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Fig.1 Schematic diagram of electrostatic levitation system
BFREFENSHELIERN TIHFR
BEIRMBRBN B, WX S0, B

E2ME - BBy B RY 5 5 T A+ 1" FUHF A (41300020)
fEXRM I REBO78 ) B ABEETEASHARELRRE  ZENEN G RBABERT F BRI,



110 KB K 25 4R (T R

2004 4F

e ER T FIFS BB R R AR s
(Vptu)  (Up-u) ]
(do+Ad-x)? (dg+Ad+x)?
{1)
APk W SRBRENTRNER, U,, v, H31H
B EMBERBE;z, d, TR B FAEA
HAR - BT EIA B LRIBE; Ad X BRBE B AL
BERTREREREPOMBBED. %
R(DELER 2 =0 A Ad =0 #4T Taylor 24—
BrREFT, B o5 @A MR 3 7, a0, T 1L 1G
PETHEDHTR
mt = Kx+ Ku, + f(x,Ad, u_) (2)
AH: K =4klUi/d), BAN -MBEYK =
4RU/dy, BRR Ty - MRS f(x,Ad, u )R HS
Xz, Bp

Fx,u,)=k

2K,
f(x,Ad,u,):éK—’xﬁ**u (l_lé‘i)
b
wl+ fy (3)

FAZRT LR, MAI B RS TS
iR, Bl

X(s) K.,
U(S) ms® - K, )

BRERGENHER KR, 758 085 —6
WL, B

G.(s)=

K,
T,s+1
A K, IR EROCREYG T, ket ) % .
HX(OHGS), TRBRBRB ARG LHE
X} 1% 3 R ¥, 7D

cu)-g?ﬁ_c(nc<n

K, K,
“(Ts+1) (ms- K,) (6)
LTERREN AW AT, HR(6) BB
NBBEMBROMSITRE®

£+-l-dd K L
T, " m" T,

itq’:h=f(x,u,)'m/(K.,'K.).ﬁﬁ%ﬁr)‘ﬁﬁ

BN W HFELRMEA,,
HARERERR x =[x, 2 ], K

z,:x;xz=x;=3=x,=FEEH%I“)‘(ﬁi§X~1§.W

REZ
[&=A0x+B(uc+h)
y=0Cx

Gs)=

(5)

s k) (1)

X =

(8)

0 1 0
it:':F=A0=[ 0 0 1 ]’

K/(mT) K/m -UT,

0
B=[0 ],C=[l 0 ol.
K.K,/(mT,)

FRAFHRFHAE L ABHLS . B
{x(k+ 1)=@x(E) + T(ulk) + h{k))

(9)
y(k) = Hx(k)

r
I J'e"o’-d:B.H=C,T,jb%
0

BRR.
2 MERE R MR

RARREHENHRAERERERE 2. &
FRO)WHEMNR RTINS, FREERARIE
B LER BB O=0,- LH & NSTEHEE
PAEP ;A5 N TEEESE @, FEEM Lya-
punov H B @TPO - P+ @ =0, AN B EIEK
FER™ (18 HF =T'"P", Jtif , % Z M fE
RERH:C(:)=HF[d - ®1-'T, qARIE ¢(2)
RBIEZRHKS.

-
#ah
A1 N

TR

sk
o
ifuz- 37

WAr

).t L
i

REZER l_ 23]

.27 RE 1,
RN R

T

B2 BRESEZIRERALHER
Fig.2 Siiding mode control diagram of electrostatic
gyro system
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Tab. 1 Perameters of electrostatic levitation system
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Fig.3 Step response
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Discrete Sliding Mode Control of Electrostatic Levitation System

WU Li - ming, HAN Feng — tian, HOU Bo - jie
( College of Mechanical Engineering, Zhengzhou University, Zhengzhou 450002, China)

Abstract: The paper applies sliding mode control 1o electrostatic gyro levitation system with parameter variation and
external disturhance force. The dynamies of the gyro totor with varying parameters has been set up. Discrele dliding
mode observer and discrete sliding mode controller with integral compensation for achieving less steady-state error have
been designed respectively. The dynamic similation of sliding mode control is compared with those of linear control by
using MATLAB SIMULINK where overshoot has been lowered by 40 percent and setting time has been shortened by 60
percent. In respect of stiffness, the ability 1o resist external disturbance force has been obviously strengthened where
the stiffness in low frequency band, medinm frequency point with the least stiffness and high frequency band has been
improved by 42 percent, 110 percent and 53 percent respectively. Besides, a proper boundary layer is introduced to
overcome chattering problem, improve accuracy and reduce energy consumption. Therefore, the mhust performance of
the electrostatic levitation control system is illustrated by sinulation resuits, which show that the proposed sliding
mode control is effective under external vibration disturbance force and parameter variations .

Key words: electrostatic levitation; sliding mode control; sliding mode estimator; electrostatic force; mbust control



