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RAAFH L F MBI Abstract

Research on the Robust Control of Blast Furnace
Top Gas Pressure in Turbine Unit System

Abstract

Blast Furnace Top Gas Pressure Recovery Turbine Unit (TRT) is widely accepted as a
valuable secondary energy recovery device by domestic and international iron and steel
enterprises. The precondition of the operation is to ensure the stability of blast furnace top
pressure in any case, thus no effect on the main flow process. However, with the large-scale of
metallurgical blast furnace and development of modern iron-making technology, the demand
for the stability of blast furnace top pressure is higher and higher and PID control has been
difficult to achieve the desired control requirements.

In this paper, the study object is 17 blast furnace TRT system in ShouGangQianGang Co.
and the stability of blast furnace top pressure has been studied. For the characteristics of blast
fumnace top pressure, the thesis establishes a dynamic mathematical model of blast furnace top
pressure in normal operating conditions by the method of combining mechanism analysis and
parameter identification. The control system of blast furnace top pressure meets the
closed-loop identifiability conditions by the theoretical analysis. Because the blast furnace top
pressure exists a variety of disturbances in the normal operating conditions. Internal Model
Control of strong anti-interference is used to design the IMC controller with two degrees of
freedom for the blast furnace top pressure in order to improve the robustness of the blast
furnace top pressure control. Through the design of electro-hydraulic servo system which is
an executive body of the blast furnace top pressure, the purpose of blast furnace top pressure
contro] is completed and a new control approach for the blast furnace top pressure of the TRT
system in normal conditions is provided.

Finally, the author uses the Matlab7.0/Simulink to simulate the IMC control system of
the blast furnace top pressure in the model exact-match and mismatch and discusses the
effects of the adjustable parameters of IMC controller on the system performance. The
simulation results indicate that IMC control has better performance and easier parameter
adjustment and the robustness of system can be adjusted by changing the parameters, which is

easy to realize by engineering.

Key words: Blast furnace top gas pressure recovery turbine unit (TRT); Top gas pressure;

Dynamic model; Internal model control (IMC); Exact-linearization; Robust control
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1.1 REMARE R

ek, ERBLFN CERBNESHEDE, RN EERANAENENE
A 50 Rt SR AR AR A AT 6T B £ 4. 2006 £E- 358 I+ — AL RISNE R 1, 2006~2010
FREMN A EKE™ S GDP fERERIE ALY 20%: EREEBHAMN (Foehk
BEGHED PRE: 2010 FREEE> R AR B EERRER 20 #E 90
FERYIYER AT EREVHES4AIRTS, RENBEKESEFREER
ZIEMBFEAERKNZERE, BEH—PSRAE. 7 2009 FRBAFHIFEBBRENE, RE
BEREE 2020 5§, PEKSEM 40%~50%KI6HE B i5, XXTRMEFERH TERKER.

METIEAEREFEREENEME Tz —, BRLSERXBEEA,.
2005 SEMBIESH, BRENSETLRBREREY S2EERENKY 16%, MmHPHEEK
REE T RY 5%, (BATILRBBUORY e, 2005 43 2010 EMKTIVMEEE
PR “KDMIREERE, SAREFE<700 TRARE/MM” V. HELSFHERE, FENNA
ST K ENNGH = RIEARGREN. FHit, BERS AR TR EE
JEREMN—INEEAES . KK E T E ARG IR, THEERRE. BERNS
KRR ZIKBEEEW. FHIEER, ERSEMRSEEBP=ERBENESE K
AEdE, PTRIKRAIEIZ 12% AR, ARdR[EIWOR R ATk 72%. S T SEFRCRK
ARSERRHKLE, BRRFAZ—RE FRANTERREFEES.

EANIEA A B Y BUR  N E RT RE MR IR R 5, 7E 2006~2010 £ SE/a M
BREEERAL 3T =6 “BIPFIESKEBTVRAEEE” (Blast Furnace Top Gas
Pressure Recovery Turbine Unit) fj8 TRT?), & &iEi# &P THES SAE KL
Wz, R RSEDERAREANTE, FRHRENERKN—M KR E
W E . TRT R ER AU BPARFEEMERIAE, RERKE, BGEENREE,
BEAEUMNLHREALLNE, REWER. BEANKEYANNSEHRFE Kk
EREWERE, HBABTHRAGRALMFL THRFERPPTENEE, Nl
AEWMERE TSR, FHik TRT REFRPPTESBERRRSEE.

CLEAGEMA ) 1"TRT HEE /& BB TH68774 15000KW, BL A3 9000KW
PLE, #2H1K 24 B, 1 VBT 330 Rt 8, 1 FERBURH 0.7 /2 KWh, RS
KWh # 0.5 Tit 8, HERARBEIIA 1 0] UAESHIS 1800 B/, N
B4 K.
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1. DR, ERPTERY S, SPEEERENRLE, B2IRERY, %200
KPa EAMEHNRBERER P, EMIBRGRPESKENRERERA L, &8~
EEMEREER. B TRT 14, TUHESKENKRMEHR R, FRERRN
HEEERLAF, TURB—ERNLTE.

2. R BB ER, MR T WU R RRE RN MBEEH MR RIS
I,

REHERPREARESE TR A% E 505 5T U B 406 R B R
A, BRBRTEEIR, XEEXKEATIEERTIRE. TERERFRESIKEETRER
BiE, BEMRTEE, XAKRBETHRE, ROERSNEF. /K TRT XE
J5, AR R OWREE B4 140 43 TSR R TS R IRIKE 85 4 UL T, HRMBS
T RS EROTES R, AN, RASRBRE. ARAFARRSEAREE, TX
KREEE R HE .

3. TIESHRRAIRE, TRT —f% 2~3 &MY, FHiEW TRT HL40E#
HREBRFTUE, HRERABFBORELY, IHETURRERENRFTIE, Wk
EMNTEEARTFRAER, WH&R=BRREFEERERNEA.

4. FEibxt s RN, S BRI R SR BT, RS HFEERERKT,
RUODERRBRE, BBIHWEEAR, R HBRAeSS ENRHINE ek,

Bk, I TRT RERBREHSUBNSTRE, THARHET=H TRT %
BB EENSFFE.

1.2 TRT 4 E RN & R RIK

EAMEERER, XAHAHBEEPESKRERBBRRIBERERAETE
ROEN. HRE, BE. #R. WHRBRERFHEY TRT HFEH#TERHR. KREL
FRERZE 1962 SERIHHHE T 1 5758 — & T Rpdirhdi X TRT 2 H (6000KW), HED
WBIEN RETEARE) BAIETT . BUREE TRT 3B FEA =M% (6000, 8000, 12000
KW), JEHET 30 £E. 1969 FH:ERTR/R AR RFIRI TE —EABR R3HK
BEEF, HT 1971 5EFE Wendel-sidelert AEIT. XR—ERINFKE, BVPAL
ETHAKRE, RAESHSERIER, TUMRZETAE, BB ABEREEUN
BEH. 1970 EHANBELS# TERRRIRPESEFERER, T 1974 F 11
BIERE=, 257 sgKSY 2 S/ L (8000KW) ZJ&, MUBEEMERRE, K
BN —RBRRE. M 20 4 80 ALK, HZE TRT FEHEARBER. =Hi&
. HILEM. JIMET=5XT TRT KBIFEEH R SEREBARTENHT], Z=
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RARERRTBKEENTFBRZE, XHET TR EHRETE, FFRHEH
AESEPTRE S, BYREEL 86%. BERERR. KRR, ZEEEHE
HZ, #1997 FRRBLGT, BHE 42 BRFEHEET TRT. BPRSEREGETF
REFEBEHAREMKE. HITSRESITH 5000 M UL EXERE 16 &, BT REE
PESRREGETE R R E T E D A2, RiEiTH 13 S K8 TRT 8
FEHA. ZABHERBEEEE ST, IGETHARHEPEIEREGET R B
EXRREHAL, CRERRNAR L4 Tt H AL,

REM TRT HEARSEE, T LMLEEHERRA FHEARAMONA. LTS
ERBOMFRALRIET, BWREN TRT EAFBRESA XA~ RRE LD
EE EERSTRNEHKE, BoEAEHHFES. PERAE 1000M° U AR
%780 BB, % 58 BECEIERTER TRT, HRER 72.5%. 1000M° LL R G447 200 B, &3
T 11 4 TRT, #¥EEY 5.5%. WEERN 280 & 300M° U LR FPLEEsE TRT, B3
BLARKBE 1700MW L4, EalRE 137 ZEF, FERERA 70 ZART, HEHR%L
sk T AR MN 532N . NIFRERPTERE, BIEEFR, BHPTK
BRRAHR, BREET LRI ME%. X8 TRT KR8, SEURSRXSHRE
RS REERER BRHTFEERLZ 2 T COp. XX H 28 ™ B IR 2 B N AR
BERNFESRAEBRENE L. ALSRIRHFRATUES, Bifx TRT BRKB
REBHEHRENS TRT EEFRPEINRL, EPHLEORE R RAE ’ 5 5 i R
HBEHE=AFH. BETHSPT, TRARSEEMHETNA, SraERk. B
YEREN T HRR. A RSP R ESOKRERY, CUSIR R RE,
X—HECLRINFAR LK. HHERBEEFENER, AMTTRIREROAER
BRURTHABRIES, SRERSTLRE™LER, BREFEEX, BRESH.
Hit, RPRSKEETREREETL—LRIFHTEFRIE. MEA TRT KR
BIARET R BRI R, Akt Er=LReE B e T RAFRIERE.

B, BREHAN EEASRAH TRTEENESAT. N\ 1979 FE84, BRED
AMBANRET 380 £% TRT ¥E, HHMES. BREKREEHEALLESZN
REL, FRYHOIETHE. ENSESER, WA T REFALS. BERNRET
VHBEASES, RtV EREPEHARLMESERE BNAEP TRT TR
R 5 . B 40T B 565 MBREESBRBL A B & 2650M° Al— & 4000M’ 51 HE T 3¢
=& TRT &4, BFEZE45H3 T EENLHURIHLLSHA.

1.3 TRT REITRE HIEH MR

FF TRT % E#TRE, HPEEHEL TRT RESRERPITENEENE, il
_.3_.
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EMERETZLRE. PTEAIARRE, 3BFARNMETIES). FPREIETHR
EEEN, 2EPRBESSESAAY, SIEATENSRARE . SPAENETHR
EEEN, S5RPAFESEBMEK, SBEIRRMA, BSHELA, FkER™
B, FEEE, L3IEFPREEHC. FFUENGEREKN TRT #EAERPEATE
HEB L TR, HEASITHREAGRECABTRA THRRESFPIELR
B, NTIAEMHERBIENE. BE TRT BB, BT, EENEEHAL
PREFTREEHERP TEATTEEA. ANHTFRPESETRE TS, B
TRT B DML L.

RETRTEIEFHRGES K, REEWERREKE, FEEAHLEERRH
TRTRARMRFEFZ HE. AXMREEFHELFAMRAER, SRLazEHE
RAK.

SLEKE, RETRTREFTESEHBE LTS ARNARR:

1. ERAR. FESZMBHNRENBHTXIF. KEBHFRTRTEA THEHE
HABHARSL, BEKRNIEMESUENTRTEHRZTIR KA ¥ 86 R .

2. U ABRRAVERG. £FREAEHRAUNENERNER, hHE PRI
TRTEFBHIAK PR T ERMEA. EEWFEANKSREEOMNE. XX, EFHANS
FHENFESE R E.

3. TRTHEZEH| R A 0 MEE R R ERAAR A A RMNATEFERRAAR, BB
THTEENEN. @FE1T. FERHAREHTTANEFTEAERE, SHSES X
TR E, BMEREHRE BAE.

4. EF=HERZ. k. RENRE. REARFINATH PR, SHREA
—BRERRPFLZNER, BPRSSEHERARE, XHNKBIEHRERH
TERMEX.

B HHEM=E/PTRTF, 2. B TRIGTE IS, EXBLRLEF
BAT. —SHEPTRTIRIERPREHERNEMAEsIN, CIEERAFI-AE-FHF128
Bhizdl.

1.4 TRT RGEHI AR IR

TRT RESBRAFMBA . BER. —RERKP/BRORHRA, BREFH
TRT REHTXHFEN, DRABERREYEHLEER, KT REZNRBRGPF
WEAfE. TmFfiE TRT 38 /P TR s et k&, BB TRT $#R
BRP— I RAREE &

M TRT 3 ERET FNH T LUE R TRT REEARPBENRRRE, £E817TH

_4_




FAXFREFERL F1¥ 4 i

PEEWEFERBOETE”. EARPEETRH—NEERE, BPPHESRR
EHEAMUEEEFEG=A0RE, AN TAFNRSEEEERH. YR THE
KRR, SHBR “EWM” AR, XBEFEFHREANEET. Bk, %% TRT %
B, mARFRFPHESNEENEER TRT FERETRINWEELM; BER
ERPURBUFRRBEEERORE, RGP TRE S 058 0 E R bRk
(BERPTRE 35 /N F+2KPa) ), Et, TRT HLAE R BT LRI E R I6 3 7E w8 E I
AR Y RBR 38 LR 168, (BUBERERPPTE DR E KR T A4 82 Rk
R, —REEHENRE TRT BTH, YRPMERERS), WEPTHESHES
PR AVHER, FHEMEY TRT £EP BTSN FEETEH, BEXAR
A PID Ak X TRT RARAEHRESENEN, TRT RETHRELHET, R
I FF I 55 18 6 B ) VR B IR R AR P T R B8 5

EE 25 EMITMA R 17 2Rt TRT RAMNME SR, HHERRIAER RN
BITTHE, B&EHX TRT RE#ITHREER FTEILMIE:

1. BB RE

WEREHEREE, BUTERESTHHERZYERE, RS VYEEHTE, 9
FESEMEXREE (RE. Eh) ZEKXER, HHERRAMMEE, BELHNE
LKRWBIE R, REMTHESSNBBE SN FE., L BAETORE, FETRE
Bl e R EuEA.

2. B#RTRE

LBEFHEREZATH, TUEREEHR, RS SRESHBYBT FENRELES,
EPATHLAER A REEHR T BN, WRTUEARER. AN REEA, 5P
EAREIER.

3. A Y%

LE IR EERBSRAAGR, RESERFRSERRERN . KHAREY]
BRI EEEES, FEPHERALA. FRETFFHE R RER AR TS
HE@ERFE, RERMERESEHNER. FPHEDREBEETEEA.

4. LWizhee

BHRAXARAATHREHEE, RAALKIEE, WiRE TRT ST R
EREEMSEERRMRE, ANEERFINEHSE, Eit, S8R0 K
K, BHITERENEIRE R EFEN FERESEE, TRT E17. BH%ES
KB .

HAIEAK TRT ZHEXNTEEFKERIRR S B K P2 IREEERDE
BE, XE—ERE LW TEAN TRT =aHT URMERRK>HBEF AL 1.1
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SATMUE M B AR E N TR TUERE O EREkSE, Wk HIER
F TRT %ER, C2REMHESRORE, RITEMNRE, £RIENN, BRTEK
/N T+5KPa, BEAGR THHFBENFNT 15 B ZIRNRENK PID HATE
R, BN PID BARMREERXAER. Fibl TRT REXN R TE R
BHRRARBHFREN.

# 1.1 BRI TR R TERREOR T L
Table 1.1 Top performance index at home and abroad pressure control technology contrast

H A sER EErE#AR

gl X0a R SEH H 21 H
N B punc Al (34 RN
EETRE a1 +5KPa +3KPa
BT BB E +8KPa +6KPa
PRI (8] 10~30% 8~20%F

HREPTERE, REATRER TRT RERABTHTREY. Bl TRT %
BEAHKRESR PID S5 AT i # e FF RIS P T . PID 4R R 2 R RERMNE
gy —, mTHEEME. SEETATREER, 8 2NAT DY ERS . PID
BHBHLART (P). BRART (D AMS T (D) Ak EEPNEHRAT,
PID b RME—M A3hEH TR, HAFRERMRRYE: —FERHTREHMHE,
BSHEERENERR: 5—5HE, HATEEROEKBRTRANRAGEE. BEFALSR
PRABARRAREBEARORE, EIPTE N EEERSRRE, PID £ 5 LAk
EBEFNSHESR, BNRPHERFMTERRR. ERASH TRT KBRS
TUEEHI RN R RHFT I OER LB IhARFEE, A —PRREpTUER
HIFT RN . RTTLERN TRT RERPIEEHIERRESR, ZRERRS,
HEERE TRT EELHFET TRAES, FRIETRER, SIR#TEE0ME
o ATAABEREIFEBHE, ETHREYHNES TRT TRT HESFTUESISNE
BE, BT ERTRTRPTUES BhERNEEHRSE. (FHERRY, EidEg
WS, TLMERPTENEEHRARBRIF O T RN SR, RABRHTE
RAEXN, TAAESHRRITHE, SERAETE ZTIELH.

A% (Internal Model Control, ik IMC) R—FE T BEARIMTIES]
BT RIS KRS . TRERHRAPSIANATNEE, HFRENRBEHELNR
H RS R TR A R . 1982 4 Garcia A Morarl MR H3F R B T RS, BR
HEUEREE, SEOVERXHHE, SEARTE SRR, FIE
T BRI PAE T2 N, RN —FERANEREHEE, WHTE
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PRAMBEFFE TR SRS EEERER, UARREAZERHRAR AT
WIR. SH#ENRBREEL, CREFBREAT MM EENSENE, BBHRR
ATRTRURBRRENEW, RETHRAERAORTDR.

PR B R — R SR I B R S ) A BB AL R B IE M T, B R SR T PR
EHINY R, BRSSO AR E RO, ENEERAREL RN
EE A RE N AEEERR T UREATRENRE, BIAARBRSIERT LR T
MNRAGEIEN R, AMEIAKRE T ERAME. ABSH0 R B R R
B G LER RARN B, SRR, M FRERRAARBHRICHENS
AMBALER S B, FRMIOMIRIEIERAS, £E R BRI A8 FT L X R
BRMRGT R MR, ARSI EB B, SRR, MARENHARE
BESEBRHBHSEHER, RESHRFDATZHREEARA OB,

1.5 BXXHEETE

AXHAARAEERTRT TRT FEMEPPTED MEEEFREF, T8
THRGEAA: M TRT RARBRTERE. MER TR FEPTES TR RS
RGP TS ARSI S BTN, SENEEARTHWT.

L. EEMFBHF TRT RERER. URERSRERR, HRE TRT RN
MARERFRIR, R FEFHIH REXL.

2. MAT TRT RAMTEWE, BANME TRT RENEHE SRRHEH, DY
SERAT 1"TRT RENBISHTT TRT REX R0 TRE D& OH. HEME
T EHEHA T = & %5 TRT 2 E XA ABB DCS £ HI RS M KA REAE ..

3. MER LTRSS, MY TRT RESTRL, HIEE TR TRy HEN
JIMEERFIALE, BB TSRS AN ER T EX TR T
TEMSHAREEE, hTFRHRBREPTE MR ANF LT EBNETHR
i, B, ETFREHEENSERREBT N REETARTIHREI . BT
B3, BPTESHAGH AR THRERFN. SREXVFRIENEA FRRT
EETRFPTEHNERETRE. 5 L EIAR R TR DS RS
FRRAIT T T — 8 92,

4, EFESTHRRINES TR T TRT BB TUESSSCEREH, M
PTRE S AT S, MR T AR HRGREY. HENBT —ahERg
BB WA TE S A RITH R AR RN R, Bt SRTH
PP 5 R . AR T R TE ARSI A, SHREE,. 5T
TRENAZEA, YEETRT TRT RARPE RGOSR T —HEn .
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Fig. 2.2 The Qan Gang company 1* blast furnace TRT system
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Fig. 2.3 TRT unit start-up process
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Fig. 2.5 Double circuit top pressure control system
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Fig. 3.4 Under normal working conditions of blast furnace top dynamic model simulation output pressure
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