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Optimum Design of Composite Laminated Beam Using GA
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Abstract

The present paper describes an investigation into the application of the genetic algorithm (GA) in
the optimum design of composite laminated structure. Stochastic processes generate an initial popula-
tion of designs and then apply principles of natural selection/survival of the fittest to improve the
designs. The five test functions are used to verify the robustness and reliability of the GA, and as a
numerical example, minimum weight of a cantilever composite laminated beam with a mix of continu-
ous, integer and discrete design variables is obtained by using the GA with exterior penalty function
method. The design problem has constraints on strength, displacements, and natural frequencies, and
is formulated to a multidimensional nonlinear form. From the results, it is found that the GA search
technique is very effective to find the good optimum solution as well as has higher robustness.

Keywords : genetic algorithm(GA), stochastic processes, composite laminate structure, continuous, inie
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1 Test functions for numerical optimization

Number Functions Constraints
1 H)=3x  w=10 512 < x, <512
2 Falx) = 5%20%%‘(;?;);5)) ~100.0 < x, < 100.0
3 Falx) =100(xi —xi)*+ (1 —x1)° —2.048 < x, < 2.048
4 f4(x):éinteger(x,), n=5 —512<x,<5.12
5 Sfslx) =sin(z)/z, z=+(xi+z}) —100 <2, <250
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fs 50 0.7 0.02 17 1768.3876 1768.5089
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1% 5 Configuration and loading of the compo-
site laminated beam (P,=6 Newton, w,
= 4/H Newton, L=25cm, b=2cm)
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1% 6 Geometrical configuration of the multila—
yered laminated structure
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Matrix Fibers
Constants Scotch  Kevd9  AS T300 B4
Epoxy

{Glass)  {Kevlar {Carbon) iBoron)
E (Gap)| 34 85.8 1267 | 209.1 | 2586 | 4080
E.(Gap)| 34 85.6 7.0 155 182 | 4098
Go(Gap)| 147 355 3.0 1605 | 367 1853
s 0.35 0.15 0.33 0.27 0.25 011
plke/m*| 1220 | 2600 1440 1750 1750 | 2600

@ q3TEe AAE AR AU e WA
HEE &, Soto] T, Zetele HE: £, 74
Zatole] AP EZ deln A Myl oF
S vk olF WAL 9sw, A5Y, 1o
ANYE wT TIHL ALE X & ATk
g 6ol o 4 flFe] Bl Zole A F o
5 3Me Z(layers) o2 o|Fold low, zt

%“5’" At EepolE At N, Ny, N2
WA, 4, (91, 6o B AR LEds %
A S|

e
L 44U
o

Minimize F=2t(N,+N,+Ny)bLp. g (18)

Subjects to

F R F R = o

a0 < L/1000

A0 < L/1000
fi = 125Hz
f: = 7h0Hz
H <25cm

o7, 2l (18) 8 Fe Re] Z=aFglolt}). 2
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8 AmAlekzd, Ho WAtz 1, 23
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H 4 Allowable strengths of different fiber-
epoxy composites

Fibers

Constants | Scotch  Kev49 AS T300 B4

(Glass)  (Kevlar) {Carbon) {Boron!
Fi, (Mpa) 1062 1400 1447 1500 1260
Fy (Mpa) 31 12 52 40 61
Fi, (Mpa) 72 34 93 68 67
F.. Mpa)| —610 =23 | —1447 | —1500 | —2500
F. Mpat| -118 -53 =206 — 246 =202
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H 5 The results of GA search for composite
laminated beam

Fib Generation | Penalty | Optimum | Obpctive
iber
No. Parameter | Fitness | Value (V)
Scotch 362 36200 0.8979 1.1137
Kevd49 426 42600 1.6543 0.6045
AS 244 24400 1.6316 06129
T300 501 50100 17350 0.5762
B4 726 72600 1.4738 (.6785
1.0 1.5
,,,,,,,,,,,,,,,,,, Best ...
0.8 - 14 O
w 0.6 E
; ‘A verage 1.3 ;
& oafr :Z
12 %
0.2 ‘\\ Objective E
\*1.1
0.0
0 50 100 150 200 250 300 150 400

Generations

a8l 7 Convergence histories for Scotch-

Epoxy
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vlas) 2W Haplash Shih'e] Aarrt el AAREE 17 233 Qe 5 438 72
A3E €1 AeE ¢ F A HAIHY v o] HA A Y% GAS F&& i &
Lo A F FES BAMEK HH PP sl I glgAdel mg F& Bt HA
B Aolgat ZAH s sl f1A a9l stofl oid FH G Fel g 2 FHe ®
& & F Atk ol WA g nHE 2% A7t Awd G G 3 Hotpel] E0E 9
& o Agsty] S Huige] FIEE A o 2 gevs Ad A9 HYHE A &
sk Aolth EF AH Ugze] spd & W Eol " w=oes Aotk ole GAEH A

okt
i)
3
o
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o
U g
92
A
N

R y8e W Aolth. BEF 24 o] w ot Zefu,

Scotch Glasst Boron} #2& 534 MdA79o 3 FHHYd o] FEAE FESEI W9 w2A 7

A AHu) s g B2 3g A Hed 4 ARt I o] F HFHA HHHA =2

Az #E belA 2H 2 FFo] FHIES & 7 7R el Aol giHow At RE do=

Ak oA wFHA AFES AR A% sl Fsford At stAlch
I 6 Optimum results for mixed integer and discrete design variables

fibers | Method (mtm) Ny . N, § (de:;ee) > Vi (Nev]:ton)
Scotch GA 0.175 17 13 4 0.422| —0.884 | —89.132| 0.6 1.1137
MB&B*| 0.15 6 23 1 —5.2 586 | —11.8 0.5 1.118

KeVi9 GA 0.150 15 11 0.115 1.521 | —85.550| 0.9 0.6045
MB&B*| 0.15 9 12 —1.53 2.06 0.37 | 0.897 | 0.604

AS GA 0.100 25 7 —0.093 1.851| 66.641| 0.887 | 0.6129
MB&B*| 0.125 4 22 11 —13.0 10.1 —19.0 0.5 0.6689

T900 GA 0.125 13 7 —0.291 | —4.301 | —88.395| 0.868 | 0.5762
MB&B*| 0.125 5 18 0.75 053 | —11.0 0.61 (0.5827

B4 GA 0.125 7 12 10 2.060 | —3.136 | —87.846| 0.5 0.6785
MB&B*| 0.125 3 18 10 |—164 123 | —16.1 0.5 0.722

*M odified branch and bound method by Hajela and Shih*
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