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Buckling Analysis of Thin—walled Cylinder of Glass/Carbon Fiber Hybrid

Composites Under Axial Pressure

WANG Qiangqiang SUN Shuangshuang ZHANG Zhe
(College of Electromechanical Engineering, Qingdao University of Science & Technology, Qingdao 266061)

Abstract  Thin—walled cylindrical structures were prone to buckling under axial compression. In this paper,
the thin—walled cylinders made of glass/carbon fiber hybrid composites (G/CFHC) were taken as the object of study,
six lay—up sequences were designed, and with the help of ABAQUS finite element analysis software, the effects of
the position of the single-layer carbon fiber composite boards, the thickness of lay—ups, and the mixing ratio of the
glass/carbon fibers on the buckling loads of the thin—walled cylinders made of G/CFHC were designed. The results
show that under the same layup angle, the change of the position of the single-layer carbon fiber plate will lead to the
change of the structural buckling load, and for the unidirectional layup of G/CFHC thin-walled cylinders, the
influence on the buckling load is consistent, the maximum buckling load occurs in the single—layer carbon fiber plate
located in the outermost layer, and the increase of the single=layer carbon fiber plate in the multi—directional layup
even makes the structural buckling load decrease. For the different layup sequences of the thin—walled cylinders, the
corresponding buckling load increases gradually with the increase of the layup thickness. When the thickness and the
number of layers of the structure are certain, the increase of the single—layer carbon fiber composite and the
reasonable change of the mixing method of the glass/carbon fibers will increase the buckling critical load of the
structure and improve the stability of the structure.
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Fig. 1 Schematic diagram of composite thin—walled cylinder
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Tab.1 CFRP & GFRP material parameters
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Tab.2 Comparison of buckling load results for G/CFHC thin—walled cylinders
R I A, B, D, HBTEMRAN R RN F%;§%7
[0./0,), 80.674 9 0 6.060 3 44.644 43.580 2.38
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Tab.3 Material parameters of T-300 /914 single—ply
composites

E/  EFE/ GGy G
Kk GPa GPa  GPa  GPa

T-300/914 & A MAELER 1250 8.0 5.0 30 03
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Tab.4 Comparison of buckling load results
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Tab.5 The material parameters of T—300/901 composite
monolayer
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Tab. 6 Comparison of finite element calculation results of
flexural loading of thin—walled cylinders of T—300/901
composites with the results of literature[16]
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Tab.7 Composite thin—walled cylinder layup method and
layup sequence
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Tab.8 Buckling loads for different mixing methods

Bl 5 RATT Ji AN B/ %

GGGG 35.753
CGGG 37.262

Al GCGG 36.518 18.0
GGCG 37.946
GGGC 42.196
GGGG 36.010
CGGG 37.351

A2 GCGG 36.840 20.1
GGCG 38.624
GGGC 43.259
GGGG 44.094
CGGG 37.888

Bl GCGG 27.641 16.7
GGCG 47.052
GGGC 51.440
GGGG 37.442
CGGG 38.217

B2 GCGG 39.244 29.1
GGCG 41.329
GGGC 48.338
GGGG 36.902
CGGG 37.738

Cl GCGG 38.319 3.8
GGCG 26.086
GGGC 31.903
GGGG 39.426
CGGG 36.276

Cc2 GCGG 32.215 -8.0
GGCG 33.758
GGGC 35.714
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Tab.9 Buckling loads of thin—walled cylinders with
different layup thicknesses
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1 42.196
2 162.577
[0nG/OnG/OnG/OnC]
3 352.393
4 614.131
1 43.259
2 171.020
[9011(;/90n()/90n‘}/9onc]
3 379.483
Hem) 4 680.098
R, 1 1 51.438
2 205.044
[4511(;/ _45n(;/ On(;/ 90nc]

3 458.614
4 810.276
1 48.337
2 190.863

[9On(}/On(}/Onfllgonc]
3 422315
4 748.815
1 42.196
2 157.982

[O(}/O(}/O(;/Oc]n

3 340.835
4 599.593
1 43.259
2 164.409

[90,/90,,/90,,/90,.],
3 359.242
gfﬁi 4 639.400

=

[, 1 51.438
2 258.250

[45/-45,/0,/90,,
3 560.501
4 990.071
1 48.337
2 194.869

[90,/0,/0,/90,],

3 423.543
4 733.616

H 2 9 nl LUE 1, b 4 =5 B2 i3 i, G/CFHC
TR (53] 57 JeE 1 28077 8 T Y 0, LG A e e . TR
P ZEAR R AR 25 E R MR X
et 28 i (BB 22 v T I A B, LA 2 J5E A
205 AR F BT , PP B ] A 04 D it 28 e
HAHZEAK . EMRIEZIERET 5= MR 45°

FHAE T L hip://www.yhelgy.com  20254F 45 434



—45°,/0°/90° ¢ A LL T Hofth = 20 BLA d5c RS it 27y
L e T At =2, X Bl 2 08 2 ) i ot 28y A
R R T A B2 X L ) JeR R o X T AR 07 A
90° F JZ= A1 , 15 [A] —Hlj J2= JEEJBE T, S A0 il 2 1 42 1687 i
2 X R [R5 g S ot 2ty S e R — . A LA
B T DU Bl 2 R X 45 A ) T i B 1R
MaAR K, )2 7 O HA AR K52
2.3 RZLLLXY G/CFHC #E B & & i 757 89 250

X FR IR A MR ES M T TR 2% X454 T
I i A7 R SR, A SOOI TR % L i A
SPYEREAREE, B 1 AL, A2, B1, B2 DUFp4H
RN BFFE IR 22 LR . 1 ABAQUS A BRITAX
PEIFRA AR 2% HUN A il B0, 6 [ — R 28 LR
$5e et o AT AT 23 AT X I A TR A =R e 2%
fif BLZ 10 I/ .

£10 FREEZET G/CFHCHEE R A JE th 375
Tab. 10 Buckling loads of G/CFHC thin—walled cylinders

with different mixing ratios

) RA(C:6) R I AT /AN
0:1 GGGG 35.753
1:3 GGGC 42.196
[0°/0°/0°/0°] 1:1 CGGC 44.644
3:1 CGCC 46.104
1:0 CCCC 46.792
0:1 GGGG 36.010
1:3 GGGC 43.259
[90°/90°/90°/90°] 1:1 CGGC 45.820
3:1 CGCC 47514
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0:1 GGGG 44.094
1:3 GGGC 51.438
[45°/-45°/0°/90°] 1:1 GGCC 68.571
3:1 CGCC 80.385
1:0 Ccce 94.119
0:1 GGGG 37.442
1:3 GGGC 48.337
[90°/0°/0°/90°] 1:1 GGCC 54.418
3:1 GCCC 58.028
1:0 CCCC 60.075
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