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Research on Thermal Resistance Network Model Under Thermal Coupling

Effect of Multi-power Device Module

WANG Duoping, LI Qiong, TANG Jian, XIAO Wenjing, LIU Jingbo
( DEC Academy of Science and Technology Co.,Ltd, 611731, Chengdu, China)

Abstract: In a power conversion device using power device modules such as IGBTs, it is usually necessary to use a
thermal resistance network to predict the temperature of the power device or build an electrothermal simulation model of
the power conversion device to perform dynamic electrothermal co-simulation. When multi-power devices work, each heat
source affects each other, and the thermal coupling effect needs to be considered. Based on the principle of linear
superposition, the thermal resistance matrix representation method and the external thermal resistance network model of
the external thermal resistance under the thermal coupling effect of the multi-power device module are established, and
the simulation is carried out by the finite element thermal simulation method . The thermal resistance matrix is calculated
based on the simulation results.

key words: multi-power device; thermal coupling; thermal resistance matrix; thermal resistance network
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A Real-time Fault Degree Diagnosis System and Method Based on Feature
Extraction

HE Wenhui', YANG Jiawei', TANG Jian', TIAN Jun', LIU Xiong?
(1. DEC Academy of Science and Technology Co., Ltd., 611731, Chengdu, China
2. Dongfang Electric Machinery Co., Ltd., 618025, Deyang, Sichuan, China)

Abstract: A real-time fault degree diagnosis system and method based on feature extraction is proposed, which includes
the equipment to be diagnosed, a real-time fault degree diagnosis system, and the real-time fault degree diagnosis
system consists of an operation data acquisition module, an initial feature module, a fault degree diagnosis module, rolling
feature extraction module, real-time feature module, historical operation database, fault prediction module, fault diagnosis
and operation and maintenance suggestion module. The diagnosis system can diagnose the fault degree and fault
development trend in real time according to the initial characteristics, obtain fault prediction information by using real-time
characteristics and historical operation data, and make normal operation, continuous operation with fault, and fault
prediction according to the fault degree, fault development trend and fault prediction information. Operation and
maintenance suggestions such as fault-reducing operation, continuous observation, maintenance as soon as possible,
and immediate shutdown for maintenance, etc., when running with faults, give a safe operating range to avoid irreversible
failures.

Key words: feature extraction; real-time fault level diagnosis; failure prediction
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Simulation Research of Coal-fired Power Generating Units Based on
Dangerous Conditions

ZHOU Yunhong '*,SANG Zi ', LIU Sisi ', YANG Bo '?, LIANG Kuixi 3, WAN Bei 3, PAN Du *
(1. Energy equipment Cyber security Laboratory of Sichuan Province, 611731,Chengdu, China;
2.DEC Academy of Science and Technology Co.,Ltd.,611731,Chengdu,China)
3.Wuhu Power Generation Co., Ltd., 241000, Wuhu, Anhui, China)

Abstract: As the core equipment of a coal-fired power plant, the control and protection system of the motor unit ensures
the control and adjustment of the unit under normal working conditions and the protection action under abnormal working
conditions. The number of network security attacks is becoming more and more frequent. If it is not dealt with in a timely
and effective manner, it will often put the unit in a dangerous working condition and cause safety accidents such as
damage to the main equipment. Therefore, according to the triggering conditions of the dangerous working conditions of
coal-fired power units, the triggering boundary conditions of dangerous working conditions are proposed, and the
triggering of dangerous working conditions can be realized by changing the control protection logic. In this paper, by
building a semi-physical simulation platform for coal-fired power units, the simulation research of three dangerous working
conditions of coal-fired power units is carried out, and the boundary conditions are confirmed to provide an effective
reference for the safety protection of the control and protection system of coal-fired power units.

Key words: coal-fired power unit; dangerous working condition; control protection logic; hardware-in-the-loop simulation
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Research on the Harm of Denial of Service Attack on Steam Turbine
Operation

ZHANG Yufei'*?, LIU Sisi'?, YANG Bo'?, YUAN Xiaoshu'?, DING Xiaohan *, QIU Yumin 4,
LIANG Kuixi *
(1. Energy equipment Cyber security Laboratory of Sichuan Province, 611731,Chengdu, China;
2.DEC Academy of Science and Technology Co.,Ltd.,611731,Chengdu,China;
3. University of Electronic Science and Technology of China, 611730, Chengdu, China
4.Wuhu Power Generation Co., Ltd., 241000, Wuhu, Anhui, China)

Abstract: Denial of service attacks have always been a focus of attention in the field of cyberspace security due to their
high levels of harm and difficulty in defense. However, whether denial of service attacks in the industrial control field can
directly affect energy equipment is still in its infancy in China. This paper selects the steam turbine and its control system
as the research object, builds a cyberspace security simulation environment, and then analyzes and verifies whether the
denial of service attack can cause harm to the steam turbine operation, and some suggestions are put forward.

Key words: denial of service; steam turbine; energy equipment; cyberspace security of industrial control system
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E: APk NOx HEk 09 % AR B LG K, AR E@MFRENEFE T HAE I, EAEKLTT Hw H/CO.
Ho/CHa, VA Ho/NHs #UR KM+ NO 49 £ SAIE, 1+ H LR K Hy KM P NO &9 4 AL €46 NNH HLIE R 7 A hLsg
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FESES: TKI1; X511 RAFRIRES: A XEHS: 1001-9006 (2023) 01-0020-08

NO Formation Mechanisms in Combustion of Several Hydrogen-containing
Gases

CHEN Jun', WANG Dujia*?, YANG Zhangning*3,FAN Weidong'
(1. Shanghai Jiao Tong University School of Mechanical Engineering, 200240, Shanghai, China;

2. Clean Combustion and Flue Gas Purification Key Laboratory of Sichuan Province, 611731, Chengdu, China;
3. Dongfang Boiler Co., Ltd, 643001, Zigong, Sichuan, China)

Abstract: Due to the demand on the research and development of low-NOx multi-gas burner, comprehensive numerical
work with a detailed kinetic model was conducted on the NO formation mechanisms in the premixed flames of Hz, H2/CO,
H2/CH4, and H2/NHs. Calculation results indicated: The NO formation mechanism in Hz flame includes the NNH
mechanism and the thermal mechanism, and the latter is predominant; CO addition in the H. flame enhances the thermal
NO mechanism; The NO formation mechanism in H2/CH4 flame is similar to that in CHs flame, including the prompt
mechanism and the thermal mechanism, and the change of the outlet NO mole fraction is less than 15ppm at various H:
blending ratios; NO in the H2/NH3 flame mainly comes from NHs, with the outlet mole fraction two orders of magnitude
larger than that in the H2 flame under the fuel lean condition, and the NO formation is most positively sensitive to the
H+02=0+0OH reaction.

Key words: NO; mechanism research; Hz-containing gas; multi-gas burner; NH3
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Research on Deformation of Steam Turbine Cylindrical Casing During

Long-time Running

ZHANG Yan, CHEN Beibei, LIU Weipeng, LIU Jinbing, ZHAO Chunfang
(Dongfang Turbine Co.,Ltd., 618000, Deyang, Sichuan, China)

Abstract: The cylindrical cylinder has the advantages of good structural symmetry, uniform temperature field and stress
field, small thermal stress, high safety and reliability, and is widely used in high parameter and large capacity steam
turbine units. With the arrival of large-number of cylindrical casing maintenance period, select a typical unit to simulate
the cylinder deformation process from initial operation to the end of an maintenance period ,also include after disassembly
and overhaul. Extract the cylinder split deformation data at each operation stage, and compare the deformation value with
the measured data to verify the accuracy of the analysis. The influence of initial interference of fastening ring, cylinder
material, temperature difference between inner and outer walls during operation on the deformation of cylinder after
long-time running is analyzed and compared, and the suggestions for long-time deformation control of steam turbine
cylindrical casing are put forward.

Keyword: cylindrical casing; high temperature creep; long-time running; disassembly; overhaul; deformation
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Analysis of Different Exhaust Volute Structures of Centrifugal Compressor

WANG Juanli, WANG Xin, TAO Gongxin, ZHAO Haifeng, QIAN Yulong
(Dongfang Turbine Co.,Ltd., 618000, Deyang, Sichuan, China)

Abstract: The performance of the exhaust volute has great influence on the economy of the centrifugal compressor. At
present, the tangential exhaust volute is widely used in the centrifugal compressor. The design of exhaust volute not only
needs to consider the aerodynamic performance such as the total pressure loss coefficient and the static pressure
recovery coefficient, but also needs to consider the compact structure. In this paper, the design principle of tangential
exhaust volute is given, and four kinds of volute with different structures are compared and analyzed by using the 3D
numerical analysis software CFX. When the outer diameter of the volute is certain, the best performance is not obtained
when the vaneless diffuser is the longest, but when the vaneless diffuser is completely tangent to the exhaust volute.

Key words: Tangential exhaust volute; 3D numerical calculation; total pressure loss coefficient; static pressure recovery
coefficient
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Comparative Study of Single-channel Model and Complete-cycle Model
Numerical Simulation Based on Control Stage

BAI Kunlun, PING Yan, ZHONG Zhuhai, FAN Lihua
(Dongfang Turbine Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: Based on a 350MW subcritical steam turbine, the performance of control stage at VWO, THA and 75%THA
conditions are investigated by using single-channel model and complete-cycle model numerical simulation. The results
show that, because the single-channel model similation ignores the influence of partial admission and steam adimssion, it
can not simulates the flow distribuiton in control stage accurately, so the loss of control stage calculated is lower than that
calculated by using complete-cycle model, which leads higher efficiency. Furthermore, the difference of loss in blade
calculated by using single-channel model and complete-cycle model is much higher than that in vane, so the pressure
reaction calculated by using single-channel model is lower than that calculated by using complete-cycle model, which
affects the calculated values of axial thrust significantly. The pressure reaction calculated by using complete-cycle model
is suggested to use in calculating axial thrust of control stage in engineering.

Key words: control stage; pressure reaction; efficiency; axial thrust
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Noise Status and Control Measures of Gas-steam Combined Cycle Units
XU Bo, DONG Yihua*

(Dongfang Electric Co.,Ltd., 611731, Chengdu, China)

Summary: Gas turbine combined cycle power generation, as a clean and efficient form of power generation, has been
greatly developed in China. Compared with coal-fired thermal power, it has no dust pollution and is environmentally
friendly. Therefore, the site selection of gas turbine combined cycle power plants is generally located in load centers and
relatively densely populated residential areas. In order to protect the lives of residents around the power plant, reducing
noise pollution as much as possible has become a problem that must be solved in gas turbine combined cycle power
plants. This article starts with the noise data during the actual power plant operation, reveals the noise status of the
combined cycle power plant, and provides guidance measures for noise control in combination with the noise generation
mechanism and engineering practical experience.

Key words: gas turbine combined cycle power generation; noise control measures
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Corn Chamfering Tool Design Characteristics and Application in the
Manufacture of Large Power Generation Equipment

XIE Longfei, LIU Xiang, ZHANG Bin, WU Pan, LUO Xia
(Dongfang Turbine Co.,Ltd., 618000, Deyang, Sichuan, China)

Abstract: In order to change the present situation of large size chamfering and bevel machining precision and low
efficiency If stator components of large nuclear power turbine, thermal turbine and heavy gas turbine, corn chamfering tool
was developed. This paper mainly introduces the structure and design characteristics of corn chamfering milling cutter
and connecting shank, and successfully use it in the processing process, which ensures the processing quality, greatly
improves the processing efficiency, and achieves the established goal of advanced technology and remarkable economic
benefits.

Key words: corn chamfering milling cutter; connecting shank; workpiece chamfering; machining precision; machining
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Discussion on the Two-level Management Experience of
Major Nuclear Energy Equipment Supply Projects

LI Jianyong
(Dongfang Electric Co., Ltd, 611731, Chengdu, China)

Abstract: As important energy and power, major nuclear projects often shoulder national strategy, important equipment
supply tasks of which usually face tight cycles, high requirements, risks and other challenges. How to effectively manage
and control the projects to achieve good quality and on time delivery is a difficult problem of great significance. Through
unified control of the group, strong incentives and constraints, multiple measures taken simultaneously, and internal and
external interaction, successful implementation has been guaranteed. Good practice has been formed with mechanism
construction, control priorities and Party building. Relevant experience is worth summarizing and discussing.

Key words: nuclear; major equipment supply project; two-level management
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Quantitative Eddy Current Testing Method for Inner Wall Defects of Heat
Exchange Tubes of Nuclear Power Equipment

CHENG Nutao, YANG Tao, DAI Qinlong, LUO Wei, REN Jianming, ZHOU Ting
( Dongfang (Guangzhou) Heavy Machinery Co.,Ltd., 511455, Guangzhou, China)

Abstract: Combined with the possible defects in the inner wall of heat exchange tube in the manufacturing stage of

nuclear island equipment, a series of axial inner wall grooving simulation samples were made, and a new amplitude depth

curve was made by using linear fitting curve. The quantitative analysis of the amplitude depth curve and phase depth

curve on the inner wall defect depth of heat exchange tube was carried out to verify the effect of the new fitting amplitude

depth curve on the inner wall defect depth The accuracy of deep quantitative analysis.

Keywords: heat exchange tube; scratch on inner wal; amplitude quantitative curve
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Theoretical Calculation and Process Test of Expanding the Forming Range of

One-time Cold Bending of Tube D51

JIANG Zhihai, YANG Jun, LIU Hongwei
(Dongfang Boiler Co.,Ltd., 643001, Zigong, Sichuan, China)

Abstract:With the continuous saturation of installed capacity and the strengthening of national ecological environment
governance, the shrinking of thermal power market, and the continuous transformation of major boiler manufacturing
enterprises to enter the new energy market, among which waste incinerator is one of the main new products of our
company. Waste incinerator has the characteristics of low pressure parameters, small space and compact structure.
Compared with the tubes on the heating surface of traditional boiler products, the wall thickness is thinner and the relative
bending radius is smaller, which puts forward higher requirements for the quality of bends.

Key words:one-time cold bending; theoretical calculation; process test; roundness; reduction;
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Study and Application of Transformer Soft Charging Methods During Island
Grid Energization

LIU Xing

( Dongfang Electric International Corporation, 611731, Chengdu, China )

Abstract: In some medium and small island grid systems, the power sources are composed by lots of distributed small
generators, however, the capacity of the power transformer for connecting the island grid may be large, it will lead to a
small generator being designed to energize a large transformer, just like ‘a small horse tracts a heavy truck’, and the result
is that the energization of the transformer and grid stability will face a huge challenge. If the method of energization is not
deployed properly, the complete energization process will fail, even the whole system may be blackout. In this article, a
soft charging method for large transformers’ energization in the island grid system is proposed, which aims to explore a
method suitable for smooth energization of island grid system.

Key words: island grid system energization; soft charging
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High Temperature Corrosion Behavior of 316 Stainless Steel in Coastal Air

YU Mingming'?, DONG Meng'*?
(1. Dongfang Boiler Co., Ltd., 643001, Zigong, Sichuan, China;

2. Laboratory for Hi-temperature, Heat Resistant Material & Welding of China Machinery Industry Federation, 643001, Zigong, Sichuan, China )

Abstract: The high temperature corrosion behavior of 316 stainless steel pre-coated with saturated NaCl solution salt film
at 600°C was studied, and the annual corrosion rate of coastal condition at 520°C was calculated by simulation and
comparative test. The results show that the corrosion kinetics curve of 316 stainless steel coating salt film in 600°C water
vapor shows a nearly linear increasing trend, and the corrosion weight gain is slight in the simulated condition; The main
corrosion products on the surface of coated salt film are Fe203, with a small amount of NiFe204 and NiCr.04 spinel oxides.
The corrosion products peel off seriously, the residual corrosion products are loose, penetrating cracks can be seen in the
corrosion layer, and there are obvious cracks at the corrosion product / matrix interface. The corrosion products in
simulated coastal conditions are relatively dense.

Key words: 316; coastal conditions; high temperature corrosion; life assessment
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JE k=W Bl 1 i 2 LU 2R M B, JE ik 1500 h
i, T IEE L) 53 mg/em?. B3 (b) AL
£ 520 CRBLAEEFE R I I ks 7747 th 2k
MBI, 65 S SRS A B, AT e R RR
HUREPIRZESE. B 30000 5, AR
4 0.12 mg/cm?.

B4 (a) AFEIRTE NaCl 7F 600 C/K7ES F
J& P AN [F) B (] ) XRD . XRD 20 B 8, JiE ol
1500h Ji7, ZRIHE M=) EF N FexOs. J& it 724
H LD & 1Y) NiFe,04 Fll NiCraO4 22 88 4 B4y, H
W FEARATT S 06 S A JES T = D VR T 2 B B 4 ()
NFESRAE 520 C DL VE RS 5T H JE il 3000h /5
(1) XRD &l srHr B, JEhh 3000h f5, MR
TH & AT B k55 , 22N FeoOs AT CrysFeo 7030

B 5 NFE SR 7 NaCl £ 600 ‘C /K 785 7 JiE inh
1500h & PR T T 30 M RE D Bl o AT L, 5 oh
VIEA B RIVEIRE, 62 R LB g PR,
TEJE b =)/ 54 ST Ab A B 2. Re il o bR B,
PBOEXI 1, 2. 3. S¥FEH Fe. Cr. O LHRA
o X3k 6 FEH Cr. Fe. Ni. Mo & O JGERA K.

6 NFEMNTE 520 CHRLILHE AR A ik
3000 h J& AT TE S0 X R . AT L, J ik 3
000 h J&, JEU=Y)ZE AL, BRI R



JE VP IR T o ANE B b i ILAREL . BE
MR, JEIE AR Cr S EEGSTANE Cr

(a) HEFRIATE NaCl 7 600 CKFERS FRE Mz hF hsk

Mass Change (mg/eny’)

—— SHE By

o9 - GG B

Intensity (Arb. Unit)

(a)

500 750

Time (h)

1000 1250

@ Substrate @ Fe O,
4 NaCl V¥ NiFe O, 4 NiMn O,
. . 294 50,
|
[ ] +,
LR S B B LR CHE TR
< 3 1500h
v
' 1250h
| AV l v v
l 1000h
}l 750h
A A A
l 500h
T -y
b 250h
[ J [ ]
J\. A e
1 1 1 1 B > I
20 30 40 50 60 70 80
26(Deg.)
NaCl 7£ 600 ‘C/kZ S E R ERTE# XRD

1500
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(b) HEMTE 520 CHEAUEFASITERHIF Mz HF i
B3 Bz hF s

Intensity (Arb. Unit)

@ Substrate
BFe 0,
% Cr Fe O

13 1T

FRAS000LER &

20 z0

50

20(Deg.)

(b) #MTE 520 CHEEUFFASIEFEH 3 000 h FHI XRD iEE

B4 tFm/Ei/ERIXRDE

SU1510 20.0kV 15.5mm x5

Spectrum 1

Fe

Cr

(o] Fe

Fe
Na Pt Cr
1 1 1 T T
0 2 4 6 8 10 12
E/keV

Element Weight% Atomic%
Fe K 64.01 38.39
OK 26.42 55.32
CrK 2.96 1.91
PtM 4.07 0.7

Na K 2.53 3.68
Totals 100.00

69




:ﬁ?‘%‘#—:"i‘fiﬁ 2023.03.25

DONGFANG ELECTRIC REVIEW

374 \Vol.37 5551451

Spectrum 2 Element Weight% Atomic%
Fe K 28.77 10.61
OK 25.84 33.26
CK 28.93 49.61
CrK 5.57 221
Ni K 59 2.07
NaK 2.17 1.94
PtM 2.81 0.3
Totals 100.00
Spectum 3 Element Weight% Atomic%
Fe K 63.09 40.05
OK 24.35 53.95
NiK 6.26 3.78
CrK 2.16 1.47
PtM 4.14 0.75
Totals 100.00
Spectrum 4 . .
Element Weight% Atomic%
CrK 9.22 2.55
C Fe K 11.96 3.08
Totals 100.00
Fre Cr Fe
A . ol N . .
0 2 4 6 8 10 12
E/keV
Spectrum 5 . .
Element Weight% Atomic%
Ni CrK 35.67 23.24
Fe
gr OK 25.04 53.03
Cr Fe K 35.92 21.79
e NiK 336 1.94
Feni Totals 100.00
0 2I ; é 8 10 12
E/keV
Spectrum 6 Element Weight% Atomic%
CrK 37.12 26.32
OK 20.74 47.79
Fe K 23.86 15.75
SiK 1.6 2.09
Ni K 9.55 6
PtM 3.61 0.68
MoL 3.53 1.36
ElkeV Totals 100.00
[El5 #EmRENaCIFE600' CKE S FF 15000 /F B E AL 50 R e 1 &
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C'ie Spectrum 1 Element Weight% Atomic%
¢}
OK 32.18 52.18
o FeK 48.13 22.36
CrK 10.28 5.13
o CK 9.41 20.32
c Fe Totals 100.00
0 2 2 6 8 10 12
E/keV
) Spectrum 2 : 1
Ni Element Weight% Atomic%
OK 33.53 56.78
FeK 49.83 24.18
CrK 8.99 4.68
CK 6.04 13.61
Ni K 1.61 0.74
Totals 100.00
Ni Spectrum 3 Element Weight% Atomic%
0K 24.25 52.84
CrkK 23.94 16.06
Fe K 33.7 21.04
NiK 12.61 7.49
Mo L 4.84 1.76
SiK 0.66 0.82
Totals 100.00

E/keV

El6 #m7ES20 CRINEFASIMEF F M3 000 hfFHIEE 25 M REIEE

3 itig

3.1 @i

TEWRTE LR il s v, R R Tl = P VR
FEE, HET ANBRAR S ™= ) JE BE VAl H A . (R
HE R B 28 dE b, i SR RITE R ok
FEVIERAR T B 1t M, T i e AT T A
W, TEVEAL I FE kAT 4~ A B R AL -

(1) HT 316 AMEWNELEHARMITEN Fe. Cry
Ni, HETTETE3Iwt% LN, EEIFhTHHEH

Fe (70.5 wt.%). Cr (17.5wt.%). Ni (12 wt.%)
JE3 e T 5 5O o G

(2) JE T ¥ 78 1) NaCl B 2] 2~4 mg/cm?,
HIG 2 NaCl B EH oK, BOtEMEE
i E R, 0% NaCl /82 EE.

(3) Fe. Cr. Ni JG & J& A 5™ %) NiCrO4
J2 P Rl B A D [ A s 2B I P, T A A
Fe03. Cr203 M1 NiO. AL 4% Fe (70.5 wt.%)+
Cr (17.5wt.%). Ni (12 wt.%) ELflHE4T .

4Fe + 30, = 2Fe203
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4Cr + 302=2Cn203

2Ni + O=2NiO

(4) MR4E A = A m s, il
wlEHEAEE, TR EAERSERER .. BUERE

1A PBRAE AN 2.1
(5) VIR v R SR 558 P ) J T B i 1
FUSEIAEE A 1 R

2 R NaCl &l 1500 h 5 AEE 5 B AT
MEMAMETT A SRR MR, SEEMEE.
THEAS 2 1) J8 ol 2 JE R DA R S g ok )2 T E P 4
o B 7 AU EAS B E ol Z R R A AR, S
WU TS by J 2 JE 55 A A A s 22 1) 1 B RN 1 1) o
B, ATLUE H SEIO A Bk B R = R R
S1FEAEX B . IR FR(Pearson)#H5¢ R AT & 4L
Pl o (P AH G, HABEERE 0 AR AR A ToAH K
PE, B 1B - 1 RO B R O . AR SRS
W iz IR R (Pearson) A % RECH 0.93, B A RGRMAH
KMo DR AR BADL PR v 4 S B2 AN T [ B, W]
DAL HE vk S 4 A A S B B A AR G () P S 1k

10 o v AR AR ULV DR RO B S LS R R
ARSI B, 3R15 316 ANEEAN 1 4E T2 58 1.05
pm, 1&Z& BRI ALK o, JEARM hg A .

32 #RENaCIUE M1 500 MiERIBI T ESWIRERE S

EE#R
NP - 11191 . .
PRI T R R R S
mg/cm? 5 Eum Eum JE B pum
mg/cm
1 28.702 68.99 85.92 180.43 100.3
2 30.999 74.52 92.8 194.88 110.5
3 46.863 112.64 140.27 294.57 376
4 53.375 128.31 159.78 335.54 321
5 65.356 157.11 195.65 410.87 403
450
400
350
e
2300
g;ZBO
iH
= 200
150
100

. . | | |
150 200 250 300 350 400 45t
HELER (vw

E7 BEEHESUREESINENEREZNEXEE
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3.2 BmE

HA R m iR et 1 & 8 sl & S AR
B R R e B . H S5k 4E A RIFMA L
JEEBT, 1378 NaCl ZhIEIHE L 7E 600 CHI/KZ& IR
HORAEPREE . B BE, SRl 2R
IRNE LR, AR = ah )1t S & VK
FEWBN 2 M 2 A A s, 2 BH SR TR k=) S R
Bt 2 . DRI T S0 I A Rl o HE S = A %
LEAYZE, BHRERLGFIFLIA .

R 5 [ 25 180 4 J8 ATk 28500 AN 5 4N I o
PR B, A SRS I A AR BT R
MiE A B RS ER, WAREESER
PR R R AR A A AN [F)), Cr &AL A AL
YIEEAR BT 75 R R, Fe 4@ &4k &tk
VIR KB, 1 T Ni a8 B s
Ao ETm, ARZHNEGERMEE . Fit, &
EIEWMENEE Cr, SMNEE Feo

JEOE R, R U R ) AR,
JEh e R AT RN RTE . — T, & EEAN
AR SR A E IR Ty, 38U ) R 2
B, 5 —J5 0, AEHPHETRMmEYS 642 B #
I ZBCANULED, F=AERCRIARN ), TE RS i
&G HUE = R TE L

FELAL T 00 T 19 316 A 45 4% 3= T W% 18] U0 AR 1)
NaCl 5/, B NKESRERERD, Bt R
BED, MRUE R, WA . 3000
h 5 ISP R 2 2N Fe LY, WIENE Fe
1 Cr B . 724 2 EL SR IES i 33 S 56 F) 65 e =
MIEE%

4 £5iE

(1) 316 NEAIRTE NaCl FhIELE 600 “CK 7%
SHEEE, FERFEY) BN FeOs, SR hIEFE
H LD & 1Y) NiFe 04 I NiCrO4 22 i A 8 . 8
RFEYIIE L. RIVETEEE, i) S B AR S Ak ]
DAL 31 B 5 R4

(2) 316 AFHMLE 520 CHEANEEFE KA T
JEh 3000 h JE I ERFOGE, JEH e AES: .
BEX4E, 462 Fe SEANEZ Cr &R, 4
JEHR R

(F4% 77 M)
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W& it e AP i — 25 B% 1€ NOx HENX B <

ERAEW AALH? HABEE? Hipr FRHL2

1LEERESRSEL NI HESAFRE, K& 611731; 2RXABRSEARARIFBRHERAT, Ml R 643001

WE: BTSSP NOx d9HEA T A K MAE T 424 £ 50 mg/m® AR, A ZHFHFATERZ 2 T 30 mg/m?, 122,
A WA B 4288 NOx HEAGR B 10 mg/m? #4743 ARG 3 & )7 4807 5], A NOX HEAUKE 10 mg/m?® #4757 58, 47
H—F K NOX HER B H AR F &, BfHSANR., BREliZiiik, AREP, #—F %I NOx #H34E, K F &3t SCR
AT B R T R A A0, 5E A SNCR £ 4+SCR 2 A7 £ BT RAME; AN FT REFRAHE LH, 1242
KA #3 SCR R 477 0938 4T i AR ¥ %7 8 F KT K | SNCR & 4+SCR R 477 0938 1T i A3 Mm%, K A &% SCR #
Yot — & 4k NOxX HEAK 42 12 2 4K,

KA SCR; SNCR; NOx K& : My
FESES: TK22 XHFRIRES: A XEHS: 1001-9006 (2023) 01-0073-05

Study on Less NOx Emission of Pulverized Coal Boiler

ZHUANG Yuanfa'?, DU Wentao®, YIN Dengguo?, CHEN Zhuo?, Li Lingjun'?

(1. Clean Combustion and Flue Gas Purification Key Laboratory of Sichuan Province, 611731, Chengdu, China;
2. Dongfang Boiler Co., Ltd., 643001, Zigong, Sichuan, China)

Abstract: At present, the NOx emission of pulverized coal boiler can be stably controlled within 50mg/m?3, and some units
even keep the index less than 30mg/m3. However, no project was found with the NOx emission less than 10mg/m?3.
Taking a pulverized coal boiler in Shaanxi as an example, this paper studied and analyzed the technical scheme,
operation safety, stability and economy on NOx emission within 10 mg/m3. The study shows that in order to achieve less
NOx emission, the increased cost with using the high-efficiency SCR system scheme is basically the same as that with
using the SNCR system + SCR system scheme. Furthermore, the operation cost will also increase. The increased annual
operating cost required by using the high-efficiency SCR system scheme is significantly lower than that required by using
the SNCR system + SCR system scheme. So, using the high-efficiency SCR system for less NOx emission is much more
economical for the plant owner.

Key words: SCR;SNCR;NOx concentration;pulverized coal boiler

REMNY (B NOx) A& — MRS AR5 49,
K NOx HE 2 25 S 25 N RIPIR R Gt il
KIGHE, WL TR R A R Sh 40k, & AR i
B, RS BE e, TR E N ST RN,
soma JE s, R AR NRIAELE . 2020 4,
P EAH NOx fFE A 1019.7 /i, Hre, T
AR RS NOx HETSGE A 417.5 T3, K1k HAR

Wi EHE: 2022-09-30

Mk NOx HElE N 61.2 Fuli, 54 E Tk NOx HE
R 14.7 %, HAPAZE . S AR R
K 707 LAY NOx HESCRA & A Y 2,

N7 RS NOx M, REHBGT
GB13212-2011 CKHL RSG5 EWHERbR#E ),
o RIE RS S b NOx R nll HE S FRAE 24 100 mg/m?
FTA&, 6%02, FIED; AT #E—H K NOx

TEZBN: R (1985—) , 5, 2009 FEFiEHE K ERE TRE, AR, PRI JERTESERRITRPRGARA R,
FBEMNFM ISR Tk R KA FE . T & B S VAR BRI & T A
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PIHERG, REAEBA IR REIRR KA T (i
T REIRHETE S BOEAT BRI (2014—2020 4F)),
AR SR R b DX 2 A AR e BT 2H K S e )
HETBOA P Fe AT B R A EE WL HEBOR (A CEP NOx
HOOR AN & T 50 mg/mB), & Ml 2 A%iAf 1 AH R
T ARE, AT B B AR H R G b
i ES G T DB11/139-2015 (Aabr KI5 9
HebRdE Y, g 2017 4 4 H 1 HE @ 24
I HERBRAE A 30 mg/m3, % kR AT E H AT
TR AR B e B0 P A (T HE TSR A

23k 2014 42 2021 FFRIEARKRE, ok
) NOx i & v] LK B A2 = HI7E 50 mg/m?
DAV, 6 R HE R v, A BIMLZE L 5 HE o
RS2 T 30 mg/m?, HiE, FARKIAIZIE NOx
Hemok B 10 mg/m? BEATWATHIIIE , R H 354
Wit SELEE— 0 PR NOx HER AT FE IR ZR o

1 IEBERIAFEIR NOx HERRY 77 3%

L1 RE IR AR

PR AR AP SR NOx Sk B TR e, o
2] 95 %t NO, HARF 22 NO»o MR A AT,
NOx 1] 73 AL, PR AL FI# 77 NOx, Hr#
K NOx (5 Gl % Al IA 70 %, AR, PUE
A NOx 8 A 5 %0, HAr, 4R850
el R T IREIR B R R, kAT R )
&, KR IR NOx HESUE RIE BN & B KT
1.2 SNCR A AR

R 5 S NOX JcHE 3 2@ K H A AR
FEMSIERLAE 8 RS R — Oy Ik P fE AL
R (SCR) Bk #FIEIEMEILIE R (SNCR) BL K
PRI -

SNCR JRLAHHEE A, 245340 J5E 577 B 2 N\ B o 08
A, AEEEREAFE T, B JER] NHs 5801
NOx KAILJFE RN, % F| kR NOx 1) H ). SNCR
AT EMEAG, T RN Y 850~1 150 C,
{HRAFENAN SRR At E S bk E R5E
(7=

SNCR il # FHAEfE AL RS b, RS
IR Ji FAE e AL 53 5 28 BN [BVR A,  e BEIA 3]
80 % /E AT AL . 300 MW £ 4 7 DA b K U4

74

KB J RA 5 R N S TR A RO AA R, FLAR
HRPUE TR, SNCR RGN A, BMER N,
SNCR R4t fie S ) A R R AR . DU e
2x600MW I 7t W K J@s T, el mE 56 A
SNCR Mz, SNCR it 30 %, Lhri
FAEIE RN 17 % /i A I R . (iPaREd ) 1~6
5 350 MW flr RS P A E 54 Rmike, 7. 8 54
PR E 72 A, SNCR it B R H
30 %~40 %, SEPRBUEERCHRAE 20 % /it . A TH
PSRRI, 300 MW K DL ARG 47 SNCR WiAe
i BB %, (H SNCR £ Gt SEBRIE AT (10 B RS 2L
R 20 %.
1.3 SCR FRAEHA

SCR i A 4% A A2 5 i B2 25 N 1 8 A s N
IEJE ) NHs, fEMEAGTRIBIERTN, NHs 5SS 0
NOx KA 5 [ N A2 B TE 3 ) No Al HoO, 3 E1) i
B NOx B H I, & — Mg S I AR € iy RCB A 4%
AR, AR e AT IA 95 %A b

FEW TR LARIREE T4 N, HarE W st
(R AR b T UK SE SCR R 408 NOx HEH i
£ 30 mg/m3 LA, 453 — 25 FRAIK NOx HE st X fg
HE— P HE i SCR AL FH &, B3 15 SNCR
RY.

2 H—HRE{R NOX HEMIB AR AR

AR SC A B VG S FL TR v, DL NOx
AR E 10 mg/m3 4 HAREATHEFL, 70 bridt— 25 B
NOx HE A T & R FLig 47 % 40k FE e
k.

ZH) L E 23660 MW BEEY R AT, 0% FH A LR
B, BRI R FITTAAG B, BRRR A R F R R AU i
BRIFERS, Bl I 46 NOx HEBU% HiIl7E 200~250 mg/m?.
KH IR Z K fif SCR LAl R 40, G WA E 2 M
T SRS B T S5 7 28 AL R4 3+1 2t
B AL 7x15 A B 3L 105 AMELL I . R
SCR i fiff H G B i il X 88 %, NOx e M
250 mg/m? [£ % 30mg/m’,

B AL B PR AR NOx HEL SR, ¥ NOx
He HI7E 10 mg/m?® DL, JBUAH RS TR IEH] 96 %
(I BLRE AR (R IR BRSO 1 250 mg/m? #H50). & H



IR TT %, —FPRACRA R SCR REiTT %, —
T2 K H SNCR £ 4i+SCR £ Gk i i 77 %
2.1 URABEH SCR REEH R

R R 2 SCR RGEHT, SCR A R 14 96 %
Wb, MHXTTIAE SCR £%:, FRAMZMEGES)
A SIPE LR I AEAL AR AR, DA 1t —20
BEA% NOx HEBUTIZEK

(1) AR RE

JR RS G HLHB IR FE RN 220 kg/h, H
e B KR R A, B G KRR B4 4%
BN R EFER 115 %idtit, B G KR B
77 506 kg/ho 4%k — 35 FEK NOx HF % 10 mg/m?
WItH, PENHMEIREFEEN 244 kgh, JREK
fife SN s 4 S i SR R G R B SR, R M
%,

(2) fEEAE A

NT PR SCR MR RCR, it — Bt s
SCR ZG i Sk, PRSI : fEBMA
CIHIE G W R RS R A4S 3 S, = B
EN AR SN SRS, 38 hn
M S I O 5, o R ) S 380 I O 3
I EPE; RERESRARALE, ¥ XiE—P
AiAk, R JiE R e R DU 23 X BSON B R R 7S A X
FEFF TR I RS A 1

(3) Mt

SCR fiifif RGi42 5k, FFIGMAELFIAE . 2%
B, gt — PR NOx fF & 10 mg/m? &1t i,
A TR AR B A 5 T BR AL 2L A R £ 77 44 A
LAl B3N 62 %.

2.2 SNCR Z&%i+SCR RGH R

KH SNCR £#4i+SCR R4 J7 =, 24 SNCR
RGEHABIH T SEPRIEAT 2R, SNCR B AH AL
RA% 15 %t BPSZHL NOx ik FE M 250 mg/m? [%
£ 213 mg/m3, SCR Bifif %% 95.5 % it, Bk
L NOx KR FEM 213 mg/m? [ 10 mg/m?.

(1) SNCR %%

SNCR R GiAE i 47 ke £ Pt i X 38k 1% B SNCR
WA, A4 PR B VR B RS ST WA . bl S
BEEATE 16 3¢, AAMEEME 133, BEHH
H A E 58 .

(2) SCR &%t
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AR A= 2 SCR R GETT 56— FF, A% R &
GiftEae . R 51k LR S I g A 5] 4k
o ZeXTEL T, Al EIR T R3A E—HF, JREK
fifds S iSRG MR RN min A
PERE T AEAL AR 7 £ I T B LAE I A fHE AL
FIRFREE RS B3N 51 %.

3 R NOX HEF XL RIZITHIR20m

3.1 IERAPIBITIREM . REMAIRMI

g e e T, e LRERASHA
AT, AT Ead S G BUR . XT T SCR &
40, W AEIE R A DL/ 25 SR A AR BN R
TEH, TR BN LAY R G T Ui AR A A
SRR M. (EXEBRE RGN E S AR SOs
MA RS (ABS), BEREHEPIH BN T
T TAS, TR T PR BN, Bax =T
(152 A TTAF = A3 ZE R h, B A X3 <
JESIBERE N, 2 TEs e AVE R PR . #7 ARl I 3 1
KIREIRA A RASAL T2 52 w0k s
ARG ER TSR 5 . W R LR,
AR 2 TR AR b 28 ), U255 SCR R4
TEAIP AT AN 2 KA E PN 22 A R AR 2

£ SNCR ARG IEHIBATIHI N, REBEBIN
X 3R 2 850~1 150 C, JREFREHGEIR AL
GrfR, VRAR ARG (R SR AN 2 0 Ha e 52 B R e g
TR G RUE . (B0, fEEHCRET, Wtz
SNCR W AR A A5 JR) 3 2, 4 ] B B S A
JE£ 1) O £ I 717 SR oK 28 78 43 %5 A4 1R PR 3R W i Al 7K
PEER) ] R, MNTTTAE — 5 FEE b ] RS2 B b F) A5
eI M.

Rk, fERFIEFEBITIEN T, PiFhr Zxt
WPt et RA#m, {H SNCR &4t
+SCR R4 T IRAZIBHG =S, T
PR & A B AT e 47 BEA A ff SNCR RS %
AssENE, MIRT U PRI T ZX P fesE e . 24
PEI L% R0
3.2 JHERAPREA R

SCR R G5 8 A g e = B W 7 T, —
SN B2 SR A S e A S RSO S A, =
& SCR JBLAH F Gr 2= B A by IR A 2% o 1ML R
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R PR 2 K2 T7 2, FRoRe XUIE i 2 X 28 n 4 22
150 C G 7K MEF= S/ IR A FEBENBLRS HIE, i
() 2/ 2 SR A SRR B2 AE 2, BRI e DO A
2/ IR A A2 BRI s AR 5 7
T WATHUCAAR 7 T, BT P %€ SCR RS/
1. RNAAAESERR—H, FILA A SRR T
211 SCR Z Gt 353 AN 2 40 411G x4 o 2% 2 1) AN R
AL

KH SNCR #%t, N 1 {rilE SNCR Wit Z5 0K
T ZEENE, BSCWARIH I ARER /DN, BRIt R fg
B R RIS GBI . BT mP R A BN T K E
7K, X e K 2 LUK 28 0% <A, PRk
SNCR RSBl R A — . R,
SNCR R GRS 2924 - 0.20 %,
33 HARGE SR EM

SNCR. SCR A& ZH M THENH, R4
T+, HE WY SR, ARG
EHRRE&EHRAEH, Hit it £2RH
SNCR+SCR R 4iik & AR H SCR &4, Hifi
RG] SEME IR I

4  H—H R NOx HE &t &5 1

4.1 IWEMAKRTH

(D R AR SCR RA T E

PEm SCR R4y sive, &R A
FEWCE N FHETE S e KRR & e S T3 E K
FARE AL 2RI, R s 2 Ao s i kg s 42
FRER E RARE, B Xt —2dth, K5 g
SN2 DY 73 DX SR B R RE A 7S A X o 7 38 0 ) W 4
W 1,

T 1 URBEHSCR AE B RFEMREFL(BEN)

(2) SNCR R4i+SCR R4 %

%77 % SCR RGUHG M4 [F) bk 7y RAEEA
=3, HAFRIN—% SNCR R&%t, %7 &N
A& WK 2.

% 2 SNCR Z4t+SCR ARG RHREMMNREF R (BN

FE O WE4K  ENE BE Ak MR &
. Py
”ﬁgggﬁ B4 @5&% £ 1 EEEH

2 RRERAS P W =5 1 HiiE
3 EMESTE RS

RE#HO FEE4 ET6

3 CEMS S g B2 ERER
32 AHGEETN OSH/E DHE £ 1 M4 R
33 WmEREHR sH/E nRH/E E 1 W4 R
4 JRAESHAT vm'  1.62Vm' £ 1 szsiotu

76

N OME&E BORR RUR WEOHE
— SNCR %%t g

U OREWHENE K B & 2 A
2 SNCRWHE B B K ss

3 REMN E WM &

4 EEEAWI K WM &

s FROKIE £ WM £

6 EMEIE  E WM B 1

7 BHRG P T I

8 ARG E WM &

9O Rk P 2 B S RN
10 AR WM 6 2 A
= SCREY4 oy
| RARIARER o BRLE £ 0w
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A Method for Calculating the Clearance Distance Based on the Running
Trajectory of the Wind Turbine Blade

LI Yuxia, NING Kun, ZENG Yiming, WANG Bingxu, YANG Heli, FU Bin, GUO Zigiang, XU Fuxia
(Dongfang Electric Wind Power Co., Ltd. 618000, Deyang, Sichuan, China)

Abstract: A satellite positioning antenna is installed at the deformation position of the wind turbine blade tip, and the
current position of the blade is located by using the satellite navigation positioning technology and RTK differential
correction technology, and reaches the cm level. According to the tower structure model, establish a three-dimensional
coordinate system with the center of the tower bottom as the origin, and use the spherical coordinate calculation method
to complete the calculation of the blade three-dimensional coordinates to the tower coordinates. According to the
point-to-direct principle, the dynamic equation of the straight line from the blade tip position to the nearest distance from
the tower drum is established. Thus, according to the blade positioning data, real-time blade clearance distance can be
obtained. Real-time blade clearance distance enters the control loop in real time. Once there is a dangerous distance, the
blade tower can be prevented from sweeping through the control in time to improve the safety of the blade tower barrel.

Key words: wind turbine; satellite positioning; RTK differential; correction clearance distance; safety
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Exploration and Practice of Digital Workshop Construction of Wind Power
Electronic Control System Products

WANG Jun', LI Huayin', ZHANG Wei', DENG Jianging', YAN Fugqian®, SHI Zhiyuan®

(1. Dongfang Electric Auto-control Engineering Co., Ltd.,618000, Deyang, Sichuan, China;
2.DEC Academy of Science and Technology Co., Ltd., 611731, Chengdu, China)

Abstract: In view of a series of difficulties such as high cost reduction pressure, short production cycle and high quality
requirements of wind power electronic control system products, through the analysis of product structure characteristics
and production methods, a digital workshop centered on product delivery, combining dynamic and static and reasonable
layout is constructed. Firstly, the digital control of the whole life cycle of product production and commissioning is realized;
Secondly, the automatic distribution of production materials by AGV is realized, and the working environment of front-line
production personnel is improved; Improve the production process and production organization of products, and improve
the assembly efficiency of products; Upgrade traditional paper work instructions to electronic work instructions, improve
the way of document transmission and review, and enhance the interactive experience of operation; Carry out quality
control of the whole process of product production to achieve transparent and traceable quality information. Finally, the
development of automation, digitalization and lean construction of the digital workshop of electronic control system
products and its relationship with people are discussed.

Keywords: wind power; electronic control; digital workshop; production control
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