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Abstract - The small precision spindle motors in the high value-added products including the visible home appliances
such as DLP projector require not only the energy conversion devices but also high efficiency, low vibration and sound
operation. However, the spindle motors using the conventional ball bearing and sintered porous metal bearing have
following problems, respectively: the vibration by the irregularity of balls and the short motor life cycle by the ball’s
abrasion and higher sound noises by dry contact between shaft and sleeve. In this paper, it is proposed that the spindle
motor with a fluid dynamic bearing is suitable for the motor to drive the color wheel of the DLP(digital lightening
processor) in the visible home appliances. The proposed spindle motor is composed of the fluid dynamic bearing with
both the radial force and the thrust force. The fluid dynamic bearing is solved by the finite element analysis of the
mechanical field with the Reynolds equations. The magnetic part of spindle motor, which is a type of Brushless DC
Motor, is designed by the electro-magnetic field analysis coupled with the Maxwell equation. And the load capacity and
the friction loss of fluid dynamic bearing are analyzed to bearing clearance variation by the fabrication error in designed
motor. The design of the proposed motor is implemented by the load torque caused by the eccentricity and the
unbalance of the fluid dynamic bearing when the motors are fabricated in error. The prototype of the motor with the
fluid dynamic bearing is manufactured, and experiment results show the vibration, sound, and phase current at no load
and color wheel load of the motors in comparison. The high performance characteristics with the low vibration, the low
acoustic noise and the optimal mechanical structure are verified by the experimental results.
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Table 2 Specification of the journal bearing
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Table 4 Performance of the proposed FDB
T 9] 8 5
Ecc 0.00E+00 | 1.00E-01 | 2.00E-01 | 3.00E-01 | 400E-01
CIrThTop 200E-05 | LOOE-05 | 150E-05 | 2.50E-05 | 3.00E-05

Load]n 4.04E-05 | 6.12E-01 | 1.27E+00 | 2.04E+00 | 3.01E+00

mm

ClrThBot mm 2.00E-05 | 3.00E-05 [ 2.50E-05 | L50E-05 | 1.00E-05
N
N

LoadTh 373E-02 | ~2.07E+00 | -6.28E-01 | 7.36E-01 | 2.35E+00
Trq NM | 136E-03 | 1L7IE-03 | 147E-03 | 1.32E-03 | 1.32E-03
TrgJn NM | 653E-04 | 654E-04 | 6.60E-04 | 6.69E-04 | 6.84E-04
TrqTh NM | 704E-04 | 1.05E-03 | 8.13E-04 | 651E-04 | 6.39E-04
MntX NM | 104E-08 | -2.98E-05 [ -645E-05 | ~1.O1E-04 | ~1.38E-04
MntY NM | 176E-07 | 332E-03 | 692E-03 | 1.11E-02 | 1.64E-02

AngAtt Deg 343E+01 | 528E+01 | 5.21E+01 | 5.07E+01 | 4.87E+01
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Table 5 Magnet specification for the proposed spindle Motor
T 9] Al &
Residual induction Br G 7,400
Intrinsic coercive force iHc Oe 10,000
Coercive force bHc : Oe 5,400
Maximum energy product (BH)max [ MGOe 11
Density g/cm 5.8
7/
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B L T S R r/_/-/] rrrrr
£ 20 degree — /

Currentl
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Fig. 16 Torque and phase current characteristics of the
DLP spindle motor to the temperature
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T w9/ 32k AL 27
=T Poles 12
O Phases 3
A &5 RPM/0.1% 10,800
3 e CwW
a5 dgt VDC/2% 12
715 AF A 0.52
B3 4F mN.m/A 5.7 @25C
DC =Y A /10% 3.7 @25C
A9~ mH 0.40 @1KHz
wva g s mA <190 |@25C
T e e mA <130 [@90C
TR S dBA/max. <35 @10cm
Run-out(§-3A) |  m/max. <25
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Fig. 20 Variation of the acoustic noise for the motor
during 10 minutes
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