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I NTRODUCTION 

The great r i s k  for motor-cyc l i st s  involved in t r a f f  ic acc idents 
is mainly based on the conception o f  the motor-cycle and the 
f act that the cyc l i s t  is not protected by e ither the p a s se�ge r 
compartment or the s a f e ty b e l t . Apart f rom the extremit i e s , t he 
head i s  the most frequently i n j u red body part . 

Due to i t s  anatomic structure the head i s  very susc e p t i b l e  to 
i n j u r ie s . For a long t ime , the he lmet was obvious ly attributed 
an important part in the prevention of sku l l  i n j u r ie s . Attempts 
to prevent damage to the s ku l l  by reduc t io n , respectively 
d i spers ion o f  i n f luental mechan ical force are documented in the 
various he lmet des igns . It started with the early German buckle 
he l met , f o l lowed by the steel he lmet for s o l d i er s , the indu s t r i a l  
and the miner s ' he l me t , and the crash he l met for motor-cyc l i s t s . 
Leathe r - like headwear and helmets were a l ready de s igned i n  the 
twenties for the motor-cyc l i st . 

INJURY S I TUATION 

Of a l l  e xternal traf f ic part ic ipants , i . e .  pede s tr ians , c yc l i sts 
and motor-cyc l i s ts , the latter show the least risk to s u f f e r  
head i n j u r ie s . Almost a l l  pede s t rians involved i n  traf f ic 
accidents ( 8 7 % ) , cyc l i sts ( 8 5 % ) , and motor -cyc l i s t s  without 
c r a s h  helmets ( 70 % )  rece ive head i n j u r i e s  a l s o . Of the helmet­
wear ing motor-cyc l i sts ( 1 ) only 4 5 %  s u f f e r  head i n j u r ie s . The s e  
f ac t s  c le a r ly prove the protect ive quality of the c r a s h  h e l met . 

Bas ing on the ' Loca l  Acc ident Documentations Hannover ' ,  
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a study of the Fede ral H i g hway Departrnent Cologne , t r a f f ic 
acc i dent s , invo lving 2 7 2  rnotor-cyc l i s t s  were docurnente d ,  recon­
structed and analy z e d . The r e s u l t s  o f  this s tudy , however , show that 
1 0 %  o f  the helrne t - protected motor-cyc l i s t s  s u f f e re d  fatal head 
i n j ur i e s  too . This fact j u s t i f i e s  the quest ion whether crash 
helrnets in use today warrant an opt imal head protec tion . 

Depending on the acc i dent condit ion ( i . e .  irnpact point on the 
ac c i dent partne r , the c o l l i s ion ang le , c o l l i s ion speeds ) , a 
d i f f e rent movernent of the motor-cyc l i s t  dur ing the col l i s ion 
and the runout phase can be e s t ab l i shed . A s tandardi z i ng of 
s irn i l ar k i nernat ic patterns l e ad to the format ion o f  c o l l i s ion 
type s and k inema t i c - and runout c atego r i e s  ( f ig . 1 ) . The most 
f requent impact ob j e c t  for the he ad is the road . 3 5 . 7 % of the 
c yc l i s t s  without helme t s , and 5 9 . 8 %  of he lmet-we a r i ng c yc l i s t s  
s u s t a ined the i r  i n j u r i e s  here ( f ig . 2 ) . 

The windscreen , inc luding the met a l  f raming s t ructure s ( A-po s t s  
and roof e dge ) a s  we l l  as the s ide s t ructures o f  po s t s  and roof 
of the c a r  mu st be regarded a s  e s pe c i a l l y  dange rou s .  Many in­
j ur ie s  o f  seve rity grade AIS 3 were e s tabl i sh e d  here . I n j u r i e s  
to t h e  head caused b y  h i t t ing the curbstone s ,  wa l l  corners o r  
t r e e s  were e stab l i shed w i t h  7 %  o f  he lmet we arers , but o n l y  with 
1 %  o f  tho s e  without helrnets ( no f igure ) . 

I n j u r ie s to the head are predominately located at the f ront s ide 
( f ig .  3 ) . The back of the head receives r e l a t i ve few i n j u r ie s . 

The head with the f ace reg ion , e s pe c i al ly the c h in and forehead , 
i s  nearly a l ways exposed to impact r i s k s , t h i s  de s p i t e  a great 
numb e r  of k inematic patterns i n  the crash and po s t - c r a sh phas e . 
Approx imate ly one third o f  a l l  i n j ur ie s  to the helmet-protec ted 
as we l l  as the not protected heads of rnotor-cyc l i s t s  are rninor 
s o f t -part i n j u r ie s , l ike contu s ions and abre sions ( 3 2 . 9 % re­
s pect ively 3 2 . 8 % )  ( f ig . 4 ) . More ser ious soft-part i n j ur ie s , 
such a s  laceration-/cont u s ions , cnt o r  s c a lp ing i n j u r i e s  re­
present another 2 1 . 9 %  o f  he lmet-protected , and 2 5 . 5 %  o f  not 
protected heads . Eye damage s  were only ob s e rved w ith unprotected 
p e r sons . A loss o f  teeth could be obs erved with helme t - protected 
as we l l  as unprotected heads . The Commotio cerebri can st i l l  be 
regarde d  as a s l ight i n j u ry . This i n j ury was rece ived by 2 8 . 8 %  
o f  the he lmet weare r s ,  and 1 6 . 7 %  of tho se w i thout he lrne t s . 
S e r ious i n j u r i e s  l ike fracture s , eye damage , Contu s ions, therefore 
represent j u st 1 6 . 4 %  o f  i n j u r i e s  to he lme t - p rotected and 2 4 %  
to the unprotected heads . De spite the fact that i n  our study 
the he lrne t we arers outnumbered the unprotected one s , more in.-
j ur i e s  were registered for the latter ( 7 2 . 5 % of the total in­
j u r ie s )  . This fact c le a r ly shows the great protect ive e f fe c t  of 
the c r a sh h e l rnet . 

The shape o f  the i n j u ry-caus i ng ob j e c t  was predominate ly srnooth 
( 6 5 . 7 % ) , and in 2 4 . 1 %  edged respect ively arched ( f ig . 5 ) . The 
r e s u l t ing i n j ury patterns s how a d i s t inct i n f luence of the im­
pact are a . F r acture s and cuts were found in an increas ing numb e r  
with edged impact area s , wh i le contu s ions , abre s ions , and the 
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l ight Cornmotio cerebri a l so we re predominat e l y  cau s e d  by f lat 
impact points . 

I n j u r i e s  to the head are almost eve n ly d i s t r ibuted to the f ront 
hal f .  Wh i l e  the back o f  the head and the sku l l  reg ion rece ive 
only very few i n j u r ie s , damage s to the he lmet predominat e l y  show 
impact points at the f ront half ( f ig . 6 )  . H e re the f requency o f  
impact points in the forehead and c h i n  region ( 4 0 %  of a l l  c le a r l y  
recogni z ed impact po i nt s )  on · the r ight s i de a s  we l l  as on the 
l e f t  s ide is strik ing . Damages to the he lmet r e s u lt ing from 
acc idents could be e s t ab l i shed with 70 . 2 % of a l l  he l met s .  O f  
the se 4 8 . 4 % were s l ight , 1 3 . 2 % deep abr e s ions respectively c racks. 
In 6 . 9 %  a breaking of the e xterior shel l ,  and in 2 . 5% a permanent 
damage to the i n s ide mate r i a l  wa s found with the inspected 
helme t s . A tearing , re spect ive ly a break i ng of the chin-strap o r  
damage t o  the lock occurred i n  4 . 4 % . I t  must b e  po inted o u t  that 
1 3 . 5 % of the he lmet wearers lost the i r  he lmet during the c ra s h  
phase , of t h e s e  0 . 6 %  p r ior t o  the pr imary , 7 . 7 % a f t e r  the pr imary, 
and 2 . 6 % after the secondary head impac t . 

OBJECTIVE 

The impact s pec trum of the head e s tab l i shed in the . re a l  acc ide nt 
inc ident doe s  not corre late with the test standards for h e l met 
produc t ion . I n  the German Fede r a l  Repub l ic the out-o f - date 
DIN 4 8 4 8  was s t i l l  in force for the q u a l i ty standard of the 
crash helmet . It recog n i z e s  the acqu ired cog n i t ions and requ i r e ­
ments f o r  the head protection according t o  S N I VE1Y ( 2 ) , i . e .  
ma inly the shock absorbt ion in the s ku l l  region . For this the 
he lmet-protec ted t e s t - head is te sted with a f lat dropping we ight . 
The rema i n i ng force mu st not e xceed 2 0 . 000 N .  Howeve r ,  t h i s  norm 
cannot be regarded as b e ing conform with r e a l ity any longe r . I n  
the meantime the ECE r u l ing No . 2 2  ( 4 )  has been worked out . 
The se rules are in force in the German Federal Repub l ic s ince 
the f i rst half of 1 9 8 4 . Dec i s ive changes are : more impac t s , a l so 
in the forehead and s i de region . With t h i s  method the he l me t  
drops in the f i r s t  impact onto a f l a t  anvi l , and in the second 
impact , with approx imate l y  the same point onto a round anvi l .  
The dece lerations are mea sured in the dropp ing helmet . The r e ­
sult ing dec e le ration mo st not exceed max ima l 3 00 g .  For the 
f ir s t  as we l l  as the s econd impact the t ime of 5 ms . accord ing 
to 1 50 g is val id ( 4 ) . 

B I OMECHANICAL STANDARD VALUES 

Some national as we l l  as international studies have acknowledged 
the protective qual ity of helme t s  ( 1 ,  3 ,  5 ,  6 ,  8 ) . The s e  f in d ings 
der ive ma inly f rom the acc ident-analytical ( acc ident s ituat ion , 
impact points , damaged he lmets and i n j u r i e s )  and the exper ime n t a l  
f i e ld ( he lmet damages and helmet loading ) . I t  is the 
ob j ec t i  ve to corre l ate the character i s t i c s  ( i .  e .  applied force) found : 
in the test with those of the acc ident rea l it i e s  ( i . e .  i n j u r ie s )  
i n  the cont inuous development o f  researc h . Due to the i r  various 
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f i e lds of a c t i v i t ie s , the authors were in a po s it ion to cornb i ne 
the knowledge g a i ned f rom the ana l y s e s  of real acc idents in­
vo lv�ng motor-cyc l i s t s  ( 1 ,  7 )  with the f indings from exper ime ntal 
t e s t s  on crash helme t s  ( 8 )  

METHOD OF INVESTIGATION 

Within the f ramework of the above st udy four extensively docu ­
mented acc ident s of motor-cyc l is t s  we re chosen from the ' Local 
Acc ident I nvest igat ions ' .  I t  was the ob j ec t ive of this study to 
compare the damage patterns on the c rash helme t s  with tho se in 
the test c a s e . In the test the app l i e d  loads , impact t ime s , iw­
pact speeds and acce lerat ions for a he lmet damage , comparab le 
with the acc ident patterns were determine d .  I t  is the a im of 
the study to compare the damage s to the he lme t , and the re­
sult ing i n j u r i e s  and i n j ur y  seve r i t i e s  to tne head in real 
acc idents with damages and app l ie d  forc e s  in the t e s t , i n  order 
to evaluate the p rotect ive e f f ect of today ' s  he lme t s . Furthe r , 
to s e n s i b l y  mod i fy future test standards to t c s t  &nd sub­
stant iate b io-mechanical l imit value s , and to dec i s ively support 
the work of the expert s . 

TEST DESCRI PTION 

From acc i dent documentations as we l l  a s  the damaged helme t s  the 
ma in impa c t  po i nt s , damage patte rn s , impact ob j ec t s , i n j u ry 
patterns and injury severities are c learly de f ined ( table 1 ) . 
The real · impact cons t e l l at ions of head impac t s  w ith new helme t s  
c a n  a lmo st ide n t i c a l ly b e  reconstructed o n  the t e s t  bench . Three 
i ntegral he lmets and one hal f -she l l  he lmet with an ou ter s he l l  
o f  obdurated g l a s s  f ibre ( GFK ) and polysterol foam-rubber ins ide 
were dropped on the test bench of the Bat t e l l e  Inst itutes e . V .  
( Frankfurt/Main)  , according to the required acc ident condit ions 

and ECE 2 2 , in such a way that pos s i b l y  the same damage patterns 
wou l d  b e  obtained a s  in real acc iden t s . 

Here the hal f - s he l l  he lmet h i t  a tree with the rear -head region . 
The integra l he l me t s  hit a wooden pylon with the forehead region , 
and a stee l edge with the rear-head r e g ion , and a wa l l  edge with 
the s ide region . The impact speed , the impact t ime and dec e l e ­
rations in hori zontal , ver t ic a l , and t ransve r s a l  directions were 
mea sured according to ECE 2 2 . The r e s u l t ing dece lerat ion c urves 
were de f ined by t h i s  method ( tab le 2 ) . The impact forc e s  were 
evaluated f rom the e x i st ing head- and he lmet me asurements . 
F i n a l l y  the damage s to the e xt e r ior she l l  and the p l a s t i c  de ­
format ions o f  the inter ior she l l  were mea su re d  ( table 2 )  . 

RESULTS OF EXPERIMENTAL S IMULAT IONS 

The t e s t s  showed a good conformity with the acc ident s ituation 
( tab l e s  1 and 2 )  . Only in one case the impac t force ( he ight of 
f al l )  was chosen too low , compared w i th the real one ( e xamp l e  4 ) . 
Consequent ly , the crack i ng o f  the exterior she l l  could not be 
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obtained i n  the test . A very good de f o rmat ion imp r e s s ion i s  s hown 
in example 1 ( f ig . 7 ) , where the back of the he lme t -protected 
head of a motor-cyc l i st co l l ided with the corner of a s t e e l  p lank . 
The p l a s t ic deformation o f  the he lmet inter ior was d i storted i n  
the real acc i dent a s  we l l  a s  in the t e s t  c a s e  with adequate sur­
face . The result ing course of dec e l eration for the head is shown 
in f igure 8 .  

I n  order to carry out a comparab le evaluat ion o f  c a s e  test and 
acc i dent real ity , s im i l ar de format ion patterns mu st be as sumed , 
as based on theoretical cons iderations ( f ig . 9 )  and cognitions 
f rom acc ident analy s e s  ( 1 , 8 ) , b e tween impact force to the head 
and result ing impact sequenc e s  ( in j u r i e s , damages to the helme t )  
several impact parameters ( impact point , mater ial qual it ie s , 
human qual it ie s )  e s sent i a l ly i n f luence the impact e f fe c t s  ( time , 
dece lerations ,  i n j ur ie s ) .  The r e fore , the too h igh or too low 
e s t imated de formation volume can be c orrecte d , in order to def i ne 
e x i s t ing dec e l e ration s  ( table 3 ) . From the test dece l e rat ions 
evaluat ions f rom 1 06 to 3 . 1 5 3 g resu lted for the acc i dent in­
c ident . 

The compar i so n  o f  examples 1 and 4 ( table 2 )  c lear l y  shows the 
d i f fere nt force to the head in s imilar impact speeds with various 
he l me t s . In e xampl e  1 for i n stanc e , the he lmet made o f  po ly­
carbonate ( P . C . ) , with a wall thickne s s  of 4 mm , impacted with 
the rear head region . I n  the dummy head a max ima l r e s u l ting 
deceleration o f  2 6 1  g was measured .  In example 4 ,  however , the 
he lmet �ade of g l a s s - f  ibre re inforced p l a s t ic ( GFK ) , with a 
thickne s s  o f  only 2 mm , c o l l ided with the s i de region , near the 
face with the corner of a wal l .  The measured app l ied forc e s  were 
four t ime s a s  high . 

PROTECTIVE EFFECT OF THE HELMET 

The construc tion of a customary he lmet cons i s t s  of a hard thermo­
plastic e xterior she l l  of synthet ic , a shoc k -absorb ing i nterior 
she l l  o f  polysterol foam , and a thin interior l i n ing . 

The protect ive e f fect o f  the he lmet i s  de f ined by i t s  concept ion 
and qua l ity of mate r i al s . In a head impact the he lmet has to 
convert the impact power into de f o rmation- or heat e ne rgy . The 
e xterior s he l l  has to protect against penetrat i ng bodie s .  It has 
to d i st ribute the aggre s s ive e ne rgy e venly onto the pro j ected 
head region and f ina l l y  absorb a part of the e nergy by de forming . 
The inter ior has to soften the impac t . As a mu l t i p l e  impact .can 
occur to the s ame point , a soften ing by e l a s t i c  rebound i s  
nec e s s ary for the crash helme t , a lthough a more e f f e c t i ve 
attenuat ing i nterior wou l d  b e  an advantage . Because o f  the 
he lmet and the qua l it i e s  of the mater ial the f o l lowing phy s ical 
charac t e r i s t i c s  can fundame n t a l l y  be estab l i shed as bas ic 
cond itions o f  a he lmet impact : -
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- impact speed of the head 

- impact reg ion 

- impact angle 

- cond i t ion of impact area ( f irmne s s , roughne s s , 
shape ) 

- qua l i ty of mat e r i a l  

D I SCUS S ION 

The study c le a r l y  shows that the irr e vocable connection of test 
and acc ident real ity str ived for , is pos s ib l e  for the evaluat ion 
of forc e s  and i n j u r ie s . The method of expe r imental s imu lat ions 
of real acc ident charac t e r i s t i c s  ind ic ate k inematic proceeding s , 
energies and dec e l e rat ions dur ing the acc i dent phase wh ich are 
the cau s e  of certain i n j ury patterns and i n j ury sever i t ie s . Due 
to the low numb e r  of s ingle c a s e s , the tests de s c r ibed here c an­
not provide a comprehen s ive analy s i s  of pos s ib l e  forc e s . They 
are i ntended to descr ibe the proceed ings and pos s ib i l i t i e s  of 
interpre t ion . A great number of t e s t s  are nec e s s ary to prov ide 
r e l iab l e  evidenc e . For further inve st igat ions a number of case 
tests with new helme t s  wi l l  be requ ired unt i l  the damage pattern 
of the real acc ident case is achieve d . Howeve r ,  the four t e s t s  
c l early indicate that minor i n j u ry seve r it i e s  were cau s e d  by 
such impact force s and impact dec e l erat ions that se rve a s  border 
re spect ive ly test value s for he lmet product ion . The mod i f ie d  
l imit values according t o  E C E  ( 1 50 g above 5 m s  and maximal 
3 00 g )  of the t e s t  standard requ i r e  modi f icat ion , as dec e l e ­
rations e xcee ding 1 . 000 g are evidently not unusual in acc i dent 
i nc ident s . Within the f ramework of this study it cannot b e  de ­
f ined wh ich he l me t  mater ia l s  o f f e r  the best protection . I t  bec ame, 
however , evident that e s pe c i a l l y  the impact reg ion c le a r l y  had 
an inf luenc e  on the r e s u l t i ng i n j ury sequenc e s . Gene r a l ly a l l  
he lmets have more prote c t i ve e f fect i n  the back-head and s i de 
reg ion ( h igh r ig i d ity , high deformab le volume of the i nter ior 
s he l l )  . 

A l l  test standards shou ld b e  exten s ive ly adapted to the c ircum­
stances of the a c c i de nt inc ident and to the anatomi c / b iomechanic 
conc ept ion of the head . There fore , it seems e s sential to the 
authors to pursue the l ink of the medical /technical acc ident 
analy s i s  and e xper imental tests . Corre l a t i ng connections 
betwe e n  mechan ical evaluat ions ( H IC , g)  and result ing i n j u ry 
sequ e nc e s  ( A I S )  c a n  only be def ined by t h i s  method . 
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l 
00 „ ,„ i ClHS-lhCllO(ln 

0-300 ot C<*llOl'l•arqu • 20 tlOt H • 20 • • •  0 t 08 o t  11 

(GlaCI) 270 270 0 

1 l molOl'tHO 

two·•ht...,1 
10.• n.• 1$,1 17,8 ... "' '·' ..• 

l(ln9malic QJOl.IP• lor lhtl tra.-ctory irt acc\Oet!U ••lh two·w� ,io.a (n-272) 

light tlYown l.IPO" direc1 lmQact imoact on tht cOlia.Jon oartnrtt -·· ndwKI 

•.+lhcM the colilion .... wi1PI C� 1 without CMllQe . „ COliM>tl 

""PICI parlner Hll.O k°ldlrKlion 
c oaaiort �Mf 

A B c D E F G 

� , 6 �1 9„ � � 
1 U1 15.1 ... 31.• 1.7 1,3 15,1 

Kind ot outrun atter the flying-phase of a two-wheeler 

-groups-

slipped rol over smal large run over other 
away Impact Impact (..-.l<nown) 

polnt point 

-a• mot0<ized two-wheels-

73,2 1 1,8 1 12,9 1 5,5 1 1,5 1 5,1 

Co l l i s ion type s , k inematic and runout groups -
T h i s  c l as s i f ic a t i on s y s tem de s c r i b e s  the characte r i s t i c  
impac t- and k inemat i c  type s o f  the crash- and po stcrash 
phase o f  a motor -cyc l i s t du r ing an acc i de nt . 
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f ig .  2 

59.8% 
AIS < 3  95.3% 

with helmets 

motorcycle 

unkown 
polnt 

without 
head-impact 

2.3')(, AIS <3 20.0% 

0.6% AIS <3 100% 

6.2% A I S < 3  100% 

13.5% AIS<3 95.9% 

Frequency of Impact points (n= 1 77) of the head and injury severity AIS < 3 

3§.7.'.J<i. 
A I S < 3  82.3% without helmets 

motorcycle 

unkown 
point 

without 
head-lmpact 

4.2% AIS<3 0.0% 

0.0% AIS< 3 O.O'lu 

2.1% AIS<3 50.0% 

27.4% AIS<3 100% 

Frequency of Impact points (nc:: 95) of the head and injury severity A I S  < 3 

I mpact places o f  i n j u re d  motor-cyc l i s t s  with ( f ig .  2Q) 
and without ( f ig .  2 b )  he lmet protect ion . Apa rt f rom 
the in j ury f requency ( 1 00% of a l l  i n j u r  i e s )  , the pro­
port ion of i n j u r i e s  A I S < 3 is g iven for each i rnpact region . 
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head - injuries of two-wheel riders 
with helmet without helmet 

5 .5% 1 1 . 0% 
) 

c 
�8.2% 

9 .6% \6.8% 

s o f t  p a r t s  i n j u r i e s  

t o t a l :  54 .8% 

b a s e  o f  t h e  s k u l l :  

f r a c t u r e s  t o t a l :  1 1 .0% 
� ��;:,;�. ·-� 

l ><�°';7(··�1' , rr ... , • ....__..... „ 

V \?;t'- �t-�:-� t\f' () '"�>/; '" ' . -� // /J 
C o m m o t i o  : 28 . 7%;..; '. 
C o n t u s i o  4. 1 % 
C o m p r e s s i o :  1 .4% 

b r a i n  i n j u r i e s  t o t a l :  34.2% 

1 
1 
1 
1 

5.2% 
20.3% ) �5.2% 

c 1 3 .5% \5 .2% 

s o f t  p a r t s  i n j u r i e s  

t o t a l :  58.3% 

b a s e  o f  t h e  s k u l l :  

f r a c t u r e s  t o t a l :  1 5 .6% 

,,.,,..,-----'�·- ·=----.--�'Y.'""-�v _ ..... /,/ "\ r--..... ' .;::; ..... t- ,r--: \ rr. , . - - ·  \ "'� i 1 ·  -�· •' 

/, ·. """ / ,  '\... ,_ I '·-- >..., . 

i } „;-.J /J \ ·---... .• ' ( ) L/1 . \.. 'l .\ ," 1 "'-{ ' ./ „ : 
C o m m o

.
t i o  : 1 6 . 7% _./'.,/ 

C o n t u s 1 0  : 8 .9% _,._ _, 
C o m p r e s s i o :  0.5% . 

b r a i n  i n j u r i e s  t o t a l :  2 6 . 1 %  
f ig .  3 Loc a l i z a t ion o f  head i n j u r ie s  to motor-cyc l i s t s , d ivided 

into soft-part l e s i on s , f racture s and inte rnal i n j u r i e s  
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two - whee l  r i de r s  total 
kinds of head i n j ur i e s  with he lmet wi thout he lmet 

% % n 

bru i s e , ab r a s i on 3 2 . 9  :n . 8 
2 7 . 6  7 2 . 4  8 7  

lacerat ion , c ut 2 1 .  9 2 5 . 5  
2 4 . 6  7 5 . 4  6 5  

eye damage - o . . 5 
- 1 0 0 . 0  l 

de ntal damage 0 .  5 0 . 5  
5 0 . 0  5 0 . 0  2 

c lo s e  fracture 9 . 6  1 0 . 9  
2 5 . 0  7 5 . 0  2 8  

open f racture 1 .  4 2 . 1  
2 0 . 0  8 0 . 0  5 

commotio c erebr i 2 8 . 8  1 6 . 7  
3 9 . 6  6 0 . 4  5 3  

contu s i o  c erebr i 4 . 0  8 . 4  
1 5 . 0  8 5 . 0  2 0  

bursted s k u l l  1 .  4 2 . 1  
2 0 . 0  8 0 . 0  5 

total 1 0 0 . 0  1 0 0 . 0  
2 7 . 5  7 2 . 5  2 6 5  

unknown : n = 1 6  persons with he lmet 

n = 6 persons w i thout he lmet 

f ig . 4 Typ e s  of head i n j u r i e s  for i n j u red cyc l i sts , with and 
w ithout helmets 
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k i n d s  o f  h e a d  - irnpact 
k i nds o f  head i n j u r i e s  srnooth e dg e d  o t h e r  forrns t o t a l  

% % % n 

bru i s e ,  abr a s i on 4 0 . 2  2 3 . 4  7 .  4 
8 0 . 5  1 7 . 2  2 .  3 8 7  

l a c e r a t i o n , c u t  2 3 . 0  2 8 . 1  2 5 . 9  
6 1 .  5 2 7 . 5  1 1 .  0 6 5  

eye darnage - - -

- - - -

den t a l  darnage 1 .  2 - -

1 0 0 . 0  - - 2 
f r a c ture 8 . 0  1 8 . 8  2 5 . 9  

4 2 . 4  3 6 . 4  2 1 .  2 3 3  
cornrno t i o  c e r e b r i  2 2 . 4  1 8 . 8  7 . 4  

7 3 . 6  2 2 . 6  3 . 8  5 3  
c o n t u s i o  ce rebr i 5 . 2  7 . 8  2 2 . 3  

4 5 . 0  2 5 . 0  3 0 . 0  2 0  
bur s ted s k u l l  - 3 . 1  1 1 . 1  

- 4 0 . 0  6 0 . 0  5 
t o t a l  1 0 0 . 0  1 0 0 . 0  i o o . o  

6 5 . 7  2 4 . 1  1 0 . 2  2 6 5  

f ig .  5 Shape o f  impact ob j e c t  for i n j ured motor-cyc l i s t s , 
with and wi thout he lmet 
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Distribution of Impact points (n= 1 s2) on the helmets <n= 1 66) 

f ic: . 6 

- - -
- - -

3 
„ „ - -

6 1 
' ----- - -- - -- -- -.;-

2 
' 
' 
' 1 

f r o n t  

i m p a c t  r i g h t  s i d e  

w i t h o u t  s p e c .  i n f .  (n-7) 
.,,,,,.--+-- - ....... ,,,..,,, 1 ..... 

r i g ht s i d e  v i e w  /' f ', 
I _,,--1--.. \ 

I / '\ \ 
I 2 / \ 2 \ I / \ \ 

I t \ \ f---� 6 1 - - -t 
\ \ I I 
\ \ ' ' 

\ / I 
\ 3 ' / 1 / 

\ ' / / \.. ..._ _ _  ,,, I 
' t / 

t o p  v i e w  ' 1 / 
............. _4_ .--_,,,, 

. 
' 

3 

3 
- - -- --

1 
- - - - - - -

-i- - - - - - - - - - - - -
• 

! 4 

i m p a c t  l e f t  s i d e  

w i t h o u t  s p e c .  i n f .  ( n- 6 ) , 

l e f t  s i d e  v i e w  

i m p a c t  w i t h o u t  

s p e c .  i n f .  ( n• 3 3 )  

i m p a c t  

u n d e f i n e d  ( n - 2 9 )  
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3 0 0  

2 5 0  /l. 

f 
2 0 0  Ol 

c 0 - 1 5 0 Cd � Q) 
Q) (.) Q) "O 1 0 0 

5 0  \ /'\. '....,,,, "" 

� ) � � 0 
0.080 0.085 0.090 0.095 0. 1 00 0. 105 0. 1 1 0 0. 1 1 5  

time sec 

resulting deceleration in test: 

back of the head against steel-pi l lar 

f i g . 8 T i m i ng o f  dec e l e rat ion pha se i n  expe r i mental s imu lations 
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col l is ion type 1 
/ �III 

,,,..�1-.// -· � ---·--· 

Koll.typ!V 

--.... ........... Koll.typ II 

·-·­
'°"·--.... 

Mögliche Abflugrlchti.ngen des 
Zweiradbenutzers 

col l is ion  type I I  

r e g l o n  o f  c o m p a r t m e n t  
col l is io n tvoe I I I  I IV r e g i o n  o u t s i d e  t h e  c o m p a r t m e n t  

col l is ion type V col l is ion type V I  

parameter of 
impacts results of impacts 

energy of -point of impact effects of inj ury injury 

head-impact helmet impacts - pattern -- severity 
of head of head 

weight of head -material o f  -impact time 

i--- helmet - ...__ 
weight of helmet -deceleration 

-angle of impact of impact 

impact speed helmet/obj ect 

-mater ial of damage 

colli sionpartner 
-

helmet 

-constitution of 
person 
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ex am- type of 
ple helmet 

l inte-
gral 

2 halve 

3 inte-
gral 

4 inte-
gral 

tab l e  

material heaviness density impact point damage mass damage mass -inside-
outside inside outside inside inside helmet object -outside- plane depth rvolume 

mm mm g/l cm' mm cm' 

g f k  poly- 4 1 8  2 8  back steel- deformation 6 0  6 18 
styrol of the edge 1 2  cm 

head 
gfk poly- 4 2 6  2 5  back tree fissure 6 2  3 1 3  

styrol of the l 3  cm 
head 

g f k  poly- 4 3 1  4 3  fore- wood- fissure 50 10 20 
styrol head mast 10 cm 

gfk poly- 2 2 1  4 1  side wall- bursted i'Jnknown 2 1  unkn"-'!'I 
styrol of the edge 

head 

C h a r a c t e r i s t i c s  o f  c r a s h he lme t s  and r e s u l t i n g  
i n j u r y  s e v e r i t y  g r ade s f o r  t h e  h e a d  ( A I S  h e a d )  

injury 
severity 

of the 
head 

AIS l 

AIS 2 

AIS 4 

AIS 6 

example impact impact impact impact r e s u l t ing damage mass damage mass - i n side-
weight speed energy time deceleration -outside- plane depth volume 

max. 5 ms 
kg m/s Nm ms g g cm' rrun cm' 

1 5 . 1 0 1 0 . 1  2 6 0  2 4  2 6 1  7 5  deformation 60 10 3 0  
l ?  �-

2 4 . 7 5 9 . 2  2 0 1 2 0  2 2 7  1 2 5  without 6 2  l 5 
deformation 

3 5 . 0 5  1 0 . l  2 5 7  1 4  8 3 3  2 0  deformation 4 0 6 1 2  
1 0  cm 

4 5 . 0 9 1 0 . l  2 6 0  1 4  1 0 5 1  2 0  f i s sure 5 5  19 9 
4 cm 

base value 
ECE- 2 2  

3 0 0  1 5 0  

t a b l e  2 Charac t e r i s t ic s  o f  c r a s h  h e l me t s  de f i n e d  i n  t e s t  c a s e s  

example 

1 
2 
3 
4 

* )  factor 

t a b l e  3 

force of energy maximal resulting deceleration 

mt!asured c r i t i c a l  val11ation measured c r i t i c a l  valuation of AIS 
of the real e nergy * the r e a l  deceleration* 

2 6 0  1 6 6  2 6 1  ! O n  
2 0 1  5 2 0  2 2 7  5 9 0  
2 5 7  4 1 6  8 3 3  1 3 3 3  
2 6 0  7 8 0  1 0 5 1  3 1 5 3  

limi t i ng value 3 0 0  g 

ECE - 2 2 
vol ume of deformat 1 on by test 
volume of def ormation by accident 

Adapt i o n s  of me a s u r e d  r e su l t i ng d e c e l e r a t i o n s  and 
c a l c u l a t e d  f o r c e s  i n  compa r i s on t o  r e a l  i n j u r y  
s e v e r i t i e s  t o  the h e a d  a c c o r d i n g  to A I S  

head 

1 
2 
4 
6 
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