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(Fuzzy multi-objective optimization of the laminated
composite beam)
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Abstract

In this article, we presents multi-objective design optimization of laminated composite beam using
Fuzzy programming method. At first, the two design objectives are minimizing the structural weight
and maximizing the buckling load respectively. Fuzzy multi-optimization problem can be formulated
based on results of single optimizations. Due to different relative importance of design objectives,
membership functions are constructed by adding exponential parameters for different objective's weights.

Finite element analysis of composite beam for buckling behavior are carried by Natural mode method
proposed by J.Argyris and computational time of analysis can be reduced.

With this scheme, a designer can conveniently obtain a compromise optimal solution of a
multi-objective optimization problem only by providing some exponential parameters corresponding to
the importance of the objective functions.

& Ao A
.M 2 dol FAE AAZRoZ A NI £ dn
Egddo] i oA E ¢EAE 5 e Tt
AR7ZE BRAEE 71€9 F5A5RY ¥ S0l WY 22 Ao HiHo Fge Eot
2 87 e 2 HRAAE Xty 254, 1L ANA F&H 23 )
A & Ade AE, JWREA F $5% 714 053 HAdA EAC g sidygez Hx
A AdALS 2=t oy E o2 B3l Al AW (Fuzzy Programming)el 2§ HI&
L7HE §F - +F 2 AE HGAG Rt Zimmermann®e] s Agoz 2AFHULG. 2
A FRAREN TgstA HEH2 o 53 = tE3 HAEA FAE A AY Aol
B34 HE: B 3Z A"y F T A8 Ay AESIAFTE AIESE ©d E3oz
2 W/ FREY BEFAER O ALY B9t BT BES AASAT o] F Leberling',
7kt e i ofel] g MA FAloA g Hannan™ell ol8f o] & 235t
AEA e =80 2 d7e B8 2% B FxEY HHz A
L. A. Zadeh™m4el o8 =48 Hrojge ACANZN FF Hasle §4 TR B
Ao AAGENA 2T = e BFAAY 35 Fateg AdskxIFaF e, F 7t
FAE ool 719% FAAR 7IHeMge 2 Aol BEHE Ze d5d HAAg HAEA
2] E & A(vagueness) &, WA A (fuzzyness) Adn Z+ BFHES A 5 A wag A9
& TAHAZR HAo Bgde J)EY o8& A # vAd8 A& 34 (membership function)& o]

— 143~



&3t HAA
processes)d] 9% %] (compromise optimal
value) & AlAtstel BdA B FxEY &R
HH3t AA FAA UMY HAFHFo)E A
448 AES Bz ok £ ohEA A o
3 HAA Fo fAA FEE7] A Hx
A DAY FAA o] B BEFAHAH] &
A =9l Agstriz g o oyl
bR el 278 A 74]"}5] 2% Eﬂi 1 ’274)7‘}
of ojAle we} HAHg HAGS
stA AAE *’r\—‘%‘a F As 7]iz}i(data
base)& Hol& AR AFTH F

Rzl=3

ol 3 A (fuzzy  compromising

£
P

Nl

N
i
oo
=’T‘=

Eeo| zachy

o AA HZF sF A
Aol woR I Argyris®
natural mode)¥H& o] &3
olstx zt B=d i 7)s
N A #HZFE AA
AR FARA 8

B O
A gAle A A

=
oM
Iz
i
2
oy
s

[
el
fo
B

o
o)

N

A

2
Lo o

O}
T4

>

e

; do

A -
ot b
o L”

2

o}l rl

e

Kgo=AKcp (0)

A71A, Kpe AA F2Ad dd 33 243

Zzp dehe, AdE 2 WFES pr 3
2% meol o@ A% &5 WY UE H2
¥y 2Eg BE Egen Ao

g £ gl

minimize { A(X), /(X) } (1)

subject to gg=W< W¥* (2)
g2=Nc7 2 NL;L (3)
g{X) <0, j=3,....,m (4)

AN, BHSS fE T2A AA FB(W)L
e, f=—N,2 24 #2&FS 9n@
o WU Mo o) gig HA sexoln,
Nje AA #FsFo dF HexE urew
o o] ¥ gte i) HAAY Fpo g AR
g gE LHAEFY W9 Agzd 53

gl e MA APzA

mlo m}i o

SN FHE OEH P A4 2AE
7 gaAHE S4 g4z gdBgused o
455 sHgo] AAsioler gk VA HAZoE

H

of tigt A A=A oete) ot Al 24
S UEHEAM FEREY THE HAFse EA
= o0& o] THEE F Uk

minimize { A(X) } (4)

subject to g;=N,_, = N
g(X) <0, j=3,....m

minimize { f(X) } (5)
subject to gg= W< W¥
g{X) €0, j=3,....m

o
2

Aeg 7-}7—}.4 to] 2A A3 2

A HE o] &3ld & ¢
Faye o2y 7z 44 2
TAE7] A% olatAel E( WhHI HEEE

¥

-
go mu fo rr



33 HE| CHEA Es

A4 geld AA NEACW Y NS @
24 HH48 A4 T Lold AF 2A @
(W', No)& elgstel thgst 2ol SHF5el

e WA 25355 39T & Yok

[ 1 [X<w?
We—£(X N
#f,oo:‘ LD weamswe ©
0 X =2W*
1 —H(X)=N?,
_ _fz(X)—‘N{:,, 3 b
ui(X)= M}"Nﬁr N CAXICNL, ()
0 —fz(AX)SN?;

A AgzA B
of 288 A HEF Ho|dFg & FAFL

2A B 2ol A

,.
b
b
o
—~
rir
N
Y
(ot
BN
2

o
)
A
ey
I

1 g{(X)<b;
/lg,(X): 1—5%)“:“1)—] b,~<g,-()()(b,»+d,~ (9)
7
0 g{X)=b;+d;

4714 dis A ARRANA 423 A4W

@Azl T s oot
BAFrS BE 2585 A

§ 2557t Adw olBo oa HeA

A AA49E SelAe Ax AALY De o

23 2

¢

s}

D= A 1420} (0] (10)

29, 2 QAN F ) ol4e) HAm

# anan.nalX) = pa(DNAea ON Npea (XD (17)
=min{ua (X}, £a(X), ... 04, (XD}

waA, HAdAGY DERY ¥y X' o

2 BEAJE H2HY 9 £ Ao

up(X")=max ugp(X) (12)
7] A

pp(X)=min{u (X)), £ (X), 2(X), .., 1, (X)}

L

9.9 A (12 A9 A BBy HHa
v REEE YEE AFW5g =9
sg

A =
el gl B3 HA5 BAZ A8

2

[e]

oli
28
i~

zef& M

£

+

maximize A
subject to A =p (X)) i=1,2 (13)

A <pg(X)

=3,..,m

34 71871 248 HX| ciEH 2AM 5
gt o g Fx Al vEFH HA3zE A A

Boh 7zt EAFFe FAEE AAAY #

Hol Wt @bl 4 gen, A oEAH A%

AA EAANA 25Tt olHd ugd A
=}

2Ho] U3 FLEE WY £ YLD FAY
& dg 7tEAE ¥oiE west o
weta g Ao AE Agegd JMFA
A5 gy, @& AFEsd FHTFo s JHE
AE 1Y ¥ & YET ASAIY, WP ©
YEAGS] fF 2E5PFE e 2ol A9
Ao},
1 X <W?
WA .
1y (X0 = [W] WA < (14)
0 X =2w*
_ _NZV 2 ,
pp(X)= [——M 1% N% < f( X)< N, (15)
0 — HR(X)<NE,

A7N, HEH A% g% g 03 1 Aol @

g 23, BHGF) G AFA w,w,st S
2

I 2 B#AE Zen
_ q1 _ q2
oatae, 2 ata
o NEA AFE TP L25FFE ST
A APASHS Aol 2AFE, A5EE, A
2H F55e WAY 24855 AL A8



Y8 ans AAAY oo g
MAE 7HFEAFeLR 248 4+ glon
&3 5g 22 go}
= HAAY HEFHE FE + Utk dE E9
EA A q, gt 47 063 02 U o, A
(14), U5)NAH Aog wHE r&ds= o

7 poh(EAe HEAETS)

AR )

weoest Structural Weight(W) wre

= my 1 .-
\\ H Patied (a}=0.6) //‘ N

.. bnear

o - " moen.d“z:o_z

0.4 B = v i
A ™ .
wnaar .
e H <
0.2 - s

o0t
(N Critical Buckling load(N_) (N>

0.8

0.6

Membership function value

N

~
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Fig. 2 Laminated composite beam structure
subjected by uniformly axial compressive load with
clamped/rolling support ends condition.
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Table 1 Results of Single Objective Optimization

Structural weight opt.{ Buckling load opt.

parameters |initial value|optimal value{initial value{optimal value

6 4 0.0 45 00

8, -45° 0.0 45" 0.0
Hin) | 025 0.159876 025 0.299944
bin) | 025 0.132305 0.25 0.300056

W (in®) 125 73.0453 125 150.0
N, (Ib) | 839330 | 70985627 | 88933.0 | 614705.0

N;=88933.0%x80/100 = 71146.4(20% decreased of initial)
W*=125.0%120/100 = 150.0(20% increased of initial)
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Table 2 Results of Multi-objective optimization with different objective weight

A a | @| alm) | (Cn) [6,C )] 6:C )| ACn®) | £ ®) wy wy
0987868 [ 0.0 | 1.0 | 03002 [0299737] 00 | -6.8 |1500179]6127%.4| 00 1.0
0.876256 | 0.05 | 1.0 | 0.280661 | 0.288416] 0.0 0.0 |1445194 | 5497579 | 00476 | 09524
0.806346 | 0.1 | 1.0 | 0.282724 | 0.281435 | 00 00 |141.0395 | 5109939 | 0.0909 | 0.9091
0710589 | 0.2 | 1.0 { 0273533 | 027072 | 00 00 |1360632 | 4587913 0.1667 | 08333
0501640 | 0.4 | 1.0 | 0.260157 | 0.257051 | 0.0 0.0 |129.3019 | 3937381 | 02857 | 07143
0515248 | 06 | 1.0 | 0.252537 | 0.245632 | 00 00 | 1245422 | 3518382 | 0.3750 | 0.6250
0.459339 | 0.8 | 1.0 | 0.249702 | 0234059 | 00 00 11209402 | 3221847 | 04444 | 05536
0417640 | 1.0 | 1.0 | 0.263704 | 0207898 | 0.0 00 [1181459 [ 2980375] 05 05
0457135 | 1.0 | 0.8 | 023703 [ 0222431 00 0.0 |1148652 | 2760313 | 05556 | 0.4444
0500847 | 1.0 | 06 | 0.204431 [ 0148825 ] 00 0.0 [1108138 | 247842.1| 06250 | 0.3750
0583403 | 1.0 | 04 | 0.22784 [0.192801 | 0.0 00 |105.1604 | 211811.3 | 07143 | 02857
0.700785 | 1.0 | 0.2 | 0.220698 | 0.163856 | 0.0 00 | 96.13% | 161840.1 | 0.8333 | 0.1667
0797763 | 1.0 | 0.1 | 0.189224 | 0.165516 | 0.0 00 | 886850 |1270409| 09091 | 0.0909
0.869678 | 1.0 |0.05] 0.166314 | 0.166314 | 0.0 0.0 | 83.0569 | 1047342 | 09524 | 0.0476
0.999610 | 1.0 | 0.0 | 0.154585 | 0137797 | 00 | -2.26 | 73.0955 | 711089 1.0 0.0
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