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INTRODUCTION 

Present day helmets for motorcyc l i sts are highly e f fective i n  protecting 
the wearers , but there are continuing pressures and e f forts for improvement . 
A further development i s  the increasing use o f  protective headgear i n  other 
activities , such as pedal cyc l ing . 

The performance o f  he lmets i s  usually j udged against one o r  other o f  
the interrelated standards , Tab l e  1 ,  and so i t  i s  v i t a l  that these r e f lect the 
development of new designs and advances in knowledge . The use of certi fied 
helmets i s  mandatory in many instance s . The test parameters set by the 
Standards , such as drop test height , are adj usted regularly but the most 
fundamental tes t ,  the shock absorption test , which uses a rigid headfor� to 
represent the head has remained virtually unchanged s ince inception . Recent 
work at the Aeronautical Research Laboratories sugges t s  that this should be 
supplemented by other procedures to ensure a satisfactory balance between the 
properties of the she l l  and the l iner . Typical helmet construction �s shown 
in Fig . 1 ,  the principal protective components are : 

TABLE 1 INTER-RELATED PROTECTIVE HELMET STANDARDS 

AS 1 6 9 8 - 1 9 7 4
1 

Australian Standard "Protective Helmets for 
Vehicle Users " ,  AS 1 698 - 1 9 7 4  Standards 
Association o f  Austra l i a .  Sydney 1 9 7 4 . 

ANSI 29 0 . 1 - 1 9 7 1
2 

Z905 1 97 1 ,  " P rotective Headgear for Vehic l e  
Users " ,  Ameri can National Standards Institute 
I nc . , New York , 1 9 7 1 . 

3 
Snell 7 5  

S n e l l  7 0
4 

" Standard for Protective Headgear 19 7 5 " ,  Sne l l  
Memorial Foundation , Cal i forni a ,  1 97 5 .  

"Standard for Protective Headgear 1 9 7 0 " ,  Sne l l  
Memorial Foundation , Cali fornia , 1 9 7 0 .  

5 
ISO 1 5 1 1  Protective He lmets for Road Users . International 

Standards Organisation . Secretariat ,  British 
Standards Institution , London 1 9 7 7 . 
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( 1 )  a strong shel l ,  s u f f i ciently rigid under potenti a l l y  survivable 

loads to : 

( a )  maintain the shape o f  the head ; and 

( b )  spread any concentrated impact load over the head . 

( 2 ) a shock absorbing l i ner intended to cushion the impact by : 

( a )  crushing to limit the impact force to a tolerable magnitude and 

while crushing to d i s s ipate impact energy ( e . g .  during crushing 

the l iner provides stopping d i s tance) ; 

( b )  crushing t o  accomodate d e f  lection of the shell at t h e  point o f  

impact ; and 

( c )  spreading the load over the hea d .  

F I G .  1 .  Typical Helmet construction showing strong she l l , crushable " shock 

absorbing'' l iner ( styrofoam), comfort padding and l in i ng and retention 

strap . The l iner o f  some helmets designed to tougher standards i s  

near l y  twice the th ickness shown here . 
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Clearly these functions overlap and the l iner and shel l  shoul d  be 
designed to work together , for examp l e  it would be expected that she l l  
rigidity and l i ner crushing furce would be based o n  the same "design load " . 

I n  practice the crushing force o f  the liner must be se l e cted to suit 
the " shock absorption " test . I n  this test a sol i d ,  virtu a l l y  rigid , headform 
is fitted with a helmet and the assembly is dropped onto a rigid anvil , 
typica l l y  from a height of about 2 metres , Fig . 2 .  I n  the impact the 
deceleration of the headform must not exceed a given l imi t ,  typi c a l l y  3 0 0  g .  
In this test the drop height e f fectively sets the lower bound for l i ner 
crushing force and thickness because the average force times the depth of 
crush must match the impact energy . The upper bound for force i s  set by the 
permissible dece leration of the headform and its mass . With typical values o f  
300 " g "  and 5 k g  the force is 1 5  kN . 

Guide wire 

Release gear 

Cross arm 

Spherical mounting 

Helmet on headform 

Accel erometer 

Anvil 

Reaction block 

FIG . 2 Diagrammatic arrangement of standard test rig 
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The rigidity of the s h e l l  i s  not gene ra l l y  contro l l e d  i n  National 
s tandards . ISO Recommendation 1 5 1 1  c a l l s  for a lateral compress ion test on an 
empty helmet but the loads are low . 

Investigations at the A . R . L . , includ i ng attempts to s imulate impact 
damage which occurred i n  an accident e , suggested that the rigid headform could 
reinforce the helmet and new procedures were deve l oped to determine the 
behaviour of the helme t  w i thout the support of the headform . These tests 
cons i s ted o f  slow or rapid lateral compression tests and they were carried out 
on a sample of typical h e lmets includ i ng ones with fibregl a s s  or moulded . 7 p l as t i c  she l l s . 

New Test Procedures 

Helmets were compressed slowly in a servo contro l led e l e ctro-hydraul i c  
testing machine , a s  shown i n  Fig . 3 ,  or rapidly b y  a striker i n  a special 
impact faci l i t y ,  F i g .  4 .  

F I G .  3 Slow compre s s ion tests 

Left : 
Centre : 
Right : 

Fibreglass helmet unloaded 
Fibregl as s  helmet loaded 4 . 5  kN 

Polycarbonate helment loaded 3 . 5  kN 
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FIG . 4 Rapid Compression t e s t  rig . 
( He lmet del ibera tely embrittled by appl ication o f  
solvent . Test energy 3 8 7  J )  

I n  either type o f  t e s t  t h e  he lmet w a s  empty a n d  t h e  l o a d  w a s  app l ied 
just above the " t e s t  l i n e "  ( a s  defi ned in the standard ) . The position of the 
indenter on the shell is evident in Fig . 5 .  

The indenter had a f l a t  contact sur face 1 0  mm d i ameter and the h elmet 
was located by pads arranged to minimise interference w i th the defl ect ion of 
the she l l . 

The lond transmitted through the helmet to the anvil , and the 
deflection o f  the he lmet a t  the indenter were recorded . 

The compression conditions were sel ected to f l ex the shell  until the 
opposite s ides touched one another as shown o n  Fig . 3 .  

During the s low compression test the testing machi n e  was programmed to 
compress the helmet 90 mm at a rate o f  10 mm per second . Th i s  compression was 
held for 10 seconds and then reduced a t  10 mm per second . The load deflectio n  
curve was plotted automati ca l l y . The energy t o  compress the helmet ranged 
from 1 40 to 280 j ou le s . 
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FIG.  5 Location o f  the i ndenter ( a r rowed) and cracks in a 
fibreg lass helmet a fter a s low compression te st . 
The " t e s t  l i n e "  a s  defi ned in the s tandard i s  drawn 
on the helmet . 

I n  the rapid compression ( impa c t )  test a three k i logram striker was 
arranged to impact the helmet at 13 m/ s .  The resulting impact energy o f  2 5 4J 
was compar.:ibl e  to thut in the slow compress ion test s ,  but i s  much greater than 
i n  any conventional approval test (eg . the Australian Standard requires an 
impact energy o f  90J) . The test parameters were chosen to ensure destruction 
of the h e lmet so that the condi t ions at the point o f  f a i l ure , or the maximum 
load and deflection could be measured . To achieve the rapid impact the striker 
was accelerated down the r ai l ,  towards the helrnet , by a rubber shock cord . The 
compression of the helmet was indi cated by a photo -electric device wh ich sensed 
the movement of the str iker by detecting a series o f  stripes 8 mm apart on a 
transparent strip attached to the s t riker . The result ing " bl ips "  were 
displ ayed , together with the impact force on a storage oscilloscope . The 
maximum deflect ion was typically about 80 mm . 

RESULTS 

The load/deflectio n  curves for slow compres s ion and po ints representing 
maximum force and compre s s io n  in the rapid compress ion tests are shown in 
Fig .  6 for the most and least rigid helmet s .  The rapid compression t e s t  
resu l t s  were c lose t o  t h e  s low compress ion test curve s . 
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l t  i s  seen that a load of 1 . 5  kN could produce a l ateral compression 
of about 50 mm . 

4 

3 

Load 
kN 2 

1 

1 0  30 

F i breg l a s s  she l l  

EZZZl f'ZZZJ----\ �:._..,-.. 

so 70 
De fl ection mm 

90 

.Mou lded 
She l l  

F I G .  6 Load deflection curve for l ateral compre s sion 

Curves :  s low compression 
Bars : rapid compression 

DISCUSSION 

The 1 . 5  kN load to produce the l a rqe def lection of 50 mm is only one 
tenth of the impact force used to control the selection of the crush i ng 
properties of the shock absorbing l i ne r .  

Without the support o f  the solid headform , a force 1 5  kN wou l d  produce 
a tot a l ly unacceptable deflect ion of the shel l .  Helmets are shown compressed 
by about 4 kN on Fig . 3 .  
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There i s  therefore a vast d i sp a r i ty between the loads that the she l l  

can w i th s tand and the loads e f fectively used to design the shock absorbing 

l iner . 

I t  may be argued that the test loadi�g o f  the shel l ,  at the two 

oppos ite s ides o f  the helme t ,  was more severe than the impact o f  a helmeted 

head , when the impact loading outside is reacted by an evenly distributed 

i nertia loading i ns i de . Howeve r ,  compar i s o n  made u s i ng standard stressing 

formu l ae for s i m i l a r  shapes shows that the d i fference i n  the loading onto the 

she l l  i s  far l e s s  than the d i spar ity between the st i f fnesses of the l iner and 

shel l .  

The rel ative sti f fness o f  l iner and shell i s  not detected i n  the 

standard impact test , because the rigid headform a l lows the sma l l  area o f  

l i ner under the impact point to transfer the load directly from the anv i l  to 

the headform . 

I n  a r e a l  impact , with a l e s s - th an - s o l id head , the she l l  i s  l ikely to 

deflect , with possible di stortion of the head , before substantial crushing o f  

the l iner c a n  occur . Th i s  appears to be consi stent w i th the resu l t s  o f  

accident studi e s  which i nd i cate that a l though helmets a r e  h ig h l y  e ffective i n  

protecting their wearers from head i n j ury , the l i ner i s  seldom crushed t o  any 

extent . For example , Dr . Hurt 8 , i n  h i s  study o f  over 900 accidents measured 

the depth of crush in about 2 0 0  helmets and reported that 9 s i · of these had 

crushed by l e s s  than 5 mm and the maximum crush was about 10 mm ,  (Tabl e 2 ) . 

The report a l so showed that average l iner thickness was 2 1  mm with a 

maximum o f  2 9  mm ,  (Table 3 . )  It would appear that there i s  l i ttle to be g ained 

by the use of the thicker l i ners when such a smal l  proportion of the thickness 

is used . 

The depth o f  crush i ng i n  these accidents was much l e s s  than has been 

measured in standard tests at ARL , and th i s  suggests that the " survivable 

accident " impacts were genera l ly l e s s  severe than the standard impact tests . 

A study was made by S l obodnik
9 i n  which accidental damage to aircrew 

helmets was dupl i cated i n  the laboratory and accident i n j ury correl a ted with 

the corresponding impact deceleration measured in the tes t .  Thi s  i ndicated 

that the maximum permitted value ( for a ircrew helmet s )  shou l d  not exceed 150 g .  

It i s  cons idered that a l though the conventional test procedures have 

resu l ted i n  h igh l y  success fu l  protective device the protection w i l l  not be 

improved by i ncre a s i ng the energy i n  the impact test . Furthermore the best 

performance i n  an accident may not be achieved by optimi z i ng the helmet to 

the art i f i c i a l  conditions of the test where a sol id head form i s  used , and the 

permitted deceleration is 300 to 400 g .  

for : -
I n  particu l a r , extrapo l a tion o f  test parameters may be i n appropriate 

1 .  helmets intended to g ive extra protection when bulk er mass are 

not critica l ; 

2 .  helmets for active sports where bulk and mass are crit i c a l ; and 

3 .  helmets which use new Qater i a J s or methods o f  constructio n .  
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TABLE 2 HELMET LINER CRUSH AT I MPACT SITE 

crush adj u!:ited 
l e s s  than : cumulative 
inches mm frequency% 

0 . 1  2 . 5  

0 . 1 9 5 

0 . 3 5 9 

0 . 44 1 1  

REF : from Hurt and others - Table 9 . 8 . 1 3 

900 accidents invest igated 
liner crush known in 2 1 6  cases 

TABLE 3 HELMET LINER THICKNESS 

8 6  

9 5 . 4  

99 . 5  

100 

l i ner thickness cumulative 
inches mm frequency% 

. 8 4 2 1  

1 . 1 3  29 

1 .  44 3 7  

REF : from Hurt and others - Table 9 . 4 . 6  

2 3 6  h e lmets measured . 

RECOMMENDATIONS 

49 . 6  

94 . 9  

1 00 

l t  is recommended that the ba sic mechanism o f  protection , the tolerance 
of a helmeted head to impact and the test procedures for assessing protective 
per formance should be reviewed . 

l t  is proposed that : 

( 1 )  a sh e l l  sti ffness criterion be estab l i shed (perhaps at a median 
value for current fibreg l a s s  h e lmets ) and a test introduced into 
the standard ; 
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( 2 )  the crushing strength o f  thc l i n e r  should be correlated to the 

s h e l l  r i g i d i t y ;  and 

( 3 )  unless and u n t i l  a suitable non-rigid h e adform can be developed , 

impact tests should continue with a sol id headform , but the 

permitted deceleration (or impact load)  should be reduced 

dras t i c a l l y  ( i e .  far more than the 400 to 300 g reduction that 

has a lready been made in some standards) . 

CONCLUSIONS 

( 1 )  The standards encourage s e l e ction o f  grade o f  " shock absorbing " 

mate r i a l  l iner that i s  too hdrd relative to the rigidity o f  the shel l . 

( 2 )  An increase i n  the spe c i fied test impact energy , by a n  increase i n  drop 
height or requirements for repeated impacts at the same point may 

exacerbate the imba lance . 

( 3 )  Accident surveys indicate that the l i ner may be too hard to crush and 

fu l fi l  i t s  cushioning function in the maj ority of accidents . 

( 4 )  Test procedures and requirements should be reviewed and revised to 

introduce tests for s h e l l  r i g i dity . I n  parti c u l ar the permitted 

impact load (or decel erati o n )  should be reduced to i ncrease 

e f fectiveness of the l iner i n  accidents and restore a balance between 

the rigidity of the shell and the crushin� strength of the l iner . 

( 5 )  Optimization o f  a helmet to unre a l i s t i c  test requirements may not 
produce the best h e lmet in the real wor ld . 
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