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In a short-span seeking-mode of hard disk drives, the resonance
modes are getting crucial obstruction to meet the demand on high-
speed data access. At the first generation in a series of research
of the authors’ research group, we applied perfect tracking control
(PTC) to seeking mode with multirate feedforward compensation,
in which the plant is modeled as the rigid system with time-delay
(rigid PTC). Then, as the second generation, a novel desired trajec-
tory of head position is proposed for the PTC algorithm in order to
minimize the residual vibration due to the primary resonance mode
(MPVT). However, only the 2" order rigid mode was considered as
nominal model to design the feedforward controller.

In this paper, a novel vibration suppression PTC method is pro-
posed based on controllable canonical realization. In the proposed
method, it is assumed that the nominal plant is modeled as the rigid
and primary resonance mode. By using this model, the feedforward
controller is designed with PTC in order to suppress the primary vi-
bration actively. To apply PTC for the 4" order model, the selection
of state variable is extremely important since this algorithm assures
perfect tracking of the all state variable at the sampling points of the
reference trajectory. Additionally, the higher-order resonance vibra-
tion is passively attenuated by using a trajectory named MHVT.

Fig. 1 shows one-track seeking simulation for the nominal model.

05 it et -
— o4f 1
E
3
c 03 1
2
=
8
L 02 .
3
£ o .

0 — Proposed Method 4
- - MPVT
------ Parallel Realization
o1 g 0.1 0.2 03 04 05 06
time [ms]
Fig.1. one-track seeking simulation for the nominal
model

We find that proposed method keeps the vibration suppression char-
acteristics, in which MPVT looses the suppression capability. More-
over, the intersample response of the proposed method is much
smoother than that of parallel realization.

Fig. 2 shows one-track seeking simulation for the detailed model.
Although the rigid PTC excites the mechanical vibration mode, the
proposed method suppresses the vibration very well. However, we
could not obtain better result than MPVT. The difference between
nominal and detailed simulation is caused by the high-order vibra-
tion modes. In order to suppress these modes, we use a trajectory
named MHVT. Then we find that the proposed method with MHVT
has advantage over the other methods in detailed simulation.

Experiments are carried out under the same conditions with de-
tailed simulations. Table 1 shows the average seeking-time is ob-
tained in the experiment. We find that the proposed method acieved
16% faster seeking than MPVT.

Table 1. Seeking-time
Rigid PTC MPVT Proposed method
immeasureble 0.347|ms] 0.291[ms]
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Short-Span Seeking Control of Hard Disk Drive with Vibration Suppression PTC

Keisuke Fukushima®, Student Member, Hiroshi Fujimoto*, Member, Shinsuke Nakagawa*™*, Member

In a short-span seeking-mode of hard disk drives, the resonance modes are getting crucial obstruction to meet the
demand on high-speed data access. In this paper, a novel vibration suppression perfect tracking control (PTC) method
is proposed based on controllable canonical realization. In the proposed method, it is assumed that plant is modeled as
the rigid and primary resonance mode. By using this model, the feed forward controller is designed with PTC by mul-
tirate sampling control in order to suppress the primary vibration. Additionally, the higher-order resonance vibration is
attenuated by using a trajectory named MHVT. The proposed method achieved 16% faster seeking than a conventional

called MPVT method.
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Fig.3. Vibration suppression PTC by MPVT.

usf




HZENTED,

gy 7 3 TS E 7V & RIKE 7V +4E3E
EFNVELTUET A 2 & CHUEBM AR L, HiE
MEHEHESBI bbb, G25NMEEL7 14— K7 *
7 — FHEIEA IS, 10) X TEINLTRIREZEZE L
HIETRE TN EH AT T 4 — FNy 7§l HO HIEAE
HLOEZ FEHE L, HLEBEERAE 2 IH T 5,

ar

P,(s) = K,, ? + —s2 st w%) ........... (10)

(3-2) WHIEHERBRICLZHIRPTCE MPVT %
M 72H3E PTC T, 71— F7 47— IRz Rk
ETNOHRIZFLTPTCHFEIC L VEEFTL, BICERIRICE
LIRS 2 BNES 5 73T H - 7275, LT ClRlkE T
I+ FHIRE TN TR I N HIEF LR E T VI LT PTC
BCEY 74— F7 27— FHitE2EH L, HEMBEIZIE
FRIBIES S D EEE 2 b,

39, WEMNER>OES IR TE AMEETIVEE
HIRE 7V O FIFEREEBLUZ & 2 iR PTC 12D TiRx
bo M4 ITHRERT, 2, MEEF )L EFHIEEF

2R L CTENFN 2 KD PTC FEx %L, Wk
bo TMIZEVFEEIEND 4 KD PTC HEIZB VT, KR
TR TR LTIE, xp, x ICHERE T VIS 5 BAEALE
HE - BEEEEEZ, X3, x CFEHEEFVICHT S H
T EELE - AEEEPEE 525280 TE 5, 2Dk
&, BREATH) Ao, be, cc BUTOXHIZET B,

01 0 0 0
K
A, = 00 0 0 b, = L R (11)
00 O 1 0
00 -w? -2w, K,a,
c. = [ 1 01 0 ] .......................... (12)

HiEd#E L, MEETVEHEET VO ZNZENICE 2
58 Ea, brxa+b=1D%HFOFTEISE, BEHE
FEBFATLIDET 5,

(3:3) TIHIMEEERIC L B8R PTC & (BREH)

K2, (10) ROMEEFNVEZUTOLIICERLLD
DEER b,

1 r 2 27‘ r 2
P,,(s)zKp( ta)s +2wstw; (13)

s+ 200,83 + wks?

1gl

potition traj.|
Rigid SM I

velocity traj.
1st vibration Ty

potition traj. I T
1st vibration i

velocity traj.

L.yo[lle[l- . o y[i]

X 4 HEEEFEIIC X 2R PTC #:o /R
Fig.4. Vibration suppression PTC by parallel realization.

PTC
(Parallel
Realization)

*—H?:
A 4

708

ZDX D) BEIZIH LTOPTC EDakEHE, ik @)
THHBEEEREE TRETHDLIEPBEBISNTVE, 2
M, BRSO BT Tld % SRR I B
WA 52, TMICRESIGERESIEL I EILD, #EikEh
GHIE AT E W\ S DYy IVEMIE R ER ST L-0
Thbo £/, LH(T) TX, ZOFERZHEuXRy D%
HHE~-Y2L—%ICHH LTS,

AL EI 5 IR, T72, (13) 2% il EH#E
A& D 4 kD PTC k2B 5 &, REATH A, b, c.
BUTOL)IZEF %o

01 0 0 | 0
00 1 0 0
A, = b= e (14)
00 O 1 0
00 —a)% -20w, | Kpa)f
2, 1+a, ]
c. = [1 % +2a 0] P (15)
Wy w?

2 TSNS 2 5 kR 5, PTC 2B W TILIREE
LR () 1 L THESEZ 525720, x@) =20 &£B
<&,

m@—h@#%“%o#mf ------------ (16)

EBZBLTENTED, 72770, 703z 1252 AHLETDH
D, P O nBMATH L, EREY, 13)RTES
NBEEEFV+THIEE TV ORELZH x 2BV, 7
BRI E G 2728 &, 72023 - 4 \CFNFNEE - I
REE - MIEE DRI E CTHZ A5 2 LDRETH Y, Ih

XDy TVEBIRENERTEZ L9, LirL
CC?J‘%, y(@t) #x1(0) TH A7, ziE~y FUETIEZW

Target potition
trajectory

Target velocity

trajectory

PTC .
(Controllable ugli]
—»{ Canonical

/' _»| Realization)

t 't

B 5 A IEAESEBIC X 2 flHR PTC O
Fig.5. Vibration suppression PTC by proposed method.

180
90

10° 10*
Frequency [Hz]

6 x5 7V O R PSS

Fig.6. Frequency response of Plant.

— u->y
- - u->z

Phase [deg]

o

IEEJ Trans. IA, Vol.126, No.6, 2006



4% PTC |2 X 5 HDD > — 7 il

CEIFEE SNV, FOYHNEREHS T L0
WCudb z TTOEERBEHETLE, DToORXTES
N5,

2
T e (17)

u =K st + 200,83 + wks?

COLE, unby FTOMERKE, unbzETD
R L ORI E AR T 5 &, 61T L91S,
I BV TEEFEDSIZIZT - L T b, ZHIEEFE o
HBESEEE 3R L2, 15RO IZE 1S ZE 112k
BEIHBLLTWDE D THL, L7z > T, zI13hE
BEOXIC ([m]) 2F2bDE LTEZLIENTE, Th
AN E L EFRT Ho DF D Z IIHEICIE AN Y FiLE %
ERLTWBOTlE% <, RABAE I HEA E#LE % 5 2
ZHUTHT L TREBRESE TV,

Z w

4, YIal—T3>

B1) JIFLEFNICHTEYIZL—Y3> 3
B TR 7z 1R PTC #:% iV, (10) o/ I FIVET NV
LTI I 2y —2DIalb—var% i1k 9,
HEMETHL 1 Ty 7y Fi, 0504 [um] Thb, T
7z, w, = 274400 [rad/sec], ¢ = 0.01, a, = -1.2, K, =277
L7

2T, WEEBEY YT v SEHoOBBREE 1R
o RHIERICBWCE, BEREE LIOY 7)) v 7
JRI(T,, T,) &, HEEN (T,) 8% 2EIC%kEShTw»
B EIEBE SNV, 2T, PTC (2t 5 filfExd 4 €
TIDS [BHR] o & & & [WfE+IHR] o & 2Tk, ANSE
EN2 L 4TERRLOT, T, #FE L LTHKTL720T
Hb, Tz, BEHERZ s+ DB DRFy FIWE LT B,
272l T BB ERTH B,

F1 EEEREY 7Y v EOME

Table 1. Control period and sampling period.
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Rigid + Resonances || 76.7 [us] | 19.2 [us] | 38.4 [us]
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Fig.13. Experimental result (envelope).
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