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Adaptive backstepping sliding mode control for oscillation displacement
system of continuous casting mold with unmatched perturbations
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Abstract: An adaptive backstepping sliding mode control algorithm based on the nonlinear extended state observer (ESO)
is proposed for an oscillation displacement system of continuous casting mold driven by servo motor, in which there exists
unmatched perturbations including parameter uncertainties and disturbances. Firstly, based on the hyperbolic tangent
function and a high gain, two nonlinear ESOs are constructed to estimate the unmatched perturbations. Then, by means
of the backstepping technique, the unmatched perturbations can be viewed as the matched ones to be handled, and the
adaptive integral sliding mode controller is designed in each step of the backstepping procedure to eliminate the effect of
the unmatched perturbations. In addition, two integral sliding mode filters are introduced to estimate the time derivatives
of the previous step virtual controllers in the last two steps. It can be proved that the estimation errors of the ESO are
convergent to a small neighborhood of the origin, and all of the signals of the closed-loop system are bounded, and the
system states can be asymptotically stable under the conditions of selecting appropriate parameters. Finally, simulation
results show the effectiveness of the proposed method.

Keywords: oscillation displacement system of continuous casting mold; backstepping control; sliding mode control;

extended state observer; unmatched perturbations
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v(0) = ¢(0) = 0, Fv(t) < m(e* —1)/ks. 3,
HHRAXRAC() = e mlo(t), 7 T15
lea| = [C] < e75%0] + ke 50| <
(2—e M < 2.

[ B, 7T AR H |es] < 2mo. #E— 22, 5 B (20)
E [p2| < i ¢(p1,p2, ) = |palsign(p2)/n, 7T LA H

2a171 |51, 26)

2@27]2|82|.
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S5 A0, SR [22] BT, BE R A 21) BOAL TR 22
SURRHCH RIS, B2 2 o R AT . F
L AR A R, R/ T LA bR 4 ol o 1
Ry BRI e T LR S S Al 1 (L 31
i RN e ART R 2 S B B MR, i = 1,2,

S 2 B LT, AR B A 45 dy B dy R S
fr. ik, 4

p1 = sup |y ()] + 2a1m1,
p2 = St;lg) (Id2(t)] + 2" ()]) + 2a2m2, (27)
p2 = Sup iz t)].
JES)
arsies — s1di — sap(arsies, s2,m) < msil,
ass2€3—S2ds — S30(a252€3, 53,72) + 52" < Masal,
83%;‘ < 7383l
(28)
H =X (28) 2 (16). (19) Fl (24) RN (25), AT 13

4

3
Vs <= (kus? + kalsil) = Y Kfikopipy. (29)
j=1

=1
gi b, AT AS H e B
EIB2 43RS (13), 7T ESOs (6) f1(7), 15 15

T (14), LA v % (1), BT s it 142 #1183 (15)+ (16)-

(18). (19). 22) M 23) e RIE IS RA A E A
Jt, RGUIRAS AT 280 SR 5 A AR 1
— 5, I R UG E 1 S8, v R GUIRES W AR E,
B lim e(t) = 0,1 =1,2,3,4.

WEBR B 5, R (29) T LS, 75 BE 0% (R I JE
HAs QDA TSR I s (0 = 1,2,3,4)
MBHAETHRZE i (5 = 1,2, 3) BIEECH TSk s 57
BT PR AR AL 2 TR AR T S I AR AR R I )
X (14), AR K (26) I IS AE, 7T A RGUIRES
ei(i=1,2,3,4)2H K.

B0, WREROE 1 ZHES,, B, YA p;(0),
EE A U N B, Ky FUECRE 5 (0), FIAE ;> py,
j=1,2,3 W29 5N

4

Va < =Y (kins} + Kinl i), (30)

=1
T AR T s, P 7EAG RIS TA) P Wi S8 IR A, 75 B 2K (14),
RGURAS e; WTHNEWSARN R 5,0 = 1,2,3,4. O
2 ARTER TR TR T, fetg
SEI R GUIRAS W AR €, AR 1 AE STk [3,6-7,9-

10] EPF)?%%E@Bﬁ4\1ﬁii&%1¢(ﬁz~):tli%d(t) =0,
ST TR 2 R A

E3 BB HEEAS A R EH TS K
H sign(s) AT Bl 1E 1) B8 5 tanh (K&, s) HUAR, HH
kg, > 0. IXFE, AL 2 W], 0 A2 2 BT
S, RE 55 R G0 RHR )L Ak e B o) TR
FE” 10 R AT R PR 2% 1) il i i A g

4 fEEENERA6). (19)F123) 4, ik
WMSHES = 0,5 = 1,2,3, W F & RH S 5 e
R [26] (T 2. X ARG OL R, SeBr R BIME R G A2 € 5
WARMERIE W AR — EL R ¥F s; = 0, K EH
ENLSH p; AWK, NI p; > p;. (HFIRHE 2318
XTI “parameter bursting” 271, A8 41 1% ) @, A 3¢
KT o5 E3EET28 TR [ 3 A w3 0 B e T
—k5 o RS > 0,5 =1,2,3.

ES AHMERIN, LR R BGR LR R G AR T
D RT3 R, 2 B 2 AT DA E R B4 A JE VTR P
I n N IEL M R, Bk, &5 NP sh, Wit g
Wiz (6) B (7) BT ESO X H AT Al v, 2R )5 i =X (14)
(23) WD BRBE T B0 B 0 W A4 1) 25, BB A A 2R
RAGFAE SR RGRESHIERE.

3 MHEBIT

T IR AIE AR SR Y ) T SRR AL 5% 1) 4]
JIk HL LB 3 T4 55 5 o o DR B 8 4% 2R G A | vk
A R, A FLdEAT 07 AT AT,

EF I RESEU T Py = 204kW, ny =
1500r/min, Iy = 45A, Ry = 0.14Q, L = 4.6 mH,
J = 0.0547kg-m?, ¢; = 0.96Wb,p = 3,B =
0.04,i = 5.1, h = 3mm, f = 130 J/min, a = 0.24.

i bR T B 45 F s B PO N R S we AR
1ESZ I, F AR 0T

ya = hsin(wt — Asin(wt)).

Hi:w = 2nf, A = na/2sin(n(1 + «)/2), f N5 &
SREINE, o N PTE WAL

MRAEAE S 50 AR IE 52 IR BB J5 RE W 15 H AR B
ORI N0, = wt — Asin(wt).

AR SCHR (21 %6 47 3 e A 1 R AR A, S 5 46
WIRBN R G RIS N

Ty, = (5.1335 + 6.498 5 sin(wt — Asin(wt))) N - m.
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o0 32, XL TR
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