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ABSTRACT

Bicycle is extremely popular and provides a very important means of
transportation in Taiwan. The biggest threat to bicyclist is the head injury in a bicycle
accident. Annually, there were 800 deaths and 17 000 hospitalizations resulting from
bicycle accidents in USA. In Taiwan, there were around 304 head injury cases related
to bicycle accidents every year. Bicyclists are urged to protect themselves in the event
of a bicycle accident by wearing helmets. A bicycle helmet should maintain the
desirable performance, which is reducing the head acceleration during impacts.
Therefore, bicycle helmets are tested to ensure a minimum level of performance by
the helmet for a range of criteria that affect safety. To test the energy absorbing
capabilities of helmet, the results of the linear acceleration of the headform is
measured during the impact test. Firstly, this study constructs a finite element model
of helmet impact test using LS-DYNA software based on the EN 1078:2006 - CPSC
and SNELL B95 standard. To verify the accuracy of the proposed numerical model to
simulate impact test, simulation results are compared with those obtained from
experimental tests. The comparison results indicate that the proposed numerical model
of impact test has considerable potential for evaluating the performance and safety
effectiveness of helmet. During an accident, the main part of a helmet responsible for
shock absorption is the energy absorbing liner. To determine a structure of liner that
reaches high effective protection, helmet models with new liner material were
considered. A comparative study of different liner materials on the impact
performance has been performed using FE simulation based on three standards. The
analyzed results indicated that the Expanded Polypropylene(EPP) liner material
dominates over other liner materials. This new helmet liner material demonstrated
high energy-absorbing capabilities. The design guideline obtained in this study may
serve as a useful reference for designers on future development of helmet safety

technologies. Furthermore, the finite element model of helmet impact test can be
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useful to evaluate the shock-absorption abilities.

Keywords: Bicycle helmet, Helmet impact test, EN 1078 standard, CPSC standard,
SNELL B95 standard , Liner, LS-DYNA
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% 2.31SO/DIS 6220-1983 57 25477 ©

ISOA 500
ISOE 540
ISOJ 570
ISO M 600
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% 24CPSCH ki F Feft X RIFE® 2 ¢ 4 R A

N B AR ¢ <t (mm)
a C €
ISO A 38 27 49
ISO E 39 27 52
ISO J 41 27 54
ISO M 41 27 55
ISO O 42 27 56

% 2.5CPSC4 & 1 T e % iplsE % 2 ¢ 4 H b4

B R 48T ¢ =t (mm)
a C C d
ISOA 30 12.7 15 25 30
ISO E 32 12.7 16 27 32
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ISO J 45.2 1148.4| 20.0 | 40.0 | 53.0 | 60.0 | 275 | 12.7
ISOM 474 |155.8| 21.0 | 420 | 55.2 | 63.0 | 29.0 | 12.7
ISO O 49.2 11615| 21.7 | 435 | 57.2 | 645 | 30.0 | 12.7
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| J K L m
ISOA 15 3 30 48 103
ISO E 17 3 32 52 111
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WhE % 2o EEE R 2 < 58 1 63cm 4B 4.1 Aot o
—g’ LA = HF & K@D scanner) 1 PN A B HF R
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411 p AR

PAREEF R CFREF - RRERAS L HHEELBAE G
25kg/m? 7% 2 B ¥ ¢ 5 (Expandable PolyStyrene » EPS) o % 2 i
WHCA Ed 45,843 B & EL > 60,874 B FM A & “F e A s hof] 4.5
“ 7 o & LSDYNA H # £ 3 F #£ B # »
*MAT57_LOW_DENSITY _FOAM H#3#423] » H 4434 Sodicdc £ 4.2
S 4 R S 4.6 40 [18] -

412 &

CEIFL Y EBRS R HPRLER S Imm R & 2
(Poly Vinyl Chloride » PVC) o % >4 *h 2 4-73| ¥ d 3,653 B &2k -
3,342 B A A& i hof] 47 #7 o f LS-DYNA #4073 F
FE = * *MAT24 _PIECEWISE_LINEAR_PLASTICITY + # $i&
A > B S liched 42977 0 B4 B R4cB 4.8 217 [42] -

413 = v BF

TERFFEFRY AR FERRE ML REF IR -
fin (Polyethylene Terephthalate » PET) o = = % -3 £ 4 836 B &
2> 618 BA A~ & v i ol 4.9 #77 o A LS-DYNA #44-
4] 34 R 4% *MAT24_PIECEWISE_LINEAR_PLASTICITY 44 # -

4 H R R dcho & 42 07 o
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4.3.1 X gk(flat anvil)

TAERA) R D 491 B &L 860 B EAE L E T X o doff]
4.12 #7o1 o T ghenit A & dk 1 0 e LS-DYNA #4823 358 B 4%
# *MAT20 RIGID H#1#7) » B M S liche % 42 57 -
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» COTACT 2z p # @ ¥ o £/ (Automatic_surface _to_surface) s
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RN - B 417 5 p F2 % 2REFEG AL FINE R
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B e’ o 5 [J]egE B 0 SR AT R PREY hE g o

ARIFEWMEZA ) T2 FREPHIEFLIFREY v
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BacXid g TS WwRlAL997T - REF HRPFREEE 5D
XM E T AR REY g B Y o Ry EN 10784 % cnjg # i@
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250G -
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> REE -
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a(t) = \, 2(t) + a5 (1) + az(t) (4.2)



A o
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¥
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gLtk EE IR
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S o
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#3
TRz o B E ~FEE ~ % 4|3
AR 45,843 60,874 Solid
b 3,653 3,342 Shell
T 836 618 Shell
TR vl 3,564 15,620 Solid
T4k 491 860 Solid
AT o 640 958 Solid
F 4.2 % >R FPEEA 2 Hi
T TEmA ip AN S
p(kg/m®) v E (MPa)
4R S & 1,850 0.33 70,000
FERFL Y o5 ] 57
(EPS)
7 7% (PVC) 1,200 0.37 2,400
R 7 (PET) 1,400 0.44 1,000
4% (steel) 7,800 0.3 210,000
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BLORAERBEFT A RBFE EN 1078:2006
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By EN 1078 p (72 % 2R B 5 A B K33 - Mp R
CHHE T RRL AR r RN AT E R
A Bp FEREGFR RSP 72 L8 % F CPSC:16 CFR
Part 1203 % ;£ 4]3& SNELL B95 p {78 % >ty 4L (745 24
BETG o hibA A FE T IR 5 2 EN1078:2006 £
kR REFRRENREINREF ) FE L AR EE D
PR P MR E e B e R SRS 2E 2D
ZPpz — F e e BRI R X AC Rk X >R R
T o A & #-444 CPSC:16 CFR Part 1203 4= SNELL B95
T 2R R TR IR S A i 2 % 2
th @ RE T U A R R FEORE TP o

\m.rm

5.1 CPSC % % > th i # RI:F L E -3

511 % 2% LA % A

A2 X VA FEAE S e T E PR iR &2
#_ % #F (GIANT) p = & = > ty #7 2& ﬁ‘ DB M G

CGAF13-A603222793 o 7 L #E = 4# i) ¥ »~ 3] Hypermesh
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LA E IR fr e TR 5 0 B %~ § LS-DYNA § 1R %

BRMEF LIV g s FIER TR AT RS BB KT &

ﬁf#?ﬁ;‘&f‘“”' | R ikdp 2 W p 78 % >R CPSC:16 CFR
Part 1203 #7i 2% 1 ISO/DIS 6220-1983 » :E#H - B LA~ i & 4 % >
e B <t o {l% 5 575 mm 2 ARELL (D)L B o 7 1
Catia 3D g Blact & AR H R @ - B 3D B e F RIA, > 4
Bl 5.1 #777 o #aE = 43 A %~ T| Hypermesh 7 '3 & % @ it
Wi iFetdlaris £ =r 3 LS-DYNA 7 U~ % 2472 K
FRER T AFEE FO)n 2 ALY 2112 B a5
0,021 P F| 48 ~ 2% #r e X chs 4ol 5.2 #7F 0 H IR iE 2 & Bhiic -
F8 > 22N E 40k 51 A o L Ep e R AR
s~ %A M~ FURMLIGE 9448 & £ (@luminium magnesium

alloy) > # LS-DYNA #1853 3 B 4 * *MAT20 _RIGID » & #

k& 2929 CPSC:16 CFR Part 1203 % 2 &2 1 44 4h 45
A F &4 Catia3D g RIGci » wlig®l > £ %= Bansk S PR E

» 3| Hypermesh 5 X~ % o1 e JZ #0888 17 R3] 4 180 B8 %~ 5
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LS-DYNA 7 "~ % el ie 17 S8k o

1.-T 4k (Flat anvil)

T AR Hd 227 B EEE > 679 B R A E AT h s 4ofE]
537777 > ANt @R A~ F s AR A ¥4k 514 o
I ghertt AL 5 441 0 & LS-DYNA #3853 34 £ 4% * *MAT20_
RIGID » H 4} $-ficde 4 5.2 #7577 o

2.8 18 # 4k (Curbstone)
B T 4RRCA) B4 466 B &gk 1476 BEE A Z vt
10 o) 5.4 7 0 BNz HEbfic s A E ks ~E AN Sk
5.1 #77% o Baif B &AL L 44 0 & LS-DYNA #8334
B3k *MAT20_RIGID » H 44 $ficde % 5.2 #7577 o

3.[F14+(Hemi)

Fl4-H07 2.4 148 B & 8L > 437 B A ~ % 7= a1 4o
55977 » ANt 2 S ghde s AR d s & A Fdok 5.1 AT e
Fl &b chit 4L 5 s+ > & LS-DYNA H L HEA) T B ¥
*MAT20_RIGID > # 44 $Bche £ 5.2 #7757 o

514 =% >ty PEHA

* §124% # B CPSC:16 CFR Part 1203 53 %1% {4 2 #y2 T

G~ B A e FIGE R F R R E ] o A S 2 R FRE
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e adrt > g AR TSR RN TGN I F WAL b
FRHC 2y R X R Ak AEAEY S Y ik dp FEMB o dg ¢
COTACT z p # o ¥ o ¥ (Automatic_surface to_surface) 4z ffl
ANk TEREMRK T L J oY BOUNDARY % % ¢ 41 SPC %
Foddwsbens Bpd B RREFEAH VIR Y I g
rpr BApd RORERT AZ G e (THE c RFRBEERET L
B BpCeRE 2 ECE) A WL 6.2m/s ik R B T G| 5 1Y
4.8m/s i B B 8 F 4R 22 Fl4RH07) 0 4oB) 5.6~8 5.8 77 o T
PREE S g o0 Y Intel Xeon i 22GHz eh HP £ %1 (Tabis
Ae LS-DYNA 970 4-CPU %K 4 i& {7 #c 63+ 5 » 79 i A2 (et »
TR E R R L 20 B4 PRFBBK 5 250 5 0 B i
B >y R T AL~ B T eI o CPU 328 R 4 5
= 8/ ~9 Eﬁr 85 | FF PR X ] 4 LS-DYNA i fz3¢
pdlg kT fyiﬁ%ﬁécij}iﬁvﬁ/@’ﬂﬁtﬁﬁﬂzﬁvﬁﬁi%’*
SAE #7H.# 1000Hz gt BRE TR GIL -

5.2 CPSC -8 % » My & F A RS %

Bl 59 5% 2R FTEARZ FFINE RFFR > @ BV
o i 0 5] 20 Byt B RN 0 SEINECG] 4o B A R E 7 8.52
T AL T b A 8 273.66G 0 5 £ R 14 300G g B o ]
510 2 % >R FEF FAFRL G ERFER J B7 oo

0 7] 20 Ffemt B RN o A e A F LA 81
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FrR i Tl d 4 B 174.71G> ¢ & 8 w20 45 300G ehifs B - B 5.11
X 2R FFEZ N REFFER BT 205320
frem B E N o VA it B F BT A 82 F fypid Bl A A
& 147.76G » % £ 453 #1445 1 300G chfe BN o = fhidw 4b3 F
B E4cd 530 d £ ¥ Fawizk 2077 F CPSC R sl -

5.3 SNELL B95 & # & > i 45 % p) & #ic i@ #-7)

53.1 % 2145 "L & #F

AFz %2ty LA E A2 e § ?F#BPE’I‘HK% &2
H_& # (GIANT) p 7 & & 2 M 9 2 Hf > o M L A
CGAF13-A603222793 » #2& = 4+ e 3~ F Hypermesh ST
F o0 R H e (TR A 18 0 £ = T LS-DYNA § "4 % gcig
BEFENEDERE S FHATE APTE D SR KT X 2

HoAl L SRR R e & 4L 5 o

5.3.2
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\-n

Ep -

LA F A

\-:n&

EH IR kAR A 1T 72 % 2R SNELL B95
#7322 ¢ [SO/DIS 6220-1983 ¥ iE # — B L A i & 4t % > My ehd g
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LS-DYNA § "L~ % 4 47 2 E e (7 S8k 2o FHCHCT) 7olles
Aok & 512
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Catia 3D S Rt » =g W > £ %= B4 S P @A HE 7
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1.-L 4k (Flat anvil)
SNELL B95 &% #ri¢ * T 4keh® j& ® <& CPSC:16 CFR
Part 1203 &% 5 2 I 5 T 4L8 d 227 B & 2 - 679 B F 4 ~
297N 4oB 512 917 0 HIME 2 gkl ~ & #ics ~F A
FoFArd 51 A1 o TARG AL S A Ht 0 & LS-DYNA 4 #07)
FALE R * *MAT20_RIGID » # 444 S 8cho % 5.2 #557 o

2.8 18 # 4&(Curbstone)
SNELL B95 & #7i¢ * pif 7 4% & CPSC:16 CFR
Part 1203 & f4pfF 0o #7005 T~ 3 57 &Y 3 T o
513 4p F chit i@ 7 4EH07] > FHw T Hl4rF & 5130

3.[f1 4 (Hemi)

SNELL B95 i%# #1i¢ * Fl4kc% <t &2 CPSC:16 CFR Part
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i RRIAE A ) e F il heR & 5130

53.4 % 2ty FRIFHT

A G5 iR~ 5 SNELL BO5 R 8 Rz 5% > M2 T4k~ i
FF AR R FRRR R E ] o i ’f#ﬂ'z ERLE & P A
Bl oo g AR T AERE LR ~F WAl e b e
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HEGE T £ dJ kY BOUNDARY X #_7 ehSPC k37 & 4k 4k
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i g 7 42 FIEHCE] 0 4o B 5.13~8] 5.15 #77 c TRRE R 2 g o
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B 5.4 CPSC % SNELL ##pe:f 7 45 T~ 4 #07)
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2051 % 2REFRFE L FHR LT 0T
EEE | ~FEE | ~FA
BF R 1,402 2,070 Solid
CPSC i * = 4 227 679 Solid
SNELL B95 i * < 4 228 685 Solid
25
CPSC ¢ /SNELL B95 466 1476 Solid
IR =3y 2
5
CPSC £ SNELL B95 148 437 Solid
i [Fl4k
% 5.2 % » I FRRANCA L MR A
b2l FEME e Lien
p(kg/m?) v E (MPa)
48t £ 1,850 0.33 70,000
4 (steel) 7,800 0.3 210,000
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% 53 % 2B FRFHIRL PR R BV R

CPSC 5% 4t i SNELL B95 & 2 #4% i&
T 4k, 273.66G 299.23G
B T 4 174.71G 210.85G
4k 147.76G 173.57G
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CERTRS TSR T TR LR R SV 3
R A B AL R G R B REARLEL NS
PEEBERALYET RGASS S ERE VL R0

g 4 A g B ?Eérz R R T R i 2 ik
MR x 7 F R F R ED T AT AR st i en
et 5k RE 2R PATARS X 2 A J A S WA
PR BRI RP AF X D RER P ARET 2
FEFINBETE AL P A ER 2 FlE Y % A YR
DR AR A PR R M AR R S D TR o AR &
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B R EPP 4 EPU p A4 e p 78 % > thfg F PR
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|
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6.1.2 EPP p #o44 F % 2 thiE # RIF T

& & 4k ¥ EN 1078 - CPSC 2 SNELL B95 p {78 % > tgiE
B %8 (7R FRIFHCEE 20 BPP A2 % 2R 2 A0k s ) &
B4 EPS poattilz. & 2 fcAlAple » 7 * thp (73 & 2GR

LA AHU R EE R AR SRR R B

\\\?’;r

-
&
3
N
o
il
T,
_“
(%



Aegdrid  GHEPP P AR R R AR A 20kg/m €% 5 36
5 LS-DYNA iz 7}-'- v A F’ﬁ 7}-'. E ,% ESON
*MAT57 LOW_DENSITY_FOAM ##14£3] » H 444 S #icdr £ 6.1

Aror o B A RN A Acl) 6.2 1w [17] o
6.1.3 EPP p #4434l % >ty FPIFE R E %

1. EN1078 &

B 6.3 5 EPP p 4% > thit4l)2 EN1078 45 2 f¢ # T 4k 40
B AR 4 BT e 03] 20 Ffant B R
oo & >ty dg BT A2 BEIRHCA| cndesd B 2T 8.08 E Ay pEiE T A
+ 5 181.01G > # & B #r 4L 1 250G F 3 BN - B 6.4 5

EPP jh g1k & 2ty 2 EN1078 5 3 1 4 518 7 45 5t 2 5 30
boig BOFPE R ﬂmﬂnv0§20%@m&afﬂw % 1 th
RFEE T2 I e R 1132 EHPFE T A &

109.08G - # & &% #7445 250G % ## - R o

2. CPSC & #&
B 6.5 = EPP p 44t 4t % 2> 1511 CPSC 1% 8 48 # T &5
2 B A RAFPER o BT v 03] 20 2 fant B ERP
L MR F T L A E RN TT2EfFE R A~ E
237.85G » + &1 5%#&%573006 FrdeE e o B 6.6 & EPP
pARE 2y CPSC 1R F i f 7 4R 2 B0 4eid BT

R d B w0520 fan- B Fp > % 2R TR
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T4k BEINHCT| ehdeid BT 7.58 E ) pEid FlE < & 150.49G -
i & BTG 5 300G F iR R o B 6.7 & EPP AR
% > CPSC ¥ R #F FI4- g2 FN ek EF PR 4 B

&0 20 % @m& E RN % i R A2 ST
ik BT 7.2 F fypFd Tk 127.09G0 B & R ST 0
300G % ¥ BN

3. SNELL B95 &%

B] 6.8 5 EPP ph it % > 152 SNELL BO5 & i 45 # T
GhHEE 2 BEIRAei R PR > d Bl v 0 7] 20 %f/m’LE
FRN X 2R T2 A e BT 76 B
Tl Eo+ B 266.21G 0 # & RE -G 300G FE RN o B
6.9 & EPP p it >ty SNELL BO5 % 3 4 g L%H%
WH2 Bt ek REPFR - Jd BIv o 03] 20 2§03+ 4
FIp > % 2R FRF T2 FINNT e R 8 E
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6.10 5 EPP p 45 btsl % 2ty SNELL BO5 3 3 # ] 4 Ho4%
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6.2.1 EPU 3 41+

FieRZAEPU)L & Hacd St Flap@ni ]l o @
BoAdperr R Pfofe s R TS HF XA T
HEREfe R IR BT RE L 3 P RIVR FIT
oo PR REARH A 2 RE > BT B SR FEE
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6.2.2 EPU p 443k & > 3 8P R BT
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BEA P 4o % 45 F 97 o
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6.2.3 EPU P #4141 % > R #F RIFIHS %

1. EN1078 &

Bl 6.3 5 EPU p A+ 1% >t 1 EN1078 1528 f5 4 T 4L
BN EBEFEE o d BT on 01 20 FfantE R
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B 4o 300G F A RN o

3. SNELL B95 &%
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BEHCER 2 FFIN A RREFER 0 o BT Aot 0 5 20 A et B
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6.3.1 EN1078 & %

1. T4

J€_EPS ~ EPP ~ EPU = f& p #8441 2. % 2 My e 8 T 4h 5%
At EE A ENEA L 28 2 i B E A NG
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