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Research on Dynamic Reconfigurable Equalization Technique Based on
Double LC Resonant Units

-1 . 2 1 -1
LIU Shuyi', WANG Jing", WU Wenpeng , LAl Li
(1. DEC Academy of Science and Technology Co., Lid., 611731, Chengdu, China;
2. Dongfang Electric Autocontrol Engineering Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: The inconsistency of the single unit of the series battery pack will increase the risk of battery operation and
likewise reduce the available capacity and setrvice life of the battery pack, while the single structure of the battery pack also
limits the safe, reliable and efficient operation of the battery pack. A dynamic reconfigurable equalizer with its control
method is proposed for the series lithium battery pack, the safety and reliability of the series battery pack are improved at
the same time as the balancing speed is improved. Every LC resonant unit is composed of a capacitor in series with an
inductor, all the switches work in zero-current switching, which effectively reduces the switching loss. Every battery is
connected in parallel to a bypass switch and connected in series to a cut-out switch, when the battery does not need to be
charged or discharged or does not need to be equalized, the two sets of switches can be used to realize the
reconfiguration of the series battery pack as well as ensure the safe and reliable operation of the battery pack. The bypass
switches and cut-out switches can effectively improve the structural flexibility, safety and balance path accuracy of the
series battery pack. By reconfiguring the structure of the battery pack, equalization between any non-adjacent multiple
cells and any non-adjacent multiple cells can be realized, and while ensuring equalization accuracy, the equalization speed
and efficiency are improved. Two operating modes of the circuit are described in detail, the equalization principle, power
and efficiency of each operation mode are analyzed as well, and finally the correctness of the theoretical analysis is verified
by the simulation circuit.

Key words: reconfigurable equalization; resonant switches; equalization speed; safety and reliability
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Research on High Pressure Synthesis Technology and Process
Optimization of Ultrapure CdZnTe

ZHONG Lianbing, ZHANG Cheng, LI Zaiwei, YANG Wuyong

(Sichuan Dongshu New Materials Co., Ltd., 61800, Deyang, Sichuan, China)

Abstract: Cadmium zinc telluride (Cdl-xZnxTe, CZT) crystals are of significant value in infrared detection and nuclear
radiation detection due to their wide band gap, high photoelectric absorption efficiency, and excellent energy resolution.
This study investigates the effects of synthesis temperature, holding time, and pressure on the purity and homogeneity of
CZT polycrystalline materials using high-pressure synthesis technology. The experimental results demonstrate that the
optimal process parameters are a synthesis temperature of 1 130 C, holding time of 6 h, and pressure of 4.0 MPa, under
which ultrapure CZT polycrystalline material with a purity of up to 7N can be obtained. The optimized process effectively
suppresses Te volatilization, reduces the quality fraction content of impurities such as Fe, Ni, and B to below 0. 5x10™%,
and improves the homogeneity of Zn element distribution.

Key words: CdZnTe polycrystalline; high-pressure synthesis; process optimization; ultra-pure materials; impurity control
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fi (Si) <0.5 0.9 2.0
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Wk J]. N LiR2#4,2020,49(4) :561-569
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FE . LFENB T — A2 A A8 B8 23k WD RAL A Fo 8 BR R4 B o0 PR iR P 9 RAL A& 09 O ik ARE 25 °C 160 °C BF NaCl-NH, Cl-
H,0 Z 0K &R AR KA A K 4 S An b 30 48 S 400 T R E o AR K P Bl NH, CL, FF 2t it 2 R 22 Wl T8 4
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LR T 95 %,

KEEIR . FACH; Rk A E i

hE 5 £S5 :0658. 6 SERFRIEAD . A X EHS:1001-9006( 2025)03-0015-03

Ammonium Chloride Recovery from Sodium Bicarbonate Mother Liquor
Produced by Double Decomposition Method with Phase Diagram Theory

WANG Huan, LI Na, ZHENG Mingmet, YANG Lu, LIANG Quanxun, DENG Yi

(Dongfang Boiler Co., Lid., 643001, Zigong, Sichuan, China)

Abstract: This paper introduces a method of recovering ammonium chloride from sodium chloride and ammonium
bicarbonate double decomposition mother liquor by phase diagram theory. According to the phase diagram of the NaCl-
NH,CI-H,O ternary water-salt system at 25 C and 60 C, evaporation crystallization and cooling crystallization processes
were combined to recover NH,Cl from the double decomposition mother liquor wastewater, with the recovery process
principle and operation parameters being discussed. The purity of NH,Cl recovered near the co-saturation point of
ammonium chloride and sodium chloride is about 95 %, while the purity is more than 95 % when ammonium chloride
obtained by cooling crystallization at 25 C.

Key words: sodium chloride; ammonium chloride; phase diagram theory
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1.2 KIEimEE
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TV AR B A A B, SRR AR
gERNEER 1 PR,

Rl KBRFHRIBER

B HK - R B f}iliéﬁ% iéoiféé.‘ At I G B ENL s
ity LA R (mbar) Kt RE VIS REPIE BRI F LAY
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Experimental Study on Oxy-hydrogen Combustion in Cement Kiln
WEI Geng"*, MAO Yu"*, ZHANG Min">

(1. Dongfang Boiler Co., Ltd., 643001, Zigong, Sichuan, China; 2. Energy Cleaning and Low-Carbon Thermal Conversion
Utilization Technology and Equipment Key Laboratory of Sichuan Province, 611731, Chengdu, China)

Abstract: Aiming at the problems of high energy consumption and high emission in the cement industry, this study carried
out an experimental study on oxy-hydrogen combustion in cement kiln with coal as fuel. By building a test platform, the
effects of oxy-hydrogen combustion on the combustion characteristics, thermal parameters and pollutant emissions of
cement kilns were systematically explored. The results show that oxy-hydrogen combustion can significantly improve
combustion efficiency and reduce fuel consumption and CO, emissions. The carbon content of fly ash in the flue gas of kiln
head oxy-hydrogen combustion is lower than that of air-hydrogen combustion. With the increase in oxygen concentration,
the combustion efficiency of hydrogen-blended combustion is more ideal. The NOx concentration at the outlet of the
precalciner is lower than that of conventional air combustion. This study provides a new technical path for clean and
efficient production in the cement industry, which is of great significance to promote the green and low-carbon
transformation of the industry.

Key words: cement kiln; oxy-hydrogen combustion; energy saving and carbon reduction; pollutant emission reduction;

experimental study
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Research and Practical Application of Digital Scenarios for Collaborative
Manufacturing of All Elements in Nuclear Power Equipment

ZHAO Li, GOU Jie, SHU Hanrui, WU Shaopeng, LIN Chengwu, DOU Wenhao

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

Abstract: Based on the needs of improving production management quality and efficiency in the development process of
nuclear power equipment, and summarizing the characteristics of small batch production, long cycle, strict supervision,
multiple collaborative elements, and strict quality requirements in nuclear power equipment manufacturing, this paper
analyzes the manufacturing digital collaboration mode of the entire process, organization, and element collaboration of
nuclear power equipment manufacturing. A collaborative mode for the entire process of nuclear power equipment
manufacturing based on product digital models is proposed. Through the construction of digital scenarios, seamless
integration and efficient collaboration between various links are promoted, and the internal and external information barriers
of key business nodes such as manufacturing process design, planning integration, production preparation and execution,
and quality management are broken down. An integrated platform is constructed and successfully applied in actual
production management, achieving the unity and collaboration of data, process, and management.

Key words: manufacturing of nuclear power equipment; digital scenarios; process collaboration; precise control and

automated traceability of the entire quality process; automatic comprehensive inspection; visual management
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Virtual Simulation Verification Study on Reactor Pressure
Vessel Head Cutting

ZHANG Zhongliang"*, ZHANG Yongling"*, CHEN Xisan', XIONG Xianke'

(1. Nuclear Power Institute of China, Chengdu Sichuan, China; 2. Sichuan Nuclear Facility Decommissioning and Radioactive

Waste Treatment Engineering Laboratory, Chengdu, China)

Abstract: In response to the dismantling requirements of the reactor pressure vessel head of Unit 1 of Qinshan Nuclear
Power Plant, a head cutting process was designed based on a self-designed laser cutting device and a large component
automatic cutting device. A three-dimensional virtual cutting simulation method was proposed and combined with the self-
developed “Dragon Simulation” three-dimensional simulation engine; virtual cutting simulation verification was carried out
on the head of the pressure vessel of Unit 1 of Qinshan Nuclear Power Plant in a three-dimensional simulation
environment.

Key words: cutting of pressure vessel head; 3D simulation engine; virtual cutting simulation
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The Risk Indicator System of Nuclear Power Equipment Carriage
XIE Tian

(Nuclear Power Institude of China, 610213, Chengdu, China)

Abstract: A secure delivery is the necessary prerequisite to the construction of nuclear power plants, which is also the main
target of nuclear equipment purchasing management. The carriage risk management and its evaluation system, which is
very important as a management tool. This article analyzed the construction of a risk evaluation system, then discussed the
application and effect of this system by case study.

Key words: nuclear equipment; land carriage; source of risk; risk analysis; risk evaluation
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Discussion on the Steel Structure Renovation of the Coal Bunker
Building in A Thermal Power Plant

1 . 1 . 2 .2 2
WANG Xue', XU Jian , HUANG Zixuan®, ZHANG Miao”, HU Dehao
(1. Dongfang Electric Engineering & Consulting Co., Ltd, 611731, Chengdu, China;

2. Guoneng Jiujiang Power Generation Co., Ltd., 332000, Jiujiang, Jiangxi, China)

Abstract: In order to upgrade the coal-pulverizing system of a certain thermal power plant, it is necessary to reinforce the
steel structure of the coal bunker building to ensure the safe operation and functional improvement of the new coal-
pulverizing system. During the renovation process, not only a three-dimensional model of the entire power plant was
created, but also the renovation was carried out in combination with the equipment layout on the premise of not changing
the structural stiffness and force-transfer path. Horizontal supports were used to transfer horizontal forces, and the
bracing of vertical supports was increased to reduce the calculated length of columns. Eventually, the need to reinforce
the frame columns during traditional renovations was avoided. The entire renovation design is safe, economical, and
reasonable. The renovation method in this paper provides a novel reference for the upgrade and renovation of industrial
plants by taking an alternative approach, contributing to the green, efficient, and sustainable development of China‘s
power industry.

Key words: renovation; steel structure; 3D modeling; thermal power plant; clean and efficient utilization of coal;
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Analysis and Countermeasures of High-altitude
Effects on PEM Fuel Cell System

CAO Lei', TANG Gang', ZHAO Zhengshun', KONG Hongbing"*, HU Jun'
(1. Dongfang Electric( Chengdu) Hydrogen Technology Company, Lid., 611731, Chengdu, China;

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

Abstract: The utilization of hydrogen is being elevated to an unprecedentedly important role with the aims of green and low-
carbon transformation of global energy as well as carbon peaking and carbon neutrality goals. With the growing application
of PEM Fuel Cell System (PEM FCS), much higher environmental adaptability performance and longer durability are
needed. As the altitude increases, the air is rarefied, oxygen partial pressure is also lower. This kind of environment will
limit the performance of PEM FCS and reduce its durability. In this paper, the qualitative analysis of high-altitude effects on
the performance of PEM FCS’ subsystem, components and parts was carried out. Meanwhile, the corresponding
solutions were proposed. Thus, it provides an important basis for the design and component selection of the PEM FCS.

Key words: fuel cell system; high altitude; impact on performance

R HL L 2R G2 1 DRV RE B D E T A
FI3h 71 A RE & i 25 B SR Y 255 P RE 5 1 1T AL
R AR R R LR AZ O AL, L B B R
PR DE RGEERE . AR E s 7 HEE /Tt S
AR Ao S R SF R GRS S B
Il T4,

TEREFHIX, AR R Y AR 28 R

Y78 B 85 :2024-09-29

AR AHZS SR B TR, S B R R,
PSP At X R AR 2R A (R = U T
i RO AR HURR, WA B L N R s R
S AL HERI R B R T B HERE R

e EE A ) TR R A X AR R [ g ) BB
REFA TP A, 5 SR O RCH i O P R e AR RE 38 4T
(I o T A B I 0 HL B P 7 L e | b

PEH BT B (1982—) , %0, 2008 4F MY F IO R A B-EAF S0 AL IE RS0 TRRII . BRAEZR 7 i SO COBHR ) Sl RERLBEA BRAY w4} v b

B AT R TAE, HEAH : caol@ dongfang. com,,




TR 2005525 | #3945 Vol 301571

DONGFANG ELECTRIC REVIEW

PEREFTCARR Y A 5 | 3 S0 PR 38 5 B AR 1%
THRE et B e o0 % 08, DU R i R Gl 5
e IR

A SO R L 45 - R g8 SR AT e
A AT, RGEHITGN T 520 Lk Ry A
ZNE, AT R TR A R PR, eI
AF 5 A 7 FH A o T 4 L DX 18 18 R v St 2R 56 1) 2 i
AT B i R 2 e TP T E X HE WS
T, BEMRRRER 2205 T REEiTS
EAPERE K F

1 SERMXKFERES

1.1 SEfHR

et TR A M DX A R A SRR TR R 48 X
Y BRI R AIG, A B4R S sim>

TEIER 1.000~5 000 m P4, ¥R T 1000 m,
SIEFEAG 7. 7~10. 5 kPa, IREFFIK 5~6 °C, KFHHR
SR BRI 2 60 W/m>, 15 VB HiL X LR BRI < f
ZHNE 1 FiR,

R BERARRESESH

- R /m
0 1 000 2 000 3 000 4 000 5 000
SRAE I /kPa 101.3 90.0 79.5 70.1 61.7 54.0
e H SR/ C 35.30 35.30 25 20 15 10
R/ C 20 20 15 10 5 0
ARSI IR/ (g/m®) 11.0 7.6 5.3 3.7 2.7 1.7
R KR BH B4 5 R/ (W/m*) 1 000 1 000 1 060 1120 1180 1250

1.2 K#EHES SE5EHA
1L.2.1 BIKFESHESSERS

HRAEI AR 28 SRR A K e A | Goff-
Gratch”™' | % £ JE&  ( Antoine ) . Hyland-Wexler[G] .
TAPWS 20117 ( I PRk MK 28 S Mk R 2E 4 ) 8%
(Tetens) | %55 (Magnus ) Buck &5, 7] 1155 H 4%
TR RE T M A K 28353 . P A hypsometric 23
AL (1) AITFE S R AT B L PR RS
JEo feJa IR O R BE AT 7K 2805 A
SIYLLH, 2N 1,

[(%)%—l}x(ﬂzn 15)
b .

h=

0. 006 5 (D
S b IR Wl . P, WEREK
101325 kPa; Py S2i Wt 10 K SO, HAi kPas 7
RSERFM R A,
T WA A, 2 K A
RS HORIL T A A0

Ar
o
b
=
B
=
il
il
b

o PR, TR R TN S R OR AR
TAZSEINE O T, B 28O i He e, Sy
T B

Steam Cont.
22.50

20.25
20 18.00
15.75

13.50

=)
)

11.25

9.000

=)
!

6.750

(%) "WOD Weans

4.500

2.250

B

0.000

E1 KESEEWERSE FEEENTK
1.2.2 BEBEEEEHS

FRAE SRR 8 13 2 WA R4 s, 25 RP I &
(0 CLg/m’) B,

®2 SBREGHEEER"

377
SAEATESHL L¥v2
3Kpl,4Kpl 3Kp2,4Kp2 3Kp3,4Kp3 3Kp4,4Kpd 3Kp5,4Kp5
EREEE g/m>(0 °C) 265.5 234.8 209. 6 182.0 159.7

46




2 BEEERIAEXTAR Rt F R S8 B0 43 A A R
POEYii]

2.1 BRES

Y SRR W N 2y @S Y L S LN
Fefimds B BB AL S AR, AN
[EEEE R NS EG)- A R
2.1.1 BEBRENIZEMER

(1) AN G0 B T [ X — I 5 4%
SN B B - B Hees (DCDC) (LGS (PTC) |
IKIE AR VL I 28 WL A T 25 B A4 G b B IR 4%
DL R B ALE -2 P 2 [] 11 44 2 ek D, 75 3 FH O
Sl SRR DL AR A R PERE

(2) 2 M R AR i LR B OIS
PARAE T B R BTt o 2 58 7, W20 SRS I 4%
T R AR B, LABH 1 AR IR R A

(3) LB If o T B TEAR R S5 IR AR
ARG b DX RE AT RICH ] L 22 1 B i (34 ) PR RN R
2, TE = VAR ML DX AT B AN P 75 28 J1RT PR A R
Bt

(4) 22 K IGIRAY 5T 1 T 5 H i KON BB D 553
TERRORH T 2R G2 Y & 0 FH v A EE H AR AR
SEFF IS L A 1 IO i 25 BEAIG, 8 BT RE 0 R B,
FA 77 ] B DAL L I 4

(5) &V H B HL S A5 2 JNRCR AR X T
M SR XTIAL | 5 3 X B S SRR T R A H
ST, WNEE AL SR AR AL, T2 S
FEULIAGRE T T B, HCAROR AR, £ 00 i & iR T
A, SR, 5 3 1 VAR PR AR B A ) PR 45 i
JE IR RE AR AT LA 43w e 4 M PR SRR AR
51 B A A IR

(6) 1 7 2% 2 im 8 28 3 O . 7 5 TR R 2R
Berp HGRSS HL XU TR A KSR S R LA E
S BB AL B AR 9 T i 790 7% R i pe ) [ B AR
SRR 25 Sy D% 5 DXk ik O , S B0 e R LT,
O B A B AEfr RTAT SRR M T T 2R
2.1.2 EREETHK

FERERAR L DX, T 25 S H RO 22 80K, 77 i
SRS 2R BE B SR, TR BOB A B,
B LS AT e R R AR Al A A R AN AT

BB R 2025525 | #5395 V0l 398 E157

DONGFANG ELECTRIC REVIEW

XPIRARE E it 22 0 v 1) E 3 R A G BT, AR
0] BE T 808 B RO KRG K . R G TR
AU

(1) 25 RIS AL 7 o Vg 4 b DX 93¢ ] 3 32
R ] Rl T B0 5 B R R L, B BEAIG, DA 2K

(2) FBHIE Bk 2 8O — 30 N [F 44 R} 7E I AR
TR IR Ak 2 5022 57 0T RE 3 0% B Fg A ot 2 17
51 A& it

(3) 8 6 IR il L AE 2 0k - IR 32 % B AT RE S B0
AR i A A A AR Ak B o B TE) B HE RS AR AT
RETZR M s I, T B I N R, 1t Y XU

SRy XT3k S AL R L R G T T R 4 4

(1) SR EAT R A I8 2 P BB i A4k il ™ b
AR BEEE R, LAk D PR R AR b 5 |/ 1 AR T A
L EAN

(2) R FH RE A5 75 50 Tk 2 i N O e s e MR Y
BEMRE IR ORAEAR IR 2508 T A RE AR 47 R A7 1) 285 3
BOR

(3) X4 % G A o DDA A RN 4R o O H
AR AR RIS 7K T B 1k PR 5 a5 S0 it s
[F]

(4) FE R GV T 25 IR B+ AL, DL 3E N
o T A 1 DX 1) U 2 7 A, DR 3R e i KRR E
iB17,
2.1.3 ZEHEHEINEERER

TER AR MIX | 2% 5 46 B JE %) AR X ey, T 7
i AN Sk R A S R e ELR SR I R A 4 2%
SR FE VLS , LA R TS H L R 5 o TR AR P R 1) %
I, BOPPIE BE 5 R A 1 BE A fb xR R F Tt R e
()RR FELMLER 1, an 2 e ML SO FIOK 46 1 47

SO, X SEHLBIL Y 4 2% R 40 T B R RO, DA

VKGRI E7 5

BE Xk SEAR A, HiE A0 R A

(1) BEFRAE A (R0 B2 PR 555 10 48 2% b1 B, 3k 26 1F
BN BEBEAE T S5 T IR FF R AP U4 S P RE

(2) XFHLPLAE 2 R BE AT REIR IR 1T, A3 4
%) W JEE BT B R FH EL AT B 4 T TG0 B 1 e ) 48 2%
kL,

47




TR 2005525 | #3945 Vol 301571

DONGFANG ELECTRIC REVIEW

(3) FEF ML T RNt i v, 25 Y X 4
SRR AR MR, PEATAH R 043 RS 1 5, DL £
FERIR B 45 F F LAY & 42381 T .

(4) XFHLBLHEAT 2 WA A A e 4, U HORTE &
WML, DU WA 4 GRS B 1k PR 4 2 M e R R
IS GO
2.1.4 XPEESREEM

B VAR B T e, REIR AR 1 000 m D) I
(R IX, AEHE T 1 000 m , A BHEE ST BRBERE N2 6 %,
TP 5 P R SR X A 7 A I AR, S B T
T it 2% T PRI RS I 2T R A AT L 48 2% 6 ek i
8, 7 R A RIS TE I 7= AL UMY, J1 . [R) B, i D
DX ) 58 /N A S FR A0, o Ve A L v T 4 58, S5 AM R
SRR A TR PR, X T IR L 2
B A0 TOU0 T 4 2 A TOU0 1) AR FL - XU ok
Ui, 5 SR 25 S Ik L A R

G BRI, e R AR LRI 2
D7 TR AR R A4S A 4 Sk L AR Y o 2
HLFE LR GE TF G HL 28 G IOV BE L b R T
RELL B A R A0 S5 XX 2B 5, m] SR BN R
it .

(1) Sy B S 0 W RO T i (T
B 1AL B R EE

(2) XFFFRI7E v PR P55 05 FH B ke f 3l R
4, P ETRT A 2 A A AR R AT S E, LA
DR LA R TR 5 1 T T St e 4

(3) Emy WA B F AR T, DA I e V4R A
B RL AL AE E AN B T 184 o e AR S
B RL5E

(4) % R3S T = RO R 23 R
HBAT, X LEREA N RE A it 527 T = 1 A BH 4 5 0 5
HNRAR T, DA RCEAR I 2 U N

(5) VHEBATHRIE , B, X F DCDC 55 HL <5
1, T RETT BRI PR 2R A2 AT, LATE IV 5 Vi 4R IR B 1Y
R

3 g ok BERE T, ) LA DR AR Tt R e L AR
RAE R T R B 1T, 2K % 1Al FH 73
i, I RBE RS AR T RE
2.2 BRFERES
2.2.1 XEEHNHZIE

R 1 AT o, 25 SO T, S AR

48

M, M1 A 2 Wal W, iR,

PR M ) ks R AL A2 A T 7 W R PR B 1sF, 7 -
JER R RE A e RGO, WA 2 S A8 b
HARR A st /b, 25 FE AL 0 28 SO St 25 [
IK, AR T EAA R Tt R G T RS 28
FENLN $2 e a7, B 0284k, 234525 R AL
Gie SIS AR

(D) DFERE N, iR IR T, b 45 i o 45
YEHE IR B 75 oK, 25 FRMLIY R L3 K, 75 48 o 7
i, XA LR B R AT AE X ], D FE RS R
ROREFEAL , A S BUS T R G D3RRI

(2) TAEX AR A% 7E e Jit 1 DX 9884 F, 3l /)
PRIz 17 W, 25 FE ML T AE s 78 P B8 4% 2 il 28
(MAP &) b7 8 s kAR, 28 ML) A ik
DXCFEORE R R G S D RAE TR, A5 Ik
HULPEBEAN R, Toii e R oK, F Bt X T ik 23
JEALIC 7 55 5 )5 b X T A T,

(3) FFanbEAk, iR X s S, S8R
TRAIAR AN R 0 S 5 Ll A BRGS0 25 T
HLA i

TR VIR A 4 ) 3] 2 R ALY BE R, 7E
Ve FH I IS AS R HR T 1928 FEAL MAP PERE (2
R SRR R G TR AHVC L, RIS, 23 ALY
HLPERE B PERE SO S Bt 1 5 R X A
FFIX 51,

2.2.2 FHEEERIEMM

HRPE R 1 I it A5 732 48 X008 B 45l , ml DA
WU BV P v 5 2 4 VB 2 IA) A7 A Bk o6
P, BIPRS00 4 o R AT, X — P4
X AE (e SR DX G AT A AR T R4 T AR E Y
BOR  JUHIE RS RS K & 5

P T e B X 28 S B K o AR, HL L RR
TR RE PRI | g B DX o I 4 B I T s
JEFC i DX ARG B - AR IS R4 R B g ik, B 3R 85
JE 6 C AT HAR R B2 R 81 %, T 7 5% 14 4 XF
WAL 6 %,

H A A} FL Tl R G 7 e i A7 i) B
25 FEALE N Bb, H o 11 A 4 3o Kl 25 AR
A PRI B T 0 T AR R ) I 2 B AR T AR

P



fe SR AR AT AR N A

(1) TS PPAl AR AS i RS 1 2 75 RE A1
FE e D DX SRR % K S FE A LT A BT B A
ZRAL 2 SO B A S A HE S KR

(2) AN BAT IR (4 e 1 i T 1 il e
IRER T 2K, V05 126 FH B4 5 i o 22 kol O = 1Y
T AS . 5E T LU % 11X g B A B R 4%
AR , LA AL BEFIRLR
2.3 SE5FES

TERBR A B MR 2 ST RE R IRERAE R
J13EAT , W R ME N G B S 5 R 225 H, &R
T ARG T T RGN RAE R T

ART RG A TR Rk S HEKHER, 7R
TR X, N5 I (V4K 3 000 m, KT F145 70
kPa) , B RCHR (K 600 m) ik 25 kPa, 235 i Ho 4k
IKHER . IR S ANAR B v J s DX HE K HE L Y
HMEZEIGR, AT $E FHHE T RE 77, {0 AT e R AR S KA
IES

PRIt , e R e T AR PR B R A, ER R R R
TR HEEHE K R L0 4 8 HE 0 B AN
AR TR B v A% A HE s A R B DA S B HE R Ak
5 S AR Z 0 0 -
2.4 REBFRS
2.4.1 BRIk

R KK A6 R 46 5, VRN I K K A6 AU
ST R TR AT ORREAR SN RIAE N R DA A
TE e TR IX, A6 A1 R AR D0 368 2o i JiK 7K 4 55 1)
WANEF il 0 7K A6 P8 TE Y A AR, AT AR
P RGN T T SEOR R M ER
S 220N AN 0 R T R T oK
2.4.2 KE

PR Tt 3R G0 A B T R G0 K IR R A
R FAE DI RE . =R IRREAREE T, kK
FEAMBAERRAL, FBOKFEA O ST BEAL, 3R
TR, , BEAIR S8R I 4 48 fm ., R, 45 & =1
PR AT KRR AL W A BT, IR TR R I K
IKFEFIIK G ) 22 26 oy B2, DA B3 ARR 0 bt XU | P B 7K
R,
2.4.3 BHINE

P T R TR M DX RS T 3, 7RI A ik Ak

BB R 2025525 | #5395 V0l 398 E157

DONGFANG ELECTRIC REVIEW

B A S AN, P A, B0, 7E V429 3 000 m [ 3t
77 Kl SRR 91 °C, XX TR I R 5
PRI BB B T AR IR 22K, I R ) e Tt 3R
Bifis A TIRE AL 70~ 85 CIEHMN, N T k%
PN JBAE fo VA DX ok Ll s | e SR L T 4

(1) REGAT L B 1K FE R R L IX 25 881
TR FHAEAR A W A, PTREAIE A VR R4 i,
PR, Ikt 0 FH 2% 88 oK, B i fili B % R = i 4R
BT IR

(2) (R L FL b IV H0, X R4 B0 7
TR S W, T 2 T AT AR e HR
B A G TE EE R X
2.4.4 BIRES

EZ1S) =i S Gk o) -4 o (A TR N
FE it i s i), B AR AR B ) T R, il A
TR e VR A ] SR | 3 U B A AR X
PRI S

BEAR, o i P b DX PR B8 R AR, 5 SR iR o0
PRNANEZERE R, B RSB , 7 s it
JE 77, SRR RSN 22 B 15 Fe 7 B B R e A b R
SERG, SO IR AT SN AR AT o [ Ak 3, DA B e TR AR
W,

3 45iE

SR LB T R VA M DX 2 R R BT A ARAE
FHEEG R L Tt R e E 3R B0 S B 5 T
B AR R 2 XK K B A S R
S5 YRR AT T IR IS BR T R A L R DL Rk
BT RGURA A F R, e VA DX RRORL H 3
AGMPERE BT MR RS it T HE S %
WG, RS RIS R R AR U PR3, 81 B i AT
PF R HAR TR A it S B, 8 88 R GE 24 A
F sl SR e Ak , 2 i ORI ARUE | K AR A as A7 9 5%
SRERTLE

S Hk.

(1] BRER. EHRE R R R MRS )], BERE,
2017(2) :3-5

[2] RBOG. Sk X R BRI [1]. SRR, 2017,8
(10) :33-36

(F#% 66 M)

49




TR 2005525 | #3945 Vol 301571

DONGFANG ELECTRIC REVIEW

&5 e BB 0] [0 B3 o) £3 5 =2 IX1 B ifil & 1% 45 i T

KA
ERSTH 4 N EIRA T F MBS AF T FM 215000

WE.FROATHTEHFREESZRKMNESE ARSI MEIENBM, AFREE FREELAPFRELTS
A ZEAR G S A R e e B BT T ARSI, FREEATHRZIELIRS S EREERM4SE, BSR4
BraA, HRMEM TR EBRKIBEEIALET >R RXELRS LK EEZ YL hE b BTN, HETETRS
M e RSk AFLEFAE AR, AT MK e BT RIA S M| =i B TALL £ D Te A
FAR UIO MLl 23 KL #E | H Ik R A B K Hedb R R nk | X 36 T M & 2 5 & B8 R RIBTEA
FIARIZATF ] 3R T A A W 8 A

SEBRIA AT A B W A4 R AR W & R 34 ARk

RE S FES . TNILS XERFRIZAD A X E SRS :1001-9006( 2025 ) 03-0050-04

Research on Cyber Security Risks, Management and
Control in Smart Grid

ZHANG Da

(State Grid Jiangsu Electric Power Co., Ltd., Suzhou Power Supply Branch, 215000, Suzhou, Jiangsu, China)

Abstract: Due to the connection between various smart devices and the Internet, the smart grid is vulnerable to cyber
attacks. This article takes smart meters, smart microgrids, and smart inverters as examples to study and analyze the
corresponding safety risks and control measures. Smart meters may be vulnerable to denial of service (DoS) attacks and
malicious software attacks, threatening power transmission and data privacy; Smart microgrids may be vulnerable to false
data injection attacks and distributed denial of service attacks, significantly affecting their power and voltage stability;
Intelligent inverters may be vulnerable to deception attacks and ransomware attacks, endangering their normal usage
function. To address these risks, strategies such as anomaly detection, binary data visualization, differential privacy
technology, UIO observer, KL divergence, identity verification system, and blockchain technology have been proposed.
These measures can detect network attacks, identify malicious software, protect data privacy, ensure authorized access,
and enhance the security of the smart grid.

Key words: smart grid; cyber security; anomaly detection; cyber attacks; blockchain; control measures
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Research on Structure Optimization of Semi-dry Desulfurization
Based on CPFD Method

YIN Dengguo®, YAN Xuefang®, HU Chunyun',
611731, Chengdu, China;

1 . -1 2

LI Peng', LIU Siwei' *, DU Wentao,
(1. Dongfang Electric (Chengdu) Innovation Research Co., Lid.,

2. Dongfang Boiler Co., Ltd., 643000, Zigong, Sichuan, China;

ZHUANG Yuanfa™®

3. Clean Energy Low—Carbon Thermal Utilization Technology and Equipment Key Laboratory of Sichuan Province, 611731, Chengdu, China)

Abstract: In this study, with the circulating fluidized bed desulfurization (CFB-FGD) tower as the research focus, the
computational particle fluid dynamics (CPFD) method was employed to conduct simulations and analyses of the flow field
within the desulfurization tower. Additionally, the impacts of the change in the flue angle and the residence time on the
performance of the desulfurization tower were investigated. The results show that the flue angle increases from 28°to 35°,
the vortex at the flue angle decreases, and the flow is improved. When the height of the straight pipe section of the
desulfurization tower is 18 000 mm, the removal rate of SO, in the section is 99. 56 %, and the evaporation rate of the
desuperheating water is 94 %, which can achieve efficient desulfurization.

Key words: circulating fluidized bed scrubbers; gas-solid two-phase flow; CPFD
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Development and Verification of 1 030 mm Last
Stage Blade of Air Cooling Turbine

LI Yin, CHEN Tao, ZHOU Xianding, YANG Changzhu

(Dongfang Turbine Co. , Ltd, 618000, Deyang, Sichuan, China)

Abstract: Based on the ultra-supercritical 660 MW air cooling turbine, the 1 030 mm last stage long blade with advanced
structure and excellent aerodynamic, strength and vibration characteristics are developed by adopting advanced design
technologies such as controllable eddy current design, full three-dimensional aerodynamic analysis and optimization, and
three-dimensional finite element strength and vibration design. The dynamic frequency test results show that the vibration
characteristics of 1 030 mm last stage long blade meet the design specifications.

Key words: air cooling turbine; last stage blade; all three dimensional; dynamic frequency test
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The Research of Intelligent Optimization Control Technology Based on
Frequency Circulating Water Pump

XU Weihua', LIUChang’

(1. North China Power Engineering Co. , Ltd. of China Power Engineering Consulting Group, 100120, Beijing, China;

2. Xi'an Thermal Power Research Institute Co. , Ltd., 710043, Xi'an, China)

Abstract: Based on the intelligent control system for optimization of the cold end of the variable frequency circulating water

pump, according to the environmental conditions and unit parameters, real-time monitoring and analysis of the

performance changes of the cold end system and equipment, optimization of circulating water pump operation mode and

real-time correction of the operating frequency of the variable frequency circulating water pump make the difference

between the power of the generator and the power consumption of the circulating pump in the current unit under the

premise of ensuring safe and stable operation of the unit. Maximum operating condition and conditions can be achieved to

maximize the economy of the unit under partial load as far as possible.

Key words: circulating water pump, optimization of cold-end system, frequency converter, intelligent control, conderser,
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Abstract: To address the severe corrosion of wind turbine generators caused by high humidity, high salt fog, and high
temperatures in coastal and marine environments, which affect the stable operation of wind turbines, measures such as
developing anti-salt fog cooling systems and adding environmental control devices to the nacelle and hub have been
implemented to improve or even resolve the severe corrosion and high—temperature issues experienced by certain coastal
wind turbine generators during operation.
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The Influence of Torque and Rotational Speed on the Thermal
Equilibrium of Pitch Motors

WANG Lin

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

Abstract: The pitch motor, serving as the pivotal element of the pitch control system, significantly influences the reliability
and safety of the system and the entire wind turbine generator unit. This paper is dedicated to investigating the effects of
torque and speed on the thermal equilibrium of the pitch motor through theoretical analysis and experimental validation,
thereby offering a scientific foundation for the development of control strategies for the pitch motor.

Key words: pitch motor; speed; torque; thermal equilibrium
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Fault Warning Platform for Wind Farm Design and Application
WANG Qingzhao, YANG Heli, ZHANG Hui

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

Abstract: At present, wind turbine application fault warning is mostly based on the big data cloud platform mode, and wind
farm station managers cannot timely and effectively grasp whether wind turbine operation risks exist and can only passively
receive fault warning results from the cloud and passively carry out on-site operation and maintenance according to
operation and maintenance suggestions. Therefore, a wind turbine fault warning platform is designed for deployment and
application of wind farm stations. Firstly, the overall design of the platform is described from the platform framework and
function module design. Secondly, combined with the background of parity online in the wind power industry, a general
design method of fault early warning based on anomaly deviation monitoring is proposed based on the analysis of existing
fault early warning methods, and the realization of the fault early warning function of the platform is emphasized. Finally, in
order to verify the practical application effect of the platform, the pilot wind field is used as a test sample to deploy the
platform. The actual operation of the wind farm shows that the platform system is stable and reliable and can meet the
practical needs.

Key words: wind turbine; edge computing; SCADA; fault warning; abnormal deviation detection; predictive maintenance
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Monitoring of Abnormal States of Wind Turbine Blades
Based on Data Analysis

XIAO Wenjing, LIU Zhengyu™, WANG Duoping, HONG Chengqi, WANG Zhengjie

(DEC Academy of Science and Technology Co., Ltd., 611731, Chengdu, China)

Abstract: Against the backdrop of the large-scale development and cost reduction of wind turbines, coupled with the
application of lightweight blades made of carbon fiber composite materials, blade fracture accidents occur frequently.
Currently, ensuring the trouble-free operation of wind farms is the primary concern of customers. This paper establishes a
self-coding neural network model based on Long Short-Term Memory (LSTM) and a multivariate control chart model
based on the Bootstrap threshold respectively. The operation data of wind turbine blades are analyzed, and the abnormal
states are monitored. Both methods can effectively suppress noise and identify the abnormal states of the blades.

Key words: wind turbine blades; condition monitoring; fault diagnosis; vibration analysis
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