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Abstract

This paper studies the optimization scheme of the “deoxidation alloying” batching arrangement of
molten steel. Firstly, we wash the historical data collected during the early smelting of low-alloy
steel grades to calculate the yield of element C and Mn. Secondly, we use principal component
analysis method to reduce the dimensionality, and the indicators are simplified into four principal
components. Furthermore, based on the variation coefficient method, a comprehensive evaluation
model of the factors affecting element yield is established, then the element yield of C and Mn is
predicted based on the LSMSVM algorithm: 200 sets of basic data are randomly selected as train-
ing samples while other 50 sets of basic data are used as prediction samples. Then we analyze the
variances and errors. To improve the accuracy of predictions, we use BP neural networks to train
the same data set. Finally, under the constraints of ensuring the quality of molten steel and com-
manding the minimum cost of the alloy as the objective function, an optimization model of alloy
ingredients based on the yield prediction is established. With the help of genetic algorithm, alloca-
tion plans of alloy ingredients are specifically given to 10 boilers, which effectively reduce the cost
of ingredients.
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P A X B ANHT D B BE o BRANAERE R, ONERIE T B IR e G B ik, “ A& il A2
FEFIAAT: ARG Eie)E, CORBMR TR & &, 2 IERIFRIAR e U 2K .
PPAE S ROR B IC & BRAE N i BN 32 B o s AR, TR, PRR R PR 358 AR S B A (R
MR RED LG R AT oM, IR, ERHIWT AR TR S R, SRR O s &
SRR ECE, AT RMEI SRR SR B Ttk TE I

[ A AR e e o, HRCOR ML Sk, F 5, s TR AN R INER 2R %
A G e SRS EEIEIIMAE, RERK, JCkBHS e A& &S .
KHLME, I ToshZ LS TRH T B2, B A G e REAEAEA D Z ) A FE 5 BHE
IRP . TEEEER, [ENANEE NEDMMETTRE TSR “BAael” SeMHERLmuT, i
IR ST 1 F A LM RI[3]. S k(4] BRZHT[5]. BP MAM[6]5, (HHRITEHKE,
VISRAFAEE 2 ), BN TEoA OB AR e AR SIGE R84S . O T HERf . 5 A ™ o
B/ HAERERSE AN, W70 “ B el ” Bk 22, SEBl AR & e BORHK B S5 Az i,
HAEELIRE L.

ARSI = 58 8y, UMK AR T HIE RS 00 11 SRR, X B AT AL B
ARy, MRIEESBESERRE L W Co Mn JTRIIPEARE, IR &S, RN S o)
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A BINPTROTRIATER, JR— DI NERmii, SREHER . BT, HIE BA S
W A, PRAEBERRTSE T, CARCRER ARG SR A Ay B bs, @07 “BiRaait” g
AR, JEER AN S, 5 &SRR BRI 22 HE T &

2. WiRKIFELFEIT
2.1, BiEKIR

A HTE AR R B 2019 4555 JUJ MathorCup s $ Bk 28 D i 4K “BiE&ai” i
BT ZARA[7].

A NP A, B — MRS SRR R R SR 00 s, Ry 1716 ki, Midsk
H 45 ANTFE, XEFEARENS . Wi P& n S Ron R G R, B A SR SRS IEF ST RES
B, MASESEREME R ESER, a8 16 K£idx, ErRAEMEEER, SMOFEA 104
FE, BIEZAESIEH TS ECRNER G 2 LS & SRR NS B
2.2. WIEF*E

F—0 BIREREGE: AEREERE “BEA S KRN &GS TRNERSIAZT
FOEEZW, KL, NEEGFHAMREEE, R GHE Co Mn TR R, I — i8R+,
JF5 TA06618 5 “HetP 2 il Mn” BEUE B R o, 475 7TA06059 2 J5 “HEERE IERE C7 “IEH IEFE Mn”
MEUE B AR . OB R X Lo 2 S B R A X TEAT, BrAOR BT DL b = T008dE 55 4= 1)

RN
Bb: EBRREEGE: RBRENZREANE, BIPA S Mn SRR, BIP% R C SRAES
T BT AE AL 3R o

VG SR IRAE, AT T — B AT
3. AELRUBENEEXWERTN

BARTEDeE, B eRyaE GRS S C Mn TR %, it RH i 70 Ao Bl it A7 1
4, RMPIRRR TS AR TR REGE, @TR R RN RN ERGFMT SR, RS ERD 5
IR REE Y, &G E] Cy Mn e RIE R I E B MR K.

31 AENEREWERITH

GBS FEE N AN ESHNKBIN A S TRNEES MAZGRN S EE L, BHEA
e RRERAXN:
_ PicMi — LM ’

n
lei 'mjk
j=1

Hrp, nfREEGemRNER, (URE I MtR(i=12 25K C. Mn tR); kRS jREKSE]
M&EE(j=21216); (AREFAGTTRSEEENERG W) p AREFEF TR S EEUEN
HEAD); MAUGER “BEGE” K E; M AR “BEEGei” SREWNATE; A, N5 |
& eI E S MRS EEENER T ) m bS kK PIMARIES j fia SRR E &
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Table 1. Weight percentage of element C of each alloy ingredient

# 1 BAERHE CTENEERSL

Pk (FeVso-A) Lk (FeVso-B) 4R 42 FeAlgSizs T TH (e )
0.0031 0.0031 0.00374 0.017
FEER (B ) T4k FeSizs-B R R BT A 45 FeMne,Siyy
0.0006 0.0006 0.96 0.017
kA 4 FeMngsSiss TR AL AE(55%) Tk 5 e ot 4
0.017 0.3 0.22569

HARSAGEME CouRTEANET, M 2,=0(j=12378).
KUl BT IEBEARANLR(D), WMAKQ)B5BER S AT R R A

> A, M =0.0031x My, +0.0031x My, +0.00374 x Mg, +0.017 x mg,

j=1

+0.0006 x M, +0.0006x M,,, +0.96x M, +0.017x M,
+0.017 x M, +0.3x My, +0.22569x m,q,

BB T pye My, £y, Mg my FOSEBREE RN A (1), 54452 810 A5 1) C oz i siefg &,

TR 45 AR 4 2:

Table 2. Partial calculation results of historical yield of element C

2. CLEMEWERBIHELR

Vaas3 C i3 R E Al C EEFHFE
7A06878 0.913405
7A06877 0.866518
7A06876 0.867222
............ 0.956059
7A06063 0.854784
7A06062 0.959721
7A06061 0.962857
A3, 153251 HiP 5/ Mn JTER sl 3, a4 R T & 3:
Table 3. Partial calculation results of historical yield of element Mn
2 3. Mn TRALWEEBIHELER
Vaas3 Mn JG G sl Mn TG 2 EH A %
7A06878 0.896837
7A06877 0.933969
7A06876 0.867222
............ 0.923062
7A06063 0.926167
7A06621 0.965569
7A06620 0.961365
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3.2. ERSSHEITAT RIS RRMIERR

B34 C. Mn WRR)FERWE R, TR EMEIREIT IS, MR R 5k,
=N RG2S S AR A R T AL B SR gt — 20 i, AR B i Ak RG S5 . FIUA: 1) 73 o )
HI1 o T o i — FhBR4E R Geit 0732, B RN 50678 B SR A & i — 4R A B R SR B8 &,
MR SR 5 B IR 4R G 78 R, DURTTRE 2 M IR FR A B G B e — NI, %
Ho o B O I BR BATL ) B AL R 7 A A DGR RE AL B, SR JE X 2 4E AR B KRGl T R 4EAb 3, iz
RE LA — AN s RS FE R e SRS B R G,  FRIEEAEE I E R 2, it — PR Rl — 4

i By SPSS B, o FAb 3 5 HIBE SR EAT £ A 04T, R

Step 1: MM (REANKIFE. BILPUEL FeVesNy-AL REBREZL. PR A LG N). REERAS.
TEER & 42 FeAlOSips b4 1 (REERIE) . fEEk FeSizs-B. A7 HARIERRF . AhfE & 4 FeMnggSi (AH&ER).
TRAGHE(S5%) REEGRRML ST Fehr 2 s - = Iida bR A SPSS ¥4+ i) Data Reduction-Factor
&, WUA EAR AT R T
Table 4. KMO and Bartlett’s test
2 4. KMO 70 Bartlett B9#€36

HURE S 1% £ 1) Kaiser-Meyer-Olkin/& & 0.649
Bartlettf) BR % BE #6363 ALK J7 1889.202
H R 78
BEN 0.000

4 foR: KMO fH9 0.649 > 0.6; Bartlett BRFZZAR Ky 1889.202, KI5 et {EL i & EAKF
0.000, /T 0.001, ERFEARBHAELS . —H LU SARIR 2 M BA MM, EEHEE— 2.
Step 2: #REERS:

Table 5. Total variance explained

=5 MENBRE

o MR PP T7 AN

ait Tr %% ENALL ait Tr %% 2%
1 3.691 28.393 28.393 3.691 28.393 28.393
2 2.007 15.438 43.831 2.007 15.438 43.831
3 1.815 13.958 57.789 1.815 13.958 57.789
4 1.077 8.286 66.076 1.077 8.286 66.076
5 0.98 7.536 73.611
6 0.965 7.419 81.031
7 0.729 5.604 86.635
8 0.641 4.934 91.568
9 0.519 3.991 95.56
10 0.295 2.27 97.83
11 0.177 1.363 99.192
12 0.071 0.547 99.739
13 0.034 0.261 100

DOI: 10.12677/pm.2020.103025 176 i


https://doi.org/10.12677/pm.2020.103025

R %%

H17% 5 AT, B 1,2,3,4 IORFE(E R T 1, S TFREMRE 66.076% 1075 2, RILIREUR 7> 1,2,3,4 1E N
FERIT
Step 3: FETRIHIERST, BEIRLFHERE:

Table 6. Composition matrix

2 6. TFERE
D%y
1 2 3 4
K 0.216 0.843 0.471 0.021
TR A 42 FeAlyoSiss 0.778 -0.073 -0.107 -0.003
PEpipe 3 il 0.271 -0.482 0.584 0.253
T4k FeSizs-B 0.846 -0.220 -0.071 0.104
EfE A 42 FeMnggSise 0.274 -0.209 0.324 -0.440
P R -0.188 0.117 0.002 0.188
PAREEGEN) 0.918 -0.036 0.018 0.076
TR Mot 4711 -0.105 0.372 -0.686 -0.105
Tk (55%) -0.863 -0.022 0.104 -0.160
TEARAS -0.568 -0.307 0.638 -0.024
RACHL B FeVesNii-A -0.029 -0.024 0.023 0.668
{REBRERR 0.215 0.844 0.468 0.021
T T (e ) -0.412 0.080 -0.142 0.532
I3 HT I FE RS 6 W] R

T8k FeSizs-By fiEEk FeSizs-B. ARG A 1) BAbRE(B5%) 7R — T i LA B s, s —
F R B S B IR BEFRFR AR

KA E . A ARG . ARERREERTE SR — Ry AR A, ULEH AR R B R X =
ANFEFRBIE B

AR RS ARG ARG (RERRERRIE S = A BB, B S = S
AT X PYANFEAR IS B

FM AR HiEES 4 FeMnggSings AL FeVasNy-A L REER I (EEARVE) 7E 58 DU £ i/ LA
oA, UL A FE AR R T X AR IS B

gE b, DUAS F R v DA AR S B SR AR R AR 15 R

Step 4: ZRFA SR

B, 1B REGERE T % 7:

Table 7. Score coefficient matrix of 13 original variables under SPSS processing
= 7. SPSS ALIE T 13 NMRIAL BRI 15 REERE

D%y
1 2 3 4
K E 0.058 0.420 0.260 0.020
fiE#A 5 < FeAlsSizs 0.211 -0.036 -0.059 -0.003
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Continued

PEpipe3 il 0.073 -0.240 0.322 0.235
T4k FeSizs-B 0.229 -0.11 -0.039 0.096
EfE A 42 FeMnggSise 0.074 -0.104 0.179 -0.408
P R -0.051 0.058 0.001 0.175
WAEA GG 0.249 -0.018 0.01 0.07
HEEES R Mt 4771 -0.028 0.185 -0.378 -0.097
Tk (55%) -0.234 -0.011 0.057 -0.148
TR -0.154 -0.153 0.352 -0.022
RALHL B FeVesNii-A -0.008 -0.012 0.013 0.620
{REBRERR 0.058 0.420 0.258 0.019

Tk i T (e v ) -0.112 0.040 -0.078 0.494

AT T & RN ARFR R A5 A EUE, IR RS REOKT 0.2 fdiahs . BAN/KIFE
TEAR G4 FeAlySinss f1AEGER ). T4k FeSizs-B. fhifit &4 FeMnggSirgs F5IM 4 SR . HLA A 4 (it
F) FEE IR BUEGT . BAAE(55%) FEERES . BULHLEL FeVesNiy-AL IESRERL. Tl il I (AR IE) 70 )N
4,0y, s @, dy, 0,8, 3 INFIRIUAN A G B 55y, B TR E 1 i 195 RER T 45

¢ = 0.211a, +0.229¢, +0.249¢r, —0.2340,

¢, = 0.420c, —0.240c, +0.420c,,,

¢, =0.260q, +0.322c, — 0.378a;, +0.352¢,, + 0.2580x,,,
¢, = 0.2350, —0.408¢;, +0.620a, +0.494qx,,.

()

DL EARFRD IR S A Bl e, A2 AT e O B R An B A5 S G DU R, R SR dR b fa Ak o DY
B ——¢. ¢, b5 by » AT T BT

3.3. ETZRABZEN T RS RYWEARZ ST

P AL BRI BOE SR AR TR e, PR T A R EGE, SN Cy Min BT 4 32 2
R LR & v .

B A5 R EUER M WAL 7%, AT SRR AL R AR E SRR . fEPF O
fRbRR R, HUEZE S BOR AR Pl SEEL H A, UL S RE S BB TAN X R Z R 22 80, T
BORHIBUE 8] PAILL, A2 7 R H% AT LA AR MU e W FiE A Bl R AR A1 L S HL SRR L

Step 1: 4 T HERA TN 48 bl EANAS IR0, 7525 F A T0UE AR (048 5 2R BOR 7 R 2% TR A i
HRZEREE . SRR R AT

t;=—(i=12,--,n),

~|Q

Horp o 5 | DR EHE bREZE, X RS | DURREUE 1-FH51E .
Step 2: 13RI & IUHEFRAL )

n
score, = £,X; .
i=1

Step 3: X 5 IiHE AR 2 REAT I — AL 2
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score;, —min
max—min -

Step 4: KA TR B IREE R . EEHIBCEALH I B FYHEAT 202, U R AL 05 058 SOREA
Z RIS RE L, HAE A e SONBERS, W WP IR . PIAZ & A] B R A 3

score; =

o |+

dp(xly){glxk—yklp} :
PR AFEARIKG,G,, AIE TS H X R
1
D(6.G)-—= % T d{x.x,).

1n2 % €Gy Xj€Gy
P p=2, 455 Step 3 ArfFS4atrH— 1051570 UL Q)BT R & LR SRR C R, (EH)
MATLAB =R PU 3= Bl 43 -5 70 25 IS 2638 1 ) R &5

Table 8. Min’s distance of each principal component

8 HEMMEKES

By 1 gy 2 By 3 BT 4

D 0.279 0.327 0.677 0.108

HI7¢ 8 AT H: Jlor 3 XS R MR R, JLE BN L AR RRT) REESHRM T R
G ARERRERR S B TR S R AR ORISR R M B A By 2, LR B RS
A EERIRGT . R RERR S B AR By 1 RS) 4 ST SRAREIR U . ERG BRI
B ETCRIAT RN EE MR ZON: PR E . A AR R . PSRRI ST REERES . RERRERK.

4. AETEBBENTN

N ECRBAR R R ERME R, FT LSM-SVM H3%, @ArfUs S i milei sy,  BEsLHE
200 M5 HIFEREERAE NI ZRRE A, 53 50 ZLEERECHE (F 9 T RE A, REATT0IN, 23 BT Tt 45 SR 5 5
BRERTZE S REE: iR TR, [5B) BP #hEemgs, XAHFIEIREIAT IS, T, FEabr
B

4.1. EFm/_FeZFEEHATRARE

3.3 AL AT EINAGE] 1 C. Mn iR R EE R ER, DI WASREAT I . 1=
BWAF RN R AL, HIGEH &Rk X BT B S WS R 0 R 0 T A& 28 5 R 3l
SR, SCRFREAL SVM [91 —AMRER KTk e/ IR SRR EAHL(LSSVM) AR #E SVM et
L B/ e AR, BRI RE .

PR TR

WIZFEAED = {(x, Vi ) [k=12,-,n}, Hrx, e R"ZEMALIE, v, e RAHIHE. 7R w2l
Hh g /N 3R SR ) AL 0] ] DA IR

Vi = f (%) =0 p(x)+bk=12n, A3)

K, (%) &7 R —» R™ AR A S RIS Oy s 4ERAIE 2 (B B EG. 0 e R" NPT IIAUE TR b VW E
o B R/NENEREZ B3R o 7
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@)= ol +CL(F (). %)

R CONE S BER S uﬂﬁﬁﬁ%@ﬁgﬁu%ﬂ={

BrEi/J\'f’t > 'ﬁ%’)\ R(a)) :
f(X)=:§i(ar—af)(¢(&),¢(X))

i=1
3ot (%), 0 (X)) = K (%, X) BRIERZER L, ERXFRINIES AL, LR LR
K (%) = exp| ~|x—x[* /207 | ¢ BUR DI R4 C RIS o B A XU 3EA2).

HTLR AR

(4)

®)

B 5o s TR AR T REA LI 200 ZRCSRIENUIGREAR, 456G MATLAB FLE=>100fE, X
trianlssvm pREGHEAT ISR S3HR 20 ZRACFONTRIIREAS, AT 0. AT 3R A5 R T B 5 B S )

N 9 fow:

Table 9. Comparison of predicted and true yield values of C and Mn based on LSSVM
F# 9. £TF LSSVM B C. Mn TRYISETNESELERTEE

C A A E C W25 R FINE Mn A5 22 B AE Mn A5 R E
0.980009 0.974431 0.9524849 0.905754
0.935507 0.974263 0.9344975 0.948926
0.935799 0.851401 0.9206476 0.904424
0.932776 0.904535 0.9416416 0.909433
0.95927 0.994939 0.9261672 0.910595
0.860947 0.888809 0.9655685 0.909383
0.897149 0.944718 0.9661588 0.91522
0.891221 0.870663 0.9387211 0.904753
0.869615 0.978561 0.9214447 0.908014
0.82415 0.852107 0.8413793 0.832837
0.95546 0.905949 0.9247972 0.899509
0.912185 0.851708 0.9291522 0.750776

Gra o B A T R AR IAERA . 15 2kt C Jok: K IINME 1% 50 0 5 A WAF R BT X LE .

IR A 1.
H C U LSSVM IR mr 4, JISRMETE 0.8 Mz b Fish, HEMGET T,

Y S PN E SRR, WK TN RO AE . 1%l 2 W, 50 ST REA ) T3 (8 5 5
SAHZ M E G AR, XU NG RAFAE B Wi ZE . BB BNA R AR, A —25

R HIAE S TIME < M RRZE 5772, (i RT3 Hr -
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LS-SVMI 44 R B F500.0=1400

2.5¢

20 40 60 80 100 120 140 160 180 200
time

Figure 1. LSSVM training chart for yield prediction of C
1. C WIS ZFUMEY LSSVM JIZE

ORI, “FHME

3
2.5¢
2 B @ 7
)
1.5¢ 1
)
S
100, 0%°]
B
@
*
0.5 : : : -
0 50 100 150 200 250

Figure 2. Comparison of true and predicted yield values of C
2. CYE RN E A STUNMERT L E

_CHRRHI R EE A

T T T

0.1+ .

TN Mo M, )
Y VWY NAVER!

-0.1F

'2 1 1 1 1 1 L 1 1 1
200 205 210 215 220 225 230 235 240 245 250
EE

Figure 3. Error of C yield prediction
3. CSETNIRETLE
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CH A8 R 7 Z 2B

-0.1
-0.15}

02 . " " . . .
200 205 210 215 220 225 230 235 240 245 250

Figure 4. Variance and error of C yield prediction

4. CHISRIMN A ESIRER

Hi L1 3. & 4 PRI SR, 50 ZHX) C YSRGS RSP E 2 M iR 22 J7 ZEAAANWE), —
B HAAES KB, KA RZE(E S%iu BN EEh; £5 214, 235 MM E, REMNTT 2 EUE
LEXHE RN 2R LT, BRI KR ZEEIL 0.2

[FIZE, Al T Min 76 3R ISP 3 B ACA R TN (I R 485 R LK 5 SR LA

RBF
LS-SVMll 445 R B y=3500,02=1400

3.5

25

1.5

1 g flee B o i
PP ”‘\."'A\"‘W.‘ iyl e "’“"‘".{MM
0.5 a

0
0O 20 40 60 80 100 120 140 160 180 200
time

Figure 5. LSSVM training chart for yield prediction of Mn
& 5. Mn WIS ZRFUMEY LSSVM JIZE

35 oRLME, *HWME

@

3
2.5
2
1.5

1 4

0.5 ®

00 50 100 150 200 250

Figure 6. Comparison of true and predicted yield values of Mn
6. Mn S RN B B SLE S FUUME R EL E
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R4 5. &6, Mn GRS RI S 5 MEA —e 285, HM CMEAEE R, Tllgs R
t C .
B3R Mn SR NS R S S TME 2 [RIR ZE S T 2, 0 BUEIE0HT:

o Mt /8 2 T R 2

06}
05}
04}
0.3}
021
0.1

A

0 A R N
ﬂ«VM/VV\f’ L Wwv

-0.2 . . . . . . . . i
200 205 210 215 220 225 230 235 240 245 250

Figure 7. Error of Mn yield prediction
7. Mn S RFUMRE T E

5 M REFRWREETEZE
1.5}

1 L
057

0 “\/V B

0.5 — e
200 205 210 215 220 225 230 235 240 245 250
Figure 8. Variance and error of Mn yield prediction

8. Mn WS RTUN B £ SREE

Hill 7. B 8 AT, 50 HHIFEA T, RZE. T ZE AW S HARE S REAARE, K2 AL 0.1 I
FE5R 245 AREA A, iR ZEA5 2 I EUE ZExHE RN SURI BT, TR Bl KIRZE L 0.8,

4.2. ET BP HZMERITMER

MR 4.1 FTCER AR T A HER T, A SCiERE BP thee ks, #ATI 51, BP #hiLe K
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Figure 9. BPNN vyield training diagram of C
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Table 10. Comparison of predicted and true yield values of C and Mn based on BPNN
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Figure 10. Variance and error of C yield prediction
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Figure 11. Variance and error of Mn yield prediction
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Figure 12. Cost difference before and after optimization of alloy batching of each furnace
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Table 11. Ten cases of steel furnace ingredients optimization schedule (furnace number omitted “7A0”)

2 11 HHBERPERME (L RHER (P S EBE “TA0” )

Jpe B B Bs Ba Bs Bs P Be Pro P Pu P Pz Pu s Pis P Pus
6878 78500 0 0 5 0 0 37 0 0 0 200 0 0 76 0 1400 130 0
6814 74400 8 0 0 0 0 40 25 0 0 260 0 0 80 0 1300 85 0
6244 73300 0 0 4 0 0 35 70 0 0 180 0 0 90 0 1250 110 0
6369 74400 8 0 0 0 0 45 47 0 0 180 0 0 85 0 1000 100 0
5716 73300 0 0 4 0 0 30 80 0 0 180 0 0 85 0 1300 110 0
6859 48990 0 0 8 0 0 30 0 0 0 200 0 0 50 0 1300 80 15
6809 73300 0 0 8 0 0 30 23 0 0 180 0 0 50 0 1270 90 0
6800 74400 7.5 0 0 0 0 45 20 0 0 190 0 0 60 0 1100 85 0
5175 71300 0 0 4 0 0 40 76 0 0 155 0 0 90 0 1300 100 0
6867 74400 7 0 0 0 0 50 42 0 0 150 0 0 90 0 1100 85 0
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Table 12. Cost table before and after the optimization of ingredients
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