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Abstract: The adaptive nonsingular terminal sliding mode (NTSM) control algorithm based on an extended state ob-
server (ESO) is proposed for an oscillation displacement system of continuous casting mold driven by servo motor, in
which there exists time-varying load torque disturbance, and parameter uncertainties, etc. Firstly, an ESO is constructed
to estimate the total disturbance and the unmeasurable state. Secondly, a hierarchical control scheme is adopted, and an
ESO-based adaptive NTSM controller and two sliding mode controllers are designed for the position tracking subsystem
and current control subsystems, respectively. In order to reduce the effect of the ESO estimation error on the tracking
accuracy, an adaptive gain is introduced in the NTSM controller. It can be proved that the all of the signals of the result-
ing closed-loop system are bounded, and the system states converge to a small neighborhood of the origin asymptotically.
Finally, simulation results demonstrate the effectiveness of the proposed method.
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Fig. 1 Diagram of the generator of the simulation oscillation
system of continuous casting mold driven by servo mo-
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- SRS Tia)
. 1 6y =gl + e
f(&1, &2,ig) - éy— & - & B ’72(52._ &)
T2 ‘52 _51’ +‘€2’
(35)

X7 >0,7>0,6>0,i=1,2; 51'3«52?31)42752
#IRAS, 0 A T A TR %ﬂgl PRI L, 4% 4 o )
HIEI AR f (&1, &2, 45 11, Eﬂl = &o.

M (32) FT EE A

wLp
—L qt md—i-qu

30
L(pgeq + pasig™ (eq)).

g b, TSI A e B
EI2 O TA AR LIRS R A R g RSN AL

own +
(36)
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B RG3), ity ik RSN 25 6), #5514 (36) I
(33), NP HIER(23), H & BE24), P JE R 4
GHREBIREAR RAFTAESE R, KRGURE
T USSR iR A B PR — AN/ NAT SR

Uk EE, e BT LS BT IESO(6)
REME (A5 TH 5 2 Fa Bl S J5 s BRI O AT P

LUk, AR 3 T, SR 2T S R
(24 FINTSMEZ il 25 (23) et 1 RGUIRAE €1, éo S fli
THRZE (n — Brda) TEA PRI 8] YIS B R A BT Y
AR 15 i (32) RN(33) RE 5 fR i e Fleq 7E A PR
) T P SR iR

SR, ARE SCHER (1510 204, AT 45 L IE B 28 (35)
AR TR 22 R 4R SIS B i 55 BT AT, IF
H, BB, eoMEBERBIy1, 2 AT LAGE /M T
WRZER) T BN IR 1) % Ry, o AT AINERE
AR IS

zx b, AT LS BT NLESO(6) fl H 3 M (24)
HIRLFE T R GINTSMEE Hil1H(23), LA S T I8 2%
(35 HLIR T RGHEHIER(36)H1(33), BB IRIEHEA
IR RAFTEE 5 H T, KRGS TSR
M IARIRN . IEEE

E2 TR IESORI i TR 25 15 5o AUk,
Pt B RENE (R RBORASTE A PRIN 9] A S8, 51N
99 ) HR 22 TR R0l SIS TR, BEUh R R I S
TEHOCEL, AT BRI ), 2 FIESO. BB K % T R Gi %
BRI, R 2 T I SO B AR .

3 dEE R I UNE H, 1S H, B 1
B, W8Ny BT DA K [ 38 R 2, (R, SR EREN ey
KRR, ko = 0, REBS iy > Bido. (HSEER L, BIE 2 R YA
2S5, AT &) AR AR, 2k, = ORY, 340K S B E
LB 2 b T B CHPIRS, Wi 21k RGEHE,
DRI, ke HOME A BRI /DS,

4 PiEgR

RIS UE AR SCHTHE H 5 iR A ROk, AR5 R4
()IFHAT T E. (i BRI RS0 E SE = A5
WG L2, KESEINER TR,

7 B R R R 45 S A A R R s o s gk
E5Z 3%, KRk Ay = hsin(wt — Asin(wt)),
Hor:

yes
(2sin(F(1+a))
NG AR, o NBIE R, e, PTG
HUSLE (i L BT 904 = wt — Asin(wt).
i L FHUYTRGI 2 i O T TG 22 ) =

w=2rf A=

—0.2 rad, Ai = 3%i. HAE SCHR (1130 5 8P J () 9
R, A IR RS TS E N
T1, = 5.1335 + 6.4985 sin(wt — Asin(wt)).

DNBAIE P A5 702 i R R AR A RE
73, A I8 T 45 i s R s A A T AR
FAFIIE DL, 16t = 1 sJa BRI N

Ty, = 7.1335 + 6.4985 sin(wt — A sin(wt)).

TP 0 3TV EA

1) AT, ORI

ESOZ%{: 31 =100, 32 =2000, 33 =20000, o;; =
0.5, 0 = 0.4, § = 0.01.

PRI HIBENTSMCI B H0: k1 =4, p1=5, q1 =
3, 1 = 8000, pp = 1, gy = 0.4, kyy = 1000;

HIGRAZHE 1(0) = 1, py = 5, ky = 0.02;

HRAEHIZESMC2, SMC3Z 4 13 =30, g =2,
ps =3, ug = 0.1, ase = as3 = 0.6;

Ve BB H v =72 =100, 71 =72 =0.001, e, =
g9 = 0.01.

2) SCHR[21FTH 7, 40550k 2148 1R,

3) NTSMC+PLJ5i%, s #e K A S
[ZETFESOMNTSMC /572, SEUEIUA I iR
FPIHE RS, ZHU 5Nk g = kp.a=10, ki 4 = 300,
ki q = 100.

MR 3R 3 77 Y AE AH RIS B AN [R) 45 2% 4 32
TR, P B R E3-9F 7.

Table 1 System parameters

SRR BT A
WEThR PN kW 20.4
Woeksdn / (r- min~1) 1500
BUEHRLIN A 45
ETHBHRs /O 0.14
ETFEARRL / mH 4.6
TR R / (kg-m?) 0.0547
T KR b Wb 0.96
R 3
Ktk 25(B 0.004
TR A RO L 5.1
g AR IR A / mm 3
SEERBSIREIIE £ /(K- min—Y) 130
WAL o 0.24

HI B34 TT LA Y, 3RO R AR RENS R PR PR 2
SE LR, JFH., WE4TTUIE i, ASCHE 5 E A PL+
NTSMC J7iEERER R EALR, AR5 i B A B4 1
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Fig. 9 The g-axis and d-axis currents of the motor
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