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Stability Analysis of a 2" Floppy Disk Drive System and
the Optimum Design of the Disk Stabilizer

Yuh—jung SHYU, Zhong-wei JIANG and Seiji CHONAN

This paper presents a study on the stability of the 2" floppy disk drive. A design
method of the disk stabilizer that makes the rotating disk stable is presented. The
stabilizer and the read/write head are both modeled by translational springs with high
stiffness. The air-film stiffness within the disk cover is determined from the flow rate
of the air inside the cover, based on the Navier-Stokes equations. The solution is
obtained by applying the Galerkin method to the governing equations, with the use of
the multimodal expansion approximation. Numerical results show that the rotating 2"
floppy disk is unstable at 3600 rpm without the stabilizer. It is also shown that the
stability of rotating disk is strongly dependent on the shape of the stabilizer attached
to the disk surface. A stabilizer that contacts the disk at four points is developed and
shown to be quite effective in stabilizing the 2" disk rotating at 3600 rpm.

Key Words: Dynamics of Machinery, Vibration of Rotating Body, Fluid Mechanics,
Floppy Disk, Stabilizer, Optimum Design
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0.4

0.2

log
©
ny =]

2000 2500 *3000 360 4000
Q (rpm)

K7 BBRRAIESAF—ICLB3 T4 A7 DM
B U X WX EEEERIH e D
#Z{t; ks, = 00, ¢ = 13.50 mm, e = 8.00
mm, [ = 12.10 mm, I3 = 0.90 mm;
KL = 00, rp = 17.50 mm, gy, = 0°.

I3 HBITES EMITF4 R DREERIZIRE B
CELBNB((e)BE). BisdicEEEE Q = 3600
rpm {FEDRERE, (d) DiBAI, 3550~3630 rpm
TH 3, (e) DIFAIZ 3550~3610 rpm &AL T
W3, I3 WhETELLE, BREHOBRREYD, &5k
TEBOBOHL BB EHEL 3.

M7, oS3 u@rckdohnt, EbEW
BEBEETERICSAF— it L THBOhER
THB. RZEFAF—RB T4 A7 LS THEML, T
DRSS A — %1t e = 8.00 mm, I, = 12.10 mm,
I3=090 mm T#%%. ®7 (b) 3 (b) &L
TR3E, M7 (b) kb3 ARERELKE LTRSS
(b) XV/AEL, DOMLUB->TWBI EHHNB.
TRESANY Fiirg = 17.50 mm it 3BED D
T, 3600 rpm ETORERKIT 3560~3640 rpm T
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Forfp —-— ——- —
S18f— - — ———— —-
Zo9p— - — -~——- —-
o 0 - == == -
3000 3500 4000
Q  (rpm)

K8 HTOHBRAIESAF—ILHTHT1+ R
Y DIERE T4 2T DE—-AESKRE Q
OBE; Kk, = 00, ¢ = 13.50mm, e =
8.00mm, I; = 12.10mm, I3 = 0.90mm;
KL = 00, o = 17.50mm, 8, = 0°.

2D, Ny FRF4 R OARIEER ro = 15.00
mm 2R3 & REEHIT 3563~3641 rpm, Ny KA
74 Y OAM ro = 20.00 mm HBET B LEKER
12 3558~3638 rpm TH Y, KERIIDPEOAv FD
RIBICE->TEILLIEWI ENBEL LT, Th&

y, QT REhicRF ESAF-2HAVAE, BSR
Ay EBF+ X 7 OEFFHOVTHICBEHLTH 21
vF7uyE—F4 2713 3600 rpm TEREREERT
BIENEAB.

PFoOMBEHERT+ X2 ANRN-HOERREQ %
0.9x10°m3/s LLTiT-cbDTHB. R (T) &
DILHE &S ICT 1 R 7 OEHRIERE X IXERR
BLHAIBRZRICHH0T, ZEEBEFETL &
FOFARIORERAI L PO —VTEBIENE
Aohb. DT, ZRREBOE{IC X371 A7 DOKE
HOEEFHNTREI EKT S,

X 8 i, TTRENKEBEERXZ ES A4 ¥ —DFR
Ko &, FARIHAN—HOERRBEZ{LE 15
HDF4 A7 DEEBOEALERT. K& HERRES
ENLTHERZTNOREROIEIEZD T D E{LHEL
A, BEBESEISERM~S T PLTHWEZ &b h
3, B ESEEN 2.7 x 107 m¥/s AR B E Ty
Z 7% 3600 rpm TREELE->TWVWAE, Thi&d, &
SRBIIF 1 X7 ORERICKSUFELE5L 52 L,
BELAEEEE D TR ERRELE5X 3
PBEDODHBIENEZLS. HIZE, HTOXRIESA
F—id LT}, EREEH 1.8x 10~ m3/s UTFT
HhE, T4 X713 3600 rpm TEREMEFE->IEMN
x5,

5. # @

ARREEERROX S ES LA F -0, 2" 7
OwbE—F4 X7+ 2P ESA ¥—BERRDOBHRE

BLUOREHEZBITL, SOLRORLERY =ML
B1DDRFEBRAIESAYF—DERFZEIT-71.bDT
535,

Bon/BREENTIUTOL SIS,

(1) RFESAF—FHLBEV2 Ty -7y
AP e~y FERETIR, F4 7 ORI L 2240
pm %2#3% 5 &5 A N- VU v ARRZERHE MR,
ZORIBEAEDEIRERE I L TT 1 R I BREE
EHABD, RIESAYF—%2F52LickDdBM
EEEOHBTEEBS NS LIRS, XSS
4 F— I EREEEEEED, HhOT1 R T EREL
T3LTRELENERT

(2) EVWEER, $ic 3600 rpm EEEREMEICE
WTEWEEBRE L STRBUERS LT Y- O
KRiIEF+ R 7 LUSEEMT 2RITH Y, HroEMSEO
BEEEIE 74 X7 ORAIDIES (L) BPKEL, SoiE
35 (ly) BN IVWERTH 5. BT ¢ = 13.50
mm, e = 8.00 mm, I, = 12.10 mm, I3 = 0.90 mm
ThHb,

(3) F4 R AN-—AOETHEOEINHVER
BOBENAEL D, BEHETLEE L TSEERY
BB LT SEEREETEIRIES ¥ —
TRV 709 E—F4RI - RFZESA Y —ERFA
LT, #A-HOERREN Q = 2.7 x 1078
m®/s 2#A 3 & F4 A7 13 3600 rpm TREFEE S
3. ERREBIIEERET 374 R 7 ORPBELUER
EHCKREUHEELE5A 5.

X #®

(1) Iwan, W. D. and Stahl, K. J., Trans. ASME,
J. Appl. Mech., 40(1973), 445.

(2) Iwan, W. D. and Moeller, T. L., Trans.
ASME, J. Appl. Mech., 43(1976), 485.

(3) /NEF - BUEF, $i6, 52484, C(EB61), 3100.

(4) Hutton, S. G., Chonan, S. and Lehmann, B.
F., J. Sound Vib., 112-3(1987), 527.

(5) Chonan, S., Trans. ASME, J. Appl. Mech.,
54(1987), 967.

(6) Lehmann, B. F. and Hutton, S. G., Trans.
ASME, J. Vibr. Acoust. Str. & Rel. Design,
110 (1988), 338.

(7) iL- B&, #:4, 54-507, C(BE63), 2669.

(8) L~ &rE, #im, 55-514, C(1989), 1366.

(9) - 13h 38, #ik, 55-516, C(1989), 1872.

(10) Pelech, I. and Shapiro, A. H., Trans. ASME,
J. Appl. Mech., 31(1964), 577.

—193 —



