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Position signal

Disk Spindle motor

Digital
controller

Voice-coil motor PZT actuator
(VCM)



Voice-coil motor
(VCM)
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TECH BRIEF HGST MICRO-ACTUATOR

g HGST Micro-actuator

Second-generation Dual-Stage Actuator for Better Head-positioning Accuracy

To increase hard disk drive (HDD) data density, the size of bits - the 1s and Os that represent the information stored on
the disk — decreases and the spacing between their concentric tracks shrinks. As these dimensions shrink, it becomes
more difficult to position the read-write head's transducer element over the center of the data track.

Figure 1. HMA structure and actuation .
Figure 2. DSA plant transfer function comparison

50

—HMA  — MIlll

40

Stroke

o 5 10 15 20 25 30 35 40 45 50
Frequency kHz

https://www.hgst.com/sites/default/files/resources/HGST-Micro-Actuator-TB.pdf &Y 5|
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TECH BRIEF HGST MICRO-ACTUATOR

g HGST Micro-actuator

Figures 4 and 5 show the position-error signal (pes) comparison between the conventional Milli-actuator (blue) and HMA (green) DSA systems
under an external vibration condition. The green line shows how significantly the HMA DSA system can reduce the head-positioning error caused
by external vibration compared to Milli-actuator DSA system.

Figure 4. Position-error signal of HMA DSA compared to Milli DSA Figure 5. Position-error signal distribution of HMA DSA compared to Milli DSA
PES Sample (Time Domain) PES Sample (Histogram)
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Takenori Atsumi,

“"Emerging Technology for Head-Positioning
System in HDDs",

|EEJ Journal of Industry Applications, Vol. 5, No. 2,
pp. 117-122, (2016-3)



Case 1: Film-coil actuator

Case 2: Thermal actuator



Case 1: Film-coil actuator



Easy Excited Resonant Mode in HDDs

By VCM actuator By external vibration
(Butterfly mode: 5.2 kHz) (Torsion mode: 3.5 kHz)
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Film Actuator

Thin film coil

. VCM with film actuator
(F|Im actuator)




Frequency Response of Actuator

Gain [dB]

Phase [deg.]

VCM actuator

Frequency [HZ]

Film actuator
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Comparison of Sensitivity Function

w/o Film actuator w/ Film actuator
(VCM+PZT) (VCM +PZT+ Film)

Gain [dE]
Gain [dE]




Case 2: Thermal actuator



Sensitivity function

—— Single-stage actuator (VCM only)
—— Dual-stage actuator (VCM + PZT)
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Thermal Actuator
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Frequency Response of Thermal Actuator

—— Measurement data - = Mathematical model

Gain [dB]

Frequency [HZz]

Phase [deg.]

Frequency [HZ]



Comparison of Sensitivity Function

Design results Experimental results

10

10

HEH i i o 1]

Gain [dB]
Gain [dB]

Frequency [HZ] Frequency [HZ]

— Single-stage actuator (VCM only)
—— Dual-stage actuator (VCM + PZT)
—— Triple-stage actuator (VCM + PZT + Thermal actuator) )



Comparison of Positioning Error

Time domain Frequency domain
-100

-110

420 p-f i

-130¢

Position Error Signal [nm]
Amplitude spectrum [dB]

0 200 400 600 800 1000 10
Time [ms] Frequency [Hz]

— Single-stage actuator (VCM only), SD: 3.12 nm
Dual-stage actuator (VCM + PZT), SD: 1.57 nm
—— Triple-stage actuator (VCM + PZT + Thermal actuator) ), SD: 0.96 nm
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The 2"9 |EEJ international workshop on Sensing, Actuation, Motion Control, and Optimization
March 8th, 2016, Seikei University, Tokyo

Estimation Method of
Unobservable Oscillations In
Sampled-Data Positioning Systems

Takenori Atsumi
Chiba Institute of Technology



Sampled-data Control System

Discrete-time system Continuous-time system

Ref. Dis_crete— Control input Cont@nuous
time -time
Controller Plant

Controlled variable



Example: Tank System




Block Diagram of Tank System

Discrete-time system Continuous-time system

Target
level

Turn faucet

Error On/off

Sampler

(A/D)

Water level



If the sampling time is too long--:







Head-Positioning Control System in HDD

Position signal

Disk Spindle motor

Digital
controller

Voice-coil motor PZT actuator
(VCM)




The timing of reading or writing user data
corresponds to the time between samples.

——

The control system cannot “see” intersampling
vibrations which cause destruction of users data.

POS/tIOI’] S|gnal area/Dat area
“’
DAY AW S
.., ‘”"

Measurement signal Head movement
<4l High-risk area for data destruction



We have to know difference
between observed and actual
controlled variables

Discrete-time system Continuous-time system

Continuous
-time
Plant

Ref. Discrete-
time

Controller

Sampler
(A/D)

Actual
controlled variable

Observed
controlled variable



Unobservable Amplitude of Oscillation

N Number of samples for estimation, 7: Sampling time

— Actual variable
©  Observed variable ||
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Oc(Wg,t, ¢g) = exp(—=Lwy,t) SIn (wgt + @)

0d(Wa. N, Gy) = 0c(Wg, TN, Pp)
exp(—{w, ™) sin (wzTn + ¢g)

wg = wny/(1 — (2) : Damped natural frequency, w,, : Natural frequency,

¢: Damping ratio, ¢o: Initial phase, 7 : Sample number, 7 : Sampling time



’nu(wda ¢O) —

i : mur(wd, ¢0) < 09 ’nub(wda ¢0) > ()

Wlur(wda ¢0)| : ’nur(wda ¢O) > 09 mub(wda ¢O) > 0

& Amup(wa, ¢o)l = my(wa, do) < 0, myp(wa, o) <0,
Myr(Was Go)l - Myr(Wy, Go) = —Myp(wy, $o) > 0

| mup(wa, $0)l - —myp(was do) > My (wa, Po) > 0

where

’nuz‘(wd - ¢O) —

Sup (OC(wd, s ¢O)) — max (O(I(U)da n, ¢O))9
t€[NyT,00) ne[1,Ny]

MWy, Go) =

inf (o.(wy,t, — min (o, (wy,n, ,
TE[N,gT,oo)( @ ¢O)) ne[l,NS]( a(wy ¢O))



Oscillation at Sampling Frequency

Best case
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Oscillation at Nyquist Frequency

Best case

Worst case

Position [m]
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Oscillation at One-third of Sampling Freq.

Best case
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Two Index Values for Evaluation

Maximum value based

]’rll”n ((,()(/) —_ Sup (’rll{(w(/’ ¢O ))
¢o€l0.,2m)

Root-Mean-Square (RMS) value based

T 5
My (wyg) = \/ o f {my(wa, o)}~ deo
0




Comparison with Previous Work

T. Atsumi and W. Messner, "Analysis of Unobservable Oscillations in
Sampled-Data Positioning Systems,” The IEEE Transactions on
Industrial Electronics, vol. 59, no. 10, pp. 3951-3960, (2012-10)
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Estimation Procedure

Set modal
parameters

Calculation of
Index value

Evaluation using
Index value

\

/

Modal parameters of mechanical
system are decided by using
measurement results

-

Index values are calculated by using
resonance frequency, damping ratio
and number of samples for
estimation

_etimation —

Unacceptable sampling frequencies
are estimated by using index values
and target of reliability

e ———




Example: Hard Disk Drive



Estimation Procedure

Set modal Modal parameters of mechanical
parameters system are decided by using
measurement data

e




Mechanical Characteristics of HDDs

Frequency response Mathematical model
— 20 ; : —— : (1)

o Ps(s) = K — .
% I ; 52 + ng (Z)Wm(Z)s + wnz(i)H

((H L Wimn ( J ) ¥ ( L ) &= ( Z )

1 0 1.00 0

2 27-4100 —-1.30 0.01

G 0 3 27-5700 —0.03 0.01

O, 90 it 4 27-6200 —0.08 0.0l

R AR aR N | 5 27-7650  0.12  0.02

£ apgli il 53 B i 4 6 27-8900 —0.13  0.02

10 10 7 27-9800 —0.35 0.03

Frequency [Hz]
— Measurement data — Mathematical model

Primary mechanical resonance
« Resonance frequency: 4100 Hz
« Damping ratio: 0.01




Estimation Procedure

- -

Calculation of
Index value

Index values are calculated by using
resonance frequency, damping ratio
and number of samples for

estimation

—etimation ——




Dependence of Unobservable Amplitude on
Sampling Frequency

« Resonance frequency: 4100Hz
« Damping ratio: 0.01
« Number of sample: 5(blue), 10( ), 20(red)

Maximum value RMS value
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Estimation Procedure

Evaluation using
Index value

—_etimaton ——

Unacceptable sampling frequencies
are estimated by using index values
and target of reliability

e ———
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Unacceptable Sampling Frequency

Mechanical Resonance: 4100Hz/ Damping ratio: 0.01

Num
Acce

[% of amplitude]

ur

ber of sample for estimation: 5
ptable unobservable amplitude (RMS): Less 10%

150

-
o
o
T
—

(6)]
o
p——

A

-
@)
|
—

o

VW —

= Acceptable level

WAUN

-
o
w

104

Sampling frequency [HZ]



Unacceptable Sampling Frequency

« Mechanical Resonance: 4100Hz/ Damping ratio: 0.01

« Number of sample for estimation: 5

« Acceptable unobservable amplitude (RMS): Less 10%
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Conclusion

Most of positioning control
systems are sampled-data
control systems with mechanical

resonances.

~—

We should check unobservable
amplitude on our experimental
systems.
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