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thin cylindrical shell in cylindrical coordinate system
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Table 1 ~ Material properties and geometric

parameters of a thin cylindrical shell

Middle — surface  Young  Poisson’s

Length Thickness Density

radius modulus ratio

0.095m 0.002m 0.143m 2x10"Pa 0.3  7850kg/m’
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Table 3 modal shapes of a thin cylindrical shell under clamped-clamped boundary condition

+ ==
5T

®3 BEX-EXBRZFGTHEERL

Order

%%
\\\
\\N_\\““\\

\ /
,%,_%,_,,,,_
(AN
E§§
\\ il
\§§§m

?\\\ 7

\\\\\\\ =

0.1

0.1

L

3%%

..»/%%7
,,zé e

..,@,,,_g 3

o

5

/\\\\\%\\\&\\\ §

Sl 7 4

4\\\\\
“w

0.1
D15

~SSNY
%geu
W
i

E i
i

"
8

)

—

0.1

®4 BE%-BHBRAZFGTHEERTTHN = HERSRE

Table 4 3-D modal shapes of thin cylindrical shell under clamped-free boundary condition

Order

e

\/////

_____5\ i

i
\\\ i

/////////////////

BN s
§§;§$

N

///\v\w%

i

iy

///////

Z%g

\%z

AL

/////////é
/ \\\\\\\\\\\\\\\\\\\

\V/ \\\//////////ﬂ///ﬂ/

,///////2/ // ____ §§\

___ __—E

i gé
=§=§\\§ _”,%”E__—_

///u/// ////%\\\\\\\\\\\\\ s
\\\\\\\\\

%§§§\m

////\\ /S e

0.18

0.1

0.05

§ ///////////////// E
\ \\“\%\\E \\,vv»v,_,_% 3
i QYD

%E

\

b=
\\\\\\\\\\\\m

/AN
o %%%%/z

0.1

e

/I
Z\\\%

§_

%

01

i

i

\

,—

it

N

N

f

/
Xg,
éé
%,
wé

///// N
LN

/////\\\

)z

é«z/z////
6'\\\\\\\,\

S22

\\\““____

“E \“““

i

///

\\\//

i)
\\\\\\\%

i__,_____\___\“ﬁ
, ______s i

NN

/

AN

7\

/
/////

///

////////////

/éz

s

/é
%/gw
/////

,_,,, s m

\\\\

\\\\\\\
s

/ﬂ =) \\\\

%/,,,%

\\\\\\\\\
\\\\\\
\\\\\\““W\\m

YERISIRBIEIANER 4 Pz, ol LU Y, A1 A vk

(3) [ 32-H i 21 F
TEW SZ- A i (RIS ) LS4 F D A R b

i i SR A ) A AR G AR AN B 4

SRATH AR [T A7 80 53 R ] S~ SR i S2- i S 94 7of i
PN IR HIAE RAL AL A FAA L, FEAR B AL 1 [

N, =



136 B %5

EC I

2016 445 14 %

AR S /N A B R, B /ME H BRAES (1,6)
B, Xk RO F) 1A A5y 1668 Hz, 7 ey i B 11 1] A7 431
AR JE] 1) 2 504 K8 T T3 3 T e [ A it ik
i) 2 5 AP 8 A T A A0 4 S 8 s Gn e 4 i
[ 3 - A A B AR T I = e BS R T £ RN
FI ] 1Y AR AR Bl B s 1 % 3 3 7 e
R, IX PR DA i S ] 5 1Y), %o B AT e A 5 i Y
AR T T B LY A MR/, 51 [ A
AR A IR LR AR AR AR 5 [R) I ] A7 00 5 fe A
(3 (1,6) i Xk 7 1 = 28 5 25 i 28 2R B0 O o 1 5 4
N6 BIAEAIEAR SR PEAE IR B R P 4 5 R B3
RN AR R A — TR, RO 24 SR AR 1 i X i
B AT IR A

18000 y

g

160001

>,
AN
>

14000F . b . .A.‘.:,
&

8
3
[y
L3
‘9
W

10000 - Y

2
S

A m=3 2 A

:iﬁ*‘.ﬂ}kx Wa

R m=2 aX A

N ;IQ:M':A,R

L ‘2} Ny o & :

5 10 15 20 25
Circumferential waves n

Natural frequencies/Hz
[
».

s 3
I

5
S

=

B4 52 Al A PR R [ A 5 F [ A AR
Fig.4 Natural frequencies of a thin cylindrical

shell under clamped-free boundary condition
3 #it

AT -] 32 ] 52 - [ SR 52- ol = b2 5t
ZAET Gt TSR AR RE [ A 7 v B 2 R I 1 A
Mk, I SCHRR AR BROCIE XS 45 R b AT T A, 5
A5 R SRAT A A WAL AN SCRR -5 FROGHE
RN A5 R AL A RS ] , A 03 1) 1R 22 26
TE 2% LAPA 5 25 Jo 1A 25000/ N s ) 1 500 24 S i/ 1N
JE SN 7 o I s P[] A A5 3 3 T e, 254 1) o
TR TR 51 A A0 A AU K, A T S-S [
SE-[B S FE AR ) R AR B A AR e A A
(L,7) B, 1 86 52- R ds 526 4F B B e IR [ A 9t
HRBAAE(L,6) B, e IR B A 2 b P A R A3
PP i R o K R SRR B — BB 255 [R] ek 3 o Ao A
VAR FROCIER 2 00 = HERS IR &, EERH
NSNS RSN, EAEAR B B LA ) AE AR AR
(IR SIS SRy =, 7E im0 9 ESF S 305l ) A 285 0 ] o A
BMA A IR

Z % X W

U R5e. ik Jrae. AUat @ S 20 kL, 2001 (Wu J
L. Elastic mechanics M. Beijing: Higher Education Press,
2001 (in Chinese) )

2 Rongong J A, Tomlinson G R. Suppression of ring vibration

modes of high nodal diameter using constrained layer damp-
ing methods. Smart Materials and Structures,1996,5(5) .
672 ~684

3 Wang C, Lai J CS. Prediction of natural frequencies of fi-

nite length circular cylindrical shells. Applied Acoustics,
2000, 59(4) : 385 ~400

4 El-Kaabazi N, Kennedy D. Calculation of natural frequen-

cies and vibration modes of variable thickness cylindrical
shells using the Wittrick-Williams algorithm. Computers &
Structures, 2012, 104-105(4) ; 4 ~12

5 El-Mously M. Fundamental natural frequencies of thin cy-

lindrical shells: a comparative study. Journal of Sound and

Vibration, 2003, 264(5) : 1167 ~ 1186

6 [ L, ko WEBE R FESE E A SR T HLAR

AR ,2010,9(9) 11226 ~1229 (Li G C, Li Y Q. Cal-
culating natural frequencies of thin circular cylindrical
shells. Mechanical Science and Technology, 2010,9(9)
1226 ~ 1229 (in Chinese) )

7RI, MO, DhEERR BEERE AL SC Y A AR Sh. 3h

% P E4% ,2010,8(3) 1219 ~223 (Du C C, Li Y H.
Free vibration of functionally graded cylindrical thin shells.
Journal of Dynamics and Control, 2010,8 (3) :219 ~ 223
(in Chinese) )

8 IKEE A IGE  ALAUESE. ARl R AR A 25 1

AL FCAE I A IR B0 AT. IR 7K B8 T RE R 2241t , 2014,
(4):420 ~425 (Zhang A G, LiW D, DuJ T, et al. Nat-
ural vibration analysis of the orthotropic cylindrical shell
structure with various boundary conditions. Journal of Har-
bin Engineering University, 2014, (4) :420 ~425 (in Chi-

nese ) )

9 R BUCY; R RS A ARSIEE S D7 5 BT

5. o FH 12552547 ,2011,28 (1) :59 ~ 63, 110 ( Yang Y,

Wei G T, Yan G R. The research of vibration analysis

methods for circular shell. Chinese Journal of Applied Me-
chanics, 2011, 28(1) :59 ~63, 110 (in Chinese) )

10 PRIEFH, BRAEAr. [RA:C i W a5 A 3k sl 5 i A5 4 4

P AT R 22,1997, (11) : 93 ~95 (Chen Z

X, Zhang W H. Dispersion characteristics of higher order



%24 TR HRE B A T Y R TSR SRR S 137

structural vibration waves in cylindrical shells. Journal of bration and Shock, 2014, 33 (16) ;155 ~ 159 (in Chi-
Huazhong University of Science and Technology, 1997, nese) )
(11): 93 ~95 (in Chinese) ) 13 BRmAE, PhE, k0. Z B 8T AR IR S R AT 5T
11 SE I, 5, 22 . Tt v R I A 5 1 g Y AR Bk 3l By E S 41, 2014,12 (1) : 50 ~ 55 (Chen L H,
Rk DL B A5 R s . E R B i R Sun Y, Zhang W. Study on vibration characteristic of
C%,2013,43(4) :436 ~458 (Han Q K, Wang Y, Li X third order shear deformation theory of plate. Journal of
J. High nodal diameter vibration characteristics of rotating Dynamics and Control, 2014,12(1):50 ~ 55 (in Chi-
shell and the effects of its sealing teeth. Scientia Sinica nese) )
Physica, Mechanica & Astronomica, 2013, 43 (4); 436 14 Soedel W. Vibrations of shells and plates. CRC Press,
~458 (in Chinese)) 2004
12 ZR0E SV, VP S 5 T IOG IE 41 4 Y 2 TR S B 15 PEA, 905250 RFEAR. o o i 3l 7 (A T I IR 3l 52 3 A
B4 FE A A i B 3 k. Bk B 5 by, 2014, 33 T LA B II,1998, 13(4) : 390 ~394 (Hong J, Guo
(16): 155 ~159 (Li H, Sun W, Xu Z, et al. Experi- BT, Zhu Z G. Experimental investigation on travelling
mental method of laser rotating scanning to measure mode wave vibration of high-speed rotating shell. Journal of Aer-
shapes of constrained thin cylindrical shell. Journal of Vi- ospace Power, 1998, 13(4) ; 390 ~394 (in Chinese))

STUDY ON VIBRATION CHARACTERISTICS OF HIGH-ORDER
MODAL FOR A THIN CYLINDRICAL SHELL"®

Wang Yu'"  Luo Zhong’ Li Chang' Liu Jian'
(1. School of Mechanical Engineering, University of Science and Technology Liaoning, Anshan 114051, Liaoning China )
(2. School of Mechanical Engineering, Northeast University, Shenyang 110819, China)

Abstract The vibration characteristics on a high-order modal of a thin cylindrical shell is studied in this paper
by analytical method under different boundary conditions. Firstly, the shell dynamics model is established by
Galerkin's method based on Love’s shell theory under simply supported-simply supported, clamped-clamped and
clamped-free boundary conditions. Secondly, the modal characteristics are solved, and the high-order natural fre-
quencies as well as three-dimensional mode shapes are obtained. Finally, the results are compared with the data
from the related literature and finite element method. The results show that the error values of natural frequencies
using analytical method are less than 2% for the shell under simply supported boundary condition at both ends.
The natural frequency increases after the first decrease when circumferential wave numbers are small, while it in-
creases gradually when circumferential wave numbers are higher, but the natural frequencies increase significantly
when axial half-wave numbers rise. Moreover, the three-dimensional modal shapes obtained from the analytical

method, related literature and finite element method are coincident.

Key words thin cylindrical shell, boundary condition, high-order natural frequency, three-dimensional

modal shape
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