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l . Preface 

The riders o f  mo torcycles  t ravel at the s ame high spe eds 
as another motor vehi c l es on the s ame ro ads , exis ting in 
approximately the s ame t raffic environment , but at the s ame 
t ime the level o f  prote ction fo r such r i de r s  i s  the s ame as 
that o f  pede s t r i an s , alme s t  total expo sure . For the s e  r easons , 
it  i s  very s impl e  fo r maj or inj uries  to  o ccur in the event o f  
an accident . Furthermore , s ince motorcyc l e s  are , l ike mo tor 
vehic l e s , c ap ab l e  of high speeds , even the s l i ght impetus 
p rovided by a l ight contact with some o b j ect can ups e t  the 
moto rcyc l e  in some c a s e s , so that s t reng out s ide influence s  
a r e  not required fo r the re t o  b e  maj or inj urie s .  

During 1 9 7 3 , approximately 1 3 0 , 0 0 0  motorcyc l e - re l ated 
acc idents occured in Japan , 2 4  perc ent o f  al l traffic accidents 
in the country dur in g  that one - year  period . The numb er o f  
person s  dying a s  the result o f  such acc idents was 2 , 3 3 0 ,  
account ing for 1 6  p e rcent o f  al l t raffic de aths . 

In spite  o f  the fact that , as ment ioned above , the l evel 
o f  <langer to motorcyc l e  riders is much higher than that for 
mo t o r  vehicle p a s s engers , res e arch on protecting the s a fety 
o f  moto rcycl e  riders  i s  not viewed as  a s o c i a l l y  h i gh ly 
s ignificant prob l em and is l agg ing b ehind due to var iety o f  
factors . Some such factors would b e  that the ac tions o f  
mo to rcycle riders and the i r  vehic l e s  on the accidents are 
comp lex and it  i s  di fficul t to unders t and the ir current s t at e ; 

the t o t al numbe r  o f  accidents and fat a l i t ies  is a l it t l e  
s mal l ; and that there are some ant i social  e l ement s among 
mo t o rcyc l e  riders , as typ i fied by moto rcyc l e  gangs . Moreove r ,  
s ince i t  i s  difficu l t  t o  reconc i l e  s a fe ty mea sures for 
mo to rcyc l e s  with their l i ghtnes s  and mob i l i ty (moto rcyc l e s  
having a g r e at er range o f  potent ial riders and locat ions o f  
operat ion than the automob i l es ) , such s a fety me asures at 
pre snt are l imit ed to helmets , protect ive clo thing , and s imilar 
protective we aring devices . In add i t ion , the moto rcyc l e  s a fety 
r e s e arch that is b e ing carried on has p roduc ed tank - l ike 
vehicl e s  that s acrifice the charac te r i s t i c  performance of the 
mo t o rcyc l e  or has resulted in safe ty measures that i gnore 
the mo to rcyc l e ' s  s t e e ring and handl ing and s imp l e  us age , 
s o  that it i s  difficult fo r the results  o f  such research to 
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have practical app l ic ations . 

This p aper i s  a report on exp e r iment s conducted on the 
premi s e  of co l l i s ions between pas s enger car and mo torcy c l e s , 
which are invo l ved in a high p roport ion of traffic accidents 
in Japan . Through the s e  experiment s , a pro to type s i de p ro t ect ion 
device was p roduce d  as a practical device for providing 
protect ion to mo to rcyc l e  riders , p art icul arly in cases  o f  
col l is ion from the s ide , and s tud i e s  were made o f  the e ff ic acy 
and influences o f  such a s ide protection device . 

2 .  The pres ent s i tuat ion conc e rning mo to rcyc l e  acc ident s 

The appl icat ion o f  acc ident analy s i s  to  the pres ent s t ate 
of mo to rcyc l e  col l i s ion accidents reve a l s  that 90 p ercent o f  
the mo to rcyc l e s  invo l ved in acc ident s are t ravel ing s t r a i ght 
ahead at the time o f  the accident . Fig . l  indicates the d i rec ­
t io s  o f  co l l i s ions , showing that co l l i s ions from the s ide , 
including diagonal co l l i s ions , repres ent 7 7  percent o f  the total . 
F ig . 2  p r e s ents a t  4 0 km/h o r  l e s s  account for about 8 0  p erc ent 
of al l accident s . Howeve r , in the c a s e  of mo to rcyc l e  1 with 
large engine capacity ( 2 5 0 c c  and above ) ,  acc idents occur at an 
average speed 2 0 km/h higher than that for o ther mode l s . Tab l e  1 
g ives the nub e r  o f  cases  and numb er o f  acc ident s by c l a s s  o f  
motorcyc l e  the great e r  t h e  rate o f  accident s , with mo torcyc l e  1 
having an acc ident rate s ome s even t imes as great as that fo r 
other mo�o rcycl e s . 
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Fig 1 Dis tribution o f  
m o t o rcycl i s t  inj ury 
by co l l i s io n  direct ions 

1 )  
F i g  2 Di s t r ibution o f  c o l l i s ion v e l o c i t y  

Tab l e  l
i.

J 
Numbe r  . o  f acc1· d e n t  a n d  owned b h 1 f y eac c ass o mo t o rcy c l e s 1 97 3 .  

Class }lo torcycle 1 Motorcycle Z Mopet 1 „ Mopet 2 
engine capaci t y  > 2 5 0  c c  2 5 0 - 1 2 5  c c  1 2 5-50 c c  < s o c c  

A :No o f  accidents 2 2 7 0 5  8 2 1 7. 4 4 7 0 2  5 5 1 0 1  
B :No of owned 2 6 4 6 1 2  5 1 1 1 0 7  3 3 1 1 4 8 7  4 5 1 7 2 5 2  
A/B 1 0 0 0 0  8 5 8  1 6 1  1 3 5  1 2 3  
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The relat ionship b e tween the l o c at ion of inj ury inflicting 
parts in mo t o rcyc l e  accidents and the l ocat ion of inj uries 
sustained is presented in F i g . 3  and Tab l e  2 .  Inj uri e s  sustained 
concentrate on the head and the legs . There  are many cases  of 
inj u r i e s  to the head inflicted by c ontact with the ro adway , 
and the s e  can eas ily b ecome fatal inj uri e s . On the other hand , 
inj uries  to the l e g s  are not nec e s sarily fatal inj uries , but 
they are in many cases  c aus ed directly by contact with the 
front - fende r s , bumpers , or o ther p arts o f  the c o l l iding 
vehi c l e , and an o ve rwhelming proportion of inj uries sustained 
tS to the l e gs . Fig . 4  displays the d eath and inj ury rate 
c l a s s ified by type o f  acc ident , indicating that the death and 
inj ury rate for mo to rcyc l e  riders is numerically c l o s e  to  that 
o f  the rate for pedest rians and that the degree of <langer 
invo l ve d  is great . A look at the figures by c l a s s  o f  mo torcyc les  
that the inj ury rate  for l arge-displ ac ement mo torcycles  is  
l ower  than that for  other typ e s  o f  vehic l e s  but  that the de ath 
rate i s  higher . 
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Table 2 -� Motorcycl i s t s  inj ury 
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inj ury) ,with o r  without 
helme t , ve rsus inflicted 
parts 
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. . . 
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I n fl i cted".Sustained .l 2 3 4 s 1 l , 4 s 
..., Road 6 0 2 2 35 6 0 8 7 36 „ 

Road equip111ent · .2 
and what not 

0 1 1 .1 3 2 0 0 0 0 
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Total 9 J 1 5 76 11 3� 7 J 60 
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. 3 .  Experimental method 

Based on the results o f  the acc ident analy s i s  described 
in  s ect ion two above , we  conducted exp e r iment s on  the premi s e  
o f  c o l l i sions by a p assenger c a r  int o the s ide o f  the highly 
acc ident -prone moto rcyc l e  1 .  The mot o rcyc l e  is equipped with 
a human dummy and measuring devices and is p l aced in the c enter 
of the ro ad p erpendicu l ar to the direction of t rave l  o f  
the c o l l is ion �v�hic l e .  

The c o l l i s ion vehic l e  i s  a l ight -weight 2 , 0 0 0c c  
c l a s s  p a s s enger car , and a moving b arrier (p l aced fl at atop 
an SAEJ9 7 2  M . B . )  is also used as the c o l l i s ion c ar to  . r educe 
variat ion in the exp eriment al condit ions and eas e the 
evaluat ion of the experiment a l  resul t s . This col l i s ion car 
i s  acc e l erated to  the specified speed , the b rake is appl i ed 
immediat e ly b efore imp act , and with the b rake b e ing app l ied 
the car c o l l ides with the moto rcyc le and draws to a halt . 
S ince in normal t raffic accident s , a mo torc yc l e ' s  speed at 
t ime o f  c o l l is ion usual ly is not z ero but s ome p o s i t ive value , 
the exp e r iment a l  des ign o f  this res e arch <l o s e  not thoroughly 
rep l icate actual condit i ons can be f ixed to cons tant parame ters . 

The dummy is an ITO AM 5 0 - 7 0  s eated p o s i t ion and i s  
ins t a l l e d  with 2 0 0 G  thr e e - d imens ional acc e l erometers on the 
head and the ehes t .  The dummy ' s  left l e g , the leg on' the s ide 
o f  the co l l is ion . is cons tructed of a "hone" o f  epoxy with 
a maximum b e r.d ; n 6 load of 2 0 0  kg and "cru s t "  o f  urethane 
with a 4 kg/cmZ comp r e s s ion load ,  making it  po s s ib l e  to 
evaluate from the degree of the l eg ' s  d e s truction c ontus ions , 
cuts and other inj uries that norma l ly c annot b e  eva luated 
b ec aus e of the ac c e l e r at ion involved . 

Fig. 5 Te s t  s cene 
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Bane 
Crust 

Fig . 6  

Epoxy 
Hard u r e t h a n e  cave red w i th 

n y l o n  c l oth 

Cru s h ab l e  foot o f  thc durnrny 

4 .  Side p ro t e c t ion device 

.... '�}"„ -�· · � ·-·. W-%i� .... -""" .... 

S e t  up t o  dummy 

Inj uries to the h ead. and l e g  are common in mo torcyc le 
accident s . Becaus e inj uries  t o  the head c an � e  fatal , protect ion 
of the head is an important prob lem , but at pres ent , it has 
b een impo s s ib l e  to discover app ropriate protect ive measures 
o ther  than the us e of helme t s . Inj uries  to t he leg are fatal 
only in a few cases , but they o ccur fr equent l y ,  so that 
protect ion of the leg is also a mat ter o f  importanc e .  The 
purp o s e  of a s id e  p ro t e c t ion device is protec tion of the l e g s , 
the l o c at ion o f  4 0  p ercent o f  a l l  inj uries  t o  mo to rcyc le r iders . 
Her e , we d ivided the produc t i on o f  s id e  protecters into l s t  
and Znd p e r iods  in conduct ing out exper iment s .  During the l s t  
p e r iod , four typ e s  o f  device were constructed , t e s t ed us ing 
a moving b arrie r , and compared fo r protect ive effect ivenes s .  

F ig . 7  pre s ent s one o f  thes e d evic e s  wh ich wa s c n n s t rnc:ted 
on one mo torcyc l e  as a St rength Level 1 protecto r , us ing S Omm -' 
p i p e s  fo r front and rear guards which are j o ined together . 
This devi c e  i s  s imi l ar to the one us ed at AMF . I n  the Znd 
p e riod , the range o f  s ide p ro t e c t ion devices was narrowed 
down t o  one type based  on the r esults  o f  the l s t  period , and 
improvement s were added . This s ide · protect ion device  i s  shown 
in F ig . 8 ,  and in its  protec t i o n ,  cons iderat ion was given t o  
the fo l l owing po ints s o  that it  would relate c l o s e l y  t o  the 
actual cond i t ions invo lving mo torcyc l e s . 

( 1 )  . Styl e - - Styling appropri at e t o  mot o rcycl es . 
( 2 )  S t ee ring and Hand l ing - - Des ign that ful f i l l s  the 

potential o f  p r e s ent - day mo torcyc l e s . 
( 3 )  Us a g e - -Des ign s o  that the protector does not impede 

g e t t ing on o r  off the mo to rcyc l e  and p e rmi t s  pushing 
o f  the mo to rcyc l e  wh i l e  the rider is d i smount ed . 
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(4)  Operato r - p as s enger use - -Assuranc e of l e g  space for 
a rear - s eat p as s enger (F ig . 9 ) . 

( 5 )  Opt i onal s t atus - -Ab i l ity to be removed (unt i l  the 
effect ivene s s  o f  the device is ful ly demons trated , 
u s ed o f  the device b e ing made opt ional ) .  

Dur ing 2nd p eriod , experiments were c onduct ed on a 
mo to rcycl e  equipp ed with this protect ion devic e us ing both 
pass enger car and moving barrier , and the results  o f  the s e  
experimen ts  were studie d .  

Fi g . 7 S ide protect ion device mode l l ed aft e r  AMF type 
( S i de p r o t e c t i o n  devi ce of s t rength l e v e l  1 ) 

fj g . 8  I mproved -mo d e l  p ro t e c t i o n  device ( P ro t ?. c t i o n  device d e s ign 
t o  c l o s e l y  r e fl e c t  exist ing cond i t ions ) 
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fj g , 9  U s e  h y  two p c r s o n s  Fig . 1 0  Mode o f  foot crush ing 

5 .  Exp e r iment a l  r e s u l t s  and cons iderat i on 

Tab l e  3 pres ent s a summary o f  the exper imental result s .  

Tab l e  3 Summary o f  t h e  cxp c r i m c ll t <.1 1  r e s u l ts 
-
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Dummy 
Mo torcyclc 

Vehicle 
Max G 
H I C  

Impact part 
Max G 
First touch tn rn�rl 
Bane 
, _ -

C:cus.t 
- - - · -

Bane 

Crust 

SP :Motorcycle with 

7 . 1  
6 . 9  

4 . 2  

1 8  

s s  
Hood 

4 8  
Foot 

S . F  

W .  l 
G . l  

G . 2  

s i de 

6 . 7  9 . 2  2 .  2 10 . 9 6 . 7  9 . S  1 1 .  8 2 . 7  

1 0 . 0  1 0 . 0  2 .  9 8 .  3 8 . 6  1 0 . 4  H . 5  3 . 9  

4 . 9  6 . 3  0 . 9  8 .  3 4 . 6  7 .  2 8 . 9  1 .  5 ---
3 3  7 2  3 7  7 1  3 5  4 8  4 1 .  1 9 2  

1 5 5  2 4  8 1 2  2 6 4  6 4  1 3 6  1 4 4  1 7 9 8  

Hood Wind Hood llood M . B .  atop - -
2 0  56 16 1 4 5  4 1  2 6  3 0  1 6 3  

Foot Hip Foot Ilead Foot Foot Foot Foot - �·- -
1 c. F l  c .  F1 S . Fl S .  Fl s. Fl s .  F1 s. F1 

S . Fl C .  Fl 

C . l  C . l  
W . l  w .  3 W .  l \'1. 1  \\' . 1  W .  l W . l  

· G  . 1  G . 2  G . l  G . l  G . 1  G . l  
c. Fl c. Fl S. F2 S .  F2 

s .  Fl 
A .  l A. l 

W . 2  W .  l W .  l W .  l W . l  W .  l 
G . l  G . l  G . l  G . l  

protcction device PS : Passengcr car 
MC : Conventional motorcycle MB :Moving b a r rier Wi n d : Windsh i e l d  

5 . 1  S tate  of co l l is ion 

1 1 .  2 
1 7 . 4 

7 . 9  

1 9 3  

1 2 2 0  
-

6 0  
Foot 

E).L!L 
m 
m 
m 
G 

G 
c-: f: :  C<impound 

Fracture 
S . F : S imple 

Fracture 
c .  Cut 
w .  Whittle 
G .  Grazc 
A • Amputation 

Mo t i on of the dummy and mo to rcyc l e  after c o l l i s ion 
var i e s  dep ending o n  the  c o l l ision vehic l e ,  its  speed , the  s ide 
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p ro t e c t ion device , and s imilar factors , but in general the 
mo tion fo l l owed t he f o l l owing pro c e s s .  In t he s e  t e s t  case s , 
c o l l i s ion venic l e s .are s et as to hit the l e ft side of the 
dummy and tne motorcyc l e . 

( 1 )  The co l l ision vehi cle  contac t s  the mot orcyc l e , t he l e g  
o n  the co l l is ion s ide is  caught b etween t he vehicl e and the 
mo to rcyc l e , t he l owe r l e g  fractures (F ig . 1 0 ) , and the front 
edge of the hood o f  the vehicle  contac t s  the hip area . This 
o c curs from 0 to app roximat e ly 60msec . 

( 2 )  After the SOmsec mark , the upp er body be gins t o  fal l .  
S inc e t he l e g  i s  c aught b e tween the vehi c l e  and the mo t o rcyc l e , 
the femur twis t s  and fractures . At 7 0 - 8 0ms ec , the head b ends 
3 0 - 6 0  degre e s  to r i ght and then in react ion bends some 4 0  
degrees to the left . (The dummy i s  e quipp ed with a rubber 
neck . )  At 1 5 0 - 2 0 0msec , the head hits the hood o f  the vehic le . 
(Depending on t he l o c ation o f  the head imp ac t  and the speed , 
the head receive s an impact o f  ab out 4 0 g  from the hood and 
ab out 6 0 g  from the windshield . )  

( 3 )  When the mot o rcyc l e  is  pushed away from the c o l l is ion 
vehicl e  and fal l s , the leg  which had b e en p inned be tween the 
co l l i s ion vehic l e  and the mo to rcyc l e  is rel e a s ed and the dummy 
s l i<ls up on the hood o f  the vehic l e .  At  high col l ision spe eds , 
the dummy may even b e  s t o o d  on it�  head o r  be  l i fted up into 
the air . Thus , when a mot o rcyc le is equipp ed with a s ide 
pro t e c t ion devic e , the leg is s eldom p inned b etwe�n the two 
vehic l e s , s o  that the l e g  is  pulled out o f  pösition quick ly 
and :the body r i s e s  quickly . The pas sage of t ime for this 
port ion varie s cons iderab ly dep ending on the cond itions 
of co l l is ion . 

( 4 )  Becaus e of the b rak ing o f  the c o l l i s ion vehic l e ,  the 
dummy b e g ins to s l i� o ff of the ho od . Fo l l o.wing this po int , 
the mo tion;S _ o f  the dummy are roughly the s ame as  for a c o l l i s ion 
with a pedestrian . 

( 5 )  The dummy f al l s  from the ho od and the feet touch the 
surface of the ro ad . During the dummy t s  fal l  from the hood , 
the he ad at times s t rikes a hard surface o f  the forward 
p ot ion of the ho od and s u s t ains a maj or imp ac t .  

( 6 ) ' The body ' s  fall and the head and ches t 1 s  impact on 
the s ur face of the ro ad t ake p l ace b e twe en 1 , 0 0 0  and 2 , 0 0 0ms ec 
(thought there is considerab l e  variance on this point ) . 
Since the head t s  imp act sp eed is  near that fo r free fall , it  
takes p l ace at the r e l at ive ly l ow sp e ed of 1 0 - 2 0 km/h . 

F i g . 1 1  g ives an examp l e  o f  expe r iment No . S ,  pres ent ing 
consecutive pho tographs of mo t ions in a pass enger c ar ' s  
c o l l is ion with a convent ional mo torc yc l e  at  4 0 km/h . 

0 
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. The l e g  is pinne d and · i-g. „niut·il ated from the j o int wi th the 
femur , and the dummy is thrown high into the ai r .  Aft er the 
moto rcyc l e  has fa l l en ove r ,  its speed dro p s  suddenly becau s e  
o f  the r e s is t ance o f  the road surface , and the motorcyc l e  i s  
run over b y  t he c o l l i s ion vehic l e .  ( This was the only exampl e  
o f  the moto rcyc l e  bein g  run over by the c o l l i s ion vehicle , and 
no rma l l y ,  it s e em s  that the c o l l i s ion vehic l e  wi l l  not run over . 
the motorcyc l e  if the vehicle ' s  b rakes are be ing applied . )  
In Fi g .  1 2  is displ ayed the accelerat ion hist ory o f  the dummy 
head and the motorcycl e  in this experiment . 

1 2 0 0ms l S O Oms 1 6 0 0ms 2 0 0 0ms 800ms 
Fig . 1 1 Extracted films showing sequence o f  colli son used the convent ional 

motorcycle T e s t  No . S  Impact velocity : 39 . 1  km/h 
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F i g . 1 2 Acceleration history o f  the dummy and the motorcycle 
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I n  F i g . 1 3  i s  d i s p l ay e d  an exp e r imen t a l  examp l e  o f  a 
c o l l i s ion at 4 0 km/h w i t h  a mot o rcyc l e  e qu i p p e d  w i t h  a s i d e  
p r o t e c t io n  d e v i c e . S inc e t h e  l e g  i s  no t p i nn e d , the b o dy s l i d e s  
smc o t h l y  up onto t h e  veh i c l e  ho o d ,  an d o v e r a l l inj ur i e s  a r e  few . 
F i g . 1 4 i s  ac c e l e r at i o n  h i s t o ry o f  t h i s  c as e .  

0 ms 6 0ms 1 2 0ms 1 8 0ms 

8 0 0m s  l O O Om s  1 2 0 0ms 

F i g . 1 3 E x t r a c t e d  films showing sequence o f  c o l l i s ion u s e d  motorcyc l e  
with s i de p ro t e c t ion device Te s t  No . 2 Impact velocity : 39 . 8  km/h 
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F i g . 1 4 

T I ME - MSEC 
A.cce l e r a t ion his tory o f  the dummy and the mo torcy c l e  
i n  t e s t  No . 2  

5 . 2  L o c at ion o f  r id e r  co l l i s io n  

A c o n s i d e r a t i o n  o f  t h e  p art s o f  t h e  human b o dy invo l ve d  
i n  c o l l i s io n s  and t h e  l o c at i ons i n f l i c t ing i nj uri e s  p r o du c e s  
T ab l e  4 .  T h e  s e c t i o n  o f  t h i s  t ab l e  l ab e l e d  " R a t e  1 1 was 
comp i l e d u s i n g  o b s e rv a t ions from h ig h - sp e e d  fi lm and marks 
l e f t  o n  the p a i n t  b y  the c o l l i s io n  to find the r a t e  o f  
co l l i s i o n s  o f  g i v e n  p a r t s . S i n c e  i t  s h o w s  o ve r a l l inj u ri e s , 
i t  d i f fers t o  s o me d e g r e e  from the r e s u l t s  o f  acc i d e n t  analys i s  
g i ven i n  F i g . 3  b u t  t h e  two m a t c h  i n  t h a t  h e a d  and l e g  inj u r i e s  
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are prominent . 

5 . 3  Pro tect ion o f  tfte l e g  by t he s ide pro t ec t ion device 

From the resu l t s  g iven in Tao l e  3 ,  it c an oe s een that 
normal l y ,  there i s  damage to the l e g  when the c o l l i s ion vehicle  
co l l id e s  with t he s ide o f  t he motorcyc l e  even at  a co l l i s ion 
spe e d  o f  2 0km/h, with the t ib i a  rece iving maj or damage and 
frac turing . A motorcyc l e  equipped with the pro tector t e s t ­
produced for the s e  exp eriment s was ab l e  to pro tect the t ib ia 
i n  c o l l is i o n s  with veh i c l e s  even at 30 and 4 0 km/h . The f emur 
i s  not inj ured by b e ing p inned between the vehicl es , but 
b e c ause there is l it t le protected space , the leg  c annot be  
e as i ly and smoothly removed from b e tween the vehic l e s  when the 
bo dy fal l s  over , and the re sul t ant twis ting l eads- to inj uries  
of the femur . I n  moving b arrier c o l l i s ion exp eriments at  3 0 km/h , 
the l e g  receives no inj uri e s , because  the flat impact surface 
c au s e s  l it tl e  intrus ion .  

I n  the c a s e  o f  the device produc ed as  s t rength level 1 as 
s hown in Fig . 7 ,  the maximum distortion of the protect ion device 
i n  a 4 0 km/h c o l l i s ion with the moving barrier was 2 0mm , and 
the l eg rece ived prac ti c al l y  no inj ury , s o  that the device 
e ffici ency i s  ful fi l l ed fo r leg protect ion . 

5 . 4  Protec t ion o f  the upp er body 

F ig . 1 5  presen t s  the maximum acceleration of a mo torcyc l e  
at  t�e t ime o f  c o l l is ion . The impact i s  ab s o rbed b y  the d is ­
tortio n  of the p ro tecto r , with i t s  impact normal ly b e ing 
around l O G  l e s s  than that o f  the motorcyc l e . This reduct ion 
o f  impact no! only reduces the inj uries  s u s t a ined by the leg  
on the opp o s i t e  s ide from the c o l l i s io n ,  it  a l s o  influences 
thc mot ion o f  thc upp cr body .  

Tab l e  4 C o l l i s ion parts 
in experiment s 

Dummy parts Obj ect parts Rate 

He ad Hood ,Windshield 1 6 \  
Road 

Abdomen Hood 1 5 \  
Hip Front of hood 

Road 
1 4 \  

Hand Hood, Motorcycle 1 5 \  
Road 

1 0 0  

7 5  

so 

G 2 5  

0 

� Sp.<tPS 
·.a-·-4 SP-MB 

0 . 20  

0- - -0  
a 

4 0  .60 

Leg Bump e r ,  Gril l ,  
Motorcycle ,Raad 

4 0 \  Vehicle c o l l i s ion ve locity. km/h 

Fig . 1 5  Maximum accelerat ion o f  motorcycle 
at  the t ime of c o l l i s ion 
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Fig . 1 6  g ives th.e speed o f  the head t s  co l l is ion with the hood , 
and Fig . 1 7 p r e s en t s  the maximum values for head acce l e ration . 
Reduct ions can b e  seen in e ach o f  these . The mark o f  • in 
Fig . 1 6 i s  the exp e riment a l  result from F ig . 7 for co l l i s i on 
b etween the moving b arrier and mo to rcyc l e  equipped with rigid 
pro t e c to r .  Becaus e there i s  alme s t  no absorp t ion by the 
pro tect e r ,  the he ad imp ac t  is roughly the s ame as for a 
conventional mo t o rcycle . In s uch a c as e , there is the p o s s i b i l ity 
that the result w i l l  b e , as expre s s ed by Bartol of AMF , " there 
is e f fect as far as  the leg is concerned , but the inj ury to the 
head b e comes even gre ater . "  In o ther wo rds , it is po s s ib l e  to 
re duce inj uries t o  the upp e r  b o dy through app rop riate deformation 
of the protect ion devi ce .  
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Fig . 16 Speed o f  the head ' s  co l l i s ion 
wi th. the hood 
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2 0  4 0  60  

Vehicle collis ion ve locity 

F ig . 1 7  Max imum values of the 
acceleration on the t ime 
o f  col l ision with hood 

5 . 4  Effe ct ivene s s  of the protector as s e en from ove r a l l  
co l l is lons 

For co l l i s ions up to ab out 3 Skm/h , there are obvious e ffe cts  
o f  the s i de protect ion device , but b eyond that po int, the mo tion 
o f  riders were s o  b i g  that s e condary inj uries (from fall ing on 
the ro ad surfac e , et c . ) incre as e and s i gni fi cant di ffe rences in 
e ffect from the u s e  o f  the p ro t ector disappear . 

6 . Summary 

We attemp t e d  a s t udy o f  the s afety o f  motorcycle and 
p as s enger cars (here deal ing only with 9 0  degree s ide c o l l i s i on) , 
s tudying the ob s e rvations o f  the riders ' motions and the 
codit ions o f  the ir inj uri es , counterme asures , and exper imen ta l  
me tho d .  The results  reg arding the s i de protection device may 
b e  gene ral ly s ummari z ed as fo llows . 
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(1)  lt is p o �s ib l e  to protect t�e leg in co l l i s ions o f  
3 0 - 4 0km/� w:it hout imping ing on current l evels o f  motorcy c l e  
s teering and liandling , etc . 

( 2 )  By providing t he protection device with ab s o rpt ion , 
i t  i s  p o s s ib le to reduce inj uri e s  to t he upp er body .  

(3)  T�e side protect ion device i s  effective measure fo r 
the overturn accidents and the prevent ion o f  getting under 
the c o l l is ion vehicl e .  

( 4 )  When co l l i s ion speeds p as s  4 0 km/h ,  even though the 
p ro t ect ion device is s trengthene d ,  o the r inj urie s b ecome 
frequent and the ove rall  e ffec t  i s  not very gre a t .  

( 5 )  I n  o rder t o  make the suitab l e  device , i t  i s  importance 
that p ro te c t ion device s t ructure are cons idered with the b a s i c  
frame o f  the mo torcyc le . 

( 6 )  The riders inj uries are h i ghly affected by the 
ab s orp tion and the s hape s  of bumpers , hood , and o ther col l is ion 
p arts . 

As s t ated in the pre face to this p aper , the protect ion o f  
mo to rcyc le riders is a di ffi cult prob l em that c an e as ily b e  in 
ne gative proport ion to the l i ghtne s s  of the mo torcycle , and i t  
mus t b e  app ro ached comprehens ive ly through helmets , pro t e c t ive 
clo thing , etc . Here , as one protec tive measure , we have 
s t udied s ide protec tion devices , but we have no t s tudied such 
mat t e rs as  the pro b l em o f  ove rturning or that o f  urban traffic 
acci dents invo lving s ma l l  s i z e d  mo torcyc l e  which are owned in 
l arge numb e rs and whi ch , in items of total accident s ,  h ave 
three t ime s as many accidents as mo torcycles . Thes e  are 
probl ems whi ch we wo uld J.ifinitely l ikc to study in the future . 

J ap an p ro duc es s i x - tenths o f  all  the motorcycles  in the 
wo rld  and is g re atly int erested in the s afety o f  tho s e  
motorcycl e s . At the s ame time , howeve r ,  the condit ions 
concerning mo torcyc l e  traffic , ownership s tructure , road 
envi ronment ,  and outl ook on s a fe ty a l l  di ffe r from country to 
country .  In the future , e ach country ' s  exchang e of pertinent 
info rmati on and the i r  coope rat ion will  b e  the mos t  important 
e lements in the reduction of mot o rcyc l e  accidents and the 
promotion of re s e arch on p rotec ting the s a fe ty of motorcycle 
riders . 
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