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Abstract ; The automobile seat must satisfy various safety regulations for the paséenger‘s safety. In many design
practices, each component is independently designed by concentrating on a single related regulation. However, since
multiple regulations can be involved in a seat component, there may be design confliction among the various safety
regulations. Therefore, a new design methodology is required to effectively design an automobile seat.

The axiomatic approach is employed for considering multiple regulations. The Independence Axiom is used to define
the overall flow of the seat design. Functional requirements (FRs) are defined by safety regulations and components of
the seat are classified into groups which yield design parameters (DPs). The classification is carried out to have
independence in the FR-DP relationship. Components in a DP group are determined by using orthogonal array of the
design of experiments (DOE). Numerical analyses are utilized to evaluate the safety levels by using a commercial
software system for nonlinear transient finite element analysis.

Key words : Automobile seat(XH5-28& A|E), Hige test(T 2 A= A1E), FMVSS(P] = QA 524 715),
Axiomatic design(&# 2 A, Independence axiom(= H3E]), Decoupled design(¥]I4d3}F 7)), Ortho-
gonal array(Z 2Ll € 1)

1LME Z(Federal Motor Vehicle Safety Standard)”©] lth.
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Fig. 2 Load curve for FMVSS202 test
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Acceleration

Fig. 7 Boundary condition in Hige test
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Table 2 Design variables and their levels for FMVSS207/

210 (mm)
Design variables
Levels -
Seat belt anchorage Seat pedestal Rail
1 2.6 2.7 2.7
2 2.7 2.8 2.8
2.8 29 2.9

Table 3 Analysis result for FMVSS207/210 with full factorial

Expt. Seat belt Seat .

Ng anchorage pedestal Rail Result
1 1 1 1 Fail
2 2 1 1 Fail
3 3 i 1 Fail
4 1 2 1 Fail
5 2 2 1 Fail
6 3 2 1 Fail
7 1 3 | Fail
8 2 3 1 Pass
26 2 3 3 Pass
27 3 3 3 Pass
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Table 33} 2t} Table 32 77} 92 44 58 3l
A A3E A E3 Aotk DP1 s Fsl= AAESF
=8 R ZFHE FMVSS207/210 A E-& v&E5HS
o = At

o

o

54 DP2 3! ppP32| AH

F AR 4S5 & Hae SAAEAFE)
. FAZEAYE BEG AAS A ¢
& A4 she Tt ot

Find DP2 (62)
to minimize Weight (6b)
subject to Back frame deformation — 30° <0

(6¢)

FTAAEA G = Wz el ZhaSr) 7E
FH(30°) olsteiofgt AlE S B8 4= Q7] gl
ol & AZAN A (6c)0l LA} BB TF
F7te HAgtEo ok dth= A ) A=A CE
neslr] Y3 4 (6b)S HE&3AT E=3 HAN
7 B3 Hatel digk s Azte] .2 HEr] 9
ol DP29] 8.4 FAA] FAA 4718 Mesla z}
AARG thste 3Ee] TREE AA A
Aok & pp2oll & AAAFIT A8 7o) 7] Wi
o AW AEE o] &3 FHX 2 HAAMTES 2
A= Aol A&H ot}

2849 JARE 3] 2 E o] ksl 7 sk
7] Bl FRAE AH o= AT 4 gk gat
A FR 2o o) A2 et Al TGS TF
2 FolA o T2 S AT 2AT Aol
ol WEZR] e Bl FAA ) 23 g
7t A EEFS) A4 23R o U A9
7] WiEolt), 1™ Wite] 9Eo R} Az
Aoz gt AuuEE A o] Aldz2AS
n ol et mEtA] Ad2AE 28T 5 UE
E WA E S =8l Auu|d ol 28351
Aok Table 4= AAWUFO) $323E HoFT)
Table 5= L9(3%) ZmHjE B o} SAXE Bolx g
o Ny & A E L] FA gk §AAX 24 2] (62)9
EAgo] SFErh net TAHAZEAIGAAY
HA71E el gl gt SR =M A (6c)2] #1%H
29 sigEch

7| X B7)8 Thak ALRLS |55l 7P S $
RS w2 g Rolr}, Yuby o 2 1550l 71
e FR S A s o] AU EE o] 43
AANA FBAY o] FAA T Uk, o] TR A
ol M $ES WA P ol f= MAMEe] 2
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Table 4 Design variables and their levels for hige load test (mm)

Design variables

NEF - HHA

Table 7 Average value (ficn) of the estimated constraint

violation ( ° )

Lower cross Base

member plate
22 1.8 2.6 2.1
2 1.9 1.5 23 1.8
3 1.6 1.2 1.8 1.5

Levels

Pipel Pipe2

Table 5 Assignment of design variables in L9(34)

L
Exp. | .. OWEr | Base | . Tobj con

No Pipel Cross plate Pipe2 (Kg) )

member
1 1947 | -1.60
19.14 | -0.49
18.82 3.87
19.13 | -0.30
18.92 2.35
19.24 | -0.53
18.90 438
19.23 | -0.39
19.02 0.88

W [P = W | D[ | N
B | G2 | e [ B2 | DO =
—_ W N N[ —= W W | —

Do ([~ ||| w || —
W W2 [ D | D[ B | et | e [ e

Table 6 Average value (ri;) of the estimated object value (kg)

Design Levels

variables 1 2 3
19.14 19.1

Pipel

Lower cross

19.17 19.1
member

19.01
19.09

Base plate
Pipe2

Table 5ol EAHE U] &
go 2 3tie o) 3t FAXNE 2t 7
ot WA 2+ ARG & %“E‘%k% T3l oF
=] 2 2 7}= Table 63 Table 791
7} Table 79] A# & vl o 2 A|EQ ‘I‘7'"9’}' Ht
Alol S F AEE FAGAh AgxAE 1
8 F e FAAMLDEE A D-H 99 2l 5
AR D HAAFE FAHE N2 HEAE
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Design Levels
variables 1 2 3
Pipel 0.59 0.51 1.62
Lower cross 0.83 0.49 141
member
Base plate -0.84 0.03 3.53
Pipe2 0.54 1.12 1.06
395
Mnew n obj + P (7)
n
P=sX Zmax [0, ®
i=1
V=1 gon/ 21 ®

ol ), s 0y % Zmax[o,ul-]el Ao =7)e) et

ZAA3ZY, o] ghol U AW Hkg-x] 2] 4317} 9
u)7} gloj X R U5 2o 73t A FE
o] B8l 2l& BEo] =t} AVIA= A
ol giA 2 g4 9] 2k (order)7F BE-3-X]1 9] AR
o 3 A B E2s=10002 A3

9o AR A 7E vleto 2 81(3*) 3 ol gt
FAX g, 2 Tt Ehae oz AT Aol
Table 87} 2t} F78X] 9] gho] 2 ZFFFH &I
| TP AAZ FHFEAE S Tt
ﬂﬂ%eﬂﬂdWOWWQQEE@ﬂEM@
tAA FAA L P ZS 23S A
o8 4 = 243kt 1 A3 Dp2o
AR5 2] gho] Table 82 49 A o] 2ol
o] WMl Zto] 19.83° 24 AA THAE
dE w17 WE-ol 49 A =S 2w g
e 93t F 2 A

Zog Auwn|EFol 23t &9} Table 59} &%
Z A o] 2L e HF = AYsth Table 89
49 A 2Fo 2 P2 A FAE 19.06kge] T
Table 59] &3 Tl A Agx0& whEed A A7
©] 19.06kgol &t 7o) lovm FAH Ao o5

= J%N

o]

J% rf' B

lkl
F’

p

> R o o
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Table 8 Estimated characteristic values considering cons-

traint violation
Lower
Est. . Base | . ~ P
No Pipel | cross plate Pipe2 | nop | P | Myew
member
42 2 2 2 3 1897 0 | 1897
49 2 3 2 1 1898 | 0 | 18.98
4] 2 2 2 2 19 0 19
67 3 2 2 1 19 0 19
15 1 2 2 3 19.01 | 0 | 19.01
22 1 3 2 1 19.02| 0 19.02
14 1 2 2 2 19.04 | 0 | 19.04
33 2 i 2 3 1904 0 19.04
40 2 2 2 1 19.05| 0 | 19.05
32 2 1 2 2 19.07] 0 | 19.07
6 1 1 2 3 19.08| 0 | 19.08
80 3 3 3 2 18.75 129.75| 485
7} o] & s)ojth whela] Table 82 494 3| S
SR ER-EL

Dp32} AA& 7| EEA ] GAPESFLo] FMVSS
202 N FE SRR V]S AAWS) ge
he AHEstR o ek o2 A4 d dA T aE
zh Hatoll tiaiA) Eelsiag sia dAeA e A
A 3] §134S Elstin ¥ AANT
F AES FAE 71E AEFAQ 17.84kg BT
1.22kg57H3FRAAI"E FMVSS202, FMVSS207/210,
THAEAYE BT wEeih

o] ATFelA AH&E AEC] W] ot
AT ©AE FMVSS207210, BHAEAIE,
FMVSS$2029] =oltt. Zt jiffol M S o= of
Qe AAMSFZE FMVSS207/210 Aol oigt
DP1& NEAAT, dY, tdu ity o] F7
ojty. BAZE=AFo) tht DP2E= Mol Edo]

E, Bo] L, 290 AR P 9] FA| oo} mpx| 2}
FMVSS202 A g el tjg DP3-& w2 2|0 $5-9)
B Eo s AASAY. o] =2 HABEL w
27 H9d AR A ES RN Alzs}o]
BETER SATMAAM AAE FY8HA Ak

6. 4 E

1) 7189 AAE-E AlE] A FMVSS202,

IE|EE UESl= XANSAS AE 44

FMVSS207/210, 5872 =A @ 9] 40l <&k 3)
Mg FY3ta FE|d A9 543 E
AZIEE AAleA e AR A3 v
o] WE wEA 7= A S Aok g)
o] ZAle} F-¢- dA B vz} BH 9] gho]
izt d o] ghrct A7) wiEel] AA7} vhEx

o2 Agd 7HeAd o] At
2) 1 %*.d_ﬂlf/\iizﬂdzﬂ%iaﬁwﬂﬂﬁ
AA l

Jl'

éﬂdﬁq°UmmE&%ﬂﬂ
37l 9is) Azge AAsAL &
g Aot LIGH P HZH &9 @@@-‘*}E
oo £ 2g AFHZ At

wde) NAnE vidos HANGE
o) A AAGE Aee] A 2ks] 7
A5 Pt

RO m\m

’2""

3)

T T

}3
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z 7

ol A7 = AGAAY AHEANT e
THE ] A A Yoz o] FojHF YTt
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