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Quasi-sliding mode control for mold vibration displacement system with
unmatched uncertainties
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(1. Key Lab of Industrial Computer Control Engineering of Hebei Province, Yanshan University, Qinhuangdao 066004,
China; 2. National Engineering Research Center for Equipment and Technology of Cold Strip Rolling, Yanshan
University, Qinhuangdao 066004, China)

Abstract: With the continuous casting mold vibration displacement system driven by a servo motor as the research
object, a robust quasi-sliding mode control based on the disturbance compensator is proposed for the system with match
and unmatched uncertainties. Firstly, an improved decoupled disturbance compensator is adopted for the unmatched
disturbance. The estimation error is convergent and bounded. Then, a new kind of hybrid reaching law, which combines
the exponential reaching law with the constant speed reaching law, is designed to reduce the reaching time to the sliding
surface. The extended state observer based on the switch function is designed to estimate the system states and the total
system uncertainties (including the estimation error of the disturbance compensator and the system matching uncertainty),
and then the relationship between the reaching law parameters and the total system uncertainties is established to reduce
chattering and improve the system control performance and robustness. Finally, theoretical analysis proves the stability
of the discrete quasi-sliding mode of the closed-loop system. Simulation results show the effectiveness of the proposed
control scheme.
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k—1
S(k) g ffso + Zfll((l - fl)Ad - Dmax)+
1=0

> fiDmax (31)
1=0
F, Mk — ool
1
Jim s(k) = m(l = fi)Aa= 44 (32)

i E AT BUE SRR AL 5(0) > Ag
I, 750 {| s (k)| } A2l XIS R Ay

xf T HAt A 0 B AN 2 BT {v (k) }, R4 X (28)
ﬂu?griﬂklin;osups(k) < Ag WRIE {s(k)}ER PR
BANFEANX ] [ Ay, Ad).

XFs(0) < —Aq BT, R FH AL 73 B 75 i
CPSGE

lim infs(k) > —Ag. (33)
k— o0

ZHAN Y {v(k)} = —Dpax, Yk > 053‘,16113)10 s(k)
—Ag.

Mo > 1, s(k) U SIOHE B AR AR AT S8 8 i
WST Ag. BRI, 24 Ay > Diay B, A% 52 [X 35 51 R
N6 = (1 + p)Ag, Hr p BN IEEL, WEA R
SELN BERE T 2 s(k) < O, IR AR USRS B AT 45
s(k+1) <.

B2 B A <1, > 1H].

i @3) AL TE R Ay < |s(k))Y™ < 1o,
W [s(k + 1) < [s(k)|Y*. Hk, Mo > 18 i
|5(k + 1)| FEAZIX 50 K (R ME 52 04 B,
— By AR HE X (13) Fa K (18) 2 3 AT LATS 2

Bny = fi+ fo+ Dnax = f1 + (1 = f1)Aqg,
_Bn—: flAd+ f2_ Dmax: Ad_ 2Dmax:

—A..

(34)

IR 23 TR EI Ay > B, W A H B,
VR G B0 R DX A SRR

B fi+ (1= f1)Ag > AgATUHES f1 A, < f1, BP
Ay < LI EA; <1 a > TN, &R 5
BRAS = f1+ (1 — fi)Aq.

25 FRTR, RGN L& s (k) FAEA R E AL
HEEH A EARIA F XIS N SRR S o fHF
x. 0O

S A5V R B A E U R, 2
o > 1IN, AR SIoR FE R o B3 N in Rk, (5.3
PR SRt AH B BG 0. i AXS T o B R 06 43 AT AAR 4 S B
T L RAL A
4 RS

DNIREIEAR SCRT VT4 1] 25 (0 A 81, i T e
1] i FELATL B B 1) 3 o 45 i AR IR B B A Bk 2
B AT BB i = 5 Py 204kW, Iy =
45A,R; = 0.14Q, L = 4.6mH,ny = 1500r/min,
vy = 0.96 Wb, J 0.0547N - m?, B 0.004
N-m-s/rad,p = 3.

i a4 4 a5 5 AR S e AE IR T 12
Tpr = hsin(wt — Asin(wt)). FR4E 5 v 75 72 0] £54H
JSL P i o0l o B A 45 SE LR 07 = wt — Asin(wt). Fo
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s b o R I w0 — %f,f?ﬂ%ﬂ.%%ﬂlﬂ%)ﬁ
B A = ™ ,a FPT AR ARSE. A

2sin (2(1 n a))
U EF h = 3mm, f = 130X /min, a = 0.24.

R 2 5 AR IR B0 R G R AR S B R 3 ik UA):
T, = (5.1335 + 6.4985sin(wt — Asinwt)) N - m;
JCH L 0 T 45 22 HH b0 RS B2 3 g, B e AN B AL L
Ai = 3%i.

2 LRI AR 51 B R B T xS 4 T R B s, R
AJ = 0.03J sin(wt— Asinwt), AB = 0.02B sin(wt —
Asinwt).

MG A (1), R A (10) (i R GBI &,
K 2 (14) X P o & WAl R 2= AT A 5L e =
[200,1], g = 0.15, f1~ foHRMEHEXA8)#HE,3 =
0.5. ;0 Dppax = 0.4,7 = 0.1, ¢ = 1 ms.

X T H I A 2 ) 2R B PLAZ ] U v, R R
JE Ja KB R PLIEH & 280 K, = 12.982
VIA, 71 = 2ms; K PLIZEHIBR S HN: K, =
12.982 V/A, 75 = 2ms.

N EAIE A ST T 2 K S B0 T
A ROV, 7 LI ok 5 B 4IR B I B R 4 1 K
S5 SR [16] Hh B8 T I 0 PR A R 6 ok 3
(—Asgn(s), ;A = 5) FEATXTLL, UL 2 ~ & 5.

HI [ 2 T LA H SR F A S5 2 iR A e i A 1
THIR 4l 5% 5 22 T YR T ) U A R 46 T T A
b, 76 25 i 25 418 B0 80 A% R B G T 0l A2 4 1 B2 oK 1 1
DL YR SIOHE B e b, e 1 3 T DL H L AR K (18), 18
Yol T R AN A TRURF A P U A 2 A e B 4 o )
. HE 4R LU H, TR A BT HAMER Re i 5 R
G P R 8 U MY . el B S T, SR A A S
TR AT R SRR T VR R s G At )

g — WEHE R
g 4f w KL TE T
=
E
%.‘E 0
™
o

_4 M 1 1

0 0.5 1.0 1.5 2.0
t/s
(a) &5 ahasRBNAIRE PRER LI
0.6 — RT7E

.......... LRI

PREZIRZE/ mm
(=]
[\

|
e
>

0 0.5 1.0 15 2.0
t/s
(b) himasiRah i B R EE R =

2 FERFBIRINIBIRER

— RNIE = = WO e E3u S lines

05 1.0 15 20 25 3.0
t/s

— ATk - - BRI - Lty ey

1.70 1.75 1.80 1.85 1.90
t/s
3 RGEITHIEA
60

— HE WA

d(k)
s B 38

0 0.5 1.0 1.5 2.0
t/s
B4 RGETILE (k)R
0.4
0.2
::% 0 WW\
“-0.2
-0.4
0 0.5 1.0 1.5 2.0
t/s

5 YIREH

T, PRUE D e B B AR SR XCIRUA .
5 4 #

XA i FRATLBIR B () 32 4 45 il 2R B AL B R 4t
R I UG G A 5% 22 AN A DL RC A0 S AR P B A 1
SE RS, AR T R T T AME R R B
R 1) 7 5 2 o AN TR Ak v BRI k3, H
e 28 1) 2% PR 1P SR — Ml B VR & B i e, o
mUOEIL RS ST A S A, N AR T T
()5 2 T U1 40 bR H B TE 3 5KOPR A LI 248 X 2 G B A
AN E T (LG T PO B Ak v 52 22 K R4 B UL D
AN 8 1) BEAT A, IR T I S S A e
T E R R, I HTiE B 1 3R R 5 BAE T
FEA WA E AR Ve, 8 7 JIRE T P A
77 ZEREME SN 4 4 6 A T PR ER AR ], 6 RS AF
TE BIANf 58 PR A R I B k.
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