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ABSTRACT

An efficient method was developed in this study to obtain optimal stacking sequences, thicknesses, and
minimum weights of stiffened laminated composite shells under combined loading conditions and stiffener
layouts using genetic algorithms (GAs) and finite element analyses. Among many parameters in designing
composite laminates determining a optimal stacking sequence that may be formulated as an integer
programming problem is a primary concern. Of many optimization algorithms, GAs are powerful
methodology for the problem with discrete variables. In this paper the optimal stacking sequence was
determined, which gives the maximum critical buckling load factor and the minimum weight as well. To solve
this problem, both the finite element analysis by ABAQUS and the GA-based optimization procedure have
been implemented together with an interface code. Throughout many parametric studies using this analysis
tool, the influences of stiffener sizes and three different types of stiffener layouts on the stacking sequence
changes were throughly investigated subjected to various combined loading conditions.
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Fig. 1 Flow chart of GA optimization

Table 1. Design parameters of a genetic algorithm

Parameters Values
Population size 10
Probability of crossover 0.8
Probability of mutation 0.05
Probability of gene swap 0.9
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Table 2. Optimal designs according to flange lengths

wis Optimal design A,
skin [+45/+60/+30],
0.1 — 1.1263
stiffener [90,/£30/0],
skin [+60/60/15/-60/-15];
0.15 — 1.1381
stiffener {90/60/90, /-60/90],
skin [90/+45/£30/0];
0.2 — 1.1465
stiffener [90,/0/£60/90},

Table 3. Optimal designs according to web heights

h/w Optimal design A
skin [90,/£45/£15],
0.5 . - — 1.0681
stiffener [90/30/x15/~30/0],
skin [+45/+£60/+30),
1.0 — 1.1263
stiffener 90, /+£30/0],
skin [+45/90/60/0/-60],
1.5 _ 1.3111
stiffener [90,/+30/0/0},




Fig. 3 Various loading conditions

Table 4. Optimal designs with respect to stiffener
layouts

Ils Optimal design A,
' skin [£30/90/0],
1.0 — 1.3742
stiffener [60/0/90/-60/90],
skin [(£30), /£15],
1.5 _ 1.4735
stiffener [15/+60/-15/90],
skin [90/£30/0/+30),
2.0 _ 1.1183
stiffener [15/0/90/-15/0),
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Table S. Optimal designs with respect to various loads

Loadi
e Optimal design 6
condition J )
) skin [£45/+60/+30],

Compression _ 1.1263
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and thermalload  gtiffener [£15/+60/50], '

Compression, skin [90/+30/0/+ 30},

pressure and - 1.1183

themmal load stiffener [15/0/90/-15/0],

459, ¥, 35 T3 2L LT HF2
Aol AP AR Aitel F87EL AU
A= gro] AAHA &2 JE= 10 3 o]
BEd o) FHEF sen] EE A dial

2540 8 WRHAE AD T Pk 23
o EdA Zolst 4 Fol7t FAYFF RTAHF
of 7RG e QatFel o@ FEE BFe
FEYY AFE BANA HTIHE FIART
wd w79 el WANTA AFVYE o
& BUY WYL TEF] AT 37t
et

il
r

toe

(1) Giirdal, Z., Haftka, R. T. and Hajela, P., 1999,
Design and Optimization of Laminated Composite
Material, John Wiley & Sons Inc., New York, N.Y,,
U.S.A.

(2) Turvey, G. J. and Marshall, I. H., 1995, Buckling and
Postbuckling of Composite Plates, Chapman & Hall.
(3) Le Riche, R. and Haftka, R. T., 1993, “Optimization
of Laminated Stacking Sequence for Buckling Load
Maximization by Genetic Algorithm,” AIAA journal,

Vol. 31, No. 5, pp. 951-956.

(4) Liu, B, Haftka, R. T., Akgiin, M. A. and Todoroki,
A., 2000, “Permutation genetic algorithm for stacking
sequence design of composite laminates,” Computer
Methods in Applied Mechanics and Engineering, Vol.
186, pp. 357-372.

(5) Kassapoglou, C., 1997, “Simultaneous cost and
weight minimization of composite-stiffened panels
under compression and shear,” Composites: Part A,
Vol. 28A, pp. 419-435.

6y ZA=E, 2734, 344, 2AZ, FIA, 2000,
“GRA FneFE 18T UF HFTL Wi
B7E BYAFR) IY 4o $FSFI
A, A 303, A3 Z,pp. 72-81.

(7) HKS, 2001, ABAQUS Standard Users Manual,
Hibbitt, Karlsson & Sorense, Inc.



