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Fig.1 Flowchart of input and output for perturbed slider head
1 2
3) - K‘vu + ]l Ffric + Finer + Fair 2
F fric F iner 1 f x t t
gy x Lipshcitz M;>0 K,
v ¢z g € R! ¢ >0
] . lfz e | < M; 7
fyyéeld ! Izt ~Fome | <K lz-=l
GRHI 06 Rm 8
2
. Kut f s T4 - 2 gaxt x t x
= U t > t
Y > g0 >y 3 Lipshcitz K, >0
_ . lg 21t —g=zt | <K, lz)— 2l
¢ y 9
¢
b= op+ s 4
1Y 1 1-2
60<0 [ VCM x u t 6a ~ 6b
3 ~ 4
VCM
&:Kzlu+f'y5}¢tT6+g()yj)¢t
t &€ 0T
55:655-1—%3'/ I o 1<ty 5
U 0T 2 A b A C
5 g0y Y o B
$ ¢ ¢ go=g+p B 2 K
T= x1 T3 X3 Y H A+bK A+ HC



174

2006 4
1
3 Wi > PBK
<0 16
6 %BKTP Wy
y
e !t w=Kzx-2, ~Fatd 17a
0=uFit "P-Q &-a 17b
13
1
y 6 WK :EWP‘F /124‘/13 PP+#1QQ+3€I
| Wi = 3 Wo+ mPP+ g+ i QQ + 3el
x2=Ar+H Cr—vy +F xt 0+
G x t + Bu 10 Wp= A+BK TP+P A+ BK
H 3> o0 Wo= A+HC'™Q+Q A+ HC
r=x—x, x=x—x 0=0-0 x, 76K@M-2 73K-H@H2
= 00" Az, =0 6a #1= e m2 = e
K 2
K,
. . - Mn3 = De e >0
x= A+BK x+BKx+F x ¢t 0+ Lyapunov
G xt + Bw 11 V=V +V,
w=u-Kzx—z . 6a
10 (;C\TP 0 (%\ 2“1‘
. I V“H Hvzz—ee 18
x= A+HC z+F 2t 0—-—F xt 0+ _ x O.Q H
Gt —C vt 0 f=fxt —fxt F=Faxt —F x
1 - 1 13 ~ 14 18 Vi t
[xJ A + BK BK [;CJ . ;T{ W PBK} e
[ V: o |+
x 0 A+HC ol LB TP wy e
{Fxt@ 2 Wi+ W, 19
o +
Fxt0—-Fxt0
(G =t 1 (B) (2T P o
N T
Gxt —-Gaxt 0 T 0 Q
Cr, = r 13 w {Fit@Fxt@J
00 FaxtO—-Fxt
(z]TP 0
0 Y W, = f X
{ - Gzt —Gat
'LO_—KlUf-ItTaJrg.Tt 14 Grt -G ¢t
3 Ky >0 P Q Wi,=—2'PFzt0-Fax1t0 +
2'QFxt0-Fxt0 =
10-0l <Kjllx— | 15 ~2"PF x t 0 — x"PFO +

2TQF » ¢t 0+ 2TQF9 =



175

z-x2, " Q-PFz 1t 0+
z"PF 2 ¢t 0 — 2"PFo -
2TQF z ¢t 6+ 2"QFY
17b 18

20

0 21

15

e |

=217 < 2K - a

F

H

Iz -zl <V2

K
} ]‘- |z -zl -
i

v
+72<2f3

| fa ¢

[t

|-
161 <2J6KM,

I

J

W,

o
I

1ol -

+2V3K, o1l -

o 3H§J
2ab < %az + eb?

.TT

l

1
X
X

+ 23K,

H

22

‘ 22

&
2 z
1o PP + 1 QQ + 2el 0

0 11 PP+ 1,QQ + 2¢el

<

W, +

N .

2T P Gxt —Gaxt
W, = ,J <
x 0

{Gxt—Gxt

o (2

fZi ‘ lGxt -Gt | <

J_

u max

P 0 - (-0

axl ) g B
0 Q (x

T{;gPP + el 0 } {x
0 13QQ + el |

24

X
X

24

X

22

19
(‘%\T
V:V1+'v2:zH -
-
1'% lPBK ~
K 2 x
_1<0
1 x
2

Lyapunov

BK T wy

o < g
U = Uy

17

K, =6.4013x10"Hz 22 [
g o 6 fg
ms pm
Umpxy = 3 V.
0.05 pm
SL r
Ky My K,

= 10* ym
v

r—0.05 »+0.05
1 50 300 pm

fg
PFC.

1-2
PFC

PFC 6
I f70g =0

sin 2t

_ sin ¢
1+ 3?2

1+y2

fyyedelo 1 0, +
sin 3¢

1+ ¢2

+sin 4t 64 + sin 5¢ 05

SL 1 50 300 pm

0.81 ps 1.01 ps 1.8 ps 3.16 ps 6.41
ps 7.01 ps

SL =300 um  PFC

2 3 ySL SL SL



176 2006
PEC 6 1 SL 2 FH£0 gy #£0
ul u2 u3 vy vy 50 y 300 fyy$tlo g
3 63 300 SL = 300 pm 100
g = :
v 300 1+ 32+ %+ ¢2
SL 1 50 300 pm
1 T
0.9} e —SL=1um ||
ol = St=ab || 0.52 s 1.2 s 1.61 ps 2.63 ps 2.42
Lol - us 2.43 ps SL = 300 um 2.65
3 o8 1 s 5.41 ps 1.32 %
3 0.5} ] :
"é 0.4H ] 4 SL = 300
5 | - 5
i | v 350 v 300 wl u2 w3 63 300
O 1 "% 3 4 5 6 7 8
time/ms —SL=1pm
a £ ~- SL=50 pa
. - SL=300 uw
a o ;
S ;
< i
3 h
& ;
3 g T L
2| b =300 um :‘
3|0 &
] i 5
of ! o
= H 1 1 1 n i "
g 2 3 4 5 6 7 8
8 g time/ns
k
a
0 1 2 3 1 5 6 7 8 4 b l'l_
time/ms . 5 - gti 8(?;‘111 ]
> 5
’ g 1y
2 a g: o u "
: T
Fig.2 a  Track seeking curves of three tracks 2; i ,' : ‘;:
b Control input curves of three tracks = Ry . l. : :‘ ,
—3 L S 4
a 1 2 3 4 5 i] 7 8
time/ns
@ b
£
3 4 a
g b
E Fig.4 a  Track seeking curves of three tracks
a b Control input curves of three tracks
3
PFC 6
time/ms
/g
3 300 pm 2 6a SL

Fig.3 Variable curves of parameters for seek length 300 pm



177

w

L T S
g S ) e e
= @]

: 83/300
=

g 8 4
=

=

=

tine/us
5 300 pm
Fig.5 Variable curves of parameters for seek length 300 pm
1 SL =1pm N, = 100x; 150k, 300x; *
2SL = 50 pm N, 6000k, 2500,

3500k; T
3 SL = 300 um N; = 10000x; 4000,
5000045 T
ki i=123 0 1
PFC 6
6.
PFC 6
SL 1 50 300 pm

0.68 s 0.97 ps 1.77 ps 1.71
% 1.08 ps 1.09 ps 2.51 ps 1.99 % 2.27 ps 2.
28 s 2.64 ps 1.82 %.

1-2 PFC

PFC 6

VCM

VCM
Lyapunov

n
=2 ’,'
g / 1
[2r]
T
> -
=3
uy
S
£
= J
I
=
=
el
2
=]
2 3 4 5 6 7 8
time/ms
a
3 iyl
i =- SL=50 pm
i ---- SL=300 um
2| ]
= 1
g af
g ol
= Ll /
< b H
- iy i i
=2 [ i
& i H
8 g i i
i i
i i
_3 | wad .
0 1 2 3 4 5 6 T 8
tiee/ms
b

Fig.6 a  Track seeking curves for three tracks with noise

b Control input curves of three tracks

Suthasun T Mareels Al-Mamun A. System identifica-

tion and controller design for dual actuated hard disk
drive. Control Engineering practice 2004 12 6 665~

676

Peng K Chen BM Lee TH et al. Design and implemen-

tation of a dual-stage actuated HDD servo system via com-

posite nonlinear control approach. Mechatronics 2004 14
9 965—988

Venkataramanan V. Chen BM  Lee TH et al. A new

approach to the design of mode switching control in hard

disk drive servo systems. Control Engineering Practice

2002 10 925—939

Chen BM Lee TH Peng K et al. Composite nonlinear

feedback control for linear systems with input saturation



178 2006 4

theory and an application. IEEE transactions on automatic ing of parafoil system based on Serret-Frenet. Journal of
control 2003 48 3 427~439 Dynamics and Control 2005 3 2 87 ~91 in Chi-
5 KimHS Lim S lurascu CC et al. A robust discrete nese
near time-optimal controller for hard disk drives. Precision 9 . PID
Engineering 2004 28 459—~468 . 2005 31
6 Liu KX Chen BM Lin ZL. On the problem of robust 47~50 Huang YG Deng ZC. Hybrid control research on
and perfect tracking for linear systems with external dis- flexible structure based on neural network and PID
turbances. International Journal of Control 2001 74 method. Journal of Dynamics and Control 2005 3 1
2 158~174 47~50 in Chinese
7 WuWC LiuTS. Sliding mode based learning control for 10
track-following in hard disk drives. Mechatronics 2004 . 2004 21
14 8 861~876 82~ 86 Zeng W Yu DJ. A parameter identification
8 . Serret-Frenet method based on a niche genetic algorithm hysteretic non-
2005 3 linear system. Journal of Dynamics and Control 2004 2
2 87~91 XiongJ Chen WK Qin ZZ. Path-follow- 1 82~86 in Chinese

UNCERTAIN NONLINEAR SYSTEM OF MICRO HARD DISK
AND ITS TRACKING CONTROL."

Zhang Zhuhong Xu Zhidan

Institute of System Science and Information Technology College of Science Guizhou University Guiyang 550025 China

Abstract One of the main goals with respect to the development of micro hard disk techniques is to design
one kind of hard disk with large capacity orientation of high precision rapid seeking and strong stability in
which control techniques are one of the vital tasks to be overcome. Since friction force inertia force and air-
flow are the main factors to influence slider head in this paper on the basis of the classical model of voice coil
motor an uncertain nonlinear system is proposed by combining these factors of disturbance of slider Read

Writer and introducing a rotational angle of hard disk driver. Accordingly in order to solve the problem of
track seeking of the system its nonlinear observer and adaptive feedback controller are designed in terms of
Lyapunov stability theory and convex optimization technique of linear matrix inequality. Simulation results

demonstrate that the outputs of the system can rapidly track the arbitrary reference signal with high precision.

Key words micro hard disk voice coil motor tracking control nonlinear observer linear matrix inequality
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