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nrentaI and €nrlytlcrl progrant for
s l  e d  a c c e l e r a t i o n  p u l  s e .

0 ther  impor tan t  ob jec t  i ves  o f
i n c l u d e :

l .  Co.npar ison  o f  the  dynamics  o f  unre-
s t r a i n e d ,  l a p  b e l t e d ,  a n d  c r o s s  c h e s t  a n d  l a p
be l ted  oc ,cupents  under  ident ica l  impsc t  cond i -
t  i o n  s .

Z .  D e t e r m i n a t i o n  o f  t h e  d i s t r i b u t i o n  o f
fo rces  on  the  dunmy and/o .  res t ra in t  sys tem
u n d e r  t h e  t h r e e  r e s t r a i n t  c o n d i t i o n s .

3 .  l ' l easurement  o f  b iax ia l  acce le ra t ion3
of  the  head,  ches t ,  and med ia l  end o f  the  fenrL t r
f o r  t h e  t h r e e  r e s t r a i n t  c o n d i t i o n s ,

*This research was sponsored jointly by c. M.
Research Laboratories and Cornell Aeronautical
Laboratorv.

. J

;
: i

the glv€n

the program

f mpact Dynamics of Unrestrained,
Lap Belted, and Lap and Diagonal

:
. t
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WaYne State r,Jnrversrty
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fHE lliPoBTAllCE 0F BESTiAtXt SySTE||S in reducino
i n j u r i e s  i n  a u t o . n o b i l e  a c c i d e n t s  h a s  l o n q  b e e n
r e c o g n i z e d ,  a n o  n a n y  I n v e s t i g a t i o n s  h a v e  b e e n
condqcted  on  var iouS sys tems.  The Autqnat ive
C r a s h  t n j u r y  R e s e a r c h  d i v i s i o n  o f  t h e  C o r n e i l
Aeronaut ica l  Labora tory  has  deve loped a  .nu l t i -
degree-o f - f reedan mathemat ica l  mode l  and a
computer  p rogram to  permi t  var  io r . rs  pardmeters
o f  r e s t r a i n t  s y s t e m s  t o  b e  s t u d i e d  a n a l y t i c a l l y .
one o f  the  func t ions  o f  the  researcn  repor ted
here in  i s  to  p rov ide  exper imenta l  da ta  to  check
the  adequacy  o f  the  mathemat ica l  mode l  and
compu te  r  p rogram.  oynamic  load-def lec t ion
c h a r a c t e r i s t i c s  o f  t h e  r e s t r a i n t  s y s t e r n s ,  t h e
dummy,  and the  impact  ta rge ts  together  w i th
the  geo. f le t ry ,g f  the  orJ rmy and the  jo iDt  f r ; c -
t r o n  ( r o r q u e ,  w e r e  c a r e f u l l y  c o n t r o l  l e d  t o
e n s u r e  i d e n t i c a l  c o n d i t i o n s  f o r  t h e  e x p e r i -

ABSTRACT

A coopa r i son  i s  p resen ted  o f  t he  f o r ces ,
a c c e l € r a t i o n s ,  a n d  k i n e m a t i c s  o f  a n  a n t h r o -
p o m o r p h i c  d u n n y  f o r  i d e n t i c a l  s l e d  i m p a c t s
f o r  u n r e s t r a i n e d ,  l a p  b e l t e d ,  e n d  l a p  a n d
d i € g o n a l  c h e s t  r e s t r a i o e d  c o n d i t i o n s .  B i . x i a l
acce le rome te rs  v re re  moun ted  i n  t he  head ,  ches t ,
a n d  o n  t h e  p r o x i m a i  e n d  o f  t h e  f e m u r  t o  o b t a i n
t h e  a c c e l e r a t i o n s  d u r i n g  t h e  i m p a c t s .  S e a t
b e l t  l o a d  c e l l s  w e r e  p u t  i n  s e r i e 5  w i t h  t h e
b e l t s  a t  e d c h  a n c h o r  p o i n t .  B i a x i a l  l o a d
c e l l s  w e r e  p o r i t i o n e d  t o  b e  i m p a c t e d  b y  t h e
h e a d ,  c h e s t ,  a n d  e a c h  k n e e  f o r  t h e  u n r e s t r a i n e d
c o n d i t i o n  a n d  b y  t h e  h e a d  a n d  c h e s t  f o r  t h e
l a p  b € l t e d  c o n f i g u r a t i o n .  F o r  t h 6  1 s p . 6 3
d i a g o n a l  c h e s t  r e s t r a i n e d  c o n d i t i o n  t h e s e  l o e d

ce l l s  we re  no t  used .  l dpac t s  o f  l 0  and  20
m i  i e s  p e r  h o u r  w e r e  m a d e  w i t h  s l e d  s t o p p  i n g
d i s t a n c e  o f  4  a n d  9  i n c h e s ,  r e s p e c t  i v e l y .

A t  2 0  m i l e s  p e r  h o u r  t h e  h e a d  s t r u c K
w i th  a  f o r ce  o f  l j 80  pound5  i n  t he  un res t ra i ned
m o d e ,  6 0 0  p o u n d s  w i t h  t h e  l a p  b e l t ,  o n d  d i d
n o t  h i t  w i t h  t h e  l a p  a n d  s h o u l d e r  h a r n e s s .
T h e  c o r r e s p o n d i n g  A - P  h e a d  a c c e l e r a t i o n s  w e r e
8 0 ,  5 7 ,  a n d  4 !  G ' s .  T h e  t o t a l  l a p  b e l t  l o a d
w a s  3 5 0 0  p o u n d s  f o r  t h e  l a p  b e l t  o n l y .  W i t h
t h e  l a p  a n d  c r o s s  c h e s t  c o m b i n a t i o n  t h e  l a p
b e l t  l o a d  w a s  2 2 6 0  p o u n d s  e n d  t h e  c r o s s  c h e s t
be l t  l oad  was  22 \5  pounds  f o r  a  t o ta l  l oad  o f
4 5 0 5  p o u n d s .  D i s p l a c e o e n t s  o f  t h e  h i p ,  5 h o u l -
de r ,  and  hedd  we re  measu red  f r om the  h igh  5peed
m o v  i e s  a n d  € r e  p r e s e n t e d  g r a p h  i c a l  l y .



4, l{easurement of the dynamic load-
d e f l e c t i o n  c h a r a c t e r i s t i c s  o f  t h e  r e s t r a i n t
b e l t s ,

5 .  heasurement  o f  the  dynamic  load-
d e f l e c t i o n  c h a r a c t e r i s t i c s  o f  t h e  4 -  i n c h  t h i c k
cardboard  honeycomb p6dd ing  used on  the  knee,
c h e  s t  ,  a n d  h e a d  t a r g e t s .

6 .  0 e t e r m i n a t i o n  o f  t h e  d i s t r i b u t i o n  o f
the  fo rces  in  the  t ! . /o  res t ra in t  sys tems.

7 .  I s t a b l i s h m e n t  o f  t h e  r e p r o d u c i b i l i t y
o f  f o r c e s  a n o  a c c e l e r a t i o n s  u n d e r  i d e n t  i c e l
impact  cond i  t  ion  s .

8 .  C o r n p a r i s o n  o f  t h e  r e s u l t s  o f  i m p a c t s
a t  l 0  m i l e s  p e r  h o u r  w i t h  a  4 - j o c n  s t o p p i n g
d i s t a n c e  € n d  a t  2 0  m i l e s  p e r  h o u r  w i t h  a  9 -
i n c h  g t o p p i n g  d i s t a n c e  f o r  t h e  t h r e e  r e s t r a i n t
c o n d i t i o n s ,

The exper imenta l  p rogram was conducted
on th€  G.  1 , ,1 .  Research  Labora tor i€s  impact  s led
in .  the  Autorno t ive  Sdfe ty  Researc f i  Labora tory ,
C o l l e g e  o f  E n g i n e e r i n g ,  W a y n e  S t a t e  U n i v e r s i t y .
A  n o d i f i e d  a u t o m o b i  l e  s e a t  E a s  m o u n t e d  o n  t h e
s led  and en  A lderson dummy used as  the  occupant .
S e p a r a t e  t r i a x i a l  t e r g e t s  w e r e  u s e d  t o  m e a 5 u r e
the  knee,  ches t ,  and head fo rces  when app l i -
c a b l e .  S e p a r a t e  c r o s s  c h e s t  a n d  l a p  b e l  t s
w e r e  u s e d  w i t h  i o a d  c e l l s  ( f o u r )  a t  e a c h  e n d
of  each be l t .  Co.np le te  da ta  a re  p resented  to
p e r m i t  a d d i t i o n a l  a n a l y s i s  t o  b e  m a d e  i f  o t h e r
i n v e s t i g a t o r s  s o  d e s i r e .

EXPER I I.IENTAL SETUP

The exper iments  v je re  cqnducted  on  the
Cenera l  } to to rs  Research  labora tor ies  imDact
s led  in  the  Automot ive  Safe ty  Research  Labora-
t o r y ,  C o l l e g e  o f  E n g i n e e r i n g ,  t , / € y n e  S t a t e  U n i -
v e r s i t y .  F i g u r e  I  i s  a n  o v e r - a l l  v i e w  o f  t h e
s l e d ,  a n d  F i g .  2  s h o w s  a  c l o s e - r J p  o f  t h e  s e a t .
d u r n m y ,  a n o  t a r g e t s .  D e t a i l e d  i n f o r r n a t i o n  o n
t h e  s l e d  a n d  t r i a x i a l  l o a d  c e l l s  h a s  b e e n
p u b l i s h e d  b y  K r o e l l  a n d  p a t r i c k  ( l ) : l - .

*N umbe rs  in  paren theses
a t  e n d  o f  p a p e r .

des  i  gna te  Re fe rences

An  A lde rson  l t ode  I  F50 -AU 50 th  pe rcen t i l e
an th ropomorph i c  dL r rwny  was  used  as  t he  sub j€c t
i n  a l l  o f  t h e  e x p e r i m e n t a l  r u n s .  F i g u r e  J  i s
a  Pho tog rnph  o f  t he  dunmy  ' . / i t h  t he  Ches t
ecce le rome te rs  i n  p l ace ,  l Jnbonded  S t ra  i n
gage  acce le ro .ne te rs  we re  used  i n  t he  head
d n d  c h e s t .  C r y s t a l  a c c e l e r o r n e t e r s  w e r e  u s e d
o n  t h e  r n e d i a l  e n d  o f  t h e  f e m u r .  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  a c c e l e r o r n e t e r s  a n d  i n s t r u -
m e n t a t i o n  i s  g i v e n  i n  T a b l e  l .

T h e  d e c e l e r a t i n g  c y l i n d e r ,  w h i c h  i s  a n
E f f  i s  F l u i d  D y n a m i c s  C o r p o r a t i o t i  } l o d e l  E i 4 8 ,
S e r i a l  N o .  2 3 8 9 ,  p r o d u c e s  a n  a p p r o x i m a t e l y
rec tangu la r  acce le ra t  i on  pu l se .  The  impsc t
w a s  m o d i f i e d  b y  t h e  a d d i t i o n  o f  a  b l o c k  o f
wood  I  5 /8  i nches  t h i ck  be tween  the  s l ed  and
t h e  i m p a c t  c y l i n d e r  t o  r e d u c e  t h e  . i n q i n q
i n d u c e d  i n  t h e  s l e d  a t  i n r p 6 g 1 .  F u r t h ! r
d a f i p i n g  w a s  a c c o m p l  i s h e d  b y  p l a c i n g  a  p i e c e
o f  l ea the r  l , / 4  i nch  t h i ck  be tween  the  wood
b l o c k  a n d  t h e  i m p € c t  c y l i n d e r ,

A l l  t r ansduce r  s i gna l s  we re  t aken  f r q rn

Fig. 2 - Dummy, seat, and targets

Fig. 1 - Over-
all view of sled
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L, M. Patrick, et el
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"Data  were  recorded on  a  V is icorder  l , lode l 1508 ana a  V is icorder  [ods l  !05A recorder .



Inpact Dynamics of Vehicle Occupalts

the  s led  to  the  ins t rument€ t ion  conso les
t h r o u g h  a  t r a i l  i n g  c a b l e .  T h e  c a b l e  t e r m i -
n a t e d  i n  a  t e r m i n a l  s t r  i p  f r o n  w h i c h  t h e
s i g n a l s  l r e r e  f e d  t o  t h e  a p p r o p r i € t e  e l e c t r o n i c
c o n d i t i o n i n g  a n d  r e c o r d i n g  e q u i p m e n t ,

IN STRU}4ENTAT I ON

T h e  i n s t r u m e n t a t i o n  c a n  b e  d i v i d e d  i n t o
th ree  ca tegor ies :  the  ins t rumenta t ion  on  the
s led ,  the  ins t rumenta t ion  on  the  dur f i y ,  and
the  photo  i  n  s t  rumen ta  t  ion .

T h e  s l e d  i n s t r u m e n t a t  i o n  i s  I  i s t e d  b e l o u
w i t h  d e t a i l s  p r o v i d e d  i n  T a b l e  l :

l .  V e l o c i t y  t r a n s d u c e r  -  0 u r i n g  t h e
f r e e  w h e e l i n g  p o r t i o n  o f  t h e  r u n ,  t w o  s t e e l
p robes  spaced I  foo t  apar t  pass  in  c iose
p r o x i n t i t y  t o  a  n a g n e t i c  p i c k u p  m o u n t e d  o n  t h e
f r a m e  o f  t h e  s l e d  p r o v  i d i n g  t  i m i n g  b l  i p s  o n
t h e  o s c i  I  l o g r a p h  r e c o r d .

2 .  A  Sta tham t todeI  45-100-350 acce le ro-
m e t e r  m o u n t e d  w i t h  i t s  s e n s i t i v e  a x i s  i n  t h e
d i r e c t i o n  o f  m o t i o n  o f  t h e  s l e d ,

3 .  A  t r i a x i a l  h e a d  l o a d  c e l l  -  o n l y  t h e
t l ro  axes  in  the  p lane o f  mot ion  were  used.

4 .  A  t r i a x i a l  c h e s t  l o a d  c e l l  -  o n l v
the  two axes  in  the  p lane o f  mot ion  *ere  used.

5 .  A  t r i a x i a l  k n e e  l o a d  c e l l  f o r  e a c h
knee -  on ly  the  tu ro  axes  in  the  p lane o f
mot  ion  ure  re  used-

6 .  L a p  b e l t  l o a d  c e l l s  -  t w o  f o r  t h e
l a p  b e l t  o n l y  a n d  f o u r  f o r  t h e  l a p  a n d  c r o s s
c h e  s t  b e l t  r u n s .

Fig. 3 - Installation of accelerometers in the chest of
the dummy

The dunny instrurnentat io.t i5 I istcd
b e l o w  w i t h  d e t a i l s  p r o v i d e d  i n  l a b l e  l :

l .  H e a d  a c c e l e r a t  i o n  A - P  ( a n t e r  i o r -
p o s t e r  i o r  -  f r o n t  t o  b a c k ) .

2 .  H e a d  a c c e l e r a t i o n  S - l  ( s r . r p e r i o r -
i n f e r i o r  -  t o p  t o  b o t t o m  -  p e r p e n d i c u l a r  t o
A - P ) .

J .  Che s t  a  cce  le  ra t  ion  A-P.
4 .  C h e s t  a c c e l € r a t  i o n  S - 1 .
5 .  F e m o r a l  a x i s  a c c e l e r r t i o n .
6 .  P e r p e n d i c u l a r  t o  f e m o r a l  a x i s

a c c e l e r a t i o n .
Photograph ic  cov€rage was ob ta ined w l th

a  l l i l l  i k e n  l i l o d e l  D B M A B ,  S e r i a l  N o .  4 7 1 1 ,
samera  opera ted  a t  500 f rames per  second;  a
P h o t o s o n i c s  t l e d e |  1 8 ,  S e r i a l  N o .  1 2 ,  c a m e r a
opera ted  a t  1000 f rames per  second;  and a
8 e l 1  &  H o r v e l l  t { o d e l  7 0 D R ,  S e r i a t  N o .  G 9 5 7 7 1 ,
camera  opera ted  a t  54  f rames per  second.
I n i t i a l  a n d  f i n a l  p o s i t i o n s  o f  t h e  d u m m y
p l u s  o t h e r  p e r t i n e n t  v i s u a l  d a t a  t { e r e  r e c o r d e d
wi th  s t  i  I  I  pho tography .  The photo ins t rumen-
ta t ion  se tup  is  sho. rn  in  F ig .  4 .

A  s t4 i tch  mounted near  the  t r€ck  was
ac tua ted  by  the  s led  jus t  p r io r  to  inpac t  i { i th
the  dec€ le ra t ing  cy l  inder  to  p rov ide  a  tem-
pora l  re la t ionsh ip  be tween the  two recorders
and th ree  cdneras .  A  50  cyc le  per  second
t im ing  s igna l  was  pu t  on  the  records  and on
t h e  c a m e r a  f i l m .  F l a s h b u l b s  i n i t i a t e d  b y  t h e
same swi tch  prov ide  a  v isua l  record  o f  when
t h e  s v r i t c h  i s  t r i p p e d .  T h i s  p r o v i d e s  a  m e t h o d
f o r  d e t e r m i n i n g  a n  e x a c t  t i m e  p o i n t  o n  t h e
r e c o r d s  a n d  o n  t h e  f  i l m ,  w h i l e  t h e  5 0  c y c l e
s igna l  p rov ides  a  t ime base f rom the  cor rnon
t i m e  e v e n t  o f  t h e  s w i t c h .

LOAO-DEFLECTION CHARACTERISTICS OF THE SELTS

Two separa te  be l ts ,  one fo r  the  lap
(Be l t  No.  4 )  and one fo r  the  c ross  ches t
r e s t r a i n t  ( 8 e l  t  N o .  2 ) ,  w e r e  u s e d  t o  r e s t r a i n
t h e  d u m m y  d u r i n g  t h e  e v a l u a t i o n  p r o g r a m .
E o t h  o f  t h e s e  b e l t s  ( p i u s  o t h e r  s  i m i  l a r  b e l t s )
v r e r e  e v a l u a t e d  d y n a r n i c a l l y  t o  d e t e r m i n e  t h e i r
I  o a d - d e f  l e c t  i o n  c h a r a c t e r i s t i c s .

0 y n a m i c  l o a d i n g  o f  t h e  b e l t  w a s  a c c d n -
p l i s h e d  o n  t h e  g n a l l  h o r i z o n t a l  c r a s h  s i m u -
l 6 t o r ,  F i g .  5 .  T h e  s l e d  i s  p n e u m a t i c a l l y
a c c e l e r a t e d  t o  t h e  p r e d e t e r m i n e d  v e l o c i t y  a n d

v v v v v v + t z - t & a -  o v
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decr le ra ted  w i th  a  hvdrau l i c  dev i€e  $rh ich
a l lo t , , /5  cont ro l  o f  the  s topp ing  d is tance and
acce le ra t ion  pu lse  shape.  The f i x tu re  fo r
l o a d i n g  t h e  b e l t  i s  s h o w n  m o u n t e d  o n  t h e  s l e d
i n  F i g .  5 .  l t  c o n s i s t s  o f  a  b l o c k  w e i g h i n g
186 pounds mounted on  the  s led  v r i th  whee is
a n d  t r a c k s  t o  g u i d e  i t .  D u r i n g  a c c e l e r a t i o n ,
t h e  b l o c k  i s  a g a i n s t  a  s t o p  o n  t h e  s l e d  s o
i t  a c c e l e r a t e s  v ! i t h  t h e  s l e d .  l h e  b e l t  i s
looped around the  b lock  and i t s  ends  €re
a t t a c h e d  t o  l o a d  c e l l  s  w h i c h  a r e  a f f i x e d  t o
t h e  s l e d .  R o l  l e r s  a r e  u s e d  t g  r e d u c e  f r i c t i o n

L. M. Pairick, et al

bc tween the  be l t  and the  b lock ,  As  the  s led
i s  d e c e l e r a t e d ,  t h e  b l o c k  t e n d s  t o  c o n t i n u e
t o  m o v e  f o r w d r d  a n d  i n e r t i a l l y  l o a d s  t h e  b e i t .
A  I  i n e a r  p o t e h t i q n e t e r  p r o v i d e s  a  t i m e - o i s -
p l a c e m e n t  r e c o r d ,  a n d  t h e  l o a d  c e l l s  p r o v i d e
a  f o r c e - d i s p l a c e m e n t  r e c o r d .  C r o s s  p l o t t i n g
the  records  g ives  a  fo rce-d isp lacement  curve
fqr  the  be l t .  A  co tnpar ison  o f  the  load-
d e f l e c t i o n  p r o p e r t i € s  o f  E e l t s  N o .  2  a n d  4
used in  these exper iments  i s  shovrn  in  F ig .  5 .
l l h i l e  t h e  l o a d i n g  c , o n d i t i o n s  f o r  t h e s e  b e l t s
r , i  e  r e  e s s e n t i a l l y  i d e n t i c a l  ( s l e d  v e l o c i t y  o f

F . ig .5 -Sf ta l lhor izon-
tal crash simul-ator with
fixture for determining
d]'namic load-def le ction
characteristics of safety
belts

o zo 40 6.0 8'o too 120
TOTAL BELT ELONGATTON ( Inchrr I

( TVJO rlraes alocx olsPLACEMEl{T)

Fig. 7 - Load-unit deflection characteristics of web-
bilxg used in restraint systems
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Impact Dynamics of Vehicle Occupanta

23 fee t  per  second l  s topp ing  d is tance o f  l2
i n c h e s ) ,  t h e  l e n g t h s  o f  t h e  b e l t s  u e r e  d i f -
fe ren t  (50  inches  as  conpared to  42  inches) .

H o w e v e r ,  b y  p l o t t i n g  t h e  d a t a  i n  t e r m s
o f  t h e  o i m e n s i o n l e s s  p a r a m e t e r  ( u n i t  l e n g t h
d e f l e c t i o n ) ,  t h e  t o t a l  b e l t  e l o n g a t i o n  d i v i d e d
b y  t h e  o r i g i n a l  b e l t  l e n g t h ,  t h e  l o a d - d e f l e c -
t i o n  c h a r a c t e r i s t i c s  o f  t h e  w e b b i n g  m a t e r i a l
can  be  dep ic ted  by  a  s ing le  curve  t ron  wh ich
l o a d - d e f  l e c t i o n  c h a r a c t e r i s t i c s  f o r  a n y  l e n g t h
o f  b e l t  c a n  b e  d e t e r m i n e d .  T h e  l o a d - u n i t
l e n g t h  d e f l e c t i o n  c h a r a c t e r i s t i c s  o f  t h e  w e b -
b i n g  n a t e r i a l  f o r  v a r i o u s  l o a d i n g  c o n d i t i o n s
a r e  p r e s e n t e d  i n  F i S .  7 .

LOA O- DEFLECT I ON CHARACTER I ST I CS OF HON EYCO}I8
PADD ING

In  order  to  ach ieve  a  co f ipara t ive ly  la rga
def lec t ioo  o f  the  t€ rge t ,  a  4 - inch  honeycqnb
m a t e r i a l  ( f u t u r e  i n s t r u m e n t  p a n e l s  a n d  s t e e r i n g
whee ls  a re  expec ted  to  have de f lec t ions  o f
t h i s  m a g n i t u d e )  w a s  c e m e n t e d  t o  t h e  t a r g e t
and rep laced a f te r  each run .  The load-def lec -
t i o n  c h a r a c t e r i s t i c s  o f  t h i s  m a t e r i a l  v r e r e
m e a  s L r  r e d  s t a t i c a l l y  a n d  d y n a m i c a l l y ,

The s ta t i c  measure f ien t  o f  the  loEd-
def iec t ion  c l ra r€c ter is t i€s  |vas  nade o . '  a
u n i v e r s a l  t e s t  m a c h i n e ,  T h e  r n a t e r l a l  w a s
p laced on  the  bed o f  the  mach ine  and the  knee,
ches t ,  and head o f  the  durmy,  respec t ive ly ,
were  fo rced in to  the  honeycomb mater ia l .  The
s t a t  i c  l o a d - d e f l e c t i o n  c h a r a c t e r i s t i c s  f o r
t h e  h e a d  i s  s h o v . n  i n  F i 9 . 8 ,  f o r  t h e  c h e s t
is  shovn in  F i9 .  9 ,  and fo r  the  knee is  shovn
i n  F i 9 .  1 0 .  I n  a l l  o f  t h e s e  c h a r a c t e r i s t i c
c u r v e s  t h e  i n i t i a l  s l o p e  i s  c a u s e d  b y  t h e
curved sur face  penet ra t ing  the  honeyconb
m a t e r i a l  w i t h  a n  i n c r e a s i n g  a r e a .  A f t e r
max imum area is  reached,  the  load remaios
a p p r o x i m a t e l y  c o n s t a n t  u n t i l  t h e  m a t e r i a l
bo t toms out ,  a t  e rh ich  t ime the  load inc reascs
r a p  i d l y .

The dynamic  load-def lec t  ion  charac ter is -
t i q s  w e r e  o b t a i n e d  b y  m o u n t i n g  a  f i x t u r e  o n

DEFLECTION (rndr.r!

Fig. I - Dummy chest static and d,.namic load-deflec-
tion cbaracteristics of 4 in. honeycomb material in-
cluding deflection of chest and covering material
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Fig. f0 - Dummy knee static and dynamic load-deflec-
tion chr.racteristics of 4 ir. honeycomb material in-
cluding deflectiol of material covering knee
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Fig. 8 - Dummy head static and d5'namic load-deflec-
tion sharacteristics of ,1 in. honeycomb material used
on target including deflection of material covering head
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t h e  s l e d  a s  s h o v J n  i n  F i 9 .  l l .  T h e  t a r g e t
m a t e r i a l  i s  p l a c e d  o n  t h e  m o v i n g  a n v i l  w h i l e
the  body  co .nponent  i s  mounted  r ig id ly  to  the
s led  in  the  pa th  o f  the  anv i l  and honeycoanb.
T h e  s l e d  i e  p r o p e l l e d  t o  t h e  d e s i r e d  s p e e d
a n d  s t o p p e d  b y  t h e  d e c e l e r a t i n g  c y l i n d e r .
T h e  a o v i l  ,  $ / h i c h  i s  m o u n t e d  o n  l i n e a r  b a l l
b e a r i n g s  o n  t h e  s l e d ,  c o n t i n u e s  f o r w a r d  a n d
s t r i kes  the  knee,  ches t ,  o r  head o f  the  dudmy.
The de f lec t ion  is  measured by  a  I  inear  oo teo-
t io .ne ter  and the  fo rce  is  measured by  the
l o a d  c e l l  o n  w h i c h  t h e  a n v i l  i s  m o u n t e d .  T h e
d y n a m i c  l o a d - d e f l e c t i o n  c h a r a c t e r i s t i c s  f o r  t h e
k n e e ,  c h e s t ,  a n d  h e a d  a r e  s h o w n  ; n  F i g s .  8 ,
! ,  a n d  l 0  a i o n g  v r i t h  t h e  s t a t i c  c h a r a c t e r i s t i c s .

IOAD-DEFLECTION CHARACTERISTICS OF THE I . {ODIFIED
AUTOI1OS ILE SEAT

A cur ren t -p roduc t ion  bucket  seat  was
m o d i f i e d  b y  s e p a r a t i n g  t h e  s e a t  a n d  s e a t  b a c k
and by  cu t t ing  av .ay  the  lower  corners  o f  the
se€t  back  to  p rov ide  roo f i  fo r  the  seat  be l t
to  pass  be t ! , /een the  seat  and the  seat  back  w i th
a  min imum of  in te r fe rence v r i th  the  seat  assem-
b l y .  T h e  s e a t  c u s h i o n  w a s  s t i f f e n e d  i n  t h e
v e r t i c a l  d i r e c t i o n  b y  i n s t a l l  i n g  a d d i t i o n a l
s p r i n g  e l e m e n t s  t o  p r o v i d e  s u f f i c i e n t  c u s h i o n
s t i f f n e s s  t o  m i n i m i z e  t h e  p o s s i b i l i t y  o f  t h e
seat  bo t toming ou t  dur ing  the  s led  runs ,  The
seat  ad jus ter  assembl  ies  were  we l  ded in  p lace
to  p rec lude fo re  and a f t  movement .

The ver t  i ca  I  fo rce-de format ion  charac ter -
i s t i c s  o f  t h e  m o d i f i e d  s e a t  c u s h i o n  w e r e
O b t a i n e d  b y  n o u n t i n g  t h e  S e a t  o n  a  s i m u l a t e d
f l o o r  p a n  i n c l u d i n g  a  w o o d e n  t o e  b o a r d  i n c l i n e d
a t  4 5 o  i n  a  P o s i t i o n  r e p . e s e n t i n g  a  v e h i c l e
ins tE l  la t ion .  The lo "Jer  por t ion  o f  the  dunrny
i n c l u o i n g  t h e  p e l v i s ,  t h i g h s ,  l e 9 s ,  a n d  f e e t
w a 5  u s e d  t o  e s t a b l i s h  t h e  v e r t i c a l  f o r c e -

L. M. Patrick, et al

de f lec t ion  ch€rac . te r is t i cs  o f  the  seat  by
app ly ing  the  lqad th rough the  lo , re r  por t ion
of  the  dumy as  sho, rn  in  F ig .  12 .  The load
w a s  a p p l  i e d  w i t h  a  U n i v e r s a l  t e s t  m a c h i n e ,
a n d  t h e  d e f l e c t i o n  w a s  f i e a s u r e d  o n  a  v e r t i c a l
sca le .  Load-def lec t ion  measurements  were  made
b y  a p p i y i n g  t h e  f o r c e  t h r o u g h  t h e  p e l v i s  w i t h
t h e  H - p o i n t  o f  t h e  d u n m y  a t  5 , 8 ,  l l ,  a n d  1 4
i n c h e s ,  r e s p e c t i v e l y ,  f r o r n  t h e  f r o n t  b e a d i n g
o f  t h e  s e a t .  D u r i n g  a l l  t e s t s  t h e  c e n t e r
d is tance be tween the  knees  was he ld  a t  l0
i n c h e s .

f leasurement  o f  the  load-def lec t ion  char -
a c t e r i s t i c s  i n  t h i s  n a n n e r  i n c l u d e d  t h e  c q n t r i -
b u t i o n  o f  t h e  s p r i n g  s e a t  a s s e m b l y ,  t h e  c u s h i o n
u P h o l s t e r y ,  a n d  t h e  r u b b e r  t h i g h  a n d  b u t t o c k
mater ia l  o f  the  d t l t fmy.  The te ro  de f lec t ion
Po in t  was  taken w i th  the  42  pound dunmy we igh t
on  the  seat .  Consequent ly ,  the  to ta l  load  on
the  seat  i s  42  pounds grea ter  than the  da ta
shorn  in  the  load-def lec t ion  curv€s ,

Sorne difference r{as ,loted in the load-
d e f l e c t i o n  c u r v e s  f o r  t h e  f i r s t  s e v e r a l  c y c l c g
i n  a  g i v e n  p o s i t i o n  o f  t h e  d u f l n y .  T h i s  w a s
a s s u m e d  t o  b e  c a u s e d  b y  a  s l  i g h t  s h i f t  o r
r e p o 5 i t i o n i n g  o f  t h e  d u m m y  p a r t s  w i t h  e a c h
cyc le ,  The da ta  p rescnted  in  F ig .  l l  were
obta ined a f te r  th ree  load cyc les  were  made
between 0  and 350 pounds to  min imize  the
d i f f e r e n c e s  o b s e r v e d  i n  t h e  i n i t i a l  l o a d i n g s .
l {ovement  o f  the  hee ls  dur ing  the  load ing
cyc le  car . rsed  a  var ia t ion  in  the  load-def lec -
t ion  curves .  The curves  were  ob ta ined bv
m i n l m i z i n g  t h e  h e e l  f r i c t i o n  b y  m a n u a l l y
r e l  i e v i n g  t h e  l o a d  o n  t h e  h e e l s .

The load-def l  ec t  ion  charac ter is t i ss  o f
the  seat  back  were  ob ta ined by  load ing  the
s e a t  b a c k  i n  t h e  t j n i v e r s a l  t e s t  m a c h i n e  w i t h
the  durmy to rsg  in  a  manner  s in i la r  to  tha t

Fig. 11 - Sled fixture
for measuring load-
deflection character-
istics of 4 in. honey-
comb material
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Inpact Dynamicsof Vehicle Occuparta

used in  the  seat  tes ts .  Cons iderab le  var ia -
t ion  was observed be tween the  load-def lec t ion
resu l ts  depend ing  on  the  or ien ta t ion  or  move-
me. | t  o f  the  dur runy 's  body  dur ing  or  be tween
l o a d i n g  c y c l e s .  T h e  l o a d - d e f l e c t i o n  c u r v e
for  the  seat  back  w i th  the  to rso  in  the  pos i -

t ion  assumed to  be  c lose  to  tha t  in  the  s led
runs  is  shoun in  F i9 .  14 .

PROC€OURE

The durmy was loce ted  in  the  5eat  w i th
care  t€ken to  ensure  each o f  the  d imens ions

Fig. 12 - Seiup for de-
termiring load-deflec-
tion characteristics of
the seat

Fig. 14 - Load-deflection characteristics of the dum-
mY-seat back combinatio11
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Fig. 13 - Load-deflection characteristica of the dum-
my-seat combination for dif lerent positions of the dum-
mv on the seat
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IEpact Dynamics of Vehicle Oscupants

rc rna ln lng  rsscn t ia l l y  cons tan t  fo r  a l l  o f  the
runs .  F igure  lJ  i s  a  d rawing  o f  the  dunny
and s led  r . / i th  d imens ions  tha t  s re re  recorded
for  each run  ind ica ted .  The rneasurernents  fo r
e a c h  r u n  a r e  l i s t e d  i n  T a b l e s  2  a n d  3 .

Pr io r  to  be ing  pu t  on  the  s€at ,  the

TOP FRONT CROSS MEMBER OF SLED

dumy jo in ts  were  ad jus ted  to
torque*. Torque adj q strnent s
are  shown in  Tab le  4 .

3l

a p  rede te  rn  ined
for  each run

*Th"  to rqu .  var ted  w i th  jo ln t  movc | l rn t . I

TOP OF SIDE SILL OF SLED
['ig. 15 - Drawing show-
ing dummy and target
setup dimensions

4r

, ---1\-*

FOR

rJ

I
I
I

o

NOTE '
KiIEE SPACING - KS
TOE SPACING. TS
HEEL SPACING - HS

Tab le  I  -  Locat ion  o f  Phys ica l  Cornponents  on  the  S led

NOT E J :

l .  Nunbers  a re  average va lues  o f  the  measured quant i t ies ,  No chaoges in  pos i t ion
w e r e  m a d e  d u r i n g  t h e  e v a l u a t i o n  o f  a n y  g i v e n  c o n f i g u r a t i o n ,

2 .  S e e  F i g .  l 5  f o r  l o c a t i o n  o f  d i m e n s i o n s .
3 .  D i r n e n s i o n s  g i v e n  a r e  t h e  o n l y  o n e s  p e r t i n e n t  t g  t h e  p a r t i q u l a r  c o n f i g u r a t i o n .

",

- P ---iAs-L
- -& .

B

SEE TABLES TWO AND THREE
NUMERICAL DATA
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fable 4 - Du.rrny Joint Torques

NOTES:

l .  R i g h t  s i d e , / L e f t  s i d e

2.  
' *  

-  Torques  no t  checked

J .  E l b o w  j o i n t s  l o c k e d  f o r  a l l  r u n s ,

4 ,  J o i n t s  n o t  c h e c k e d  b e f o r e  o r  a f t e r  R u n s  6 , 7 , 8 ,  1 4 ,  t l ,  2 0 ,  a n d  2 1 .

5 .  A l l  to rques  g iven in  inch-pounds,

I

i
: '

KUn
N o "

Kn ee H i p Shou l  de r S p i n e Ne ck

Se fo re A f t e r Be fo re A f t e r Be fo re A f t e r Be  fo  re A f t e r Befo  re A f t e r
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t 5
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r 8
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28,/ 28

*
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26/ 26
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Tab le  5  -  Surmary  o f  Exp€r imenta l  Progran

Run
l{ o.

Ve loc  i  t y
(moh)

S l e d
Acce le ra t ion

( c , s )

Tota I
S topp ing  0 i  s tance

(  i  nche<l R e s t r a i n t

6

n
l 0
l l
l 2
t 3

r 5
t 6

r 8
20
2 l

1 0 . 3
q q

9 . 9
20.2
20.  I
20 .  I
1 0 . 0
|  0 . 0

20.  I
2 0 .  I
t 9 . 8
t 0 .  0
9 . 9

1 9 .  5

9 . 2
|  0 . 0
9 . 8

t  9 . 8
|  9 . 5
2 0 . 0
l t . 0

1 0 . 3
2 3 . O
24,4
2 4 . 0
I  0 . 0
1 0 .  7

4 . 5
+ . 5

t .  t
I  0 . 0
t 0 . 0
5 . 0
4 . 9
5 . 0

|  0 . 4
9 . 8

5 .  I
4 . 7

|  0 . 7

L a p  o n l y
L a p  o n l y
L a p  o n l y
L a p  o n l y
L a p  0 n l y
L a p  0 n  l y
Lap 6  Che s t
Lap a  Chest
Lap & Chest
Lap & Chest
Lap t  Chest
Lap 6  Che s t
U n r e s t r a  i n e d
l J n r e s t r a i n e d
Un re  s t  ra  i  ned
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The load ce l l s  were  loca ted  in  the
cor rec t  pos i t  ion  to  ob ta  in  the  des i red  impact .
F o r  t h e  u n b e l t e d  c o n d i t  i o n  f o u r  l o a d  c e l l
ta rge ts  were  used- -one fo r  each knee,  one
for  the  che5t ,  and one fo r  the  head.  For  the
l a p - b e l t - o n l y  c o n d i t i o n  t h e  c h e s t  a n d  h e a d
targe ts  were  pos i t ioned fo r  impact .  For  the
ccrnb  ined lap  and c ross  ches t  res t ra in t  cond i -
t  ion  the  t€ rge ts  were  no t  used.  A l  I  t rans-
d u c e r s  w e r e  c a l i b r € t e d  e l e c t r o n i c a l l y  p r i o r
to  each d€yrs  run  s .

The srJnrna ry of the experimental prograil
l s  shor . rn  in  Tab le  5 .  Three runs  hrere  nade € t
l 0  m i l e s  p e r  h o u r  l a p  b e l t e d ,  l 0  m i l e s  p e r
h o u r  l a p  a n d  c r o s s  c h e s t  b e i t e d ,  2 0  m i l e s  p c r
h o u r  l a p  b e l t e d ,  a n d  2 0  m i l e s  p e r  h o u r  l a o
a n d  c r o s s  c h e s t  b e l  t e d  ! . J i t h  a l l  c o n d i t i o n s
a s  n e a r l y  i d e n t i c a l  f o r  e a c h  s e r i e s  o f  t h r e e
r u n s  a s  p o s s i b l e .

R u n  N o s .  2 0  a ^ d  2 l  w e r e  b o t h  a t  l 0  m i l e s
per  hour .  The s tandard  dumy pos i t ion  was
used in Run No. 20. For Run l{o. 2l the durmy
was p laced on  the  s led  w i th  no  a t tehpt  made
t o  d u p l i c a t e  t h e  p o s i t i o n  u s e d  i n  p r e v i o u s
runs .  The purpose o f  th is  run  was to  de ter -
m i n e  w h e t h e r  t h e  e x a c t  p o s i t i o n i n g  u s e d  i n
the  o ther  runs  was im9or tan t ,

Run Nos. I through 5 were used to estab-
l i sh  techn iques ,  and no  recards  were  ob ta ined
on Run Nos.  9  and 19 .  Consequent ly ,  these
runs  are  no t  inc luded in  th€  da ta  p resented .

RE SULTS

l .  Typ lcs l  records  fo r  c€ch o f  th .
v e l o c i t y  a n d  r e s t r a i n t  c o n d i t i o n s  a r e  s h * r n
in  F i9s .  l5  th rough 22 .  These are  photograph lc
reproduc t ions  o f  the  records  and consequent ly
p r o v i d e  t h e  c o r r e c t  t e m p o r a l  a n o  s i g n a l  m a g n i -
t u d e  r e l a t i o n s h i p  f o r  a l  I  t r a n s d u c e r s .  T h e r e
are  two records  fo t  each run  s ince  the  la rq€
n u m b e r  o f  s i g n a l s  p r e c l u d e d  r e c o r d i n g  a l 1
t races  on  a  s ing le  resorder .  The s led  acce l -
e r a t i o n  t r a c e  i s  i n c l u d e d  o n  b o t h  o f  t h e
records  to  serve  as  an  index  fo r  es tab l  i sh inq
t n e  t i m e  i d e n t i t y  b e t w e e n  t h e  t w o  r e c o r d s .

2 .  T h e  i m p o r t € n t  p e a k  f o r c e s  a n d  a c c e l -
e ra t ions  are  tabu la ted  in  fab les  6  th rouoh l l
a n d  h a v e  b e e n  t a D u l a t e d  w i t h  t h e  m u l t i p l i
r e l  i a b i l  i t y  r u n s  i n  a d _ j a c e n t  c o l u m n s  f o r  s 3 5 y
c q n p a r i s o n ,  S i n c e  t h e  p e a k  r e a d i n g s  o f  a l l
o f  t h e  t r d n s d u c e r s  d i d  n o t  o c c u r  s i m u l t a n e o u s l y ,
the  peaks  are  recorded in  the  co lumns so
headed together  w i th  the  t ime a t  r . rh ich  these
p e a k s  o c c u r r e d ,  a n d  t h e  r e a d i n g s  o f  t h e  o t h e r
t T a n s d u c e r s  a r e  I  i s t e d  f o r  t h e  s a m e  t i m e .

J .  E i a x i a l  h e a d ,  c h e s t ,  a n d  f e m u r  a c c e l -
e r a t i o n s ,  w h i c h  a r e  t h e  a b s o l u t e  a c c e l e r a t i o n s
o f  t h e  h e a d  a n d  c h e s t  i n  t h e  A - P  a n d  S - l
d i r e c t i o n s  a n d  o f  t h e  f e m u r  i n  t h e  a x i a l  a n d
p e r p e n d i c u l a r  t o  t h e  a x i a l  d i r e c t i o n s ,  c a n  b e
observed on  the  records ,  l t  shou ld  be  no ted
t h a t  t h e s e  a r e  a b s o l u t e  v a l u e s ,  a n d  t h e  d i r e c -
t i o n s  v a r y  w i t h  t h e  a n g u l a r  p o s i t i o n  o f  t h e
h e a d .  T h e  p e a k  v a l u e s  o f  t h e  A - P  a n d  S - l
a c c e l e r a t i o n s  a r e  s h o w n  i n  T a b l e s  6  t h r o u q h  l l .

4 .  The load-def  lec t ion  charac ter is t i cs
o f  the  lap  be l t  (No.  4 )  and the  c ross  ches t
be l t  ( l ' i o .  2 )  e re  shovrn  in  F i9 .  5 .  The da ta
p r e s e n t e d  i n  F i 9 .  7  d e p i q t s  t h e  l o a d - d e f l e c -
t i o n  c h a r a c t e r i s t i c s  o f  t h e  w e b b i n g  m a t e r i a l
o v e r  .  w i d e  r a n g e  o f  l o a d i n g  c o n d i t i o n s .

5 .  T h e  s t a t i c  a n d  d y n a m i c  l o a d - d e f l e c -
t i o n  c h a r a c t e r i s t i c s  o f  t h e  4 - i n c h  t h i c k
honeyco.nb  mater ia l  fo r  the  head,  ches t ,  and
knee impact  a re  p resented  in  F igs .  8  th rough
1 0 .

5 ,  The loads  a t  eash end and the  to ta l
b e l t  l o a d  f o r  t h e  i a p - b e l t - o n l y  c o n d i t i o n  f o r
the  l0  and 20  mi le  per  hour  runs  are  sho*n  in
F igs .  23  €nd 24 .  The sdne da ta  a re  presentcd
i n  F i g s ,  2 g  a n d  2 6  f o r  t h e  l a p  p l u s  c r o s s
c h e s t  r e s t r a i n t .  T h e  t o t a l  b e l t  l o a d s  f o r
the  four  runs  (10  and 20  mi le  per  hor . r r  lap
a n d  l d p  p l u s  c r o s s  c h e s t )  a r e  s h o w n  i n  F i 9 .  2 / .

7 .  Tab les  6  th rough l l  sho" !  the  peak
forces  and acce lc ra t ions  fo r  the  th ree
r e l  i a b i l  i t y  r u n s  a t  t h e  i 0  m i l e  p e r  h o u r  l a p
b e l t  r e s t r a i n t ;  2 0  m i l e  p e r  h o u r  l € p  b e l  t
r e s t r a i n t ;  l 0  m i l e  p e r  h o u r  l a p  p l u s  c r o s s
s h e s t  r e s t r a i n t ;  a n d  2 0  n i l e  p e r  h o u r  l a p
p l u s  c r o s s  c h e s t  r e s t r a i n t .  T h e  d a t a  f o r  t h c
th ree  runs  are  in  ad jacent  co lumns fo r  easy
cqnpa r i son.

8 .  Tab le  l2  sha, /s  the  3ygr .6gg peak  loads
a n d  a c c e l e r a t i o n s  f o r  t h e  t h r e e  r e s t r a i n t
c o n d i t i o n s  f o r  t h e  n o f i i n a l  l 0  m i l e  o e r  h o u r
4- inch  s topp ing  d is tance and the  norn ina l  20
m i l e  p e r  h o u r  9 - i n c h  s t o p p i n g  d i s t a o c e .

9 .  A  graph ica l  representa t ion  o f  the
d q r t n y  p o s i t i o n  a t  d i s c r e t e  t i m e  i n t e r v a l s
a f te r  impast  i s  p resented  in  F i9 .  28  fo r  each
o f  t h e  r e s t r a i n t  c o n d i t i o n s  a t  2 0  m i l e s  p e r
ho l r  inp€c t  v€ loc i ty .

DI  SCU55ION AI I  D  ANALYSIS

l lh i le  q rc  o f  the  main  ob jec t ives  o f  th is
Program was to  compare  the  fo rces  and loads
u n d e r  s i m i l a r  c o n d i t i o n s  f o r  l 0  a n d  2 0  m i l e
P e r  h o u r  u n r e s t r a i n e d ,  l a p  b e l t ,  a n d  l a p  a n d
d i a g o n a l  c h e s t  b e l t  r e s t r a i n t  s y s t e m s ,  i t  v { a 5
necessa.y  Co nod i fy  the  pos i t ion  o f  the  ta . -
g e t s  f o r  t h e  d i f f e r e n t  c o n d i t i o n s .  T h e  h e a d
and ches t  ta rge ts  had to  be  changed be t rveen
t h e  l a p  b e l t e d  r n d  t h e  u n r e s t r a i n e d  c q n d i t i o n
d u e  t o  t h e  d i f f e r e n c e  i n  t r a j e c t o r y  w i t h  t h e
l a p  b € l t  i n  p l a c e .  T h e  t a r g e t s  w e r e  m o v e d
o u t  o f  t h e  v r a y  f o r  t h e  f u l l  r e s t r a i n t  c o n d i -
t i o n  i n  o r d e r  t o  m e a s u r e  t h e  t o t a l  l o a d s  i n
t h e  r e s t r a i n t  s y s t e m  w i t h o u t  a n y  o t h e r  e x t e r -
n a l  f o r c e s  a p p l i e d .  o u e  t o  t h e  c h a n g e  i n
ta rge t  pos i t ionr  a  cornpar  i son  o f  the  ta rge t
f o r c e s  f o r  t h e  t h r e e  r e s t r a i n t  c o n d i t i o n s
must  be  done v i i th  the  ' lnders tand ing  tha t  the
t a r g e t s  w e r e  n o t  p o s i t i o n e d  t h e  s a m e  f o r  a l l
runs .  An a t tempt  was made to  ma in ta in  the
d i r e c t i o n  o f  m o t i o n  n o r m a l  t o  t h e  t a r g e t
p r i o r  t o  i m p a c t .  T h i s  w a s  n o t  a i w a y s  a c h i e v e d .
A lso ,  the  impact  was  no t  a lw.ys  to  the  center
o f  the  ta rge ts  as  can be  observed f rom F ig .  28 .

l
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Impact Dj'namics of vehicle Occupants

Thc honeycomb mlt.rit l  i i .E chosln for
use  on  the  ta rge ts  bec€usc  o f  i t s  h igh  energy
absorb  ing ,  approx imate ly  cons tan t  fo rce-
de format ion  charac ter is t i cs .  Even though i t
i s  f a r  b e t t e r  t h a n  n o s t  p a d d i n g  m a t e r i a l s  i n
t h i s  r e s p e c t ,  i t  d o e s  n o t  h a v e  a  P e r f e c t l y
f  la t  fo rce-d isp lacement  charac ter is t i c ,  r . Jh  i ch
ls  oo t imum.  The load-def lec t ion  charac ter iS-
t i c s  f o r  s t d t i c  a n d  d y n a m i c  i m P a c t s  w i t h  t h €
dumry bady component are shovrn in Figs' 8,
9 ,  a n d  1 0 .  l n  F i 9 s .  9  a n d  l 0  i t  w i i l  b e

observed tha t  the  fo rce  bu i lds  uP to  a  max i -
mum and then drops  o f f  over  the  remain ing
por t ion  o f  the  usab le  de for rna t ion ,  a f te r  v jh lch
i t  i s  e s s e n t i a l l y  b o t t q n e d  o u t  a n d  f o r c .
i n c r e a s e s  r a p  i d l  y ,

Tvro imDortant factors must be consldcrcd
i n  c h o o s i n g  a n  e n e r g y - a b s o r b i n g  m a t e r i a l .
T h e  d e f l e c t i n g  f o r c e  w i t h i n  t h e  e f f e c t i v e
range o f  de f lec t ion  o f  the  mater ia l  shou ld
not  be  grea ter  than the  max imum force  tha t
the  body  cmponent  can w i ths tand w i thout  in ju ry .
The area  under  the  load-def l€c t ion  curve  o f
tbe  Dater i r l ,  wh ich  represents  the  energy-
a b s o r b i n g  c a p a c i t y  o f  t h e  m a t e r i a l ,  s h o u l d  b e
a  m a x i m u m  w i t h i n  t h e  e f f e c t i v e  d e f l e s t i o n

ils

range.  To  ach ieve  th is  oPt im| . | l t t  sond i t ion ,
de f lec t ion  must  occur  a t  a  cons tan t  fo rce
l e v e l .  T h e  p a d d i n q  l o s e s  i t s  e f f € c t i v e n e s s
as  a  sa fe  energy  a6sorber  (uo t tons)  when th€
e f f e c t i v e  r a n g e  o f  d e f l e c t i o n  i s  r e a c h e d ,
c a u s i n g  a  r a p l d  i n c r e € s e  i n  t h e  d e f l e c t i n g
f o r c e  w h l c h  e x c e e d s  t h e  t o l e r a b l e  l e v e l .

Th is  Phehqneoon is  i l  l us t ra ted  in  the  l0
a n d  2 0  m i l e  p e r  h o u r  r u n s  i n  t h e  u n r e s t r a i n r d
a n d  l a p  b e l t  c o n d i t i o n s .  T a b l e  l l  g i v e s  t h e
p e a k  l o a d s  f o r  t h e s e  q o n d i t i o n s  a l o . l g  r { i t h
thc  approx imate  max imum force  requ i red  to
crush the  honeyccrnb .  For  the  l0  mi le  Per  hour
runs  the  fo rces  were  lov r  enough tha t  the  mate-
r ia l  was  nev€r  bo t tqned ou t .  In  fac t ,  in  mo3t
cases  the  fo rces  were  we l l  be lovJ  the  max imun,
and wh i le  there  was sone honeyconb de format ion ,
i t  w a s  d u e  p r i m a r i  l y  t o  t h e  s n a l l  i n i t i a l  a r e a
of  contac t  w i th  the  head,  ches t ,  o r  knees '

The e f fec ts  o f  inadequate  th iskness  o f
p a d d i n g  m a t e r l a l  a r e  i l l u s t r a t e d  i n  t h e  2 0
m i l e  9 e r  h o u r  u n r e s t r a i n e d  c o n d i t i o n .  T h e
records  fo r  the  head,  ches t ,  and knces  are
shovrn  in  F ig .  ZZ fo r  th is  run '  The rccords
sho'r thc increase ii torce to the max inum
w i t h  t h e  t y p i c a l  s l i g h t  d r o P - o f f  i n  f o r c e

TABLE l0  -unres t ra ined Dur rny  -  l0  H i le  Per  Hour  Run.

Loads and Acce le ra t ions  Cor respond ing  to  Var ious  Pcak  Load ing  Cond l t lon3

N O T E S :  l l e g a t i v e  s i g n  i n d i c a t e s  t h a t  t h e  d i r e c t l o n  i s  o p p o s l t e  t o  t h a t  g l v e n  i n  h e a d i n g '

Rt .  Knee Load
3 - 3  D i r e c t i o n

Lt .  Knee Load
3 -3  D i  rec t  ion

Chest  Load
3-3  D i  rec t  i  on

Head Load

3 - 3  0 i r e c t i o n

Run No.

T lme ( .s )

Rt. Kn.. 3-3 $)

L t .  Knee ) -3  $ )

Fem.  Acc .  S- l  (g )

Fem. Acc. A-P (g)

Head l - l  (# )

l-lead 3-3 (#)

l lead  Asc .  A-P (S)

Head Acc .  5 - l  (g )

chest 3-3 (#)

Chest  Acc .  A-P (g )

Che s t  Acc .  S- l  (g )

580 55o

530 595

- r 8 , 0  - r  6 . 0

4 .2  5 .5

0 0

o 2 5

0 0

-  1 . 0  0

|  0  3 0

. . >

o 0

20 21

58 49

20

<R

58o 55o

530 595

- r 8 . 0  - t 6 . 0

4 .2  5 .6

0 0

o 2 5

0 0

-  t . o  o

r  0  30

2 . 5  0

0 0

2 l

49

20

r 2 8

2 l

t 2 0

240 23O

370 320

-  7 . o  -  4 . 5

4 . 2  4 . 2

0 0

5 5  l 0

7 . O  0

r  l . o  8 . 5

625 710

t  4 . 5  I 1 . 0

0  1 . 0

1 3 8

2 l

t 3 4

200 150

330 r90

-  5 . 5  -  3 . 5

3 . 8  5 . 6

0 0

560 485

59.0 63.0

-  l 8  -20 ,0

505 | 55

l  0 . 0  2 . 5

t . 5  7 . o

The dudny was no t  accura te ly  pos l t ioned in  th€  seat  fo r  Run No.  2 l
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fo l  lov red  by  very  fas t  r i se  in  fo rce  typ ica l
o f  the  load-deforna t ion  charac ter is t i cs  o f
t h i s  m a t e r i a l .  T h e  k n e e s  f u r t h e r  s h o r  a
doub le  hump curve ,  p robab ly  caused by  the
wel  l -knoeJn impact -par t  ia l  separa t ion- impact
a s s o c i a t e d  w i t h  s p r i n g  m a s s  s y s t e r n s .  F o r  Z O
m i l e  p e r  h o u r  i m p a c t  a  t h i c k e r  t a r g e t  m a t e r i a l
wou ld  be  requ i red  i f  bo t tcnr ing  ls  to  be  avo ided.

one o f  the  major  p rob le f i s  in  reduc ing
I n j u r i e s  f r q n  i m p a c t  t o  t i e  v e h l c l e  i n t e r i o r
is  i l l us t ra ted  in  the  conpar  i son  o f  the  lO
and 20  mi le  per  hour  runs .  Even w i th  a  4 - inch
energy-absorb ing  matc r ia l  r r i th  be t te r  than
average charac ter is t i cs  a t  fo rces  approach ing
safe  max imum,  the  mater ia i  bo t tqns  ou t  a t  20
m i l e s  p e r  h o u r  a n d  i s  i n a d e q u a t e .  l t  i s
essent ia l  tha t  adequate  de forn ia t ion  be  pro-
v i d e d  a t  t h e  f o r c e  t o l e r a n c e  l e v e l  t o  p r e v e n t
bo t toming a t  the  des ign  impact  speed.  A  cqn-
p a r i s o n  o f  t h €  k n e e  l o a d s  ( r i g h t  a n d  l e f t
k n e e  a x i s  3 - 3 )  o f  R u n  N o s .  2 0  a n d  2 2  i l l u s -
t r a t e  t h i s  p o i n t .  I n  R u n  N q .  Z O ,  F i g .  2 0 ,
t h e  l 0  m i l e  p e r  h o u r  i m p a c t  v e l o c i t y  i s  n o t

L. M. Patrick. et a-l

Su f f i c ien t  to  cause the  knee to  bo t to . r  ou t ,
In  th is  run  bo th  knee loads  are  r , t i th in  the
energy-absorb ing  range o f  the  hooeycqnb
n a t e r i a l  .  I n  R u n  t { o .  2 2 ,  F i g .  2 2 ,  b o t h  o f
the  knee ta rge ts  bo t to .ned ou t .  Th is  i s
e v i d e n c e d  b y  a n  i n i t i a l  p a r t  o f  t h e  r e c o r d
s im i la r to the I ovre r ve loc i ty run fol lowed
b y  t w o  h i g h  p e a k s  i n d i c a t i n g  t h a t  t h e  m a t e r l € l
b o t t q n e d  w i t h  a t t e n d a . l t  h i g h  f o r c e s .  S i m i l a r
resu l ts  were  observed be tween the  lap  be l ted
2 0  m i l e  p e r  h o u r  r u n  a n d  t h e  u n r e s t r a i n e d  2 0
m i l e  p e r  h o u r  r u n ,  R u n  N o s .  l O  a n d  Z Z  f o r  t h e
head and ches t .  However ,  the  d i rec . t ions  o f
l rpac t  to  the  head and ches t  were  no t  the
sane fo r  these te /o  r { lns ,  so  no  conc lus ions
can be  drawn regard ing  the  re la t i ve  magn i tude
of  the  impact  fo rces  fo r  these two cond i t ions .

T h e  e f f e c t  o f  d i s t r i b u t i n g  t h e  f o r c e  o v e r
a  grea ter  par t  o f  the  body  by  means o f  the
c d r b i n e d  l a p  € n d  d i € g o n a l  c h e s t  b e l t  i s  i l l u s -
t r a t e d  i n  F l 9 .  2 7 .  F o r  t h e  l 0  m i l e  p e r  h o u r ,
lap  be l t  on ly  run ,  the  to ta l  fo rce  on  the
l a p  b e l t  i s  a p p r o x i m a t e l y  l l + O O  p o u n d s ,  w h i l e

. 1

Tab le  13  -  Compar ison o f  Peak  Target  Loads  fo r  the  l0  and 20  l , l i l e  per  Hour
L a p  B e l t  a n d  U n r e s t r a i n e d  C o n C i t i o n  l l l u s t r a t i n g  B o t t o m i n g  o f
the  Honeycornb Target  l , td te r ia i .

Body Cornponent

Approx, f, lax.
Honeycomb Crush

S t  r e n g t h ,  l b s

Peak Load -  lbs
L a p  B e l t  0 n l y U n r e s t r a i n e d

l 0  m p h ? 0 mph l 0  m p h 2 0 mph

t lead

C h e s t

R i g h t  k n e e

Lef t  knee

700

I 000

700

700

5 t 0

1 8 0

500

850

550

oz)

580

>)v

r580

r 9 r 0

207O

l 8 7 o

Tab le  l4  -  lax imum Changc o f  pos l t ion  o f
o f  the  Durmy Taken Re la t i ve

V€r iou s Cqiponents
t o  s l e d

TOTES:

P o s  i  t  i v e
P o s  i  t  i v e

,

t

x - foruard wi th respect
darnward w ith respcct

t o  s l c d
to  s l  cd

Co-ord  ina  te

Unrcs t ra  ined L a P  E e l t
Lap  and

D  i a g o n a  |  8 e  l t

l 0  m p h 20 mph l 0  m p h 20 mph l0  mph 20 mph

C .  G ,  o f  h e a d  X - d i r ,
Shou lder  po  in t  X-d  i r .
H i p  p o i n t  X - d i r .
C .  G .  o f  h e a d  Y - d i r .
S h o u l d e r  p o i n t  Y - d i r .
H i p  p o  i n t  Y - d i r ,
Head ro ta t  ion

2 0 . 0
r 5 .  4

1 . 6
t . 2
z . u

24. O

t 9 .6
r 8 .  8
l l . 2

t . o

9 . 0

r 5 , o
 . 6

5 . 6
) . o
1 . 5

3 8 . 0

1 7  . 5
t 4 . 4
8 . 0

r 2 . 8

24.O

7 . 2
J . b
4 . 0
) . 0
6 . 0
t . o

) v .  u

8 . 8

8 . 4
l t  ,

1 2 . 0
r . 5
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Flg. 23 - Belt loads for Rur No, 6, lap belt, 10 mph

TIME (ms)

Flg. 24 - Belt loads for Run No, 10, lap belt, 20 mph

f o r  t h e  l 0  m i l e  p e r  h o u r ,  l a g  a n d  d i a g o n a l
c h c s t ,  t h e  t o t a l  l a p  l o a d  i s  a p p r o x i n a t e i y
9 0 0  p o u n d s ,  F o r  t h e  2 0  m i l e  p e r  h o u r ,  l a p
b e l t  o n l y  r u n ,  t h e  t o t a l  l a p  b e l t  l g a d  w a s
a p p r o x i m a t e l y  3 5 0 0  p o u n d s ,  w h i l e  t h e  l a p
b e l  t  l o a d  f o r  t h e  s e a t  b e l t  a n d  d i a g o n a l
q h e s t  b e l t  c o n d i t i o n  w a s  2 0 0 0  p o u n d s ,  T h u s ,
i n  a d d i t i o n  t o  m i n i m i z i n g  o r  e l i m i n a t i n g

TOTAL LAP
AND CHEST

TOTAL CHEST

AL LAP
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Fig. 26 - Belt loads for Run No. 16, lap and diagonal
chest belt, 20 mph
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Fig. 25 - Belt loads for
chest belt, 10 mph
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Run No. 13, lap and diagonal Fig. 27 - Summary of belt loads for the 10 and 20 mph
Iap and lap and diagonal chest belts
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impact  fo rses  to  the  veh ic le  In te r io r ,  the
comb ined re5 t ra in t  sys ten  apprec iab ly  reduces
the  fo rces  in  the  lap  be l t .

Photographs of the dt,tmy at impact and
4 0 ,  8 0 ,  1 2 0 ,  a n d  1 6 0  m i l l  i s e q o n d s  € f t e r
i m p a c t  a r e  s h o J n  i n  F i g . 2 8  f o r  t h e  u n r e -
s t r a i n e d ,  l a p  b e l t ,  a n d  l a p  a n d  d i a g o n a l
ches t  be l t .  For  the  uores t ra ined i l tpac t  the
d u r m y  r e m i i n e d  i n  a n  e s s e n t i a l l y  u p r i g h t
pos i t ion  as  l t  moved fo rward  fo r  the  f i rs t
120 mi l  I  i seconds,  even though the  knees
t c r e  e s s e D t i a l l y  b o t t o n e d  o u t  a t  t h i s  p o l n t
tnd  cantac t  had been made w i th  the  ches t
ta rge t .  The ches t  and head ta rge ts  were  bo th
loaded unsyrmet r iqa l l y  as  shc* , /n  in  the  l60
n l  I  I  i second photogr rph .  The ta rge ts  were
p l € c e d  E t  t g o  g r e a t  e n  a n g l e ,  s i n c e  p r i o r  t o

L. M, P^trick, et al

thc runs lt was assuned that there would br
nro rc angular body €nd head nov ement €t thc
t  l rne  o f  impact .

g l th  the  lap  be l t ,  the  d | . f imy remained
i n  a n  e s s e n t i a l l y  u p r i g h t  p o s i t i o n  a s  l t  m o v e d
foryJard  fo r  approx imate ly  80  mi l l  i seconds,
even though the  peak  seat  b€ l t  loads  occur r ld
ear l  ie r .  For  th is  run  the  head inpac t  was
a lmost  nornra |  ,h i le  the  ches t  inpac t  was  a t
a n  a n g l c .  A l s o ,  t h e  l a p  b e l t  s p p a r e o t l y
pu l l cd  th .  h ips  back  and the  ches t  and hr .d
dorn so that the chin hit the top of the ehcst
load ce l l .  Th is  oscur red  we l l  a f te r  the  peak
forses were ach i evcd.

H i th  th .  lap  .nd  d iagona l  ches t  be l t  the
dunnry  remained essent i ! l l y  upr igh t  as  i t  moved
forward  fo .  80  mi l  I  i  scconds,  € f te r  wh ich  i t

o 4oms gOms l2Oms l6omr

, 'a "
. . . /  , '
' . \

I

i
:

UNRESTRAINED- RUN NO. 22

{ ,  i

{

LAP BELT_ RUN NO. IO

LAP AND DIAGONAL CHEST- RUN NO 16
Fig' 28 - comparison of dummy position and posture for equal time interyals after initial sled impactfor the unrestrained, lap belt, aad lap and diagonal chest belt runs at Z0 mDh

t
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s tar ted  to  suhnar ine  and i t s  shou lders  were
forced do . rn  by  the  d iagona l  ches t  be l t .  Th is
a g r e e s  w i t h  F r e d e r i c k s r  f i n d i n g s  ( 2 )  a n d  d i s -
a g r e e s  w i t h  S o h l  i n r s  f i n d i r g s  ( 3 ) .  T h e  d i f -
f e r e n c e  i n  t h e  r e s u l t s  b e t w e e n  t h i s  i n v e s t i -
ga t ion  and those o f  Freder icks  and Boh l  in
cou ld  be  due to  the  d i f fg rg6gs  in  the  du f imy,
t h e  d i f f e r e n c e  i n  t h e  w e b b i n g  m a t e r i a l s ,  o r
t h e  d i f f e r e n c e  i n  t h e  a n c h o r  p o s i t i o n s .  A
thorough eva lua t ion  o f  a l l  o f  the  parameters
a f fec t ing  the  res t ra in t  sys tem is  needed to
es tab l  i sh  the  op t imum c ,on f  igura t ion  fo r  the
sv 5 tem.

Fig. 29 - X component of the head, shoulder, and hip
from high speed movies as a function of time for Run
No. 22, ulrestrained, 20 mph

A  m o t i a n  a n a l y s i s  w a s  m a d e  f r q n  t h e  h i g h
s p e e d  m o t i o n  p i c t u r e s  i n c l u d i n g  t h €  X  a n d  y
c o f i p o n e n t s  o f  t h e  h i p ,  s h o u l d e r ,  a n d  h e a d
a n d  a h e  a n g l e  o f  t h e  f e t n u r ,  t i D i a ,  a n d  h e a d .
T h e s e  d a t a  a r e  p r e s e n t e d  i n  F i 9 s .  2 g  t h r o u g h
3 7  f o r  t h e  2 0  m i  I e  p e r  h o u r  r u n s .  F i g u r e  ! 8
sho" , /s  the  car t  d isp lacernent  dur ing  the  same
t i m e  i n t e r v a l .  T h u s ,  i n  o r d e r  t o  o b t 6 i n  t h e
r e l a t i v e  m o v e r n e n t  o f  t h e  h i p  w i t h  r e s p e c t  t o
t h e  c a r t  d u r i n g  t h e  d e c e l e r a t i n g  s t r o k e ,  i t
i s  necessary  to  subt .ac t  the  car t  d isp lacenent
fo r  any  par t l cu la r  t ime f ron  the  X co f lponent
fo r  the  same t ime.  For  exarnp le ,  fo r  Run No.

\
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TIIE ( |n )

Fig. 31 - Angular position of the head, tibia, and femur
as a function of time for Run No. 22, rmrestrained. 20
mph

!o s0 Kro tzo lto t6o
'|rE (m.l

Fig. 32 - X component of the head, Ehoulder, and hip
from high speed movies as a function of time for Run
No, 10, lap belt only, 20 mph
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Fig. 30 - Y component of the head, ehoulder,
from high speed movies as a function of time
No. 22, unrestrained, 20 Dnph
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1 0 ,  l a p  b e l t  o n l y ,  2 0  m i l e s  p e r  h o u r ,  t h e
nax imum h ip  po ln t  d isp lacement  in  the  x
d i r e c t i o n  w a s  a b o u t  8  i n c h e s ,  w h i c h  o c c u r r e d
a t  a p p r o x i m a t e l y  6 0  m i l l i s e c o n d s  ( a b s o l u t e
X cqnponent  l7  inches  minus  the  9- inch  car t
d  i s p  l a c e m e n t )  ,  S i m i l a r  c a l c u l a t i o n s  f o r
the  o ther  runs  are  presented  in  Tab le  14 .
The angu lar  mot ions  are  measured f rqn  the
I  i n e s  d r a w n  o n  t h e  h e a d ,  t i b i a ,  a n d  f e m u r .

o 20 ao 60 80 too t20 r40 t60
TtIE { rn.)

Fig. 33 - Y component of the head, shoulder, a^rld hip
from high speed movies as a function of time for Rur
No. 10, lap belt only, 20 mph

l l
w

TltaE ( tnr)

Fig. 34 - Angular position of the head, fenur, and
tibia as a function of time for Run No. 10. IaD belt
only, 20 mph

L. M. Patrick, et al

An atte$pt was nade to obtain the impact
a c c e l e r a t i o n  b y  d o u b l e  d i f f e r e n t i a t i o n  o f
t h e  t i m e - d i s p l a c e m e n t  c u r v e s  o f  t h e  m o t i o n
a n a l y s i 5 .  T h i s  w a s  u n s u c c e s s f u l  d u e  t o
i n a d e q u a t e  d e f i n i t i o n  o f  t h e  c u r v e  a t  i m p a c t
caused by  an  insu f f i c ien t  f rame ra te .  Camera
speeds nuch h igher  th€n the  1000 f rames per
s e q o n d  v J i l l  b e  r e q u i r e d  f o r  a  m o t i g n  a n a l y s i s
o f  iopac t  acce  le  ra t  ion .

o 20 40 80 s Fo 120 Ko 160 ro
TtHE (nt)

Fig. 35 - X component of the hea.d, shoulder, and hip
from high speed movi.es as a furction of time for Run
No. 16, lap and diagonal chest belt, 20 mph

Ftg. 36 - Y component of the head, shoulder, and hip
from high speed movies as a fuirction of time for Run
No, 16, lap and diagonal chest belt, 20 mph
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Fig. 3? - Angular position of the head, femur, and
tibia as a function of time for Run No. 16. laD and
diagonal ch€st belt, 20 mph
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