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The Electrode Control System of AC Electric
Arc Furnace Based on PLC

Abstract

The steelmaking process of AC electric arc furnace is a rather complex process with
physicochemical reactions, characterizing the strong nonlinearity, uncertainty, time-variance
and serious interconnection etc. It is impossible to establish a precise model for the steelmaking
of the AC electric furnace. Electrode automatic control is a key technique in AC furnace
steelmaking and not easy to get a better control effects by adopted traditional PID control stage.

The thesis includes the historic course, the actual research and the tendency of EAF
steelmaking control method, which is based on the extensive knowledge of the craftwork of
EAF and the development of steelmaking process control at home and on aboard, which all
though study on a great deal of documented about control method of the EAF. According to the
control demands on electrode, a new control system consisting of PLC and electric-fluid
following regulator is designed. The main hardware of the system ,the S7-300 PLC program
architecture, program designing and the configuration field of the operating panel winCC are
introduced.

The desired control performance of electrode are different among various steelmaking
stages, therefore, the intelligent compound control system is adopted in the system, which is
consisting of the Bang-Bang control during the melting stage, the fuzzy control technique in the
oxidizing stage and the PID control strategy for the refining stage. Satisfying effect is achieved
by using above algorithms. The intelligent compound control system is analyzed and designed
based on S7-300 PLC, At the same time, the pivotal LAD program is given.

It takes conclusion from designed the control system and given program that the electrode
adjusting control system, which illustrated in this paper can use in realization and have the

reference significance in enhancesing the arc furnace electrode control system performance.

Key Words: Electric arc furnace; Electrode control; PLC; Intelligent compound control
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W, IRGTCRSETEEE LRI E LR BT IeGE .

3.1.2 BERITHRGHINT A

FEXT SR H R, R AR b R ks R Lh R, ST LU,
MM HATREES R, RAERFE—. ZGHEYTshiRER, BN RS 6]
RO, R RGUCA R ERR A, B, XRE6Rgu kS TR KR
RS o AR A 1] R G0 56 B HL I AR ()42 1

N TR A R G R K R R A

WiE 3.4, BINERIR. IVRE S E80. I8R5, 7R PEE i LTt
HEEIENFIIRIRARE . EHUEIRE T TAER, ZEAZE, FREAZIE; 99K
YRR, R E IR T4 e B, T O\l AR 1 L 2R B 1) LSS 52 A )iz
B, MR TR T, ARk E, FOl B T RFLF R~ 4
R EHTERIA e EN, BAESHE, BT IEEE: Mk, KK T4AEER,
B r IR N T 25 e (B, AT ) R 3h, WAL A R A (e e P AR P B E
HERT, EIGEHIE, B TR EEETERISEIIK . RS RS0 2l
FE. EREFERT .

—> R —— BIRETE

- WAL e iR e—

3.4 ST F I ee R £ R4 ] 2
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R i —— AL R R gt (B 3.5) fTLUTRHE AL

¢ HEEW RS
ol 14
ﬂ
S | o
T I < il IR 1 2 P
—
1
i
2 8 fEviR
FEWERL | =

&l 3.5 BB AT RS RE R

(1) B3 Ee B RERAA AT BLOK S THBRELA, AT ARR AN, R
RGBSR ARG, W DASEOIBRGE . kgAY, AR b BT A ) 8
~9m/min; PRI FERI AR, A 0.15S: REUE R, FERBUXLH 6%.

(2) W E RGP D250 1 RS RS R e 2 AR, M RefRIEE
TERTRTRAE . AR RER B BURIAT MR, N VIR BIRAEEATIRE,
TRHES AR BCE AR 0 R A T B FERCSIE AR B, FaalA L 2R, T H22
HORAEWITNFEIS IR . L], SRR, RN PR, REEER K
s kA BERGLseEn, i iz, DLt G s i, ok
ARG EIBAT o WEALHT BURIRE s A2 UGG E , SRBhE/D, D 1 38 S r ARl A A
i, JERIERR, MR BSOS BRI AR RBUE R, JF AR R HBIRKT E
LERIDRIE T F R HRRT BRI AT 2K
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LB LA ) —— B e A S o R REBUSE v, AR RBIXUDN, THEEEE T, fathoh
REFF R FORTRA IOV AR, RESCILIRIE. ks RERTY, W 1 Al sl i 1o &%
FIBAREK

3.2 EBRITHI R GeLARK
3.2.1 1= ARG RZE R

AT I R R 1 R G APLC Ozl A%, SR AT BHATLZ hl SR 0 r AR E AT 41,
DRUEHL I F2 A B BE RN o 328 R SR S AT P G 13,6 s

)

L AR L 45

A

LRI RERS HL AR K 43

A

MPI
N PLC T
EOAL = 00 LI

., !
w7 B ——
ek 4
IR

f

VI

: !

B 3.6 FEHEEH R G H IR
BRI L 4
(1) H. RS E )
IR RN OARPE LA BE, e r Il (0 A s 4% RE B BTzl
M, 3R SRR P F A L4 S A K FESIBEE, B T rL BT ARAE B
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Feeh e, RRRSE H BB B B A8 TR 2% 1 R AN A R AR i H IR AL
PLC RAEAL H 23 1 F A AL LU AR s iy s ek A E . FRI IR AR o
I EREE S G R0 10k Q WA AEBHAS RS, W S AR FH A8 (B N 10V B
JE, E3hEI 1~5V {5 54 PLC HUBHAM AT, i NI 1E 58 RIS 7E -
RSO R IR R & BRI TT IORSEIN, @ s i R A T %
SR EZNE. B RERIEA 5 ANEERA, HA 150V, 139 V RS AL
JE; 260 V. 210 V. 240V N A TVEEEFRREIA EGIHATE F I
(2) PR SEAT I ER T35 5«
PR AR Ty i e ng, SRR S bR I BH STV E N R, (H AR FEPTIR M
B, O RE I A IR RN TR e 28 1 I R 1 A st S P R SR Tl R
EH RTINS iE L — M2 LA 20000: 5 (1) FELIE HEARKE 0~40 KA F
RIS SR 0~10 A {55, FHEHERRIERE TN 1~5V IR EE 5%
AN PLC. JE(5 540t 280~5 [ HLEARIEAR LN 1~5 V FIHIE(E 515N PLC,
(3) PATHLAY:
15 B HH D 2R AR I LS AR IR R R G D R T B I PR AT LA
PLC 25 IG5 8-10~10V L, 23 VI FHRi%E#59+130 ~ -110mA [FIH
WASS,  Fa e IR R R AR ) TR BRI . AR IR K I B
4m/min, K EFHEREE A 6m/min.
(4) $&H14% S7-300 PLC  CK{ESR HEEVEANA)
322 ARLieESTEIRIE
T SR I BH BT Smifzsi], A REAS 28 Gt 42 HEPE AT AR 428 o S o A AR AT 4%
i), M RAIE HL S22 £ R Al FEE AR
FARR T RGN GRS, (H i FIR S A @ IR %, ik R g
S ASHI I 2 FEL R PR SRR R IO R SR (R A R, RIS ad e
B A A TR A A AR LU A PR T AR e (L, BT R FRE FBRER A I H
W, SR BEANERLARN 1~5V FHEES, 2\ PLC B AR, 81 2
REEFA A RIER 7 545 BT EURS . PLC HHTIAWIAINGE S, IRFE A 5k
XHESHT AR, Eid PLC B I AL J9-10~10V HLEAS 51545 VI i #i+130 ~
-110mA {55 IR, BHEXT AT AR
WEVA T 2SR R MoK B 45 e (A, DR B B N F2h el BIA IR
SRR, DU A R ) R AR B 1 S S T 1) BIZ3l, AT SR REIR AN Fa AR
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FHEHUERD, A BT, SRR T IRALTO (RIRES) K. ik
PR RG EER, HAGESHER, BT IEEE Mk, HIKKTAEER, g
WS 5 AR, WA S 2SN, R EL N VR EE A A P B H EEA TS, i
R, AR B R EARIA TG, K TN, Z2ERNE, AR
BARZ, MRS, 2498, TESEBRA xRS LEAREH I
3.3 K&/

SR I B RGN, S5 A RO R RS, B T B E I A
PLC &g M Bz R4t
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4 A FEARAT RIS

4.1 THITRRE

S \PYREEN Vit ll P Wt a3 e 7w P 1§ e S0t 1IN E P <% N E
Pzl

(OfE AR 205 2SI i FaAR T B s I F I R A AR e P22 . (E
PRI A S B R R o BT =AHAZIR FEL IO O = AH R R 2R R AR

I+ Ty + 1=0 (4-1)

XA P e I — R A EOIRES, B T B AR A2 i s
120 000~40 000A), 40 1, TAEEREIRAS, FHH LR BRI TAE i IR W T
PEHIIL, X2 BRI OLIE ? M 4-1), I AL IASET 1, T L, A I AT Re b
BN, BCE AR /AN —AH ORI AR g E T DO 1, A T
VERL, PRUECASEBTETT T A0 1 AR, o5 AR —AHAR 24 TR0 TARIRES, Tshm
FHARFEABOATPRES, SECRIUP IR, I HA TR T/RRES . XERS
— NGB ), E AR ST TR AR B AR BRI

Q)IEThZdE ], R ERIER G R — MR, (R E RS ET 2 A
JRZAb. 41 K EFAFTR RS BEITEE Uy BTG TR,

R4l ARSI ERSEHIR

R 5 7 7] HLGIC BE AR L R AR (UD R (D
Tt fiic The BEAI
R Ak A T

FAHE I P=U X
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L, R AR DU 500 %, (E I R AR b T+ BN B SRl Je iz
WE—ANSECRIT R, DML RUEEIRRER TAE A R ERI AT RE, [
NJEE F IR AL R I TR A T AR SN, [T 25 A AR AR S AR )
HARRIN TR, AT e SRR IR AR, 45 R AT AT RE L T T FL B
WSROI R, R WA TR BRI O B Bl i AR LA

A% PAATERERAER 2, FreOX ROl N BRI E AT R EARE K. AL RATh
HNAE IS HANE & LB AR E A E Bl

G)IEFHPTzE ], 2 H AT & IR g, HaoR R gt A AT R G- T-
g o BAMES I IR A BT A2 < R0 R=U/M, HR-AESR 4.1 v UG H =4 i Al BT+
L0 NS VR RN w5 0 N N Y 671w = 1Y QY il IS A R 2 IS Sl g 2 v
o AR RIS AR S B R R BRI 1, ZERA P SCEGR M IEFH BTz ]
S CIE Tyl o v

FF UL B ASCRAME PR ST 5 2
4.2 fHIRREDR

AE IR T e — I 2 TR E R N AR R SR 2 B AL 2 s, AR S
SRS BCERAY, B AR ORI R AR MR . IR, EXT HIE
HM T RGEIRTTE, EANANEE . BE M TR B T KET/E RIS A,
R ARG FOBGRIBEE, $El T TR R S EHI0S, BoiE s, HRIE
PEdls) A PRAREAR S S AR FRIUh B S ) 8 I FH 78 S b 4 11 B 7 F R
FHI N R T, (HENGEHNE ERIBEFT (BN, SERRR i s Rl il R
ZHOEEVL PID Bk, RAAE) St 5 gk E s Jeik deii i eg, SEEL T A
LB T R AR AR R RedE .

421 BREZERENRASH

PID & il i Tl s e b —Fhgl iz R R, RO P2, BA
X HBMWmZEE A STIRE S TR, ERIER AAR BT KB %1 K KBS 21 DURT 1) 2
BRGE, TERBFE B 1 S B G s A AL DR, BN K+ I 2
Z AT B AR (ETI), FAXASKR A TIHRE B PID #EHlEE R A 2
JRTHZ I RE

1) PID =il &%
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£ PID 2 4il, # RGHIBOEE ()5 R G y() LB 13 B2 e=i(h)-
y(©), FHRIFEmMZERGIL, SHiEhE o o W TIESN R RGOk, B PID 426 50E ]
— LA

u(t) = (e(m TL [elyi+ T, "’e_(f)J (42)

dt
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5 KA A

U(s)= kp(u T%SJFT‘JSJE(S) (4-3)
ey s PID MBS HOE A

W)=k, el)+ k3 () o, lel) ek~ 1) 4

XAk, &, k, 705005 PID = HIERIRIELGI . R0 MG 218, R S a1 far
1

Au(k)=ulk)—u(k =1) = f e(k) + f,e(k = 1)+ f,e(k - 2) (4-5)

Rk, =k, + k,/T;k,= kT- k,- k,/Tsk;= k,/T;T JRFE R

2) PID SRE&LE FEARAR ] (1) i it

RSP R g8 — NI TR0 M E AR AR R GE, SR H AN PID 15 2R
W REFEEHIRCR, BERIFABIIEARLZK . PID #5HI55A E R RIREAA L, H
T PID HiE R RAE RGNS HONARZ RIS T (RIES) , AR e,
LR F SR PID #8408 B S HUN 2 RGN, RGMERESEE. 5
Ab, {EXT PID ZEH7 85 it i, PID ¥ S 2 BA — /IR AL A,
AR AR R A, BRI P E IR MR i sl 245 S B AR S HE B ) F
J& o TN FR SRS X RE B HAT B AN E PR SZAE R G, RS20 RIPHFME H R 58 4
12, RYAY NAFAERA] BALASEVERS, PID S AN AE MR HAR 1045 H RO
422 BeEEAEENNA
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STV, PID il Sk e Rz Rt rp A RENEA B IORCR,  IHE5ER 2
HIUPIX — RGN R IR MRS TR E 1. FSIP R A 0 R i AU,
I 3 AP B. AR RIN A RE T, AR PR Rl SRR A
G S5SNI U G VSN U (G R R S N S L R A NP B S5 = N SV
AT RSN, AR AR, 2% R AR IR IR AR (R
WHD SATIRECN, BT IR AR AR, AUABEE ITEs,
RS IS il IR 5% . ARz R gt eit, Bt 2t ARE . Yok, Hifris
17, RERATHRE. B0 SR BN FRr s, XA AR EKR . R S o
PRI PR RS, WHERIER A SR, IR E, WMEAKR, PRE
VERURS EEERIE T B JFIR T, R T S R R R ]

EEXIASFRIRY BURHE R R, ARV e 2 & W% B AR ICER I 2 A
Bang-Bang ¥ SEAMIT-IH NI RGeS, SR
HI PID 4%l BE5%, WL T Bang-Bang #2). BIBITEH] PID 4% S0 2% B AUAL,
SlREANE, PR T ARG HPERS AN ER R e

— Bang-Bang

Fuzzy

E—— PID

A 4.1 FHEw A E

i le(k)| >3.8208f U=U,, BAIHEETT, Bang-Bang #&Hi;

2 0.8<e(k)| <3.8 B Bofifzhl, Wi HHIR A RS U,

2 0.1<|e(k)| <0.8 It PID 4%t

Hle(k)| <0.1H} U=0 ;

X B AB I NEEA S W S BOR19 I, x5 Hadh AT T I,
LRI REE A0 R0 BEERE L — B PID R4 S 5 BREE S50 R G
B 254 0.056094mm, 1] PID RGHIE:ZE N 0.170782mm, HUG T RIFH#EHIZCE. PID
FHRIERTIICZA T AN, EAEAUER, T e EEE TN H.
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1) Bang-Bang %l
Bang-Bang %i17]
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&M [ e L], PR B R AT TR IR . 7E% A
TROEEN, FEHFROVFIRSERATERE), i B . /e A #soe |
Mz, kPR, RSERGIE, (AR BoEE. EMI R HE R,
PATHUREE R LB R (R BT SRFIRE). (e S AR IR R SR R A2 1L,
MR R AR, A RRIRE, FHERGAE . fEWMZRN, ] Bang-Bang
P, PUINBR AR G R i L o

E|> 0 (4-6)

Q &— NS4, Q Hf3/, Bang-Bang #HVEEIR, IS RN FA, (&
EAAEAR K. Q USSR, MITEHUA . F2HIRy, JF E>Q I, fZfhl Bl S 2 R4 5 1)
RNAEEERAME, B, AWZEBORN, 2R R R i 22N, s
iBUN

2) R | 20)

RO H R LA RV E a2 b, BORHE S 5155 B szl a5 A
JRITX A, B REARGF M RsR N BT 3, A N 25, X R SR
KRG HATROMI R . ORI BB, RORHE R AR DU . ORI A% O
TEHAHMIEERSER), LS = H N o fld A AaE &
TN, B, BRI AS BT bt — R ol TRt A L 78 70 Sk 17
UNILE AR R

© L Rl [ S L S
d/dt

B 4.2 R H] 2 A

B S5SORRI21], AESERRAP LR (0 RILKE ¢ WO IRE (R 1Y,
B TR
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E= int(e—2)+ sgn(e) (4-7)
EM

E= int(&i) + sgn(& (4-8)
EM
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Hrh, WEZATEERBIE (-E,, +E,) 28, WEZAZERHE -E,, +E,)
Z 8. EHZEw N 134, Bl -6, -5, 4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6,
EREEHIE U KNBLTEEE (2.5, +2.5) 2. K TFqg=25/6=42, Kt
.

U= qU (4-9)

ETRESEEN N T8, ExMU(F,, By, Py, 0,Ng, N, Ny) TENEERRE, M=
FRIBREL A, By, C, EXNIEBESMHE, XFE, HSOMIESMAEAL:

Ry: if E, is Ay and E, is B; then U is C; ;

Ry: if E, is Ay and E, is B, then U is G, ;

Ry if E, is A, and E, is B, then U is C, ;
51 BRI RGEOR; -
RA4amd B)-C,
/l’lR} = /'I(Avmde‘aC’) M’EaU ): ‘:ﬂA’(E.ﬂl)andﬂB’(EM)} - /’IC‘(U)

SRR A9

R=UR

i=1

NS EN By IBAEM A 30K, SN En BAEMH B ER, B
B AR AU,

U =4 B) R

JH:%/J (A,and B’)(EM’EM):,LIA'(E M)A,LlB‘(EM)’ %E’ }éﬁ%lj
A P E 7 71 e
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K41 BHERIERR

C
U -6 -5 4 | 3 2| -1 0 1 2 3 4 5 6
E

-6 6 5 6 5 6 6 6 3 3 1

-5 5 5 5 5 5 5 5 3 3 1

-4 6 5 6 5 6 6 6 3 3 1

-3 5 5 5 5 5 5 5 2 1 0 -1 -1 -1
-2 3 3 3 4 3 3 3 0 0 0 -1 -1 -1
-1 3 3 3 4 1 1 0 0 -1 -1 -3 -3 -3
0 3 3 3 4 1 1 0 0 -1 -1 -3 -3 -3
1 2 2 2 2 0 0 -1 -3 -3 2 | -3 -3 -3
2 1 1 1 -1 0 2] 3 -3 -3 2] 3 -3 -3
3 0 0 0 -1 20 2] -5 -5 -5 S-S5 S5 S
4 0 0 0 -1 -3 -3 6| 6| 6| -5|-6|-5]|->
5 0 0 0 -1 -3 -3 -5 -5 -5 S5 -5 -5
6 0 0 0 -1 -3 -3 6| 6| 6| -5|-6/|-5/| -6

43 KRB

A N 2 TR 1 SR AN 1] 2 S e B 8 A T BRI iA, b 7 PID
TE BB B sk F R A, 454 sl A R R 3, SR T & Be s Al
LU AR IR s ESR . R EE FH BT s SRS G PR fF = A B EATHE, B3
ERER

-4 -




KA T (830

5 FT PLC 32y I BRI R GE RSB

FERTTH 275 AN 1 I AR R R S LB, A s B S A PLC
SERCHEIIU HAR R E B
5.1 ERIIAPHEHI RSt RN LA

— R RAE ST S0E, SLINGHIFE R AR . A H LR
M EIERIR, EAHA SIS EE . EdE KRR AR SR i R P #R 4
Fi. NN TS EIRE, BIRAH 50 G sH], BREsE bE3) EAT
WL, Ik E AN B8 S BRI FAIHLZ 18] AN FAIHLEAR A
PLC A4z {E PLC 2 [AlifiE PROFIBUS MUE2ki%Hz, SEBEE fEm S5iliR. RR
SER N

EAIHL

PROFIBUS |

SRSt Rzl
PLC PLC

Bl 5.1 FRN ] RS R

AR AR PLC, X AEE PLC MR I RUR
52 HutEcESThEE

AINA PC 3, Big winCC 4HASRAME, Step7 SRR, St ANLERMER .
52.1 ERHAIEE

ATHUR AR T3, EARCE T

BE 2% WINDOWS 2000;

J#il: CP5611 MPI/PROFIBUS W45, HTSZEl5S PLC ML ZERE

B 1: WinCC V5.0, FT EAAL, vlscBld iR iRt MR EReL

S WA HEETRE
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A 2: step7 v5.2 FiT PLC RGEAE. BPEIF SRR S5EHR T %
5 Ak,

522 _E{I#NSEEIAVEAThEE

AU IR AR LE WinCC IR RN R, BAESL 75 R PLC B3
PEm A b, SRt 7 7R B P R A S

(WERETT e I EH RGER WA N E, — PR ERE G E e ;s
—MURAE EAIAL BTSRRI, PR E RO DT e LE EAIHLTE R

Q) IS I AR IR E B MRS IG5, Wl et i e —
U B AS IRER B R A — A PRSI B R W FHEPRES. BITIRESE.

3) Il B BRI B AR AR SIS LU, BdE R AR R 2
3, FHUEIds. EEHEAERRME MR R, H R T R A I
Ko

@ERNCFAE R SRR AERER, RS2 H MR AP HREE S
W, HEESD EERIIREREEET.

GYSHGRN: SRR A E A PID #5511 ge i R4S &, IR el MEI%ES)
PLC 1, AfAE =i B e SR S H0 AT AR 77

(O)FTENRFR: XAFH BB T e — SRR AT EY . S B R aiz 17 240,
A— LB ZHAEVOE S JF AT LLTER 1 ol s U slihm 38 AR AL A A 1) 7T
JEEATEMESS, SERATER.

(HAPBER: XEWH PR =M, — 28 E S (EPE A OBR, R RedEAT
G R IRAERERE, EE D). SEE . DI EdEE ), BREERE, TG T
WRARGSEIERE, WARGEHEIERT. RS AN, BT =68 ERPIRR
Gb, BRI ESHATIE L . = RAET AR, R SR, BrEa a5
T ERERA, & evrdt NEFRBE T, XSRS HERRAT e B

O)VENGRFERS: L B35/ STEPT 2T A BT FAHLgEE, SR)5iE
it MPI/PROFIBUS M F# ] PLC.
53 1EHIRG (Mtl) FEELARK

53.1 PLC WEf2E K 2223]
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e RGRIFERESCR FH VU1 T-/0 S7-300 341 PLC 7 iddp, AF N MEhIg, €
PR T RE S HI SN R AR . B B NS B h5 — RPIThRe, JFsels AL
Z IR S . FESCHUXEETIRE, AL RSN FBJR. CPU B Rh i I
WCLARAEN IR EALS— NN EEAR . PLC RGUREPFRCE T -

DI DO Al AO FM
S il e R R R
321 322 331 332 S
| ] ] ] |
PROFIBUS ‘ ‘

PC

B 5.2 S7-300 3% RS
Step.7 HHEFHAS T :

FS 30T 5S4
CFU315-2DF (1)
&P

Q0 =3 | ) o G by pyi—
[=]

E DT16xDC24Y, Interrupt
E D01 B ACI20V/ 0. 5
E ATSx12B1t
E AD412B1t
E FM 355 5 PID Control
3. Module ... | Order number ... | Firmware | MFI addre=s I add .. 0 ad ..
1 PS 30T SA BEST 30T-1EACD-0AAD
2 CPU315-2DF (1) GEST 315—2AG10-0AED ¥Z2.0 2
= or ST
3
4 E DTiExACL20Y BEST 321-1EHO1-0AA0 0.1
5 E D01BxAC1 20V 0. SA BEST 322-1EHO1-0AA0 4...5
B E ATSx1BE1t BEST 331-THF10-0AED 288, .. 303
T E A04x1BE1t BEST 332-THDO1-0ARQ 304,311
g E FM 355 5 PID Contrel |BGEST 355-1VHOO-OAEQD 336, ..351 |336. .. 351

& 5.3 BWHASES Sk
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P E A DONA SO EIR T RIS, AW RERBH —FAR. W
ET R L, HH:
https://d. book118. com/366001030102010114
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