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Lamination Design Optimization for Continuous Fiber Reinforced
Composites of Variable Thicknesses

DU Chen, PENG Xiongqi
( School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200030, P.R.China )
(Contributed by PENG Xiongqi, M. AMM Editorial Board)

Abstract: Due to the high specific strength and stiffness, the use of continuous fiber reinforced composites instead of
traditional metal materials to achieve structural lightweight has been widely considered by designers. However, the
structural complexity brings great challenges to the design and optimization of composite lamination. Aimed at the problem
of multiple constraints in the design of aviation composite laminates, the ply information of the structure was accurately
expressed with gradually constructed design variables. Based on the classical genetic algorithm framework and the
characteristics of all design variables, the genetic operators in the lamination optimization algorithm were defined, and the
repair strategy was introduced to ensure that each generation of solutions could satisfy the design constraints and be
distributed in the feasible region. Finally, the elite reservation strategy was used to improve the local optimization ability of
the algorithm, which can reduce the computation cost of the lamination design of complex composite structures. Through

the resolution of the classical benchmark problem and the comparison with the existing optimization results, the global and
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local optimization ability of the proposed lamination optimization algorithm was verified. The work provides theoretical

supports for the optimization of composite lamination design in engineering practice.

Key words: continuous fiber reinforced composites; layer design optimization; genetic algorithm; repair strategy;

optimization ability
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Fig. 1 Continuous thickness varying laminates
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Fig.2 The generation steps of stacking sequence variables
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Fig. 4 The process of 2-point chiasma
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Fig. 5 The process of OX
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Fig. 6 The process of single-point chiasma
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create the matrix to be tested Gredle TEMAINING matrix create qu .
P( sequence taken from ) R (take out the remaining Q ( make matrix P satisfy
lam series after P) all the constraints)
> i=1 -

!

take 7 layers from the outermost layer
of §,,and put it into Pto get R and Q

P satisfies
constraints?
no

do repair for contiguity
and disorientation rules

i=i+1

return P, R and Q matrix

mix Pand Q matrix to obtain
the offspring individuals

satisfying all constraints
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Fig. 9 The repair strategy for S, variable!"
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modeling script to [«
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'

tournament selection

!
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loop
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return results
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ABAQUS results

!

MATLAB script extraction
results submitted to algorithm
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i 1
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A 1
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i 1
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i submit ABAQUS to set !
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! 1
| 1
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Fig. 10 The layering optimization process
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9 10
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x
o 1in~=254 mm
11 12 1 14 1
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11 £t benchmark [7) 555451
Fig. 11 Classic examples of benchmark problems"
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F 1 MARESEOE

Table 1 Optimization algorithm parameter values

parameter value
populationsize S 100
number of generations G 1000, 2 000
probability of chiasma P /% 0.9
probability of mutation P,,/% 0.1
elite reserved individual / 2
number of competition selections ¢ 2
44
H —— curve 1
—— curve 2
—— curve 3

1 — curve 4
2 40 ——— curve 5
~
%n 29.5.
= 293
£
3
E ot om 29.17

28 L 1 L 1 L 1 L 1 L
0 200 400 600 800 1 000

number of generations N
12 4 FlA] A2 A B B/ N - A OBt 2
Fig. 12 Minimum weight-generation convergence curves under 4 alternative ply angles
42.1 FHARPTREZA AR, A E A EIC[0° £45° 90°]
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Table 2 Variable value of the optimal solution under 4 alternative ply angles

variable variable value
Ny [352923 19 1723 1925 39 36 31 29 23 19 26 32 19 23]

final Ny, [3429 2119 16 22 1925 39 36 31 29 22 19 26 32 19 23]
Stam [-45° 0° —45° 90° 45° 90° —45° —45° 0° —45° —45° 90° 45° 0° 45° 0° 0° 45° 0° 0° 45° 90° 45° 0°]
Sins [01220161510084140111709131075603]

&R 3 5 SST Ikl i Huise
Table 3 Comparison with the optimal solution of the SST method

panel this paper solution SST
number of plies Ny margin 17/% number of plies Ny margin 17/%
1 34(0) 2.7 34 17.2
2 29(-1) 0.6 30 15.9
3 21(-1) 1.4 22 36.4
4 19(+1) 9.6 18 13.3
5 16(-2) 10.3 18 59.3
6 22(0) 4.4 22 22.6
7 19(+1) 6.2 18 9.8
8 25(-1) 2.8 26 31.9
9 39(+1) 0.6 38 6.9
10 36(-2) 0.6 38 25.6
11 31(+1) 5.7 30 10.0
12 29(-1) 0.1 30 27.1
13 22(0) 9.3 22 28.3
14 19(+ 1) 16.3 18 20.2
15 26(0) 11.9 26 27.8
16 32(+2) 3.2 30 6.8
17 19(+1) 7.7 18 11.3
18 23(+1) 8.0 22 11.2
number of total plies Ny 461 460
weight W/kg 28.829 1 28.85

422 HRFPTABOTEN, AR AR [0°£15° £30° £45° £60° £75° 90°]
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Table 4 Variable values of the optimal solution under 12 alternative ply angles

variable variable value
Ny [342921 191622 19254036 31 3122 1927 32 19 23]

final Ny, [342921 19 1622 192539 36 31 2922 19 26 31 19 23]
Siam [90° —45° —30° 0° —30° 0° —45° —30° —60° —45° 90° 45° 30° 45° 60° 30° 60° 30° 45° 0° 30° 0° —30° 0°]
Sins [09131101071602081760150123504141]

R 5 5 SST Ikl itk

Table 5 Comparison with the optimal solution of the SST method

this paper solution SST
panel number of plies Ny margin 17/% number of plies Ny margin 7/%
1 34(0) 5.8 34 17.2
2 29(-1) 2.9 30 15.9
3 21(-1) 1.4 22 36.4
4 19(+1) 9.4 18 13.3
5 16(—2) 8.6 18 59.3
6 22(0) 4.6 22 22.6
7 19(+1) 6.0 18 9.8
8 25(=1) 2.8 26 31.9
9 39(+1) 4.6 38 6.9
10 36(-2) 3.1 38 25.6
11 31(+1) 10.5 30 10.0
12 29(- 1) 2.4 30 27.1
13 22(0) 9.5 22 283
14 19(+1) 16.1 18 20.2
15 26(0) 11.7 26 27.8
16 31(+1) 4.6 30 6.8
17 19(+ 1) 75 18 113
18 23(+1) 7.7 22 11.2
number of total plies Ny 460 460

weight kg 28.782 6 28.85
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