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Pass Schedule Design of Hot Strip Mills Based on Interactive Fuzzy Satisficing Method"
for Multi-Objective Programming Problem

Akira Kitamura, Hivoshi Narazaky, Masami Konisai and Masatoshi Saxkawa

Synopsis :

This paper describes a new approach of pass schedule design for hot strip rolling. Recently theoretical optimization
techniques have been applied to obtain the optimum schedule instead of the usual power curve. In this method, the pass
scheduling is treated as a single objective programming problem. There are plural objectives in the pass design, which are
to satisfy the thickness specification and the temperature specification, to attain the high productivity, and so on. The

conflict of the objectives is not considered and the conflict can not be modified.
In order to solve these problems, the pass schedule is formulated as a multi-objective programming problem in which the

objectives are thickness, temperature, flatness, productivity (rolling time) and cost (rolling energy).
optimization technique is applied to obtain the Pareto optimum solution.

A multi-objective
The interactive fuzzy satisficing method is

employed to reflect the pass designers preference and modify the conflicts.
Through the numerical simulation, it is confirmed that the interactive fuzzy satisficing for multi-objective programming
problem can generate the reasonable pass schedule which has a small amount of scatter in the grade for each objective,

compared with the usual approach. -
Key words : hot strip mills ; pass schedule ;

rolling characteristics ; mathematical model ; optimization ; multi-objective programming

problem ; interactive modification ; fuzzy satisficing method.
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Table 1. Inequality constraints.

Aimed thickness at No.7 std
Aimed temperature at No.7 std
Rolling force

Roll revolutions per minute
Power consumption

Roll gap

Roll bending force

Reduction in thickness
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Fig. 1. Program configuration for solving the mini-
max problem.

Table 2. Initial setting and Input/Output for
calculation of rolling characteristics.

Initial . Mass of rolled material w 15t
setting * Entry thickness at No.l stand H, 35mm
Desired thickness hs 4mm
Entry temperatue at No.l stand 6 1050°C
Desired temperatue Os 895°C
Strip width ) B 1200mm
Input : Decision variables X (i=1,-+,7)
Output : Exit thickness at No.7 stand ha
Exit temperature at No.7 stand ~ 85u
Percentage strip crown Vi (i=1,---,7)
Rolling force . P ¢ »n )
Roll gap Si ¢ »n )
Power consumption Kui C » )
Rolling énergy Ek; ¢ »n )
Ni ( " )

Roll revolutions per minute

Table 3. Maximum and minimum values in constraints.

Aimed thickness hmin=hs—0.10mm  Amax=hAs+0.15mm
Temperature Omin=0s—15C Omax=0s+30C
Rolling force Pimin=0N Pimax=19.6 X 10°N
Roll revolutions Ninin=0rpm Nimax=1200rpm
Power consumption Kwimin=0kW Kwimax=10000k W
Roll gap Simin=0mm Simax=30mm
Roll bending force Psimin=0N Poimax=4.9 X 10°N
Reduction in thickness #imin=0.2 Z1max=0.5
72min=0.2 ¥2max=0.5
#3min=0.15 73max=0.5
74min=0.15 Vamax=0.4
7smin=0.1 7smax=0.35
7emin=0.05 Vemax=0.3
#7min=0.0 77max=0.D
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Fig. 2. Membership function for each objective.
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Fig. 3. Flow chart of interactive approach for opti-
mum pass schedule design.

Table 4. Resulted membership values for each
objective function.

L Resulted membership values
Objective function
Case 1 Case 2
/1(x) Thickness 0.95 0.91
f2(x) Temperature(Top) 0.80 0.68
f:(x) Temperature (Bottom) 0.74 0.67
fi(x) Flatness(Top) 0.88 0.82
fs(x) Flatness(Bottom) 0.92 0.83
fs(x) Productivity (Rolling time) 0.74 0.80
f2(x) Cost(Rolling energy) 0.80 0.80
(%)
50
40 — S
\\
30—
20
Case 1
10 = == =Case 2
1 l | | | | |

0 1 2 3 4 5 6 7
Stand number of hot strip mill (No.)

Fig. 4. Calculation results of reduction pattern by
multi-objective programming method.
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Table 5. Comparison of resulted membership values.

Resulted membership values
Objective function (a) (b) ()
Fuzzy Multi- | By Usual Based on
objective optmization | actual data
fi(x) Thickness 0.90 0.86 0.91
f2{x) Temperature 0.75 0.79 0.72
f«(x) Flatness 0.87 0.68 0.71
fe(x) Productivity 0.81 0.62 0.89
f7(x) Cost 0.75 0.93 0.74
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