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Tensiometer-free Control for a Speed and Tension System of Reversible Cold
Strip Mill Based on Hamilton Theory
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Abstract The tensiometer-free control problem for a speed and tension system of reversible cold strip mill is studied
based on the feedback dissipative Hamilton theory. Firstly, controllers for the system speed and tension outside loops
(the main rolling mill speed loop and the left and right coiler tension control loop) are designed by using the pre-feedback
control strategy and feedback dissipative Hamilton theory. Secondly, in order to realize the tensiometer-free control and
adaptive estimation for the perturbation parameters, adaptive state observers for the system speed and tension outside
loops are designed by using the “extended system + feedback” method. Further, robust controllers for the system current
inside loops are designed based on backstepping so as to realize the coordinated control for the speed and tension of
reversible cold strip mill as well as the interference suppression for external disturbances. Theoretical analysis shows
that the resulting closed-loop system is stable. Finally, a simulation is carried out for the speed and tension system of a
1422 mm reversing cold strip mill by using the actual data, and the results show the superiority of the proposed control
strategy in comparison with the strategy of cascade PI control.
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Fig.1 Structure diagram of reversible cold strip mill
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Fig.2 Control diagram for the speed and tension system
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FEPA AL WL AR E 1) 2) M w # 0 I, HIF R
ALV A R AR E N, H w X RS PERE
WHA L, H3.

3 HE#MR

AT, FET4 1422 mm DU SR W] 3 v
UL B 9K ) RGeS Brdidis, R A ST 7%
5 g PT #8835 7 33047 05 F06 ELAE AR

3 — LR S BR FL I 240, Ry R
FIRTEEAE 2 ) A 0.89m, 0.255m; Jy« Js3 HIWIUA
i 23 5 K. 3347 kg-m?, 406.7kg-m?; do- xo HIFR
FRAL Y 590 42 0.065, 0.182; K5+ K, HIARFKAL 2 %1
H: 5 x 1078, 6.511 x 10~%; B, HIFRFRAE 2> 5 M-
B,, = B,; = 0.3014, B,, = 0.5699. Az %
Ry, = 0.20635m; J, = 1274.5kgm?; r| = ry =
0.02097Q, ro = 0.01591Q; M, = 25kN-m; H =
2.06x1073m, h = 1.582x10~% m; n; = n; = 1.807,
o =1; L =3m; l; =3 = 1.383x1073H, [, =
1.278x107*H; B = 1.25m; F = 2.508x10° N/m?;
Ks; = Ks3 = 108, Ks, = 135; K, = K3 =
23.6749 (N-m)/A, K, = 32.6089 (N-m)/A.

HAE T BT, RE R (1)~ (3)
MPEB AR B, £t = Ts WZ KBS N
1.2By; AT AN A 2 I w, e a7 89 ok kLR
£ 3l B 51 ) 32 L L %L ok B b 1 47 3 Bl
AM, = 2500sin(10t) N-m (I RLE 68 +£10%
[P0 Y A2 ).

KSR E BRSO pr = 1.6 x
108, po = 9 x 107, p3 = 1.5 X 107; 799 = 4 x 101,
rag = 1013, r55 = 2.3 x 101 © = 10%; ky = k3 = 6,

]CQZ].OO, h1:h2:h3:’y:01
B PL #EHIUNERZERIZ IR 1 Jios.
#1 BYPIEHISH

Table 1 Cascade PI control parameters
Sys; SyS, SyS5
P I P I P I
CERTTEZN 103 102 0.5 0.1 7x10°3 102
R 13 0.3 10° 10 11 0.2

KhFE 6x107* 8x107% — — 4x107* 5x10°3

AN TR — ek, AU AT 3 T L LR — TE IR
L TP EEAE 0~2.5s B[] ¥ 26 IUPL K
J17F % 100kN, 474 BALGK )3 7F % 120 kN, ## o7
LAY 5K s SRS AE 2.5~ 5s I TA) K =
FLMLELHIE FE T+ & 3.5m/s J& JF4f 1 M #L 6 T
2 et = 10s Nz, FEFNLELHEEE % 2 0m/s,
fin AWK I ORFEAAL, ZELHE R SE . 75
TR A2, 75 AT A FLHLAL AR P i R,
T B 1k UL BE AR A PR R G s e AR AN
RO, A SO ELALIE BE (0 45 0 R R AT T R
Gpmax,min = £3 m/s2.

Kl 3 ml 3 4y SLALH BE 5K ) R HR ) P
A2, TR 1) 7R PT #4005 EMEH
T, Fi, Vo M Fy =AM AR () 3h A8 i M A1, R
EENE LS, BUTIRE I 059, 2) B ELHLIIFL I
T PE AR 2 R A AR, Heae i 7o L LK )
T RG 7 ERR ARG W, BE AN T 80
JoFe )4 .

Bl 4kl Ay LU EE 5K ) RGEAEA S
TEER TR dlth 2. nTUUE H: 1) itk 4
YRS 2555 Fy, Vo AL Fy = AN AR & ) L
STAHK ARG EH Y, Ve MUFy 0T T4
() 20y 25 LI A A IR A, B Py — B — F
Vo — Vo = Vi Bl By — Fy — Fy, BE5K I REGE
TR S 2) RS A N NIE, TR R
ZEN, PUrPihe Jyom, ALK ) RGN T A U AR
FEA B TR 2 )

5 KON e B th 2. 454 K 4 (b) AL
B 1) ERRAELHIBY B, FELHL A FL ) T
7o A5 BN LT8R A T4 & O L, 045 = 5LHLM
A7 A ANk g, AT LR R A R AT 2) G
AR K BOL R EARSFLBIT B, 2oy BB
AP TTVEIAE TR Zhasmm B, 247 AR,

Kl 6 N EEERE B, M THE MZE. AT LLE e
FT B I S 500t ot S8 0 BE R R AL By, S T AT AU
flivt, BE AT A VS N B vt B i s R AT
A2, DLAE i AT 30 vt FLATLIE R 5K ) R G ) 425 kG
FE.
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AT T He T = BiFEEL Hamilton #i8 1)7]
WA FLMLE B 5K ) R Ik Sy v 4a i in) . 5
58, KRG EEK T ANA AT TP s ﬁ“'ﬁﬁ
SBFERL Hamilton PRI 5¢ i B 5K 1 43035 i 2%

rveil, A RBHISS 1RSI0 R GePEREMIE M.
K, KM P IKRRS + kB E@ﬁ/ﬁmﬁkﬁfﬁkﬁ

ANER L NOIR AW A% 1 Bt SEIL T RGN Lk
Jivh ¥ S B s 24 B, W E & NAN . R, JE
T backstepping 75 % 5¢ i 5 4 FL UL P 2R 4 45 1l
PRI, RPN I AN E I w 1T T Ly
FHEHE], FESLEL T A A AL R FL L S A
A HOHLAK 77 8] (R P i s ol BG40 By A4y ST 45 2%
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