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Fig. 1. A typical motorcycle helmet [6]
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Body axis

Fig. 2. Simulation of the body at the moment of head collision to the ground in oblique impact [20 |
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4 Open-Face Helmet
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Table 1. Headform mass and principal inertial moments

keg)e > L. (kg.m?) I, (kg.m?) 1,,(kg.m?)
4/5 0/0370 0/0440 0/0300

Fig. 3. Tested and simulated head comparison
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Fig. 4. Simulated helmet model in ABAQUS software
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Fig. 5. Helmet layers [35]
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Table 2. Mechanical properties of EPS65 foam [27]
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Fig. 6. EPS65 foam stress-strain curve [36 |
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Fig. 7. Error results based on average element size
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Fig. 8. Finite element helmet set model
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Table 3. Type of elements used for simulation
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Table 4. Properties of simulation materials [6, 33, 41]
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Fig. 9. Schematic of oblique impact
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(a) (b)

Fig. 10. Tested helmet set (a) Helmet and cut model (b) Full model with head and accelerometer
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Fig. 11. Test setup and collision anvil
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Fig. 12. Experimental and numerical acceleration comparison (a) linear acceleration (b) rotational acceleration
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Table 5. Shell mass for different materials and thicknesses (gr)
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Thickness & stress relation
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Fig. 13. Maximum stress variation with thickness for common shell materials from 1 and 2 meter height
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Fig. 14. Stress on outer shell before and after impact comparison
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Fig. 15. Foam stress before and after impact comparison
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Fig. 16. The effect of the shell thickness on head acceleration of ABS shell from 1m height (a) linear acceleration (b) rotational acceleration

oanlie a5 jshiles .Cowl oals ools ylid 4y 5 I > 5 aingy
Ot hle 9595 Jddoa dtugy Coul) S 4l 3 055 o0
J RS @l @ azgi bl ool sbml IS0 i 5 5
oS g (10 A0F) (5,5 Jlade nyiden 4>l 5o go0e
I P EAPTRIINSE VWP VES HISY CY R B8 § WY ISRV
L] 003

Lopod S oo i3y psd 9y 1) Al w25 Aty
555 8y o 4y 7S ol B 0,5 e |, (g5, USE i
8 Ol sl b ol e s 4350 51 g 98 50 00 Sl (sla s
Sile goae Jo b cul oo ools Lzi VO S 0 0,95 5 )
a0 5,8 e Cole s YYY) a8 o (1o D)) Cppyiin
P9 9 () gy JSb ot duslie Slablos g ey Ceons
Wonogy JSb ki &5 3900 patiien ((Siludncd @l ol
@ IS8 i S > 0 009 400 4l o S e ()5
Sgdse bgrye o1 IS

FEOABS o lailin] 3o 0,95 0 e p S50 S )0 Cae s
Wil 4l e VIO B O o 0,55 1 ialesT o as [¥Y]
adl o)l gl o o ead slm) Ol 5 g g0l LB

A () ey (Jg sl pdo 6l 55 s 8,95 5 ey

\2a

Sl iz sl s OB Lol Jdo a5 cel S5 4 a3
S jshilen 5 wBboe diwg 59 IS K4 s alise
Wi 2y iyl ot b gy 5o G5 09 50 oaalie
S wbos Gl 5 dtug oy Cwlis IPEIL &S 4z STs ks
ol Rlie Byb o Lol 09l oe 993 1 59 Bl 4 e
@l @ arg b oS oud g Jlesl mhaw (ol el culs
e Zalgs 50 g Jole 90wy oS 958 e et VY S
g es dwgy p Oy A5 alS 4

5 o Loy ol dll laatdl b 9> 4 VY USS il
L LDEYT uYss o ,YsS bawgs oad &) 5,555 a5 [V] ey S LS
sl 4o cubies 156 (F) alaly aob o)l Gl wisls b2
a8l Gl Sl )b cwlid (Gl L ogd oo saalin (AileS
e s Y plinl 4 y2ie

p, =Ct 9]

s

4o s""%‘ N gy Cowols ke ol as a5 (g yilil
sl (Soelus yiar yiSTas jlade wiS oo i 1) 0,55 5 o

5 ol obml ps VF S jo all e 095 o [0 0nl



VoAU FAY axa V¥ Jl.w Al D)LQ..:: HY 0,93 ‘).A.Ag).hﬁl ;{ul&n Uw.\...e(c d..;)mu

Linear Acc. 2m height

. B B B o
70 - ——— 2mm [
r N - - -3mm i
- IR - - - 5.5mmiH
60~ ! ]
- 1 p
[ \ b
50 \ —
L ! ]
Clls { ]
N - -
sS40 ! ]
L \ ]
L \ ]
30F : .
I~ B
201 E
L u
10F
C v 7.
0 E 1 1 1 1 I 1 1 1 1 I [l B T ‘I T 1 ]
0 0.005 0.010 0.015 0.020 0.025
Time (s)
(a

Rotational Acc. 2m height

£ T T T T I T T T T I T T T T I T T T T I T T T L
3 —— 2mm ||
| - - -3mm | |
i - - 5.5mm| |
—~ | : "\ ]
570 N .
5 -
S L
1
O 1 1l 1 1 1 1 1 I 11 11 I I\ /I . b T * 1 1
0 0.005 0.010 0.015 0.020 0.025
Time (s)
(b)

Fig. 17. The effect of the shell thickness on head acceleration of ABS shell from 2m height (a) linear acceleration (b) rotational acceleration
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Table 6. HIC values for different material and thicknesses based on 2-meter height (§ g = )
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Fig. 18. The effect of the shell material on head acceleration for shell thickness of 2mm (a) linear acceleration (b) rotational acceleration
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