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Rt KFMEFLE4EL Abstract

Study of High Temperature Rotary Annealing
Furnace Control Methods

Abstract

The oriented silicon steel is known as the art of steel industry, which has high technical
content and complex process. High temperature rotary annealing furnace (SRAF) is oriented
as a very important link in silicon steel production process, in which the annealing furnace
energy consumption has a big margin. How to improve the automatic control level of the
annealing furnace, improve annealing furnace thermal efficiency, reduce energy consumption,
the annealing furnace technical reform and energy saving is a far-reaching work.

Annealing furnace is the important cold-rolled steel heat treatment thermal equipment, it
directly affect the quality of products and the production as well as cost, playing a critical role
in production. Research of anneal furnace temperature control system has a great significance
in improving product quality, boosting productivity, improving environment and reducing the
consumption of energy. General proportional control to ensure the air-fuel ratio combustion
control, however, air regulation is always lagging behind the regulation of fuel when the
system disturbance. So the air-fuel ratio in the adjustment process may be too high or too low,
which can not meet under normal circumstances process requirements. The dual cross limiting
control overcomes the limitations of the proportional control mode, to makes the air-fuel ratio
maintain in the best combustion zone.

Based on the study of the distributed control system, and Shougang cold rolling rotary
furnace as the background, the article introduces the structure, process principle and
automation systems of rotary furnace briefly, and summarizes the control technology
development and current situation of rotary furnace at home and aboard. The control
functions of the control system, such as temperature control, flow control, furnace pressure
control and spin control are analyzed in detail. Meanwhile, makes further research on the
double cross amplitude limit control principle, and have analysis and optimal design on the
combustion control to realize energy conservation and emission reduction. Simulation results

of the dynamic model are validated by using Simulink Box of the MATLAB software.

Keywords: rotary furnace; combustion control; distributed control; double cross amplitude
limit control
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21 KR ELERBHE
Table 2.1 Various process parameters table of the rotary furnace
TEZB WEH BEEE R
SET 4 - N,
PH 4 650-850°C N,
1S 12 700-850°C N, 8 AX
2H 22 700-850°C —1210-1250°C AX B¢ H,
28 16 1210-1250°C H,
1C 8 1210-1250°C — 1080°C H,
2C 14 1080-700°C H, 3 AX
3C 10 700-500°C B 700-550°C Hy. AX. N,
4C 10 500-300°C B 550-400°C N,

24 BEERHRSE

BEAHWEKGEAZ KRBT AL RAFGRIBEN, HRENTH N EHEFEMTH
B%F. LHEERENBRIBCRP LA B AMHE, REOBEHH AHE. 8% LK
MERERAFHREIT, REAWNEIHNER. THREFEEEOMEMAR, HLEY
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Fig. 2.3 Trolley chart
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Fig. 2.7 Heat exchanger structure diagram

2.6 RHARG
FENMRHERT, 1C REAKRH, 2C4C REFANERITREAH, Bz
SEHTEAMRYRIZCE . RESHG N EBEA MM ERANEMH R, mEAH



AKX FMEFEBT 2% HEHRMEXYPID
FRBEERARIN, ANERHESESEEHEES PSS, EEAHEBHK, BH
SEERIAE L, AT RAREEHRKES, BNSHRSS 15 MEFIER

é
o

AHMEBRKOABENE 2.8 fix, BRitzs, £-dEd, PRABERS, 53U
PR, BUEPIIARRES AT EEH, Tmlr ERPERER . FTLE AT,
B 1. CITHBEARHTKIATHIIIAH, E2BAT, BHES.

E23 RARKERMER
Fig. 2.8 Cooling system piping layout

2.7 RIS BERL R G

HBHSAEE Ny Hy N RTHEBRNEZS, ERA—B2ATAR. RAEH
WEAR, URESHELT IR,

RPSERETEHBIANRSE. BEHNRE. IEMTRARBEH .
Rl kit iEd, BEBHHNREMEEHEREHERSHRIUE (N2, H) 4
AFRE L, RAEETREBRPABANIEHTNRENRE, BELHAINEF.
SESHRES TR BERH AR, ROHTAZF IR SERT

BHMEN AL BN REREMTRERT S B RELS 6 F gk
MY R R SRR Bk 2.9 Bk,



Ak FAEFabT #2% SERHMEXyPLIY

K29 #ELMER
Fig. 2.9 Connector layout diagram

(D BHENRS
BHHNREROBIE . BINE. BIEL. WERS). PUESAR, B

kBB BB BRI . BIELZREBIE L, AEENHWH T, REME
R TEIR, BaikEaEELERN, AEMBE, RAESAMBEAREEA,
ZIRB IR KERE, REABLBYMER, FUHNRPSE. FEREAENE 2.10
B

BRESHWT:

BENEBSIMAE 36°, BKE 14800mm, LE&E FL+ 1480mm, 3B R SS400

o/ BUEWEIRS, BHIKE), HUEM R SS400

BEhHk: 1BHMAE36°, MY N/H/EETS, WERNE), #ARA=E%H

BFEL: 10E, AEEPTFERARN

WUESRT: #:3L14, A%ES14, SR 24, B4



RAKRFAE FEAL $2% HEBABEKPLIL
|
il

-

| ==
|HeE
|H§g“§ij

B 2.10 BRIt ARG EE
Fig. 2.10 Mobile supply system diagram

(2) FEfNRS
E e Sk R A A BN AR K, RREBSIEKR merk et (e . B4t

REFECHEEEEL. RAHARERERNHMR. BRELERN, KERAHE
AT R, REEEEEERL. BLRUNBRFSEZNMAR. HAXRESHWT:

BEHek: BN Ny/Hy/ B, RABERES), #LCRA=EFH
RUEHL: k14, Sa#24d

() RIPABELI RS
ERTY B A AL E REARRP BT RSE, HARGRAESERT

0 EANESEE, #8. #ISEKAONEL, #M3XMMESSE. BESMALEIEL
FEAFAAEAE. L. SHERERESE. WU EEN, TRFAHEAN
BALSE, REEEELITON, BLEHMRIRFSERNMER. S mEnE
2.11 Fi7Ro

1 3
l[- =1 T‘f‘;
4

B 211 gL HmER

Fig. 2.11 Analysis of connector layout



Fab X F Mt FaAX 2% HBABEXPIL
otk 44, BLRAREES)
SEHAE: FRESA, BREEM: Bk44, HTELKERMEIT
) RFSHRBE
MG WIE R, ARFHRPFRERIZMANZIZMN, XFZLEH
R REEE GES04) KRBT, N, N L3R BEEE, BIfRPSAREER
—ERRE, FHIZEIRES.

2.8 KENG

AEUENIN - SHEPATAE R, NEBY O TEHBETTHR, AEAE
TPRREHREZRENF NS FRPEERESIRT, XRMEHHEARE
EHUT LA

(1) AW BRI

REFEOREZN, TENREBZFETERRRSEORE, K ELaE
BESHENTRE, ERTRELLHAT.

(2) A BE Bshkm

FREENESEERATR, EXERATRERRN, LT SHEEEEERE
Bf, RGEGIHRE. WEfkLE, BEREMRE.

(3) JPieIE S

R BEKE SR, BSHETEE ERETRREESHRE, BEPE, BT
KB .

(4) Y SR SRR Y

WAE NPT R EARARR DAK, WM RE. ERE. PRSFREX. &
L TRBEE MR AT — R VE B AR I S RT3 T MR AL B3R




FAL R FHEFLEAT #3F AWy EHZ4L

EIE BAPERI RS

F RIS REMRENE K &AM E IR 6 LRNEHITIACE . §1H
ERBEMUF TR MRS RSB HNHTESENRALE, FARFIBEERER
N2. H2)BiBk. 7EX M nHuEiBe, EHREX Y AREETREES] . & KIRERE
BREhl, PR RBEE R RBEA RS ES .

HHTRA S EFHRERA T EEX O MEFHRL (DCS. RERE—NE
REHIRGRATESE. BUFEH. BFEH, — NSRRI S AT
BEBENEE, —ANBRERSRET P REFNSEEH. ©hdBEHZndRER
ERA K VEREPE N AFNS ZHEHIRE, Ga T HENL @i, BorAiEs] 4C
AR, HEABERNEIEE. £RRE. 2REE. RERE. 455 E. WG
o BHE BT VO BANXANKRARE, Kk TEHRANETENE. [,
AL Ok R IE Bk R AR A H B RiZKiIhEe.

3.1 ERIRFRIER

EHHT NI HIA DCS IEHIR AR EFHLMNE 3.1 P

H i, Bthernet (LIKM) ZERIFLEMBRAE NS Z (8] LARBIEL A LA+ EHLZ K
B, EfREY HUB R&MRKERN, SREHEMILYN, BEEHE, MR
H— RN RN R e R LA EN NG HERE, HEASERILTRAESN
bR,

V R SE I AR P, e R P Rt R ks 2 ] DA R A AR 1 3 () B R
%. CREA 8N, AERIARER, TLUERT —MERIERRE 276
VR, MASERLERTIEEIE. FEFIERNEEREN —GREHLAE
B AMERLN, RERLRT AAEMERT, 5SS Hlas S E i rE R
T, BETHEABLESE, RNEREIISNETRETES, EXNRGEL
FEARTUEFIFRE, XX TEFRERMAREREK, XM REER CPU AR V
P& AR AR BT HRIE .

RIO £ ARERTE VO BITH| FCS =FH|ATHMBERE L. REHIHMT A
(NODE)x [AlRil iR, HAMAKESS V MELBAER, EMEAR, FRBARR.



FARFMEFLALT $3F KB PEHEL

@?;r}:»_v—-__ | | PR | ]
| [ |
- = ] "

HIS-1 [ HIS-2 | | | HIS-3(ENG) |
£ - £ . .
h h cIP LBP | LBP
V-net(duplexed)
\__ Ethernet
Ethernet
*C
| =
—0 c 5=
Ethernet ’:B : Bmm——— |
— [ B B
- — L x10
I 1;—4:_“D—>>_‘} o]
*B *C
1 [Auto Coupler]
V-net(duplexed) V-net(duplexed)
o Repeater
v v BCV Panel
-1 |Fcs-2 |Fcs-3 & ks i FCS-4 | FCS-5
‘ ACG .
| VYNT] i
e
| -
| *A 2B
RS422/485| | R;";a;e'
i~ L R ’/—/
| PLC :
————— Relay Relay Relay Relay Relay
Panel Panel Panel Panel Panel
(1)
DCS Room (Fixed side)

C NO.1 SRAF D)

K 3.1DCS ARG ER
Fig. 3.1 DCS system configuration diagram

(1) pi=Hus (FCS)

T P I35 5 (Field Control Station, FCS)RFA MBI HI RS S E 2 H AR
BT 2AF (YOKOGAWA ELECTRIC CORPORATION) #EHi ) CENTUM VP R4, B &£
B B S E T RFHE BE AR S E AR T R I B H/J—/T EEHIRE.
. WAL RS HEBHMEREEESE, G5 TEM IR, FCS B
JRE T, CPU HJT. Vnet HHA8, MR IT, HIEAHE - VO E#%ZBE}Z, BERZX
BRI EFHERES, FRI\ERELER HISOANE D) B KIFE4 58T Tl
%JXH‘%E‘J SRR HIThRE, (B4R HIERMRRATIEIT, FCS M HIS
[E@IT V net B&EFHITE B,

CENTUM VP {] FCS R LAfE CENTUM —KMEREHI REIMGIEFI R THE, B
=il gt



FIKFHREFERL £3F KHPEHNEL

a. BLE TJLR CPU A& REMTLRIZHIUG;

b. AIEE R R R RIAL IE 12 1Z(ECC);

c. VO AT UEESHBHESHE, FARECAGSERET, BRTIGHLLE
A

d. 4% VO 5L WEFELH VO B, . BHR/EEBASEG. MV, HH
18 R #h B FRE EER B AAEAE . BRPRIEAE . IR/ B R AR

e. FIA&FIIRSGET B IIBENT R;

f BEAPBTRR, FEHNARETHIERE

g. BT EIhEETT N A T & FIRF R4

h. T4 ISASSS Wit BB I KE;

i. & #45& Foundation Ii% B & ARHERM B FIIF B £

(2) AWl Ouk(HIS)

H 42 §9 AH18E O35 (Human Interface Station, HIS)5 UAE £ iR B R AR BRIEWH
Fifm, ©FFAEA PCHUERE AL DOBHIS), LL Windows XP 1ENBRIERS, £
HIS EH FRIGERERE, FRE DCS MIhEEM PC REK S THREMRRFERES,
BIEME NREREZ EHEMEBRRIGES, # HIS AUUR AT H4E. BIMEHT
I, T EEA LT RG A R I BE R4S DO fE

HIS #:4EF PC/AT AN Windows XP ¥ F & £, FEILALIZE PC Hl ERIHE
FA HIS B8k LA & Windows XP BN FI%RMF, FE HIS R EFIA SR #(DDE)ME
TR HE SR A OPCE L .. E— HIS EARNA DT A d R AR ENBRME. ki
s, FHAUBHT SR AR, AR, FR. SERE. RE. JEMTUREHE
HIS f@1. HIS FiE AT, UNEBENEOSRSEEE, £/AEME LRTH
FOYBRAANENREEESRERBRETER. BF CENTUM VP K HIS —H
EEFNMEFEREEERED, NFRELMENTUENRESE, —BRE™
K, TWHATAFRIE, LSS — X BRI aEE MAXIREE . HIS 7]
DIEAERE O—AMTH, REFEI—AFEER, FHRUERNEBRE KX —
WHIT TS E O, TR —RENAA X — A<M % 0. CENTUM VP ] HIS &R
RFHKRFEPT T, W EHED. HBBBURSBEAHSE, BIEXHEAMT U
M1 REZID)F] 10 440 % . CENTUM VP fy52 2 YT DUE G R (E SR A AU
FRAEIX 5 B 26 P 3 OB AE RSB0 2 00, ARATE HIS. B HIN LA R BN EFHIER
BT, TESMERZENARTUEX, FRESEME.

(3) TEImusThhe
CENTUM VP £ Ll Windows XP J#:/E RZiTi£E#E A PC ¥l_Li2 17 d — AT E




FA X FMEFEEL %3% AHPEHNEL
EHEH RS, HTRMMEAERSUAEBENREEMHEZL, WEARZA.

a. BT T#EA PC Ml LM TN EERLLT CENTUM VP K HIS #/E AL ThAE, 3
THENfThEEth RIZ1T4E PC HLE) Windows XP V& &, TIOUFFENLEE. X HIS E#ER
MINERRAR, A LUBE & DM E SN TN EeRE.

b. M4 LIt TREIMLhAE. FIA Windows XP B = ohe, Hih TRIMt TR
I I8 I Y 45 78 ML VR AE IR B TRE 4R .

c. N F Windows XP 3A4F#H T BB ¥ . FIFH Windows XP S8 A4, W1 Excel
MBINETIRE, RE ST TREIER K.

d. ERMRTEE. CENTUM VP KERIRIRTIEERTE FCS AEEMBART, &t
HIS %} FCS ¥ HITh et T h MR R . —BASEFTERE, WarsANRIIEE,
FHARFIARRA TS0, NmRERE.

e. TREEIENAMEA. THEEEETURE WS E AR, #ITHERE.

3.2 fRIE

RERAPRES 28 MAIEIERE, EELESHRT, BHRSBR B
ERHPRBAT S P FERPTIZSE — A REAAEE, BT Enng. o
PR T RER AR AR BRI R T ERTES, SEh—RENEN, R%H
FIHE)H — N AEB A TR, mRH ARG, RER HREHE0 B
SRR, REMFERRBANEZEE#TTRE, T8 HIS RER LR
=

SRR REE 28 MABRERE, ESETHRT, BHRABER_FEE
EXHPRBEITE S P FERPTREE A REAREE, BFrmaEnug. &
HEA T RARAFHAN RSB THEETES, SN RAEKEN, R4
BB S — M ARBA TR, MEHER AR, RIER HIREH L A EEH.
SHEN, REMFEANNAMBEMREEETTRE, HTLGET HIS FREEHREE
o IR TSR A I R SRR . B IREE TIC BB e A
WREE, B PID SRR RAS. BRESRBSHBMIITE, R
BRI B . EERHIhEM TR 3.2 FiR.

BENELIET, HTROEB IR W ENRE, FramEX g8 MG
RE. ERIEET, RGOS HIR R —RE.

—22—



R K FA L FAR L F3F THPEHNEL

To FAIC To FGIC

& 3.2y B B R R A

Fig. 3.2 Furnace tempetrature control schematics
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