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Optimal Design of Laminated Stiffened Composite Structures
using a parallel micro Genetic Algorithm

Moo-Keun Yi™, Chun-Gon Kim"

ABSTRACT

In this paper, a parallel micro genetic algorithm was utilized in the optimal design of composite structures
instead of a conventional genetic algorithm(SGA). Micro genetic algorithm searches the optimal design variables
with only 5 individuals. The diversities from the nominal convergence and the re-initialization processes make
micro genetic algorithm to find out the optimums with such a small population size.

Two different composite structure optimization problems were proposed to confirm the efficiency of micro
genetic algorithm compared with SGA. The results showed that micro genetic algorithm can get the solutions
of the same level of SGA while reducing the calculation costs up to 70% of SGA.

The composite laminated structure optimization under the load uncertainty was conducted using micro genetic
algorithm. The result revealed that the design variables regarding the load uncertainty are less sensitive to load
variation than that of fixed applied load.

From the above-mentioned results, we confirmed micro genetic algorithm as a optimization method of
composite structures is efficient.
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Table 1 Material properties of HFC CU-125

E, 130.0
E, 10.0
Stiffness (GPa)
G1y=Gy 4.85
Gy 3.62
Vi 0.31
p (kg/mm®) 1.54*10°
ply thickness (mm) 0.125

Table 2 Test results and parameters for nGA

GA variables value
Population size 5

Maximum generation 400

Pc 0.5

Nominal convergence 0.05

Success number 12/20
Near optimums 87.191 kN
89.265 kN

Calculation points 687

Table 3 Test results and parameters for SGA

GA variables value

Population size 30

Maximum generation 200

Pc 0.7

Pm 0.3

Success number 10/20
Near optimums 87.191 kN
89.265 kN

Calculation points 2610
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Table 4 Test results and parameters for pGA

GA variables value
Population size 5
Maximum generation 800

Pc 0.5

Nominal convergence 0.05
Weight (kg) 1.39
P, (kN) 70.484
Fitness 1.147
Calculation points 3063

Table 5 Test results and parameters for SGA

GA variables value
Population size 15
Pc 0.7
Pm 0.2
Weight (kg) 141
P, (kN) 74.843
Fitness 1.136
Calculation points 9150
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Table 6 Comparison of design variables
uGA
[45/04]s
[-45/904]s
17

SGA
[-45/04]s
[-45/45/905]

stacking sequence in skin

stacking sequence in stiffeners

height of web (mm)

number of stiffeners
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Table 7 Optimal design variables for f, & f,
fa 5y

stacking sequence in skin [05], [—45/45,/ —45],

stacking sequence in stiffeners | [+45/90,], |[F 45/90/0/90],
height of stiffeners (mm) - 21
number of stiffeners - 8

o
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8,
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Aats 29l

Table 8 Optimal design variables for the uncertainty problem

uGA
stacking sequence in skin [(F 45),/0],
stacking sequence in stiffeners [£45/90,],
height of stiffeners (mm) 21
number of stiffeners 8

Table 9 Eigenvalues of the optimum in the two load cases

(R, R) A
0.1, 0.9) 1.03
03, 0.7) 1.05
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Fig. 13 Stability boundary and range of load variation for the optimum.



38 ol . AT SRR
Table 10 Problem explanation
model-3
design objective load remark model-2
minimum weight fixed n, " ~\’L. i mOd?I'l
Model-1 design (M:/meo) / \.\ * applied load
— — - 08 ! ) \ (Nx/Nv=1/70)
Model-2 mlnlmurr'l weight variable # N
design 05 / \
Model-3 maximum fixed same weight with / °
buckling load | (IV,/N,=1/70) model-1 0ad / \
/ ']
Y
Table 11 Values of the design variables for each model 024 / 5
Model-1 Model-2 Model-3 // >
00 T —
stack | skin |[£45/ F 45/45)| [£45/ F 45/45]); | [£45/ —45,/45]; 00 02 04
ing — Nx
Spase|stiffe)  [+45/90,]; [£45/90,] | [TF45/45/90,]
Fig. 14 Stability boundary for each model.
height of
stiffeners 2 18 2
Adali[8]9] =ZollA AgE BRet Zo] W& FA ST
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