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OBLI QUE IMPACTS - A PARAMETR I C  STUDY I N  CRASH H ELMETS 

by 

B .  A ldman ,  B .  Lundel l a nd L .  Thorngren 

Departmen t of Traffi c  Safety , C ha l mers Uni vers i ty of 

Technol ogy , Gothenburg , Sweden 

I n  a prev i ous paper (A l d man et a l  1 97 6 )  a method was descri bed where ob l i que  
i mpac t s  of  a he lmeted h ead on  s urfaces wi th d i fferent c haracteri s t i cs can  be 
s i mu l a ted . Th i s  method u ti l i zes the h ead and neck of an anthropometr i c  tes t 
dummy i n  a free fa l l  aga i n st a rota t ing  d i s c wi th means to reta i n  the i mpac t 
s ur face mater i a l . Fi gure l .  The h i ght  of the free fa l l  and the number of re
v o l u ti ons per mi nute of the d i s c d eterm i ne the ve l oc i ty vec tor of the appu l s e .  
The s i mu l a ti on of va r i ous h ead atti tudes can b e  achi eved by u s i ng a number of 
d i fferent mou n t i ng brac kets . S i nce the dev i ce wa s desi gned for the s tudy of 
head i mpac ts , efforts have been made to m i n i m i ze any unrea l i st i c i nf l uence 
from the s urround i ng s truc tures a nd tes ts have been car r i ed ou t both w ith  a 
very f i rm s upport for the head , a rub ber nec k ,  and w i th the head fa l l i ng free
l y  w i thout a ny connecti on at the nec k .  I n  a preced i ng paper a va l i d at i on of 
th i s  method agai nst  drop tests wi th a compl ete dummy i s  descri b ed . 

F i gure 1 .  Tes t  dev i ce for ob l i que  i mpacts of crash he l mets . 

The a i m  of th i s  paper i s  to report res u l ts from a parametr i c  s tudy of the dy
nam i c  behav i our of a he l meted head i n  obl i que  i mpacts to r i g i d  s urfaces . The 
i mpact s i tuat i ons , and part i cu l ar l y  the atti tude of the head at i mpac t ,  have 
been chosen wi th the purpose to ena b l e  the s tudy of a certa i n  parameter rather 
than to s i mu l a te rea l i s t i c l y  a certa i n  acc i dent s i tuat i on . I t  s h ou l d  be poi nted 
ou t ,  h owever , tha t  a l though s ome of the i mpac t s i tuat i ons re por ted may seem 
extreme and may rare l y  occur i n  acci dents , i t  i s  the o p i ni on of the au thors 
that none of the s i tuati ons i s  comp l ete l y  unrea l i sti c .  
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S i nce ,  i n  th i s  method , a head fa l l s  agai n s t  a rota t i n g  d i sc i t  i s  eas i es t  to 
th i n k  of th i s as a s i mu l a t i on of a two-whee led vehi c l e  rider i mpac t i n g  the 
ground after hav i ng been a i r -borne for some d i s tance . Terms l i ke vert i c a l  ve
l oc i ty ,  hor i zonta l v e l oc i ty etc are u s ed i n  th i s  paper as they refer to the 
tes t s i tuati on . However,  s i nce both veh i c l es i n  a co l l i s i on are u s ua l ly mov i ng 
i n  d i fferent d i recti ons , a head impact to another veh i c l e  i s  norma l ly a l s o  
an  ob l i que  i mpac t .  T h i s  type of co l l i s i on can b e  s i mu l a ted i n  the s ame way , 
one on ly  has to i ma g i n e  that the reference sys tem has been turned 90 degrees 
so that one of the vel oc i ty components i n  the tes t  s i tuati ons becomes verti ca l .  

I n s trumenta ti on . 

The l i near and angu l ar acce l erati ons of the head may be determi ned u s i ng va
r i ou s  comb i na t i ons  of e . g .  rate gyros , ang u l ar accel erometers and l i near acce
l erometers . Two method s have been d i scus sed i n  a number of papers ( Ki n g et a l  
1 97 4 ,  Pad gaonkar e t  a l  1 97 5 ,  Johnson et a l  1 97 7 , Sta l naker e t  a l  1 97 7 ) . Both 
ut i l i ze l i near accel erometers , one i n  a 6-accel erometer arrangement and the 
other i n  a 9 -acce l erometer arran gement . 

The 6-acc e l erometer method has the obv i ou s  ad vantage of u s i ng fewer acce l ero
meters . However , the equati ons for the angu lar  acc e l erati ons i nc l ud e  not on ly  
the  l i near acce l era ti ons but  a l so the  ang u l ar ve l oc i ti es .  Th i s  ma kes numer i 
c a l  i ntegrati on proced ures necessary wh i ch red uces the accuracy of the resu l ts .  
Furthermor e ,  a s  s h own by Pad gaon kar et a l  1 97 5 ,  the i n tegration i s  unstab l e  
and thus  wi l l  1 1 b l ow u p "  after some time . 

Due to the h i gher accuracy and the l ac k  of s tabi l i ty probl ems of the 9-acc e l e
r ometer method i t  i s  recommended i n  mos t papers deal i ng wi th the two method s .  
However , a s  poi nted ou t by Stal naker e t  a l  1 97 7 ,  the s i mpler 6-accel erometer 
method can be ad vantageous i n  many cases , where the time of i nteres t  i s  s hort 
as compared to. the t ime when the prob l ems of acc uracy and s tabi l i ty occur i n  
the i n tegra t i ons . Th i s  i s ,  i n  our opi n i on ,  the case for the type of s i tuation 
that we have s tud i ed , where the i mpact s equence has a tota l durati on of 
approx i mate l y  1 0  mi l l i seconds and peak acce l erati ons occur at approx imately 
5 mi l l i seconds from the beg i n n i ng .  After such  a s hort time the angu l ar vel o
c i ty i s  s ti l l  so l ow that i t  can be approx ima ted to zero . I f  t h i s  i s  done , 
that i s  to s ay that n o  i n tegra t i on of the angu l ar ve l oc i ty i s  performed , the 
res u l ti ng error i n  the peak resul tant acce l eration  wi l l  never be more than 
a pprox imately  1 %  and the error i n  the res u l tant angu l ar acce l 2rat i on at the 
end of the i mpact s equence  wi l l  be w i th i n  a few h undred rad/s  . As these 
errors are sma l l  i n  compar i s on w i th other errors in th i s  k i nd of s i mu l at ion ,  
a mod i f i ed 6-accel erometer method was u s ed and angu l a r  acce l erati ons ca l c u l a 
ted wi thout the i ntegrati on procedure for ang u l a r  vel oc i ty .  

The i ns trumenta t i on u sed c ons i s ted of two tr i -a x i a l  l i near accel erometers and 
one ang u l ar accel erometer . I n  th i s  way one ang u l �r acce J era ti on component R 
c ou l d  be mea s ured d i rect ly  wh i l e  the other two ,  R and R had to be ca l c u l a� 
ted from the l i near acc e l era ti ons . Fi gure 2 .  The fns trum�ntat i on a l so i nc l uded 
s trai n gages on the prox imal  end of the rubb er neck , so that the moments at 
th i s  poi nt  c ou l d  be meas ured . A l i near accel erometer was a l so u s ed to measure 
the verti ca1 dec e l erati on of the carr i age . 
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F i gure 2 .  I n s trumenta t i on of the dummy head . 

Res u l ts and d i scus s i on .  

z 

The res u l ts from these i nves t i gati ons  are pres ented i n  three maj or groups . I n  
the f i r s t  group t h e  resu l ts rel ate t o  the consequences of us i ng a rubber neck 
to attach the head to the gu ided carri age i n  the ma i n  tes t seri es . The s econd 
grou p of resu l ts app ly  to the i nf l uence from the parameters : vert i ca l  vel oc i 
ty , hori zonta l v e l oc i ty ,  head att i tude , i mpact s urface and h e l met  she l l ma
teri a l . In the th i rd grou p resu l ts from c a l cu l a t i ons of angu l ar ve l oc i ti es 
are presented together wi th peak va l u es for l i near and angu l ar acc e l erati ons 
i n  re l a t i on to pub l i shed tol erance l evel s .  

For the ma i n  tes t seri es , and un l ess  otherw i s e  s ta ted , the fo l l ow i ng cond i 
ti ons a pp l y .  The dummy head was moun ted w i th i ts s ag i tta l p l ane  verti ca l , the 
face turned up  and the neck  i nc l i n i ng 24 d egrees downwards from the hori zon
ta l p l ane . The hor i z onta l v e l oc i ty was 8 . 3  m/ s w i th the road s urface perpend i 
c u l ar to the sag i tta l  p l ane of the head . The verti ca l  v e l oc i ty was 5 . 2  m/s 
( f a l l i ng h i gh t  1 . 4  m ) . The i mpact surface was a 20 mm wood part i c l e  board 
secured to the rotati ng d i s c and covered by gr i nd i ng c l oth , Naxos CKRG 20 . The 
h e l met was a jet  type , open face h e l met wi th a l i ner of expand ed polystyrene 
and a po lycarbona te s he l l .  The res u l ts concern only the i mpact sequence . 

I n  order to demons trate the i n fl uence of the rubber nec k on the res u l tant an
g u l a r  accel era ti on of the head , f i v e  tests were mad e with the h ead d i sconnec
ted from the carr i a g e  and w i th the rubber neck removed . Otherw i se the cond i 
t i ons  at  i mpact were th e same as  i n  the ma i n  test ser ies . I n  f i gure 3 the 
mean c urve of the res u l tant angu l ar acce l era t ion  from these f i ve test i s  pre
sented together wi th the mean curve from f i ve s tandard tes t ,  where the rubber 
neck was connected to the head and to the carri age , and w i th the mean curve 
from two of the tests wi th a comp l ete dummy drop ped under s i mi l ar cond i ti ons 
on an a s pha l t  concrete surface . 
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Fi gure 3 .  Compa ri son between three d i fferent test seri es wi th the same 
s i mu l a ted i mpact a tti tud e 
- - - - - Head a nd nec k moun ted on the carr i age . Mean res u l t  

from f i ve tests 
- Free fal l i ng  head . Mean resu l t  from fi ve tests 

Comp l e te anthropometr i c  dummy . Mean  resu l t  from two 
tes ts . 

The l i near acce l erati ons from these tests are not presen ted but demonstrate 
a s i mi l ar pa ttern . The resu l ts i nd i cate that a po s s i b l e  i nf l uence from the 
ru bber neck d u r i n g  i mpac t  f a l l s  wi th i n  the normal  sca tter of the resu l ts from 
i d ent i c a l  tests ( cp .  f i g .  4 ) . Th i s  s i mi l a r i ty between the angu l ar acce l era ti on 
curves , w ith  a nd wi thou t the ru bber neck , app l i es on l y  to the stand ard test 
s i tu ati on u s ed in  the ma i n  test ser i es , where the hor i zonta l v e l oc i ty vec tor 
i s  perpend i c u l a r  to the sag i tta l p l ane  and the ru bber neck subjected to tor
s i on . If the hori zonta l v e l oc i ty vec tor i s  para l l e l to the sagi tta l p l ane the 
neck i s  ei ther compres s ed or ex tended wh i ch h as a more pronou nced i nf l u ence 
on the acce l erati on of the head ( c p .  fi g .  9 and 1 0 ) . Th i s  i s  one of the 
reasons for c hos i ng  the head atti tude u s ed i n  th e ma i n  test ser i es . 

Before g o i n g  i n to the d i fferen t parameters s tud i ed ,  i t  i s  of i n terest to es
timate the  sca tter between i d enti ca l l y  performed tests . The  resu l ts from f i v e  
s uch  tests wi th the s tand ard type of he lmet a r e  s h own i n  f i g .  ( 4 )  and summa 
r i zed together wi th resu l ts from f i ve tests wi th another h e l met i n  tab l e  1 
be l ow .  

Hel - He lmet s h e l l Pea k l i ne - Peak angu l ar acc e l eration  No of 
met d e - mater i a l  a r  acce l e - Mea n 2 mi n -m�x stand . d ev . tests 
s i gna- rat ion  rad /s 2 
ti on g�  s rad/s rad / s  

B Po 1 yca rbona te 1 1 8 - 1 40 1 2500 1 1 400 - 1 3000 6 90 5 

D ABS 1 38 - 1 62 1 3800 1 3 200 - 1 4700  540 5 

Tab l e  1 .  
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Two i mporta nt  parameters are h e l met type and i mpact surface . A number of tests 
were performed w i th f i ve d i fferent makes of h e l mets and u s i n g  e i gh t  d i fferent 
types of surface materi a l s .  The hel mets were a l l of the j et type ,  open face 
hel mets w i th a l i n er of expanded po lystyrene .  The thi ckness of the l i ner and of 
the comfort padd i n g  var i ed s l i gh t l y  between the types and there were three d i f
ferent types of s he l l  materi a l s  repres ented . The impact surfaces used were of 
four ma i n  categor i es . 

- a 20 mm th i c k l ayer of as pha l t  concrete Ab8t ( a  type common i n  c i t i es )  
p l aced on top of the rotati ng s tee l d i s c ,  

- a 20 mm th i c k  wood parti c l e  board secured on the rota t i n g  steel d i s c ,  

- gr i nd i ng mater i a l  ( Naxos C KRG 2 0  or Norton C l osecote S i l i con Carb i d e  
N o  80 )  g l ued o n  top of the wood part i c l e  board , 

- s tones of d i fferent shapes and s i zes g l ued on top of the wood part i c l e  
board . 

The as pha l t  concrete su rface was used on ly  i n  a few te sts due to i ts l ow 
s trength when exposed to the centr i fuga l  forces of the rotati ng d i sc .  

The res u l ts of a l l these tests are summar i z ed i n  tab l es 2 and 3 b e l ow .  

Sur- Surface typ Peak l i ne- Peak angu l ar acce l era ti on No of ! F i g  i lf ace ar acc e l e- stand 2dev . he 1 met i no 
no ra ti on mean 2 m i n -m�x types ' 

g� s rad/s  rad/s rad /s 1 

: 
l 1 As ph a l t 1 30 - 1 6 5  1 1 500 1 0300 - 1 2 500 1 000 4 concrete i 1 1 

4 mm angu l ar 
1 

2 1 40 - 1 80 1 0 500 7900-1 5000 2800 5 
1 

1 1 s tones 1 i 
1 1 

3 1 2  mm„ang u l a r 1 1 5- 1 80 ' 1 27 00 1 0 500- 1 5400 2000 5 i 5 s tones 
1 

1 ' i 
' i 4 1 2  mm round ; 

1 
1 0 5 - 1 60 l 8400 i 5800- 1 1 2 00 i 2 200 4 s tones 1 

i 1 

i ! 
5 Surface no 4 1 1 1 5 - 1 6 5  i 7300 4800 -9 1 00 1 900 5 + oi l 1 ' ' : 1 : 

6 Wood parti c l e  1 

1 45 - 1 6 5  i 9000 7800 - 1 0300 1 1 00 5 board i 1 l 
7 Gr i nd i ng pa- 1 05 - 1 35 1 1 3700 1 1 800- 1 5000 1 400 4 per no 80 i i ! 

i i ' 
8 Gr i nd i ng 1 1 

1 35- 1 7 5 1 1 4400 1 3 500 - 1 5000 600 5 ! 6 c l oth no 20 1 : 
' 

1 
1 1 ' 

Tab l e  2 .  

1 ! 
' 

1 

' 

1 

; 

1 1 
' 

i 

1 

1 3 4  



Hel - He lmet  she l l Peak l i ne- Peak a n gu l ar ac cel era t i o n  No of F i g  
met de- type ar acce l e - m i n-m�x s ta nd 2dev . sur- no 
s i gna- ra  t i  on mean 2 face 
t i on g · s  rad / s  rad / s  rad/s  types 

A F i berg l a s s  1 1 5- 1 50 1 0 1 00 6300 - 1 4000 3000 8 

B Po lycarbo- 1 2  5 - 1 80 1 0600 4800 - 1 5000 3800 8 7 nate 

c Polycarbo- 1 05- 1 50 1 0300 5400- 1 3 1 00 2400 8 nate 

D ABS 1 3 5 - 1 6 5  1 1 300 7700 - 1 4600 2300 8 

E AB S 1 50- 1 8 0  1 2 500 9200 - 1 5400 2 900 5 

Tab l e  3 .  

Fi gure 5 shows the resu l tant  angu l ar  accel era t i on from tests w i th f ive  d i ffe
rent hel mets i mpac t i ng surface No 3 ,  wh i ch had 1 2  rrrn angu l a r  s tones gl ued to 
the wood part i c l e  board . The confi gurati on of these �urves i s  a bout the same , 
but  t2e peak v a l ues d i ffer from 1 0500 to 1 5400 rad /s w i th a mean of 1 2700 
rad /s . 

RESULTANT ACCE�ERATICN 
rad/ s 2 

2 5000 1--....---......----.,---.----.-,---.---. ----,---.--.--�-.---r--.-.,-----,--.,---,.---

20000 1-��J.__�.j.-, -+-1 -.;---r--+-�-+--+--+---+---+---+---"':---t---t'---1 

1 5000 l--+--+--+--..-11-"--+---1,..--:.,.---f---!---T----i---!--t--t--t--t--i 
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Fi gure 5 .  Surface no 3 ( 1 2  mm angu l ar s tones ) tes ted w i th f i v e  d i fferent hel 
mets . 

F i gure 6 s h ows the resu l tant  angu l a r  acce l erati ons from tes ts w i th f i v e  d i ffe
rent h e l mets i mpac t i ng surface No 8 ,  wh i ch had Gr i nd i ng C l o th No 20 g l ued to 
the wood parti c l e  board . The d i fferences between the i nd i v idua l  curves are 
much l es s  than i n  f�gure 5 ,  but  the mean of the pea k va l ues i s  h i gher , i t  i s  
i n  fact 1 4400 rad/s . 
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Fi gure 6 .  Surface no 8 ( gr i nd i ng c l oth no 2 0 )  tested wi th f i ve d i fferent 
he lmets . 

I n  fi gure 7 i s  shown the resul ta nt  angu l a r  acce l erati ons from i mpacts of the 
same ma ke of he lmet ,  d e s i gna ted as he lmet B i n  ta b l e  3 ,  i n to the e i ght d i ffe
rent road surfaces . 

RESULTANT ACCELERATlJN 

lOOOO l--�-+---.-+--+--+-;c.,c.....,,..7'-c:�,......,'4,:--�-i--+---t-+---!---+--lr--;-� 
50CO 1-1 --4-.,_.---4--t---lf---++i,_,.:,_,�-

Fi gure 7 .  Helmet  type B ( po lycarbona te shel l )  tested on 8 d i fferent su rfaces . 

I t  i s  obv i ous tha t the c h arac ter i s ti cs of the road surface have great i nf l uence 
on the res u l tant  angu l a r  accel erati on of an i mpac t i ng he l meted head and that 
road s urface No 8 g i ves h i gh but not unrea l i s t i c  peak va l ues . 

The l i near dece l era ti on graphs are not shown here because there i s  no great 
d i fference nei ther between the d i fferent he lmets nor between the d i fferent 
s urfaces . H I C  va l ues ca l c u l ated on the l i near res u l tant  decel era t i on was i n  
mos t cases bel ow 1 000 a nd i n  a few tes ts c l ose to 1 300. 

Another i n teres t i ng parameter i s  head a tti tude at impact . I n  the prev i ous ly  
d i s cussed tes ts the  head y-ax i s  was  hori zonta l a nd the hor i zonta l v e l oc i ty 
c omponent wa s perpend i cu l a r  to the head z-axi s .  Th i s  cou ld  for i nstance s i mu
l a te a body mov i ng s i d eways wi th h i s  face upward s .  F i gure 8 shows the resu l ts 
from tes ts where the hor i zonta l vel oc i ty component was s t i l l  perpend i cu l a r  to 
the head z-ax i s  but  the d i recti on of the head y-axi s wa s a l tered . Each curve 
is the mean of two or more tes ts . 
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F i gure 8 .  Res u l ts from tes ts wi th various  head a t ti tud es , the arrow i nd i ca tes 
the vel oc i ty vector . 

The d i fferences i n  resu l ta n t  a ng u l a r  acce l erat i on when the head atti tude i s  
a l tered the way i t  was i n  these tests m i gh t  be exp l a i ned by the fact that the 
hel mets have an ova l  cros s- secti on when v i ewed from the top .  

Another i n teres t i n g  head a tt i tude i s  the s i tu a t i o n  where the hori zonta l v e l o
c i ty component i s  para l l el to the sag i ttal  p l ane  s i mu l a t i ng for i ns tance a 
body mov i ng i n  the l ong i tud i na l  d i rec t i on a t  ground i mpac t .  F i gure 9 shows the 
res u l ts i n  a s i mu l a ted head - fr i s t  s i tuat i on . The dashed cu rve represents the 
mean of two tests w i th head and rubber nec k  mou n ted on the carr i age and the 
dash-and-poi n ted curve i s  from a tes t wi th compl ete dummy , both i n  the face
- u p  pos i t i on .  The fu l l  l i ne represents the mean of two tests wi th head and 
rubber neck moun ted on the carr i age i n  the face-down pos i ti on .  

�� - /.le11d o „ tl 11 u k.  ) O h  c:>rr10'11/l.. H��"' 
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V 

: soco 1 • 1 
. 

1 t' lJ. 1 ocoo 1---t---+--t---+--t---'-�--r--,.-t---r--.-�.--r-r-:;;:;r 1 ! 
! 1 1 

2 3 a 5 ti 1 a 9 1 0  , • ·, 2 
1 1 
1 

1 5 1 6  1 7  1 8  1 9  20 ms 

F i gure 9 .  Res u l ts from s i mu l a ted i mpacts w i th the head as l ead i ng par t .  
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The confi gura t i on of these curves and the peak va l ues are qu i te s i mi l ar i n  
these tests . 

F i gure 1 0  shows  the resu l ts from a s i mu l a ted feet-fi rst  ground i mpact s i tua
t i on .  The var i ous curves represent the same number a nd type of tests as i n  
f i gure 9 .  

F i gure 1 0 .  Res u l ts from s i mu l ated i mpac ts wi th the feet as l ead i ng part . 

The two curves from the face-up s i tuat i on are qu i te s i mi l a r .  The reason for the 
d i fference between these two curves and the one from the fac e-down s i tuat ion 
i s  proba b l y  the fac t that the he lmets s l i de more eas i l y on the head i n  the 
l a tter type of i mpac t and a q u i te not i ca b l e  rota t i on of the he lme ts r e l a t i v e  
t o  the head wa s seen i n  the h i gh-s peed f i l ms from these tests . 

The res u l ts reported here have , so  far , been from tests where the vert i ca l  and 
the hori zonta l v e l oc i ty components were equa l . The o n l y  excepti on b e i n g  some 
test wi th a comp l ete dummy . Two other tes t  s e r i e s  were performed where the 
two v e l oc i ty components were d i fferent . I n  one ,  both components were a l tered 
i n  such  a way that the amp l i tude of the res u l tant ve l oc i ty vector was held  
constant a t  5 . 2  m/ s .  In  the other , the vert i ca l  ve l oc i ty was hel d  constant at 
5 . 2  m/s and the hori zonta l component wa s 8 . 3 ,  1 2 , 5  and 1 6 . 7  m/s  ( 3 0 ,  45  and 
60 km/ h ) . The ve l oc i ty vec tors and the peak l i near and angu l ar accel erat i ons 
from these two ser ies  are shown i n  f i gure 1 1 .  
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F i gure 1 1 .  Tes ts w i th d i fferent verti ca l and hori zonta l v e l oc i t i e s .  
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Al though the whol e s pectrum of l i near and angu l ar v e l oc i ty comb i nati ons was 
not covered i n  these tes ts , i t  seems l i ke ly  that the peak l i near acce l era t ion  
i s  ma i n l y  a func t i on of  the  verti ca l vel oc i ty .  For the  three hor i zonta l ve
l oc i ti es 8 . 3 ,  1 2 . 5  and 1 6 . 7  m/s the peak angu l ar acce l erati on i s  fa i r ly  con
s ta n t .  For v e l oc i t i es l ower than these the angu lar  accel era t i o n  var i es i n  a 
more compl ex way . Th i s  w i l l  be d i scussed i n  a l a ter s ect i on .  

A few tests have been made w i th fu l l -face , i n tegra l hel mets . Some resu l ts from 
these tests are s ummar i z ed i n  tab l e  4 .  In a l l  the tes ts the verti ca l vel oc i ty 
was 5 . 2  m/s but  the hor i zonta l v e l oc i ty vari ed between 8 . 3  and 1 6 . 7  m/,s . The 
head a tti tudes shown i n  fi gure 8 were used i n  these experi ments . 

He l - He lmet she l l l Peak l i ne- 1 Peak angu l a r acce l era ti on 1 
med de- mater i a l  1 ar  acce l e- mean 2 mi n-m�x stand 2dev . s i gna- 1 rat i on 1 
ti on 1 g � s  

1 
rad / s  rad/s rad/s 

! 

: ! 
F Polycarbonate J 1 6 5  1 1 5750  1 400- 1 7500 -1 1 
G Polycarbonate 1 2 5 ! 1 0300 - -

H Fi berg l a s s  1 1 0- 1 45 ! 1 3 400 1 1 000- 1 6000 2 400 

J F i berg l a s s  7 5- 1 3 5 
1 8500 6000- 1 2 500 2300 

Tab l e  4 .  Some resu l ts from tests wi th ful l - face , i n tegrated he lmets . 

No of 
tests 

2 

l 

6 

7 

Accord i ng to Ommaya and Hi rsch 1 97 1  the a2gu l ar acce l e rat ion  tol erance l evel  
aga i nst  cerebra l concu s s i on i s  1 800 rad/s  and accord i ng to  Löwenh i e l m  1 974-75 
the corres �ond i ng l eve l  a g a i n s t  br i d g i ng v e i n  rupture and g l i d i ng contu s i on i s  
4500 rad / s  . Thes e authors con s i der the f i gures val i d  only i f  the res u l t i ng 
change i n  angu l 2r ve l oc i ty a l s o  exceeds a l i m i t i n g  va l ue somewhere between 
50 and 70 rad/s . I n  f i gure 1 2  the peak angu l ar accel erat i ons from the same 
tests as i n  f i gure 1 1  are shown together w i t h  the tol erance l evel s .  

l'eolt. R,u„tt.„l 
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� X 
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sooo � . . -... -... -... -.. �„,� .. � .. �� ... -... -.. h .. -.. � ... A.��---=···=···=·„=···=···=·-�·-=···=·„=···=„·=···=···=···=··=···=·-�·-=···=„.= ... :� .. =„·=···=·· ·=„·=···�·· 

Fi gure 1 2 .  Peak ang u l a r  acce l era ti ons as a functi on of hor i z onta l v e l oc i ty .  
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The ca l c u l a ted changes i n  angu l a r  v e l oci ty from these tests are p l otted i n  
f i gure 1 3  and the tol erance l evel s i nd i ca ted . 
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Fi gure 1 3 .  Tota l change i n  angu l ar v e l oc i ty as a functi on of hori zonta l ve-
1 oc i ty . 

I n  th i s  fi gure a stra i ght l i ne i nd i ca tes the angu l ar v e l oc i ty wh i ch corres 
ponds t o  a theore t i c a l  s i tuati on where a spher i ca l  he lmet  rol l s  wi thout s l i p  
on the i mpact surface and i ts center moves a t  the corres pond i ng v e l oc i ty i n
d i cated on the x-ax i s .  I n  rea l i ty the mot i on i s  more comp l ex and angu l a r  vel o
c i t ies  ca l c u l a ted on the res u l tant can exceed the va l ues i nd i cated by th i s 
l i ne .  At l ow hori zonta l vel oci ti es there i s  an a l most l i near re l a t i ons h i p  
between the hor i zonta l v e l oc i ty and the ang u l a r  acce l erati on . Th i s  i s  the case 
a l s o for the ang u l a r  ve l oc i ty change . At h i gher hor i zontal  vel oc i ti es both 
angu l ar acce l erati on a nd angu l a r ve l oc i ty change rema i n  at a fa i r l y  cons tant 
l ev e l . I n  these tests the tol erance l eve l s  for angu l a r  acce l era t i on as wel l 
a s  for angu l ar  ve l oc i ty change were exceeded i n  the tes ts performed at  h i gher 
hor i zonta l ve l oc i ti e s .  

Conc l u s i on s .  

- For tests performed u nder sta nd ard i zed cond i ti ons the method used i n  
th i s  i nvesti ga t i on gave s im i l ar resu l ts and a reasona b l y  l ow scatter i n  
peak accel erati ons . Therefore the method can be con s i dered to be su i t
a b l e  for th i s  k i nd of stud i es .  

- The attidude of the head had some i nf l uence on the acce l erati ons recor
ded at i mpac t .  R e l a t i ve movements between he lmet a nd head were sma l l  
i n  most s i tu a ti ons s i mu l a ted but  a poss i b l e  i nf l u ence from such move
ments shou l d  be con s i d ered when the res u l ts are i n terpre ted . 

- The c harac teri s t i c s  of the i mpac ted surface i nf l uence the resu l ts very 
much and a l so very smooth surfaces were found to cause h i g h  angu l ar 
acce l erati on s .  

- I n  ob l i que  i mpacts both ve l oc i ty components i nf l u ence the resu l ts .  S i nce 
head i mpacts to the other veh i c l e  i n  a co l l i s i o n are u sua l l y ob l i que 



both ve l oc i ty components can be expec ted to a ttai n h i g h  val ues i n  real 
accidents . 

- At hi gher v e l oc i ti es ,  publ i s hed tol erance l ev e l s  for both angu l ar acce
l erati on a nd angu l ar v e l oc i ty were exceeded i n  the tes t s . I t  seems 
proba b l e  that s i mi l ar mechani sms cou l d  be the cause of s ome of the i n 
j ur i es encoun tered i n  rea l accidents . 

- The d i fferent characteri st i c s  of the s h e l l s  u s ed i n  these tes t s  had only  
mi nor i nf l u ence on the  angu l ar accel erati ons caused by the  obl i qu e  im
pacts . In  efforts to reduce peak angu l ar accel erat i ons con s i dera t i on 
s hou ld a l so be g i ven to the l i ner charac teri s t i cs s i nce a redu c t i on of 
peak l i near acc e l erati on wi l l  a l so resu l t  i n  a l ower i ng of the peak 
angu l ar accel era ti on . 

- The res u l ts of th i s  i nvesti gation  i nd i cate that i t  wou ld be des i ra b l e  
i f  the human tol era nce to angu l ar accel era t i on and angu l ar v e l oc i ty 
change cou ld be better esta b l i sh ed und er d i fferent i mpact c ond i ti ons . 
I t  wou ld a l so be of i n teres t  i f  the connection  between the tol erance 
l ev e l s  for l i near a nd angu l ar acc e l erati ons cou l d  be c l ar i f i ed s i nce 
the pea k s  occur at the s ame t i me .  
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