, 24 11 (2003 11 )
Applied M athematics and Mechanics

:1000.0887(2003) 11_1191_06

FHRHE, B K. EFM, RFER

(L \ 610031;
2. , 400044)

(#F R ER HF HH)

Kelvin , :
Lie :
1) s s (43 »
*2) ) , * 3)
; ; Lie
TUS01; TUSI11. 32 A

* Huang Fung

Perkins  Moto (21,
Fung  Huang 341 Zhang  Zu

(3] ,Li Yin tel ,Chen  Zhang

[T
Kelvin R
* 1200202 08; :2003_05_05
(59636140)
(194—), ) , (E_mail: liyinghui@ sina. com)*

1191



1192

2
1, y ) , y
[T/A+ %vm 0.0, = Pd*v/de’, (1)
, O SV oy A Y
T cx= du/dt L .
Kelvn T4
) x, ndx/de
o= Ee+ Ng (2) m
vix,f
2 E 2 r]' 0 .;
< L
, € x Lagranian , b
) 1
&x,t) = 0.5i(x, 1) (3)
(1).(2),(3)
> T
Q)u+ ZQCII)xL+ vax+ [ch— A]Umz
EEv,zwm+ N X0 + 20000 + Vit + 200 0001) (4)
v(0,1) = v(L,t)= 0°
(4) ., =0 , [2]
V= /L, &= x/L, T= t JT/( AL?),
E.= EA/T, E;= N JA/(RLY), c= ¢(T)= x JOU/T+
(4)
Vit 2cVer+ ctVe+ (¢ = 1) Vg =
1.5E. ViVee+ Eo ViVgr+ 2VeVgVea + cVeVge+ 2cVel), (5)
V0, = V(LT =0° (6)
2
(5
Ve + 2cVea+ cVe+ (= 1)Vg= 0° (7)
[s] . o(T) 21 :
(T < 1°
Lie , (7) [82]

V= B(ETY) S+ BET Y S BETY S+ BETNE ()

. &= bt W(T), &= aT+ b, &= fV+ dT+ e, &= dh/dT, a, b, d, e,
/ ch T : (8) (Te¢)



1193

P= &0/0T+ &0/0c,

9 c= ("
[(ave ) & e yy- 0

(10)

()= J-aT+ }}[d

2.1
¢ ; (1)  h(T
E= a&+ h(T), &= al+ b, &= fV+ dT+ e*
Lie . a=d=e= 0
(7)
V(ET = Ce™ ™,
,aB bf h . C
(6) (12 (7)
V(& T = Ccos[nT(1~ 02)T+ nTc&+ 0]sinnTE
,C 0 .
2.2

¢(T)= co+ cisinole
(8)
&= &+ act( Tsin 6T+ cos G/ @)+ beisin ST+ k,
&= aT+ b, &= fV+ dT+ e°
b.f ) 0, (7

(10)

(11)

(12)

(13)

(14)

7
V(E T = eYT{CleXp[ 1_+ i0{€+ %cosw’[]+ Czexp[l Y00[€+ %Cosbf%]},

Y= f/b,C1 (> °
(6) (15) (7)
V(E_, T) = C{ cos/ nT(1- 0(2))T+ nTeo &+ e]sinnﬂ€+

nJlec;

5 cos‘*)"v{cosnﬂécos[nﬂ(l— 0(2)).[+ nMeoS+ 0] -

cosinnT&sin/ (1 - c%)T+ nTeo&+ 9]}},
,C 0 . (16)

(15)

(16)



1194

VET = ”_ZG(T) %3} (17)
(&) = sin(nTE) (6)

Jut ZA“% Alif2) + ZZZ(anyAffffH B/ fife) = 0.

’ m = 17 27 °ty ’
Ar(nlz) = 2€Tbmia ml = %-Tbml‘}' (E.:T_ 1) Cmi

Bfnltj)k == (0 SEe + ZQEJ drm'jk_ &Evemﬂw
1

(o - Ev (dmjk + deij); bmi = J.O d)mqé dg

Bmzjk =

" 1 ;o 1 o
Cmi = J‘d)m(bldé drmjk = J‘Odﬂl(kl(bld}dg Cmj = J‘Od)md)nd)idj)dg.

: (3) (17)
(18)

)

(18)
fi- 13_69,34_ (1- Cz)ﬂzfl— ﬁcfz— Eeﬂ{%f%- @[Ur%"‘

hut| 2 7 ?&?fz]— 4[%f?»+ § e &ﬁfﬁ]:

For Ypre Bopiv 1= g)a- Ea(16r 2+ 1273 +

AR 3195’54ff2] e (4 e 8y -

(19)

cE, T 0 (20)

(19) (20) ,

Runge Kutta

-—— F.= 10, - = E.= 100, —FE.= 1000

2 3
(Ey= 50, co= 0.5)

—c= 06 -—-- ¢c=

(C= 0.0, £= 0.5 n= 1,0 =
4

(E.= 400, E,= 10)

3.1



1195

2 oo
) E. = 400, c= 0.5
. :f1(0) = 0.01, f>(0) = 0, /i 000
f2(0) =0 ﬁ(O) = 0 > E, s
~{.01
R ° 0 5 10
. T
3 — c¢1= 0.03¢cop, ——— ¢1 = 0.06cy,
’ EV: 507 -— C1= 0.096(),
* b EE b 5
, . (E.= 400,E, = 50,¢co= 0.9, @= 0.125)
3.2
3.2.1 A&AR A Rh
4( a) 4(b)
. (13) C=001,&%= 0.5 n=10= 0;
(19)  (20) E. = 400, E., = 10,
S1(0) = 0.0L, f2(0) = 0,f2(0) = 0, />(0) = 0 “ 7
3.2.2 ARk EH Frh
c¢(T)= co+ cisinWT, (21)
, €O , Cl , @ o (19)  (20)
c2 cT:
¢’= c%+ 0. 50%+ 2cocisin @T— 0. 50%005260'['
(6 20 . s
. ) 5
s Ee= 400, Ev= 50, co= 0.9,
w= T Il— c%, 1(0) = 0.01, f2(0) = 0,/2(0) = 0, f3(0) = O s
cl ’ )
4
Kelvin s .
1) , s [13 2
2) ] ) *

3) , .



1196

(6]

[ ]

Huang J S Fung R F. Dynamic stability of a moving string undergoing three dimension vibration[ J] .
International Journal of Mechanics Science, 1995, 37(1): 145—159.
Perkins N C, Mote C D. Three_dimensional vibration of traveling elastic cables[J] . Journal of Sound
and Vibration , 1987, 114( 2): 325—340.

Fung R F, Huang J S, Chen Y C, et al. Nonlinear dynamic analysis of the viscoelastic string with a

harmonically varying transport speed[ J] . Computer &Structure, 1996, 61(1): 125 —141.
Fung R F, Huang J S, Chen Y C. The transient amplitude of the viscoelastic travelling string: an inte-
gral constitutive law[ J] . Journal Sound and Vibration , 1997,201(2): 153 —167.
Zhang L, Zu J W. Nonlinear vibration of paramerically excited moving belts[ J] . Journal of Applied
Mechanics, 1999, 66 (2) : 396—409.

LI Ying hui, GAO Qing, YIN Xue guang. Nonlinear vibration analysis of viscoelastic cable with small

sag[ J]. Acta Mechanica Solida Sinica, 2001, 14(4):317—323.

string[ J] . Mechanics Research Communications, 2002, 29(2/3): 81 —90.
Ozkaya E, Pakdemirli M. Group theoretic approach to axially accelerating beam problem[J] . Acta
Mechanica, 2002, 155( 1): 111—123.

problem[ J]. Journ al of Sound & Vibrati on , 2000, 230( 4) : 729—742.

Dynamic Responses of Viscoelatic Axially Moving Belt
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Abstract: Based on the Kelvin viscoelastic differential constitutive law and the motion equation of the
axialy moving bdt, the nonlinear dynamic model of the viscoelastic axial moving belt was established.

And then it was reduced to be a linear differential system which the analytical solutions with a con-
stant transport velocity and with a harmonically varying transport velocity were obtained by applying
Lie group transformations. According to the nonlinear dynamic model, the effects of material parame-
ters and the steady state velocity and the perturbed axial velocity of the belt on the dynaic responses
of the belts were investigated by the research of digital simulation. The result shows: 1) The nonlinear
vibration frequency of the belt will become small when the velocity of the belt increases. 2) Increasing
the value of viscosity or deareasing the value of elasticity leads to a deceasing in vibration frequencies.

3) The most effects of the transverse amplitudes come from the frequency of the perturbed velocity
when the belt moves with harmonic velodty.
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