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Sta rt i n g  poi nts for t h i s  study a re acc ident stat i s t i c s  a n d  i n depth acc i ­
dent i n vest igat ion . Moto rcyc l e/ca r a c c i d e n ts a re com p l e x  a n d  d i ff i c u l t  to 
a n a l y s e ,  t h u s  more tests a re n eces s a ry to get a deepe r u n d e rsta n d i n g  of 
t h i s  type of i mpact . 

Stat i s t i c s  tel l u s  w h at the most h a z a rd o u s  col l i s ion  types a re between mo­
torcycles  a n d  p a s s e n g e r  ca rs . A c c i d e n t  i n vest igat ions  a n d  med i c a l  acc ident 
resea rch s how that  many h e l mets u sed b y  moto rcyc le  r i d e rs a re not  v e ry ef­
f icent  i n  h ead p rotect ion . 

I ntent ion of t h i s  i n vestigat ion i s  to descr· i b e  a n d  a n a l ys e  two major· type 
of accid e n ts , i ntersection a n d  h ea d - o n  col l i s ion . Du r i n g  i m pact tests w ith  
i n st r u me n ted d u m m i es , d iffe rent d ri vers posit ion , f u e l  ta n k  s h apes a n d  
h a n d l e  b a r  types were i n vest i gated . I n  order  to eva l u ate t h e  e n e rgy a b -
sorpt1on c h a  racter ist ics  of he lmets , h i g h - s peed f i  l m s  a n d  acceleration 
data a re used . H I C  v a l ues a re comp uted , t rajecto r i es of moto rcycle r iders 
a re d raw n ,  i mpact t i me- h i stories a re compa red a n d  head i mpact locat i o n s  
a d d res s e d , i n  o r d e r  t o  d raw con c l u s i o n s . 

F u rthe rmore t h e  p rotection capacity of h e l mets was s t u d i ed i n  more deta i l  
i n  p e n d u  1 u m  i m pacts w ith  dummy head s . R e s u  lts  w i  I I  g i ve h i nts to 1 m p rove 
the d am p i n g  c h a racte r i stic of he l mets . 

C O N C L U S I O N S  

o i m pact dyn a m i c  

/" tou rer" type - l ow p roba b i l i ty o f  h e a d / r-oof ra i l  contact 
seat i n g  pos 1t 1on  

"" racer" type - h i g h  p roba b i l ity 
o h ead i mpact severity 

3 impact a reas add ressed : 
low sever ity - 1 hood ; low severity - 2 w i n dow ( g l a s s ) ;  h i g h  seve r ity , 
depend i ng on i m pact location , s peed a n d  d i rect ion - 3 roof ra i l  

o h e l met' s e n e rgy absorption 
- c u r rent EA h e l met mate r i a l  is too st i ff - h i g h  H I C  v a l ues at 

re lat ive ly  low s peed 
- i m p rovement by softer EA mat e r i a l  w i t h  h i g h  t h i c k n e s s  eff i e n cy 

( u s a b l e  t h  i c k n e s s  at tolera b l e  g - level ) 
- c u rrent  f a c i a l  impact p rotect i o n  - poo r ,  d u e  to a b s e n ce of EA zones 

a n d  d i rect f a c i a l  load i n g  ( v i so r )  
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I N T R O DU CT I ON 
S i n ce 1 978 t h e  n u mber of p e rso n s  i n j u red i n  road acc idents  i s  decreas i n g  
even thou g h  t h e  n um b e r  of road u sers i s  i n c reas i n g . Neverth e l es s ,  t h e  n u m ­
b e r  of two - w h eelers i n vol ved i n  acc idents  i s  i nc rea s i n g  s i nce 1 975 .  

T h e refore for acc identa l  a n d  b i omec h a n ica l resea rch , i t  i s  n ecessa ry to 
get more k n owledge a bout two - w h ee l e r  acc idents . 1 n pa rt icu la r it seems to 
be importa n t  to i m p rove i m pact p rotect ion for moto rcycl e  r ide rs , that  me­
a n s  head i m pact p rotect ion i n  the f i rst p l ace , i n  pa rt i c u l a r  the he l met . 

T h i s  s t u d y  p rovides e x per imenta l  data of t h e  two major motorcyc le-car  a c ­
c i dent types , i n  con n ection with  corres pon d i  n g  l a b o ratory tests w ith  h e l ­
mets . 

T E S T  P ROG R AMM A N D  T E S T  S E T - U P  

Acc i d e n t  s i m u lat ion  

F rom t h e  w i d e  va r i ety of  rea l  wo r l d  acc idents  two dom i n a n t  types were se­
lected , i n te rsect ion a n d  f ronta l impact .  Opposed to the f ronta l  impact i n ­
tersection accidents a re c h a racte r i zed by moto rcyc l e  ru n n i n g  i n to the s i d e  
of a ca r .  

F i g u re s hows com b i n a t i o n s  of v e h i c l e s , v e h i c l e  d ata , impact s peed a n d  
i mpact locat ion . 

ve h i c les : 3 Opel Monza 
rn = 

s e c t  i o n  

1 4 2 0  kg 

d u rn rn y : rn = 7 5  kg 

sec t i o n  3 s e c t i o n  1. 

l 
vK = 5 0 k m / h  

�-
v K  = 5 0 km / h  

�-
door r ight  s ide 

front axle left 

„ Suzuk1 Mokick 
m = 4 5 k g  

front axle right 

r· �-
Moico MO 50 . m '  6 L kg 

s e c t i o n  2 
vK = 50 km/h 10 ·�H�„ � t r o n t  

, 

Suzuk1 G S  400 
m = 160kg 

�r Honda C B  2 50 
m =  1 4 0 kg 

F igu re 1 :  acc ident  s i m u lat ion  mat r i x  

door left  side 

BW 
Herkules K 125 
m = 110 kg 

BW 
Herkules K 125 
m = 1 1 0  kg 

BW 
Herkules K 125 
m =  1 0 5  kg 

vK = 5 0 km/h 

Suzuk1 GP 125 
m = 1 0 2 kg 

tr· 
vK = 60 k m/h 

Kowosok1 Z 250 A 
m :  1 3 0 kg 

~ 
vK = 70 km/h 

Yamaha X S 400 
m = 160 kg 

D E K R A  / O P E L  
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A l l  tests w e re con d u cted at t h e  Adam Opel  s afety test cente r at R ü s s e l s ­
h ei m .  F i g u  r e  2 i 1 1  u st rates t h e  moto rcycle c a  r r i e r  developed b y  D E K RA . T h  i s  
dev i ce keeps d ummy a n d  moto rcycle i n  pos it ion w h i l e i t  i s  accele rated to 
its  test speed . J u st befo re i m pact t h e  c a r r i e r  i s  stopped by a f r i ct ion 
b ra k e ,  w h i le d ummy and moto rcycl e  cont i n u e  i nto t h e  test v e h i c l e ,  f i g u re 
3 .  

F igu r·e 2 :  Test set - u p/moto rcycle  ca r r i e r  

F igu re 3 :  E x a m p l e  of i m pact k i  nemat ic  
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Test dev i ce i s a H y d r i d  1 1  pedest r- i a n  d u mmy ( s i m u  l a  r A T D  P a rt 572 ) ,  equ i p ­
ped w i t h  3 - a x i a l  acce l e rometers i n  h ead , e h est a n d  pe l v i s . T h e  d u mmy i s  
d ressed w ith  l eath e r  s u i t a n d  h e l met . H e i mets a re c h a n ged from test to 
test i n  o t'der  to a s s u t'e con sta nt test con d i t io n s . 

H i g h - s peed f i l m i n g  p rovides mate r i a l  for  f i l m  a n a l ys i s .  3 came r·a s ,  2 f rom 
t h e  s i de a n d  1 f rom the top , were u sed to document t h e  i m pact s ituat ion . 
Tests a r e  con d u cted i n  4 sect i o n s  ( f i g u re 1 )  

Sect i o n  
a x l e  

2 tests : Motorcyc le  i m pacts veh i c l e  perpen d i c u  l a  t' l y  at f ront 

Sect ion 2 2 tests : Moto rcycle impacts f ronta l l y  at center l i n e 

Secti o n  3 ( Rep roducea b i l ity-te s t )  3 tests : Moto rcyc le  i mpacts p e t' pe n d i c u ­
l a  r l y  a t  d r i  vers door 

Sect i o n  4 ( i mpact s peed va r i at ion ) 3 tests : Motorcycle  impacts perpe n d i c u ­
la  r l y  a t  d r i v e rs doo r w i t h  50 , 60 a n d  7 0  k m / h  res pect i ve l y  

Labo rato ry tests 

For i n vest igat i  ng d r i v e r ' s h ead i mpact load u nd e r  con t rn l  l e d  l a bo ratory 
cond i t i o n s  a spec ia l  test set - u p  was d es i g n e d ,  f ig u re 4 .  A H y b r i d  I I  d u mmy 
head i n c l u d i n g  neck was f i xed to the top of a p en d u l u m  ( E C E - d e s i g n ) .  D u e  
to pen d u l u m  d es i g n  m a x i m u m  i m pact s peed was 32 km/ h ,  w h i c h  i s  lower t h a n  
obse rved i n  f u  1 1  sca le  testi n g .  A r i g i d  i mpact s u  rfac e ,  covered w i t h  10 mm 
p l y - wood was s e l ected . For base d ata one i mpact was con d u cted w i t h o u t  h e l ­
met . 

Figu re 4 :  Test s et - u p  pen d u l um w i t h  h ead for impact tests ; 
m = 9 ,  2 k g ;  v = 32 km/ h ; type of h e lmet Römer R S  
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Two d i fferent types of pen d u l urn he l rnet tests were p re p a red . At f i rst f a ­
c i a l  impacts a g a i n st r i g i d  su rface a n d  a roof r a i l  cut-out  a re s im u l ated . 

At second for· e n e rg y  eva l uat ion p u rposes a s e r ies of h e lmets w e re i mpacted 
l atera l l y  on a r i g i d  s u rface . o e s i d e  sta n d a rd damo i n g  a l te r n a t i v e  mate r i ­
a l s  we re tested , f ig u re 5 .  

ACCIDENT ENERGY 

SIMULAT ION 

LAB 

T E STS 

OPEL / D E K R A  

F igu re 5 :  Lab -tests d e r i ved from f u l l  s c a l e  tests 

R E S U LTS OF A C C I D E N T  S I M U LA T I O N  T E S T S  

Event/ t i me - h  i story of motor cyc l e/veh i c l e  co l  I i s ion 

Even t h o u g h  t h e re a re d i fferent types of i m pact d i rect ion , ce rta i n  s i m u l a ­
r it ies  o f  events a re fou n d ,  w h i ch m i g h t  j u st d iffer pa rt ly i n  t i m e ,  see 
f ig u re 6 .  

I n  the f i rst p ha s e' after i n i t i a l  contact of c a r  a n d  compres s ion of t h e  c y -
c l e  f ront t i r e  t h e  deforrnat ion o f  t h e  f ro n t  for k  sta rts between 4 a n d  1 4  
ms . T h e  n e x t  seq u e n ce beg i n s  w i t h  w h ee l /e ng i n e contact ,  p ro v i ded that  i m ­
pact s peed i s  i n  t h e  test r a n g e  o r  h ig h e r  a n d  f ro n t  w h e e l  i s  trapped bet­
ween v e h i c l e  a n d  c y c l e  eng i n e .  Beg i n  of contact is between 1 8  a n d  30 m s ,  
depe n d i n g  o n  whee l/e n g i n e  c l e a ra n ce,  f o r k  ben d i n g  st iff n e s s , loca l  v e h i c l e  
struct u  r e  a n d  i mpact s p eed . 

Between 20 a n d  46 m s  fork a n d  h ead l a m p  sta rt loa d i n g  t h e  v e h i c l e  w i t h  i n ­
c rea s i  n g  contact a rea . 

l t  was noticed t h a t  t h e  rea r w h ee l  w a s  l i fted s l i g h t l y  u p  to a b o u t  30 m s  
before total sto p ,  t h i s  i s  at a bout 3 6  t o  8 4  m s  after sta rt o f  co l l i s io n . 
ß etween 54 a n d  1 20 ms the cycle comes to a com p l ete stop a n d  rebo u n d  be­
g i n s .  Rebo u n d  movemen t  m i g h t  be h o r i zonta l  ly  o r  with a n  u pwa rd rotation 
a ro u n d  the f ront wheel . T h e  l a st two events a re s u bstant i a l l y  i nf l u en ced 
by d ummy ki n emat i c .  
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D E K R A  / O P E L 

F igu re 6 :  T i me/ event h i story of motorc y c l e  impact 

D u mmy movement r e l a t i ve to moto rcy c l e  sta rts at 20 to 35 m s ,  when t h e  
f ront whee l  contacts t h e  e n g i  n e  b loc . When for k  a n d  h e a d l a m p  h i t  t h e  veh i ­
c l e ,  t h e  re lat ive d ummy speed i s  i n c reas i n g  d u e  to h i g h e r  cyc le  decel era­
t ion . Con seq u e n t l y  the  d u mmy feet a re s l i p p i n g  f rom t h e  foot rests and the  
d u mm y  h its  t h e  fue l  ta n k  between 40 and 65  m s . 

F u  rth e r  event � eq u e n ces c a n  not be c lea r l y  i d e n t i f i ed . D u  r i n g  t h e  fo l lowi  n g  
t i me d u mmy h a n d s ,  leg s ,  u p p e r  body a n d  h ead a re h itt i n g  t h e  v e h i c l e  at 
d i fferent t i mes a n d  location s .  

T h ere i s  a c lose t i me r·e l a t i o n s h i p  between repo rted l i ft of rea r w h eel be­
fore stop of cyc le  a n d  d u mmy/f u e l  ta n k  i n teract ion . B e s i d e  that,  cyc le  de­
celerat ion occu rs w i t h o u t  d u mmy i n p u t .  Later· on  du r i n g  rebou n d  of moto rcy­
c l e ,  d u mmy legs a re i n te ract i n g  w i t h  h a n d l e  b a rs , ca u s i ng the cycle to ro­
tate . T h e  fol lowi n g  d u mmy k i nematics i s  i n f l u e n ced by t h i s  i nteraction . 
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Seat i ng pos it ion , h a n d le b a r  a n d  f u e l  ta n k  - how it  relates to d u m my 
k i  nema t i c  

T h e re i s  a c l o s e  re lat io n s h i p  between seat i n g  pos it ion  a n d  type o f  h a n d l e  
b a r ,  f i g u re 7 .  A ' 'tou rer" type h a n d l e  b a r  req u i res a more u p ri g ht d r i v e r  
pos it ion . Hencefo rth u pp e r  body pa rts a re b a s i ca l l y  i n  a h ig h  s ta rti n g  po­
s it ion before i m pact . U pp e r  body t ra j ecto r i es s how a m i n o r  u pwa rd d i rec­
tion d u r i n g  impact ,  w h i c h  m i g h t  be i n c reased i n  real  l i f e ,  beca u s e  t h e  
d r iver  m i g h t  s u p po rt h i ms e l f  a c t i v e l y  b y  h o l d i n g  h a n d l e  ba r f i rm l y .  

DE K RA / O P E L  

F igu r-e 7 :  l nf l uence of seat i n g  pos it i o n  - t rajector i es 

1 n f ronta l  o r  s i d e  i m pacts i nto t h e  f ro n t  e n d  of a v e h i c l e ,  d r i v e r ' s  h a n d s  
a re a bove t h e  veh i c l e  w i thout  t h e  r i s k  o f  d i rect load i n g .  U p ri g h t  seat i n g 
pos it ion leads a l so to a lower p roba b i l i ty  of h ead contact w i t h  s i de o r  
roof ra i l  of a veh i c l e . I n  t h at case seve r i ty i s  m u c h  lower espec i a l l y  
w h e n  t h e  head i mpacts t h e  soft e r  top of t h .e roof i n stead of t h e  ra i l .  A s  a 
pos s i b l e  d rawback e h est  i mpact m i g h t  be more severe , b u t  load i s  d i st r i b u ­
ted o n  a ! a rg e r  a rea . 

A "teu rer" h a n d le b a r  i s  n egat i ve d u r i n g  rebo u n d ,  beca u s e  re l a t i v e  speed 
between d ri ve r  u pp e r  legs a n d  rebo u n d i n g  h a n d l e  b a r  i s  h i g h  a n d  m i g h t  c a u ­
s e  b o n e  f ractu res . l nte raction forces a re h i g h ,  s i n ce test res u l ts s how 
t h at t h e y  c a u s e  cyc le  rotat ion of s i g n i f i c a n t  mag n it u d e . 

At  t h e  same t i me t h ese forces i nc rease d r i v e rs u p p e r  body rotat ion  ca u s i n g  
h i g he r  h ead i mpact s peed . 

A low " race r"  type seat i n g  pos it ion , c a u sed f rom l ow ,  s m a l l  h a n d l e  bars  
l ead to low body loa d i ng du r i n g  rebou n d . But  d r i ve r/v e h i c l e  i m pact is  more 
severe t h a n  i n  "te u rer"  pos i t io n , beca u s e  a l l  a bove ment ioned adva n tages 
rega rd i ng h ead i mpact a re not g i ven . 

A s  ment i o n ed before d u mmy i n te racts w i t h  t h e  f u e l  ta n k .  Rea r w h ee l  1 i f t i  n g  
at  t h e  same t i me a s  a cyc le 's  respo n s e .  I n  a d d i t ion  t h e  d u mmy i s  l i fted 
sl i g h t l y  wh i le movi  ng forwa rd . Howeve r  a g e n e r a l  concl  u s  ion can f\Ot b e  
d rawn f rom f i l m  a n a l y s i s  a n d  decel e rat ion  data o f  t h e  pe l v i s .  
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E v a !  uat ion of head i mp a ct 

T h  ree d i fferent types of fac ia l  h ead/veh i c l e  i mpact have been obse rved 
( o n e  e x ample  1s f i g u re 8 ) : 

- e h  i n/jaw 
- v i so r  
- forehead 

a n d  comb i nat ion s .  Head i mpact speed 1 s a l ways  a l most i de n t i c a l  with motor ­
c y c l e  i mpact s peed . 

r1r i' h A  I O P f: L  

F igu re 8 :  E x a m p l e  of head impact locat ion a n d  d i rect ion 
R eg a rd i n g  the v e h i c l e  one ca n d i s t i n g u i s h  between 3 d i fferent 
a rea s :  

1 - hood , top of t h e  roof 
2 - roof ra i l  ( st r u ct u r a l  member) 
3 - g l a s s  w i n dows , f i g u re 9 

[L H IC U •ooo 
O P E L  I D E K R A  

F i9�r�_: Head i m9act - l ocat i on  a nd H I C  va l ues 
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Hood a n d  roof 1 i s  a n o n c r i t i c a l  i mpact zon e ,  beca u s e  of a soft st iffness 
c h a racte r i s t i c . H I C  v a l ues a re far  be low t h e  c r i t i c a l  v a l u e  of  1 000 . 

Howeve r  c r it ica l l y  h i g h  H I C  v a l u e s  a re gene rated at t h e  roof r·a i l  2 .  Low 
H I C  n umbers , s h own i n  the roof a rea , i n d i cate head i mpact on g l a s s  of s i d e  
o r  f ront w i  n dow , w h  i c h  seems to b e  n o n c r i t i ca l . 

T hese tests s how that h i g h  i mpact s p eed i s  not d i rect l y  rel ated to h i g h  
H I C  v a l u e s . 

G e n e ra l l y  i mpact severity i s  c h a racter i zed by i mpact location a n d  d i rec ­
t ion , i mpact speed a n d  t h e  way t h e  h e l met i s  impacted . T h ese v a r i o u s  p a r a ­
meters a re d i ff i c u l t  to con t rol i n  a com p l e x  test e n v i ro n m e n t  l i ke desc r i -
bed s o  fa r .  I n  order to look i n to head i mpact p rotect i o n  more i n  deta i l  
a d d i t i o n a l  l a bo ratory tests h a v e  been con d u cted . 

L A B O R A T O R Y  T E S T  R E S U LTS E N E RG Y  A B S O R P T I ON 

S ide i m pact 

S ide i mpact tests have been con d u cted i n  o rd e r  to get an u n dersta n d i n g  of 
he l met e n e rg y  a b so rpt ion ( E A )  potent i a l . Tests on a r i g i d  s u rface s how t h e  
d ifferences of E A  mate r i a l  u sed i n  he lmets . 

F rom tests without h e l met o n  a r i g i d  s u rface we k now t h at H I C  v a l ues of 
more t h a n  5000 can be p rod u ced b y  a d u mmy h ea d . T h e  s e l ected sta n d a rd h e l ­
met s howed a su bsta n t i a l  red uct ion of H I C .  I n  f i g u re 1 0  res u lts of 3 i d e n -
t ica l  tests .a re s umma r i zed a s  a s ta n d a rd he l met data b a s e  ( X S  s i ze) . H I C  
v a l ues c i � re r  o n l y  l i tt l e ,  f rom 2652 to 2696 with  a mea n v a l u e  of 2639 . 
T h e  same a p p l ies to decelerat ion v a l u es . Total  d y n am i c  deforrnat ion  i s  i n  
the ra n g e  of 28 mm . T h e  t h i c k n e s s  of sty rofoam s h e l l  i s  30 m m  i n  s i ze X S ,  
b u t  o n l y  2 5  mm i n  X L .  U nd e r  same test con d i t ions  head sever ity i n c reases 
by 54 °o ( H I C ) ,  ma x i mu m  decelerat ion by 7 1  °o , w h i l e d i s p l acement is o n l y  1 0  
0o more . 
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F igu re 1 0 :  Energy a bsorption - base  h e l met s i d e  i m pact on r i g i d  
s u rface; i mpact s peed 3 2  k m/ h ;  mass  9 , 2  k g  

R i g i d  s u rface impact s i m u l ates g ro u n d  , tree o r  g u a rd ra i l  contact . Tests 
of t h i s  k i n d  ar h e l pf u l  i n  eva l u a t i n g  EA mate r ia l ,  bec a u s e  defo rmat i o n  i s  
l i mi ted to t h e  h e l met . 
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W h e n  a head h its  a c a r  s u rface i n stead there i s  a d d i t i o n a l  d i s p l acement by 
s h eetmeta l deformation . Lab tests w i t h  sect i o n s  of a roof ra i l  ( f i g u re 1 1 )  
s how H I C  reduction of 33 °o f rom t h e  base . Ma x i m u m  dece l e ration i s  25 °o 
l es s  a n d  m a x i m u m  d y n a m i c  d i s p l aceme n t  3 °u h i g h e r .  T h i s  d i s p l a cement i n ­
c rease of 3 °o i s  very m i n o r· compa red to 33 °u H I C  r·ed uct ion . B u t  i t  i s  a 
h i nt  t h at h e l met s t i ff n e s s  r s  h i g h e r· t h a n  roof ra i l  s t i ff n es s .  T h u s  i n  
t h i s  test t h e re i s  less  h e l met sty rofoam deformatio n ,  b u t  a s u b s t a n t i a l  
roof ra i l  defo rmat ion . T h a t  l e a d s  t o  t h e  q u es t i o n , w h e t h e r  h e l mets a re too 
s t i ff a n d  how to i m p rnve p rntect i o n  pote n t i a l . 

8ust 
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Impact on car rool rai 1 
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F ig u re 1 1 :  E n ergy absorpt ion ; i mpact on car  roof ra i l  

H I C  
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F i g u re 12  g i ves res u lts  of  a test  s e r ies with  two a l te rn at i ve E A  mate r i a l s  
u n d e r  i d e n t i c a l  test con d i t i o n s .  A r rows s how t h e  t r e n d  of i m p roveme n t . A 
H e x cel* l a y e r  of 35 mm can r·educe H 1 C v a l  u e  a lmost to t h e  b iomec h a n  ica l  
l i m i t  of  1 000 . Even a d ifferent foam ( P U )  of  o n l y  25 mm t h i c k n e s s  p r·od uces 
H I C  v a l ues  of 20 °o less t h a n  base . To i n c rease h e l met p rntection , EA mate­
r i a l  of t h e  a bove m e n t i o n ed c h a racte r i st ic  has to be u sed . P refera b l y  a 
type of m a t e r i a l  l i ke H e x cel  w h i c h  a l lows for a g i v e n  th i c k n es s  a n  a l mest 
90 °o u sa g e  fo r d i s p l acement at  to l e ra b l e  head decele rat i o n . Sty rofoam ( Po -
l y st y rol ) ,  P U  foam a n d  foams i n  genera l  do have a low t h i c k n e s s  eff i c i en -
cy . T h a t  mea n s  i n  order to obta i n  a h ead decelerat ion be low t h e  b iomec h a -

'> 
n i c a l  l i m i t  ( e .  g .  800 m/s- 3 ms ) ,  o n l y  h a l f  of t h e  t h i c k ne s s  can be 
u sed beca u s e  of mate r i a l  comp res s ion , opposed to H e x ce l  w h e re the c r u s hed 
mater i a l  fo l d s  i nto the h e x ag o n a l  t u bes . 

A " soft" E l:, mate r i a l  wou l d  p ro v i d e  p rotection for i mpact speed u p  to about  
30 km/ h . A seco n d  layer on top cou l d  c a re for  h i g h e r· i m pact e n e r·g y ,  i n  o r ­
d e r  t o  cov e r  at l east  9 0  - 95 °o o f  a l l  f i e l d - releva n t  seve r i t i es . T h i c k -
n e s s  o f  E A  zone m u s t  b e  s i zed b y  u s i ng f i e l d  data o f  head i mpact speed . 

F rom acc ident  stat ist ics  we know t h a t  maj o r  i mpact d i rect i o n s  a re f rom 
s i d e ,  front a n d  rea r .  S i de a n d  rea r can be des i g n ed i n  t h e  same ma n n e r ,  
b u t  t h e  fac i a l  p rotect ion seams to c reate some p roblems . 

* H e x agon a l  cel  1 structu re ( hon eycom b )  made from a l  u m i  n i um foi 1 .  
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• Bosr helmet 

styrofoom 

• PU-toom 

• Hexcel 
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F igu re 1 2 :  Energy a b so rption compa r i son 
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F igu re 1 3 :  S i  de i mpact - i m pact p h ases a n d  h e l met deformation 

F ronta 1 i mpact 

F rom f u l l  sca le acc ident  s i m u l at ion tests t h ree types of fac i a l  i m pacts 
a re der ived,  f i g u  re 5 .  

T h ey a re c h a racter i zed by c h i n/ jaw,  forehead a n d  a com b i n at ion of bot h ,  a 
f u l l  face impact . I n  a d d i t ion there i s  a v e ry c r it i c a l  one w h i c h  i s  v i s o r  
v e r s u s  c o r n e r  o f  roof ra i l .  T e s t  res u lts o f  t h e  f i rst th ree a re s h o w n  i n  
F i g u re 1 4 .  l t  i nd i cates th ree sta g e : f i rst contact , face contact a n d  ma x i -
m u m  d i sp lacemen t .  Two ta rgets - at d u m m y ' s  h ead a n d  at h e l met - a re t raced 
a n d  t h e i r t rajecto r ies  d rawn . C h i n/jaw a n d  forehead i mpacts a re c h a racte­
r i zed by a tremendous amou n t  of h ead rotat i o n ,  w h i c h  g i ves lower acce l e ro­
meter read i n g s  and conseqent ly H I C  v a l u e s ,  b u t  p ro b a b l y  h i g h  loads on cer­
v i c a l  v e rtebrae.  Rotat ion a n d  low e n e rg y  ;:i bsorption of  h e l met impact a reas 
l ead to ea r l y  face contact . Due to d u mmy h ead des i g n  nose and face s k i n  i s  
wor k i n g as a n  e l a s t i c  defo rmat ion zone i n  add it ion . H e n c e  i n  rea l i ty s e ­
v e re fac i a l  i n j u r ies a re pos s i b l e ,  w h ich c a n not be con c l u ded from H I C  v a ­
l u es .  
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F igu re 1 4 :  F a c i a l  i mpact - i m pac� p h a ses a n d  h el met rotat ion  

A l most the  s a me a p p l ies to  th<  f u l l  face i mpact , even t h o u g h  now t h e  H I C  
va l u e  ( 4834) i s  v e ry h ig h  d u E· to o n l y  l i tt l e  rotat ion a n d  e n e rgy absorp­
t ion on a s h o rt d i s p laceme n t . Essent i a l l y  t h e  d ummy face is  absorb i n g 
energy rather t h a n  t h e  h e l met . T h i s  i s  even more t h e  case when t h e  head i s  
impact i n g  a ca r roof ra i l .  C u r :--ent v i so r s  h a v e  n o  p rntect ive fu nction i n  
t h e  s e n s e  of e n e rgy a bsorptio n . T h i s  i s  t h e  most severe case a n d  i n  fact 
l i ke 1mpact i n g  w i t h o u t  h e l met . Data a re not reported h e re ,  beca u s e  they do 
not a l low a n y  con c l u s i o n s  in 1·e lat ion to h um a n  bei n g s . 

F a c i a l  p rotect ion i s  t h e  wea kest po i nt i n  c u r r·ent h e l met des i g n . l mp rove­
ment i s  neces s a ry beca u se f a c i a l  i m pacts occu r v e ry often . 

F I N A L  R EMA R K S  

T h i s  s t u d y  i n vest i g ated two major acc ident  types of motorcyc les . l n s i g hts 
a re g i ven to i m pa ct k i n emat i cs a n d  head load i n g s . H e i mets s how that  E C E  
reg u l at ion 2 2  p rod u ces e x t remely st iff EA zones , res u l t i n g  i n  h i g h  head 
load . A ltern a t i ve mate r i a l  tests i nd icate that t h e re a re ways to i m p rove 
p rotect ion P•'.'tC?nt i a l  towa rds h ig h e r  eff i c i ency . 

F u rther development work i s  req u i red to get at l ea s t  a m 1 n 1 mu m  fac i a l  1 m­
pact p rotect ion . 
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