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Characterization and Detection of a Free-Falling State of a mobile HDD Using
Electromechanical Analysis in Rotating Spindle System
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ABSTRACT

This research investigates the electromechanical characteristics of a spindle motor in a free-falling mobile hard disk drive
before unexpected shock. Electromechanical simulation includes a time-stepping finite element analysis of the magnetic field in
a speed controlled brushless DC motor and dynamic analysis of the stationary and rotating part linked by fluid dynamic bearing
under the free-falling condition. Analysis results show that the dynamic characteristics of the rotating spindle system during
free-falling state have an effect on the relative motion between the stationary and rotating part of HDD. It results from the
variation of reaction force in the bearing area due to the gravity force exerted on the rotating part of HDD, and the free-falling
condition can be detected by observing the signal of the spindle motor and disk-head interface without using the accelerometer.
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Fig.1 Free body diagram of a free-falling mobile HDD



Electromagnetlc Field Analysis

Mechanical Field Analysis

- Maxwell equation
- Driving circuit equation

- Time dependency

force and torque
(Maxwell stress tensor)

Time-stepping FE analysis

(Energizing phase, Duty on / off)
(Backwnrd difference method)

Hydrodynamic bearing FE analysis
- Reynolds equation
- Consideration of retative rotor displacement

Equation of Motion of HDD
- Before free-fall : body R(6D.O.F)

- After free-fall : body R and S(12D.OF)
+ Determination of d:splncemcnt of cach body

Magnetic force
and torque

e

( New translaﬁonal and angular

body

Fig.2 Numerical procedure of electromechanical ﬁeld of spmdle motor
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Table 1 Specification of an analysis model
T “Quanty | Nalwe -
Motor Input voltage 33V
Rated speed 3600 rpm
Phase resistance 695 &
FDB Journal bearing clearance | 3.5 um

Thrust bearing clearance | 25 um

Viscosity of lubricant 0.016 Pa-s
Body § Mass 178¢g
Moment of inertia I, : 1.322e-4 kg-m®

I : 5.660e-5 kg-m’
1,:1.621e-4 kg-m®

Body R Mass 24.97g
Moment of inertia I, : 1.468¢-8 kg-m2
I, : 1.468e-8 kg-m
I,:2.752¢-8 kg-m?
Mass unbalance (1 disk) 3.862¢-2 g-mm
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(a) Magnetic flux distribution  (b) Phase current
Fig.3 Electromagnetic field at the steady state
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Fig. 4 Fluid dynamic bearing field at the steady state
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Fig. 6 Simulated conditions of a free-falling HDD
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Table 2 Variation of flying height of thrust bearing due
to the free-fall

c;r?:jtiit?(lm Beforedrop | After drop Vaﬁat;:)gg(;ﬁﬂying
0,=0° 10.61 [um] 12.21 (pm] 6.4 [%]
8,=45° 11.07 [pm] 12.21 [um) 4.6 [%]
0,=90° 12.21 [um} 12.21 [um] 0.0 {%]
Table 3 Variation of static eccentricity of journal
bearing due to the free-fall
col:;tiit?:)n Before drop After drop Var;ztcieo:tg;s;t;tic
6,=0° 0 [nm} 0 [nm] 0.00 {%]
0,=45° 17 [nm} 0 nm} 0.49 [%]
8,=90° 21 [nm] 0 [nm] 0.60 {%]
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