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Buckling Analysis of Symmetrically Laminated Composite Plates
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Abstract

The experimental and numerical results of buckling loads for symmetrically
laminated composite plates are compared. Boundary conditions are all fixed

supports.

Experiments were conducted for plates with fiber angles 6=30° 45°, 60° and

aspect ratios a/b=0.8.

load-deflection curves. Numerical

methods were presented to evaluate buckling loads, using structural analysis results

Experimental results were obtained from
from ANSYS.
1.4 &

HZ &9 Ei}zﬂi FTHRL7 TR AA
z0] HE ¥F7], $F4 59 FEEY 242
go] AlgHI ‘Rl-‘lﬁl 2HE 24 9
Mx 2 Abgel Hak F7ketn dd
3 Al vEN A3 FRFRFLE F
T Glass, Graphite 12]3 Boron T3 2ol 1
TAREZ 4 BEFdAE 371 AsAT 5‘_%
M AF 71 ARE dASH Yites F

EJHFFZREY 3 249 CH’EV‘“"\V-T ?’ﬂ
AZAERL 7 @39 FFAATS HAFF A 7
g oA ojste] B JAAH] AFE o
o 1% BAE Bel ne A F9 Ut A2A
5 Hojo|r}

o2 gt A AAZ e E3AFHAY BE=
Y1 B EHY AARY wsd 58 == FHE
Al Mol gt gl duby oz I s
< ZAAzAE UwEFIE A FYF TS (defletion
shape function)® 733t Fourierg< A7l
ot sfAMstA R @Y vEHY AAFA o
ol Aujul R AAZAE BFAIA @
oo wetd dEHE ldiEr)st oJF g a5
B Ad7atEe] dEE Eg3EEAy 9 2
FZo date ArdReU’® daxNwz @ o

.ﬂ

:IE 2] E{J

AL BEgHEHR dF A2aHe gx
=

RN E AEA FAA daxdRwE B
USNI252 ¥ Wi BAZE Ze j_g_g.;g%
SEZHE A¥Poz AFstd HFA
A% FITAPAUCE Lslgon] Bz
of }e EANNYL Fitd USNI2SBY
ol

2 > o g o
—{oghﬂu%miorﬁzr}{r

]%‘?l —rzhﬂéié
Gop ASLYFAE ol 4T 4¥2%E v, A
Estion ow M ARE HAZRHLE 49
aAFAA el HFZ 6=30" , 45° , 60° & 3
v a/b = 08& &&34dh

2. #3208

HEPe HNAF JHZ Y F29 Aoy
ANL e go] MEHST Y £ gl
Myt 28Myy st OM, it N OW
+ 2N 0w 4+ Nydw =0 (D
HAEBFHEZHAA A% o (DL demy 2
o] @t

~-260-



D llaw. xxxx+ 4D 16 avv.xxxy
+ 2(D12+ 2D55)8w'my + 4D26 Sw,xyw

+D228wywy+ Nxawxx

+ NySw s 2N 0w =0 (2)
HZFL FREY Fo4A T g ¥R
2tofj 14 X] (membrane energy)E XA Hth7} of
A oj28 FUxZ WS w LA
Aoz A9 AA zddodzl 1E e
g 2o
I=U,(w)+V(w) (3)
q71A Upw)e FgoldAeln Viwe 239
Fegoltt,

N
-

2o

71518 A AAZALS HEAIE A-YF wix,
v A 34 ®E BAAE UEd gea
Figey
W(x,y)=ii:cifi(x,y)(i=l,2,3, coee) (4)

or _, o _, . . oI _
oey 0 g, =0 o, 0 ©
2 ()2 HE 40 nAAXE HABFTHZE

Ao BEYFHsE N, 7t ZF83se 359 11
= g el YEd £ o
a pb
= %fOL{Du(W.xx)z-l-ZDle,xxw'yy

+ Dzz(w,yy)2+4D66(W,xy)2
F 4D W W gy + 4D w W 4

— Ny(w.)"}dxdy (6)
A (@M nBAAY AAZAE BHESE A
AT wixy)E Yedd g7 2o
wix,y)= 22Am
sin ™ gip mX
a a
sin 723) sin n;)zy @)

2 (Mg A 6 gidsted FAHES T3t
al HE‘ X{}:} % Atmn-g-i Jill]]-r—o}-oﬁ 0e = "\\':‘
=3

aAk] - mil r‘g Hklmn (8)

2 (8)2 FEFHZ JeERdE S 3 2o

[ I]1=[F][C]=0 9)

A QA [CI7F HE RV 2P 2R H
@9 de] @ FAFeFE N7t Faizich

3.4 3%

31 A EH

2 =% EAXNEITS F=48d A8d A
AHE HAJNG2EL(F)NA A4ke USNIBE
Ab&3led  MTPXZ# X (Tetrahedron  associates,
Inc)ol HX¥ Fig. 13 2L 2z 497
(Autoclave)dl A A Z& R o= Fig. 29 AA" A
Y golgo uwe 2x9 dHL el aAdd
Y REAEZHRE devth AZd EgeEy
TBoeRE HAste A7 AFHELE A7) & o
ojlojd= H AHZ A2 F AIXY E2 3T
=3

Compressive air in-let
Aluminum plate

Nonporous tefion
Bleeder

Breather
Laminate

Nonporous tefion

Vacuum vaive

) {

o

§ g
68671073

(T 120

Fig. 2 Autoclave cure cycle far composite

32 EHA 4Y

=0 AHEE® USNI2SY E4XE 787
HERRe T Add BgLzPwe
BEAR ARANY/ED ARAPI) R 3o
NgHow Az o]% MTSAHZINA 213
A% AR FASAT. vl 2e AYs
T3] FalF USNI259) EA3 Ad= Table 1
3} 2.

- 261 -



Table 1 Material properties
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Table 2 Geometry of specimens for buckling test

Svecim Stacking a’/b Thickness
n
pecime sequence (mm/mm) (mm)
I-1 [0° /£30° /90" 1 190/238 1.0
I-2 [0° /£45" /90° s 190/238 1.0
I-3 {0° /£60° /90° s 190/238 1.0

Table 3 Buckling loads of experiment and ANSYS for specimens

NN
Specimen | Stacking sequence a/b
Experiment | ANSYS
I-1 [0° /£30° /90° 1 190/238 3950 4229
1-2 [0° /£45° /90° s 190/238 32116 3576.3
I-3 [0° /£60° /90° s 190/238 2904.6 3351.6

-264-




