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Improved differential evolution algorithm and its application in

sintering accessory
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Abstract: Aiming at such problems as low accuracy and economy of traditional sintering distribution an improved
differential evolution algorithm for staged quadratic variation is proposed. Its characteristics: combining multiple mutation
strategies during the operation of the algorithm the appropriate mutation strategy is selected in stages. When the fitness
value is not updated for several consecutive iterations adding a normally distributed perturbation factor can effectively
improve the structure of the population make the algorithm jump out of the stagnant state and reduce the probability of
falling into the local optimal solution. The adaptive values of each parameter in the algorithm are used to improve the
performance of the differential evolution algorithm through eight standard test functions. The test proves that the improved
algorithm has high precision and strong global optimization ability. Applying it to the sintering accessory problem can obtain
a cost optimal solution on the basis of ensuring the basic composition of the compound.
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Table 1 Test function
Si(%) 20 Alw) = Y i -5.12 5.12 0
i=1
f( %) 20 filx) = Yl - 100 100 0
i=1
n-1
fi(%) 20 filx) =Y 100(x,, —a7) 7 + (v, = 1)° -30 30 0
i=1
fi(w) 20 fi(x) = Y i - 10cos(2m,) + 10 -5.12 5.12 0
i=1
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Fig. 2 Optimization curves of basic GA DE PSO and improved DE for test function
2

Table 2 Simulation results

DE GA PSO DE
filx)  4.00x107% 1.89x10™° 6.51x107" 2.20x107" 1.14x107'¢ 26. 60 0 2.32x10°°
fi(x) 1.25x10°°  7.31x107° 4.34x10°" 10. 80 6.94x10°"® 1.72 0 2.02%x107°
S3(#) 0 0 6.79x107° 2.14x1072 2.30x107"® 4.79x10°" 0 0
Si( ) 0 0 3.09x107™"  5.89x10"" 0 0 0 0
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DE GA PSO DE

f(x) 0 1.53x107  1.53x1077 2.20x107"° 4.12x107" 0

fs( %) 0 1.01x10°" 0 2.37x107° 8.88x107'" 7.76 x10°" 0 0
So(x) 0 7.20 x107 " 0 3.55x107"% 5.61x107" 4.11x107" 0

ful(x) 3.00 3.00 3.00 1.98 x 10 3.00 3.00 3.00 3.00

2 DE Si0,

o 2
Ji(x) « fo(x) s fe(x)
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Table 3 Mixture composition
w( TFe) /% w( V,05) /1% R
50.39 0.24 2.23
( DE) . ( GA) .
( PSO) .

4 o

5 o

4

Table 4 Chemical composition and price of prebatching

( ) 1% /
TFe SiO, CaO MgO V,05 ALO; S P
T, 63.993.38 1.15 4.17 0.53 0.70 0.27 0.07 990
T, 65.522.25 1.08 2.98 0.52 1.37 0.08 0.03 1 120
T, 58.384.09 0.96 1.43 0.40 1.98 0.13 0.13 845
T, 65.616.22 1.53 0.68 0.03 2.27 0.17 0.02 1 340
Ty 61.403.56 0.32 0.14 0.04 2.25 0.02 0.11 1050
Ts 60.845.62 0.39 0.13 0.03 2.54 0.02 0.08 1285
T, 54.556.57 0.35 0.28 0.03 2.32 0.02 0.06 725
Ty 43.069.03 10.405.56 0.66 3.98 0.35 0.21 0
5
Table 5 Limit range of raw material ratio and
neutralized ore composition
( ) 1% ( ) 1%
T, 10 15 TFe 60.5 61.5
T, 15 25 Sio, 4.2 4.5
T, 3 8 V, 04 0.28 0.3
T, 13 18 — — —
T 15 25 — — —
T, 5 15 — — —
T, 5 10 — — —
T, 5 10 — — —
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Table 6 Performance and price of secondary raw materials
( ) 1% ( /
TFe Sio, Ca0 MgO V,0, Al 0, S p ) 1%
54. 80 4.94 11.05 1.9 0.292 1.75 0.03 0. 06 0 0
0.00 7.89 1.25 0.35 0 4.56 0.40 0.00 81.50 895.00
0.00 1. 10 49.78 3.86 0 0.90 0.02 0.00 41.50 217.00
0.00 3.40 72.89 5.23 0 2.80 0.07 0.00 12.50 337.61
0.00 1.30 43.92 32.51 0 1.85 0.07 0.00 17.50 324.79
9
Table 9 Secondary ingredient ratio restrictions and
7. 8 . mixture composition constraints
7
Table 7 Prebatching ratio ( ) 1% (
( ) 1% )
DE CA PSO 10.00 15.00 TFe 50. 39%
T, 13. 06 15. 00 11.79 10. 65 440 4.50 V.0, 0. 24%
T, 23.99 24. 88 25.07 29. 67 5.00 5.50 R 2.23%
L 4.99 3.03 6. 87 7.88 550 6.00  Si0, 42%  4.5%
T, 11.04 13.21 13.75 9.90 .00 1.50 Ca0 9.5% 10.5%
T 21.97 21.50 18.35 17.43 70.00 80.00 — —
T, 10. 93 5.00 10. 40 4.95 10
T 7.01 10. 00 6.00 9.74 Table 10 Secondary ingredient ratio
Tg 7.01 7.38 7.77 9.78 ( ) 1%
8 DE GA PSO
Table 8 Main composition and prices of prebatching 11.5 13.75 11.65 13.17
DE GA PSO 4.43 4.50 4. 46 4.43
w(TFe) 1% 61.21  61.21  61.22  60.59 5.13 5.20 5.22 5.03
w( Si0,) /% 4.36 4.38 4.43 4.39 3. 66 3.30 373 5. 64
w( Ca0) /% 1.49 1.56 1.61 1. 80 .24 .04 112 .35
w( MgO) /% 1. 86 1.98 1.92 2. 11 72.03 70.01 7182 70. 38
w(V,0,0) /% 028  0.29  0.29  0.32 n
w( ALO,) /% 1. 98 1.94 2,00 1.99 Table 11 Main composition and prices of selondary
w( S) 1% 0.12 0.13 0.13 0.14 ingreded ratio
w( P) /1% 0.08 0.07 0.08 0.08 DE  GA PSO
/ 1010. 11 992.27 1009.62 954.22 w( TFe) 50.39  50.39  50.35  49.86
w( S10,) /% 4.32 4.36 4.38 4.35
w( Ca0) /% 9.63 9.72 9.77 9.99
9 w( Mg0) /% 2.47 2.49 2.48 2.68
w( V,05) /% 0.24 0.24 0.24 0.26

10. 11 o
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¢ )
DE  GA PSO
w( ALO,) /% 2.06 2.02 2.07 2.06

w(S) /% 0.11 0.13 0.12 0.13
w( P) /1% 0. 06 0. 06 0. 06 0.06
2.23 2.23 2.23 2.29
/ 803.42  769.08 799.34  745.57
10. 11 3
PSO
4
(1) DE
DE. GA PSO
(2)
DE o
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