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Buckling performance of high-precision variable stiffness composites laminate

based on automatic placement technology

WEI Yuxuan , ZHANG Ming* , LIU Jia, LIU Shuo, CUI Zhigang
(Beijing Spacecraft, Beijing 100094, China)

Abstract: The buckling resistance of the variable stiffness composite laminates laid by the automatic placement
can be effectively improved by tailoring the in-plane stiffness. During the placement process, laying the trajectory
path planning is one of the key technologies to achieve variable stiffness design. So, the fiber trajectories composed
of angle linear variation, constant-curvature curve and quadratic Bezier curve were taken as the research object,
and the parametric analysis of its compression buckling performance was carried out. Finally, the influence of tape
width on the surface profile accuracy and buckling resistance mechanical properties was studied using a finite ele-
ment model. The results show that under the compression condition, the secondary Bezier curve has the best buck-
ling resistance, and the equal curvature curve is least affected by the curvature constraint. The width of the tape is
negatively correlated with the area of the overlap area and the buckling resistance, when the tow width of the fiber
placement head is constant. Using the largest tape size can minimize the overlapping area and improve the profile
accuracy of the composite structure. At the same time, it is guaranteed that the buckling performance of the struc-
ture is improved by 37.3%.
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Fig.2 Schematic of fiber path of fiber angle linear variation curve
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satisfying curvature constraints
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Fig. 12 Influence of tape width variation on buckling performance of

M40J/4211 composite variable stiffness laminated plate
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M40J/4211 composite variable stiffness laminated plate
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Table 2 Effect of tape width on profile accuracy and structure buckling efficiency of
M40J/4211 composite variable stiffness laminated plate

Tape width/mm Number of tow Average thickness/mm Critical buckling load/N Improved structural efficiency/%
38.1 12 1.0505 1594 44.4
50.8 16 1.0352 1534 41.0
63.5 20 1.0292 1508 39.5
76.2 24 1.0250 1487 38.0
88.9 28 1.0219 1468 36.7
101.6 32 1.0206 1452 35.4
114.3 36 1.0197 1443 34.7
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TML . wJa, IR AR, T
227 5 B U THIRG B A it g 2 M e R AR B S

(1) & F WK Bezier Hi £ £ 2 i jik 1) 48 W B 2
A MRHAEH AT DL 3 AR e S5 A 09 4 it R RE
B L AR I BE 525 b0 E 435 4 i 5 e ot 28 £ B2 5
T 34.4%.

(2) —IK Bezier &Y K T & it=sm, H
g RS SNE Y B S RN R
KB SFBUMEMRIEZ, FEMRLL, KW
I BB IS 1, DL 0.3~0.7 H'H .

(3) S5 it 2 il G2l 1 PN 25 Ak i 38 Ak A AH 55
HAZ MR A0/

(4) 22 T8 B 2237 SEE A T 2 S B s i &F
A0 ) I A S B B, T e itk g
FEA R I 22 3k i B D) /B R R R AT LA
AR /N S DX S 3 R 24 PR B 1Y)
Bk, LG MR LB, B R 2 R, A)
VAR mE R mAE e, 2 g SEE&X
S8 1 T AR R e SR ot B R A OGO R .
K 2247 5 B ] B S DX 3l 1A AR /DN, AU TRDRG B
s, (AT R DR E 45 A e it vk e R R
G M BHZ A R 37.3%.
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