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Fig.1 Structure of transmission line with

additional components
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Fig.2 Equivalent circuit of phase A grounding fault
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Fig.3 Equivalent circuit of phase-A-to-B short circuit fault
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Fig.4 Simplified circuit of Fig.3
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Fig.5 Equivalent circuit of phase A of power transmis-
sion line with shunt reactors at single terminal,when
additional capacitor is accessed after fault extinction
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Fig.6 Equivalent circuit of phase A of power transmis-
sion line with shunt reactors at both terminals,when

additional capacitor is accessed after fault extinction
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single terminal
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of phases A and B capacitors when phase-A-to-B short
circuit fault occurs at power transmission line

with shunt reactors at single terminal
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Table 1 Verification results of proposed criteria when
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Economy of energy storage in electrified railway under time-of-use price policy
WU Mingliang
(Construction Company of State Grid Zhejiang Electric Power Co.,Ltd., Hangzhou 310000, China)

Abstract: Under time-of-use price policy, energy storage is especially suitable for the user side with higher
electricity price, such as industry and commercial users. The electrified railway generates a large amount
of braking energy which cannot be measured in reverse. There is no marginal cost to recycle this part of
energy through energy storage,which can improve the economy of energy storage. Based on lithium battery
energy storage and the characteristics of traction load,the feasibility of energy storage scheme in electrified
railway is analyzed. Considering the characteristics of lithium battery energy storage system, the economic
model of electrified railway energy storage is established. With financial internal rate of return and net
annual value as evaluation indexes,the investment value of energy storage in electrified railway is analyzed.
The results show that the energy storage in electrified railway had good investment value through rational
configuration. Moreover, it is necessary to make a comprehensive decision on the investment of energy sto-
rage in electrified railwayby combining capital,loan interest rate,loan time and other factors.

Key words: time-of-use price; electrified railway; energy storage;railway power conditioner;financial internal

rate of return;net annual value
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Adaptive three-phase auto-reclosing strategy based on capacitor voltage for

power transmission lines with shunt reactors
HUANG Fei',LI Fengting',XIE Chao',WANG Ting">,MA Hongtao’, BAI Haibin’
(1. Engineering Research Center for Renewable Energy Power Generation and Grid Technology,
Ministry of Education, Xinjiang University, Urumqi 830047, China;

2. Changji Power Supply Company of State Grid Xinjiang Electric Power Co.,Ltd.,Changji 831100, China)
Abstract: Energy storage feature of shunt reactors can increase the uncertainty of secondary arc duration
after three-phase tripping, especially for the faults with high transition resistance, the residual electrical
quantities usually damp too rapidly to ensure reliability of the existing fault characteristic criteria,and even
result in a reclosing failure. In view of the above problems, the pre-charged capacitors are used to dis-
charge to the power transmission lines instead of the idea based on the residual electrical quantities of the
line, the type of line fault is judged by the varying characteristics of capacitor discharging voltage. Simula-
tions based on PSCAD / EMTDC verify that the proposed adaptive three-phase auto-reclosing strategy can
guarantee its accuracy under various working conditions with different fault types,fault locations and tran-
sition resistances.

Key words:shunt reactor;distributed capacitance;fault with high transition resistance; pre-charged capacitor;

three-phase auto-reclosing strategy
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TableC1 Verification results of proposed criteria when phase A and B grounding fault occurs at power transmission line

with shunt reactors at single terminal
W AEAE RGPS

! u Ui
x R [N smin [ S0 s
A B I AT B A »

0 204 226 KAME 827 107.9 Wim 1 0.95

0 100 231 246 skAfE 951 125.3 Wi 0.95
200 29.7 34.3 JkAME 96.9 126.7 WEi % 0.95

0 17.7 180 skAfM: 83.8 114.5 Wit 0.95

50% 100 18.4 186 skAfE 953 124.9 BEmi{E 0.95
200 20.6 22.7 KAt 96.0 126.6 BRI 0.95

0 144 149 7kAME 743 119.4 WEEHE 0.95

100% 100 16.7 17.2 7kAfE 95.0 125.0 fiE 0.95
200 18.7 20.9 KAtk 96.2 125.3 WA 0.95
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TableC2 Verification results of proposed criteria when three phase grounding fault occurs at power transmission line with

shunt reactors at single terminal

MR [EREES il
At W a [ %
X RyQ J.O ‘U(p ‘dt I J.O UCQ at PR I]TJ}:K

At B CH#l At B CH

0 2493 27.41 30.63 /KAt 81.81 120.6 137.9 WM} 4

0 100 2226 22.73 27.17 7k Atk 82.16 118.5 144.3 i1k
200 21.65 24.45 29.61 7k Atk 83.16 118.8 144.4 Wi 14 0.95
0 19.9521.16 22.62 7K Atk 84.84 120.9 140.1 [BEHITE 0.95
50 100 16.28 16.56 19.22 7k Atk 82.34 118.3 144.1 W% 0.95
43
é
(43
43

0.95
0.95

200 17.96 20.55 25.42 7k At 83.41 118.6 144.3 IR % 0.95
0 1452 15.05 15.66 7k AfE 95.56 119.5 145.2 BERS £ 0.95
100 100 15.49 15.98 17.92 sk Atk 82.70 118.2 143.9 % 0.95
200 16.99 19.27 23.48 sk Atk 83.77 1185 144.1 Wi £ 0.95
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TableC3 Verification results of proposed criteria when three phase short circuit fault occurs at power transmission line

with shunt reactors at single terminal
WBEAFAE BUAEES

Wi
at [d R a e
X RIQ jo At i J'O At s H‘J/ ¥
AB BC AC AB BC AC S
0 041 067 026 /XK/ATE 39.00 37.05 56.04 BENTE 0.95
0 100 2.85 225 3.41 KAfE 36.16 33.82 59.97 W 0.95

200 2.66 3.83 450 sk/Afk 35.72 33.81 59.53 [BAf 4 0.95
0 004 123 127 jkAfMk 36.12 39.11 55.22 £ 0.95

50 100 272 296 324 Jk/AfE 35.50 33.64 59.14 [Fmf{E 0.95
200 240 3.79 4.19 JkAPE 3527 33.81 59.08 = 0.95
0 008 006 0.14 skt 23.88 35.70 49.58 4 0.95

100 100 0.99 0.90 1.90 sk/AfE 34.98 33.21 58.18 [fmffE 0.95
200 041 1.81 3.94 kAt 39.00 33.38 58.03 Wil % 0.95
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Table C4 Verification results of proposed criteria when phase A grounding fault occurs at power transmission line with
shunt reactors at both terminals
HBRAFAE [CAEES

[ Hse

X R/Q J»OM‘UA‘ it G e JOM U, it Ve H_J;:I
0 47.11 KM 133.08 AT 0.95
0 100 42.95 KA 137.43  EEEFPE 095
200 46.63 KN 13317  BFmPE 0.95
0 40.20 KA 128.76 A1 0.95
50 100 37.58 KA 134.86  EFEPE 0.95
200 41.71 KM 12140  BFEPE 0.95
0 30.25 KM 12259  [EEFE 0.95
100 100 33.79 KA 134.40  EBFEHPE 0.95

200 38.31 K AN 127.93  BEESE 0.95
3k C5 WimmmH BRI MR &k iE A% AB HRIEH &SRS HFER A SCH RIS LS R

TableC5 Verification results of proposed criteria when phase A and B grounding fault occurs at power transmission line

with shunt reactors at both terminals

B PR .
x R [ =1 “ B
0 [ s [l e ik

Afl Bl Al Bl i

0 4262 46.62 KAl

4 119.3 158.8 i1 0.95
0 100 40.00 43.10 kAt 110.2 165.8 W1 0.95
200 41.68 46.71 skAM: 1105 165.6 [BEEIE: 0.95
0 4640 42.88 skAlk 1144 1255 IpEAt: 0.95
50 100 35.16 38.03 skAfM: 1107 165.2 W1 0.95
200 37.67 4246 skATE 1101 164.7 WEEHE 0.95
0 3018 3089 skAME 1123 1236 WA 0.95
100 100 3222 3510 skAME 1117 163.2 IR 0.95
200 35.04 39.84 skAfk 1100 1635 WEEPE 0.95
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TableC6 Verification results of proposed criteria when three phase grounding fault occurs at power transmission line with

R

EEE

3=

shunt reactors at both terminals

W A7AE BEAEES s
x R [ &Eﬁ [ fot ’;’ii; i
Al Bl CH Al BAI CHl $

0 38.83 41.26 43.94 jk ATk 119.6 155.6 175.1 [
0 100 38.46 41.45 44.48 7k Atk 113.6 156.9 176.2 i
200 40.06 43.78 47.39 7k Atk 114.9 157.7 175.8 B
0 33.37 34.81 35.59 sk At 116.0 154.7 175.6 Wi
50 100 34.12 36.58 38.86 sk At 113.3 156.4 176.8 fif
200 36.33 40.03 43.26 7k ATk 114.7 157.3 176.1 [Fit
0 30.18 30.88 31.09 sk At 119.7 122.8 163.4 i1 0.95
100 100 31.82 34.44 35.96 7k APk 113.6 156.0 177.1 Wi 1E 0.95
200 34.07 38.24 40.65 /K ATk 114.9 157.3 176.2 A% 0.95
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TableC?7 Verification results of proposed criteria when phase-A-to-B short circuit fault occurs at power transmission line

"t 0.95
"t 0.95
"t 0.95
"t 0.95
"t 0.95
"t 0.95

with shunt reactors at both terminals

A AT o FAESEEN e Fl5E

R MR T MK
0 3.00 TR 63.80 EmE  0.95

0 100 3.20 KA 79.53 It 0.95
200 3.98 KA 77.70 BEE 1 0.95

0 1.11 TR 50.97 EmE  0.95

50 100 2.21 TR A 80.87 fEm 7 0.95
200 2.84 KA 76.96 BEE 1 0.95

0 0.80 KAME 3432 ISP 0.95

100 100 1.24 KA 79.61 fEm £ 0.95
200 1.73 IR 76.62 Wk 0.95
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TableC8 Verification results of proposed criteria when three phase short circuit fault occurs at power transmission line

with shunt reactors at both terminals

WA B EES sz

At RS at Wb >

x RIQ [ adt i [, adt i
AB BC AC AB_BC AC s

0 134 266 133 s7kAflk 34.06 32.47 66.53 I#iE 0.95
0 100 1.34 1.67 201 skAfE 30.36 35.67 66.03 [B#Mf%: 0.95
200 2.65 1.95 3.61 skAftk 26.06 29.03 55.09 W#i I 0.95
0 212 253 041 kAt 31.93 31.75 63.68 [ 0.95
50 100 252 2.26 2.78 JK/AME 29.64 28.95 5859 i 0.95
200 0.68 3.15 3.83 kAt 26.24 30.12 56.36 I#Af% 0.95
0 059 041 100 skt 33.81 3195 65.76 [ 0.95
100 100 0.93 0.97 190 sk/AP: 26.94 3358 60.51 Wi 0.95
200 1.74 138 3.12 sk/AfME 27.45 31.16 58.61 E#if 1t 0.95
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