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Reliability-Based Optimization of Laminated Composite Plate
Subject to In-Plane Strength Using Response Surface Method

Nozomu KOGISO*! and Shuuya NAK AGAWA *2

Department of Aerospace Engineering, Osaka Prefecture University,
1-1 Gakuen-Cho, Sakai, Osaka, 599-8531 Japan

In this study, the response surface method is applied to the reliability-based optimum design
of alaminated composite plate subject to in-planeloadsin order to improve the cal cul ation efficiency.
The reliability is approximated by polynomials in terms of the lamination parameters. Where the
authors have aready clarified that the reliability is distributed smoothly in the lamination parameter
space for the symmetric balanced laminate consisting of 0°, +45° and 90° plies. Using the response
surface method, the reliability-based optimization problem is transformed from a duplicated-loop
iteration problem into a single-loop iteration problem. In constructing the response surfaces, several
experimental points are selected based on the D-optimality criterion using genetic agorithms.
The efficiency of the response surface approximation on the reliability-based optimization is
demonstrated through the two dua problems; the reliability-maximized design of the constant-

thickness plate and the thickness-minimized design under the reliability constraint.

Key Words: Structural Reliability, Optimum Design, Laminated Construction, Composite Material,
Lamination Parameter, Response Surface Method, Reliability-Based Optimization, First

Order Reliability Method, First Ply Failure

1 0 g

00000000000000000000000
0000000000000000000000OO
nooooooo®Yooo0ooooOooooooOoO
ooooo®®¥ipoooooooooooooOn

00000000000000000000000
000000000000 000000000000O
0000000000000000000 (First Order
Reliability Method; FORM)P0D OO ODOoO0ODOO00O
0000000000000000000000000
000000 (U-00)0000000000000
O00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
00000000000

* 0ooo ooo
“100,0000000000000000000000
ooooo (@ 599-853100000000 1-1)
2 00000000000000000000
Email: kogi so@ero. osakafu-u.ac.jp

00000000000000000000000
oooooooooooooooooooo®®op
00000000000000000000000OO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000
00000000000000000000000
0000000000000000000000OO
ooooooooooo®®ypoooooooooo
000 80000000000 D0DO0OOO0DNONOO
ooooooooo®ooooooooooooon
0000000000000000000000000
0000 2000000000000000000C0
000000000000000000000000
000000000000000000000000
000000000000000000000000
Dooooooooooooooo®o
00000000000000000000000



Fig. 1 Symmetric laminated composite plate.
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Fig. 2 In-Plane lamination parameter of symmetric
balanced laminate. Shaded area: feasible
region of [0°, £45°,90°]s laminate.
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Fig. 3 Failure envelope of [0°, £45°,90°], laminate
in the strain space.
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h(U) =0 \ Linearized

Fig. 4 First order reliability method (FORM).
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Tablel Material properties of T300/5208.

Stiffness E, E, Es vg*
(GPa)
Mean 181.0 107 717 0.28
cov 0.05 005 0.05 001

(* dimensionless)
Strength X X, Y: Y. S
(MPe)
Mean 1500.0 1500.0 400 2460 68.0
cov 0.1 01 0.1 01 0.1

Table2 Appliedload cases.
Load (M N/m) N1 Ny Ns
Casel 0.1 0.1 0.0
Case 2 01 005 0.04
Standard deviation | 0.03 0.03 0.03
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Fig. 5 Reliability contour and selected experimental
points in lamination parameter space.
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Fig. 6 Convergence history of the experimental point
selection in load case 1.

Table3 Comparison of otimum design.

(a) Load case 1.
4 Vo' Orsm | Brorm
Exact optimum™ | 00 -0212 | — | 3.928
First RSM 00 -0.052 | 3.762 | 3.831
Second RSM 00 -0.200 | 3.898 | 3.927
(b) Load case 2.
\%% 1% Brsm | Brorm
Exact optimum™® | 0139 -0.358 | — | 3.965
First RSM 0119 -0.261 | 3.683 | 3.892
Second RSM 0.133 -0.359 | 3.955 | 3.964
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Fig. 7 Reliability contour and selected experimental
points obtained by the second step.

Table4 Coefficients and ¢t-test value of response surface

inload case 1.
First step Second step
Term bi [t]-value bi [t]-value
1 3.754 72.21 3.788 1128
\%% 0.0 — -0.209 5.018
1% -0.317 7.744 -1.150 40.32

V2 -10.33 | 30.93 -15.62 | 2387
V2 -3.033 | 1553 4434 | 1465
ViV 0.0 — -1.085 | 3212
Vs 0.0 — -8.799 | 3.259
Vi?vy | 1630 | 20.29 40.86 | 22.60
Vivs? | -0407 | 2.908 0.0 —
Vi3 0.0 — -7.203 | 4.080
% -4.047 | 6586
Vi3V | 0660 | 2525
Vitvs? | -5.405 | 9124
‘/1* ‘/2* 3 0.0 _
Vot 0.604 | 3.415
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Fig. 8 Experimental points.
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Fig. 9 Reliability contour at the optimum thicknessin
load case 2.
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Table5 Thickness-minimized design (Load case 2).

Exact First  Second
opti mum®® | RsMm RSM
\%% 0.156 0.160 0.150
Vs -0.356 -0.246  -0.349
hopt (mm) 0.814 0.867 0.815
Brsm — 3.0 3.0
Brorm 3.0 3.233 3.002
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