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Comprehensive performance evaluation model for in-furnace lump
ore based on PCA-EWM-TOPSIS
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Abstract: To scientifically evaluate the comprehensive performance of lump ore entering the blast furnace and overcome
such limitations as indicator redundancy and strong subjectivity in weight allocation in existing evaluation methods, a
comprehensive performance evaluation model for lump ore entering the furnace based on PCA-EWM-TOPSIS is
constructed. Firstly, PCA is used to reduce the dimensionality of the 17 performance indicators of the lump ore entering the
blast furnace, eliminate the interference caused by correlations between various indicators, and extract three key principal
components (F,,F, ,F;). Next, the Entropy Weight Method ( EWM) is applied to objectively determine the weights of
each principal component (F,:0.503,F,:0.281,F;:0.216) based on the dispersion of the data. Subsequently, the
TOPSIS method is used to calculate the relative proximity ( C-value) of 11 actual lump ore samples to the ideal solution,
and based on these results,a comprehensive performance ranking is established. The results show that the comprehensive
performance ranking of the 11 sample blocks in the furnace is:1, >1, >1, >I; >, >1,, >I; > 1, > 1, >1,; > L. The model
results are consistent with the conclusions of existing evaluation methods, confirming their reliability.
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Fig.1 Comprehensive performance evaluation process
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Table 1 Test results of the performance of lump ore charged into the furnace

XX X, X, X X X X

X9 X]O Xl] XIZ X]} X14 X]S XIG X17

I, 63.25 0.50 3.34 0.10 62.37 77.39 11.82 7.86 6.00 77.48 988 1183 1201 1370 195 169 19.78
I, 50.68 0.95 10.01 0.65 84.19 89.50 5.86 9.63 11.00 92.25 1030 1235 1246 1384 205 138 15.40
I, 58.16 6.05 4.51 0.10 66.91 83.21 4.93 18.18 8.48 89.30 971 1157 1207 1361 186 154 9.94
I, 62.27 0.48 3.55 0.07 65.40 79.36 9.80 19.75 6.66 84.63 1011 1219 1245 1378 208 133 19.10
Iy 57.17 0.77 5.58 0.34 80.20 87.81 6.64 6.48 8.77 95.63 933 1064 1124 1436 131 312 21.39
I 43.50 11.98 21.02 1.90 91.79 95.38 1.78 9.10 6.25 77.55 1070 1169 1162 1250 99 88 13.11
I, 52,49 0.23 12.95 0.10 83.53 90.54 3.81 10.47 11.40 98.20 939 1057 1177 1281 118 104 6.10
I, 60.68 2.88 9.98 0.10 66.70 76.50 14.44 6.22 1.27 51.99 1176 1255 1262 1373 79 111 19.87
I, 60.00 0.50 11.00 0.10 93.75 94.93 3.00 0.20 11.04 53.49 1005 1114 1103 1600 109 497 19.16
I, 61.08 0.50 4.03 0.10 94.28 95.73 3.14 0.08 9.45 59.07 1004 1116 1106 1567 112 461 22.53
I, 61.25 0.21 3.80 0.09 70.10 83.42 5.29 20.12 7.54 79.90 1008 1141 1202 1348 133 146 34.98

TE: X, 4 TFe B350, % 5 X, 08 FeO UM, % 5 X4 Si0, it 7050, % 5 X, 0 CaO JiUEE 73880, % 5 X o Rl ide IR 1L 1
B(>6.3 mm) , % ; X AGHRIEFHHEFEERDI( >3. 15 mm) , % ;. X, R GRS A AR R ( <0.5 mm) , % ; X W AZHERL, % ;
X, ABERE, %0 5 X, JIE EVEREEL, % 5 X, AT AR BE , °C 5 X, WAL TIRIE, °C o X AL TSR IR L, °C 5 X, D v Ui
JE,°C 5 X s AL DX TRIIEE ; X o A R X TR |, °C s X, N KR 22 kPa,
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Fig. 2 Principal component extraction
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Table 2 Principal component extraction of the characteristic indices of lump ore charged into the furnace

R PR HFAEE Iy Al

FEAE{EL TR RRUE/ % FEAE{EL UEAEE 4 RRUE/ %
F, 6. 067 35. 686 35.686 6. 067 35. 686 35. 686
F, 4.648 27.341 63.027 4.648 27.341 63. 027
F, 3.260 19.179 82.206 3.260 19.179 82.206

K3 NPRE GEMEREIEARRENE B S ¥ 5E BT AR BE

Table 3 Initial factor loading matrix of the extracted principal components for the comprehensive performance indices of

lump ore charged into the furnace

F S X, X, X, X, X Xe X, X X,
F, 0. 440 -0.137 -0.452 -0.330 -0.946 -0. 966 0. 846 0.611 -0. 667
F, -0. 866 0.813 0.785 0. 832 0.102 0. 136 -0.185 0.251 -0.191
F, 0. 103 0.223 0.278 0.163 0. 161 -0.007 0.294 -0.536 -0.618
F s X X, X, X X Xis Xig X,
F, 0.092 0.348 0. 681 0. 874 -0.410 0. 458 -0.636 0. 199
F, 0.316 0.319 0.259 0. 327 -0.789 -0.094 -0.701 -0.515
Fs -0.900 0. 847 0.415 -0.025 0.29%4 -0.632 0.224 0.281
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Table 4 Comprehensive characteristic index values of lump ore charged into the furnace
E‘Eﬁiﬁ I] I2 13 I4 IS 16 I7 18 I‘J IIO Il]
F, 1.015 0. 066 0. 459 1.237 -0.550 -0.929 -0.628 1.359 -1.425 -1.198 0.593
F, -0.544 0.615 0. 255 -0.234 -0.549 2.415 0.528 0.214 -1.047 -1.203 -0.451
F, -0.135 -0.534 -0.985 -0.533 -0.628 0.735 -1.276  2.167 0.793 0. 688 -0.291
%5 POMERNEE HHER A B2 0 E ¢, ¢ Bk,
Table 5 Evaluation indicator weight values AP S MRl £ 6 R A EfRE
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Fig.3 Results of robustness test for entropy

weighting method
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Table 6 Comprehensive Ranking of Lump Ore Charged into the Furnace
T I, I, I I, I I, I, I I, I, I,
D* 0. 883 0. 840 0. 760 0.763 1.279 1.232 1.132 0. 966 1.763 1. 694 0.917
D~ 1.338 1.079 1.237 1.487 0. 769 1. 091 0.974 1.457 0. 300 0.339 1. 165
C 0. 602 0.562 0. 620 0. 661 0.376 0.470 0.462 0. 601 0. 145 0. 167 0. 560
HeFF 3 5 2 1 9 7 8 4 11 10 6
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Table 7 Comparative ranking of calculation results from

various evaluation methods

P 2 c TFey LAV
FMG Bt 0. 697 60. 57 92.57
ESILSEN 0. 637 60. 38 90. 37
PB Bt 0. 558 55.09 79.53
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