
EXPERIMENT ON PASSENGER CAR AND PEDESTRIAN DUMMY COLL I S I ON 

1 .  Introduc tion 
Of the total  numb e r  o f  deaths and injuries  i n  mo tor  vehi c l e  

traffic a c c i dents i n  Japan , tho s e  o f  pede s tr i ans a cc ount for 
3 5 % , b r inging into focus the i mp ortance whi ch pedes t r i an motor 
vehi c l e  traffic  acci dents have come to as sume of l ate . Owing to 
many factors invo lve in this prob l em , i t s technical  analys i s  
h a s  l ag g e d  behind the measures b e ing taken f o r  occup ants 
protec ti on .  

Wi th a view to s o lving this p lob l em as  much as  p o s s i b l e , 
we have spent s everal  years on i t ,  conduc ting a s e r i e s  o f  
exp e riments . I n  this  exp e r imen t a t i on , whi ch we are going to 
reve a ;  here today , medium - s i z e d  mo tor  vehi c l e s  and dummy 
pedes t r i an r ep r e s enting a who l e  human fi gure are b rought ipto 
col l i s ion , and the r e l a t i onships · b etween the vehi c l e  front form 
and the i mp a c t  l o c a t i on of the dummy and their corresponding 
i mp act l o c a t i on of the vehi c l e , and the value of the accelera
t i on whi ch o ccurs i n  the col l i s i on ,  et c . , are preponderantly 
s tudi e d  so as  to obtain data in the interest of deve loping 
a p ede s t r i an - o r i ented s a fety vehicl e . 

2 .  Exp e ri mental Me thod 
The method o f  exper iments i s  outlined in F i g . l .  For the s ake 

of s imp l e r  co l l i s i on condi t i ons for the exper imenta t i on , a dummy 
i s  s t anding facing the vehi c l e  center and i t  i s  a l l owed to b e  
h i t .  Dummy u s e d  i s  5 0  p ercent i l e s  J ap ane s e  adult  mal e , which i s  
he l d  s uspended under the condi tion that the mo s t l y  part o f  h i s  
own we i ght i s  p l aced o n  the ground , and who s e  magne t i c  r e t ainer 
is r e l e as e d  as  soon as  the vehi c l e  come within O . Sm- - lm from 
the dummy , and make i t  fre e , then a l l ow i t  to col l i de with the 
cent r a l  p art o f  the vehi c l e  front . Exp e r imental vehi c l e s - 
wei ghting 1 , 0 0 0  k g  o r  l e s s  and formed a s  i l lustrated in F i g . 2 - 
come into col l i s i on , wi th the i r  b rake app ly at  a O . S g cons t ant 
l eve l .  The i mp a c t  accelerome t e r s  b u i l t  into i ts head , ehe s t , 
p e lvi s and l ower l e g ,  and i t s  traj e c try trace by h i gh - speed 
photography . 

3 .  Exp e r imental results  
The i mpact sustain by a pedestr i an c an b e  divided  i nto two 

s t a ge s - - the p r imary imp act which o c curs when the p e d e s t r ian 
comes into c o l l i s i on wi th any p o s s i b l e  part o f  the veh i c l e  and 
the s e condary impact whi ch the p edestr i an suffers as he or she 
is b r ought into co l l i s ion with the road surface imme d i a t e l y  
a f t e r  the p r imary imp ac t .  The fo l l owing des crip t i on w i l l  b e  made 
on the b a s i s  of thi s  b ipart ite divi s ion . ( s e e  F i g . 3 )  

3 . 1  Pr imary Col l i s i on 
The correspondences b e tween the l o c at ion o f  the dummy and 
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the l a c a t ian o f  the mo tar vehi c l e  a t  the t ime a f  a p r imary 
col l i s ian a s  ab t a ined in the pre s ent exper imenta t ian are given 
in F i g . 4 .  The b anne t has h i gh energy ab sorp t i an prop e r ty , and 
the co l l i s ion a f  any area o f  the dummy b o dy with the b onne t 
pro duces l aw acce l e r a t i a n .  Far e xamp l e , at  the t ime of face to 
face cal l i s i an ,  the ehe s t  is b aund ta crush against the b anne t 
bu t  a p e ac - G  value a t  this  t ime i s  6 0 g  or l e s s  even i f  the 
col l i s ion o ccurs at 4 0  km/ h .  ( s e e  F i g . S )  I f  t h i s  col l i s i on takes 
p l ac e  against the ven t i l ator reg ion o r  the windsh i e l d  g l a s s  or 
other r i gi d  are a s  of the veh i c l e ,  h i gh accelerat ion i s  produced .  
Thi s i s  b y  no me ans l ower than the acce l e r a t i on which r e s u l t s  
from a s e condary col l i s i on . ( s e e  F ig . 6 ) The head came s into 
col l i s ion no t only with the b onne t but  occas ional ly with the 
venti l ator  r e gion whi ch results  i n  h i gh peak - G  readings . 
Esp e c i a ly on s ma l l e r  vehi c l e  exp e riments , the he ad i mp a c t  almo s t  
there . 

There fore , me asures against p ri mary col l i s i ons are b e s t  
t aken b y  reducing the s e  r i g i d  r e g i ons t o  a minimum and prevent 
ing co l li s ion with them as much as p o s s i b l e . 

Cons i dering fram vehi c l e  front form , the one whos e  n o s e  
re g i on i s  l ow ( 1 )  h a s  l e s s  imp a c t  o n  the human p e l v i s  a t  the 
t ime of a crus h ,  and i n  rel a t i on to  i mp act on the he a d ,  too , 
i s  more advantageous owing ta the he ad hi t ting the bonne t i n  
c o l l i s ion a t  up t o  2 0  km/h . A t  3 0  km/h or more , however the 
h e ad come s i n  v i o l ent cantact with the vent i l atorre gion , resul t 
ing i n  great imp ac t . E xper imen t a tal  vehi c l e  ( 2 )  has a genera l l y  
l ow and sma l l  b anne t ,  whi ch resul t in t h e  dummy h e a d  d i r c t ly 
h i t t ing the windows h i e l d  g l a s s  and sust aining a great imp act , 
bu otherwi s e  i s  advantageous i n  shape b e c ause o f  i t s  l e a s t  
i mp act on the p e l v i s  and l i t t l e  upward k i c k  or fl ing . 

Experi men t a l  vehi c l e  ( 3 )  i s  d i s advantageous on ac count o f  
i t s  far !arger imp ac t  impact on the p e l v i s  than o ther mode l s , 
but s ince the p o s i t i a n  o f  the head co l l i s i on wi th the vehi c l e  
d i ffe rs l i t t l e  w i t h  col l i s i on ve loci ty , i t  i s  advant ageously 
s hap e d  to  enab l e  the e s t ab l i shment o f  e ffective countermeasures . 

3 . 2  Se candary C o l l i s i an 
The s e condary col l i s ion occurs abaut 7 0 0 - - 1 2 0 0  m s e c  after 

the primary co l l i s i o n .  At this t ime , the traj e ctry o f  the dummy 
d i f fers  according to  t he impact v e l o c i t y ,  the ·vehi c l e  front 
form , the mode o f  brake app l i ca t i on and a ther facto r s . In this 
repo r t , forms o f  fal l ing or dropp ing are c l a s s i fi e d  into the 
fol l owing four p a t t e rns on the b a s i s  of  the e xp e r imental r e 
s u l  t s . 

Pattern A :  

Pattern B :  

A prone fal l  i n  which the l e g  l ands fir s t , 
w i t h  the p e lv i s , the ehe s t  and the head suffe r 
i n g  b lows . Thi s p at tern a f  f a l l ing i s  c a l l e d  
P a t t ern A .  

I f  the upward k i ck and t h e  throw-out  or hurl 
are more e x t ens ive than in the case  of P a t tern 
A ,  a f a l l  o ften o ccurs p ar a l l e l  with the road 
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P a t t e rn C :  

surfac e . Thi s i s  cal l e d  P a t t e rn B .  

Sho u l d  the upward k i c k  b e  l arger  than i n  the 
c a s e  of Pattern B ,  a fal l occas ional ly takes 
p l ace head over hee l s ,  with the head l anding 
f i rs t .  Thi s f a l l  i s  r e fe rr e d  t o  a s  P a t t e rn C .  

P a t t e rn D :  Frequent l y , a fal l i s  had sup inely in a p o s ture 
the reverse o f  P a t t e rn A ,  B and C .  Thi s fal l 
i s  c a l l e d  P a t t ern D .  

The r e s u l t s  o f  the producting veh i c l e s  e xp e r iment s reveal 
that a t  a imp a c t  ve l o c i ty at  2 0  km/h or  l e s s , P a t t e rn A r e s u l t s , 
and at  2 0 - - 3 0  km/ h ,  P a t t e rn B i s  the c a s e , whi l e  a t  3 0  km/h or  
more , the r e s u l t s  i n d i c ate a traj e ctory of  P a t t e rn C .  

P a t t e rn D o c curs irrespect i ve o f  ve l o c i t i e s .  At 4 0  km/h , 
a l l  four P a t t e rn s  are o b s e rve d .  I n  t h i s  c a s e , the form o f  a 
fa l l  on the road  surface i s  i dent i c a l  b u t  the form d i ffe r in 
wh i ch the dummy i s  thrown out or  hur l e d .  This  we c a l l  the P a t 
t e rn a t  High Spe e d s . In  order words , the four P a t t e rn o f  traj 
e c t o ry o f  a fa l l  are  d iv ided into P a t t e rns a t  Low Sp e e d s  and 
P a t terns at H i gh Sp e e d s  at the b o arderl ine o f  about 2 5  km/ h .  
( P a t t e rn C ,  however , o ccurs a t  speeds  h i gher than 3 0  km/h and 
is the r e fo re hard to d i fferent i a t e . )  F i g .  7 anima t e s  the out l ine 
of the p a t t e rn s  of fal l .  

S e condary co l l i s ion be ing a v i o l ent cont a c t  wi th. a hard 
road surface , the dummy is l ik e l y  to s u s t a i n  l arge surface 
p r e s sure at the time of co l l i s ion , thus making inj u r i e s  by f a l l  
fatal . The a c c e l er a t i o n  wave form a t  th i s  t ime e xhi b i t s  a sharp 
r i s e  with shor t  dura t i o n  t ime . ( s e e  F i g .  8 and g )  In p r imary 
co l l i s i ons , the c o l l i s ion l o ca t ions o f  the dummy and tho s e  o f  
the motor vehicl e a lme s t  correspon d ,  but i n  s e condary co l l i s io n ,  
the i r  r e s p e c t ive l o c a t ions o f  c o l l i s ion d i ffer with e ach experi 
ment owing t o  d i ffe r enc e s  in the fo rm o f  fa l l in g .  

Th e mo s t  impor tant prob l em i n  decreas ing inj ur i e s  i s  how to 
d e c r e a s e  the c a s e s  o f  inj ury on the hea d .  Here con s i deration 
i s  given t o  the head inj uries  and forms of  fal l in g .  In F i g . 1 0 ,  
the ax i s  o f  ab s c i s s a  represents the max imum a c c e l e r at ion a t  
s econdary co l l i s ion d ivided b y  imp a c t  ve l o c i ty a s  s e condary 
co l l i s ion c o e ffi c ient and the a x i s  o f  o r d in a t e  r epr esents  
frequenc i e s  of  e ach p a t t e rn s .  As  is  c l ear from this figur e , 
P a t te rn A i s  the m o s t  advantageous in form o f  fa l l in g .  Accord
ing l y ,  for the s ake of cu t t ing inj ury inc i denc e in s e condary 
co l l i s i on , i t  i s  b e s t  to dev i s e  a s e t  o f  cond i t ions in wh ich 
the fo rm of m o t o r  vehi c l e  and the mode of energy ab sorption , 
e t c .  , comb ine t o  o r ient the forms o f  fal l ing t o  P a t t e rn A .  

F i g . 1 1  i l lu s t r a t e s  the p a tt erns o f  fa l l ing with respect  to 
each e xp er iment a l  vehicl e .  Exp e r imental veh i c l e s  ( 1 )  and ( 2 )  
a s sume P a t tern A in a l l  o f  the ir exp e r imen t s  a t  3 0  km/h o r  l e s s .  
With e xp er iment a l  veh i c l e  ( 3 ) , P a t t erns B and D are not e d .  
T h i s  shows that a t  3 0  km/h o r  l e s s  veh i c l e s  ( 1 )  and ( 2 )  w i th 
the no s e  por t i on he l d  l o e l y , are  more advant ageous . To fur ther 
s tudy this po int , e xp e r iment a l  vehi c l e  ( 3 )  had its front r e g ion 
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e l o n ga t e d , i t s  no s e  r e g i on l ow e r e d  t o  r em o d e l e d  i t  t o  t h e  f o rm 
o f  l i k e  e xp e r ime n t a l  v eh i c l e  ( 1 ) , and i s  m a d e  i n t o  e x p e r imen t a l  
veh i c l e  ( 31 ) . A s  a r e s u l t , t he r emo d e l e d v eh i c l e  e x h i b i t  P a t t e r n  
A i n  a l l  o f  t h r e e  exp e r ime n t s  o n  i t ,  a g a i n  demon s t r a t ing t h e  
p r e fe r en c e  o f  l ow - no s e d  t y p e  ( 1 )  o f  v e h i c l e s . At a r ound 4 0  km/ h , 
t h c r e  a r e  no s i gn i f i ca n t  c l e ar - cu t  d i f f e r e nc e s  b e tween e xp e r i 
ment a l  ve h i c l e s , and y e t  P a t t e r n  A i s  o c c a s i o n a l l y  no t i c e d  - -
a f a c t  i n d i c a t i v e  o f  t h e  f e a s i b i l i t y  o f  m a k i n g  f o r m s  o f  f a l l i n g  
s a f f e r  i n  p a t t e r n . 

4 .  C o n c l u s i o n s  
O f  t h e  i mp a c t s  s u s t a i n  b y  p e d e s t r i an s , t h e  p r imary i mp a c t  

and s e c o n d a r y  i mp a c t  c a n  e f f e c t i v e l y  b e  c o n s i d e r e d  i n  r e l a t i o n 
t o  t h e  c o l l i s i o n  r e g i o n s  o f  t h e  v eh i c l e  and t o  t h e  p a t t e rn s  o f  
f a l l i n g , r e s p e c t i ve l y , i n  s tu dy i n g  v e h i c l e  s a fe t y  f a c t o r s . 
F o r  b o t h t h e  p r i m a r y  and s e co nd a r y  imp a c t s ,  t h e  e xp e r imen t a l  
ve h i c l e  ( 1 )  w i t h l o w l y - p l a c P- d  n o s e  i s  doub t l e s s l y f a r  s a f e r  
t h a n  t h e  o t h e r  type s .  F o r  a irnpact ve l o c i ty ,  2 5  km/ h o r  s o  i s  
con s i d e r e d  t o b e  a s a fe ty 1 1 m i t  fo r t h e  p r e s en t . O t h e r  e x p e r i 
m e n t a l  r e s u l t s  a r e  o b t a i n e d  b u t  t h e y  a r e  a s  y e t  unc o n v i nc i n g , 
duc t o  t h e  c omp l i c a t e d  f a c t o r s  wh i c h  dummy and ve h i c l e  h a v e  
a l i k e .  Th e p r e s en t  s e r i e s  o f  exp e r imen t s  h a v e  h a r d l y  c o v e r e d  
a l l  o f  t h e  f a c t o r s  t h a t  i n c l u d e  veh i c u l a r  p a r t s  d im en s i on s , 
r e l a t i ve p o s i t i o n s , r i g i d i ty , imp a c t  v e l o c i t y ,  d e g r e e  o f  b r a k e  
a pp l i c a t i o n  a n d  t h e i r  i n f l u en c e s  p l u s  dummy r i g i d i t y ,  j o i n t  
c ha r a c t e r i s t i c , i t s  c o l l i s i o n  a t t i tude a n d  t he i r  i n fl u e n c e s . 

T h e s e  f a c t o r s  s ha l l  b e  d u l y  s tu d i e d  i n  o u r  fu t u r e  r o und o f  
e x p c r i m e n t s ,  t h e  r e s u l t s  o f  wh i c h  s h a l l  b e  r e v i e wed i n  d e t a i J  
t o  p r o v i d e  d a t a  f o r  t h e  d e v e l opment o f  p e d e s t r i an - o r i e n ted 
s a f c ty ve h i c l e s .  



s:: � d) 
.µ 
.µ 
c1' 
p. 

..c: u 
c1' 
d) 

4-l 
0 
c1' 
� .µ 
u 
d) 
p. V> 
s:: 0 •r-i .µ 
;::I 

,.D •r-i 
� .µ 
V> 

•r-i 
Cl 

5 

D p a t tern 

C pat tern 

Bp a t t ern 

A p a t t e rn 

2 3 4 5 G 7 8 9 1 0  1 1  12 13 14 1 5  1 6  17 18 
Head max . G  on se condary irnpac t  
Prirnary irnp a c t  ve l o c i ty 

Fi g . 1 0 Dis tribution sp e c t r a  by Max . G/ Imp a c t  vel . 

Te s t  
vc h i c l e  3 

T e s t  
ve h i c l e  3L 

T e s t  
v e h i c l e 2 

T e s t  
ve h i c l e  2 L  

Te s t  
ve h i c l e  l 

Imp a c t  veJ. . 

D 

A 

A 

l O  km / h  

AA B 

A A 

A A A 
2 0  

B A c 8 0  A A C A n Ir 
A A A 

A A A D c D 
B A [  A ( [ 
D A A CCD  JOD  

3 0  4 0  

Fi g . 1 1 Pattern d i s t r ibution o f  t e s t  veh i c l e s  

2 3 9 




