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Stabilization of Tension Control in Reverse Rolling Mills Using State Feedback

Kazuya AsaNo, Hiroyuki TAKAHASHI, Takeshi MIYATA and Yoshitake KOHIRO

Synopsis : In reverse cold rolling, tension control between the rolling stand and reels plays an important role in assuring stable rolling of strips. While in

tandem mills tension control is performed by manipulating the roll velocity, the reel motor torque is manipulated to control tension in revers-

ing mills, which characterizes the tension dynamics as a second-order system. As a result, when the dumping ratio of the second-order sys-

tem is small, the tension dynamics becomes oscillatory and hard to control. To this end, a new control scheme is proposed to stabilize tension

between the rolling stand and reels in reversing mills. In the proposed control scheme, a feedback loop of the derivative of the tension to the

reel motor torque is newly introduced to the existing feedforward control. Since this feedback is equivalent to a state feedback of the strip ve-

locity to the reel motor torque and increases the dumping ratio, it is effective to alleviate the oscillatory nature of the tension dynamics and to

stabilize the tension. Simulation and experimental results are shown to demonstrate the efficient performance of the control scheme.

Key words : tension control; reversing mills; sendzimir mills; cold rolling; state feedback: second-order system; dumping ratio.
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Fig. 1. Schematic diagram of a typical tension control sys-
tem for reversing cold mills.
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Fig. 2. Block diagram of the tension control system.

U=z, VL E-RICLBHBE Ly g LM
DR GIZEBEM LY g, Mb5, V- LOEEE—
AV NEEREZNTNRI, R, EEMORIGEREE ZH

Fhw, he$hiE, ¢=WhRocTH 575, ) —LFEHy
i,
2nR .
U:TJ(q_Wh]ea)d, ....................................... (2)
kb,

FEHEZ %Y FOa— L@y, & TR & v FH#ElOR
W v 121E, (3)RDOBRAHD LD,

FREER LTI B A, ZOMEIRENE L IZELT S,
AKEFIL TR = LEEVIE—EIZRENDS EREL T
WBA, ZOBHATERERENMIZ & > THOEREPEL
B5DT, TNEEETILEND S, RI1or SHEK v,
ORI AE K, TRT . K, 1,

af
K s, — ettt e 4
w0 =Y~ (4)
L%, Khold, BHEEORME,S,
E .
G_JL (U;cho')dt .......................................... ( 3)

Lhb, TIT, EREEMOY VIR LIF) - L~FE
HERBDOEEMORETH S,

PLEns, HHEBRENSROBEE T L OELERMBE 70
SR TEEILFig 2D &Ik B, E—4 ML ghbik
JoE TITE2EDOR A A H O, 5B 6 bL s LHRGE
BICRET S - O0OHERE 74— F)Ny 7 BRER S 5,
T4 —=FNy 20—, RNEIZEKS) —LE-2E
ML ERTHY, ZOEBEIW, h, RIZHHIL TAEZ
B, BHMKEL ENE) —LE-2DEFMHKEL
KO, ENEEHRTELOXHT 4T - T4 —FN0
LUTHERT S, €95 —2iK, TRINBRNE»D
WREZAND T 4 — ¥y 2 Th 5, HHER M
DEHMBEMIML, X4 Y 25 DEEMOBIGE A
A2 B7-DITRNEINPEN NS, Tabb, ZOEKL
FHF4 T« T4 —FNy 2 LTERAT S,

2EOFES L LD 20D 7 4 — Fo3y v HEEIZXD

102

Tension
Reference
T,y

Tension
—» O

Fig. 3. Block diagram of the tension control system with
the proposed state feedback.
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Fig. 4. Block diagrams equivalent to Fig. 3.
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Fig. 5. Frequency response of the entry tension dynamics.
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Fig. 6. Frequency response of the delivery tension dynam-
ics.
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Fig. 9. Performance of the entry tension control system
without the proposed state feedback.
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Fig. 10. Performance of the entry tension control system

with the proposed state feedback.
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Fig. 12. Performance of the delivery tension control sys-
tem with the proposed state feedback.
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