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Hazard Assessment of Steam Turbine for Cyber Attack on
Control and Protection Logic

SANG Zi'*, ZHAO Chengchong’, SHEN Yu’, YANG Bo', LIU Sisi', XIE Yunyun®, YUAN Xiaoshu'
(1. DEC Academy of Science and Technology Co. , Lid. , 611731, Chengdu, China;

2. Nanjing University of Science and Technology, 210094, Nanjing, China)

Abstract: Steam turbine is one of the three major components in coal-fired generating units. As the carrier of steam turbine
control and protection function, control and protection logic is likely to be the target of cyber attack. This paper introduces its
basic principle and engineering implement, proposes the cyber attack methods for control and protection logic, and also
analyzes the damage for a running steam turbine. Finally, some cyber attack experiments are performed by using cyber
security simulation testbed. The experiment results illustrate that cyber attack on control and protection logic endangers the
safety of steam turbine, and proposes some suggestions to strengthen the authentication management of communication in
the control and protection system for steam turbine.

Key words: steam turbine; control and protection logic; cyber attack
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Formal Modeling for Programmable Logic Controller of
Industrial Control Systems

| . 2 2 . 1
MA Harying', YUAN Xiaoshu ", SANG Zi"", HE Lidong
(1. Nanjing University of Science and Technology, 210094, Nanjing, China;

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

Abstract: In recent years, the security threats of industrial control systems attracte widely attention. Unlike the traditional
attacks against communication protocols, attackers gradually shift their focus to the controller itself. In order to deal with this
new threat, scholars begin to study the model of the controller to describe and analyze this attack, and then to defend
against the attack in time. However, traditional model as differential equation or difference equation is difficult to describe
the overall control logic of the system, and it is difficult to analyze the security threats in the industrial control system. In
summarizing the corresponding research, this paper briefly introduces the formal methods used to build the model, and the
general industrial control system and the structure of the commonly used PLC. A PLC hardware and control logic model
established by a formal method is proposed, and various common characteristics in the formal method are expounded
through a simple PLC control case.

Key words: industrial control system; PLC; formal method
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Research on False Data Injection Attack of Power Plant Steam Turbine
YUAN Xiaoshu'*, ZHANG Yufei', YANG Bo', SANG Zi', XIE Yunyun’

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

2. Nanjing University of Science and Technology, 210094, Nanjing, China)

Abstract: In recent years, with the frequent occurrence of power network security incidents and the development of smart
energy technology, power system and its control system are facing more and more network security threats. In the network
security attacks of power system, especially power grid, the false data injection attack is considered as a main attack
mode. In previous studies, the network security attack is usually considered as a disturbance to the control system. Based
on the false data injection attack, this paper analyzes and verifies the network security attack of steam turbine in power
plant which is less studied in the past, and erified that the false data injection attack can threaten the safety of steam
turbine operation in power plant. An idea is proposed that network security attack is considered as input to control system
rather than disturbance.

Key words: false data injection; attack control system; network security; steam turbine
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772 3.115657 192.168.2.66 192.168.2.1 uoP 76 59103 - 12101 Len=34
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93:40:ea (6c:00:84:93:40:ea), _C2:68:70 (00:00:c9:c2:68:10)

erne
4, Sre: 192.0.1.242, Dst: menuu
User Datagr rc Port: 58197, Dst Port: 5005
Data (21 bytes)
9 c9 c2 68 f0 6c b 84 93 40 ea 08 00 45 00 Wl @ E
0910 09 3169 610000 80 11 dd e6 cO 08 B1 2 B 80 -lia- - M
01623551384 001d 3 b6 05000000 0018 U ;
0 60 60 10 00 00 00 64 00 00 60 00 00 73 44 0
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889 3.191975 192.168.2.66 192.168.2.1 uop 76 59118 ~ 12101 Len=34
899 3.191975 192.168.2.66 192.168.2.1 uoP 76 59118 - 12101 Len=34
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14305.215771  192.168.2.66 192.168.2.1 0P 78[59118 » 12101 Len=36
278410.223019  192.168.2.66 192.168.2.1 e 76 59118 » 12101 Len=34
2785 10.223019 192.168.2.66 192.168.2.1 uop 76 59118 = 12101 Len=34

Ethernet II, Src: Universa 93:40:ea (6c:0b:84:93:40:ea), Dst: MicroInd_39:99:27 (00:20:ab:39:99:27)
Internet Protocol Version 4, Src: 192.168.2.66, Dst: 192.168.2.1

User Datagram Protocol, Src Port: 59118, Dst Port: 12101

Data (36 bytes)

Frame 1430: 78 bytes on wire (624 bits), 78 bytes captured (624 bits) on interface \Device\NPF {CCCBA16E-38F5-4266-

90 20 ab 39 99 27 6c @b 84 93 40 ea 98 00 45 00 9.1 @ E
10 80 48 6c 96 00 00 80 11 48 83 0 a8 02 42 B a8 @1 H----B

82 01 e6 ee 2f 45 80 2c 3 Ge 01 00 0 00 00 00 JE,
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Analysis of Pipeline Sealing Performance of A Fuel Cell Power System
PU Shouwu', LUO Renchao’, LIU Yanping®, ZHANG Hao’, WANG Liang’, ZHANG Tinghua’

(1. Dongfang Turbine Co., Ltd.,618000, Deyang, Sichuan, China;
2. Dongfang Fuel Cell Technology Co., Ltd., 611731, Chengdu, China)

Abstract: There are a large number of silicone rubber pipings in fuel cell power systems. In order to improve the sealing
performance reliability of fuel cell power system pipeline, this paper introduces a method to ensure the sealing reliability of

silicone rubber pipe joints based on Rivlin model. The finite element analysis and the sealing test is carried. The test results

show that using this design method, the sealing requirement of silicone rubber pipe joints is guaranteed.

Key words: fuel cell power system; silicone rubber; Rivlin
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DC Capacitance Design of Battery-powered
Three-phase PWM Converter

LIU Jingbo, WANG Duoping, TIAN Jun, YANG Jiawei, TANG Jian

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

Abstract: Battery-powered three-phase PWM converter are widely used, but the design of DC capacitor generally relies on
experience to estimate or through test, which empirical estimation is biased, and test design efficiency is not high implementation
and is not convenient. Based on the principle of topology and modulation, the current situation of DC side is analyzed, the RMS

value and average value of DC current are derived. According to the transfer function of the dc side current, a more accurate

design method of DC current capacity is proposed, and the proposed design method is verified by simulation.

Key words: DC capacity; converter; SVPWM; battery
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Analysis of Flow Resistance Characteristics for
Once-through Heat Exchanger

.1 . .2 . 1 1
REN Yi', WANG Xiaoding, LI Qiong', MO Kun
(1. DEC Academy of Science and Technology Co., Ltd., 611731, Chengdu, China;
2. Dongfang Electric Co., Ltd., 611731, Chengdu, China)

Abstract: Once-through exchanger is a key facility for power and chemical industries. In this paper, a fitted formulas
between pressure loss and the Reynolds numbers is proposed based on thermal-hydraulic experimental results of once-
through heat exchanger. By contrasting experimental data, the post-correction Rehme’ s rod bundle channel model is more
accurate in one-dimensional calculation. The CFD simulation results are in agreement with experimental data, and the detail
velocity and pressure distribution between support plates provides evidence for safety and thermal analysis of heat
exchanger.

Key words: a set of support plate; pressure drop model; rod bundle channel; CFD simulation
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A Brief Analysis of First Inspection Planning and Scheme for
the Oversea Gas Turbine Power Plant

CHEN Xin

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

Abstract: Based on the first inspeciton of Pakistan’ s gas turbine project, this paper briefly describes and analyzes the
similar issue and difficulty of the inspection for the oversea gas turbine power plant, shares the suggestion and planning
after execution and completion the first inspection, and provides the experience and reference for the inspection planning

and scheme of oversea gas turbine project.

Key words: gas turbine; first inspection; oversea power plant project; inspection planning and scheme
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Study on the Cold-bending Forming Process of Copper Lead

YANG Zongming, YANG Jun, YIN Xiang
( Dongfang Electric Machinery Co., Ltd., 618000, Deyang, Sichuan, China)

Abstract: The cold-bending forming of copper lead is widely used in power generation equipment manufacturing. The
traditional producing process is that the R value of the workpiece set according to experience and manual bending. The
stability of product quality is usually poor. In this paper, the design of R-value of copper cold-bending forming, the
requirements of physical properties of materials, the bending process and the rebound phenomenon are analyzed and
tested. A set of high-reliability copper cold-bending forming process scheme is proposed.

Key words: copper lead; cold-bending forming; design of R-value; rebound phenomenon
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The Selection Calculation Method of Start-up Expansion Tank

LONG Qiong,

YI Guangzhou, DENG ke

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

Abstract: The selection calculation method of start-up expansion tank is closely related to the economic input cost in power

plant. This article takes a certain project as a calculation model, and a suitable selection calculation method is obtained by

comparing several selection calculation methods.

Key words: start-up expansion tank; the selection calculation method
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The Study on the Influence of VPI Mock on Dielectric Loss of
Stator Coil for AC Rotating Machine

HUANG Ze, ZHOU Jin, CHEN Sheng, ZUO Rui, HU Bo

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

YANG Shuai,

Abstract: Through the structure analysis of stator coil and its mocks for vacuum press impregnation ( VPI) of AC rotating
machine, relative circuit model is established in this paper. The relationship including average thickness of varnish on the
surface of conductive layer of coil, the length of neighborhood contact points between varnish and conductive layer, surface
potential on the slot part of coil are simulated by ANSYS software. On the basis of results, the influence of surface potential
on the slot part of coil on the measured value of dielectric loss of stator coil are analyzed. The results show that the
measured value of dielectric loss of stator coil is affected by average thickness of varnish on the surface of conductive
layer, the length of neighborhood contact points between varnish and conductive layer, the thickness of main insulation,
dielectric constant of main insulation and so on.

Key words: AC rotating machine; VPI mock; stator coil; dielectric loss
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Discussion of the Three-dimensional Design and Numerical Simulation for
Rotary Air Preheater Heating Elements

HUANG Xuefei, WANG Xiaozhen
( Dongfang Boiler Group Co., Lid., 611731, Chengdu, China)

Abstract: The paper discusses the three-dimensional design methods of corrugated heating elements of rotary air preheater
by PROE software, for the purpose of the retrofits corrugated heating elements design. The three-dimensional models is
used to the numerical simulation analysis by ANSYS software to evaluate the heat transfer coefficient and the fanning
friction coefficient. It is also used to the structural optimize and the performance research of corrugated heating elements.
The paper demonstrates the simulation analysis for not closed profiles, the calculation accuracy is approximate to the actual
value.

Key words: rotary air preheater; corrugated heating elements; three-dimensional design; numerical simulation
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1. EEMRES RSN A ERKINE, B4 611731;2. RABSEARARIPBRMERAT, M) B& 643001

T A SARYE 700 MW & 808 A2 16 % CFB 48 )7 69 303+ &4, £ %0k 350 MW ~ 660 MW #2156 5% CFB #9i% it (547 £ 3,42 th
T 700 MW Z A4 16 R CFB 43 )7 5 EAKMA B, B0 SARA M BAR R, W g 2 RARLE M, 5 ke WA B 5 X %
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A F I FH AR R AASHLE CFB 4R ) MR H R AR 4

KR 700 MW; 22 IER; CFB; A
hE 4K S . TM621 SCERARIAED . A SEHE 1001-9006 (2021)03-0058-05

Development of 700 MW High Efficiency Ultra-supercritical CFB Boiler
GONG Liming"*, DENG Qigang"*, LIU Jie"?, REN Yanli"*, LU Jiayi"?, SU Hu"?

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

Abstract: According to the design conditions of 700 MW high efficiency ultra supercritical CFB boiler and fully absorbing the
design and operation experience of 350 MW - 660 MW supercritical CFB boiler, this paper puts forward the scheme and
overall layout of 700 MW high efficiency ultra supercritical CFB boiler. The overall arrangement of the boiler is M-type, with
single furnace and single air distribution plate structure. The platen type heating surface is arranged in the furnace, without
external heat exchanger. The high temperature cooling cyclones are arranged behind the furnace, and the temperature is
adjusted by double flue baffle at the rear pass. The thermal system design is reasonable and the performance reliability is
high, which effectively realizes the combination of high-efficiency ultra supercritical steam parameters and CFB boiler
combustion technology.

Key words: 700 MW; ultra-supercritical; CFB; development
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Design of Jacking Oil for Heavy-duty Sliding Bearing
YANG Ling, CHEN Honglian, CHEN Dan, MA Jun

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

HE Jiangnan,

Abstract: The structure features of circumferentially arranged multi-jacketed oil facility are introduced and the lifting oil
pressure distribution of a heavy-duty sliding bearing adopted the structure is calculated, as well as the variation of lifting oil
pressure and flow rate with the circumferential oil inlet angle under a certain load are analyzed. After comparing with the

actual engineering, the results show that the lifting performance of the circumferentially arranged multi-jacketed oil facility is

good, the calculation results provides reference for the relevant engineering design.

Key words: heavy-duty; circumferential arrangement; multi-jacketed oil; pressure
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Study on the Influence of Diaphragm Structure of
Cylindrical Casing on lts Deformation Characteristics

ZHANG Yan, LIU Dongqi, ZHAO Shizhi, CHEN Tiening

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

Abstract: Firstly, this paper introduces the matching structure of diaphragm, cylinder and rotor, and expounds the design
elements of diaphragm and the gap control between dynamic and static. The three-dimensional finite element method is
used to establish the finite element analysis model of the cylindrical cylinder, including its internal 4-stage typical diaphragm
assembly structure. Under the action of mechanical load and stable operation conditions, the deformation of diaphragm, the
deformation of diaphragm radial steam seal and the contact state between diaphragm and cylinder are calculated
respectively, and compared with the analysis results of independent diaphragm model. The independent diaphragm analysis
model is proposed to meet the requirements of Engineering diaphragm deflection analysis. According to the overall
calculation results, the contact between diaphragm and cylinder is good, and the diaphragm steam seal teeth will not collide
with the rotor.

Key words: cylindrical casing; diaphragm; steam seal clearance; steam tightness; finite element
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Analysis and Treatment of Hydrogen Leakage from Water Cooled
Stator Windings Circuit of 350 MW

JIN Xuliang, LI Feng, SONG (Qingsong

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

Abstract: This paper introduces the check and treatment of hydrogen leakage of stator of type QFSN-350-2-20 turbine
generator in a power plant, and puts forward the preventive measures, which provides a reference for subsequent units to
deal with similar problems.

Key words: 350 MW turbine generator; water cooled stator windings circuit; hydrogen leakage; insulated water piping

ILE T 350 MW J5 %8 & LR A QFSN-350-2-
20 B AR 20 K AL, HVRAE L 43 . &
HLBLAG S 2R K A&7 @ 2005 =, BIE T4 e
(BUHEE 7514k 8 T SR AR A B ) R
IRV e 12 BB R T A N8, 2 180 B i il 4
MR A ARV 2, SRR R T2 0% 2, L
JAE PRI P S e 7P st ) e s KU 3K B, FE L
W72 G B o v ALl B R FH AL S 728 s 4%
IR B Il RS, KL EZEH B RS
G EFHRUAKRG HENARS S ARG

AR LG E /N, A S B R VR R R BT,

Y E #2021 -04 - 19

REJC IR = HLZL i BLIRE 1o HIRI I H B E g
Jites, A ALIB AT LN FEE T, AL
AR T RAUE S, Br LR UR A 5 T
T S T R KR e R A b as A o A ol ok A7 7
AR, UM, 23 A B HLAE SR, R K
HLLI SRR, S EOHLAL ) 32 B BRI 5 45 R B
St I T RE & R K R KRG R, I, T SR
— HE R A EALAIE AT I DU B 2B .

1 KBHEHENR
ZRAHLE T4 = B, BE 7R B R

EEE AT WHSE (1987 ) 15,2012 AR T P9 2 1 TR i TR RO A g A&l ACRE, T, TRRIW . BRAEAR T LA IR WA

FEBE A AL LR I B R 57 T

FHE(1971 - ), J3,1996 4R Y T8 o ML LA B ARl AR, e, M AR . BUAE AR T HLLAS RS WA i

AE A ML 2 R AR B A

R (1980 - ), 55,2003 4F Y F ok FH ok o i TR S A B & ll, 2014 AR fpRLE R 2 s B L LD A 22007, T
PR BAEA T AT R AR BARE S L2 IR B AR S A

70




S i 6L A Dl S i B DU 2 SRR A AR R T
P Dl S i £ TR PR v AR A R o e AU BILAR RCR
S e A R, i ot -5 i R 2 (DR FHAS B 19 S o il
BB OR A P 2 B A R, il 1w 23D =
s ], SR S 0t B4 e 4 RRZEL AR, e T 7 i
dAEREEEN . B 10 350 MW P4 A bl A
AL EMAAT B A

1 350 MW REXZ BN LZEINEEHREE

A HLE THERON 54 18,5y B RS A 54
MRER R, Sl R I A5 0 JB 2k 0 520 IR TR A5 A 2 T
I, 25 BB Pl A R T BIUK W AR ATV AL
TE T AR LA — A Kk K Sk 2 45
PKAE S5 Dl S 5 i S YA . 1R A
ME TV HIK R GEHEN BT B ALATL RS il 3 1 5
i VT AR A, AR5 220 SR DU IR S0 2 4 5 | KA
IPAIENAS RE T AR . W AE TR IR K,
2R 0 1) 24 2 5 | /K B A 6 5 AL R 30 2 1 i
TR 2R 5 R 81 RE T8 JR R 48, AT C
BT eI o

SE TR HAT ST Ve HUK K VR HIUK B OK &R
Gk AN R ERR IC AT, & 208 1 H AR Y
WG R 5 A 2R SRR Y K
IR WE TR AK RS, LLSE G

2 [E)Ed R

B ] kB ALs AT ek B H AN R R BOK,
2l 2 HEETHER , R BV HAMEURE 20 m* DL E,
s Tl ME 10 m*/24 b, [RIE, SAAIEL
M SO T S TV KR A T S A B v
PiARE . BUIAHE R 548 T8 R v KA TR A HE
RTT AR TIT, HES 1S5 min J5 B e S AGIIAY
TEMTT AT Wos @ A . 2d 20, 1
BRI AR R A

T PR 2021025 |#35%Vol.355 81395

DONGFANG ELECTRIC REVIEW

HIR/DRE TR R HUK R G IRk i, 2 AT
TR LI AU K T R /K T, BAB /KR A K
HUALG IR Sl o 1 IR AR A I H s S e 07 4T
L UL A L LE 1K % Al BEATAE T 5, BT HLA
IBAT AR R TRES K, SR U R e A E %
AR, B A TR R E R KA Bl KRGS T
SEE TG 2, S EOE TR TR, 4l
iR/ SR 9 W UN Y

3 EFIKEEFRERYIR S ARAL

K HHLRE 7K % 32 A 4 8 T LR K i e
FHZK . BRI LR, 2 K 3 AT RE 1 e A
AL LA R LS4 -

3.1 FEFEENELIHELS

SR T AR A AR AP AR SR B
3.2 EFEEZLELK

Lo DH R TR 22, SR S AL [ E R s
FH7=4 100 Hz @8R 2l , Ul 5 4 die {57 i Tt 7=
ARG — Y R AR J& , e &2 5 80 A
WELRIROALWT 2, 5300, 55 T /K B K R B0 245
WG RS EHET, 76 By U it A BB, 1T BE
3.3 BESZIBELES|IKE

SHENROIGLLEL K ERKMFEFE: O
UK 22, AP IR ; @48 2k 51 KA AR,
BT A B K 5 HLN 4 8 R4y 7= A R, 3
45 | KA BRI K ; D485 5| K45 12 3k Ab SR LA B
ST BB IR ; @4 2k 5| K4S & 8 e H 4 Sk A7 A
il 385 e o

4 AIEIIE

4.1 BHRERER

K AR/ IME I, BR300 3 5 R 18 K s A
TE T AR BT T K Bk, A8 Pl i o

FE T IE K IR B K /) 0. 75 MPa, i 8 /s
A i S 26 2 5 K A8 1k LRI A AR K
BB, IR FETLA . 21 HEOK HH R
J£730.75 MPa, i85 i #8 & BLE ) To ik A e
BRI R . G, N E T OK B AT

71




T BRI 2021025 | #35% Vol 3581301

DONGFANG ELECTRIC REVIEW

FET . o

% 350 MW {348 K R HILE 1 H AR T 45 44 &
2 PR, GRS G ISR B A R
G i 5 AR A 4, b sl FOE R S E
TR R S 7. MAREE GG LN
BCEA K Gl 1 4 2 5 K R B G120
AER SHLRILREERERE B, BIRT
— AL HIIEFR K B

B2 EFHLEmREN
TE T H 2R IE 24 3 SE WU T ZEAEOK R
B E S 0.75 MPa, [t} 8 /N, 2R AR TCE i o
KRR G X AR BRI ST RE
PR BT PG TAR, B S LR )5, MM B
TERE G o 282 b PR A 58 U , 46 2% 3 T

Jo TR R ERLL R . Bl 46 2k b FRFR A A5 JR) BB
MRS . JFPLET, K BALIE TR 2 = H
i iR

EF I EIK B B T a5 AT REAEAE T RE I 514k 4
G KBSk A L 4R B LK R A v
ZEEL . M N BT AR A, R — I A A
AT A BUK
4.2 DHAIETTE

ZRHHLE IR EE R IE 3, o
12 U BGKE MR EE A% 5DKE 8k
T IL R AL T 5 F IS HUKES . U RIS KAE
SHRELEEEREE) U RGKE 55 405 #
Pk MEEE SR%LIKEEREL, =%
SKALZERE AR TR] , 42K FHHETE 4 H J8 2% £

T T AL, B SR T U R DK AE
i sg G, kit U BIGKE S & EE EHE
3% \U RIS KA 5 PG | Rk A B, R &
IR o I R AR 26 Z3Aff  B) BEUK, FRIRET /K R
R o, & BKJE T BB B, A ] DL

72

KB 51K E 5L EEE LB, H
T B2 B I ] e BEUbE T8R4 M N DR T
WA, A AT PR R AR SR R E . B 0 A
A2 5K ML EE N ETHE T, BOIAYFER
YA . MGV TF 4 AR, 57 4w 2R SRS, e B R I
TR B MR BB S %5 KB E kA,
e 4 frrs.

425 KA

B3 ETFTHXEZER

L2k Y HEAE 2 451
I, g K

B4 X ABREZEHLRKX

WG R G 5 KA R A P4 )=, K3
FeSk N R HETE 5 1 Pl © 4. B Mo ] 4 ot RO
A P 48, EOROO o T 2K B AEOK TR 18, 0. 75
MPa, [T 8 /B, 36 FE TG A2 1k, # 2 45 Ak 42 3k 08
o ETIMEIKIEIRI GRS, Bzt 45 K
EHCKHBIT T TS AR, T 4 o &
e I TE IHEI R TR e R TS, ) 3K
FHBHGER 2R E T LRI 1 58 B He i

RBAVMEL ARG, 7 i IR IR AR 4t
ARG T s AT T — IR 24 /NI R LR IR
SRS, MR EITFE AN (D)

Ty. 24 P, +B, P,+B,

WHRE L = T0N &7 _ 3
et V(Po) At t, +273 1, +273) m

(1)



L o PR i B e 46 55 3 25 52 RS (P = 0.1
MPa,t, =20°C) FE{H (m®) , T, 4 ERE TR
HXIRE Ty =273 +1, =293 (K) , P, NEHERE T
RAHEXSETT, Py =0. 1(MPa) , Av ik B e £k BEAT
(] C/NE h) Py B RIS AL AR R ) (%
Je) (MPa) , Py Sy il B0 45 UL SR e g (k)
(MPa) , B, JgiXBaFaa i 24 3 K 4 %) 5 F) (MPa) ,
B, DI B T4 s 25 R A X T F) (MPa) ¢, ik
BRI LA AP IIRE (°C) 0, iR 2l i
HLA SRR FIIRE (C) , V R AL B A
SEFRBORERHT)T8(m’) s M52 TAR(A Y
ARG ) N 72(m’)

ZabiR 5,24 N2 SR 0.9 m’ i
ARESR . HYORPLGE BT, BUE TR,
S EPNGE 3 O AR RS X BN A
N7 m/24 bR ESK

5 REHiRSHPERE

BEUHL T R ¥ 7K A T S TR A Y Ak B, T DL
T SO B R IR , R AT A SR AL B A AR
U Ak FHLRE P A A, Ak 3 5 S S B DR D ok A B 1Y
YR AL S BT IR T G AL B O AT
i 3, AR PR SRS U o Ol T AR R LA A AT
FEVE 980T ) A i JSOL A 1) 22 2 B, 5 2 AE
S BUHILAR 7= o 3 R 2 B AE AT B BE, R BBURH 5% BBy
fHiit o
5.1 &EFHIERTITEA

il e v, AR AR IR AR, AT A SR
HERRL T Z 2R, | NSRRI £, E T S
WA, E T GEAUK B 80K 5, e 119 U
50 AT A TR o 7 R L | I e e A
Gy B, b iz o Fesd BRI
5.2 BUHRERTITEA

U TG 1L R S B, o 31l e X 1 PR BR O
PRI R IR E T A g K

2 ERG R B RS R IR AR A R B AR
PEORIEAT L

(1) S B2 MV 40 e | M 2 SR AR R AU IR
1, MR o8 5 ZAECE IR DT A U BEAR 0 IS B
IR A K AT

BB R 2021025 | #35% Vo35 8139

DONGFANG ELECTRIC REVIEW

(2) s NALT o W0 2 St S & ML A
FE 22 A5 THT ) 9% 5% L B ERRR B e T
R EH

(3) B B2 A i — 8 B IR e B R BRAF & T
KR, IEOR IR B FUIER %

(4) % F 7K B K F e E - H 2K B K R i
55 B AR S AR AT 8 R R ),
B IHOE B R, R R B ST A
B, A Y SCSOR DG A8 T AR T R AR R
ySEE

(5) & F I GIK BB TAERTEH T 58 1,
U2k 5| KE S HEAEE LA, U BMGIKE 54
BRI A KE 5t T LAk Ak 42
UK 5 M Z I KA kAL, 4R T HEIE 4 2 Bl
B R T LK B . B AT, T
SR HE T ] 40 P 3R T TG0 1, L B 0 i) 2 P B
iR K AL A B AR R I . TR
TR AR H i B B, 3 S A R 1 2% B S A U o

(6) F TR GLBLAS I P& 248 R 3 i 158 e
Jo R T R IS . ARG S KH
ML TE ORI % e, DAS/D & LR IR %
e i A i AR

(7) BB AR, 20 56 2 2 e i FE X
AL S ) e T Y — IR AE T, I3 0 0 B
AL AP AR A U o5, i DR U IR IR A A A OF
SRR,
5.3 iBfTHAETRES

LB TIAE], B 47 N B3 T AR 24 /N Y
AR , QB Rh S 5 AR B I A B D R O Ab
B2 1 S P S NS A VR 8 1 S e W ARV B
I SRS WA I B B A R R AR B

6 Z#iE

FURT, 5 9 KCR A% Ak i AILATLZE DR o R
AR, i) festfrd e h t R i ir £
I EARSC AL TR R R I, KR e 2 5
ALK , T 2 T, DR b A F AL e ) ALY 5
EAITEM ., A4 350 MW P58 R FHLE 7
73 T I A PR A T AR B SRR T TR R
i, N e g RS AL TR B Rt T SR

73




}ﬁif'?-}’fi\:i‘f:&\ 2021.9.25 | 5835%Vol.35/ 251395

DONGFANG ELECTRIC REVIEW

KRB +=R"IKBERMNRES

“+HOh AE=RE

VR

FHBESEAFAEIARASR, M #EFE 618000

RE. 28 TZ2"HEUERET AFo(AL) KEMAHL HECLENT EXRGERRSMARA, KA KE = 5
AR T HRAMAKRT, ALHEIRT A E“FZ 2" REFERELEBFHRA, 5T TwWER @G0B, 5F3 4
Rl w AT T A

KR RE; BHR; KB BEZ

HE LS 1426 SCHRARIRAD : A X EHS :1001-9006 (2021 )03-0074-06

The Development of Hydropower Technology in the 13th Five-Year Plan
and the Prospect of the 14th Five-Year Plan of Dongfang Electric

YU Xiaobo

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

Abstract: After continuous technological progress during the 13th Five-Year Plan period, Dongfang Electric makes great
technological leaps and improvements in the R&D and manufacturing of hydropower units, and the development of large-
scale hydropower products reaches the world’ s leading level. This paper briefly reviews the achievements of the
hydropower technology development of Dongfang Electric during the 13th Five-Year Plan period, analyzes the situation of
the 14th Five-Year Plan period, and looks forward to the development prospect.
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Project Management for Integrated Supply of
Modular Miniature Nuclear Power Reactor

YANG Pinzheng
( Dongfang Electric Co., Lid., 611731, Chengdu, China)

Abstract: This paper researches the development prospect of the modular miniature nuclear power reactor, and then

analyses its characteristics. The paper focuses on the management model of the integrated supply project of modular

miniature nuclear power reactor, introduces some specific management method.

Key words: modular miniature nuclear power reactor; integrated supply; project management
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Deformation Control Technology for Nozzle Welding of Internals Outlet
in CAP1000 Nuclear Power Plant

DONG Mingliang, SHU Huaan, LI Ying, HAO Lei, WEI Huangzhen
( Dongfang Electric ( Wuhan) Nuclear Equipment Co., Lid., 430223, Wuhan, China)

Abstract: Core barrel is an important part of the reactor internals, and the design requirements are strict. The welding of the
outlet nozzle is an important process in the manufacturing process of the barrel. According to the welding deformation
mechanism, this paper analyzes the deformation law of the welding structure of the outlet nozzle, puts forward the
deformation control method before, during and after welding, designs the welding anti deformation tooling and post welding
sizing tooling, determines the reasonable welding sequence, and forms the complete anti deformation control technology of
the outlet nozzle welding. The technology is successfully applied to CAP1000 stack products, and the effect of deformation
prevention is achieved.

Key words: nuclear power; core barrel; welding deformation; control of deformation
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