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Design of Digital Tracking Controller based on Disturbance Observer
for Micro Electrostatic Actuator with Nonlinearity

B X B %R — AT

(Hyun-Taek Choi -

Il Hong Suh)

Abstract -A digital tracking controller is proposed for micro electrostatic actuator with input nonlinearity, where
disturbance observer is utilized in cooperation with inverse function. Generally the disturbance observer is announced to
be robust to modeling uncertainty, and external disturbance. But, when the nonlinearity exists in the systems, the
disturbance observer may not directly be applied to that system, because the nonlinearity may destabilize the overall
system. Therefore, first, we linearize the nonlinear input characteristics of micro electrostatic actuator by the use of
inverse function. Secondly, we apply disturbance observer to approximately linearized system for eliminating the residuals
of nonlinearity and the modeling uncertainty. Then, we get the good properties of the disturbance rejection as well as
the robustness due to the own nature of disturbance observer. In this case, we propose a sufficient condition for the
robust stability of overall systems. Furthermore, we discuss the problem that may be exposed when disturbance observer
is applied to the internally stable system with saturation, and analyze two methods to overcome input saturation problem
in the sense of internal stability. Simulations have been carried out to show the effectiveness of the proposed controller.
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o Eof

Disk Drive, HDD)+= 25
X 3 4009141 700Mbyte ©}de W&
*]ZJ’ 8msec ©}3l, A MY ALE

2 glen, HZ wLdy e x1s
“1‘3101 FAY HFEHY FFL& 1 o]ty
gtk @Al Al43t= HDDA dlolEg &
3, 271 9% Hz=9 A Aoy Helx IY EH

HDDE 8732

1. M8

e 18 99

(Voice Coil Motor, VCM)&t= F&571E A&l

o] Al£3 HDDe =
Ed YW x(Track Per Inch, TPID),
(Bandwidth)2] A% 2

gutr oz FHe

A,

dal AlREE st=gaza =go] ¥ (Hard
2%, 1AF ©
#Z, dolg B
e AFol FHE
A ST
Aé].‘:__o_

%oy,
A Aol 7] 7,000 - 8,000
500 - 600 Hz W9
2 @A ol2ctn gddh
A Ao Eafse
FH, Gl 93 AA, d23vt Aoz B3 F
718/ F7]12Q) o, &) JFon s FHU
A% 5 ggo] L A 237t FHolAol wat Ao
o2 AA Yeptr] el
T4, & 25000 TPI °]

% 7179

ool wek 20009 tHe] o4
4, lum °o3te] EY 5xg 713

A
M
pie]

R
B
4 m

H My 248 e

DBk BT L ARH 1A
DK BT R UFE THE
: 1998% 67 30H
1 1999%F 41 14H

-5 4

MM ojolaz PE7Ie At

& ARE
bt - T

BEIM 7ix

Aoz od4slc HDDY s= 943 Aolg A 2 -
SkHz o14+e) teZ 100 nm olate]l BF X 23}e] A

TS Ze Ay Alade] Ha® Aoz «€FdEd(1-3]. ¢
9 2E 4EE AU AR Al2" Fo olF FE7 T2
E zte B A% (Dual Stage Servo System)ol thgt &
T2 g2 AgsH Joi1,3-5] olF FE7IE oln A}
£ 59 VCM$ nfeja2 FE7)(Micro Actuator)E 7
Abg3ste Aoz wWe A HAE s873e EY #4Y

(Track Seeking)ol A& VCME F2 AR&sY, AW F
FE& 8738 EY FF Ao(Track Following)dl A& of
FEo] £2 vlo]aZ TFFIE AMEFLE, HY AHEE 2
28 7 Utk ol AR HE "lo]laAR FHV|E BE A
T%7)(piezo electric actuator), AW vlo|aAR FFV)
(electrostatic microactuator), WAA rvlolzaz FE7)
(electro magnetic microactuator) 5°] AMg €, was ¢

AN AFF HE Y Ao FAHE HGEo) w§ =
& dglolaz TE7E HEeFgoz HAY = S Ao=
etk aeid vlelaz FEIL JHN T Qe 2R3
B Ad FAE 93X 2 sotsle ® 02 EAE 248

E =Rt b M3 HaA vle)lmaz TE/E XNy
3, el AAY FF Aoy FnYFE AgstunA @
th 279 219A ¥ M¥E 842 Ad BAH vlo|law 7%
79 H43 mayS sPon, 2204 olyd A u}
olaz 7E71% A45E Al Fadoz 4y &
= gye AASA 23-2494 BF Hl A8 st 9
@] 4%e AAT 5+ Ye AT FFE HALNen,

g CIXI® FF Hoi7) AA 773



RAPLDFIATEE 48A% 68 1999%F 6A

ol Alx=de AL e FE xS AAFHA
O EF 25404 HPEHez °P7é§}°l 2EE Al 49
o 3} 2471 e Al2ded 4@ #F7E HEAE 9
Tyt BAE WY °}7‘o"*4 *‘?‘;"ﬂ/‘i e, o€

2% o AF7Y A ¥EE AAMsAT. 2193, 3%
M AGE daeFe B5s E«l AEE F&td AFsz,
opAeto 2 HES Medith

2. Ho{7] dA

2.1 olojlaz HH 757

233 Ha AMAE sk 2 =EoNM ALEE slelaz
57 2 134 o] A H(electrostatic) W22 2004 mX
300xme 2718 ZHAIH, 0~20 Vo 48 Aol 0~08x
mE FAFC o] TEVIE AVFE Mgl distd 1Y 29
2ol v AY¥A E4& vedy, 32Hgrsae YERA
%

2% 1 ¥™ ojojlaz F&Y
Fig. 1 Electrostatic Microactuator

x 107 Voktage vs. Displacement

10
Vokage (V)

18 2 MM olo|3z FEII9 217 Motof et MY SM
Fig. 2 Position output for Electrostatic Microactuator of Input
voltage

HY oy H 1]
v f y
—¥ N, y) P L(5) >
Blags s

18 3 ™ ool 37 22
Fig. 3 Mode! of Electrostatic Microactuator

774

ol 19 35 %ol u] MY Fo} MY Pz Uy =
99 2 4 ol

o 9 WAH AL Yo DAL A (Do, w4
P U7 A9y BAE 4 @2 vy F A 9714
F=NC-, )& 9, v A2 A%, y& B)H, o)

WE e, C €y L1, &, k¢ 0¥ ThE E1z ZoH5]

Mo, y)=|c+ (glc_zy)z - (g2c+3y)2 1
y+ 2wyt ®=k-o? - fFEE L(s)= m (2)
Z 1 M opola2 787 29 nf2iog
Table 1. Parameters of Model of Electrostatic Microactuator
2 &
C) 4.7617x10™
¢ 1.7584x10™
¢ 6.632x 10
£ 3.16x10°
£ 435x10°
k 0.43289
0.0405
w 1.4916 X 10°

22 Agtrol o8 M5

9 slelaz FEo1E AR Adel W] 19 29 2
e UM v HYH 28 542 UgdEz og 4
3 st Yo 19 49 2ol AYFE Sl Ao
g2 +Hs,

—

] v I
—» I() P Nv,y) P L) !

v

g gloER 2

02
(€

08 4 AE5E HE% ¥M ojojlaz FS7I
Fig. 4 Electrostatic Microactuator with Inverse Function

Q‘%J E A7F A, w2l B WA At Adel of
39 Ay F9& JEEE st7] f3td 4 Q)ez H9
it

Kw)=a, -\/—u+02[—(u+a3)2+a§] (3

A @M ASHE Bt A WEE Q) At
A 2 4 @ 2ol FBG ANy = ttolaE F



£719) Hol oF AAE AWHL, V'L Y. & IS
Aerolol, webA & 29 2014 2Y QAREH y,, 77
o 71g7lel @ ol ¥ HY PR AYSE Hg
sl A, wsh £, yol BAZ FH W QelA o]
952 st 95z 84 ¢ 4 AU

r = {r=m /) € RNV, Yo ) L) =y} (D)

223, ol 78 7 AgEA A 6 VHAEE 3
£ o8 438

INCI U ), Yimax) = 7= Ui | =0 5)

a8l A (6)F VEEE @y a;E ARIHAY A7A
Una, Umne 22 Ao} 48] Hd, H& golnth 0¥
A AdE Z+ oAl bdee g29 2o

min o, o [IN(I(2),y) =7 wll .., % €(Umin, Umax) (6)

E: 3 2. 9@t ul2tolig
Table 2. Parameters of Inverse Function

uish A &
ay -1.361
az 0.34
as 0.925

weld B Ay B A (DI o] 2AHoew Hys
g+ Ao oA7M 4,8 #F 8] A AJEE Jehdo

MEw),W=r1+4) u, u €(Upn, Unax) (7

ole} gL wyo= n] MY nlo]ad FFVE ZAHL
2 Y3 SRon ofz dol AUk v MY 248 AA
EESIERE S EEF T

23 oz B&7| 4A

i@ ®27]% Ohishiol i3t Mg AAIAHT). A2
B27t 2dY ash i) W AR opeY, I
52 AANEE Ao} 4AL A 2ol 3H 2
Ay S5 e BHoz Ha 2 Ao ¥ A A
Aoje) ofe] ool del A§HUCHE-(10] wekA o}
e H AY sash 9ol e AT 4L RES &
7] flstel 2y 59 2o A BAE A

4714 B4 Y P& A ®)3 ol AR o
@el 7 A @A olFl ARAYL, L9t vtolaz
FE7)e RN Y o) ¥4 mdoln

H MY 228 s MM alo|32 7S 7 BRI 21X OXE FF Moz dA

Trans. KIEE. Vol. 48A  No. 6, JUN. 1999

a3 5 o2 AEJ|E ME8 M ojo|l3R &7
Fig. 5 Electrostatic Microactuator with Disturbance Observer

P(s)=7r-L,(s (8)

@ #2715 W4 Fol FA nlojaz TEI Y%
3 @AE A @)% 2ol 8 ¥ 4 dew, d714 G,
Ga Gy 747t A (10), (A1), (12)8F 2T}

¥=Guy 4t Gay d+Gpy- ¢ ©
Go= (AT TIP3 1o
Co= Pn+([r€)1"(+12,)€§)I,—P,,)Q an
6 [A1+4)ILQ -

=P rUAI+INL-P)HQ

ek Q-YE 7t o] 43 {(s)=1)olety,
Guy=P,=7-L, Gu=0, Gp=1°] 88 & & Uk
agy Q-"Est 1o §9W 19 5004 PL7F B9 3
#7b ¥Rt AN 7d Bbssc Q-¥HE
QANP L U(s)9 B 5ot BRe A4t ZER FHof,
Fdo] ASHEZ VE F: AFAF 53 Fyoldh
G714 BR A, P,ol 23 Aadolmg RRel e
Al 279 AFE W G 24 (relative degree)v 23tolth

kA A (13)3% 2ol Q e E Md=3igris]

_ ) +1
A =T 32 4 3 T 1 a3)
714 = Q-"Ee) A3 Fosz
QUwI=1 w1 Q=0 w>r2 44T F+ 3t

E =5 = 00012 W9t

24 29l AYEE AP 52 A

& AHolN HAT I BE7|o] YA ¥ A7 E
Hed Alage AL 2y 63 ol dehd 5 gon,
A2y AL 4 192 D & 5 Ak A7 G,
G, Ga Gu= 27t (15), (16), (17, (18), 19+ 2.

y=Gw-r+pr-p+Gdy-d+G;y-§ (14)

775



WP WAL 48A% 6%t 19995 68

y

a2 6 Hetst Hojziel M
Fig. 6 Block diagram of Proposed Control Scheme

G,y= CZ)" (15)
6, =M= o
Gdy=%_&) 7
Gi= M (18)
2.=P,(1+ CP)+(P—-P,)Q (19)

A (15 B 4 9edA Ce It 4¥ AMojr2A
A die 3EAA ZiEstnA @ g3, x .= HF
Z Axade 54 HAAolct ol AA 2, L(s)o A
o e F49% =34 23 4,°] Aot SHASE P
4 2hez vyed 5 U

L=L,(1+4;) (20)
P=A1+4,)-L,(1+4)=P(1+4,)1+4,) 2

oeby 2(19)9 SA4 wAAe 4 2z ®d ¥ F o
th g7 M A% (dp+4d,+4,.4,)°1%
2(s) =P,(1+CP)+(P-P,)Q
=P (1+CP,(1+4,)X1+4.))
(22)

=Pf{1+CP,+{(CP,+ Q)4}

18 wday 93 4,8 %
He3Re o 7 Jé%‘ 25 z7e
T U

el FA4
#3718 =

]

ag B
212 vhebd

a1} 44 N2¥ PE ¥4 29 P9 B4 o
A, 4p2 P=P(1+4p)% 2e] BEEATL 34 ol
24 29 P,o] AL, 4% Aolr] CE HAEAATY,
A% AR Azt Aay 2dd 9 Jpol tehed &

776

A FE 27 4 2322 29 & F o

1+ CP,

|API$ m Q-|- CP,, = (25)
S 0 €0y (={o:Qjw)=1)el SRS
14pl,_,, < 1, (0Ew)E BEstodo} P}

$= jw

webd 29 69 Al dAME L,(s)7F A3k,
Ay A7), C& A& A9 HFZ Axado] Yy
eatek vl ¥ LA diEted AFA AFEE FAEI 9
¢ FE AL A (299 %o 78 F Utk 97N gE
(d,+4,+ 4.4,)°1th

|4(iw)l < 1, (wEwy) 249
25 2|2 2HI1 Mol U x3tof tfE 1y

ag 79 A2AY Ao dY¥Y 2z g4t EREE A
2glo o AF7E A L34S A E ndto BAL

a3 7 Mo 24 23 Q48 e AlaY M
Fig. 7 Block Diagram of System with saturation

HA, Ao Y T3l g7 BAPER RS FFE A
o] 48 ¥3 24F uHFA %YL ALY gornz o
Qo2 vehd = gl

do X,

a2 wek Pls), Ps), C(s), &s) 7} ¢A3n
P,(s), P(s)e] A S Alxdeleln & o, 21(23)9 7
J AN ZAL VEHY AA AxPE YrHow A

sty

(Z29] 28 604 98 [r,d)7d g3 A2 46
Y317 BAE 4 (25)7 2ol YEhE 5 gl

Lo, u

s P,
u =
y P,(1+CP)+(P-P)Q 25)
(1-QC+CPP;'Qq —-(1-Q¢C
[ C —(c+QP;‘>[;,]
CP (1-Q

W¥zez o

37 AdE 6l We vt BF



QA EAof st g, P(s), Ps), C(s), )7t XAz,
P(1+CP)+(P—P)Qo] &As® AAl Axge Wea
o7 QA% g

a8y Ale] e T3 HAsE @ B o
o YR Aol FAHA F& 5 Ak A9 He2er ¢
2 713L ¥ 9 Ao e X3yt dAEE 4
[r,d]Tol wigt A2de] e [u, 'y}’ A= A
(26)7} ol JERE & Qo

c -C
“, c___(c+teP Y|~
u 1-9Q 1-9) [d]
y 0 1 (26)
~CP )
(C+QPHP
T (-0 U

wela] A2 B dAHE AL BT uEigiy,
s) = NJIs17'DJlsle &8 z 4o hhg 28, o
o &4 BA4L (NJIs]-DJlsD7t dch. wetd 72 A
2 $ee EUAT FHS 7}?4 gtk ek 2] (13)el M
HE Q-¥EHE AAY & HS YA FHel YedA ¥
b g WP °\_}13"*«] AdE &4 Hz, A 4
(bounded input) »3 dol sl el o & AFHA @
=0

olg} @&ty B 713 wyol AU 9N10], & A
Aol GAsts dAT} AAG FH F2%S HE Y
2 Z3igch B =FoME R AR WA <)
3 Fd PEE AN T F ey, Mg F AR Wy
A7 WR dAZE Ay A% WwYez g2 ANE
dgE& Bolxnz} gl

W 1 g Tol AU ez 19 8% o) Q-
H 9 4 ol Alxde Ao} ¥ 23 a9 2L A
o 49 ¥3 84 & HR3= WHoltHIl

4 >y

O 8 Mo Uy xs 24§ THEE 2T BEHT
Fig. 8 Disturbance Observer within Saturation

ol A% Aol e Tt wAsHE e U

[7,d]Tel gt A2de Ae) [u,u",y]7 BAE A
@D o] Yerd 4 Qigh

H M A% e FY olo|22 FF72 2@ AT VX3 CIXR FF HOIY| dAH

Trans. KIEE. Vol. 48A, No. 6, JUN. 1999

() -C . ,
= [Oc —(C+IQP,. )“d]

u
y 27
—CP
(Q— CP— QPP ;‘)] U
P
Fe2e) W IS ZUS BEEHY A2ge YR g

et w2y AgE AF 7, 4 Ul dstd o, o,
ye Agdd,

Uy 248 ol AL 2] g A 4F ¥
(Self-adjusting saturation)& 238 99 Zo] Yebd &
oH10].

P &y

a3 9 X7 Mg MO ¢y EsgHE B3 92t &7
Fig. 9 Disturbance Observer with Self-adjusting Saturation

714 Ve 7hE Aol 9 X8 242 08 4 ()
Z BREE 7y st =77t shEd

Ve U, u' U,

. . (28)
U—(u"—U) u'2U,

OE

e u'E 34sd Ut E AS, 2 g
st w7t U,B 9A ¥EE s wyos,

Py
=%
thgel Aol 2ABT

_.E_’-_
a

=

-

o]

A w*zU0l3, w'=V+6d W |H<UE UES
' RE ¢ detd o' =07 HEE = w By F
& V(e(0, U7t EA%o)

oz A Wil 13 Wy 28 tgy o] TR wa ¢
At
WU, 3% 3y 1% 3y 20N 25 99 3 24
& AAT AE9 5Ysid

w'2U, 2% 9 Aol g3t 29 99 o U,olm
29y 13 3Y 29 B oy, 6 wit AHE 5L E4E
iAo & Aot =3 29 WE AL AL UGS
R AlARe R s u, dEgd ATy 49 r, 4,
Uyl datd u, o', y= AP

4



RAEAS NI 48A% 642 19994 6R

E: 4 3 W 13 Wy 29| AlAd] AE)
Table 3 System State of Method 1 and Method 2

w1 Wy 2
a U, Aol YA U, A Aol
T3 g40) S
B U, EER U, =a
y BP+d AP+d
5| Qe—QP.'y Qa—QP.y
u| C(r—y) Ar—y)

add, 4 (28)9 Ve uDO U o, o4t Azt 999
BN Vk+D=U,— (" (H—- U2 78 3l gl
oo &, AEY A ALl Sjatel 99 Atde B 7
% 5 ok " B Aol AlagdMe By 19 3y
< Az

Ao gd BF7E HES AA vpolam FFVIV
2kHz®] g F1 80x29 HG AFE ZEF 37 H3d
Ay A€ HASRA. HYArY HAE AgFS
AT #EZ7E AEH A vlolazg FE7IV Yol HA
e G 4 B9 TA 2dE o] &t W-F A
el A 1AL BERIA=E AASA old HEH A
3, T= Qpsecoltt. ¥4 Ad dolaz F¥717F 34
2 LAE Z7) "WEd Pl Aoiv|E AHRALH, $9
AA 238 WEAT7] Asted 1.3kHzol SH & F7HE 4
ettt o ARE 2 Q9% Fo] yEhd £ Uk o
o 44 ¥FE H 49 T

C(w)={ﬂ} : {kp- (29)

w+ k,‘/kﬁ
w+k, }

w

3 4 Ho{7| o7l H
Table 4 Parameters of Controller

i A &
a 09
ki 80000
Ko 10°
ki 510"

olgA T3zl AMeI71E Tustin B HHE o83ty
4 (3003 2ol o4t A H e Aojrjz ST

ak,Tz+ dk[T “k
(k1T+2)Z+(k/T—2) ’
) [ (k,T+2kp)Z+(k,T_2kp) }
2z2—2

C(z) =
(30

778

EEgre AT BE7E HE3 AA vlejaz FFI)4
AAG AE Aoj7|& 29 103 o] FA3 e matlabol A
2o AYE 83

08 10 29| g8 /st Ml Alagel 85 MET
Fig. 10 Block Diagram of Overall System for Simulation

EX YAE 04pmz 332, 29 @S 277} 02¢4m
2l sine &4+2 715 500Hz 9 1kHzE Z+2 Q171slgl
ooolw 2 39 1134 23 12914 BE uwieh 2ol A
d 3F 2de $° 54T 450 e v Ay A
299 g E4°] FAEE ¢ F Utk by AFgFE
o] &3 My we] HNFFS B & Yok #& A¥ B
%718 4% Ao 500Hze 93 A7te 2™ 119
AHE BY F B37E HEEr] Mo HiEe 9A 2
e 114%°)8 2 Z4s R, 1kHz 938 A7g 19 12
o] Adxe A 237 357%¢)8 2 AU vE
o AR FA welaz FFY v MY EHE AT
g #Z7)E Balo Aoz AP YL ®y opy
g, o AA A9E Jdeds 4 £+ gl

i ... With Disturbance Observer |

Pasition Jm]

0

0 0.;2 Uil ujs Uv:B 1 ‘;2 |ll 1:5 18 2
Time [sec) x10°

a8l 11 500Hze 2iztol| Ch3t x| S8E SN

Fig. 11 Position Response of Disturbance (500Hz)

With Disturbance Observer

G

R |
: : ; : Without Disturbance Observer
254t Linear Model Without Disturbance Observe) -4

Position [m)

L1 !

[

N ‘ H N 1 ‘ H
6 02 04 06 08 1 12 14 16 18 2
Time |sec] 16®

a2 12 1kHze| 2|2tof| 3 x|} 2S¢ EA
Fig. 12 Position Response of Disturbance (1kHz)



FH EZF AXNE 04uxmZT 332, A7)7F 03gmolx
2kHe] F34+E e sine FFE Y TR Aseid
Ao} e zal@ch olu Aol YHe X3} Ao P
27 s Aeole 1Y 137 Zol Alade] BEXABA
gt a2y el A3 9y 13 $Y 28 H8E 2
Y 149 A% A8 Alojre o BEU] AEe Ao Y™
T2 FE 2A FolAE RIAT Alado] IAGE
FAFES & gk =23 9y 28 3y 1] o &Ad
g & F gtk

Pasition |m]

P (S S N S S AU S S S
0 02 04 06 0B 1 t2 14 16 8 2
Time [sec) . 10"

a8 13 HMof e ZEyt wys A4
Fig. 13 Unstable Response of system due to Saturation

2ol gory SE S4

x0”

TH

Postion |
-

w

PS AN T S SO S S L
0 02 04 06 0B 1 12 t4 16 18 2
Tume {sec) 100

a3 14 Hol el marp wYd Ao EYE B
ol & wyel 8¢ S

Fig. 14 Stable Response of system with two methods
regardiess saturation

4. HE

HDD® 232 sl= HA Ao g Haf HZ A7H A
U F ve]AR FEVIE ol8® °JF NHE Azde
g 7HA Alolg oA e 828 IHE F US AL
C a2y mtelaz FE7] AAe 8] d¥E A
o] WA sAH o & EAZ WFHUL & =
v A¥ 54& 2E AA vpejar 3571E A
FPez AFso o #F7E HEA

d EA4E FAHez ¥t 8
71e 2F ¥ A% 54E AAsz, 2
H Ay AA volaz ¥3718& ¥
obuz}, 2] @oj tHff}a} e ZAde H4AE
2 Ao old 2@ FEV|F HY FE

3

= dr
TN
dr O
o

3

. op
ok
i
z
o
BE

}olo_lﬁ.oﬂ_'r-{uiku_&rlr
2
T.

N
- -
HE oX

i

f

'
o

g

ol 3k B oo ko2
A
rﬂ.ﬁi

4 18
32

H MY 248 s MM olo|AR FE7ie et 2HI0 I E£8 CIXE FF M7 A

Trans. KIEE. Vol. 48A, No. 6, JUN. 1999

Z23¢ AMNSHAYG. G Ao 947 23} 227t EAQse
ANzgel o BE71E HLIANE FF 2A}e EAE
Wy e oA s, ol & sFE] AT Wy
g va HESFAQ AAFAT. MAE dugFol Bl ¥
E4¢ MYz ste ST AFAA AY AA Hs5e
AEg oAb A FgelMe] R HdYoz 7,4%5}9&(:},

p:

I

of AFE BANETS AAHLYI} FRHE 24T
A7) AE/ENEALS AT AL g Ro)n
ol oz =AY,

Rz

[1] L. Fan, H. H. Ottesen, T. C. Reiley and R. W.
Wood, "Magnetic Recording Head Positioning at
Very High Track
Microactuator-Based Two-Stage Servo System”,
IEEE Trans. on Industrial Electronics, vol. 42, no. 3,
pp.222-233, June 1996

[2] Edward Grochowski, Roger F. Hoyt, “"Future Trends
in Hard Disk Drves,” IEEE Trans. on Magnetics.
vol. 32, no. 3, ppl850-1854, May 1996

(31 AAF, ol%38, FA4E, "Haz =go)Be 7|e 58
3} Aoy 71, A7) 332, A464, 10%, 19973 10¥

[4] Y. Tang, S. X. Chen and T. S. Low, "Micro Electro
static Actuators in Dual-Stage Disk Drives with
High Track Density”, IEEE Trans. on Magnetics,
vol. 32, no. 5, pp.3851-3853, Sep 1996

(61 273, HE", MLE, $AS, ded, I47,
“Nonlineatiry® 7%+ Micro Electrostatic Actuator]
23T 3% Ao Proceeding of the 12th KACC,
October 1997

[6] G. F. Franklin, J. Powell and M. Workman, "Digital
Control of Dynamic Systems, Reading,” MA:
Addison-Wesley, 2th edition, 1990

[7] K. Ohnishi, "A new servo method in mechatronics,”
Trans. Japanese Society of Electrical Engineering,
vol. 107-D, pp. 83-86, 1987

{81 H. S. Lee, "Robust Digital Tracking Controllers for
High-Speed/High-Accuracy  Positioning
Ph.D. Dissertation, U.C Berkeley, 1994

[99 K. S. Eom, I. H Suh and W. K. Chung,
"Disturbance Observer Based Path Tracking Control
of Robot Manipulator Considering
Saturation,”  Proceedings of 8th  International
Conference on Advanced Robotics, pp.651-657, 1997

[10] W. K. Chung, B. K. Kim, H. T. Choi, and 1. H.
Suh, “Self Adjusting Saturation Time Optimal
Controller Using Disturbance Observer,” Proceedings
of 2th Intemational Symposium on Intelligent
Automation and Control, May, 1998

Densities Using a

System,”

Torque

779




BEBWINEE 48A% 61 19995 6R

[11] Bin Yao, Mohammed Al-Majed, and Masayoshi
Tomizuka, "High-Performance Robust Motion Control
of Machine Tools: An Adaptive Robust Control
Approach and Comparative Experiments,”
IEEE/ASME Trans. on Mechatronics, Vol. 2, No. 2,
June 1997

o B (& X% F)

%68 29 2794 1991d #dd HA
S £4, 19939 F wehd dxee
EU(HAD, 1993d-1995d F= 8
TAYY ddETY, 19959-dA @
o oighel dabEehst whaba A

TEL : 0345-408-5802
E-mail ® htchoi@scorpio.hanyang.ac.kr

780

Mo E (B — 8L

19559 449 1694, 19773 M ed Fd
AxFstE £, 198293 = e A&
4 M7 2 AR e SH(FE). 1982
d4 de FF g 43 =25
1987-1988\d ml= wAIZd] A A7,
@A gFdsn Fo o4

TEL : 0345-400-5172

E-mail : thsuh@shira.hanyang.ackr




