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Fault Location Method for Master Station of Distribution
Automation Considering Fault Tolerance

Gao Yiwen,Jiang Zhenchao,Feng Shilin, Cui Hong,Long Cheng
(State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan ,China)

Abstract:In order to avoid the failure of fault determination method for master station of distribution automation when the fault
indicator signal of distribution line is not perfect, the fault location method of master station from the perspective of fault toler-
ance is explored. Firstly the characteristics of telemetry intelligence, remote signals and other information reported by the fault
indicator when the fault occurs are analyzed, and fault decision table corresponding of different reporting information is pro-
posed. The result of the initial fault location is obtained through the decision table, and then the initial positioning result is
combined with the additive strategy to obtain the final fault location result. Finally through case analysis, the proposed method

is suitable for the information omission and false positives, and can obtain more reliable positioning results, which provides a

new idea for fault location method of master station of distribution automation.
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Simplified Calculation of Minimum Break Point
Set and Its Sets Increasing

Zhou Wenyue',Li Xia®
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan,China;
2. State Grid Chengdu Power Supply Company ,Chengdu 610041 ,Sichuan,China)

Abstract : In order to simplify the calculation of minimum break point set ( MBPS) , firstly the power grid is divided. The pro-
tective coordination matrix is generated by the relationship of main and backup protection in every sub — network. The matrix is
simplified to decrease the dimension. The MBPS of sub — network is obtained by adjusting the protective coordination matrix
dynamically. For increasing the sets of MBPS, the MBPS distribution law is introduced. The proposed method can reduce the
calculation capacity and get much more sets of MBPS. The simplification and practicality of the proposed method is verified by
an example.

Key words : setting calculation; minimum break point set; power grid partition; sets increasing; protective coordination matrix
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Optimization Method for Feeder Link of Distribution
Network Based on Total Supply Capacity

Tang Xiaoju, Jiang Donglin
(State Grid Deyang Electric Power Supply Company, Deyang 618000 ,Sichuan,China)

Abstract; Aiming at the lack of power resource locations and transmission corridors in the development of urban distribution
network, a new optimization method for feeder link is presented, which can satisfy N — 1 verification and substantially enhance
total supply capacity ( TSC) of distribution network. Firstly, a precise definition of interior transfer path (ITP) and feeder
transfer path ( FTP) is proposed and their effect under various faults is analyzed, which are on the basis of TSC and N -1 fault
verification of bus. And then the constraints of main transformer, feeder and switch capacity before and after the fault are con-
sidered synthetically, and the best plan of exterior feeder transfer path (EFTP) construction is proposed, which can enhance

TSC of distribution network and control costs effectively. Finally, the results of calculation examples show that the proposed

Vol. 41,No. 4
Aug. ,2018

method is effective.

Key words : distribution network ; total supply capacity; feeder link
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Analysis of Ground Fault Occurred in Different Phases and
Research on Tripping Strategy in Small Current Grounding System

Xu Peidong, Feng Jing
(Wuxi Segment of Overhaul Branch, State Grid Jiangsu Electric Power Co. ,Ltd, Wuxi 214000, Jiangsue ,China )

Abstract : There are a lot of problems of two — point ground fault occurred in different phases and different lines caused by sin-
gle — phase ground fault in small current grounding systems. When two — point ground fault occurs in different phases in arc
suppression coil grounding system, due to the influence of neutral point current injection, there is a deviation of different fault
phases current in the two fault lines, and the protection can not trip accurately. Based on linear superposition principle, the
deviation calculation formula and reasons are derived theoretically, and through using over — current protection module and
grounding distance protection module, the two grounding fault lines are determined and tripped quickly, which prevents the ex-
pansion of fault scope caused by the further insulation breakdown. The simulation of actual grid fault model proves the correct-
ness and reliability of the proposed method, which has certain theoretical and engineering application value.

Key words : superposition principle; arc suppression coil; over — current protection; grounding distance protection
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Research on Power Grid Cloud Platform Resource Scheduling Algorithm

Cai Xi',Qu Wei®,Li Qiuyan'
(1. Gansu Tongxing Intelligent Technology Development Co. , Ltd. , Gansu 730000, Lanzhou, China;
2. State Grid Lanzhou Power Supply Company ,Gansu 730050, Lanzhou , China)

Abstract; Aiming at the problem of high energy costs and low computation efficiency of scheduling resource in the rapidly ex-
panding power grid cloud platform, an energy — saving load balancing global optimization algorithm is proposed for optimizing
power grid cloud based on the concept and principle of load balancing. Firstly, the resource scheduling problem of cloud plat-
form is a problem that aims to optimize the combined optimization of energy consumption and load balancing. And then, a re-
source scheduling algorithm based on load balancing strategy and clonal selection principle is proposed. Finally, experiments
show that the proposed algorithm can effectively reduce the energy consumption of cloud platform and improve its resource
scheduling efficiency.

Key words : power grid cloud platform; energy consumption constraint; data center; combinatorial optimization problem; re-
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Research and Analysis on Self — ring Inter — connection
Mode for 10 kV Overhead Line of Beijing Distribution Network

Liu Baoquan

( Yizhuang Power Supply Company of State Grid Beijing Electric Power Company, Beijing 100176, China)

Abstract: The traditional network structures such as single power branch, single — supply single ring, double — supply
single ring, three — supply single ring and multi — segment with multi — contact and so on adopted widely in 10 kV over-
head lines are analyzed, and the common problems are explained. On this basis, self — ring inter — connection mode is
proposed accordingly. The advantages of this kind of connection mode are demonstrated from the flexibility, power supply

reliability, influence of abnormal mode, load rate and so on, which provides a more scientific reference scheme for the

Vol. 41,No. 4

planning and reform of 10 kV overhead lines in Beijing.

Key words :overhead line; connection mode; abnormal mode; reliability; load rate
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Research on Centralized Control Cloud Grid System Based on
Cloud Storage and Cloud Generation Technology

Mo Site' , Liu Tiangi' ,Zeng Qi',Li Qian’
(1. School of Electrical Engineer and Information ,Sichuan University , Chengdu 610065 ,Sichuan , China;
2.School of Electrical Engineer and Information, Southwest Petroleum University, Chengdu 610500, Sichuan, China)

Abstract : One kind of centralized control cloud grid system is proposed based on the new technologies of cloud storage and
cloud generation in order to spread the use of new energy and solve the existing problems during spreading. The concepts of
cloud storage, cloud generation and cloud grid are respectively put forward for the first time. The composition of cloud terminal
is designed by using the technologies of cloud storage and cloud generation. Furthermore, the structure of cloud grid is devel-
oped. The feasibility and benefits of building the cloud grid are analyzed. The related research contents are listed in order to
implement the cloud grid. The results show that the methodology of building cloud grid system is practicable, the proposed sys-

tem will be benefit to spreading use of new energy, and it will have higher level of security and reliability than the existing gird
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system.
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Realization and Prospect of 3d Simulation
Model of Substation Based on Point Cloud Data

Tian Xiaozhuang',Zhao Fenggang”,Liu Haiying’ ,Zeng Qingsong' ,Liu Lishuai'
(1. State Grid Xinjiang Maintenance Company, Urumqi 830000, Xinjiang, China;
2. School of Electric Engineering, Xinjiang University, Urumqi 830047 , Xinjiang, China;
3. Shenzhen Aikesai Technology Co. Litd. ,Shenzhen 518000 ,Guangdong, China)

Abstract ; Using GPS, StreetView panoramic camera, indoor 3d mobile scanner IMS3D and DPI — 8 hand — held 3d laser scan-
ner, the multi — angle real imaging and a piece of point cloud data for indoor and outdoor substation equipment are obtained
and processed. Then, using Autodesk 3d Max tool, the high and fine modeling of substation equipment, construction and sur-
rounding terrain environment in 3d scene is carried out according to the given modeling standard. The equipment model library
is established, and the 3d model of the whole substation is drawn with the real terrain. Finally, the three — dimensional model
is obtained.

Key words:3d model of substation;point cloud data;3d Max

0 51 &H

WG [ A, v I L S 28 A AN
HLMZS A B A2 2% . B il Vil ) R B
JER 23, FLAESP 5 G I A 2R S ORI ) R GEHY
RoEs T BRI T SeHE MR I AR R R R
IBHEN B RERS 11 1 A8 HL il A as k] SR, N AR H
sl R G R LR R B B3R e IR

BEEWE : FR [ RBAE4 (51467020,51007077) s it A IX F48FLE
34> (2017D01C08S)

.32

B AR 55 W M 2 AT A 9 R ILTFBe, B
AR R HE D, A8 HL ulh = SRR T e R
TR L A A kS 5 R O BRI R
Ge°0 . Sy —J5 i, O T R H AR U A ) R
SAE AR, A R R R A AL iR Al o
BRI REAR R, T TR HIL AR G X A H il ) 4% 0
BB TIRDLHEA T 552 Ik M 42, 76 39 50k oL ) 22 4is A7
AT SENE Y [ R S A KA B AT R g o SRS
240 14228 P ol R — A TR A ) B R R i )
fift, HATAZ 2 2 ia 4E TAE H 48 BEE T, 2



541 5 4 4]
2018 4E 8 f

MmN B h KR

Sichuan Electric Power Technology

Vol. 41,No. 4
Aug. ,2018

H, il = 237 S A ) S A AR b B

S HIBOCI #E ZR Ge AR U H il = 48 a5 = 58
MHOCHE R G002 503 = 4EBIRL SR B H iy B
FEBZ— FIH S = B A 6 B33 3RS 1Y
S BR A T AR B, DA ST I — B AR H
SRR T B B B [ N A R
MRS (. Z + F/FARO) . #ASFAE
FAR AR P B A B R, SRS A Y
St BT IF Rl 4, A &
DRI [E] AL 10 min, —MEZE 20 A B ] fc D
BN 40 AN AR 2 T b A XA
(AN 465 A 4 ) S5 B A = DR Rl (EEH]
N = 4E5 3 1 5 {X (indoor mobile scanner 3D,
IMS3D ) #4752 20 min 7245 50 7] LA 58 4
i, P38 B0 AT LEPHENR AR lem
) = B s . IMS3D ] [6] 25 7 o 55 il (&1 550k
( simultaneous location and mapping , SLAM ) 52 42 F
MR EE 43R 22 {57 2 5 ( global positioning system , GPS)
KA R RG] LAAREC 1 em A6 B2 1Y 25 = 4k
P, BRI WO A, R B I A O R O . AE
R B 1 R AT 25 F O 7, AT RO
B JE R — B 8B 0 S = B TR IMS3D 7E 49 4
T FEH AT AR SRS Bl , N A E PR, AN AR
R AT DA RS S AT A, BT RO
% & 4 (instant messaging management system
IMMS) 1% 2l il L 2 A AR K L5, IMMS 2 {1t 42
T EE B, IMS3D W] T 2 R B[] 35
(172 TR , 4% BROAT P 1 SR #E AT B8 . IMS3D
A S IR M DX I v A R0 2 T B AR I . — 3K
REET Tem K BE (%) 25 () B0H0E 2R o 38 2ok 42 1)
SEELHEI S 3E G s e S WA B A
Yol KA . o SEAT AN A] B9 46 A A5 3R, v LA
WRTTE VRN E] . W StreetView 4 S AHHLRSE
AT R BIERAE . T FAIPLR A B A5 bl
B A R A% R B B 2047 4 A Sh R 45 Ak 2
I ZAT B 45505 B P RS T I B 4 5 A8 5 o
ST BT R 1 A AT PR A | AR Bl EY
B AY S E S i i e S (DR AR '
KU C T WSS FNSHEN I e N o (]
s T AR

1 7Rl = AR iy ST

1.1 =ZHBRNERRE

I S S AEROCN + S AR AR IR S
Pl (mobile mapping) J7 SRS E By wh — i
BT O RERE R}, SR TMS3D #% 5l il 151 & e R4k
R = AEROL R =, 458 DPL -8 Tl =4E
ARG s B R A =2 sz, W ] Street-
View ML RGEIAT 2R AL R, RIS
FLH PN B L 1) 4 S SAAG E Sm A5 S, T X
SAOLETEB P I TR . TR = B0 R =8
ARSI I, 455 T S AR AR R 3R 8OE
BFRER A 3d Max B EAT = 4ERHSE
1.2 FrA&E T

1) StreetView >R 2 552G 5

StreetView 2 FAHNL R Gt /2 — BB 2 R
BRER G, 45 Lk WoR BT A WAL 3R , TR 44
(RS I K o AHBLATIC S 30 M AR 4 B Fil g
BT WREAR o 3 B AT A Gl BE R |
e AT o7 o T S ek SN L E RS
(global navigation satellite system, GNSS) 4% #5345
4 AT YRR B GPS I i B4l L A 30
VAL A AME AT LA 53 FE A BRI S . FEAR IR
B e, A shEFIA 29 5 R
Ji1a] (GPS H A (] LA K A b H 1A F1 I 8] 9 5843
PR S D 4 55 151 5 0 A B 2R 4t (geographic
information system, GIS) £H Jifti— M 7 & .

2) IMS3D R4 = 4EHOL 5 = Kl

FIF TMS3D % 3l 1] 28 5 2R A2 78 v i 1) = 4
R m NN EARBR A AR . IMS3D A LIFEBAT
GPS fTEOL T, (f 1 SLAM B3k, R S = 8dli o il
FH IMS3D 2501 ] 5 Gt 45 0 4k 3 18 Bl , I 5%
HotE A (light detection and ranging, LIDAR ) [t i [A]
AR SN RS v A X L Bl |y 3

AFRRE AT A ] DPT -8 ¢ = 443l 4300k
S B 1 2 R A TR A = RO R s R AR
ISR B A A % o DPT = 8 A0 = R 504l 1) P
RIC 5 T B = 4RO AL, 2% T oA
SRTAR R 2803 00 B0 e i o R A B R B Y

.33 .



541 B 4 Mg AR Vol.41,No. 4
2018 4£8 H Sichuan Electric Power Technology Aug. ,2018
LAl ABIT T, DPL-8 £54% Phi. 3D =4l iRl (digital surface model, DSM) , 3@ i %5 1E 4

14 SRR P RS9 4 2 S e AL
INFIEAE

3) = HE AR 3d Max

3d Max J& HAjHH 5 LA S 2 0 %0k 3D #
2 BRI R E R . 3d Max /2 3D Studio
Max [ fai FK, & Autodesk 2\ &) Discreet 432 7 4 HY
() — X RE SR R Y — 4B H O, X728 H 3 114 137 1
AR 2015 JL, AT DI = B8R}, ik
AL E S = R Ik, B A = (point cloud )
AR AR E AL 5E b SO A B T AERBOR T
e 2 s,

w <0

1 IMS3D ER =B L) FA
DPI -8 F#H =AM (4A)

By A SED QSR

e bl 4 i
L L

B2 AZSEREE
2 ARF I = AR () S

2.1 DEEZERSKRIIIRE
AR UL Ll T A DI B | A SR R 0
HILZR PR JRRIE 1000 m 47 58, 1< 5 km AYIESESAAR K] L

E R ( digital elevation model, DEM) (£33
.34 -

545 1K (digital orthophoto map, DOM ) &b B4 HAFE Ny
SRR R W T AT v R AR U 1 = 4E P R
T B A M 0 LA ELSRR ST
Ji= DOM K 0. 8 m 43 #3011 A i RS2 GOk A 3
FA AR A R
2.2 2RHHERERYIELIE

IV StreetView 4> SAHML R GE i 474 FRAREL
PR A o SRARAS HLI PN SRR 1 4 S AR B B
e Y S DO ISR VAR &8 A L ARty e O B
L SAHHLR AR B A B AL A BRER A 0 R S B8 47
4 H B SRR TR, B 245 B 5550 5 (R B0300 AR o
JE A SRR . X R B | B R AN R
RSO TERE B RS U S e S R

AR GORN LR AR I 55 19 753X (1S B tomeat ) &

A Web I 55, I 45 B — sl — k™ i it D) 2 1t
URL {5 B, i f& URL 3@ 2k 30 8 85 4T FF i A7 2888
Fili B B RER BTE W E B R21R
2.3 THIISHEEZ#HXRZKI

FIH] IMS3D R A S B w1 A0 R = 1 R
IR AT A% . TMS3D BEREAE I SR A 2 N Ah 1
TR . TEAER , FRIBITA T LR B A L B AL
I, IO, PSR AR =4k i B
Xif—4E IMS3D JoikiE A7 5%, & DPI -8 F-
Rl S AERO I WA AT B35 AN AR 45 0 1 43 4, 1
hy IMS3D (4R 5T
2.4 Z=HERREIESNT

1) 7% F iy = AR a4 7 =X

715 P, il Y R AR T v 9 R A 22 30O (Polygon )
AT RIE , 3d Max s 2808 7 =5 I gt
BHLNARIN AR B 5 AR H N, i n] AE:
FOPFEIBOR TR 2% 5 Hp (8 A I T DAAR 47 b A4 3
DEF o AL LAY 8 ) 4 20 BR T 23 Bt b B
BRIy o B ab 3 B AR WA 3 s ¥
SIEALEE NI 4 BOR

78 P ity TR FH AR AR Ty =X, Sl A
TR L F O R B B SE L 2
S LR EARYE s A B S HS E . B5 R
LAAZ 3 2 51 R (1 A 28, 3d Max 1 ] ff H
HEATRG AL, mT LASEAT 2200 R A0 i 52 TR L 15 45



5541 B 4 ) Mg AR Vol. 41,No. 4
2018 4£8 H Sichuan Electric Power Technology Aug. ,2018
R Z W], AR e dir , 23 R 8 AR S8, I 9 s
| szmmnm |
¥
| wmr% | | SAmmx |
v il

| BE S |.:’| SRS |

]

WEHLE | l

BS #@MsFRE

2) 728 R vl — AR TRY ) A

225788 L O 1 3 B B R IBURIAS H 3 A
HL A B EASE , P4 31 00 37 55 R e S 3 A8 v
wh R 1 A 6 s, A s R AR, 454 3d
Max il V1 (4 oA BEASE IR, il AR T HY s 2 | v SE L
JER A Ll = e 18T R T 3 TR AR
Ut DA = B0 P B B i A — R A AR R R
AR AT — A AR, AN 8 R s e rp i

M6 NEEHHFER
3 g B

1) SEBUEET =4 nf AL AR G, 4 R G
TREARNS #L ) R GV — AR TN S R AL 1%
R, JCBL R  RGEHR B AL

2) BB AT SR al AR, A2 F il B A S B
P 0 = R AU 57 P A ST W DN Es , [ B 7 =
HEPRITE PO SERR e B, (AR RA R s K
SRR, S8 AR HL 3l PN A% S S A DL M A
e, ARG AL , X B (L BE B,
PEATOPHT I S BRI A T4 SR

(3) 58555 RGN, LB = HELR 43 i 5o
s ?E)i': T RS (‘production management system,
PMS) 52 1., B = HERER 1 SCF iR A 5 S o

.35 .



5541 B 4 )
2018 4E 8 H

m e AR

Sichuan Electric Power Technology

Vol.41,No. 4
Aug. ,2018

L F AR HL ot = A

7 ERERAH

9 TEREFSH
R = HE AT WAL SR T B, Al LUELUL HERf | PR 3
LR B B A B, R I A 4R B =
Yt R GE Y HEA T A R AV BRI IR A R S
T, e AL SRR

S ik

(1] FEWRFR, B . o ge i &R ik KawlT].
[ H 7 ,2012,45(11) .91 —95.

[2] /N, RRalioc, FEREAS, 4. T 1m0 5 AR H X R FH A H
FTIRB A CEEARLT]. T E B ,2015,35(3) :503
-511.

- 36 -

| by vy 6

LR i 4 B

B st R 2B

U L = e

BEE=#hemEa

[3] RARE, BRI, B30 TSR PR RS (T].
rf [ H ML TR 44 ,2013,33(31) 1 - 14,

(4] GRARER, BB, X I, 5. 2 68 i R BUE FOR & R
FFELT]. T E AL T2 ,2015,35(1) ;2 - 11.

[5] A48, Fh5, Ph/NEE. AR e s = 2 A vk IR I R
B[], A 18R ,2015(2) 119 -23.

[6] waafh, didkst, Thok. FIH =400 S 28R4
HIBEI[T]. L5 ,2014(3) :67 - 70.

(7] e, & moek, 5 HbR. 25 ol I8 s 1 R 48 — 4k
BRSO R SR LT, i Sy H AR 2015,
38(3):8 —11.

[8] huth, Hut#, &), 5. FIAIPLE LIDAR 5 = $i
PRI X B ()] W23 ,2012(9) :16 - 19.

(9] B4eik, phasl, 2028, =4 A 2 50 b il B A o
FOR[T] ERI 22 (A RBLAM) ,2004,44(8) .
1104 - 1106.

[10] WXFAR. FET =4k 4 Pt g (v 28 o 3l vl LA 1

AFEAIN L D] B IR K4 ,2013.
[11] Sk=TIB, ik, B e, 5. Jbb/GPS $i 22 B 8l i K
TERNIREERM[T]. 224 2016 ,45(S2) ;72 - 81.
[12]  w24esdy 220, . T HE = 4E 506 PH#iHAR
By I 2 [ 7] 458 4 ,2013(3) 70 - 72.
[13]  [EIBHBA, Z5K0R, THEA, 5. 40t G TA
MU = el m m i os [J]. M4, 2016
(1) .84 -87.
EE® N
HAVE(1972) , B R TARIR P50 T7 ) Ay T B AE 4
A ER (1993) , AL BT &, BE R %18 EAP #4 & 5
R
(W FEEHI:2018 —04 —04)



541 5 4 4]
2018 4E 8 f

MmN B h KR

Sichuan Electric Power Technology

58 B I LI 2R 0 B 2 A

F OFE.HKR,K W
CFE P D 1148 ] g 28 I e R I oLy DU IT BGER 611133)

W EReEHNEIRGLARAAMARG O AR R EXAARLR AR SRERG AL TR, BT A
FREIEHIL ARz H B, F AR T MiesF B 5 MaiAT B A AGBER REAR S R %0t
B, REMTAALFAGH MR U A RBTTRE,

SE4RIA] BRI R 5 I RE VR 2% FB ) R E AR (PSS) 5 RAG ST T L R S8 (FACTS) ; P ¥ il

FESEE TM721.1 XEREL:A XEHS:1003 -6954(2018)04 - 0037 - 07

Overview of Additional Controller Design in
AC/DC Interconnected Power System

Wang Lei, Hu Yongyin, Zhang Ke
(Skill Training Center of State Grid Sichuan Electric Power Company, Chengdu 611133, Sichuan, China)

Abstract : Additional controller is the effective way in increasing the damping of low — frequency oscillationin in AC system and
improving the transient stability in AC/DC interconnected power system. The additional controller based on different control
theory is summarized, and the coordinated control of additional controller with excitation regulator, power system stabilizer,
and flexible AC transmission system is introduced. Finally, the future of additional controller in AC/DC interconnected power
system is prospected.
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@i % Ak, X B FRIT 0 A BAT T AR, AN R KRR TR, ANRE T EEAR
BBAL, HET AR ERIARBGEE, BET 21100 kVRAFBAAIGEEAI4 AT BOHERE . ZERGTA
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KGR +1100 kV B ; R REG YIS B E
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Research on Protection Design against Lightning
for DC Yard of +1100 kV Converter Station

Wang Qiang, Bao Weihan, Yu Bo, Su Lin, Ding Xiaofei, Zou Jiayong
( Southwest Electric Power Design Institute, Chengdu 610021, Sichuan, China)

Abstract: +1100 kV is a brand new voltage level for HVDC transmission project, the design for +1100 kV converter station,
especially for its DC yard, is full of new challenges. Different calculation methods for protection against lightning are com-
pared, and the rolling sphere method is confirmed as the design tool, meanwhile, the strike distance factor is also proposed
and then the strike distance is figured out. The particularity of the protection design against lightning for +1100 kV DC yard
is considered as below :a) the contradiction between the large air clearance requirement and the small strike distance ;b) the ar-
ea with small lightning protection current is enlarged;c) the space of DC yard is limited;d) it is quite difficult to figure out a "
risky section" . According to the above — mentioned design principles and the features of +1100 kV DC yard, a protection plan
against lightning is proposed which utilizes multiple shielding lines or conductor that can withstand large lightning current ( in-
tersected or not) to form a joint protection, and establishes a protection plan against lightning with layered structure. The pro-
posed plan is evaluated with 3D modeling.

Key words: + 1100 kV DC yard; strike distance factor; protection against lightning; layered structure
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Research on Calculation Method of Penetration Limit of Wind Power
Integrated via Fractional Frequency Transmission System

Li Yi', Teng Yufei’, Zhu Liman’, Li Xiaopeng”
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract: Fractional frequency transmission system ( FFTS) provides a new approach for integrating remote large — capacity
wind power to grid. Firstly, the structure and advantages of this system are introduced. Then, an optimization method is pro-
posed to determine the penetration limit of wind power by considering static security constraints. This method could be used for
the system integrated wind system via FFTS and that via conventional transmission approach. Finally, three schemes are de-
signed to integrate wind power to RTS —24 testing system,and the the penetration limits of these schemes are compared. The
results indicate that the penetration limits are increased obviously when the wind power is transmitted to load center instead of
the border of the grid. Therefore, integrating wind farm to power grid via FFTS is a very promising approach to benefit wind
power industry.

Key words: grid — connected wind farm; fractional frequency transmission system (FFTS); penetration limit; optimization

method ; cycloconverter
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Research and Application of Subsynchronous Oscillation
Control Line for New Energy Centralized Area

Dai Yongmin', Zhou Zhuan®, Chang Xiqiang', Lv Pan®, Wu Gaolei', Xu Longxiu®
(1. State Grid Xinjiang Electric Power Co. , Ltd. , Urumqi 830002, Xinjiang, China;
2. State Grid Xinjiang Economic Research Institute, Urumqi 830002, Xinjiang, China)

Abstract : With the country’s strong support for the development of new energy, the installed capacity in wind power and pho-
tovoltaic has a rapid growth, especially in the areas with abundant wind energy and solar energy, new energy is presented a
centralized development. However, most of the new energy centralized areas are located at the end of power grid, and its short
— circuit current level is low, while the new energy is integrated to power grid through power electronic devices, which causes
a subsynchronous oscillation problem. With the large number of power electronic components used in power grid, the compo-
nent itself, and the coordination effect between the components are further highlighted, and the problem of subsynchronous os-
cillation is further deteriorated. Therefore, for the premise that subsynchronous oscillation mechanism is not clear, the re-
search of subsynchronous control line is carried out to suppress and isolate subsynchronous oscillation. The analysis on the
causes of subsynchronous oscillation is carried out too, the subsynchronous oscillation control system based on modal frequency
of the unit is proposed combining with the existing grid defense system, and the subsynchronous control line for the new energy
centralized area is established. And then a synchronous oscillation is analyzed to verify the correctness of the proposed subsyn-
chronous control system. The research results provide a technical scheme for subsynchronous oscillation control in the new en-
ergy centralized area, which may ensure the safe and stable operation of power grid in the new energy centralized area.

Key words :sub — synchronous oscillation; modal frequency of the unit; stability control system; control system
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Harmonic Suppression Technology of RF Energy Acquisition System

Meng Xianglin
(School of Electrical Engineering, Wuhan University , Wuhan 430072 , Hubei , China)

Abstract; Aiming at the problems such as poor effect and low efficiency existing in harmonic suppression circuit in RF energy
acquisition system, a design of harmonic suppression circuit with a fan belt line based on symmetric diode rectifier circuit is
proposed. The proposed design uses the design of symmetric diode rectifier circuit to suppress even harmonics caused by non-
linear electronic components, at the same time three fan belt lines with optimized design are introduced to suppress the third
harmonic effectively, and through the use of fan belt line with broadband impedance characteristics the rectifier circuit realizes
a good adaptability to the input signal frequency. The experiment proves that the circuit can effectively suppress the fourth or-
der input harmonics in the wider input band, and the maximum rectifying efficiency reaches 78.2% .

Key words : harmonic suppression; fan belt line; rectifier circuit; third harmonics; rectification efficiency
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Power Data — based Research on Economic Prosperity Index Model

Li Fuxin, Luo Xiaoyi, Shen Jun
(State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract : Based on power data, power data — based economic prosperity index is constructed to support the company to grasp
the electricity consumption rules of all walks of life and to dig out the opportunities for the sale of electricity in all kinds of eco-
nomic environment. At the same time, the construction of economic prosperity index based on power data provides a quantita-

tive analysis tool for government decision — making and policy making. It also provides a scientific and accurate basis for the

Vol. 41,No. 4
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government$s policy support for the electric power company.

Key words: economic prosperity index; power data; cyclical industry; prediction model
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Analysis of Suppression Measures on Single — phase Short - circuit
Current in UHVDC Converter Station and Its
Impacts on Power Grid Reliability

Xu Jie',Li Yan®
(1. State Grid Sichuan Integrated Energy Service Co. , Lid, Chengdu 610061, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Aiming at the issues that single — phase short — circuit current at the 500 kV side of Yibin and Fulong converter sta-
tions exceeds the breaking capacity of breaker, the reasons are analyzed and the measures are put forward to reduce the single
— phase short — circuit current, including limiting the output of thermal power near field, main transformer neutral grounding
by small reactance and adding series reactors in 500 kV lines. The limiting effects on single — phase short — circuit current and
the impacts on power grid equipment operation and power supply reliability are compared by different measures. The sugges-
tions for reducing single — phase short — circuit current at 500 kV bus of UHVDC converter station are given.

Key words : converter station; single — phase short — circuit current; neutral grounding by small reactance; series reactor
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Erosion Analysis and Improvement of DC Isolating
Switch in UHVDC Converter Station

Sun Guangyu', Jiang Zhangwei' ,Liu Shuai', Yu Li’
(1. Yibin Management Office, Operation Branch of State Grid Corporation of China,Yibin 644000,Sichuan ,China;
2. State Grid Tibet Electric Power Maintenance Company , Lhasa 850000, Tibet , China)

Abstract : Firstly the erosion situation of a DC converter contact in UHVDC converter station is introduced, the main causes of
contact erosion are analyzed in detail, and it is pointed out that there exists serious hidden dangers to the isolating switches be-
cause of inaccurate closing signal, which indicates that such hidden dangers may influence primary equipment and DC control
protection system. And then the corresponding solutions are put forward, which have been used for field implementation and
have a good transformation effect. So it can provide a reference for other converter stations in China.

Key words: UHVDC; isolating switch of DC field; contact erosion; hidden danger
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O ERE SR e BRI, 9
(L VRYEALR AR LT 7R YRYI 51800052, AR Il J# 610039

1 OE. 500 kV GIS T d sk AR L, ¥ sk GIS KB A4 — ANk, £ B Rl A & a2 0 A4y A4
ATP — EMTP w 5§ % ¥, 35 2 AN, AR &5 T BAZNGR A AAER | B o xd 8 5 53 0945 A AR A 3R AT T AL v i 2 3L
K EFBGHEHN, HETERRBFHXT,CIS AHEF BAZNIL G FZFRE L, sSHHE AR B T 0L FAZN K 6%
AL Hrh, 5t ey F b AZ A BT AR GE R T AR 6 A

KR : GIS ZF HL i ; B FL R A 5 Zn0 k7 %5 ; ATP — EMTP

RESES TM286 STERIRERD:A  XE4HS:1003 - 6954(2018)04 - 0078 - 04

Analysis on Lightning Intruding Surge Waveform
of 500 kV GIS Substation

Tang Feng', Huang Ronghui', Li Debin®, Liu Shungui', Zhao Xuelin*, Wen Kai’
(1. Shenzhen Power Supply Bureau Co. , Ltd., Shenzhen 518000, Guangdong, China;
2. Xihua University, Chengdu 610039, Sichuan, China)

Abstract : Taking a 500 kV GIS substation as the research object and regarding the whole substation and outgoing line as an in-
tegral, the lightning intruding surge simulation model for various electric equipment is established with the electromagnetic
transient simulation program ( ATP — EMTP) , while the simulation model of arrester is optimized in order to satisfy the real
operation characteristics. The real situation of GIS inner lightning intruding surge is gained by simulating different operating

modes. The different lightning intruding surge waveforms are compared and analyzed as well as their effects. The accuracy of

the model is verified by comparing with the real measured lightning intruding surge waveform.

Key words : GIS substation; lightning intruding surge; ZnO arrester; ATP - EMTP
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Analysis and Improvement of Calculation Method for Current
Carrying Capacity of Overhead Transmission Lines

Hou Shichun', Jiang Desheng’
(1. Electric Power Research Institute of State Grid Heilongjiang Electric Power Co. , Lid. ,
Harbin 150030, Heilongjiang, China; 2. Management Training Center of State Grid Heilongjiang
Electric Power Co. , Ltd. , Harbin 150030, Heilongjiang, China)

Abstract: In order to solve the problem of deviation between the calculation method of the current — carrying capacity of over-
head transmission lines and the actual environment, a calculation method of radiation heat dissipation consistent with the actual
environment of transmission line is established by analyzing the calculation method of the current transmission line flow rate.
On this basis, the calculation formula for the current carrying capacity of overhead transmission lines are corrected. The re-
search results show that the current formula based on Morgan formula is very conservative when calculating the current — carry-

ing capacity of overhead transmission lines, and the reduction of ambient temperature and the increase of wind speed can sig-

nificantly increase the current carrying capacity of transmission lines.

Key words : transmission line; current carrying capacity; calculation method; improvement

0 51 H

Wt v ] L R DR K L T B A i 24
SVF RIS th TR R 2 BB R
FNER I B S A5 DR R A 24, DR A DA 2 el
R R IE R A A X PR R SR A R
So FAT, 2Rz L A AT 5 ik 2 T Morgan
A AR LR R I, %S R 2
TARNY 2 i P R S PRI AT AE — R i 22, 2K
HRRRIR R B TF . ENSEE BARXTHE
R R AT A T I LR AR B B ik

.82 .

Jrii R TR BIE TR A R R
BB AR R RS M SRR T SR
A R XSRS B e AR B T A R
AR AR SR E T T IE BB G T
AT IR R A i e T AL A S PR B R I
SEth b BIFSE T BRI B R GHOGT S A i P 2 O o
Y52

RS T TN n A R

H ) A P R AR S B R R T T s S I PR A T

7% 512 (International Electro — technical Commission



541 5 4 4]
2018 4E 8 f

MmN B h KR

Sichuan Electric Power Technology

Vol. 41,No. 4
Aug. ,2018

1BC) 4 HET AR, 40K T 1EC 1597 4007
e SRR Morgan 24t RS AR

W+ W, - W.
I= R (1)

Kl Ry FEARS G R W, NP LR
FR AT 2 W, Ry B K B R 2k 3% TR FCEA )
B WO JE LR H BRI Z R 7
AR B K 3 28 T LR
RS A R A
W, =mDeo| (0+6, +273)" = (6, +273)*] (2)
KD B RLIME ;0 I FLF BRI REL, W
£5H0.23 ~0.43 A IHZEL 0.9 ~0.95 ;0 Kyl
~ PR E R, o =5.67x10° W/(m® - K*);0 K
FLRRMERT 0, AR
SRR
W, =0.57mwA 0 Re"*® (3)
KA, ARERMEXRREREG Re HEHEEE Re
=0V T T PN v ST
BERGE . F RS R AR B SR YE R AR
JE 1224k, D)
A,=0.0242+7 x107°(6, +6/2) (4)
y=1.32x10"+9.6 x10°%(6, +6/2) (5)
KB BRI BT R g
W, =aJ.D (6)
Ko T ERE K PHAR G AR S Bk
B 0.35 ~0.46 , ZREAIHZEEL 0.9 ~0.95; ], MhEkR
A H PR BRI 1000 W/m?
2 (2) ZA(6) AR (L) 15 H FiE >k FH 1)
AR EAK:
I =

£9.920 (vD)** + Do [ (6+6,+273) - (6,+273) 1-aJ.D}/R

(7)
2 #Haait s orik o e S kot

1 EIRfESH iR b, U (2) BIHRM S
LA — MR B (6, +273) B SRAR IR 55 B0 48
R SEPR b B sy r 2 R A — A TR =5
] H 1225 ] {1 — S L TP, O3 b —f i R =S
MR, PRI, O T i AR T AR S IR AT
(2) SRR R LT A I AR i T —F &

T XoF 25 A SRR AA T s RO R G O AN TR
(9700, PRI, 2 (2) 465 H i Fl 28 3% T e R A
THEC A5 R HE S P i P A T R S A R o >R
A Q2)HHEA R R s B L BOR S TR IR T
i L B TR

FIER] IR ER X A £ 3 TR S G AR
AT TEIE:

W, :%TTDSO'[(0+03 +273)* - (6, +273)"] +

%ﬂD80(0+03+273)4 (8)

Hp
W, :sto[ (0+6, +273)* —%(aa +273)“]

(9)
IR RS HR T A0y
[ =

{9. 929 ( pD)-485 +11'Dsa'[ C0+0,+273) -%( 0, +273)4] —aJSD}/R

(10)

3 i SR R oA

T TR P S B2 A SRR AR R
TR, IRt B R & .

DL PR ER ZE B B e 2 R ), HEAS T v
FHE B2 1.016 4 ~ 1.022 43X K-
PIME N 1,02, MAZ AL Ay

225+,
20245
iRy, h 20 CHF AN BE S B B FRLBE 0, R
FLEE,0.=0,+0 .

) 300,25 SR L i, AR B 23. 76
mm , BELFEPHEC 0. 094 33 O/km, 3 H 52k 77 0] X
B 0.5 m/s, Xof K BH 4 569 1 W SRR B 0. 925, K5
R 0. 925, FREE I EEHL 25 °C, #hBRFE 1 H IR 8
B 1000 W/m”,

BosE AR S SREE R R WK 1 T
No TEEIT SR ARERR I IE S () 20 w15
ARG IEE R, B (10) 245 I TR A R 2k
RERBIEM R ER(T) RS RETR ., W
L Asf LAl UL B GE T 3RS B 2 2 = TR &
IEREER, T UL H R H B s R A TR

R=1.02R



541 5 4 4]
2018 4E 8 f

MmN B h KR

Sichuan Electric Power Technology

Vol. 41,No. 4
Aug. ,2018

ST PEAERFRT LA UV B UL T, L PR LAY
B R DU A

900 -

800 [

700 -

600

1A

500

400

300

40 5IO 6IO 7I0 SIO 90
6,/C
Bl R=HELHRESSLEENXER

HI B IEE B R iR A (10) h T 7
23R R SR T N AT 5 52 PR, DR, 2R
AL B AT ] DL — 20

AN TR S L T B v A s B P R B R A T
e 2 fr, AT, BiE S T 5 i,
PR AR A T SRR, AR R R R s A TR
70 °C, Bt ik T LR 14% , X — 45 R 5 S0ER
(S 1ic &y By

60 \\
50
40|

x 30
20

10

0
40 50 60 70 80 90

c

B2 ARSLEETRERTZHELBREEZN

1100 - R
o—25°C
1000 | —o—15°C

T +552 ;/DA/A/;/A/AQ/%I/E
800 | :;jljtf/j
<

1020 30 40 50 60 70 80 90
6,/
B3 RTE@MBESHRESHREENXER
2R g LR B S PR R AR S AR
.84 -

3 i, al LA H Bl BRI R A I, 280 1 )
BARE,

S A 2R B R XU A AL AN 4 i, ml
VARSI, B MGE A4, B ] AR s

1000

900 -

800 -

700 -

/A

600 -

500 |

6,/C

4 RTHBLAHRESNEHXER

4 45 i

A A X R PR 2 A T ik g A,
SE T S L T AR S PR PR — B A R T
5 A B IE T A s i e SO A T
Ao WIFEEUREW], HATHE T Morgan 202U 20
g R BN Wi TR SEE R iU E =478 D PURS RPN
ST, SEPRIR A f e AR A B —E R R T
P R AR XL ot 2 s i L 2 Y 2 A A A R
M o PRI it ) Ak AR AR XU 1) i g , T L i v

i R ERE,
SE

[1] CIGRE. The Thermal Behavior of Overhead Conductors
[R].CIGRE WG12,ELECTRA(144) ,1992.

(2] JAZEAR, wB&0e, B 20, A5 S5 28U 500 kV 2k i i
HLRE I SE AL R ARSI [T ). s M4 AR, 2001, 25
(3):1-6.

(3] ZS%,5KRBNI, @ EE, 45, $15 500 KVt [0 4 By B
IIEARBIFELT] . 4R ,2005,29(19) 115 - 17.

(4] 5kn#l, BRIE. B APk B AHARMRI]. 7&K
g, 7,2012,25(2) .57 - 61.

[5] /A2, Fgel, Rk, s L sun & shSi 85 6
(17, WA 2009,33(20) ;76 - 81.

(6] Mot ST, iy (38 4 ) [M]. bt M52
A ik, 2006.

EEE

HHEA(1963) , SR IR, AT @A B ZAZE

A B MR Fed 15 BAE

(Wr#m HEA 2018 - 04 -27)



41 B 4 1) W AR Vol.41,No. 4
2018 4£8 H Sichuan Electric Power Technology Aug. ,2018

0

d

"L B R T A5 7 T A v A0 s X
A2 it L B Bl e a0 A

TRE
(E RN FEEITor A AV E R AL, U] B2 644000)

H E NS EERNR YRR EARNE T  HEEARMA X ARLES L BN AR EEXFERRL, A
FRAE A2 SR R B T LT WAL B AT, VA B SR 3 7 SMAKSE R X 1) BR A S T R B G R R RAKSE 12 & 3
AEERLALRMEIN LB AT ER AN ELFFUE, #ITFUHM FRFLRE IR BB &L,

RGIR) IR TR RS EN 4 AT R Ge sl i FH HR 400 Vot LR

PESEE . TM72 XERED:A XEHS:1003 - 6954 (2018)04 — 0085 - 05

Solution Analysis for Hidden Trouble of Disturbance in AC Power
Grid by Converter Transformer Cooler in Yibin Converter Station

Wang Chenrui
(Yibin Management Office ,Operation Branch of State Grid Corporation of China, Yibin 644000, Sichuan, China)

Abstract : Nowadays, with the rapid development of power grid, UHVDC is emerging as a new mode of AC / DC combination
and switching. In order to ensure the stable operation in disturbance conditions of AC side power source, the full stop faults of
converter transformer coolers caused by AC power source faults of 12 converter transformers in bipolar low — end after the dis-
turbance occurred in AC system during the commissioning in bipolar low — end in YiBin converter station are analyzed, the
causes of the accident are find out, and some suggestions for improvement are put forward.

Key words : converter transformer cooler; AC system disturbance; station service 400 V overvoltage
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Analysis of Abnormal Saturation Protection in

Fulong Converter Station

Xiao Ziyang, Shu Ping, Jia Shuhang
(Yibin Management Office ,Operation Branch of State Grid Corporation of China, Yibin 644000, Sichuan, China)

Abstract : The saturation protection configuration of converter transformer protection in Fulong converter station is briefly intro-

duced and analyzed combined with the cases occurred in Fulong converter station. The defects existing in the current saturation

protection of converter transformer are analyzed too, and some improvement suggestions are proposed.

Key words:DC bias; saturation protection; Fulong converter station
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