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Study of Human Skeleton to Design Ideal Structure
of Automotive Seat
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Summary

In order to reduce fatalities or serious injuries in traffic accidents, both an appropriate driving posture
and occupant constraint are key points. It is important for us to understand the effect of individual
difference in human skeletal alignment in seated posture. Consequently, in this study, we examined
individual differences on the skeletal alignment in an automotive seat and analyzed the influence by the
factors of age, gender and body type. Additionally, we created several human body models (HBMs) which
represent individual differences by morphing the skeletal alignment of the human FE model, THUMS
ver.4 (Copyright 2015 © TOYOTA MOTOR CORPORATION) and analyzed the kinematics of those
HBMs to study the seat structure to ensure occupant’s safety. The alignment in seated posture could be
classified into two types: S-shaped and kyphosis. The analysis showed the difference of occupant
kinematics in pelvic region, which indicates that it is important to maintain the correct driving position
in consideration of occupant protection in case of accidents. It was confirmed that the next-generation
seat, which was newly developed, facilitated upright pelvis and lumbar lordosis, leading to the advanced

“Jinba-Ittai” philosophy and higher level of comfort and safety simultaneously.

*1,3,9 fHEZEIERED FEHD T AEEBRATEED
Crash Safety Development Dept. Interior & Exterior Components Development Dept.
8 BRAMEREBRFE *10 B SRS
Chassis Dynamics Development Dept. Vehicle Testing & Research Dept.

*2,4,5 WA RFEFHIERE B BEHRE
Department of Orthopedic Surgery and Radiological Technology, Yamaguchi University Hospital
*6 AR s TR

Department of Mechanical Engineering, Yamaguchi University



AV E

No.35 (2018)

1. (ZIL®HIC

~ Y HENBER L7 2l S C O SE C S A KT
LD RN AL TN EIT->T0D, T
121, EROTNGFEROBUREZER L, WNET i8S
HLMZTHZ L0, AMEZOLDIZONWTERL, F
MR DZEREA D= AL EIE L BT 5 2 ENEHE
Th b,

BAZBI OO LB IC B W TIE S H OEIB I THES - 2%
WA, EEEE GO D LRI AR TIIEmA R E 22 EE
EHOTNWD, ZOHEKDO—>2EL LT, ¥— UL IR
EZbND, BEEA—T—Z3— UL b BBEICL
SN T 4y NTDHEIICEFILTERY, EEEZEHY
R—FEHWEERSY I 2 b— 3 o CIEE RS I
Lomb#ng - LiafERsh T (Fig. 1) 23,
N OEIIIBERZER H Y TR E S FET D050
THORERG D, M T, HERFOES EERIREED R
B REOWEMEEZEZ D LTHRETIVNEND D, IE
LWEBA T — MIEEE LT, &0 Pl E s s
Bliux, BEEOX A F I v 7 HELT TRLe
LR ESND EEZ TS,

BT T4 AL MOV TE, TNETIEIEAH
FRDN B NI OVEENL B S % X G LT R e 23 7 ST
B0, FEEGZ HENEL Y — N & W EIFE, FEAD
il - REEE xR L LIfstizdb 2w, AlEl, B TO
NEET 74 A2 MZHEBR L, TOMEEZEZ ST LT
MNEFEET M KBS, L5 & O CEENRNT 21T
ST, Filz, WHARHIZHBE LIz — Mo T=rH
DBEZDBBOBFREBENEBTETCNDINL Y MY
WL VR EATT2DT, W5+ 5,

Fig. 1 Situation Which Lap Belt is Put on the Pelvis in
Dummy
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Fig. 2 X-ray Facility and Situations of X-raying
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Fig. 3 Measurement Items for Spine and Pelvis
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Fig. 4 Two Types of Skeletal Alignment in Seated

Posture
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Fig. 5 Variability Range of Skeletal Alignment in Seated
Posture
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Fig. 6 Analysis on Angle of Lumbar Spine and Pelvis for
75 Subjects by Gender
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Fig. 7 Normal Distribution of Pelvic Angles and Human
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(a) Anterior Pelvic Tilt (b) Posterior Pelvic Tilt
Fig. 9 Relationship between Engagement of Seatbelt
and Loading to llium
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Fig. 10 Change of Skeletal Alignment between two
Seats
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