
Tuhaicol Report Docuwntatim Pogo 
' 

I. ~ . p . t  NO. 

UM-HSRI-77-39-3 

2. G v * r m m t  Accoaaion We. 3. Recip~mt 's  Cotoloq Ha. 

4. Tit le d Subtitle 

Whole Body Response Research Program 
Appendix B :  Raw Data 

7. A " d 1 )  

N.M.  Alem, J.B. Benson, T.A. Tann 
9.  P w h i n g  0rgmixdi .n  N-• md Adkeso 

Highway Safety Research In s t i t ue  
The University of Michigan 
Huron Parkway and Baxter Road . , m 48109 m&v N- -4 - Y W ~  

~ e n e r a l  M o t o z e a r c h  Laboratories 
GM Tech Center 
12 Mile and Mound Roads 
Warren, Michigan 48042 

15. *Ionamtry Notar 

5. R . p a r t  Dm10 

April 25, 1978 
6. P U ( M I ~  Orgmitat ia  codm 

8. Pu(Ommg Orgm~xotlon R- No. 

UM-HSRI-77-39-3 
10. WorC Untt No. (1 RAIS) 

120'3 16 
11. Contract or Grant NO. 

- - 
TIP* 01 R-t and Pariod Coverod 

Final 
7-1-73 t o  8-31-77 

14. $onsoring Agency Code 

1'6. Abshut  

The general objective of t h i s  program was to  generate data on 
the kinematics and response of human surrogates i n  a  r e a l i s t i c  automobile 
impact environment. The program used a t e s t  configuration consisting of 
an idealized hard sea t  representation of a car  seat  w i t h  a  three-point 
harness r e s t r a i n t  system. Three di f ferent  severi ty levels  of crash t e s t  
conditions were used. The human surrogates tested i n  t h i s  program were 
f i f t e en  male cadavers, a  H y b r i d  I1 (Par t  572) Anthropomorphic Test Device 
and a H y b r i d  I11 ATD recently developed by GM. I n  addition, mathematical 
simulations of the response and kinematics of a 50th percenti le  male 
occupant were performed a t  the three levels  of crash sever i ty ,  using the 
MVMA Two-Dimensional Crash Victim Simulator. The data tha t  has been 
produced by t h i s  program represents one of the most comprehensive and 
extensive documentations of whole-body response t o  date. The primary 
u t i l i t y  of the data is  fo r  comparing the  s im i l a r i t i e s  and differences i n  
response and kinematics of the various types of human surrogates and i n  
pointing out areas that  need improvement i n  both anthropomorphic t e s t  
devices and ma thema t i c a l  models. 

17. Uq Wwdm 

Whole-Body Kinematics; Cadaver 
Anthropometry; 3-D Motion; X-Ray 
Measurements; Head Injury Criterion;  
Digital  F i l t e r ing  & Processing. 

18. Dlnhl*uti.n S t o t n m t  

Unlimited 

19. kuriv CIasa~l. (a4 61. -1 

Unclassified 

I). k e v i t y  CIasdl. (04 &a -I 

Unclassified 

- 11. No. of Pqem 

334 
72. Pncm 





APPENDIX B: RAW DATA 

INTRODUCTION 

T h i s  appendix i s  devoted t o  t h e  p r e s e n t a t i o n  o f  t h e  raw d a t a  

genera ted d u r i n g  t h e  l a s t  two yea rs  (1975, 1976) o f  t h e  Whole Body 

Response Research Program. The raw d a t a  genera ted i n  t h e  f i r s t  two 

yea rs  o f  t h e  Program was p resen ted  i n  t h e  Second Year F i n a l  Report ,  

no. UM-HSRI-76-3. I n  a d d i t i o n ,  some o f  t h e  e a r l y  da ta  which was n o t  

r e p o r t e d  b e f o r e ,  i s  i n c l u d e d  i n  t h i s  appendix.  

T h i s  appendix i s  o rgan ized  i n  11 da ta  packages. Each o f  t h e  f i r s t  

9 packages i s  devoted t o  one cadaver (WBR-7 th rough  WBR-15). The 

1 0 t h  package i s  devoted t o  P a r t  572 ATD t e s t  s e r i e s  and t h e  

1 a s t  package c o n t a i n s  p r e v i o u s l y  un repor ted  raw da ta ,  and i s  i n c l u d e d  

he re  f o r  t h e  sake o f  completeness . 
Each cadaver Raw Data Package i s  d i v i d e d  i n t o  two o r  more groups 

o f  d a t a  shee ts :  t h e  f i r s t  group p e r t a i n s  t o  t h e  d e s c r i p t i o n  o f  t h e  

cadaver and t h e  i n s t r u m e n t a t i o n  as w e l l  as t h e  t h o r a x  autopsy,  w h i l e  

t h e  rema in ing  g r o u p ( s )  p e r t a i n  t o  each t e s t  conducted on t h a t  cadaver, 

each o f  wh ich  c o n t a i n s  a d e t a i l e d  se t -up d iagram and photographs,  

t h e  f i  1 t e r e d  s i g n a l s  and a graphcheck o f  t h e  t e s t .  

I n  o r d e r  t o  h e l p  unders tand t h e  source and meaning o f  t h e  raw d a t a  

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

pages c o n t a i n e d  h e r e i n .  

COVER PAGE 

Each package beg ins  w i t h  a cove r  page i n d i c a t i n g  t h e  s u b j e c t  number 

and t h e  r u n  i d e n t i f i c a t i o n s  o f  t h e  t e s t  conducted.  T h i s  cove r  page 

i s  a l s o  a " m i n i "  Tab le  o f  Contents f o r  t h e  package which  f o l l o w s .  

For  each cadaver,  t h e  f o l  l o w i n g  raw d a t a  i s  i n c l u d e d :  

ANTH ROPOMETRY 

I n i t i a l l y ,  t h e r e  were 75 an th ropomet r i  c measurements b e i n g  taken  

on each cadaver,  occupy ing 4 pages. L a t e r ,  t h e  number o f  measurements 

was reduced t o  67, r e s u l t i n g  i n  3 pages o f  measurements. 



FRONTAL AND LATERAL X-RAYS 

Once a  cadaver i s  seated i n  t h e  mock s e a t  s i m u l a t i n g  t h e  t e s t  

p o s i t i o n ,  two s e r i e s  o f  x-rays a r e  taken t o  document t h e  s k e l e t a l  

c o n f i g u r a t i o n .  These x-rays o v e r l a p  so t h a t  t h e  whole body i s  covered. 

There fore ,  t h e  number o f  f r o n t a l  x-rays v a r i e s  f rom 4 t o  8, and t h e  

l a t e r a l  one f rom 4 t o  6, depending on t h e  coverage o b t a i n e d  f o r  i n d i -  

v i  dua l  cadavers.  To a i d  i n  over1  appi  ng , p l  e x i  g l  ass r u l e r s  w i t h  1  ead 

p e l l e t s  embedded a t  1 - i nch  i n t e r v a l s  were l a i d  a longs ide  t h e  body. 

Al though accu ra te  measurements a r e  b e s t  ob ta ined  f rom an th ropomet r i c  

measurements, these x - rays  p r o v i d e  u s e f u l  i n f o r m a t i o n  on t h e  s e a t i n g  

and s k e l e t a l  geometry o f  t h e  cadaver. 

HEAD X-RAYS AND ANALYSIS 

The i ns t rumen ted  head was x-rayed t w i c e  t o  o b t a i n  s t e r e o m e t r i c  

measurements o f  anatomica l  1  andmarks and tr i a x i  a1 cen te rs .  The r e -  

s u l t i n g  measurements and t r a n s f o r m a t i o n  m a t r i x  a re  g i v e n  i n  t h e  x - ray  

a n a l y s i s  sheet .  

INSTRUMENTATION 

I n s t r u m e n t a t i o n  sheets ,  one f o r  t h e  Honeywell 7600 and one f o r  t h e  

CED tape reco rde rs ,  a r e  i nc luded .  These a r e  worksheets which i n d i c a t e ,  

by channel, t h e  amp1 i f i e r s  and t h e i r  ga ins ,  t h e  t ransducers  and t h e i r  

s e n s i t i v i t i e s ,  and o t h e r  p e r t i n e n t  i n f o r m a t i o n  necessary f o r  complete 

documentat ion o f  t h e  recorded analog s i g n a l s  . 
THORAX AUTOPSY 

For each cadaver, a  t ho rax  autopsy sheet  i s  i n c l u d e d  t o  i n d i c a t e  

t h e  r i b  f r a c t u r e s .  Th is  i s  n o t  i n tended  t o  be a  complete autopsy 

r e p o r t ,  b u t  r a t h e r  an i n d i c a t i o n  o f  t h e  e f f e c t s  o f  t h e  shou lde r  harness 

on t h e  tho rax .  

The n e x t  p a r t s  o f  each Raw Data Package con ta ins  data  sheets f o r  

each t e s t  conducted on a  g i v e n  cadaver. Two t e s t s  were conducted on 

Cadaver WBR-7 and t h r e e  on WBR-8. T h e r e a f t e r ,  o n l y  one t e s t  was con- 

duc ted p e r  cadaver. Each t e s t  i n c l u d e s  t h e  f o l l o w i n g :  



SETUP DIAGRAM 

T h i s  i s  a  d iagram o f  t h e  t e s t  se tup w i t h  d e s c r i p t i v e  i n s t r u c t i o n s  

on t h e  v a r i o u s  c r i t i c a l  p o s i t i o n i n g  and t a r g e t i n g  parameters. I t  i n -  

c ludes  t h e  b e l t ' s  i n i t i a l  l e n g t h s  and femur t a r g e t s  spac ing.  

T h i s  d a t a  sheets  con ta ins  measurements o f  b e l t  l e n g t h s  and o r i e n -  

t a t i  ons , anchor 1  o c a t i  ons and ang les  , be1 t s lacks  and pre-1 oads . 
SETUP PHOTOGRAPHS 

These 3 photographs d e p i c t  t h e  cadaver seated i n  t h e  f i n a l  po- 

s i t i o n ,  and a r e  taken ve ry  s h o r t l y  b e f o r e  t h e  t e s t  i s  conducted f rom 

t h e  s u b j e c t ' s  r i g h t  s i d e ,  f r o n t  and l e f t  s i d e .  

DIGITIZED SIGNALS 

For each ana log tape,  a  l o g  o f  t h e  s i g n a l s  which were d i g i t i z e d  

i s  i nc luded ,  and f a c i n g  i t  , t h e  d i g i t i z e d  s i g n a l s  compu te r -p lo t ted  i n  

a  s t r i p  c h a r t  fo rmat .  The c a l i b r a t i o n  f a c t o r  ( u n i t s / v o l  t )  and t h e  

co rne r  f requency of  t h e  d i g i t a l  f i l t e r  used i s  a l s o  g i v e n  f o r  each 

channe l .  The computer p l o t s  i n c l u d e  a  s c a l e  f a c t o r  ( u n i t s  p e r  d i v i s i o n )  

on t h e  l e f t - h a n d  s ide ,  a long  w i t h  t h e  channel number and t h e  tape-  

f i l e  where t h e  numer ica l  va lues r e s i d e .  The t ime  s c a l e  i s  g i v e n  on 

t h e  l e f t  s i d e  (msec p e r  d i v i s i o n )  as w e l l  as p o i n t s  (samples p e r  

d i v i s i o n ) .  

GRAPHCHECK 

A photograph ic  copy o f  t h e  graphcheck o f  each t e s t  t e rm ina tes  t h e  

raw d a t a  f o r  t h a t  t e s t .  
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WHOLE BODY RESPOIISE : ANTHROPOMETRY 

WBR # 7  
CADAVER I D :  7n7sl 

DATE: September 26, 1975 

AHTHROPOMETRI ST : 

Anthropometr ic  Measurements: (A1 1  measurements except weight  1 i sted  i n  cm) 

(A = Anthropometer; Sp. C. = Spreading Ca l ipe rs ;  S1. C, = s l i d i n g  

c a l i p e r s ;  T = Tapes) 

1. Weight 77.9 ks .  

2. S ta tu re  (A) 178.5 

3. T rocha r~ te r i on  t lgt. (A) Rt . 78.6 

L t .  79.6 

An te r i o r -Supe r i o r  I 1  i a c  Spine Hgt.  (A) 

I 1  i o c r i s t a l e  Hgt. (A) 

Subs t e r n a l  e  Hgt. (A) 

A x i l  l a  t igt. (A) 

Suprasterna le  Hgt. (A) 

i i i p p l e  Hgt. (A) 

Mas to id  Hyt.  (A) 

Nucllale Hgt. (A) 

T rag ion  Hgt. (A) 

Menton Hgt, (A)  

Head Breadth (Sp. C. ) 

Rt. 77.0 

L t .  77.5' 

Rt. 67.1 

L t .  66.5 

R t :  37.8, L t :  37.9 

L t .  11.8 

15. Head i e n g t h  (Sp. C.) 19.7 

B-7 



WBR: 7 
Page 2. 

Cad. I.D. 20281 

B i t r a g i o n  Diameter (Sp. C.) 

B i gon ia l  Diameter (Sp. C.) 

Menton Diagonal (Sp, C.) 

Masto id  Diagonal (A) 

Head C i  rcumference (T )  

Mi d-Sagi t t a l  Arc Length (T )  

Coronal Arc Length (T) 

M i  d-deck C i  rcumference (T )  

Chest Circumference a t  A x i l  l a  (T) 

Chest Circumference a t  14ipple (T) 

Chest Circumference a t  Substernale (T) 

Hip Ci.rcumfercnce, I l i o c r i s t a l e  (T) 

But tocks C i  rcuml erence , Trochan t e r i o n  (T) 

Upper A r m  Circumference, Ax i  11 a (T )  

Upper Arm Circumference, Mid Biceps (T) 

Upper Arm Circumference , Humeral Condyles (T)  

Maximum Forearm Circumference (T) 

Wr i s t  C i  rcumference (T)  

Upper Th i  gil C i  rcumference (T) 

M i  d-Tlli gtl C i  rcumference (T )  

Lower Thigh C i  rcumference (T) 

Maximum Cal f C i  rcumference (T)  

Ankle C i  rcumfe wnce  (T) 



WBR: 7 
Page 3 

Cad. I.D. 20281 

39. Biacromial Diameter (A) 35.9 

40. Bidel toid Breadtn (A) 44.7 

41. Chest Breadth a t  Axi l la  (A) 

42. Chest Breadth a t  Mid-Point between Supra- 29.9 
s t e r n a l e  and Substernale 

43. Chest Breadth a t  Substernale  (A) 34.6 

44. Hip Breadth, I l i o c r i s t a l e  (A) 

45. Bispinous Diameter (A) 23.6 

46. ASIS t o  Symphysion Distance (A) R t  . 14.1 

L t .  12.9 

47. Bi t rochanter ic  Diameter (A) 31.8 

48. Chest Depth a t  Suprasternale  (A) 

49. Chest Depth a t  Axi l la  (A) 

50. Chest Depth a t  Nipple (A) 

51. Chest Depth a t  Substernale  ( A )  
52. Hip Depth, I l i o c r i s t a l e  (A) 

53. ASIS Depth (A) Rt . 20.0 

. L t ,  18.9 

54. Buttocks Depth, Trochanterion (A) 20.3 

55. T r o c h ~ n t e r i o n  

56. Symphysion (Hgt, ) 

57. Acrorn-ion-Radiale Length 



WBR: 7 
Page 4 

Cad. I.D. 20281 

B a l l  o f  Humerus - R a d i a l e  Length  ( A )  

Radi a1 e-Sty1 i o n  Lerigth ( A )  

Olecronan-Sty1  i o n  Length  ( A )  

Femur Length (A)  

T i b i a  Length  ( A )  

F i b u l a  Length  ( A )  

Upper Arm Depth ,  Mid B iceps  (S1.C.) 

Humeral B i ep i condy l  a r  B r e a d t h  (S1. C. ) 

Forearm Dep ttl (S1 . C . ) 
Wrist Depth (S1.7.)  

Hand Length  (S1 .C. ) 

Hand B r e a d t ~ l  (S1 . C. ) 

Hand Depth IS1 .C.: 

Thigh  B r e a d t h ,  Elid-Thigh (Sl . C , )  

C a l f  Depth (S1 .C.)  

B l m a l l e o l u s  i3readth (S1,  C.) 

Foo t  Length  (S1.C.) 

Foo t  B read th  (S1 . C. ) 



WBR-7 : FRONTAL X-RAY 



WBR-7: FRONTAL X-RAY 

B-12 



WBR-7: FRONTAL X-RAY 



WBR- 7 : FRONTAL X-RAY 

B-14 



WBR-7 : FRONTAL X-RAY 

B-15 





WBR-7: LATERAL X-RAY 

B-17 



WBR-7: LATERAL X-RAY 

B-18 



WBR-7: LATERAL X-RAY 

E-19 



WBR-7: LATERAL X-RAY 



X - R A Y  FILM ANALYSIS AUG 2 3 ,  1976  R U N  I D :  WBR-7 ------------.-.---- 
A=0,955O, B=0.0155 

READINGS OF X-Z PLANE R E A D I N G S  OF Y - Z  PLANE 
X Z D Y Z D 

PI- R . E Y E :  4.73P -0 .120  7 , 2 Q  -0 .800  - 3 , 3 7 0  21 .53  
P2- L* EYE:  2.9GC - 0 , 5 4 0  4. 2C 2 .500  -0 .630  1 9 . 8 0  
P 3 -  R.EAB: 2.496 -0.44C 11 .20  -6 .050  -3.539 19 .33  
P4- L.EAR: -1.20C - 1 , 7 3 0  6.00 1 . 1 0 0  - 2 , 0 9 0  1 5 , 3 0  

Q1- ACC. : -5.OOC 0.870 10 .70  - 5 . 3 9 0  0 , 8 5 0  1 3 . 3 3  
Q2- ACC. : -1,8CC 3.220 4.50 2 .810  4 , 1 3 0  15 .50  
43-  ACC. : 0.87C 5.750 9.20 - 3 , 9 7 9  6 . 9 4 0  17 .90  

C3ORDINATES W e  R e  T. CANERA COORDINATES H e  R e  T, C A Y T R A  
X Y z X Y z 

PI : 3 . 9 8 3  - 0 . 4 9 7  - 0 , 0 7 2  Q1: -3 .946  -4 .061  9,667 
P 2  : 2 , 5 8 1  1 .62P  - 0 , 4 4 4  Q2: -1 .593  2 , 3 0 8  2 .993  
P3 : 1 . 9 4 6  - 3 , 9 9 6  9 Q . 3 4 7  .Q3: 0 .707  -2 .690  4 , 6 8 7  
P4 : - 1 , 0 3 4  0 . 7 9 5  -1 .501  P: - 2 . 4 6 3  -1.626 5 .137  

I - .  - .  0 .456  -1 .601  - 0 , 9 2 4  CP: -2 .918  -3 .026  6 .061  

PNATOMTCAL F R A M E  (WRT C A B E R A )  ORTPOGONALITY CHECK 
<X > < Y >  <z> 

<I> : 0 , 8 0 6 5 7  0 , 5 5 9 0 6  0 , 1 9 2 1 0  1 , 0 0 0 0  -0 .0000  - 0 . 0 7 3 0  
< >  : - 0 . 5 3 2 7 4  0 . 8 2 7 8 8  -0.17254 - 0 . 0 0 ? 3  0 .9990  - 0 . 3 3 3 0  
< K >  : - 3 . 2 5 5 5 4  0 . 0 3 6 8 3  0 .96573  -0 .0000  - 0 , 3 9 0 0  9 . 9 9 9 3  

INSrRUHENT F R A H E  (WRT C A M E R A )  O R T H O G O N A L I T Y  C H X K  
<X>  < Y >  <Z > 

< E l > :  - 3 . 2 7 9 7 8  - P o  45930 -0 .84307  1 .0300  - 3 . 0 3 4 3  - 2 . 0 9 5 6  
<E2>: 0 . 1 9 9 3 1  0 .83361  - 0 , 5 1 5 1 4  - 0 . ? 0 4 3  1 .3333  - 2 , D ? 6 8  
<E3>: 0 .93958 - 0 , 3 1 5 2 7  -0 .13340 -0 .0056  - 0 . q 3 5 8  1 . 7 7 3 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* R U N  1D:WBR-7 A U G  2 3 ,  1976  * * * 
* P 3 l =  5 .340 ,  P Q 2 =  4 . 3 4 0 ,  PQ3= 3 . 3 4 0  * 
* CPI= - 1 . 2 Q 4 ,  CPJ= C.488,  CPK= 6 .598  * * * P E R T U R B A T I 3 N S :  El ,T2 ,E3  
* INSTBfJMENTATIDN MATRIX WRT ANATOMICAL * 0 . ? 0 4 0  3 . 0 3 4 3  3 , 0 9 4 7  
I <I> <J> <K> * OBTHOSONALITY C H E C K  
* * 



WBR-7: HEAD X-RAY ( X - Z )  

B-22 



WBR-7: HEAD X-RAY ( Y - Z )  

E-23 







Bony Thoracic Cage, 

anterior aspect 

WBR 7 CADAVER 2 0 2 8 1  



P o s i t i o n  Head i n  Most iqeutral  Fore over  accelerometer tri ax 
and A f t  P o s i t i o n  a f t e r  a l l  Other  A i n s t a l l a t i o n s  

* 

Adjustments completed 

Be1 t Targets  (Stap 

Torso t o  be v e r t i c a l  ana 
s y m  tri ca l  w i  t h  t e s t  
f i x t u r e  

Lower arm para1 l e l  t o  d i  rec -  
t i o n  o f  s l e d  t r a v e l  

. 

7 / Sp h e r i  c a l  Acromi on 

A-925 
A 

' \ L ~ c c e l e r o m e t e r  Targets  

- Spher ica l  photo t a r g e t s  

Prov ide open areas on 
seatback f o r  s i d e  
view o f  accelerometer 
t a r g e t s  

Spher ica l  P e l v i c  Targets  

1" Foam deam across t h i ghs  

Knee and Ankle L a t e r a l  
Spacing t o  be 13" cen te r  

- 

con tac t  seat -  

- Pel v i  s pressed aga ins t  
seatback w h i l e  s u b j e c t  

.- lean ing  fo rward  

I r ~ i  t i a l  Be1 t Lengths: R. Lao = 12" 
(Center  t o  Center o f  Ends) L. Lap = 32.5" 

Shoulder = 42" 
Femur Target  Spacing: 

Be1 t Sequence: L, Lap, R. Lap, Shoulder 
R igh t  Side = 6 11/16in. (Out from Sub jec t )  

L e f t  Side = 6 13/16in. Be1 t End O r i e n t a t i o n :  Away, Away, Toward 
(Ref.  To Sub jec t )  

POSITIOiIII.IG Ai lD TARGETING DIAGRAM 



TEST NO. : A-925 

SUBJECT : 20281 

BELT ANCHOR OR1 ENTATIONS 

A. SHOULDER BELT 

Side View 

I 
Top View 

0 

True Lenath 

-- 

B. LAP BELT 

Top View 

Side View ,- True Length 
, , R i g h t =  6 7 1 8  i n .  

I I L e f t =  4 3 / 8  i n .  

I R i g h t  = 56 " 
L e f t  Side R i g h t  S ide L e f t  = 7 

Sketch i n d i c a t e s  p o s i t i v e  ang le  d i r e c t i o n s  

BELT LENGTH DATA 

R t .  Lap 

L t .  Lap 

Shoulder 

BELT STRETCH 1 POST IMPACT LENGTH 
f i n )  ;w /  L O A D l l S  ( i n . )  

POST- I !!PACT 
LFNGTH [ i n )  

BELT 
POSITION 

PRE- IMPACT 
LENGTH ( i n . )  



A-925: RIGHT SIDE V I E W  

B-29 



A-925: FRONT V I E W  



A-925: LEFT SIDE VIEW 

B-31 
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20 ns FILES; 161-170, 
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A 925 

A - 9 2 5 :  GRAPHCHECK SEQUENCE 



I 

S p h e r i c a l  p h o t o  t a r g e t s  
P o s i t i o n  Head i n  Most  1 1 e u t r a l  Fo re  o v e r  a c c e l e r o m e t e r  tri ax  
and A f t  Pos i ti on a f t e r  a1 1  O t h e r  i n s t a l  l a t i o n s  
Adjustments comp le ted  

Be1 t T a r g e t s  ( s t a p l e d )  
I 

T o r s o  t o  be v e r t i c a l  ana 
symme tri c a l  w i t h  t e s t  

I 
I 

f i x t u r e  Sp h e r i  c a l  Ac romi  on 

S p h e r i c a l  T h o r a c i c  1 
A c c e l e r o m e t e r  T a r g e t s  I 

t i o n  o f  s l e d  t r a v e l  P r o v i d e  open a reas  on  
s e a t b a c k  f o r  s i d e  
v i ew  o f  a c c e l e r o m e t e r  

I 

E l  bow t o  c o n t a c t  s e a t -  

Knee and A n k l e  L a t e r a l  
Spac ing  t o  be 13"  c e n t e r  
t o  c e n t e r .  

Femur T a r g e t  Spac ing :  

R i g h t  S i d e  = 6 11 /16 in  

I r ~ i  t i a l  t i e l  t L e n g t h s :  R .  L a o  = 12 "  
( C e n t e r  t o  C e n t e r  o f  Ends)  L.  Lap = 32.5"  

St ioul  d e r  = 42"  

be1 t Sequence: L .  Lap,  R.  L a o ,  S h o u l d e r  
( O u t  f r o m  S u b j e c t )  

L e f t  S i d e  = 6 1 3 / 1 6 i n .  Be1 t End O r i e n t a t i o r ~ :  Away, Away, Towa rd  
( R e f .  To S u b j e c t )  

P O S I T I O I I I I ~ G  Ai iD  TARGETIldG D I A G R A M  



W BR- 7 
TEST NO. : A-926 

SUBJECT : 20281 

BELT ANCHOR OR1 ENTATIONS 

A.  SHOULDER BELT 

Side View 

Top View 

True Length \ 
4 114 i n .  

B. LAP BELT 

Top View 

L e f t  Side R i g h t  Side 

S ide View 
/- ~ ~ ~ ~ t L ~ n g ~ h 3 / 8  

L e f t  = 4 112' 

-.- 

i n .  
i n .  

Sketch i n d i c a t e s  p o s i t i v e  ang le  d i r e c t i o n s  

BELT LENGTH DATA 
I 
I 

BELT STRETCH POST IMPACT LENGTH BELT I PRE-IMPACT 

Rt. Lap 

L t .  Lap 

Shoulder 

POSITION I LENGTH ( i n ,  ) LFNGTH ( i n )  ( i n )  I W/  I OAD CFI I C, ( ing 
POST- IMPACT 

12 118 1 12 114 118 

118 
0 

32 112 

4 2 

11 112 

31 718 

40 318 
32 5/8 

42 518 



A-926: RIGHT S I D E  V I E W  



A-926: FRONT V I E W  



A-926: LEFT S I D E  V I E W  
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AYALOG-TO-DIGITAL CONVERSION L D I G I T 4 L  F I L T E H I N C  

PROJECT# WHOLE BODY RESPONSE - WlMAt4 CADAVER S L H I E S  

ANALOG TAPE: l 3 9 ( U S R I )  EXPANDED 1611 ,  WAS A/D CONVEHTED TO D I G I T A L  TAPE1 G ~ R w U ~ A  DATE8 25 -A I IL -76  

TEST SIGNALS: 1 6 1 8  PTS/CH AT 6398 .26  HZ. CAL S IGNALS1 NOT D I G I T I Z E D ,  

F I L T E R  F I L T E R  NO,  S A * I P L I I ~ C  
UNITS/VOLT U N I T S  91 AGES CLITOFF P T S  bikh TI 
- 0 . .  I---- - -  *----1 0 .  -------- 

1 9 1  - li SLED DECELERATION 2 6 . ~ 8  G * S  4 t 1 t  1 88.6 4 3 3  r 1 5 9 9 . ~ 6  

1 9 2  - 2: P E L V I S  B I A X  P-A ACC 

193 - 3 ;  P E L V I S  B1AX I - S  ACC 

1 9 4  - u i  THORAX TRIAX P-A A C C  

1 9 5  - 5 1  THORAX TRIAX 1 -3  ACC 

1 9 6  - 6 i  THORAX TRIAX R-L ACC 

1 9 7  * T I  LAP BELT RIGHT LOAO lBBB.RB LBS 

1 9 8  - 81 LAP B E ~ T  LEFT L O A D  icaeta.cre ~ e s  

1 9 9  9 1  SHOULDER BELT UPPER L O A D  ieee.ee L B ~  

2BA - 1 0 1  SHOULDER BELT LOWER LOAD tB0R.BB L 8 8  

m - - - ~ w ~ - ~ - - r r ~ r w - r q - ~ - ~ - o - ~ ~ ~ ~ ~ ~ . ~ w ~ - - ~ - ~ - - ~ - - - ~ - ~ - ~ - - - - - ~ - ~ - - ~ - - - - - - - - - - - ~ - ~ - - - ~ - - ~ w - - - ~ ~ - - - - - - - - - - - -  

FILTERED r r ~ e s i  1 9 1  - zae DIGITAL TAPE: GMR-CAD OITE; 63-SEP-76 RUN ID: A - 9 2 6 - 2 :  WUP-7 





A 926 

A-926: GRAPHCHECK SEQUENCE 



WHOLE BODY RESPONSE 

I RAW DATA PACKAGE I -- 

CONTENTS : 

Anthropometry 

F r o n t a l  X-rays 

L a t e r a l  X-rays 

Head x- rays  & A n a l y s i s  

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

Thorax Autopsy 

PAGE -- 

SUBJECT: WBR-8 

TEST: A-934 

For Each T e s t :  A-934 A-935 A-936 

Se tup  Diagram 

B e l t s / a n c h o r s  

S e t u p  pho tog raphs  

D i g i t i z e d  S i g n a l s  ( 7 6 0 0 )  

D i g i t i z e d  S i g n a l s  (CEC)  

Graphcheck 





WHOLE BODY RESPONSE : ANTHROPOMETRY 

WBR: 8  
CADAVER ID: 713787 

DATE; November 14, 1975 

ANTHROPOMETRI ST: 

A n t h r o ~ o m t r i  c  (A1 1  Measurements except weight  i n  cm) 

(A = Anthropometer; Sp. C. = Spreading Ca l ipers ;  S1. C. = s l i d i n g  

c a l i p e r s ;  T  = Tapes) 

1. Weight 

2. S ta tu re  (A) 

3. Trochar~ t e r i  on i i g t .  (A) R t  . 82.5 

L t .  83.0 

a 4. An te r i o r -Supe r i o r  I l i a c  Spine Hgt. (A) R t .  75.1 

L t .  74.8 

5. I l i o c r i s t a l e  Hgt. ( A )  R t .  69.5 

L t .  68.5 

6. Substerna le Hgt. (A )  

7. A x i l  l a  t igt. (A) 

8. Suprasterna le Hgt. (A) 

9. i i i p p l e  t lgt .  (A) 

10. Masto id  Hyt. (A) 

11. Nucliale Hgt. ( A )  

12. Trag ion Hgt, (A) 

13. Menton Hgt. (A) 

14. Head Breadth (Sp. C.) 

15. Head i e n g t h  (Sp. C.) 

R t :  16.4 L t :  16.6 

R t .  11.6 

L t .  11.9 



WBR: 8 
Page 2. 

Cad. I.D. 20287 

Bitragion Diameter (Sp, C . )  

Bigonial Diameter (Sp. C.) * 

Menton Diagonal (Sp,  C ,  ) - - 
Mastoid Diagonal ( A )  

Head Ci rcumference (T) 

Mid-Sagi t t a l  Arc Length ( T )  - - 

Coronal Arc Length (T) 

Mi d-deck Ci rcumference ( T )  

Chest Circumference a t  Axil 1 a ( T )  

Cllest Circumference a t  ~l ipple  (T) 

Chest Circumference a t  Substernale (T) 95.6 

Hip Circumference, I l iocr i s ta le  (T) 88.3 

Buttocks Ci rcumference , Trochanterion (T) 97.4 

Upper Arm Circumference, Axi 11 a ( T )  29.9 

Upper Arm Ci rcumference , Mid Biceps (T) 27.2 

Upper Arm Circumference, Humeral Condyles (T) 27.4 

Maximum Forearm Circumference (T) 26.4 

k i s t  Ci rcumference (T) 1 7 . 1  

Upper Thi git Ci rcumference (T) 50.0 

Mi d-Till gtl Ci rcumference (T) 44.4 

Lower Thigh Ci rcumference (T) 37.9 

Maximum Cal f Ci rcumference (T) 31.1 

Ankle Circumference ( T )  



WBR: 8 
Page 3 

Cad. I.D. 20287 

39. Biacromia l  Diameter (A) 35.8 

40. B ide l  t o i d  Breadth (A) 49.9 

41, Chest Breadth a t  A x i l l a  (A) 

42. Chest Breadth a t  Mid-Point  between Supra- 
s t e r n a l e  and Substernale 31.8 

43. Chest Breadth a t  Substernale (A) 

44. Hip Breadth, I l i o c r i s t a l e  (A) 

45. Bisp inous Diameter (A) 

46. ASIS t o  Symphysion Dis tance (A) R t  . 
L t .  

47. B i t r o c h a n t e r i c  Diameter (A) 

48. Chest Depth a t  Suprasterna le (A) 

49. Chest Depth a t  A x i l l a  (A) 

50, Chest Depth a t  N i p p l e  (A) 

51. Chest Depth a t  Substernale (9) 

52. Hip Depth, I l i o c r i s t a l e  (A) 

53. ASIS Depth (A) R t  . 

54, But tocks Depth, T rochante r ion  (A) 19.1 

55. T r o c h i n t e r i o n  

56. Syrnp hys i on (Hgt . ) 
57. Acrorn'i on-Radial e Length 

R t ,  - - 



WBR: 8 
Page 4 

Cad, I.D, 20287 

58. B a l l  o f  Humerus - Radia le  Length (A)  

59. Radiale-Sty1 ,ion Lerigth (A) 

Olecronan-Sty1 i o n  Length (A)  

Femur Length (A)  

T i b i a  Length (A) 

F i bu la  Length (A )  

Upper Arm Depth, Mid Biceps (S1 .C. ) 

Humeral B iep icondy la r  Breadth (S1.C.) 

Forearm Depth (S1 . C. ) 

Wr i s t  Depth (S1.C.) 

Harid Length (51. C. ) 

Hand B r e a d t ~ i  (S1. C. ) 

Hand Depth (S1 .C. : . 
Thigh Breadth, E l i  d-Thigh (S1 . C,) 

C a l f  Depth (S1 .C.) 

B lmal leo lus Breadth (Sl, C.) 

Foot Length (S1 .C.) 

Foot Breadtl i  (S1 .C. ) 



WBR-8:  FRONTAL X-RAY 

B-53 



WBR-8: FRONTAL X-RAY 

E54 



WBR-8: FRONTAL X-RAY 

B-55 



- - 

WBR-8 : FRONTAL X-RAY 



WBR-8: LATERAL X-RAY 

E 5 7  



WBR-8: LATERAL X-RAY 

B-58 



WBR-8: LATERAL X-RAY 

E-59 



WBR-8 : LATERAL X- RAY 

E 6 0  



WBR-8: L A T E R A L  X-RAY 

E61 



WBR-8 : LATERAL X- RAY 



X - R A Y  FILE ANALYSIS A O G  2 6 ,  1976  R U N  I D :  WBR-8 

READINGS OF X-Z PLANE RSADINGS OF Y-Z P L A N E  
X 2 D Y Z D 

P I -  R O E Y E :  2.84C 1 , 9 3 0  1 3 , 2 5  -2 .48n  2 .353  21 .25  
P2- L , E Y E :  2 , 2 2 ! :  l .09C 1 0 , 5 0  1 , 9 5 0  1 .550  2C,75 
P3- R.EAR: - 0 , 7 8 0  -0.708 15.75  -5.39C oC.790 18 .33  
P4- L , E A R :  -1,87C -1 .410  9 . 2 5  2 ,490  - 1 , 4 9 0  1 6 . 7 5  

Q1- ACC. : - 7 , 5 7 0  4 ,030  1 2 , 2 5  -1 .SOf' 3 , 9 3 3  11 .50  
Q2- ACC, : -2.51C 4 , 6 5 0  9 .25  2 ,760  5 , 4 1 0  1 5 , 7 5  
Q3- ACC. : -1.67C 6 , 3 0 0  1 4 , 2 5  -4 .060  6 ,580 17 .00  

C30RDINATES W. R. T, CAMERA COORDINATES W , R ,  T ,  CAPlERA 
X Y z X Y z 

P1 : 2 , 1 2 9  - 1 , 5 5 2  1 .458  01: -5 .792  - 1 , 1 6 5  3 , 9 5 6  
P2 : 1 , 7 5 9  1 .235  0.923 Q2: - 2 , 0 3 7  1 , 9 6 2  3.310 
P3 : - 0 , 5 5 4  - 3 , 6 4 4  - 0 , 5 1 2  Q3 : - 1 , 2 2 6  -2 .807  4 ,588  
P4 : - 1 , 5 1 8  1 .731  - 1 , 0 8 7  P: - 3 , 5 5 3  -3,324 5 , 8 7 9  

C :  - 1 , 0 3 6  - 0 , 9 5 6  -0 .800  CP: -2 .517  0 .632  *6 .579  

ANATOHICAL FRAME (WRT C A M E R A )  O R T H O G O N A L I T Y  C H E C K  
<X > <Y> (2) 

I :  0 , 8 1 3 2 7  0 .20815  0 , 5 4 3 3 9  1 .0000  0 .0900  9,') 
< J >  : - 0 , 1 5 2 3 8  0 .97634 - 0 , 1 4 5 9 2  O.COP0 3 , 9 9 7 8  - 0 . 3 9 3 0  
< K >  : - 0 , 5 6 1 0 9  0 .03588  0.82602 O,? - 0 , 3 0 0 0  0 , 9 9 8 4  

INSTRUHENT FRAME (WRT C A M E R A )  ORTHOSONALITY CREEK 
< X >  < Y  > <z> 

< E l > :  - 0 .60507  - 0 , 2 2 7 3 1  - 0 , 7 6 3 0 4  l.nOW 9 , 0 4 1 3  ' l .0390 
<E2>: 0 , 4 4 1 2 5  0 .66530  - 0 , 6 0 2 2 3  0 , ? 4 1 3  1 .0300  3 . ? 4 2 0  
<E3>: 0 , 6 3 9 3 3  -0 .68215 - 0 , 3 5 4 8 6  0 ,0390  0 , 0 4 2 0  1 , 0 9 3 0  

......................................... 
* * 
* R U N  1D:WBR-R AUG 2 6 ,  1976  * * * 
* P;11= 3 , 6 3 0 ,  PQ2= 3 , 4 2 0 ,  PQ3= 3 . 7 3 0  * 
* C P I =  1 , 7 1 4 ,  CPJ= 0 . Q 2 6 ,  CPK= 6.952 * 
* * PERTURBATIONS: E1,E2, E3 
* INSTRUMENTATION MATRIX WRT ANATOMICAL * 0 , 0 2 8 0  0 , 3 3 3 1  n .0293  
* <I> < J >  <K> * ORTHOSONALITY C H E C K  * * 
* < E l > :  - ? . 96206  - 0 , 0 1 8 4 5  -0 .27221 * 1.000Q 0 , 9 3 ? 0  n.0330 * * 
* <E2>: 0 .18568  0 .68674  -0.70279 * C.OPOP 1 , 3 3 3 0  - ? , 3 3 3 3  * * 
* <E3>: 0 . 1 9 9 9 0  -0 .72667 -0 ,65726  * 0,0000 -0 .7330  1 , 3 3 3 0  * * 



WBR-8: HEAD X-RAY ( X - Z )  

B-64 



WBR-8: HEAD X-RAY ( Y - Z )  

B-65 



INSTRUMENTATION DATA SHEET 
I4 1 

SUBJEC T: Cadaver A-934: M id -Sever i t y  Tes t  TAPE REEL# 138 

number: 20287 RECORDER: 7600 
Tec t I 

11 TEST NO: A-934 

through: A-936 

DESCRIPTION WBR-8 

Whole Body Response Cadaver T e s t  

Account No: 320316 

DATE: 11-20-75 BY:J.B. 
A 





Bony Thoracic Cage, 
anterior aspect 

WBR 8  CADAVER 2 0 2 8 7  



Spher ica l  photo t a r g e t s  
P o s i t i o n  Head i n  Most Neu t ra l  Fore lh over  acce lerometer  t r i a x  
arid A f t  P o s i t i o n  a f t e r  a l l  Other  / I \  i n s t a l  l a t i o n s  
Ad jus~men ts  completed 

Be1 t Targets  (S tap led)  

Torso t o  be v e r t i c a l  ana , 
symme tri ca l  w i  t h  t e s t  
f i x t u r e  

Lower arm p a r a l l e l  t o  d i r e c -  
t i o n  o f  s l e d  t r a v e l  7l  I 

1 '  1" Foam deam across t h i  gns 

7 / Spheri  c a l  Acromi on 

Accelerometer Ta rge t  

Prov ide  open areas on 
seatback f o r  s i d e  
v i  ew o f  acce l  erometer 

/ I t a r g e t s  

Feet s t rapped 

\ Pel v i  s pressed a g a i n s t  
.\ - seatback w h i l e  sub. iect  

Spher i ca l  P e l v i c  Targets  

t o  c o n t a c t  sea t -  
- \\ I" 

Knee and Ankle L a t e r a l  
Spacing t o  be 13" cen te r  
t o  cen te r .  10 1 b p re l oad  

Femur Targe t  Spacing: 

R i g h t  Side = 5 114 i n .  

L e f t  Side = 5 118 i n .  

I r ~ i  t i a l  Be1 t Lengths : R, Lap = 12" 
(Center  t o  Center o f  Ends) L. Lap = 32.5" 

Shoulder = 42" 

Uel t Sequence: L. Lap, R. Lap, Shoulder 
(Out from Sub jec t )  

Be1 t End O r i e n t a t i o n :  Away, Away, Toward 
(Ref.  To Sub jec t )  

POSITIOIIIIJG Ai lD TARGETING DIAGRAM 



TEST NO. : 

SUBJECT: 20287 

BELT ANCHOR OR1 ENTATIONS 

A. SHOULDER BELT 

Side View 

TOD View 

True Length '' \ 
7 9/16 i n .  

B. LAP BELT 

Top View 

L e f t  Side 
I 

R igh t  Side 

Side View - True Length 
R i g h t =  4 1 1 4  i n .  
L e f t  = T i n .  

L Righ t  = 52 
L e f t  = 54" 

Sketch i nd i ca tes  p o s i t i v e  angle  d i r e c t i o n s  

BELT LENGTH DATA 

BELT 
POSITION 

R t .  Lap 

L t .  Lap 

Shoulder 

PRE- IMPACT 
LENGTH ( i n . )  

POST- I !.!PACT 
LFNGTH ( i n )  

12 

32 112 

4 2 

BELT, STRETCH POST IMPACT LENGTH 
l n l  w /  l n A D  CELL S ( i~ . )  

0 

0 

0 

11 1/8 

31 3/4 

40 112 



A-934: RIGHT S I D E  V I E W  



A-934: FRONT V I E W  



A-934: LEFT S I D E  V I E W  
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A - 9 3 4 :  GRAPHCHECK SEQUENCE 



Spher ica l  photo t a r g e t s  
P o s i t i o n  Head i n  Most Neu t ra l  Fore over  acce lerometer  t r i a x  
arld A f t  P o s i t i o n  a f t e r  a l l  Other  i n s t a l  l a t i  ons 
Adjustments cornpl e t ed  

Be1 t Targets  (Stap 

Torso t o  be v e r t i c a l  ana 
symme tri c a l  w i  t h  t e s t  
f i x t u r e  

Lower arm para1 l e l  t o  d i  rec -  
t i o n  o f  s l e d  t r a v e l  

1  " Foam deam across t h i  gns 

Knee and Ankle L a t e r a l  
Spacing t o  be 13" cen te r  
4.- ,.-..+,.". 

Femur Targe t  Spacing: 

R i g h t  Side = 5 1 /4  i n .  

L e f t  Side = 5 i n .  

Pel v i  s pressed aga ins t  
seatback w h i l e  s u b j e c t  

.- l e a n i n g  fo rward  

10 I b p re l oad  

I r ~ i  t i a l  Be1 t Lengths : R, Lap = 12" 
(Center  t o  Center o f  Ends) L. Lap = 32.5" 

Shoulder = 42" 

Be1 t Sequence : L .  Lap, R. Lap, Shoulder 
(Out from Sub jec t )  

be1 t End O r i e n t a t i o n :  Away, Away, Toward 
(Ref.  To Sub jec t )  

POSIT10141 l4G Ai4D TARGETING DIAGRAM 



TEST NO. : A-935 

WBR-8 SUBJECT: 20287 

BELT ANCHOR ORIENTATIONS 

A.  SHOULDER BELT 

S ide  View 

TOP View 

True Length ' \ 
6 13/16 i n ,  

- -- - -  

B. LAP BELT 

Top View 

L e f t  S ide  R i g h t  S ide 

S ide View - True 
// Righ 

L e f t  

/ L R i g h t  = 55 " - 
L e f t  = 57- 

Length 
t = 4 

= 2 i  
i n .  
n. 

Sketch i n d i c a t e s  p o s i t i v e  ang le  d i r e c t i o n s  

BELT LENGTH DATA 

BELT 
POSITION 

PRE- IMPACT STRETCH POST IMPACT LENGTH 
LENGTH ( i n .  ) i n )  i w /  lnAD CFl l S ( i n . )  

I 

R t .  Lap 

L t .  Lap 

Shoulder 

11 114 

31 314 

40 318 

12 0 

I 

7 

0 

32 112 

42 

32 112 

4 2 



A-935: R I G H T  SIDE V I E W  



A-935: FRONT V IEW 



A-935: L E F T  S I D E  VIEW 

B-83 











A 935 
A-935: GRAPHCHECK SEQUENCE 



Spher ica l  photo t a r g e t s  
P o s i t i o n  Head i n  Most i i e u t r a l  Fore over  acce lerometer  tri ax 
and A f t  P o s i t i o n  a f t e r  a l l  Other  i n s t a l  1  a t i  ons 
Adjustments comp 1 e t ed  

Be1 t Targets  (S tap led)  

Whi,te l i n e s  on be1 t /-' a t  1" spac ing 

W f n  

Torso t o  be v e r t i c a l  ana 
symmetr ical  w i t h  t e s t  
f i x t u r e  

/ 3 i n c h  

Targe ts  
/ S ~ h e r i  c a l  Thorac i  c  

r / / Spher ica l  Acromion 

Lower arm para1 l e l  t o  d i r e c -  Accelerometer Targe t  
t i o n  o f  s l e d  t r a v e l  P rov ide  open areas on 

seatback f o r  s i d e  
view o f  accel  erorneter 
t a r g e t s  

Spher i ca l  P e l v i c  Targets  

ow t o  con tac t  seat -  

1" Foam deam across t h i g h s  
suppo r t i ng  w r i s t s  

Pel v i  s  pressed a g a i n s t  
seatback w h i l e  s u b j e c t  

,1 l e a n i n g  fo rward  n 4 
1' Knee and Ankle L a t e r a l  

Spacing t o  be 13" cen te r  
t o  cen te r .  

10 1  b p re l oad  

I r ~ i  t i a l  Be1 t Lengths:  R. Lap = 12" 
(Center  t o  Center o f  Ends) L. Lap = 32.5" 

Shoulder = 42" 
Femur Targe t  Spacing: 

Be1 t Sequence: L,  Lap, R. Lap, Shoulder 
R i g h t  Side = 5 114 i n .  (Out f rom Sub jec t )  

L e f t  Side = 5 112 i n .  Be1 t End O r i e n t a t i o n :  Away, Away, Toward 
(Ref. To Sub jec t )  

POSITIOi.II I4G AiID TARGETING DIAGRAM 



TEST NO. : A-936 

SUBJECT: 71-1787 

BELT ANCHOR OR1 ENTATIONS 

A.  SHOULDER BELT 

Side View 

Too View 

0 .  LAP BELT 

Top View 

L e f t  Side R igh t  Side 

'I 1 
I' L Righ t  ; 54 1 / 2 0  

L e f t  = T 

Length 
t = 4 112 
= T i  

i n .  
n. 

Sketch i n d i c a t e s  p o s i t i v e  angle d i r e c t i o n s  

BELT LENGTH DATA 

BELT I 

R t .  Lap 

L t .  Lap 

Shoulder 

PRE- IMPACT 
LENGTH ( i n .  

POST- If.1PACT 
LFNGTH (in) 

BELT STRETCH 
( i n )  



A-936: RIGHT SIDE V I E W  



A-936: FRONT V I E W  

E 9 2  



A-936: LEFT S I D E  V I E W  



ANALOG-TOWDIGITAL C O N V k R S I O ~  8 D I G I T A L  F I L T F R I N G  
I - - - - - - - I .w- -wC-- - - - - - -~-w-- - - - - - - -~- - - - - - - - - - - - -w 

PHOJECT; #HOLE BODV RESPONSE - MUVAN CADAVER Stf4IES 

ANALOG TAPE: 1 3 8 ( H S H I )  EXPANDED 1 b : l r  HAS A/O COhrVERTED TO D I G I T A L  TAPE: GItR-UlA DATE:  2 4 - A L I G - 7 6  

TEST SIGNALSI 1 6 6 3  P t S / C H  AT 6008.46 HZ. CAL SIGNALS~ NOT n I G I T I Z t D ,  

F l L t  CH COWTENT O f  CHANNEL - -  w w  w---w.w---w--t--c- 

FILTER. FILTER 14n. S ~ ~ P L I ~ J G  
UNITS/VOLT U N I T 8  STAGES CUTOFF PTS HF H T Z 
w-------.- -*--- .----- - - - w - q  c-- -------c 

4 1  - 11 SLED DECELERATION Z@.(d@ 6 '8  U t l *  1 88.0 0 1 2  * lb t4r .12  

2 4 2  - 2: AX1 HEAD ACO1 ACC -48.68 G'S a + 1 + I 8  S7U.2 412 lb0b9.12 

2 4 3  - 3: A Y l  HEAD B e 0 1  ACC -4t.SB G'S 4 t l t l 8  5 7 0 . 2  4 1 2  lb in ,+ . l% 

249 - 41 AZI HEAD C.01 ACC 

2 4 5  - 51 AX2 HEAD C*QZ ACC 

246 - 6: AY2 HEAO A102 ACC -42.88 6'3 4 t 1 t 1 8  578.2 4 1 2  l b p d . 1 2  

2 4 7  - 7 i  AZZ HEAO 6.PZ ACC 

2 4 8  - 8 i  AX3 HEAD BeQJ ACC 

2 4 9  - 9: AY3 HEAD C.93 ACC 

2 5 8  - 1 8 1  AZ3 HEAD A 0 0 3  ACC 

. ~ ~ ~ ~ ~ ~ w . ~ ~ w . ~ ~ . ~ w ~ ~ ~ ~ . ~ . ~ ~ . . ~ ~ ~ ~ . ~ ~ ~ w w ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ w ~ w w ~ ~ w . ~ ~ ~ ~ ~ ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ . - ~ ~ ~ - ~ ~ ~ ~ - ~ ~ - - - ~ - - ~ - ~ - -  

FILTERED FILLS) 2 4 1  - 258 DIGITAL TAPE: QMR-CAD DATE: kl7-SEP-76 RUN I D 1  A-936-1;  Wi3R-8 
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A936 

A-936: GRAPHCHECK SEQUENCE 



SUBJECT : WBR-9 WHOLE BODY RESPONSE 

RAW DATA PACKAGE - TEST: 

CONTENTS : PAGE 

Anthropometry 

F r o n t a l  X-rays, 

L a t e r a l  X-rays 

Head x- rays  & A n a l y s i s  

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

Thorax Autopsy 

For  Each Test: A-938 

S e t u p  Diagram 

S e t u p  pho tog raphs  

D i g i t i z e d  S i g n a l s  (7600)  

D i g i t i z e d  S i g n a l s  (CEC) 

Graphcheck 





WHOLE BODY RESPONSE : ANTHROPOMETRY 

WBR #: 9 
CADAVER ID: 20336 

DATE: 

Anthroyometri c Measurements : ( A 1  1 measurements except weight 1 i sted in cm) 

(A = Anthropometer; Sp. C. = Spreading Calipers; S1. C.  = sliding 

calipers; T = Tapes) 

1. Weight 

2. Stature (A) 

Trochanterion tigt.  (A) 

Anterior-Superior I l t ac  Spine Hgt. (A) 

I7 iocr is ta le  Hgt. ( A )  

Subs ternale Hgt .  (A) 

Axil l a  tigt. (A) 

Suprasternale Hgt. (A) 

iiipple tlgt. ( A )  

Mastold Hgt. ( A )  

tJucllale Hgt. ( A )  

Tragion Hgc. (A) 

13. Menton Hgt. (A) 

14. Head Breadth (Sp.  C. ) 

15, Head iength (Sp. C . )  

R t  . 
L t .  

R t *  

Lt* 

R t .  

L t .  

R t .  

L t .  

62.3 kg. 



WBR: 9 
Page 2 ,  

Cad. I.D. 20336 

B i  t rag ion  Diameter (Sp. C. ) 

B igon ia l  Diameter (Sp. C.)  

Menton Diagonal (Sp, C,) 

Mastoid Diagonal (A) 

Head C i  rcumference (T) 

M i  d-Sagi t t a l  Arc Length (T) 

Coronal Arc Length (T) 

Mid-deck Circumference (T) 

Chest Circur~~ference a t  Axi 1 l a  (T) 

Ciiest C i  rcumference a t  ~ii pp l  e (T) 

C k s t  Circumference a t  Substernale (T) 

Hip Circumference, I1 i o c r i s t a l e  (T) 

Buttocks C i  rcumference , Trochanter i  on (T) 

Upper A r m  Circumference, A x i l l a  (T) 

Upper A r m  Circumference, Mid Biceps (T) 

Upper Arm C i  rcumference , Humeral Condyles (T) 

Maxi mum Forearm C i  rcumference (T) 

U r i  s t  Circumference (T) 

Upper Thigh C i  rcumference (T) 

M i  d-Tlli gh C i  rcumference (T) 

Lower Thigh C i  rcumference (T) 

Maximum Cal f C i  rcumference (T) 

38. Ankle Circumference (T)  



WBR: 9 
Page 4 

Cad. I.D. 20336 

58. B a l l  o f  Humerus - Radia le  Length (A) 

59. Radiale-Sty1 i o n  Length (A) 

Olecronan-Sty1 i o n  Length (A) 

Femur Length (A) 

T i b i a  Length (A) 

F ibu la  Length (A) 

Upper A r m  Depth, Mid Biceps (S1.C.) 

Humeral B iep i  condyl a r  Breadth ($1. C. ) 

Forearm Depth (S1 .C.) 

Wr i s t  Depth (S1.C.) 

Hand Length ($1 .C,) 

Hand Breadtt i  ($1. C. ) 

Hand Depth (S1 .C. 1 . 

Thigh Breadth, Mid-Thigh (S1 . C,) 

C a l f  Depth (S1 .C.) 

B ima l leo lus  Breadth [ S l ,  C.) 

Foot Length (S1 . C. ) 

Foot B r e a d t l ~  (S1 .C.) 



WBR: 9 
Page 3 

Cad. I.D. 20336 

39. Biacromi a1 Di ameter (A) 

40. Bidel toid Breadth (A) 

41. Chest Breadth a t  Axilla (A) 

42. Chest Breadth a t  Mid-Point between Supra- 
sternale and Sutsternale 

43. Chest Breadth a t  Substernale (A) 

44. Hip Breadth, Lliocristale (A) 

45. Bispinous Diameter (A) 

46. ASIS t o  Symphysion Distance (A) 

47. Bitrochanteric Diameter (A) 

48. Chest Depth a t  Suprasternale (A) 

49. Chest Depth a t  Axil la  (A) 

50. Chest Depth a t  Nipple ( A )  

51. Chest Depth a t  Substernale ( A )  
52. Hip Depth, I l i oc r i s t a l e  ( A )  

53. ASIS Depth ( A )  

54. Buttocks Depth, frochanterion (A) 

I! 55. Troctlanterion 

56. Symphysioti (Hgt.) 

57. Acro~n-ion-Radi ale Length 

R t .  16.6 

Rt . - - 

L t .  - - 



WB R- 9 : FRONTAL X-RAY 



WBR-9: FRONTAL X-RAY 

El06 



WBR-9: FRONTAL X-RAY 

B-107 





WBR- 9:  FRONTAL X-RAY 





WBR-9: LATERAL X-RAY 



WBR- 9 : LATERAL X- RAY 

El12 



WBR-9:  L A T E R A L  X-RAY 



Y K R -  9: LATERAL X-RAY 

B-114 



WBR-9: LATERAL X-RAY 





X - R A Y  FILM ANALYSIS A U G  2 3 ,  1976  R U N  I D :  WBR-9 
------------I------ 

A=0.9550,  B=0.0155 

R E A D I N G S  OF X-Z PLANE R E A D I N G S  OF Y-Z PLANE 
X Z D Y Z D 

P I -  R . E Y E :  0.68C 3.840  1 3 . 5 0  0 .710  3 , 8 7 3  16 .25  
P2- L . E Y E :  - 0 , 4 7 0  2 , 1 0 0  1 1 - 2 5  3.720 2.390 1 4 . 7 5  
P3- R.EAR: 1 .630  0.660 16.00 -2 .420  0 .510  1 7 , 3 0  
F4- L.EAR: -0.90C - 2 , 4 0 0  11 .50  2 .960  -2.750 14 .50  

Q l -  ACC. : - 3 , 7 3 0  - 5 , 3 9 0  17,OO -3 .750  -5 .290  13 .30  
Q2- ACC. : -6 ,21C 1 , 1 7 Q  12 .50  1.380 0 , 7 5 3  9 .50  
Q 3 -  ACC. : -2.33C 3.990 17 .50  -4.640 3 .410  14 .30  

C30RDINATES W. R. T. CAHERA 
X Y z 

P1 : 0.507  0 . 4 9 9  2 .792  Q1: 
P2 : - 0 . 3 6 7  2 .702  1 , 5 7 9  42:  
P3 : 1 .152  - 1 . 6 7 3  0 , 4 1 0  Q3: 
P4 : - 0 , 6 9 9  2 .162  - 1 , 9 3 6  P: 

C :  0 . 2 2 7  0 . 2 4 4  -0 .763  CP: 

ANATOHICAL FRAME (WRT C A M E R A )  
< X >  <Y > <z> 

<I> : - 0 . 0 7 4 0 6  0 .47622  0.87620 
<J> : - 9 , 3 5 4 5 3  0 .8P806  - 0 . 4 6 9 1 5  
< K >  : - 0 . 9 3 1 7 2  - 0 . 3 4 5 4 9  0 .10902  

COORDINATES U. R.  T. C A M E R A  
X Y Z 

- 2 . 5 7 9  -2 .826  - 3 , 8 5 7  
-4 .727  1 .115  9 . 7 4 8  
- 1 . 5 9 3  - 3 , 4 2 9  2 . 6 2 2  
-5 .369  - 2 , 9 6 6  Q , 4 6 9  
- 5 , 5 9 5  -3 .213  1.232 

ORTHOGONALITY CHEZK 

INSTRUMENT FRA#E (WRT C A M E R A )  ORTHOGONALITY CHECK 
<X> < Y >  (2 > 

< E l > :  0 . 5 4 1 7 6  0 . 0 2 7 2 2  -0 .84009  1*0!l00 0 .0540  9.C512 
<E2>: 0 . 1 5 4 9 0  0 , 9 8 5 6 2  0.0675P 0 ,0540  1 .0330  7 . 0 6 3 7  
<E3>: 0 . 0 6 3 8 3  - C .  1 0 4 9 2  8 .49274  3 . 0 5 1 2  3 , 0 6 3 7  1 .3330  

* * 
* R U N  1D:WBR-9 A U G  2 3 ,  1976  * 
* * 
* P e l =  5 .138 ,  P Q 2 =  4 .229 ,  PQ3= 4.301 * 
* C P I =  -0 .035 ,  CPJ= -1.18R,  CPK= 6 , 4 5 7  * * * PERTURBATIDNS: E l , E 2 , 9 3  
* INSTRUMENTATION MATRIX WRT ANATOMICAL * 0 . 0 3 6 7  3 .0417  0 . 0 4 0 9  
e <I> < J >  <K> * ORTHOGONALITY CHECK 
* * 
* < E l > :  - 0 . 7 8 5 9 5  0 .22143  -0 .57728  * 1 .0000  3 . 3 3 3 0  - 0 , 3 3 3 0  * * 
* <E2>: 0.52831 0 . 7 2 5 5 5  - 0 , 4 4 0 9 5  * 0 .Q900  1 , 3 3 2 0  n . 0 3 3 0  * * 
* <E3>:  P.32120 - 0 . 6 5 1 5 7  -0 .68723  * -0.00G3 0.33?0 1 .0733  * * 



WBR-9: HEAD X-RAY ( X - Z )  

El18 



WBR-9: HEAD X-RAY ( Y - Z )  







Bony Thoracic Cage, 

anterior aspect 

WBR-9 CADAVER 2 0 3 3 6  



Spher ica l  photo t a r g e t s  
P o s i t i o n  Head i n  Most i l e u t r a l  Fore over  acce lerometer  tri ax 
a r ~ d  A f t  Pos i t i o r i  a f t e r  a l l  Other  i n s t a l l a t i o n s  
Adjustments completed / I \  

Whi-te l i n e s  on be1 t 

Be1 t Targets  (S tap led)  

Torso t o  be v e r t i c a l  ana 
symmetr ical  w i t h  t e s t  
f i  x t u r e  

Spher i  c a l  Thorac i  c 

Lower arm p a r a l l e l  t o  d i r e c -  
t i o n  o f  s l e d  t r a v e l  7/ i 

1" Foam deam across th ig r l s  f 

n / Spher ica l  Acromion 

Accelerometer Target :  

P rov ide  open areas on 
seatback f o r  s i d e  
view o f  acce lerometer  
t a r g e t s  

Spher i ca l  P e l v i c  Targets  
suppo r t i ng  w r i s t s  - Elbow t o  con tac t  sea t -  

Feet s , trapped down F- 
A \w back 

/ j -  - 
- 

- Pel v i  s pressed aga ins t  
seatback w h i l e  s u b j e c t  

1 eani  ng fo rward  

Knee and Ankle L a t e r a l  
Spacing t o  be 13" cen te r  
t o  cen te r .  10 l b  p re l oad  

Femur Targe t  Spacing: 

R i g h t  Side = 5 118 i n .  

L e f t  Side = 5 i n .  

I r ~ i  t i a l  Be1 t Lengths : R, Lap = 12" 
(Center  t o  Center o f  Ends) L .  Lap = 32.5" 

Shoulder = 42" 

Be1 t Sequence : L ,  Lap, R. Lap, Shoulder 
(Out f rom Sub jec t )  

Be1 t End O r i e n t a t i o n :  Away, Away, Toward 
(Ref.  To Sub jec t )  

POSITIOIIII.IG Ai4D TARGETING DIAGRAM 

B-123 



TEST NO. : A-938 

SUBJECT: 20336 

BELT ANCHOR ORIENTATIONS 

A.  SHOULDER BELT 

Side View 

Top View 
I 1 

True Length \ 
6 3 1 8  i n .  

B. LAP BELT 

Top View 

Side View True Length 
, * / R i g h t  = 4 718 i n .  

I L e f t =  2 i n .  

L e f t  Side R igh t  Side 

Sketch i n d i c a t e s  p o s i t i v e  angle d i r e c t i o n s  

R igh t  = 54 " 
L e f t =  5 4 "  

BELT LENGTH DATA 

R t .  Lap 

L t .  Lap 

Shoulder 

POST IMPACT LENGTH 
W /  l n A D  CFIIS ( i n . )  

BELT STRETCH 
( i n )  

BELT 
POSITION 

PRE- IMPACT 
LENGTH ( i n .  ) 

POST- IMPACT 
LFNGTH ( i n )  



A-938: RIGHT S I D E  V I E W  



A-938: FRONT V I E W  



A-938: LEFT S I D E  V I E W  

B-127 



ANALOG-TO-D IG ITAL  CONVCRSION O D I G I T A L  F I L T E R I N G  
-..--..--------1-----..--Ir....-..------*------------- 

PROJECT: dH0L.E BODY RESPONSE - HUMAN CADAVER S E R I E S  

ANALOG TAPE: 1 3 8 C H S R I )  EXPAhDED 1 6 1 1 ,  HAS A / D  C O k V t R T E O  T O  D I G I T A L  TAPE: GMR- l l lA  O A T t :  2 4 - A i l L - 7 6  

TEST SIGNALS: 1 6 8 9  P T S / C H  AT 6399.643 HZ. CAL  S I G N A L S 1  NOT D I G I T I Z E D ,  

F I E  CH CONTENT O F  CHANNEL 
--.I 9- --*--------------1 

U N I T S / V O L T  U N I T S  
rrr-----.- or - - -  

FIL.TER F I L T E R  NO, S A H P L l ' r G  
STAGES CUTOFF P T  S H F I I T Z  

6 1  1: SLED DECELERATION 2U.UB G'S 4 + 1 +  1 88 .8  3 9 8  1 5 9 9 , 9 2  

6  - 2 :  AX1 HEAD A 0 0 1  ACC 

E C S  - 31 r v l  HEAD B O Q ~  A C C  

2 6 4  - 4 1  A 2 1  HEAD C * O l  ACC 

2 6 6  - 6 A HEAD A r Q L  ACC 

267 - 7 1  A 2 2  HEAD B@Q2 ACC 

268 - 8: AX3 HEAD 8.03 ACC 

2 6 9  - 9 :  AVS HEAD C.93 ACC 

270 - 10 :   AX^ H E 5 0  A r e 3  A C C  

11  i 

1 2 1  

1 3 1  

14:  

-42 .50  G'S 

-50 .70  G'S 

-51,BR G'S  

-r(4'.58 G'S 

- 3 4 . 1 0  G'S 

w w - - ~ - ~ - ~ ~ * ~ . ~ ~ - ~ o ~ ~ ~ ~ ~ w ~ ~ ~ - ~ - - w ~ w w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ . ~ ~ - ~ - - - - - - - ~ - ~ w ~ ~ - - - - ~ ~ ~ . ~ ~ ~ - ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~  

F I L T E R E D   FILE^^ 2 6 1  - 2 7 0  D I G I T A L  TAPE: GHR-CAD DATE: 0 7 - S C P - 7 6  RUN I D :  A - 9 3 8 - 1 i  ~ n 2 - 9  
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A-938: GRAPHCHECK S E Q U E N C E  



/ F W  DATA PACKAGE 

SUBJECT: WBR-10 

CONTENTS : 

Anthropometry 

F r o n t a l  X-rays 

L a t e r a l  X-rays 

Head x - r ays  & A n a l y s i s  

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

Thorax Autopsy 

S e t u p  Diagram 

PAGE 

135 

For Each Test: 76B001 

S e t u p  pho tog raphs  

D i g i t i z e d  S i g n a l s  (7600)  

D i g i t i z e d  S i g n a l s  (CEC)  

Graphcheck 





ANTHROPOMETRI C MEASUREMENTS 

Cadaver No. 20372 WBR 10 

L i s t  o f  Measurements (A1 1 measurements except weight  1  i sted  i n  cm) 

1. Weight 62.8 kg 

2. S t a t u r e  174.4 

3 .  T rochan te r ion  Hgt. 

4: Symphysion Hgt. 

Pt. 86.9 L t .  87.1 

5. A n t e r i o r  Super io r  I l i a c  Spine Hgt. R t .  78.1 

6. I l i o c r i s t a l e  Hgt.  

7. Substerna le  Hgt. 

8. Mid-Chest Hgt.  

9. Suprasterna l  e Hgt.  

10. Acromion Hgt. 

11. Menton Hgt. 

12. Masto id  Hgt. 

13. T rag ion  Hgt. 

14. T rag ion  Depth 

15. Supras te rna le  Depth 

16. Mid-Chest Depth 

17. Substerna le  Depth 

18. A n t e r i o r  Super io r  I l i a c  Spine Depth 

L t .  78.1 

R t .  71.6 

L t .  70.3 

47.6 

R t .  

L t .  

R t .  

L t .  

R t .  

L t .  

R t .  

L t .  

R t .  15.8 

L t .  17.6 



WBR: 10 

19. Symphysion Depth 

20. T rochante r ion  Depth 

L t .  8.0 

Supras t e r n a l  e-Acromion Dis tance R t .  27.7 

L t .  21.8 

B i  acromi a1 Breadth 

B i d e l  t o i d  Breadth 

Mid-Chest Breadth 

Chest Breadth a t  Substernal  e 

H ip  Breadth a t  11 i o c r i s t a l e  

B i s p i  nous Diameter 

ASIS t o  Symphysion Dis tance 

L t .  13.9 

B i  t r o c h a n t e r i  c Breadth 

Acromion-Radiale Length 

B a l l  o f  Humerus-Radiale Length 

Radiale-Sty1 i o n  Length 

Hand Length 

Hand Breadth 

Hand Depth 

W r i s t  Breadth 

Forearm Depth 

Upper Arm Depth 

Trochante r i  on- F i  bu l  a r e  Length 

F i  bu la re -La te ra l  Ma1 l e o l  us Length 

T i  b i a l e -Sphy r i on  Length 

T i  b ia le -Hee l  o f  Foot Length 



WBR: 10 

43, Foot Length 

44. Foot Breadth 

4 5 .  Minimum Ankle Breadth 

46. Cal f  Depth 

47. Upper Thigh Breadth 

48. Head Breadth 

49. Head Length 

50. B i  t r a g i o n  Breadth 

51. B i  gon ia l  Breadth 

52. Menton Diagonal Length 

Mastoid-Cri  n i on  Length 

Head Circumference 

Mid-Sagi t t a l  Arc Length 

B i  t rag ion-Coronal  Arc Length 

M i  d-Nec k C i  rcumference 

Chest Circumference a t  Mid-Chest 

Chest Circumference a t  Substernal  e 

H ip  Circumference a t  11 i o c r i s t a l e  

But tocks Circumference a t  Trochanter ion 

Upper Arm C i  rcumference ( M i  d-Bi ceps ) 

Maximum Forearm Circumference 

Minimum W r i s t  Circumference 

Upper Thigh C i  rcumference 

Maximum C a l f  Circumference 

Minimum Ankle Circumference 





WB R- 1 0 : FRONTAL X-RAY 



WBR- 10 : FRONTAL X-RAY 

B-140 



WBR-10: FRONTAL X-RAY 



WBR-10: FRONTAL X-RAY 



WBR- 10:  FRONTAL X-RAY 



WBR- 1 0 : FRONTAL X-RAY 



WBR-10 : FRONTAL X-RAY 

B-145 





WBR-10: LATERAL X-RAY 

B-147 



WBR-10 : LATERAL X - R A Y  

B-148 



X - R A Y  FILK A N A L Y S I S  A U G  23, 1976  R U N  I D :  WBR-10 

R E A D I N G S  O F  X - Z  PLANE READINGS OF Y-Z P L A N E  
X Z D Y Z D 

P1- R O E Y E :  1.45C - 0 , 1 3 0  1 2 . 2 5  -3 .11n  - 0 . 1 3 3  1 6 , 0 0  
P2- L,EYE: 2.91C P. 200 9 .25  Ct.64n 0 . 3 6 3  1 7 , 5 3  
P3- R . E A R :  -1.85C - 3 . 7 1 0  11 .75  -2 .060  -3 .873  1 2 . 3 3  
P4- L . E A R :  1.42C - 2 . 9 3 0  6.50 4 .15Q - 3 . 3 5 0  17 .30  

Q1- ACC. : -5.63C -3 ."40  6.00 4,66C -3 .219  1 3 . 3 0  
Q2- ACC. : -0.53C 1,810 6 , 2 5  4 .519  2 .273  1 5 . 5 3  
Q3- ACC, : -4.40C 1.290 1 1 . 2 5  -1 .830  1 . 2 4 0  1 1 . 5 0  

C30RDINATES W .  R. T. CAMERA COORDINATES W .  R .  T .  C A Y E R A  
X Y z X Y z 

PI : 1 , 1 C 9  - 2 . 1 9 9  -".C96 Q1: - 4 , 8 5 3  3.728 - 2 . 5 9 4  
P2 : 2 , 3 6 2  0 . 4 3 8  9 . 2 0 4  Q 2 :  - 0 , 4 5 5  3 ,224  1 . 5 8 8  
P3 : - 1 . 4 3 0  -1 , t ?92  -2.922 Q3: - 3 . 4 3 5  - 1 . 4 5 1  0 , 9 9 5  
P4 : 1 . 2 1 3  2 , 8 7 0  - 2 . 3 9 7  P: - 4 . 1 0 6  2 .644  2.194 

C :  - 0 .108  0 .489  - 2 , 6 5 9  CP: -3 .997  2 .155  4.854 

ANATOHICAL F F A M E  ( W R T  C A M E R A )  O R T H O G O N A L I T Y  C H E Z K  
<X > < Y >  <z> 

< : 3 , 5 3 1 9 1  -0.3595C 0 .76670  l .n00(!  0.0 $ . Q 1 \ 3 3  
< J > :  0 , 4 5 4 9 6  0 , 8 5 4 4 2  0 , 3 9 9 3 7  0.n 3 .9999  - q . ? 1 3 3  
< K >  : - 0 . 7 1 3 8 7  0 .29619  0 , 6 3 4 1 4  C.OQn9 -3 .0330  " - 9 9 9 5  

I N S T R U M E N T  FRAME (WRT C A I E R A )  ORTHOGONALITY C H E C K  
< X >  < Y >  <z> 

< E l > :  - 0 . 1 5 0 4 6  0 , 2 1 8 3 2  - 0 . 9 6 4 2 1  1.3090 3.9432 C O n 3 7 5  
<E2>: 0 , 9 7 4 6 0  0 . 1 5 4 7 6  - 0 , 1 6 1 8 8  0.C432 1 .0330  ? , 0 4 9 7  
< E 3 > :  3 .15541  -0 .94799  -0 .27779  0 ~ ~ 7 5  0 . 0 4 9 7  1.0133 

***************************************** 
* * 
* R U N  1D:WBR-1Q R U G  2 3 ,  1976  * 
* * 
* Pg1=  4 , 8 9 7 ,  PQ2=  3 .839 ,  PQ3= 4 , 3 2 0  * 
* C P I =  0 . 8 2 0 ,  C P J =  0 . 5 6 8 ,  CPK= 6.570  * * * PERTr1RBAT13NS: E1,E2,E3 
* INSTR7NENTATI3N H A T R I X  WRT A N A T O M I C A L  * 3 A 2 8 2  3 .0  330 0 ,  Q 3 1 3  
~r <I> < J >  <K> * 0 R T H O S . O N  A L I T Y  C H E C K  
* * 
* < E l > :  -9 .99974 0 . 0 3 1 6 4  -C.41397 * 1.0OP9 3.C f 7 . " ? 3 3  * * 
* <E2>:  G.3529C 0 . 5 8 4 1 6  -C.7309@ * C.0 1.0'333 3. '  
* * 
* <E3>:  0 .2187C -0 .811f l2  -G.5426Q * C.0030 3.3 1 . ? ' 3 3  * * 



WBR-10: HEAD X-RAY ( X - Z )  

B-150 



WBR-10: HEAD X-RAY ( Y - L )  

B-151 







Bony Thoracic Cage, 
anterior aspect 

WBR-10 CADAVER 2 0 3 7 2  



S p h e r i c a l  pho to  t a r g e t s  
P o s i t i o n  Head i n  Most i l e u t r a l  Fore o v e r  acce le romete r  tri ax 
a r ~ d  Aft Pos i  t i o r ]  a f t e r  a1 1  O the r  i n s t a l  l a t i o n s  
Ad j  usrments compl e t e d  

Whi,te 1  i n e s  on be1 t 

Be1 t T a r g e t s  ( S t a p l e d )  

Torso t o  be v e r t i c a l  ana 
symme tri c a l  w i  t h  t e s t  
f i x t u r e  

Spher i  c a l  Tho rac i  c 

Lower arm p a r a l l e l  t o  d i r e c -  

w in 10 ~b p r e l o a d  

/ S p h e r i c a l  Acromion 

Acce le romete r  T a r g e t s  

P r o v i d e  open areas on 
seatback f o r  s i d e  
v i  ew o f  acce l  e rometer  
t a r g e t s  

t i o n  o f  s l e d  t r a v e l  7/ ' 
1 " Foam deam across  t n i  gns L i 

Feet s t r a p p e d  

.\ 

S p h e r i c a l  P e l v i c  T a r g e t s  

t o  c o n t a c t  s e a t -  
\ \ \' 

I 
& 

Pel v i  s  p ressed  a g a i n s t  
seatback whi 1  e  s u b j e c t  

1  ean i  ng f o r w a r d  

I 115" - Knee and Ank le  L a t e r a l  
Spacing t o  be 13" c e n t e r  
t o  c e n t e r .  10  1  b p r e l o a d  

I r l i  t i a l  Be1 t Lengths :  R. Lap = 12" 
( C e n t e r  t o  Cer i ter  o f  Ends) L. Lap = 32.5" 

Shou lde r  = 42" 
Femur T a r g e t  Spacing: 

Be1 t Sequence : L. Lap, R. Lap, Shou lder  
R i g h t  S ide = 7 1/2  i n .  (Out  f r o m  S u b j e c t )  

L e f t  S ide = 6 3/4 i n .  Be1 t End O r i e n t a t i o n :  Away, Away, Toward 
(Re f .  To S u b j e c t )  

POSITIOiIIl4G Ai4D TARGETING DIAGRAM 



TEST NO. : 76B001 

WBR- 10 SUBJECT: 20372 

BELT ANCHOR ORIENTATIONS 

A.  SHOULDER BELT 

Side View 

TOD View 

True Length \ 
7 518 i n .  

B. LAP BELT 

Top View 

L e f t  Side R i g h t  Side 

Sketch i n d i c a t e s  p o s i t i v e  angle d i r e c t i o n s  

Side View ,- True Lenqth 
,' ,- R i g h t  = - F, 714 i n .  
) L e f t =  3 7 1 ~ i n .  

R i g h t  = 50 " 
L e f t =  50" 

BELT LENGTH DATA 

R t .  Lap 

L t .  Lap 

Shoulder 

, STRETCH /POST IMPACT LENGTH 
~n 1 i w l  l n A D  CFl l C ( in . )  

I 

BELT / PRE-IMPACT 
POSITION I LENGTH ( i n . )  

POST- IllPACT 
LENGTH ( i n )  



76B001: R I G H T  SIDE V I E W  

El57 



76B001- FRONT VI EN 



76B001: LEFT S I D E  V I E W  



@ O n  

W W W  
X X Z  

m u m  
Q Q m 
N N N  



u I *::: : ' . ' . ' . '  : l . ' . a , '  : ' . ' , ' , '  : l , ' . L . L  : ' , ' . d  
20 PTS A 





10 H9 
SEP 13, ~6 / ~ I ~ U I ~ Y I  r u ~  I& 768001-2: WBR-10 

1 I '1 ' I '  : ', ' , '  ,' : ', ', ', ' : ', ' , *  ,' : ,* : A , l , l  
20 PIS 
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76B001: GRAPHCHECK SEQUENCE 



WHOLE BODY RESPONSE s 
RAW DATA PACKAGE I I - 

SUBJECT: WBR-11 

TEST : 76B002 

CONTENTS : PAGE 

Anthropometry 

F r o n t a l  X-rays 

L a t e r a l  X-rays 

Head x - r a y s  & A n a l y s i s  

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

Thorax Autopsy 

S e t u p  Diagram 

B e l t s / a n c h o r s  

For  Each T e s t :  76B002 

S e t u p  p h o t o g r a p h s  

D i g i t i z e d  S i g n a l s  (7600)  

D i g i t i z e d  S i g n a l s  (CEC) 

Graphcheck 





ANTHROPOMETRI C MEASUREMENTS 

Cadaver No. 2041 8 WBR 11 

L i s t  o f  Measurements ( A l l  measurements except weight l i s t e d  i n  cm) 

1 . Weight 

2. S ta ture  
80.1 

3 .  Trochanter ion Hgt. 

4 .  Symphysion Hgt. 

5 .  Ante r io r  Superior I l i a c  Spine Hgt. 
- - 

L t .  

R t .  65.6 6. I1 i o c r i s t a l e  Hgt. 

7 .  Substernale Hgt. 

8. Mid-Chest Hgt. 

9. Supras te rna l  e Hgt. 

10. Acromion Hgt. R t .  22.7 

- - 
L t .  

20.6 11. Menton Hgt .  

12. Mastoid Hgt. 

13. Tragion Hgt. 

- - 
L t .  

R t .  11.3 

L t .  - - 

14. Tragion Depth 

15. Suprasternale Depth 

16. Mid-Chest Depth 

17. Subs te rna l  e Depth 

18. An te r i o r  Superior I l i a c  Spine Depth R t .  16.2 



WBR: 11 

19. Symphysion Depth 

20. Trochanter ion Depth 

Lt. - - 
Supras t e r n a l  e-Acromion Ois tance R t .  19.9 

L t .  -- 

B i  acromi a1 Breadth 

Bide1 t o i d  Breadth 

Mid-Chest Breadth 

Chest Breadth a t  Substernale 

Hip Breadth a t  I 1  i o c r i s t a l e  

B i  s p i  nous Diameter 

A S I S  t o  Symphysion Distance R t .  14.7 

L t .  15.7 

B i  t r ochan te r i  c Breadth 

Acromion-Radiale Length 

B a l l  o f  Humerus-Radiale Length 

Radiale-Sty1 i o n  Length 

Hand Length 

Hand Breadth 

Hand Depth 

Wr i s t  Breadth 

Forearm Depth 

Upper Am Depth 

Trochanter i  on- F i  bu l  a re  Length 

F i  bu la re-Latera l  Ma1 1 eol  us Length 

T i  b ia le-Sphyr ion Length 

T i  b i a l  e-Heel o f  Foot Length 
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Foot Length 

Foot Breadth 

Minimum Ankle Breadth 

C a l f  Depth 

Upper Thigh Breadth 

Head Breadth 

Head Length 

B i  t r a g i o n  Breadth 

B igon ia l  Breadth 

Menton Diagonal Length 

Mastoid-Cri n ion  Length 

Head Circumference 

M i  d-Sagi t t a l  Arc Length 

B i  tragion-Coronal Arc Length 

Mid-Neck C i  rcumference 

Chest Circumference a t  Mid-Chest 

Chest Circumference a t  Substernal e 

H ip  Circumference a t  I 1  i o c r i s t a l e  

Buttocks Circumference a t  Trochanter ion 

Upper A rm Circumference (Mi d-Biceps ) 

Maximum Forearm C i  rcumference 

Minimum Wr is t  Circumference 

Upper Thigh Circumference 

Maximum Cal f Circumference 

Minimum Ankle Circumference 





WBR-11:  FRONTAL X-RAY 

B-171 



WBR-11: FRONTAL X-RAY 

El72 



WBR- 1 1 : FRONTAL X-RAY 

E l 7 3  



WBR-11: FRONTAL X-RAY 

B-174 



WBR-11: FRONTAL X-RAY 

E l 7 5  



WBR-11 : FRONTAL X-RAY 



WB R- 1 1 : FRONTAL X- RAY 





W B R- 1 1 : LATERAL X- RAY 



WBR- 1 1 : LATERAL X-RAY 

B-180 



WBR-11: LATERAL X-RAY 

5181 



WBR-11: LATEZAL X-RAY 

B-182 



WBR- 1 1 : LATERAL X- RAY 

El83 





X - R A Y  FILM ANALYSIS N A Y  2 7 ,  1 9 7 6  R U N  I D :  WBR-11 
------.-.--.---I-.- 

A=0.9550,  B=0.0155 

READINGS OF X - Z  PLANE 
X Z D 

P l -  R O E Y E :  4.61C 2.830 1 9 . 6 3  
P 2 -  L.EYE: 4.290 2.306 0 . 1 3  
P3- R . E A R :  1 .430  0.460 1 3 - 7 5  
P4- LOEAR: 1.11C -0 .400  6 .75  

Ql-  ACC. : -4 .970  - l m n 3 O  9.50 
42- ACC. : -2.20C 3 . 2 9 0  6 .25  
43- ACC. : -2 .170  4.690 13 .38  

REAdINGS OF Y-2  PLANE 
Y z D 

-1.06r3 3 .740  2? .25  
2 .21?  3 .273  20 .50  

-3 .190  0 .650  1 8 . 2 5  
3.260 -C. 170 17 .00  

C30RDINATES H R e  Tm CAPlERA COORDINATES W e R m T .  CAM9RA 
X Y z X Y Z 

P1 : 3 . 6 4 3  0C.680 2 .317  Q1: - 4 . 0 1 5  - 0 , 1 3 9  -9,799 
P2 : 3.556 1.408 1 .995  Q2: -1 .888  3 .219  2 .945  
P 3  : 1 . 0 6 1  -2 .144  @. 389 43: -1 .622  -3 .424  3.535 
P4 : 0 .944  2 .254  - 0 , 2 2 9  P: -5 .015  3 .128  2 .306  

C :  1 .002  0 . 0 5 5  F.080 CP: -6 .017  0 .072  2 . 2 2 6  

ANATOHZCAL FRAME (WRT CAMERA) ORTHOGONALITY C H E C K  
<X > <Y  > < Z >  

<I>  : 0 .77717  0 . 1 1 7 5 2  0 . 6 1 8 2 2  1,0@n0 - 0 , 0 0 9 0  P . 3  
< J >  : - 0 . 0 3 3 6 5  c . 9 8 8 7 1  - 0 . 1 4 5 6 5  - o . o o n o  p . 9 9 9 9  -9.3713 
K : - 0 . 6 2 8 3 9  0 .09239  0 , 7 7 2 3 9  0 . 0  - 0 , 9 0 3 0  1 , ? 3 3 0  

INSTRUMENT FRAME (URT CAMERA) ORTHOGONALITY CHECK 
< X >  <Y> <z>  

< E l > :  0.30582 - 0 , 0 7 2 1  1  -0 .94935  1 .000n  0 , 0 2 8 4  0 .9249  
<E2>: 0 .70372  0 . 6 9 5 7 5  0 .14391  0 . 9 2 8 4  1 .0030  C.Cl84  
<53>:  0 . 6 6 9 9 9  -0 .70152  Q. 24284  0 .0249  3 .0134  1 , 3 3 3 3  

......................................... 
* * 
* R U N  1D:WBR-11 M A Y  2 7 ,  1976  * * * 
* P;11= 3 .270 ,  PQ2= 4 . 4 4 9 ,  P Q 3 =  5 .058  * 
* CPI=  - 3 , 2 9 2 ,  CPJ= - n . Q 5 0 ,  CPK= 5 . 5 0 7  * * * PERTURBATIONS: E1,E2,E3 
* INSTR!JHENTATION f lATRIX WRT A N A T O M I C A L  * 0 . 0 1 8 8  0 .0169  n, $754  * <I> <J> <K> * ORTHOGONALITY C H E C K  
* * 
* < E l > :  - 0 , 3 7 5 2 1  0 . 0 5 6 9 2  -0 .92519 * l.OC?O 0 , O O D C  0 .q  * * 
* <E2>: 0 , 7 1 7 7 3  "64946  -0 .25112 * 3,0300 1.?330  - 3 . 7 V 3  * * 
* <E3>: 0 . 5 8 6 5 8  -0 .75826  -0 .28453 * 0 .0  - 0 . 9 3 3 0  1 , 3 3 3 3  * * 
......................................... 



WBR-11 : HEAD X-RAY ( X - Z )  

B-186 



WBR-11: HEAD X-RAY ( Y - Z )  

El87 







Bony Thoracic Cage, 
anterior aspect 

WBR-11 CADAVER 20418 



Spher ica l  photo t a r g e t s  
P o s i t i o n  Head i n  Most 14eut ra l  Fore over  acce lerometer  tri ax 
and A f t  P o s i t i o n  a f t e r  a l l  Other  i n s t a l  1 a t i  ons 
Adjustments completed 

Be1 t Targets  (S tap led )  \hi\ Whi,te l i n e s  on be1 t / a t  1" spac ing \r / p l u s  s l ack  i i n c h  
W / I  10 ~b p re l oad  

Torso t o  be v e r t i c a l  ana 
symmetri c a l  w i t h  t e s t  
f i x t u r e  

Targe ts  
/ Spher ica l  Thorac ic  

Lower arm p a r a l l e l  t o  d i r e c -  1 
t i o n  o f  s l e d  t r a v e l  7/ 1 

1" Foam deam across t h i  gfls 
suppo r t i ng  w r i s t s  

Feet s  t rapped  

\ dowr' 

71 / Spheri  c a l  Acromi on 

f 

Accelerometer Targe ts  

Prov ide  open areas on 
seatback f o r  s i d e  

J view o f  acce lerometer  
t a r g e t s  

Spher i ca l  Pel v i  c  Targets  

1 ow t o  con tac t  seat -  

- Pel v i  s  pressed aga ins t  
seatback w h i l e  s u b j e c t  

1  eani  ng fo rward  

Knee and Ankle L a t e r a l  
Spacing t o  be 13" cen te r  
t o  cen te r .  10 1 b p re l oad  

Femur Targe t  Spacing: 

R i g h t  Side = 4 314 i n .  

L e f t  Side = 5 i n .  

111i t i a l  Be1 t Lengths: R. Lap = 12"  
(Center  t o  Center o f  Ends) L. Lap = 3 2 . 5 "  

Shoulder = 42" 

Be1 t Sequence: L. Lap, R. Lap, Shoulder 
(Out f rom Sub jec t )  

Be1 t End O r i e n t a t i o n :  Away, Away, Toward 
(Ref. To Sub jec t )  

POS ITIOi4IIiG AiiD TARGETING DIAGRAM 



WBR- 11 

TEST NO. : 76B002 

SUBJECT: 70418 

BELT ANCHOR OR1 ENTATIONS 

A. SHOULDER BELT 

Side View 

Top View 

True Length ' \ 
5 3/16 i n .  

B. LAP BELT 

Top View 

Side View , .- True Length 
, R iah t  = 6 318 i 

\ 1 R i gh t  = 65" 
L e f t  Side R igh t  Side L e f t  = ? 

Sketch i n d i c a t e s  p o s i t i v e  angle  d i r e c t i o n s  

BELT LENGTH DATA 

BELT I PRE-IMPACT 

R t .  Lap 

L t .  Lap 

Shoulder 

POSITION LENGTH ( i n .  ) 
POST- IflPACT 
LFNGTH ( i n) 

1 

BELT STRETCH  POST IMPACT LENGTH 
l n )  W/ IOAD CFl l F f '  .In. 1 

i 



76B002: RIGHT S I D E  V I E W  

B-193 



76B002: FRONT V I E W  



76B002: LEFT SIDE V I E W  



a * . .  

I W U  
d l  0.) 
4 1 0 
+- I  a \ 
- 1  W .( 
a 1  > 
- 1  4 In 
0 1  C 4 

t L 
I U 

ad I . 
1 2 -  

U U U U U U 
U U U U U U  
* * * * a 4  
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ANAIOG-TO-D IG ITAL  C O N V ~ R S I O N  6 D I G I T A L  F I L T E R I N G  
I - - - . - - - - - - - -o- -C- - - - - - - - - - - - - - - -w-- - - - - - * - - - - - - - -  

P R O J t C T l  W H O L E  BODY RESYl lNSE -- HUMAN CADAVEH S L P I E S  

ANALOG TAPE: l S B ( Y S R 1 )  EXPANDED 1 6 8 1 ,  WAS A /D  CnNVERTED T O  D I G I T A L  TAPE1  GhW- l l lA  D 4 T t l  25-1116-7b 

F I L E  C H  C O P J T E N T  OF CHANNEL .--. I --.---I----------- 

313 - 1 1  SLED DECELERATION 

JlU - 2 8  P E L V I S  H I A X  P-A ACC 

5 1 5  - 3 1  P t L V I S  R I A X  1-23 ACC 

3 1  - 4 1  TnOHAX T R I A X  P-A ACC 

3 1 7  - 5 1  THORLX T R I A X  1 -8  ACC 

3 1 8  - 6 1  THORAX T R I A X  R - L  ACC 

3 1 9  - 7 1  LAP  BELT  R I G H T  LOAD 

328  - 8 1  LAP  BELT  LEFT LOAD 

3 2 1  - 9 1  SHOULDER BELT  UPPER LOAD 

322 - 10: SHOULDER BELT  LONER LOAD 

F I L T E k  F I L T E H  k i 0 ,  S A ; i P L I k G  
U N I  TS/VOLT U t l I T S  S T A G E S  Cl)TOFF P T  5 t i k  H T 2 
" - w e - - - - - -  -I--- ------ ----.- --- -------- 

G * S  

G S 

G'S 

G'b 

6'8 

G * S  

L 8 S  

L B S  

L B S  

L B S  

-----I - - - - - - - " - - - - " - - ~ ~ " . . ~ . I ~ - - . . ~ ~ . ~ - I ~ . . - - - - - ~ - ~ o ~ - o - " - ~ ~ . ~ - - - - - ~ - - . ~ ~ I ~ - - - - - - - - I - - ~ ~ ~ - " - - - - - - - ~ - - - -  

F I L T E R E D  F I L E S 1  3 1 1  - 322 DIGITAL T A P E J  GMR-CAO DATE: 0 7 - S E P - 7 6  R l l k  IPS 76Bbk .2 -21  l ' .P l r - l  1  



10 tls 
u 1  1 1 , 1 1 1 , , , 1 , 1  

1 1 8 1 r l l r l l  
l l , l , , l l n ,  

20 PTS 
r~~~~~~~~ 

FILES: 31 3-322, TRPEte)4FbCFIO 3 9 ~  PTS 0 le00 Hz - 2u5.8 ~s I 



76B002 

76B002: GRAPHCHECK SEQUENCE 



WI.IOLE BODY RESPONSE s I R A W  DATA PACKAGE - 

CONTENTS : 

Anthropometry 

F r o n t a l  X-rays 

L a t e r a l  X-rays 

Head x- rays  & A n a l y s i s  

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

Thorax Autopsy 

For 

Se tup  Diagram 

B e l t s / a n c h o r s  

S e t u p  photographs  

Graphcheck 
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SUBJECT: WBR-12 

TEST: 76B003 

Each T e s t :  76B003 - 

D i g i t i z e d  S i g n a l s  (7600) 

D i g i t i z e d  S i g n a l s  (CEC)  





ANTHROPOMETRI C MEASUREMENTS 

Cadaver No. 20447 WBR 12 

L i s t  o f  Measurements (All measurements except weight l i s t e d  i n  cm) 

1. Weight 

2. S ta tu re  

3. T rochan te r ion  Hgt. - - 
4. Symphysion Hgt. 83.6 

5 .  A n t e r i o r  Super ior  I l i a c  Spine Hgt. R t .  - - 

6. 11 i o c r i s t a l e  Hgt. 

7 .  Substerna le  Hgt. 

8. Mid-Chest Hgt.  

9. Suprasterna le  Hgt. 

10. Acromion Hgt. 

11. Menton Hgt. 

12. Mastoid Hgt. 

13. Trag ion Hgt. 

14. Trag ion Depth 

15. Suprasterna le  Depth 

16. Mid-Chest Depth 

17. Subs t e r n a l  e Depth 

18. A n t e r i o r  Super ior  I l i a c  Spine Depth 

R t .  - - 

R t .  

L t .  

L t .  

R t  . 
L t .  

R t .  

L t .  

R t .  

L t .  



WBR: 12 

19. Symphysion Depth 

20. Trochanter ion Depth 

21 . Suprasternal  e- Acromi on Distance 

22. B iacromia l  Breadth 

2 3 .  B ide l  t o i d  Breadth 

24. Mid-Chest Breadth ' 

25. Chest Breadth a t  Substernale 

26. Hip  Breadth a t  I l i o c r i s t a l e  

2 7 .  Bispinous Diameter 

28. ASIS t o  Symphysion Distance 

B i  t r ochan te r i  c Breadth 

Acromion-Radiale Length 

B a l l  o f  Humerus-Radiale Length 

Radiale-Sty1 i o n  Length 

Hand Length 

Hand Breadth 

Hand Depth 

Wr i s t  Breadth 

Forearm Depth 

Upper A r m  Depth 

Trochanter ion-F i  bul a re  Length 

F i  bu l  a re -La te ra l  Ma1 1 eo l  us Length 

T i  b i  a1 e-Sphyrion Length 

T i  b ia le-Heel  o f  Foot Length 

R t .  7 .7  

L t .  - - 
R t  . 16.6 

L t .  - - 
29.0 

R t .  - - 

L t .  
- - 



WBR: 12 

Foot Length 

Foot Breadth 

Minimum Ankle Breadth 

Ca l f  Depth 

Upper Thigh Breadth 

Head Breadth 

Head Length 

B i  t r a g i o n  Breadth 

B igon ia l  Breadth 

Menton Diagonal Length 

Masto id-Cr in ion Length 

Head Circumference 

Mid-Sagi t t a l  Arc Length 

B i  t ragion-Coronal  Arc Length 

Mid-Neck Circumference 

Chest Circumference a t  Mid-Chest 

Chest C i  rcumference a t  Subs t e r n a l  e 

H ip  Circumference a t  I l i o c r i s t a l e  

But tocks Circumference a t  Trochanter ion 

Upper A r m  Circumference (Mid-Bi ceps ) 

Maximum Forearm Circumference 

M i  nimum Wri s t  C i  rcumference 

Upper Thigh Circumference 

Maximum C a l f  Circumference 

Minimum Ankle Circumference 





WBR-12 : FRONTAL X-RAY 

B-207 



WBR- 12:  FRONTAL X-RAY 

E208 . 



WBR-12: FRONTAL X-RAY 

B-209 



- -- 

WBR-12: FRONTAL X-RAY 

B-210 



WBR-12: FRONTAL X-RAY 

B-211 





WBR-12: LATERAL X-RAY 

B-213 



WBR-12:  L A T E R A L  X-RAY 

B-214 



W BR- 1 2 : LATERAL X-RAY 



WBR- 12  : LATERAL X-RAY 

E216 



WBR-12 : LATERAL X-RAY 

E217 



WBR-12: LATERAL X-RAY 



X - R A Y  FILM ANALYSIS M A Y  27, 1976  R U N  I D :  WBR-12 

READINGS OP X - Z  PLANE READINGS OF Y-Z P L A N E  
X Z D Y Z D 

P I -  R O E Y E :  3.95C - 4 , 9 5 0  10 .5n  -2 .490  -5 .993  22 .50  
P2- L . E Y E :  4 , 1 1 0  - 5 , 2 2 0  7 , 5 0  0.93Q -6 .630  22 .53  
P3- R,EAR: 0.06C -3 .770  11,OO - 3 , 1 8 0  -4.130 1 9 , 3 3  
P4- L,EAR: 0.63C - 4 , 7 2 0  4 . 5 @  3.26n - 5 . 7 4 0  1 8 , 5 0  

Q1-  ACC. : -3.45C 0 ,230 6 , 7 5  1 , 8 5 0  3 , 5 1 9  1 3 , 5 0  
Q2- ACC. : 3,58C - 9 , 5 0 0  5 . C O  4.640  - 3 , 2 2 3  2 1 . 2 5  
0'3- ACC. : 3.17C 0.53@ 1 0 , 7 5  -4,OOQ 0 , 9 7 0  2 9 . 7 5  

C30RDINATES W e  R e  T. CABERA COORDINATES W D R e  T e  C A Y E a A  
X Y Z X Y z 

P1 : 3 , 1 2 9  -1.51C -3 .777  Q1: - 2 . 9 3 4  1 , 3 8 3  3.288 
P2 : 3 , 4 4 7  C,564  -4 .190  42: 3 .141  2 . 9 3 3  - 3 , 2 8 8  
P3 : 0 , 3 4 7  -2.15C - 2 . 8 9 5  43:  2 . 4 9 9  - 2 . 5 3 3  3 , 5 1 6  
P4 : 0.558 2 , 1 7 8  -4 .007  P: 1 , 7 7 3  1 , 1 7 4  2 , 6 5 9  

C :  0 .302  0.C14 -3 .451  CP:  1 .470  1.16C 6 , 1 1 0  

ANATOMICAL P R A N E  (WRT CAHERA) ORTBOSONALITY C H E C K  
<X > < Y >  <z > 

<I> : 0 . 9 7 0 4 3  - C .  1 7 9 6 3  -G.17074 1 . @ 0 0 0  0 , 0 0 3 0  -@.7130 
< J >  : 0 .13111  0 . 9 6 6 0 5  -0 .22026  0 , 0 0 9 0  0 . 9 9 3 9  - ? . 3 9 3 3  
< K >  : 0 . 2 @ 2 5 7  0 .19141  0 . 9 6 0 0 7  -0,QQOQ - 0 . 3 3 3 0  3 . 9 9 9 4  

INSTRUMENT F R A f l E  (HRT CAflERA) ORTHOGONALITY CREE K  
<X> < Y >  <Z > 

< E l > :  - 0 . 8 9 2 3 9  0,03892 - 0 , 4 4 9 5 8  l . n n 0 9  ~ ~ 4 6 4  ~ 0 3 9 3  
<E2>: C.37187 0 .46962  - 0 . 8 0 0 7 3  0 .0464  1 , 9 9 3 0  7 . 0 5 6 3  
('23): 0 , 1 6 7 2 4  -0 .8536 1  -0 .49334 0 . 0 3 9 3  3 . 0 5 5 3  1 . ? ? 3 0  

* R U N  1D:VBR-12 H A Y  2 7 ,  1976  * 
* * 
* P a l =  5 , 2 8 5 ,  PQ2= 3 , 7 0 4 ,  PQ3= 4 , 3 1 1  * 
* CPI= C, 1 8 6 ,  CPJ= - 0 . n 3 2 ,  CPK- 6.386 * * * PESTrJRBAT13N5: E l ,  S ? ,  ? 3  
* INSTRUMENTATION M A T R I X  WRT ANATOMICAL * C,?3nn  3 . 2 3 6 6  ? , q 3 4 5  
* <I> < J >  < K> * O R T H O G O N A L I T Y  ?HSCK 
* * 
* < E l > :  - 0 , 8 1 3 6 9  "."1743 -0.581C4 * 1,7?" '7  - 0 . t 3 3 C  - ' . ? ' 3 3  * * 
* <E2>: 0 , 4 2 5 3 2  0 , 5 9 9 2 1  -C.57464 * -0.?Onn 1 . 3 3 3 3  - 3 . 7 3 1 3  * * 
* < E 3 > :  3 , 3 9 6 2 5  -C.71471 - p .  57635 * - @ . ? 5 ~ ' 3  - C . 0 ! 3 ?  1 , 5 3 3 3  
* * 



WBR-12: HEAD X-RAY ( X - Z )  

B-220 



WBR-12: HEAD X-RAY ( Y - Z )  





INSTRUMENTATION DATA SHEET 
w 

TEST N O :  76B003 DESCRIPTION W B R - ~ ~  Account NO: 320316 

through: Whole Body Response Cadaver Test  DATE: 4-28-76 BY: J.B.  

SUBJEC T: Cadaver 
760003: Mid Seve r i t y  Test  

TAPE REEL#  139 

number: 20447 RECORDER: C.E. C. 
W 



Bony Thoracic Cage, 
anterior aspect 

WBR-12 CADAVER 2 0 4 4 7  

NOTE: Right lung extensively abscessed. Left lung partially abscessed, 



,-. S p h e r i c a l  p h o t o  t a r g e t s  
P o s i t i o n  Head i n  Most ~ ' l e u t r a l  Fore o v e r  a c c e l e r o m e t e r  tri ax  
a r ~ d  A f t  P o s i t i o n  a f t e r  a1 1  O the r  A i n s t a l  1  a t i  ons 
Ad j us m e n  t s  cornpl e t e d  - 

Whi,te 1  i n e s  on be1 t 

B e l t  T a r g e t s  (Stap 

Torso t o  be v e r t i c a l  ana 
symmetri  c a l  w i  t h  t e s t  
f i x t u r e  

/ S p h e r i c a l  T h o r a c i c  

Lower arm para1 l e l  t o  d i r e c -  
t i o n  o f  s l e d  t r a v e l  7/ i 

1'' Foam deam across  t h i g n s  1 1  

7 / S p h e r i c a l  Acromion 

Acce le romete r  T a r g e t s  

P r o v i d e  open areas on 
seatback f o r  s i d e  

!J view o f  acce le romete r  
t a r g e t s  

, S p h e r i c a l  P e l v i c  T a r s e t s  

Knee and Ank le  L a t e r a l  
Spacing t o  be 13" c e n t e r  
L A  n,...t,.u 

Femur T a r g e t  Spaci ng: 

R i g h t  S ide  = - i n .  

- 
t o  c o n t a c t  s e a t -  

- \ Pel v i  s  p ressed  a q a i n s t  
seatback whi 1  e s u b j e c t  

. l e a n i n g  f o r w a r d  

10 1  b  p r e l o a d  

I r ~ i  t i a l  Be1 t Lengths :  R. Lap = 12" 
(Cen te r  t o  C e r ~ t e r  o f  Ends) L. Lap = 32.5'' 

S t lou lder  = 42" 

Be1 t Sequence: L. Lap, R. Lap, Shou lde r  
(Ou t  f r o m  S u b j e c t )  

L e f t  S ide  = - i n .  B e l t  End O r i e n t a t i o n :  Away, Away, Toward 
(Ref .  To S u b j e c t )  

POSITIOiII I iG Ai4D TARGETING DIAGRAM 

B-225 



TEST NO. : 768003 

SUBJECT: 20447 

BELT ANCHOR OR1 ENTATIONS 

A .  SHOULDER BELT 

S ide  View 

m 
Top View 

True Length  ' \ 
3 5/8  i n .  

B. LAP BELT 

Top View 

,- True Length  
R i g h t  = 4 518 i n .  

\ 

I R i g h t  = 53 O 

L e f t  S ide  R i g h t  S ide L e f t =  52 a' 

Sketch i n d i c a t e s  p o s i t i v e  ang le  d i r e c t i o n s  

BELT 
POSITION 

R t .  Lap 

L t .  Lap 

Shou lder  

BELT LENGTH DATA 

POST IMPACT LENGTH 
I I S  ( i n . )  

BELT STRETCH 
in) 

PRE- IMPACT 
LENGTH ( i n . )  

POST- II.1PACT 
LFNGTHl in )  



76B003: RIGHT S I D E  V I E W  



76B003: FRONT V I E W  



76B003: LEFT S I D E  VIEW 



U U U U U  
U U U U U  * ( ( * <  



b0' PTS 





10 NS 
C4 
20 PTS 
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76B003: GRAPHCHECK SEQUENCE 



WHOLE BODY RESPONSE 

I - RAW DATA PACKAGE 1 

CONTENTS : 

Anthropometry 

F r o n t a l  X-rays 

L a t e r a l  X-rays 

Head x- rays  & A n a l y s i s  

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

Thorax Autopsy 

PAGE 
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SUBJECT: WBR- 13 

TEST : 76B004 

For  Each Test: 
76B004 

S e t u p  Diagram 

B e l t s / a n c h o r s  

S e t u p  pho tog raphs  

D i g i t i z e d  S i g n a l s  (7600) 

D i g i t i z e d  S i g n a l s  (CEC) 

Graphcheck 





ANTHROPOMETRI C MEASUREMENTS 

Cadaver No. 20483 W B R 13 

L i s t  o f  Measurements ( A l l  measurements except weight  1  i s t e d  i n  cm) 

1 .  Weight 

2. S t a t u r e  

3. T rochan te r ion  Hgt,  

75.3 kg. 

4. Symphysion Hgt. 

5. A n t e r i o r  Super io r  I 1  i a c  Spine Hgt. Rt .  77.3 

- - 
I t .  

6. I 1  i o c r i s t a l e  Hgt. R t .  67.8 

L t .  - - 

7. Substerna le  Hgt. 

8. Mid-Chest Hgt, 

9. Supras te rna le  Hgt. 

10. Acromion Hgt.  R t .  

I t .  - - 

11 . Menton Hgt. 

12.  Masto id  Hgt.  R t .  18.7 

It. -- 

R t .  12.1 13. T rag ion  Hgt.  

Rt. 32.1 14. T rag ion  Depth 

L t .  - - 
15. Suprasterna le  Depth 

16. Mid-Chest Depth 

17. Substerna le  Depth 

18. A n t e r i o r  Super ior  I 1  i a c  Spine Depth R t .  

L t .  



WBR: 13 

Symphysion Depth 

Trochanter ion Depth R t  . 
L t .  

R t .  

L t .  

Supras ternale-Acromion Dis tance 

B iac romia l  Breadth 

Bide1 t o i d  Breadth 

Mid-Chest Breadth 

Chest Breadth a t  Substerna le 

H ip  Breadth a t  11 i o c r i s t a l e  

B i  s p i  nous Diameter 

A S I S  t o  Symphysion Dis tance R t .  

L t .  

B i  t r o c h a n t e r i  c Breadth 

Acromion-Radi a l e  Length 

B a l l  o f  Humerus-Radiale Length 

Radiale-Sty1 i o n  Length 

Hand Length 

Hand Breadth 

Hand Depth 

W r i s t  Breadth 

Forearm Depth 

Upper Arm Depth 

Trochanter ion-F i  bu l  a r e  Length 

F i  bu la re -La te ra l  Ma1 l e o l  us Length 

T i  b i  a1 e-Sphyrion Length 

T ib ia le -Hee l  o f  Foot Length 



WBR: 13 

Foot Length 

Foot Breadth 

Minimum Ankle Breadth 

C a l f  Depth 

Upper Thigh Breadth 

Head Breadth 

Head Length 

B i  t r a g i o n  Breadth 

B igon ia l  Breadth 

Menton Diagonal Length 

Mastoid-Crinion Length 

Head C i  rcumference 

Mid-Sagi t t a l  Arc Length 

B i  tragion-Coronal Arc Length 

Mid-Nec k C i  rcumference 

Chest Circumference a t  Mid-Chest 

Chest Circumference a t  Substernal e 

Hip Circumference a t  I 1  i o c r i s t a l e  

Buttocks C i  rcumference a t  Trochanter ion 

Upper Arm Circumference (Mid-Biceps) 

Maximum Forearm Circumference 

Minimum Wr is t  Circumference 

Upper Thi gh C i  rcumference 

Maximum Cal f Circumference 

Minimum Ankle Circumference 





WBR- 1 3 : FRONTAL X- RAY 



WBR-13: FRONTAL X-RAY 

B-242 



- 
WBR-13  : FRONTAL  X-RAY 



WBR-13: FRONTAL X-RAY 



WBR-13: FRONTAL X-RAY 

B-245 





WBR-13: LATERAL X-RAY 

E 2 4 7  



WBR-13  : L A T E R A L  X-RAY 



WBR-13:  L A T E R A L  X-RAY 

5 2 4 9  



WBR- 13 : LATERAL X- RAY 

B-250 



WBR-13: L A T E R A L  X-RAY 





X - R A Y  FILM ANALYSIS A U G  23, 1976  R U N  I D :  WBR-13 ---- --.--.--------- 
A=0.9550,  B=0.0155 

READINGS OF X - Z  PLANE'  READINGS O F  Y-Z PLANE 
X Z D Y Z D 

P I -  R O E Y E :  5 .220  - 0 , 9 2 0  12 .00  -1 .540  -0 .360  17.50 
P2- L . E Y E :  5,OSC -0 .920  9.50 1 .870  -0.320 17 .25  
P3- R . E A R :  1.440  -1 .950  13 .75  -3.180 - 1 , 4 3 0  13 .50  
P4- LOEAR: 1.230 -2.100 8 , 2 5  3.440 -1.630 13 .53  

Q l -  ACC, : -4.590 -1 ,590 1 0 . 2 5  G.780 - 1 . 0 2 0  8 . 7 5  
Q2- ACC, : -0.63C 3.080 7 . 7 5  3.970 4.959 12 .33  
Q3- ACC. : C.83P 3 ,110  14 .00  -4 .020  3 , 5 8 0  1 3 . 2 5  

C30RDINATES W.R. T. CAHERA COORDINATES V. R. T. CAMERA 
X Y z X Y z 

P1 : 4.014 -1.C53 -C.477 Q1: -3 .654  0 .639  - 1 . Q 5 1  
P2 : 4 , 0 7 9  1 , 2 8 6  -C. 482 42: -0 .526  3.053 2 , 8 4 3  
P3 : 1 . 0 6 8  -2 .371  -1 .257  Q3: 0 .613  -3 .Q13 2.489 
P4 : 1 . 0 1 7  2.565 -1 .476  P: - 3 .074  0.496 3.276 

C :  1 . 0 4 3  0.C97 -1 .366  CP: - 4 . 1 1 7  0.399 4 . 6 4 2  

ANATORICAL FRAME (WRT CAMERA) ORTHOGONALITY CHEZK 
<X > < Y  > <Z > 

I : 0.95906 -0 .00179  0 .28318 1 .0000  0 , 0 3 3 0  -C.3?33 
<J> : 3 .3@873  C.99929 -0 .02325 0.0909 0 . 9 9 9 2  -3.0?30 
< K >  : -0 .28303  0.C2478 0.9587P -0.QG00 -0.0030 3 .9998  

INSTRUNENT FRAME (WRT CAMERA) ORTHOGONALITY CHY2K 
<X > < Y >  <z> 

< E l > :  -?. 1 3 2 7 7  0.C3281 -0 .99060 1 . 0 0 0 3  0 . 0 4 9 0  2 , 2 3 3 9  
<E2>:  9 .70087  0 .70328  -0 .11909 C.0480 1 .0990  O.C407 
<E3>: 9 . 7 1 5 8 4  -0 .68137  -0 .15271  0 . 0 3 3 9  3 .0437  1 . ?333  

* * 
* R U N  1D:WBR-13 AUG 23 ,  1976 * 
* * 
* P31= 4 .365 ,  PQ2= 3.670,  PQ3= 5.129 * 
* C P I =  -2 .635 ,  CPJ= 0 .255 ,  CPK= 5.626 * 
t * PERTURBATIONS: E l ,  E2, E3 
* INSTRUMENTATION H A T R I X  WRT ANATOIICAL * 0.0292 0 .0315  C.9265 
* <I > <J> <K > * ORTHDGONALITY Z H T Z K  * * 
* < E l > :  -0 .43392 0 .04889  -0 .89962  * 1.0000 -0.0000 9 . 3  * * 
* <E2>:  0 .63496  0 .72499  -0 .26686 * -0.09nQ 1.0030 ? .3130  * * 
* <E3>: 0 . 6 3 9 1 7  -0 .68702  -0 .34563  * 0 .0  0 . 3 3 3 0  1 . q 7 3 3  * * 
***************************************** 



WBR-13: HEAD X-RAY ( X - Y )  



WBR-13: HEAD X-RAY ( Y - Z )  

B-255 







Bony Thoracic Cage, 

anterior aspect 
WBR-13 CADAVER 20483  

I 

NOTE: Left  c l a v i c l e  was dis located.  



Feet 

Spher i ca l  photo t a r g e t s  
P o s i t i o n  Head i n  Most i l e u t r a l  Fore over  accelerometer tri ax 
and A f t  Posi ti on a f t e r  a1 1 Otner  i n s t a l  1 a t i o n s  ' 

Adjustments compl e ted  / I \  
Whi,te l i n e s  on be1 t 

Be1 t Targets (S tap led  

Torso t o  be v e r t i c a l  ana 
symme tri ca l  w i  t h  t e s t  
f i x t u r e  Spher i  c a l  Acromi on 

Spher i  c a l  Thoraci  c 
Lower arm para1 l e l  t o  d i r e c -  Accelerometer Targets  
t i o n  o f  s l e d  t r a v e l  

1 " Foam deam across t h i g r ~ s  1 1 
suppo r t i ng  w r i s t s  

r a ~ p e d  

Prov ide open areas on 
seatback f o r  s i d e  
view o f  accelerometer 
t a r g e t s  

Spher i ca l  P e l v i c  Targets  

Elbow t o  con tac t  seat -  
\\ 1-1 

Pel v i s  pressed aga ins t  
seatback w h i l e  s u b j e c t  

1 eani  ng fo rward  

115" 

Knee and Ankle L a t e r a l  
Spacing t o  be 13" cen te r  
t o  center .  10 1 b p re l oad  

I r t i  t i a l  Be1 t Lengths: R. Lap = 12" 
(Center t o  Center o f  Ends) L. Lap = 32.5" 

Shoulder = 42" 
Femur Target  Spacing: 

be1 t Sequence: L.  Lap, R. Lap, Shoulder 
R i g h t  Side = 5 1/2  i n .  (Out from Sub jec t )  

L e f t  Side = 5 518 i n .  Be1 t End O r i e n t a t i o n  : Away, Away, Toward 
(Ref. To Sub jec t )  

POSITIOIIII~G AiID TARGETING DIAGRAM 

B-259 



TEST NO. : 768003 

SUBJECT: 20483 
WBR- 13  

BELT ANCHOR OR1 ENTATIONS 

A .  SHOULDER BELT 

S ide  View 

Top View 

True Lenqth '% - A 

5 114 i n .  

B.  LAP BELT 

Top View 

1 

I 

L e f t  S ide  R i g h t  S ide  

S ide  View ,- True Length 
/ R i g h t  = 

Sketch i n d i c a t e s  p o s i t i v e  ang le  d i r e c t i o n s  

R i g h t  = 55 " 
L e f t  = 52 " 

BELT LENGTH DATA 

BELT, STRETCH 1 POST IMPACT LENGTH 
! w /  I QAD CFI I S ( in.)  ( i n )  
I 

BELT 
POSITION 

R t .  Lap 

L t .  Lap 

Shou lder  

PRE- IMPACT 
LENGTH ( i n .  ) 

POST- I I IPACT 
LENGTH ( i n )  

12  / 12 114 

32 1 /2  

4 2 

114 1 11 112 

0 31 314 32 112 

42 1 /16  111 6 40 7/16 



76B004: RIGHT SIDE V I E W  



76B004: FRONT V IEW 



76B004: LEFT S I D E  V I E W  
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13, 1876 / lltU7tU6 RUH J D ~  76B00U- 1 : WBR- 13 
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B-265 
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765004 

76B004: GRAPHCHECK SEQUENCE 



WHOLE BODY RESPONSE 

RAW DATA PACKAGE -- 1 

CONTENTS : 

Anthropometry 

F r o n t a l  X-rays 

L a t e r a l  X-rays 

Head x - r ays  & A n a l y s i s  

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

Thorax Autopsy 

PAGE -- 

For Each Test: 76B005 

SUBJECT : WBR- 1 4  ---- 
TEST: 76B005 

S e t u p  Diagram 

B e l t s / a n c h o r s  

S e t u p  pho tog raphs  

D i g i t i z e d  S i g n a l s  (7600)  

D i g i t i z e d  S i g n a l s  (CEC)  

Graphcheck 





ANTHROPOMETR I C MEASUREMENTS 

Cadaver  No. 20500 WBR 14 

L i s t  o f  Measurements ( A l l  measurements except  we igh t  l i s t e d  i n  cm) 

1. Weight 75.9 kg 

2. S t a t u r e  

3. T rochan te r ion  Hgt. 

4. Symphysion Hgt. 

168.3 

R t  73.9 L t .  73.4 

5. A n t e r i o r  S u p e r i o r  I l i a c  Spine Hgt.  R t .  75.1 

L t .  74.5 

R t ,  67.1 6. I l i o c r i s t a l e  Hgt.  

L t .  66.0 

50.8 7. Subs te rna le  Hgt. 

8. Mid-Chest Hgt.  

9. Supras t e r n a l  e Hgt .  

10. Acromion Hgt .  R t .  

L t .  

11. Menton Hgt.  

12. Masto id  Hgt. R t .  

L t .  

R t .  13. T rag ion  Hgt. 

14. T rag ion  Depth R t .  

L t .  

15. Supras te rna le  Depth 

16. Mid-Chest Depth 

17 .  Substerna le  Depth 

18. A n t e r i o r  Super io r  I l i a c  Spine Depth R t .  17.2 

L t .  



WBR: 14 

19. Symphysion Depth 

20. T r o c h a n t e r i o n  Depth 

21 . Supras t e r n a l  e-Acromion D is tance  

22. B i a c r o m i a l  Breadth  

23. Bide1 t o i d  B read th  

24. Mid-Chest B read th  

25. Chest B read th  a t  Subs te rna le  

26. H i p  Breadth  a t  I l i o c r i s t a l e  

27. B i  s p i  nous Diameter 

28. ASIS t o  Symphysion D is tance  

B i  t r o c h a n t e r i  c Breadth  

Acromion-Radiale Length 

B a l l  o f  Humerus-Radi a1 e Length 

Radia le-Sty1 i o n  Length 

Hand Length 

Hand Breadth  

Hand Depth 

W r i s t  B read th  

Forearm Depth 

Upper Am Depth 

T r o c h a n t e r i o n - F i b u l a r e  Length 

F i  b u l a r e - L a t e r a l  Ma1 1 e o l  us Length 

T i  b i  a1 e-Sphyr ion Length 

T i b i a l e - H e e l  o f  Foot  Length 

R t .  8.0 

L t .  7.8 

R t .  19.0 

L t .  18.6 

R t .  14.2 

L t .  14.7 

29.6 

34.7 

31.4 

24.5 



WBR: 14 

Foot Length 

Foot Breadth 

Minimum Ankle Breadth 

Calf Depth 

Upper Thigh Breadth 

Head Breadth 

Head Length 

B i  t r a g i o n  Breadth 

B igon ia l  Breadth 

Menton Diagonal Length 

Mas t o i d - C r i n i o n  Length 

Head Circumference 

Mid-Sagi t t a l  Arc Length 

B i  t ragion-Coronal Arc Length 

Mid-Neck Circumference 

Chest Circumference a t  Mid-Ches t 

Chest Circumference a t  Subs t e r n a l  e 

Hip Circumference a t  I 1  i o c r i s  t a l e  

Buttocks Circumference a t  Trochanter ion 

Upper A r m  Circumference ( Mid-Biceps ) 

Maximum Forearm C i  rcumference 

Minimum Wr i s t  Circumference 

Upper Thigh Circumference 

Maximum C a l f  Circumference 

Minimum Ankle Circumference 







WBR-14 : FRONTAL X-RAY 

B-276 



WE&-14 :  F RaIITAL X-RAY 

d-27;' 



WBR-14 : FRONTAL X-RAY 

B-278 







WBR-14: LATERAL X-RAY 



WBR-14: LATERAL X-RAY 

E 2 8 2  



WBR-14: LATERAL X-RAY 



WBR-14: LATERAL X-RAY 



X - R A Y  FILM ANALYSIS AUG 2 3 ,  1976 R U N  I D :  WBR-14 ------------------- 

READINGS OF X-Z PLANE READINGS OF Y - Z  PLANE 
X Z D Y Z D 

P1- R . E Y E :  3.34C -4 .110  12.C@ -1 .780  - 4 . 7 4 0  22 .75  
P2- L , E Y E :  3.09C - 3 , 7 9 0  8.50 2 .63n  -4 .490  22:50 
P3- R . E A R :  -1.15C -4 .640  14 .50  -3 .69n  -4 .970  18 .50  
P4- L O E A R :  -C.98C - 3 . 9 8 0  8 , O O  4 ,12q  - 4 , 5 4 3  19.20  

Q 1 -  ACC, : -6.55C - 3 , 9 4 0  10 .50  1.1CO -3 .120  1 3 . 3 0  
Q2- ACC, : -0,55C 1 , 4 5 0  8.50 4 .199  2 , 2 2 0  1 9 . 2 5  
Q3- ACC. : -0.83C 1 .630  14.5G -4 .220  1.957 1 8 . 2 5  

C30RDINATES W. R .  T, CAHERA COORDINATES W .  R. T. CAYERA 
X Y z X Y z 

P I  : 2 . 5 6 5  -1.C72 -3.GC8 Q1: -5 .189  0 .929  - 2 , 3 8 0  
P 2  : 2 , 5 4 4  1 , 5 9 4  - 2 , 9 2 1  Q2: - 0 . 4 5 3  2.751 1 . 3 2 6  
P 3  : - 0 , 8 4 0  -2 .466  -3 .355  Q3: -3 ,606  -2.335 1 .250  
P4 : -C,914  2 , 7 2 1  - 3 , 1 5 3  P: - 3 , 0 5 4  0 .734  2 .543  

C :  - 0 . 8 2 7  0 . 1 2 8  -3 .254  CP: - 2 , 2 2 7  3 , 5 7 6  5 .797  

ANATOFICAL FRAME ( W R T  CAMERA) O R T H O G O N A L I T Y  C H E C K  
<X > <Y> <Z > 

<I> : C.99648 -@.PO083 0 . 0 8 3 7 8  l . ? n Q O  - 0 . 3 3 3 9  - Q . 3 3 3 3  
< J > :  - 0 . 9 r 2 1 7  0 . 9 9 9 3 3  0.C3571 -0.OCCO 0 .9999 0 . ? 3 3 3  
< K >  : - 0 , 9 8 3 7 6  -0 .03576  C.99584 - C . O D C O  0 . ? 3 3 0  1.2933 

INSTRUMENT F R A n E  ( W R T  CAYERA) ORTHOSONALITY CHECK 
<X > < Y >  <Z> 

< E l > :  - 0 .39786  0 , 0 2 3 2 7  -C ,91715  1 .QDnD 3 , 0 3 6 5  0. ? 2 8 7  
<F2>:  Q .73754  0 , 5 8 0 4 9  - 0 , 3 4 5 0 6  0 , 0 3 6 5  1,@030 " .C436 
< E 3 > :  G .  54469 -C.78780 -0.28754 C.9287 0 .0436  1 , " 7 3 0  

* * 
* PUN 1D:WBE-14 A U G  2 3 ,  1976  * * * 
* Pg1= 5 .347 ,  PQ2= 3 . 6 3 5 ,  PQ3= 4 .435  * 
* CPI=  - 1 , 7 3 4 ,  CPJ= C.788, CPK= 5 . 9 3 8  * 
f * PERTUFBATIONS: E l  ,E2, E3 
* INSTRUMENTATION MATRIX W R T  A N A T O M I C A L  * 0 , 0 2 3 0  0 .0293  3 . 1 2 6 9  
I <I > <J > <K> * O R T H 3 G O N A L I T Y  :HECK * * 
* ( ~ 1 ) :  - c . 9 9 3 4 4  - o , n o 7 7 4  - 0 , 8 6 9 7 5  * I . ~ C O ?  - ~ I . ? ~ o o  - n . 0 3 3 ~  * * 
* <E2>: C.7n368 0 .58419  - 0 , 4 0 4 4 2  * -O.O?nO 1 .030n - ? . ? 3 3 0  * * 
* <E3>: 0.51122 -0 .81158 - 0 , 2 8 2 8 1  * -O,P?O? - 0 . 3300  1 .3333  
* * 



WBR-14: t :EAD X-RAY ( X - Z )  

B-286 



WBR-14: HEAD X-RAY ( Y - Z )  

E-287 







Bony Thoracic Cage, 

anterior aspect 

WBR--.I 4 CADAVER. 2 0 5 0 0  

NOTE: M a s s i v e  hernopi-hagjng o c c u r r e d  orl l e f t  s ide  in v i c i n i t y  o f  rib 3 and 
rib 4 -  



Femur T a r g e t  Spacing: 

R i g h t  Sjde = 8 inn.  

p ica1 photo  t a r g e t s  
acce le romete r  t r i  ax 

I r ~ i  t i a l  Be1 t Ler lg l t l s  : R. L.ap = 12"  
(Center  t o  Ceri ter o f  Ends) L .  Lap = 32.5"  

Stiaul de r  = 42" 

Be1 t Sequence: L .  Lap, R. Lap, Shou lder  
(Out  f rom S u b j e c t )  

L e f t s i d e  = 6 i n .  be1 t End O r i e n t a t i o n :  Away, Away, Toward 
(Ref .  To S u b j e c t )  



TEST NO. : 76B005 

SUBJECT: 20500 

BELT ANCHOR OR1 ENTATIONS 

A. SHOULDER BELT 

S ide  V i e w  

Top View 

8 .  LAP BELT 

Top View 

L e f t  S ide  

Sketc h i n d i c a t e s  

- 3  " 

, 

R i g h t  S ide  

p o s i t i v e  ang le  d i r e c  

S i d e  View True Length  
/ - ~ i ~ h t  = 5 3 / 8  i n .  

L e f t =  3 3 1 8  i n .  

- R i q h t  = 55 O 

L e f t  = T 

t i  ons 
-- - -- 

BELT LENGTH DATA 

BELT 
POSITION 

R t .  Lap 

L t .  Lap 

Shou lder  

I 
1 PRE- I M P A C T  
i LENGTH ( i n . )  

I 

POST- IfIPACT 
LEUTH ( i n )  

BELT STRETCH 
( i n )  



76B005: R I G H T  SIDE VIEW 



76B005: FRONT V I E W  



768005: LEFT SIDE VIEW 



A N A L O G - T O - D I G I T A L  COIJVEUS IOb4 6 D I G I T A L  F ILTFktZttG 
- w C - - - - - - L - - O I - - - B I - - - - - - - 1 - - - - - - - . - - - - - - - - - - - - - - - - - -  

PHC)JECTI WHOLE BODY R f S P O N S E  -- HIIHAt: C A P A V t R  S E R I E S  

ANALOG TAPE: 1 3 8 t H S R I )  C X P A H D t O  16: 1,  NAS A / @  COtdVtHTFD T r l  D 1 6 I T a L  TAPE: G I j H - I l l A  f F A T t  i ?'*-?. I L ? - / ~  

T E S T  SIGNALSI 1 6 7 6  P T S / C t +  AT 6 3 9 8 . 3 2  HZ. C A L  S I G N A L S 2  N O T  P l G I T I Z t O ,  

F I L E  C H  COtJTFNT O F  CHANNEL - . "-.---"---.,-*'--"- 
U N I T S / V D L T  U N I T S  
ec-----oc- v.-- -  

F I L T E R  F I L T E u  0 S h . . & l ~  1 f G 
S T A b F  S C ~ I T I I F F  t' T 5 I l k  1 1 t 

363 - 1 :  S L E D  D E C E L E R A T I U N  i ? O , r l #  G ' S  U t l t  1 rIL7.vl 4 1 6  * 1 5 Q r J . 5 P  

364 m 2 :  A X 1  HEAD A o Q 1  A C C  -38,791 L;'S 4 t l t l U  57d.13 u l h  + 1 5 9 9 . 5 8  

366 - 48 4 2 1  HEAO c r o l  A C C  -4d .00  GrS 4 t l t l e  5 7 r . f l  4 1 b  @ 1 5 7 1 . 5 f i  

3 6 7  - 5 :  A X 2  HEAD C O G 2  ACC -42.5R G'S ~ t ! t l a  57k~.!? 4 1 6  * 1 5 9 Y . 5 h  

3 6 8  - 6 t  A Y Z  HEAD ~ e 0 2  A C C  - 3 6 . 7 a  c C s  ~ t l t l f l  5 7 ~ : . * 1  4 1 6  0 1517.5d 

369 r 7 8  A 2 2  HEAD 8.02 ACC 

3 7 8  - 8 t  A X 3  HEAD ROQ3 ACC 

7 - 9 :  A Y J  HEAD COP3 ACC 

3 7 2  r 1 B l  A 2 3  HEAD 4.93 ACC 

lli 

1 zc 

1 3 i  

1 4  i 

-38.3n G * S  

-48.98 G ' S  

- 3 3 . 4 @  G ' S  

*Y2.§fl  b C S  

w - - . C - - - c c I - . - - - . - - - - - - - - - - - - - - - * - - - - - - - - - - - - . - - . - - - . - - - - - ~ - - - - - - - - - - - - - - - - m - - - - - - - - ~ ~ - - m - - - - - - - - - - - -  

F I L T E R E D  FILES) 3 6 3  - 3 7 2  D I G I T A L  TAPE: GHR-CAD DATE 1 ~ 7 - S l i p -  76 RIIF. 10: 76rtPu15-I g ~ ~ n h - 1 1 1  



10 tls 
S€P 13, 1976 / liturU5 RUN ID$ 768005-1 : WBR-/I 

1 r ' . ' . ' . '  : '::: : '::: : ' . ' . ' . '  : ' . ' , ' , '  : ' . ' . /  
20 PTs A 

rlr 

20 PTS FILESt383472, T W € e C # )  

J3-297 



ANALOG  TAPE^ 1 3 8 ( H S R I )  E Y P A N D E D  1 6 %  1, ;IAS A/D C O t r V L R T E O  T O  D I G I T A L  TbPk ;  Gh* - I I lA  !)ATE 8 25 -s t l 1 , -  I t .  

TEST S IGNALS~  1 6 7 7  PTS/CH A T  6481.99 H Z .  CAL S IGNALS1 hOT D I G I T l l t D ,  

3 7 3  - 11 SLED DECELERATION 

3 7 4  - 2 1  P E L V I S  B I A X  P - A  ACC 

U N I T S / V n L T  U N I T S  
-I-------- ----- 

3 7 5  - 3 1  P E L V I S  0 I A X  I - S  ACC 04.10 G ' S  U t l t 1 2  285.2  4 1 6  + I b , ? 4 , 5 & 1  

376 - 4 1  THORAX T R I I X  P-A ACC 3Z.bla G*S 4 t l t l 2  285.2 1  3 1 6 $ ~ 9 , 5 M  

3 7 7  m 5 1  THORAX TRIAX 1-3 ACC -34.18 G ' S  1 2 8 5 . 2  4 1 6  * Is ?~! .5 : '  

3 7 8  * 6 1  THOHAX THIAX R-L ACC 

3 7 9  - 71  LAP BLLT RIGHT LOAD 

388 - 8 1  LCP RELT LEFT LOAD 

56 .7M G ' Y  

laCl*.ld@ L R S  

lerrcn.0e Le8 

3 8 1  - 9 1  SHOULDER BELT UPPER LOAD 188b3.@8 LBS 4 + 1 t 1 2  285.2  4 1 6  * i 0 3 ~ . 5 . 4  

382 - 1 Q t  SHOULDEH BELT L U U t R  LOAD l R ~ G 5 , I I B  LtJS U t 1 + 1 2  285.2 4 1 b  C 1 6 g t . 5 '  

."-.l----..--~-.--L------........Lrrr"...IIII--------------------------*----------------*------------------ 

FILTERED FILES: 5 7 5  0 3&? D I G I T A L  T A P E :  GN4-CAD DATE: B 7 - S E P - 7 6  k l l N  10 :  76bllb:5-2: *:Fih-l(l 
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clllr 1 '1 1' : '1  ' W *  8' : '8 ' 1 '  8' : 'I '1' 1' : '1 ' I '  I' : 'I 'I' 
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76B005 

GRAPHCHECK SEQUENCE 



/ WHOLE BODY RESPONSE 

RAW DATA PACKAGE I -- 

CONTENTS : 

Anthropometry 

F r o n t a l  X-rays 

L a t e r a l  X-rays 

PAGE -- 

Head x- rays  & A n a l y s i s  31 9 

I n s t r u m e n t a t i o n  322 

SUBJECT: WBR-15 

TEST: 76B006 

Thorax Autopsy 

For Each T e s t :  7613006 -- 

S e t u p  Diagram 

S e t u p  pho tog raphs  

D i g i t i z e d  S i g n a l s  (7600)  

D i g i t i z e d  Signals (CE:C) 

Graphcheck 





ANTHROPOMETR I C MEASUREMENTS 

Cadaver No. 20508 W B R 15 

L i s t  o f  Measurements (A1 1  measurements except  we igh t  l i s t e d  i n  cm) 

1 .  Weight 84.1 kg 

2. S t a t u r e  

3 .  T r o c h a n t e r i o n  Hgt .  L t .  82.3 R t .  82.3 

4. Symphysion Hgt. 85.2 

5. A n t e r i o r  S u p e r i o r  I l i a c  Sp ine Hg t .  R t .  77,O 

L t .  77.0 

6 .  I l i o c r i s t a l e  Hgt .  R t .  

7.  Subs te rna le  Hgt.  

8. Mid-Chest Hgt .  

9. S u p r a s t e r n a l e  Hgt .  

10. Acromion Hgt.  

11. Menton Hg t .  

12. Mas to id  Hgt .  

13. T rag ion  Hgt .  

14. T r a g i o n  Depth 

15. Supras t e r n a l  e  Depth 

16. Mid-Chest Depth 

17. Subs te rna le  Depth 

R t .  

L t .  

R t .  

L t .  

R t .  

I t .  

R t .  

L t .  

18. A n t e r i o r  S u p e r i o r  I l i a c  Spine Depth R t .  

L t .  



WBR: 15 

19. Symphysion Depth 

20. T r o c h a n t e r i o n  Depth R t .  

21 . Suprasterna le-Acromion D is tance  R t .  

L t .  

22. B i a c r o m i a l  Breadth  

23. Bide1 t o i d  B read th  

24. Mid-Chest Breadth  

2 5 .  Chest B read th  a t  Subs te rna le  

26. H i p  Breadth  a t  I l i o c r i s t a l e  

27. B isp inous  Diameter 

28. ASIS t o  Symphysion D is tance  

L t .  

B i  t r o c h a n t e r i  c  Breadth  

Acromi on-Radi a1 e Length 

B a l l  o f  Humerus-Radiale Length 

Radia le-Sty1 i o n  Length 

Hand Length 

Hand Breadth  

Hand Depth 

W r i s t  B read th  

Forearm Depth 

Upper Arm Depth 

T rochan te r ion -  F i  b u l a r e  Length 

F i  b u l a r e - L a t e r a l  Ma1 l e o l  us Length 

T i  b i a l  e -Sphyr ion Length 

T i  b i  a1 e-Heel o f  Foot  Length 

R t .  46 .2  



WBR: 15 

Foot Length 

Foot Breadth 

Minimum Ankle Breadth 

C a l f  Depth 

Upper Thigh Breadth 

Head Breadth 

Head Length 

B i  t r a g i o n  Breadth 

B igon ia l  Breadth 

Menton Diagonal Length 

Masto id-Cr in ion Length 

Head Circumference 

M i  d-Sagi t t a l  Arc Length 

B i  t ragion-Coronal  Arc Length 

Mid-Neck C i  rcumference 

Chest Circumference a t  Mid-Chest 

Chest Circumference a t  Substernal  e 

H ip  Circumference a t  I 1  i o c r i s t a l e  

But tocks C i  rcumference a t  Trochanter ion 

Upper A rm  Circumference (Mid-Bi ceps ) 

Maxi mum Forearm C i  rcumference 

Minimum W r i s t  Circumference 

Upper Thigh Circumference 

Maximum Cal f Circumference 

Minimum Ankle Circumference 





WBR-15 : FRONTAL X-RAY 

B-307 



WBR- 1 5 : FRONTAL X-RAY 

B-308 



WB R- 1 5 : FRONTAL X- RAY 

B-309 



WBR- 1 5 : FRONTAL X-RAY 

5 3 1 0  



WBR-15: FRONTAL X-RAY 

B-311 



WBR-15 : FRONTAL X-RAY 



WBR- 1 5 : LATERAL X-RAY 



WBR-15: LATERAL X-RAY 

B-314 



WBR-15: LATERAL X-RAY 

E315 



WBR-15: L A T E R A L  X-RAY 

5316 



WBR-15: LATERAL X-RAY 





X - P A Y  FILN ANALYSIS A U G  2 3 ,  1976  R U N  I D :  WBR-15 

READINGS OF X - Z  PLANE READINGS OF Y - Z  P L A q E  
X Z D Y Z D 

P I -  R O E Y E :  4.25C -1.06C 11.QO -2 .620  -1 .450  2 1 , 5 0  
P2- L, EYE: 4.04C -1.160 7.50 1 .820  -1.560 22 .50  
P3- R.EAR: 0.220  - 2 . 7 9 0  12.5C -4.000 - 3 . 3 6 0  18.25 
P 4 -  L . E A R :  0.11C -2.97G 5 .25  2 .950  -3 .720  1R.30 

Q1- ACC. : -5.38C -3.07C 9.50 -C.230 -3 .429  12 .50  
Q2- ACC. : -1 .690  1 .880  6 . 2 5  3.52C 2.530 16.50 
Q3- ACC. : -1.09C 2 .370  12 .50  - 4 . 2 6 n  2.550 1'. S O  

C30RDINATES W . R .  T. CAMERA COORDINATES W e  R .  T. CAMERA 
X Y z X Y z 

P1 : 3 .334  - 1 . 6 2 9  -p.870 Q1: -4 .346  -0.175 - 2 . 5 4 2  
P2 : 3.389 1 . 1 1 7  - 0 . 9 6 5  42: -1 .45Q 2 .461  1 .681  
P3 : 0 . 1 6 7  - 2 . 6 8 8  -2 .191  Q3: - 0 . 8 3 0  -2.946 1.7811 
P4 : 0.096  1 .994  -2 .555  P: - 3 . 9 6 5  -0 .042  2 , 1 2 1  

C :  0 . 1 3 2  -0 .347  - 2 . 3 7 3  CP:  - 4 .096  3.335 4 . 4 9 3  

A N A T O H I C A L  FRAME (WRT C A M E R A )  ORTHOGONALITY C H E C K  
<X > <Y > <z > 

<I> : C.91147 Q.C2100 G.41033 1 .0303  3.0 " L' 3 
< J >  : C.00239 0 , 9 9 8 P 4  -0 .05611 0.0 0 .9992  - n o  9 3 3 3  
< K >  : - ? . 4 1 1 3 4  C.05211 C.9G994 0 .0  -0 .33?0  n. 9999 

INSTRUMENT FRAYE ( W R T  CAMERA) ORTHOGONALITY ZHE:K 
<X> < Y > <z > 

< e l > :  - 0 . 0 8 1 4 6  - c . 0 2 8 3 3  - 0 . 9 9 6 2 7  i . o n n 3  3 .0454  ~ 3 7 9  
<E2>:  P e 7 P 3 1 9  G.70328 -0 .12302  0 .0454  I.OOOO f ' .?496 
<E3>:  n. 73140 -0.67740 -C.07859 3 . Q 3 7 9  3.3496 1.3130 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* F U N  1D:WBR-15 A U G  2 3 ,  1976 * * * 
* P a l =  4 .750 ,  PQ2= 3 .603 ,  PQ3= 4.190 * 
* CPI- - 1 . 8 8 1 ,  CPJ= 0 . 0 4 2 ,  CPK= 5.790 * 
* * PERTURBATIONS: E l ,  E 2 ,  E3 
* INSTRUMENTATION BATRIX WRT ANATONICAL * 0 .0293  3 .0337  ? , 3 3 1 2  
* <I > < J >  <K> * ORTHgSONALITY Z H F Z K  
4 * 
* < E l > :  -0 .50939  0 . ? 2 4 Q 2  - 0 . 9 6 @ 2 ?  * 1.0QnO 0 . 0  C\. 0930 * * 
* <E2>: C.60176 0 . 7 2 4 5 1  -C.33611 * 0.9 1 .90?0  ?.? * * 
* <E3>: 0 . 6 1 5 1 5  -0 .58884 -0 .38352  * O . D ~ ~ D  0.9 1 .3?20  * * 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



WBR-15:  HEAD X-RAY ( X - Z )  

B-320 



WBR-15: HEAD X-RAY ( Y - Z )  

E321 







Bony Thoracic Cage, 
anterior aspect 
WBR-15 CADAVER 2 0 5 0 8  

NOTE: Massive breaks,  complete s e p a r a t i o n  o f  r i b s  a t  f r a c t u r e s ,  e x t e n s i v e  
p e r i  c a r d i  um hemorrhage. 



S p h e r i c a l  photo  t a r g e t s  
P o s i t i o n  Head i r ~  Most d e u t r a l  Fore o v e r  acce le romete r  t r i  a x  
a t ~ d  Aft P o s i t i o r ~  a f t e r  a l l  O t i ~ e r  i n s t a l l a t i o n s  
Adjustments completed 

Whi te l i n e s  on be1 

Be1 t Ta rge ts  ( S t a p l e d )  

Torso t o  be v e r t i c a l  ana 
symme tri c a l  w i t h  t e s t  
f i x t u r e  

Lower arm para1 l e l  t o  d i  r e c -  
t i o n  o f  s l e d  t r a v e l  P rov ide  open areas on 

seatback  f o r  s i d e  
view o f  acce le romete r  

1 "  Foam deam across tn ig r l s  

Spher i  c a l  Pel  v i  c  T a r g e t  

Pel v i s  p ressed a g a i n s t  
seatback  w h i l e  s u b j e c t  

1  ean ing  f o r w a r d  

Knee and Ank le  L a t e r a l  
Spacing t o  be 13" c e t ~ t e r  
t o  cer i te r .  

Whi te l i n e s  on be1 
- -  a t  1" spac ing  

\y ':$* / s l a c k  Dlus 3 i n c h  

Femur T a r g e t  Spacing: 

R i g h t  S ide  = 6 318 i n .  

L e f t  S ide  = 5 718 i n .  

I r ~ i  t i a l  Uel t L e r ~ g t h s :  R. L'ap = 12" 
( C e n t e r  t o  Cetrter o f  Ends) L .  Lap = 32.5" 

S l ~ o u l d e r  = 42" 

Be1 t Sequerlce : L .  Lap, R. Lap, Shou lder  
(Out  f r o m  S u b j e c t )  

tiel t End O r i e n t a t i o n :  Away, Away, Toward 
(Ref .  To S u b j e c t )  

POSITIOIIII~G AiiD TARGETING DIAGRAM 



TEST NO. : 76B006 ' 

SUBJECT: 20508 WBR-I5 

BELT ANCHOR OR1 ENTATIONS 

A.  SHOULDER BELT 

S ide  View 

r -7  
Top V i e w  

True Length  ' \ 
5 112 i n .  

B. LAP BELT 

Top View 

S ide  View ,, True Length 

\ 

, ' R i g h t =  5 3 '  
L e f t  S ide  R i g h t  S ide  L e f t  = - G 7  

Sketch i n d i c a t e s  p o s i t i v e  a n g l e  d i r e c t i o n s  

5 3 1 8  i n .  
5 318 i n .  

BELT LENGTH DATA 

BELT 
POSITION 

R t .  Lap 

L t .  Lap 

Shoulder  

I 

BELT STRETCH /POST IMPACT LENGTH 
) ! (;LO.) 

I 

PRE- IMPACT 
LENGTH ( i n . )  

12 1 /4  

32 1 /2  

4 2 

1 / 4  

318 

112 

POST- I PIPACT 
LENGTH ( i n )  

12 1/2 

32 718 

42 1 /2  

11 3/4 

32 1 /16 

4 1 

I 



76B006: R I G H T  S I D E  V I E W  



76B006: FRONT VIEW 



76B006: LEFT SIDE V I E W  



U U U U U U U  
U U U U U U U  
4 u u 4 4 < -  









76B006: GRAPHCHECK SEQUENCE 






