P& —REF T ABESF LTI BEANMAT (PEZARAHAT (&
W) ) o E AR T = SCEHR EE ) R B3 T B B ( CAT - CD #MSE) HUUTIL T
RHKZT  HEZARPHESTNBEEZ T TRAT EXELE P X
MEHATIHEE (BERFEBE) NMEBT. (R EZ 0T (3% ) 8
R NEHATI

o g R

SICHUAN DIANLI JISHU

o1 H]

2020 422 H20 H

(IR KR
WEERS

EFEZR X 5
BEEZER £ F
X5
ES R (FH R )
THIA XPWE HAER
HISZIE  =R00 RER
KO XIRHE TR
¥ H 4 R)TT
& OE AR PR
WAl R MR
W

HAW
HEE
3

b

LIRS R N

AT 1978 AT

H b v S AR
ISSN1003 - 6954
CN51 - 1315/TM

2020 4F55 43 F55 1 (B0 265 1)

FAE AL U4 B AT

TP DU L TR
VI R E ST B

BATILH A TF

B F1/

wlE g RS

S R DT AR ) S

& AT IR b

W A0 16 5

1R B i 5 : 610041

L 1%+ (02869995169 69995168 69995165

E - mail ; cdscdljs@ 163. com

BT s P RMRAS S i A IR A W

BB AR AR R

[ P9 SE A < 4 6. 00 T

[ W F)FEAS K] CN51 - 1315/TM = 1978 =

b # A4 %94 % zh % P % ¥6.00 s 3000 = 18 =

2020 -2

S

H
- BEERERK -
T IEEE Std 80 5 GB/T 50065 (1475 Hi 3l 4 i 2% 543 B7
........................................................................... gK
FET LA G 2 EAME R BRI RS
...................................................... ARBl T SRR BR—, XISCR, B A (6)
T b KRR L A 3 e s RS L R D IDGE TR AR R R
............................................................... Zsyl e FEE G 2SS 0 (12)
R o S A Y i L B P, RS T B B A (6 A 5
.......................................... WRBUT , B A% 2%
FE TR I 1% 11 8 s R 48 A e e o B 5
.......................................... o g% xS, At i IR, A (22)
RHLT 500 kV GIS FtHeul 78 & g4 ok B R 4347
............................................................... XISFH = F A, i
RN SRR TR GIS I SCA He H TT SC SCA3 Hr I (1 S2 im BIFo

L X1

L, vE R,

S5 (1)

filt, XUSCH 5K B HATR(17)

HBFAL(26)

P, AT R EEA(31)
- FaeRREREIEN -
B REIRL AR 10 2 0 ML LR R Geas A7 7 A A S o i
.......................................... JEIBEE I B, EIFEEL PN YL, EaE(35)
PSR RE VR T 4 T AL 2P A BRI T SR AT v eeee oo =1, AR 16 (40)
L A i 0 ) ol el X3 A X RURTL A L 3 285 ) 1oy B HG 52 SR 4
............................................................ Vo B, T, JA
JET Stachelberg THIF IR (AR 55 5 PRI - cvveeeememmeneeeene BREZ, 2R (52)
— LR AR | 2 3l PN TR A A e ) 2 T I i s A
........................................................................ /N BE 8K AEBIAE(59)
—EAE Ay M A BT R F B A
.......................................... WoEE. X %L ARSTE
B 500 KV ZH 5 Ho 45 B 20 ) AS SIS 850 A 30 K 43 #
------ TRAER, TG A TR, Il 28R MR /it 2 IR L S5 (67)
TRARAS LI 2 IH B A BB T 3R e «eeeeveeeeeees e ek AL INRETR(T72)
FE T2 AR A T Y L Y ) AR Y & e e BERE A R gt v 5
............................................................... WA RS AL B R, XIS (77)
T H 5 S IR v LR A I S A 1 1K 20
.......................................... xR LX)
PRI P B R AT XS LR - v J

#L(45)

s, e, 1 3K (63)

Y, RN, AR AT B8(82)
e, i REAR, L (88)

KERERE £

iR AEXAE B T 4



|

2020 -2 -20

SICHUAN ELECTRIC POWER TECHNOLOGY

CONTENTS

- High Voltage Technology -
Difference Analysis of Substation Grounding Based on IEEE Std 80 and GB/T 50065 ++««exereeeeeereenemriiianiinanin Zhang Shun, Xu Bin, Cao Liang(1)
Research on Calculation Method of Jumper Based on Linear Fitting and Difference Compensation
...................................................................................................... Li Tieding, Lei Yuze, Cheng Shuyi, Liu Wenxun, Zhou Guyue(6)
Research on Current — carrying Characteristics of Parallel Connected AC High - voltage Single — core Cable Applied in Offshore Wind Power Transmission
............................................................................................................... Li Haoyuan, Zhou Guoliang, Li Wenjin, Liu Chao(12)
Research on Electrical Unbalance and Transposition of UHVAC Transmission Lines
....................................................................................... Chen Qiren, Luo Chujun, Li Jian, Liu Wenxun, Zhang Hu, Dan Jinmin(17)
Research on Fault Location of External Broken in High - voltage Cable Based on Frequency Domain Reflection Method
................................................................................. Ma Xiao, Liu Yunlong, Yu Huaxing, Gu Bo, Zhang Wuyang, Huang Huixian(22)
Analysis on Switching Overvoltage of Main Transformer in 500 kV GIS Booster Station of Power Plant
.................................................................................................................. Liu Shoubao, Hou Yucheng, Tong Li, Zhao Yuhang(26)
Research on Effect of Spring Stress Relaxation on Shut Properties of GIS Faults Closing Earthing Switches
........................................................................................................................... Zhu Qing, Liu Bo, Li Wanmin, Cao Yazhao(31)
- Renewable Energy Equipment and Paralleling Operation -
Analysis on Operation Mode and Control Strategy of Multi - terminal Flexible DC System in Renewable Energy Collection
.............................................................................. Zhou Dengyu, Zhang Xinyan, Zhao Liwei, Wang Kaize, Sun Kai, Wang Zhihao(35)
Capacity Demand Analysis of Electrochemical Energy Storage for Accommodating New Energy in Xinjiang Power Grid
............................................................................................................................................. Yan Guangxin, Lin Xuefeng(40)
Rotor Current Dynamic Response and Sensitivity Analysis of Distributed Wind Turbine under Voltage Sag in Industrial Park
..................................................................................................................... Xu Zhong, Mo Wenxiong, Ma Zhiyuan, Zhou Kai(45)
+ Experience Sharing -
PV Value - added Service Pricing Model Based on Stand - alone Stachelberg Game
................................................................................................................................................... Jia Chuyun, Li Huagiang(52)
A Detailed Analysis on Complex Power Grid Accident Caused by A Fault of 35 kV Line in Substation ~ +----- Gou Xiaogang, Duan Ran, Cui Mingde(59)
Analysis on A Transformer Accident Using M — type On —load Tap Changer
.......................................................................................... Xie Qian, Liu Rui, Zhang Zongxi, Feng Yun, Long Zhenze, Bai Huan(63)
Analysis on Opening Failure of A 500 kV GIS Breaker
~~~~~~~~~~~~~~~~~~~~~~ Zhang Shimin, Li Weiwei, Yang Yang, Shi Shifeng, Cai Yingjun, Chen Anming, Yue Xiaobin, Li Jian, Zhou Xu, Lu Guiyo(67)
Discussion on Renovation Scheme of Old and Deteriorating Secondary Equipment in Substation and Its Improvement
.................................................................................................................................... Yao Liang, Ling Yan, Sun Xiaolong(72)
Construction and Application of Remote Security Inspection System in Work Site Based on Concept of Ubiquitous Electric Internet of Things
........................................................................................................................ Yao Jinsong, Zhou Weiji, Yin Xin, Liu Bowen(77)
Test Analysis on Accuracy of Current Transformer Calibrator Based on Reciprocity Principle
................................................................................................ Liu Gang, Ai Bing, Liu Kun, Zhang Jiefu, Zhang Fuzhou, He Na(82)
Research and Comparison of Electric Energy Substitution Schemes for Coal - fired Boiler Users =~ ++++- Tang Hu, Cui Hao, Chen Ailun, Xie Tingting(88)

SICHUAN ELECTRIC POWER Sponsor ;

Sichuan Society of Electrical Engineering

TECHNOLOGY Sichuan Electric Power Research Institute
2020 Vol.43 No. 1 Editor in chief;Chen Ying
(Ser. No. 265) Editor & Publisher:
Bimonthly , Started in 1978 Editorial Department of SICHUAN ELECTRIC POWER
Address: No. 16 ,2ND Jinhui West Street, Chengdu, Sichuan, TECHNOLOGY
China

Postcode :610041



543 551 )

mne KR

Sichuan Electric Power Technology

2020 =2 H

T IEEE Std 80 5 GB/T 50065 fi
A% R i 1 M 72 e 0 A

OE,IF OR.E =
() AR R £ A g B BB A R R AL i 430071)
W EMATELARTELESNTEIRLSNEFE S BN BIAFEGZRFERGE A TRERGH
ATEAE TR A B BRI R FM, EHH I T IEEE std 80 A= GB/T 50065 ¢ 3k #h b, 2% T A AME £ B F 1K)
BH BHAENESABRSRAPGT LT R LAEGFR S, RFa00 T 0 SR8 @A E B b M 4k
BRSSO REEET SR AEEEFORNTRE, SN E T B IEI A B, FmkE T AL E R A
A TARIT AR AT E Sh K b sE M W X et R AR AR R T
SRR : H AR Heth L BEL 5 5520 H T 5 el b A5 AT R B
HESES . TMS62 XHIRER A XEHES:1003 -6954(2020)01 - 0001 -05

Difference Analysis of Substation Grounding Based
on IEEE Std 80 and GB/T 50065

Zhang Shun, Xu Bin, Cao Liang
( Central Southern China Electric Power Design Institute Co. , Ltd. of China Power
Engineering Consutting Group , Wuhan 430071, Hubei, China)

Abstract : With the development of overseas power transformation projects by Chinese power design companies year after year,
the differences in design standards for grounding grids have become increasingly prominent issues in the implementation of in-
ternational power project construction. Based on the analysis of IEEE std 80 and GB/T 50065, the similarities and differences
between the two specifications in the selection of grounding conductors, the grounding criteria and the calculation method of
shunt coefficients are presented. At the same time, the internal causes of the differences in the calculation results such as
cross — section selection, grounding resistance, touch potential difference and step potential difference of the grounding con-
ductor are analyzed in detail. Taking the design of grounding grid in a substation abroad for example, the above differences are
compared in detail to provide a standard selection method for power engineers when designing a grounding grid for a foreign
substation.

Key words : grounding conductor; grounding resistance; step potential difference; touch potential difference; current division
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Research on Calculation Method of Jumper Based on Linear
Fitting and Difference Compensation

Li Tieding', Lei Yuze', Cheng Shuyi’, Liu Wenxun', Zhou Guyue'
(1. Central Southern China Electric Power Design Institute Co. , Lid. of China Power
Engineering Consulting Group, Wuhan 430071, Hubei, China;
2. State Grid Economic and Technological Research Institute, Beijing 102209, China)

Abstract ; Based on the least square fitting method and difference compensation method, the jumper design method is optimized
for 1000 kV UHVAC single — circuit transmission line. A new design method is put forward to simplify the installation and de-
sign of jumpers, which can avoid the repeated calculation of transmission line tower size, rotation degree, length and inclina-

tion angle of insulator strings etc because of boundary condition changes in the conventional " exhaustive algorithm" . The pro-

Vol. 43 ,No. 1
Feb. ,2020

posed mentod can effectively enhance the design efficiency and design quality for jumpers.

Key words: transmission line; linear fitting; difference compensation; UHVAC; jumper installation design
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Research on Current — carrying Characteristics of Parallel
Connected AC High - voltage Single — core Cable Applied in
Offshore Wind Power Transmission

Li Haoyuan, Zhou Guoliang, Li Wenjin, Liu Chao
( Central Southern China Electric Power Design Institute Co. , Ltd. of China
Power Engineering Consulting Group, Wuhan 430071, Hubei, China)

Abstract; Due to the increase of the scale of offshore wind power transmission, multiple cables are needed for parallel trans-
mission. When multiple cables are laid in parallel, due to the effect of electromagnetic coupling, the impedance between each
cable is inconsistent, resulting in uneven distribution of current in the same parallel cables, which will lead to insufficient uti-
lization of current — carrying capacity of the cables, and even cause cable overheating damage in serious cases. Therefore, it is
necessary to study the current — carrying characteristics of parallel cable. The calculation method of cable impedance parame-
ters is studied, the simulation model with PSCAD/EMTDC is established for parallel operation of cables, the current distribu-
tion coefficients of parallel cable under eight cable layout modes are calculated, the results are analyzed and compared, and
the optimal layout mode is given. The influencing factors for nonuniform coefficient of current distribution are studied, and the
calculation and optimization are carried out for an actual project, and the uneven distribution of current is improved significant-
ly after optimization.

Key words : offshore wind power; cable; parallel; nonuniform coefficient of current distribution
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i ERTHUEAREMIFELABG R -, FHT 2L T 0 Ae b R 6 R AR, LM 42 AF KT A D ERB T
R KT S ATP - EMTP, 2552 7 & A T 1000 kV 4 3 /& S04 & & 3% 0945 AAEAL 5t 25 4 Matlab %%
HHATRBTE, AR T DM LA L AR TR ER L mE &, 423 T 1000 kV 4 &35 % & R - 47 B % 2
TR P sy K, A T RR—dw—K 1000 kV H & EAMm T TRER, AR HBRAT— ko, HKE
PAT— R HAL B T ik R P R R 6 B R Beds 5 b R R T4 EAR T 0.66%

SESRIA LA 00 5 i PR R B 5 A

RESES . TM75]  TERFREA:A  E4HS:1003 - 6954(2020)01 —0017 —05

Research on Electrical Unbalance and Transposition
of UHVAC Transmission Lines

Chen Qiren, Luo Chujun, Li Jian, Liu Wenxun, Zhang Hu, Dan Jinmin
( Central Southern China Electric Power Design Institute Co. , Ltd. of China Power

Engineering Consulting Group, Wuhan 430071, Hubei, China )

Abstract : The inconsistent parameters of three — phase overhead transmission line lead to the asymmetrical current and the a-
symmetrical voltage in power system, so it is necessary to change the position of the wire to reduce the unbalance. Based on
ATP - EMTP, a 1000 kV UHVAC transmission line model is established, and combined with Matlab software for programming
calculation, the factors affecting the electrical unbalance of double — circuit transmission lines are studied. The transposition
method for voltage unbalance of 1000 kV transmission line which meets the required value is proposed. For Wuhan — Nanjing
— Changsha 1000 kV UHVAC transmission and transformation engineering line, the Wuhan — Nanchang section will be fully
transposed as well as the Nanchang — Changsha section, which can meet the requirements of unbalance limit. After transposi-
tion, the voltage unbalance is less than 0.66% .

Key words:electrical unbalance; transposition; transmission line; reverse phase sequence

Vol. 43 ,No. 1
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Research on Fault Location of External Broken in High — voltage
Cable Based on Frequency Domain Reflection Method

Ma Xiao', Liu Yunlong', Yu Huaxing', Gu Bo', Zhang Wuyang', Huang Huixian'
(Jiangbei Power Supply Bureau, Chongqing Power Grid Co. , Ltd. , Choangqging 401147, China)

Abstract: In the stage of installation and construction, high — voltage cable may suffer from mechanical vibration, external
pressure and impact, resulting in damage to the insulation layer, foreign matter penetration and other external damage defects.
In order to accurately locate and maintain these faults, a new method based on frequency domain reflection method is pro-
posed. Firstly, based on the cable distribution parameter model and the existing frequency domain reflection method, the loca-
tion method for FFT transform of cable broadband impedance spectrum is described in detail. Finally, the defect of iron nails

in a section of 30 m —long 110 kV cable in the laboratory is made, and the location for the defect is carried out. It is found

Vol. 43 ,No. 1
Feb. ,2020

that the proposed method has high identification sensitivity and accuracy.

Key words : external broken; high — voltage cable; location; defect
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Analysis on Switching Overvoltage of Main Transformer in
500 kV GIS Booster Station of Power Plant

Liu Shoubao, Hou Yucheng, Tong Li, Zhao Yuhang
( Datang Hydropower Science & Technology Research Institute Co. , Ltd. , Nanning 530007, Guangxi, China)

Abstract: The GIS boost station in power plant is highly enclosed, and the transient overvoltage process is very complicated
during the operation of GIS switches. Taking the winding insulation failure occurred in the closing process of main transformer
in a 500 kV GIS boost station of a power plant as analysis object, the equivalent circuit of primary equipment and transformer
winding distribution parameters is established by using the electromagnetic transient analysis software ATP — EMTP. Simulation
calculation is carried out for the closing overvoltage of the transformer and the voltage distribution inside the transformer. The
analysis results show that there is no over — voltage exceeding the theoretical tolerance during the transformer closing process,
and the comparison between the voltage distribution of the transformer winding and the damage of the transformer winding
shows that the fast transient overvoltage is not the cause of the transformer winding insulation breakdown and the real cause is
the insulation defect itself.

Key words: transformer; closing; very fast transient overvoltage ; distributed parameter; trapezoidal equivalent circuit; ATP —
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Research on Effect of Spring Stress Relaxation on Shut
Properties of GIS Faults Closing Earthing Switches

Zhu Qing', Liu Bo’, Li Wanmin®, Cao Yazhao’
(1. Sieyuan Electric Co. , Ltd. , Shanghai 201108, China;
2. Shanghai Sieyuan High Voltage Switchgear Co. , Ltd. , Shanghai 201108, China)

Abstract : Cylinder spiral compression spring is the key energy storage part of the faults closing earthing switch, and it is in the
compression state for a long time. For the elastic element in the long — term compression state, stress relaxation is its main
failure form. In order to study whether the spring force value still satisfies the closing characteristics of the faults closing
earthing switch in life cycle, the spring stress relaxation curve is obtained by experimental method, and the spring load loss
rate in life cycle is calculated. Then the faults closing characteristic curve under the action of spring is obtained by ADAMS
software simulation, and compared with the technical requirement value, which provides a theoretical basis for improving the
reliability of the faults closing earthing switch product.

Key words:GIS; faults closing earthing switch; spring stress relaxation; dynamic simulation calculation
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Analysis on Operation Mode and Control Strategy of Multi —
terminal Flexible DC System in Renewable Energy Collection

Zhou Dengyu'"*, Zhang Xinyan®, Zhao Liwei’, Wang Kaize', Sun Kai*, Wang Zhihao’
(1. State Grid Wuwei Electric Power Supply Company, Wuwei 733000, Gansu, China;
2. Institute of Electrical Engineering, Xinjiang University, Urumqi 830047, Xinjiang, China;
3. State Grid Changji Electric Power Supply Company, Changji 831100, Xinjiang, China;
4. Beijing Gold Wind Science & Creation Wind Power Equipment Co. , Lid. , Beijing 100176, China)

Abstract : Aiming at the limits of renewable energy accommodation and power delivery, the distribution form of renewable ener-
gy base is analyzed, the multi — infeed voltage source converter based DC transmission ( VSC) grid is studied, and then the
structure of multi — terminal flexible DC system delivered by line commutated converter based DC transmission ( LCC) channel
is also studied. According to the operation mode of multi — terminal flexible DC system, the control strategy of converter station
in sending end and receiving end is analyzed, and the coordinated distribution of system power and the flexible operation of the
system are realized. Finally, through DIgSILENT modeling simulation, the stability of the system and the effectiveness of the
proposed control strategy are verified.

Key words : power delivery; regional energy; multi — terminal flexible DC system; operation mode and control strategy; mod-

eling simulation
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Capacity Demand Analysis of Electrochemical Energy Storage
for Accommodating New Energy in Xinjiang Power Grid

Yan Guangxin, Lin Xuefeng
( China Energy Engineering Group Xinjiang Electric Power
Design Institute Co. , Ltd. , Urumqi 830001, Xinjiang, China)

Abstract: In recent years, the proportion of photovoltaic power in Xinjiang has increased rapidly. The proportion of thermal
power plants that undertake major peaking tasks has been declining. The new energy generation has been superimposed on the
heating period, and the phenomenon of wind/PV curtailments has become more serious. Based on the analysis of new energy
consumption problems in Xinjiang, the output characteristics of wind power and photovoltaics, and the characteristics of the
main electrochemical energy storage technologies, the peak power supply capacity demand in the 14th five — year period is cal-
culated in order to absorb the new energy generation as much as possible. The electrochemical energy storage technology and
the energy storage scale applicable to Xinjiang power grid are proposed.

Key words: wind power fluctuations; power and peak load balance; energy storage system; accommodation; wind power cur-

tailment; PV curtailment
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Rotor Current Dynamic Response and Sensitivity Analysis of
Distributed Wind Turbine under Voltage Sag in Industrial Park

Xu Zhong, Mo Wenxiong, Ma Zhiyuan, Zhou Kai

( Guangzhou Electric Power Supply Bureau Co. Lid. , Guangzhou 510410, Guangdong, China)

Abstract: It is an important measure to optimize the structure of power supply, save energy and reduce emission in industrial
park. The characteristics of wind turbine have a negative impact on power quality of the park under voltage sag. In order to im-
prove low voltage ride through ( LVRT) capability of doubly — fed induction generator ( DFIG) , it is necessary to focus on the
rotor current transient characteristics and its influencing factors under symmetrical voltage sags. After the presentation of the
transient characteristics of DFIG, the transient rotor current model is derived. The influencing degree of both structural and
state parameters, such as stator resistance, rotor resistance and their inductance, the generator output power, slip ratio, and
rotor side converter (RSC) output voltage, are studied in detail. By trajectory sensitivity analysis, the influence of each factor

on the rotor current dynamic behavior is evaluated quantitatively, which can provide theoretical basis for the improvement of
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LVRT capability of DFIG.

Key words: doubly — fed induction generator ( DFIG) ; low voltage ride through ( LVRT) ; rotor transient model ; voltage sag;

trajectory sensitivity
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PV Value - added Service Pricing Model Based on
Stand - alone Stachelberg Game

Jia Chuyun, Li Huagiang
(Institute of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract; With the development of new energy technology, the new — type energy will occupy increasingly larger proportion of
the future energy structure, and the development prospect is bright. Under the policy background of further opening the sales
side, the concept of photovoltaic (PV) value — added service is proposed to enhance customer stickiness and gain potential
customer of power grid enterprises. Using Stackelberg game method, the pricing model of double PV value — added service sys-
tem is established including three main game participants, that is, the PV seller, grid company and PV value — added service
consumers as the research subjects, and the pricing method of PV value — added services is put forward based on the best ben-
efits. At the same time, the actual situation of Henan PV park is studied and analyzed. The Stackelberg double — deck game
pricing model for " spontaneous self — use and surplus PV power selling to grid" in the region is established, and the optimal
pricing in this mode is determined. Finally, two economic evaluation indexes are used to evaluate and summarize the economic
benefits of " spontaneous self — use and surplus PV power selling to grid" service mode. The results show that the users after
buying the PV value — added services, not only can enjoy the clean energy of PV power generation, but also save electricity
purchasing cost, and by selling surplus power to grid, gradually recover costs or even make a profit.

Key words :roof photovoltaic in the park; PV value — added services; operation mode analysis; service pricing; Stackelberg

game model ; economic benefit analysis
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A Detailed Analysis on Complex Power Grid Accident
Caused by A Fault of 35 kV Line in Substation

Gou Xiaogang, Duan Ran, Cui Mingde
( Tianfu New District Electric Power Supply Company, State Grid Sichuan
Electric Power Company, Chengdu 610021, Sichuan, China)

Abstract : Aiming at a complex power grid accident that CT had insulation breakdown in the substation caused by a single —
phase grounding fault of a 35 kV line, which finally led to two points grounding short circuit occurred in different phases, a de-
tailed analysis is carried out. Through the differential current calculation method, it is proved that the CT fault point moves

outside the zone of main transformer differential protection, and the differential protection operates because of the distortion of

CT damaged waveform. The analysis process shows the importance of fault details in accident analysis.

Key words :multiple faults; fault analysis; main transformer differential protection; external fault
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Analysis on A Transformer Accident Using M - type
On - load Tap Changer
Xie Qian, Liu Rui, Zhang Zongxi, Feng Yun, Long Zhenze, Bai Huan
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The on — load tap — changer is an important component of large power transformers, and its performance quality di-
rectly affects the operation of the transformer. A 110 kV transformer accident caused by the fault of on - load tap — changer is

analyzed, the causes of the accident are also analyzed through the test, transformer hoist, switch disassembly etc. , and the

corresponding preventive measures are proposed.

Key words : transformer; on — load tap changer; M — type
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Analysis on Opening Failure of A 500 kV GIS Breaker

Zhang Shimin, Li Weiwei, Yang Yang, Shi Shifeng, Cai Yingjun, Chen Anming,
Yue Xiaobin, Li Jian, Zhou Xu, Lu Guiyou
(State Grid Sichuan Maintenance Company, Chengdu 610041, Sichuan, China)

Abstract: An opening failure of a 500 kV GIS breaker is introduced. Through testing SF, decomposition products, no dis-
charge breakdown is found in the breaker. Through X — ray detection, it is found that the breaker is actually in opening status.
The metal fracture is found in the inner connecting arm after the disassembly of the faulted breaker. Based on the various metal
tests of the connecting arm and the visual inspection of the fracture position, the corrugations in the connecting hole due to the
manufacturing defects is the root cause for the opening failure of the breaker through comprehensive analysis.

Key words:GIS; breaker; opening failure; X —ray detection; connecting arm; SF, decomposition products; corrugation
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Discussion on Renovation Scheme of Old and Deteriorating
Secondary Equipment in Substation and Its Improvement
Sun Xiaolongl’2

(1. Guodian Nanjing Automation Co. , Ltd. ,Nanjing 211153, Jiangsu, China;
2. Nanjing SAC Automation Co. , Lid. ,Nanjing 211153, China)

Yao Liang"’, Ling Yan'?,

Abstract : The current renovation schemes of secondary equipment in substations are summarized, and the renovation of differ-
ent schemes for common equipment is analyzed. Based on the characteristics of substation field construction and renovation e-
quipment, the integrated scheme of " renovation — in — original — cabinet" and " whole — cabinet — replacement" is recommen-
ded, the improvement measures of " renovation — in — original — cabinet" for the prefabricated cables and " whole — cabinet —
replacement" for splicing cabinets are put forward, and automatic information checking system is adopted to improve system
access. These methods could improve the renovation efficiency and shorten the power cuts.

Key words:old — styled; secondary equipment; conventional renovation; renovation — in — original — cabinet; whole — cabinet
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Construction and Application of Remote Security Inspection
System in Work Site Based on Concept of Ubiquitous
Electric Internet of Things

Yao Jinsongl , Zhou VVeijil ,Yin Xin®, Liu Bowen’
(1. School of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, Xinjiang, China;
2. State Grid Xinjiang Electric Power Co. , Ltd. , Urumgi 830011, Xinjiang, China)

Abstract ; At present, due to the rapid development of power grid, the number of construction personnel in construction site is
up to thousands, and because of the increase of power construction sites, the security control pressure has increased dramatic-
ally, the traditional monitoring and security control mode relying on manpower can no longer meet the new requirements.
Based on the development of communication technology and its deep application to power industries, a new safety inspection
model for power construction site based on the concept of Ubiquitous Electric Internet of Things is proposed. Based on the
structure of " cloud — tube — edge — field — end" , a new monitoring and analysis system is established by using a portable mo-
bile terminal with 4G special Internet of Things card. Through the monitoring of video information, real — time illegal inspec-
tion and supervision is realized. Through the establishment of video information database and the data analysis of several
clouds, automatic violation discrimination and on — duty performance analysis are realized. These measures can effectively
solve the shortage of manpower and the problem that the field cannot be covered completely for inspection, which has effective-
ly improved the ability of field perception, monitoring and source safety control and management, and has realized the intelli-
gent statistics and auxiliary decision — making of safe production.

Key words : Ubiquitous Electric Internet of Things; safety inspection; cloud fusion; intelligent analysis; security control
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Test Analysis on Accuracy of Current Transformer Calibrator
Based on Reciprocity Principle

Liu Gang, Ai Bing, Liu Kun, Zhang Jiefu, Zhang Fuzhou, He Na
(State Grid Sichuan Electric Power Metrology Center, Chengdu 610045, Sichuan, China)

Abstract: The current transformer calibrator based on reciprocity principle has many advantages such as less test equipment
needed, simple wiring and fast testing speed. However, there have not been enough tests and analyses for the accuracy of dif-
ferent current transformer calibrators based on reciprocity principle. The current transformer calibrators based on reciprocity
principle are used to detect the error of current transformers, and the results are compared with that of the traditional compara-
tive measurement, which is found that the main factor that affects the detection results is the accuracy grade of the calibrators.
For the current transformer calibrators with the accuracy grade 0. 05 and 0. 05S, if the test results are within 60% and 80% of
the error limit, respectively, the errors obtained by the traditional comparative measurement are within the error limit.

Key words: reciprocity principle; current transformer; calibrator; comparative measurement
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Research and Comparison of Electric Energy Substitution
Schemes for Coal - fired Boiler Users

Tang Hu', Cui Hao’, Chen Ailun', Xie Tingting'
(1. State Grid Deyang Electric Power Supply Company, Deyang 618000, Sichuan, China;
2. State Grid Xiangyang Electric Power Supply Company, Xiangyang 421000, Hubei, China)

Abstract : The replacement of coal with electricity of industrial coal — fired boiler as the main growth point of electricity selling
market is the attention of local electric power companies, and with the integrated use of government subsidies, environmental
constraints and market transactions, deeply developing the potential of electric energy substitution market is also the priority of
electric power companies. In order to fulfill the requirements of the central environmental protection supervision, the company
is accelerating the elimination and transformation of industrial coal — fired boilers, which ensures its market shares keep in-
creasing. Taking a 50 t/h coal - fired boiler user in Deyang area as the research object, after introducing different schemes for
the coal — fired boiler transformation, the most reasonable and effective solution is provided for the user, and the theoretical
basis is also provided for later reconstruction of other users, which is of high popularization significance.

Key words: coal — fired boiler; electricity selling market; electric energy substitution; transformation; share
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