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Buckling and Vibration of Laminated Composite Non-Circular Cylindrical Shells
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Abstract

Buckling and vibration of laminated non-circular cylindrical shells with constant thickness and
simply supported boundary condition is considered. Governing equations are derived based on the
Donnell and Fliigge shell theory and Galerkin method is applied for the numerical analysis.
Comparisons are made between present results and others. Variations of frequency parameter and
buckling load parameter on the change of stacking angle, eccentricity parameter and shell
theories are investigated. Conclusion of this study is as follows: (1) General solutions of buckling
and vibration of laminated non-circular cylindrical shell are obtained. (2) Frequency parameter is
decreased as the initial axial load is increased. (3)In general, frequency and buckling load
parameter of laminated non-circular cylindrical shells are decreased as increasing of eccentricity
parameter and stacking angle.
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Table 1 Comparison of frequency and buckling load parameter @, P of Graphite-Epoxy cylindrical shells

(0°/—6/6°/—0)

StaTklng Frequency parameter() Buckling load parameter(P)
(zlji eegre e) Soldatos™ Present Soldatos™” Present
0 18.00 18.10 33.00 33.07

15 15.50 16.33 24.50 29.07

30 13.40 13.73 16.00 19.09

45 9.05 9.46 8.85 9.44

60 6.95 6.50 4.35 4.28

75 6.85 6.25 4.35 3.95

90 7.10 4.37 4.35 1.78

Table 2 Frequency parameter @ of Graphite
-Epoxy non-circular cylindrical shells

(6°/—6/6°/—6")

Table 3 Buckling load parameter P of Graphite-
Epoxy non-circular cylindrical shells
(6°/—6/0°/—-6)

0.00 0.25 0.50 0.75 1.00

0.00 0.25 0.50 0.75 1.00

0 | 18.10 | 18.09 | 17.97 | 18.01 | 18.04
15 | 16.89 | 16.89 | 16.87 | 16.87 | 16.86
30 | 13.73 | 13.69 | 13.65 | 13.62 | 13.58
45 9.46 9.45 9.27 9.12 8.98
60 6.50 5.79 5.15 4.70 4.11
75 6.26 5.26 4.17 3.38 2.89
90 4.37 4.04 3.75 2.55 3.13

0 | 33.06 | 33.06 | 33.00 | 32.97 | 32.96
15 | 29.07 | 28.86 | 28.83. | 28.81 | 28.79
30 | 19.09 | 18.97 | 18.87 | 18.78 | 18.70
45 9.44 9.04 8.69 8.40 8.15
60 4.29 3.44 2.73 2.16 1.72
75 3.96 2.80 1.81 1.16 0.84
90 1.78 1.85 1.61 1.21 0.98
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Table 4 Comparison of frequency and buckling load parameter ¢, P obtained by Donnell and Fliigge
shell theory of Graphite-Epoxy non-circular cylindrical shells (¢e=0.75) (8°/—6°/6°/—0")

Stacl:king Frequency parameter(®) Buckling load parameter(P)
angle
(@-degree) Donnell Fliigge Donnell Fliigge
0 18.01 17.98 32.97 30.03
15 16.86 16.72 28.81 28.04
30 13.62 12.50 18.78 17.91
45 9.12 9.27 8.40 7.98
60 4.70 4.66 2.16 2.53
75 3.38 3.42 1.16 1.63
90 2.55 2.91 1.21 1.75

4 aARsE

Jepde,

27185 Aol 4 U5 HEHF o
ol 0.4, 0.5917F A7 AEehE Aol B3t

Ak 0% ol4el AL A2 FoiEl

depd 3y 2

Aol & wolthrt BE ol 4l A3

AAE A3Ass Fohdtl webd A 2 Aol

w

£ 45%, 4202 stz "HAHAHEs #HE
£ veblsh H4EFe] Fohdtel o A
t AR delAx wE A shsiAE A
Aol zke] Fobael wet A E47} FolA

A F oA

527 05 oldhlA W

Ao 4o Wl il Ao AY G 7

10

¢ = 1.0 (15%/-15°/15°/-15%)

]
A

Seo

g yojrir} 75E ojAol A Aeol7} HA A
£ A%e walrh,

Fig. 9& #A =9 #HZ 7o) wistol] utg #Z3}
ZalAw4e wste vellch 0% o4 AF
Zte oAl HA ARSI} Fo18ke] w2} zpol s} F
7hetelzl 755 o] Foll= Apel7t Zadte] YEoA
= A9 4XFE Holxn gl

Fig. 8,99 A3E Fagd (N Azst 4
g 7S Jebilch 714 HxEd (L 99

€ = 0.95 (75°/-75°/75%/~15%)
€ = 0.75 (90°/-90°/90°/-90%)

FS
1

w
3

~
i
7

~.
S——

BUCKLING LOAD PARAMETER P

-
M

FREQUENCY PARAMETER

5 10

14

CIRCUMFERENTIAL WAVE NUMBER,n

Fig. 5 Variation of frequency parameter @ with
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Linear partial differential operator of Eq. (21)
for Donnell and Fliigge shell theory.

O [L;] of Donnell shell theory.
Li=Q2nA) A0 ttymn+ 47 A 16 ttyne + Ass thee
L= (2x4) ZAMU,W'*‘AZGU;H
+27A(Aes+ A1) V00
La=— 2r)*Brw s+ (21) *AfA 12004
— (Biz+2Bss) Awryee— 6 1A% Bistwr e

+21f Azt ZHfAzsw'e—%B_zsw'eee

Li=27AA 2 ttsne+ Assthree+ (274) 2 Asethsmn
+2mAA e tirqe

L5=A—2211,ge+47[/1A_251},y5+ (27(/1) ZAGGUW::

Le=—27A*(Bi2+2Bss) wonne— 3AB2st e

+27[ffizzw,e+27[f,/{zzw "%/igzzuheee

—(27) zﬂagwwwrm'*' (27) ZAfA_zsww
L;=—(2n) 2/1fo2 u'n-ZFfAzsu’e
+B_ZB§1;u,m+ (27) 2 Baz ttyomn

+67A2 B 16 Uymne+ (2866t B12) Attynee
Le=—21fA20,e~{Q21)%Asef — Bas}Av,p
+ 27222 (Bi2+2Bes) Vypme+ (27) 23 B16Usnm



¥y g bl A EENsLTA A P ATHY 817

+3B26Av,nee +%B_zzv,eee
Lo=41222/B1s— P) w,m— (27f) 2 Azaw

+ fBaatw,ee+ 8TAB26Wyne — 8 XA D16t pune

+%AD_zew,veee‘i“iﬂ/lf’B_zsw,rz— (4D_66
+2§12) Azwmwe_ (27) 2/14D_11wnm

1 =<
_—27[ Dzzw,eeee

+B_22 (f”w+2f’w’e+fwr“)
— OW,tt

0 [L.] of Fliigge shell thory.

L= (2720)* (14 Buf — P) ttyyy+47AA 16 tone
+{Ass—Bosf + Desf?) thre}re— 4120 thyee

L= (As+2Bief + Disf?) 212) * 0,00+ (A 12
+ Ass+Biaf) 27A) vge+27ABss (frn) e
+ Azsvree

L3=47[2/1A12fw'q+27[{(/izsf—gzsfz
+Daef*) w}a— A(Biz+2Bss) wynee
—47°A* (But D f) Wanen
—212*(3Bi6+ Disf) wome+ DesA (fwne) e

— Eze%u)yeeri' D6 (fw,ee) e

L= (272A) {A12+ Ass+ (Bia+ Beof } thyne
+ (274) 2 (Are+2Bief + Dif?) thoun
- (Ezs_ﬁzsf) f’ure"‘/ize Usee .

Ls= (22) (Bzs+ D1of) f vy0+ (Ass+3Besf
+3Ds6f?) (272) 20,00+ (2A26+ 4 Baef
+2D:20 /%) (2700) Vyne+ (Azz+ Boaf) 0,00
—(47%) 0?0,

Le=41°A(Azs+ Beof) fw i+ 21 fAnw,e
et (B_xs‘l‘Zﬁmf) @2m) 2w w00~ (B_lz'*‘ZB_es
+ D12f43Dssf) (270) A*w,vne+ D2sAf wine

— (3Bas+2Dzef) Atwrgee— B_ZZ%WMH

+§zz%f'w,ee+ 21 (Aof — Baoff
+Daaf*fw

L=—47°A(A12f) thyn— (Ase— Basf+ D2ef?)
F2r) ue+4n2 A (Bu+ Duf) thyom
+67A%Bs thyame + D16 (27) A (fthynn) e
+ (Bi2+2Bes) Attnse— DasA (Ftt,0e) 1

+%B_zs Usgee +%D_zs (fttre) ree

Ls=—47°Af (Az6+ Basf) v,e—27 (Azzf) vse

+472A2 (Bis+2D16f) yoan+27A% (Brz+ Diaf
+2Bss+3Desf) va’72+3(27[)A21556f,v,ﬂﬂ
+ 33_26/11),139"' Das (2fA0,9ee+ 37 vined

+f”1),q/1) +?17?Ezzv,eee

Lo=—41*(Asa—Bosf + Daaf*) fPw +27A
(2Bos—2D2ef) f wso+ (2704*) 2Brafu o
+ (2B:z6f — D2e f?+2B:6f — D26 f2) (27A) W rne
- (D_zzfz—gzzf) Wige— {(Ezzf“ D_zzfz) w}ee

—87[/13D—16wmwe‘%D_zsw,wee
— D1 (27) 22 W, n5nn— 2A% (D 12+ 2 Des) wramee

1l = _
i D2t eece— AT W e

% =B

Elements of Eq. (25) for Donnell and Fliigge shell

theory.
o [7:] of Donnell shell theory.
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Where, integral formulation ®; (n, 7) is as fol-

low.
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1, for symmetric displacement
1, for antisymmetric displacement



