55 B 4 112007 4E 12 H
1672-6553/2007/05(4)/314-6

oo s ERF R

JOURNAL OF DYNAMICS AND CONTROL

Vol.5 No. 4
Dec. 2007

HENERE SRS R LT R

o & &

B

(HIlR=R D 5 TRAR, )M 510275)

E RO S (THB 3% AT b 16032 SR ) A2 P IR sl e vk S RS €. @i Hamilton J5
PR T ARBIES T AT DO 3 A Sl 32 Sl AR R 1) 9k s i od L 985 A Galerkin J5 32 4 iz 2l
D5 R X RS UG AR T R ] THB 3R EA AR R EIR S 7, WHE T TEREIA IR Z L 0/ @, BT 3:1
THOUE AN @ 15 @0 BEIE B9 RAT R IER A B0 DA B B )5 T 2290 Floquet BRS04 1 22 48 A 1)
fipp ARG E P, SR AT Hsu D5 PR TSR R S . e 3 0 B - B BB T3, 0045 30 1 B bl 4k s FAS 1)
SR T AR AR L 26 38 3 X ez ) SRR FIE Sl AR R ) 148 2R, ST T 4% PSR f 3 Y .

SR BS SN, HEEIRSD, WP,

51

il

AR AN TR R Bl sk R i ARk
PR+, BT AETES MismK. L
A HUBK FL T 45 TR R LA 3 A 16 43 2 1 G
M RO B IAE R SR T Bl i R A A e AR
#1132 B M R AR R B 4 S 51 7

[l B b 16032 Bl 1A 2R AR Ak UR 3h i BF 5
G, Wickert 25 2 HEE T B ZE 1988
A DL RRIFSE AR, FIVRELZS S0 B FIUKS b bR B 143
BT T 4117012 SR AR38 BhHAE 5 Pellicano 45" Xt 2000
AELARTROBRSE AR AR T R 47 B9 2554 ; Ulsoy 27
U kS SRR B S 8 Sk & O
Sk, Chen % BF 58 1 il 71 32 SRS S8 ML 5% 48 AN 2 1Y
Oy UL B IR Zhang 255 BESE TR R 2 5
W SENITRIE B ) 24 FEPE. Sze | WA I | 8 2
ZABATT N THB ik fn 22 L — P ik, BFSEHi
B SR A D R S VI AN L B B
FBSLAR ) 0 AR IERE 1, A8 SCIURTIZ O B
Gl )32 B AR [a] AR PR IR S RRAE , I 20 B HL A 1Y)
e .

1 EBH7IE
P L 7 Dl ) s s AR e s L e £
Vi b, JEEN b BGE WA LAE R BE ¢ 1l ) iz 5.

2007-03-15 W5 1 .

WEIHR,  Floquet Hlig

1 s s LR ¢ B3 2K
Fig. 1 Schematic of an axially moving plate with velocity ¢
URFEA7 1l R TE 5 R B L AR 2t Il
1 Von Karman JEZe AR B I% ] R0, il 1] 32 2l 4R
% i DX I G B

T, :lﬁ”l[cz b +c2—?)]d5¢dy (1)

2 JoJbo at
HAAEERH
D 8w dw, 0w |-
Uy = ) [ G + )T #2020 LG
9w O, - b, 0*F  9F.,
TW I dady + 2 Iy
oy B 2E0L%(aaﬁ 57
PF ., 9°F 9*F, . ..
2(1 —) - — — ]} dxd 2
( +”)[(a5cay) pe 6&2]} xdy  (2)
AR 3% Hamilton JR A
iy B
5[7 (T, - U,)di +
Ty b ~ ~
f~ LJ;(pcosE)t&]; ydedydi = 0 (3)

WS — RINVE B FIFE R RIN AL R R B e
LI E]

* [F 5 H AP BT BT A (10272117,10672193 ), 7448 [ A2 S BB H (04009738) , H LA B 2 AR AT FE AP 0 35k 46 9 )

H (06M13)



554 4 BRI 45 < i 1738 Bl MM R SRR B AR e PR g 315
h(w, +2Vw ,, +Vw ) -0 (F w, peoswt ]sin(jarx ) sin(7ry) dxdy =0 (13)
Fow, =2F w,)+e(w, +277 w 56 BUR S AT AR 3
774”’,»m> = pcoswi (4) Mg +Gq +Kq +K,(q)q = Pcoswt (14)
i ‘ Hbg=1lq,0.1", p= {p.pt " M NFRHE,
Fow¥20°F  +0'F = G NSRS, K W R
~6(1 —Vz)n gL[w’w] (5) K, (q) AEL NI B . &R R 00 23 8 530 0 -
Hod I B M:(l 0),G=( 0 —16V/3)
w=w/h,x=%/l,y =y/b,m =1/b, 01 16v73 0
e=D/(TE) ,F=F/(TP) ,p =pl>/(Th) K:WZ(W28<1+772)2+1_V2 0 )
0 meld+n ) +4 -4V

w=av (phl’) /Tt =t/ T/ (phl*) ,V =c\/(ph)/T.

w JRE IR, F R BB, peosw @ 3 AN
TEMRI F SN 1, p J2 o, y B RREL, 0 ALY
KIit o NEE, E Wi AR, T Rkl b %
BB RIEE D =ER /[12(1 -0") ].

A JE) L DU 320 157 52, i1 A2 1
TEx=0 flx =13, HAKER N T

w=0Fw, =0 (6)

{FM:O%IJF'X),:O (7)
fEy =0 Ml y =1 /32, i1 )

w=0Fw, =0 (8)

{Fﬂ:O%ﬂFY”:O (9)

2 Galerkin A%

FRATR 43 85 A8 B A Galerkin 5o P 5 55 K
1B B B A A, I, A

w(x,y,t) =L_§qi(t)sin(i7m)sin(77y) (10)
F(x,y,1) =y/(27") +

ééﬁkmsin2<jm>sin2(kwy) (11)
KRGS, LT A XMES AT E R M =N =
2(BIFRH M =N =2 B 9% I R 55000 L
). AR PREL(10) (11) 58 20 2 I B 550, Pr
DK (10) (1) FRATTFE(4) (5) , i Galerkin
ik

1
2 4
[ [ OF s +20°F oy + ' F L, +6(1 =
VYnel[w,w] Jsin® (jmrx) x
sin® (kmy)dxdy =0 (12)
1 .1
J(;L [8<w,m’xx +2n2w,m’))’ ))w) n (F ’M/ +

F w,, —2F,xyw,xy) +h(w, +2Vw +Vw7m,) -

K, (q) WX RIE W TR, X AN . J5
PR (14) B — e U BRI M X FR o
1M G N SRR, X R ITZ R GRFEIR RS 4
TR RIEIZ ARG R S LT ARR AT A S
RVE R e

& K &% (1HB %)
RSO T THB SE A5 4l 16] 32 B AR 1) I 28

3 s

PEIR SN, 1% 07 12 3F 38 S IR g SR i 28 0L U7
(14) K RGE

Mg +Cq +Kq +K,(q)q =Fcosnwt (15)

FIABH I A2 5 7, %

T=wt (16)
R T7RE(15) 28y

o’Mq' +0Cq +Kq+K,(q)q=Fcosnr (17)

THB /2[3@%#%5%% #t /& Newton — Raphson [{]
W 2 g0 Ml o) R iRt B b g3 —HR
A, AR (RS T LAFRR R 3 B =X

g=q,+Aq, w=w,+Aw (18)
WAk (18) MRA TR (17) B 2 @ B It (815 3
FEREIE 3

wiMAq' +w,CAq + (K +3K,)Aq =

R - (20,Mq, +Cq,) Aw (19)
R =Fcosnt - [ wgMgq, +w,Cq, +
Kq, +K;(q,)q,] (20)

R BRI, g, 00 WUERAR, KA HE.
THB 1 45 A5 BBt R V- i . O At
GRS R S

45 :kzc,]ajkcos(k -1)r +k21bjksink7 =CA; (21)
Ag; = k;Aajkcos( E-1)7+ kgflAbijinkT =CAA,;

(22)



E 7 SR 2007 4E45 5 3%

C.=[1,cost,cos(n, —1)t,sint,L,sinnt],

g, =SA, Aq=SAA (23)

Hrh,S =diag[C,,C.],A=[A,A,]" AA =[AA, AA,]",

H(23) ALK (19) 371 A Galerkin 1 72, 7]

DIFFEILL AA, Aw SR M RRAL.
K,AA =R -R, Aw

Hrp

_ 27 B ,
K, = j S"[wMS' + w,CS +

0

(24)

(K +3K,)S]dr
; S . ,
R =L S"[Fcosnt — (0;MS™ + 0,CS +
KS + K,S) JAdr

R, = f“sT(zwoMs” +CS)drA

THE(24) & — M AL, R AWM H I
IR H 22—, PSR A IF wh 2 i o Herpr— 4
AR 3G & AT DL R Ao 1 0 458 il 3
iy WA A1 B R IR o, B3 0, 15 R 4 i 3
i, NNEE Aay 8 Ab, 5 ik n] DLSR FHO 126, i 45
RT3 T i 7 PR 26 P ) S AR Sl s ol 1 . LA
i AT 2 L SCHk[ 8 .

4 BHREEST

Sl SRt LU, oA e Ml mT DUIE a7
EEI—AUNESh Aq RAHTE, B

q=9q,+Aq (25)
B IRALRAT) , TEEF] q, A il 2 7
(17) , o35

o’MAq" +wCAq + (K +3K,(q))Aq=0 (26)
TR T S0 5T 1 0] e Ak Ry BIF 98 L i 3l 0
JrRE(26) R RFRE R FRATAT LR 2728 5 Flo-
quet BRI R A HAR E M.

AA
. 0 §
X=[Aq,Aq ] ,0= 0. —(L/o)M'C (27)
0, = —ﬁM'1<K+3K3<q>>
JFR(26) TS
X —0(1)X (28)

o T 2R HE R 0 RS K I, @y, i B — TR
& WA REL A T =27/ 0.

PR (28) , WMRAAAE— Rl AR

Yo =[yusYuyml k=1,2,,N (29)
Hrpr N =2n,n N A AEASCR R 2. R A

Tl AR A IR R R
Yu Yo Loy
yo| 2 ko (30)
M M L M
Y Yo L ¥a
AR Y R
Y =0(7)Y (31)

BER Q(7+T) =Q(7), T2 Y(r+T)Wi—"1 3
il 4, PRt

Y(7+T)=PY(7) (32)
Hop P I AEAT 57 005 BRI, FRATFR Ry e 45 .

WA Floquet e, 248 1Y F e M H 4 BR A
P (RS IEAEA G Q2RI P AR (Y 4 X6 (AR
INT 1 IR AGE B2 T SEERAY , iR R 1 5 s
BN AT SEBLY e AR E Y.

A (32) AL

P=Y(T) (33)

N T2 0hE, FATR A Hsu Jr ok RHR
W P AR T T #8480 3 AR S5 0 N, A []
B B85 b A TRIFELAT LRI N A =7, -7y,
TR IR, A R B M Q (7)) W LAg i R BUH
¥ Q, BUR

1 ™
0 =] ewu (34)
I A ELASE [ P AT DU A )
p=Y(T) ﬂﬁ“*_,-zll(A}!Qi) ] (35)
5 &
T R R D iR g BRG] BGE Sl AR
BARSHT

I=1m,b=0.25m,h =0.003m,v =0. 3,

E =2 x10"Pa,p =7800kg/m’, T =4 x 10"'N/m
WA TCENBE e =0.01236,7 =4.
(1) LRSI

B AT LR I3 A LURA G i AL V.
WL TR



5543

FRAR S0 A < Bl 167328 Bl AR AR LR MR 3 MR e METSE 317

Det[ A’M +AG +K] =0 (36)
ATLATT SR IR A RGAFIEME A = 0 + i, LR BB
o BVRGE AT B, 3N 0 BHRFAEME A A 41k
B, Wit il o) E PR AN IR K, R R A A
A AP AL, I U R G A

2 ANl 1) S B R ) R G5 — B R
SEHRFHE B 1 A2 AR AR O, S AR T N R Gl Sk
V. =3.6334.

30
25

=]

z2} (a)

15

10

3
=
5
~
g 10} ()
=
5
E

2 4 6 8 10
Moving Speed 1

P2 AR GERI AL (e Bl i i 3 A2 A1 L

Fig.2 The fundamental eigenvalue versus axial moving speed ¢

(2) Aie—Hibma 1 2k

H TS, FATHCh 0 HE V =3. 15,
T (36) A 15 2 R G807 B M A BUR N 0,
=7.38442 @y, =24. 8419wy @,y =3, LI B B
o3P N LR

B e eAME e A ARSI (p, =p, =0) 1
L. EMZ R G B A BEIR R Gk, it 2420 (21)
oSS — AR g AL IE KIS, B by, =0, 10
F AT o AL E R IR, B ay =0. 351,
BT RS 5 S RAEL M, g0 RS RLAF
U, g0 SAL S IE 5L A7 UOE L. B @, o, =
0,by5 =0,k =0,1,2,L BIAT(21) B h:

‘]10=k§0a1,(2k+1)005[ (2k+1)7] (37)
‘]20:k§0b1,<2k+1>5in[(2k+1)T] (38)

B3 R} n, =n, =2 0 [ B RSIR—
PROEIE T Z, X HLBH T ay, F by B N1 O,
XEF AR AR, by [7] gy AW ROl R DS AL, 111
a7 by WIS AH .

M3 T LU, RGEE AR Sh A P4l

fiff s 55— 2HA# @y, =050, #0, B a), E TP HIKPLE
LA by TR @y =0 AYHEER , LI 2R 58 A0 W 17 4 7
FEIE SZIE LI by b5 50 A ayy #0565 #0, 1E
by IR RN @y, #0 BIHTER , 7EXFE LT ), W2
KT by s RGN T EAERTLIEPI @),

6

4

2

-
e

0 -
+

+
g

-6 w
7 9 11 13
6
b, .
++"*++
4 / a, =0
2 &
§:++ a,#0
P g
0 +
4
L4
-2 %
Y
4 \ N
+
++++++++++++
6 w
7 9 11 13

K3 YHo=wyg,p; =p, =0 R A LIRS
— TEME; + + AEREM

Fig.3  Free vibration resonance as

w=w,p; =p, =0, stable solution; + + unstable solution

FEE 3 AR 2R B bR R T R e i, ml
PIE HTE 8. 614646 < w <9. 578883 [ X [d] I, i 5
WA il HH R R 5 — AL A L, i e Hofth X 1A) |
ZARGE AR N, — AR AR Y.

I RN - AN A PR s B, Sk
AR @ TE w,o BT, 3R oA 6 58 I N, Ay
TG Ml S e A AR AT R A ) A R A —
I, B p, =0. Bl 4 TN RGNS I p, =
5,p, =0 AR —PR g e 0 i 2%

M4 BT LLE IS LT REAH =AM,
e 1 T ZeAE 2 52 4%, JLF B RERA U i, B4
B aY W N R R A TN I Y = i
TP AHF AR A TR S PR IR R
o TE @ BT B, PN FEARBIZ a)) F1 by, R 09K
INEARE  Re i KA T AR — ORI, EZ AW
FERGEH, iR B 55— B R T A, B
RS TALS RR AW, 2GR, B 55



318 g h % 5 & O#H % MR

2007 4F55 5 &

R B S AR M ] LS s SRR % R G
HI T BEIRIT AR , BRI A 55— B
A HRGE & LA TRZI N IR, B 55
PR 22 T A EL S L 22 AN BE 22 .

(EAR5 H A, 38 X AN RISl g I e 47 0
ARRE TR AT L B R ) — R I S
(ELI , S 211 AR 14 PR IRt 22 11 2k il
AN T py =15 B RGUAE T AHN- 11 A A AR 3L
PRI 2R BA S AR M RN AL B Y 1 7 5
IR RCASZEN a2 i ol R ER T

4
an
3
2
] —/
’ %) Y\
.
1 gy
2
3
®
4
6 7 8 9 10 11 12
6 5 e
e
N
4 '“,,«’”
’ /
£
0 M
’ i
,
4 +*+++++
W
-6 ey
6 7 8 9 10 11 12

K4 HBow=wg,p =5,p, =0 BRI RN
FaEME; + + ARUEM

Fig.4 Fundamental resonance as w=~w,q,p; =5,p, =0

stable solution; + + unstable solution

(3) ARy 55 G R 14385 TG A8

XF Tl ) I8 SR B DTS, — R A .

O—Z )iz S RBIY B 12 3l i R ; @) — 4k
(1132 BT iz 2l P AR, T X P A A TR
PR3 FH YL T £ ey LRS-

FRATL Al 170132 By A i) PR 0 19 e R AL w0,/
h AR SR S Bl AN TR 8 He 2546 F
PRS2 R A IR 22

MIELS ATRAE 76K 58 e HEA /N 46, 195
iR 22 31 . 2, {ELJE: B I 5 LU A9 8 o, A R AL
BYR TSR R 220 G I/, R FEEE > 10 DU,
PP BT 45 R AR — B, IR 2EAE 5% LA 1

BRI UL, 2l i S W) 8 L > 10 AR, Ak
JHAS T B 1912 B R AN B R 5 R 22 5
FERh I S A K S8 H < 10 B e, 1 i 2 B
BRIl 2 5 S i 25 iR 22

100%

80%

60%

error

40%

20%

n

12345678 91011121314151617181920

0%

5 RN TE I AR B35 45 2R LA

Fig.5 Comparison of two models with different aspect ratio
M
6 % it

i3 Hamilton JrOE T 1 4 1] i 2 i Al A
R MRS s gy 2 , il as shAlog R B A 7
ITARR MR PEIR RS 4 F i P (THB 325 ) J&
KA 1) 32 SR AR LA E IR B A RO LR
AT DA {5 b3 3 52 A R L AT g e 1 1t k. R Gl
AEa AT LU Floquet BRI H1 Hsu J7 ST,

YR AR S — B A IR B R, RS
e S AR SN A L A R
= Sz sh R R G KM, Y w0, =3 B RS
FEAE N EBILIR IS , LR 150 5 8l 1 B i K/
AR, U PR IE LN, RGEAE BN A
P EAETE BB R, 15 2238050 ) PR e R 2ok — o i
{H, " AHY- T Y P BB AR T 2K

& B RAALE T 98 LB K il iz 3 )
Yk s SR T E < 10 B R, N %k F s
SRS DL S R B AR 1 22

£ % X W

1 J. A. Wickert and C. D. Mote Jr. Current research on the vi-
bration and stability of axially moving materials. Shock and
Vibration Digest 1988 ,20, 3 ~13

2 F. Pellicano and F. Zirillit. Boundary layers and nonlinear
vibrations in an axially moving beam. Journal of Non-Linear

Mechanics , 1998 , 33, 691 ~711

3 A.G. Ulsoy and C. D. Mote Jr. Vibration of wide band saw

blades. Journal of Engineering for Indusiry,1982,104,71 ~



5543

FRAR S0 A < Bl 167328 Bl AR AR LR MR 3 MR e METSE 319

78

L. Q. Chen, X.D. Yang and C. J. Cheng. Dynamic stability
of an axially accelerating viscoelastic beam. European Jour-
nal of Mechanics A/ Solids 2004 ,23 .659 ~ 666

W. Zhang and M. Yao. Multi-pulse orbits and chaotic dy-
namics in motion of parametrically excited viscoelastic mov-
ing belt. Chaos, Solitons and Fractals ,2006,28 .42 ~ 66

K. Y. Sze, S. H. Chen and J. L. Huang. The incremental
harmonic balance method for nonlinear vibration of axially
moving beams. Journal of Sound and Vibration ,2005,281 .
611 ~626

WRBE , B 5. Bl iz s AR MRSl N L IR FE. )
2(2£4R ,2005,37(1) ,57 ~ 63 ( Chen Shuhui, Huang Jian-

liang. On internal resonance of nonlinear vibration of axially
moving beams. Acta Mechanica Sinica,2005,37 (1) ,57 ~

63 (in Chinese) )

WRA R , TS, A 2R il i) 18 Sl SR i AR R A IR B T
55 Bh 1% GRS E 224 2004 ,2(1) 40 ~45 ( Chen Shu-
hui, Huang Jianliang, She Jinyan. Study on the Laterally
Nonlinear Vibration of Axially Moving Beams. Journal of
Dynamics and Control ,2004,2(1) ,40 ~45 (in Chinese))

POESE , RO, Jili 1) 32 2 PR A 1] AR 2V Ak Sl i B
JLPR. Yr3h THAE2A 4R ,2005,18 (1) ,19 ~23 (Huang Jian-
liang, Chen Shuhui. Combination resonance of laterally non-
linear vibration of axially moving systems. Journal of Vibra-

tion Engineering ,2005,18(1),19 ~23 (in Chinese) )

STUDY ON NONLINEAR VIBRATION AND STABILITY OF
AXIALLY MOVING PLATES"

Yin Zhenkun Chen Shuhui
( Department of Applied Mechanics and Engineering, Sun Yat — sen University ,Guangzhou 510275, China)

Abstract The laterally nonlinear vibration of axially moving plates was analyzed by the incremental harmonic
balance (IHB) method. Firstly, the motion equations of an axially moving plate were derived by Hamilton princi-
ple. Then, the Galerkin method was employed to discretize the governing equations, and the IHB method was ap-
plied to solve the nonlinear equations. Finally, the Floquet theory and Hsu’ s method were used to investigate the
stability of the solution. The free vibrations and the forced responses of an axially moving plate with internal reso-

nance were studied. The effects of aspect ratio of plate were also discussed.

Key words axially moving plate, nonlinear vibration, incremental harmonic balance method, internal res-

onance, Floquet theory
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