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ABSTRACT

Optimization method for the open loop commutation time intervals in HDD spindle start—up control is presented

in this paper. A hard disk drive(HDD) uses a sensorless brushless DC motor (BLDC) for the platter rotation.

Because there is no direct sensor for the rotor position, open loop commutations after sensing the rotor position at

a standstill using inductive sensing method are performed to speed up the rotor up to a certain speed where the

zero crossings of the back electromotive force (EMF) are measurable. Therefore successful open loop commutations

are necessary for the stable start—up control of the spindle motors. Random neighborhood search(RNS) algorithm

is introduced as a optimization technic in this paper. Rotor speed and its standard deviation are used as a cost

function and commutation intervals obtained from the spindle motion equation are used as initial parameter values

for the RNS. With the help of the proposed method optimized open loop commutation time intervals for the very

low start—up current are acquired and tested. The experimental results shows that the proposed method can

decrease the start—up failure rate of a HDD spindle motor.
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Table 1 Parameters of the tested spindle motor

Parameter Value and unit
pole 12
slot 9
resistance 34 Q
inductance 0.6 mH
torque constant (average) 5.2 Nmm/A
inertia 5.5e-6 kgm”2
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Fig. 1 Coil current during the rotor position
estimation
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Fig. 2 Measured current rising time and simulated
torque coefficient

Table 2 Criterion for estimating rotor state
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Table 3 Commutation time interval computed by the

motion equation

Criterion Rotor state
Tov+Tuw is minimum VW Start-up Commutation time intervals (msec)
Tuw+Tvw IS minimum VU current
TVW+TVU iS minimum wuU (mA) 1st 2nd 3rd 4th 5th 6th
TvutTwu IS minimum wv 600 176 | 128 | 7.2 6.2 5.6 51
TwutTwy IS minimum uv 500 19.2 | 141 | 9.7 7.9 6.8 55
Twy+Tuv IS minimum uw 400 215 | 158 | 10.8 | 8.8 7.7 6.8
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Table 4 Random neighborhood search algorithm

Step Description

1. | k<0, C'«co, PP initial parameters).
k=k+1, calculate cost function C(P).

If C(P)>C, go to step 5.

PP, C'<—C(P).

If k>kmax g0 t0 8.

Select new P<—P [1+rand( - )].

Go to step 2.

Output results and done.
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Table 5 Comparison of spin—up failure rate

RNS
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0.7%

Motion Eqn.
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0.6%

Motion Eqn.
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2.8%
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