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Biomechanical Analysis of the Head Injuries of the Powered
Two-Wheeler Riders
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Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: The head injuries of the powered two-wheeler (PTW) riders are a common injury in road traffic. It is therefore of
great significance to modify the evaluation standard and safety regulations of PTW riders in order to reduce the risks of colli-
sion injury. In our study, a human numerical model with detailed anatomical structure of the head was used to simulate the
cyclist-vehicle collision, then the biomechanical analysis and injury evaluation of the head were conducted, and the pedes-
trian head injury in the pedestrian-vehicle collision was compared and analyzed. The results showed that the kinematic re-
sponses of pedestrians and PTW riders were similar in vehicle collisions. However, the biomechanical responses of the head
were different, and the risks of head injury of PTW riders were higher than that of pedestrians. Moreover, the riders’ grip
strength affected the kinematic response of the head, which should be considered in the assessment of the head injury of the
PTW riders.

Key words: powered two-wheeler; side collision; head injury evaluation; grip strength; biomechanical response

51328

PR, VAR BB, 55, RSB R SRR A F 22 a0 A 0], SRR R 2241, 2024, 39 (2) £ 50-58.
LI H Y,SUN Z X,ZHAO H Q, et al. Biomechanical analysis of the head injuries of the powered two-wheeler riders[J].
Journal of Tianjin university of science & technology, 2024, 39 (2) : 50-58.

P B ARG, R AR 3700 A it BT AR E AN, e E | A AR S A
WAl A, B RA T T N2 ek, Hd B2 NSO Ty B T 43 2 — R T 4y 22—

KRR HEE: 2023-04-01; f&EIHHE: 2023-05-21
HEETH: FRHRPAESTIHE (81471274, 81371360) ; KIEFHE RIS AR H (KYS202104)
1EERIN: WA (1971—) , &, KA, #¥Z, lihaiyan@tust.edu.cn



2024 4 4 A

FiEE, S PR Sl I NS R LR )2 b - 51 -

B G RPN Y NGTP SIS 7T P i N
(43 5 S, ) I B A AR T Y 2 A
AR, [ N A5 X PG ZE R A0 45 P R R A T
— B, Chong ZFPIETFIOCHI B A 174 F AL
S ERFE S, (EHEPRER RS 10 BRA
FEEIERR ICD-10-AM) H 811453 ™ & B2 3F43 (ICISS)
SRR AT EE A B, R AT
HEAT NTE S R b 2 ™, S B AT A
AT N Z B Rl 25 T 30% B AT 238 32 2 E )
¥5% . Badea WXL 205 BRRAESITA L HATE
PR SO TR AE S I R B, S 22 SRR /2
FEHEN TR FLEFNRZ —, B4 Nizghs
M 57 A5 052 R 25 AR R4 K o Chung 260
HETTERpE L 56% MEFEHEYH Tk EME
i AR, AT TE I B b 2R B AR - R A R lrh
T2 FE B, R PR, KA
AR L0 T 45152 40535 KUK ZKF, 4t Dt 1 %
A T R - B R S O O R R
W o O o %ot H AT AR 42 A5 Al 4 1) 3 25
e o 1t PR RN AL, $R5E T 95 45 N SR A TR B
TR A0 IR o 55 b8k 2 T v 50 8 S R A
554 (CIDAS) X471 N RIS 42 N5 A4 il 48 0%
FREER IR FRAT N L W5 25 NAE 5 - 4 Al e 0ok
T Sk ER iz sy W A F AL, S AT AR S5
RN S PR R T OO, RS Y
£/ BE RN/ abryS Vs sD O RU L ot - MNRL tha rw = D3-SI [
TS B AL, RIVRT R 35 X A 4R R B AR AP RE
WE . 88 SCE ™ ia B 2 1 8 1 2k B F PC-Crash Al
MADYMO WF584 7 NG 4 N1 5 iE s B R il o7
KRBT RN U Z5 S50 T SR AR
A5 3 AR e R , SRy 3 [ 1 1 55 AR & 4 T Y
W AL R RIS B kG . ZEP T £
WA~ BTG 2 A AR N ARLSES T P66 f 3 4258 E 5
s L, et Xt SOk AR R R T ELR L, iR
R 1 3 0T 5 2 N AR 0 0 A e T SO
TECHRAZ I TP SR 531 1) 2748 1 S A 40 B O
I YN N7 BN ] S R RS NN ] ) K S N
PR 1) e A7 R e A A DR R N S B
J1EE RGN s e, AR B RS AT AR K
TSI S P AR TR S S S L B A AT 4
BN BB A AH G AL B PR AP DR ELAG B S
FHAEMELT THUMS (total human model for safety) A
AT PR ITBIRY L Y 3 Pl o N 51 R SRk LA

S BANE i I Rl 00 AN b AN XU 3, 23 A AN ()
R BREL R EZS X N DRz Bl i 1 e 2 ) g
I ARSI , AT B T HE SRR AR A R B A 4
P o IR S5 077 BT 5 32 2R T 59 N A BB AR B 25
R ERIBR ], AR BEXH Sk SRR 0 475 1A 1 2 ) 70 25 2 i 114
o

ABIFFE I Sk B8 EL AT TR0 it 751~ S5 A B B 45N
SE AR HEA T P PR 2 2 T 2 N - Al A 7 L3
Bro BT TAREZ SR TE R 42 N SR AT 70 A, AT %o
Uy 25 NAERIE A3 7 A G N B DA T 2T, L2
P53 42 AR5 P bR e R 22 O 138 By~ Wi B o AR ST
A PRSI S AT PRARR S ~2 4 RO L3, AR
FHES R BT RS AP RN Sk AR , PRI
POALEE, [R5 15 N =4 RE F3E 7 BB A 7 0 oA
AT TR IR R, D 5E s g 4 Nk
ARG PEN AR E SR RN R S %

1 WRFE

1.1 BELIMEVHHHFENFEAERNTL

AR SO R IR PIT R AR IR A T A
RIPEA T HT , AT ABERS S 1.683 m, & {4 2
78.40 kg %R ] Zhao 4!y H 2 A kvt
BAFRIEA 50 ™ A0Sk AT BROGEER A LSTC 24
FIIF &) Hybrid T 50 ™ 7 2R 3 3 B e 4
TR BRIy iR G, W TIRAITA
FHEARET MR AR A 1 (a) Fis o %A SL 3B HAT
TNl 0 A 2540, A G Sk B2 LR | A RIG
A MRS A O L B (&l 1 (b) i)
SRR 4.321 kg, kKR 178.9 mm, SkFEH
143.0 mm, {355 113276 4A~HI0H 105221 N7 85

W FRIRAAT AT T AR5, B2 T
R ff B A% (5 LS-DYNA 44 hY transform T
H, e SR /IN R, DA R 5 /0N R 1) B B Hp s s 22 A
ML R, W BT e 90° BEH BRI AT
T4, LA B 5T T B 0 T A BR RO 3% 26 R e
B, TS BT RS 90°, JHEELE T S , SR RIRE T 0
e F A RRE , DA R T T Ak ) s R o i
LR M L, AL eSS 750, AN i A Bk
BefE . i rotation T HHTFEAGIREE, LTkt
BRECERO MR OB FE SRR R Y e
5 90°HCF-, ¥ 5 2 T 5 AR s R Tk
Trits, BARBARIEEWNE 2 Fis,



© 52 .
so{fﬁi&i Q
NS HRA Y
B A 70 $7|:1F1 T W
’f%"”iﬁé% fl
Hybrld 1| i TR 24 = | ‘
50" F oM % e
P AT > |
RAT AR

(a) TRABRIEA TR

FUBBLEEHB $39% B2

BiE L TIEINS
Ji5%

JFAG A i

WL i AL P
(b) A 50™ 27 kA BROCAE Y

E1 BETATEEDR
Fig. 1 Hybrid pedestrian calculation model

4-4-%

B2 BEANRBEGITEERFLRE
Fig.2 Development process of mixed computing model
for cyclists

1.2 ARBIHE-HEAN-FEHERFEER

AR SCRE A PR 48 H B 25 - 2 N VR Rl 4 B
BN 3 BTN o VB B 1 DL 0% B AR 7 4 R 3
TR, AT LA EEBORIAT BT A% S 4, T HAR
ISR B R RE, LB TR RN 45 89, HEAH
G B R R M B, ERK S 1780 mm, & h

1090 mm, BRAEESMER T FEAL S 585 mm, BT
1 89.90 kg, WA 3 (a) FiR o 5 52 1 [ F i 43 Hr
Hb—E i B NCAP 45 3248 S MIPERERS IF [
lf 5 3 B R A A A5 B A YR A AR L R T
7 1630 kg, A FRICEALEFICEL 1064611 4, 78
$7936 258 1~ HTBIECK, T mEITHARE, B
A 5 B R A T R AL I 5 A SR B IE , T Ak
Jr AR R B CRR 246 182 A, BT %L 238 839 4, 1E
R A A B s AU AR A B, RIE S
R IR AR AT AR [R] BT i ZEAR T Ab B AL dn Al 3 (b) BT
TN, TR MRS EOLER 1 K 2 %Zwum.fr%*%
RIS K 3 (a) W3 A BT TG, 153
SRR (5 BB &l 3 () iR .

Py -

() PiAEH BN A BRITHER

b) JREATIRITHAY

(ORES 1z

3 MREHE-REA-RFEMEGEER

Fig. 3 Simulation model of two-wheeled electric vehicle-cyclist-automobile collision
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Tab.1 Some material parameters of vehicle model
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KNP 7 890 210 000 0.30
EEE g 2500 70 000 0.22
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Fig.5 Model verification experimental result
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