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Vibration Analysis of Wafer Cutting Machine and
its Experimental Verification
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Abstract

The free vibrations of the outer-clamped spinning annular disk which simulates a wafer cutting
machine are investigated. The effects of the initial tension, the centrifugal force and outer-fixture

extension caused by spinning on the vibration characteristics of the disk are considered. The
modal parameters of the disk are calculated by using Galerkin’s method as the rotating speed and
initial tension are varied. Laboratory experiments are also performed with a rotating and
stationary disk, and, it is found that experimental and simulation results are in good agreement.
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Table 1 Nondimensional natural frequencies,

wmn, calculated by using Galerkin’s
method ; §=1.0%x107*
Model (9,00 | 1,00 | 2,00 { B3.0) | (0,1)
N
3 | 5.5735 ) 7.7971 | 11.4106|14.7409 | 13.3557
5 |5.5371 | 7.7547 |11.3529|14.6792|13.2751
7 15.5296 | 7.7482 [11.3409|14.6651]13.2640
9 | 5.5275 | 7.7496 {11.3700|14.7048|13.2581

N : Number of comparison functions used
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Table 2 Material properties

Circular Platel Circular Plate2 Ring
Young’s Modulus, N/m? 2.10E+11 7.8308E+10 7.8308E+10
Mass Density, Kg/m?® 7830.0 2800.0 3042.10
Poisson’s Ratio 0.3 0.35 E—
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Table 3 Dimensions of experimental and simula-

tion model
Dimension Fig.6.(a) | Fig.6.(b)
Inner Radius 80 65
Circular -
Plate 1 Outer Radius 240 195
Thickness 0.35 0.35
Circular | Outer Radius 240 195
Plate 2 | Thickness 10 15
Inner Radius 240 195
outer Radius 270 245
Ring
Width : 30 60
Height 55 110

Unit : Milimeter

Table 4 Measured inner radius extension subject-
ed to uniform radial tension

Nondimensional
Inner Radius
Extension

Experiment
Number

(Standard Deviation)
0.73E-5
1.18E-5
2.36E-5
2.02E-5
3.16E-5
3.46E-5

(Average)
0.69E-4
1.01E-4
1.28E-4
1.60E-4
1.75E-4
2.06E-4
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