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Fib K FMEFaH L Abstract

Design and Research of Automatic Steel-making Control System
For QianAn 210 t Converter

Abstract

BOF steelmaking process automation control is designed to be efficient smelting of the
steel-making methods to maximize the potential to reduce the operator's labor intensity, lower
production costs, refining process to reduce human intervention significantly improve the
quality of steel production of high value-added products and lay a solid foundation. Between
the current computer science,electronic technology, communication bus technology, control
theory,artificial intelligence technology, widely used in metallurgical industry, for precision
data acquisition, real-time to improve, making it the task of all steelmaking operations by
automatic control system independently become a reality. Will be able to make our
steelmaking process control technology has reached international advanced level.

In this paper, Shougang Hebei Iron and Steel Co. Qian'an 210 t converter steel-making
automation a key control system for the background hit rate for improved refining end, the
access to a large number of relevant literature, based on an overview of the development of
automated control systems steel course, the dynamics of automated static control of
steel-depth research, mainly done about several aspects:

(1) Design and research 210T converter steelmaking automation control system,
Controller PLC and fiber Ethernet-dimensional structure of the control system design, Further
detailed analysis of steel-making automation system functions under the premise of total
automation to the design of steel-making system.Overview of the development process of
steelmaking automation.

(2) Detailed analysis of sub-lance and gas equipment and systems for its control and
application of the smelting process to extract the relevant data for computer analysis and
processing and critical data into the control system to guide the level of refining and smelting
to improve accuracy .Study of sub-lance and gas analysis system, the sub-lance and the gas
system for the vice hardware equipment and automatic control of the main logic, blowing
mode, the control elements involved in the design and application of sound.

(3) Combined steel production process control of blowing the static model, dynamic

model for in-depth study and control the production of steel involves the automation of
_V...._



bk FMtFEBL Abstract

content-related assistance and possible problems were analyzed. Automation and process

steel-making raw data model system to determine, especially for critical slagging system

model, material balance, heat balance to determine, at the same time control the converter end

mathematical modeling.

Keywords: BOF steelmaking process automation control; PID; the dynamic model ; the static
model ;Endpoint prediction
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Fig1.1 Automatic converter steelmaking process flow chart
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Fig3.2 Schematic diagram of the data acquisition system
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Fig3.3 Schematic diagram of steel plant data acquisition network
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Fig3.4 Steel-making automation network structure
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HERH WA
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ISt SEMURGBRENRBIE, RET NEZ2RWHENAELE, XREKR
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MBI IARCER R R . HAOER, BTAEREETHEEITHEARNRE,
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EHF P ERSRABS SRR BRI S22 85m0Y,
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4.1 B oHMaIR s HE

TESHIRMK R RIS 210t S50, 513 BUNBE HUAES AT (LOMAS) T 2185 A
BHGREA, KTHARRBFSEUERLEHE T ERBEERNNKRES ], &
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Ak OB R, HRIESATHE . FURMIA SBRAINEE 645 & 3 P B A Bk 7 52
WRIGL I BRDRR AR, ST BB AN E SRR, FELEE RS T
BRI R R H R S R, MBS ISR SR AR BT
PHATHRT .
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Figd.1 Converter gas analysis system interface diagram
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Fig 4.2 Sub-lance system operation HMI
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Bl HIZE R RIS RS FeO A E THEHF IR EF, & w(FeO) FIHH 25%, 75%
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Fig 4.4 Converter dynamic control of temperature and carbon content of molten steel
stage prediction diagram
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£ 4.1 HIRHEEAR
Table.4.1 Steel-making blowinginode

SBE  HESHH KEE R mmL SRR AAKE S5nE

1 0 500 220 150 500 300 —
2 2 1000 220 150 500 300 —
3 30 1500 240 150 500 300 —_
4 35 2000 240 150 500 300 —
5 50 4000 240 150 500 300 —
6 70 5000 180 150 500 — 400
7 75 6000 180 150 500 — 400
8 80 7000 180 150 500 —_— 400
9 95 8000 160 150 500 — 400
10 100 10000 160 150 500 — 400
11 (58 — — — — — — 500
12 G — — 150 150 500 —_ 500
13 Ja#) — — — — — — 500
N — — — — _ — 500
HyzE® - — - = — — 500
BIETHR — -1600 160 — 300 — 200
BlRRE — -1350 160 — 800 —_ 400
BFEF1  — -1000 160 — 800 — 400
FEF2  — -800 160 — 800 — 400
FEF3  — -500 160 — 800 — 400
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(4) pkeHE=
D kB EnEL, EREEL, 15 1EM BB S AW OEE Hl 9 AN 4

2) MARBLFFIEMRE R T ke LR EHt R 8
3) BMLREEE LR EMARNEERE KN EERE XK.
4) BIEMBRBEEHR, FERHBEAXERREX.

5) BB EIE BIRE E X3hASH Bvd 7N & AR I AR . bt
BRRUBKRABNERMEMAR. URESFMABKIMAEERE
Pl FAMEER MRS 2FT7R:

R 4.2 HFWMEEAE

Table.4.2 Steel-making feeding mode

SHS €H WA AK 4£A BFE EHA FSi AR TAE ®HY
5T =y =ha

0 0 0 0 0 0 0 0 0 0

1 0 500 7000 800 1500 0 0 5000 0

2 2 1000 3000 500 0 0 3000 0

ES 3 32 1500 0 0 0 0 0 0 0
/9 4 35 2000 0 0 0 0 0 0 0
By 5 50 4000 0 0 0 200 0 0 0
B’ 6 70 5000 0 0 0 0 0 0 0
7 75 6000 0 0 0 200 0 0 0

8 85 7000 0 0 0 0 0 0 0

9 90 8000 0 0 0 0 0 0 0

10 100 10000 0 0 0 0 0 0 0

& 11 B — — — — — — — — —
12 By — — 1000 — 300 - — — —

1E 13 580 — — — — — — — _ _
B EhEAH — 1500 — —_ — — —_ 100%  —
wH BHER#H — 1500 — — — —  100% — —_

(5) HMaEmARR
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Table.4.3 Steel-making Alloy adding model

S®’ A1 A4%2 443 B84 4E5 6486 &1 A48 AR A%

5 10
H 17¢(1) N N N N N N N Y N Y
2l 18(2) Y Y Y Y Y N N N N N
B 193 Y N N N N Y N N Y N
B’ 20(4) N N N Y Y N N N N Y

42 Bl EZhTHIRE. BEIEHIRIRE
HPRRER BT S NEH LA aEhRE. BRI ERE. BIIEEE
Eﬂ%ﬂ*ﬁﬁﬁﬁﬁ%%@%ﬂﬁéﬁﬁi, BALIRRELN B3, fRNETREURE
BEHIE ST RERBEIPIKBEMERE. &£REE. E8%, rERHKPREK
BN PR
42.1 BEITHEE
BARHIEERERRNENANRLRITEETRCEFRENS BN, H
PR FR26H L, HLMFHE RS ATSC. TSO. THREL=H, HFTSC
BATWRGSRUE, FUE/EHE/ EkIEE: TSORATRESRAE, HRE/M



R XFMEFLEHL F4F HpmAasithalit hhiEs i %
H/EEIAE: TATRRWTARSHEERIE, BRI, BRTEEEELe, RiE
BAE A GRS R B BAT IR R R EE A ST T HRL R L, BEENHEAAN
HLBESHBRBES, FERERBEARBRARE b, EETEREETROEH
ZRIGIZNE L, BIRRFF[REE, BIRESNE T GBKAERADEENE, 2
HEHERAMERRRISAMEITHRA, SRHERK TR, LRR TR RETIH
mEN, FEETIT, MIRASETRAEFRMNIBRIBERSSE, BHRIIESRTH,
RIRTTRR T BT IE MR, FNESE AR TRAERKFALE.

422 BlieARRRE

BIERTHRE 1S HIR BB EIAR R KD & 58, B EBEhHL b iR
FEUE. AR EES HPLCRANE R ILFTR. BIRAREERTHRBIRE
. WE. BRARBATRERIAEFESIME BRI REHRANRERREEERITH
EH, EIPLCRIBK MR ERFTAERIN, FBRLBIRRNIERINGSHEIRN
mERATRE. FERI BT R EE ) AT MRS, BI250.1m/s. 0.2m/s.
0.6m/s\ 2.5m/sHIEE R EE T K.

423 RIETEFRERE

BIMAIER B 1 EU 3L (#1 SIEMENS 6ES70 VVVF 2545 & 4t i) RS0 A Y
HIPLIR IR & 5E k. BIRMALE#EHIH PLC RAMNERAXLRTR. BREEMENTE
RIEFIETE RN EE Bl B BEIe BIRNER/ MEGH LM E, RESPREEIRS
TT. BIIEFRERTREMENE. SAAMPHERERSIE, BRNEEEER
RKRZFREEH RS, Bid PLC MMk RAESFITRN, EieidE+iEg PLC
HIR RIRE R EE LA R SR AT, BRI R RIS S AT E N
. BIASHIEFIE SIS A B R AR B ASE B I 6

424 BIEBIRS T RS

AR AT RS RS RN B BTN RN ERE S, BLEREIES T R%
RATATEE, REREPRKEERNEBAURNKHRSENABETEE, &
i PR K TR RS B R BRI EIPLC, FFB 208 Bl B RIS 2 Ri2 T
B MRS, USRA SR RE NSRS, B4.80 QLM R S5
RREE, MAT AIUERRERI. B, BPEERRE.




RXFRAEFEAL % 4% HpmAasithalit AHEs A%
BIEEE AT R SR A 02 LS 3R] B s %% £ 2 SIMLIT_Multi-lance 7 #1{R ,
SHBREIE ST IR, TERIRUBM ST EF HIEE. £ REENEARASH,
FEAERER. CEERMBBRMLSNEIIR. ANERERREREETRISITRN,
ZHEBITTFPCHL, EHVHEREETCPAPHIGER . ZHA T Bl BEE KL
$sk, BAMEMMTERERNEHNETEINR. B4OAFFRERNERHEL: HAaf
LHERENENLE. BEEEARERAABME. BOKARICEKHL.

R HTPLC
Lomas L1/ SVAI ——[ FHPLC

| AR o OPC Sever et
i (Oracle DB) OPC Server !
L
;
M HIE
o REEEB [
(Oracle DB)
| — ; :
=% :
teverames | | L | e | | e | | mewsn || s
(Oracle DB)
El4.8 8 SIL N RARIR A EE
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Fig 4.9 Sub-lance measurement curve
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Table.4.5 Fist feeding model of Steel-making input
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Table.4.6 Fist feeding model of Steel-making output
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Table.4.7 Second feeding model of Steel-making input
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Table.4.8 Second feeding model of Steel-making output
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Table.4.9 After blowing Correction model of Steel-making input
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Table.4.10 After blowing Correction model of Steel-making output
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Table.4.11 Alloy adding model of Steel-making input
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Table.4.12 Alloy adding model of Steel-making output
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Table.4.13 Feedback calculation model of Steel-making input
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Fig5.1 Converter smelting mathematical model diagram
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Table.5.1 Blowing mode of steel-making

B B AROR I R

YEP'S 3000 FFa/444.
) 1000 F3L/454.
il 1000 T3e/4 4.

BERERHBE: HEREMN +/-05%

W A7 59 1) 4 SR — P T B IR A SRR ORI B 90% T R (Rl BT R I B, B
KA EIELERE R b . — BRI IKEE L 2 (8] 9 e 1) [ B (A — R A 5 TR 2
TG R IR B A 60 43 Bh. BKRITBEUR L AE SR FiR KB e
15 M RIET . BOKBNE A Z R HARRIR E )RR AT 60 781 BOKRARIFZE
TFHABR IR () i 1] (] B AR 5 434 e BRZK FBLAR 5 BOTUNE B 7T 2R R 18] B 18] B B 3] A
BAE 30 Sk A AR IR 0 S BB B B BE R DA T FRA: USRS BE+/-
4°C. BoKFMAKTRR. &, BRI BIOBHEZERMR 52 Pron. MEMZEAH
EW#. BPERNTHEARFTEAT TELR. NKFPRESENINT 1%, RAK
. CaO0% >= 90%; Si02% <3.0%; LOI<5%; X B fE>= 350ml. HRENIERL A N B 4P
e Rs, BEMESHRESRKT 2% ERES oMt RERE, AR
WHREE, BHRERBERGN T ENRIRBREERTLRRRE. EtEa
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Table.5.2 Element accuracy requirements of steel-making

JCE B2 BKIRE
K 8K

C C<=0.1% 0.007%

0.1% < C <= 0.2% 0.010%

0.2% < C <=0.6% 0.015%

0.6%<C 0.020% 0.1%
Mn _ 0.020% 0.040%
P _ 0.0015% 0.01%
Si - 0.050%
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Table.5.3 Process target steel-making
CiEfl (%) C ¥ (%) THE(C) #HTF6MAREG BT RAAA®
hE (%) FE (%)
0.02~0.6 +0.015 *12 70 90
0.6~0.12 +0.025 +12 65 86
0.12~0.24 +0.030 £12 58 80
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