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HEL U RE S KR X5 7K o Y Ok FR

RN, E
(PUNPR=AR AR AR, DU AR 610065 )

W OE A TIRANT MR O (XLPE) KA & 80w A0t 0 A AR, AR AL - 4040 i skl 2 2 1L & S0 4F
AR EACH #1069 LA F 55 0. 1 Hz 4%, 548 A AL F 20 91 6 3 AL & 10 b 954 R OR A K 3% & K2, AR R
TR KA AT IR0 w4 AR AR A Rk R, AP A, E A YLe & A e A K KRR 2 EAR X
kAR, AR EBEKREAREMX R,

SRR : STIR IR LM LA 5 AR I E 5 S5 KR 5 UM RE s APk — 5Bl

FEDES TM247 XEkiFEE:A XEHS 1003 -6954(2019)06 - 0001 - 03

Relationship between Electrical Properties of Water Tree
Aged XLPE Cables and Water Content in Water Tree Regions

Li Kangle, Zhou Kai
(College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: In order to further understand the changing characteristics of electrical properties of water tree aged XLPE cables,
the polarization — depolarization current (PDC) method is used to measure DC conductivity and 0. 1 Hz dielectric loss of the
aged samples in different aging periods, and the microscope and the infrared spectrometer (IR) are also used to observe the
water content in water tree regions of the samples, thus the relationship between electrical properties of cables and the water
tree propagation in different aging periods is studied. The results show that, electrical properties of the water tree aged cables
has no positive correlation with the length of water tree, and they are closely related to the water content in water tree regions.
Key words: XLPE cables; water tree; length; water content; electrical properties; polarization — depolarization current
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F R HLIX. GIS BRI T IR i 56 4 AR AT 5%

Bxk,x| &,X/NL
(L P 148 ] g 2wl L T BRI 5E B, DU T AR 610041)

i OE LA 4300 m TR IR P BEM T2 500 kV 2 A3k 500 kV GIS #f R X I b sk 3t &M K GIS &R,
Bk & NG R R E R ALGATE F A BRI Y F R AT TR, R T SRR GIS &k
At ERIE AR ECE AR, T IR T A A& SN B RN B T R AR B X B AN G R T AT R R AR A R T AT
8, RALZDEHRR w150 250 RKB R TR RER L, RN AR E L% RIEREEAKLE T DI
AEE B EREIES , IR AR A G ST RS HERRE GIS A ERIERE T 09 R R A%,

SRR =R 5 GIS T e 5 BRIBEIRIR 5 ot ot PRI 4

FESES TM855 XEkEREME:A XE4HS:1003 -6954(2019)06 - 0004 -05

Research on GIS Field Withstand Voltage
Test Technology in High Altitude Area

Liao Wenlong, Liu Rui, Liu Xiaojiang
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Based on 500 kV GIS withstand voltage test of 500 kV Mangkang substation with altitude 4300 m in central Tibet
networking project, the determination of external insulation level of GIS withstand voltage test equipment at high altitudes, the
selection of resonant circuit parameters and the influence of air corona on the test are discussed. The parameter configuration
process of GIS AC withstand voltage test in high altitude area is proposed. Besides, to calibrate the external insulation level of
test equipment by using the altitude correction method of external insulation of electrical equipment is preliminarily proved to
be feasible. During the test, it is found that the corona of test circuit is very strong which leads to the sudden change of param-

eters of resonant circuit and causes the output voltage to fluctuate greatly. The research results provide new insights and refer-

Vol. 42 ,No. 6
Dec. ,2019

ences for the follow —up GIS AC withstand voltage test in high altitude areas.

Key words: high altitude; GIS withstand voltage; series resonance; quality factor

0 3l 5
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Comparative Research on Fault Diagnosis of Circuit — breaker
Operating Mechanism Based on Coil Current Curve and Stroke Curve

Luan Le, Liu Junxiang, Wang Hongbin, Mo Wenxiong, Peng Heping, Wang Haijing
( Electric Power Test Institute of Guangzhou Power Supply Bureau Co., Lid.,
Guangzhou 510000, Guangdong, China)

Abstract:In order to study the differences between coil current curve and stroke — time curve in fault diagnosis of circuit —
breaker operating mechanism, based on the analysis of coil current characteristics of circuit — breaker operating mechanism and
stroke — time characteristics of contacts, the influence of circuit — breaker operating mechanism failure on coil current and
stroke — time characteristics is compared through testing the mechanical characteristics of circuit — breaker operating mecha-
nism. Through comparative researches, it is found that the coil current curve is more sensitive and accurate than the stroke —
time curve in terms of core pin, coil voltage resistance change, auxiliary contact arc extinguishing and spring fatigue failure.
The research results have a certain reference significance in the selection of state evaluation method for circuit — breaker oper-
ating mechanism.

Key words : circuit — breaker operating mechanism; coil current characteristics; stroke — time characteristics; fault diagnosis
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Study on Influence of Grounding Resistance of Transmission
Line Tower on Counterattack Trip — out Rate

Hu Jindian', Wang Hengkang', Zhao Yuxin', Xu Minjie’
(1. Lijiang Electric Power Supply Company, Yunnan Power Grid Co. , Ltd. , Lingjiang 674100, Yunan,China;
2. Yunnan Yutian Lightning Protection Material Co. , Ltd. , Kunming 650000, Yunnan, China)

Abstract : Due to the expansion of EHV/UHV transmission lines, the probability of lightning strike on the line is increased,
and the tower of the same line may be in different working environment. Therefore, it is necessary to study the influence of
grounding resistance on lightning resistance performance of the lines. The back — flashover model for three kinds of towers are
established, such as cat — head type tower, cup type tower and drum — shaped tower of 500 kV AC transmission lines. The in-
fluence regularity of grounding resistance of three models on lightning back — flashover performance is analyzed, that is, the
flashover rules of cup type tower is similar to the drum — shaped double - circuit tower, and it has the greatest influence on the
drum — shaped single — loop, followed by the drum — shaped double — circuit and the cup type tower, and it has the least influ-
ence on the cat — head type tower.

Key words: cat — head type tower; cup type tower; drum — shaped tower of double — circuit tranmsission line on the same tow-

er; grounding resistance; counterattack trip — out rate
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Analysis on Short - circuit Fault of Aircraft
Cable and Research on Its Mechanism

Li Hong', Deng Lewu',Luo Qiang',Zhang Yonggiang' ,Han Yang’
(1. AVIC Chengdu Aircraft Industrial ( Group) Co. , Ltd. ,Chengdu 610092, Sichuan,China;
2. School of Mechanical and Electrical Engineering,University of Electronic Science and Technology of China,

Chengdu 611731, Sichuan, China)

Abstract: The aircraft cable is used in the power system to connect different electrical equipment. Due to the structural limita-
tions of electrical equipment, the volume, weight and performance of aircraft cable are required to be improved. Moreover,
when the cable faults occur in aircraft power system, the short — circuit fault or breaking fault of cable will affect the operation
of electrical equipment, even the safety of aircraft and pilots. The influences of insulation layer, thermal effect, contact resist-
ance, load and overload short — circuit on the short — circuit characteristics of aircraft cable are analyzed. In addition, the re-
sults of transient analysis and Matlab simulation are provided to verify the effectiveness of the proposed theoretical analysis,
which provides strong support for fault location and environment optimization of cable.

Key words :thermal effect; contact resistance; short circuit; insulating layer; fault diagnosis; transient analysis
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Analysis Method for Transformer Winding Deformation
Based on Winding Capacitance and Short - circuit Impedance
Yang Lin, Lian Tao, Wang Heng, Deng Honggiang
(State Grid Nanchong Elcctric Power Supply Company , Nanchong 637000, Sichuan, China)

Abstract : There is a serious deviation of transformer short — circuit impedance after the short — circuit endurance test of trans-

former No. 2 in a 110 kV substation. In order to accurately judge the state of the test transformer and find out the reasons for

the unqualified test, a winding deformation analysis method C. — X, (% ) based on winding capacitance and short — circuit
impedance test is proposed through the mathematical model analysis of transformer winding capacitance and short — circuit im-
pedance, which provides a basis for transformer repairing. With only single impedance test data, the deformed winding is ana-
lyzed in combination with the change of winding capacitance. The results of decomposition inspection of transformer which is

returned to factory verify the feasibility and correctness of the proposed analysis method, which provides an effective analysis

method for the analysis of transformer test results.

Key words: transformer winding; winding capacitance ;short — circuit impedance ; winding deformation; C, — X, (% )
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BT HEJZ IR K - Modes 1) H, B BUE B 2550 Hr

W', i 23 #L,5 H,E EF, DI

(1. [P i A RA R 2 TFHORBESERE , f i fJ 3500125
2. EMEEACIFHEA RTHUEA T A A8/ 350000)

W EMALAILNAREEAHZRANRYZE, ORERMACHRE S HNMAREY . e iAd
ANV £ T RGEEE ARYE, JefTIEIE A P 690 ST A B WALk B4 T 35 R A AN X SH R, # %
NEBTRESH T K-modes kAR E XK K -means H ik, FE 6% BEME S B HEE KK -modes F ik &
IR R BRI AESH ARSI kAR LRI R T R KRBT 25 R LB R A AL I 7 ik R ZRE AT HR
BERAPMENE;REANRNHEERK-modes ik EBEMBIHBEAREITH AR & H A P oy LEHELFTRE
K AR R RER,

KEEIR  HLI R G5 RAT; S22 R K — modes 571 ; MZ K s 28 g A b

hESES . TPI8] XEIREE:A XEHS:1003 -6954(2019)06 - 0030 - 06

Clustering Analysis of Power Grid Data Based on Moving
Hierarchical K — modes Method

Lin Hongyang', Du Yi', Liu Lin', Yi Yang1 , Cai Jing2 , Ma Hanbin®
(1. Institute of Economics and Technology, State Grid Fujian Electric Power
Co. , Lid. , Fuzhou 350012, Fujian, China;
2. State Grid Telecommunication Yili Technology Co. , Ltd. , Fuzhou 350000, Fujian, China)

Abstract ; Withing the development of power industry and the continuous improvement of electric power metering system, the
features of power grid demand side present a diversified development. Smart meters come into peoples life, which is bringing
huge amounts of electricity data. A meaningful problem is how to explore the behavior of users to promote the electricity mar-
ket. Combining the considerations of traditional K — modes method and hierarchical K — means method, moving hierarchical K
- modes method is proposed, which is able to deal with categorical data and gives a reasonable k value of the number of clus-
ters. Moreover, a method to transform curve data into categorical data by differencing and categorizing is proposed, which can
preferably reflect the shape of curves. At last, clusetering experiment is carried out by using moving hierarchical K — modes
method based on simulated data and real data of power users in Xiamen island region, which gets excellent clustering results.

Key words : power system; clustering analysis; moving hierarchical K — modes method; curve data; categorizing
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Preventive Opportunistic Maintenance Strategy for Wind
Farm Based on Reliability of Electrical Equipment

Zhang Junhao, Zhang Zeyan, Fu Yu
(School of Electrical and Electronic Engineering, North China Electric Power University,

Baoding 071003, Hebei, China)

Abstract: All of electrical equipment in wind farms, such as transformer and switchgear, need regular maintenance or pre —
test, and then the wind turbines which connect with the electrical equipment have to stop. Considering the failure probability
and maintenance opportunity of the main components of electrical equipment and wind turbines in wind farms, a preventive op-
portunistic maintenance strategy is proposed for wind farms based on reliability. On the basis of preventive maintenance of e-
lectrical equipment in wind farm, the strategy implements opportunistic maintenance for key components of the wind turbine
which directly connects with the electrical equipment which need to be repaired. When the reliability of electrical equipment
reduces to the preventive threshold, the preventive maintenance is implemented. Then, the reliability of components of the
wind turbines which connect with the repaired equipment directly is checked. If the opportunity threshold is larger than the re-
liability, the opportunistic maintenance is implemented. Through the optimization of the preventive threshold and opportunity
threshold, the power loss and maintenance cost of wind farm are minimized. Finally, the wind farm system is simulated to ver-
ify the effectiveness of the proposed strategy,which can reduce the repeated outage time of wind turbines, and provide a new
means for the intelligent maintenance of wind farms.

Key words : preventive maintenance; opporunistic maintenance; wind farm; reliability
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Reliability Analysis on Application of Double - circuit
UPFC to Anhui Power Grid

Lin Zhemin' ,Hu Qian’
(1. State Grid Anhui Electric Power Research Institute, Hefei 230062, Anhui, China;
2. State Grid Huangshan Electric Power Supply Company, Huangshan 245000, Anhui, China)

Abstract : The unified power flow controller (UPFC) can optimize power flow distribution of power grid and improve transmis-
sion capacity of the system. In actual application, the change of system reliability index after UPFC is accessed is an important
factor to be considered in UPFC access solution. Aiming at the unbalanced distribution of power flow in Anhui power grid with
the continuous expansion of grid scale, the application scheme of double - circuit UPFC structure in Anhui power grid is pro-
posed and its necessity is demonstrated. Then, the reliability model of double — circuit UPFC elements is established. Based
on Monte Carlo simulation and optimal load reduction, the reliability evaluation algorithm of power grid with double — circuit

UPFC is written. Finally, based on the actual data of power grid, the influence of UPFC access on system reliability is ana-

Vol. 42 ,No. 6
Dec. ,2019

lyzed, and the ability of UPFC application scheme to improve power grid reliability is verified.

Key words: unified power flow controller (UPFC) ; reliability; optimal load reduction
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Research on Loss Reduction Scheme of Hydropower Transmission
Line in Kaidu River Basin of Bazhou in Xinjiang

Jia Zhongyi, Zhang Dongming, Wang Zhen, Zhao Yonggang,Chen Xiaoliang, Zuo Xiaoliang
( Bazhou Power Supply Company, State Grid Xinjiang Electric Power Co. ,Lid. ,
Korla 841000, Xinjiang, China)

Abstract : Aiming at the long — term high loss problem of hydropower transmission lines in Kaidu river basin of Bazhou and ac-
cording to the planning of Bazhou power grid and the grid structure of Bazhou area, the hydropower delivery situation in Kaidu
river basin is calculated and analyzed with power system analysis software package (PSASP) taking reducing line loss of hy-
dropower transmission lines as the target, and loss reduction scheme for transmission line is proposed. The application results
show that the proposed scheme effectively solves the problem of high loss of hydropower transmission lines in Kaidu river basin
and reduces the line loss rate of main network of Bazhou power grid, which achieves the purpose of energy saving and loss re-

duction, and improves the economic benefits of the company.

Key words : hydropower delivery; high loss; line loss power; loss reduction
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Day - ahead Scheduling Optimization of Regional Integrated
Energy System Including Electric Vehicles

Zhang Wenwen, Wei Zhengbo, Huang Yuhan
( College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract : Regional integrated energy system is the base of energy transformation and solving environmental problem. With the
rapid development of electric vehicles in China, electric vehicles, as flexible and dispatchable resources in parks, play a role
in peak regulation and promoting clean energy consumption. Therefore, a day —ahead scheduling model of regional integrated
energy system including electric vehicles and distributed power supply is established. Firstly, the relationship of energy flow in
regional comprehensive energy system is analyzed. Secondly, on the basis of independent modeling of different energy conver-
sion equipment and electric vehicles, the mathematical model is abstracted taking the day — ahead comprehensive economic

benefits maximization as objective function. Finally, the economic benefits of electric vehicles participating in day — ahead dis-
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patching of regional integrated energy system are analyzed in the example system.

Key words: regional integrated energy system; electric vehicles; combined supply of cooling, heating and power
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Research on Strategies of Transition to Integrated Energy
Service Providers for Power Grid Enterprises

Wei Yang, Yan Lei, Liang Jian, Guan Rong, Liu Qijun
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract:In the era of energy interconnection, the transition to integrated energy service providers has become an inevitable
choice for traditional energy enterprises represented by power grid enterprises. On the basis of summarizing the basic connota-
tion of integrated energy services, the current practical experiences of integrated energy services at home and abroad are com-
pared and summarized, and the current situation and shortcomings of integrated energy services in business design and com-
mercial operation in China are also pointed out. Then, the suggestions are proposed for power grid enterprises to develop inte-

grated energy services from five aspects: strategic positioning, business positioning and construction, market positioning and

Vol. 42 ,No. 6
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marketing, information support and safeguard measures.

Key words : power grid enterprises; integrated energy service; commercial operation
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Study on Application of Controllable Rotating
Composite Cross Arm in Transmission Tower

Yan Xiuging, Huang Xing, Yang Yang, Liao Xingjun, Feng Yong
( CPECC Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China)

Abstract : Composite cross arm is usually arranged into a fully constrained or free rotating type, the former is very expensive,
while the latter results in the difficulties of operation and maintenance due to irregular rotation of the cross arm. In order to e-
liminate the shortcomings of the traditional design, the controllable rotating " V" series scheme is put forward, that is, while
all of the cross arms can be constrained in normal operation, some of the cross arms can be constrained in non — uniform ice
conditions, and all of them can freely rotate in wire breakage situation. With similar cost, the " V" series scheme includes all
the advantages of fully constrained scheme and freely rotating scheme. Through the improvement of the traditional schemes,
the structure arrangement, the working mode and the load value principle of the new type " V" series controllable rotating
scheme are determined, which can provide a simple and feasible operation suggestion for the proposed scheme.

Key words : composite cross arm; controllable rotating " V" series scheme
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Study on Extension of Pole Information in
Parametric Model for Transmission Tower

Li Meifeng, Feng Yong, Li Li, Xiao Hongwei, Liang Ming
( Southwest Electirc Power Design Institute Co. , Ltd. ,Chengdu 610021, Sichuan, China)

Abstract:In the three — dimensional design of transmission lines, the digital model of the tower is constructed by parametric
modeling. The structure and geometric information of the tower is expressed by MOD files. However, the tower is a spatial
structure composed of plates and bars with a certain width and thickness, the MOD file of the tower can only express the node
number, coordinates, bar specifications, material, limb orientation, hanging point attributes and coordinate information. The
relative position relationship between members lacks of normative description. Therefore, the format and information of MOD
files need to be expanded and deepened to meet the future needs of the tower digital model. Firstly, the data structure of MOD
files of the tower is introduced, and then the shortcomings of MOD files are analyzed from the point of view of adding descrip-

tive information of relative position relation of members. Finally, a new method which can express the relative position rela-

Vol. 42 ,No. 6
Dec. ,2019

tionship of the member is proposed.

Key words : transmission tower; parametric model; MOD
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Field Commissioning Method of Automatic Control
Device for Pre — adjustable Arc Suppression Coil

Lu Chengnan, Zou Jingxin, He Zhenyu, Yuan Mingzhe
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract : When single — phase grounding fault occurs in distribution network with ungrounded neutral point, grounding tech-
nology of neutral point through arc suppression coil is the key technology for reducing fault current and realizing fast arc extin-
guishing at grounding point. At present, a large number of pre — adjustable arc suppression coil tuning devices have been used
in 10 kV system in China. However, its operation status and commissioning methods cause some misunderstandings to the
opration and maintenance staffs. The calculation methods of capacitive current under various operation modes of the system are
analyzed, and a better control strategy for arc suppression coils in parallel operation is provided. Combining with the commis-
sioning and operation experiences of different types of arc suppression coil tuning devices, the judgement methods for the oper-
ating conditions of automatic adjustment, automatic tracking and manual shifting are put forward. It has a certain guiding sig-
nificance for the theoretical research and engineering practice of arc suppression coil technology.

Key words:arc suppression coil; capacitive current; pre — adjustable; equivalent circuit; field commissioning
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Analysis on Abnormal Voltage Fault of 10 kV Bus
Based on PSCAD

Zhang Deng, Xu Yun, Yang Song
(Dongguan Electric Power Supply Bureau, Guangdong Power Grid Corporation, Dongguan 523000, Guangdong, China)

Abstract : The causes of an abnormal voltage fault on 10 kV bus in 110 kV substaion are analyzed, and the simulation model is
established in PSCAD under fault condition of power grid. The causes of fault will be found out quickly based on the simulation

results, and the corresponding solutions are proposed aiming at fault of PASS, which can provide experiences for solving other

similar faults in the future.

Key words : abnormal voltage; PSCAD; PASS; disconnector
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B AR R WL, SRR BT &, il )y
HOr A o B i w7 BRI T HOR SHF o

100 -
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5.0 -
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003
254
50
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-10.0 -}
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B3 ETEREEMRER
®2 HEEZERSRENEREEERANE

=R I {EH/kV HRUE/kV
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B AH & M 43.5 30.0
C A g FE A 89.2 63.5
A FRA A 4.1 2.9
B AHIG AT 4.1 2.9
C ARG H A 8.2 5.8
3 WRER A S AP
X3 5 AR He e e MR T A A, A 3 5

A5 g 2k R BH L B HLBE A BT AR (SR AR T AR
tlﬁéﬁf%m?‘ﬁﬂ]ﬁ o AkZLEAY 103 PASS ¥4, 1N
Kl 4 B85 s, Y 1034 F& 25 T G TE 43 7 4o H
BUAG fa H = P H R o7 FL A5 ] XN A TE Al
(1) 4 T 6 FL A X IE , 8 LA AN BB, B I 25
FIWTiZ 1034 [% 25 OC 1Y HL S AL 43 ) g 3 A 7 R A
JE o 2 1034 [ B SCAE G WAL, A WX LS 3
B AXHALALRBEXTSE , 912550 HTiZ 1034 B B 156
() HL SN & T A TR A 2, Q0B 6 TR o

E 4 103 PASS &%
BEXS BRI, %F 103 PASS B4 iE AT 4TI 1A
KAty , Horh s SO 1034 B 81 56 S HARENLIG 1T
KAy, G R ALY S/ SO R AT AR, AL g

P BB IT SRR BB 3 1 A AT 1 2 S Ll
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e s A i ot T sh DIBR HP3 38 I aw
T E R [ [y M

FNE=F , (ERTRR
CEE P D e P EL S A BHAL , DU T BB 644000)

W EAANBTHHEERABADERNDEFRARD R DG F4 BAM T F ok HP3 JE8 5 F 5
BR RS ERE, I E T AR IR BRGNP R AR R R ekl L, o
T HAFRBATEATAENE AT RE, FINRE T TARMES R, B R BRERET 40504,
SRSREAD o 5 R T 5 ZI R 1m0 5 260 X e/ N IB B A 5 T R U

HESES TM761  XEIRER:B XE4HS:1003 -6954(2019)06 — 0081 -07

Analysis of DC Power Runback Caused by Manual
Removal of HP3 Filer in UHVDC Converter Station

Sun Guangyu, Ren Ayang
( State Grid Sichuan UHV Yibin Management Office, Yibin 644000, Sichuan, China)

Abstract: Firstly, the event that UHV reactive power control action leads to DC power runback is introduced. And then, the
causes for DC power runback led by manual removal of HP3 filter are analyzed, and the problems existing in control function
software of the absolute minimum filter are pointed out. Finally, on the basis of the existing reactive power control function,

the hidden dangers in full power operation situation are analyzed, and the feasible solutions are proposed, which can provide a

Vol. 42 ,No. 6
Dec. ,2019

reference for other converter stations in China.

Key words: UHVDC;DC power runback; absolute minimum filter; hidden danger

0 51 =

R e s F 3L v 1938 AT T ZEH AR R R 1 TS Eh 2
R ICI AR A P AR IO oA il
ALEL 2 R G AR R IS oK, T L A RO g
BRI , DT PRIEBE 2 He A E AN R AL IE W is
AP e v O S G B e 1 B R S 4 X
/NIEP AR ] (Abs Min Filter) , £ FRUE T P A
(W d D UE PR, T2 T By 1k S T8 B A
N TIBR e 1 a4 r 6 JH A S L IR AT B
A BT, 5 A 4 5 i T RE BR ] 2 A i 2
A8 1R A D REAE S U8 P A 4L S Ay IS U R SS I i
Pedwal

I DA AR e A U vl P — U LA B R [l e
PEEAT 0T, 4R DT 58

L) B T 11 - 2V

iR B 2Raa 1 7 07 X B AR i 1369 MW
BT 58 I U8 K Ax A — 4 HP11/13 (5631) , — 4
HP24/36(5642) Fil—2H HP3 (5633) iz 47 ; oo
TN A +B + CH A UK HPLL/13 SRk 4R 4 ,
B U3 HP24/36 g #ndl, C 183 HP3 JE kR4,
R 25— R A IR I as TR R RS . IR &
L5633 YR A% A A C1 A IR IESE U2 5 2 S
SCHL A AR T 2, 1) R HOE A 5641 JE Ay
iR 5633 yEikdr . EWFA] S R ICEhE R )
SRR, T A 5641 JEB B H 5633 JE
o ELIMUSHEZ) 30 s J5 & 4o 0 f5e/ NI I 2 AN TG 2
TR BEDN R 184, DR I fE 28 952 MW,

SITP AT G RIS E IS UN B & A= DB A E S
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MR ARET T 20T, S UR{ELE 1000 ~2000 MW i,
o %o} Fe/NIE AR DI RETT SR M 2A + B AN 1 fiow , i
D ff ] B —2H HP3 (5631) &k #s 5, i A P4
HP11/13(5631.5641) Fil—2H HP24/36 (5642) 1£i5
T APBR G JE 5% S/ N IE U 2 e 22

BRI A B ol 45 6 Ty 4 il 4 ¢F (RPC) 2
LR 2 Fron, SRR SIS 1T T, Y TR AE
1£ 1000 ~2000 MW B, 28 X6} f /)N 0 4 D) e 75 2K 4
A+ B+ C; 4% 7E 1000 MW DL R B, 48 %6 /)N g
Was AT KA A + B, T UIBR—41 HP3 JEJk
Fra  UEIAS AR A + B 5 UE AT, AN R S AT %
LX) e/ NI 2R DIRE (Abs Min Filter) 223K, F{i
SR DR A1 f , DR A5 [l f 22 1000 MW LR,

gt 2 41 HP3 )k 4%, F-3hVIBk—41 HP3
(5633) kN #s)a , K55 —41 HP3 (5623 ) JE % % 2E A
AR, 2 X e/ INIE e A AN 2 T 2R [l [ a2 4, dn %
3 fine BLBFETCA O HP3 P8R, 8O0 Y45l
2t} S/ INIE IR DA (Abs Min Filter) AN 2 , B,
FEAERT 30 s & H D)5 I R AIRAF LT3R 1000 MW L)
THYFES [FIRT TR 50 MW #5E , PHL I B30 SR T 238

(][ 22 952 MW o 24850 fie/ NI he AN 2 D128 [m] 2
BAE 3 Fs.

2 TR R A

ot i S IR AR B Oy 4 x HPLL/13 (A) +
4 x HP24/36(B) + 2 xHP3(C) + 10 xSC(D) &
SEGT X f/ NIE A H A2 AN 4 s, B
U 8000 MW i1/, Abs Min Filter T538 5 3A +
2B +2C, IER B HP11/13 RGE I8 el 4 1 4%,
HP24/36 [l a A 2 A, HP3 IR g JC
%o RPC A2 81 0y T ARAE 3200 ~ 5600 MW hf Abs
Min Filter 53k 2A +2B +1C; T2k 5600 ~6000 MW
it Abs Min Filter Z53k % 2A +2B +2C; 15k 6000 ~
8000 MW [ Abs Min Filter 53R 4 3A +2B +2C.,

il 67 g s L 1 2 HIP3 i I8 45 R Bk O
Abs Min Filter A3 J2 , Th 8% 1] f& £ 6000 MW, 1Y,
BFIHRET R N 2A + 2B +2C, Abs Min Filter /598 4~
T ML, D AOBE PR (8] [ 2 5550 MW (5600 MW Jif 2=
50 MW #E2) R B HGE R 2450 MW f ik .

_ _ RN BT
Pt 2 SEMH IR R/MER BRCE o
BRI 35 IR 4L 52 17 7 R
ACF 4%12p | 3#12p |[2#12p || 2#12p | 1#12p | 4#12p | 2#12p | 4#12p | 3%12p | 2#12p 2%12p | 1%12p 4%12p | 2%12p
BPLI/BPLS | HP24/36 | HPS | SC | prpp | pupr |[mRR || wRR | MiRR | BRRR | MRRR | BFII | BMIT | BHII MFII | MHID BRII | MRII
No. A B ¢ | D | 400kv | 400kv [f400kv || 400V | 400kV| 280kV | 280kV | -400kV | -400kV | -400kv | ~400kV | _400kv | -280kV | -280kV
1 1 0 o | o 400 600 397 754
2 1 i 0 | o | 1000 | 1000 [ 1000 | 1200 [ 1200 | 1000 | 1000 | 1190 1182 1159 174 1093 179 | 1147
3 2 1 0o | o | 1800 | 1800 | 2000 [ 2200 - 1600 | 2000 | 1582 1950 2564 2630 1563 | 2024
2 1 1| o | 3200 [ 4100 | 4s00 1008~2000MWV 3200 3886 | 4823 - s 1942
R B 28
2 2 1| o | s600 | 6800 - - - 6800 7478 | 6402 -
6 2 2| o | 6000 - - - - - - - - - - - -
7 3 2 | o 2 . = ” -
8 3 3 0 = -
9 3 3 0 - - - - - - - - - - - - - -
10 1 3 0 - - - - - - - - - - -
11 4 1 N
2 = NCSN
1 |NREEERE
ABSCS01
T2 1138
.. |CPU IRPC (36)\ABSMALAR ]
3% ££1000MWZE 2000MW — -
2R, et e 28 - | [E e
WEA: A+B+C ww v [CRUTRPC GE)ABSMGZR ]
L]
™/ [w]
.. - [CPU IRPC
THEE£E2000MWE4800MW : == )
Z AR, %R iR AR ww CRURPCGaESMCE |
TEAN: 2A+B+C W 1
ww CRRCE |
L] I
W |CPUTRPC #2)ABSMEL4VR ]
.. |CPUIRPC
e Ter - a—
= »

B2 hWEREFRTHEMRNEKFALZE
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ABSMInHE wor T oua
ABS min fiter] 2
B3 @axm/hRiEScEeIEmEEE
|ABSCS02
T 1Be
EN v RPCEOREMAGIE
W v 1
EN v s —
ww v i |
IR CPUTRPC SRR
ww |
l* CPUTRPC S ABSHAEYC
MW v |
BN = TRPC 48 ABSMELSW2
W v |
WA \RPC/(48)ABSMOS\2
ww |
Ww v
EN v
MW (CPULIRPC (51)ABSMELTX2
W v |
4 MERERTRIR/NRHBABIZE
%1 HP3BHEmMERITLE
- e - P2 HP3 Hg i
}ltl.l! e D] 25 s Min Filter N
ik HP11/13 HP24/36 HP3  HiEdix/MW Abs Min Filt o
B E R
=94 44 44 14 6400 2A +2B + C(3A +3B) I
b 444 445 144 7200 3A +2B + C(3A +3B) X
Kili 4 21 4 41 3 8000 3A +3B +2C J
H 8 ZH (HP12/24) 24 8000 4A +1B TG

I EA Ao b

A AR DT IS AT, A0 4] HP3 8 A% ik
BRI HH S 0 LI AR e T AR (2 R LN 1

HIZ% L AT LA Y R B o 72 HP3 A
AR OL T, n] LA e AR ) ST F) g e A R A, T
DA AR T ) g P A A iz 17, (HELB B
TS R A Hh 3 o H i — e (HP3 ) JoiE Sk fig ke
IR AR R R AT B ERE AR, HBEB I8 S %

PAZH HP3 fiEE 5 Abs Min Filter

HEAtAg ol B B VDS, 1B 20 RPC B2 4, 72 A
£ HP3 #it iR tH 5 64T Abs Min Filter J5 U,
{#i /L JCHIAT Abs Min Filter 753K . 28 RPC # {12
BRAFAEPAN R 1) 2 HP3 S8 #7339 A ] H]
5, 40 Abs Min Filter fff fj A BRI B B8 S & A,
L AR 3 M S R B3 e JGIE TH BR , 506 1
A L G 3 R S Y I A . 2) B — 4
HP3 8 o (8 P At 28 20 8 e A8 4 A, I 4 v A
HE 3 WA S YISO A RESE P AR — 41 HP3

DEEAF T AN AR 3 UM 5 UGB I AR, T g T
AN — 4 HP3 8 1 I sl gy o
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AN R 3 AT S YR I A AR /)N, B
iR i —2 HP3 g HP3 23 A0 i A& XF R4
R E S E . DA BRIl R ], R A 4A
+3B Jy R kAl &2 8280 MW (1. 15 p. u. ) i
%, NS PRis T R Wk E , B R kA4 N A4
HP3 JE AR H 3k s 2 238 [l fae 1) i

A R AT /N AL U8 AR S KL £ /N DR U A
HEBRHILA R 255 A 47, AR PSS 45 4 i
ST AN S FraR, HP1L/13 8 £ F AL 35 28 2R i

FLUR L1 YIS 13 Ui R VR 4B, LU A9 43 1 A
100% 44% 35% ., HP24/36 J& Ik &5 i 7 3 2 i 3t
PR KD 9 Y11 YA 13 YR LR, BE A4
B8 100% 3% 3% 5% ,

HP3 8 3 2% L v 32 B S v 0, 3 TR S
YR KA 1.5% °7° , HP3 JE Ik 2 fa i ad
Vi 1L BE S 384 A (T Bl 78) BT 0.3 s B il
T B A 130 A RL R 3 ek S %G
P, LI 7E60 % LA F, {H M H T B3 U S Ik

IF

5631 (HP11/1

GEER

F—
[57 }2-SPECIALE ISLAND SPECIAL_ISLAND (PUBLIC) o e
- #+#Abs Min Filter
| SPECIAL_ISLAND
— POW_LEVEL_5 (PUBLIC
= 1T )
. 5 MIN_TYPE_1_POW_1 (PUBLIC) G MIN_TYPE_1_POW_5 (PUBLIC)
I
< G = MIN_TYPE_2_POW_1 (PUBLIC) ¢ : F—  MIN_TYPE_2_POW_5 (PUBLIC)
ral
<f > MIN_TYPE_3_POW_1 (PUBLIC) <‘2 F—|  MIN_TYPE_3_POW_S (PUBLIC)
< : | MIN_TYPE_1_POW_2 (PUBLIC) SPECIAL_ISLAND g
: ' Gy ]
F—  MIN_TYPE_2_POW_2 (PUBLIC) -i
v - CHD
< : F—|  MIN_TYPE_3_POW_2 (PUBLIC)
o ' UJ$3600MW~7920M@} — POW_LEVEL_6 (PUBLIC)
HP3TTHI: 3A+2B+C 1 MIN_TYPE_1_POW_6 (PUBLIC)
HP3RTTH: 3A+3B s -
a MIN_TYPE_1_POW_3 (PUBLIC) b 2 E-—{  MIN_TYPE_2_POW_6 (PUBLIC)
b : d MIN_TYPE_2_POW_3 (PUBLIC) b - F-—{  MIN_TYPE_3_POW_6 (PUBLIC)
7 rd rd
e ? MIN_TYPE_3_POW_3 (PUBLIC) SPECIAL_ISLAND |—_
o |  MIN_TYPE_1_POW_4 (PUBLIC) _-ﬁ
2 CHD
: id MIN_TYPE_2_POW_4 (PUBLIC) & 1 POW_LEVEL_7 (PUBLIC)
< : i MIN_TYPE_3_POW_4 (PUBLIC) G —l—/ MIN_TYPE_1_POW_7 (PUBLIC)
& s ¢ : F-—{  MIN_TYPE_2_POW_7 (PUBLIC)
/
é : — MIN_TYPE_3_POW_7 (PUBLIC)
& POW_LEVEL_1 (PUBLIC) SPECIAL_ISLAND /2 |—-/

Bl 6 $REFRmL I RNE KT AHIBE
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WA, R G L AT EE T, AR ) — 4 HP3
A1 A E 1 —24 HP3 i i el 0

4 it it

DV 48 it oty 322 6 Ay 491, UK VU 1) 2H 4 0B 4T
%k 3600 ~7920 MW (1. 1 p. u. ) I}, 41 HP3 JE i 4%
Al i, Abs Min Filter 573k 7 3A +2B + C; {1 HP3 JE i

Selection of ABS min filter configuration (part 2)

#RANAT B, Abs Min Filter F53R ¥4k 3A +3B, U1
6 JIT7N o R 3 A5 0T B /NI DR e 2H K0 A S
TEPEASTCE S 4A +4B + 1C + 5D, Ui £ fif 7200
MW Sz {70, B HP3 8 I i S B i ), I 1 0
IR Abs Min Filter 55K , AN 2> th BN #.41 E
I e AR TS D A D R )19 D o
KGR R ot 2 48 [R) B 53 A 16— 41 HP3 %
A BLT 3 UCRIS YR IE XT FL R4 ) 6 7 52

FROSSFS
TTTTTTT

% [FIEN_1RJRSH1
B, $3tHY0-YFiERY
X20-X2F

HP3FEiRaER] FEsUNT2

FPUTRPC (50)\ABSMBLEVG

EEEE=EE==EE
FASSES3S

EPUT\RPC (50)

WHHARREIHZKTF
B, =HheENERERE
L4

13 ENORM POW_DIR

67 &> SW_SEQ_NUM

qEILTER 3A AVAL
15 [EGEILIER 3A AVAL

=0 o

(=2 w))
e

=0 o

HP34 ] [ i}
LEVEL6TH 2 {8 3 5440MW

BP 3% 52 17 B 5% 3 2 5440MW LA
_ Abs Min Filter® 5k

- L

h

/—_|POW LEVEL_6 (PUBLI) 22 30 34

INV_STA1_L6

CIITE
67 [ ] RED_VOLT_BIP
(e
T —
CR—

Switch seq. numbers:

0 Notin operation

| 3 e s, | SW._SEQ_NUN=41Ff
3 Three 12-puise converters in service R Ui A = AT

4 Four12-pulse converters in service
| 5 Bipolarunbalanced operation (one pole inred volt) |

BF6AR12

8 Sk LEVE 6 X KFiELE
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FRBERC/N X B 3 2 A B ek

B RS2 E M 7 Fos. 24 HP3 Af 4
BUNT 2 LB, 25 B PR 7K -7 5600 ~ 7600 MW
B, AR A 3A +3B + 1C [ I AR L B #7 WU D %6
JKSEAE 7600 ~8800 MW Hif, SR FH 4A +3B +1C [l
AT E AU DK AR 8800 MW L A, SR FH 4A
+3B +1C ISR ARACE o DO ]k el e B 5K
izt 7, HP3 4448 A, —41 HP3 JE PR
BT T Bl i 2 1 LR A

5 AEE S

XF b Sttt , HAOE B A —4 HP3 21,
FRRAGBATIEOLT , 78 HP3 J& ik s A T HIEE, 2
ZKRHI{E POW_LEVER_5 H 6080 MW %% 4 3520
MW , IR [R5 POW_LEVER_6 f 10 000 MW ( |
) e 4o 5440 MW, 4N [&] 8 i, BP0 fif i)
HP3 I8 A5 ik BB 4 J5 , 108 o 2H H0ons A5 2 5440
MW DL I Abs Min Filter F53K, Bl “3A +3B” 73,
WA EULTE HP3 JE &5 A m] FHAIE G0 T, 16 1 far B
WG JE 5440 MW L | Abs Min Filter 753K, 75 |
TN [l [ 2 5440 MW LI R, 723k N HP11/13 Fi
HP24/36 RUEH &4 A R B ITRERIT LT, K
R ZAR 960 MW,

XF LG A (T [EL 6) , 3K DY [ 40 4> R s
17, T2k 3600 ~7920 MW (1.1 p. u. ) B, 41 HP3
VeV 25T, Abs Min Filter 553K & 3A +2B + C; 4l
HP3 & 25 A 0] FISE, Abs Min Filter 755K 644 3A
+3B, it far 7200 MW iz 17, Bl HP3 38 )%
ari IR TR 00T T3R8 /2 Abs Min Filter 57
SR AN R I PR 2 i AR e i 3 s ] R ) R

R A AT s 4T, (H— 2 HP3 JE I &R 7
Kife o5 —41 HP3 25 UANHA & i R R IR s 172 3L
P HP3 [R]Bf AN AT R, D3k 2 [l f 2 950 MW
(1000 MW 782 50 MW #1EE) , 4N55 2 R, ixX A 2sid
BT e 7050 MW, Xof L o i b Al 3 A

6 ZF if

X o S VI BR HP3 3 I 21 17 L
TR AT, A 4R B 1 S BOEIR R (0] Y J A
SHEAFZ R O HP3 8 i 78 AN [F] D) 3K - 1) 22
SRAEBIA K 0 X EAF 258 1 1B 0, AR ok
T —4] HP3 Al Fimt, n] Ui A AL R g
Weas 4R 75 2 G T 23 [0 [ 1) <155 6 AR (LTS THAF
TE P2 HP3 [R] A a] FIIE 725 047 50K 7 i iz
A 3 1) 3 B AR 4B SR 5, 0 H I e e AR R 1 L

F2 KX E/NERFAEY

BPI1  HPA MR A OBAR ER B XUk BRER OBUR OBUR UKk BUR
ACF 0 e HP3 &k RE CRE S &K CRE BE BE OSFE 2K RE KK
(4p)  (3p) (2p) (2p) (lp) (4p) (2p) (4p) 4p) (3p) (2p)
NO. A B C B
1 1 0 0 0 0 0 400 600 0 0 0 0 0 0
2 1 1 0 1000 1000 1000 1200 1200 1000 1000 1000 1190 1182 1159
3 1 1 1 1800 1800 2000 2200 - 1600 2000 1600 1582 1950 2564
4 2 1 1 3200 4400 4800 - - 3200 - 3000 3886 4823
5 2 2 1 5600 6800 - - - 6800 - 4200 7478 6402
6 2 2 2 6000 - - - - - - 4800 - - -
6 3 2 1 5600 4200
7 3 2 2 8000 6800
7 3 3 1 5600 4420
8 3 3 2 8800 7480
8 4 3 1 7600 6460
9 4 4 1 8800 7480
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TS SR PR B A AR 2 A, fE AL HPS [R)i [4]
ANal I (o PR T g A AR B AT, HFESE
FEXFPIEOL T 3 UCHT S YIRS L R 1Y 1 T AN B2 T
PRI, JPHTAEANTHER 3 YOS U B s i s O T
LA I A7 I 5 ] AR [e]as AT

(5]

VISR X, X, 25 0 ) TR T D4R D RE v
Br R ARAC LT ] WRg L g ,2017 (3§ 1] 1) .83 - 87.
BAL, AL TR, A5 SR b HP3 JE P AR Of
PRI AT [ T]. e i H 17,2012,34(4) :312 -
315.

(6] ISP, ATINEI. 70 B i i HP3 306 2% 2% B (1 7 B
P PRI AT D], A6 b 17,2011 (1) 164 - 67.
o N EENA:
(1] BABOE. 5 IV T AR AR M. JL st thE A
WAL 2011, IR F (1984) , 5L, TALIF  BF 50 5 1 4 5/ B3
(2] AT W7, LR, %, £800 KV [ [ Ewsem oA
U 38 U D T S ()] R A, 2017, FEFTIR(1986) , AAY, TAZIT, BF 52 % @) A 45 & B B A
53(2):8 —13. e K,

(3] WA A BT AR B PHIT A 2. BT L [ M.

et g Tl R A, 1982.

(W5 B HA:2019 06 —12)

(E#% 80 )
W IR RS F AT, 1034 [ ES G B AH N EB D)
i Sk A2 TAC T A 5 T S S A Bl 2 3 I )
Z 1B, 1 R S T 5 = AR Sl ik Sk Y A7 E AN [
FEEEHEACN R, Hoh )LD B AH N B ™ i, fE G
BRSO R0 T 5 R ek fik 3k , AT B
A2 sk 22 [0 7 A JK IR G H BEL A4 FF B 1 O, I e
KFEOLAR LG 10 kV 3M BRZRHL R A (B A HL P
I, 10 kV 3M BELRHE” fF

VNG SV E e YN B ek G St i)
e, IEPRRERR BT G S5 FATHEAT 445 IR D 3 A T A
BUNLIE B , B ORI AR CHR R

(1]
(2]
(3]

[4]

[6]

4 i -
R TAT B0 — 2 PR 2 st e [ 110 kV i) PASS 33
i B A 10 KV WIERE 2 i S B 6
BIEAT 05 BT, D bR e Pl B IR R 5085
a5 By s RS B R A OO, PR IE A
BB 0 1034 B BT 0% B ARk  HEdE— 2
Wl o 2 A2 AR AR B PR 2 PASS B4 B e B B P o6 =

Bl T R AN R T BTSRRI S AR B

(AL BT 58, O HoAth [ 2 B i 25 S Rl e S (1L 2 0

oz

JN=H o

S 3k

FE. 2 10 kV B2 s i S R 434 [T]. 2 d
FiA ,2011,33(10) ;48 - 50.

AR, IR G, — AR IAYAY 10 KV BR2% BUAHFZ b
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Cause Analysis and Solutions for Partial Deflagration

of Pulverized Coal Boiler

Tian Ping, Qi Bowu, Luo Changfu, Yang Bowen, Li Penghui, Shen Cheng
( Huadian Electric Power Research Institute Co. , Ltd. , Hangzhou 310030, Zhejiang, China)

Abstract:In recent years, partial deflagration accidents of boiler occur frequently. Taking a partial deflagration accident of

boiler in a power plant for example, the causes are analyzed and the solutions are put forward. The cause of the proposed acci-

dent has the characteristics of typical partial deflagration, and has very important guiding significance for similar units.

Key words:boiler; partial deflagration; solutions
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