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Fuzzy adaptive dynamic surface backstepping control for the speed and
tension system of reversible cold strip rolling mill
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Abstract: Direct feedback linearization (DFL) dynamic decoupling control problem for the speed and tension system
of reversible cold strip rolling mill is researched by using the dynamic surface backstepping control and fuzzy adaptive
approximation. Firstly, nonlinear disturbance observers (NDOs) are developed to counteract the mismatched uncertainties
in the speed and tension system, and then dynamic decoupling and linearization are realized by utilizing the DFL theory.
Secondly, controller for each linear subsystem is presented by combining backstepping with dynamic surface control, which
avoid the “differential explosion” phenomena during using the backstepping control effectively. Thirdly, fuzzy adaptive
method is used to approximate the matched uncertainty in the designed controller, so as to improve the control precision of
the speed and tension system. Stability analysis shows that the speed and tension system is uniformly ultimately bounded.
Finally, comparative research of simulation is conducted by using the actual data in industrial field, and simulation results
verify the effectiveness of the presented method.
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Fig. 1 Schematic diagram of reversible cold strip rolling mill
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€13 =v1+D;—Z139 =
—kizers—BT €1—pisgn ers+B; & +er =
—kiserz—prsgn exse1+67 €.

(44)
Hk, #BAX43)5X020) b Er, ATH
Si2
Z12q4 = _E
Sis 45)
Z13g = ——.
T13
FTR(19)(23)F1(45), KA (43) K TE S5
S
512 =22 _ (F* knén),
. :75-’12 (46)
Si3 = —_— (512d - k?12€12)
T13

PR, B2 (44)F46) v 5N, AAAEAE SR IZESE R AL
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12
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(48)
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)5, EH Lyapunov R %4 :

‘/'1 =
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LS I S OIS )
i=1 i=2 T V12
3R QR 1] S 4L

Vi <
er1(erz+ Sio— kirenr)+ era(ers+ Sizs— kizera) +

(43)
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S S BB, hip
50 (= 2E 4 | By||Sul) — FLEE - 2P (s0)
i=2 Y11 Y12
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1 1 1 1
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5. SY | BLSh
LUt Y
L BBy pupy _
Y11 Y12
2 3 2
(1 —FKi)er; + (5 — kia)eq, +
1 11 B%
(2 k13)613 + Z (5 - TTZ += )Si
1+ 0u B B1 + crapipr. (51)

WiE28T 3, < —37
2, TTHE— AR

B+ BB RI2p pr < — 2+

Vi <
3
(1 — kll)eil + (5 — k12)€%2 +
1 3.1 1 B2
Z —kia)e? - - Tliyg2
( 13)613+ 2(2 - + 9 )STi
1 1
5 11/61 ,31 U12P1 + 011,61 /61
1
2012p1 + 1. (52)
FIER PR I 2500 2
3 1
ki =214 XA, ko 2 5—1‘)\1, ki > 5—1-)\17
1 1 ]\4122 1 1 M123
— o+, — > A
T12 2 + 2 + ! T13 2 + 2 + !
011711 012712
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*011ﬁ1 B1 + 501201 +1=0C4,
Hrb )\ € RN INIER £, WA
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3 T2 ~2
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i=1 11 Y12
3 B 1
g: (2M121 - 5)5121M122 +C =
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Gy

HA, > N M2V, = N B, B By < Moy Fl

1

Bz < M358
Vi < =2\ N; +C; <0. (54)

LBV, < N — AR, BV, (0) <
Ny, WV (t) < Ny, RURTEV (0) < Ny oA R rliE—
S

Vi <=2V + Ch. (55)
X} b AT R AE, ATH
Cl 01 —2\1t
< — _ 1

Rl 2B HLEK 71§ R Gusys) e — B A& R A e n,
FF H AT dm ki1, k2, ks, 7'12*[]7'13%%%%&1%3&@
ERRZEAL /.

[ HE, EENLEE 7 R Gisys) Af BRALEK 711
RYisysy WEE i 25 iR fE2EAL.

WEEE.

6 1 EMWFFE(Simulation research)

FEATS, 16 T Ay AL LR B 5Kk ) R G0 Tl
37 G, B A SCHTHE B0 AR RS P R 4 o) O s S ik
T DFLEL i FIIMC 77 V2 R0 SCHR (6] 77 V2304 T 17 B % L
BT,

AL A A FLAL A A BUOPLRD E FLAL R A 1)
R BUE W R ANAE HIR 7 o

Pxi = Py = 1125 kW, Pyy = 1800 kW,
Uni = Uns =800V, Une = 1000 V,
Ini=In3=1502 A, Iy»=1902 A;

Fe s A5 A LA 2 LA HAX (7] 25 1 F LA FL R 20 33l
=1y =002l Q ry =0.0159 Q, 1, = I3 = 1.38
x 1073 H, I, = 1.28 x 103 H; HHLIIEE 2505051
NK, = K3 = 23.6749 N - m/A, K, = 32.6089
N - m/A; BOE EE 5390 A = ns = 1.807, 1, = 1; &
FML ARSI ER R, = 0.20635 m; FHMLS A £
GHHLIAEE RS L = 3 m; Al s he B 1 Hu
KEHK s, = Ks; = 108, Ks, = 135.

18 B — LR Y S PR LR S8 2 AL
HUR G 2 AT E AT WE Ry = 0.89 m, Ry =
0.255 m, Ry = Ry = 0.5 m; Fr BB HEALEH L
S SR B AIGE A AT, = 3347 kg - m?,
J3 = 406.7 kg - m?, J, = J; = 1800 kg - m?; #H 5
FEHL BN S E B E T, = 1274.5 kg - m?;
H HELHI AT 5 REEIAFRE 5o = 0.065, xo
=0.182; N EE H = 2.06 x 1073 m, h = 1.582
X 1073 m; FEHE KRB PR FRIE B, = B,z = 0.3014

kg - m?/s, By, = 0.5699 kg - m?/s; 5K J3 X%} 5 ¥ - J5
TE R R B E K =5 x 1078, K, = 6.511 x
1078, A A % S % E = 2.508 x 10° N/m?, B =
1.25m, M, = 25 kN - m.

AR A B AL, B E r A i LU S bRl
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sin(10¢) N - m..

TEARSCHTH 4 d 7, 155 611, enflles,
621*'1622, u&em, €32$H€33'ﬂ£%$§:*ﬂ/¥\§f E‘Jiﬁ)\, H
f45 (1) = exp[—((zx + ¢;)/(m/24))7],
Kz, WERIEHR RSN, j =1,2,---, 7, F

H

[617 Co, C3, C4, Cs5, Cg, 67} =
[7'(' ™ ™ s ™ s

6 12 200 " T2 12 g

AICFRNE R ESHHCN

p1 = p2 = p3=200;

ki1 = kg1 = 6, ko = 500,

k15 = 7000, ksy = 6000,

Koy = 10000, k15 = ks = 1000;

Y11 = 31 = 90, Y21 = 30, 12 = 200,

Va2 = 150, 32 = 300;

Tia = T3 = 0.05, 195 = 0.0001,

713 = 0.0005, 735 = 0.001.
T X JE FDFLEE i FIIMC /5 1%, Rl I H 5L AL

TR M RGP s TN
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1 1
F(s) = di
(s) = diaed Ga 77y 0018 7 12
_
(0.13s+1)3""
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100 kNA1120 kN, LA 5E fs 3 SLAL 045 40 7k 77 ) 4
S 5200, W RN ELHERETE 2.5 ~ 5 s WA R
3.5 my/sfEFFARIET IEH FLHI A7, 55328, 29t = 10
s, Bt EENLRIELHIEE P 20 m/s, T4 ABBLTK
FIREEAAR, 1208 L 52 K.
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Fig. 2 Comparison curves among the proposed method,

IMC method and the method in literature [6]
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12 . : 7 45 (Conclusions)
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Fig. 5 Approximation curves of fuzzy self-adaption
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