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Abstract: The distributed control system (DCS) is the “nerve center” of thermal power unit, but its core software
and hardware have a lower localization rate and a higher degree of dependence on foreign countries. In this review,
after analyzing the current status of DCS application and localization, the authors outline the design, development
and application of the first set of nationally produced DCS in China, namely the “Huaneng Revival” DCS. Aiming
at solving the problems of lack of domestic dedicated chips, incomplete functions of analog chips, poor software
and hardware adaptability, a main collaborative computing framework with domestic CPU+FPGA as the core is
designed, and self-calibration compensation methods based on domestic ADC and DAC chips are developed.
Moreover, the software and hardware cooperative fieldbus communication technology based on domestic MCU and
FPGA chip is proposed. As a result, fully domestic redundant controllers and 1/0 modules are developed, with the
accuracy of analog modules greatly improved, and the localization of fieldbus technology is realized. The third-
party test shows the function and performance of the domestic control system meet or exceed the requirements of
national and industry standards. The demonstration application of 300 MW and 1 000 MW units shows the research
results fully meet the application requirements of large-scale thermal power plants, indicating that China has
completely autonomously controlled the production of core control equipment in the power generation field.

Key words: distributed control system; Huaneng Revival DCS; national production; thermal power unit; control
equipment; fieldbus technology
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Fig.1 System architecture diagram of Huaneng Revival DCS
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Fig.2 Architecture diagram of the controller hardware
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Fig.4 Hierarchical architecture diagram of the logic
configuration software

WHRHAS TRIET I SRR, SCREbiE
E XSG S, 2T BRIt A R0,
RAFEFALE . AR WATIAIIRE, X TRRN
H, S UREFPAE ST (POUD AL AMSHLIELL
TEThEE, HAHAIE 5 PR, HXRREES.
2.6 BT ERBERE S EERY

T & CHETEM AN HRER, TR
HEZE QT TR B RS I, 70 N8R E
A S SHCERM . R, HohHdE
KBRS BRI B R RS &




5% 3 4

Bl WS Sl HEE S RGO RS N 163

SRR, HE S E BT S i S5 K&
ER=1 R /G I Y AR S R iAR RN
fEL BB S E R RGP LA,
MR THERER TR, 508 OPC-UA Hidfs
3 HORT A 38 7 T A28,

H
1 f
]

]

PG

o

B 5 BEASTRERE
Fig.5 The logical configuration tool interface

B4R P P 46 1A A AR AU,
BRRGEIYN I, TR 6 BRI R
PP T 5 B AT OB eI

(= e =)

P HMIERER
Fih

BERE PR

RGBE
Fs/sophic/deployment ] B 2021-11-04 14:02:12 - -

P 000, y
= £ W~ i
B RE B3 b E
) 1) 3
BEES EEAS 3 BE
| Jal ] (=]
™ - - 2
07 4 #iE—R EH PRE
ETP(HEE vI0 REEER)

\

E6 RApEEEREFRE

Fig.6 The main program interface of system management

3k EIREE” DCS 5=
3.1 RGIAENE

RAG R T EF=L ORI &R DhREA
Lo R, KT R R Bk B [ RT3
SRUA, Pt BT 25 BT 1O M A FE . SRBE Btk
S8 S TR RSB [ Py SN . st E
JEEAFN /O F# I HHYIA R 5 ms, N FEIZEF= Sk,
T 555 SR W S ), R e 2 A A T TR S,
AR F 2 B SORAT AR IR T, AR g

http://rlfd.tpri.com.cn

m R T RIFIIEAR KM B IE AT AR IR S
B, I5F-30~70 C, #Em T HRETHE T 2RiE
TR EE . A= i R AR W B 9 4R 3230 DCS 1
st — A, S5ESME R DCS MLk, B
LA DIRE: SRR A S A, HET
BSOS AR = 8 A
(Python), HEJCEEINF & 5.
32 R E M

ATEEEARAR T TH, AR RG] 2 =99.9%, 183
AR EEE SR (DL/T 659—20161°), # % 2021 4
12 H, Ar=elgfeae 0w 1 Sl
Ifi 5% 1 055 MW HLAFEREARE N 2 S IE S
350 MW ML C et T 145, MR
Kl DCS A= & il 5| T ML . HLALEITRUE,
R BNDMET R, BEATTREER.
3IRZFEAM

IERERIR A E” DCS [ RHELL 5458 DCS
—# (F D, ABTHIXN RSN T RS5EE. F
FAA R G AAEAN AT B P2 A Uiy, A FRXAL
S JR s 1) 2R G R T THUROR )RR, BT s B R 4
MIFER: WA, A SIHM s
), AT BB N AR RS
34 ELBEWIE

2771k DCS A fEiEtld. 110 Hiff (&
DEH. B340 75N A P35k B H
Fr[ERGEANIuHE, Bl BERS CRFEE AR
AR TERME GRS F L 5L e 84 . B
RS FH A5 AR F [ 2 | 2 A s AR R

A ZR 438 1) SR THT B A N 38 P A 18 2 1 e
ERG A F B, BFEARH B~ ot | 3
Weitwt g, EFP k3] 100%, 4 3 ERR R

TERERENUZ ORI 288, DEH HIE b2
DCS LI 4 [H P2 E AR & . A RGCRH B0
pt, [ EWHT K DEH 245 . 24,
EEANEAEP L 100% DEH £%i. DEH 54
B AT E R 50 ms LR, ARGRTEL
FEIUH N 20 ms. [FIRFF & 1) DEH & HFGE R fi
JRIRF A AR B AR IRGE FL R, A&
AFEVREHL K EH HRSR3I LRI RE /1, H DEH
1 DCS &4 K H g — M7 & F 43S
F&, E4% DCS/IDEH —1k1LiIAE

KF MCU 5 FPGA 5 Fr I & B A4 W [F) o B
YRl EEA, ST T E P AR AR g




164 AR

2022 4

LB(EThAE, B2 Bl AL E] 100004 F .

22 TV AIE B A8 L 55 Tt 70 B 080 v ol
A, ARRGHT IR EEIE 100%.

35 REINEE

e AR 2 E P~ DCS Ml Rk % EN61010-1:
2010/A1:2019 1 EN IEC61010-2-201:2018 FxE (K
B4 (LVD) LLKEREE EN61000-6-2:2005 Al
EN61000-6-4:2007/A1:2011 #x #E {1 o R i 25 75 4
(EMC) I/ wmrilliat, & miise gt RAYIE
R FD R, 345 CE-LVD iEHM CE-EMC iE
1, RUZARGAA,mETh R B AR IR Al
AR vt PR 458 T DR 25 S 35036 KR 2 4 RV R F
HEAS mAn AL ZER e,

3.6 EEETIEE

WICERE B IR 4 E 77 DCS /myu M LA, Ef%
Gyl asEal BN Z M ReFE I EE, R TR
Redz g, JF FLSCHl 1 e Ak B A Ha i N,
Flo B TR AS . AL MRS . K BRELAR
RTIEINAS ) 2545 16 A AR SEE I & . Wk, 4R
B SR T R R Gl VRIR RG]
Wi RGBT . KRB &R S TS5 DI RE -
4 BLARTER

2020 ©F 11 H, ##HE%E DCS (A% : HNICS-
T316 KHLARD) EINAE A E AR AR A A ml4E M )
350 MW HLAHH, AEANEGETESH T
DCS ML, LBl RNl (% DEHD. KHL
4w . WA, HaEAJE DCS e E R
B AT BT 1055 MW LA 35 2 48 s
HMiz, AENEEGER L TRATEER E0E
DCS LA, trEERE RS KA K B
o il B 2% SE I 6 4 H ] 450,

2021 4, *EAEFRIE DCS N EIE RGRIIY &
RNEBEHHE R, SRS 2 6 H 0
T PL = G I A IR WL R D #E, IR
A Va7 e R 4 [E 7* DCS/DEH 54—
bz & 412021,

5 fF1ERYjE] &L

1= mM A2 & ESbLR DCS KEES,
T 20 RIS T2, HERE &R 4 B DCS
BRI, A=A 5 ZiEd AW g
T R I E AT KRE , Pt — Pk

http://rlfd.tpri.com.cn

BAENAT » TR SR & B P A RS, SIAFE T
HENTHEBERAR, X it — B AT

2) FAmAKR EF RS A TE,
BRI S LR RZER, DhRESR—, K
AP A EUAG, RIS AR TR SR vy 14X
LR, WZ TGN T DCS MR EA, T2
77 b (RIS T AN 2 22

3) B AMEK A 2 Hok, T HNEER
R, 3 (Il G, 3R DCS B
WIRE, DAL, AR @4 E DCS BB RS
Z IR R TR &

4) BFBOR I A AHELREA wh, FI 4
[ DCS R ENE s EMNVE EAT At DR,
BON 7 52 LA, T LA AR AN v PRI,
EREVCHNR RS B 3 A5 A% b4 B 3265 70
FZ, FINAEGIIER. KEREHRVEL K
WU S, IR (T LT B2, e it
RN, R dh e b, I3 &
Hiinse g 71, MR RIEE, DOS FEsE R bk
JRA R o

64 &

B RS RS B AR BRI B, W
E N E B2 DCS, JfFEH T LA KT N
M, R T TIERGN “RIEET” W, seil 1k
DL RS 7E 4 H B rl i, BRI BIE Rt
KPR A SRS 2 H PR AT A
IRl 7= Pt 2R g0 ORI N, ARt desl 1
PR SRR R, SRR T RN B AT
Rl 5y, X e L SRR O X 25 22 427K T
PRI [ 52 RE VR 22 45 A s B e KPR B A E 9 A
CEON -3

[Z % XX #k]

[1] #KE. Lkl DCS #Hl RAERIHITF[]]. B3k
5 AR, 2012(1): 3-5.
LIANG Changzhi Design and research on DCS control
system of industrial boiler[J]. Automation and Instrumen-
tation, 2012(1): 3-5.

(2] 23, Bufie, £8i. FT OPC HiR [ DCS W2 £ 45t
W], ML R, 2009, 28(7): 59-62.
JIANG Ping, DUAN Xinhui, WANG Rui. Design of
monitoring system for DCS based on OPC technology[J].
Microcomputer & its Applications, 2009, 28(7): 59-62.

[3] FEx¢w, &mtrse. B~ DCS RGN T vl S5
HOHFERII]. AXERALER 7, 2017, 24(7): 81-83.
WANG Wenkuan, MENG Xiangrong. Reliability analysis
and suggestion of improvement for domestic DCS[J].




5% 3 4

Bl WS Sl HEE S RGO RS N

165

[4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Instrumentation Customer, 2017, 24(7): 81-83.

W, MR, TR, 5. [E DCS N fFHL i BT
55 e 1 B EFR W3] AR R A, 2012,
19(5): 15-17.

HUANG Bo, SUN Changsheng, DING Junhong, et al.
The survey of the utilization of the domestic DCS and the
suggestion of its promotion[J]. Instrumentation Customer,
2012, 19(5): 15-17.

IMCAE, B, THRZ, . HEEET” DCS Rk
HIERI[I]. E3hiLTE b, 2012, 2903 T 1): 19-21.

SUN Changsheng, HUANG Bo, DING Junhong, et al.
Discussion of promoting the use of domestic DCS[J].
Automation Panorama, 2012, 29 (Suppl.1): 19-21.
BIRFE. DCS &4 H ™ LR 1T [J]. BHELHL SR, 2019(4):
293-294.

HU Tiannan. Discussion on the localization of DCS
system[J]. Science and Technology Vision, 2019(4):
293-294.

WSS, BT A BRI EORIE A B RLRER[I]. M
#%*[w) 2 4z, 2018, 9(8): 90-97.

HU Zhigiang. Review on domestic production based on
the self-controlled technology[J]. Information Security
and Technology, 2018, 9(8): 90-97.

wAEE, LI, TR RCGEERUETH RGAE T E
ity 117 37 38 4 BRI AF 72 3], BARARE, 2021(2): 6-9.
HUANG Fuyan, KONG Jin, SHEN Shigiao. Research on
the competitive strategy of European and American
distributed control system in China’s mid-end market[J].
Enterprise Research, 2021(2): 6-9.

Xz, FEALHE O 4y W ) R G 1 7 B A AT AT M 2 4T ).
Fimtk T H3hK, 2021, 57(4): 9-14.

LIU Yang. Feasibility analysis of domestic substitution of
in-service imported decentralized control system[J]. Auto-
mation in Petro-Chemical Industry, 2021, 57(4): 9-14.
B, A, BREE, A B EUEE Ra A SR
PRHEZR st ANSIEBL[]. #4004 H, 2021, 50(12): 13-20.
HU Bo, LI Xiang, CHEN Hongjun, et al. Design and
implementation of configuration software architecture for
domestically made distributed control system[J]. Thermal
Power Generation, 2021, 50(12): 13-20.

BOR, ARER, FilEin, S5 KT o EdEh &Gk
(& A5 BT FE[T]. #477K H, 2021, 50(12): 1-5.
ZENG Weidong, REN Guojun, LU Haisong, et al.
Analysis and research on inter domain communication of
distributed control system in thermal power plant[J].
Thermal Power Generation, 2021, 50(12): 1-5.

R, TR =R HERAE AK BT R
SRR TR IT[I]. BALER, 2021, 45(1): 28-33.
ZHONG Chen. Research and application of second layer
and third layer network switching technology on 4K UHD
production system[J]. Video Engineering, 2021, 45(1):
28-33.

EOUHE. FET = Z PR VLAN [EE(E 35
SEPL[I). 15 EE(S, 2019(8): 106-108.

WANG Guanghui. Design and implementation of
communication between two VLANS based on three layer
switching[J]. Information & Communications, 2019(8):
106-108.

KARHRT 7 Bl RS BOR %15 DUT 1083 —
2019[S]. dbx: HE Iy AR, 2019: 4-16

Technical conditions for distributed control system of
thermal power plant: DL/T 1083 — 2019[S]. Beijing:

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

http://rlfd.tpri.com.cn

China Electric Power Press, 2019: 4-16.

KIVR AT o3 H ) 2 G ol KA : DUT 659—
2016[S]. dtxt: A Iy tHRRAL, 2016: 7.

Code for acceptance test of distributed control system in
thermal power plant: DL/T 659—2016[S]. Beijing: China
Electric Power Press, 2016: 7.

JEA I M. HERE AR DCS i Wi CE Ak
[R/OL]. (2021-05-26)[2021-12-06]. https://news.bjx.com.
cn/html/20210526/1154619.shtml.

Polaris Power News Network. Huaneng Revival DCS has
passed the EU CE certification[R/OL]. (2021-05-26)
[2021-12-06]. https://news.bjx.com.cn/html/20210526/11
54619.shtml.

T E . N EEE T RH 100%4: H- ik
DCS #%iz[R/OL]. (2020-11-25)[2021-12-6]. http://www.
cpnn.com.cn/shouye/aowen/202011/t20201125_1311943
wap.html.

China Power News Network. The first set of 100%
national production DCS of megawatt level in China is put
into operation[R/OL] (2020-11-25)[2021-12-06]. http://
www.cpnn.com.cn/shouye/yaowen/202011/t20201125_1

311943_wap.html.

2020 4 R A E A E ST AR AR S A [J].
1A 7, 2021, 28(6): 1-9.

Performance profile of excellent thermal control engineers
of China’s power generation automation in 2020[J].
Instrumentation Customer, 2021, 28(6): 1-9.

BRT, IMEEL WA, KA BT EE DCS
I L S0 AIE R o) b B —— R E A B B TR
HiwE FE 1T DCS BHR S M ATEALI]. H E
2021(1): 60-61.

CAI Junyu, SUN Jiehui. Go deep into the front line and
increase the field application verification and problem
handling of self controllable domestic DCS: the expert
group of power generation automation committee
investigates the R&D and application of self controllable
DCS[J]. China Electric Power, 2021(1): 60-61.

e R HE M. R E & 4xF ™ DCS/DEH
— A E T IR B RALEL[R/OL]. (2021-09-26)[2021-
12-06]. https://news.bjx.com.cn/html/20210926/1178863.
shtml.

Polaris Power News Network. Huaneng put into operation
the first national DCS/DEH integrated million secondary
Reheat Unit[R/OL]. (2021-9-26)[2021-12-06]. https://
news. bjx.com.cn/html/20210926/1178863.shtml.

%X H G (B)ERKHEARHEL DCS/DEH — AL K HII
H 4 i 2 ak % 7% [RIOL]. (2021-12-15)[2021-12-26].
http://www.chinapower.com.cn/guihuajianshe/xinwen/20
21-12-20/123689.html.

The country’s first (set) DCS/DEH integrated power
generation project of major technical equipment has been
fully completed and put into operation[R/OL] (2021-12-
15)[2021-12-26] http://www.chinapower.com.cn/guihua
jian she/xinwen/2021-12-20/123689.html.

B, 8 R, BB, K R IUIR & ]

Py, 2019, 48(9): 1-8.

YANG Xinmin, ZENG Weidong, XIAO Yong. Present
situation and prospect of thermal power plant intelligen-
tization[J]. Thermal Power Generation, 2019, 48(9): 1-8.

(DUESHH ALZE)



https://news.bjx.com.cn/
https://news.bjx.com.cn/html/20210926/1178863
http://www.chinapower.com.cn/

