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Abstract: The hearth thermal state is an important index to reflect
the operation state of blast furnace hearth, which has guiding
significance for the operation of blast furnace (BF) in high yield,
energy saving and emission reduction. The iron-making is carried out
in a closed container with high temperature and pressure. It is a
complex industrial process with multivariable, distributed, strong
coupling and time-varying condition. In addition, the production
conditions of the blast furnace often fluctuate, resulting in the same
state does not necessarily mean that the temperature of the hearth is
same. The comprehensive evaluation of hearth thermal state by the
blast furnace operator is inevitably affected by personal subjective
factors, it also has problems of uncertainty and fuzziness. Based on
the furnace temperature prediction, according to the actual production
situation and expert experience, the important parameters which
represented the thermal state of the blast furnace hearth were
analyzed and extracted, and the comprehensive evaluation index
system of the hearth thermal state was established in this work. Then,
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a two-stage fuzzy comprehensive evaluation model of blast furnace hearth thermal state (too low, low, suitable, high,

too high) by using statistical method was built to determine the weights of evaluation indexes and the membership

degree function. Finally, the comprehensive evaluation of hearth thermal state to 2 500 m® blast furnace was applied to

evaluate the thermal state of hearth comprehensively. At the same time, the evaluation was used to compare with the

actual operation situation. From the comparison results, there were 794 groups matched perfectly (¢=0) in the

evaluation results of the model, accounting for 74.21%. There were 245 groups matched reliably (d=+1), accounting

for 22.90%, and the matching rate reached 97.11%. The evaluation model provided an accurate and reliable basis for

realizing the stable thermal state of the blast furnace hearth and producing energy saving and emission reduction.
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Table 1 Assignments of weight vector

Weight Weight vector
w [0.7,0.3]"
wi [0.05, 0.15, 0.80]"
) [0.04, 0.14, 0.82]"
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Table 3 Statistical indexes of different molten iron temperatures

Sampling molten iron temperature, Tr./'C

Grade of evaluation

Minimum Maximum Media Average Standard deviation
Too low 1454 1494 1477 1478.2 11.49
Low 1463 1511 1486 1486.6 6.96
Suitable 1476 1516 1491 1491.8 6.57
High 1485 1520 1498 1500.0 8.98
Too high — - — - —
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Table 4 Statistical indexes of different silicon contents in molten iron

Sampling silicon content, [Si]/%

Grade of evaluation

Minimum Maximum Media Average Standard deviation
Too low 0.33 0.57 0.48 0.469 0.073
Low 0.36 0.87 0.54 0.559 0.093
Suitable 0.38 0.95 0.58 0.578 0.099
High 0.52 1.03 0.71 0.715 0.134
Too high - - - - -
x5 REERBNESY
Table 5 Parameters of membership function
. Too low Low Suitable High Too high
Grade of evaluation
a b I o I o I 4 a b
Before Tre/'C 1450 1470 1475 7.3 1495 6.6 1515 8.3 1510 1530
normalization [Si]/% 0.125 0.35 0.375 0.09 0.625 0.075 0.875 0.075 0.9 0.125
After Tre/'C 0.190 0.340 0.370 0.070 0.580 0.066 0.790 0.063 0.780 0.930
normalization [Si]/% 0.08 0.26 0.27 0.07 0.47 0.06 0.69 0.06 0.68 0.87
Tre S[SI| AP AR B EEHFERE Uy A Uy 7390 0 00034 09663 0.0030 0
U,=10.0181 0.9948 0.0008 0 0
0 0.3697 0.2416 0.0002 0 0.9753 0.1007 0.0001 0 0

U =|0 09575 0.0163 0.0001 O

0 07599 00567 0.0001 O FUH VP57 0 F R R U, AR T w,
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Table 6 Comparison of evaluation results

Difference between model evaluation and practice result, d —4 -3 -2 -1 0 1 2 3 4
Number of matching group 0 11 115 794 130 17 3 0
Percentage/% 0.00 0.00 1.03 10.75 74.21 12.15 1.58 0.28 0.00
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