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1 Beikmann (4
2 C 2
1
Hamilton L4
m(win+ 20 ) = Puwi o= 0, i=12
wi(0,t) = 0, wi(li,t)- 3(t)sin 1= 0,
wz((), l)— 3(t)sin 2= 0, wz(lz, l) = 0,
wi(x,t) (i= 1,2,3) i , m
= 1,23 i ,Pi= Poi- mc, li(i= 1,2,3) i
;o1 2 ,
t X t

Pu- Ps— mi1 1= 0, Pp— Pu— m2 2= 0, Ps— Pp- ms4 4= 0,
= rii(i= 1,24), (i= 1,24)
Ji/rh Ji(i= 1,2,3,4)
, Pa(i= 1,23)

s M =
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{Pdl= ki( 3cos 1+ 22— 1),

Po = ky( 3c0s 2+ a— 2), Pa= ki( 1— 4, (%)
ki= EA/li(i= 1,2,3), E , A
(= Puwix(l1,t) + mavt,«(l1,t))sin 1+ (Pow2+(0,¢) -
mav2, (0, ¢))sin 1— ki( 3cos 1+ 22— 1)cos |-
ko 3cos 2+ 4— 2)cos 2— (ks+ k) 3— m3 3= 0, (5)
3 ko= k13 ke -
ke = (Pisin 1— Ppsin 2)/r3, (6)
ke (5
2
i= e (i= 1L,234), wi(x,t)= i(x)e ' (i= 1,2), (7)
(7 (4 () (2 (3) e’
m(= 2 i+ 2ic ix)= Piiw= 0 i= 12 (8)
1(0) = 0, 1(li)- "3sin 1= 0, o0)- "3s8in 2= 0, 2(l2) = 1, (9)
{Pdl— Ps+ °‘mi1= 0, Pa- Pa+ ‘“ma*2= 0,
2 (10)
Ps- Po+ ma~4= 0,
(= Pu ix(l1)+ imec 1(l1))sin 1+ (P 2,4(0)— imc 2(0))sin 2—
ki “3cos 1+ “2— “1)cos 1- k2( "3cos 2+ “4— "2)cos 2-—
(kot kg) 35— “m3“3= 0, (11)
, P
1 2 (%) (8)
(x) = Crd i hime [P/ Py g gl hlmer [P )Py
{ ox) = Dyel 2me [P0/ Pa g poelihlmer PV Py (12)
(12) (9, (10) (11) , Ci C2 D1 D2 "1 "2
"3 T4 )
A B= 0, (13)
r1 1 0 0 0 0 0 0 7
1l 2 0 0 0 0 - €§n 0
o 0o 1 1 0 0 —sn 0
0 0 u 2 0 0 0 0
A=10 0 0 0 kekem - ki — kycos | — ks , (14)
0 0 0 0 -k kit ko= my 2 kyeos 1= kocos o - k>
0 0 0 0 — kicos kicos 1— ks 2 k4 kocos
Lo o0 0 0 - k3 -k kacos 2 ko+ k3= my
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g = e(1 L,(me= '"POI))/PU’ o = e(l L,(me+ ’mPOl))/P“’ (L — 1’ 2)’ (15)
. .2 2 2 2
ks= kg+ ki— 21 mesin® 2+ kicos” 1+ kacos” 2— m3 “—

Jmcot ll um 2 Z2 [mPoz 2

P sin” 1+ JmPocot P sin” 2, (16)
t 12

B:{Cl C> D1 D2 "1 "2 73 AA}T (17)

(13) 0

det/A] = 0, (18)

(18) (14)
. [4,6]
ri=0.0889m, r=00M52m r3= 0.097m, rq= 0.02697 m,
li= 0.1548m, l,=0.3449m, I3= 0.5518m, 1= 44.21, .= 178.74,

Ji= 0.072 48 kg m’, J2= 0.000293 kg m’, Js= 0.001 165 kg m’,

J4 = 0.000 293 kg mz, kr= 5437 (N m)/rad, m= 0.1029 ke/m, EA = 170 kN

Po= 300N, c,
(18 6 2 2 :
—— Py= 30
400 2 PO =90
) "“'H..,‘ —MBl— p, =150
300 e, °
3 ey ‘I'.
] e, .
g & 200 T “uy
A g T -‘1
1m \ v‘-‘.‘v
0 ey
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Po= 30N, Po= 90N, Po= 150N,
c, (18) , 33
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Modal Analysis of Coupled Vibration
of Belt Drive Systems

LI Xiae jun', CHEN Li-qun"?
(1. Shanghai Institute of Applied Mathem atics and Mechanics,
Shanghai 200072, P.R . China ;
2. Department of Mechanics, Shanghai University, Shanghai 200444, P.R. China)

Abstract: The modal method is applied to analyze coupled vibration of belt drive systems. A belt
drive system is a hybrid system consisting of continuous belts modeled as strings as well as discrete

pulleys and a tensioner arm. The characeristic equation of the system was derived from the governing
equation. Numerical results demenstrate the effects of the transport speed and the initial tension on

natura frequencies.
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