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Biofidelity of pedestrian upper leg impactor
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Abstract; Aiming at the biomechanical characteristics of upper leg impactor in the pedestrian protection collision
test, THUMS (total human model for safety) model and upper leg impactor were compared and simulated. Firstly,
the THUMS-SUV pedestrian accident is simulated, and the impact force and bending moment of THUMS model of
upper leg were output. According to the initial condition and minimum energy status of pedestrian upper leg in the
accident, two upper leg impactor collision models were established and simulated. The kinematic behavior,
maximum bending moment and maximum impact force between THUMS upper leg and upper leg impactor were
compared and analyzed. The result showed that the upper leg impactor had higher impact force, but lower bending
moment compared to THUMS model. This paper indicates that, due to movement and contact of lower leg and upper
body, the contact force and bending moment of upper leg is affected, which means the biofidelity improvement is
needed for the upper leg impactor.
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Fig.1 Upper leg impactor model
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Fig.3 THUMS upper leg set-up
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Fig.4 Simulation of SUV-to-pedestrian collision
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Fig.6 Impact force
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Fig.5 Kinematic behavior of pedestrian in SUV collision
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Fig.8 Energy of pedestrian upper leg
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Fig.9 Kinematic behavior of upper leg impactor
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Fig.11  Impact force
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collision
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Fig.14  Kinematic behavior of upper leg impactor

KR wh o 205 B Bh S & 14 T LA H L KR oy
TS SUV Rismal e e, op o8 oA o L
P[] s 1) 5 PR B T i 0 A A fl il 4 00 ) o
A A BRI SR 15 vh o 2% J LT ORA) s il £ 32
[ HTAE 3l 3 SR 5 et st DR A A% B A BEL1: 2 e 3
W T g BT AR 2Ok 5 SUV i w4 fi, KR
hib BRI MR GE R S AT e R | (145 0 ) FF i Kt g v
FE e R v SR, B AR SRR YD,
A2 ik 7 RS SRR TG N, 27 ms B phl A
Z 3 whily 73k BEAE 3.05 kKN( B 15) ,32.5 ms
dide P32 2 A B IEH157.5 N - m(& 16) ,JL
-5 FR, v AR T 4G RO 54T KR H, R
R o 2 RN N KGR IS w265 o 025 s 3 e )
B[] R Ze R A 2L 2 Ab  H AT N R il
F2 fib BT A5 T AR R ik o) e RS e 0 AHRE R
iR b 2R AT, 77 N L B RN TR B K 1 Bl R AT (45
TR Al 2o R Az 380 1 i RS R AR G T AR
il R (R R R 34 AT .

ir THUMS_ A
PN 80 o
3+ 7=
- \
=< I,\ \ / \
'R 2 L 4 \
i j \
B
£ i :
1L |
1
| | | |
0 0.02 0.04 0.06 0.08
s 18] /s
15 WEAh
Fig.15 Impact force
500 THUMS_ K& %
— — — RBRubh RS R
400} — - == KRR Y o
T e SR et 2510 13
Z 300F
=
& 200)
» Ty
100 - o :—:;¢ - “.:\
| | | |

0 0.02 0.04 0.06 0.08
A ) /s
16 T4

Fig.16 Bending moment

3 & i

1) AH TR B 00 3R Rl 48 45 140, A% THUMS AfA
FERUTG T, R o 2 o AWk s s o D e | e RS
SRR ORAR , ShAS RN 22 AR, e R i & A v B AT



514

I, A AT AR bk 88 09 AR 07 FURE - 159 -

TERIRZE S A7 NRBRAE e IR BEHDIRZS R, R o
i as i KBRS oh iy ST SR i i , B RS AEAT AR D I
[ERUIGTE 5 S NI VA RPN LN BV S g 4N
It 7 RS Rk 30U (P B TR R Y 2 4 5 A AR
TIhA A Z AL

2) NH/INBEFN b B f432 Sl R A, Xk R A5
P42 fih 77 15 RS R AR 7 AR A AR — S B SE . (A It
K R BRAE A b ST B A PG AT A B R AR 4 35 1A 155
E— 2D WEST, KRR v il % 09 A= W 0 ELRE A Ry i — 20
fe .

3) ARSCH JRy FRAIAS 2 22 A 75 T 4 93 14 i S 12
B — LIRS X 50 07 55 M AR B R gE4T T 4
FE , AT i T R R A7 A SR R 72 LU
AT S Fh AT LU RS I P47 TS — 22 BRI SE.

5% Xk

[1] ALHACEE )R, 2015 BB FUGIHAEMR[R]. L0 2
LA HLR L 2016.

Traffic Management Bureau of Ministry of Public Security. Annual
road traffic accident statistics 2015 R ].Beijing: Traffic Management
Bureau of Ministry of Public Security,2016.

[2] World Health Organization. Global status report on road safety[ R].
Geneva:; World Health Organization,2009.

[ 3] US Department of Transportation National Highway Traffic Safety Ad-
ministration. Traffic safety facts 2000:a compilation of motor vehicle
crash data from the fatality analysis reporting system and the general
estimates system[ R ].Washington DC:US Department of Transporta-
tion, 2000.

(4] B, XUPH IR AT A IT R BOR [ M. aT . i R 2

#,2014.17.

HU Yuanzhi, LIU Xi.Protection and development technology of auto-

mobile pedestrians [ M ]. Beijing; Tsinghua University Press, 2014 .

17.

WAL B AT AU AT A PR R b o A8 AT FROTASE BT

[DB/OL].(2016=6-5) . http://www. docin. com/p— 1622799544

html.

HU Yuanzhi, ZENG Biqiang, XIE Shugang. Development of finite

element model of pedestrian protection impactor[ DB/OL]. (2016-

6-5) .http ://www.docin.com/p—1622799544 . html.

YASUHIRO M, ADAM W, ATSUHIRO K.Comparison of pedestrian

subsystem safety tests using impactors and full —scale dummy tests

[J]. SAE Technical Paper, 2002, 2002-01-1021. DOI.10.4271/

—
wn
[

—
=)}
[

2002-01-1021.

[7] YUTAKA O,AKIHIKO A,MASAYOSHI O.A study of the upper leg
component tests compared with pedestrian dummy[ J]. SAE Techni-
cal Paper, 2001, 2001-06-0235.

[8] SNEDEKER J G,MUSER M H, WALZ F H. Assessment of pelvis
and upper leg injury risk in car—pedestrian collisions: comparison of
accident statistics, impactor tests and a human body finite element
model[ J ].Stapp Car Crash Journal ,2003,47(47) ; 437-457.

(9] #hEE BUFIE, 25 ML, 0% ~ 4T ARESE h AT B 3 i A R

TEAHTL )] MR AEER (T2 ,2011,41(1) :6-11.
HAN Yong, YANG Jikuang, Ll Fan,et al. Finite element analysis of
lower extremity fractures in vehicle-pedestrian collision [ J ]. Journal
of Jilin University ( Engineering and Technology Edition) ,2011, 41
(1):6-11.

[10] HAN Yong, MIZUNO K, MATSUI Y.Dynamic response and injury
risk of pedestrians in mini car collision[ J]. Journal of Automotive
Safety & Energy,2011,1(4) :244-249.

(SR WAL, B XU, 28 B TR A 54T AR AT A

JRCK B AL ] 02254, 2011 ,43(5) :939-947.
ZHANG Guanjun,CAO Libo,GUAN Fengjiao.Bone modeling of low-
er extremity based on the characteristics of vehicle and pedestrian
impact force [ J ]. Chinese Journal of Theoretical and Applied Me-
chanics,2011,43(5) :939-947.

[12]NAKAHIRA Y, TANAKA R,LWAMOTO M, et al. Investigation on
mechanism of femur fractures during frontal knee impact ; application
of a human body FE model considering change in mechanical proper-
ties of bones and muscles with aging [ C]//Society of Automotive
Engineers of Japan Proceeding. Tokyo: Society of Automotive Engi-
neers of Japan,2012.1347-1352.

[ 13 ] Toyota Motor Corporation. THUMS AMS50 V4AC Document
20111003[ Z]. Tokyo: Toyota Motor Corporation,2011.

[14]MAENO T, HASEGAWA J. Development of a finite element model
of the total human model for safety ( THUMS) and application to
car-pedestrian impacts [ J |. British Journal of Diabetes & Vascular
Disease,2001,11(4) :163-167.

[15] TUSHAR B, JAGADISH M, VIJAY S I. Comparison of femur mo-
ments and forces of EEVC WGI17 upper leg impactor, FlexPLI and
human body finite element model[ J ]. SAE Technical Paper,2014,
2014-01-0515.DOI:10.4271/2014-01-0151.

[ 16 %6 55 AR REARA T N A 3007 27 i) 157 B i 5 60 T e 8 5 L BRAUF 5
[D] AW BRI, 2011.

HAN Yong.A study on dynamic response and injury mechanism of
chest and lower extremities in vehicle to pedestrian collisions[ D J.

Changsha: Hunan University,2011.

(%W W k)



