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Design of Tunnel Kiln Control and Management System
Abstract

As one of the most important burnt equipments in the tile industry, tunnel kiin
already obtained more and more widespread application in sanitary ceramics, refractory
material and other tile production process. The measuring and control system of tunnel
kiln already developed from early instrument control to modemn control system, such as
PLC application, DCS system and fuzzy control technology application. However, the
tunnel kiln process automation is relatively low compare to other countries. That
restricts the improvement of the tile products quality, and result in huge energy
consumption. Therefore, it will have an important theory and practical significance to
improve our tunnel kiln process automation through PLC application while system
management through DCS system.

This article aims at one enterprise’s tunnel kiln system with 156 meters long
high-temperature tunnel kiln.After analyzing tunnel kiln process requirements and its
automatic control system development status in domestic and abroad, designed a set of
integrated automatic control system consists of on-site operating floor, display operating
floor and information management. This control system adopts the stable and reliable
PLC as controller; it formed a plant supervision platform through advanced network
technology. It considered the tunnel kiln equipments safety, economic operation, also
for the whole enterprise production control. To accelerate control through management,
we combined control and management together; therefore, the production efficiency of
the tunnel kiln was improved effectively. This control system designed according to
fully integrated automatic engineering theory, the whole system applied the same
configuration and program, the same data management and communication system to
realize high integration among all levels. This system adopts modularized configuration,
possess wholly openness in order to keep the system well expendability.

The practical process performance indicates the tunnel kiln control system and the
management system that we exploit is reasonable and with sufficient functions, that
decreased human workload and energy consumption,and theory preparation for tunnel

kiln process automatic control technology development in a certain extent.

Key Words: Tunnel kiln; DCS System; Network; Configuration software;
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Wondweware InTouch &€& Microsoft Windows 2000 ! Windows NT ¥ {E R4 T 19
AHLRE (HMD MRER N &F{ERERN 5. InTouch & Wondweware FactorySuite
M —AERE . InTouch [ NATHBRMIMT. £84&. AW, HE. LI, #
7, MEFMER. TEEEANERZAETIZ.

331 A InTouch A P 7T LAGH & 3K MK Th A5 A I R I 721, AT % 23 R A Microsoft
Windows f)RBELIRE, 4075 ActiveX . OLE BIFEFIMZE 5. InTouch B LY N
HE N ActiveX 2. 5. HHXTR KA1 InTouch QuickScript K47 7 53 Ho g™
i

InTouch BFE=AFERF, ©I& InTouch MARFE . WindowMaker 1

WindowViewer. I4b, InTouch 5L W2 WondwewareLogger.
InTouch N A HEE R THRH 7 il 2 r SRR, 0T LU T % WindowViewer
BENR—NT REEF, AETEFVAETRSBNEWERLERENHER A
% (NAD) LAREEZESPREH (DRC) /4R IRE. DBDump M DBLoad
BiEELHEFBEANREFERRE RN,

WindowMaker f&—NJTAFE, 7L TT A B35 b aT LA I 1) 3 2 A 1 7 2k 1)
BEFHEEAMEAERED., XL REOUNEZI TR VO REMHE
Microsoft Windows S f#2fF. WindowViewer & T 87R7E WindowMaker 612 7 K]
& OB ITR 3%, WindowViewer $1T InTouch QuickScript 34T 57 5 $4 f9c F A0
M. AEMEIC ML, FFETER S DDE M SuiteLink 3@ R LAIZE P HLRIR S
Bl

2.4 PID 2518 %28
PID #EHIZNF T REHREN & Z M —MEHMAE. BT PID HAREB/EHA,
FANRREANALK IR, BRERBENRIEFEE, BHRRT, EitEN
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DDC &4 2ERAET R I EHNA, EELSE M asmsayisss,
W2 PO HiZ. % R, BRI ASI LML,
2.4.1 PIDEHIRE

Pl SRR R E PiD 84, 4 PID BRIRGITEEM WA 2.2 FiR.
RIS L PID V28 BB ¥ B BY

P 2.2 %A PID #2100 2 4 B AR )
Fig.2.2 The principle diagram of normal PID control system
PID ¥l g B—FrE thyEH1 3%, EMRMEE S ()5 Sl iilifE o) BRI HE
i 22
e()=r(t)-c(t) 2-1)
KEMERILEE (PY . A4y (D M4y (D) EEHASHNESER, Xk
BEX G IRATIEE], Wk PID #EH3%. HEsHIMEA
Ta-de(t),

1
= —_— (
u(t) K,,[e(t)+ﬂ -Ee‘t)+ o (2.2)

fp Kr— R %
T — AR5 a3 8

B EUK, PID 5SS RIEATINER DT,
(1) Haf Bty
HIV N L ) Hh S R R R Z (S er), RZE—H =4, Fefil s B =i
B/, LU, ERBIRER R, STBISHAME (%8 , MARMNART LK,
R bk R AR ) S R P I SE FE ) LU B M o T A IR ZE AR, A BB O IPE R,
LAtk E R —E TR E (RE) 7.
(2) BrEAY
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BREE S REEE ST

BUMER i B RO MR E R B K, R Rt
RWEEETP L § s . B R B TN AR S, BRELN LT,
B R R TR, BUMHER R MR 7 1 AR R BUMER KA
ERGHETIRES, MEFIARE, BASERARN, SrERsni, Fi,
BMER DB S, SRR MRS MR T BT )8 Th, Ti B, B G,
R A,

B AT

B RIS S i S R IR R E . B, EERERKA, EREE
K, R RS . B, O BRI B R (B
EEHERES B EEAAKRZ A, ERENIA— MR EREFRES, NN
WRGMEER, HATMNGER, MR ESIE . (B, B R R
B, HREE, FRATRSAMEER S, SRR, EETLFM.

2.4.2 HFPIDTHEE
HEHEAERH RS, FRMNERS PID 55188, 3 PID &SI ER Y b
E X PID #HI AN ER PID EHIH .
(1) L8R PID BHEiE
BFHENE G R RERS, B RRRERER 2N REETEES &, Bk
& (22) PR RUS TR EREH, TEETE AR WA E T iE e

F=kT(k=0,1,2..)
k k
] J; et =T e(jT)=TY e()) s

de(t) _e(kT)—ef(k-DT] _e(k)—e(k=1)
Cdr T - T

(2-3)

Kb T—XHAL.
B, BRERAUET, FERLTREEEIH, HBEHE, ¥ ekt) TR
e, BI4 4 T, d5% (2-3) A (2-2) , AIHE M PID kLA

k
kY=Kp N+ K N+ K. k)—e(k-1
u(k) = Koe(k)+ K e(/)y+ ae(k)—e(k -1)] (2-4)
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w5 k IR B ZATH AL

e(h)—% kK IKFFERZIMA B E1E,

e(k-1)—5 k-1 ZORF N RS AR R EE,
MR, Ki=Kp*T/Ti;

Kd——% 4 £5, Kd=Kp*Td/T;

T AR OB E 2 BHIHITHE (WIRTD » uOEREITIHmMAL
B (GEIITE) R——XNE, FrUUBERR (2-4) ARER PID BHIHEIE,

EMETEMS SR, HTRESESE, USRS SEEORER X, WHHE
Xt e()UHT RN, BEIGEEXN. WE, FAFTHEHE w2 BT
WAL E, A5 O KIREEN, S5RMITHLME BRI ZI80E, XRy it
TERA P SB P A AVER, (ERE, DA A i, Wi T R
PID % #(3a KL% . BT I8 42 & 70 PID A4 74 [ R0 FUR F ) B 39 BEAvu(k).

(2) #EL PID EHFE

BIFTBLMAF RN BRI RO E (D 0Wa LHAND B, Tl 24 2HEE
HLi ) PID $5RI R, AN HE R aT 1]

Ki

u@—ﬁ=mdhﬂ+&§dﬂ+&&&~Uw&~D]
s=0 (2-5)
F (2-4) Wt (2-5) ,
Auik) = Kile(k) — e(k — D)} + Ke(k) + Ka[e(k) ~ 2e(k - 1) +e(k = 2)| =
Kphe(k)+ Ke(k) + Ko Aek) — Ae(k - 1)) (26

e Ae(h)=e(k)-e(k~1)

& (2-6) FAWER PID #5551k,

AUBH, HT—HENSs REREEHREASNT, —HHET Kp. Ki
Kd, REFFRE KNG, Bk (2-6) KbsimE, RAMERY
R, NS EER A (O XA R AR KRG E CRmEIERED R
B, SRR B GEEE, s BN RS

k
u(ky="> Au(j)
=0 EERH— APk, B EERBERNTE (b
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RUEGESVEHETREP—& 156 KR FHER T R ENER S EE
ARMBAFREWRIT, 25X EERRNBREMYGE, BRD8E, P REN TR
ABFI,

AXHAMTENER S EERERA = SR EER RSN, WHE 3.1 575,

g g e

- - '°'_ ' ! ! B =
) i
i gl
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Fig.3.1 The structure of control and management system

MR-

WIERMIZERARRWEALR, AU ERGWZRGEHET T Wk Wl 32
T ARGERA T BRI, BN e T

HAEMABENEELE SIEMENS A8 1 §7-400 W 4i2imHlas CFXHEH
$7-400PLC R7) MU BB &, £ PLC RA4 5 A TR AL, MHARH AR
G, PUEERERE R KXRBUREY 5. EIPRSEIES S7-400PLC —1
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CPUfRER, 6 MELEE, 22 P SM221, 44~ 8M22, 134 8M331, 8 4NSM332, L EAT
El, PROSTE US W& BB R4 Al BB s—> CPUSLIS-IDP Bk, 34 ET200M 25
M. KIBO ZEy- - CPU315-2DP #isk, R AR,

Bl LB B T S BB T -FH BT S INTOUCH TRA R dats
AZVPER. HhMHERTMERS, MR TR RS, —&E0THINE,
MERTHEPRES. FEBI TV RURRE #7800 R R HIRHAE, FETRE
P RREE . $RIENE S, MRVATER., SN MR R ARG, HA TR KITTE
ik P B AR R AR B BRI 4

| EERE WHCHITRNEERERL |
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B 32 KAGRWREHEEENR

Fig.3.2The structure and component of the system
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BEEEIRAE AT

BEOhPE I2E PR IR AER IR L, U R E IR B R IEES
R B, PLC iR, 5T, W iRl SR, R SHL mMEr, Bt
fFEEl, AEXALEE, HANER TR LR FEERE, 48], S8, ST REIEE
E%TIE.

BEREYETRERENIGREARRBRARRRTARREER, BHS
B ERIET, SRR, AN EoRFITEN, [ R RO R s e B AT
1, ST ERUR A AL S ThAE .

AFEHYBTREETRERAZRBESFEEIANEMN, BREFRILCRNE
#, SREEFHEIEN, HERITOMEREIR.

QB H RSP KK HE

BLFAE I P B TR #R £ th S7-400/87-300 PLC 5E . AIGRfEisdlas, 2 — M
BEEENBTRES, TAETUHETFTYAGRE. EXBTREFHEHE BT
EEPMEFITERSH, WFEEd, 2, T RNERABESRENES, FEY
BER, SHRGMARRE, BHSMRRNMMAEEER. BT AR
§7-400/87-300 &%) PLC & B RIF &4 B—F PLC R%.

B 3.3 ¥§[]F S7-400 &% PLC
Fig.3.3 Siemens S7-400 PLC

W 3.3 Bz~ $7-400 PLC BT, @bithReeH oI Rz rmlat. Stk
TR, BEMH, 255 B ERREINGEL, 25 m Gl LR
KIFHIBEIENE SIMATIC 8$7-400 A, SR &l s e i AR T £,
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B3R RS

S7-400 Hil RE LRERMGH. ERE LV SENT BREEDBFEISYEE
FEANA A TR AT

B34 P4( ) S7-300 F 41 PLC
Fig.3.4 Siemens S7-300 PLC

W% 3.4 7R §7-300 PLC 2R AL L5 R TT o &3 B IRAR 2 Ta] W] 3EAT 76 & LU
Fo B, SAFEHH TP RABE G (CPU) , 558K (SM) , EIRKER (CP) ,
BOSME (M) DR SAEHBIFER (PS) £R8ar 4.

5 §7-400/S7-300PLC R AEN £ SIMATIC STEPT #AFFE 4. R34 7T LA

TR ITAF.

OGRS AT RYR T FEERRA G BT L EMER RN ECHEE
i R 3 HAR I S R TE AT i, A MR T 57 $E 1 SR TR AR S LS 1R 15 B T 3R
PLC ¥,

@H P EFI IR R ARG AT R K T H.

@M% B ) 5 SR 2

B AR M i (43 B 2y R 4 A K 1 Wondweware [nTouch #4777 R .

A IR N R A T S AR GUE R A CrllATIT R

AR E RN SE ARG AT T S5, Wl T RESM. &40
INHERAR & 2 Mg & . B LAE AP E N RS B EE RS R E
SETHER, BT BERESR, MT—OMin TE TRREREE,

22



BRI PR VBRSO

3.2 BBREET B USRI RGN

PR LS S E U BRELL T T AR, HISR TSRS
Rizhee. AEILEER b, AW EEREIPMATENBHRAENRITIE. TEIERHER
S HI TRV B, T TR 2 5 AT VAR AR R

BRIEE A IEHIRL, FRRALETH DFIEEE PLC, HATAT LR ELE
IR BN EIE S, KA EE SIEMENS AR SIMATIC_S7 #5415, £
SEB GRS, ERRT —FBEFHERN T 2SR E — B R EQERT
B, WTHFTE KBS R A — MR %P0,

BRI RGP EEICET Profibus-DP FIBLAMEITES, BHRARERFRMNE
Hlnf g, WEEMMN MCC BHIEMAE PLC HHIEAN. RWEENEH Ethernet.
Profibus—DP. §7-400 PLC /6], K AL TAEuZ &t Ethernet FIAHHEE, $7-300
PLC. ET200M %5831 82k Profibus—DP Ak, #ehfB. WE/IEHLRY, B8
REEIRE S EHE ET200M .

HFIRA R & HE AiSWThEe, Bt, TTRATRCISEAg P ERiRE, JaTH
BRRE, WA EHER, RETARZSE, RESIMT “SPEE, Sidss”
B, ABINL SRR T BENBARIE. PLC 5 B2 A RA I LA MIE
B, TR & BT A R .

REEE (B FREPLC RARLE: HIHMELE PS405, 10A; CPU KH CPU414-3DP,
FHA 6 ET200M Mk , #HE: OHEff IM153-1, BFMAEEUER SM321,
B BEUE R SM322, MLE M ABEREEF] SM331, Rl I RE A SM332,
BISHMRKA CP443-1. KIBO & PLC R4E E: CPU XA CPU315-2DP, 74 A&
HBuk M sM321, BFimiEEIE A SM322, HAIEMABEUER SM331, & i
M ] SM332. B {F#H R B CP343-1. Bl K% PLC RZA & : CPU KM CPU315-2DP,
FHEF 3N ET200M MG , ¥R IR IM153-1, $ri AMEEGE R sM321,
¥ SsE SM322, B B A BEHUEH SM331, BLE R I A SM332.
BAEAEBCR A CP343-1,

BEIE ALK S7-400PLC T4 Fda #l asE W TR LR LB E S HRE. B
.. HA 6 M. 7E MCC il B 10 4~ MCC #5048, 2 4> PLC #H4E.
TR PLC #40 = BH 3 4N PLC ¥#ibl4E. Hep, #HIBML, #17, HEFEHEAA T
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MCC #9452 KMIMO1-1., KM:C01, KMICO3. TR UE I ELW (45 PLC
FEE LD T A KK1C01~C03.

BTN SR STEP 7 & SCADA ¥ {F INTOUC LEEATES: MR 2R R
IAEEERH R E .

LI MBEERAZTETIZSHRER
KALEH:
SN 9OKW, —H—&, ZEEE] KBUE A HXH;
BV A ML, 37TKW, —H—#&, ZEMisE), KLBOA 1 K,
FIRGHIAN: 1IKW, Zaagsd], MALEA HXE,
BRI 7.5KW, 5 &, Bhdisssl, MR ©S I,
MBRE AR A E TR BN 7.5KW, BHEAPH], KB LA
T AU RN 5.5KW, 58516
Frem AN 1IKW, ZHEE
[ THHL: 2.2KW;
FEXHEN BN LIKW,
WEHEZEHLEN: 5.5KW.

BB R g5l
BB AI A 13 3 K BIARBA FIAAA LI, 18 MR TR, FT

W E R RE R AR, THRE 2 X K WAMRENEL, BREE. 4 X KH
PR (B BRI B PR AR TR VR

A F S &

WAL LPG ZFEE NN E R ER, BIBREEE S, 9 HEeMirmie SRR
REEZE, PR THR RARAKES, FIEREHEEE, 3N FYEMMPLLIEE,

BT BELR M IR 26 TE/R, MW AL 61 MR, ZEEMAEERFWEERN
BEATY 55 DI o FREEATRIE IR M 1400°C~1800°C.

AT AR E LRI BTN IR, LA S IR M EES BT R
FFsH, RAEEE A EATE, AP RU A E SR R R A TR R, R
HRGRESHNTES AN L. EEH7E, REFERRERN 16-33 LK
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ST L RGEIL A AE. AV R L EMRIRE R ISHTERT LT B
Fib 4 M Bl LB R i e, AL R R AR BRI ISR L B
WA W R TR R A RIAREIRE, AIIXTEE# TR, XEE
MR ERESRBIIRINTERE RFEH YIS MERKLI. RRETE, #4
HEREWIE. HRREN &SGR EERE., LARRERSE, HETRT.
WA EREEFERFARNE., ALEHER. 2EEERY. WEETESIIER.
HTHERAEENAFRELER T, UBGERARE, WEBARAECHRERFEM.
REMAPZ BN, AEZHFRHNRIAEN, REST, NEELRE. fEHET.

3.2. 2 | RIS EI DI RE RO SE I

BEE B TUEIEL S K, REEERER, B REEERERNER. B
FRXE ROt RS, — BT, BB s R AL

SR LA R TAEF R b M58 R AR B TTEE AR BN, NERAR
ST RRE, WARBESE, RUVABE 15 PARS. LEFREKESS,
RS ETF, VIHEIERBIE, RRVUSETARRAETIET 0 3 30 280, 1
AT LB A . RS AR EAL o T B T I A

MR T A BN, BANSRARLLTEERE, disemg hlikiE
TR S & FRM LA BhAME L '

MCC ZEFHEI RS R HAEE, 7 HEREE RICREER . £ MCC #
I TR R (O M AR P9, SRR TR 56 10 B B BT e SRUEAT HUR T B
18 7 EA TR 5 B TT 3 MG 1) B LT A8 B D) 4 5 B B B i ) A 15238 AR ARG
FAEVE 50Hz, B TAEALE 380V ZLUT, HiEiRE 800A AT m BEbL Mg — %
— &R A ERNARETRRSET, EAMEEE, SN UBRERNIREZA. T
ALY T EARER, BB HERIREIRR AL, e DR R S I R B &
B EMNES, YERHRIEIER, Tk s Bk mylgmbsg, Eitm
[l Btk B AL, FROCHF AR AT IR R LRSS B 3.5, 3.6 WBE
5 W R YR AL P A
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