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ABS TRA CT 

R ecen t r es earch at t h e  N at i on a l  H i g hway Traff i c  S afety Adm i n i s tr at i on 
h as fo cused on h ow to i mprove  the  i n j ury m i t i ga t i on pro per t i es of 
steer i n g  assemb l i es .  I n  a p a per at l ast year ' s  I R COB I Con fer en ce ,  we 
descr i b e d  the magn i tu de of t h e  to ta l  " h arm"  caused  by  s te er i n g  assemb l i es 
and  s ummar i z ed t h e  r es u l ts of a mode l  an a l ys i s  to def i n e  i n jury  
m i t i ga t i on proper t i es .  Th i s  pa per pr es en ts the  n ext  p h as e  of the  
r es ear c h , wh i ch dea l s w i th s e l ect i n g  a tes t dev i ce and  tes t p r ocedur e for 
ev a l u a t i n g  d es i gn a l t er n a t i v es to reduce i n j ury .  

The approach for ev a l u at i n g  tes t dev i ces i s  pr es en ted . Tes t dev i ces 
are s e l ec ted , an d the r es u l ts of i n i t i a l  tes ts ar e pr es en ted . 
I mp r ov emen ts i n  ana l yt i ca l  mode l s to a l l ow s i mu l at i on o f  t h e  tes t dev i ces 
ar e descr i b e d .  T h e  r es e ar ch pr es en ted forms t h e  b as i s for s e l ec t in g  tes t  
dev i ces for t h e  ev a l u at i on o f  s teer i n g  as s emb l i es . 

I N TRODU CT I ON 

The ev a l uat i on of coun termeas ur es for enh an ced c r ash  pr otect i on ,  
r eq u ir es a s er i es of r es e ar c h  and dev e l opmen t s teps wh i ch i n c l ude the 
fo l l ow i n g : 

1 .  A pre l i m i n ar y  ev a l uat i on of a l ternat i v e  con cepts to m i t i gate t h e  
i nj ur i es ar i s i n g  from c o l l i s i ons b e tween t h e  s pec i fi c  p ar t s  of 
the h uman b ody and t h e  v eh i c l e compon en ts wh i ch con tr ib ute 
s i gn i fi can t l y  to t h e  to t a l  " h arm " occurr i n g  in t h e  v eh i c l e  f l eet . 

2 .  The dev e l opmen t o f  a tes t s urr ogate and  as s oc i ated tes t  meth ods , 
i n s trumen ta t i on ,  and i n j ury s c a l es to me as ure  t h e  i n j ury 
mi t i gat i on poten t i a l  of poss i b l e  countermeas ur es . 

3 .  T h e  us e of t h e  t es t  s urrogate for t h e  ev a l u a t i on of 
coun termeas ur es , and  as s es smen ts of b en ef i ts . 

An e ar l i er paper ( Refer en ce 1 )  d i s cussed  t h e  ap p l i c at i on of mo de l i n g  
t o  ass i s t  i n  accomp l i s h i n g  t h e  pre l i m i n ar y  as s es smen ts of con cept s , a s  
def i n e d  by  s tep  1 ,  ab ove .  Refer en ce 1 ap p l i ed t h e  con cept o f  " h arm"  and 
t h e  us e of mode l s in ev a l u at i n g  a l ternat i v e countermeas ur es for the  
s te er in g  ass emb l i es .  That  paper propos ed i mproved proper t i es of t h e  
s teer in g sys tem and  es t i mated b en ef i ts o f  t h os e  i mp r ov emen ts b as ed on 
computer mo de l i rig . 
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The pur pos e of t h e  pres en t  p a per i s  to s ummar i z e  t h e  prog r es s  towa r d  
t h e  dev e l opmen t  of a t est  s urrogate to ev a l u ate  s teer i n g  sys tem 
i mp rov em en ts . The r es e arch r epor ted h er e  i s  a con t i n ua t i on of t h e  work 
on s teer i n g  assemb l i es repor t ed i n  Refer en ce 1 .  

I N JU R Y  M EA S U R EM EN T  PR I OR IT I E S  FOR A TE S T  S URROGATE 

In  or d er to s pec i fy the i n j ury me as ur ement r eq u i r emen ts  for a test 
dev i ce , i t  i s  u sefu l to  exam i n e  acc i den t data to determi n e  t h e  
fr eq uen c i es and s ev er i t i es o f  i n j ur i es b y  b ody reg i on wh i ch occur i n  t h e  
veh i c l e f l eet . T h e  con cept o f  " h ar m" i n tr oduced  i n  Refe r en ces 2 and 3 ,  
an d app l i ed i n  R efer en ce 1 ,  prov i d es a b a s i s  for exam i n i n g  i n j ur y  
fr eq uen cy and  sev er i ty .  

T h e  t o t a l  f l eetw i de h ar m  i s  d ef i n ed a s  t h e  s um of t h e  mos t s er i ou s  
i nj ur i es s u f fer ed b y  a l l crash  v i c t i ms ,  w i t h  each i n j ury we i gh ted 
accor d i n g  to s ev er i ty .  Th i s  tota l  f l eetw i de h ar m  m ay b e  p ar t i t i on ed b y  
crash  d ir ec t i on ,  occup an t  pos i t i on ,  body reg i on ,  etc . T h e  p ar t i t i on in g  
o f  tot a l  h arm permi ts i n s i g h ts i n to t h e  con s eq uen ce of i n j ur y  t o  eac h 
b ody r e g i on ,  accoun t i n g  for both  fr eq uen cy and s ev er i ty .  H ow e v er , t h e  
def i n i t i on o f  appropr i ate  we i g h t i n g  factors  i s  s t i l l  t h e  s ub j ec t  o f  
con t i n ued  r es e ar ch . 

For t h e  pur pos es of th i s  p a per , i n j u r y  s ev er i ty i s  b as ed u pon t h e  
Abbrev i a ted I nj ur y  Sca l e  ( A I S ) d escr i b ed i n  Refer en c e  4 .  T h e  A I S  s c a l e  
rates i n j u r i es from l ( m i nor ) t o  6 ( fata l ) accor d i n g  t o  t h r eat t o  l i fe .  
N o  cons i d er at i on of d i s ab i l i ty i s  i n c l u d ed i n  t h e  A I S s c a l e .  T h e  s c a l i n g  
factors for each A I S l ev e l ar e sh own i n  Tab l e  I .  Sca l i n g  factors  for 
each i n j ury l ev e l ar e s u g g es t ed in Refer en ce 1 ,  b as ed u pon th e r e l at i v e  
cos t of i n jur i es a s  r epor ted i n  Refer en ce 5 .  T h e  compon en ts of t h e  
s o c i e t a l  l os s es are med i c a l  cos ts , produc t i v i ty l os s es ,  an d " o t h er "  
expens es wh i c h  i n c l ude  i n s ur an ce and  l eg a l  costs . N o  att empt i s  m ade  to 
i n c l ude  the human c os ts of p hys i c a l  or men t a l  i mp a i rmen t ,  d i m i n i s h ed 
q u a l i ty of l i fe , pa i n , and  g r i ef .  T h es e  h um an l os s es ar e not  meas ur ab l e  
i n  tota l l y  econ om i c  t er ms . 

The pur e l y econom i c  costs  of i mp a i rmen t ar e sugges ted i n  Refer en ce 6 ,  
but  ar e not i n c l u ded i n  th i s  paper . An attempt to d ev e l op s c a l i n g  
factors for t h e  non econom i c ,  h uman cos ts  of i mp a i rmen t i s  t h e  s ub j ec t  o f  
Refer en c e  7 .  An i l l ustrat i v e  ap p l i cat i on of t h es e  factors t o  as s es s  t h e  
d i s tr ib ut i on o f  i mp a i rmen t l os s es i s  con ta i n ed i n  Refe r en ce 8 .  
Recogn i z i n g  th e l i m i ta t i ons of the  we i gh t i n g  factors , h arm i s  s t i l l a 
us efu l con cept i n  ev a l uat i n g  p r i or i t i es and goa l s for s afety 
i mprovemen ts .  Ap p l i cat i on of the  h arm con cept to s et t i ng go a l s  for 
occ u pant  p rotect i on i s  d i s cu s s ed in Refe r en ce 9 .  

The  N at i on a l  Ac c i den t  S amp l i n g  Sys tem ( NASS ) f i l e  prov i d es t h e  b as i s 
for ev a l uat i n g  t h e  freq uen cy of i n j u r i es of v ar i ou s  s ev er i t i es .  The NASS 
f i l e  is  r epr es en ta t i ve of p o l i c e  repor t ed ac c i den ts in  the  Un i ted 
States . Ther efo r e ,  th e app l i cat i on of h arm we i g h t i n g  factor s to a l l t h e  
i nj ured oc cupan ts i n  th i s  f i l e  shou l d  produce  an es t i mate o f  f l eetw i de 
h arm wh i c h  i s  r ep r es en tat i v e of t h e  nat i on a l  exp er i ence  i n  po l i ce  
repor ted acc i d en ts in  the Un i ted States . T h e  NASS f i l e  con ta i n s  
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i n format i on on acc i den t s ev er i ty ,  c r ash  modes , v eh i c l e data  i n c l ud i n g 
extent of dama ge , and occupant  data  i n c l u d i n g i n j ury l o c a t i ons and 
s ev er i t i es .  The comb i n ed 1 9 79 - 1 985 NASS f i l e  con t a i n s  mor e t h an 65 , 000 
cas es of c r a s h es i nv o l v i n g  v eh i c l es of a l l typ es . T h e  NASS f i l e  for 1 9 85 
is s ummar i z ed in Refer en ce 1 0 .  

L et us  exam i n e  t h e  h arm d i s tr ib ut i on for t h e  mos t s er i ou s  i n jury  to 
p as s en g er car dr i v ers  i n  fr on ta l  c r a s h es repor ted in th e 1 9 79 t hrough  
1 985 NASS  f i l e . 

T h e  c umu l at i v e h arm for dr i v er s  i n  fron t a l  co l l i s i on s  i s  s h own as a 
fun ct i on of crash  s peed in  F i gure 1 .  Th i s  f i gur e shows that  i n  fr on ta l  
crash es the  h ead and face  ar e the  l ead i n g  c a u s es of h ar m  i n  crash  
s ev er i t i es up  to 1 5  mph  de l ta  V .  Above  1 5  mph , t h e  h ead , e h es t ,  and  
ab domen h arm i n cr eas e s h ar p l y .  At  2 5  mph ,  the  e h es t  h ar m  aga i n  i n cr eas es 
s h ar p l y ,  an d by 30 mph , exceeds the head  h arm.  

F i gur e 2 shows t h e  per cen t a ge of cumu l at i v e  h ar m  for the e h es t ,  
ab domen , and  face a s  a fun c t i on of crash  s peed . Th e fi gur e shows that  a 
l ar ge fract i on of t h e  fac i a l  h ar m  occ u r s  at s peeds b e l ow 20 mph .  The 
fr ac t i on o f  the  e h es t  and ab dom i n a l  h arm wh i ch occurs at  30 mph i s  about 
the s ame as t h e  fract i on of f ac i a l  h ar m  wh i c h  occu r s  at 20  mph .  

The  expec ted effec t of Feder a l  Motor V eh i c l e  Sa fety S t an d ar ds i s  to  
redu c e  the  to t a l  f l eetw i de h ar m .  An  exam i n at i on of t h os e  s tandards wh i c h  
are i n t en ded t o  l i m i t  s te er i n g  sys tem h arm i s  usefu l  i n  proj ec t i ng  futur e 
changes  i n  h arm d i s tr ib ut i on .  

I n  t h e  Un i ted States , th e s afety of s teer i n g  s ys tems i s  d i r ect l y  
regu l a ted  by two s a fety s t an d ar ds . Stan d ar d  No . 203 , " Impact  Protec t i on 
for t h e  Dr i v er fr om t h e  Steer i n g  Con tr o l  Sys tem , " pr es cr ib es a s teer in g 
sys t em compon ent t est  i nv o l v i n g  an i mpac t  w i th a b ody b l ock at 1 5  mph .  
The for ce meas ur ed at t h e  b as e  of t h e  s teer i n g  co l umn i s  l i m i ted to 2 , 500 
po un ds . S t an d ar d  No . 204 , " Ste er i n g  Con t r o l  Rearwar d  D i s p l acemen t , " 
p r es cr ib es a 30 mp h v eh i c l e c r ash  tes t i n  wh i ch t h e  h or i z on ta l  dynam i c  
i ntr us i on o f  the  s te er i n g  sys tem i s  l i m i t ed t o  5 i n c h es .  

A t h i r d  s afety s tan dar d ,  Stan dar d No . 208 , "Occu pant  Crash 
P r o tec t i on , " sch edu l ed for fu l l  i mp l emen tat i on i n  1 989 r eq u i r es a 30 mph 
crash tes t w i th  a n t h r opomor ph i c  dumm i es .  Th is  s tan dar d s ets l i m i ts on 
the  h ead , eh es t ,  and femur meas ur es i n  fr on t a l  i mp acts . For p as s en ger 
cars , t h e  stan dar d wi l l  req u i r e ,  b y  1 989 , t h at a l l pas s en ger cars prov i de 
the  dr i v er an d r i gh t  fr on t p a s s en g er au toma t i c  protec t i on .  For l i g h t  
truck s a n d  v ans , a mod i f i cat i on to t h e  s tandar d h as b een pr oposed  wh i c h  
wo u l d  r eq u i r e ,  b y  1 989 , th e 3 0  mph crash test  for dyn ami c tes t i ng  of 
man u a l  b e l ts ,  but  wo u l d  not r eq u i r e  automat i c  p r otec t i on .  

I t  may b e  ant i c i p a ted that  t h e  i n troduc t i on o f  au toma t i c  pr otec t i on 
i n  pas s en ger car s w i l l  r educe th e ma gn i tu de and  d i s tr ib ut i on of h ar m  
s h own i n  F i gur es 1 an d 2 .  T h e  degr ee of c h an ge w i l l  depen d  o n  the  
effect i v en es s of t h e  v ar i ous  techno l og i es offe r ed .  For  examp l e , t h e  
fac i a l  h arm wou l d  b e  expec ted t o  b e  l ow er i n  a p as s en g er v eh i c l e  f l eet 
eq u i pp e d  w i th  a i r  b ags , t h an in an eq u i v a l en t f l eet eq u i pped  w i t h a l es s  
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ef fec t i v e  fac i a l  m i t i gat i on techn o l ogy .  S i m i l ar l y  for l i g h t  truck s ,  t h e  
propos ed r eq u i r emen t  for occu pan t p r otect i on i n  a 30 mp h c r ash  tes t may 
s t i mu l at e  add i t i on a l  s teer i n g  system techn o l o g i es to r educe  h ead i n j ur y . 
I n  v i ew of expected i mp r ov em en ts i n  t h e  s afety of t h e  v eh i c l e f l ee t ,  i t  
w i l l b e  n e c es s ary to adj us t  the  h arm an a l ys i s  to ref l ect the b en e f i ts  
fr om s afety i n i t i at i v es as n ew data b ecome av a i l ab l e . 

At pr es en t ,  n on e  o f  the s tan d ar ds d i r ec t l y  r e gu l ate f a c i a l and 
ab dom i n a l  i n j u r y .  As d i s cu s s ed in Refer en ce 1 ,  d i ffe r en t s teer in g s ys tem 
s a fety tec h n o l o g i es produce d i ffer en t b en e f i ts to th e v ar i o us b o dy 
ar eas . An ob j ec t i v e of th i s  r es ear ch i s  to b e  ab l e  to meas ur e s teer in g 
sys t em i n du ced i n j ur i es to v ar i ous  b o dy ar eas s o  that  i mpr ov emen ts can b e  
ev a l uated . 

T h e  meas ur emen t of i n j u r y  m i t i ga t i on poten t i a l  fo r th e face , h ea d ,  
e h es t ,  a n d  ab domen r eq u i r es not on l y  a t es t  s urro gate , b u t  a l so i n j ur y  
cr i ter i a  to b e  u s ed i n  i n te r pr et i n g  t h e  tes t r es u l ts . Wor l dw i de 
b i omech an i cs r es e ar c h  f i n d i n gs p r ov i de much of t h e  b as i s  for i n j ury 
cr i ter i a . 

S ev er a l  r es earch  pr ograms curr en t l y un d erway ar e pr odu c i n g  
add i t i on a l  data on th e i n j ur i es caus ed b y  t h e  s teer i n g  sys tem . Th e 
pr imar y data c om e  from cadav er tes ts wh i c h  s tu dy e h es t ,  ab dom i n a l , and  
fac i a l  i n j ur i es i n du ced by  a gen er i c  s teer i n g  s ys tern .  Th i s  test  data  i s  
augmen ted b y  computer r econ s tr uct i on o f  s el ected c r ash es wh i ch i n v o l v e  
i n j ur i es of i n t er es t .  

The strategy for s urr ogate d ev e l oprnen t an d s e l ect i on i s  t o  e v a l uate 
c an d i date  tes t  d ev i c es for rneas ur i n g  the pr i or i ty i n j ury mod es us ing  
procedur es wh i c h  s i rnu l ate c a dav er tes ts wh i c h  h av e  b een r epor ted i n  t h e  
l i t er at ure . T h e  crash  s ev er i ty ran g e  o f  i n ter es t i s  def i n e d  b y  p ast  
acc i den t exper i en c e , and  by an t i c i p ated c h an ges wh i c h  rn i gh t  i n fl uen ce 
that  exper i en c e .  

S EL E CT I ON O F  CAN D I DATE TE S T  D E V I CES  

A program to i mprove  tes t dev i ces to e v a l u ate  s teer i n g  sys tems s h ou l d  
l o g i ca l l y  s t ar t  w i th an ev a l uat i on o f  t h e  per for man ce of e x i s t i n g  test 
dev i ces . The tes t dev i ce u s ed i n  Standar d No . 203 i s  a b o dy b l oc k  wh i ch 
i rnpac ts the  s te er i n g  wh ee l  at 1 5  mph .  T h e  tes t  cr i t er i a  i s  a l i m i t  of 
the  for ce ( 2 , 500 po un ds rnax i murn ) rneas ur ed on  a l oad c e l l at the en d o f  
t h e  s teer ing  co l umn .  T h e  t es t  d ev i ce u s e d  in  Stan d ard No . 2 0 8  i s  t h e  
anthropornor ph i c  durnrny . Recen tl y ,  th i s  s tandar d was amen ded to i n trodu c e  
a n  i mp r ov ed dumrny - -the  Hybr i d  I I I . T h e  tes t  cr i t er i a for th i s  dev i ce 
i n c l ude  e h es t  def l ect i on ,  i n  add i t i on to t h e  t r ad i t i on a l  rneas ur emen ts of 
h ead and eh es t  ac c e l er a t i on and fernur l oads . 

T h e  c h o i ce b etween a body compon en t tes t dev ice and  a comp l ete  dumrny 
i nvo l v es trades between the  s i rnp l i c i ty and l ow er cos t of the  comp on en t  
tes t dev i ce and  t h e  need for tes t i n g  t h e  en t i r e  v eh i c l e ,  wh i ch r eq u i r es a 
comp l ete dummy . Both  approac h es h av e  r o l es i n  asses s i n g  s a fety 
i rnp r ov ernen ts ; an d ,  t h er efor e ,  both  ar e i n c l u ded in t h e  e v a l uat i on pr ogr am .  
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The  Hybr i d  I I I  dummy offers a prom 1 s 1 n g  ch o i ce as a s urrogate for 
steer i n g  sys tem ev al u at i on .  The dev i ce is b e i n g  ev a l u ated  b o t h  as a 
sys t ems test  d ev i ce ,  an d as a component t es t  dev i ce . I n  t h e  l atter c as e ,  
on l y  part  o f  t h e  dummy i s  u s ed . For examp l e ,  a r el at i v e l y  s i mp l e  
mo d i fi cat i on to S t an d ard  No . 203 m i g h t  b e  to rep l ace the b ody b l ock test 
dev i ce w i th an i ns tr umen ted Hybr i d  I I I  e h es t .  

Ex tens i v e  r es e ar c h  and d ev e l opmen t h as b een under t ak en wor l dw i de to 
d ev e l op tes t dev i ces for meas ur in g f ac i a l  i n j ur y  po ten t i a l  of s teer in g 
ass emb l i es .  TRRL h as dev e l o ped a procedure us i n g  a l u m i n u m  h ex c e l l 
h on eycomb mater i a l  wh i ch h as b een us ed to deve l op a wh ee l des i gn ed to 
m i t i ga t e  fac i a l  i n j ury ( Refer en c e  1 1  ) .  V o l vo h as s pons or ed t h e  
dev e l opmen t of a H ybr i d  I I I  h eadform f i tted w i t h a matr i x  of 
p i ez oe l ec tr i c  tr ans duc er s  to meas ur e fac i a l  con tact l oa d s  ( Refer en c e  
1 2 ) .  T h e  Dept  of Tran s po r t ,  C an ada , h as dev el oped  a fr an g i b l e  fac i a l  
i ns er t  to l i m i t  fac i a l  i n j ury ( Refer en c e  1 3 ) .  Da i ml er - B enz h as con du c ted 
r es earch  us i n g  l oad s en s i n g  Fuj i p r es s ur e  s en s i t i v e  f i l m  ( R efe r en ce 1 4 ) .  
T h e  f i r s t  thr ee of th es e  ex i s t i n g  d ev i c es ar e i n c l u ded i n  t h e  ev a l u a t i on 
program .  The fo urth  may b e  i n c l u ded  l ater i f  r el i ab l e  c a l i b r at i on data  
can be  d ev e l o pe d .  

A l l t h es e  e v a l u at i on s  can b e  g r eat l y  as s i s te d  b y  mo de l s .  Mode l s 
of fer s ev er a l  s i gn i f i c ant  capab i l i t i es .  F i rs t ,  t h ey per mi t  "what  i f "  
s tu d i es wh i ch i n d i cate s en s i t i v i t i es o f  p ar ameters  to c h an ge .  Secon d ,  
t h ey a l l ow i n s i gh t  and un d ers tan d i n g  i n to d i ffer en ces betw een comp on ent 
tes ts an d sys tems tes ts . Th i r d, t h ey p ermi t an a l ys i s  to b e  performed 
mor e econ om i c a l l y  an d q u i ck l y  t h an per for m i n g  fu l l - s ca l e  tes ts for every 
con d i t i on .  

BAS EL I N E  TE S TS FOR SURRO GATE DE VELOP M EN T S  

T h e  tes t i n g  for s urro g a t es i s  s e p ar a ted i n to two p ar ts - -fa c i a l  t es t  
d e v e l opmen t ,  a n d  t h or a x / ab domen tes t dev e l opmen t .  The  fac i a l  tes t 
d ev e l opment program eva l u a t es t h e  fo ur d i ffer en t fac i a l test d ev i ces 
l i s ted ear l i er .  At t h i s  t i me ,  n o  t�s t data i s  av a i l ab l e  from t h i s  
program .  T h e  t h orax/ ab domen t es t  dev e l opmen t program h as i n i t i a ted s l ed 
t es t i n g  to ev a l uate  t h e  per forman ce of t h e  Hybr i d  I I I  dummy . P r el i m i n ary 
t es t  r es u l ts ar e i n c l u ded i n  th i s  paper .  

The fac i a l  i n j u ry tes t dev i ces ar e ev al u ated us i n g pr ocedu r es s i m i l ar 
to th os e  used  by Nyq u i s t  an d o th ers  ( Refer en c e  1 5 ) .  I n  th es e  tes ts , th e 
face i s  i mp acted  at  s peeds ran g i n g  fr om 1 0  to 2 6  k m/ hr b y  a dev i ce 
r es emb l i n g  an unyi el d i n g  steer i n g  r i m .  The  program for test  dev i c e 
ev a l uat i on w i l l  r ep l i cate  t h e  Nyq u i s t  p r ocedu r e ,  b u t  w i l l  u s e  a Hybr i d  
I I I  dummy as t h e  t est  s ub j ec t .  A l l thr ee o f  t h e  can d i date  fac i a l i n j ury 
t es t  dev i ces h av e  b een a da pted  so t h at t h ey can be moun ted on t h e  Hybr i d  
I I I  i n  p l ace o f  t h e  s t an d ar d h ea d .  Th erefor e ,  i t  i s  p os s i b l e  t o  ex p os e  
each  of t h e  tes t dev i ces t o  i mp act con d i t i ons  wh i c h  c l os e l y  s i mu l ate t h e  
c a d av er tes ts repor ted i n  t h e  l i t er a t ur e .  Th i s  type o f  tes t i n g  w i l l 
permi t a d i rect compar i s on o f  t h e  meas ur emen ts made b y  t h e  tes t dev i ces 
an d t h e  inj ur i es rece i v e d  by the  cadav ers . 

The  thor ax / ab domen dev e l opmen t s l ed tes t  p r og r am i n c l u ded Hybr i d  I I I 
dumm i es and cadavers . T h e  t es ts emp l oyed a C h evr o l et C i ta t i on b o dy on 
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t h e  s l ed .  The bas e l i n e  tes ts  u s ed a gen er i c  s teer i n g  co l umn des i gn ed to 
cr u s h  at a ne ar l y  cons tant for ce of 7 50 poun ds Th e C i t a t i on s teer i n g  
whee l was mod i f i ed t o  p ermi t t h e  i n c l u s i on o f  a 5 ax i s  l oad ce l l  b etw een 
th e wh e e l  and co l urnn . Th i s  c h an ge was made in a way t h a t  a l t er a t i ons  t o  
t h e  mas s  a n d  d ef l ec t i on pr oper t i es o f  t h e  s teer in g w h ee l  wer e v er y  
s m a l l .  T h e  tes ts w er e  con duc t ed a t  s l ed d el t a  V ' s  o f  1 5 ,  2 1 , a n d  2 5  mph . 

Summar i es of t h e  tes t con d i t i on s  and oth er meas ur em en ts ar e i n c l uded 
in  Refer en ce 1 6 .  T i me h i s t or y  traces for s e l ec t ed me as ur emen ts at  t wo 
tes t spe eds  ar e s ummar i z ed i n  F i gur es 3 and 4 .  

Add i t i on a l  b a s e  l i n e  t es t i n g  w i l l  i n c l ude  t h e  tes t ' d ev i c e  s pec i f i ed 
i n  Stan d a r d  No . 20 3 and t h e  Hybr i d  I I I  t h or ax used l i k e  t h e  20 3 tes t  
d ev i ce . I n  add i t i on ,  tes ts o f  a Hybr i d  I I I  dummy equ i pped  w i t h an 
ab dom i n a l  i n s er t  ar e b e i n g  con ducted . Res u l ts of t h es e  t es ts  ar e not yet 
av a i 1 ab 1  e .  

S EL E CTI ON AN D DE V EL OP M EN T  OF M OD E L S  

T h e  r eq u i r emen ts for mode l s  to  a s s i s t  i n  s urr ogate d ev e l opmen t ar e 
d i f fer ent from th os e  for pr e l i m i n ar y  ev a l uat i on of coun t er m e as u r es . I n  
t h e  l at t er ca s e ,  t h e  mode l i n g  of t h e  coun termeas ur e was es s en t i a l , wh i l e 
t h e  mod e l i n g  o f  the  human cou l d  b e  crude . H ow ev er , for surrogate  
d e v e l opm en t ,  t h e  mode l i n g  of the  h um an must  be  mor e p r ec i s e .  T h e  PADS  
mod e l  u s ed i n  Refer en c e 1 p r ov i d es a deta i l ed mod e l  o f  t h e  s teer i n g  
assemb l y ,  b u t  uses a s i mp l e t h r ee mass  mode l for t h e  occu pan t .  I n  or der 
to  app l y  a b et t er occupant  mod e l  th e CVS mod e l  was s e l ec ted . T h e  CV S 
mode l typ i ca l l y  uses a f i fteen mass  occu pant  wh i c h  i s  permi tted to mov e 
i n  a l l t h r ee d i mens i ons . T h e  mod e l  i s  documen t ed i n  Refer en c e  1 7 . 
V a l i dat i on of t h e  mod e l  i s  i n c l u ded i n  Referen ces 1 7  an d 1 8 .  Ty p i c a l  
app l i ca t i ons ar e s h own i n  Re fer en c es 1 9  an d 20 . 

The mod e l  va l i dat i on documen ted ab ov e was fo r a P ar t  572  dummy . T h e  
f i rs t  t ask to  i mp r ov e  the mod el for th i s  ap p l i ca t i on i s  to d ev e l o p  a 
v a l i dated  data s et for th e Hybr i d  I I I dummy . Th i s  h as b een don e and  i s  
repor t ed i n  Refer en c e  2 1 . T h e  mod el  i s  n ow b e i n g  used to un d ers tand 
d i fferen ces b etw een comp l ete  dummy tes ts and dummy componen t tes ts . I n  
add i t i on ,  t h e  mod e l  i s  b e i n g  v a l i da t ed for th e s l ed tes ts repor ted 
ear l i er .  I t  w i l l  ev en tu a l l y be u s ed to r econ struct  acc i den ts in a 
s i m i l ar mann er to th os e  rep or t ed i n  Re fer en c e  20 . 

D I SCUS S I ON OF R ESULTS  

T h e  tes t r es u l ts to date a r e  l i m i ted to compar i s on s  b etw een t h e  
Hybr i d  I I I  dummy a n d  c a d av ers for s t eer i n g  sys tem imp acts at s p eeds of 
1 5 ,  20 , and 25 mp h .  

T h e  r es u l ts of b as e l i n e  tes t i n g  i n d i cate t h at t h e  Hybr i d  I I I  dummy 
l oa ds t h e  s teer i n g  co l umn i n  a way wh i c h i s  gen er a l l y  s i m i l ar to t h e  
cadav er . T h i s  can b e  s een b y  comp ar i n g  t i me h i s tory  of t h e  n ormal  for ce 
meas ur ed  by a l oa d  c e l l l o cated b etween t h e  s teer i n g  c o l u mn an d t h e  
whee l , s h own i n  F i gur es 3 a  and 3 b . A t  t h e  l ower s peed , s h own i n  F i gu r e  
3a , th e peak for ce i s  s l i gh t l y  l ower for t h e  dummy t h an for t h e  
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cad aver . At the  h i g h er s p eed , sh own i n  F i gur e 3b , t h e  peak for ce i s  i n  
good agr eemen t .  

T h e  momen t meas ur emen ts from t h e  l oad c e l l ,  s h own i n  F i g u r es 4 a  and  
4b , a l so  exh i b i t  s i m i l ar i t i es .  H ow ever , t h er e  i s  a gr eater d i ffer en ce in  
t h e  momen t l oad i n g  t h an in  t h e  normal for ce l o ad i n g .  At  l ower s pe e d ,  
moment d a t a  from on l y  on e cadaver was a v a i l ab l e ,  an d t h a t  d a t a  showed a 
muc h  l ower peak momen t .  At t h e  h i gh er s peed , t h e  dummy momen t l oad i n g  
was gen er a l l y  w i th i n  the  corr i dor , but  w i th  a h i gh er peak . 

A l though  t h es e  p r e l i m i n ary  t es t  r es u l t s s h ow s i m i l ar i t i es b etween t h e  
co l umn l o ad i n gs ,  add i t i on a l  r es e arch  i s  r eq u i r ed t o  ass es s  t h e  con tact 
i n j ur i es produced  by  t h e  s teer i n g  w h ee l  to t h e  face , e h es t  and ab domen . 
T h e  p l anned r es e ar c h  program i s  des i gned to ad dr es s t h es e  q ues t i ons . 

The c h ar acter i s t i cs o f  t h e  Hybr i d  I I I  dummy h av e  b een mode l ed for the  
CVS crash  v ic t i m  s i mu l ator model , an d t h i s  data  s et i s  now av a i l ab l e  to  
the  s afety commun i ty .  

TABLE I .  HARM FACTORS 

1 AIS HARM 

1 VALU E SCALE 
1 FACTOR 
1 

6 264.9 
5 2 3 2 . 5  
4 56.7  
3 9 . 2  
2 3 .0  
1 0.7 

97 



R EF E R EN CES  

1 .  D i gges , K . , Coh en , D . , Stuck i ,  L .  ( N HTSA ) , " Th e  App l i cat i on o f  C r as h  
V ic t i m S i mu l a t i on Mode l s  i n  As s es s i n g  I n j ury R educ t i on P r i or i t i es , " 
1 986 I RCOB I C on fer en ce ,  p .  1 - 1 6  

2 .  M a l l i ar i s , A . , H i tc h coc k , R . , Hed l un d ,  J .  ( N HTSA ) , "A  S earch for 
P r i or i t i es i n  C r a s h  P r o tec t i on , " SAE 820242 , 1 9 82 

3 .  M a l l i ar i s , A . C . , H i tchcock , R . , and  H an s en , M .  ( N HTSA ) , " H ar m  
C au s a t i on and Rank i ng i n  C ar Cr ash es , " SAE P aper  8500 90 , Febr u ar y  
1 985 

4 .  "Abbr ev i ated  I nj u r y  Sca l e 1 980 R ev i s i on , "  Amer i can Assoc i at i on o f  
Automo t i v e  Med i c i n e ,  Mor ton Grov e ,  I L , 1 9 80 

5 .  " Th e  Econ om i c  Cos t to Soc i ety of Motor V eh i c l e Ac c i den ts , "  N HT S A  
Repor t ,  J an u ary 1 9 83 

6 .  Luch ter , S .  ( N HTSA ) , " Traff i c  Re l ated D i s ab i l  i t i es an d Imp a i r men ts  
an d The i r  Econom i c  C ons eq u en c es , " SAE P ap er 86050 5 ,  Febr u ar y  1 986 

7 .  H i rsch , A . , Epp i n ger , R . , S h ames , T . , N guyen , T . , Ommaya , A .  
( N HTSA ) ,  " I mpa i rment Sca l i ng  from t h e  Abbr ev i ated I n j ury Sca l e , " 
F i n a l  Repor t for DTN H22 -80 -0745 5 ,  DO T-HS -806 - 648 , June  1 983 

8.  M ar cus , J.  ( N H TSA ) ,  " Us e  of Impa i rment Data w i th NASS Data , " 
E l ev en th ESV  C on fer en ce ,  M ay 1 987 

9 .  W i l son ,  R . , " Impr ov ed C r a s hwor th in es s  I n depen den t of B e l ts or A i r  
B ags , "  Ten th  E S V  C on fer en ce P rocee d i n gs , p a ges 347 - 356 , J u l y  1 98 5  

1 0 . " N at i on a l  Ac c i den t  Ac c i dent Samp l i n g  Sys tem - 1 9 85 A Repor t  on 
Traff i c  Acc i den ts an d I nj u r i es i n  t h e  Un i ted  States , "  NHTSA,  DO T H S  
807 0 7 4 ,  Febr u ary 1 987 

1 1 .  P etty , S . , " A  Mod i f i ed Steer i n g  W h ee l  to Redu ce Fac i a l  I nj u r i es an d 
A s s o c i ated T es t  P r ocedur es , " Ten t h  ESV C on fer en c e ,  p . 34 2 - 346 , 1 9 85 

1 2 .  War n er , C . , W i l l e , M . , Br own , S . , N i l ss on ,  S . , M e l l ander , S . , and  
Koch  M . , " A  Load  Sens i n g  Face  Form for  Automot i v e  C o l l i s i on Cr ash 
Dummy I ns tr umen ta t i on , " SAE 860 1 9 7 , 1 986 

1 3 . B i ok i n e t i cs and As s o c i ates ,  Ltd . , "The  Dev e l opment of an Impr ov ed A TD 
H eadform, " Ac t i v i ty Repo r t  l ß4 . 2A 

1 4 .  Gr osch , L . , Katz , E ,  Kas s i n g ,  L . , " New Meas ur ement Me thods to As s es s  
t h e  Imp r ov ed I nj ury P rotect i on of A i r B a g  Protect i on Sys tems , "  S AE 
870 333 , 1 987 

1 5 .  Nyq u i s t ,  G .  et al „ " F ac i a l  I mp act To l er an ce an d Res pons e , " S AE 
86 1 896 ' 1 986 

98 



1 6 .  Sc hne i der , D . , Nahm ,  A . , Da i n ty ,  D . , Awa d ,  D . , Forr es t ,  S . , Mor gan , 
R . , Ep p i n ger , R . , M ar c us , J . , " l n t er ac t i on of C a d av ers  and the  
Hybr i d  I I I  wi th  a Steer i n g  Ass emb l y , " T h i r ty -f i r s t  Stapp C ar C r ash 
C on fer en c e ,  Novemb er 1 987 

1 7 .  F l ec k , J . , B ut l er ,  F . , " Va l i dat i on of t h e  C r ash V i ct i m  S i mu l ator , "  
N HTSA Report  DOT - HS-6-0 1 300 , F ebr u ar y  1 9 82 

1 8 .  D i gges , K .  ( NHTSA ) , " lmpr ov em en t s  i n  t h e  S i mu l at i on o f  Unr es tr a i n ed 
P as s en gers i n  F r on t a l  Cr ash es Us i n g  V eh i c l e  Test Data , " SAE 860654 , 
1 986 

1 9 .  Ommaya , A . , and  D i gges , K .  ( N HTSA ) , "A  Study of Head an d Neck I nj ur y  
Mech an i s ms by Reconstruc t i on o f  Au tomob i l e  Ac c i dents , " 1 985 I R COB I 
Con fer en ce , p .  2 53 -2 68 

2 0 .  C l ar k , C . , J ettn er , E . , D i gges , K . , Morr is , J . , Coh en , J .  a n d  
Gr i ffi th ,  D .  ( N HTSA ) ,  " S i mu l at i on of R o a d  Cr ash Fac i a l Lacer at i ons 
by Brok en W i n ds h i e l ds " ,  S AE 870 320 , 1 987 . 

2 1 . K a l eps , I . , Wh i te ,  R . , B eech er , R . , Wh i t es ton e ,  J . , an d Ob er gefel l ,  
L . , "Meas ur enen t  of t h e  Hybr i d  I I I  D ummy P roper t i es and S i mu l at i on 
Data B as e  D ev e l opmen t , 11 AAMR L Report to b e  p ub l i sh e d ,  Arms tr on g  
Aeros pace Med i ca l  R es ear ch Labor ator i es ,  Wr i g h t  P atterson AF B ,  Oh i o ,  
45433 ' 1 987 

99 



Harm 
(x 1 000)  

300 

200 

1 00 

0 
0 

�- i g u r e 1 C u n1 u 1 Cl t i v 1::· H Cl r n1 
By B ody l�e �1 i o n  v e r s u s  Ve l o c i ty  Ch cmg e  

________ il:?Il�'_er:�_ F rs;'._ n t����J_ 
_________ _ 

Fa cEi 
---- Head 

Che:>i 

Ab domen 

1 0  20 .30 
Velc. c i ty Ch 1mg e (mph) 

, , 

40 

Fig u re .L� P e rc e n t Cu rn u l o t ive  H a rm 
By B o d y  R e g i on v e r s u s  Ve l o c i ty C r rn n g e  

50 

1 00 ____________ J]Ij���Cf�J_ F !9 n j��I s ) _________ _ 

80 

60 

HarrTl 

% 40 

20 

0 

/ 
/ 

/ 
./ 

. / _, . 

ro&: L . .._) 

..-· 

VPl iJ  cify C:honqe (rnph) 

1 00 

,.. --· - -- - · -· · · - · --· · -- ·  

Chest 
Abdomen 
Fac e  

45 



id!ip CADA VER CORRIDOR 

L. HYBRID III 

F 
0 
R c 
E 

p 
0 
u 
N 
D s . 

0.0 "'V "'  

-200.0 

-400.0 

-600.0 

-800.0 

- 1 000.0 

- 1 200.0 

- 1 400.0 �...._._..__._..____� __ 1 ...... -'-'--'--'--'_._.J.....1.--'-1.....L..J.....J--L...J.......:. _;_� 
0.0 30.0 60.0 90.0 1 20.0 

TIME IMILLISECOIC>S) 
1 50.0 1 80.0 2 1 0.0 

F i gu r e  3 a .  Steer i n g  C o l umn Force Me asur em en ts at 1 5  MPH 

[ili] CADAVER CORRIDOR 

[:;, HYBRID III 

800.0 ---------------------� 

400.0 

F � -400.0 r 
p 
0 
u 
N 
D s . 

r 
t

- 800.0 r 
r 

- 1 200.0 c._ 
� 
t 

- 1600.0 -

� l-
t 

-2000.0 _ _.__._._..____._ __ .........,._._....._..._I_._, ...__._._..__.__.__...._._._...._._._..___._. 

0.0 30.0 60.0 90.0 1 20.0 

TIME (MILLISECOIC>S) 

1 50.0 1 80.0 2 1 0.0 

F i gur e 3b . Steer i n g C o l umn For ce Me asuremen ts at  2 5  MP H 

1 0 1 



ITililJ 
!:;, 

Ü CADAVER 

!:;, HYBRID III 

M 
0 
M 
E 
N 
T 

p 
0 
u 
N 
D 

F 
E 
E 
T . 

300.0 

250.0 

200.0 

1 50.0 

1 00.0 

50.0 

0.0 

-50.0 l...J.....J..._L...J....J.....J_J._.J.....J.--L-.L-.J.....J......J_J._..L....1.--L-.L-.J.....J......J-'-..L....1.-'-........ '""-''-'-.......... � 

0.0 30.0 60.0 90.0 1 20.0 . 1 50.0 1 80.0 2 1 0.0 
TIME (MILLISECOl'LlS) 

F i gur e 4 a .  Steer i n g  Co l umn Momen t Meas ur emen ts at 1 5  MPH 

320.0 
CADAVER CORRIDOR 

HYBRID III 

M 240.0 
0 
M 
E 
N 
T 160.0 

p 
0 
u 
N 

80.0 
D 

F 
E 0.0 E 
T . 

-80.0 

- 160.0 '-'--'-'-'-....__._...__.__.__.._.L-.J.....J......JL-l--'---J.--L-.L-.J.....J......J'--'-.J.....J.--L-1-1......J..-L...J....J.....J.-l-
o.o 30.0 60.0 90.0 1 20.0 

TIME (MILLISECONDS) 
1 50.0 1 80.0 

F i  g ur e  4b . Steer ing  C o l umn Moment Meas uremen ts at 2 5  MP H 

1 02 

2 1 0.0 




