h i s  s e r i e s  was conducted i n  t h e  same 

manner as t h e  f i r s t  l a p / t o r s o  b e l t e d  t e s t s .  Chest acce lerometers  f o r  t h i s  

s e r i e s  were S e t r a  Model I l l ' s  (changed a f t e r  t e s t  A-654 as n o t e d  i n  t h e  n e x t  

s e c t i o n ) .  A  new t o r s o  b e l t  ( b u c k l e  end o n l y )  was i n s t a l l e d  f o r  t e s t  A-673; 

t h e  t i g h t n e s s  t o  wh ich  t i l e  new b e l t  was c inched  down, and p o s s i b l e  v a r i a t i o n  



i n  b e l t  pat11 a c r o s s  t h e  dummy's c i l e s t ,  nlay e x p l a i n  t i l e  s l i g h t l y  l o w e r  c h e s t  

a c c e l e r a t i o n s  n o t e d  f o r  t e s t s  A-673 t h r o u g h  A-677. I io ma1 f u n c t i o n s  o r  damage 

t o  s l e d ,  dummy o r  d a t a  a c q u i s i t i o n  sys tem o c c u r r e d .  

R e f e r  t o  T a b l e s  9  and 10 and t o  Append ix  B, f o r  d a t a  summaries and 

a c c e l e r o m e t e r  t r a c e s ,  r e s p e c t i v e l y ,  f o r  t e s t s  A-672 t h r o u g h  A-677. 

10.3.2 Mode I 1  T e s t  R e s u l t s  

10.3.2.1 Dummy # 1  Per fo rmance :  P r e - i n f l a t e d  A i  r b a g  Impac t  T e s t s  A-648- 

A- 653. 

R e s u l t a n t  Peak Head A c c e l e r a t i o n :  

Mean = 69 G Range = 67 - 72 G a = 2.3 

Head S e v e r i t y  I n d e x :  

Mean = 603  Range = 540 - 660 0 = 41.1 

I I IC:  

M e a n = 4 9 4  R a n g e = 4 4 0 - 5 1 8  a z 2 5 . 2  

R e s u l t a n t  Peak Ches t  A c c e l e r a t i o n :  

Mean = 55 G Range = 51 - 60 G a = 3.3 

Ches t  S e v e r i t y  I n d e x :  

Mean = 433 Range = 340 - 520 (1 = 62.6 

See F i g u r e  63-65 f o r  t y p i c a l  p r e - t e s t  dummy geometry .  

T i l i s  was t h e  f i r s t  t e s t  s e r i e s  w i t h  t h e  M a v e r i c k  body buck  i n s t a l l e d  on 

t h e  s l e d ,  and  due t o  t h e  somewhat " t r i a l  - and - e r r o r "  n a t u r e  o f  s l e d  

a c c e l e r a t o r  a d j u s t m e n t s  r e q u i r e d  when s l e d  p a y l o a d  changes, s l e d  v e l o c i t y  

on t h e  f i r s t  two  r u n s  was abou t  13% l o w e r  t h a n  d e s i r e d  (26 .5  and  26.2 

mph i n s t e a d  o f  t h e  d e s i r e d  30  mph). 4 

Ct iest  a c c e l e r o m e t e r  pe r f o rmance  was e r r a t i c  i n  t e s t s  A-653 and  A-654; 

c h e s t  LR a c c e l e r a t i o n  was n o t  r eco rded .  When c h e s t  a c c e l e r o m e t e r s  were 

i n s t a l l e d  i n  dummy # 2 f o r  t e s t s  A-655 - 659 ( s e e  b e l o w ) ,  t h e  e r r a t i c  S e t r a  



Model 1 1 3 ' s  were rep laced  w i t h  Model I l l ' s .  The problem i n  t e s t s  A-653 

and A-G54 was t r a c e d  t o  a c a b l e ( s )  p inched between dummy sp ine and t o r s o  

s k i n  d u r i n g  rebound i n t o  the  seat .  The cab les  o f  t h e  replacement acce lerometers  

were r e r o u t e d  f o r  t e s t s  A-655 and a l l  t h a t  fo l lowed.  

Some f o r w a r d  s h i f t i n g  o f  t h e  .seat  on i t s  t r a c k s  was no ted  i n  t e s t s  

A-648 - A-653, b u t  t h e  sea t  s h i f t  d i d  n o t  a f f e c t  dummy k inemat i cs  o r  

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

The a i r b a g  b lowou t -po r t  suppor t  panel  f u n c t i o n e d  w i t h o u t  i n c i d e n t  

f o r  a1 1  t e s t s  (A-648 through A-659), m a i n t a i n i n g  bag pressure  b e f o r e  impact  

b u t  a l l o w i n g  bag blow-down as t h e  dummy loaded t h e  bag. Movies and 

Graph-Check photos  show c o n s i s t e n t  dummy k inemat i cs  f o r  a l l  twe lve  a i r b a g  

t e s t s .  

Refer  t o  Tables 9 and 11, and t o  Appendix B, f o r  da ta  summaries 

and acce lerometer  t races ,  r e s p e c t i v e l y ,  f o r  t e s t s  A-648 th rough  A-653. 

10.3.2.2 Dummy # 2  Performance: P r e i n f  l a t e d  A i rbag  Impact Tests  A-654- 

A- 659. 

R e s u l t a n t  Peak Head A c c e l e r a t i o n :  

Mean = 72 G Range = 70 - 75 G o = 1.9 

Head S e v e r i t y  Index:  

Mean = 665 Range = 590 - 710 a = 41.2 

HIC: 

Mean = 517 Range = 484 - 540 a = 18.3 

R e s u l t a n t  Peak Chest A c c e l e r a t i o n :  

Mean 54 G Range 47 - 66 G a = 6.3 

Chest S e v e r i t y  Index:  

Mean = 422 Range = 380 = 550 u = 58.7 



Figure 76 Mode 11: Sequence Photo of Impact 





TABLE 11 

DATA SUMMARY : PRE- INFLATED A 1  RBAG TESTS 

- 

Head Ches t  

T e s t  Dummy R e s u l t a n t  S e v e r i t y  R e s u l t a n t  S e v e r i t y  
No. t4o. Peak G ' s  I n d e x  H I  C Peak G ' s  I n d e x  

Average 69 603 494 5 5 433 

S t a n d a r d  
D e v i a t i o n  2.3 41 .I 25.2 3.3 62.6 

Average 72 665 51 7 5 4 422 

S t a n d a r d  
D e v i a t i o n  1.9 41.2 18.3 5.3 58.7 



See F i g u r e s  63-65 f o r  t y p i c a l  p r e - t e s t  dummy geometry. 

C o n t i n u a t i o n  o f  t h e  a i r b a g  t e s t  s e r i e s  w i t h  dummy # 2 was u n e v e n t f u l ,  

w i t h  t h e  e x c e p t i o n  of t h e  c h e s t  acce le romete r  p rob lem i n  t e s t  A-654 (and 

t h e  subsequent  s o l u t i o n  f o r  A-655 - A-659) t h a t  was n o t e d  e a r l i e r .  I t  

s h o u l d  be n o t e d  t h a t  t h e  l o s s  o f  t h e  c h e s t  LR a c c e l e r a t i o n  t r a c e  f o r  A-656 

was due t o  an a m p l i f i e r  hook-up e r r o r  f o l l o w i n g  c a l i b r a t i o n ,  n o t  t o  acce le romete r  

m a l f u n c t i o n  o r  c a b l e  p i n c h i n g .  

Problems w i t h  s l e d  v e l o c i t y  and s e a t  s h i f t  d u r i n g  t e s t s  A-648 - A-653 

were c o r r e c t e d  f o r  t h i s  s e r i e s .  Again, dummy k i n e m a t i c s  were ve ry  r e p e a t a b l e  

as i n d i c a t e d  by movie a n a l y s i s ,  and head lches t  a c c e l e r a t i o n  d a t a  f o r  t h e  

two a i r b a g  s e r i e s  compare q u i t e  f a v o r a b l y  i n  terms o f  r e p e a t a b i l i t y .  

R e f e r  t o  Tab1 es 9 and 11, and t o  Appendix B, f o r  d a t a  summaries and 

acce le romete r  t r a c e s ,  r e s p e c t i v e l y  , f o r  t e s t s  A-654 - A-659. 

10.3.3 Mode I 1 1  T e s t  R e s u l t s  

10.3.3.1 Dummy # 1 Performance: DashIWindsh ie ld  Impact  Tes ts  A-667- 

A-671. 

R e s u l t a n t  Peak Head A c c e l e r a t i o n :  

Mean = 219 G Range = 208 - 232 G a = 8.9 

Head S e v e r i t y  Index:  

Mean = 3260 Range = 3000 - 3600 0 = 233.8 

HIC: 

Mean = 1818 Range = 1700 - 1920 a = 77.0 

R e s u l t a n t  Peak Chest Acce le ra t ' on :  

Mean = 130 G Range = 1 0 4 -  146 G 0 = 14.0 

i n e s t  S e v e r i t y  Index:  

Mean = 1064 Range = 840 - 1220 a = 129.8 



Figure 78 Mode 111: Sequence P h o t o  o f  Impact 





TABLE 12 

DATA SUMMARY: DASHIWI NDSHI ELD IPIPACT TESTS 

Head Ches t  

T e s t  Dummy R e s u l t a n t  S e v e r i t y  R e s u l t a n t  S e v e r i t y  
No. No . Peak G ' s  I ndex  H I  C Peak G ' s  I ndex  

Average 21 9 3260 1815 130 1064 

Standard  
D e v i a t i o n  8.9 233.8 77.0 14.0 129.8 

Average 241 3367 1875 127 1113 

S tanda rd  
D e v i a t i o n  22.9 349.9 117.1 13.7 132.9 



See F igu res  68-71 f o r  t y p i c a l  p r e - t e s t  and p o s t - t e s t  dummy geometry. 

Dash lw indsh ie ld  impact  t e s t s  were t h e  most p h y s i c a l l y  p u n i s h i n g  t e s t s  

of t h e  H S R I  dummies, and y e t  damage was v i r t u a l l y  i n s i g n i f i c a n t .  F i g u r e  71 

shows t h e  e x t e n t  o f  damage t o  t h e  head of dummy # 2 a f t e r  s i x  such impacts .  

The o n l y  o t h e r  damage was t o  t h e  l e f t  hand o f  dummy k 1, which was b a d l y  

t o r n  and t w i s t e d  due t o  dashboard impact ;  t h e  w r i s t  j o i n t  s u f f e r e d  no damage, 

o n l y  t h e  " f l e s h "  o f  t h e  hand. 

Head and c h e s t  a c c e l e r a t i o n s  were h i g h e r  i n  these d a s h l w i n d s h i e l d  t e s t s  

t han  i n  any o f  t h e  o t h e r  t h r e e  t e s t  modes. (Note t h e  s c a l e  f a c t o r s  on t h e  

a p p l i c a b l e  x c e l e r o m e t e r  t r a c e s  i n  Appendix B.)  A l though i t  was expected 

t h a t  t i l e  d e s t r u c t i v e  n a t u r e  o f  these t e s t s  -- w i n d s h i e l d  f r a c t u r e ,  dash 

c o l l a p s e  -- would comp l i ca te  a t temp ts  t o  ach ieve repea tab i  li ty, comparison 

o f  t e s t - t o -  t e s t  (A-667-671 ) and s e r i e s - t o - s e r i  es (A-667-671 t o  A-661-666) 

shows good agreement o f  a c c e l e r a t i o n  da ta  and k inemat i cs .  The s p e c i a l l y -  

designed quick-changeover w i n d s h i e l d  frame, p l u s  c a r e f u l  a t t e n t i o n  t o  dash 

and knee-catcher  i n s t a l l a t i o n  (see F igu res  67 and 68) he lped reduce t e s t  s e t -  

up v a r i a t i o n .  

An i n s t r u m e n t a t i o n  prob lem t h a t  was n o t  apparent  d u r i n g  t h e  t e s t s  

e x p l a i n s  t h e  l o s s  o f  ches t  LR a c c e l e r a t i o n  data  f o r  A-669 th rough  A-672 

i n c l u s i v e ,  One channel o f  t h e  FM magnet ic  t ape  r e c o r d e r  t h a t  reco rds  a l l  

acce le romete r  da ta  a t  impact  was n o t  f u n c t i o n i n g  f o r  these t e s t s ;  i t  was 

n o t  u n t i l  t h e  tape  was l a t e r  p l a y e d  o u t  f o r  a n a l y s i s  t h a t  t h e  m a l f u n c t i o n  

was d i scove red .  (An o s c i l l o g r a p h  t r a c e  o f  c h e s t  LR a c c e l e r a t i o n  was 

reco rded  f o r  t hese  t e s t s ,  b u t  no permanent t ape  r e c o r d  was made.) 

P r e - t e s t  damage t o  one w i n d s h i e l d  caused c a n c e l l a t i o n  o f  one o f  t h e  

s i x  scheduled t e s t s .  A replacement c o u l d  n o t  be o b t a i n e d  i n  t ime  t o  r e - r u n  

t h e  t e s t .  



R e f e r  t o  Tables 9 and 12, and t o  Appendix B, f o r  da ta  summaries and 

acce lerometer  t races ,  r e s p e c t i v e l y ,  f o r  t e s t s  A-667-A-671. 

10.3.3.2 Dummy # 2  Performance: Dash/Windshield Impact  Tests A-661- 

A- 666. 

R e s u l t a n t  Peak Head A c c e l e r a t i o n :  

Mean = 241 G Range = 200 - 264 G a = 22.9 

Head S e v e r i t y  Index:  

Mean = 3367 Range = 2700 - 3800 a = 349.9 

HIC: 

Mean = 1875 Range = 1650 - 2030 a = 117.1 

R e s u l t a n t  Peak Chest A c c e l e r a t i o n :  

M e a n = 1 2 7 G  R a n g e = 1 1 2 - 1 4 8 G  a = 1 3 . 7  

Chest S e v e r i t y  Index:  

Mean=  1113 Range=  1 0 0 0 -  1400 a =  132.9 

See F i g u r e s  68-71 f o r  t y p i c a l  p r e - t e s t  and p o s t - t e s t  dummy geometry. 

ldote: Tes t  A-660 was t h e  f i r s t  s l e d  r u n  i n  t h i s  t w e l v e - t e s t  dash/ 

w i n d s h i e l d  s e r i e s ,  b u t  misjudgment of dummy k inemat i cs  made t h e  t e s t  i n v a l i d .  

The dummy was l a p - b e l t e d  i n  p o s i t i o n  and d u r i n g  impact  s t r u c k  t h e  dash b u t  

n o t  t h e  w i n d s h i e l d .  Fo r  t e s t s  A-662-A-671 i n c l u s i v e ,  a  n o n - r e s t r a i n i n g  h i p  

t e t h e r  was used i n s t e a d  o f  a  s e a t  b e l t ;  dash /w indsh ie ld  c o n t a c t  was accep tab le  

and q u i t e  repea tab le .  

F o l l o w i n g  t e s t  A-662, b o t h  l e f t  and r i g h t  c l a v i c l e s  (aluminum " c o l l a r -  

bones" )  were found t o  be loose.  Each i s  mounted on t h e  f r o n t  o f  i t s  

r e s p e c t i v e  shou lde r  assembly w i t h  two b o l t s ,  and on b o t h  s ides ,  b o t h  b o l t s  

had loosened 1 112 t o  2 t u r n s ,  a l l o w i n g  t h e  c l a v i c l e s  t o  r a t t l e .  A l l  b o l t s  

were t i g h t e n e d ,  and d i d  n o t  loosen i n  any l a t e r  t e s t s  w i t h  dummy # 2. I t  

i s  suspected t h a t  t h e  b o l t s  were i n s t a l l e d  b u t  n o t  t i g h t e n e d  d u r i n g  dummy 



p r e p a r a t i o n  f o r  t e s t  A-654. The " s o f t e r "  a i r b a g  impacts o f  A-654 - A-659 

d i d  n o t  l oosen  t h e  b o l t s ,  b u t  t he  f i r s t  t h r e e  d a s h l w i n d s h i e l d  impacts o f  

A-660 - A-662 d id .  There was no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  t e s t  

w i t h  t h e  loosened c l a v i c l e s  and the  t e s t s  w i t h  t h e  c l a v i c l e s  ti ghtened. 

For  A-663 an a t tempt  was made t o  produce a  more " repea tab le "  s e a t  

s u r f a c e ,  by  p l a c i n g  a  22" wide by 50" l o n g  sheet  of  T e f l o n  ove r  seat-back 

and seat-pan cushions.  The s l i p p e r y  s u r f a c e  c r e a t e d  problems i n  m a i n t a i n i n g  

dummy pre- impact  p o s i t i o n ,  and m o d i f i e d  dummy mot ion  d u r i n g  rebound i n t o  t h e  

seat .  F o r  these reasons, i t  was n o t  used i n  any o t h e r  t e s t s .  

A l though o s c i l l o g r a p h  t r a c e s  o f  ches t  LR a c c e l e r a t i o n  were recorded f o r  

t e s t s  A-662, A-665 and A-666, a  m a l f u n c t i o n  o f  one i n p u t  r e c o r d  channel on 

t h e  magnet ic  tape r e c o r d e r  r e s u l t e d  i n  l o s s  o f  t h i s  data  on t h e  permanent 

tape record .  The f a i  1  u r e  i s  n o t  apparent  d u r i n g  a  t e s t ,  b u t  o n l y  when t h e  

tape i s  p l a y e d  back l a t e r  f o r  da ta  a n a l y s i s .  (See t h e  a p p l i c a b l e  data  sheets  

i n  Appendix B. ) 

Re fe r  t o  Tables 9  and 12, and t o  Appendix B, f o r  da ta  summaries and 

acce lerometer  t r a c e s ,  r e s p e c t i  ve l y ,  f o r  t e s t s  A-661 - A-666. 

10.3.4 Mode I V  Tes t  Resu l t s  

10.3.4.1 Dummy # 1  Performance: S t e e r i n g  Wheel Impact  Tests  A-684 - 
A-689. 

R e s u l t a n t  Peak Head A c c e l e r a t i o n :  

Mean = 115 G Range = 100 - 130 G a = 9.9 

Head S e v e r i t y  Index:  

Mean = 1807 Range = 1540 - 2020 a = 175.9 

H I C :  

Mean = 1439 Range = 1320 - 1561 u = 86.8 



Figure 80 Mode IV: Sequence Photo  o f  Impact  



TABLE 13 

DATA SUMMARY : STEERING WHEEL IMPACT TESTS 

Head Chest  

T e s t  Dummy R e s u l t a n t  S e v e r i t y  R e s u l t a n t  S e v e r i t y  
No. No, Peak G ' s  I n d e x  H I C  Peak G ' s  I n d e x  

Average 115 1807 1439 44 257 

Standard  
D e v i a t i o n  9.9 175.9 86.8 2.8 13.8 

-- - -- 

Average 115 1773 1456 4 5 280 

S tanda rd  
D e v i a t i o n  11 - 4  139.3 63.4 6.2 43.4 



R e s u l t a n t  Peak Chest A c c e l e r a t i o n :  

Mean = 44 G Range = 38 - 48 G a = 2.8 

Chest S e v e r i t y  I ndex :  

Nean = 257 Range = 240 - 280 n = 13.8 

See F i g u r e s  73 and 74 f o r  t y p i c a l  p r e - t e s t  and p o s t - t e s t  dumny geometry. 

Mode I V  t e s t s  on dummy # 1 f o l l o w e d  t h e  s i x  Mode I V  t e s t s  on dummy # 2, 

so f o r  A-684 - A-689, t e s t  p rocedures  and equipment rep lacement  t echn iques  were 

we1 1 e s t a b l i s h e d .  F i g u r e  72 shows s t e e r i n g - c o l  umn and "head-catcher "  pad 

i n s t a l l a t i o n s .  The l a t t e r  was used f o r  a l l  s t e e r i n g  column impact  t e s t s  

a f t e r  A-678, i n  wh ich  t e s t  t h e  head of dummy # 2  f l e x e d  f o r w a r d  o v e r  t h e  

s t e e r i n g  wheel and s t r u c k  t h e  column s u p p o r t  s t r u c t u r e .  (Note  t h e  s p i k e  i n  

t h e  head a c c e l e r a t i o n  t r a c e s  f o r  t e s t  A-678 i n  Appendix 8 .  ) 

S t e e r i n g  column c o l l a p s e  ranged f rom a  maximum o f  4.7 i nches  (A-684) 

t o  a  minimum o f  3.8 i nches  (A-689); average c o l l a p s e  was 4.2 i nches .  

A1 though no e x a c t  measure o f  s tee r i ng -whee l  r i m  d e f o r m a t i o n  was taken,  

t h e  r i m s  i n  a l l  t e s t s  d i d  de form i n  t h e  same manner and t o  a p p r o x i m a t e l y  t h e  

same e x t e n t  as t h e  r i m  shown i n  F i g u r e  74. 

Re fe r  t o  Tab les  9  and 13, and t o  Appendix B, f o r  da ta  summaries and 

acce le romete r  t r a c e s ,  r e s p e c t i v e l y ,  f o r  t e s t s  A-684 - A-689. 

10.3.4.2 Dummy # 2 Performance:  S t e e r i n g  Wheel Impact  T e s t s  A-678- 

A- 683. 

R e s u l t a n t  Peak Head A c c e l e r a t i o n :  

Mean = 115 G Range = 96 - 130 G a = 11.4 

Head S e v e r i t y  Index:  

Mean = 1773 Range = 1640 - 2000 a = 139.3 



H I C :  

Mean = 1456 Range = 1396 - 1580 a = 63.4 

Resultant Peak Chest Acceleration: 

Mean = 45 G Range = 38 - 56 G a = 6.2 

Chest Severity Index: 

Mean = 280 Range = 220 - 340 o = 43.4 

See Figures 73 and 74 fo r  typical pre- tes t  and post- test  dummy 

geometry. 

The f i r s t  s i x  steering-wheel impact t e s t s  were run with dummy # 2 ,  

and the resu l t s  of the f i r s t  t e s t  uncovered a minor problem. Despite a 

lap be l t ,  the dummy moved f a r  enough upward and forward t o  allow the 

head t o  f l ex  over the wheel rim and to s t r i ke  the column support s t ructure .  

The solution was the ins ta l l a t ion  of the balsa/styrofoam "head catcher" 

pad shown in Figures 72 - 74. The purpose of the pad was t o  provide a 

repeatable contact surface for  the head, and t o  protect the head from 

sharp edges and protrusions on the column support s t ructure .  

Steering column collapse fo r  the s i x  t e s t s  ranged from a maximum 

of 4.4 inches (A-679 and A-681) t o  a minimum of 3.8 inches (A-682); 

average collapse was 4.2 inches. No quanti tat ive measure of rim damage 

was made, b u t  a l l  deformed in similar  fashion t o  the rim shown in Figure 74. 

Following t e s t s  A-679, data recording was switched t o  the Consolidated 

Electronics Corp. magnetic tape recorder, due t o  pers is tent  problems with 

one record channel on the Honeywell recorder. The switchover caused no 

complications, and a l l  data fo r  t e s t s  A-680 - A-689 were recorded with the 

C E C  uni t .  

Refer t o  Tables 9 and 13, and to Appendix B,  for  data summaries and 

accelerometer t races ,  respectively, f o r  t e s t s  A-678 - A-683. 



11.0 MAINTENANCE MANUAL 

11.1 I n t r o d u c t i o n  

The HSRI Crash Tes t  Device i s  designed t o  assure  r e p e a t a b i l i t y  and 

r e p r o d u c i b i l i t y  o f  t e s t  r e s u l t s .  For  t h i s  reason t h e r e  a re  no adjustments 

r e q u i  red ,  

I n  a d d i t i o n ,  a1 1  i n s t r u m e n t a t i o n  l o c a t i o n s  a r e  e a s i l y  a c c e s s i b l e .  

However, i n  case t h e  r e s u l t s  o f  a  p a r t i c u l a r  t e s t  a r e  d o u b t f u l ,  t h e  t e s t  

dev ice  shou ld  be taken a p a r t  and a l l  p a r t s  shou ld  be i n s p e c t e d  f o r  damage. 

Due t o  t h e  v e r y  demanding envi ronment,  i t  i s  recommended t h a t  p e r i o d i c a l l y  

a l l  screws and b e l t s  shou ld  be checked f o r  t i g h t n e s s .  T h i s  i s  a  s imple  

procedure,  once t h e  c o v e r i n g  i s  opened. 

I t  i s  ou r  i n t e n t  t h a t  based on f u r t h e r  exper ience,  t o  be ga ined 

d u r i n g  t h e  coming year ,  we w i l l  recommend more s p e c i f i c  maintenance 

procedures.  

I n  t h e  mean t i m e  we suggest p e r i o d i c  t o t a l  d isassembly and i n s p e c t i o n  

o f  t h e  HSRI Crash Tes t  Device. 

T h i s  p o r t i o n  o f  t h e  r e p o r t  i s  i n tended  t o  g i v e  genera l  g u i d e l i n e s  t o  

t h e  user ,  when he wants t o  d i sman t le  and reassemble t h e  Crash T e s t  Device 

f o r  any o f  t h e  above reasons. 

11.2 I n s t r u m e n t  Mounting 

S p e c i f i c  p r o v i s i o n s  f o r  i n s t r u m e n t a t i o n  a r e  i n  t h e  head, ches t  and upper 

l e g s .  

11.2.1 Head 

The opening (see F i g u r e  3 4 )  i n  t h e  r e a r  o f  t h e  head p r o v i d e s  easy 

access t o  mount e i t h e r  an Etidevco Model 7267-C-750 t r i a x i a l  acce lerometer  

o r  a  Se t ra  Model 113 modular  t r i a x i a l  acce lerometer .  



To mount t h e  Endevco T r i a x  use two of t h e  f o u r  # lo -32  tapped ho les,  

l o c a t e d  c e n t r a l l y  i n  t h e  mounting surface area o f  t h e  head (.780 i n .  a p a r t ) .  

For re fe rence  see HSRI Drawing number 101-675. 

To mount t h e  Set ra  T r i a x ,  f i r s t  assemble t h e  modular u n i t s  i n t o  

mounting b racke t  (HSRI Drawing number 101-727) us ing  4 86-32 x 1.25 i n .  

l ong  socket  head cap screws. Then mount P I N  101-727 us ing  4 810-32 x  2.0 

i n .  long socket  head cap screws i n t o  t h e  a p p r o p r i a t e  threaded ho les p rov ided  

i n  t h e  head. (See HSRI Drawing number 101-675). - Note: There i s  no room f o r  

screws w i t h  l a r g e r  heads. 

11.2.2 Chest 

The chest  i n s t r u m e n t a t i o n  area can be reached f rom t h e  back o f  t h e  crash 

t e s t  dev ice.  The recommended procedure i s  as f o l l o w s :  

Open r e a r  z i p p e r  o f  s u i t .  Remove t h e  4 # lo-32 x  1  3/8 l o n g  screws 

h o l d i n g  t h e  shoulder  pad (b lue  urethane) t o  t h e  sp ine.  

F o l d i n g  away t h e  f l e x i b l e  f l a p  of t h e  shoulder  pad exposes t h e  sp ine 

s t r u c t u r e  as shown i n  F igu re  49. 

Note t h a t  t h e  t h o r a c i c  sp ine c o n s i s t s  o f  3  ( t h r e e )  s t e e l  boxes i n t e r -  

connected through rubber  dampener d i s c s  w i t h  threaded connect ing p i n s  

(PIN 100-998-1). See Drawing number 101-729. 

Using a  s tandard 1  i n c h  box wrench, reach i n t o  t h e  t o p  box ( P / l  

100-990 and unscrew t h e  t o p  connect ing p i n  (100-998-1 ) .  Then remove, 

through the  r e a r  opening o f  t h e  second box (P/N 101-630) t h e  ins t rument  

mounting p l a t e  (PIN 101-625 t o  mount Endevco t r i a x  o r  P1i.l 101-723 t o  

mount Se t ra  t r i a x ) .  

Note: When reassembl ing ins t rument  mounting p l a t e  make sure t h a t  - 
the connect ing p i n  (PIN 100-998-1) i s  t i g h t e n e d  u n t i l  a  s o l i d  s top  i s  

reached. 



11.2.3 Upper Leg 

Both upper legs a r e  provided with a femur load-cell  blank ( P I N  101-746) 

which can be e a s i l y  replaced with ac tua l  load c e l l s .  Each of P I N  101-746 

a r e  locked in  place using "Adjusto-Fit Blind Bolts.  (Adjustable Bushing 

- 005 Corp. P I N  ABC 5926) Note: These special  bo l t s  require  ,500 k:OOO dia  

holes in the  load c e l l .  

The femur load c e l l  i s  located d i r e c t l y  behind the knee j o i n t .  

One of the spec ia l  bo l t s  i s  located in the  blue knee cap, the  o ther  i n  the 

upper leg.  Access holes a r e  provided a t  both loca t ions .  (See Figure 81 f o r  

l oca t ions ) .  

To remove load c e l l  use a  long box wrench t o  loosen n u t ,  while 

holding the bo l t  with an a l l e n  hex wrench. 

Note: do not remove n u t  completely. When n u t  i s  loose,  t a p  b o l t  

l i g h t l y  t o  r e l ea se  gripping r ings then pull  o r  push out b o l t  assembly. 

When i n s t a l l i n g  load c e l l ,  l i n e  up  through holes in  mating p a r t s .  

Then push the  special  bo l t s  in a s  f a r  as n u t  and washer w i l l  allow. To 

properly t igh ten  Adjusto-Fit Blind Eol t s ,  place a l l e n  hex wrench in recess  

t o  hold inner  bo l t  from ro t a t ing  and use a  long box wrench t o  torque n u t .  

As soon as the  bushing segments begin t o  g r ip  bore and inner  b o l t ,  hex wrench 

can be removed t o  accomodate a  torque wrench. 

Note: Wrenchings of bo l t  with hex wrench may r e s u l t  in breaking out  

hex recess .  Bolt should be t ightened t o  a torque value of 450 in- lbs .  

11.3 Assembly Procedure 

11.3.1 Head 

The head i t s e l f  cannot be taken a p a r t ,  s ince  a s  e a r l i e r  explained,  

instrumentation i s  access ib le  from the  outs ide .  The head t o  neck i n t e r f a c e  

i s  by means of 4 5/16-18 x 1 3/8 long f l a t  socket head cap screws. 



11.3.2 Neck 

The neck assembly (see H S R I  Drawing No. 101-674) i s  connected t o  t h e  

t o r s o  a t  the  neck adaptor  (PIN 100-989) w i t h  4 1/4-28 x  3 / 4  i n c h  l o n g  

socket  head cap screws, 

The neck assembly i t s e l f  can be disassembled by removing t h e  114 

i n c h  d iameter  s p i r o l  p i n s  ( 4  p l a c e s ) .  - Note: To re lease  shear l o a d  on 

p i n s ,  p u t  t h e  whole neck assembly under compression w h i l e  removing o r  

i n s t a l  l i n g  s p i r o l  p ins .  

11.3.3 Cover ing 

The whole c rash  t e s t  dev ice  i s  covered w i t h  a  one-piece s t r e t c h  

s u i t .  I n  a d d i t i o n ,  under t h e  s t r e t c h  s u i t ,  t h e  p e l v i c  r e g i o n  i s  covered 

w i t h  a  v i n y l  l a y e r .  T h i s  v i n y l  l a y e r  has a z i p p e r  i n  t h e  back. Wi th  

t h e  z i p p e r  open, t h e  p e l v i c  r e g i o n  c o v e r i n g  can be p u l l e d  o f f  o r  p u t  on as 

a  p a i r  of pants .  

Fo r  easy access t o  any p a r t  of t h e  device,  z i p p e r s  a r e  p r o v i d e d  i n  

t h e  f o l l o w i n s  areas o f  t h e  s t r e t c h  s u i t :  

A c l o s e d  ended z i p p e r  i n  t h e  back f r o m  t h e  b u t t o c k s  t o  the  neck. 

I n  t h e  f r o n t ,  t h e  whole chest  area o f  t h e  dev ice  can be exposed by 

opening t h e  z ippered  f l a p .  

On each s i d e  an open ended z i p p e r  i s  l oca ted .  These z i p p e r s  s t a r t  

a t  t he  w r i s t ,  f o l l o w i n g  t h e  unders ide o f  t h e  f u l l  l e n g t h  o f  t h e  arm, 

con t inue  down t h e  s i d e  of t h e  t o r s o  and a long  t h e  o u t s i d e  o f  t h e  l e g s  

end ing a t  t h e  ank le .  

F i n a l l y  t h e r e  i s  an open ended z i p p e r  runn ing  f rom one ank le  up a long  

t h e  i n s i d e  s u r f a c e  o f  one leg ,  a long  t h e  c r o t c h  and down t h e  i n s i d e  s u r f a c e  

o f  t h e  o t h e r  l e g  t o  t h e  ank le .  



11.3.4 Arm Assembly 

The arm assembly c o n s i s t s  o f  t h e  upper arm, elbow assembly, fo rearm 

and t h e  hand. Each arm assembly i s  connected t o  t h e  t o r s o  w i t h  t h r e e  

5/16-18 x 2 112 i n c h  l o n g  f l a t ,  socket  head screws (See F i g u r e  82) .  These 

b o l t s  can be reached, a f t e r  c o v e r i n g  i s  p r o p e r l y  opened, by l i f t i n g  t h e  

shou lder  pad. When removing arm assembly h o l d  o n t o  t h e  clamp (P/N 100- 

979) t o  p r e v e n t  i t  f rom d ropp ing  i n t o  t h e  ches t  c a v i t y .  

11.3.4.1 The upper arm can be separa ted f r o m  t h e  shou lde r  p l a t e  assembly 

by removing, on t h e  unders ide  o f  t h e  shou lde r  p l a t e ,  i t ems  6, 7, 8 and 

9 o f  F i g u r e  52  and p u l l i n g  shou lder  p l a t e  o f f  t h e  j o i n t  s h a f t .  The complete 

shou lde r  j o i n t  separa tes  f r o m  t h e  upper arm by knock ing  o u t  t h e  1 /4  x 2 inches 

l o n g  r o l l  p i n ,  l o c a t e d  about  2 1 /2  i nches  below t h e  shou lde r  j o i n t ,  a long 

t h e  upper arm. ( J o i n t  assembly procedures a re  covered i n  a separa te  s e c t i o n . )  

The elbow assembly s l i p s  o u t  o f  t h e  upper arm a f t e r  removal o f  t h e  two 

1/4-28 x 112 i n c h  l o n g  cap screws, l o c a t e d  near  t h e  upper arm - elbow assembly 

i n t e r f a c e .  

11.3.4.2 Elbow Assembly - The elbow i s  p inned t o  t h e  fo rearm w i t h  a 1!4 

i n c h  d iameter  p i n .  A f t e r  t h e  elbow p i v o t  i s  separa ted f rom t h e  forearm, and 

t h e  components cor respond ing t o  i t e m  numbers 6, 7, 8 and 9 o f  F i g u r e  52 

a re  removed f rom b o t h  s i d e s  o f  t h e  elbow j o i n t ,  t h e  c a s t  elbow c o v e r i n g  

can be removed by push ing  t h e  elbow p i v o t  ( P / N  101-637 th rough  t h e  s l o t  

and p u l l i n g  t he  elbow j o i n t  assembly th rough  t h e  l a r g e  opening o f  the  

c a s t  elbow ( P I N  101-714). 
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11.3.4.3 Forearm - The forearm t o  elbow connection i s  described in section 

3.4.2. The wrist jo in t  and hand i s  connected with a 1/4 inch pin t o  the 

forearm. 

11.3.4.4 Hand - The hand can be separated from the wrist  joint  by dis-  

mantling the jo int .  The joint  assembly procedure i s  described in a 

separate section. 

11.3.5 Leg Assembly 

Each leg assembly consists of the upper leg, the load cell  (or  load 

cel l  blank), the knee assembly, the lower leg and the foot. Each leg 

assembly i s  connected t o  the pelvic region of the torso with an "Adjusto- 

F i t  Blind Bolt" specified and described in paragraph 11.2.3 of t h i s  

maintenance manual. 

11.3.5.1 Upper leg - The upper leg can be seaprated from the load-cell 

and knee assembly using the procedures out1 ined in paragraph 11.2.3.2 

of t h i s  manual. Fol low paragraph 11.2.3.3 for  reassembly procedures. 

11.3.5.2 Load ce l l  - See paragraphs 11.2.3.2 and 11.2.3.3 under instrumen- 

t a t i  o n .  

11 -3.5.3 Knee assembly - After the load cel l  (or  load cel l  blank) i s  

removed, t h i s  section can be separated from the lower leg by knocking o u t  the 

1/4 x 1 1/4 inch long rol l  pin below the knee jo in t ,  where the knee pivot 

(P/N 101-689) f i t s  into the lower leg ( P I N  101-731 ) ,  

11 -3.5.4 Lower Leg - The lower leg can further be separated from the foot 

assembly by removing the rol l  pin jus t  above the ankle jo int .  

11.3.5.5 Foot - I t  requires to ta l  disassembly of the ankle joint  in order t o  

separate the foot from the ankle jo int .  The j o i n t  assembly procedure i s  

outlined in a separate section. If desired, however, t o  keep the ankle 

jo int  in tact  and yet disconnect i t  from the foot ,  t h i s  can be accomplished 



b y  removing t h e  1 /4  i n c h  r o l l  p i n  l o c a t e d  i n  t h e  f o o t  assembly 2.08 i nches  

below t h e  a n k l e  j o i n t  c e n t e r 1  i n e  ( F o r  re fe rence  see Drawing 101-670). 

11.3.6 Torso 

The t o r s o  c o n s i s t s  of  t h e  neck adap to r  assembly ( P / N  100-988), upper  

s p i n e  assembly (PIN 101-729), c a s t  shou lde r  pad (P/N 101-747) c a s t  r i b c a g e  

assembly (PIN 101-748), t h e  c a s t  abdomen (P/N 101-749), t h e  l o w e r  s p i n e  

assembly (PIN 101-742), t h e  P e l v i s ,  t h e  h i p  j o i n t  assembly (PIN 101-704) 

and t h e  p e l v i c  r e g i o n  c o v e r i n g  and paddings.  

1 1 3 6 . 1  Neck Adaptor  Assembly - T h i s  assembly p r o v i d e s  t h e  c o n n e c t i o n  f r o m  

t h e  neck assembly (PIN 10;-674) t o  t h e  shou lde r  assembly as shown on 

Drawing number 100-975, and t o  t h e  upper s p i n e  assembly (101-729). Once 

t h e  neck assembly i s  removed as d e s c r i b e d  i n  paragraph 11.3.2, t h e  heads o f  

t h e  f o u r  ( 4 )  5/16-18 x 3  i nches  l o n g  socke t  head cap screws t h a t  h o l d  t hese  

components t o g e t h e r  becomes a c c e s s i b l e .  The ma t i ng  n u t s ,  l o c a t e d  w i t h i n  

t h e  c a v i t y  o f  PIN 100-990, below t h e  rubbe r  shock mount (100-634) and r e t a i n e r  

p l a t e  (100-992) can be reached f rom e i t h e r  t h e  f r o n t  o r  t h e  back of t h e  t e s t  

dev i ce .  l i o t e  when r e i i s s e r ~ ~ l ~ l  in ( ;  t h i s  s e c t i o n  t h d t  t h e  t o p  shou lde r  

mount (100-378) i s  d i f f e r e n t  f r o n ~  t h e  nex t  two ( 2 )  shou lder  mounts (101-737) 

i n  shape. 

11.3.6.2 Upper Spine Assembly - Drawing number 101-729 we1 1  d e s c r i b e s  t h i s  

assembly. Note t h a t  b o t h  spacer p i n s  (100-998-1) shou ld  be t i g h t e n e d  u n t i l  

t h e i r  shou lde rs  s t o p  a g a i n s t  t h e  r e t a i n e r  (101-629) o r  mount ing  p l a t e  (101- 

624) r e s p e c t i v e l y .  F o r  p r o p e r  l i n e - u p  o f  t h e  mount ing h o l e s  o f  t h e  r i b c a g e  

and t h e  r i b  mount ing  b r a c k e t s  (101-626, 101-632, 101-718) t h e  upper s p i n e  

assembly shou ld  be c o m p l e t e l y  preassembled b e f o r e  t h e  r i b c a g e  i s  mounted. 



11.3.6.3 Ribcage Assembly - The r i b c a g e  i s  mounted t o  t h e  sp ine  assembly w i t h  

24 # 10-32 b u t t o n  head, socke t  screws. These screws pass th rough  t h e  

c lea rance  h o l e s  i n  t h e  p l a s t i c  o f  t h e  r i b c a g e  and p ress  down t h e  c a s t  i n  

s p r i n g  s t e e l  r i b s  a g a i n s t  t h e  r i b -moun t i  ng b r a c k e t s .  Note t h e  l o c a t i o n  

o f  t h e  f o u r  ( 4 )  mount ing h o l e s  l e f t  open (see F i g u r e  49). These mount ing  

ho les  a r e  used t o  a t t a c h  t h e  c a s t  shou lde r  pad (PIN 101-747) t o  t h e  t o r s o ,  

u s i n g  f o u r  ( 4 )  #10-32 x 1 318 l ong  b u t t o n  head cap screws. 

11.3.6.4 Lower Spine Assembly - T h i s  assembly i s  shown on drawing number 

101-742. The components a r e  assembled t o  t h e  machined p e l v i s  (101-697). 

The p e l v i s  adap to r  p l a t e  (101-739) i s  mounted o n t o  t h e  p e l v i s  u s i n g  one 

5/8-18 socke t  head cap screw which  i s  screwed f rom t h e  unders ide  o f  t h e  

p e l v i s ,  t h rough  p a r t  number 101-740 as shown on drawing 101-742. P a r t  

101-739 c o n t a i n s  t h r e e  ( 3 )  112 d i a .  x 1 114 inches l o n g  s p i r o l  p i n s ,  p ress  

f i t t e d ,  t o  o r i e n t  t h e  lumbar s p i n e  (101-741) w i t h  r e s p e c t  t o  t h e  p e l v i s .  

The p e l v i s  adap to r  p l a t e  i s  secured i n  a d d i t i o n ,  t o  t h e  p e l v i s  top ,  u s i n g  

two ( 2 )  1/4-28 x 314 i n c h  l o n g  socket  head cap screws. 

Note: Lumbar cab le  assembly and spacer r i n g  (101-738) has t o  be assembled - 
i n t o  p a r t  101-631 b e f o r e  PIN 101-631 i t s e l f  i s  connected t o  t h e  Upper Spine 

Assembly ( 1  01 - 729). 

I t i s  recommended t h a t  t h e  lumbar s p i n e  shou ld  be compressed so as t o  

expose t h e  th readed  end o f  t h e  c a b l e  assembly t o  enab le  t h e  assembler  t o  

p u t  on t h e  7/16-70 n u t  by  hand. Once t h e  n u t  i s  th readed on f a r  enough, t h e  

c a b l e  can be h e l d  by  t h e  wrench f l a t s  f r o m  t w i s t i n g .  

11.3.6.5 H i p  J o i n t  Assembly - To separa te  t h e  h i p  j o i n t  assembl ies (101-704) 

f r o m  t h e  p e l v i s ,  r e l e a s e  and remove i t ems  6, 7, 8 and 9 o f  F i g u r e  52 on 

t h e  i n s i d e  of t h e  p e l v i s .  Now, w i t h  t h e  e x c e p t i o n  o f  t h e  h i p  j o i n t  

housing,  t h e  j o i n t  assembly can be p u l l e d  o u t  o f  t h e  p e l v i s .  Next  remove t h e  

h i p  j o i n t  housings (101-684) by un th read ing  t h e  1/4-28 x 518 l o n g  socke t  head 



cap screws h o l d i n g  i t. When assembl ing  t h e  h i p  j o i n t ,  f o l l o w  t h e  p rocedu res  

o u t l i n e d  i n  t h e  n e x t  s e c t i o n  (11 .3 .7 )wh ich  a r e  a p p l i c a b l e  t o  a l l  j o i n t s .  

However, mount t h e  h i p  j o i n t  hous ing  t o  t h e  j o i n t  b e f o r e  t h e  comp le te  assembly 

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

Note :  Do n o t  c o m p l e t e l y  t i g h t e n  t h e  b e l l e v i l l e  washer s t a c k  t h a t  w i l l  - -- 
be l o c a t e d  on t h e  i n s i d e  of  t h e  p e l v i s .  T h i s  wi  11 a l l o w  ease r o t a t i o n  

o f  t h e  h i p  j o i n t  w i t h i n  t h e  j o i n t  hous ing  i n  o r d e r  t o  p r o v i d e  access t o  

each o f  t h e  f i v e  ( 5 )  screws,  p e r  s i d e ,  a t t a c h i n g  t h e  h i p  j o i n t  t o  t h e  

p e l v i s .  

Once t h e  h o u s i n g  screws a r e  i n  p l ace ,  t h e  i n n e r  h i p  j o i n t  s t a c k  can 

be t i g h t e n e d  u n t i l  i t e m  8 o f  F i g u r e  52 i s  bo t tomed o u t .  

11.3.7 J o i n t  Assembly Procedure  

A l l  j o i n t s  c o n t a i n  b a s i c a l l y  t h e  same e lements .  See F i g u r e s  52 and 53 

t o  i d e n t i f y  t h e  components b y  t h e  c i r c l e d  numbers i n  t h e  f o l l o w i n g  d e s c r i p t i o n .  

11 -3.7.1 J o i n t  components - The p i v o t ,  1, i s  i n t e r l o c k e d  w i t h  t h e  j o i n t  p i n ,  

3, u s i n g  a  s p i r o l  p i n ,  2. The bush ings ,  5  a r e  p r e s s  f i t t e d  i n t o  t h e  c l e v i s ,  

10. The f r i c t i o n  washers, 6, a r e  mov ing  w i t h  t h e  p i v o t  w i t h  r e s p e c t  t o  

t h e  c l e v i s .  T h i s  i s  ach ieved  by  t h e  square  h o l e  i n  t h e  f r i c t i o n  washer  

i n t e r l o c k i n g  w i t h  t h e  square  ends o f  t h e  j o i n t  p i n .  The j o i n t  f r i c t i o n  i s  

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

washer  s t a c k s ,  7. The s p r i n g  compress ion  i s  c o n t r o l l e d  by t i g h t e n i n g  t h e  

f i n e  t h r e a d e d  screw,  9, u n t i l  t h e  s p r i n g  s top ,  8, bo t toms o u t  a g a i n s t  t h e  end 

s u r f a c e  o f  t h e  j o i n t  p i n ,  3. 

11 -3 .7 .2  D isassembly  - J o i n t  I n s p e c t i o n  - To i n s p e c t  a  j o i n t  f o r  damage, 

o n l y  i tems 6, 7, 8, 9 and 11 need be removed. 



11.7.3 Assembly - P a r t i a l  - I f  t h e  j o i n t  was d i sman t led  o n l y  as f a r  as 

paragraph 11.3.7.2 shows, f o l l o w  t h e  a p p r o p r i a t e  s tack  c o n f i g u r a t i o n s  o f  

F i g u r e  54 f o r  t h e  s p r i n g  washers. It i s  i m p o r t a n t  t o  p r o p e r l y  l i n e  up t h e  

b e l l e v i  l l e  s p r i n g  washers. I t  i s  t h e r e f o r e  recommended t h a t  some k i n d  o f  

f i x t u r e  shou ld  be used t o  a l i g n  t h e  s t a c k  d u r i n g  t h e  t i g h t e n i n g  process.  

Always t i g h t e n  screw u n t i l  s p r i n g  s top  i s  bot tomed ou t .  

11.3.7.4 T o t a l  Disassembly - F o r  e a s i e r  hand l ing ,  i t  i s  b e s t  t o  separa te  t h e  

complete j o i n t  f r o m  t h e  l imbs  by removing t h e  a p p r o p r i a t e  s p i r o l  p i n .  

The a p p r o p r i a t e  s p i r o l  p i n  l o c a t i o n s  were d e s c r i b e d  i n  t h e  paragraphs 

d e s c r i b i n g  l i m b  assembly procedures.  Then f o l l o w  paragraph 11.3.7.2 as 

s t e p  one. Next  remove s p i r o l  p ins ,  2  and push o u t  j o i n t  p i n ,  3. 

11 -3 .7 .5  T o t a l  Assembly - Push j o i n t  p i n ,  3, t h rough  i t ems  1, 4  and 5 ( 5  pressed 

i n t o  10) p r o p e r l y  l i n e d  up as shown i n  F i g u r e s  52 and 53. L i n e  up th rough  

h o l e s  o f  i t ems  3  and 1, t hen  p ress  s p i r o l  p i n ,  2 i n t o  p lace.  Next  assemble 

e x t e r i o r  components o f  t h e  j o i n t  as d e s c r i b e d  i n  paragraph 11.3.7.3. 
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