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Fig.20 In-plane bending of thin sheet.
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Fig.21 Effect of each factor on mass efficiency

of in-plane bending buckling strength of thin sheet steel.
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Fig.23 FEM model that extracts the vertical surface and peripheral structure

of the B-pillar cross section.
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Fig.26 Load characteristics of a plate that completely restrains the edges and a plate
that is supported by a peripheral. structure (corner RS mm). The upper plate and

corner R reduced the maximum moment by 11%.
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Fig.27 Deformation behavior of the plate that completely restrains the edges and the
plate that is supported by the peripheral structure (corner RS mm). The one with a

constrained upper end exhibits high stresses over a wide area.
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Fig.29 Relationship between upper plate width and bending buckling strength.
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Fig.30 Relationship between the angle 8 formed with the upper plate
and the bending buckling strength.
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Fig.31 Support function newly added to the vertical surface.
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Fig.32 Bending buckling strength improvement effect by new support function.
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Fig.33 Optimal position for height of support function.
The best height for the line constraint is to place it at 75% of the height of the plate.
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Fig.36 Effect of improving buckling strength by shape change point.
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Fig.40 Evaluation model of the bending stiffness of the frame.
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BHENEPERNERROBORKI 2 5L, IRWEHTT —Z 2] TE T

HEHM L2720, b7 et A0 K LTS HE L.

33 BREE{LORER

P U7e it 7 m R 28T, RAEAITEFT 640 {IH D FEM MEHTHE SR 2 B
BL7z (Figd3). Zo7—%% vy ME, HEMICEDTZNT L— AT RE O
BEHRICELT, FVLONLENEDOETIRIALS oML TS, £z,

A X DEoEfE DR E T L7-Z & T, #HlziX, Figdd [T XH1Z, ¥l
HIEAR & TR 5K 3 BIRE S W REH T& 72, L LRy b,
Fig44 3 L O\ Figd5 121%, A7 uv A TELNT, #FHEEEENENEWIE
KL, RWRIREEZ 7R3, ZORIRIERD D, REFOHIFI R0 £l

43



LT, BAAR MIEWEERZ2BmR 2 %G5t T & 2 HM i iHE# %2
HHZ LIIREETH S,

Fig.41 Cross-sectional view of the initial shape of the frame.
The coordinates of the design variables have been defined as follows: d1 and d2
are the x and y coordinates of Point A, d3 and d4 are the x and y coordinates of
Point B, d5 and d6 are the x and y coordinates of Point C, d7 is the x coordinate
of Point D, d8 and d9 are the x and y coordinates of Point E, d10 and d11 are the
x and y coordinates of Point F, and d12: y of Point G.
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Initial data are created by Latin hypercube sampling and FEM.

Repeat
five times

100
90
80

70

Bending Strength F, . [KN
[
]

]
N

v

—» Create RBF meta model based on FEM results

v

Pareto solution set is formed by GA using
RBF

Y

100 points are chosen around the Pareto solution
set and analyzed by FEM.

Y

End

Fig.42 Flowchart of the optimization process.

High performance 0‘9 o o
' o
shape evaluated \‘%

in Fig.7

o, &
o %0
0 [o) Q
0 @
9 o
o Base shape
3 3.5 4 4.5

Total mass of flame [kg]

Fig.43 Dataset for shape and bending strength from the optimization process in Fig.42.
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Fig.44 Example of high performance shapes.
70 70
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3
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0 70
[ 65
O 5 10 15 20 25 30 35 40 45 50 55 60 65 T0 0 5 10 15 20 25 30 35 40 45 50 55 60 65 TO 0O 5 10 15 20 25 30 35 40 45 50 55 60 65 O

Fig.45 Example of low performance shapes.
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3:3. REMENTIC K BT —F~A =0T
3:3:1 HFEIBWRTOHHY L FREDSHT

AETI, b7 7t XA TH LI 640 OWEHRRIZEET 5 12 OFKEHA 1
&, 7 U— AP EE & ORI A R T O FETH LT L, FEHT
REEERRF 2T 5.

£7, SS-ANOVA {EMIZHNT, HFRGHAF O 7 L — LAl iREE &35
KT LHFEEZHOC L. ZOFED, FHEAREZBERT 272012, &G
R BB ORI L BT, SEShT5-0clnbhb.
SS-ANOVA TiE, NFEHDOT—Zt > b (xiy)Z LT 2 FE bR (x)i%,
ToREEMEZE Z L THhohd. AL, EXFHRTOTEHRLE, 2RO
RHAERAE CEEE L.

mlnd}llZE Z L (fCx) = yl)2+/1f|

9)

ZIT, MIHBEEOELM TR TH D, PR f 2RO 721%, HEE~T
MV IE, 13 H OBREHRBISHIS T D7 fiofnE LTiilan s, ZHATx
ST DR fi DR E L TERIES LS.

f=%Vf; (10)
i HHOBRGEROFESRIL, fiff f ELTHEIND. EE% Figd6 [I~

TN LY, WY 2 ((RADy FEEE), d9 (R E Dy JEEE), d3 (A B D x JE
), dll (JiF Oy JEEE) OFLGRPEmWNZ ERH NIRRT,
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0.10
0.05 I I

dq1 d, X dyy d, X dgy

Contribution ratio

De51gn variables

Fig.46 Result of SS-ANOVA Analysis.

WU, BRETER L RO v b EEROBN 28R 3 5 72 DI s ot (LA
T, PCA) WIZ475. PCA IE, AWICHBEL TW L LA EFWA, HAIZHEME
BAZ2 DB DFFHEIZ £ & D D IRITTHIBIE TH 5. ZERDEAE 725 < M
', DEOMSL L TEBRERE G 2 ERT 5. AT 27 =%y b7 F L
I TO LIRS NS.

X=d,d, ..., di2, Fna/Mass, Fnax,Mass, Fna/Height) (11)

Z 2T, Height 37 L—AWEOE I AR T. £/2, FHAIL0-1 OFH TIE
B+ %, PCAIE, HBATHI XX OBEAESHTIZEE ST T o 72, BRI
JET DAREIEE A FVIX, BAENZ SN BR DTN X B BRI
STEANRYZ PVEMIZY y B 7S (Zo7 vt AXIRBMTICE T 5
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FT—FIELRRTH D). AT 0w X TIE, LR 12 OLKOBRIL, H—E
A5y &Ry D B e B T FRICHEA L X D,

PCA Z# 1T L CTHE LN R E Figd7 \ord. KRENE, X (11) O AF~RY
MVBAHTHIET 58 1 BLOE 2 OFEART MV DH T MVvER
LTW5. ZabDRFOEBRITIHE TIZZRWA, X (1) OATIRT MV
IZRHET 258 1 BEOE 2 HEXYZ MRS NL725 X7 MVERL TV,
ZORERD S B, BRI ONY ML ICEWERRTFE ey L, D
SRS &M S, BRBBICK T &K T ORBEZ 6 TE 5.

XX v, HARE% Fmax/Mass ORANIE LS, B —FERFOIEDHHIIEVT
Wb, 2 EY, BRBEBUIFE - TERA I B SN TS B2 b5, S HIC
d2 (LA Oy ), d3 (R A O x ) ORI —ERRIZ KR S T

5. it,@(mA®y@%>d3@@yoﬂ@%,@(mE®yFﬁ>@%
FllZ, BB ORI RO HF A > Tna. Thbb, 2 b ORI EK
MNHPIBEBICRERERE R B 252 LRI -T2,

Enax /M(!SS
Objective Function)

P;]l ax
o

2nd principal component

Ist principal component

Fig.47 Result of PCA.
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BzZ, BRBEEROMEIZESX, X (11) TRINDHIZ MLEHWT, B
kb~ > 7 (LLF, SOM) MIZEd 5. SOM I%, REFHEEOEEIMEZE 2 )
LD~y TREMTRELIZLDTH L.

Fig48 |%, SOM % NAK T LICEKBLLIZE DT, AT ML ERBRT |
N R L, ATI_T FIVOREEREZ, K ETAT~NT MVIZi bIEWS R~
MVZEFFD ) — ROEEICEBM LT b O Th S, KIZIX, X7 MUickiT 5 H
RIS & & R G R RSy DIE D DA 3R LT 5. FBL L7054 & R osi A
Bux, BRIBEEIZ L TSRO LA T Z N TE LS. 22 TlE, (d3, d3),
(d4,d9), (d5,d7), (d11,d12) &L, L 7l 2/ ORGHEBROMAEDE L L.
(d3,d8) i x HENZx T Da%Ft 2%, (d4,do) ik y I xtisd ket 24k, (ds,
A7)IBERE 0D x TN RIS DRt 2%, (11, d12)iXBEEE LD y J5 AN 9

LIRFEHTHDL. ZADFLPMEDOBHATH DL Z L3N TH L. £TOHT, d2
(A S0 y JERE), d3 (B A0 x JEEE), d9 (E A0y RS 1%, BB L Pl
L7emfiz L TRy, BEBENRIWEEZLND. 2L DML, Fig4d?
IZR L7z PCA DFERLE 8T 5.

o
B

=
[=]
=

Fig.48 Result of SOM.
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33 -2 WrmaRErDfE# 0o

AITEICIE, BAOBEEZ K& T 57 OICHEERRFEREHL M L. A
T, REMEHLE BRI L OBIMRZ TR D T2 O DfRIT FIEIZ OV TR L, W
ER ORFHESIZ T 5. o FEE LTE, 7 b—2 08 & L iFmED
2O00RFEHNTET—2 %7 FAF—{tL, 2D 2 DDORFIZEINT 8D
DY Tty MIHEILTZ. 77 AZ =5 TiE, 7—2ty FNORREZRER
YTy NERETD. YTy FOSAMIZESNT, BB ENET DT
DI IRRF AR DG IMEOHFPH 2 MFTT 5. AWFETHW =2 T 22
JEREZ, =7V v FEBEZIEIE L 325 Ward IBICESS M 7 242 )
TRETHDIH. 772821 7 OFER%E Fig49 ITRT.

100 [ o Cluster 1 Cluster 2

Cluster 3 o Cluster 4
o Cluster 5 Cluster 6
90 | o Cluster 7 Cluster 8

80
70 o

60

Bending Strength F, . [kN]

25 3 3.5 4 4.5
Total mass of flame [kg]

Fig.49 Result of clustering analysis.
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WIT, BRFAEBOMEA EST D70, EEiEs 7 24— (LT, W7 7
AL =), FEEES T AL — (LT, W7 T A% —), KHEEZ 7 24— (BLF,
K27 Z A% —) \ZxET D EOHPHZ PATHIER I 7y b L7z, &, 1, Ko
7 T AL —IKNET DEOFEI A ATEAERIC T 7y LT, &7 A1 VA
DM 2 38T % . Fig.50 13, Bt ZBIIxIET 2 B BB O IERMBAE O HiPH
ERLICbDOTHD. 77 AX—1 TliE, BBOKRESWEEKROHM, J70b
L, d2 GRA Oy JEE), d3 (x JBIE A ROy EE), d3 (B RO x JHEIE), d9
(E D y HEARE) OHFPHIIIRNDS, TOEITRE V. £, AR EZM ES
HHEOIE, ZROEHRKTAILERSSH. 20X I L TH LN EHES
2R L= b D Figs1 Th 5.

Cluster 1 Cluster 8

Cluster 4

Normalized value

0
Fax /Mass dq d, ds ds dy dy dg d; dg dyo dyy  dyp

Fig.50 Parallel coordinates chart. The cluster numbers are identical to those in Fig.49
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_______

Maximize
height 7

........

______

................................................

Conventlonal demgn guldelme . Statlstlcal de51g;[1 gmdehne

Fig.50 Comparison between the conventional design guideline (left side)

and the statistically obtained design guideline (right side)

3-4 FE LI K UHRERHATRE R D TEA 2 7R

AE T, AIEOFFHENT T DIV EHE#RZ TR BN S 00T 5.
—ZIZ, 7L —LAOMITEREE, IROXHICRINHEWHEET—A L N MplZ X
> TR & 510,

Mp = O-Tszp (12)

ZIT, orsIMEORKRBIETRE, Z, (TR IRECTH D . BT & R
DOHEHE T L— A ORI RS A RITAE XS T 2 LT EE LAY, ke
REEHEREE LTI, Wi ZIRE— A b EEEBRIS, diFE—A 0 Foiib o)
) & [F] CHEE T MICWTEIRZIERT 5 2 &R o s, Z ORGEHEEHT
d2(A s y JERE) & dIE BD y FEE) Z R E ST RE WO FENER E —ET
5. —J7, HRIHEO 7 L—L4D & J ITHEWHIk TR s eh2E 7 L— L0854,
VSR O 2 AN SCBCIIZ 72 0, RMAMETE — A v MTEET B RSB R AT A3 38
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AL, TURRKBEZRET D, DE 0, 7L — L&A 2 RO 2 4
Hild o2 ENEELRD., O, §2HITHRATEMENIE B 5, HR
D FEJE 2 i 3 2 72 O DRk EFEM 2 G HE T Fig50 (IR, 1ERORGHER T
1, 7 L= 2 NOMIERDTARDZIEN RIS D LB X, $ETTAORLER
BERHMR DA BE 72 E 2 HE LTz, —J5 T, Fig50 HNTR IR0 TH 6

T-REHESTIX, A, ESDONMNEBEOEEHIE RO D & —F L TW\WAH ), B A
DONLEDFFFHIINERDO DI L TWA LY IR Z 5.
% 2T, B AONEDORGFHHEE 2003 2729012, HEfif O iE 72 2 & fak

1J:Fgﬂw;E%@ka—ﬁkﬁﬁ@%%%%#kk%m,%@%&%%
DR—=ZRORFN R ER 2R LI b O TH D, a2 R OMREE L, 2
IZR-TEEIZRY, TERORF IV bEWKIZHTE LTS Z & DR T

Tl ZOEWEHZZET D L, HROBEIIEFICEHN THDLEERD.
ZO kO eEHREHT, ATETERY AR TR T TE L.

Evaluation time

Base shape
—— Optimal shape

Reaction force [kN]

0 10 20 30 40 50 60 70 80 90 100

Ti
Optlma] shape ime [msec]

/ Base Sh'lpe \ g F

Detformed cross-sectional
shapes at the center of the beam

Original cross-sectional shapes

Fig.51 Reaction force histories and the deformation diagrams of the base frame
shape and the optimal shape. The deformation diagrams were chosen

at the analysis time of 20 ms

54



3.5 REOKHR

AETIE, RBF #£& GA IZ X Db THONTEREDT —F %, SS-
ANOVA, PCA, SOM, 7 FAZ Y T L WoLfiat) T 7 a—F Tholri 5 2
LY, FREERENEERD LSOO, HEEHA T L— AWK O
FHESH A R LT,

HARBIIZIE, SS-ANOVA %AW T, 12 DFRFHEO 7 L— AVERE~D % 5%
oMM LTz, E£72, PCA %, REMEHOE v MK E Rafg O m 4 e
DOz, HIZ, SOM # AW TEREFMEBOBLMEEZ#AI L, &iklZ, &%
FHAE L BB OB O E R RBUR AR R D702, 7T AZ Y T EIToT.

ZOWETHE LN 2 DOREHESHHITROEY TH 5. () W7 L—2 D&
& E < LR iR Az M ESE L2 L, (i) Wi omEREAHA ST 5 2
L.OH-ORENT, WEROMIE IS EREHES E —BL WD, 2 KB
DIEHITNICR T D LD Th 72, T 2T, ERTIR O T 2 50+
HZ LT, ERILTEREL, ZOERWMETEEILRD ZENHLNIIR-T. 2
LD, HEROBREIY b2 RELTLI9REBS L2 ENbroT.

DX D RREHEENE, BEMIT e —F L T e —F a2 RET 52
ETHIOTRETZ LN TE, —RIUREEM ORI LA THLEEZD.
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45 BHEBRT— 2% AV THSE ST 3R Eo®E

41 EHET—F»OHEEEZRMET 5 FEICET 5 ETHE

B2 ETIE, Wi 2R 2 MAREIR D 5 B, fES O mE P il EEJE 0 A T =
R EEIRI L, MEIZAEOBELRZRRT 2 2 & T, KA & ORI Tlish Ji1h
DIERER ZHIHT 5 2 L 2BE LZ. £, F3ETIE, ZTOMAICEKSNT
el L7 2 MIEWm 2 MR & LR kgt &, TOmETHRoND
CAE ROV Y V' F—2 %~ A =0 73528 T, BICHiTBRECEEZEL
O 52O OEmEIZIK ORGHEH 2G50 Z N TE . ZTHH DI HANG,
TR\ OM RICEERYEBRO A = AL RS L7z 1T,
R CARHT O T2 IRV EREHZERIZ R 1T D CAE # RO 7T — Z B TR
I 52 & T, HEROEIMSPBEF D A T = X LG 72T TIREH TE 2V
LWERGHEEI 2B T S lRetE 4R LTz,

FROTREAOEERTAEATHLIT —F~vA = 7IZBNWT, LVE
WHIRL A G T 2 720121, ox BN EETE TR, REOEERT —4
DR (LT, BEE) 28 23/ ThD. LL, # 3 BEORF T,
HOHNLY, REHED, ZABKIRICKIT 2K THADEBEZ RN & L TRE
LTRY, RitOMFhERETHONDIW KT —ZIZHENHEHRE 71206
MTETVD EIEE AR, ZNEMRRT H120E, BT, WrimBIRomg 7T —
Zlnwolz, LOEHRENZNT —FEZIEHTLZEDAMEEZD.

Z T, Zb—2b%ixatd o BT T 2l e 28T -2 L LT, Th
&7 L—LotRER (HTREDOEERR) OMKRLEEEAL L LT, Kie
I BT D7 DICEERE G EOREEAMNTIET Y VI EIRR AR LB
2o~ BT — 2 ATy T H T HET VU RIEE LT,
B ZIE, BT EH DO—oThHBHABL=2—T /Ly FTU—2 (CNN) 2315
ALTEY, CNN TFE LIEET MK LT Grad-CAM & W9 FiEZEHT 5 Z
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EC, Bifg EOBEEREN AL TEDL Z LRGSR TN WEL s
LS, ZOPEEEERFHIET 2 EEGIEH LZEE2w B, FFRET
IXZDHENE ED LI ICLBTREDOEHETEEDLZ LT TERY. —F
T, ZEICH DAL OIS, REWNCEEREKIE T 2 BUSRIRT 57
NAEEEE LT, ANX—=RFFT Y 7 (Sparse Modeling) 238 0¥, = 2 3%3
RSSO N DB T — 2 AT 5 &, 71 —L0MREREZH LS 57201
HERRHELZE TE W REELR D D.

U bEXby, KETIE, BAF 4 7L —2A0OWEBROZHE GO v VF—F
&, Zr—aliFmEOEENR (HiERE) OffEZ, ANN—XFF V7T
ETMETHZ ET, MRER N LS A7 EE R, REEG oM EE
T 2 FIEERET D,

42 fRTHIE

421 BMELTBHET—F¥EY b

ANR=AFT Y 7T KD HEEOMH] & bR ELRFTT 5720 O/
MEFT LTy ME, 3 BETHELE, BBHEORT 1 7 L—LOWH
AR T 2§ 7 —2 &, 7 L—NEEYS) O mE (BUT, #inidsmEE
BAR) A AREFRE (FEM) THEHLZ 640 DT —Z kv ML LT,

FIECTESG LT —%ty M, B TH D7 L— Ll EOE &5
(ZONWT, BN DNLEHNbDOETIHASER T/, £72, GA Wi
w7 et A% L2 &C, Bz, Figdd [T X o1, IO
G T IRE OB BNENK 3 FIRER VPR EL 2 LN TE ), Ak
ROBME L THIEEEZD.
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4:2:2 EEFTICHLHEBROBEBMICET IHME

AEITHE, FH2EBLOEITECTHLMNICLE, 7 b— ol FimEE &%
OB BWIHIR CHEE L B2 LN DI OV THEET 5,

R O HAE T (552 ) ORERMOIE, i E— A v M CEMIG I3
FEAS D Wi BAR & HERIZ W T, AR O BEIE 2 )3 2 72 80 O A FEAE bR
(BEHR) ZRRITDZEDARTHY, KT, HERICHOWTIE, fittkoms 3,74
DALEIZ, 30°LA EOAEDEREMET D ENEETHDS. —F, HIE
TIT o ek s b &, £ OWETH OIS CAE By 77— & & Eiksy
SIHT 7R EORFHHIFIETHON LSRR & LT, Fig50 I281T 55 B O x JEE,
HABLOED yEBENEETHDLZ NGNS,

Thbh, WTFNOBAICENTY, 7 L—AREFIRICE W CHEE AR
%, WA, E, BThD. KENLEND, ZANX—RET Y 7 THLNZT
HEEFNL L, EROMAE T 5 2 LT, REFIEORYMEEREET 5.

423 RN
4231 ANRN—REFYT

AR—=ZET 7 (Sparse Modeling, BRIEET U 7)) L, HEWFERE
DIFHHIRET U 7 %47 9 BRI, @B EMA DO, RENAREL D2
SR LTI ANT 1 2525 TIEANKIE] 2 HWT, Z2&ICH DHHERICE
F AR DT DD, RENC T2 BRI & BUEBIR T 5 72012, RE7{R%K
BOETHETAHEDOFiEmTH D, T OFEE, Y > T
BT —Z 6 Th, HEIH U CETE L7AEZ 5 T OB TV S,
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LITFIZ, AX—=RET Y 7 (¥FlZ, Elasticnet) O 5|2 dH 5 Er DO Bim % 7t
5.
X =[xy, %) ERP & p WEROBRMEH (SEO LS REROHE, 2T

DEFEZ —FNZAF 72 H DY), ye R ZHIHWEHE LT, N floT—%
Ty b M{(yixi, o xip) |i=1, .., N} 28725, 2O, BEERET LV

Yi=Bo+ X1 Bxij +& (i =1,..,N) (12)

EEZD. OO, N WILHRERNT bL y = [y, .., yn]" € RY [FFH)
T

O WKL TEY, & N RTOMHAEE XY bV [xy), .., xy] €
RN (j=1,..,p) (ZFEHNR0, /LN 1ICEELsNDETH

Liyvi=0, 3N x;=0, X/, =1(G=1..,p).

ZHICEY, —EEER) 2L Bp=0 ELTH-TRW. £, x; =
[, %] ERP(i=1,.,N) % p KEMALKOEKET — 4%, X=
[x1, ... xy]T € Myyp(R) % N Xp FHEATH, €=[g,..,ey]" RN & N Wtk
SERU ML, B =By By ERP % p WITREAZ L ETE. ZOHBA,

AT y=XB+e £ETD. 2k LT, EANbR/N_FELZEHHALT B
T2 OHEET LR EE 2 DI,

AT e=(@-XB) (y—XB) =3TL,(y; — x] B)?

— min subject to Z?=1|ﬁ]-| <t (13)

2% 2 A 7 DOHIFIN & FH/MERTE Z TL IERME Lasso Blw ) (BN, 7 > VIEl
Jit, AN—=RHERE) LR,
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RE SRR eTe=(y - XB) (v~ XB) = ZiLi(vi — x] B)*
— min subject to Z?zlﬁjz <t (14)

7254 A 7 OHIFIE /MR E A TL, IEAME Ridge Bl (b L<1E, UV ov
[mFE) LRSS, KRS, R(13)TIE, B DERONDEN & 52 B0 I HEE T HE
%, EBRIZ, ABEARTA—=F t>0 OEP/NS Tﬂiﬁaﬁa@mzo
RN Z% < T o TAN—=Z (BR) REPEFLH, W HoRETHIE
/AN TR DR E L D, — 0, R(14)TIE, KA A R— R 72 iR 1345
LT B DETORNSINEZED.

&C, Lagrange DAREFTEIEICL Y, 1 >0 % Lagrange et & L T13)i%

(y—XB)"(y— XB) + AX}_,|B;| - min (15)
72 5K 7 Ui/ IMERTRELS,  (14)1%
(y—XB)"(y — XB) + AX;_, B} - min (16)
72 5 HI#I72 Ui/ MERTEEIS, T 2N FEMICEES 2 6D, EANKIEICBWT,

A 0x TEAREARZ A =% LTINS, 22T, K14 EKXASHDNRT b
MNTEDIIEEZEZ, 0<a<l b7 A—% a #HT

2y -XB)"(y—XB) + 1{=230, B2 + @37, |6|} > min (17)
7o b/ MERTE E L= H D% TElastic net] EFES. a (3 Ridge [BF & Lasso [A]

JFDONRT A% (1—a)ia \ZBESr 9 5 [Elasticnet IRA R/ NT A —% | LIFEX
no.
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W, AT, RANEMZT L 5% B OEIX A a ZFEE L CHEERE NE
(Coordinate Descent Algorithm) (ZEESWCTHEE L, 1 OAEIL 10 23 EIA 2 M REE
ZMWTHENERT S, LW —KRMRT Ve —F 2w L.
—HT, a ODEIFFRFEMEBICAETELL91CT22 LT, #HERED
el & [RIRFIS, ADVERE LT WRHBEDO AL TE 2 K218 T5 Lo, i
HoO7 7a—FTET LT,

4+2-3-2 BEETNOWHRLFE

HTIHRAREAN=2ET Y I FEZHWT, SHEHx 27 L— 20l
MRk sl DEBIZIIT H 2 TOEFHEZ —FNW7=b 0, HIZEH y 2 FEM
MHRDIZT7 L— AT BEOCEERRL T L. BFLEBEDANN—ZET L
IZB W THRE DD R & VBT H AR T 2 IEOFEN G, REDA
T/HhEVLDIFAOFESERED, RENErOLOIXFGRRWERIRT 5 2
LINTED.

DFHERE R ZRGHEDEME LT b T 2 HEE LT, Rt e
DEFILT T v, EOWBII~Y =¥, ADOEFIIS T 2ty Lz E
T, ZROLOEBRE LTEILT S, UL o T, 7 L— AT REE &
2R LT, Wk I 2 EE AR (FEE) 2 EEMNICHETE 5 L)
IZABETE, EO%E (V=0 ¥) OEBICHEIZZEEL, A%
(7 ) OEBIZITRE LRV E W IRETO G 2GR TE 5. £, F#
B —m L UCHA LSRR &, ko “RoTHEig 0N E R 5 EA 20 %
AT 5 &, AWK O EOFNLICELE LIRS ERRIC TS L=
BETE, AN=ALRAEIETEDLEERD.
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Initial data are created
by Latin hypercube sampling and FEM.

v

Create RBF meta model based on FEM results

Shf‘Pe LT ¢ Repeat
Optimization Pareto solution set is formed by GA using RBF five fimes
Phase ¢

100 points are chosen around the Pareto solution
set and analyzed by FEM.

v

Make dataset of
640 FEM results and section shape images
through above optimization.

v

Pre-processing of image data.
Binarization of black and white.

Feature ¢
Visualization
Phase ) Leaming a sparse model

using pre-processed image data and
FEM results as mass efficiency of bending strength.

v

Two-dimensional map of sparse model coefficients. \

Derivation of
¢ / design requirements
Overlay of each design shape and map by engineer.

Fig.52 Flowchart of sparse modeling.

4+ 3. fENTRER

4-3-1 @HjLE

AT CA L7 A=A BT LT S8 5720, it LzWrm ik o i
F— 2\ ZHTER & U 7=, BARAOICIE, Figs3 1ot & 91, Wrm ik o mig
IZOWT, x=0ZxRihE L2 CTH 27260, EiEOLRER Sy D &%
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Fig.53 Pre-processing of cross-sectional images.
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Fig.54 Comparison of sparse model and FEM results (0=0.01).
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Fig.55 Comparison of sparse model and FEM results (0¢=0.10).
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Fig.56 Comparison of sparse model and FEM results (a=1.00).
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Fig.57 Coefficient value in the sparse model (a=0.01).
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Fig.58 Coefficient value in the sparse model (a=0.10).
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Fig.59 Coefficient value in the sparse model (a=1.00).
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Fig.60 Visualization results of critical areas.

69



WIZ, b EETN ALY IAL TV D Fig60(c)D~ v 7 & &% IR N E e
B ENLD I % I AEAL LT R % 7R3, Fig61 1%, it oL (Base
shape) &, SiE{LAEAT CHE 7o M T E &R mW IR (High performance
shape) OB THD. MWH % L#EET 5 &, Baseshape & #7210, High performance
Shape (%, Wi EAIZ 51T 2 Hgeil & ol (BBRE) 1I2C, @b 7eaikic
MEZBETE TSI L, £z, BREAZEMAL L, WO TEHICbAED
AR ZBE L, TumzBrmOWNANCHE 28 E T 52 & T, 7 b—Aahifis
FEOERENRNEE> TND ERIRTE 5.

Fig.62, Fig.63, Fig.64 21X, HFMEOEEZRN =T 7 A% — (High
performance cluster) &, HAZL~LD 7 T A H — (middle performance
cluster), K\~ 7 &2 % — (low performance cluster) (Z351F 2 WEHRERIZHS
WAL L& %4 7~k 3. High performance cluster (Z-OWTIE, W DOFE
WIZxH LT, Fig60 2> LR L7 Fn L & Rk O 2 g ¢t 7=. — 5T,
Low performance cluster (%, Wi Liilc3s1) 2 IO BHICE 2 &<, F7z,
Sl (BERREL)  OFARAIEA 3 & THEBR LEBOR BEA Wi o H Sl B i <
TWo, BT, fRO FEsHOENET E 570, AOFGEMITH B L E
SINTEY, ZULDRERKE 2> THENRERMEN SRR T 5.

INHEDANR=ZET N O THIM Lo RFEEICE SV TELR LRI
DOWT, 2HICEIH LS 2%, FI3IRTHONZMRLEBET 2L, Wik L
Wom S &k Lo, FHEICHEHRAZEET DI & T, 7 L — AW o Bk
HRE R S0, EROENEMRER 28635, £72, EEOsSmE (71
— L EEROBERES) ZEARKRETHZET, ANTHHITFE—2 2 ML
THEROEN I ZRE ST 5. Fio, MO A O B 28 b % Wi O 0044
M wmED Z Lk aWmAe et 5. U hick-T, EHRoOmNENE,
HEA 0> TN R VT OO PR R A BRI LT, 7 b— A RIRO TR E 2 & 6> T
WD EBLRTEL., — 5T, iR Tz AMICTEL 2L T, 7L—20H
BE/NESLS LTEEDENRFED D L0 ), fERICIZARVRLEL .

70



(a) Base shape (b) High performance shape

Fig.61 Visualization results of critical areas.

Fig.62 Visualization results of critical areas (high performance clusters).
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Fig.63 Visualization results of critical areas (middle performance clusters).

Fig.64 Visualization results of critical areas (low performance clusters).
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\_pe

Fig.65 Conventional B-pillar cross-sectional shape.

Fig.66 New shape designed according to design requirements.

Tablel Specifications of the steel plates that make up the frame.

Material Thickness
Outer panel 980MPa or 1180MPa 1.6mm
Inner panel 590MPa 1.0mm
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Fig.67 Test conditions for 3-point bending strength evaluation.
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Fig.68 Prototype test object and test equipment
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Fig.69 Comparison of displacement-reaction

force characteristics in 3-point bending.
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Fig.70 Comparison of deformation behavior in 3-point bending.
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Fig.71 Comparison of mass efficiency of 3-point bending strength.
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Fig.72 Test conditions for axial bending strength evaluation.

Fig.73 Prototype test piece and jig.
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Fig.74 Comparison of displacement-reaction

force characteristics in axial bending.
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Fig.75 Comparison of deformation behavior in axial bending.
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Fig.76 Comparison of mass efficiency of axial bending strength.
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