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Fig.1 Schematic diagram of switching-on operation

for no-load transmission line
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Fig.2 Schematic diagram of restoration path
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Table 1 First K optimal restoration paths and grouping
charging schemes
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1 (25-26),(26-29),(29-38) 3 1.5603

2 (25-26),(26-28,28-29),(29-38) 3 1.5606
(3-18,18-17,17-27,27-26) ,

3 (26-29),(29-38) 3 19365
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4 (26-28,28-29),(29-38) 3 19368
(3-4,4-14,14-15),(15-16,16-17,
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(17-27,27-26),(26-29),(29-38)
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Table 2 Different grouping charging schemes and

restoration time for given restoration path

IR TR PRZHFE] / min
3 (3-18,18-17,17-27,27-26) , 18
- (26-29),(29-38)

4 (3-18),(18-17,17-27,27-26), ”
(26-29),(29-38)
4 (3-18,18-17),(17-27,27-26), ”
(26-29),(29-38)
4 (3-18,18-17,17-27), 2
(27-26),(26-29),(29-38)
5 (3-18,18-17),(17-27), 2%
(27-26),(26-29),(29-38)
5 (3-18),(18-17,17-27), 2%
(27-26),(26-29),(29-38)
5 (3-18),(18-17),(17-27, 2
27-26),(26-29),(29-38)
6 (3-18),(18-17),(17-27), 30

(27-26),(26-29),(29-38)
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Fig.5 Structure of a regional system in southwest China
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Table 3 First K optimal restoration paths and

minimum number of groups

UES gy i SCHRA VR
1 DCS-BF-FX-GL-QD-YZH 8 5
2 DCS-BF-FX-GL-LC-QD-YZH 9 5
3 DCS-BF-FX-GL-DJ-QD-YZH 9 5
4 DCS-BF-QD-YZH 6 6
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Table 4 Optimal grouping charging schemes of

paths under different values of R
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(BF-FX), (FX-GL), (GL-QD-YZH) 7
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Test and analysis system for action characteristics of arc fault detection device
SU Jingjing, XU Zhihong
(Fujian Key Laboratory of New Energy Generation and Power Conversion,
School of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350116, China)

Abstract: To solve problems of a large variety of test items, complicated operation and low efficiency of
test, a test and analysis system for action characteristics of AFDD (Arc Fault Detection Device) is re-
searched. A comprehensive test circuit is designed by using electromagnetic switches, and its automation
control and monitoring are realized with the switch states taken as controlling and observed quantities. The
electromechanical coupling feedback control strategy based on voltage and mechanical displacement is used
to improve the operation performance of arc fault simulator,and the success rate of arc fault simulation is
improved. Simultaneously, the running state of the hardware equipment of the lower computer is controlled
and monitored by the upper platform,and the arc voltage and current are collected in real time. The sys-
tem can not only complete the automation test for action characteristics of AFDD,but also have functions
of waveform acquisition and storage, test report automatic generation and so on,which greatly improves the
test automation level and efficiency,reduces the interference of human factors and lays a foundation for fur-
ther research on the formation mechanism of arc fault and arc fault detection technology.

Key words:property test;arc fault detection devicesarc fault;function configuration;feedback control
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Formation of restoration path scheme considering line restoration in groups
ZHOU Guangqi, LI Shaoyan,GU Xueping, LIANG Haiping

(School of Electrical & Electronic Engineering,North China Electric Power University,Baoding 071003, China)
Abstract: The restoration path of transmission line after a major blackout is an important task in the resto-
ration process of power system,and reasonable restoration path and charging mode will help the system to
recover quickly and safely. Combined with the theoretical analysis and simulation, the limit charging dis-
tance of the transmission line under typical parameters is given. Aiming at the given restoration path, the
method of line restoration in groups is proposed to shorten the system’s recovery time,and the integer li-
near programming model is established with the least number of groups as its objective. At the same time,
the recovery reliability index is defined to optimize the grouping scheme when a certain restoration path
has multiple line restoration schemes. In order to provide multiple alternative path schemes for operators,
an integer linear programming model of the first K optimal restoration paths based on the network flow
theory is established. Efficient commercial optimization software is used to jointly solve the optimization
model of first K paths and the model of line restoration in groups to obtain the first K optimal path
schemes and their grouping operation schemes. The results of an example show that a reasonable line
charging scheme can speed up the system recovery process on the premise of ensuring the recovery safety.
Key words: system restoration; transmission line restoration operation;limit charging distance;line charging

in groups;integer linear programming
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Table A1 Typical parameters of transmission lines at different voltage levels

R SRV T AL FH/(Q-km) EH/(Q-km!)  HLZ/(uF-km)
500 ﬂQ% 0.023 0.277 0.012
FF 0.261 1.085 0.009
220 EF 0.0399 0.3031 0.0118
ki 0.1197 0.9093 0.0079
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Table A2 Power frequency overvoltage and switching overvoltage of no-load closing of transmission lines with different lengths

BOAE  mrieam ToutaE  BeedwE | OEE e TR el
FESFSUKV FESFSUKV
100 1.0056 1.9784 20 1.0002 13052
150 1.0128 1.9774 30 1.0005 1.9696
200 1.0230 1.9703 40 1.0008 1.9656
250 1.0364 1.9641 50 1.0013 1.9832
300 1.0532 1.9566 60 1.0019 1.9804
220 350 1.0738 1.9489 500 70 1.0026 1.9772
400 1.0985 1.9488 80 1.0034 1.9885
450 1.1279 1.9348 90 1.0042 1.9866
500 1.1626 1.9259 100 1.0052 1.9843
550 1.2034 2.0456 110 1.0064 1.9891
600 1.2514 2.2085 120 1.0076 1.9965
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Fig.A1 Membership function curves under different values of o
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Table A3 Basic parameters of transmission lines and transformer branches
. SCBE A —_— . SCEE A —_— . SCBE A —_—
P i Pl SRR | S i SCEE SCBE i Pl S
1-2 0.6987 0.5823 19-33 0 1.0000 11-12 0 1.0000
2-3 0.2572 0.2143 21-22 0.2565 0.2138 13-14 0.1723 0.1436
2-30 0 1.0000 22-35 0 1.0000 15-16 0.1711 0.1425
3-18 0.2138 0.1782 23-36 0 1.0000 16-19 0.3040 0.2533
4-14 0.1382 0.1152 25-37 0 1.0000 16-24 0.0680 0.0567
5-8 0.1476 0.1230 26-28 0.7802 0.6502 10-32 0 1.0000
6-11 0.1389 0.1158 28-29  0.2490 0.2075 19-20 0 1.0000
7-8 0.0780 0.0650 1-39 0.7500 0.6250 20-34 0 1.0000
9-39 1.2000 0.9050 2-25 0.1460 0.1217 22-23 0.1846 0.1538
10-13 0.0729 0.0608 3-4 0.2214 0.1845 23-24 0.3610 0.3008
12-13 0 1.0000 4-5 0.1342 0.1118 25-26 0.5310 0.4425
14-15 0.3660 0.3050 5-6 0.0434 0.0362 26-27 0.2396 0.1997
16-17 0.1342 0.1118 6-7 0.1130 0.0942 26-29 1.0290 0.8575
16-21 0.2548 0.2123 6-31 0 1.0000 29-38 0 1.0000
17-18 0.1319 0.1099 8-9 0.3804 0.3170
17-27 0.3216 0.2680 10-11 0.0729 0.0608
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