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Optimal Design of Composite Laminated Plates
with the Discreteness in Ply Angles and
Uncertainty in Material Properties Considered

Tae-Uk Kim and Hyo-Chol Sin

Key Words: Stacking Sequence Optimization(¥ 5 =4 2 & 3}), Thickness Optimization(5F+-74 3 %]
3}), Branch and Bound Method(¥-71%), Convex Modeling(Z ¥ 2= 5 dl3])

Abstract

Although extensive efforts have been devoted to the optimal design of composite laminated plates in
recent years, some practical issues still need further research. Two of them are: the handling of the ply
angle as either continuous or discrete; and that of the uncertainties in material properties, which were
treated as continuous and ignored respectively in most researches in the past. In this paper, an
algorithm for stacking sequence optimization which deals with discrete ply angles and that for thickness
optimization which considers uncertainties in material properties are used for a two step optimization of
composite laminated plates. In the stacking sequence optimization, the branch and bound method is
modified to handle discrete variables; and in the thickness optimization, the convex modeling is used in
calculating the failure criterion, given as constraint, to consider the uncertain material properties.
Numerical results show that the optimal stacking sequence is found with fewer evaluations of objective
function than expected with the size of feasible region taken into consideration; and the optimal
thickness increases when the uncertainties of elastic moduli considered, which shows such uncertainties
should not be ignored for safe and reliable designs.
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Fig. 1 Two step optimization of laminated plates
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Table 1 Results of Stiffness Maximization

Number . Objective
Optimum | #*/f° )
of layers evaluation
8 [-45,/452]s | 0.5526 | 24(9.375)
12 [-452/£45/45,)s| 0.5754 | 92(2.246)
16 [-453/455)s | 0.6015 | 436(0.665)
20 [-454/457]s | 0.6308 | 2560(0.244)

Table 2 Results of Buckling Load Maximization

Number . Objective
Optimum | F*/£9 .
of layers evaluation
8 [-45/+45/45]s | 1.7640 | 20(7.813)
12 [-452/454)s | 1.7004 | 76(1.855)
16 [-45:/£45/454]s| 1.6223 | 412(0.629)
20 [-45:/457]s | 1.5672 | 1380(0.132)
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Laminate A : [0/90],
Laminate B : [ £45/0/901,
Laminate C : [ £45/90/0/45/90/ —45/0],

Table 3& 3t AAHE 4L Zt 5 YW
o] 24 FFAE v} Aoltd Optimum 1
3} Optimum 2= 247} BAX| o] B4 & 19
Ae o} 187 %g W AHAE vEhiin,
24 o FUHE, ghE ohE 4E gEdh

— _Optimum ] — Optimum 2.
an= Optimum 2 x100(%) (41)

Table 3 Comparison of Objective Functions
(a) Sinusoidal load, s.s.

Laminate | Optimum 1 | Optimum 2 pal
A 0.3460 0.3160 9.49
B 0.3164 0.2912 8.65
C 0.3564 0.3238 10.07

(b) Sinusoidal load, clamped

Laminate | Optimum 1 | Optimum 2 Adh
A 0.2262 0.2022 11.87
B 0.2576 0.2334 10.37
C 0.2970 0.2610 13.79
(c) Uniform load, s.s.
Laminate | Optimum 1 | Optimum 2 4h
A 0.3666 0.3326 10.22
B 0.3944 0.3596 9.68
C 0.4360 0.3952 10.32
(d) Uniform load, clamped
Laminate | Optimum 1 | Optimum 2 dh
A 0.2646 0.2288 15.65
B 0.3016 0.2754 9.51
C 0.3500 0.3108 12.61
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Table 4 Optimal Solutions with Uncertainty in

] .
e

Az 4

Table 6 Optimal Solutions with Convex Modeling

Material Properties Neglected (& = 5.0%)
objective Stiffness Buckling load objective Stiffness Buckling load
tacki
SCHNE (45,/451-45,/45,/0], [-45/45/-45,/455/90], stacking
sequence [-452/45/-45,/45,/0], [-45/45/-45,/453/90],
t, = 0.02148 t, = 0.02255 sequence
t, = 0.02148 t; = 0.02255 # = 0.02332 t, = 0.02567
t; = 0.02148 t, = 0.05331 t, = 0.02332 ty = 0.02567
layer t; = 0.05664 ty = 0.03172 t; = 0.02332 t3 = 0.05489
thickness £ = 0.05664 £ = 0.04594 layer t; = 0.05943 f, = 0.03452
ts = 0.00546 te = 0.00637 thickness t; = 0.05943 {5 = 0.04763
t; = 0.00546 t; = 0.00637 ts = 0.00540 t; = 0.00572
fs = 0.00526 t; = 0.00529 t; = 0.00540 t; = 0.00572
initial iy y fs = 0.00524 f; = 0.00521
thickness ' '
final 040972 0.41006
final . . .
na 0.3878 03882 thickness
thickness
thickness
) 5.65(%) 5.63(%)
increase
Table 5 Optimal Solutions with Convex Modeling
(6 = 2.5%)
. . 10 T
objective Stiffness Buckling load :-s—nm
stackin, L+ gl
B (-45,/45/-45,/45,/0], [-45/45/-45,/455/90]; RO -
sequence 2
t = 0.02152 t, = 0.02342 2.
t, = 0.02152 t, = 0.02342 %
£, = 0.02152 t; = 0.05474
layer t, = 0.05869 f, = 0.03288 *
thickness t; = 0.05869 t; = 0.04720 _ /
t, = 0.00603 t; = 0.00638 o — - — .
t; = 0.00603 t; = 0.00638 5
fy = 0.00558 fy = 0.00535 Fig. 3 Thickness increase vs. ¢
final 039916 039954 .
thickness 3991 ’ A AAS FPs9ct. Z o) oj&3 H=
oA HAg dudFe #31 dugFol e
thickny 2 AAHe - Abgke] o) o] & 58 A1 9
thickness 2.93(%) 2.92(%) g2 FHE AYUD ALZF YolME &4
Increase A AGslE 2E F A wyelth =@

FA HHE R =4 AdA Ay 7Y
& FEEAY Y 29, EFgEEe A=
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