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Abstract :

In this paper, stability analysis is carried out for the out of plane behaviors under compressive loads to the

conical direction. It is not easy to obtain the analytic solutions about the stability analysis of anisotropic conical shells
consisted of composite materials. For solving this problems, this paper used the finite difference method which is one
of the numerical methods. The characteristics of the buckling behaviors of anisotropic laminated composite conical shells
may be different according to a variety of causes, that is, the change of fiber angle, material arrangement, radius ratio,
shape ratio and so on. The objective of this study is to analyze buckling behaviors of circular conical shells with shear
deformation effects and to prove the advantage of composite materials.

Key Words : stability analysis, anisotropic laminated composite conical shelils, characteristics of the buckling behaviors,

finite difference method
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Fig. 1. Coordinate system and displacement field for conical shells
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Fig. 2. In—plane forces for conical shells
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Fig. 3. Cut-of-plane forces for conical shells

D#:%ﬁ{gn]( ~2) GLi=1,2,6)

A= KR [ Qa2 ()= 4,5)

o]3l, A& HUlE AR, Bv B-9Uld dA7s,
Dy A%, 283 ke dUEYASE oud
B e (G A2 ArgEg 72
ZOR A¥WH 78 AR FEE Ve, 3
HJER/Y BAAE FoEFe ehd nie} 2},

Bl Auy Q9 v4a49l Fg 2-Fig 3
of Bojg eHoR Aug4S 4¢ & slvk
U4 BylEe] BYPxig ojfsld 9By 9

bR et AJufsigae thewl go] gL &
9,}\ ‘:}-5,6,9,]0)
%29\? xslina aglaw' ‘1‘ (Ny =Ng) =0
ﬁngxﬁ _;c_s_%&a‘%g + XtanaQ"+ ng—()
%QTX * xs{na%%[i - xtr}maNﬂ"' T 9

- N, 'Z:;z o

129



appley, s

M, 1 oM ., _ M, M, _

ox xsinag 00 Qct x x =0

oM . 1 oM, 2 _

ox xsina 06 Qs+ x Mi=0 &)

A7, v 4] PAANEES) AE vehhs,
ot WHZe) we Ushich B8 N,& 78T
O

3. fxlalMe Hg

el BE AAT BRI Bl B
AA7} DA AAZAE 23, AzA-Fehol
o AEYPoE 2= 9ol BN clFEIE
Felol 342 olgstel 78 4 glrk 2} A
Z70] BAIAG SIS, HFEA0] BG4
Ark of2 7D B9 2 AR A7 G B
PR 7PIE HEEAY B9 AdNE Fa)
£ A9 grbsainh olst 2o] HNsNE Tat1}
JHAY T2 F g BHY FEEL W)
el SR FEe Fgalor B,

2 E=RAE olg 7 AN A1 3 8
Saa s FEEY JEPAN 47 48
F Qe FBALYS LA, FBARYE A
FHoll 49 Z1ERRAE BAHOR A
sl AN ZA F93T AN Y
42 AT NEGHAS FoHA 2APPEL
2 7s) Assel e 4 gloms Boh}
43} e 9Y W PPRAS ey oz 2
= pEA A4 A Belg FRH Fgelrh ™

A@) F48 A(0), OF skl Feisha 4
@sh 2ol QPR W99} o2 FAY 5
A,

AWl 2ol g WP 4EH WY
ALY B BT P 1RPR ) G
g Agapd vRgggo] AYPAAS Fo)

l

Ly Ly Lig Ly Lis) [u,
Ly Ly Ly Ly Loys||us
L3 Ly Ly Ly L) |u.
Ly Lg L Ly Ly | Bs
Ls; Ls; Lgy Ly Lss| | Bg

00 0 00z

00 0 00||u
=N, {00 Ly 00[[usf @

00 0 00||8,

00 0 00)|4

130

2 0 A HER o] dYYAN S FAFE T2
Y3l Aol &olstA Hroh

wEld B dFoMe H9e] oz FHEE V)
& B FAAREHE A8t vieyAd 4%
g Ao FFAF 54 st H4S FHA
th A Fxo] A A e THHEEE ARSI
I, AFAANNE 7o) RS RE AAZRA
£ ol g3t JMIEE AAF 4 T2 UFA
22 AP 9B Ao 49 AN B
E iAo st Aoz FH3H 4(5)9 2t

[A UX;- )+ [B KX} + [C X4}
= [A,XX;-1} + [B XX} + [C.HX 41} &)

AGyelA AF MEY2E i-1,4,i+1-04 2
7o) AgEo] e & UeRdch oA el
@ Aol g Aol PAHA T2E AA)
et 2" dlEl2g) 7)Eety dEdrg £3
o] A& &3t O3 2ol L + ATk

[KJ{X}= AKX} (6)

A71A, [Kle d F2RE AA digt A2
YEXo|1, [K.]E 7|58 mEgs, i 4
TZ2EY IR FIES e, (X)1E
IFEERE A FREY JF2P4E vepich 4
©°14 2HA] A8 T3] fEiAE A 2
o] o] o] Hojof Firh

det | [ K5l — ALKG] =0 v

fRAERes PAHE A7 vEedad 7|
s1et3 sjEEas wgR Heds F0E 7
ek o)d HYy EYAY BHAE Fohes
Yozt IMSL FolH & Bdo] B whie U3
SR EEEL

A dllN of 2 ABEY

41 Mz

2 dToMe Hd 92y 48 s¥rd=
AR on, AAzAN gt F /A A F B
T 242 A$(Model Ayt w0l & Fo| 370]
I yHo] 2L Fo| il 7-5(Model B)= A7

Journd of the KIS, Vaol. 16, No. 4, 2001



HISYH HEY o ohyyol 2tet o7

Fig. 4. Conical shell model

Table 1. GFRP(GFa) (Glass Fiber+Epoxy Matrix)
E E G Gis G2 a2
36905 | 10.065 20 29 29 0.33
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Table 2. Comparison of buckling loads for commerical package
(LUSAS) (Model B)

Division Number Buckling load (N)
11x11 0.3644699E+7
21x21 0.1871617E+7
2929 0.1357030E+7

LUSAS result 0.134790E+7

% The following geometric data of cylindrical shell is used : R=
20cm, R=20cm, L=100cm, ~lcm o=0°
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Fig. 5. Convergence as a result of increase in division number
(Model B) 3 The following geometric data of conical
shell is used : A=10cm, A=20cm, L=00cm, =1cm
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Fig. 6. Buckiing loads versus aspect ratio, fibe angle(Model A)

Table 3. Bucking load for Model A

Case 11 Case III
0 0.15590E6 0.15590E6 0.15590E6
10° | 0.15673E6 0.17082E6 0.15904E6
200 0.16574E6 0.17430E6 0.17121E6
30° 0.17617E6 0.19360E6 0.18637E6
40° 0.18501E6 0.20892E6 0.20844E6
50° 0.19355E6 0.25372E6 0.23987E6
60° 0.20265E6 0.26294E6 0.26246E6
70° | 0.21341E6 0.26793E6 0.26750E6
80° 0.22737E6 0.25653E6 0.25619E6
90 0.24868E6 0.24865E6 0.24865E6
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Fig. 7. Buckiing mode for 0/0/0/0

Fig. 8. Buckling mode for 30/30/30/30

Fig. 9. Buckling mode for 45/45/45/45
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Fig. 10. Buckling mode for 80/60/60/60

Fig. 11. Budkiing mode for 90/30/90/90
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