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Fig.1 Diagram of fiber arrangement

DR T2 W AR Bl AR A B, LSS
A RT3 T P AT AT T R RE Lo

2 LA HFRIAIEHHIE
2.1 IR E

AHIFE R T T8O0 B 21 4 1 vin 4 [ P AR g B 31l 22 44
HRHT B 20 M B Sl TR 44 SC22 B8 2 6.35mm, [ 4k
Je B4 R4 0.185mm

F SRR 5ok 4 22 RHLE N 22 0L, e AR v R
FHECAMT IR . 25 AR M TRk o7 22 5 455 LG U PR e L
Gyt PR G REE e IVER BRI MR, Qn sl 2 TR

K2 A3hfiizzd e
Fig.2 Process of AFP

2.2 oIHhEES

B R SF %3 500mm=500mm , 4 4% 6.35mm B 4 7
BB R — AUkl Rl TR O HLES B sh B35 4k R
A BB E R Imm. 2T 4R PR AR ML 7E B shl 22 i bk
17 R 2 UT y VA T B0 04 S W 1A 7B 22 B0 9 A L
22 AR 3 BiR

K3 2z Blks 2
Fig.3 Diagram of laying track



66 LR LSS ¥ S

Mar. 25 2023 Vol. 34 No.03

VEEL T, . T, 1 B A2 Ak <0[5> . <0[10> . <0]12> . <3|19> . <
221> . <0|30> A5 J2 T J T i Pk 2 B o 350 43 Bl O3 AR an
B4 iR . WERIE 4 (a) & BR, )2 o 1) 47 B AR [ ot 5
7R BB AT, A i (0] B R K AR 78 3] 2.5mm. ke iy
Ui [ B K, 2 PR Bl R (T Bl %) 1 LA

(a) <0| 10>l 2

(b) <0[30>l)2
&4 A5 NI B s

Fig.4 Results of variable stiffness placement
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Fig.5 Cured variable stiffness panel
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Table 2 Sequence of stiffened skin
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Fig.6 Finite element model(Unit:mm)
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Fig.7 Diagram of design process
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Fig.9 Results of three times optimization
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Optimization Design of Variable Stiffness Stiffened Composites Considering
Manufacturability

Pan Jie', Yuan Chongxin', Li Zhiyuan?, Dong Qinghai', Dang Lei', Tan Yuan®
1. COMAC Beijing Aircraft Technology Research Institute, Beijing 102211, China

2. Shanghai Aircraft Manufacturing Co.,Ltd, Shanghai 201324, China

Abstract: As the variable stiffness composites have more design space and can give full play to the advantages of
composite material anisotropy, it is increasingly important to study their optimization design methods. The
manufacturability of variable stiffness composites was first considered in this paper, and the variable angle limit range
of the fibers is obtained through automated fiber placement(AFP) experiments. The effect of the layup orientation on
the buckling of stiffened panel is also investigated, then, using Python programming, combined with Abaqus finite
element commercial software, the layup design of the I-stringer stiffened panel is optimized by genetic algorithm. It is
found that the angle change should be less than 20°; When the panel and the rib are under compression load at the
same time, the buckling strength of layup of 0° is lower than that of layup of 90°; The optimization algorithm is stable
and has good convergence, and the buckling strength is the largest when the fiber angle is concentrated between 60°
and 65°. Variable stiffness composites can improve the buckling performance of stiffened panels and have a broad

application prospect.

Key Words: variable stiffness; composites; AFP; stiffened panel; genetic algorithm; buckling

Received: 2022-11-22; Revised: 2023-01-06; Accepted: 2023-02-10

Foundation item: National Natural Science Foundation of China(51875159)



