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(Analysis on the Nonlinear Vibration Characteristics
of a Belt Driven System)
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Abstract

In this paper, a mathematical model for a belt driven system is proposed to analyse the vibtation characteristics of the driving units with belts and

the tree and forced vibration analyses are carried out. The mathematical model for the belt-driven system inciudes belts, pulleys, spindle and

bearings. Using the Hamilton's principle, the 4 nonlinear governing equations and the 12 nonlinear boundary conditions are derived. To linearize

and discretize the nonlinear governing equations and boundary conditions, the perturbation method and Galerkin method are used. Also, the free

vibration analyses for the various parameters of the belt driven system, which are belt tension, belt length, material property of belt, belt speed

and pulley mass are made. The forced vibration analyses of the system are made and the dynamic responses for the main parameters are analysed

with the belt dniven system.
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E  : Young molulus fi, @ - longitudinal disp. of belis
A : cross section area of belt W, W transverse disp. of belts
I :second moment area of belt 8,. 6% : rotational disp. of pulleys

R, : initial static axial tension of belt ., Iy @ radius of pulleys

M. Mg 1 X, y direction disp. of puileys b: thickness of belt
R :initial axial tension of belt at speed ¢ ¢ initial axial speed of belt
M;, M, : mass of pullevs m : mass per unit length of belt
J . J & : rotational inertia of pulleys k.. ky : support stiftness

L :length of belts k: cquivalent support stiffness
F.; : unbalanced load of motor J/; - the jth natutal frequency

Fig. 1 Theoretical model of a belt driven system
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Table 1 Characteristics of the belts

Items BeliType Poly-Fiex | Timing Beit V-Belt

Young's Modulus(N/ne: ) 1.54E9 1.35E9 7.45E8
Width(mm) 43 13.0 93
Thickness(mm) 5.0 4.0 8.5

Length(mm) 400.0 400.0 400.0

Initial Tension(N) 300.0 300.0 300.0

Table 2 Characteristics of the pulicys

Iterms of Pulley(Steel) Values
Width{mm) 135
Radius of left Pulley(mm) 25.0
Radius of right Pulley(mm) 50.0
Mass Density(kg/m® ) 7.8E3
x-dir Support Stiffness 791E8
of left Pulley(N/m)
x-dir Support Stitfness
of right Pulley(N/m) 9.59E8
y-dir Support Stiffness 1.21E7
of left Pulley(N/m)
y-dir Support Stiffness
of right Pulley(N/m) 5.96E7
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g8 TAPORH st WYl oA HAZ AA 2

4 AA HHS BE Abolo)s Aol
HANT Qe RS ovlsin, 42 olF: 2l TR AES
A AAALE ARG Bde TS Fie 2 #3 Ed
poly-flex) WEE APgshe] AL Alxe] wE WAL £A T
.

e WE FEAY sebiy Wsel o Ao A8 A%
A4 Yokl gt 2 A%E LaAA AA, WEe
S5 Wt BE Ao AH AF AN S sl AEe) &
S ZAEEE vas) I8 AEFEC] HERE T % 3
ek wH, WEel Zol Wael ge Aol Af VF ANE &
Goted, WES| 7ol 7t Sgol A BaWE

ol el Fe

/\*e

155 3% 4l

Table 2 Charactenistics of the pulleys

Iterms of Pulley(Steel) Values
Width(mm) 135
Radius of left Pulley(mm) 250
Radius of right Pulley(mm) 50.0
Mass Density(kg/n® ) 7.8E3
X-dir Support Stiffness 791E8

of left Pulley(N/m)
x-dir Support Stiffness
of right Pulley(N/m) 9.59E8
y-dir Support Stiffness 1.21E7
of left Pulley(N/m)
y-dir Support Stiffness
of right Puliey(N/m) S.96E7
31 AF AF Y
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Table 3 Resuits of modal analysis
Natural Frequencies(Hz)
Belt Ty
No. of Modes Poly-Flex |Timing Belt] V-Belt
1 13.66 11.05 14.26
2 20.44 13.76 25.26
3 20.57 13.93 26.13
4 3543 2588 43.32
5 40.36 2047 47.47
6 51.43 40.55 61.54
7 51.93 40.98 62.14
8 69.98 59.72 81.52
9 76.33 64.22 95.24
10 89.31 79.47 117.21
11 90.31 80.14 117.43
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Table 4 Analysis of free vibrations in systems for different belt tensions

N~ 2000 3000 600.0 1000.0
of Modes
1 10.79 13.66 19.24 24.50
2 14.41 20.44 29.44 36.73
3 14.59 20.57 29.58 36.89
4 26.59 3543 49.94 62.67
5 30.29 40.36 5842 74.20
6 40.99 51.43 70.72 88.74
7 4145 51.93 71.46 89.52
8 5936 69.98 91.99 114.69
9 64.21 76.33 101.52 125.01
10 7835 89.31 114.78 126.19
11 79.12 9031 115.63 138.57

Table 5 Analysis of free vibrations in systems for difterent clastic
moduli of belt

E(N/m’)

No. 1.54E9 5.40E9 7.72E9 1.54E10

of Modes

1 13.66 2508 29.80 1.97
2 20.44 37.53 44.18 61.73
3 20.57 3770 4436 61.98
4 3543 64.09 75.76 106.17
5 4036 75.92 89.99 126.31
6 51.43 9€0.73 107.27 138.56
7 51.93 91.54 108.13 150.23
8 69.98 117.58 138.53 15133
9 76.33 128.87 138.99 19437
10 89.31 138.57 151.80 211.82
11 %0.31 145.49 171.49 239.12

Blol By 54 5% Ly 2 Ao, x wEe
%4 BF2 sine FFE, v WF] FAHIFS cosine FFFE 7
Ayl B4 sFol wE 4 Hel AME A8 glAda
W (impedance method)-& 383 TZ 1988 2243190, Table
ool Al 4% S A8t AL E dHolelg AASAn ¥ &)
Mol Mz, Folxl RE 7H&xe s F71 TE AL o,
(12T F7lo) sidsle Aol disted Al 25 #f4 & +3
st vt

%Lz%

Table 6 Data for dynamic analysis

Items Data Values
fe=ty=mea? N) 41
Tension R (N) 300.0
Time Step 5000
Al (sec) 6.28E-7
Table 7% 27 H92 WEel glojy WrEg AR WE

Al B &M Agolm, (1D A& Argst 7k2 A (2
D)ol xy waF WAk 5 Fjoie oy WY HAE
Adsgoh B Moz Ry odfe ARE =&3AT AA,
7h) flAlel A e x4 B4 wgle eoly dAEvE ¥ &

2= dE Brh A Aol AL o, olv FAT AA FHA

A etoly WEg e Asl AM FAol ¥ EAs wEg
e Aol AN A Bo & Asolth B4, 93 Fale) v
g B4 WAL vholy WEV} Hel FA2 WEo) sl A
A LAY, ¥ A EH A 2 w2 AL,

WA NS TR Y W G A AF #AE

%a U e e HE TEAN gistd 989 &
H e gga 2ok AR, FE e 300Ny, EA, bl F
M= 378.0 rad/sec(3600pm) 0.2 M-S 351Gl Table 8011
A AAE Aol o QlRel 2F vzHel FotdSs

gle] x,y W3 W9 257 Fotspgch

Table 7 Results of dynamic analysis I ((m)

Belt Type Timing Belt Poly-Flex Belt
Direction
Caculated Positon X v X y
Left Pulley 2.013 2.16 -16.36 | -0.1575
Right Pulley 003535 -2.16 | -0.8805 | 0.1575

Table 8 Results of dynamic analysis 11 (tm)

fu ) 10 50 10.0

Direction

Caculated Position X v X y X v
Left Pulley <7965 -0.195{ -39.83 | -0.975 | -79.65| -1.95
Right Pulley -0.68 | 0.195[-3406| 0975 |-6811| 1.95
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