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Abstract

In this study, a fuzzy theory is introduced to control the cross-sectional strip shape in cold
rolling. A fuzzy controller is developed based on the production data and the operational
knowledge. The cold rolled products are characterized into several types based on their irregular-
ities. For each type of irregular strip shape, fuzzy controller calculates the changes of bender
forces of work and intermediate rolls using fuzzy control algorithm. To simulate the continuous
shape control, fuzzy controller is linked with emulator which is developed using neural network.
The developed fuzzy controller and emulator simulate the cold rolling process until the irregular-
ities converge to the tolerable range to produce unifrom cross-sectional strip shape. The results

from this simulation are reasonable for various irregular strip shapes.
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Fig. 3 Structure of fuzzy controller
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Measurement Unit
Steepness = H/P x> 100(%)

Elongation = (L-P)/L
I- unit = clongation x 100,000

3N —

—r— a——

H : the degree of clong; in the thick
P: the desired width length

L : the elongated actual length in the width direction

Fig. 4 Definition of measurement units
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Table 1 Discretization of input variable
e N MM NS m mmB »
A2, A4 (I-unit) Level number
—18 or below -6
Axe Ag —18~ - 15 _5
-18-16-14-12-10-8 6 4 -2 0 2 4 6 8 1012141618 [
—15~-12 —4
s s|afalalafoj12]3]la]s]s —12~-9 —3
e | 1| os 01 —9~-—6 —2
NB 04 09 02 —6~—3 —1
NM 02| 0.9| 0.4 —3~3 0
NS 0z | 07] LO| 02
B 04 1.0 04 3~6 ]
Ps 02{ 10] 07] 02 6~9 2
MM 040902 9~12 3
B 02 09] 04
12~15 4
LPB ol1{os| 10
15~18 5
Fig. 6 Linguistic set and look up table 18 or above 6
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Table 2 Result of fuzzy control simulation

Input value (I-unit) Output value(ton)
Shape pattern
A2 A4 AF, AF,
15,00 6.00 Edge wave 0.67 0.48
—-12.00 —-7.00 Center buckle —-0.75 —0.35
7.00 13.00 M1 Pype 0.39 0.72
—7.00 5.00 M4 Type —0.59 0.44
6.00 —4.00 W2 Type 0.47 —0.21
—-4.00 ~7.00 W3 Type —0.18 —0.29
4.10 2.80 L Fine control 0.31 0.01
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Fig. 9 Schematic diagram of the shape control using
emulator
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Iter # N2 A4 Iter # A2 Y
Initial 15.000 6.000 Initial —18.500 —9.600
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Fig. 10 Results of continuous shape control
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Fig. 11 Shape control result for arbitrary disturbance
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