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Table 1 Computed result of last breaker for the
first convertor in Fig.2
F1 F1 F1
F1
L—->L1-Cl—>C2—>B2—> (C2=2;B2=2;
9 A2—>A1—->S1—->F1; A2=2;A1=2; C2,B2,
L—->L2—>Cn—>C2—>B2— Ll=1;L2=1; A2,A1 4
AZ—>Al—>S1—>Fl1 Cl=1;Cn=1 Fig.4 Equivalent model of the extended AC field
2 4 1 3
Table 2 Computed result of last breaker for the 1st and 3rd convertor in Fig.4
F1 F1 F3 F3
F1 F1 F3 F3
L—>B5—>A5—>Al—
Bl—F1;
L B2 > (2 (5 L—>Bl—>Ad—>A5>F1;
- T L>A2>A5>F1;
B5 - A5 - Al — Al=5;Bl1=5; R . N N
_ _ L-C5—~>C2—>B2—>A2—> A5=3;B5=3;
B]*’F], /\DZZ;BOZZ; <
o AS"FI; (,5:3;/\2:3;
5 L—Bd4— Ad— Al— C5=2;A2=2; B1, Al 6 ) .
BlFl Bo— 9.2 L—>B5—~F1; B2=3;C2=3;
Il o=1ca;0L=2;
L A2 AL A1 Bl—1 L—>B4—>Ad—>A2—>DB2—~ Ad=2;Bi=2
— —> —> —> 41=1;B4=
- ’ C2—>C5—~B5—>F1;
b . L—>B2—>C2—>C5—~>B5—~>F1
L—>C5—>C2—>B2—
A2—>Al1—>Bl—>F1
4 N s
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5
Fig.5 Flow chart of the self-adaption strategy for
the last breaker
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Fig.6 Computed result of the last breaker

LAST CB . 4
2417
407 o 1
LCB G1 .
000 000 000 000 110
{A5B5C5 A4B4C4  A3B3C3  A2B2C2 AlBch
(3
Al,B1,
2 LCB G2
000 000 010 000 000
{AEEBSCS A4B4C4  A3B3C3  A2B2C2 AlBlCJ
<Y
1 B3,
LCB G3

000 000 000 000 000
A5B5C5  A4B4C4  A3B3C3  A2B2C2  A1BICl

(5)

, PROFIBUS



(ESOF), o
ESOF ,
5
+500 kV )

[1] . , . .£800 kV

[J]. . 2013, 37(4) ;
130-133.
JI Guang, LIU Maotao, ZHANG Zhichao, et al. Improvement
on last breaker protection logic for value group in inverter
station of =800 kV Yun-Guang DC system[]]. Automation of
Electric Power Systems, 2013, 37(4) . 130-133.

2] , . +800 kV

(1. .2008,32(18) : 6-9.

WANG Huawei, JIANG Weiping, WU Yani. Study on last
break trip fault of inverter station in =800 kV UHVDC project
from Yunnan to Guangdong[ J]. Power System Technology.
2008, 32(18): 6-9.

[3] , ; ..

[JJ. 42010,29(5) : 6-10.

XU Weigang, ZHANG Zhihong, SHAN Zhe, et al. Analysis of
the last breaker protection in UHVDC and conventional HVDC
projects[ ] 1. Jiangsu Electrical Engineering, 2010, 29(5): 6-10.

[4] , . L1l

,2009,3(1):69-71.

JIANG Yi, XIA Yong. Suggestions to improve the last circuit
breaker and line protection at Shenzhen converter station[]].
Southern Power System Technology. 2009, 3(1): 69-71.

[5] , .
7. ,2011,25(2) :151-153.

ZHANG Ting, PU Yonghong. Comparison between two kinds
of last breaker trip protection in HVDC system[]]. Journal of
Shanghai University of Engineering Science, 2011, 25(2):
151-153.

(6] , , .

(1l » 2014, 38 (2): 39-45. DOI:
10.7500/ AEPS20130608013.
MIAO Shihong, MA Shuai, SHANG Yanan, et al. A fast
recognition method of transmission section based on cut-vertex
and path search[]]. Automation of Electric Power Systems,
2014, 38(2): 39-45. DOI: 10.7500/AEPS20130608013.

[7] . . . Ll

,2006,26(12) :32-38.

ZHOU Decai, ZHANG Baohui, YAO Feng, et al. Fast search
for transmission section based on graph theory[ J]. Proceedings
of the CSEE, 2006, 26(12) . 32-38.

(8] . ; ., .3/2

Lyl ,2014,38(12):131-135. DO

10.7500/AEPS20131025001.
LIU Bing, LI Yong, XI Jianghui, et al. Analysis of pulling
switch to limit short-circuit current in 3/2 wiring substation[ ] ].
Automation of Electric Power Systems, 2014, 38(12);
131-135. DOI: 10.7500/AEPS20131025001.

(9] . .3/2 AP

,2006,27(1) :34-42.

TANG Xiaoyong, HOU Yamei. Analysis on operation of wiring
of 3/2 circuit breaker and its protection configuration [ ] ].
Electric Power Construction, 2006, 27(1): 34-42.

[10] s s .

0. 22015,39(6) : 34-40.
DOI1:10.7500/ AEPS20140626001.
NI Chengjie, FANG Xinyan, ZHAO Wenkai, et al. Island
partitioning and optimal connecting point search of mobile
emergency power source based on graph theory [ ] .
Automation of Electric Power Systems, 2015, 39(6) . 34-40.
DOI: 10.7500/AEPS20140626001.

[11] s , P

(1. ,2014,38(10): 71-77.

DOI1:10.7500/AEPS20131104018.

ZHANG Xu, CHENG Xueting, ZHAO Dongmei, et al. A

path searching method based on vertex splitting for online

power grid fault restoration[ J]. Automation of Electric Power

Systems, 2014, 38(10): 71-77. DOI. 10.7500/
AEPS20131104018.
[12] ) ,
[l ,2008,28(24) :75-81.

MEI Yi, QIU Dongyuan, ZHANG Bo. Computer-aided sneak
circuit analysis method based on depth-first search algorithm

[J]. Proceedings of the CSEE, 2008, 28(24) . 75-81.

(1982—), s ,
. E-mail:
yuhai xj@163.com
(1975—), s

http://www.aeps-info.com 125



2016, 40(5) . .

(1979, , : ( )

Self-adaptive Strategy for the Last Breaker in UHVDC Project Based on Graph Theory

YU Hai . ZENG Lili, YANG Yapu, DAI Guoan, LI Yanlong, ZHANG Ailing
(X] Electric Co.Ltd., Xuchang 461000, China)

Abstract ; A self-adaptive strategy for the last breaker in UHVDC project based on graph theory is put forward. An equivalent
model of the AC field and a solving model of the last breaker based on graph theory are set up. With the AC field abstracted as
an undirected connected graph, the breaker as the edge of the graph, AC line, converter and other equipments as the nodes of
the graph, the solving problem of the last breaker is converted to a cut edge calculation problem of the undirected connected
graph, making the process of last breaker calculation fast, accurate and intelligent. The implementation of the strategy in a

project is expected to have great significance for the stable operation of the power grid.
Key words : ultra-high voltage direct current (UHVDC ); last breaker; self-adaptive strategy; graph theory
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Constant-voltage Inductively Coupled Power Transfer System with Wide Load Range Based on
Variable Structure Mode

SUN Yue'* , ZHANG Huan® , TAO Wei* , MA Junhao® ,LI Lu* , XIA Jinfeng®
(1. State Key Laboratory of Power Transmission Equipment &. System Security and New
Technology (Chongqing University) , Chongqing 400044, China ;
2. School of Automation, Chongqing University, Chongqing 400044, China)

Abstract : To solve the problem of unstable output voltage of inductively coupled power transfer system (ICPT ) subject to
disturbance or great load changes, the energy and efficiency of two different compensation topology structures are studied. The
output voltage, output power, output efficiency, frequency stability, and load adaptability of the parallel-series (PS) topology
and the series-series (SS) topology are also dealt with. Based on the variable structure mode, the method employing different
topologies for different loads is given. The switching prerequisite is analyzed in detail and the methods of ensuring safety and
effectiveness of switching are recommended. In order to validate the effectiveness of the variable structure mode, two greatly
different loads are adopted with their output voltage measured in voltage and current mode ICPT system, respectively. The
results show that the variable structure mode is suitable for constant-voltage ICPT system whose load is greatly changed.
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Key words : wireless power transmission; variable structure mode ; parallel-series (PS) topology; series-series (SS) topology;

resistance with wide load range; constant-voltage output
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