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Abstract

Free vibration of a porous graphene-enhanced cylindrical shell is analyzed based on a semi-
analytical domain decomposition method. According to this method, the shell is decomposed into
several shell segments along the axis of rotation. The improved variational principle and the least
square weighted residual method are used to introduce the shell interface potential energy into
the energy functional of the shell so that the free vibration analysis of the shell is reduced to an
unconstrained functional variational problem. The shell displacement variable is expanded by the
Fourier series and Chebyshev polynomial function. The motion control equation is discretized and
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the free vibration frequency is calculated. The calculation results are compared with the existing
results to verify the correctness of the calculation method in this paper, and the influence of po-
rosity, graphene mass fraction and geometric parameters on the natural frequency of the free vi-
bration of a cylindrical shell is analyzed.
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Figure 1. Schematic diagram of cylindrical shell and shell coordinate system

E 1. BERREEURFTIRALIRR

BB VA B0 [12], AR TR AR — ST AL RS 1) &
7 =(it(a. p.2.t).7(a. B,2.1), ((x,th)) Fikr
FortoW @

R, r=(u(afot)v(a fot)w(a fur)) s ¥ =(v, (@ fur)y, (@ fu1).0) .

kv, v, w 4 B SRS @, B,z T FIRIRS A2t s u v, w 4 BIRR BURE 24 i AT — A
o, Bz MIIBLRS M y, oy, DY RIZR PR ALY o B SMAEE fR s o I T AR

SR S A BRI IR S S5 B N, AR, WA X B B [13], (T SO RO 23 TR BT, #
3 H B 5 0 1 B 2 B T

H:jf%):( L,-U,)di+ | Zn dt 3)
K@, T,U, 235 i AN TEBIIBIREANAZRE s T1, AAHSRTEE @ Ml +1 Z [A] ) ST PN 4 R

*Eﬁ?émfiw, A SR I R R AR SRR B | A SRR KB RER R

jj (por ;4 2P, + 5,V W, ) ABdad B 4)

T bl 2 51/! aV aW _ a'//a,i a‘//,/3,1‘ !
Ry, - Fornd W ¢ BB = (6 2, &j a_fergrﬁ o
o, u v, w R i AR AT BT R o, B,z BTG RS S S, M A i AN B R TR
AR B RAEKSETERAMREG B,.5, 5, RIEMT, &5RA
po=[p()de.p = [ 2p(2)de. = [ 2 p () e
o, b TR R, M)ﬁﬁ%%ﬁi%ﬁ
WIRHA TS, 5 A BRI RE

U, = % | Is,- o'eABdadp (5)

ﬁ(s)qj’ &jj0'=(Na,N NaﬂyMaaMﬂaMaﬁaQaaQﬂ)T’ E/Eg:(ga78ﬂ78aﬂﬂla9Zﬁ9/’{aﬂ:gazagﬁz)T°
Ht, 5,8, 8,, WTTHIBRAS: 7., 7,0 1.5 FRFMME; 2,2, REETINE N,,N,N,
RPN KENRNG s M, My M, Zon SIS T 0,.0, 2BV 71

DOI: 10.12677/ijm.2021.104022 224 I


https://doi.org/10.12677/ijm.2021.104022

WA 5 P T 8D 0 0 30 5 AR it 2R R A T RE D

N, 4, 4, 0 B, B, 0 a
Nﬁ AIZ All 0 BIZ Bll 0 &p
N 0 0 4, O 0 By || €up
M, - B, B, 0 D, D, 0 Xa
Mﬂ B, B, 0 D, D, 0 Xp
M, 0 0 By O 0 D )\ Xup

Hr, S8 ks NBIUIMEIE REL, EX%; Ay NALARRIEERERE s B, AR iR IR RE ;s D, 925 il
o fRBLAE R T FE SO AR L, W BRI N

4 !

B. |= Im Q.| z
i —nj2 =Y

D, 2

z

dz,i,j=1,2,6.

Hrp, 0 RFIERE . AR LT R AR 2 IR H, Rk

B E(z) (Z)E(Z) E(Z)
(Q]l On Qﬁ“)_(l_uz(z) /;—uz(Z) 2(“’/”(2))}

B g=(wvwmy,.v,) G,

E=¢q ()
T
2 o 12 45 0 0 0
oa R op
0o L9 2 4 R
ROp oa R
Hr, g=] 0 1 0 0 0 o 2 19
R da ROp
o o o 2 o Lo
da R Op
0 0 1o 9 1
ROp O«

N T HE R TS TR XIS R B R M RIEN, ASCRAT AR 7 M/ — Stk
FEHBVERMER) NP B> X S I aE 11, [14], BRI
HB = J.lv (guNa®u + ngaﬁG)v +nga®w +g77Ma®a +g\9Maﬁ®ﬁ )dl
’ (™
+6,K,0, + ngKa@;)dl

ww

—% [ (6.%,0} +6,5,0] +5,x,0;

XD, DX SR IRAF(T) 3B — TRy, Toa ISR 2. 35 — AR RIE X i/ —3f
PRI 253 N, (A HS M Sl e DL J A 55 R P FE 2 30 T3, ©, =, —u, > ©, = v, v,
O, =W, =W O, =V, ~Vyir Op=Ws ~Vsio

DOI: 10.12677/ijm.2021.104022 225 VAETIS


https://doi.org/10.12677/ijm.2021.104022

ETLEIS

K, (o =u,v,w,n,9) NTSELE ERIMSEL: ¢, (0 =u,v,w,n,9) &€ AR F RS XA S4L,
wmE 1 R,

Table 1. Values of ¢, (G = u,v,w,n,g) for different boundary conditions
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Table 2. The comparison of dimensionless natural frequencies of foam metal cylindrical shells with different pore coefficients (m = 1)
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Figure 2. Variation of natural frequency of cylindrical shell with graphene mass fraction under different boundary conditions
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Figure 3. Variation of natural frequency of cylindrical shell with pore coefficient under simply supported boundary
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Figure 4. Variation of natural frequency of cylindrical shell with length-to-thickness and length-to-width ratio of graphene
under simply supported boundary (¢, =0.5)
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