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Technological Development to Reduce Injuries Based
on Study of Human Skeleton
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Summary

In order to reduce fatalities or serious injuries in traffic accidents, retaining a safer seated posture and proper
occupant restraint is important, and the lack of them tend to cause serious abdominal injuries. The individual
differences of the seated posture affects the occupant restraint by a seatbelt. This study aims to construct and
commercialize technologies required for abdominal injury prevention based on the individual differences of the
skeletal alignment in a seated posture and occupants’ kinematics in a collision which was analyzed using human
body models (HBMs). According to the analysis of individually different skeletal alignments in a seated posture,
the seated postures are classified into two types: S-shape and kyphosis. For pelvis, the individual differences of
ASIS shapes and the distances between ASIS and pubic symphysis were analyzed and incorporated into the
HBMs to study occupants’ kinematics. The analysis results of the kinematics indicated that the controlling the
pelvic angle is essential to prevent the abdominal injuries.

Based on the results, three new technologies were applied to Mazda3: a new seat design to achieve the
S-shaped posture, a seat-integrated lap belt anchor to reduce pelvic rotation, and the knee airbag to sustain the
occupant in position while limiting the force into the abdomen. The safer seated posture structure together with
the newly designed restraint systems further improve the occupant protection performance, bringing Mazda’s

“human-centered design” philosophy into shape.

Key words : Passive Safety, Seated Posture, S-shaped, Seat Design, Seat-Integrated Lap Belt Anchor, Knee
Airbag, Human-Centered Design

"1,3,7,8 EZRIMERERIRER '5,6 FEfRERAFED
Crash Safety Development Dept. Interior & Exterior Components Development Dept.

2,4 WOKXFEFEMERR BEAR
Department of Orthopedic Surgery and Radiological Technology, Yamaguchi Univ. Hospital



No.37 (2020)

TYAER

1. IZC®IC

MECTORCESERZEIEL, ELEEICK S AR
MEREHELBD S, BENTEMEEZRICE—DEHRD
BICASZFRET Z-DDRLEMBARICERDBEATY
%, MHBHCH VT, BEEEZTIEIREIE LBV
HOD—EZRET 3 L NEPAHEDRIGICIDEREL
YF<, REESEBRO L TEERBELMABMLT, B
REEDTWD, BEREDO—RHLT, >—EXILE
DEBHNSOTNENDRRAEZ SN, BEZZBCLE
BIRRE, RNILEDBBEAOENDHFNEBE D, 1
T, BREZOEENSEMATOBERT I XY M %
ANEHE PEBERSOEY (EH, 58, #5
%) CEBRE, NILRNR, EREBEORSEHOEGR
EDH LR REPRESN TV S, BIC, K
DEEBEFEGEEBEICE T3 BERBDSHKILEBEL
KREHMROMERE"? bHh, HRMISTEINT
WBBIHCEX 3. 40, YVYAIZBEDBEERT Y
FATENRIC, BFHES— FBEBOBRT ST XY
b BBRREICCOBEDBAGRENEET Z2DDHL
=7 &1, NS OEGENEEEDS — AL R
NEDDICED K S BFHEERIFTMIDOVWTERT LT,
WERET — 2 = BICERERE R L IEBBOAKFEET
ILERBVWTEEROEFH®>IaL—>3>0L, ¥—hk
N B LUOREEFHEREEBNICHN, >—ERILED
ThENDRRICRDIFEITIRFZRELT. CD&
SKRAENS, BEEDREMZHERT 2EME LT,
OEE, BHOBAR ST - BRFEEZHERTZ>— b,
QBICHEYGAETEREZARTI S — MERX> —
ERILESY T 7o h—tEETHIILTc, BIC, OFRE
BORSFEEZINFIL, — MRILMILZEEADA
HEEEDEIE, &DMEOTVAGKDA (FREEE
) 2#WERTZ_—IT7N\NvI2REOTZEMRRICH
EBREME LTIMR, MAZDA3 ICEA LT,

A Tld, LEBOABRAEICKLDBSNIAMRZ RS
THLLHIZ, O~DOFEMIOVWTENT . BB
HDOABHATICOWTIL, TNTENAFAAZIR
£ 5% {& IRCOBI (International Research Council on
Biomechanics of Injury) I THREFEATH B,

2. AFERZE

2.1 HAREE

AEMEOT7O—Fv—b%E Fig. 1 IZRT. ¥— kAR
ILEOEDMD BICEEEZEZ 2BBREZAD IR FL
LT, (@) BR7SIX b+ (BMEREBEARE),
(b) BB (ASISAE), (o) BEARETT (ASIS—E
BIEEREER) O 3RAFEHRELT. FEERFICOWVT,
FHip - MR - AR K BEFREOERZRAN, SHERE
T—EARHHhORKMEZEEL, TOREZHERTIA

EFEETINZEER LI TENSDOAKFEETILZAV
THEEYZaL—2a>%ETV, EETILTOY— KX
LM RUREBEES LB LT AATORKENIL,
HRELELEREIAFICOVWTEBEBELTORIL TS
DADEFEESELZHAN, BBEREOIY FO-LIZRDE
ELRFZHEEL, MM EZERTEZ I TH 5,

Analysis of lap belt
/occupant kinematics

[Analysis of individual differences ‘

¥ (a) Pelvic angle 90%ile SO%HeB 10%ile
(b) Pelvic shape g‘,:- FE E_,}L‘\: 3 g ; *%'é

o} b + SO SO Bty

¢) Pelvic size e ) [ n q
|3 A

X-ray image e | {\y e

Modification of THUMS
50% [ ” 93
3, Ny
Gl
N
Select representative ” —
values

Calculate FE simulations

Fig. 1 Research Outline of Pelvic Orientation

2.2 WRAE

(1) X #BE R UHRERE

> — FEERBOBRIREE XIRTBRE T30, 77
IO —rERDFIFBREAEEZER L (Fig. 2),
BEERBT, V—Nv Y 24° (BEHER), O— v
2 avEm21.5°ICEEL, ¥— X F1 RIGBHICHE
BTIWEL LT, IR, BREIEFITY LM
BEBE, TROEGERSBTEELL, ¥, BRLD
BHEDICEEBERIELRSBRVES, BRY - 53T
EAFEIRICFERE URE LT

Standing

macld, IWOKRFEZEHERTRSRELFAET S
B (SONIALVISION Safire17 SHIMADZU) %=L,
QL « MALICDWTEBHED S B F COEREZ R LT
AAROFIEFZL T, WAKFERUVIVH (#) I2&D
REIN, WHAOHERGREZERICTERER/LLTE
L7z HBREICIETDEHBAZITV, RAOEMAEAR
ZEMmMICTEIE L7
(2) #HBaE

2.1 BICTHARTEBET 514 XY M RUEEHIR, XSS
DOFHRAITIFET 113 ZOWRET — 2 EWME L. WRIL,
Blts56%, X574, Thole ENTNOER - &
E - BMI 1%, BUHA 43 5%, 171.3cm, 25.5kg/m’,
7ZHIE 47 3%, 154.8cm, 22.2kg/m’ TH > T



TYAER

(3) X7 — ARV D

2.1 BTN 7=RIBE OFHAIEBNMIZ Fig. 3 ICRT, 13
SNIELWHE D X FRET —FICOWVWT, BT S
Xk, BEIR, BBEATIIOHAETL, BEFRIE
S5DINEH - BE - BMI E OEBEMEICOVWTHANT,
SHAIEEDSME, UTICEEET %,

. BRTSAXAY N (B BREE)
ﬁm&oﬂ%uﬁbt,6ﬁazﬁmﬁg(aj,%
HEEA (0K, WEHEEESAE (K, BEsEa (D,
WEAE (SS), BBAE (PA) OAEFAZITok
(Fig. 3a),

BRARK

Sy IR DD BAMEICH =S ASIS DFERIE, A
ETRR LT, ASISTER&ED ZORARICE>TS v IR
JU ME 40mm DHFFICHEE T 3 20mm B9 DRHE%E 5|
T, TO2RBOMTAZHA L (Fig. 3b). ASIS®D
EREARMEIE, WOAZOERARIEIC X FREHL S H
BrL TULWefe W s,
c. BRRKEC

FHAIBRMIE LTIET T EFEX 5NBN, AT TIE
Sy IRILEOBBAOEND FEZRHANSZ WS BHH
5, ASIS—BVEFEEHHEOERHZ BRAIILEREL, €
DEEREZEHAIL 7= (Fig. 30),

a. Skeletal alignment c. Pelvic size

2,75
2 \ J
g 4
TK (=
K| S112 Pelvic angle P\
s
igf
L5> PA T Asls
Pubi
sympl Sl/y

b. Pelvic shape

qv

ASlS
Pubil
symp\h s

SS
Sacrum

Fig. 3 Measurement of Pelvic and Lap Belt Factors

(4) NEFEETILIER

a—c DERFICOVT, BEHRESHEHLS 0 /NN—tY
A, 50/ 5—t 2L, 10 N—t>a21ILERR
B LGEEL, TNZNICHEY T 3HET —2% AKX
FEETILICKRMIET (Fg. 4)s EF/LIZ, THUMS ver.4
(Copyright 2015 © TOYOTA MOTOR CORPORATION)
DAMSOFBEEFILER—R LTAV, HBEDE
FERREZ BT 2L SEIEZMR oo BIEIE, Oasys
PRIMER Y 7 b7 (ARUP, UK) _tTiREIZMIPERSD
HBRE—T 1 VI FEEHEAEDETREL o

(5) FzE> I al—> 3 VBT
ERLTEAEFEETIILZBWVWT, INCAP LTy
BIEEZE (FZHEE 56km/h) DI al—>av%
To7co EMREETILRUAKFEETILIL, BEHOR

No.37 (2020)

9 ——— 100%

8
8 7 80%
Q0 6
£
E L_j‘ 60% @
< 5 / s R a
S - s J g
2 ( / A, VA 40% =
c 3 y \‘/) @
Z 2 20%

sma large

‘ '|||||| I | |

0 1l| 0%

60 7077rgen 895'M 1080 1TMM 120 130 140 150
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Fig. 5 Analysis of Individual Differences in Pelvic Angle
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