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Fig. 1-1 Trend of global greenhouse gasses emission (UNEP)
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Fig. 1-2  Carbon dioxide emissions from the transportation sector
in Japan (Kokudo Kotsusho)
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Fig. 1-3 Relation between passenger car’s mass and CO2 emission
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Fig. 1-5 Difference of floor panel heights of body structure with fuel tank and
that with underfloor battery pack
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(0)Set initial thickness for each design variable
v

(1)Load static bending force and measure von Mises stress g, which is generated in each
design element 7.

v

(2)Determine element thickness in the next iteration by applying equation (1) and (2),
based on g, and o*’.

(4)End. A combination of
Yes | gtiffeners' thickness which
are the design variables are
obtained.
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convergence
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Fig. 2-1 Flow of Fully Stressed Design (FSD) applied to static loads

17



224 BEFERBROESMISSOxELOH

INET, BEAEREME (F72ZEARME (B LT, EAEZOLD0E
SRR 2 B L, SO EZ BE L EFHERLBE ST NEICLD
AR A mE b [17] [18]° B EALIEIC L 5 b AR v U — i (b[19]F O L8 7 ST &
7. L2 L, EARECTAEL L EFI SN BIfG &2 EE L (—kkb) $252 &
W2 X o T, BB, 2Tt R EAER L, EE LM
LR ZHETITOA TV, FICHREOEREN EY) TRITIE, '— FEER
OB DL ST, EF ST — FER EOMAHILENED S Z &
T, EREIMEAEAL L, BEAEEREIE TN S, FSD X, ZO®EISE S LIZER
Rt EBICEEZMZ L T L TE— RERZIGI L, £ Of RE A B R OHER,
FTMEEZXD ZENFRETHD.

22,5 BEAEBICBITAESR/LHOEHFE
— WA I MBI REE T o ER) F BRI T TE A6 5.

[M{X}+[CHX} +[K]{X} = {0} (2-3)

T, [MIIZEE~ Y7 X, [CliEEE~ bY 2 X, [KJIZMWE~ hY 2 %,
(XL N7 b L, (XMEEESRY ML, (XMEEMRY M ThD. BHEIE
B2 RHERIEE TH L [Cl=0 &0, K (23) 2 b AR EABERBEOBIZL
T ORRIZER SN 5H[20].
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(K]-w’[M]D{@}={0} (2-4)

X (2-4) T, 2WEAEZ, OVEAT FLEET. LER-T, T— NEE
BT 2 IEHALSRMHIZIEL T O X 9125 2 6405 [21][22][23][24].

(2-5)

X (2-5) B EHILENTZEA XY b{@) (LLFESILEA R b)) ZEH
L, SbhZESbahI—8 R UUTFERIUISS) 28T 5. RIFFETO
ERLEA X7 SARIERCIS /ICBET 5 FEM GHEICIE, BEHT2HT 7Y

(MSC Nastran) (ZFEIE XL TWAD Lanczos IEN M H S 11 5.

22.6 BEAEENCKT B EHILE T ORKREL
Step k T3 B ALTZEHE n ([CRAET 2 EAEBKEO EHLIENGT 26 L1z, Sep

k1 TIESULIS A G BB EOM (BHEERALE D) FITES Lo, @
6) THREEH (EFn oBR) a2 E T .

19



[k]

[k+1] — ([k] 8;1
[Step £ +1] ¢, t o (2.6)

227 EFULIE KT DL I E FSD OFHEFE

22 O LA TS, BEARENREO B IGT) % x5 & L7z FSD O &5 FIH, Method
3, J 0" Proposed method % 7757
(0) AT 4 7F OWE t OFFIX, tyin<t<tww & T 5. B FHEEDEAEBE
DHBDETINEET NV Ty KRBZ by DHFDET N EETIV T & T 5.
(1) BTN Thin £ BTNV Ty \ZOWT, EFIRBIFICAET LV ORFEFE nll A

max.

()\\%j(,fﬁ ;’g 5}1—»14.\‘(7;711')1 ) ’ Nn—max(Tmax) 2: ‘j— Z) °

L‘; z) E%ﬁ’ﬂﬁﬁ;jj ;% %h%ﬂ ErZ(Tmin) ) &H(T )’ %j/l’ % @%/J\1ﬁ% 5n—nxir1(Tmin) 4 5}1—»11’»1(]:11(1,() 4 &

Q

(2) EF N, &EF AT, O ERILIEH O BT 550 FIREE EIR{fL R
W, ETNENEEEERISHG,, &, T 5.

(3) (2) THEOLNZTRME & ERIED VP EZ RS 6

n—Average & j— é .
UL EDRfRZ X (2-7) 12T,

6::iL = max (a:n—min (T min )’ a:n—min (T max ))

160, =min(G, .. (T, h6, . (T..)
(2-7)
5. = average(G),,5,)

20



(4) (3) THLNE 3 SORBEERISNG, , 0y, On perage&r TNEN
UL L7z e 7 A (2-6) 20 U CHRIE % Seiifb 5. 2 Ok 5 s
TN ay, BAME @y, BO—KE A RWEE as DA TER XN SIS % £ TH
715,

(5) (4) THON 3 MO KEERCIE G, 0, G perage I COBIERTN
a, FPE @, BB 100 WT, @, @ a3 ERENE 2 ST OMB A DY
3o0 281757 (a1, a), (@, @), (a3, a) ZAEEE L, EARTELLE—
/SR P e RPN

(6) (5) THELNI =TT KB R OM Ch 5 WEEBILIE N 2k 5. =
T EEEBUL IS &I L KBS 7280, IEYEERLIS S 6 L
5.

(7) EF N OB EREIIE CUT (9) OREs,) &L, FEAERBIMSH
FonlcA LD ERLIS M 2T 5.

(8) (7) OEHULIEH EX & (7) CTRIE L 7l EEMEFEHULIS 6% 2 b, 3 (2-
6) HHAL CHERIEHEn OROFEEORE L b 5.

(9) % RFBEHE n DML 1, BEHEA & L—3 2 VIR U Thig, HEIR
Lz HlET A, DURTRITNT (7) ITRS.

(10) (9) TRMEAUH L7z & ¥E S-S, SEEKTET 5. [EIK (FSD-
EigenF, I EHM=AT 4 7T RIEDOMAEDOYE) ZHEET H.
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(0)Define two models; one is Model Ty, of
which stiffeners are ¢,,;,, the thinnest. The other is
Model T,,,, of which stiffeners are ¢,,,,,, the
thickest.

v

(1)Calculate normalized stresses on each element
of Model T,,;,and Model T,,,,. Define normalized
stresses on each element n, ¢,(T,)and 6T, ) ,
the smallest normalized stresses of &,_,.(T.)

and 0,,,(T,), and the largest normalized
stresses of &, ,,(T,,) and Oy (D) .

min

v

(2)Obtain overlap between normalized stresses of
Model T,,;, and Model T,,,,. The lowest and the
highest stresses are defined as standard of
normalized stress 5;_ ,and Ens'_ u respectively.

v

(3)Obtain average of the normalized stresses of
Model 7,,;, and Model 7,,,,. Eq(2-7) shows the
lowest stress, the highest stress, and the average
of the lowest and the highest of stresses. These

three values are defined as standard of

. ~ S st
normalized stress O and 0

n-L> O-n—H’

n—Average *

v

(4)Optimize the initial model of which design
variables were iitialized at process (0) by
applying Eq(2-6) with the three standard
ngl}}]ahzed stresses, & nsi L O',fi - and

0, Average Tespectively until the objective
function (Sum of thickness) «; and the restraints
(static stiffness a, and 1st order eigen frequency
as) converge.

(5)By applying the results from process (4), the
objective function (sum of thickness «;)and the
restraints (static stiffness @, and 1st order eigen
frequency a3) , make three two-axial graphs of

(a1, ay), (ay,  a3), (a3, ay)) .

v

(6)Solve the simultaneous linear equations with
the three unknowns which were developed from

the three two-axial graphs of ((a1, @), (@, @3),

(a3, @1)). Finally, obtain the answer, the standard

normalized stress , which is named True standard

. ~ st
normalized stress O P

v

(7)Set mitial thickness for each design variable,
or those back from (9), and simulate eigen
viberations and calculate normalized von Mises
stress  &LK] which is generated in each design
clement 7.

v

(8)Determine element thicknesses in the next
iteration by applying equation (6) , based on
~ st

5}1’“ I'and o,

(10)End. A

(9)Judge
convergence
it k] _ K

l)‘l _t}'l

combination of
stiffeners' thickness
which are the design
variables are obtained.

Fig. 2-2  Flow of Fully Stressed Design Applied to Eigen Vibration
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23 EBEEET7TALIIY XA

231 BT NLVITY XLDEER

%2 M ERFRBEZAT > TR AR 2 Z LR FiEL L CEBI T VT Y
A A (Genetic Algorithm. LA GA)RZE T HiLd . GA [FHEL R i b FiE AL
JHi, EYOEAETE A B L7®IN, X, ZERERE OBCHEE 2 AR
0 K F[25][26][27]. GA X ZED iR © HERL S 4L 2 EIAREE 2 N TSR0 72 22 05
BRI HOKRIROBEER N 2> TWDH DT, ThE TEEMRE{LERFHIHK
Z< AV HBRTE TV [28][29]1[30]. L2vL, GA IZITEk~ ZetERED il ki st
TE52AY v " HLXHE, SLBEHAWEZ ROKEHEZET L7720, Rk
WL FIE L IR L C, R8T 5 £ TCORRITHPNDEHE IR BRI NE
WHT AUy R H DH[31].

232 BLEHTALTY XL GA DEEFIE

RETEE x X n HOWE t;~1, TR 1D . BHHBEZ fix)DR/Mb, HilKSME%
2020, gx)<0 & T 5. X (2-8) ~ (2-10) ICZh b OBFKERT.

x:(tlytzy-”)tn) (2-8)
Minmize f( x) (2-9)
Subject to g,(x) £0, g,(x) <0 (2-10)
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2-3, MOLATFIC GA OFHE FIEZ RT.

(1) FHHBAMARE, EEE, SLEEHWTHERT .

(2) MR HERE 2 B LIS gi(x), @202k 3 DR CRER) 2K
L. ZOREREIZESWHTNT AT 4 BB p,ZitET 5. A (2-11) 1T 89
2, BMIBEE Ax)E X T o B p(x, nE& b &R x 2 & o iRk BBk

(Augmented Objective Function. UL F AOF)F(x,r) &R 5. rix~XF 7 4R ¥%

A3 [32]133].
Minmize F(x,7) = f(x)+px,r) (2-11)

(3) (2) TKWDIZ AOF & b & 28 m+h HZ AT T L, EALmEzx ) —
MMEA L L TR LIRIERICE D £ 5%

(4) TRMIEZMIEZLTODNEIDEHET LD, AR TITRMERE A TR
e Ly, WHRRMFZRETLHILEHTES.

(5) GA D#EfE (F—F A ME, —HARX, ZERER) %179 .

(8) Generate (1) Generate (3) Elite strategy: Rank all individuals in order of
individuals, except individuals by using »| augmented objective function (AOF). Among all
N elites, by using random numbers. the individuals, rank top six as elites.
random numbers the
same as conventional v
GA. > es
(4) Judge if it
\ \
1 g )

(2) Determine Augmented Objective toh'zetrrhlr?inl;ztlge(r:’ai:?lllﬁlit(lﬁln
Function(AOF) and Penalty Function by was to atfain some
calculating each individual's performances number of generations
regarding the restrictions and the penalty akhough any ruke for’
functions; g;(x) and g,(x) as achievements, | termination can be set.
which define penalty functions p(x,r). As shown

in eq(8), AOF for each individual is calculated by
using objective function (OF) and penalty
functions p(x,r).

(5) Conduct GA operations; Tournament strategy,
one-point-crossover, and mutations.

Fig. 2-3  Flow of Genetic Algorithm
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24 2 BRFEFFOMLEM

UL ED &5 20 5 DIREMER RO R m LS EFHHEa X M2 P50

% RIERTIETH D GA L, RFTRE D FSD X° OCM % $iA4 Aot D JE 03 4 1T
bhTwWa. #lbE, 7 AEZ HRIC GA & FSD G b, ~DIIR
ICET LRI OWTOFEZ TV, = OMAADENER Th % nIRErE 26 L
TW5[34]. WAL, T GAZMS>TFSDIZHWD /T A—XEEHTL, /%
NGB RIZAE L DFIG IS E, Z ORIE % FSD CTha{b+ 541 7 V2%
L72[35]. BEFBEOKRFER ZF>%E, GA & FSD O E AL, BEREK
(213 GA, HEREEEITIZFSD # W5 Z & TiHHE a2 MBI SR 726 6 7 6 4
5[361[37]. 2D & O ICRRFEHOFEESC R L OFREIZ L > T, GA & FSD % &
DEDITHAEDELPBRIRT DLENH L. HEORELIHE (ERORE)
DERZfE GG, FlAHlE 2R ERRE TR, I HERE & ORIESE 2 J5 T fRE
TRODLFENRBZOND. WAGIL, F7AMEIC L, £7 GA & HWTHH
PN EL T B HEE A A8 L, RIZ OCM Z V> T 2 f i {b U AR B2 92 % Hil B

(fLFHZER) L7ztk, OCM TR EH7-[38]. W, MFHZ[EEE T 25A1%, %
(R PTRIE 2. RIS, OISR bie SE2 L2 RRRZ21T O ONEHT
bo. RIELIE, TGA DELDFEN N ZIIRIC LD A X Z D LIEVIARLEERD
&, FOMBOIWT LT XLEEST L2021, e RN 6DLTE
TR & 7 AR D B VMER 282 S AEAT Z LR EEICR ST D] LER,
AR FTRIEREE 2 b 5 T2 28R EBR T LY X L% BA LT-[38]. AFEE =D
ZZHF BT, BN FSD & AW THIG IO H 2L L, RIC, AR TR
(LD X WiRE 72 D ATREMED @ VMER ] & GA OBfaREE T Y — b & LTV
WAL AT O 2 BB RGHE 2 2 R L 72[40].
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25 ®RBEBEFHE

251 2BEREEILOEDF

A 3L T D HEZEF 145 Proposed Method Td % 2 B L FIEIZ DWW TR 5.
IO 1stStep TlE, FAlHEfE L TET FSDIZ Lo THEDO XWVW= U — hOEH
2V, WD 2ndStep TEDOT Y — M 2R LT GAIZ LY ka7 5.

Ist Step T, HEFIEMTHHRELFHHIME F T FSD & H W TEIES HEIZIS
Ul BE~EW+ 5. EBEARERERETIE, L FSD 2 H W TEEER LIS
BTG U7 BUEA~ZH9 2. FSD Z SN 9~ 2 B ML, #ilRISRM: Th 2 Fraih
FRTE, E 7 ITEAEER IS LT, ARIRREIAROMA G EGD 2 L
FRTELM6THD. LV XWHEENS AL N ORFIEHOMAE DY (ks £
NIZEENDEET) NELNDZ LT, 2nd Step Thcii R ~DEFENFED LD
LRI END.

2nd Step TiZ, H BB BRER/IME, HIK St 2 S ah Wi, M O— R IE A7 8 5
L, GAZHWeikiE bZ1T 5. 1stStep T B AL/ far # & [EA BRI XT L
TENZENERREENSHE SN DERRBIZEFIZE T, GA ITX DR
MEESND Z EDRFFESND.

252 2EREE#E{ILDOFIE

2nd Step TlX, F R R T4 (Proposed method) &, FLiED 7= D 3 5D T (Method
1, Method2, Method3) DFt 4 >Dr —2%&FEid 5. LLTF, 2ndStep TD GA %
Mzt Tid, =V — Mafim, =V — FLSOEEOME L & LTz,

1)Method 1 : FHFHEHMTHHLAT 4 7T WENRETEHELWET L% Base &7 5.

HIFI S 1L Base OMERE &L RIZENE UL EE 95, Base & GA Bt O£ ) — |k
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mfET O 1EERE LT GAICK D RiEFIHREZMIAT 5. Base z= ) — M & T 28
ML, W EAERES ClX Base IR THDH 7O THH. Base 152 DOHlFIGEMEZ
WRLTEY, BB+t r (BT 0 L2 b7, BRIBI% E AOF 1Z[F Ul
Thod.

2)Method 2 : IstStep T, #& il (P WM ERF OFAEIS ) 2 x5 & L7z FSD & VT
1 fE1& (FSD-Bending) % M4 %. Base L &bt 2 flikE =V — MEKTIZE A
7R BE T GA H L EH¥ 2 Bith9 5. FSD-Bending 2= U — k &4 % #%, FSD-
Bending 1%, HAIBIE, M OHIKISMLDO—>TH Dt T ITEEL TWH 505
TH5DH. — 5 CHEAFEREKIIAREDTZ D, AOF | AR X Y K& V. FSD-Bending
L) — MITDH LN, GA RELOFHR 3 X MBIZOR13 5 2 L%, FATHE
IR STV H[39].

3)Method 3 : IstStep C, [EAHRBIRF O IEHALIS S x4 & L7z FSD 2 T 1 {#
{& (FSD-EigenF) %#EH 74 2% (CHH HFEOFEMIL 42 Tihx%). Base & GbtT-
2R EZ = U — MIEH ATZIRAET GA HaE kit A 2Bt 5. FSD-EigenF U —
N & L72BEHIE, FSD-EigenF 1%, HBIBEE, M OMRISMED —>TH 2 [E A JH B
DWMEPBHFINDNLTHS. 2-4 |Z Method 3 D b DL 2 R T .

4)Proposedmethod : 5t 3 D DFHE ¥ — 2 B HDETZH DT, 3 K (Base, FSD-
Bending, FSD-EigenF) % BHIAHF S DY — MI & IREET GA FHEZBItET 5.

2-5 |2 Proposed method @ il Dt % 7~ 7.
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Move

—| Step 1 FSD

Iteration Ot

FSD in eigen vibration

Iteration i

FSD-EigenF

—>  Move to Elite 2 in Step 2

Move to Elite I in Step 2

L=

Step 2 GA
Generationn Ot

from
Step 1

Base

[

FSD-EigenF
.

.

-

Generation i,

Move out
from elite

Move up to elite

D
D
VDL

Generation i,™

Move up to elite

Move out
from elite

FSD-

— — EigenF
Individual 1 Individual 1 Individual 1 )
- - -
- . -
- - -
Individual / Individual / Individual /
Fig. 2-4  Schematic flow of optimization for Method 3
—l 1st Step FSD
Base Move to Elite 1 in Step 2
FSD in static bending )
Tteration 0 Iteration it
FSD in eigen vibration I .
Iteration 0 teration/
—J 2nd Step GA
Generation Generation k™ Generation &, Generation k™
Base [ Biier ]

Move

from
Step 1

FSD-Bending

li

FSD-EigenF

Individual 1
.

Individual A

€ e VL

(b ening )
FSD-EigenF $>

. &

.
.
FSD-Bending

Move out

Move up to elite

Individual 1

.
.

Individual &

Individual A

Move out :

from Elite m

Elite m
=

Move up to elite
Individual 1
.

FSD-
EigenF

Individual /

QWUUU

Move out
from Elite m

FSD-
Bending

Fig. 2-5 Schematic flow of optimization for Proposed method
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26 HEE

AL FE LS LT, AT ETFIE T RIS IRREr, Ao FIE TIREEN T L
Y X bR E LTIRY BT, £0BKEENOBEFIEICOWTE~. AT
WFIE 2 b &1, AT & R RIEO FEL MG DY D FIEEBEL L. T LT,
KO ANLMBEDOEGEE LT, LiZRprE (25)&E) 2170, RO
TafikE (BE7ra) X)) 2l 5 2 BRREEGEH2RE Lz, SLIZRETHY
wEAAEZERL, €I THLNTERZMEE (BInF) 25 SIS ERA LI A iE
bzdT 5 Z LT, FHREMOEMAEF SN S, ®ISRENTE, [EAEEEm L
DFEL L TINETHRIFIOENS 7= TEHULIS OB —{b] %217 9 FiEL M

LTW5.
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3B 2 BMERENC L AKRTFREIY L RS v F RV EbD ST

3 By

2 BRI FEEMSETNVICEAL, FIEORIEIC OV THRIAET 5.
ABEHE, HEVEO SFIVEMITKRD b D HEAMERO 5B, ffiF i & —k|[EH
AEAWEE (ALY E—F) o2 EzdlEts L, AEk/IMez BERE 75
MEEXI R LT 5. ZOMEZE 2 BT/ FSD & GA #flAf b TR 2 Bt
PE o  FIE2EML, €OAMELZMRIET 5. &AIZ, FSD O#EMIZ L > T, il
KIS T o D8 I THINE & EA B E, 2nE oMkl LARIZREROBE )
WS 5. FRCEAERE~OEH TIE, BEAAREOEHEES(LS OB AN X
ST, REFMERICAELCLIEFULIS D L S, BERRMEAENSEOND. 20D
BERZ2EAEEZ GA OBMIFIC= Y — h & LTIRVIAATREE:, BEOEREEZITO 2 &
T, X0DLRWEERMCHRICEEST L Z LIS

32 U FRA o F RRNBREDOHEHA

WIPE EA2 B & Lo SR UGS LTH Yy R A TR NRZET B H[41].
HEY OK[42], FIEDO 7 0 7o B O B A~DEAZEM43)NFT o508, #EHO
B, FICHEIE - BE R E44]E7eo TV D . BER, EREMEOBLEND, THEBIC
IR 2 FFO o R A v FoRR T, = DRI 755 o JE IS & Jile &
LTHEALNTE ., — 5T, BE(LEBIMERN L4 B A8 %« O R REH O
BliE & JE S OREEAORY A bW 6N H[45]. £z, SR e 7L —ATHRS
D MRS TS ORI 2 B A& L C oSk VB O BERO BRE R B O fGE k23 T
PITWDH[46]. Z DL D IR 2 27 LT 50 M v F 30, flx
D¥EFHBRDIE S 2S5 Z & T, WHEf ERS OB E#EElT 52 &R
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B T&E 5. Fio, "RV EHFAMIBAT « 7 A G DETMETIE, %
VEAT 4 TFRIEDOE—TRWEEIC L > TIRE 2T B4 2 & T, BRNICHE
HIRB DA L7 W RS O O B E DS Al HEIC 72 5 [47]. Wang, Xue H 1L, hAmrY—
FeE A O B LB E AR RS & = MRS OWEE EET 52 & T,
AR E A ) B SR 7-[48]. Wang, Xin & 1%, B&, EAEEE HERRE HIOE
Bl U CHEBRAIRI Y > R A v F 3% 0 8 o i &= b T E B SRV E
DJE X % ficiiifb U 72[49]. 7 2 I IR IS, RETEMEETHLR, 2oL
(2% FA o F i, ERRBPRBBRICOAZTH L Z LRI TNS.

PERBEIM LTI, N=B AR OY v R A v F RN, ZOAEEEDR S H
SEMSNTE TSR, WFRITEICBE LT, IEFHEFROY > F A v T30
B, N LIV LHFERTHD EOHRENINTWBH[50].

Ul EZBE 2 EH BT, 3-1 IR KO RIEFEFRIMHRM 2 a7 T 5
RA v F RN ZWREDRITRAT.

¥ x

Fig. 3-1 A sandwich panel in the left and its lattice stiffeners in the right.
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33 EE/LREORE

33,1 ET VO

RIFFEIC BTGB DS L 25 FE 7 V&K 32 1R . AEF/LITHAHA
NEEROESET VT, SMEHEIR, #it S0mm X 50mm X & & 20mm THoH. £
TIOHGIE, IEHFBO BT/ & 2O AR HEORBE STV 4 FIZ K> T
PHZ, WNHEE 40 B2 kTR AT 4 7T THIBIS N TN D, 1BDAT 4 7T
(ZFF 50 > & = VS (B S 8 XAt 10 8) 12 KV IBEn TS, HIH FEET
MMEATRH UHE (B & L=2.0mm, fE W=20mm, &S H=1.0mm) O = /LEFE
THRENTVWD. AT A7 FTOREIFTI Ay aD@EESHERL 1.0mm TH 5.
HEOMBEITETE: (Y 7R E=1. 96X10°MPa, % o =8. 01 X10°kg/mm?,

K7V oty =03) & LT

i
g
i
o

b 1

L

N
wi
L1
BE
i
-
EE
b3

T
:’ﬂl‘"‘l
i

Gl

Fig. 3-2 The FE model’s outer shell in the left and inside stiffeners in the

richt

Rl RN 4.5m BEO/NAERMEOLE, N7 AN=TO7 a7 /3 ORI

SEEETE, #7718 1000mm X BLEE 7 1A 500mm X @ S (A Y 2 L—H 2 E iR X)
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20mm TH 5. EEOHE~OEMOBRIT, ET VO TETEERTZ T ORE S
IZEbY, MELAEREFFEZEZE L TEREIND.

332 WEERH, BRI, HREMt

AP AR x 13, A0 B DY R Ay FARRNVP RGO T ¢ 7 F ORRIE
IO S NS . R 613 0.2 mm A AT, RD 8 DDOEAEN D DEIRUT/R D |
0.4,0.6,0.8,1.0,1.2,1.4,1.6,1.8mm. A7 ¢ 7 J 1 K472V DOIE AL, A 10 mm,
B S 20mm ThHD.

HEIEAT 4 7 FOEBEORNMETH D, A7 4 7F OlifEIL4e2 TR~ DT,
X (3-1) IRTEIIE, BB AOIZ AT 4 7T OREROR/IMEEEL Z &
INTED. BCOAT 4 7FTHIEN Imm ThDHET /LE Base LEX, HIFISME:
I%, Base OFfANITHIM & — RO EA R E Lz, X (3-2) (Z#FEIMEDHIKISE
ez /. (8K x O Bl P RIVER B, JEHES O 2 AN & ux)E, AT 4 7 )
WIE 1.0mm ¥ —D kD z Fn & uy (=0.01824 mm) 1Zx LEALLT & LTz,
& A B B OF SR E, X (3-3) 12T, BEARBREE vo)IX, A7 1 7 FTHIE 1.0
mm ¥ — DR DO [E A JEEE vp (=479 Hz) IZxfLENLLEE LT,

B GAR T, T RIME T IS E RO EE —m 0 4 THRZBEE L, EE5O RO
2 ODTEAICEE (z M) ICHEZNTZ. 2oL EORES MO bARAE 218
RO REDONYY)) ZMIMEOFREE L Le., BEAEEEGEHIFRNE, MRl L, £
Bt — RIE—&kONRLY E— REFE L. MEREFHHIEL MSC #1 NASTRAN %
T 1 RZ T oMM (SOL101) & EAfEfEr (SOL103) Z1T - 7-.
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40
Minimize f(x)= Zz,. .
i=1

Subject to u(x)<u, > g(x)=u(x)—u,<0

u, =0.01824 (mm)

v(x)zv, > g,(x)=v,—v(x)<0

v, = 479(Hz)

333 BT Y X b GA DRESMH

GA O ERRESRM A2 F£ 3-1 1T, — B2 0 o it (NA) % 20 fE1E,
TV — M E 6K, —ARXERAL, KXOHEHARTH DR FE c % 80%, 22
IREBDORAER g% 3%E LT,

18 A |2 B AT & VR EARATT 2 23 2 720, 1 ER & 72 0 O RERIZK 1.5 43
2L, 1 HRHY OFRRRHIL 30 HfE CTh o7z, RBFZETIE, 1 EH7Z) @ GA
PR A S0 HEAAFEATL, K25 KM L7, R EE 20 ICRRE L2 lE, 1 AR
b1 OFERM AR 2720 Th 5. BEAMEMBITIX, RENELS 25 L EAE—
FOWEN ERDEMICHY, ZTOE, RNLELTEHEMFETI561H5.
FHENEPTEIE LG E, fHEMEIE L RO HHET 2 LER’H 503, 1 i
RHETY OEERBEN L NEFHEICET L2 aX IR REL LD, F, FHELOD
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ZAVE TOETHIE, KOAKRBIZETIE, B 20 EEZ21E 0o, £ 1 KOWRIZIE
NRBEAF VT ¢ BEEIIRE AR TRE SR TEY, ZOREIC L > T GA Otk
FNIEFICHERERL WD Z & h, EEREEZ20LE LTWLEBTHD.

Table 3-1 Parameters for Genetic algorithm

GA Parameter Numerical number
Number of individuals(population) 4 +m 20
Number of elites m 6
Number of crossing sites 1
Probability of crossover ¢ 80%
Probability of mutation ¢ 3%

334 BRHEEOXRH (BETEF)

WA THINE BnF o770 2 #E 3bit TEIN, | RIALHOER
TRl 120 (=3X40) bit THDH. 1 Bian 1 3bitlk, 0705 7 F TOEETRIND.
R AHAEBL T TREALEZLDOZX 3-3 12737,

tl tz t3 t4 22720202 t40

3 bits 3 bits 3 bits 3 bits s 3 bits

\ J
T

120 bits

Fig. 3-3 Structure of design variables. The design variables are represented by genes.
A thickness is represented by 3 bits of a gene so that the overall length of a
gene (=a design variable) is 120(=3%120) bits.
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3.3.5 HEEE B H9BI% AOF DAk

AWFFETIX, 2ndStep D GA IZ K D (LEHE TIE, EED NIRRT T % AOF 12
BNTITo TV, KEEKD AOF 1% BB Z LT 2 FEORT VT 1 175% H
WTREEND., —Di%, 2EEIC» NPT AT 455 r Th 5. k=0 DI
D r=3.0 LA 0.2 85 L, R =10 12 r=50 ICEEELRIE—E L D, b
9 —20F, 2 ODHIFIFEDORERICIESS T AT 4 B a(x), 206)TH5.
KSR E2R -2 WS, EREhnXFLT 4 THDH P02, P02 DFREIND.
AOF DR FEZLLTORX (3-4) ~ (3-7) 77T,

r=30+02xk  (k=0,1,---10), r=50 (10<k)

(3-4)
p,=0 (for g, (x)<0), p,=02 (for g (x)>0)
(3-5)
p,=0  (for g,(x)<0), p,=02  (for g,(x) >0)
(3-6)
pw+ pf
Fe,rp,,p,)=fx)x 1+rx(Tj 5
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3.4 1IstStep FHHEITRIERISSICKT 2% FSD OFHEHKE

341 FHEITATERG /2T 5 FSD OFHERK R

R B ICRAET S I — B RIS I L FSD I & AL 21T - 72[39]. AT+«
TFREORIINCOWNWT, 44X L —32 3 TCOREEREY X 3-4 12577,

,g 40

= 38

w2

(0}

g 36

o

=

< 34

g

2 32
30

0 1 2 3 4
Iteration history

Fig. 3-4 History of sum of design variables' thickness until the 4th iteration. Sum of
thickness of both the 3rd and the 4th iteration are 31.7 which shows that the

calculation attains convergence.

3, EAAFL—va yTAT 4 7 TRIEORFNIFEE & 720, IGR L72KARE
ERLTWS. K354 XL —2arBDEAT 4 7T ORBERELYTRT. FIH
BE A 1.0 mm TH—72RBEN D A X L— g URERIZREY, Alo AT 75
TR RRIE D 04mm & # <, FBAMUD AT ¢ 7 1% 1.0mm LA E2S EFRO 1.8mm
FTEEW. ZZTH LN 4 AR EHDEIKEZ FSD-Bending & L, IRAT v 7/ T=x
U—hrELTHWS.
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Fig.

iteration Stiffeners' thicknesses Legend
40.0 ] Thickness
T T 1T (mm)
Oth
_ 1.6
1.4
33.4 | B
I I I 1.2
N 10
0.6
32.5 =
2nd
31.7 * Number in the boxes
----- |—-|—-I— shows sum of thickness
(mm) of the stiffeners
3rd
31.7 l I
4th

3-5 Iteration history of combinations of stiffeners' thickness. The design
variables began to show a condition which all thicknesses were 1.0 mm at the
0t jteration. After that, thicknesses of the inner stiffeners became the
minimum thickness 0.4 mm shown in blue, while those of the outer stiffeners

became the maximum number 1.8 mm shown in red.
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3.5 1stStep EFIEREIRFIESRIIC XTS5 FSD O H

351 BEBRBRFER/IS KT S FSD OFHERKR

FedD 225 B TR LEFECH, *50 FE €7 U4 LD EF LG (2-
6) Z A Uit L7z, REAEKTHD AT 4 7T HRIEOKPHIZ, 0.4mm LU E 1.8
mm L FCTh 5720, RRENR/IMRE 0.4 mm OET/VE Ty S KRE 1.8 mm
DETIVE Ty & LT2.

W E 7 /WA DWW T EA BT 2170y, BEFIEL D ERUIS a2 KD, 1 3-
6 ICRHAERE RA T T. BRENR/NRIE 0.4 mm OE T IV T, O ERIGIETI1E 4437
PLE 14219 BLF, e KRR 1.8 mm D€ 7 /v T, O IEHAVIE T 1E 2504 DL E 7924 DA
&b, TREXVEETAVOEET L IEHCST OFPEIL, 4437 LLE 7924 DIF
L0, ZTOXHIT 6181 LS.

16000
o8 W 14219
2 12000
E 4924 Model 1,,;,
3 o T
N Le181 o Dma
<

-\
g 4000 4437 1o
Z 4
0

0.0 05 1.0 1.5 20 25
Thickness of stiffeners #(mm)

Fig. 3-6 Thicknesses of stiffeners and ranges of Normalized stress on the stiffeners
of two models.
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X (3-8) IZFET IV Tpin EET I T D IERALISE ST O EE T D EHZ R, = OfE
B L7z 3 oL ER s e, o, o 23 (3-9) R,

n Average

4437 <& (T, ) <14219
2504 S 5}1 (Tmax) S 7924 (3-8)

(6“ -L — = max (Gn nin (T ] )’ 6n—min (Tmax )) = 4437

nin

4 Erslt—H = min (5n—max (T ] )’ 5n—max (Tmax )) =924

nun

~ st

0}

| n—Average

= average &7 Lo ) 6181

HIHIAE 1.0mm OE 7 /L (Base) (2, X (3-9) THEOLILTZ 3 DOIEHEERYLIELT)

4437, 6181, 7924 ZZ LT i L, FSD % %Ehi L7z, WER % a), B ffEZE
EEZ a,, BEABEEEY a2 LT, THODORERMELZHND. RIER a 230K
LicsSA XL —varyCHRER(RT Lz, K3-7In T X9, EEERLEN
Wiz &, HOBEE TH DHERT a) 1T EHEL VELS 720 (EAk), #iFRINE a1
ALV bm< s (%) 25, WIZEAEEE a1 3ME< 0 (B L), #ic, 3
IERUEIG A3 E & ERE 3B T OB 2 R~ . o T, WERM a & A
B oay 1 IOFFRIR CTh D DIk L, RIERT a) & BT HIME ap, M OE AR EE a; &
TR ax I BIRICH 5. KHEH ZMAEGDETZ3 202877 7 ((ay, a),
(a2, a1), (a3, a1)) %M 3-81TRT.
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"§ _70

O g 65 65
=60
%55 @ 4437
% 50 A 6181
245 7924
q‘: 40
©35 36
£ 30
v 25 25
S 20

0 1 2 3 4 5
Iteration History

(a) Iteration history of sum of thickness

'§ 0.0186
00184
=
5 0.0183
5 0.0182 0.0182
a5
=.0.0181 @437
20 0180 A6181
ahs -, 7924
 0.0179
0.0179
0 1 2 3 4 5

0.0178

Iteration History

(b) Iteration history of stiffness(displacement)

g 505
© E 500 500
% 495
Q
490

0 1 2 3 4 5
Iteration History

(c) Iteration history of eigen frequency

Fig. 3-7 [Iteration history of sum of thickness, stiffness(displacement), and eigen
frequency by applying the three standard normalized stresses 4437, 6181 and
7924.



2| 506
Elsor | 6598 (Result of 7924
verification)

~ %96 76508 (Solution of

§ 491 [the equation)

S 486

= 481

& 3

g 476 t base

.80

D471 |

0.0178 0.0182 0.0186

a2 Displacement(mm)

Good

(a) Stiffness(Displacement) vs Eigen Frequency

@ 4437

Good
A

6598 (Solution of the
equation)

al Sum of thickness(mm)
i
S

30 6598 (Result of f

25 verification) 7924

20

0.0178 0.0182 0.0186

a2 Displacement(mm) Good

(b) Stiffness(Displacement) vs Sum of thickness

@ 4437

Good
A

6598 (Solution of
the equation)

30 b 6598 (Result of _*
25 verification)

20 1 1 1 1
460 470 480 490 500 510

a3 Eigen frequency(Hz) _Good

al Sum of thickness(mm)
N
(e

(c) Eigen frequency vs Sum of thickness

Fig. 3-8 Relation between ai: sum of thickness, a2: displacement, and a3: eigen
frequency.
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ki ((ay, @), (az, ap), (a3, a1)) OBRIE, £z (3-10) TREIND =
TR IR TREIND. FOMITR G-11) 17T X 512, HERF a;=36.8mm,

I ELZE R 0,=0.018294 mm, [HA)JE K a;=488.7Hz TH 5.

3-9 ITHRER AN a) & EIEIEHULIS 160 OB EZ R T, mFIIA (3-12) TRS
N5 X ICHEBIL S, =368 205, JEiEEELE LG /16, =6598 23R 5

ns.

(a, =48101a,-391.2
a,=-59987a,+1134.2
a,=-1.2551a,+650.24

N

(3-10)

~

(a, =36.8
sa,=0.018294

(3-11)
a; =488.7
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8500

o 8000 r w7924 6598 (Result of
_ 7500 ¢ verification)
£ 7000 6598 (Solution of the
F“S’] 6500 L equation)
Té 6000 |
g 5500 |
2
S 5000
g y =-82.255x+ 9625.8 4437
@ 4500 - R2=0.9346 1
4000 ' '
20 40 60 Good

«——

al Sum of thickness(mm)

Fig. 3-9 Relation between sum of thickness a1 and standard normalized stress &'.
A linear approximate equation of (a1, &) is shown as equation (3-12). Since
sum of thickness a1(=36.8) is shown in equation (3-11), standard normalized
stress 7, 6598 to be named “true standard normalized stress” is obtained by
equation (3-12), which is shown as the red open diamond-shaped point in the
graph.  The red solid diamond-shaped point shows the result of verification

by using the true standard normalized stress "' 6598.

&7 =-82.255a, +9625 8 1)

n

¢ 3-10-1 |2, EH S 7= 56 E L E VIS 6, 6598 %3 M LT FSD 12 & 5K
wibaEELT-EE D oh~6h 4 ¥ L — g ORERFD, X 3-10-2 |2 5th A #

L—a VORBERLE 2R,
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g 40.0
a 38.0
g
S5 360
<
340
(@)
g 320
=
N

30.0

0 1 2 3 4 5 6
Iteration History

Fig. 3-10-1 [Iteration history of sum of stiffeners' thickness at 6598 of the

true standard normalized stress &= .

3.52 BEAREBERERLIE D DS

X 3-11 {2 5 A Z L— g O TFANGRDIG N5 (@) & AT 4 7T DIE5
fi (b), AT 47 FTOWREEE () 7. 3-11 1%, ESMb S To s REM D
REEZRL TS, H3-11@REhs Xoic, ~kEFE#HL RELYVE—KT
H5H. 310 I RSNDRERE T, REMITIRALYE—- ey LT 5K
T, W BB AT ~EIWTZ kb Af & DN R T ¢ 7 F ORRIEIERE T FR & 72
5. POLHMORETES, ThidrOFRICEY HTE S OWRIENELS 2D, L
F O TIHRTRENDIARE 1.8 mm & 725, 2O L FOWREBRIROE >
X, X 3-11 (¢) IR END L ITRL Y BROLH53 DIRT/RINDRIEE 7 & (7]
—Thsn. X311 (a) ITRSNDHEDIETI A E K 3-11 (b) ([TRENHNEHA
T4 7T OIESSHL, (FTADFLEED 2 FIETEAIC 2 pEILEZET5
&) OIS NTHEBME Y @2 s, EfoEEERRE S, ARSIV,

T EIFEISIR TR 3-10 L 3-11 (¢) AT 4 7 OWEELEIZBWT,
DFORENRKENZ EEA->TWVD.
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iteration Stiffeners' thicknesses Legend
40.0 { RN Thickness
EEENE (mm)
Oth EERER
HEEREN 1.8
1T 11 1.6
: _ 14
36.5 _I 12
T T 1.0
] [ os
It : 0.6
1 0.4
|
34.6 _I
2nd
|
32.4 * Number in the boxes
J shows sum of thickness
| I_ (mm) of the stiffeners
3rd |
31.4 J :
4th :
1 |
| _
31.0 _!
5th ﬁ
|

Fig. 3-10-2 Iteration history of stiffeners' thickness at 6598 of the true standard
~tst
normalized stress. O ns
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LS

Contour Plot, 1:5103_EIGEN_MODEL2_OP2
Stress(vonMises, Max)  SUBCASE1=FSD_RESULT_210500_6508-5TH :5103_EIGEN_MODEL2_OP2 : Modei#2Frequency=' 4.009e+02Hz : Frame 25

Analysis system
o 2664E404
[ 2000£+04
17146404
— 14296404
— 14438404
— B57IEH03
5714E+03
2857E+03
0.000E+00
-2857E+03
m NoResult
Max = 2.664E+04
Shell 582
Min = 6.706€+02
Shell 10404
7
v x
|8

(a) Distribution of normalized stress of the model’s outer panels

Contour Plot 1:5103_EIGEN_MODEL2_OP2
Stress(vonMises,Max)  SUBCASE 1 =FSD_RESULT_210509_6598-5TH :5103_EIGEN_MODELZ_OP2 : Mode# 2 Frequency= 4.909e+02Hz: Frame 25
Analysis system
2.664E+04
[ 5.000E+03
4.286E+03
— 3571E+03
— 2.857E+03
— 2.143E¢03

14296403
71436402
0.000E+00

71436402
m NoResl

VY e

Max = 2.664E+04
Shell 582

Min = 6.706E+02
Shell 10404

o8 4

b/

(b) Stiftness(Displacement) vs Sum of thickness

Contour Flot 1:5103_EIGEN_MODEL2 OP2
Shell Thickness(Scalar valuglJBCASE 1 = FSD_RESULT _210509_6508-5TH :5103_EIGEN_MODEL2_ OP2 : Mode#2 Frequency= 4.900e+02Hz : Frame 25

2.000E+00
[ 1.800E+00

1.600E+00
= 1.400E+00
— 1.200E+00
~ 1.000E+00

- £.000E-01
6.000E-01
4.000€-01

2.000E-01
W NoRsUl
Max = 1.800E+00
Shell 11801
Min = 4,0006-01
Shell 11551

L Q X
L

(c) Distribution of normalized stress of the stiffeners

Fig. 3-11 Distribution of normalized stress of the model’s outer panels
in the top (a), that of stiffeners in the center (b) and stiffeners’
thickness distribution in the bottom (c). They are results of the 5t
FSD iteration based on the true standard normalized stress 6598
and in motion of the 1% eigen torsional vibration.
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3.5.3 BEEESFEHR/ISIOERS

X 3-12 (a) (Z Base, X 3-12 (b) (ZX 3-11 (Z/R S 4 B {E{A FSD-EigenF O AT «
7 TN U D ERBUIG T D534 2 7”3, Base TId 5000 B THEE 22 L&y E—
7 % LTz, FSD#HICE » B— 27124000 5 (% 9) & 6000 & (FEH13) (22
Sy SN N D, EBUCIS OGS MEHITKE V, FRFICSEROERL IV iT&EE -
TW5b. # 321277 X 912, Base 2> 5 FSD-EigenF TlE, 1EHALIG T D5 KA,
o ME, BORKIE S R/AMEDZE (M) 1%, ThEh 142 %, 13.7%, 14.5%K
TL, ZOMEFEHLTO6%ETLTWS.

PLEX Y, FSD ZiEH L72Z L2 &V, Base (225 U S IEHALIS T D53 A #ipH 23 5k
F 5 EFRFFIZED LV BED AR NI, ZORMEFEHIN TRz L
EZOND.ZZTELNE S X L — 3 RS RO R & O 14 % Method

3, M Ot Proposed method @ 2nd Step TP GA O~ — |k L35,

25 22

5 2 2 2

Number of Stiffeners

3000 4000 5000 6000 7000 8000 9000

Normalized stress

(a)Normalized stress level of base('Vt=1. Omm)

25

ot svess G
o True standard normalized stress =6598
g 20 n

H

&»n 15 13

bS] 9

° 10 7 :

£ s i

5 ' 0

2

3000 4000 5000 6000 7000 8000 9000
Normalized stress

(b)Normalized stress level of results of FSD

Fig. 3-12 Histograms of calculated normalized stress level of stiffeners
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Table 3-2 Maximum, minimum, |max. -min. | and average of normalized stresses

(2)True standard
Difference
(1)Base(” t=1.0mm) normalized
=(2)/(1)-1
stress 516598
Maximum 9334.0 8011.0 -14.2 %
Minimum 3707.0 3198.0 -13.7 %
[Max.-Min. | 5627.0 4813.0 -14.5 %
Average 5898.1 5561.2 5.7 %

3.54 1stStep TH DN EAE DM

Proposed method %, Base & 1stStep ® FSD T#% 5 7= FSD-Bending & FSD-
EigenF ® &t 3 il {& % 2nd Step @ GA Bt SOV — K &35, ZOHFD Base &
AL 92 L, HEME TH B HERTICE L FSD TH 57z 2 (K & & Base 7
5i#E L TEY, FSD-Bending IZ 21.0%, FSD-EigenF (% 22.5%% 1LV E . HilHY
& TH D 2MREICEI L, FSD-Bending I3 Displacement (E#F#4) 7% 0.01806mm T
& % DT Base ? 0.01824mm % 2.5% L[R5 723, Wi [E A K% CTlE 469 Hz & Base
? 479 Hz % 2.0 % F[A1%. FSD-EigenF %, Displacement i 0.01832 mm & Base (Z
XL 0.4 %EALT D208, [EAEBEEIL, 491 Hz & 2.5 %R,

U EDORERAZK 3-8 LFIEL, 3 202477 7 TRLIEZbDAZK3-131TR-7. =
D £ DI 3ERR LA i D &, BN, B, A o 3 HAIZHEL,
O AEIZES>TWDHEHE LS > TWDHEEBIHE L TV D, HFIGHEICRT 5K
HEEEE LIz AOF 5l —% 4% & 3-3 12”7, AOF T 3 fil{k% thig+ 25 &,
Base @ AOF (% HABI4 & [F U 40.0mm [Z%f L, FSD-Bending @ AOF (% 42.0mm &

5.0 %% v, [A] FSD-EigenF (X 40.5mm & 1.3 %% 5.
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495
—8 .
S| 490 ] ,‘ FSD-EigenF
SR So25%
= 1.0%better & better
5 480 _ ‘... |
§ P.0% Lt Base(.4%worse
5 475 lvorse “““o
& s
g 47 ¢ FsD-
2 Bending
465
S 0.018 0.0181 0.0182 0.0183 0.0184
a2 Displacement(mm) ~ ,_Good

(a) a2 Stiffness(Displacement) vs a3 Eigen Frequency

- | 45
o
(@)
O
g 40 _® Base
Z 22.5°
ST 2% bette?0
% o better Y FSD
o — " “ -
= ] .
Z 30 | EsD. L0%beter —— AEigenF
© . 0.4%worse
g Bending
&
— 25
S 0.018 0.0181 0.0182 0.0183 0.0184
a2 Displacement(mm) Good

(b) a2 Stiffness(Displacement) vs a/ Sum of thickness

- | 45

o

(@]

5

’g 40 B Base

Z 21.0%

8 35 FSD- b.t 0 22.5% FSD-
; ; etter .

% Bendlngx o~ better *., EigenF

= 4 Yy

<5 30 2.0%worse 2.5%better

£

=

wnn

— 25

S 465 475 485 495
a3 Eigen frequency (Hz) _Good |

(c) a3 Eigen frequency vs a/ Sum of thickness

Fig. 3-13 Relation between ai: sum of thickness, a>: displacement, and a3: eigen
frequency of Base, FSD-Bending, and FSD-EigenkF.
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Table 3-3 Comparison between Base, FSD-Bending, and FSD-EigenF

Item Base FSD-Bending FSD-EigenF
OF(mm) 40.0 (base) 31.6 31.0
(21.0%better) (22.5%better)
AOF(mm) 40.0 (base) 42.0 40.5
(5.0%worse) (1.3%worse)
Displacement(mm) 0.01824 (base) 0.01806 0.01832
(1.0%better) (0.4%worse)
Eigen
479 (base) 469 491
frequency(Hz)
(2.0%worse) (2.5%better)

36 2ndStep BEHTNLITY XA GAIZKAEEHEREE

3.6.1 Proposed method DFER ERFIEL O

REFIEEZ ST 4 DOFH F1E (Method1, Method2, Method 3, Proposed method)
WX DRERZK 3-14 1277, FRICHTZ-> TiE, 3FEEOELEEE HNT 1 L

D EE 3 BT ORELFEZITY, TENOFEOBKMA 20 fEAkH, 2 >l
Stz 1z LT8R D 5 BARJIERR G2 e/ O iR 2 HRIEIC 7 e v b LTz,
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FSD OfEFR%Z Y — MIE £/ Method 1 1%, FHEBAMHS 5 H{CH (5th
generation) F THIHUE2 G OSEIX oW, ZRUCKL, tho 3 S>OFEEFN
FThb 5 HAH TIIHRER 31.0mm LT & AEIRIENS 20.0 %L kg L T
% . 5 A H CORERFIONANIL, Proposed method 23 28.4mm Th/MIE L7210,
2 % A 1Z Method 2 @ 29.4 mm, 3 % H {2 Method 3 @ 31.0mm & 72 > 7=. 20 HALL
W, NEAZIZZEE) L Tuhguy.

Methodl LA%+ @ 3 /77— A (Method2, Method3, Proposedmethod) I, 5 HHACLLRE
DBERITELIHR T 5. Ut L, Method1 1%, FHREBEIEOLESRIT AL
3EFETF ALV LELHEBL, BariBOONWTNDS, ZORHAIE, B3 ET U,
WL Y IstStep TH O NZEBRERE BYIO =) — MMz /72, #EEET
IZ &Ko T 5 HARE Tl B R N TR Sz, 5 HANE DI, ERER IS
FoWEHRNEN, WERPETLELLEALNLD.

40 —o— Method 1
——Method 2
38 —+ Method 3
-8 Proposed method
= 36
g
2 34
.
= 32
o
o
g 30
jn)
)
S 28
26
0 5 10 15 20 25 30 35 40 45 50
Generation

Fig. 3-14 GA’s results of the four methods
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# 3-4 |Z Method1~3, MU Proposed method @ 50 A H T H WIS fc/IMiE
(N M) Lo ZEEORE T, WM (Displacement), [E A4 & i £k (Eigen

Frequency)% /<9 .

3.6.2 #ERDMREE~3Elites & ELEIT L B EAEFE D LB

3-15 1% Stepl TPOX3-13 Zx¥E L, MAEDIZ®IZ, 2nd Step T D GA Fifl
DO/ MEEEZBR LT D, K38, X3-13 & [FEE, WERMZ a, SR
BEWEL a, BAEEERE o3& LT, FEBLHAGDEZ 3B 282777

((a2, a3), (ar, a)), (a3, a)) ZRLTND.

Ist Step THF+ 5 4172 Method1~3 @ Elite (2B L CTiZ, 3-13 &[A] UZRHD : Base :
@, FSD-Bending : ¢, FSD-EigenF : ATH 5.

GA DFE RGO NTKFIEDO N ME (4 3-14 F100 50 #ARRHEROMERE) 2k D
FFLT/RT : Method 1 : @, Method2 : ¢, Method3 : A,Proposed method : M. Proposed
method @ GA B 4G HFIZ Elite O 3 fE{RLISNOELEL (3 EAHOEL I F) THARL L 72 i

(ffl (%2 51=17X3) ZX X & LT\ 5. £z, #5202 L, BAYBI%AS Base
PL ko BiEfE (Objective Area) Z A TR L TV 5.

3-15(a) ClE, HEHHC Displacement (F#IME), #EdilC Eigen Frequency (45 &M
B T BLETA RS X X TR S LR ORE (BLNELEUT L 2 EAREE)
WCEBRT D L, MRS 2m 72 LB I A > TWD DX 6 IR T, £k
TSN IS L TV AL BLEIC KA EEEED LD R OAF=mme L,
Base &z Z DDl E D &, st Step TH: b #1172 FSD-Bending & FSD-EigenF [,

ZDIRT RO WEEIIALE LTV D,

>

3-15(b) TlX, #§4iZ Displacement (Erll1E), ME#HlZ Sum of thickness (H/E#&

s}

F1), 4 3-15(c)TiX, ##hiZ EigenFrequency ([EAJEHED), #HhlZ Sumofthickness

(BRE#F0), %77 . W2V T, FSD-Bending & FSD-EigenF |&, ZALE 4Lk
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M a2 & [ A )E RS a3 2B L. GA BHAAIF O SLEBUT & 2 ERERZ6f LTI R
RMERETHHZ L ERL TS, J7b b, FSD-Bending & FSD-EigenF i%, ZiL%
AURRIIME & E AR RSB L, BRI KA EEEIC S LR L TWD EE X 5. 1t
- T, Method 1 7%, fthd 3 2D Method & tbiE LT, fx b ixilb ORI 72
B 2%, FSD-Bending & FSD-EigenF # & £ W2 ENRETH S &5 &, Kb
Zd % U — hOZM1L, FSD-Bending & FSD-EigenF @ X 512, @ 2 54
DELLPBNEH L THMAMEREEZA LTNDZ L], KOO BB O ERE RN
FHUETHD L) EEZOND. ZOEEZ Y — FOMERNZELH L TW5ED,
Wy LR DO L 72D DIX, GA ORAMOELEIC L 2 EEFHEO L~ TH
5.

GA iM% 4 DOFiED 50 R H O EEA Proposed method : M, Method
1:®, Method2 : ¢, Method3 : AT/RINTWVA. T HIE, X 3-15@)D 2 #hF
mR Tk, BRSO A e (I RA O FRR) IR FE - TEL TN, 4
D FAE O G RDMMERIFI O TR FICEE - 72H B, 2 HIRSRMEF, MM A
MR 5280, MAREREZMHRETLIIVEIGERSVWEDEZI LS.

X 3-15(b) T, BA#hZ Displacement (M), FEfhiz H AIBIE T H o IEH N2
AT LI X D ERRE O B B RIS BUERRFNZIE & A Y Base @ 40.0 mm LA b

ZEE S THAL TS SAAOHFEAD K& S0, 2 fill SR M4 CEE S 72X 3-15()
Xo/hswv. 2055 6 EEROKRIERFIAN Base @ 40.0mm L FCTHLHR, Ehv
WA flL R 2 i 7= L e, [K3-13(b) Tk L 72 & 9 12, FSD-Bending & FSD-EigenF
IX Base IZxf L, £ ZI21.0 %, 22.5%HKEL TVDHA, Ziudm=l — MEK
DELENC X D EEBEC L COBMEZ R LTS, GA & L7z 4 DOFIED 50
A H @ % B i 1%L, Proposed method % “EHH Z, MIMED B R ETH D
Displacement=0.01824 O # EIZHEF > T A TV 5.

3-15(c)id, HHh (C Frequency ([EAJEBE), #Ewhic H B9REECTH 2 thE# N %
R ELEIC X A EEREO AL, X 3-15(0) &R U < X 3-15) B EigAy /N &
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VL AEE AT, BO3-15(b) TIERIMERIFI IS L, Z v A e IR & RO E R D%
o Tl > 208, B BRI X LT OZ A, i SR A RO 15
T, BVOK23IE, RETHD.

Table 3-4 Results of the 50th generation of Method 1, 2, 3, and Proposed method

Proposed
Item Standard Method 1 Method 2 Method 3
method
Base
FSD- FSD-
Elite - Base FSD-Bending
Bending EigenF
FSD-EigenF
40.0 322 28.2 28.8 27.0
OF(mm)
(base) (19.5%better) | (29.5%better) | (28.0%better) | (32.5%better)
Displacement| 0.01824 0.01824 0.01823 0.01824 0.01823
(mm) (base) (base) (0.1%Dbetter) (base) (0.1%Dbetter)
Eigen
479 483 482 485 485
frequency

(base) (0.8%better) | (0.6%better) | (1.3%better) | (1.3%better)
(Hz)
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a3 Frequency(Hz)
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o
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0.0180  0.0182  0.0184  0.0186

a2 Displacement(mm) ‘GOOd

Legend

(a) a2 Stiffness(Displacement) vs a3
Eigen Frequency

B The best result of Proposed method
® Base
® The best result of method 1

including Base as a starting elite

+ FSD-Bending

Bl 55
(ﬂ ¢ The best result of method 2
g 50 x = including FSD-Bending as a
= X O starting elite
g 45 x 2K X s AFSD-EigenF
g 40 K, X
s 3BT A The best result of method 3
§ 30 | ¢ A including FSD-FigenF as a starting
« elite
S 25 [ Objective x Individuals generated by using a
20 Area . random number list at the begining
0.0180  0.0182  0.0184  0.0186 generation
a2 Displacement(mm) _Good

(b) a2 Stifftness(Displacement) vs a/ Sum of thickness

el
o

55
<)
@)

40
35 F
b ¢ A

25

¢

al Sum of thickness(mm)
()]
(e}
X

, Objective Area

460 470 480 490 500

a3 Frequency(Hz) Good

(c) a3 Eigen frequency vs a/ Sum of thickness

Fig. 3-15 Relation between ai: sum of thickness, a2: displacement, and a3: eigen
frequency of the best result, Base, FSD-Bending, FSD-EigenF, and individuals
generated by using a random number list at the beginning generation.
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3.63 FERDORIE~BIELREIERMICH DZLH

Proposed method "CH Y L 7= i (E Y EHILIE 1 676598 WA TH D02 E 5 D
RRAEZ AT o 72, X 3-16 I R 2R3, HREED 72 o, FEAEIESMLIS 117531 3-6 (X
(3-8)) L VG667 4437 LU L 7924 LT OFPHICH 5 7T 2D fE (5:=4500, 5000,
5500, 6000, 6500, 7000, 7500) ZLEEDr— A& Liz. £ L FSDIZ X HHE
DR LFFREZIT 2V, F 578K % FSD-EigenF & L7=. Z @ FSD-EigenF (Z
Proposed method & [A] U < Base, /&% (¥, FSD-Bending % il 2 7= 3 {E{K % GA B#tFED
U — k&L, 50 R ETHDGAIZ LD E#LEHRATT o 72, Bl EESULIS
77, fitdh2s 50 A ORIERAIT, B S5 LERRS TR o KT G T
D BAE, THREOOMNFEHEEZFL TWAS. £72, Method1,2,3 DA MEZE %
NENKGEORE R, — R, A8 TR L7, Proposed method 1%, iz RAEAH
27.0, F¥EN 278 THoTo. kL, L7z 7 —Ah O i BT 6500 &
7000 @ 27.2, F-HIMETIL 6500 ¢ 28.0 T Y, Proposedmethod 73 fix BAE & V-HIMHE

HThRbBWHRERLE.

£z, ER 757 —RA%, Method1,2,3 O A MHE &3 % &, FEAEEFIST
73 4500, 5000, 5500, 6000 D/ — A%, FEJENA MEL H Method 1 <A ME X
DARERFNITHELS BIFTH DA, Method2&3 LV IFEV.  — 5 CTHREERIES
23 6500, 7000, 7500 D4 — A%, ZNENDORA ML Method 1,2,3 DA M
KV ELS BAFRMEREZ R L7122y, FEIE TIX, 6500 DA HEWEERE -7z,

LU b2 o, i IERYEERILIS ) 6, 6598 % - Proposedmethod (32N TH 5 &
EZx bbb, F£7o, Proposed method LLA DA HEEHILIS ) TlX 6500 bHENTH D

ZENghol.
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40 1 | 1 I I
[/ Proposed method Solid symbols(lll)
[ ] Results of individuals : Best of the results
—_ to verify Proposed method Open symbols (L))
g s - Method 1 best | : Average of the results
E - Method 2 best
2 — — Method 3 best
=
s [ [ (1]
g 30 B N
/0] [mm|
s . t
“ = oa
25

4500 5000 5500 6000 6500 7000 7500

Standard normalized stress

Fig. 3-16  Results of verification if Proposed method of which true standard
normalized stress &, 6598 is effective.

3.64 REAEH (RTF47FHRE) oo

3-17 1%, 4 DOFIEIZOWT, 0, 10, 25, 50 HARIZBW T, MGG 2T
, MOWERFID /DT TV ORED XY FHEELEZ /R LTS, X FREREN
DOEAMEIE, KPITHRBERENR SN TWDLET VORERA R~ L, 3 34795/
(=& B) OWEE7RLTW5. Proposed method @ 50 A% H (X945 )
O HE B E IR B 27.0mm T, HET AR, K bRECPELTREBEZ R L
TWD. HLEO B E AT LB =ATOWEN 04~0.6 mm & F/haRL, 0
ETFOE—ATEHEMTORENZERIKE 1.8 mm % & H ARV, Ziud, EH
PRERF O IE LIS Tk U TR b U720 3-10 O FER L 0, #xdhiFMIERT E O F &
ST X U Chctifb L72 X 3-5 OFERICEWVEERIZIR > TV D, LEEni- T, AAF
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ZeCxt g & Uz (FRIPE & AT B 5 o 2 flFI4 i, #FREo K2 X v ik
<RI

>
&

BLTWHEEZBND.

Method | Oth generation | 10th generation | 25th generation | 50th generation
40.0 384 35.0 322
Method1 : - 1| |
40.0 28.6 28.2 28.2
E - IE E i
Method2 ' o o
40.0 31.0 30.0 28.8
! , I |k i
IENER QEEWE wE(
Method3 [ = T
| | | e
40.0 28.4 %7.2 27.0
I it B T
L : — | : L]
Proposed - : :
method - o
E L
1.8
Legend  Thjckness e * Number in the above boxes shows sum
14 . .
(mm) — 12 of thickness (mm) of the stiffeners
8/ 1
= 09
— 08
0.7
[ 0.6
0.4

Fig. 3-17 Distribution of stiffeners’ thicknesses of the four Methods(Method 1,
Method2, Method 3 and Proposed method) at the 0™, the 10, the 25™ and
the 50™ iteration.

59



3.6.5 710434 (Proposed method 3 F it )

¥ 3-18 I%, Proposed method D #E RGOS 72, MG EZMZL, M OWRER
MR EANDOET LD 0 HARE Base LFE L) & 50 HACHDEEDHNELE AT 17
T OIS AR LTS, K 3-17 %, & TEBO 0 X (Base) & 50 H#ARDIRIE
Bl i 28 7R S T D ERISEHE LTV 5. 0 T (Base) & 50 HARDIE /15347 & b
W9 D&, HWER, KOEAIRBIRE LS, SERORTESC L ORH% O O T
DUNARRREE - TN D.

X 3-19 IR END AT 4 7 F OWREIL, SEROIS I D3E UT= 83 183 B 0%
RAXRIE D 0.4mm £7213 0.6mm & 0 AL (Base) © 1.0mm 7> 5# < 72> TEY,
ZDLEOREDZDAT 4 7FDISHBE L TWD. AT 4 7T OISO, M
W ESM T T, PO BHERKS, ZL AT FTIMUE A E. ok
1%, 3.6.4 HiCik_7= THULED BB 4T & 5 4T OWED 04~0.6 mm & fiz/)
ZoR L, £OLTOE—4TLENTORENRARKE 1.8 mm % & ALl
ZENFEREREBEZOND.
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Oth generation 50th generation

Outer shell Outer shell

Max = 8.427E+01
Shell 364
Min = 1,9296-02
Shell 11603

Scale factor=1000 Scale factor=1000
Stiffeners Stiffeners

Max = 8.427E+01
Shell 364

Min = 1.920E-02
Shell 11603

Scale factor=1000 Scale factor=1000

Static bending stiffness 8.443E+01
5.000E+00

. 4. 286E+00

von Mises stress (MPa) | [
— 2.857E+00

— 2143E+00

1.4289E+00

71431

0.000E+00

-7A43E-01

Fig. 3-18 Distributions of von Mises stresses at static bending load and normalized
von Mises stresses at eigen vibration at the 0™ and the 50 generation, that
is before and after Proposed method was applied.
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Oth generation 50th generation

Outer shell Outer shell

Scale factor=1.0 Scale factor=1.0

Stiffeners Stiffeners

Max = 27256404
Shell 582

Min = 8.586E+02
Shell 680

Scale factor=1.0 Scale factor=1.0

Eigen vibration 2725E+04
[ 2.000E+04
1.761E+04
— 1.521E+04
— 1.282E+04
— 1.043E+04
; 8.037E+03
5.644E+03
3.251E+03
8.586E+02

Normalized stress

Fig. 3-19 Distributions of normalized von Mises stresses at eigen vibration at the
0™ and the 50 generation, that is before and after Proposed method was

Qﬂﬂ]‘ipﬂ

62



3.7 XFEE DR

371 BHY

PR AN B &35, At ERELHET, @57V EdRICHE
FRAE DX PR A2 R LBt AR 2 HIlBUS B v A e,

3.7.2 APAMEE ZTEM L2 REEEEIB OB

ZITH|OIETNME, K32 ITRSNLEEET VAR VWD. HIBEBIISIER
B fMb, FIRSE, Fdh TR L B AR S U, BT L ORR, B S,
BRGME, B3 EOMSET MCHEA LR FICHET 5. X320 1R K91,
Bt ERFOMTESME, R OBER LM, HARCTRENDET VO LE RS FHE
ZEE LTHHTHD. o T, ZOEMmz e U TREMEEZ LT ORRIZA
B L7, X 321@Ic sk A5 E Lal, K321 AE LEOET VERT. E
TOXY 1A YO i A2 PO E R TH DD T, REFEEIL, HHIO 40 15 22
AT D REFEBOHIBIZ LY, GA OTRREHIPH D Hiv, mEMFICF < H
ETHZ LA EEND. #HATS GA OHARIE, R 3-1ICRLELDIZHEL S,
~NFT 4 BECAOF X, X (3-4) ~ (3-7) ZMW5. GABRMREFEOT U — M
ELECTHR A ST 20 fEIRD 6 AOF O BAL 6 fir £ TOMEEAEZZES. A 20 AL L
T 300 HAGFHHEZFZITT 5.
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Z-X plane surface

Fig. 3-20 Load and boundary conditions at bending, which is
divided into two even portions by a Z-X plane.

. 11? 14q 174 20';
61127 155 118 (2},
I?_;E.;é.-.i_;' IG?;EE;;@E 7 YO Axis
; 12? 152 184 2],;
11 J14 17 {20

(a)Number of design variables = 40 (b)Number of design variables = 22

Fig. 3-21 Design variables. (a) is before reduction of number of design variables.
(b) is after reduction which the number of design variables are reduced

from 40 to 22.
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373 EELOHER

32202, REEEH A DOET VA LFE22OEFETIVBIZGA ZHEHALILEED
LR R T D2 BER AR T, IRELOMR, REFEE 40 OET /L AR, &
BJE 27.6mm TN— 216 31L.0%EE RN TH D DOITH L, REEHK 22 DET /L B
1%, 25.8mm & X—215H 36.0%FEMEET LA LD S.0%RELFENRKE .

%] 3-23 \Z W E 7V OREREFN Db/ MED IR IE 2= 55 0 AR 7 HAET
X, ET VA LETNB OWRERMOBDRITZEN NS, BEFE CEEOEE T
e, 7 #HAE CHET /VOBRERFIN 40.2mm & —FK L7 thiL, #itEEk22 o€
TV B BEIEET IV A & B D R TR BT, 20K, 7L BIL, 187 R
H CHRIEMRFN2S 25.6mm (3 L 721X, ZOMEOE F 113 HACEERRED i E 300
HARUCEZET 5. FERREED 100 AL Btz 2 e h, 2 ORERF 25.6mm
N DM TORBILOMRIZEVEE ZOND. —F, T /VALE, #1000 HH
FTIE, EFABIZER B OoBENENS /NS, ET/VBICENLTERE
feaiEte. €70 AL 255 HAAE 2 27.6mm (23 L= #%Z 0 £ % 300 fifE &b
B lo. BTV BIE 27.6mm (21X 59 HALH TREEZELCTEBY, ET /LA KV 196
AR, [} 3-24 12 300 HACH TOMET /L OREDFEHEE 27, X 3-24 (a)
N, ETINVA, HM3240)BET B ERT. LLEXY, fEKENGEHINE
o BR A VT2 BRI AR O BIEIE, SRR OEMICAI THL L F R D.

. 40.0
é 40.0
7 350 -31.0% -36.0%
% 30.0 27.6
= 25.6
b =
£ 200
Base Model A(Num of Model B(Num of

design variables=40) design variables=22)

Fig. 3-22  Results of optimization. Sum of stiffeners’ thickness of the models
at the 300th generation
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N

—Model A(Num of design variables=40)
'E40
g —Model B(Num of design variables=22)
»
~Z
2
=
= 30
S
= \
& 25 i
187th
20
0 50 100 150 200 250 300
Generation

Fig. 3-23  Generation history of two models of which number of design
variable are 40 and 22.

3 18 |:
[LE
14 r
- 12 T S, = —— e T

— 1
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m NoResult
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Iso<=18

¥ — Y === EEE === EEE
Z X Z _ox
(a) Model A (Number of (b) Model B (Number of
design variable = 40) design variable = 22)

Fig. 3-24 Results of optimization. Distribution of stiffeners’ thickness at
the 300th generation
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3.8 HEE

JRFT ) 72 A2 D E%ER & RIRPI R BRI 7 0 U X A% BEREICH AR DR D Z &
T, HHEERZANMEOIOREZ RO 52 L 2B LTIV A, LFORREZE
(W RJE O HIKIEF D H15 6 D 3 >OEEERLIS RIS RG24 5 2
£, BHOBI% (R LHEBORIKEE (BRI, BEAERE ORRAESET-.
xS ETHT RIS ) GEIEREER LIS ) 28 L. ZomiE
AEEERAIS 2 WD 28T, EAEBEESRI R & AR 2Rt AN g T &
HZ e LIE. I —#ORELFIEELEL

Q)EAIRE) TA L2 ER L SN BRS N AT 52 LIk - T, BRI
BOKKNEWET 2 ENAETHDLZ oL,

G) BRI #0 &2 W5 & b I R T2 MR, KOV D filKI Sefth~ D3 i JE 23
WEE, Zh s 3EEEZEENT VY X AEbBi o) — & LCEMAT
H52LT, KVEWHARM TREMENLGEOLNDLZ &R

G EZ DD ) — NORMEIE, 2HEED ES BB L THAZ M
BBAALTWDLZ &, KOBMBEBOERENFEHUETHLEEXOND. 2D
EEx Y — FOMRENENL TWDLH, Yh%E ERIZNDOEAEL 2 LD1X, GA O
BONCEB TR ON I EEFEDO L XL TH D.
GYABmFITHLNIT Y A v F (ZJF) SO mfIEEE, 2 MERE DK
Zie LoD, HNTHLIBEN R TH L Z ENRINT.

(6) FHANFIBEMZ HINE U, fif ARG, Sle PR 2 FII ] U 72 iG A 2
W L7, BESETNVERNRS, REHE 4000622 ~NEHLTZLIZL-T, dhid
fItE & — W EREES (ALY E—FK) 02 MEEZHRL >, BRE(IZESIH
% PR 2 L RGE L 72, 2 OFSR, iloe RIS K DRREHEBOHIRIC K- T,
SR LoD, BV AR L=,
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HAE EBE~OBEMARE

41 HHY
FHEBEAOZ T RXRIZY KA v F RV E2EAH LTz & & OB E
HAHREIZHESNWTELRT S,

42 YU FA v F AR NVOEEFEHEFOZR

4.2.1 MR LT HEAELDMAEE

Yo RA v FRRNVEBEORE 7 7 73320 (LT F 7 w7 /3%00) (7
LB EEETDH. ZOFEONGE 2E 4.5m, HEEE £ 1300 kg, HEO4
B &K 370kg O Y U FIE X AiifmEEE) (FF) AUFEAE &3 5. K41 1ITR7T &
21, F 7 a7 R ud, mifkdmMoBEROEIcE e bR s A TES
XEFRICELE SAL, 2 MORFVTHRS LD, ZORKVOWRIEE, AhAThZEi
0.6 mm, A£AADLEEET6kg (B, ME : Himd. HEREED 1.6% ThH

2.

Floor Panels

Fig. 4-1 Floor panels in an auto body structure
© 2024 Mazda Motor Corporation
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422 HERBFELVWHERARXVEY Y RS v F ARV OiER

ZIZT, TOF 77 RX)VOMENRRES, F7 a7 /L e P mE
DS ESE (2R 1150mmx 20F 500mmx2 ), HOWRE (") 85mm, &4FME
& 78 kg DR AFADEHIND EFUET DH. T OHMR /L 1B OH T REIPE
%, 20N i ERFORESETEEIL 2.0mm, EAMEE (—XKHEL V) 1L 1L.7Hz TH
% .

OB AAFTK L, TEEEEENAS UL, T & A E RN RS
UbEER23 0 Ry TF ARV ZREFT 5. EORRELNTY FA v F i
1 OAEARE, 2% 10.0mm &2 0, HRKIE 1.0mm O LR/ 330 2 8, M7 4
e, e ORE 2.0mm O A7 ¢ 7F 408 ¥ & A 2, B &IT 26kg (M 134 T ma)
ThDH. - T, 18kg D7 733 (B FIV) % 26kg DY KA v F 3%
MR LTI ET DL, 67T%DREILE R D.

2.0 N ff B FRF O E A BT 1.9 mm, [EAEEEKIT29Hz TH - 7=,

HE T VONETEAZ K 4212, 2 KA v FRXRLONE &N TIEE X 4-
312, WY RA v TFRRNVDRT 4 7F LABEEK 4-4, AT 4 7 FOIRXE 1 X
D XY SFiEAK 4-5 1077, X 4-6 ([T ESAF & B RRM 2T, B BN
2T SPCHIRL, ZDORXMOD 2 THROEE FMIZ 1.ON T OAMT L. K41
WCHIRET VOREIE, R A2 1Y FA v F ARV OHILERT . K431, HIR

TTNEY RSy F ARV OEREMERED R ERT.
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Fig. 4-2  Single panel model

Fig. 4-3  Sandwich panel model
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4
Z
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Fig. 4-4  Stiffeners in the Sandwich panel model

(mm)

Fig. 4-5 Dimension of a section of stiffeners

A 123456

Fig. 4-6 Boundary and load conditions for the models
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Table 4-1 Specification of Single-panel model
Number Sum of
Length | Width Area Thickness
of pieces volume
mm mm mm? mm mm?
Panel 1,150 500 575,000 2 8.5 9,775,000
Table 4-2  Specification of Sandwich-panel model
Number Sum of
Length | Width Area Thickness
of pieces volume
mm mm mm? mm mm?
UP&LWR
1,150 500 575,000 2x2 1.0 2,300,000
panels
Side panels 1,150 10 11,500 2x2 1.0 46,000
Side panels 500 10 5,000 2x2 1.0 20,000
Stiffener A 50 10 500 210x2 2.0 414,000
50~ 500~
Stiffener B 10 198x2 2.0 420,000
56 560
Total 3,200,000
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Table 4-3 Comparison of the two models' mass and performances

A: Single-panel B: Sandwich-panel

B/A-1

model model
Mass kg 78 26 -67%
Displacement | mm 2.0 1.9 -5%

Eigen 1.7 2.9
Hz 71%

Frequency (The 2" order) (The 3" order)

423 WARNVIZET D8I L ERBISA

4 4-7 (a) 12 P RA > F 380 Bl OFR ERECA U
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] 7E i 1 P RA v FIRFND
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B2ERE2—T, MIF@DO—EEZILERLIELDTH L. A7 4 7 FIZELDICHIE
PRI — TRV, O EE
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HNOFEBPHPHOES THHIL TWNDLHEEZXLBND.
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TERGS IO MZERT. MiEL b —RALYVE—FLZRLTWS. BEFHAR
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D OFLEOESICHIMELS, ENEIRY B DO nEy. o RSy F

Ui & AV O fef B O O KT HM O AT 4 7 F 1%

(S HLAR SV, 1479 (b)
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TR, [’ 4-10 18 RA w FRRAD BRSNS RNVEN LTEREO AT 4 7 )k
THE AR WVITAET 2 EBIS ) 50z R~ 7. (@) IZBKRE 2 —T, ()& @ o—#%
BERLTEZbDOTHD., AT 47 FIELDIENE. BMED & & & FREEERICE—
TR V.

ASEERH LTt TR T 0 7 F &2 Fo) v KA v FiEEIL, HiiE, EAiRE
WFIZBWT, ENEORT), EFILEDDOREL UKL, AT 47 FITET
LWIS L, BERICEH =B L TE Y, RV, o N v F AR D AT
4 7T DI, ETFERIGIS I E 5T DRI KXo T, #REIME & B4R EE
FTHAER->TWDHEBZLND.

1:5101_FFLOOR_SINGLE_PANEL_1150X500X7 5231225
StresstvonMises, Max) SUBCASE 1« BEND_T7 5MM CASE | BENDING RIGIDITY : Simulatian 1 Frame 25
Analysissysterm -

5020601 ’
5,000£.01
4286601 3y
— 3STIEO) o
2B57E0)
2143601 .

=y

1429601 s .
7343802

0.000E+00 ‘
7143602 :

(a)Single Panel

(b)Sandwich Panel

Fig. 4-7 Distribution of von Mises stress of bending displacement
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Contour Plot 1: FFLOOR_SANDWWICH_PANEL_1150X500%10_50¥50_231226

‘StressivonMises, Max} SUBCASE 1 =SOL101_1150X500X10_50X50_1 OT_2.07 1N :CASE 1 BENDING RIGIDITY : Simulation 1 : Frame 25
Analysis system

5545601

[ 5.0008-01

4286601

— as71E01

— 2857E01

= 2143801

1429601
7143602
0.0006400

7343602

‘Shell 873064

Y Sivulation | : Frame 25

(b)Detailed view of sandwich panels’ stiffeners

Fig. 4-8 Distribution of von Mises stresses on sandwich panel’s stiffeners
bending load
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Contour Plot 1:50L103_FFLOOR_SINGLE_PANEL_1150XS500X85.
Stress{vonMises. Max) ‘SUBCASE 1 = FFLOOR,_SINGLE_PANEL_1150XS00XBS SUBCASE 1 : Modes 2Frequency= 1.6370+00Hz : Frame 25

(a)Single Panel

1: FFLOOR_SANDWICH_PANEL _1150X500X 10_50X50_231225
StresstvonMises, Max) SUBCASE 1 = S0L103_1150X500X10_50X50_EXT1.0_STFT2.0 : Mode#3 Frequency= 2.897e+00Hz;Frame 25

Shell 1210621

v T/ x

(b)Sandwich Panel

Fig. 4-9 Distribution of normalized von Mises stress of eigen vibration
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Contour Plot 1: FFLOOR_SANDWICH PANEL _1150X500%10_50X50_231225
Stress(vonMises, Max) SUBCASE 1=SOL103_1150X500% 10_S0X50_EXT10_STFT20 |
Analysis system

AAGED0
[ 3.000€+00

2571E%00
— 2943E+00

— 1714E+00
- 1.286E.00

EST1ED1
[ 4.286E-01

0.000€+00

-4 2B6E-01
m i e
Max = 4 499E+00
Shell 973515
Min

‘shell 1210621
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Fig. 4-10 Distribution of normalized von Mises stress in eigen vibration
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Fig. 4-11 An image of a battery pack unit
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Fig. 4-12 A periodic structure.
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Fig. 4-13 Dimensions of the basic unit of the periodic structure.
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Sum of the stiffeners is 19.4mm.

which shows a result of optimization.
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Fig. 4-15 Schematic view of the optimized basic unit of the periodical structure,
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Fig. 4-17 Before and after optimization for vonMises stresses.
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Fig. 4-18 Before and after optimization for normalized stresses.
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