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Fig.1 Schematic of an axially moving beam with velocity V

2004-02-09 W B %5 — 7. 2004-02-23 Wt B 1 B4 75
« EFRARBEESYBINE (10272117, ] K4 ARBERE & BB H (011203).



BRI N . B 2 3 R BT R R R BB 5 41

H1M
w(0,)=w(1,6)=0 @ w=w, + Aw an
. (0,)=w, . (1,£)=0 ) ¥EFRQ0, IDRAFBOBESHTR,.EE3

2 Galerkin 3%

KA BERR EHEXR: MZEER 2
HITHE .2

M
w(z,t) = > ,q¥(t)sin(jrz) 1)
j=1
AREER, XBERITE M=2. 4 WRAWM,
R FH Galerkin F &G W%
g — gy + kugi’ + Rugt (g5’ + k(@) =0
(5)
a5 + gy + kngt + kugy (g7 + ki (g)’ =0
(6)
He
m=16v/3, k,=@ir*—v*+1x?,
ky,=3int, ki;=Fk,/8,

=ty kn=44vin'—v*+1nt, kyp=ky,
kys =2k, '
BT m=m JHREHERERMHE, FFUTEG)
MEORBTRBRE, HIKEHRAE 3 KELHE.

3 R FEEEJHB %)

3 B O 4 3 (THB #) B Lau #i Cheung!™®
RE LK, BB ZHNATEMIERERSEE.
Cheung UHER H BN A FAMRA WK K
MAL. See FH -SRI ABSTIARER
SRR IE R R 3D,

72307 F THB %, BF 55 8l 7] 52 3 3248 1) 38 38
B, HiRsh r B e AR GOMOO AR M Ligkah,
A BB ARERN

Mq + Cq + Kq + K;(q)q = Fcosnwt  (7)
H q.q 5 B FA Xt B (A B — R A — R 4
M M,C, KK, 53 B RA BB R B ERE &%
PR =N EERE, M F,o SR RRRIERN

B
SIAF R AT [E] 2 & 7, %
T = wt (8
BWAFBDER

w'Mq" + oCq' + Kq + K;(g)g = Fcosnt (9)
IHB #%: 1% — 4 B3 E Newton-Raphson fy3#¥ &if
. 4 g Mo RAEREIEEPHE RS, 4L
ERRETURRAEENER

q=q,+ 4q 10

EHEEANERTE
wi MAQ" +w,CAq' +(K+3K;)Aq=

R— QwyMq,+Cq,) Aw 12)
R=Fcosnt— [wiMq,+w,Cqo+
qu+K3 (QQ)qO] a3

RERENE.Y qorwo HYETRMBE, HMENT.
IHB % E S BRI B T ELR. It
g M Aq BRIFRME M H Y

ap= D aucos(k — Dt +
=1

D basinkr = C,A; 14

k=1

Ag;= ZAaj,,cos(k - D+

k=1
> Absinkt = C,AA; 15)
k=1

H

C,=[1,cost,***,cos(n,—1)7,sinr,+**,sinn,r]
Aj=[aj1 9aj2""’ajncsbjnbjzo'"vbjn,jr
AAj=|:Aa,-;,"',Aa,-,,c,Ab,-“"',Abj,.’]T
TE
g, = SA,Aq = SAA (16)
He
S=diag[Cs,Cs], A=[A, A;]",A4A=[A44,
24,17, #RQAORALA R (12)3F 5 A Galerkin 53
BB A4, A0 RIRHEHEFBA.
K,AA =R — R,.Aw an
He

K.— r'sT[ngs" + w,CS' + (K + 3K,)S])dr
0

— 2%
R=J. ST[Fcosnt — (wIMS" + 0, CS' +

0

KS + K,S)]Adr,
R,.= J “ST(20,MS" + CS' YdrA

TRADE-ITRETEA. HRABHRE LT
BHEZ—1, Bt RBHLFEEHLF—ER
ERERIHE. MRBITER Ao EREHIEER
Y MELENEET, Ao REFNE, FMBHERN
TR RBRE.

K,.AA =R (18)
KRB AASF HRFERU6)RE A, BHRER



42 I ¥ 5 E M ¥ #

2004 2%

(100378 ¢, ATTR BB K. . R FRXFTLUIN Y
BABRE 24. X—HABHRAERITE. BRIRE
—H#GTE, HEAREAE R DTHAEAEHER
EE, HETRB BN T « KiRE A, ATIRBEY
BHR YERAIBEH BAEHHE o« Hm—
MER Ao, TREFM o HZ T i#17 ERERT
2L LAR S TR BT A o HAYIRIE A. X — A R4
B Ao BTN o BT E. BANELERSE
AR RS BR8N A R B kAE
.

Ffelsth, RATHR AT LAFE R — BB IR VE a5 b
e R BRI R, ANAE Do, B Ab,, X BT AT N
(17)R78 Ao 71 AA RHALAEE. BTLIRARK
e, 1 B 0 3 — I 0 R L A 4R o RO IR A o 3
B Atkw2Rx[9]

4 HEISH

2EXMIRALRMAE RO THSE, &
B v=1124,v%=0. 03,0=0. 6,3 i,
wo=2.82232, wy=9.13980,
ki =09.23882, k,;=3372n', k,=421.5¢,
kn=72.0226, ky=33721", ku=06744x".
B F wpo/0=3, FREZH S =E AR R
T HIMNE AR o EFHNEA SRR 00 0y
P 3T B ) 7 1 152
4.1 SMEENRR o 7E o, MiE B W R
SN IR R o FE w o MHERT, B X% 1R f,=0.
B mE s R 2R RESE, HRAKXAOF,
FE-ANTE AEEEZKRE, B bu=0,THE 4
TR g N EREE, B an=0. B BTEEL
RE=ZREXE R AEEREHF BT,
G REEEZMNFRIEET. Bl a,u=0,6,4=0,k
=0,1,2,3,+ BIARXADRRD

m=p=3.2,

g0 = za/.(zkH)COS[Zk + D] 19
k=0

20 = ij.(zkH)Sin[(Zk + 7] (20)
k=0

B 2 BiA Y no=n=4,f,=0. 001 B}a 55 -
BREEHECHTERRREL BEEE"4 %
g B — BB cost MIRIE an B oF BB g
sin3r BYRIE b)), EFEE S B R (fi=/.=
0) B B9 WA B Bl 28 CB B 40 , ME Ho %k

ME2@TUESL EHERT,.ZREE 34

B X1 RE 2 MO DB LAREE A,
HXRLHY 9 R0 62 53 BIZEE 2(b) T E AR E
HTEN. 353 MR, THYHE A T R A
PHERT EFRAEYE. WE 2 ETUES

2
a11X10
o

2
X
b23 10
o N
:
Qe
A

(b) w~by,

2 ¥ w0, f1=0. 001 ¥ E WA
—— R R R R

Fig. 2 Fundamental resonance as w~wg, f1=0. 001

Forced response curves; ------ Backbone curve.
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Forced response curve; --:-- Backbone curve.
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STUDY ON THE LATERALLY NONLINEAR VIBRATION
OF AXIALLY MOVING BEAMS’

Chen Shuhui' Huang Jianliang! She Jinyan?®
(1. Department of Applied Mechanics and Engineering, Sun Yat-sen University, Guangzhou 510275, China)
(2. Department of Mechanical Engineering, The University of Hong Kong, Hong Kong, China)

Abstract  The laterally nonlinear vibration of axially moving beams weve analyzed by the incremental
harmonic balance (THB) method. Firstly the motion equations of an axially moving beam weve derived by
Hamilton's principle. Then the Galerkin method was used to discretize the governing equations. Finally,
the THB method was employed to solve the nonlinear vibration equations. Particular attention was paid to
the fundamental, subharmonic resonance with internal resonance under the condition w,/w;,,~3 as w is
near wig, Wy, where w is the forcing frequency, and w,, and w, are the first and the second natural
frequencies. The number results show that the IHB method is a very effective semi-analytical and semi-

numerical method for nonlinear vibration of axially moving systems.

Key words axially moving beams, nonlinear vibration, incremental harmonic balance method, internal

resonance
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