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Critical and Flutter Speeds of Rotating Disks

in Information Storage Devices

Seung-Yop Lee’,

Dong-Wha Yun™

Abstract

Recent trends in information storage devices disk are the transition from CD drives to high density DVD
drives, the development of writable disk drives and the appearance of several high-density portable disk
drives. In some flexible disk drives, self-excited disk vibrations become severe as rotation speed increases
near or above critical speed. Critical speeds of CD/DVD, ASMO and floppy disks are experimentally
measured and compared with analytical predictions. Flutter instability caused by aero-induced disk vibration
at high speeds are experimentally observed. In ASMO, three nodal-diameter mode experiences its flutter at
8750 rpm with the frequency lock-on phenomenon. The CD/DVD disk does not have the aero-induce flutter

up to 14,000 rpm.
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Table 1 Comparison of CD, DVD and HDD

Feature Cb DVD 3.5“ HDD
Storage(MB) 680 4700(one layer) {10GB (1 &)
Disk dia.(mm) 120 120 90
Disk Thick.(mm) |1.2 1.2 (2x 0.6) 0.8
Min. pit leng. (um) |0.83 0.4 -

Laser waveleng.(nm{780 635-650

N.A. 0.45 0.6

Track pitch(um) j1.6 0.74

Track density(TPI) [16,000 34,000 30,000

Bit density(BPI) 143,000 96,000 300,000
Rotation speed(rmp|6000-9000(48X) |6000-9000 (12X) [7200/10,000
Max.Focus.Tolerand1.0 0.5 -

Max. Frack.Toleran{0.1 0.05 0.13
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Fig. 2 Diagram for mechanical vibrations in pick-up system

XY

E2Q7/ZAHY
oY e 9
yE £%

Frjaa =gdolve YolAE o] f3te vl
A0 HAWE J|E33 A3 gEo] ¥
4 X9 el 7HF FAF AR A o)
W3 g2 A7 olFoiXx U, ;uig ¥
ZAEe] Foxz =lelrdME dlH(high
bandwidth) ¥ ¥& AHELE BAE 2+ 394
Azdle]l g7dET. 538 ofE W2E d2Fa9
HAFo HY 5o o HUYXE F3F3)
T E 3o ¥IAYH EF FFo] 713 FYY
dAFoolelo] Mol Yo HAA 232
2B AAQ dlojE] AABL HslA 7AAHYL T
A oA Ao A3 94 HY. Frad ZefolB
of ojrl HEW2E ¥ FHsE B9l (Bobbin)
ZEo] gfojo} MM 93] AAFHE dubd
9l 2 & Ay AFoo]EE "cross action"o|Et
Edy] 7 ¥ANY X8 JA5& 72

EdE EY

t} [3]. olgt e M2dMY EAAI AN
Wgogo] F5 AT HHPRE g% FaF
JL R AFoclH Y e AspA7I=Z
ole] 4L Hastslr] AT AAE ¢ FR3)
o}

3. A cjAa3e IS

31 RE 229 AHEE

3 A3te tag9 FIEL Lamb 3 Southwell
[5.6] ol#l2 B2 |77} oisgtm HZoe 8
= 9 J238 T ARXNAGr]7] Eoto A
T S&HT vt A vz AP
2% (transverse vibration)2 AR #JaAzte] A
o HEAS oz nAH FA FHAse 3
A RAFAY F AR YEd F gl AXE
TZ2EY AF vmsle 3y dagex e
e Fas 599y ERL A 83 B e
28 d4, a8ln dAEE € EHE §=25%
E & It AA3 daae AEEE AFL ta
39 F¥RAE nsle Y% (circular plate)
o2 Jehd § Aok, yxA7 A A HHA
He gk (in-plane) 22 YA FHo] zHgale] wkAnk
g7 AdFggen geHol BAFL. oA A
HIEANAN 38 JAFR=EY 1{FAESFE IR
Aol wlE)A 2FRESFI FEA "ol 3§
td239 AFAFFE A 23y 1/3F
e o0&y Z2o.

o, =(@},) +Q(a, +n°B,)
7NN, @, & AR HeaY TEAETFE vt
W o 3 g & 44 dzza 3 9% A
ek QFakgke] 59 a3 JeEe gheltl.
2HFET otAHA n & HHY (nodal circle)
€ nstH n & M7 (nodal diameter)& 99
g, e nRAEFE A HEAN 2"
Rolmz AHXA AN FHE 3{IFTE
wasly bzt AR (forward wave) 2 F33}
(backward wave) THZAFH+E Jepdo,
ol =0, +1Q, o), =0, -nQ
A 1{FFEFE JHAET vz F718H
37 A/FAFTFE Sz Fadg. gazge 3
A& xrt Fr1stdA F29 n{AdESFE 9ol
Hed oJylE YAISE(critical speed)zt A9
gt olE HYSE oL 2.

w

QC" = =
yr'(1-8,)-a,

tz3e RdAGEE 5L olE s
AHE=7) tj2age dEse 29 He 3¢
2 AY = giv. old FA ALY o
gHA  Yx3are  HFF ELAEA(buckling
instability)& ¥o7A @, AEZEs} F7t
FAN AFo2 JALEs He IEREE 9
Arc=el o3t YAR=E txA9] SA4X9

A Eu)o) we} 24 "o,

A
P
T

=

- 486 -



(0.2)°(0,1)°(0.3)°

9000

[
a
©
P

7800

7200

Rotation Speed{rpm)

6600

6000

0 10 20 30 40 50
Natural Frequency(Hz)

Fig. 3 Experimental natural frequency of
CD/DVD
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Table 2 Comparisons of CD, DVD and HDD

R R]| ] a]a
(mm) | (mm) (mm) (rpm) (rpm)
357Flop | 430 | 125 | 005 | 360 724
py
Tomega
megd | 43.0 | 125 | 005 | 3600 | 724
ASMO 60 15 0.6 23%%%' 3560
cD 60 15 1.2 %%%% 7122
HoD | 475 | 15 | os fggg(‘) 29050
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Natural Frequency(Hz)

Fig. 4 Experimental natural frequency of
new CD/DVD disk [6]
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Fig. 6 Peak-to-Peak amplitude of ASMO
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Fig. 7 Experimental natural frequency of CD/DVD
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