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ABSTRACT 5 98% EHE didez AHHY 294 F34&
‘ Xgsle FE3E, Uad wAoz FIEHeE
This paper analyzes the electro-mechanical A71AY 73 849 38 A 5 WAL
characteristics of the spindle motor in a 2 rdydd 71AAY §3F SAHE AL 7
computer hard disk drive due to the trapezoidal A A HfME st iy 2 Hddg T
and sinusoidal driving methods. The driving T WA & vAd A4 58S st A
circuit equation is modified by considering the o Af ol g8 uF NFEFE AN A
switching action of PWM inverter, and is do Fu B bugdezny AFr] FE W
coupled with the Maxwell equation for the 2ol wE A7) JARA ARG SHIe HFIF
analysis of the magnetic field. Mechanical motion BAE uo}ssict.
of a rotor is calculated by solving Newton-Euler ) ;
equation. Electro-mechanical excitation and 2. 7| HMA A
dynamic response are characterized by analyzing ’
the free response of a rotating rotor and Fourier 7174 dAAdA #lA F FEI FE3Y HFFY
analysis of the excitation force. PWM QHE Y 243 S Eose 75 3
2 WA By AUy oy ZFAde e
1A B t5ASE 4A 5 $gge #n 230V 4
Adl F2Fo goerng B =FdMe AP H
g7l AHEE XFgste 75 2 2 I+ Y A% FF 2 HAAS FAHo= /A A
A4, 7Y FY HNH 849 F, Wy, AH A A WwHes s
T2 59 7IAH 247 AR A4 EHY e Al
dolt, 28B2 HAF7] AA ¥Fe WHs 8 o} 21 Fsla & BAlalA DC HSII0A
gt A7 7F 4Ee A, AY 5o ArH 8F clo|l2=E 2{sh Moh WA
EAQSE Tty &8 AeH 22 7AH 45 T3 75 2Ag s DC Ae79s 8 &
£ 9%& nAYg 53 A2 AFH F9 U7 i 75 HeAgd s DC AE7IE 28 104 A
£ HE nEIIMA] A FA AMEEHE A¥ Y g g A e ERAA A EEEA Hed 2
EHE d&d dux HE FRo F¢EHA @ o] QollMAE 7t e 49 EAXLHIL FA
188, AE ALe 59 AL HAss 87 o] & He AU QAAAE ZF Ao &Y Ed
sta h alog 7]Ee AFr] siAdAel 7 A 2B BAY £ HE A$oe §F golo:
o] AM7IAQ ax9t ZIAAH] 842E HHRE HAF & FdA AF/ ZE2A HER o] g i
AU AL 8 A4AE JdHeR JIAAHS] 84F tholo e 22 AFE nAANA A HAHALS
802 v F WA JlMe dE7 A Fyslof gttt 7Y FEoNA A AFo] dojd
g5 714 A4 58S AT 71 v 259 vV 2 B8R/ dolesd s2¢ ARE
B =EdAe AFE = taa =golHE olAde] ~9A e wet dEfA=d o =2 1
AbEEE tHEAR] 3 A v dAY 2A1E ZHIA 8 g 19 QoM et 7o) A, B, C Aol z+z A9 3t
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Fig.1 Shape of phase voltage in sinuscidal driving
method
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Fig. 2 Current flow when the upper'transistors are
on state at the same time
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Fig. 3 Current flow when the lower transistors are
on state at the same time
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Fig. 4 8 pole 9 slot brushless DC motor
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Table.1 Electro-mechanical specification

Quantity Value
Input voltage 12{V]
Resistance/phase 3 [q]
Residual flux density 12 [ 7]
PWM frequency 20,000 (k=]
Airgap length 025 [mm]
Outer diameter of rotor 23.35 [ mm]
Outer diameter of stator 19.45 [ mm)]
Mass unbalance 11 [g- em]

Axial moment of inertia 2.306x107° [ke - m?]

1.366%10°° [ kg - m?]

Transverse moment of inertia

Mass of rotor 1572 [g]

41 M7 2 E3

29 55 TF %4l mE 4%7] @ Yol AR
% E2 542 UBd 202 A4gd 9= 19
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¢ AEL ¥ 5 Y 9w A 75 A9 @
4 340 AvEE F3 BAsn gomz A%

Hel & FEjolA E Y
peak-to-peak#tol 78I} FEFY A5 2.1 [mN-m]
ol vl& B FFEY ALdE 150(mV-mlE
EA gZo] 30%AHE EAETH A dEjolA A
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Ty 75 e o3 6025 [rpmlErth 4 E 3
e 3d 58 X ed HE7) 49 [ #
wgtol F¥ I FEo HE &S Ax g Wllo]A
g Ay a ZAad B FGridg ggo] gt
ZI7he HElS JHAm enE H B
Hoe 783 F5 %o & EA
g fdoz &g uio|d.

Am o qivh 33

0
o

Electrical 3607

Phase current [A]

Torque [mN-m]
2

—

Electrical 360°

2
[ 0.25 [ 078 1 o 028 05
Time [sec] Time [sec]

(a) ¥F oty (b)EA T+y
(7h Fgn &

078 i

P

Electncal 360°

I
2

Phase current [A]
Torque finN-in]

~

Electrical 360°

0 025 05 073 0 025 05 075
Time [sec] Time {sec]

(a) 8F Ity (b)E3 T+
(L) Moint 8
O 5 ¥RF ¥ =3 1ty
Fig. 5 current and torque profile
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Fig. 6 Time response of excitation forces
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Fig. 7 Frequency spectrum of excitation forces
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Fig. 8 Time response of displacement
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