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Abstract: From the control point of view, the hot strip rolling looper system has the characteristics of multivariable,
nonlinear and strong coupling, which make the looper control complex. The expression of tension moment is obtained
by the angle variation method, and the looper system mathematical model is obtained with the incremental of loop and
tension torque relationship. In order to estimate the disturbance in real time, the extended state observer (ESO) of the active
disturbances rejection controller (ADRC) is used. In addition, the coupling of the looper height and tension dues to a part
of the “disturbance” which is estimated and compensated in the system. Compared with PID control algorithm, simulations
show that the ADRC is more feasible and effective.
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2 VEE RS HERF (Modeling of looper system)
2.1 IEEEEEM (Modeling of looper height)
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Aly = AB+ BC — I,
AB - Li+ Rcosf

cos o
L —L; — Rcosf

BC = cos 3
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cosa =
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cos 3 =
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Fig. 1 Structure of looper between racks

2.2 TNk J7 ¥ M (Strip tension control)
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Fig. 2 Structure of the tension of strip on the looper
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2.3 HEhEERE-TK I RS (Model of high -
tension system for electric looper)
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y=Cr, P 1.818s + 4.563
A= M $14102.553+ 2038524+ 1799005+ 120400
0 1 0 gﬂ4_ 0 P 4.255s — 1.246e 1!
;0 g _g bl 2T 102,557+ 203852+ 1799005+ 120400
1 7 b 419500
00 =7 0 0 : 12 ST 2751594 18505%+ 45890530090
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k1 HaEILIG R B IE
Table 1 Field test data of hot strip mill
® el " Bt ® ]
O/rad 0.419 o/Pa 8000000 R/m 0.750
h/m 0.00749 H/m 0.01227 || vpp1/(m-s71)  3.8594
vp/(m-s71)  2.6188 w/m 1.26 fip.u 0.1012
mlkg 2125 r/m 0.1375 g—ﬁ 0.35
E/MPa 150 L/m 5.5 Li/m 2
Lo/m 0.27 pl(kg-m~2) 7850 Tagr/s ! 0.04
g/(N-kg™1) 9.8 Jl(kg - m?) 330 Tacr/s ! 0.01

3 HZNEE RGN B HIE SR B (Desi-

gn of active disturbance rejection controller

for electric looper system)
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Fig. 3 Structural of the looper control system
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3.1 ZKrLESOM# it (Design of second-order
LESO)
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S PR R
3.2 LESFi&it(Design of LESF)
R SCHIR (1011581 H e HERAS 2 22 I s i 43
ug; = ki(ri — 211), (25)
o kAR & B R 22 S B ., r A BT S
JEVENH, ro TR JIBELE.
DRI, i N A28 )
UQi — 22
boi
4 {i B 7 (Simulation research)
BEXTRGEFL B BNEE RGBA, X s Rt
17 Boksenbom-Hood-4k %% £f J7 VA ARAS, 43 X E
RGN = L A5K 71K FH ADRCE= i, 42151 B A5 7 51
e 75 2 v A 5K 73 B ¥ € M8, I 4T MATL-
ABTi . TES AT 14101 o, Sy & [ B T2 R A5t
WS AT TR, — B RGN R 45 € F &
G R B L 503, BSOS Etisie T, HIE
it S TS B, BioMbos. — M Bin = /R, Bio
= 10851, KT AR E A HLR = 0.001). ADRC
PRI 28, R by SHHEN R A%, AR TR
AT RIE DN RGBSR SR AR, K2
AL T, boi 7E0. 1210 Z [AHUE, = REtkaE.
i RGO E R TR E RGN —E IR A
P8, I+ 5PIDY; B 45 R AT HLEL, PIDZSHH 1R
P 5oy H A AR i 2.
i P ADRCE AN SHIE N ky = 100, ky =
2.7, b01 = 0.11, b02 = 9, ,Bil = 1000, BiQ = 10000.
PISANZHON: Py = 100, I; = 7000, P, = 0.09,
I, =0.1.
4.1 BEEXN R IERRKRES T 3 H 80 R (Control
effect of controlled object in nominal state)
FERRPRARES T, 5B R G = BE R BR A3k )
(5] % 0l I B AL T BRI N, )7 B4 SR An 4 . AT
W, FEFALF RS AAE H R, PIDAIADRCHi i Wi 5

(24)

(26)
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AR RN T5%, A Ra iR 22 HA RO ) BR i Ae
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PN LT TR k20 30.8 %, VR0 %08/ 35.4%,
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Fig. 4 Response curve of height and tension control

k2 mEAER AR A I Flvh 2 B Ko AR AR AR
Table 2 Performance index of response curve in
height and tension control

24 ADRC1 PID1 ADRC2 PID2

BRI Ss 4.2 49 0.9 1.3
AR E 6/ % 4.9 4.8 3.3 495
PFIRTElts/s  10.1 11.3 2.2 4.3

[FII, 24 R GEAGE o 70 ) 4 i B2 [ B A 5K 7 (]
FEIME RIS, e mlig b PIDYEH] S PLaha{E N
1.08, MK Fa g i 18] 245.2 s; ADRCHE il R 430 i {8
1.0, WA FasE i 18] 94.89 s. 7k Fylal# H: PID 4%
il N IR EAE .21, KR [A] J93.81's; ADRC 4%
T HRBIIRME A 116, KRR E R 5] 91.65 s.

A AR 1A LLE H ADRCHEHIHERER 11
M 7 3ol 52+ R PR T B A i A S5 AL T PID A
HIHOR, FEHTFHUMERE L T-PID.

4.2 IR G R A AR 13 R (Control effect
of time-varying control of controlled object)
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Fig. 6 The height and tension control curve after
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Table 3 Performance index of response curve in

height and tension control

ADRC1 PID1 ADRC2 PID2

FRTE 42 5.0 1.1 1.5

OMr
O iR 7 6 8 ?
Wb 30% AT 109 128 42 53
brteE 420 5000 11 L5
,(1+f) R 7 6 8 0
RO et 109 128 42 53
5 451 (Conclusions)
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BT BTGB R G e AT TR ST EAT 1 AT
FLor T, REfS T T AR WL ZRESO W] LLX 1t
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B A G S AN E A 3 EAT #M22, ADRCHE ]
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