el A=tE 2001d e EAEEUIEREE E
17420 3w
=R

pp. 185~190

e Qyte] v A= o

KSME 015540

d &

_?_'__]

=

Effect of viscous damping force subjected to a rotating flexible disk
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Abstract

Rotating disks are used in various machines such as floppy disks, hard disk, turbines and circular
sawblades. The problems of vibrations of rotating disks are important in improving these machines.

Many investigators have dealt with these problem.

Specially, vibrations of a rotating flexible disk taking

into account the effect of air is difficult problem in simulation. The governing equation of a rotating
flexible disk coupled to the surrounding fluid is investigated by a simple mathematical model. And
several important parameters concerned with the stability of a rotating flexible disk are defined.
Coupling strength between air and rotating flexible disk is proportional to square of disk radius directly
and square root of the all of bending rigidity, disk density and thickness inversely. Lift-to-damping

coefficient has relation to the onset of disk flutter.
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¥a . outer disk radius [m)]

Va " inner disk radius [m]

Cp . viscous damping force coefficient [ pv]
Cy ¢ lift force coefficient [ pv]

C,/Cp ¢ lift-to-damping coefficient ratio

D . bending rigidity (= EA*/12(1—19) [Pa m']
E : Young's modulus [N/m?]

h : disk thickness [m]

ko . disk eigenvalue

(m, n) : transverse vibrational mode of m

nodal circles and n nodal diameters

*x

¥ : disk radius [m]

w . transverse displacement of the disk [m]

a . coupling coefficient

B . ratio of outer radius to inner radius

7 : circumferential angle measured from
a fixed point in space [rad]

%) . circumferential angle measured from
a fixed point on rotating disk [rad]
* mass density of the disk material [kg/m’]
. Poisson ratio

& . demensionless radius(= 7/7,)

g, ! radial stress [N/m’]

Oy ! circumferential stress [N/m’]

2 : angular velocity [rad/s]
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Table 1. Compare of the natural frequencies
of a rotating disk in several cases

Frequencies (Hz)

Mode

Experiment T FEM SIM* MCK
©,1) 37.19+029% 39.37 38.93 38,95
0,0 38.4010.24 39.99 39.58 39.60
©0,2 47.10%£0.49 47.63 47.27 47 31
0,3) 79.78+0.90 79.45 78.95 7897
(0,4) 133.08+1.04 132,57 131.30 131.34
0,5 202.18+1.02 202.61 199.62 199.67

T Experimental data of low pressure chamber by Mote' ™"
v=0.3, Do=357 mm, Di=106.7 mm, t=0.775 mm, E=200 GPa,
0=T840 kg/m"

T Average frequency *standard deviation.

* Spline Interpolation Method: J=40.
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Experiment by S. Kim
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