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Numerical Simulations for Suppressing Transverse Vibration of
a very Flexible Rotating Disk using Air Bearing Concept
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ABSTRACT

Rotating disks are used in various machines such as data storage device, gyroscope, circular saw, etc. Transverse
vibration of a rotating disk is very important for the performance of these machines. This work proposes a method to
suppress transverse vibration of a very flexible rotating disk in non-contacting manner. A system considered in this
study is a very flexible rotating disk with a thrust bearing pad which is located underneath the rotating disk. The
pressure force generated in the gap between the rotating disk and the thrust pad pushes the rotating disk in the
direction of axis of rotation while the centrifugal force and the elastic recovery force push the rotating disk in reverse
direction. The balance between these forces suppresses the transverse vibration of the rotating disk. A coupled disk-
fluid system is analyzed numerically. The finite element method is used to compute the pressure distribution between
the thrust pad and the rotating disk while the finite difference method is used to compute the transverse vibration of a
rotating disk. Results show that the transverse vibration of the rotating disk can be suppressed effectively for certain
combination of air bearing and operating parameters.

Keywords : Flexible disk, Air-bearing, Transverse vibration of rotating disk, Numerical methods.
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Table 1 Analysis conditions and physical properties for the numerical simulations

1A = wolg #ojg Hloj g

A= 271 e Ax M gonm) &)

HAazA 1. (r,6,1=0 ={125 ((' r ) (sin89) 4 15000 50 10
h—

Axzd 2. w(rn6, z_o)=(125 ((r’ ':)) (sin 600) 4 5000 50 10
b a

#4928 3. w(r6,1=0)= 12‘5'((::2)) -(sin208) 4 5000 50 10
b a

sz 4. w(r,8,1=0)= 12.5-((:_r" )) ~(sin129) 4 5000 50 10
b " 'a

#4928 5. wr0.r=0)= 12.5-%)-@:1409) 4 15000 50 10
b

3}]4_1}_@ 6. w(r,9,1=0)=0 (9“%01 g/l“'\f %'?‘) 4 5000 50 10

MM zA 7. w(r,0 t=0)=(12.5-((:__r: )) -{sin 2080) 3 5000 50 10
b a

#9248 w(ro t=0)=(12.5- ((”’" )) -(sin208) 5 5000 50 10
n-r,

149223 9. w(rn6 t=0)=[12.5 ((r'__'r)) (sin208) 4 5000 30 10

HHzA 10 w(r,G,t:O):(lZ.S-((:—_r")) -(sin 208) 4 5000 70 10
b a

A=A 11. w(r,0,z=0)=[12.5.((:__rr"))) {sin 200) 4 5000 50 5
14 a

fMzd 12 w(r,9,z-0)=(12.5 ((r’:’:))) (sin 209) 4 5000 50 15
b a

#HzA 13 w(r,9,t=0)=[12.5-((: _'r“ ))] -(sin 206) 5 5000 50 15
b a

- (r-r.) Holg & 15

AMzd 14 w(r6,1=0)= (125 — -(sin208) 4 5000 50 Wolgre 5
EE N 5LsA AHEE Sz

O3 gAAFE) 2.5 GPa = ob4H|(v) 0.23

t23 AN 100 pm 27 AEW 0.0000179 N- s/m’

23 Y=(py) 1200 kg/m® 2 FAD 150 um
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Fig. 21 Power spectrum of the disk vibration at
the point (r=55mm, 0=0°) in analysis case #11
and #12 (2=5000, m=20, d=150um)
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Fig. 22 Power spectrum of the disk vibration at

the point (r=55mm, [=0°) in analysis case #13

and #14 (2=5000, m=20, d=150pum)
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Fig. 23 Steady-state displacement of the disk at
t=0.233 s for case #14
(©=5000, m=20, d=150pm, ridge angle=5°,
bearing width=15° height=50pm and number
of bearing=4)
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Fig. 24 Steady-state pressure generated in the
gap at t=0.233s for case #14 :

(Q=5000, m=20, d=150pm, ridge angle=5°,
bearing width=15°, height=50pm and number
of bearing=4)
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