539 B4 12 1] R N A R N S A Vol. 39 No. 12
2022 412 H Control Theory & Applications Dec. 2022

TR EE B S MW AR
BV 4L i ARSI R G BRIN T A5 1 il

B!, J5 gt AR, KA
(L el ko TV PSR TR 1 A e85, L %5 85 066004;
2. BB G5 B G ORI L, L %5255 066004)

THE: X 45 4 S AR R BN FE R G A7 1E Al IR B WL BK 3 B T 25 P AT 3 W AN G 3RS R P B il 8, AR SC A —
BT S NI 2% H AT PR 1A) 2545 SRS, w4, BEit— R B 38 SO B8 7E 28 A6 11 F PRAT B8 s AN 6 3 e 0
PEANF BRI 25 B AR 2 T UK, SR 4y BT 5 4l A &5 & 157k, 0 L 7 RGEM BRI T RA W
4 [ T AT 1) 3% (FOSMC) AN 28 ity i3 A8 4% 1) 88 AME 45 & AW T, Hl It 51\ — BB g v 2% R 3R a5 5 10 %
SR BSAr AT R W, ARSI HE 25 A 1 ) SR IS RE S CRALE 1R R ST RS BRIN T e ; s, I 05 L LR AT
UOAIE T AR SCHTHR ) SR R R

FIRIE): GRS LAY, W G NI B A AT R A

SIRE: BAGE, 77—, X 4R, 55 B FHRE 5 IE RO 28 I 78 45 W2 RS L B R G0 BRI TR A e . 1%
HII T 5 M, 2022, 39(12): 2313 — 2321

DOI: 10.7641/CTA.2022.10709

Finite-time fault tolerant control for the vibration displacement system
of continuous casting mold based on nested adaptive observer

ZHAO Yong-chao! , FANG Yi-ming"?f, LIU Le', LIU Ren-he!
(1. Key Lab of Industrial Computer Control Engineering of Hebei Province, Yanshan University, Qinhuangdao Hebei 066004, China;
2. Engineering Research Center of Intelligent Control System and Intelligent Equipment of Ministry of Education, Qinhuangdao
Hebei 066004, China)

Abstract: A finite-time fault tolerant control strategy is proposed based on nested adaptive observer for the vibration
displacement system of continuous casting mold, in which there exists the actuator faults of servo motor drive unit and the
load torque disturbance. Firstly, a nested adaptive observer is designed to estimate the synthetic uncertainty of actuator
faults and load torque disturbance online. Secondly, the method of combining hierarchical design and terminal sliding
mode is used to design the full-order sliding mode controller and the terminal sliding mode controller for the displacement
subsystem and the current loop subsystem to compensate the synthetic uncertainty, respectively, and the first order low-pass
filter is introduced to improve the continuity of the control signal. Theoretical analysis shows that the proposed finite-time
control strategy can ensure that all states of the closed-loop system are finite-time stable. Finally, the effectiveness of the
proposed control strategy is verified by simulation comparison research.
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Fig. 1 Diagram of the structure of the vibration device of
continuous casting mold driven by the servo motor
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Fig. 2 Structure of finite time fault tolerant control of mold vibration system based on nested adaptive observer
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46 Q) TR ALFE T B 7804 (t) = wot —
Asin(wot), HH:
wo=2nf, A= mal(2sin(7(1 + «)/2)),

SE RN 1L f = 90 /min, PIE M Ha =
0.24.

R BRI B (Nm) ik

5.1 + 6.5sin(wet — 0.4sin(wopt)), t < 1,
| 7.1+ 6.58in(wot — 0.4sin(wot)), ¢ > 1s.

5 JE B A 0 O B R, DR AR ST e A
PR L AR R R T R A i R AT 0 A,
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I H A5G BRI B4 HIME i IR AU, K5 A
W 1) v L LA 50 70 S UL A L (29 M0 1R 10%): Lo,
ir = —0.2i4 + 1 + sin(wot), t = 1.5s; T. M2, 4 =
—0.7iq + 1 + sin(wot), t > 1.5s.

ASCHT R TR E B S B n=0.1,
A = 650, Ay = 450, A3 = 20, v = 30, ¢ = 0.09,
ay = 0.5, ap = /(2 — ag), kr = 45, ¢; = 30,
ca = 16, (, = 0.1, a, = 300, b, = 2, ag = 3,
ba = 0.6, mg =mq =1,k; =kq =05.
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Fig. 3 The traces of the mold displacement x(Case 1)
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