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Abstract

Steel is closely related to the industrial development of a country. With the advent of Manufactur-
ing 2025, the demand for steel is further improved. Therefore, it is very important to propose a
“deoxidizing alloying” solution for molten steel, which is very important for the development of
industrial manufacturing and economic society. In this paper, the relationship between the his-
torical yield of C and Mn in molten steel and other influencing factors is considered. The historical
data is preprocessed, and the principal component analysis model is established to analyze the
impact of the two elements. The main factors are then constructed BP neural network to predict
the yield of C and Mn elements, and then improve the prediction results by using fractional order
to improve the prediction results. Finally, use the idea of dynamic programming to find out Op-
timal cost and ingredient planning. Finally, combined with the research results of this paper, the
recommendations and strategies for optimizing the ingredients are formulated.
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DRI, VR 2 538 o e N A R AT T AR TS 1997 45, 25V A [1R F LRI
WA B/ NI AETE T, E S S eI INE . 2000 5, ST SN [2]13E4T T H 56 20 MnSi 408 A
70%SiC f 75%SiC Mk - 4 - it & e B A LMER sk - 05 80708k - rEl ) TEE . 2002 4F, 3%
55 N [31R A 2 S MR VBN G S A B AR AT SR 50, 43 3] T S FH 1l S8R0 A G A A R ABE Y
2004 4, FKITESE N[AJESL T R EEEA T S A DL SRR AN R 2 R Al VA E
TR RIS TC 20 0 R R AN 0 2R (RSO3 i S5 AL ) R PR R BT A BRI P A . 2007 4F, SkRFR[S1HET
RN EVETT R T A& A AR . 2008 4, 257 75 N[6] M iRER R . B & & a7k E
AT DA FAR O R Bk TR A S AR 2R R PO AR B etk 20856 . 2012 4F, FFi8— 55 N[ 775 (R & 1 AT
PF, W T A SE AR T RGN e 8 A BA = AROIR B N, O (&) 1Rbh
5 N[8] R Guth kAT T 4N G MO A2 70 2T 28 TN AR B A5 7 VR (A 9T 0 2014 4, f 7k I 55 N[O T Ak
— SR B R AR R TR B . 2015 4F, S SRR N[ 1O AH BTG I, S 4R C & &L, LF ki
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TR ERAG I, THE IR BN K B AR BRI 0 R B B BN A SRR E
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Figure 1. Steel number classification map
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4. IBRIFRMBRER T
4.1. ERTEERRBER
BT MATLAB 2Rk, ASCHEFH C A Mn HI582 1 SR 40 K 3£ 14 Fis:

Table 1. Partial historical income rate table of C

F 1. CHIRP D A LWISRE

e HRB400B HRB400D HRBS500 20 MaK Q
0.9134 0.8265 1.0407 0.9266 1.3299
0.8665 0.9421 1.0715 0.8950 0.7564
1.0120 0.9742 0.8707 0.9647 0.8787
0.8672 0.8852 0.8888 0.9202 0.9294
0.9795 0.8220 0.9060 1.2311 0.6604
C Wt
0.9705 0.7909 0.9785 0.9302 0.8706
1.0295 0.9213 0.9949 0.9362 0.8805
0915 0.9897 0.9744 0.9721 0.8234
0.6927 0.8706 0.9124 0.9618 1.8624
0.9984 0.9422 0.8511 0.8343 2.5437
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Continued
0.9736 0.995 0.8700 0.8567 1.5868
0.9148 1.0156 0.9506 0.8019 2.2533
1.2824 0.9633 1.0107 0.9835 2.0635
0.8276 0.9576 0.8714 0.8485 1.9118
C ffg
0.8469 0.9122 2.9445 0.8924 1.7142
0.9246 1.0577 0.8102 0.8036 2.0535
0.7158 0.8090 0.8677 0.9615 1.7310
0.8187 0.8889 0.9225 0.7835 1.6753
Table 2. Average yield of C
= 2. CHY ISR
W5 HRB400B HRB400D HRB500 20 MaK Q
SRR 0.9440 0.9361 0.9748 0.9449 1.4736
Table 3. Partial historical income rate table of Mn
= 3. Mn BB RIS E R
W HRB400B HRB400D HRB500 20 MaK Q
0.8184 0.7773 0.8888 1.0076 0.9961
0.8518 0.8202 0.8987 0.9686 0.8535
0.8877 0.8833 0.8821 0.9471 0.8489
0.8332 0.8440 0.9147 0.8710 0.8797
0.8733 0.8123 0.8718 Inf 0.7768
0.8689 0.8358 0.8756 0.9800 0.9401
0.8284 0.8605 0.8783 0.9832 0.8531
0.8230 0.8988 0.9029 0.9894 0.8325
0.8388 0.8855 0.8733 0.9853 1.4788
Mn {4524
0.8148 0.8476 0.8681 0.8806 1.5278
0.7713 0.8143 0.8764 0.9459 1.5801
0.7013 0.8576 0.8520 0.9435 1.6295
0.7899 0.7977 0.8782 1.0624 1.4789
0.7847 0.8211 0.8401 0.9374 1.5571
0.7372 0.8244 2.5395 0.9101 1.3866
0.7931 0.8406 0.8613 0.9625 1.6158
0.6817 0.8132 0.8539 1.0277 1.5132
0.7290 0.7987 0.8734 0.8994 1.4505
Table 4. Average yield of Mn
= 4. Mn B EHISE
W HRB400B HRB400D HRB500 20 MaK Q
SRR R 0.9041 0.8709 0.8694 0.9759 1.2333
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4.2. ERS AHEBERBLER

FEARK AR G AR T, & SRS 2 2 PR R AR o it DAASSCEEXT T AN R B89 5 41X T
HEMWRREZZMERE TAFEK . @ik MATLAB Zife kg, AT BIARENS N C.
Mn PR TCER BRI 3 ZER R R 38 5~14 R

Table 5. Steel No. HRB400B affects C yield factor
% 5. $NS HRB400B $01 C WISEE %

EAIPS R Ceq_val Cr Ni_val Cu_val V_val Alt_val Als_val Mo _val Ti_val
R RE 0.0813 0.0792 0.1066 0.0926 0.0798 0.0827 0.0828 0.0821 0.0722

Table 6. Steel No. HRB40D affects C yield factor
#* 6. $WS HRB40D 201 C iSERE &

K ZE  Ceq val Cr Ni_val Cuval V_val Alt_val Als val Mo _val Ti_val PEREE
MR R 0.0907 0.0743 0.0824 0.0923 0.1184 0.1222 0.1224 0.0867 0.0857 0.0785

Table 7. Steel No. HRB500 affects C yield factor
#* 7. WS HRBS500 #2010 C WISEE R

AT HE Ceq_val Alt_val Als_val Mo_val Ti_val B_val FeMn68Sil8 Mn 5%
R RE 0.0972 0.0992 0.0807 0.0804 0.0883 0.0947 0.0843 0.0887 0.0990

Table 8. Steel No. 20 Mnk affects C yield factor
8. RS 20 Mnk 200 C YIS EER

MRk Ceq val Nival Cuval V. val Altval Als val FeV55NI1-A  FeV50-B Btk Siffgx
MR R 0.1263 0.1328 0.1545 0.1170 0.1289 0.0943 0.1166 0.1166 0.1273 0.1026

Table 9. Steel No. Q affects C yield factor
9. WS QM C WISERER

FAGIESES V_val Alt_val Als_val Mo _val B _val WEEE paliifzssich ] FeMn68Sil8
MK EH 0.1610 0.1331 0.1401 0.1211 0.1512 0.1622 0.1415 0.1662

Table 10. Steel No. HRB400B affects the yield of Mn
# 10. $¥S HRB400B ££M Mn 1S EE

AN Ceq val Cr Ni_val Cu val V_val Alt val Als_val Mo _val Ti_val
FEREL 0.0813 0.0792 0.1066 0.0926 0.0798 0.0827 0.0828 0.0821 0.0722

Table 11. Steel No. HRB40D affects the yield of Mn
= 11. $85 HRB40D 208 Mn WS EE &

WMRE  Ceq val Cr Ni_val Cu val V val  Alt val  Als val Mo val  Ti val MBS
FEREL 0.0907 0.0743 0.0824 0.0923 0.1184 0.1222 0.1224 0.0867 0.0857 0.0785

Table 12. Steel No. HRB500 affects the yield of Mn
% 12. $85 HRB500 $0 Mn WS RE &

AN Ceq val Alt val Als_val Mo _val Ti_val B val
VP 0.0990 0.0734 0.0733 0.0898 0.0713 0.0742
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Table 13. Factors affecting Mn yield by steel grade 20MnKA
# 13. 85 20 MnKA £ Mn IS RE &

EAIPS R Ceq_val Alt_val Als_val Mo _val Ti_val B_val FeMn68Sil8
R RE 0.0990 0.0734 0.0733 0.0898 0.0713 0.0742 0.0937
Table 14. Factors affecting the yield of Mn by steel number Q
= 14. RS Q My Mn ISR ER
FAlS S i Ceq val V_val Alt val Als_val Mo _val B val
FEREL 0.0881 0.0844 0.1679 0.1404 0.1472 0.1200 0.1552
LSS WREE T4 AEERIRE FeMn68Sil8 S et Pt
R ZRE 0.1698 0.1078 0.1533 0.1744 0.1118 0.1065
4.3. BP I MLZAREL K

ARSCERS F AN A I 5516 T 5 USSR 52 2 B R AT 1 AR f 3 - i
B JFEE 73 NI ZREERBAIE SR - 5 C & @ TC s AR M TNE 5 S AT l:t@"b fif 0 EE PR 1] 3~7
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Figure 3. HRB400B, C expected and actual value comparison
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Figure 4. HRB400D, C expected and actual value comparison
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Figure 5. Comparison of expected and actual values of HEB500 and C
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Figure 6. Comparison of expected and actual values of 20MnK and C
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Figure 7. Q, C comparison of expected and actual values
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FUA RS R B C T ER RO 3 0 B0 0 T Al i R % 15 s

Table 15. Part C forecasted yield
= 15. C B IS =

C #Br P15 2 FHME

HRB400B 0.9760 1.0315 0.9683 0.9184 0.9373 1.0442 0.9249 0.9500 0.9688
HRB400D 0.9286 0.9509 0.9409 1.1035 0.8501 1.0190 0.9280 0.9206 0.9552
HEB500 1.1198 0.9338 0.7078 0.9721 1.1908 0.9783 1.3575 0.8684 1.0161
20 MnK 0.9337 0.8270 1.1036 0.9260 0.8858 09111 0.9125 0.9135 0.9267
Q 1.2897 1.4144 1.3547 1.1607 1.3533 1.1734 1.8262 0.2370 1.2262

K I EHE 73 NI GREERIIGAE SR o K Min & G702 IS5 (0 FUIEL 55 S PR E AT LA, e ot e A
TE 8~12 fR.

X T AN S E T SRS R 2 2 MRS TARK B . Eid MATLAB ZifekiE, &
FUA ISR (9 Mn To 3R AU 3 A B2 T R % 16 s

Table 16. Mn partial predicted yield
% 16. Mn #R5 TR 15 2

Mn #8434 FEE
HRB400B 0.3839 0.7003 0.6000 0.6667 0.5944 0.6975 0.7128 0.7432 0.6373
HRB400D 0.8852 1.0025 0.8312 0.8302 0.6628 0.9068 1.9549 0.8622 0.9920
HEB500 0.8576 0.8745 0.8095 0.9807 0.8697 0.4646 0.9975 0.9819 0.8545
20 MnK 0.9442 0.9122 0.9261 0 0 0.9483 0.9499 0.9215 0.9337
Q 0.6667 0.6895 1.2371 1.3835 0.6705 1.1584 1.3724 1.2884 1.3331
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Figure 8. HRB400B, Mn expected and actual value comparison
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Figure 9. HRB400D, Mn expectedand actual value comparison
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Figure 10. HEB500, Mn expected value & actual value comparison
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Figure 11. 20MnK, Mn expected value & actual value comparison
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Figure 12. Q, Mn expected value and actual value comparison
B 12. Q. Mn FHAES LFREXTEL
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4.4. TYH R EHEMEESTMERE

HI T BP #20 W) 2 500 i B 3o 2 2 18 A1 5 P N SRy B s /ML SR i, BT AR ST 0 B0 AR R
BP 120 W 4 [0 2% 2H 5 1) O RN R0 AT 1 kidk s AL T o B AR G 2R R 2% 2 4 A AR . G i
MATLAB 2 3K A AN [F49 570 28 R K520 CL Mn B FR G 3 IS5 . A SCIRR BN RN S T C.
Mn P TR AOUCAS 3 AR B 20 T i o R 2 17 Ak 18:

Table 17. Part C forecasted yield
= 17. C B S =

5 C Ho> Wi % FHME
HRB400B 0.9586 0.9649 0.9606 1.0132 0.9882 0.9590 0.9028 0.8751 0.9407
HRB400D 0.9523 0.9759 0.9610 0.9203 0.8090 1.0142 0.9569 0.8013 0.9336

HEB500 1.1623 1.1274 1.0159 0.9154 1.9901 0.8419 1.2948 1.0078 1.0792
20 MnK 0.9155 0.8991 0.9261 0.8169 0.8816 0.9079 0.8701 0.8137 0.8828
Q 2.7027 1.4210 1.6953 0.4525 0.8453 0.9834 1.6951 0.9166 1.2826

Table 18. Mn partial predicted yield
= 18. Mn BP9 FUMMLIS =

5 Mn 73 S FHME
HRB400B 0.7336 0.7381 0.7424 0.8203 0.8191 0.8470 0.7503 0.8370 0.7796
HRB400D 0.8220 0.8466 0.7907 0.8357 0.8712 0.8497 0.7667 0.8413 0.8399
HEB500 1.1104 0.8493 0.9694 0.9732 1.4426 0.9350 1.3322 0.8750 0.9003

20 MnK 0.9417 0.9326 1.0080 1.0075 0.9156 0.9743 0.9466 0.9089 0.9760
Q 0.9525 1.4459 0.7551 0.8213 1.4363 1.3430 0.8287 1.4679 1.0948

4.5. RS ERTEERNFISHNBEERRBER

ASCET T AR A SRR BIAS TR DL R 1) J R G T 45 5. 383 MATLAB fRFERiE, AfE
FIANFANS B A SR AR T % .
451.C TETASENERA

ANFETER M E R T NECET ZARAE AR TE, BT SCEARFNS R 43 3 AF f e Z 3T R R,
W 19 N C TeR FA SRR R IA:

Table 19. Alloying scheme and cost under C element

F19.C iEZTAEEMAFREMAK

AR HRB400B HRB400D HRB500 20 MnK Q
FeV55N11-A 0 0 0 0
fRARTERR 0 0 0 0 0
WEEE 0 0 0 0 0
FeV50-A 83.8533 85.2965 47.5206 76.5619 77.0437
FeV50-B 83.8533 85.2965 47.5206 76.5619 77.0437
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Continued

ARG 0 0 0 0 0
FeAl308i25 83.8533 85.2965 47.5206 76.5619 77.0437

WAL A 43R 0 0 0 0 0
2] 83.8533 85.2965 47.5206 76.5619 77.0437
Tk 83.8533 85.2965 47.5206 76.5619 77.0437
FeSi75-B 83.8533 85.2965 47.5206 76.5619 77.0437
ARG 83.8533 85.2965 47.5206 76.5619 77.0437
FeMn64Si27 83.8533 85.2965 47.5206 76.5619 77.0437
FeMn68Si18 83.8533 85.2965 47.5206 76.5619 77.0437
Al 83.8533 85.2965 47.5206 76.5619 77.0437
LSRR 2 83.8533 85.2965 47.5206 76.5619 77.0437
RAR(TT) 38706691.7 39372885.7 21935552 35340974.6 35563393

4.52.Mn TE T AR ERE

AFRTEERIESR T N RORT RANRAA A A, BT LAA SCHEAS RIS 20 AR (70 AT R A7
W42 20 9 Mn JEER N B OB T 5 KR

Table 20. Alloying scheme and cost under Mn element

F20.Mn TETFEEEHHE REEE

e (L) HRB400B HRB400D HRB500 20 MnK Q
FeV55N11-A 0 0 0 0
fIREERERL 0 0 0 0 0
WAESE 0 0 0 0 0
FeV50-A 0 0 0 0 0
FeV50-B 0 0 0 0 0
TEERAES 0 0 0 0 0
FeAl308i25 0 0 0 0 0
FEARER & 23R 83.8533 85.2965 47.5206 76.5619 77.0437
) 83.8533 85.2965 47.5206 76.5619 77.0437
fikgk 0 0 0 0 0
T2k FeSi75-B 0 0 0 0 0
Fr e EE S ) 0 0 0 0 0
FeMn64Si27 83.8533 85.2965 47.5206 76.5619 77.0437
FeMn68Sil8 83.8533 85.2965 47.5206 76.5619 77.0437
Ak fE 0 0 0 0 0
e diieawall 0 0 0 0 0
AGT) 2716848 2763608 1539670 2480606 2496217
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