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WHZesERE4R (FEX) Impact biomechanics research for clarification of pedestrian chest
injury mechanism in car-to—pedestrian accidents
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TR OBEEE (330) : In the present study, the factors that can affect a pedestrian’s chest
injuries by the front configuration of a vehicle were investigated using a finite element
analysis. In a bonnet-type car-pedestrian accident, the pedestrian’s chest impacted the
bonnet top at a low velocity according to the rotation of the pedestrian's entire body around
the car. The stiffness of the bonnet top where the chest impacted was distributed, and
thorax deformation was small and uniform. In a one-box type vehicle-pedestrian accident,
the pedestrian’s chest was directly impacted by the front of the vehicle at a high velocity.
Because the chest was hit by the stiff windshield frame, the thorax was deformed locally.
The results showed that vehicle configuration can affect the impact velocity to the chest,
and the stiffness of the vehicle structure can affect chest deformation and its mode.

SRR
(BHDRLL : )
ERERE I 2 &
Rk 22 R 1, 200, 000 360, 000 1, 560, 000
Rk 23 R 1, 500, 000 450, 000 1, 950, 000
Rk 24 FRE 500, 000 150, 000 650, 000
o 3, 200, 000 960, 000 4,160, 000

WFZE R« T2

BOFEOSF - B - BT - SRR AR5
F—U— R BEKNF, AT SN F AT =T X

1. AFZEBRAE S D =
RiEFEHT L B &, FE 20 FFDEN DAL
WHEBIEES (5155 N) Db, HiTHho
FEFEIL 1,721 A (33.4%) L& BHEW (K1),
SHER I HRATE O T FHIL O T bAEE D
BB TH Y, BERIZRIZEEE D&
SN CTH D, FAE T, BEEEZE L
A THLHRITHEOHEMEZHR#ET 5 A

X0, 2005 N HR Ry MRS B HBRITHE
SHI R ERBR M T TW\Wa, BT, F
it & RO 2 Wi L 7= R+ (%
X)) BENENAR Ry MIHZE S, Hif
1O = VX —WIIZ X » TR % i
LT3,

BREOHEBMORFTEEEICEET S &, BB
FEO BN KB L VIRILICH D, BREEE



20X, & b7 v 7 0% 1Box ZH1H & LHL
BT EE STV O & 5 H il 2 F
(BT 5. 20X 57 1Box R TH ~H 2L
TBHER Ky FENBITE~EET DS
AL LT, BEEOMEEGENEAET HE
BT 5 (2). LLARNS, ek,
HBATEME DOEEFREA D=L LT
X, OIS TI otz

X 1 Z@ S AEE DR
100% n=55 n=26

I 0O zofh,

80% [ 35 == NiE|

I s 8
60% - 13 ’ " K;
o B e

oo | B 0

— Usa & s

oo | |40 J| T 0 555

=

0% o N
NV S 1BOXH.

X 2 BITHEFHIT BT 22 OEE

2. WrtoHBY

AL TIE, BDREFAOBRELNT v 70
1Box 72 EORim A TEE R EE 2 .0 E LT,
BATHE M DG EREA =X A x Uz
SeBRT R U, BMTHE ORI EICE 5 EK
FHOMNCTAZILEABNETA.

3. WD IIE
31 HHBTEME I 2L —Ta
ARy NEOFRERET LITONTIE,
National Crash Analysis Center (NCAC)»3#2
LTWb7a—RaxRELEZET VO
WRTEs 2 Lz, ZofHET LOR %
vk, RNUR— Bo, 74 R—)L R
DYEFR A FHSEI L. 1BOX HOAREFHET
T AT OWTHE, ERHEOHEE 1BOX % 3 Rl
EEEZHCHEZRE L, HmBRT —
RS CEZLESEI L. Bl OREMEO
BEMEICOWWTIE, 7y MR, A S —
BIORUR—DEFHM LI H L 7=k
Fra R giRaBR A i L, &5 oM e
Btk 2 e 5 WITHLAIAATE.
BATHEDARIEF T T VIOV T Total

Human Model for Safety (THUMS)Z {& fi] L 7-.
BITEITHARNOEK 2 ZE L THE 165
cm, 1K 60 kg & L, fk A B 50thostile
(AM5S0 : &K 175cm, (K 77kg) 725D A
=0 I K OER L. A TIE, S
ITHEOMHFIZH LAY 3> FH, 1BOX H%
ZFNEI 40 km/h THEZEXE7- (X 3a). H
WZxFT B MkE (T4) OFEXhHEEE, MIEto 2T
EIGTNZDONWTHR Ry N E IBOX T
]
3.2. HATHEMA X XEEY I 2 L —
va

AT WL & D22 K D HARZE TR
LT B8, FRAEREA T 2 (45
kg) & HWZ8EERA X0 Xl EERER O T
2lb—3arEEKLE (K 3b). Rory
MBI DEEERA N7 X OFTENE, #
B, AER, BEoEeRkizsEZE LT, A
> %oy MR B (WAD 1600 mm), 35 km/h,
65 & & L7z, 1BOX HUZxfd D EAERA /37
K2 OFTENE, W, AR, v Ry—
JLR7 L—2A (WAD 1100 mm), 40 km/h, 0O
L L.

(a) Bonnet-type car {b) One-box vehicle
¥ 3a HL—B{THMEIEET L

(a) Bonnet-type car

{b) One-box vehicle
3 A 87 — WRIESEET L

4. WFgERk R
4.1 XA TEEE Y I 2 b —va v
(1) z®)

R Xy FEEB X OVIBOX EEBNAITH & 1H
e HREDOBITE OFBE X 4 17T BT
FIIR % FH L 1IBOX HL & DOEfZEIZH
THERRDZEEFZR L. Ry MEL O
ZETIE, BN FREE S N X— L il L,
KRR Ry N —F g7y v
BEfih (40ms) L7z, =0, HITEIZHEDR]
WEDLVIZEES L, ML 90 ms iZEB VTR
Uy b BIZHEZE L. 2oL OME o
WZXFT D E AT, MokE (T4) OB



kY51 (¥5) Thotz. D%, FEERIE
R Ry M ITEZE L (120 ms).
1BOX H & OEZE T, HI7E OREERITR
Ry NEE OFERE NS K, R
TEZENKET T 5. TR N 8— L i
% &, IRIERIRFLNC I & fEER A 7 7 o b X
FOVIZHEE LT, D%, 22 ms BV TH
WIXAESE (M5 TUALYRYy— KT
e L, BHEILY 4 R —b RiCHih
L7-. SHEL, MEsE ofzeicky, v K
UV RIERELSERL, BITEO BRI
JmL7-.

oms 20ms 40ms

(a) Bonnet-type car

Lms 40 ms B0ms

(b) One-box vehicle

[ 4 TR O R G T D %)

90

0 — Bonnet car
| 51 degrees @ 90ms — -1BOX veh.
ey °© Chest contact
3 50
& 8 degrees
i 30 @ 22m5/‘\'
—:n 10 ; Ty . ‘ . ‘ ‘
E _10 L ‘ 1‘{' \‘.\.
2 20 40 160 80 100 120 140 160 180 200
€30 ¢ 11
o)
RS0 - 1 i
o
70 - Ry
90 u

Time (ms)
45 %S D MR O 2 A B

(2) b 5 ey 2

HLZ X9 2 M O ARG G 2 4] 6 12w
4. R xy NEEDOEETIE, HirEOL
RIZEOE DV IZAEET 5720, HITED L
ROBREIIHINT 5. Lo, HIr&idEse
BACHmHEL T IICIE SN D 720, i

HL & 299 B B C U R o R 6 A i E
FE IRV ME(7.8 mis)& 72~ 7=. 1BOX HLL D
EZE T, BMTEOEBRIIREEL & b 72bT,
X OREAT I A DI E A Z T D, T
PAEZE UT=1%, JOIRERE]C RSB I L Hm & %52 L
TW5D. ZOREE, MNMETEmET R+
IR Z TRV Td B 728, H il f#if
e DM OFRREE RGEEE X 9.6 m/s ThH -
7. 20X, Roxry PEEOEZEL I
~1BOX HL & DEZETIE, MmO R T
Bl L HZET 5 2 ENALMNE o7

14

" —— Bomnet car
- - 1BOXveh
%\ 10 O Chest contact
=2 \ @22ms
z 8 \1 78mk (@90 ms
(=]
JCA \
g \
g 4 \
E 5
2 \ -
N

0 20 40 &0 80 100 120 140 160 180 200
Time (ma)

%] 6 HLIZ 6592 MR O FH %5 ks EE

(3) MFBDER

Ao Fy FEBLIOIBOX NS TH &
ZET DHREDOBAITE OFRIZET 2 E R
EINDOS A EK T, X 8ITRT. Ry
FEE O (X 7) TIX, RF vy ME—
FRICETE L (KA = 94 mm), BH{TEHD
it 0 T 22 B 0D = R L — A Rh R IR L
7=, £, RFFETHERE LI-HEET /LT
1, Ry bz rOBOr7 )T
AMFBICREN -T2, ARy hex
UV EDERMXIIRERT, WEOKRKE A
BN ENZEEZBND. 2120, H
ZERFICFRAE I DIRIE SN A NI L - T,
Y, @O IR LB LRI A DT,
1BOX & OfFjze (X 8) TiL, WMEDE
W 4y R — L R 7 L— ARBITEHEDOR
FRNER & B L, AT IS L S5 03,
Mo 2B EE X R ¢ v R — L Ko
REFIZ L > THmMEENU~EA L. £
DOFER, o4 Ry— L RED 4 Ro—b
K7 L— A DI L - T, HITEDORES
I AMEERN A LT, U R—b
K7 L— AL Otz X > THRENIZ T
BN BB, FTALE ORI 150 MPa %
B DEWVEE2Y, B ORREEEZ R LT,
—FH T, U4 RI—)b R L7500
e CIE, IS INHRME & 22 o 72



M7 Ko Fo b L @ BB
BT B 5 TR & 15 ) D4 A

X 8 1BOX B & 223 BB DBRITHE OB
BE9~ 2 TR & I T D534

4.2. WATHEEERA /3T BTl
gy

A A X A EE I 2L —2 3 D
FERAFRLISRT. Ry NEOR R
Nk P TOEHEFM (HIC) 1% 697 TH
572, 1IBOX ETIX 7oy hSpL, 74
K —/L K7 L—A® HIC IE 1000 ##8 % T
W, U4 Ry —L RRRCIX HIC 1T
203 Thot-. LI=N-T, MEHic k&A%
a5 2 D2HRBNTHDL T 4 R—Ib
K7L —ATIE, HICHEWEARERDZ &
NHOND.

%“/‘::LI/‘—

FVEAERA N7 2 fdf

TR

B I2l—Tard

Wehicle Area

WVelocity
(/)

Angle
(degree)

HIC15

Bonnet-type

B tt
car onnet top

35

65

697

Front panel
Windshield fame
Windshield center

1BOX

40
40
40

0

30

1300
1087
203

ﬁ%%yﬂa&@$ﬁ%kiv*ﬁ%@
By al—ya BT D RERE 2
5ﬁ/$/%®%%ﬁ&f/%yb®ﬁﬁ
X 9 IRT. WH O EA BRI R E
HIpY, GHERA X7 2 AR ClIpEfh
FIRKE7ME (8.1 kN) L7250, FHITETE
TV ORI EE O IE R & T m L
VW (41kN). F72, Roxy hORKEEE
ILEHEI A /X 2 EEERER DS 66 mm, BT
T VO MEREZEHEES 94 mm TH Y, HiTHE
VO MERINEZE U Tm RO HARE TR ED
FWRRKRE 2l E o7, 2L, BELERS
Fy NEERSE DD, Mot i3
SWIZH b 6, Mg A L7 AR %
v ML OEFREIIRE S otz &b —
RELTEZLND.

SHE A X R EBITEET LVOM
ERAETZ2 IO T, Bl ) & AR OBk &
X 10 (ZoR9. WE O EE BRI R X <
FIp0, GHEA L% FERBR B O
KAES 7.7kN, REREIL45.5mm &b
03, ﬂ?fTéqutfJVOD%E*Bﬁijt&?’C X, RKHE
fil 7712 2.8 kKN, I KA &(X61.3mmThH Y,
*ﬁ%%TW®%%@ﬁ®ﬁﬁ§%ﬁ#¢
S, BEEEFRELS o, Tk, Av
Iy NHELOEELRBRICEENR v b
INEITHEZRL, U4 RF— /L RT7 L—A
DB EZBEMEET-.

1

— Headform!
=== Chest

Force (kM)
L - S =

40 50 460 70 &0 B0 100

=
=
[,
=
[~
=1

Cisplacement {mm)
X9 Ry NEIZBITDHEEA X7 F,
BATE W DA > % v MMEALT) & LTE &



—_

Force (k1)
L LS T R S T e S I o s B Y e e

=1
—_
o
[
=1
)
=3

40 50 60 70 80 850 100

Displacement (mm)
10 1BOX BT HEHERA /307 #, BT
FRE DR 2y M) & AT

4.3 B

Ny NHE DR TIE, STHEITHM
AR E DV ICEET 50, ZDORNIARITE X
HE HFEICIE S NS Z &, 725 NIER X
SHER & bl U TR/ NS N &b,
JaER D HAT % A EZGEE 1T Lz, E£7e,
BITEDOMENZHSOWTIE, Ry ko=
FF WU U T RN K ST D ETE
XLV /NEMhoT-. ZHNITX LT,
1BOX HLOMZE T, HITH OEE N Alis%
bR T R CHK L EET S0, 1
EROEIGHE 1T @ < 7o T2, BTEHE O
TRy hRFNET 4 RU—V R T L —
LG EBEN TR AT, RtEosmny 4
yPy—wF7v—AmioT5ﬁ%@%

E%%@Eﬁ&ﬁwmﬁﬁibt ("))
i?u,ﬁﬁn BIFayIal—3 gkt
Rrn, 1BOX & DOEZETIE, MESFH3
HAREMENE L D L AR LTEY, EE
DAITEHEEFHITIB T 1BOX B L ffiiZE L-3
G OBITEOREHEEREE (K 2) LFEEBkD
HEZRLTWD EEZBND.

2B OBARRTE IR & BT H B o4
ERAWMEAETEDDER 2 DL OIS,
HARTARIZ K D &R D HBRATH OB D%
WNZ Ko T, BTSRRI TE T o 1 5
f ICERNFEA L, TORE, M~ Afm
NERpBZ D LD, FT2, WEEERT 5
BRSO IC L 0, WIME L =L —
m%ﬁﬁﬂﬁw,%%@%%%~F&%%%
NEBEZT5. Bt— KRR Thdh
L, BV X7 | 5. ZRHDOEK
%ﬁe%%wﬁ%ﬁé%ﬁ@$W%L
> T, M OEEESCHES DI TIN5 %
O, WWEOBFORAEY AT NRRELZ L L
5.

WATHIRFEL %ﬁéﬁm&ﬁﬁﬁww
1Z, FHEOMIEII R A > X7 FERBRIC
S TIREZIENRIAD D E LT, FOM 7‘75:
BRENBhoT-. ARIOBEIN B TEE LY I
o L—3a U, BTE O E 2T 5
BARERNL O JRIFT Y 72 MIVEDS, MR o-EPric s
HERIETZ ENbhroT-. BHEA X7 k-

ABRIE, ERADRIES N E 229 B LISk LT
HEM SN D, Z DL E HIC OFEWENLT
x, MEOER L RELS D2 EnREnT
712U, BUEOBITERAEER (REENE)
KET%%%%/A?%@%T I, R
7O 2/3 OFEEL T HIC 1000 LLF, ool
2000 DL R &Gli7=9 2 & L THY, Zhb
DOBMEDZED, HAROHIMEZEZTFA L, BT
FER A E 2L LT & I ITWE O AT 72 42
BabLI-bT SRS S, £, HITEN
& HET A Ny 2T K D EZE TR AL
FEE— KRR D, BTEET VO T

M O Mz B S BAR A A SH 5. %@F
R, BITEET VOEIRTIE, WL HRD
B 03 N X2 b BT, M3 Bl
I 2 HBNL D BRI B EAER A v X7 R
BRIC L DEHEMREREID b RE 2otz L
7ol o T, RFy b E~OEROEZE DR
W= P U ERA &S X 0 R A ) ME
RS S A= Aoy (N

* 2 BTE MG S O EZEN

Vehicle shape Structure that chest impacted
v I
Kinematic behavior
Local stiffhess
‘ Energy absorption
Pedestrian chest velocity *
Loading to chest Thorax deformation and its mode

'

Chest deformation
Strezs of the rib cage

Rib cage fracture

44 /FIHHH

AHFFE CILEZSHE 40 kmh I X AR %
v NEHL, 1BOX M & B THEOEROARESR
FENT 235 Z 72\, HARTERR DS BATHE B 015
EYRTICRIETEBERT. £, M
NEETHRFy b by FITHONT, BAE,
BHERA X FRBRICE TR Xy b
TRV =W N E Il ST WD &
FEE L, HEEA 8T X a2 T s
SO FTREME AT, FORER, LT Ofk
S ST,

(1) Aoy METIISTE KO RELIC
Ebewny, BEIRWEE TR r v b R
E229 5. BITHEOMRIBIIAR K> b o=
L —RIN T Y T NI ST DB
T—kEE Y, BREEIT/NI oI



(2) 1BOX BT, #47#H LRE olalfizE & b
7o TR CHAR L ERT 570, M
VO CHLICET 22 5. s @EiZE Lz v
4V Ry — L R 7 L—AORIERE W=D,
ZIUT Ko THESAJRFTENZER L, o
fElEPEDS @RS & 2o 7.

(3) HATH DM A 229 HALE IR L TR
NFEHESA 2R 7 B VTl R B o >
2b—3 g rERBIRWY, fERALETS L,
M 2R D ZHE 3R Z WL TIZBEE A > 37
ZDHIC b REW. £7-, #iz21F 1BOX H &
DEZETIE, V4 Ro—nAREv o Ry
— )V K7 L— A DMIMEZEIZ X0 BHIT7E MEL
WX ABZETENE T D Z 06, Gtk
BATIC %9 28EE A X7 FRBRIC KD, W
EASE U A 7 Nl TC X D RIREME S FET
5.

5. FreREIRLE
(BFgEfFE . WFFE s K ONEEAF TR 12
TR

(ERERm 0] (Rt 6 1)
O FiERs, misESR, AR, KEFEh, —
IE, PARKHH, RS, STEFEICKT
2 IS E TR O 72 O G RERMFNT, BEHEH
5S4, Vol4l, No. 5, pp. 1017-1022 (2010)
@Y. Matsui, Y. Han and K. Mizuno,
Performance of Collision Damage Mitigation
Braking Systems and their Effects on Human
Injury in the Event of Car-to-Pedestrian
Accidents, Stapp Car Crash Journal, Vol. 55, pp.
461-478 (2011)
@Y. Han, J. Yang, K. Nishimoto, K. Mizuno, Y.
Matsui, D. Nakane, S. Wanami, M. Hitosugi,
Finite element analysis of kinematic behavior and
injuries of pedestrians in vehicle collisions,
International Journal of Crashworthiness Vol.17
No.2 pp.141-152 (2012)
@Y. Han, J. Yang, K. Mizuno and Y. Matsui,
Effects of \ehicle Impact Velocity, Vehicle
Front-end Shapes on Pedestrian Injury Risk,
Traffic Injury Prevention, Volume 13 Issue 5 pp.
507-518 (2012)
®Y. Han, J. Yang, K. Mizuno and Y. Matsui, A
Study on Chest Injury Mechanism and the
Effectiveness of a Headform Impact Test for
Pedestrian  Chest Protection from \ehicle
Collisions, Safety Science Vol.50 pp.1304-1312
(2012)
©®Y. Matsui, T. Doi, S. Oikawa and K. Ando,
Features of Fatal Pedestrian Injuries in
Vehicle-to-Pedestrian Accidents in Japan, SAE
International Journal of Transportation Safety
1(2):(2013) Accepted

(k) (GH34)

O FiERs, msESR, AR, KEFEh, —
IES, PARKHH, FREE, STEFEICKT
2 IS E TR O 72 OFRERMFENT, B
firex 2010 EARF RS AR AR No.78-10,
pp.21-26 (2010)

@Y. Matsui, Y. Han and K. Mizuno,
Performance of Collision Damage Mitigation
Braking Systems and their Effects on Human
Injury in the Event of Car-to-Pedestrian
Accidents, Stapp Car Crash Journal, Vol. 55, pp.
461-478 (2011)

@Y. Matsui, T. Doi, S. Oikawa and K. Ando,
Features of Fatal Pedestrian Injuries in
Vehicle-to-Pedestrian ~ Accidents in  Japan,
Paper2013-01-0777, Proceeding of SP-2341
Accident Reconstruction, 2013 SAE International
Congress & Exposition, Society of Automobile
Engineers pp. 115-126 (2013)

6. WFFEHHR
(DIFZEAREE

AR (MATSUI YASUHIRO)

R BB IERT « A B B2 2T JE
- EFEIER

WFFE# 777+ 00426230

Qe

KEFEEVRE  (KOJI MIZUNO)

HE R - KPP TR0 5E R - Hidz
ot %5 . 80335075

(I)EHEEHFFEE

—#1E1~ (MASAHITO HITOSUGI)
T ERL KRS « WEEFHE - IR
WFot#E %5 - 90328352



