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1 , O  INTRODUCTION 

T h i s  r e p o r t  supplements t h e  UMTRl r e p o r t  e n t i t l e d  " V a l i d a t i o n  

Command Language ( 1  979 Vers i on) " (See Reference 1 )  , Sec t  i on 2 .  P a r t  2 

o f  t h e  r e p o r t  a m p l i f i e s  S e c t i o n  2 . 2 . 1  and 2 . 2 . 7  o f  Re fe rence  1 t o  

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

t h e  changes t o  t h e  o r i g i n a l  VCL (now known as t h e  MVMA v e r s i o n ) .  P a r t s  

4 and 5 dea l  r e s ~ e c t i v e l y  w i t h  t h e  CAL/HSRI 3-0 V e r s i o n  o f  t h e  V C L  and 

t h e  new g r a p h i c s  pos tp rocesso r  f o r  t h e  VCL. 



2.0 USER INSTRUCTIONS F O R  FILTERING DATA 

The s e c t i o n s  o f  t h e  VCL r e p o r t  wh ich  a r e  p e r t i n e n t  t o  t h i s  

d i s c u s s i o n  a r e  found  i n  S e c t i o n  2.2.1 (pp. 15 and 1 6 ) ,  S e c t i o n  2.2.7 

(pp. 29 t o  3 4 ) ,  and example t h r e e  c o n t a i n e d  i n  S e c t i o n  2.4 (pp 4 3  t o  45 

and 65 t o  95) . 

The f o l l o w i n g  s t e p s  can be used t o  a c h i e v e  f i l t e r i n g  o f  d a t a  by 

means o f  t h e  VCL. 

Step i .  The d a t a  t o  be f  i l t e r e d  i s  f o r m a t t e d  as f o l  lows: i f  600 p o i n t s  

a r e  t o  De p r o v i d e d ,  602 ca rds  must be p r e p a r e d .  The f i r s t  c a r d  c o n t a i n s  

t h e  s t a r t  t ime ,  t h e  t i m e  increment  ( A t )  , t h e  number o f  p o i n t s  (600) ,  

t h e  d imens ion  code, and a  u n i t  s w i t c h .  See p ~ .  15 and 16 o f  r e p o r t  f o r  

d e t a i l s  on t h e  s e l e c t i o n  o f  these q u a n t i t i e s .  

The second c a r d  c o n t a i n s  t h e  f o r m a t  i n  p a r e n t h e s i s  s t a r t i n g  i n  t h e  

f i r s t  column, e.g. ,  ( E l j . 0 ) .  Then f o l i o w  t h e  s i x  hundred (or  whatever )  

d a t a  c a r d s ,  one p o i n t  pe r  c a r d  wh ich  may be l e f t - a d j u s t e d  i f  a dec imal  

p o i n t  i s  a lways punched. O the rw ise  t h e  dec ima l  p o i n t  w i l l  be p l a c e d  

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

i n  t h e  f o r m a t .  

Step 2 .  The Sampl ing r ' a t e  s = l / t  i s  computed and t h e  f requency  ( f )  a t  

wh ich  f i l t e r i n g  i s  d e s i r e d  i s  chosen.  The r a t i o  o r  n o r m a l i z e d  upper 

passbana f requency i s  computed as f / s .  Then u s i n g  T a b l e  6  o f  t h e  r e p o r t  

(page 3 4 ) ,  t h e  v a l u e  i n  t h e  second column c l o s e s t  t o  t h i s  r a t i o  i s  

s e l e c t e d  and t h e  c o r r e s p o n d i n g  f i l t e r  name i n  t h e  f i r s t  column i s  j o t t e d  

down, e .g . ,  LF224492. 

I f  none o f  t hese  f i l t e r s  i s  a c c e p t a b l e ,  i t  i s  p o s s i b l e  t o  gene ra te  

3 new f i l t e r  made t o  o r d e r  ( w i t h  t h e  F G  command) o r  i t  i s  p o s s i b l e  t o  

h a l v e  o r  qGar ter  t h e  sams i i ng  r a t e  and perhaps f i n d  a  ready made f i l t e r  

c l o s e r  t o  t h e  d e s i r e d  n o r m a l i z e d  upper passband f requency .  These two 

techn iques  a r e  n o t  n o r m a l l y  used and w i l l  n o t  be d e s c r i b e d  here .  

Step 3 .  The VCL i s  t h e n  r u n  u s i n g  ;he commands o u t l i n e d  i n  T a b l e  1 w i t h  

t h e  d a t a  deck p r o v i d e d  i n  Stea 1 a t t a c h e d  t o  t h e  l o g i c a i  d e v i c e  number 

named. 



TABLE 1 .  VCL COMMANDS FOR F l  LTERlNG USER DATA 

CP. 

1 ,  f i n a l  t i m e  (msec),  o u t p u t  u n i t  s w i t c h  (see page 7 ) "  

TR f i 1 enarnei: 

TQ TESTV. 

1 ,  A t  (msec) , f i n a l  t i n e  (msec)" 

FD TESTV, TESTQ, f i l t e r n a m e .  

TP TESTQ 

0, C t ,  f i n a l  t ime?; 

"The va lues  r e f e r r e d  t o  s y m b o l i c a l l y  a r e  s u p p l i e d  t o  be c o n s i s t a n t  

w i t h  t hose  s p e c i f i e d  i n  t he  d a t a  deck genera ted i n  Step One wh ich  i s  

t o r e d  i n  f i l e  " f i l ename" .  The f i l t e r n a m e  used i s  t h e  one determined i n  

Step Two. 



The p r i n c i p a l  changes i n  t h e  MVMA V e r s i o n  have t o  do w i t h  a  

r e s t r u c t u r i n g  o f  t h e  d a t a  r e f e r e n c e s  t o  MVMA q u a n t i t i e s  s t o r e d  f rom t h e  

MVMA r u n s .  Command changes a l s o  nave o c c u r r e d  i n  t h e  McAuto 

i m p l e m e n t a t i o n .  The n e x t  s u b s e c t i o n  d e a l s  w i t h  these command changes. 

The f i n a l  s u b s e c t i o n  d e a l s  w i t h  t h e  c o r r e c t i o n s  f o r  d a t a  r e f e r e n c e s ,  

3 . 1  Chanses i n  Commands 

The McAuto v e r s i o n  changes one command and implements t h e  " O F F -  

LINE" o p t i o n  o f  t h e  " S t a r t  P l o t "  command. 

The T e s t  Q u a n t i t y  Commana no l onge r  accep ts  a f i l e n a m e .  A TQ i s  

mean ing fu l  o n l y  a f t e r  a  TR and b e f o r e  t h e  n e x t  TR o r  MR o r  F G .  L i k e w i s e  

a  MQ i s  m e a n i n g f u l  o n l y  a f t e r  a  MR and b e f o r e  t h e  n e x t  TR o r  M R  o r  F G .  

T a b l e  2 p r e s e n t s  t h e  r e v i s e d  commands. 

3 . 2  Changes i n  Data Reference Parameters 

Many changes have been made i n  q u a n t i t i e s  p r i n t e d  as p a r t  o f  t h e  

MVMA 2 - 0  t a b u l a r  p r i n t o u t .  T a b l e  3 o f  t h i s  r e p o r t  r e p l a c e s  Tab le  j o f  

t h e  VCL R e p o r t .  



T A B L E  2 .  R E V I S E D  MVMA V C L  COMMANDS 

TEST QUANTiTY Dataname 1 TQ  
(a )  F i  l e  r e c o r d  number ( ) 
(b) T ime i  nc rement  imsec) 
i c )  F i n a l  t i m e  (rnsec) 

No tes  j e n t e n c e  
C o n t e n t s  

T E S T  EUN F i l e n a m e  I - 
I 

Dataname i s  name by  
wh i ch  t h i s  d a t a  i s  
t o  be  r e f e r e n c e d .  F i l e  
r e c o r d  number i s  s t a r t i n g  
r e c o r d  o f  f i l e  w h i c h  c o n t a i n s  
f i r s t  header  c a r d  f o r  t h i s  
d a t a .  More t h a n  one  such  
d a t a  s e t  can  e x i s t  i n  one  
f i l e  

Sen tence  
Abbrev i  a- 

t i o n  

/ Y O D E L  - RUN ~ i  lenarne 1 
F i  1 enarne 2 

TR F i l ename  o f  f i l e  w h i c h  
c o n t a i n s  u s e r  d a t a  

I 

M R F i l ename  1 i s  b a s i c  I 
h o l d  f i l e  f o r  MVMA r u n  
and F i l ename  2 i s  c o n t a c t  
i n f o r m a t i o n  h o l d  f i l e  



T A B L E  3.  OUTPUT TEST V A R I A B L E S  AND T H E I R  S P E C I F I C A T I O N S  ( 1  o f  1 0 ) .  

QUANTITY DESCRIPTION CATG. NO. C O L .  NO.  

Airbag CG force components - head moment 20 3 
Airbag CG force components - head x 20 1 
Airbag CG force components - head z 2 0 2 
Airbag CG force components - lower torso moment 20 1 2  
Airbag C G  force components - lower torso x 20 10 
Air~ag CG forte components - lower tors0 z 20 11 
Air~ag CG force components - middle torso moment 20 9 
Airbag CG force components - middle torso x 2 0 7 
Airbag CG force components - middle torso z 2 0 8 
Airbag CG force components - upper leg moment 2 0 15 
Airbag CG force components - upper leg x 2 0 13 
Airbag C G  force components - upper leg z 2 0 1 4  
Airbag CG force co~ponents - upper torso moment 20 6 
A i  rbag C5 force components - upper torso x 20 4 
Airbag CG force components - upper torso z 2 0 5 
Airbag contact forces - head pressure 19 1 
Ai rbag contact forces - head tension 19 2 
Airbag contact forces - lower torso pressure 19 7 
Airbag contact forces - lower torso tension 1 9  8 
Airbag contact forces - middle torso pressure 19 5 
Airbag contact forces - middle torso tension 19 6 
Airbag contact forces - upper leg pressure 19 9 
Air~ag contact forces - upper leg tension 19 10 
Airbag contact forces - upper torso pressure 19 3 
Ai rbag contact forces - upper torso tension 19 4 
Airbag variables - bag gas mass 18 4 
Airbag variables - bag pressure 18 1 
Ai rbag variables - bag temperature 18 2 
Airbag variables - bag volume 18 3 
Airbag variables - mass flow i n  18 5 
Airbag variables - mass f l o w  o u t  18 6 
Airbaq variables - supply temperature 18 7 

3cdy joint coordinate - elbow x 
Zody joinr coordinate - elbow z 
Body joint coordinate - nip x 
Body j o i n t  coordinate - hip z 
5cdy joint coordinate - knee x 
Scdy j o i n t  coordinate - knee z 
Scdy j o i n t  coordinate - lower spine x 
3cdy joint coordinate - lower soine z 
3cdy join: coordinate - uDoer spine x 
3cay joint coordinate - upper spine z 
30dy joint velocity - elbow y 

Scdy joint velocity - chow z 
3ciy joint velocity - hip x 
3ody joint velocity - hip z 



TABLE 3. OUTPUT T E S T  V A R I A B L E S  AND T H E I R  S P E C I F I C A T I O N S  ( 2  o f  10) 

QUANTITY DCSCR I PTiON CATG. YO. C C L .  YO. 

Body j o i n t  v e l o c i t y  - knee x 1 4  
Body j o i n t  v e l o c i t y  - knee z 1 4  
Body j o i n t  v e l o c i t y  - lower s p i n e  x 1 4  
Body j o i n t  v e l o c i t y  - lower  s p i n e  z 1 4  
Body j o i n t  v e l o c i t y  - upper  m i n e  x 1 4  
Body j o i n t  v e l o c f t y  - upper  s p i n e  z 1 4  
Body 1 i n k  a n g l e s  - head 10  
Body 1 ink  a n g l e s  - lower  arm 10  
Body 1 ink a n g l e s  - lower  l e g  10  
Body 1 ink a n g l e s  - lower  t o r s o  10  
Body 1 ink angl es - rniddl e t o r s o  10  
Body 1 i  nk angl  es - neck 10  
Body 1 ink  a n g l e s  - s h o u l d e r  1 0  
Body 1 ink a n g l e s  - upper  arm 10  
Body 1 i n k  a n g l e s  - upper  1 eg  10  
Body 1 i n k  a n g l e s  - upper  t o r s o  10  
Body 1 ink  a n g u l a r  a c c e l e r a t i o n  - head 12 
Body 1 i n k  a n g u l a r  a c c e l e r a t i o n  - lower  arm 1 2  
Body 1 ink  a n g u l a r  a c c e l e r a t i o n  - lower  l e g  12  
Body 1 i nk  a n g u l a r  a c c e l e r a t i o n  - lower  t o r s o  1 2  
Body 1 i n k  a n g u l a r  a c c e l e r a t i o n  - middle t o r s o  12 
Body 1 i n k  a n g u l a r  a c c e l e r a t i o n  - neck 12 
Body 1 ink  a n g u l a r  a c c e l e r a t i o n  - s h o u l d e r  12  
Body 1 i nk  a n g u l a r  a c c e l e r a t i o n  - upper  a n  12  
Body 1 ink  a n g u l a r  a c c e l  e r s t i o n  - upper  l e g  1 2  
Body 1 ink a n g u l a r  a c c e l e r a t i o n  - upper  t o r s o  12 
Body l i n k  a n g u l a r  v e l o c i t y  - head 11 
Body 1 ink  a n g u l a r  v e l o c i t y  - lower  a m  11 
5ody l i n k  a n g u l a r  v e l o c i t y  - lower  l e g  11 
Body 1  in^ a n g u l a r  v e l o c i t y  - lower t o r s o  11 
Body l i n k  a n g u l a r  v e l o c i t y  - n i d d l e  t o r s o  11 
Body 1 ink  a n g u l a r  v e l o c i t y  - neck 11 
Body l i n k  a n g u l a r  v e l o c i t y  - s h o u l d e r  11 
Body l i n k  a n g u l a r  v e l o c i t y  - upoer  a m  11 
Boay 1 ink a n g u l a r  v e l o c i t y  - uopsr  l e g  1 i 
Body l i n k  a n g u l a r  v e l o c i t y  - uaper  t o r s o  11 
Center  o f  mass r e s u l t a n t  moment - head 32 
Center  of mass r e s u l t a n t  nomen; - head a p p l i e d  

f o r c e  c o m ~ o n e n t  32 
Center  of mass r s u l  t a n t  moment - lower  a m  3 2 
Center  o f  mass r e s u l  t a n t  moment - 1 ower 1 eg  3 2 
Center  of mass r e s u l  t a n t  moment - 1 ower t o r s o  3 2 
Center of mass r e s u l t a n t  moment - middle  t o r s o  3 2 
Center  o f  mass r e s u l t a n t  moment - uoper  am 32 
Center  o f  mass r e s u l t a n t  moment - upper leg  3 2 
C2nter  of mass r e s u l t a n t  nornent - upper  t o r s o  3 2  
Center  of mass x f o r c e  ccrn~onent  - head 30 
Center  o f  mass x f o r c e  comoonent - head a p p l i e d  

f o r c e  component 30 
Center  o f  mass x f o r c e  c c m ~ o n e n t  - lower  a n  30 
Center  o f  mass x f o r c e  component - l cwer  l e g  30 



T A B L E  3. OUTPUT T E S T  V A R I A B L E S  AND T H E I R  S P E C I F I C A T I O N S  (page  3 o f  1 0 ) .  

QUANTITY DESCRIPTION CATG. NO COL.  NO.  

Center of mass x force component - lower torso 30 
Center of mass x force component - middle torso 3 0 
Center of mass x force component - upper arm 3 0 
Center of mass x force component - upper leg 3 0 
Center of mass x force comoonent - upper torso 30 
Center of mass z force component - head 3 1 
Center of mass z force component - head applied 

force component 31 
Center of mass z force component - lower arm 3 1 
Center of mass z force component - lower 1 eg 3 1 
Center of mass z force component - lower torso 3 1 
Centtr of mass z force component - middle torso 3 1 
Center of mass z force component - upper a n  3 1 
Center of mass z force component - upper leg 3 1 
Center of mass z force component - upper torso 31 
Contact be l t  vs attachment - absorbed energy 4 
Contact be l t  vs attachment - deflection ra te  4 
Contact bel t  vs attachment - deflection 4 
Contact be1 t vs attachment - unadjusted tension 4 
Contact be1 t vs attachment - resultant force 4 
Contact be1 t vs attachment - resultant heading 

angl e 4 
Contact bel t  vs attachment - ring equil .  tension 4 
Contact be l t  vs attachment - tension adjustment 4 
Contact e l l ipse  vs e l l ipse  - body segment x for 

e l l i p se  A 4 
Contact e l l i p se  vs e l l ipse  - body segment z for 

e l l ipse  A 4 
Contact el 1 ipse vs e l l i p se  - body segment x for 

e l l ipse  8 4 
Contact e l l ipse  vs e l l ipse  - body segment z for 

e l l ipse  8 4 
Contact el 1 ipse vs e l l ipse  - center point x for 

e l l ipse  A 4 
Contact e l l i p se  vs e l l ipse  - center point z for 

e l l ipse  A 4 
Contact el 1 ipse vs e l l  ipse - center point x for 

e l l ipse  B 4 
Conuct el 1 ipse vs el 1 ipse - center point z for 

e l l ipse  B 4 
Contact e l l ipse  vs e l l ipse  - deflection ra te  4 
Contact e l l ipse  vs e l l ipse  - deflection 4 
Contact e l l i p se  vs e l l ipse  - normal force 4 
Contact el 1 i pse vs 1 ine - contact poi n: x on body 

segment 4 
Xonract e l l ipse  vs l ine - contact point z on body 

segment 4 
Contact e l l i p se  vs 1 ine - contact point position 

on  l ine 4 
Contact e l l ipse  vs l ine - contact point veiocfty 

o n  l ine 4 



TP,BLE 3 .  O U T P U T  T E S T  ' J A R I A B L E S  AND T H E I R  S P E C I F I C A T I O P I S  (page  4 o f  1 0 ) .  

QUANTITY DESCRIPTION CATG. NO. COL.  NO. 
Contact e l l i p se  vs l ine - contact point x in 

iner t ia l  space 4 
Contact el 1 ips? vs 1 ine - contact point z in 

iner t ia l  space d 
Contact e l l i p se  vs l i ne  - T i n e  deflection ( e l l ip se )  4 
Contact e l l i p se  vs l ine - l ine def l .  rate ( e l l i p se )  4 
Contact e l l i p se  vs 1 ine - normal force 4 
Contact e l l i p se  vs l ine  - tangential force 6 
Femur and t ib ia  loads - femur axial a t  knee 40 
femur and t ib ia  loads - femur axial a t  sensor 40 
Femur and t ib ia  loads - fenur snear a t  knee 40 
Femur and t ib ia  loads - t ib ia  axial a t  f o o t  40 
Femur and t ib i a  ioads - t i b i a  axial a t  knee do 
F i  1 tered accelerations - chest A-P 7 
F i  1 tered accelerations - chest resul tant  7 
Fi 1 tered accelerations - chest S- I 7 
Filtered accelerations - head A-P 7 
Fi  1 tered accel e ra t i  ons - head resul tant  7 
Fi 1 t e r d  accelerations - head S-I 7 
F i  1 tered accelerations - hip resul tant  7 
Filtered accelerations - hip x 7 
Filtered accelerations - hip z 7 
Filtered severity index - chest SI A-P 9 
Filtered severity index - chest SI resultant 9 
Filtered severity index - chest SI S-I 9 
Filtered severity index - chest mod SI A-P 9 
Filtered severity index - chest mod S I  resultant 9 
Fi1 tered severity index - chest mod SI S-I  9 
Fi 1 tered severity index - head $1 A-P 9 
Filtered severity index - head Si resultant 9 
Fil terea severity index - head SI 8-1 9 
F i ;  tered severity index - head mod S I  A-P 9 
f i l te red  severity index - head nod SI resul tant 9 
ii 1 tered severity index - head mod S I S- 1 9 
Friction com~onent joint  torque - elhcw 25 
Friction component joint  torque - hip 2 5 
Friction com~onent Joint  toroue - knee 2 5 
Friction comoonent joint  tcrcue - lower neck 2 5 
Friction comonent joint  torque - lower spine 2 5 
Friction comoonent j o i n t  torque - shoulder a t  arm 25 
Friction ccmponent joint  tcrque - upper neck 2 5 
Friction component joint  torque - upper spine 25 
Joint  absorbed energy - elbow 1 6  
Joint absorbed energy - h i o  1 6  
Joint absorbed energy - h e 2  16 
Joint  absorbed energy - lcwer neck 1 6  
Jofnt a b s o r M  energy - lcwer spine 15 
Joint absorbed energy - neck length 15  
Joint absor5ed energy - snculder a t  a m  1 6 



T A B L E  2 .  OUTPUT T E S T  V A R I A B L E S  AND T H E I R  S P E C I F I C A T I O l i S  (?age  5 o f  1 0 ) .  

QUANTiTY DESCRIPTION CATG, 60. COL. NO. 

J o i n t  absorSed energy - shculder a t  torso 16 
Jo in t  absorbed energy - shoulder length 16 
J o i n t  absorbed energy - upper neck 16 
Jo in t  zbsorbed energy - ucper spine 16 
Jo in t  f r i c t i o n  absorbed energy - elbow 2 8 
Jo in t  f r i c t i o n  absorbed energy - hip 2 8 
Jo in t  f r i c t i o n  absorbed energy - knee 28 
Jo in t  f r i c t i o n  absorbed energy - lower neck 2 8 
Jo in t  f r i c t i o n  absorbed energy - lower spine 2 8 
Jo in t  f r i c t i o n  absorbed energy - shoulder a t  arm 2 8 
Jo in t  f r i c t i o ?  absorbed energy - upper neck 2 8 
Jo in t  f r i c t i o n  absorbed energy - upper spine 28 - 
Jo in t  muscle tension absorbed energy - el  bow 39 
Jo in t  muscle tension absorbed energy - hip 3 9 
Jo in t  muscle tension absorbed energy - knee 39 
Jo in t  muscle tension absorbed energy - lower neck 39 
Jo in t  muscle tension absorbed energy - lower spine 39 
Jo in t  muscle tension absorbed energy - neck length 39 
Jo in t  muscle tension absorbed energy - shoulder a t  

am 3 9 
Jo in t  muscle tens ion absorbed energy - shoulder a t  

torso 3 9 
J o i n t  muscl e tension absorbed energy - s houl der 

I 1 ength 3 9 
Jo in t  muscle tension absorbed energy - upper neck 39 
J o i n t  muscle tension absorbed energy - upper spine 39 
Jo in t  stop absorbed energy - el bow 27 
Jo in t  stop absorbed energy - h i p  27 
Jo in t  stop absorbed energy - knee 27 
Jo in t  stop absorbed energy - lower neck 2 7 
Jo in t  stop absorbed energy - lower spine 2 7 
Jo in t  stop absorbed energy - shoulder a t  a m  27 
Jo in t  stop absorbed energy - shoulder length 27 
Jo in t  stop absorbed energy - upper neck 2 7 
Jo in t  stop absorbed energy - upper spine 2 7 
Jo in t  torques - elbow 15 
Jo in t  torques - h i p  15 
Jo in t  torques - knee 15 
Jo in t  torques - iower neck 15 
Jo in t  torques - lower spine 15 
Joinz torques - shoulder a t  a m  15 
Jo in t  torques - shoulder a t  tgrso 15 
J o i n t  torques - upper neck 15 
J o i n t  torques - upper scine 15 
Jo in t  viscous absorbed energy - elbow 2 9 
doint viscous absorbed energy - hip 2 9 
Jo in t  ~ ~ i s c o u s  absorbed energy - knee 2 9 
doint visccus absorber; anergy - lower neck 2 9 
Jo in t  viscous absorbed energy - lower spine 29 
Jo in t  viscous absorbed energy - neck length 2 9 
Jo in t  viscous absorbed energy - shoulder a t  arm 29 
Join: iiscous absorbed ??ergy - shoulder length 2 9 
Jo in t  viscous absorbed energy - ucper neck 29 



OUTPUT T E S T  V A R I A B L E S  AND T H E I R  S P E C I F I C A T I O N S  (oage  6 o f  1 0 ) .  

QUANTITY OESCRI  PTION C A T G  N O .  C O L .  NO. 

Jo in t  viscous absorbed e n e r ~ y  - upper spine 29 
Kinetic energy - arms 17 
Kinetic energy - head 1 7  
Kinetic e n e r ~ y  - head superior-inferior 17 
Kinetic energy - torso 1 7  
Kinetic energy - total  body 1 7 
Line movement of Point A x 3 
Line movement of Point A 3 
Line novemeni of Point 1 x 3 
Line movement of Point 1 z 3 
Line movement of Point 2 x 3 
Line movement of Point 2 r 3 
Line movement of Point 3 x 3 
Line movenent of Point 3 z 3 
Line novement of P o i n t  4 x 3 
Line movement of Point 4 z 3 
Line movment of Point 5 x 3 
Line movement of Point 5 z 3 
Linear component of joint  torque - elbow 2 3 
Linear component of joint  torque - hip 2 3 
Linear component of , joint  torque - knee 23 
Linear component of jo in t  torque - lower neck 23 
Linear component of'. jo in t  torque - 1 ower spine 23 
Linear component of j o i n t  torque - shoulder a t  a n  23 
Linear component of jo in i  torque - upper neck 23 
Linear component of jo in t  torque - upper spine 23 
i4uscle tension forces - neck 38 
Muscle tension forces - shoulder length 3 8 
Muscle tension torque - e!Sow 33 
Muscle tension torque - h i p  3 8 
Muscle tension torque - k3ee 38 
Muscle tension torque - 7ower neck 38 
Muscle tension torque - lower s ~ i r i e  3 8 
Nuscle tension torque - shoulder a t  a m  38 
Muscle tensicn torque - shculder a t  torso 38 
Huscle tension torque - upper neck 38 
Muscle tension torque - ucper sgine 3 8 
Neck and shoulder forces - neck 1 inear 3 7 
Neck and shoulder forczs - neck muscle 3 7 
Neck and shoulder forces - neck non-1 inear 5 7 
Neck and shoulder forces - neck total  37 
Neck and shoulder forces - net!< viscous 37 
Neck and shoulder forces - shoulder 1 inezr 5 7 
Neck and shoulder forces - shoulder muscle 3 7 
Neck and shoulder forces - shoulder non-1 inear 3 7 
tieck and shoulder f o r m  - shoulder total  3 7 
Neck and shoulder forces - shculder viscous 37 
Neck joint  coordinates - lower neck x 21 
Neck joint  coordinates - lower neck z 21 



TABLE 3. OUTPUT TEST VARIABLES AND T H E I R  S P E C I F I C A T I O f l S  ( p a g e  7 o f  1 0 ) .  

QUANTITY DESCRIPTION CATG. N O .  C O L .  NO. 

Neck jo in t  coordinates - lower neck x velocity 2 1 7 
Neck jo in t  coordinates - lower neck z velocity 2 1 8 
Neck jo in t  coordinates - neck length 21 9 
Neck jo in t  coordinates - neck length ra te  2 1 10 
Neck jo in t  coordinates - upper neck x 2 1 1 
Neck jo in t  coordinates - upper neck z 2 1 2 
Neck jo in t  coordinztes - upper neck x velocity 21 3 
Neck jo in t  coordinates - upoer neck z velocity 2 1 4 
Nonlinear component of jo in t  torque - elbow 24 8 
Nonlinear component of jo in t  torque - hip 2 4 5 
Nonlinear component of jo in t  torque - knee 2 4 6 
Nonlinear component of jo in t  torque - lower neck 24 2 
Nonlinear component of jo in t  torque - 1 ower spine 24  4 
Nonlinear component of jo in t  torque - shoulder a t  

a m  2 4 7 
Nonl inear component of jo in t  torque - upper neck 24 1 
Nonlinear component of jo in t  torque - upper spine 24 3 
Quantity f o r  region - average migration XR 2 3 
Quantity fo r  region - average migration ZR 2 4 
Quantity fo r  region - end point movement A-X 2 5 
Quantity f o r  region - end point movement A-Z 2 6 
Quantity f o r  region - end p o i n t  movement 6 - X  2 7 
Quantity f o r  region - end point movement 8-Z 2 8 
Quantity f o r  region - force component X R  2 1 
Quantity fo r  region - force component ZR 2 2 
Quantity fo r  region - number e l l i p se  contacting 2 9 
Shoulder jo in t  coordinates - shoulder a t  arm x 2 2 5 
Shoulder jo in t  coordinates - shoulder a t  arm z 22 6 
Shoulder jo in t  coordinates - shoulder a t  arm x 

velocity 2 2 7 
Shoulder jo in t  coordinates - shoulder a t  arm z 

vel oci ty 22 8 
Shouider jo in t  coordinates - shoulder a t  torso x 22 1 
Shouider jo in t  coordinates - shoulder a t  torso z 22 2 
Shoulder jo in t  coordinates - shoulder a t  torso x 

velocity 2 2 3 
Shoulder joint coordinates - shoulder a t  torso z 

velocity 2 2 P 
Shoulder jo in t  caordi nates - shoulder 1 ength 22 9 
Snouider jo in t  coordinates - shoulder length ra te  22 10 
Steering column coordinates - gear box x 33 11  
Steering column coordinates - gear box z 3 3 1 2  
Steering column coordinates - wheel attachment 

point x 33 9 
Steering ca1 umn coordinates - wheel attachment 

point x 3 3 10 
Steering ::lunn coordinates - wheel h u b  x 3 3 7 
Steering column coordinates - wneel hub z 23 8 
Steering column caordinates - wheel lower edge x 33 1 
Steering column coordinates - whee7 lower edge z 33 2 



TABLE 3.  OUTPUT TEST V A R I A B L E S  AND T H E I R  S P E C I F I C A T I O i l S  (8 o f  l o ) .  

QUANTITY DESCZIPTICN C A T G .  NO. CZL. N O .  
Steering co1 umn coordinates - wheel iniddl  e edge x 33 
Steering column coord'nat2s - wheel middle edge z 33 
Steering column coordinates - wheel upper sdge x 33 
Steering column caordinates - wheel upper edge z 33 
Steering column farce components - head ncrnent 36 
Steering column force ccmponentj - head x 3 5 
Steering column force com~cnents - head z 3 6 
Steering column force components - iower torso 

mornen t 3 6 
Steering c o l ~ n  force ccmoonent; - lower torso x 3 6 
Steering column force components - lower torso z 36 
Steering column force compcnents - miadl e torso 

moment 3 6 
Steering column force components - middle torso x $ 6  
Steering column force ccmponents - niddle torso z 36 
Steering column force components - Upper torso 

moment 36 
Steering column *Force components - upper torso x 36 
Steering column force components - upDer torso z 36 
Steering col umn forces - 1 cwer co1 umn extsns i onal 

nona l  force 3 5 
Steering column forces - lower hinge moment 3 5 
Steering col umn forces - ucper co1 umn extensional 

normal force 3 5 
Steering column forces - upper hinge moment 3 5 
Steering column forces - wheel hub nomal force 3 5 
Steering column forces - wheel h u b  tzngential force 35 
Steering column forms - wheel lower e d ~ e  normal 

force 3 5 
Steering column forces - wceel lower edge t a n -  

gential force 3 5 
Steering column forces - lflnee1 middle edge nomal 

force 3 5 
Steering column forces - wheel rniddle edge tan- 

gential force 3 5 
Steering column forces - qt~neel upper edse noma? 

force 2 5 
Stter ing column ' o r c ~ s  - wn2el gcper edse tzn- 

sent iai  force 35 
Steering co1 umn kinematic; - lower coi unn exten- 

sional displacment  34 
Steeri  ng column ki nenati cs - ? ower col unn exten- 

sional veioci ty 3 4 
Steering ccl umn k i n e ~ a t i c s  - lower hinge angular 

aispl acerent 3 a 
Steering cduriin kinematics - Iswer hinge anaul a r  

tieloci t y  3 6 
Steering cai u m n  ki n e r d  t i c s  - uzser col ern ext2n- 

sional disglacsment 34 
Steering column kinenatics - upoer co1 unn exten- 

sional velocity ? 4 



T A B L E  3. OUTPUT T E S T  V A R I A B L E S  AND T H E I R  S P E C I F I C , 1 T I O I I S  (9 o f  1 0 ) .  

QUANTITY DESCZIPTION CATG.  NO. COL. NO. 

Steering col umn kinematics - upper hinge angu? a r  
displacement 3 4 5 

Steering column kinematics - upper hinge angular 34 6 
velocity 

Unfi l tered accel erat ions - chest A-P 6. 
Unf i 1 tered accel e r a t i  ons - CheS t resul tan t  6 
U n i i  1 tered accel e r a i i  ons - chest S-I 6 
Unfi 1 tered acce? erat ions - head A-P 6 
Unf i 1 tered accelerations - head resul tan t 6 
Unfi 1 tered accel erat ions - head S- I 6 
Unfi 1 tered accelerations - hip resul tant  6 
Unfiltered accelerations - h i p  x 6 
Unfi l tered aciel  erat ions - h i p  z 6 
Unfiltered severi ty  index - chest SI A-P 8 
Unfiltered severi ty  index - chest SI resul tant  8 
Unfiltered severi ty  index - chest SI S- I  8 
Unfiltered severi ty  index - chest modified SI A-P 8 
Unfiltered severi ty  index - chest modified SI resu l t -  

a n t  8 
Unfiltered severi ty  Sndex - chest modified SI S-I 8 
Unfiltered severi ty  index - head SI A-P 8 
Unfiltered severi ty  index - head SI resul tant  8 
Unfiltered severi ty  index - head S: S - I  8 
Uniil tered severi ty  index - head modified SI A-P 8 
Unfi 1 tered severi ty  index - head modified S I  resui t- 

a n t  8 
Unfi l tored severi ty  index - head modified SI S-I  8 
Vehicie r e s ~ o n s e  - horizontal acceleration 1 
Vehicle response - hori zonta? displacement 1 1  
Vehic?e response - horizontal t i ne  1 
Vehicle response - horizontal velocity 1 
!'ehicie response - pi tcn acceleration 1 
Vehicie resDonse - pitch angle 1 
Vehicle rosponse - pitch velocity 1 
~Iehicle  resoonse - vert ical  acceleration 1 
Yehi cle response - ver t ica l  displacement 1 
'Jehicle response - vert ical  velocity 1 
'Jiscosi ty component jo in t  torque - elbow 2 6 
Viscosity component j o i n t  torque - hip 2 6 
Viscosity cornDonent jo in t  torque - knee 2 6 
' liscosi ty  comoonent jo in t  torque - lower neck 2 5 
' l i scosi ty  component jo in t  torque - lower spine 2 5 
'!iscgsity ccmoonent jo in t  t o r q ~ e  - shou?cer a t  a m  26 
' liscosi ty comoonent jo in t  torque - uDper neck 2 6 
'J iscosiry component jo in t  torque - upper spine 2 6 



T A B L E  3. OUTPUT TEST V A R I A B L E S  A N D  THEIR SPECIFICATIOrlS (10  o f  10).  

QUANTITY DiSCRIPTIC:4 CATG. N O ,  COL.  N O .  

Chest C . G .  motion - x-position 47 
Chest C . G .  motion - x-velocity 4 7 
Chest C.G.  motion - x-acceleration 4 7 
Chest C . G .  motion - z-position 4 7 
Chest C.G.  motion - z-velocity 4 7 
Chest C . G .  motion - z-acceleration 4 7 
Head C . G .  motion - x-position 4 6 
Head C . G .  motion - x-velocity 46 
Head C.G.  motion - x-acceleration 46 
Head C.G.  motion - z-position 46 
Head C . G .  motion - z-velocity 46 
Head C , G .  motion - z-acceleration 46 
Head C.G. motion - head angle 4 6 
Head C . G .  motion - angular velocity 46 
Head C.G. motion - angular acceleration 46 
Hip motion - x-position 48 
Hip motion - x-veloci t y  48 
Hip motion - x-acceleration 48 
Hip motion - z-positicn 4 8 
Hip motion - z-velocity 48 
Hip motion - z-acceleration 48 
Joint  re lat ive angles - upper neck 49 
Jo in t  re la t ive  angles - lower neck 49 
Jo in t  re la t ive  angles - upper spine 49 
Jo in t  re la t ive  angles - lower spine 49 
Jo in t  re la t ive  angles - hip 4 9 
Joint  re la t ive  angles - knee 49 
Joint  re la t ive  angles - shoulder a t  arm 49 
Joint  re lat ive angles - elbow 49 
Jo in t  re lat ive angle veloci t ies  - upper neck 5 0 
Jo in t  re lat ive angle veloci t ies  - lower neck 5 0 
Joint  re lat ive angle veloci t ies  - upper spine 5 0 
Joint  re la t ive  angle velocities - lower spine 5 0 
Jo in t  re lat ive angle veloci t ies  - hip 5 0 
Joint  re lat ive angle veloci t ies  - knee 5 0 
J o i n t r e l a t i v e a n g l e v e l o c i t i e s  - s h o u l d e r a t a n  50 
Jo in t  re la t ive  angle veloci t ies  - elbow 5 0 
Neck reaction forces - upper neck shear on neck 5 
Neck reaction forces - upper neck cornpressille 

on neck 5 
Neck reaction forces - upper neck shear on head 5 
Neck reaction forces - upper neck c~rnpressive 

on head 5 
Neck reaction forces - lower neck shear on neck 5 
Neck reaction forcer,- 1 owcr neck cornpressil/e - on neck 5 
Neck reaction forces - lower neck shear on  ~ s r s o  5 
Neck reaction forces - lower neck cornpressil/e 

on torso 5 
Neck reaction forces - moment a t  upper neck 5 
Neck reaction forces - moment a t  lower neck 5 



4.0 THE CAL/HSRI VERSION O F  THE VCL 

T h i s  o r i g i n a l  VCL was deve loped f o r  use w i t h  t h e  MVMA 2-D Model.  

I t  p roved  u s e f u l  enough t h a t  a  v e r s i o n  was deve loped f o r  use w i t h  t h e  

CAL/HSRI 3 -0  Model (Reference 2 ) .  T h i s  n e c e s s i t a t e d  changes i n  t h e  

model d a t a  r e a d i n g ,  many m ino r  changes i n  commands, and a  new model d a t a  

r e f e r e n c e  system. The n e x t  s u b s e c t i o n  d i s c u s s e s  t h e  changes i n  commands 

w h i l e  t h e  l a s t  s u b s e c t i o n  d i s c u s s e s  t h e  a v a i l a b l e  model d a ~ a .  

4.1 Chanaes i n  Commands 

The d a t a  s t r u c t u r e  employed i n  CAL/HSRI 3 - 0  Model s t o r a g e  i s  much 

s i m p l e r  and l e s s  comprehensive t h a n  t h e  MVMG 2-D. On t h e  o t h e r  hand, 

t h e  CAL/HSRI 3 - D  Model has much more genera l  p o s s i b i l i t i e s  i n  t h e  use o f  

u n i t s .  The r e s u l t  o f  these d i f f e r e n c e s  caused changes i n  many commands. 

T a b l e  4 c o n t a i n s  t h e  r e v i s e d  command p r o t o t y p e s .  T h i s  t a b l e  supplements 

b o t h  T a b l e  2 o f  t h i s  r e p o r t  and T a b l e  1 o f  t h e  VCL Reopor t .  T a b l e  5  o f  

t h i s  r e p o r t  r e p l a c e s  T a b l e  2  o f  t h e  VCL r e p o r t .  The o r d e r i n g  

r e s t r i c t i o n s  men t ioned  i n  S e c t i o n  3 . 1  a l s o  a p p l y  h e r e .  

4 . 2  Changes i n  Data Reference Parameters  

The CAL/HSRI 3 - 0  Model Data i s  s p e c i f i e d  by u s i n g  t h e  3-D o u t p u t  

page number, an index s p e c i f y i n g  w h i c h  group o f  d a t a  on t h a t  page ( t h e r e  

o f t e n  may be more t h a n  one) and an index s p e c i f y i n g  wh ich  v a r i a b i e  i r ;  

t h e  s e t .  From these  t h r e e  i n d i c e s ,  t h e  model q u a n t i t y  d e s i r e d  i s  

l o c a t e d  i n  t h e  b i n a r y  h o l d  f i l e .  S e c t i o n  2 .2 .2  o f  t h e  VCL Repor t  does 

n o t  a p p l y  t o  t h e  CAL/HSRI 3-D V e r s i o n  o f  t h e  VCL. T a b l e  6 o f  t h e  

p r e s e n t  r e p o r t  r e p l a c e s  b o t h  Tab les  3 and 4  o f  t h e  VCL r e p o r t .  The 

examples i n  t h e  VCL r e p o r t  pages 4 3 - 9 5  do n o t  a p p l y  t o  t h e  CAL/HSRI 3-9  

VCL. T a b l e  7 supplements T a b l e  10 o f  t h e  VCL Repor t  w h i l e  Tab le  8 

supplements T a b l e  1 7 .  







TABLE 5. T E S T  DATA QUANTITY DIMENSION CODE INDICES 

1 
Quantity Def au 1 t 1 Code 

force I l b  j 

Type Dimensions 

d i stance 

l ndex 

1 

torque or  moment 1 in-lb 1 4 

3 time 

I 
sec 

velocity 

accelerztion 

I 

i n/sec 

7 

8 

angle value 

angle velocity 

1 angle acceleration 1 rev: sec/sec i 
1 I 9 

G ' s 

deg 

rev/sec 

strain 
I 

in/in 

pressure 

5 

10 

1 1  

temperature " R 



TABLE 6. CAL/HSRI 3-0 DATA QUANTITIES AVAILABLE 

Quantity 
Description Cat. No. 

Rela- 
tive 
Col . 
No. 

Number 
0 f 

Groups 

Airbag center location - x  
Airbag center location -y 
Airbag center iocation -: 
Airbag contact force -x 
Airbag contact force -y 
Airbag contact force - z  
Airbag orientation angle - pitch 
Airbag orientation angle - roll 
Airbag orientation angle - yaw 
Airbag semiaxis iength - A  
kirbag semiaxis length -B 
Airbag semiaxis length - C  
Airbag static pressure 
Ai:bag supply presscre 
Airbag temperature 
Belt force - point A 
Belt force - point B 
Belt strain - point A 
Belt strain - point B 
Joint flex. angle 
Joint flex. spring torque 
Joint resulran: roraue 
~ 0 i n t  tors. angle 
Joint tors. s p r i n ~  torzue 
Joint viscous and coulomb toraue 
Panel versus segment contact aeflection 
Panel versus segment contact friction force 
Panel versus segment contact location - x  
Panel L1ersus segment contact location -y 
Panel versus segment contact location - 2  

Panel versus segment contact normal force 
Panel versus segmenc contact resultant force 
Seqment angular acceieration - resultant 
Segment angular acceleration - x  
Segment angular acceleration -y 
Segment angular acceleration - z  
Segment angular displacement - pitch 
Segment anguiar displacement - resui~ant 
Segment angular dispiacement - roil 
Segment angular dispiacement - yaw 
Segment angular velocity - resultant 
Segment angular velocity -x 
Segment angular velocity - y  
Segment angular velocity - z  



TABLE 6 .  CAL/HR I 3-D D A T A  QUANT l T l ES AVA l LABLE (cont i nued) 

Qusnt i ty 
Description 

Segment linear acceleration - resultant 
Segment linear acceleration -x 
Segment linear acceleration -y 
Segment linear acceleration - z  
Segment linear displacement - resultant 
Segment linear displacement -x 
Segment linear displacement -y 
Segment linear displacement - z  
Segment linear velocity - resultant 
Segment linear velocity -x 
Segment linear velocity -y 
Segment linear velocity - 2  

Segment versus segment contact deflection 
Segment versus segment contact friction force 
Segment versus sesnent contact location of seg 

1 - x  
Segment versus segment contact location of seg 

l -y 
Segment versus segment contact location of seg 

1-2 

Segment versus segment contact location of seg 
2 - x  

Sesment versus segment con:ac: locatior of ssg 

2 - Y  
Segment versus segment contact location of seg 

2 - 2 

Segment versus segment contact normal force 
Segment versus segment contact resultant force 

Re1 a- 
tive 

Cat. No. Col. 1 No. 





TABLE 8 .  CAL/HSRI VCL SUBPROGRAM TABLE 

Rout  i ne Rout  i nes 1 Name C a  l e d  
I 

CONPA2 

I I I 

I 
TSTRON INTMAK. RINF, i 

INTMAR, R i N i ,  p r ocesses  r u n  c o n t r o l s  
UNPACK 1 

I 

MODAT 

hOORUN 

UNPACK 

f i n d s  p r o p e r  c a t e g o r y  number 
g i v e n  page number 

p r e p a r e s  :o r e a d  e x p e r i m e n t s !  
d a t a  f r o m  f i l e  and c a l c u l a t e s  
u n i t s  c o n v e r s i o n  f a c t o r s  

R i N i ,  INTMAK, g e t s d a t a q u a n t i t y o u t o t  
KATIN, IUN, I b i n a r y  s t o r a g e  and s t o r e s  i t  
STORE lu' 

s e p a r z t e s  l e t t e r s  9f u n i t  names 
f o r  cc rnpzr i son  anc aeiotes a i s  ~ e ? i ~ ; a :  

RINF, INTMAR s e t s  up r e a d i n g  o u t  
o f  b i n a r y  s t o r a g e  



PLOTVCL i s  t h e  p l o t  g e n e r a t i o n  pos tp rocesso r  f o r  t h e  VCL package 

wh ich  uses t h e  TEKTRONlX PLOT-10 system t o  produce h i g h - q u a l i t y  g r a p h i c s  

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

5.1 PLOTVCL F u n c t i o n a l  D e s c r i p t i o n  

PLOTVCL i s  a  s tand -a lone  program wh ich  reads p l o t  d e s c r i p t i o n  

i n f o r m a t i o n  f r o m  a  b i n a r y  i n p u t  f i l e  and produces p l o t s  on t h e  VDU w i t h  

a  minimum o f  u s e r  i n t e r a c t i o n .  

I n  t h e  i n i t i a l i z a t i o n  s tage ,  t h e  user  i s  promptec f o r  h i s  t e r m i n a l  

t ype  and d a t e  t r a n s m i s s i o n  r a t e .  T h i s  i s  f o l l o w e d  by a  reques t  f o r  t h e  

name o f  t h e  f i i e  i n  wh ich  t h e  p l o t  d a t a  a r e  s t o r e d .  

P l o t t i n g  b e g i n s  immedia te ly  a f t e r  t h e  f i l e n a m e  i s  e n t e r e d  and 

c o n t i n u e s  u n t i l  t h e  p l o t  f i l e  i s  exhausted.  Each p l o t  i s  t e r m i n a t e d  by 

t h e  prompt "P ress  r e t u r n  t o  c o n t i n u e " ,  drawn a l o n g  t h e  bo t tom edge o f  

t h e  screen.  The p l o t  d i s p l a y e d  w i l l  remain  on t h e  sc reen  u n t i l  t h e  

r e t u r n  key i s  passed. 

When t h e  end o f  t h e  p l o t  f i l e  i s  reached,  t h e  user  i s  in fo rmed o f  

t h e  END-OF-FILE and asked whether ano the r  f i l e  i s  t o  be p l o t t e d .  A 

"Yes" response r e s t a r t s  t h e  program, w h i l e  any o t h e r  response ends 

e x e c u t i o n .  

5 . 2  PLOTVCL E x a r n ~ l e s  

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

Program. A r u n  o f  a  d a t a  s e t  known as T u t o r i a l  Example N . 2  (T20) 

produced h o l d  f i l e s  which were r u n  th rough  t h e  VCL t o  produce p l o t s  

under b o t h  t h e  PRINT and OFF-LINE o p t i o n s .  I n  t h i s  manner p a r a l l e l  

examples o f  p l o t s  o f  Head Angle Verus Time (Tab le  9 and F i g u r e  1) , Head 

A c c e l e r a t i o n  Versus Time (Tab le  10 and F i g u r e  2 ) ,  and Head Angle Versus 

Head A c c e l e r a t i o n  (Tab le  1 1  and F i g u r e  3 )  were o b t a i n e d .  

5.3 P l o t  Data F i l e  

The p l o t  d a t a  f i l e  i s  a  bina:y f i l e  wh ich  c o n t a i n s  a l l  o f  t he  

i n f o r m a t i o n  needed t o  d e f i n e  t h e  p l o t s  reques ted  d u r i n g  t h e  VCL sess ion .  

I t  i s  composed o f  p a i r s  o f  r e c o r d s .  The f i r s t  r e c o r d  o f  each p a i r  has 

two i tems o f  i n f o r m a t i o n :  an i n d i c a t o r  o f  p l o t  t y p e  and the  number c f  



p o i n t s  i n  t h e  d a t a  r e c o r d  wh ich  f o l l o w s .  The second r e c o r d ,  t h e  d a t a  

r e c o r d ,  c o n t a i n s  t h e  a c t u a l  v a l u e s  o f  t h e  p o i n t s  t o  be p l o t t e d ,  a long  

w i t h  p o i n t e r s  t o  a x i s  l a b e l s ,  page number, and :ime i nc remen t  between 

p o i n t s ,  i f  a p p r o p r i a t e .  T a b l e  1 2  g i v e s  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  

p o s s i b l e  r e c o r d  p a i r s .  
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F i g .  1 .  CRT F a c s i m i l e  o f  Head Ang le  ve r sus  T ime.  

F i g .  2 .  CRT F a c s i n i i l e  o f  Head A c c e l e r a t i o n  ve r sus  T ime.  



F i g .  3. CRT F a c s i m i l e  o f  Head Ang le  ve r sus  Head A c c e l e r a t i o n .  
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