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Discrete Optimization of Unsymmetric Composite Laminates
Using Linear Approximation Method
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Abstract

The optimum design of most structural systems used in practice requires considering design varia-
bles as discrete quantities. The present paper shows that the linear approximation mehod is very ef-
fective as a tool for the discrete optimum designs of unsymmetric composite laminates. The formulat-
ed design problem is subjected to a multiple in-plane loading condition due to shear and axial forces,
bending and twisting moments, which is controlled by maximum strain criterion for each of the plys
of a composite laminate. As an initial approach, the process of continuous variable optimization by
FDM is required only once in operating discrete optimization. The nonlinear discrete optimization
problem that has the discrete and continuous variables is transformed into the mixed integer progra-
mming problem by SLDP. In numerical examples, the discrete optimum solutions for the unsymmetric
composite laminates consisted of six plys according to rotated stacking sequence were found, and
then compared the results with the nonlinear branch and bound method to verify the efficiency of

present method.

Keywords : discrete optimization, unsymmetric composite laminates, mixed integer program-
ming, SLDP, branch and bound method
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¥ 3-1 MEuiHo| mE %X £ u|w(Layup 1~6)

[ Design

X,

X2

X3

Xy

X5

X6

Obgective

variables (in) (in) (in (in) (in) (in) values(in) O
Layup | Initial 0.1 0.1 0.1 0.1 0.1 0.1 0.6
No. values !
Layup (A) .028078 .050624 .043109 '.7172260 .065856 .046495 ;  .406430
1 (B) 0.026 0.048 0.047 0.175 0.065 0.047 : 0408 183
(C) 0.030 0.052 | 0.042 0.170 0.067 0.047 0.408 212
Layup (A) 052578 .017677 .001040 -102580 | .080931 .019872 .274680 ‘
2 (B) 0.053 0018 | 0.001 0.102 ©0.080 0.022 0276 | 176 !
\ ) 0.053 0.018 | 0.001 0.102 0.078 0023 | 0275 545
Layup (A) 007462 .034486 | 067595 098660 .061414 .111380 | .381000
3 (B) 0.008 0032 @ 0.069 0.098 J 0.062 0.113 I 0.382 173
(C ) 0.006 0.032 0.068 0.101 L 0.062 0112 . 0.381 616
Layup (A) .001000 .032979 -026836 110930 . .044937 .049412 .266100 -
4 : (B) 0.001 0.032 0.030 0.110 0.047 0.049 0.269 233
(C) 0.001 0.035 0025 . 0112 0.046 0.049 0.268 1347
Layup (A) 028546~ .069389 .145030 } 041715 062067 .026541 373290 }
5 (B) 0028 ;| 0.071 0.145 0.042 0.062 0.027 0.375 134
L © 0030 | 0.069 0.146 | 0.041 0.063 0.026 | 0375 252
Layup ! (A) 001058 | .030056 .048555 126920 .057623 .065166 .329380
5 } (B) 0.001 ! 0.030 0.048 0128 0.057 0.067 0.331 160
o | < 0.001 - 0.029 0.052 0.124 0.055 0.069 | 0330 244
{A) . Continuous optimum solutions,
{B) . Discrete optimum solution by linear approximation method.
{C) : Discrete optimum solution by nonlinear branch & bound method.
(N} -Number of function calls to analysis structure.
H 3-2 MEHiHol @2 =X £ H|@(Layup 7~12)
Design x, X, } X3 X, ‘ x5 X Objective ; (N)
\ variables (in) (in) (in (in) | (in (in) values(in)
Layup | Initial 0.1 0.1 0.1 0.1 0.1 0.1 06
No. ! values » .
Layup TA) | .001000  .076030 .067228 221370 .073814 -027208 466760 |
7 ‘ (B) 0.001 0.077 0.067 0.222 0.074 0.027 0.468 241
- i (C) 0.001 0.074 0.066 0.225 0.074 0.029 0.469 384 —
Layup | (A) -001000 | .029187 066374 090614 .073545 061363 | .322080 |
8 (B) 0.001 ‘\ 0.029 0.067 0091 | 0.074 0.062 0.324 133
(C) 0.001 0.030 0.067 - 0.090 0.076 0.059 0.323 355
Layup (A) 025226 | .078149 .064755 .166890 .123730 .062076 : .520830 e
9 ‘ (B) 0.024 0.081 0.065 0.170 0.125 0.059 L 0.524 143
) 0.028 0.076 0.066 0.164 + 0.126 0.063 0.523 260
Layup (A .OQIOOO 028422 | .042796 086578 ' .016141 | .123910 .298840
10 (B) 0.001 0.029 0.043 0.087 . 0.017 0.124 | 0.301 212
) 0.001 0.027 0.046 0.087 0.020 0121 | 0.302 390
" Layup (A) 104130 -00100 .00100 .038162 .010653 284110 . .439050 -
i 11 (B) 0.104 0.001 0.001 0.038 0.012 0.284 0.440 247
) 0.104 0.001 0.001 0039 | 0.013 0.282 0.440 403
. Layup — (A) .034531 .001000 042570 131540 © .032829 .100860 .343330
12 By 0.036 0.001 0.042 0.131 | 0.035 0.100 0.345 | 210
. ©) 0.037 0.001 0041 0.131 0.031 0.103 0.344 694
262 mAREZE X110 H2E (1997, 6)
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