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size control relevant resonance modes of the awtuat
response. The modeling procedure used in this pager
1 INTRODUCTION been previously reported in [3] und [4]. The measur
The storage capacity and track density in hard diskhents and the estimated models of both actuat@s ar
drives has increased many-fold in the last decade. depicted in Fig. 2.
decrease in track width has required an increasthen
servo accuracy of
hard disk drive sus- LDV
pensions. In order to \/
meet the higher ac-
curacy requirements
[1], dual-stage ac-
tuators consisting of
a conventional voice §
coil motor (VCM)
and an additional
micro-actuator  for

—FRF measurement
- estimated 20th order model
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Fig. 2: FRF and estimated model of VCM (left) and PZT
(right)

3. CONTROLLER DESIGN

fine-tuning have b

been proposed. mirror Two different controller design techniques wereligp
In this paper we Do The sensitivity decoupling method (SDM) [5] allows

investigate a com- separate controller design for the VCM and the Pitie

mercially available Fig. 1: Experimental setup control structure is given in Fig. 3.

disk drive with a P . e e

dual stage piezo-electric actuator at the basdefstis-
pension. The actuator dynamics are modeled ancha co,
troller design is performed. =0

2. MODELINGAND SYSTEM IDENTIFICATION Fig. 3: Control structure of SDM controller (leéthd

In order to be able to inject control signals, tierd Hoo loop shaping controller (right)

disk drive servo controller is bypassed completélye . . . . .
circuit board was disconnected from the HDD and all The displacement of the PZT is estimated usingra si

motor drivers were replaced. Since the positiopnresig- _pIified_PZT model. (’.;'ZT Is designed as a banq pass filter
nal (PES) of the servo mechanism is not availalvktly, including a notch filter to suppress the.m|cro-.awu

a laser Doppler vibrometer (LDV) is used to meashee (sway_) .mode at 17 kHz. Therea.ftex,.c(q IS Qe3|gned
radial slider motion. The experimental set-up isveh in containing a low pass filter approximating an .|mB&gr, a
Fig. 1. A Plexiglas top cover and a mirror enalie to- second order lead lag compensator and a high fnegue

cusing of the laser beam onto the side of the slide roll-off. The dual-stage controller is depictedths solid

The frequency response function (FRF) of both actual'nes in Fig. 4 where the left plot shows the VCline

tors was determined and used to compute the impulééoIIer and the right plot shows the micro-actuaton-

response via inverse discrete Fourier transforndisA tr?IIer.dd.t_ bined hi lied thass
crete-time model of the dual-stage actuator isrestd | n ah lion, a (cj:om 'tf‘e lapprtoalcd IS appye Ei u33
using the eigensystem realization algorithm [2]. atdi- oop shaping and kbptimal control design [6]. Figure

tional frequency-dependent weighting is used to keamp (right) shows the main principle. First, weightifitiers
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Wyem and Whzr are designed for both actuator models
that represent the shape of the optimal controtierbe
estimated. Then, a 4-block,ldontrol problem is formu-
lated and used to minimize control signal peaking a
error rejection peaking. Given the optimization <on
straints, an optimal controllerggis computed. Finally,
the weighting filters are preserved in<CA 10" order
stable approximation (dashed lines in Fig. 4) whs o
tained after applying a closed-loop reduction moeiti

Fig. 6: Implemented SDM controller (left) andoHoop
B B \ 7 shaping controller (right)

407

5. CONCLUSION

A discrete-time modeling algorithm based on fre-
guency response function measurements was proposed.
Two different dual-stage controllers were designsiihg
classic loop shaping techniques combined with moder
. H,, control problem algorithms. Both controllers showed
“ T ey " similar servo performance. However, the ldop shaping
controller shows a better disturbance rejectiothanlow
frequency regime.

To evaluate the performance of the controllers, the Both, model estimation and,Hoop shaping controller
closed loop feedback connection is simulated bpgisi  design can be implemented in the hard disk drive-fi
step of 100nm as an input representing either b figy ~ ware. Since actuator dynamics could be a functibn o
quency disturbance or a short track seek. Figuskdtvs  tolerances during manufacturing, the drive couldgren
the simulated individual distribution of the VCMdithe  a controller calibration itself, and, thus, couldpirove
PZT to the total displacement of the read/write chea the servo performance and the track misregistration

Several performance measures are given in Tab. 1. (TMR) budget.
: : : The different controllers designed in this studyreve

implemented in the HDD and showed a stable feedback
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Fig. 4: Dual stage controller
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E 150!
=P control. Small differences between measurement and
% 5ol simulation were observed that are caused by relpleata
3 ok disturbances.
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