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Multi-step Optimization Method of the Thick Composite Laminate

Structures Considering Inter-laminar Stresses
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Abstract: To give full play to the coefficient of utilization of composite materials and reduce the structure
weight, it is very important to optimize the design of thick composite structure. However, the complex design
space, the inter-laminar stresses problem, and the discrete design variables make the optimization of thick com-
posite structures very difficult. Aiming at the optimum design of thick composite structure which is formed by
repeating sub-laminates, a multi-step optimization method is proposed in this paper. This method is composed
of two steps. The first-step optimization design is conducted using the approximate model which is based on ra-
dial basis function neural network. The design variables include the number of plies in the sub-laminate and ply
volume proportion. The second-step optimization is divided into two levels. The design variables of the system
level are the number of sub-laminates, and the objective is to minimize the structural mass. The sub-system lev-
el is the optimization of laminate stacking sequence using genetic algorithm, and the objective is to minimize the
inter-laminar stress factor. Matlab is adopted to program the genetic algorithm, and then integrated with Isight
to carry out the whole optimization process. The case study shows that the multi — step optimization design
method proposed in this paper is effective, and can achieve the optimization of thick composite laminate struc-
ture consisting of a repeating sub-laminate.

Key words: multi-step optimization design; thick composite laminate structure; inter-laminar stresses; stacking

sequence; genetic algorithm; neural networks
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Table 2 Engineering constants for ZT7H/5429

b AL BOHE ik 5 HoE
Ei/GPa 130. 1 E13/GPa 5.45

E;/GPa 10. 4 2 0. 269
E;/GPa 10. 4 123 0. 269
E;/GPa 5.45 13 0. 269
E;;/GPa 4.098

3 ZTTH/5429 3% B H
Table 3 Strength parameters for ZT7H/5429

5 S WoE 5 SR B
X/MPa 1760. 00 Z/MPa 35.31
Y/MPa 151. 60 Si3/MPa 46. 42
Si2/MPa 84.40 S23/MPa 46. 42
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No Nis T2H RARE R I g1 g2 SRR
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2 6 29 [—45/45/45/—45/45/—45/90/0], 0. 589 0. 996 164
A 2 8 [—45/90/45/90/90/90/0/07, 0. 934 0. 995 128
A 4 10 [—45/45/45/—45/90/90/0/0], 0.617 0. 999 160
6 2 6 [—45/45/90/90/0/0/0/907, 0.812 0.910 96
6 4 8 [—45/45/45/—45/90/0/0/0], 0.529 0. 949 128
8 2 4 [90/90/0/0/—45/0/0/457, 0.875 0.975 64
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Table 5 Optimal solution for each sample point

z3 N N, Bl J2 7 81 g2

10 4 2 [—45/45/0/0/907, 10 0. 644 0.946
16 8 2 [90/90/0/0/—45/0/0/45], 4 0. 875 0.975
20 12 2 [0/0/—45/0/45/0/0/90/0/90]¢ 3 0. 794 0.937
22 10 4 [90/90/—45/0/45/0/0/0/45/0/—45]; 3 0. 989 0.968
26 14 4 [90/—45/0/0/45/45/0/0/90/0/0/—45/0], 3 0.621 0. 821
30 18 4 [90/45/0/0/0/—45/0/0/0/90/0/—45/0/0/45], 3 0. 449 0.712
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Table 6 RBF output and actual output results
RBF fii A RBF fij i 25 2R SLBRES R RER
x2/2 No/2 Nus/2 x1 No/2 Ny5/2 T X1t a2
5 2.00 1.00 10. 00 2 1 10 100
6 3.48 1.22 7.49 3 1 7 84
7 4. 39 1. 30 4.62 4 1 5 70
8 4. 00 1. 00 4. 00 4 1 4 64
9 5.39 0.74 3.76 5 1 4 72
10 6.00 1. 00 3.00 6 1 3 60
11 5.00 2.00 3.00 5 2 3 66
12 5.60 2.27 3.03 6 2 3 72
13 7.00 2.00 3.00 7 2 3 78
14 8.25 1. 95 2.99 8 2 3 84
15 9.00 2.00 3.00 9 2 3 90
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Table 7 System level optimization results in the second step when x, =16 and X;=1(6,4)

No N, FRE Tt 20U g1 g2 JEY=Y i
2 4 9 [90/—45/90/—45/45/45/90/0] 0. 604 0.819 144
2 6 10 [—45/90/—45/45/—45/45/45/0], 0. 468 0.821 160
4 2 8 [90/90/—45/90/90/45/0/0] 0.558 0. 809 128
4 4 9 [90/—45/—45/90/45/45/0/0] 0.338 0.734 144
6 2 8 [0/0/90/0/90/90/—45/45] 0. 283 0.753 128
6 4 8 [0/0/0/90/—45/45/45/— 457, 0.323 0.969 128
8 2 7 [0/0/90/0/0/—45/90/45] 0.326 0. 950 112
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laminar stress factor
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Table 8 Optimal ply volume proportion and number of sub-laminates for each sample point

2 No Nis il J2 5T FEH 2 g1 g2

10 4 2 [90/—45/45/0/0]s 12 0.414 0.996
16 8 2 [0/0/90/0/0/—45/90/45]s 7 0. 326 0. 950
18 10 2 [0/0/0/90/0/0/90/—45/45]s 7 0.163 0. 690
22 10 4 [45/0/0/45/0/0/0/—45/90/90/—45]s 6 0. 289 0.726
26 14 4 [0/0/0/0/90/0/90/0/—45/—45/45/0/45 s 5 0. 140 0.674
30 18 4 [0/0/0/0/45/0/0/0/90/90/0/0/45/—45/—45]s 4 0.209 0. 818

[F) B, 1) AR AR i R H R 0 1) e (I Al )2 HE 1) 45
TR B N AR [ B 2 o 25 ARSI 2K
JER AR BB R R A 2, /2 (R 20  No/2 I

N5 /205 IR A2 1o o A HEAE 5 gy o 25 2R R A7 DU & T
ARG SEPREE R Ik 9 Fros.

29 RBF fi i A2 Bri i 28 51

Table 9 RBF output and actual output results

RBF #ii A RBF i th 45 4 S PR gl JEYEE
z2/2 No/2 Nis/2 z1 No/2 N,5/2 x1 T e
5 2. 000 1.000 12. 000 2 1 12 120
6 2.819 1.329 9.784 3 1 10 120
7 3.575 1. 445 8. 729 4 1 9 126
8 4. 000 1.000 7.000 4 1 7 112
9 5.000 1. 000 7.000 5 1 7 126
10 5.166 1.589 6. 490 5 2 6 120
11 5. 000 2.00 6. 000 5 2 6 132
12 5.766 2.049 5.536 6 2 6 144
13 7.000 2.000 5. 000 7 2 5 130
14 8. 269 1.990 4.382 8 2 4 112
15 9. 000 2.000 4. 000 9 2 4 120

MEIATUEH: Y 2,=16,N,=8,N,; =2,
o =TCE—H) M 2,=28,N,=16,N,; =4,2, =4
o ) B 2 B TR] e 38 B d5e /M 112, 1% R
/.

X 3 2 JEE AR R AT A )2 O A AL A5 5
— 20 (%) J AL BH 2 T R [0/0/90/0/0/— 45/90/
A5 REREI g =0. 326, g, =0. 950 55 — 4 1 %
HEBH Z Ty [45/0/0/0/0/45/0/0/90/0/—45/0/
90/ —451, XM g1 =0.395,g,=0. 986, 1] L&
WM —HW g0 /NTHE AW g0 BOZE B AL i
N, =16,Ny=8,Ny;=2,2, =7TCHE—4) Hli 2 i

J¥2[00/0/90/0/0/—45/90/451,. 5146 #& 1+
T2 4 )2 9 XL [0/0/45/— 45/0/45/— 45/0/90/
01, FIEECH 6 AH L, 2584 J5 e udi /N 6. 67 %, % B
AT A A

4 & &

(D) ARSCE X BA S W4 )= 7 X R 2 &
MRUER B REH T 28 TR N2 8L T2 N
JZ H ) R RO B A AL B4R T — b 2 AR
Wit Irik . it R o B8 T i SR
L2 2 ) 5 B 2 AR A B PR 2 B A R A i
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