550 B4 1 Moa oM oE Mt KR o iR Vol. 50 No. 1
2018 4£ 2 Journal of Nanjing University of Aeronautics &. Astronautics Feb. 2018

DOI:10. 16356/j. 1005-2615. 2018. 01. 009

FFLERE R & RIESE E et 32

KRFE EIRE FHKAL BAE B R
RIS AT 2% b RLR 55 H R 30 211106)

FE A TFALEREEESR AL IHFRTHEGBRARAEE,RAT ERES . FIANKAR DA &R
AN TG R R SH M S E AR T FILESGRAERGFMHE TR GTA. B A 24
LH) % B A MBAT I A 3 A F RSB AT T 24T, BRENIIANK AR T A6 KR AT
L5 RBEERRDE  FHEME 0.63%., AT EF ik, HRFILESCREARXBE IS HH I B KT F
BT TFILEEBRGE AR E=BA B A5 RAE L RERRAE NS TFILLEMHHEL G R Yra, ERE
PERRE AN ERAETILESWG BB HTH AR D BT 357N 2Rk REHT EREFILES
M BB RS Tk 23.40%, AL LB EHATAREARKRRR TG SH B &HENFILESK

AR EGE AT AR A
KERERNE; FILEAR S ;KB REEXERY
hE 4% S . TB332 XEEERL A XEHES:1005-2615(2018)01-0061-10

Buckling Analysis of Variable Stiffness Composite Panels

with Holes Under Compression
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Abstract: For the study of the buckling behavior of the variable-angle-laminated composite plate under
compression loading, three buckling analysis methods are carried out to model the variable-angle-lami-
nated composite plate with holes: linear buckling analysis, linear buckling analysis with residual thermal
stresses and non-linear buckling analysis with initial imperfections. Then experiments are conducted to
verify the rationality of the three methods. It is shown that linear buckling analysis method with residual
thermal stresses agrees well with the experimental results, which only differs by 0. 63%. With this
method, the residual thermal stress distribution characteristics and stress level are discussed to find the
stress distribution nephogram and the stress distribution law. And then the influence of residual thermal
stress on the buckling behavior of the variable-angle-laminated composite plate is calculated. The results
show that the residual thermal stress has little influence on the buckling behavior of the straight fiber laminate
only with a 3. 57% increase, while the buckling behavior of the variable-angle-laminated composite plate im-
proves significantly, which increases up to 23.40%. It is shown that curvilinear fiber can change the distribution

of residual thermal stress, which reduces the combined resultant stress near the center of the composite plate
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with holes, so the critical buckling load of the laminate with hole increases.

Key words: variable stiffness; holes; residual thermal stresses; linear buckling; non-linear buckling
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Fig. 1 Definition of curvilinear reference path
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Comparision
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Stacking sequence to [£45];s/
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%
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Comparision Comparision
Stacking sequence Buckling with linear to [445],s/
load/kN

buckling/ % %

[+45],s 9.06 —2.53
(4571 8. 39 —0. 36
[90+<55|35> .5 9.58 —4.49 4.59
[9Oi<55|35>]1H5 9. 40 —0.21 12.17
[+45/(90£<55[35>)5 ] 9. 45 —2.22 3. 17
[£45/(90+<55]35>), |4 9.22 —0.22 10. 02
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Tab.5 Linear buckling load of 300 mm X300 mm laminated composite plates applied thermal load

. Buckling with ~ Comparision Comparision Comparision
Centre hole Stacking residual thermal with [ £45],s/ Influence with linear with non-linear
sedquence stress/kN % of hole/ % buckling/ %  buckling load/ %
[+45],s 9.43 1.51 3.92
Without [904+<55[35> 1.5 12. 20 29.35 21. 87 21.47
[£45/(90£<55(35>)5 1s 11.99 27.07 22.13 21.18
[+45],s 8.69 7.84 3.33 3.45
With [904<55(35> s 11.61 33. 95 4.92 23.40 19. 04

[+45/(90+<55]35>); s 11.50 32.33 4.10 24,31 19. 83
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Buckling Linear ~ Non-linear .
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three methods of all sizes
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Tab.7 Contrast of experiment and simulation of 300 mm X 300 mm plates

) ) Buckling Average Comparision  Comparision with  Comparision
Specimen Specimen . ) . i . ) )
load of buckling load of  with buckling  buckling applied with non-linear
type number
experiment/kN  experiment/kN of simulation/ % thermal stress/%  buckling/ %
[+45]s KCG-1 8 8.75 4.11 0.63 4.22
KCG-2 9.5
[90£<55(35>],s  KBG-1 11
KGB02 14.5 12.75 26.19 8.92 26. 27
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by three methods of all sizes
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