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Abstract : Inresponse to the increasing demand for deep peak shaving of coal-fired units amid the advancement
of the "dual carbon" goals and the integration of renewable energy into the grid, as well as the existing
issues of inadequate adaptability, coordination, and intelligence in automation control systems centered
around Distributed Control Systems (DCS), this paper focuses on optimizing the automation control
system of coal-fired units to enhance their flexible operation capabilities and overall efficiency. The
article outlines the core process flow of coal-fired units, from "fuel chemical energy — thermal energy —
mechanical energy — electrical energy," and analyzes the existing hierarchical distributed architecture of
DCS and the interconnection modes of auxiliary subsystems, identifying key pain points under varying
operating conditions. For the three critical subsystems—boiler combustion, main steam temperature, and
coordinated control system (CCS)—a hybrid modeling approach combining "mechanism analysis +
data—driven" methods is employed to construct full-load adaptive models, with tailored optimization of
control strategies. To balance economic efficiency, environmental protection, and safety, a global multi—
objective collaborative optimization scheme based on an improved NSGA- Il algorithm is proposed. This
scheme involves dividing load ranges and selecting optimal parameter combinations using the entropy
weight—-TOPSIS method, while designing an integrated architecture of "edge computing nodes + DCS
communication interfaces" to seamlessly integrate the optimization strategies with DCS, ensuring that single
parameter calculation time is < 100ms and maintaining three—level safety interlocks.

Keywords : coal-fired units; automation control system; system optimization; hybrid modeling

515

TR A SR A Bt 258 (DCS) Ml, KA “omafis” Mseilasiig i, (AR fvkn
MRS F RGOS, AR 5 N g it o i . BT 0, AR TR B A RE 1 525 G il
HAR, THRASME RSN, FIATENA T2 SR R S8, IR DR A B RE . A . P
FERIZRS (CCS) =R 2T, WHE “PURNT + BaEIKED” B EARE, R GRS A s AR SEng s b5 A Bk esy
B ARZ AR, ke TRIETEEG RIS DCS ST, MR TREHE.

004 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



—. BENABSLEFNRRELCEMSIRA R

(—) BENAE T ZREER

B R R R GE T B A=A R, B
BHEEHIRSY . BNIEHIRS ., FIKGEHRIRSE, e nl SR
TFURS . CRFFR ARG B AT . TG
FRE, SEBLL R EA RGN T AR A A AL
SR R SRR L Y R R O S IR
RE— VBB HUIAE > HUBE” AORBZURIL, BRI D3R
TS RE PGSR JFURERI B IE N iR ke
TR R NI it s FR AR ARV USRI lEh S el
KHL HEEZ IS HIBOK, SRR, [RIEH <G
WIEHETR, TR — S Se fE TR SR R

(=) MEELIEHIRGRY

SRR BRI L DCS AL, SR “ar 2" 28
H, RSN SRR e s 5 4 i o A A T
LARNE, SRS ERIIRE L Z S S TERIE S5 &6
il DCS b @ S SASLBAMEHI SRy B A
BUZERL, REVSER SRS T WHENREHIRS S
PEREAAT. [FIMERERIUE (BOC) | ¥4EHLAY (DEH) 45—+
FRGeE0 DCSHTR, RN A AR N PR 4% .

(=) NEEFNREEENRBES P

BEE WU AR IE ST RO E TR KA, AR
WSS SR I (RREIEEYKE 30%~100% #E i

fir ), BUA R RSB Wk g R L BRIk S AR A Y
IR, XA 2 RAE T HR R e fEAE THUE TS TH, (%45 PID
EGIARIRZE , I, UL 2 ars R AR SEME LA R
MRS EFLEA, WIILAMN, #IAZE%8; 1t
ob, HAEFA L, HOMA TR, NS = i, e
INT BHERA S Tl

—. HRAREFESTONEXRFREEERSEHRIL

(—) BEFGEERR
IRV A F RO R BATI 5T, AR,
NNV EPE SRS S e =L Rey AV 3 e P
T CTSUERAE”, RIRH AT + ERREh T Rk
AT, MG RS AL PR G, BT
GRS WU DI R B AT R, ARSI LSSVM,
RNNSFHIRIRSISIE, 456 0 SR U A iR 22 A MeE S
&I, FISEE R (PSO) SR FHERL ST, 44
H A RERGE S ST B AR PRI S S H R R
T, O ESHERIA R e SER
(Z) wmipRREEES Y
Tl R SR A BB AL, HIEEE S LR R N
P R 5 KA BbR, HERARTE . A
PRI RIEIBA TR o BT RRBREN 1 S T S o O LA

o

& o &

AL, IR 5000417 i LSSVM SEg& IE MR Uk sk
MRZE, TR B EITE + 3% LAN ., FEERGI L, SRITBO PID
SEIR BT SR, SRS B ATTRRAL S i B
Wi IR SSRGS R | NOSHE R [ 5L Sl kA7
Z BB, FEVREE G I e PR Aa e, LR a7 IO
FPROTHE, TSR T AR oA 4

(=) ERERERGEESRKL

FFRR SO L SRR RS, HRGEAK
LN N =D e A NI i R ey e T s DR S oW =i ES T e
AR THCF R R e R, B b, B RvE A
SEIS ARSI AN LA, IR RNN Ska2 328 00 A =
BN AR, AR TEIAMEIE, RTRZEARHIE £ 1°C
DA #2546 b, Smith Tl TAME RGeS, AT TaE AL
b EIER PID WIARME G SE 442, g 7. ks, 8@
HEIAGERA BT B, ElRER/NSEIIRE, W2
BRI PRI, TEEFRORAE TH0 T EIRAERE

(@) AEfRGERES K

DRSS (CCS) ARSI PR RSAT Wi L HL e £ 7
R0, HABL ST BBk (RBIIN (2 2~3
GYER) L RESHUIARIT (IRZAIZ) 10~20 ) 7 (sl A2
5, TR TG AT IR B S 2EGRE MR Y, B R,
WU R Eh S, DL R SATTTE< . Barirt
BOVERHURTTITEE NS &, DIWUASE RIS F380HTT.
R AR R, BT R P U N A I R —
R MBI, BTV R, TR - Sk
2 B ARE, RGBS TR RIHE T £
PR AR AR, SRAHIENICIZMES (LSTM) 0k,
FUFIMUEHA ST 4 T 1 800 LI BRIp R4, ALy g
GRE, (RIS TERE T IR ZE I £ 1%
FEHFE, £0.2MPa AN, #EI0CTTTH, SR BB A0 6
(MPC) +SfrariiedMz" (5, MPCEZEflaRIASK b 48
TR TOE N A, S5 a BTN AR, e R LN
JENMwZEE< +0.3MPa, FHAZEREIRE < +0.15MPa AR
SAFT, AR R YA I s e o1, SEBi A
T A PR s BRI I sl kM BT I ARt g & 1 A8 TR
TERTAEA PR, SRR R A

=. ETEREENERZBirNRAMRLHAR

(—) SEFMCABEYFRER

PREMR AR P 2t (IR ) |« IR ((GHE
WO L et (BERE) T =ZKER, & BRI G,
PR T B He R (AL S EARIGS e o ARSI
O XELL EREK RGBT S MO IR A, HBE RS
G, L2 R =282 FPREEIN T i E >R i
AMEAEHEERE . NOGHRI, FZFCRE S EWEl . U8 & 1
SRR BT QIR 4 T 1 Pareto Sefufifidls, LABZR4S BAREIH

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 005



EHERS | POWER SYSTEM

KR ZR, AR T T s f e sk o F .

(=) BeefiEixikizEH

155 % BRI LA I P AEAE S, NSGA- T
AAF ISR S, MOPSO S g N FiElt, &ahd “£48
BN S/ SRV T & SO Vit 2 i 2 I | 55 e 9B g gl =RV N
(NSGA-T0) TENIZ O TR, HARFAE T AR 3 e 7 bk
B eRR, HIATIF R A ME LR, AEIE R
B R sk U BRI S s IR R, — IR
THEIERN A A R T, A2 RS R SRS TR
I BUERZHR + FEYIRAE” IRGWIEM, 1T 30%; =&
FINKCFHET SO, DA T RIS, 7EHE 300MW AL
ISR NT, BOHRR ISR R 33%, AR EFEER T
38%, HAETO% G T, HEMAMTERRAFER NOHEHUT )
BERT R

(=) NBETEHERIMN

SEOPUAARTIENEE (30%~100% HUEmsT) , A “h
FF DX IR 43 = 43 DX TR S0 — AR 2R 287 im AR R 4 TO0 T 1)
MAIETCE, et ARSI R S F R GRS S 4 IR ST
(30%~50% ) . Hifafr (50%~80% ) . mifafe (80%~100%) =
ANKIAL, #5328 S FARRCER s s A A B A IX AT A0t
NSGA- T RTHE, #AZXAIMPT B T80, EKA#E Pareto
Eeufddle, BXIAERI00IR, FIRMBEIERE X% - KR -%
27 RS XK SR ML —TOPSISL” W45 X [A] Pareto fif
T BRI RALET A BRI, TR TOPSIS
PSS R S BRI WU RS, SR EUNG I P K R AR 1 X [F]
M BB BEAE .

(M) fhikskrgS DCSHISE M SEM

RS S DCS s, RH “IAgat 5y
AADCSIBERENT M EEMEM, S REHRRER. R
HESEHPTESR, kg EmET DCSH OPC UA PHUEE

243t

R LALEAT R, RN 1z, TSR O
BRAC ST BB ST 8 (S0 NSGA- 1T ST 53R
BOH) | BDDhABERAUETAL S (IR R, A—L) | 5
5724 50 7 0 I X ) R D 2 TR A S
Bl s S TE LB B AR & et Bl
PR S DCSH AO CRUMLEERIH ) BE01, O sl
A TREIHITS, FIRES DI A ) BB
GRS, MRS ITRe . CRERIBUTE, SR
Bk, ST AR TGt CPU, (RALSEREIEIE C++ SN
FE, SRS BN ESHIE 100ms DA, W HLATEHI RIS
BEER (BHREEI<1s) ; RRBBHUERE SRR, B
— SRR RN, S OLIE S IR B E T 5
IR, SIEBRBAL T R (o2 A 5% A
I PIDRtl; 5= 000 AU, SR AT 7
Bfih % DCS % AR TB HE; SO TR AE L, SRR %
DCS, FFAARRMEMEEIREHE:, % OPC UA, Modbus—TCP
SELFINL, AR R R SR T AL

=

. BRIE

ARSCHEGE BT FARS H eI 0 1 5 T LA R
TRIBATHR, ANEUA A SIS B SR I 5 T G
., hEE SRR, RETT R TR A sl R 5
HIPLERTSE, TR T MEIC R, FRSUERI 2R E 5 TR
R SEREEARTT S SR A G HACT [, — AR
XS AR S O Bk T E— 2P BAIE,  WIE SN2 BRI
PSSR (5 s AR AL 140 R 5 3T BB H D O Rl 1k
By, ASKATRZ LA - Breed” hA IRt $Erik
FRGTR R RGBT AR ROR M LA A A i A 1)
REFUTECFG , SRR Y R 2 I0E 5 AE AR

(13K I AW LR R R G AL D] b f ks | AEdbii R (B ), 2017.

[21FHA0 , BZn , HZ0ES |, % 1000MW Z IR B PULALIE = (Lt RGeS0 (Cly/ o ML DR O R % 2342 2016 FFR4RE20 TS 2016:1-5.

[31 B 81 S S LR 30 R 45 B G (D) AR, 2013(11):66-67,68. DOIL:10.3969/j.issn.1008-8725.2013.11.035.

[419hRTT AERR SR, & etk DRNNFESSEH U Bl R ge 280 e v (] ) AEEig& 2009, 29(8): 106-109. DOI: 10.3969/].issn.1006-6047.2009.08.024.
[SI5KAE JRBENLAL SCR Bihs 1M RGTR -5 RIS D). ARALH R | SRdbHURAE (B ), 2019.

[6) Z8 s . 56T LMIs (o s R AL A R G010 (DL AEdbi R | b iidikss (58 ), 2017,

(712510 . RIUBRARE FATLZEL O B LA R G I FLAOREA 5 5 [C1//2000 42 FEIA E FI AL | (5 BEOR A ARE LG Atat - hE AL RS2 ,2000:366-376.

181 #2%E 300MW SR IA T ASIMERGERIHIFE DI T - ZKEA2 |, 2001.D0I1: 10.7666/d.Y463530.

(91 3kA%: 1000MW il FLZHL F S AR R GEWTFE 55T (Cl// T s ORI A P A BIMIE IR 2007 2216 3C8E 2007:292.

(101 RHAV | ot IR AUMEIZE DCS RGeta e i it 5528 (1] ALY 2018, 35(6): 72-75. DOI:10.3969/j.issn.1003-0492.2018.06.022.

006 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



