5511 %55 1 172013 45 3 /1
1672-6553/2013/11(1)/42-4

B EEE R

JOURNAL OF DYNAMICS AND CONTROL

Vol. 11 No. 1
Mar. 2013

FA 043 SR AR i 45 W7 0 0 i 3 S
LM HBTH

EES

A

»ow-1,3
x| 3

(LA Tl REAHLR 2R, Jbat 100022) (2. INARET TABe e R, fiE 273155) (3. PYARIITE R R £ B , I 637002)

W RO SRAEIE TR AR Tl ) an RS 55 P 232 A R o iR sl 2 o O A, HO7 R — SRR AR e P i L
SRR FFAERAEES R ERR L 23 SV 3T 150 70 G 0T P2 Lkl ) ok 32 2 A W Xl 1) B

SRR AR LN B 1A AT I R
Kegia AL TR,

51 &

i) B SR s B a] LIE g Z2 0D TR E 1Y
IR LN S Iy AL 6l (G e S T g
FIE AT IE R R IR R IE TS ) B SR
SRR AR LR A Bl g A R TR R Y A
FI AT HEVEAT A SRR DI 0 Bt 1) % sl e
PEGE AR ) 2 M IR 5 1) AR LR Bl ) 27 AT R 4y
v fifp i AR 1 S s ) JA A T 8 1) 38 3Ll 1) B 3
Rt S T AR o) A 2 P R 2 A T AR R — AR 2k
PRI I TR AR AT, A R B D 0 T
FEATRE IR AT A, T R 22 B0 i sk 0 7 A A BB
KSR AT AR Y, JC R AR LY. T S BRI
PR FRIE R 7. AR 223, LN Ravidra Al
Zhu'"', Marynowski H1 Kapitaniak > | #% 5 Z= F1 ST
BEDT BRI AR S, T R R S B A ) Al i B
Sl TER AL B BT A 7 R AT T 20 B AL 5 4
W7 YA TSR fifp IR 2508 B K AR, X TG R4
INRHBAL. T 70 4FAR % R K i 43 SR B
SR MR Ty FER BT 507 2% AR AR SRy
BUE TR 7 230 SRR FAT T B ] B O T
ARy JEH) THE RN RS R R AR 70 ARAURTE T
TR QUG 380 2 3 A A

PRI SR FRIRAE T2 S W, 22
i 1 e B B RS A. R R BUE TG
I 1) g A A AR e 3y g 2 23 BT A b AR . AR S

20120422 YL B|%5 1 F5,2012-06-18 I F &R

Bfefg, R, X

oS RBGE

T O3 SR X R T 7 5 S 7. % B 1 o
RSB AR 1] iR B 4 7 AR R T T RRER A
AR LS R SR E ) AR LA 8) T A P 5 L
oy X ARMAE AT T 20T

1 =HGE

BRI 25 AR e 2 0 s B 7 1 i)
R SRR PR 17 DR B 4 T A -

2
pA(V,t[ +2CV,M +C V,xx +C,tV,x) +J} (EV,xxxx +

nv,xxxxl) = PAv,xx + %EADZ,XV,M +

nA(ZV.xV,sz,.m + D%xv,xxl,> ( 1 )
SUR S LR
2
x=0, »(0,1)=0; “L=0
0x
a2
x=l, v(0,0)=0; %=0 (2)
ox

g R A BRI, LR R, v(x,0)
FER i 23 (A A AR o Kb, ¢ B 220 4 T PR 3 14 A )
ke, KT R E R IREL R, T, W)
HBETERUE ) Py Ao — /NS Psinwt, 1
IR ) P =P,y + P, sinot  {EE il 7] 12 20 1 3
SETRVE ALY, WA ¢ = ¢ + ¢, sinwt. X TR E
B E YRR SO, Ean, 30T 5l i B o 2ok
B —XF 6l 5e F R, e PR shat s, &
5 [l il ) B 3 2 I 3.

# [/ K AR G E R F BT (11290152) FlfE 2% F 4R Bl 22k 43 (10732020, 11072008 ) % I 5t [

+ Wl iHAE# E-mail ; sandyzhang0 @ yahoo. com



%14

F AR P ISRAPE 23 Al 1) SRt S R A AR Ak 3 1 247 43

2 W RBPERIR A

T SR AR 1 B AR 5t PR o 37 SR e [X I
PN R BRI PR e ALk 8 3 (T B P 8 R A
(14 R RSCLEL A A A I B 3 . s AR AT
e, 2275 2 5 A W A% A bR A ek B AR RO
2. TR J7 R SR i e A o ARBOT R AL 5K
fift. MCHRIBOT SRBR B, ST N AT S

1 =Dy 5
xi—zl:l—cos Vo1 1 G=1.2,~-,N) (3)
TR (1) R R BRI KA 25 i fi 3 507 2% I i PR L

ATAZRAR
N
v (D) = B AN (a0
j=1
N
Voo (x;,t) = ZAsz)V(xj,t)
j=1

V,xxx.t(xi’t) = 2A5j4)7j(xj’t) (4)
o — AR AR L 1) 2 B AR B 53501

H (x; = x,)

k=1 ki
Ai(jl) = = N
(%, = ;) H (%, = ;)
kS0 k)
(i,j=1,2,--,Nsj##i)

Agr—l)
Al(]r) — r[Ai(irfl)AL;I) _ ij J

X, — X

(r=2345i,j =12, ,N;j#i)
N
= S ap
k=T ki

(r=1,2,3,4;i,j =1,2,---,N) (5)
B (4) )AL DL F4F(2) IF 0
WRBEIE R 155
ITRED WIPRTS W
N-2 ! .e\uzjzl N-2
c'[;Afjl>z/j) +]),(EJZf A;4)Vj +n;A§j4>1)j) =
N-2

N-2 N=-2
PA A, + EACT A 0)" T A, +
j= = =
N=-2 N=-2 N-2
(1) (1) . (2)
77’4[22{‘40‘ VJ‘ZAU ijfAij v; +
J= J= J=

<2A;1)Vj)22A;2)Vj]
(i =2,-,N-1) (6)
Hroy, =v(x,0). (6) AZ—WHm 4,
A% RS S0 X R A

3 HESR

UL BRI S R al R LEEER T
S e O R A e o T EE A Ak AR ity )
ORGP TR A AR Ltk 3l ) 27k B B s . AR [
HRHL

p =1000kg/m’ | E =1.5 x 10°N/m*,

7=4.0x10’Ns/m’ ,@w = 15HZ,

A=2x10"*m*;P, =P, =100;J, =%><10‘8

3.1 Hh[EE N E B 70

1 JE5E W IR JE ¢ 7EIXE][15,16.5 ] 221K,
b 1 o EE S AC MR EL ¢, =3. 75 W95 SCIEL A 1
HIATRT UL B, B3l i ¢ =15 JF Rt 2 4% 4
W BEE o YR B — MR R AR IE 2 1 E
IX[8] ¢, e [15.55,16. 2284 |, Z ] B 1 Z A 4
iR 8 AE AW 6, b B T — A AEE /Y 4
I 1. Z s s 38 2 55 Y.

005-
0.04
0.03+
002+
0.01

ok

v(0.51)

-0.011

-0.02f

-0.03

-0.04

-0.05
15 15.5 16 165

co

PELL il S e L P )

Fig.1 Effect of mean axial velocity
3.2 HmmnEETHIERENS N

P2 S8 TN B ¢ = 15. 25, il ) Jon 3 J3 722
IR ¢, FEIXA[2,4 ] EASfLIS 43 SCIEL A 3
AT AR I ¢, H 2 A2 B2 2. 225 I, iz 5l
e R . BEAE B9RGOR TR S S A JE s 3 i 1

4

Pl 2 gt e Ao A A P 2

Fg.2 Effect of amplitude of axial velocity fluctuation



44 B H ¥ G

2013 445 11 3

BB B p I A] [ 2. 225,2. 305 ] - [ 2. 305, 2.
4457 - [2.445,2.795] - [2.795,3.06] - [3. 06,
3.405] - [3.405,3.725] - [3.725,4 ] i 5254k
B, iz Bl p R - JE - TR G - SR - R - A
RS AR O BT 10 4% 5 iz 8l
hnf 8.

THE 3 - 8(a), (b) 43 7] 2 MR 1) J 132 2 A
TR A2 B0 AR I DL S e IS AT

s, T T T T T

34 03 02 o1 0 o1 02 s M

@ avidt [ N
a) Vi

(b) dv/dt

B3 GRS o =15.25 ¢ =2, ()] (b)FEnEET
Fig.3 periodic — 1 motion appears when

¢y =15.25,¢, =2 (a) phase portraits (b) Poincare maps

-002)
= .
oms "
S
>

R !

v(0.51)

T N S T T SR B
D403 02 01 0 01 02 03 04 05 gm g g 4F 4h AR Al 4B A5 40

(a) dv/dt (b) dv/dt

K4 2Rz o =15.25,¢; =2. 29, ()FHIE (FEMSEEE
Fig.4 periodic —2 motion appears when

¢y =15.25,¢, =2.29,(a) phase portraits (b) Poincare maps

25 20 45 0 5 0 5 0 B 2D 2 04 03 02 01

(‘l ﬂ‘1
(a) dv/dt (b) dv/dt

K5 4 ERAMEE) co =16.047,c; =3.75 ()R (b)PEMNAH
Fig.5 periodic —4 motion appears when

¢y =16.047 ¢, =3.75,(a) phase portraits (b) Poincare map
%

ARSI SR BRIE SR A 1l 1 o skl i 22
A CIE e [EE et g S SV RIS SRS i M i !

i
B

=

9 40 L L 1 L L 1 L
5 N

N EPN
(@ dvidt (b)dvrdt

6 8 fEEIMIZEE ¢y =15.81,¢, =3.75 ()il I&] (WPEMNSEAIT
Fig.6 periodic —8 motion appears when

¢y =15.81,¢; =3.75 ,(a) phase portraits (b) Poincare map

i @ o R P
E7 RiiE3) ey =15.25,¢; =3.5,(a) & b)JEMSER
Fig.7

chaotic motion appears when

¢y =15.25,¢, =3.5,(a) phase portraits (b) Poincare map

0% -0Z 015 01 005 0 005 01 015 0Z 02

(b)dv/dt

K8 10 fEAMLET ) =15.25,¢; =2.3, (2) HII&] (DPEMBEMT
Fig.8 periodic — 10 motion appears when

¢y =15.25,¢, =2.3,(a) phase portraits (b) Poincare map

3 S AT T A 1] 5 A RE b 1 o A A W
BT ) R 558 202 vl A A 1) 91 3 ) AR 2 2
FIFAT R BIRENE. D 1 B Uk iy SR AT ) ) — 28
ARZeE ) Sy P e G A R, AR TR I R
AAIEL, FE R m. L b 25 R W] A oo SR BRUE 2y
Pk — R TR B AR L Bl Ty s e AR A
R

1 Ravindra B, Zhu W D. Low dimensional chaotic response
of axially accelerating continuum in the supercritical re-
gime. Archive of Applied Mechanics, 1998 ,68:195 ~205

2 Marynowski K, Kapitaniak T. Kelvin-Voigt versus Burgers
internal damping in modeling of axially moving viscoelastic

web. [International Journal of Non-linear Mechanics, 2002,



%14

F AR P ISRAPE 23 Al 1) SRt S R A AR Ak 3 1 247 45

37. 1147 ~ 1161

Yang X D, Chen L Q. Bifurcation and chaos of an axially
accelerating viscoelastic beam. Chaos, Solitons and Frac-
tals, 2005, 23(1) :249 ~258

Chen L H, Zhang W, Yang F H. Nonlinear dynamics of

higher-dimensional system for an axially accelerating visco-

axially moving beams. Science in China Series E; Techno-
logical Sciences, 2009,52(3) ;743 ~751

Bellman R, Kashef B G, Casti J. Differential quadrature:a
technique for the rapid solution of nonlinear partial differen-
tial equations. Journal of Computational Physics, 1972,
10.40 ~52

elastic beam with in-plane and out-of-plane vibrations. 7 Shu C. Differential quadrature and its application in engi-

Journal of Sound and Vibration, 2010,329.5321 ~ 5345 neering. Springer: Berlin, 2000

5 Ding H, Chen L Q. On two transverse nonlinear models of
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Abstract The differential quadrature method (DQM) was developed to solve numerically the nonlinear partial-
differential equation of the nonlinear transverse vibration of an axially accelerating viscoelastic beam. Based on
the numerical solutions, the nonlinear dynamical behaviors, such as bifurcations and chaotic motions of the non-

linear system, were investigated by use of Poincare map, phase portrait.
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