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Layup Optimization of Composite Laminates with Free Edge

Considering Bounded Uncertainty

Maenghyo Cho, Seung-Yun Rhee
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Abstract

The layup optimization by genetic algorithm (GA) for the strength of laminated composites with free-edge
is presented. For the calculation of interlaminar stresses of composite laminates with free edges, extended
Kantorovich method is applied. In the formulation of GA, repair strategy is adopted for the satisfaction of
given constraints. In order to consider the bounded uncertainty of material properties, convex modeling is
used. Results of GA optimization with scattered properties are compared with those of optimization with
nominal properties. The GA combined with convex modeling can work as a practical tool for light weight
design of laminated composite structures since uncertainties are always encountered in composite materials.

Aoy
=2o

AA AdEs AR A
Ao 721338 L Y3l Aol Fosid 2 4
TolAE  M.Cho[12]2] extended Kantorovich
MethodE ©] &% 34 BP & o] §5l9 AH &

:M%mﬂm%%%ﬂ$
Agd AT IS

-155-

AA Eolak o= AT A FHgEE
Attt
HEH HH3 WHEL @7t EAdok
3y H& GooNT agHdolgte gio] 3
o} Ak} ol4atA e HHE EAld ojME F
23877t EWEl. ERASY HEywe HF
HEe, Azde FAZ A3 I dHuddol
e B$ 0°, 90° t 30° t 45° t 60°2 AITHH
7] W&o, oj4tHel ¥MF4=E FHFHY fAA ¢
328 Z(Genetic Algorithm, GA)Z ©] 2§t 0|43 Q]
Wd EAE tEE u o] Fgso}3 4] A
2l dnYEFL 27| g9 EMANEZ FAHAR
#} A S(population)2 A E, wul, 28 EFWo
(selection, crossover and mutation)®] 2.3 Al I}
A-g WEHoZ AR HAHE oz g4
gkt
H, BgAE HF F2ENAM B4 A
g 2, EAA ALY 24, A1E
59 98 YdLeE ox= AHxo EFLA
HAE BolA vido|t)h uiels, Adx B
(Convex Modeling) 7]'d-& °]&&td 2 WA

X o

[o)

=2
(3]

T Y

%
=
9



A

= o

20y

ofj
ot

i

-

rr

o =

oX,

ol 9 aln

e 1o

5§47

M s e i & o o

2. Strength Analysis

2.1 Extended Kantorovich Method
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Fig.1. Composite Laminate with Free Edge
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2.2 Independent Maximum Stress Criterion
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3. Convex Modeling
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3.1 Formulation of Convex Modeling
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4. Genetic Algorithm
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Fig.2. Flowchart of GA

5. Numerical Results
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