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Energy Finite Element Analysis to High-Frequency Bending
Vibration in Cylindrical Shell

XIE Miaoxia, CHEN Hualing, WU Jiuhui

(Institute of Vibration and Noise Control, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: To obtain detail information of high-frequency vibration in cylindrical shell, the gover-
ning equation of energy density about bending vibration in cylindrical shell is developed based on
the relationship of an energy balance and thin shell theory. A deduced second order equation mod-
els the far field energy distribution. The resulting equation is solved by means of finite element
method. A comparison between the results of energy finite element analysis and statistical energy
analysis indicates that the energy finite element analysis enables to get more detail information of
high-frequency vibration. This governing equation is similar to the beam equation for only high-
frequency axisymmetric bending vibration response of cylindrical shell.

Keywords: finite element analysis; cylindrical shell; high-frequency vibration; governing equa-

tion

PR A A3 MT S 55 A 1% IR 4 IF 5 40K L S 114
Mo B AW b o % e L AR o S R O v
(SEA) MIRERA BRIC T 1% (EFEA) J2& 43 71 45+ w2 4
PRI N FeH F Ay k. R EFEA AT 13 30454 -
EE—m a5 R, 5 R E a4 et b
WSF- 4 RE RS L SEA FH FE . HoA IR AR e
DAL W ff R e v A8 B 45 ) iR 0 R A O )
RAKH K R HT 5. 11 F EFEA HA 10 240 K R
g 523 A8 V5 A 18 3 AR 58 38 1 A5 L AL e 3] H R
ik EFEA 758586 9% 8l A 8 5 (] 2 04 7 FH b

Wk H T . 2007-11-08.  AEH R

)R BRAEA B B JLS faf B lm) 0L, 38 A HE A
ERAE X EERRONX TR ARG B RS
4l R

1989 4F, Nefske F1 Sung " $2 i} —Fh 2 09 fig
A IRICITE e RN A FRoT B AR T AR
w7 BRI SR b B R RE s A PR Ty
T, Lase 1 Jezequel SR 5 Sung ft F B9 268107
TEHESE T Y\ 4R AT 9 BE 5 4% I 7 B2  Bouthier ™
MMM AT 374 R TH I 3 AL A 15
B 7R AR Y e R AR T R

R R (1977 —) oA b Az s RAERS CBRR ) - 2 B0 - 12 SO



1114 L

FURIT S X372 (R E 18 9 1 47 i 75 i ) 4 250 74
ARIARIE A SO BT RS 15 1 i o 513
FCERIE R T BIAE 52 70 500 PR 2 4R S 5 T 1Y
AEHE S P 7 R R A BROC T ¥ X2 il O
AT SR A, HA5 RRUR FH SEA 3 B 45 BAHW &
UER T Tt S B O AR B I A .

1 REE S R R T

AR SO 5 [P R 57 25 IR 3 i 23 s o O
B AR SR R ARBR 2R L B R 21500 R b7 1a) 4
] JE A R 2.0, K 1 R,

N1 Ny 3L RN J75Q1 Qo MR IRIBY 573 Sz . Son T 171 BT 775
M, M, : N F1%; Hio . Ho - HIAE
B 1 BN AN R R

RG] AT 72 b Xk BR A2 60 1a) R epr, A 1] 28
qo =0, M E AT g, FEMBAT g, #ZABIR © 1Y
PRAL. B TR FRAY A L Si = So1 =0, Hyy = Hyy =
0,Q =0,k N\ N, Qi Fl M, .M, # HJ&AA5 «
4 PR e i RS2 vk i, U Ny = 0. 18 5)
TN

D(1+ip

i gt 5
Ko AATBHEE sh IRAEFE YRR sa R A
2% sw N BIAE ST Ik 1 B s E g G & D
SRS I EE 5 o R BELJE R AL

5 wlx. ) =W (x)e " W () RiEm i B
PRI o R IRISTE ¢ Ak [E] )
d'W
dx*

(D

—k'W =0

(2)

ENCAY NS
w(x,t) = (Ae * + Be™ + Ce * 4+ De) e
3
Rt A BLC.D RS B L 2 Ll
k = ki + ik, 4)

PNIE I §42 %
, _En 14 -
k= <<‘d1w“_a7>/D) = w/c &)
9:——77»
k, Tk (6)
o = w'D _ w' ER?
" (o’ —ER/a®) 1200 — i) (dhw® — Eh/d®)
<)

e HUGH s p TR e X TR AR B 2 AR
HAEA G R b i R AE RS R

| Eh ,
u :ﬂz(l#z)((e] +e)’ —2(1—p) -
(1o — & /4 A Ay dxdy +
En®

D ——— o 2_ i .
24(17#2)((y1+y~) 21—

iy, — P ))A Aydady
M N B A GE % 5 R

(8

_ En N
(OUZ(l_/JZ){(€1+€2) 2C1 —w {52/4 H+
Ehs 2 2
m((%—‘—7’2)‘—2(1—#)(7172—2’))

(9
K cerver S0 2 T 1A G J7 1) (49 R 72 5 & S AH RS
SYYIRAR 71 F1 oy 53000 R = F7 1) F1 6 J5 [ Bl o
L.
X F RTINS FRASIE | I AE RIS 195G 5 N

a:%:J%,Q:% £=0 (10)
X a
_ Pw _ _
Vi =—5%s Y2=0, =0 (1D
dl._
B A0 FLADRAK (D H
B @ug Eh% (’]Zu' 2
T 24(1—#2)<912> (12)

A B« s B R T
(RUAFE 2 0 1 2 %07 T A 2
ﬁﬁ*.i@ A~ % 2% AR )
W50y (ot ) U 2

FHAR X 07 25 AR I B A8 RE 2
e ik sh sh e % N

fr :%P’lwzwz (13)

45 ik 491 i A AR B 2 L
= putpr (14)

FER QD PEE 2 T ADRAR QD1
_LS I w)’ i 2,02 -

PR <l k<l s RO NP AH CHY—



59 i lb R A RS

B i R 3 A RE AT FROT BT 1115

TR o 3G R & D B —IAE 2 —>o0
S R ME A JC 55 R AT & B LS. TR I 1 e A3
i T, X3 h & A C.D W3 a] L)L 20 i & A
AL\ B I g 8 3 ik T 2 ) 2 LA O i AT
P X OMRAK AS) L FFAE A 1] J&] 4 Py ) g
T PR TP X AR RE R R R %

R > R Gt

c- (24(1—#%}“ Ty )

<|A 2e 72T | B |2erPar 4

AB‘“‘ efiZ}ql,c _|_BA’ ei2k14-> (16)

X A2 B AT 2 ) V-2, 91 25 B 2 ] B9 3 3
T 453 BE R 9 L A 3 - RS i

(L ER 1y
ter = <24<1—,,¢2>/Q1+ p e )
(1 APer™e+| B["er™r) an

E(h*—42%) Pw
81—y da’’

PRHBIAE 5€ B 165 1) 89 7 1]

B 5 I A Ly

_ EM* —42") dwiw

T8 A o (18)
=3 R e N Ehd dgw . i
120 —4") dx
% ‘
— o MR LI DRy
2 2
B dwiw (19)

G = 121 — ") dx? dxdt

W5 g qo FIINFEXT = LAY, AR BV 32 (AR R B |-
PR il

_ B dw

P RA—) do

EhS @v( azw>

12(1—2) da? \azat

e % FORBULHE. H 2 (O RAR(20) I Z g T

I R =R T B
_En’*
1201 — 1)

(law)” —

*

(20)

E A P —| B [Per®in)

2D
e D A (21, 15 T R RE 5 %8 B 1 5%

dp __ 4Ct <o)
Jdx nw dx? (22)

R BEHF- 687, 38 3 A T 40 5 A SR T ) FE
TN S5 25k ) SR S AR T, ]

[ 2€av = [[ (6204 + [[ e — mrav

(23)

ﬂ("%)‘“ :_H?dA Z—MVEdV (24)

X F RS M B %o s (] () 5RO, )
Tin = Tis T VP (25)
Ko LGB T HE RS 5 o A5 i
SRR 7 p g I )P4 0 i o e R Y AR ]
TR B S R A5 T PN 0 3L S AR . X 2R i L e A AR
T = e (26)
Hx22) K (26) AT )L 28 [P 2 5 AR AR
(25) 43 2 BIAE 7 Bl Bk 25 it I 20 114 328 175 T 4 o)
Tt
~ACE & <o)
p  d2’
227 RIS A SO S ok 1 Bl AL 52 25 it i s e £k %
JEFRE ) T A

2 BEHIOT R IR

FIFA BRI/ M7 5 32 % 28 (27) F- 47 3R e T HL
ZHANFE 1 R (G LNBRIAEFARA K.
(1 RAELGIUTAR I AR

+wie) = m, @7

l/m 1.00

h/m 0.01

a/m 0. 50
o/kg e m™? 2 700. 00
E/MPa 71 000 . 00

” 0. 33

7 0.01

FEFEARRH ] AL AR 2 2 0 m A 0. 5 m Abjite fin 200
W D3 AR 1 kHz R 58T
[ AESE A 4% s B RE B2 (L, WL 2 AR 3. T
B TER A IE AR L SR GE R M vk L 6 [l —
HEFEHAT T, A TEIRAE I — D F R G HA
HEF R Z NN RE AL 28 P A A D) R 45 T 4E
eIt
P = poe (28)
AR 2O HEITE R SRR R E N
3.18 J/m?.
H1F SEA #47 T 28 M3 AT R G HA M
IFi) %) i 12 2 B A, DRI G T RE 2 B (B 55 EFEA 45
FRFEIR LA SRR B T (E e, HIAE.
"L & ., EFEA FI SEA 45 5 (19 45 %12 22 N4
0. 22 %2647 - IR 7 R4S 2 1T I0AIE. LA &l 2 0



1116 [ ]

%42

P 3 B 2[RRI/ IN B A8 BN A )7 4%
S RER B AN R (HR ] SEA TRk AIAREIX 7
X 2 FpiE oL 250

€,=3.19 I/m” (EFEA)

¢=3.18 J/m” (SEA)

€,=3.19 I/m’ (EFEA)

£=3.18 J/m® (SEA)

3 EFEA 1 SEA fRER % A (=0. 5 m Abjiti i i)

sl 4 s, o T R EFEA SRR SRR 1)
AE 3« R BTSN — VAR 18] 7 A 8 28T 28 7
158 J& 7 i) S 459 B3 0 A B A 2 05 [ R R AR AL 1Y
W 2 7 AR A (1/250) o FF EFEA Jrik
B R AT Z FWE S SEA B3R RS 3
ASSSRARTR L LR 2 ROk A TH RS RAE W5

e=7.96 I/m’ (SEA)

N

¢,=7.96 J/m" (EFEA)

B4 T ) 2 A8 Al it in 28 feg e 16 2 A 5 B A
3 45
AR SRR A I 1 S T IR R 25 AR 3 Y
it 2 AR AR T ) AT R TT 7 B X 1% 4 3 7
TRHEFT SR A% o SR %45 A0 SEA 255 AR 4
SCTIE B 7 T4 S 145 1 7 R T B . ol 9 5 ¢ ok

(g 5 FEHE U T

(1)t F7E e T 2 R A BB 2 BT 430 238 Ay v A »
H <1, 20 T b &4 C.D 55 % B i,
DL I 3 S R ) il e 2 4 o O R 3 FH T v AR /S
BELJE [ A e A 45 44 » i 7 FH AR A B e 3+ A
J&E Se 7 A R .

(2) 5313z 3 )5 FEHL HE L R R Fe 0 ki 51 )7
L T kRS I — I, il 15 0% 4 3 A UK /)
PRI AHAE J5 X e A TR S H R T
I A S R R R A R O RS
IR 1) B 1 2 R AL,

(A SCHE 5 1 R 1) il 28 45 o) Oy A L2 1
B R 20 0 i i 2% O R EOR R A
JCEELIE TR 25k ity rh , B AR £ TAE M
HEAT.

== gu

W

S

&

S 3K -

[1] WU Jivhui, CHEN Hualing, AN Weibin. A method
to predict sound radiation from a plate-ended cylindri-
cal shell excited by an external force [J]. Journal of
Sound and Vibration, 2000, 237(5) ;:793-803.

(2] SEALZ, BRACRS . S5 UM, 12 1 A 72 5 3% 4 5 7 1

FIEE T, [T, V8423830 K%, 1999, 33(1) . 107-
110.
WU Chengjun, CHEN Hualing, HUANG Xieqing.
Theoretical prediction of sound radiation at far field for
a submerged cylindrical shell[]J]. Journal of Xi’ an
Jiaotong University,1999,33(1):107-110.

[3] fHIeMR AR U HE e, Sh M7 PRI 75 A D) 3R T v
[J7. J123 &, 2006, 36(3) : 363-372.

WU Xianjun, ZHU Shijian, CAO Jianhua. Review on
structural vibration power flow prediction methods
[J7]. Advances in Mechanics,2006,36(3):363-372.

[4] NEFSKE D J, SUNG S H. Power flow finite element
analysis of dynamic systems: basic theory and applica-
tions to beams [ J]. ASME Transaction Journal of Vi-
bration Acoustics Stress and Reliability in Designed,
1989, 111(1):94-100.

[5] BOUTHIER O M, BERNHARD R J. Simple models
of energetics of transversely vibrating plates [ J]. Jour-
nal of Sound and Vibration, 1995, 182(1). 149-164.

(6] frfmfs, P ms. Mre e [M]. P84 . 943838 K2
H AL 1993:310-312.

(D % kA



