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Optimization Analysis of Energy Management in Distributed Combined
Heat and Power System Based on Multi-module of PEMFC

L2 .1, 2 1,2 .12
LIAN Yong" =, YU Qi °, TANG Gang~~, LI Ning
(1. Dongfang Electric (Chengdu) Hydrogen Technology Company, Ltd, 611731, Chengdu, China;

2. Hydrogen Electricity Interconversion Key Laboratory of Sichuan Province, 611731, Chengdu, China. )

Abstract: This article models a multi-module hydrogen fuel cell combined heat and power system and derives a
mathematical model for optimizing system energy management: an optimization problem with equality and inequality
constraints. For the aforementioned optimization problem, the Lagrange function method is employed in conjunction with the
KKT conditions to analyze the impact of various factors on the system’ s combined heat and power efficiency, and the
optimal efficiency solution of the system is provided. Finally, a set of simulated data inputs is used to verify the effectiveness
of the method proposed in this article. The methods, analytical processes and results presented in this article offer
significant guidance for enhancing the overall efficiency of multi-module hydrogen fuel cell combined heat and power
systems in practical applications.

Key words: PEMFC; energy management; lagrange function method; KKT condition
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Research Progress and Microstructural Characteristics of Heat-resistant
Steels for Ultra-supercritical Steam Turbine Rotors

ZHANG Xiaodong" . GU Chunwei'” , GONG Xiufangz, LIAN Lixian®, YUE Yuexia™*, WANG Tianjian2
(1. Tsinghua University, 100084, Beijing, China; 2. Dongfang Turbine, Co. , Ltd. ;
National Key Laboratory of Clean and Efficient Turbine Power Equipment, 618000, Deyang, Sichuan, China;
3. Dongfang Electric Corporation, 611731, Chengdu, China; 4. Sichuan University, 610065, Chengdu, China)

Abstract: Clean and efficient ultra-supercritical coal-fired power technology represents a critical direction in the energy
sector, wherein the material performance of rotors, as core components, directly determines the thermal efficiency and
operational reliability of the units. This paper systematically reviews the research progress of 9~ 12 % Cr martensitic heat-
resistant steels, comprehensively elaborates on the role of alloying elements and their strengthening mechanisms, and
compares the microstructure and high-temperature performance of high-temperature rotor alloys such as COST-E, FB2,
and C630R. The intrinsic relationships among “ composition design, microstructure, and service performance” are
thoroughly interpreted. Based on these analyses, prospects for the engineering application of high-performance rotor
materials and the development of future materials for higher parameters are proposed.

Key words: martensitic heat-resistant steel; C630R; strengthening mechanism; microstructure
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TR1100( TMK1) HA 0.14 0.5 10.2 0.6 1.5 0.05 - 0.2 0.06 0.04 - - 593 C
COST-B B 0.17 - 9.34 0.12 1.55 - - 0.27 0.064 0.015 - 0.01 593 C
COST-E FRH  0.12  0.45 10.4 0.75 1 0.1 0.8 0.18 0.045 0.052 - - 593 C
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COST-FB2 FRH 0.13  0.35 9.2 0.15 1.5 0.1 - 0.2 0.06 0.02 1.25 0.008 625°C
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HR1200( FN5) HA  0.11 0.6 11 0.5 0.15 0.05 2.6 0.2 008 002 3 0.015 =630%C
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Research on High-strength Flame-retardant Epoxy
Resin System for HP-RTM

ZHONG Lianbing, LI Fei, ZHANG Lin, ZHAI Baoli, JIANG Songjie

(Sichuan Dongshu New Materials Co. , Ltd. , 618000, Deyang, Sichuan, China)

Abstract: This paper discloses a high-strength flame-retardant epoxy resin composition suitable for the HP-RTM process,
comprising two components, A and B. Component A contains a matrix resin, flame retardant, diluent, and additives.
Component B contains an amine curing agent and an accelerator. The flame-retardant is a compound of phosphate ester
and tetrabromobisphenol A epoxy resin. The study investigated the effects of the types and contents of the matrix resin,
flame retardant, and diluent on the strength and flame retardancy of the HP-RTM epoxy resin, as well as the effects of the
type and content of the amine curing agent on the gel time of the HP-RTM epoxy resin. The results showed that the matrix
resin, reactive flame retardant, and diluent jointly affect the mechanical strength. The flame retardant primarily determines
the flame retardant performance, and the curing agent primarily governs the gel time.

Key words: HP-RTM; flame-retardant; high-strength
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Research on a Single-component, Low-viscosity and
Non-bleeding Epoxy Adhesive for Electronic Positioning

MA Chenglong, ZHAI Baoli, LI Fei, ZHANG Chongfeng, LI Wenke, ZHONG Lianbing

(Sichuan Dongshu New Materials Co. , Ltd. , 618000, Deyang, Sichuan, China)

Abstract: The present study employed E51 bisphenol A epoxy resin as the matrix resin and methyl tetrahydrophthalic
anhydride as the curing agent to investigate the effects of hydrophobic fumed silica, calcium carbonate, thermoplastic resin,
and their respective dosages on the temperature-dependent viscosity variations of epoxy electronic adhesives. The results
indicate that although both hydrophobic fumed silica and PKHB can mitigate the rapid viscosity decrease at high
temperatures, their mechanisms of action differ, leading to varying effectiveness in suppressing adhesive overflow.

Key words: epoxy resin; viscosity; thermoplastic resin; epoxy electronic adhesive
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Study on the Operational Characteristics of A Pilot-scale
Chemical Looping Combustion Setup

LI Weichengl’ * LI Zhenshan®, Vincent Gouraud®, Font Pairice’, WEI Gengl’ * LIN Shanhu"*, LIU Xingleil’z,
YE Yunshu"*, ZOU Maojun"*, WEI Shuting®, GUO Qiang"*, CAI Ningsheng’, XU Zhonghua®

(1. Dongfang Boiler Co. , Ltd. , 611731, Chengdu, China; 2. Clean Energy Low-Carbon Thermal Utilization Technology and
Equipment Key Laboratory of Sichuan Province, 611731, Chengdu, China; 3. Tsinghua University, 100084, Beijing, China;

4. Total Energies, France; 5. IFP Energies Nouvelles, France)

Abstract: Chemical looping combustion transfers oxygen from the air to the fuel through oxygen carrier materials, the
carbon dioxide produced during the combustion process was not diluted by nitrogen in the air, achieving self separation of
carbon dioxide at the source of fuel conversion, which was a low-cost, high-efficiency, and large-scale carbon capture
technology. Based on the basic characteristics and reaction kinetics of lignite fuel and ilmenite oxygen carrier, and the
fluidization configuration of the reactor and reaction system verified by cold state experiments, a design and calculation
method for the coupling of chemical reaction, mass balance, heat balance, fluidization, and solid circulation was
established, and the key process parameters of the system were determined. The 4 MWth chemical looping combustion
pilot plant was built at the Deyang base of Dongfang Boiler, followed with comprehensive debugging including individual
equipment testing, system hot startup, oxygen carrier activation, switching from conventional combustion to CLC mode, and
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shutdown procedures. Solid fuel was 100 % input into the fuel reactor and operated stably for over 168 hours, achieving
long-term auto thermal stable operation of chemical looping combustion on the pilot plant for the first time internationally.
Based on the typical operating conditions of the solid fuel chemical looping combustion pilot system, the operational
characteristics of the chemical looping combustion system were analyzed, and the main performance of the system, such
as material circulation, mass balance, and energy balance, were analyzed in detail. The system operation regulation and
control strategies were formed, laying a solid foundation for the future engineering design and operation of solid fuel
chemical looping combustion. Under the typical operating conditions with solid fuel thermal input of 4. 8 MWith, the
temperature of air reactor was 990~ 1 050 C, the outlet oxygen concentration was 2. 8 ~5. 0 %, and the carbon dioxide
concentration was 1.2~ 1. 8 %. The temperature of fuel reactor was 945~ 995 C, the outlet carbon dioxide concentration
was 80~90 %, and the carbon monoxide concentration was 2. 8~4. 8%. The system runs stably, with a circulating flux of 90
~126 t/h for iimenite oxygen carrier particles. The carbon capture efficiency exceeds 90 %, and the oxygen polishing

requirement was less than 10 %.

Key words: chemical looping combustion; solid fuel; autothermal operation
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Research on the Application of Air Preheater Expansion and
Transformation Technology in Improving the Economy of Coal fired Units

WEI Jun, SUO Zhao

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

Abstract: This article focuses on the application of air preheater expansion technology in improving boiler efficiency. By
analyzing the existing problems of the air preheater, such as high exhaust temperature and high operating resistance, the
necessity of expanding the diameter transformation technology is explained. Through the example of a thermal power plant
renovation, the changes in the performance of the air preheater before and after the renovation and its impact on the boiler
system were explored. In addition, this article also evaluated the economic benefits of expanding the diameter of the air
preheater through practical case analysis. The research results indicate that a reasonable expansion of the diameter of the
air preheater can significantly improve the thermal efficiency of the boiler, reduce energy consumption, and decrease
carbon emissions, providing a reference for the renovation of air preheaters in similar units.

Key words: air preheater; boiler efficiency; reduce emissions
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Finite Element Analysis of Electromagnetic Field in the End Region of
300 Mvar Condenser Under Overvoltage and Leading-phase Operation

XIAO Jian, LI Chaoke, FENG Xiaojian, ZHOU Guanghou, LI Jianfu

(Dongfang Electric Machinery Co. , Ltd. , 618000, Deyang, Sichuan, China)

Abstract: Under overvoltage and leading-phase operation, magnetic flux leakage in end region of condenser increases,
causing the eddy current loss of the end structure to rise, which leads to heating. Moreover, as the saturation of the
magnetic circuit increases, the magnetic flux leakage at the back of the stator core will also increase. Therefore, it is of
practical significance to accurately calculate the magnetic field and the loss of the end structure for the optimal design and
operation of the condenser. In this paper, the three-dimensional finite element model of end region is established according
to the actual geometry and material characteristics of the 300Mvar condenser developed by DEC. The magnetic field
distribution, magnetic leakage at the back of the stator core and loss of the end structure are analyzed under the operating
condition of absorption of 200Mvar reactive power at 1. 3 times rated voltage. The simulation results show that the
condenser can meet the operation requirements of temporary overvoltage and leading-phase operation from the point of
view of magnetic flux leakage and end structure loss.

Key words: condenser; end region; leading-phase operation; overvoltage; magnetic leakage; eddy current loss
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Discussion on the Influence of N Content on the Forming Performance
of Seal Welds in 690 Heat Exchange Tubes

HU Yajie, DUAN Zhiwei, LIU Shengbo

(Dongfang(Guangzhou) Heavy Machinery Co. , Ltd. , 511455, Guangzhou, China)

Abstract: A certain batch of Inconel 690 heat exchange tubes exhibited poor weld formability during the sealing weld
procedure qualification, To analyze the reasons, a comparison was conducted with 690 heat exchange tubes that
demonstrated good weld formability. Through physical and chemical analysis, the results indicated that: Heat exchange
tubes with good formability contain higher N content, which promoted the formation of more Ti (N) compounds. These
compounds exerted a pinning effect that hindered dislocation motion, thereby enhancing the material’s resistance to plastic
deformation, and can reduce the surface tension of the molten pool, making the deposited metal more fluid. Heat exchange
tubes with poor formability have lower N content and relatively less Ti (N) compound content, they are prone to
deformation during expansion, resulting in a higher density of dislocations and more accumulation of slip lines. As a result,
their thermal conductivity is poor and their metal flowability is relatively low, leading to poor weld formation.

Key words: heat exchange tubes; Ti (N) compounds; slip dislocation; expansion deformation
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Application Analysis of Laser Cleaning Technology in Nickel Base
Surfacing of Steam Generator Tube Plate

LI Cuiling, LI En", JIANG Guoyan, LIU Shengbo, WANG Yuzhong, ZHANG Guidong

(Dongfang (Guangzhou) Heavy Machinery Co. , Lid. , 511455, Guangzhou, China)

Abstract: The tube sheet of the steam generator used in the pressurized water reactor nuclear power plant operates in a
harsh environment and needs to withstand high temperature, high pressure, and corrosive medium. In order to ensure the
safety of the nuclear power system, the welding layer of the tube sheet in the one-way contact surface is commonly welded
using the submerged arc welding or hot wire TIG process. Since nickel-based alloy welding has extremely high cleanliness
requirements, to improve the cleaning efficiency during the welding process and the quality of the welding layer, this paper
systematically conducted experiments to analyze the influence of a new technology-laser cleaning process on the
composition, micro-structure, and properties of the welding layer, and studied the feasibility of applying this technology in
nickel-based cladding of tube sheets in nuclear power plants.

Key words: steam generator; tube sheet; nickel-based cladding; cleanliness requirements laser cleaning process
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Reactive Power Compensation and Voltage Regulation Method of
Wind Power Generation under Smart Grid

HUANG Qiuyue', LIU Yunlong', XU Kui’

(1. Guangxi Junneng Electric Power Survey and Design Co. , Ltd. , 530000, Nanning, China;
2. Wuhan Fanhua Construction Drawing Design Review Co. , Ltd. , 430000, Wuhan, China)

Abstract: This paper focuses on the reactive power compensation and voltage regulation of wind power generation in the
new power system environment, expounds the principle and types of wind power generation system, and analyzes the
impact of the new power system on it. The traditional and new reactive power compensation methods are discussed in
detail, including capacitor, reactor, SVC, SVG, etc. , and the calculation method of reactive power compensation capacity is
given. At the same time, the voltage regulation measures based on wind turbine control and grid side are studied, and the
voltage regulation formula is derived and applied. Through the actual case analysis, it is verified that the proposed scheme
significantly improves the voltage stability and power quality of the power grid. Finally, the future research directions are
prospected, aiming to provide theoretical and practical reference for promoting the efficient and stable operation of wind
power generation in the new power system.

Key words: new power system; wind power generation; reactive power compensation; voltage regulation

TERFREIRFE AR T 5 N B M N RGME BRI N S RE R S A5 s 1 32 8t T
N RGO R T 0 IE H 4852 802 ARGRE, AR, i T XURE B B AL | )P R
KUE, WEEAE N — PP Al A AR R R Re bk R KU R A AR R ) R Gt Al
WA B RGP A mE, Kk ek T — R IR, b oo RS S L R A

75 B #9 .2025-06-06

PEE B TR (1984—) , 22 AL, TARIN, FE NG R o) FIAS sl i SR T4
X2 T (1980—) , 53 Wi+, TRRIM , 2 NS el RIS sl ST AR
VF 25 (1983—) 3 Wit g AR, S 2 AT L B AN A A

57




T B R 2026.01.25 | 540 Vol 4051615

DONGFANG ELECTRIC REVIEW

T UL R
1 RAORBRZER

1.1 RAhkBRERESHER

R & fL i AR SR B an 1 1 s, R R
X TER: | ¥ KRB 5% Ak A DU BE , 738 2 A H AL
PR e b o rLBE . KUARTE R AE R 7= AR Y
B BKS K L BLES 1 e e, BRI AR A AL E 58
ZH RN Y FEL B #A, S B BB Y i, L RR B R
LR DU S HEAT AR MRS IS, K
RESE AL N ALBRE 1Y e RACRE N 59.3 %, BV XA Al
R R BB RS L IR

HLAE

B KEHRAEENEHREER
1.2 FHBEBHRSEIRKNE BRI
BRI 7 RGeS B R 2 H A R TR T
KA RIHLE, B 7 R 0 S HR R 5 B R
e S ACHRE 7, AEAS ST Wi K ) & B 3 A aa AR
5 U R ) S5 £ R T e A oA 1Y B 23 i 0 5
T, SEnt R % B B A A R B 3 e X XU
TR, 5 AT 41 3 X R ML 1938 47 S 50, 4 A
FET B0 FAE4T, 48 o KRE A ROR, e & r &
B RLEL ) 2R G0 R B R G M A8 T L R
S (FACTS) Flis FE B F (HVDC) R BB S A
SRS R IO X XU 42 40 i 0, Ul /0 XL R S
L R R ) L BE AR, B R KU T GV R i A
) & RE RS Tz U T i,

2 TiMEFE
2.1 FTIp*MZERIE
ToTAME: B9 A2 0 JR B2l i 7E L R

58

ANFERE B JCIAME R B, 7 A 5 TR s E T TR
R/NHRAE D7 1) R B TE S B 8 LAFR I 7 4009 T
IR NI WA Y i o) Rl e S DR o N |
FRTE T B o R 0 2R 8 B0 ) A TR R, e AR 2 B AL AE
A L TR, R R ) AR G AR E R R R
TEAS L LB, DR A 0 A D1 Eh % P I E By

Q AHAETNA S ENZ IR R R A S*= PP+
Q%o YL RGP AT R R S, S
Bl AR SE, AR 2 S TR, 200
YRS IR, RGER TR (cosp =

) BEAR M L et A e, T

JIT o5 EeABI A R, DA REARR T F ) 3R 45 ) i FEL AR
I T LA RE |
2.2 EFZEITINIMESE
2.2.1 HEHME

LS s AMEE I — i A i DL A JC D AME T =X
L JFUH I T R 2 4 E 28 U L R BB 8 7 A A TG
IR RREYE . S A S 5 B R 0T I A
HL RGN, AR 10 R G TE AR TETC IR,
T e 070 280 T 3 1) SRR T D Ty 38 SEBTE
DIAMER B, HZE B RMEE A S50 {5 AR
B 2 A0 A, FEARRR TC FE X T — S50 FL B
J LR AR AS = 1 Tl 37 e A3 8 T )iz
TET) BYBCH R G, Al i 47 4000 e D 75 5K, 7
TR R S B ML 55 240 YA i I LA AR 4, DA
P DR B, IR e
2.2.2 HIFAME

PR E LI AME R E R TAME RS Y
HHTYTE, S RN AT Z AT
Doyt A K HE S R 2R b B T L A
WIFELE , 7 R I A M R D D% il i S 30 R
Gie R Tb . DU, AR, v DA R
Gerh I AS T JC T T 3l AR 48 R JC T Ty Rk )R
7, AT RS A F e, FEL L 4 I 2 3 8 R O3
PUas T 3K, 0 5 32 42 7 i PR 4 8 1) R o i A8+
S RELR b IR R BT Y F B E T AR R A
BT D) TG K AT BEBR kPR PR Y
BABR B A B, S B 2 M T Th o R B A AL
M



2.3 FHBEIhFMER AR
2.3.1 BRIEFIhAMESS(SVC)

B IR JC I AMERS (SVC) e —Fh B B (Y 5h 25 0T
AMERE B W A A BT AS (TCR) |
i) 4 U0 L 25 3 (TSC) A JZ g ol 8 25 5B 4y 4L
LT AR D R 3 5 4 O I A Y 38 A, R T TCR
(A FELATAEL , DT S B0 X6 TG 1) T 26 19 3 2 97 5 ]
TSC Al ARYE R G TV T R AR L, /A4 DI 25 2%
PASEBUPREE ERGA E DA SVC RE S L
N R GETCT By AR A, S B R 1 TC T i A AL
P B AN A% | B2 8 L ) R 46 R Fe e PR g
RERTHE, TEI6 4 A Ih 4 K 55 X F g ot it 2R 4%
e HL A A AR AR AT, SVC A58 T T 12 R H
2.3.2 EIEXINE AR (SVG)

FRIE TR A 2% (SVG) J&—Fh T Jr L7
BORBB B T A 55, B R T AT SC R T3
FIHLFER A (W IGBT) 4 1 B e AR 77 X 8, 3 3
I X % S A A0 R 1) R (L RT AR A SR
XD PR AR K s™ . 550
BEAM,SVC HAWHEZ B E M. By N i
PR, H AT E 10 ms DL P 52 B B 2580 TC ) )
RPN SRR TC ) T 0 e 4 | A8 TR 1 X 2R 4
TCUI I 28748 A RO R INAE i RS
PEHULT AR E (W o) S
2.4 EMIMEBEIE

TCT M 25 B 114 W 3 T 2 S A R TS T b
PR AR IR R T gaE TR R AT
TP REE AN ) 3 RVBCEOR o L B 550 5 v A 45
Ty 2 B0 Tk RN 3 T G ) T Rl 4R i

BT URRB AR, HatRAXh .

Q.=Px(tan ¢,—tangp, )

Hrb, Q. HIYAMES i (kvar) , P AT
AU (kW) @, JMEHT I EA 1 EDIME,
@, NAME G DR B 1 IEYIE.,

B E T WA DD ZE R (P=500 kW) , #M3
ATUIRHEL cos ¢, =0.7, 1]

| 1
tan @, = ——1=1.02
cos” @,

B D R R S R (cos 0,=0.9 ) ]

B B R A 20260125 | 405 V0l 405 H1615

DONGFANG ELECTRIC REVIEW

[ 1
tan @,= P -1 =0.48
2

GinS 7 wB /N W 7 = WD T S eI Y
N

0.=500%(1.02-0.48)= 270 kvar

FeTTo T oy A i 4 Y 1 A U O 38 3 X L g
ARG Y IC T B Z8 AR A0 AT S W I AN A3 B, 2
il th e s TR i 2k, SR 05 AR I it 4 i) 28 ki AR #b
BEEbR, B8 B IS N T A i, XTI RS
TN S R G Y T I SR AR B RO
TR IR R SR RO T R 40 S FF . A S B TR B A
o T IR T AME A B RN E RS
SRR AIRVADINE B SR iR il R R PN O =
ST YA B TE AR, DA AR TC D) ke B g
I AR e A RO AT, 58 I A A B TC T kb
BOR

3 REFATHE

3.1 BEATHEE

FERB R I R Gi, K7 e i 42 A4S H 1)
(1) FEL R A A P T I ™ DR Pk R, F R R A0 B
(A T F2 F T 451 05 %) FL R B 0% R 2 4 R e R
FE B SOV RPN, DA T BRI H B B, 9 452
NBAEIE R BA77 K. 24 KUy & i i D)k
2 £85I I R O VR B0 85 o TR el i s
TS0 e B 2, 5 P g 25 6 o AR VY L
HET 3B #8 (R 1 e N A i ™ A S E RS ), L AT
REDI KM RGERYE R, R, 38 A 300 o
WFB, RS AMEER XU g 3230k B 17 5 R 1) L AR
b, HERe L W HL R B AR E , 42 T R GE Y ] SRk
IR
3.2 EFRHIEHMNBERAT
3.2.1 LRI

A A MR ) 2 — b A R XUHL R R R R
FA R R WAL 2 XURE B BE 7, DA T S 30 6T XUATL 4
W TR A R AT IR T Bk Y K T
8 RIS XUATLA2S ) 22 0 2 AR A0 S5 ek A 000 28] 1) XLkt
Ak th D) R AT B, B SRR (2R A fdet
55 R ) e 3 O BN R XU RE B A 3R T
TR, AR XUAIL ) i s oy 2, LA ol e UL AT A 82 1 it

59




T B R 2026.01.25 | 540 Vol 4051615

DONGFANG ELECTRIC REVIEW

I [RIER 368 3 G B 42 1 2 B A 0 22 4k, AT DL AL
i A4 XUHILSG P R AR
3.2.2 TERERIES

AR R AR E R R Gz
FHR—Rh e H R | 2 S Rl o 8 &
HEL AL 2 i, T HL B % R I XU 1 A £k T R 3 R
a N RILZE A [) XU 45 4 R AE LA e A A
BRIBAT TS IR B HU B 7R AR R A
il e, KUAL A & H AL 38 R SR F AU 8RN & F AL
(DFIG) Bk G [ 26 & L BIL ( PMSG) 4251, DAL
IR 2 L AIL A 8] 3 o 7 B I 4 AR A, AT
DASIE BN~ L T A A58 S R RAR 57 AR A f
3.3 BRMBEATEE

AHREAL F A8 — M ER R i b
REAE S BT T 3R R R B8 &, B Tl 7R AR R 2
PERAE AT B 4 G, S BN AR R 2% SR 40 I 4
JEAE | DA AR A e # 1 AE B 8 B0 L R H
7 BRI A, A R AR e R A
70 HL ity P e A B v s ) 5 e % HE 422 3k 1
e T DUAT RCHI R 5 A R Sl B 2 1 R 2E T S )
AN R o A, A O R R e Y I R
il —JBEFE£5 % ~ +20 % 22 [A], HAAR A4 18 7 v FE AR
FRAE B B T8 e i L5 M 380
3.4 BEATAXNESENH

FEH T RGBT JH Y 5 IS T R 5 43 #i 4%
YIAHG , ARPEHL ) R G0 i SEAC B, T 4 5t e R
P AR DA, X T — S5 T SR A i H 2 i,
JERERITH AR

_PRYOX ot AU W FERE (V) P R

R A T DR kW, Q h £ I A% i 19 G 2 Dy R
(kvar) ,R N BB (Q) X HLHHAT(Q), U
R HERIE(V)

MR AT LA, 5 46 9% A% i 1) To 2 D %%
(Q) BB o R M AU 2 A0 N Bl 2, 18 it
PHEETC MBS AR YT, s R ge b i T T M) %
O3 R AT RLSEER X H R A PR T

B —A X & L A HL I H i e 2
AR R=0.5 Q,BHt X=2 Q, HEHJE U=10
kV, FEHE—BTZ], 2B AL H 1A D3 P=500 kW,

AU

60

TEITIH Q=300 kvar, W) LA Y HE RSN
500x0. 5+300x2
10x1000

Al A —H B AR, 71 RGEEA 100 kvar
MIZSTETC D) P2, A TE U B %748 Q7 =300-100=
200 kvar, WI3HT A% B 5 A

_500%0. 5+200x2
~10x1000

XTEHG AU F AU’ AT AL 38 52 TC DA B A 1 A
A, HEREE DT 85-65=20 V., T SZEL T X L
AOERTE S T RE BT a . RS PR DA AT
HR A ELAA A L ) S ORS8O0, R R A Xk
A H IR TSN 23 B, S 0 T AMEE T A 1 TC
A S AR

AU= =0.085 kV=85V

AU’ =0.065 kV=65V

4 EBISH

4.1 EXHBIFEFRERNE

ARG BIBER R AL T N 5 AR IX, 1%
X RBEFE IR E B, B R R &, K
Y BB R 50 MW, JE2228 T 25 &5 LA
2 MW BRI R HBHLA o XS RXUBLR T T Se i
AR5 IR I i H ML A, L% — 5 1 T 2 9 5 g
3 A TR BB R, EL i A H T A o 557
TERR AT, L I 0 F, s e P R P, 8 J5 24 T
[HE N7 1538
4.2 EMMZEBRERATHRLE

FEXHZ L B SEBRE O0, ilE T — B A0
TooAME S HL R 7 58, fE RS AME Ty T, R
T T R AR (SVG) 5 H AL 45 A 17
K, ETHESGR 110 kV BRI 228 T — A 58
10 Mvar ) SVG, FH T 52 i) BRER 2R G2 T T Dy S (1) A
b, PR Rt R Y T S R B, TR
BF,7E 35 kV LA A2 E T i A a4l AR
AR BB T D5 oK, AT A HAR D), AN R R G
MITCHI D), AE L F IR 5 T, 840 1 XURIL Y 28
S WA ) AR TR i D RE 45 S A B0 AR
i MITC I A 25 1 IR [) 98 49 UL 1Y 28 2 i 4
il R G AR XUHUR iy ) 2R 0 AR Ak SE R A
SRR A 1 XUAIL % B 10 2y 23 DT 4 455 JRUBIL o F,
FERRRE . A8 HUTE AR ) 2R 4038 2k Y R LY



Tl ORI TG 2 Ty R i i S B0 UL A A7 R A A AR
b, ib— b e R R
4.3 EHERIEM

T 20 7 58 St A B LA A, PRAS i
J7 Gt L RS T R F R T B Y MO ROR . R
FEARSE Py T, S AT, XU 37 91 9 e v s 7R XU
ISR W SE ATk +10 %L b, e EAE T
H, IO AR Y L O 22 T FL (£5 %) o SEHt il TE
DM AL £ IR I8 55 i it 1 IR IR 4 F R 30 3
1RB) T ARANE], i 22 A R A3 % LAY,
T 2 T R PR E R AR M R

TEHLRE BT f 7 T, ST, H T XUAIL A HE 1
WK ST Yy U 2, S B0 B o 2R R BURAIR, F- 1
DI REACR 0.8 247 o XA IN T e #E
RS T L AT AR, SE BT SVG FIH
BASAR T AME S F DR A HGAE] T 0. 95 LA
L AR T BETRAE, R T H I B PRI,
m=E 1 iR,

&1 KEMRITMHR

I gE| St St
CERERYY 37| +10 %L I +3 %LIAN
HL A A 80 % 95 %A I
BIEEE 0.8 0.95 YA I

A X I 5 A M A B it T, TR
HUFIHE ) L T3 4 BB A7, HL 0 9 38 I 35 o 42
i, PRI I o R T AR HE R, SE
A DI A DRUATL 8 2 ) SRS W R 5 0 902 0 i 45, 1 I8
EERRR] T AR, A% U I R A A E K A
WEZOR DB T R MR L BE i, 5 LTIk %G
DM LT IR J7 S AR 2% KU 375 4 S A T
WS AR T R AR A RE B,
L2 4 FaE A TR AL T T fREE

B B R A 20260125 | 405 V0l 405 H1615

DONGFANG ELECTRIC REVIEW

5 H£5iF

W BT 1 R g 2R G AN I K R A KT A F AL
BRI, To UM 5 L TR I 19 2 Bk R B X
Ty AT SR AL SC B R . AR SR AR
TR T R G K A L B DR 5 H
T B T — RS B A RS S M E Y
'8 N TR L B WA 4N R R =
R BTSRT5% R 388 3 A W ) R R R 5
R T e v B R e 285 o e A 2
HL T R GEAR AL IR S 0 1A SCHE 3 Bl mT R A R Y
EESE %38

S0k

(1] e, Kb e 45 sh BT ik sE [ D], kb
TR (AemT) ,2020

[2] S8z, B, % Bl L L BRI B RS H
RN S R[], i) R EE A Bhk,2018,42(9) :17-25+68

[3] EFMF, W0, kB, 5. % B AL T I i XL 3
TCHy e RPN [ 1], B R S, 2022,50(24)
83-90

(4] Bk, REAEsR &7, 45, A 125 AR BIL Y 1 R 46 i v AR 25 TE )
PRI SER ()], B H 3l ki 4% ,2020,40(11) : 156-164

[5] Z=5, 4 SCRREE , 45, KRS XU H 2 A B e TR B B
TARGERE S U4 Aems [ 7], BN 7, 2023,40(2)
210-218

(6] FBHLHL, Bk, T/NE, 55 5T LI &40 | DFIC 5
STATCOM fy3fy & Bl W 42 1 [ J]. W 189 5 355 7% BB UL, 2021, 37
(6):1-8+17

(7] R, IRET RV, 5. ML S M T Ih M B %
R BRI R ek [ 1], B2 5 4R 2247, 2021, 36
(6) :47-55

[8] THIa, =M. LA XL Ha I %) T8 Ty o 1T B 30 4 o] 558 mig A 5%
[J]. B T HLAEFTH A ,2019,38(3) :47-55

61




T B R 2026.01.25 | 540 Vol 4051615

DONGFANG ELECTRIC REVIEW

w52 A BL 2O il 1= S 1 &

F il EHIRAH A

A4 B RS BEA IR RS REH IR
1. ZMIEB IR ARBERATEES AT, =M 5IFE 562200;2. RAESBEEH TEARAT, M| 48 618000

WE . AL T LRI E B AT A5 ZRA R AL R, BT =R KA REIE T B 326 & R8T 547,42
h— 2 LA A AT A AL E IR R B IRIZ R A SRR AR B F AR A%, 5 EEE R A
gt HAE R AR LS BIFA SN PR R AR, AR R A E R E R RESR IS HTERFTE,

KRR, BRI, RFARARL,; KF4a
HRESES . TVT3S XRRFRIZAS . A X EHE:1001-9006( 2026) 01-0062-07

Research on the Digital Cylinder Control System of A New Type
of Large-scale Hydraulic Turbine Barrel Valve

LI Feng', LI Feng', ZHENG Lei', YANG Rongjie', WANG Hongxiang',
ZHANG Min2, FAN Jianxin® , WANG Lisen®

(1. Dongging Branch, Guizhou Beipanjiang Electric Power Co. , Ltd. , 562200, Zhenfeng, Guizhou, China;
2. Dongfang Electric Automatic Control Engineering Co. , Lid. , 618000, Deyang, Sichuan, China)

Abstract: This paper mainly takes the digital cylinder control system of hydraulic turbine barrel valve as the design research
object. Through the research and analysis of the third-generation large-scale hydraulic turbine barrel valve control system,
a set of cylindrical valve digital quantitative cylinder control system with hot standby double redundancy, double position
loop digital hydraulic servo control assembly and double ring network function is proposed. Compared with the conventional
cylindrical valve control system, the new control system has better fault tolerance and higher synchronization accuracy,
which provides a high-stability and high-reliability solution for the third-generation cylindrical valve control in hydropower
stations.

Key words: hydro turbine; cylindrical valve control; digital servo system; digital cylinder
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Reactive Power Coordination Control Strategy and Fault Analysis of
HVDC Converter Station

ZHANG Rui, WANG Huaibing

(Ultra High Voltage Branch of State Grid Jiangsu Electric Power Co. , Lid. , 211102, Nanjing, China)

Abstract: This paper carries out reactive power coordination control strategy and configuration scheme for the problems
existing in HVDC transmission stations, analyzes reactive power control composition and HVDC converter station
composition structure, and researches common converter station reactive power coordination control strategy and
configuration scheme. Taking a HVDC transmission converter station as an example, the balance conditions of reactive
power compensation are obtained according to reactive power compensation. The reactive power control strategy of HVDC
transmission converter station is analyzed, and the reactive power configuration scheme is set for two converter stations.
The results show that after configuration, the converter stations can achieve coordinated reactive power control so that the
converter stations can operate normally.

Key words: current converter station; direct current transmission; compensation principle; reactive power balance;

case study
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Causes Analysis on Longitudinal Cracking of SA515Gr70
Used for High Pressure Heater Shell

FAN Yifei, ZHANG Jian

(Dongfang Bioler Co. , Ltd, 643001, Zigong, Sichuan, China)

Abstract: The high pressure heater shell of a 660 MW thermal power unit was cracked in the process of cold calibration. The
macroscopic morphology, chemical composition, mechanical properties, metallographic structure and fracture morphology
were analyzed. The results show that, in the welding process of the longitudinal seam of the shell, the molten metal
droplets generated by spattering splashed on the surface of the base material SA515Gr70 and cooled rapidly, resulting in
the formation of local areas of the raised martensitic hardened structure, i. e. , scarring defects appeared on the surface of
the shell. In the subsequent calibration process, the scar was pressed into the base material by the roller stress, resulting
in the deformation hardening of the base material at the pressed position, and a reduction in its toughness and plasticity.
At the same time, the outer surface of the shell was subjected to tensile stress, resulting in crack formation in the
hardened area near the scar defects. The crack spread rapidly in the center of the scar, which ultimately led to the
fracture of the shell.

Key words: high pressure heater; SA515Gr70 Shell; deformation hardening; crack
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Practical Research on Multi-dimensional Efficiency Improvement
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Abstract: In the digital era, the efficiency of information service software (hereinafter referred to as " software") has
become a key indicator for measuring its success. Unlike existing software optimization methods that often focus on a
single aspect, this paper aims to provide a multi-dimensional optimization strategy framework covering three levels: micro-
level code, meso-level architecture, and macro-level infrastructure. Through an eight-stage optimization process, this
framework achieves a multi-dimensional improvement in software efficiency. The framework’s effectiveness is demonstrated
through two case studies: " order creation API response time optimization" and " loT data collection API throughput
optimization. " Comparisons with other studies prove that this framework has both theoretical and practical guidance value.
Key words: information service software; multi-dimensional efficiency improvement; code optimization; architecture

optimization; infrastructure optimization; practical research
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A Practical Pathway for Building A Whole-of-society Carbon Accounting
System Driven by“ Carbon Chain Leader” Enterprises
—An Innovative Approach to Collaborative Emission Reduction
Across Industrial Chains Under the Guidance of
Xi Jinping’ s Ecological Civilization Thought

LI Xinyun
(Chengdu University, 610106, Chengdu, China)

Abstract: Under the guidance of Xi Jinping’ s ecological civilization thought, achieving the " carbon peaking and carbon
neutrality" goals has become a strategic choice for advancing high-quality development and fostering new quality
productive forces. Based on China’ s practical experience with the "industrial chain leader" system, this paper proposes an
implementation pathway for a carbon accounting system centered on "carbon chain leader" enterprises, characterized by
government-enterprise collaboration, standards-driven governance, and data empowerment. Through pilot demonstrations,
institutional innovation, standard development, and policy incentives, not only activates enterprises’ endogenous motivation
for emission reduction but also establishes a comprehensive carbon database and standard system covering entire
industrial chains. This pathway is expected to effectively address international competitive pressures from carbon tariffs,
advance the practical application of Marxist ecological principles—particularly the concept of " harmonious coexistence
between humans and nature"—and translate Xi Jinping’ s ecological civilization thought into actionable solutions.

Ultimately, it offers an institutional innovation framework for national climate governance.
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