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A novel metro DC feeder line protection algorithm based on AFB

DONG Chen-yang
(Tianjin Railway Survey Design Institute Group Corp, Tianjin 300251, China)

Abstract: As the metro lines become longer and traffic density increases, malfunction or refusing action of metro DC feeder
protection device occurs from time to time, so it is of great value to design a more reliable protection algorithm. This paper analyzes
the main DC feeder protection of DC railway traction power supply system. Based on the rising rate of current and current increment
protection, a novel algorithm with judgment of voltage and current variation for DC railway feeder line protection is proposed. With
the help of AFB process design method, a protection process for convenient setting and modification is realized. By analyzing the
simulation results, the algorithm can remove non-metallic grounding fault and remote fault fast and accurately, while avoiding the
impact of the locomotive starting current, so it’s very practical.
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Fig. 1 Typical sketch of DC railway power supply system
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Fig. 2 Protection configuration for metro DC feeder
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Fig. 3 Error percentage with time in ordinary software

design method
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Fig. 4 Error percentage with time in AFB design method
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Fig. 5 Logic diagram of algorithm based on voltage and

current change
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Fig. 6 Protection process drawn in Stateflow
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Fig. 7 Waveform of remote short fault test
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Fig. 8 Waveform of 6-motor car starting test
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Fig. 9 Waveform of non-metal fault test

=5 iR BTHRA(ALs)

A

K28k




- 126 -

&) &GS

HLUR ETHR M BE AN RIIERT, ERE AT R AR
%, 5 R Bl Bt 4808 K 1) 3 B3R s),
EEB R IZ S i . R AL R R AL 8
K, R RE S T g R AR Ve S A
Ho,

5 i

AR B Bk LA I e PR A A < e A
Rzt i W REASIN J TTIAN A2, AESR HE BT S o
N T HL SR ORI, M =R AR A LR SR
Pk gt e, AR I E IR, K
P A8 7 ik BT B GRSk . X
ORGP SE SETH 3], W] DURSE LI /5 258 1B 2L
HE M ASEHLR I R S DR B 48 . W] AFB iR
W TF R R PRSP URE EDUL T R 72 5 e B
K AEFIFRMAKSAZ T, mTAR S 5 2 H0FT A A
M RN TRE G . MRAZERR . 2@ a5
REME RN A R B A RS DL, RSB
A Bt b LE A AR B £
Sk
(1] THME, B2, iy Ui g im g R e it i L

MY, AR P R A A2 H R, 2008.

YU Song-wei, YANG Xing-shan. Design principle and

application for urban rail power system[M]. Chengdu:

Southwest Jiaotong University Press, 2008.

(2] W&, BN, BERY], S5 —MERART 15X BUk
R ITIEN] B RGRY 5, 2012, 40(22):
135-138.

HAN Zhi-wei, DONG Jie, TU Li-ming, et al. A domain

protection method of DC traction feeder segment[J].

Power System Protection and Control, 2012, 40(22):

135-138.

(3] VL/NE, VLS5 R, SRS, Bl sgil mii g 42
Wr B AR TR B [T]. W CHIR 4R, 2007, 22(9):
22-27.

SHEN Xiao-jun, JIANG Xiu-chen, DA Shi-peng. Review

and expectation of diagnosis technology on insulation of

DC cable of urban transit[J]. Transactions of China

Electrotechnical Society, 2007, 22(9): 22-27.

(4] RHK, Brm, Bkl B iR R 450
(¥ 280t B L TSR PR BRI PP AL (0], W TR 4R,
2009, 24(10): 147-151.

ZHU Lin, CHEN Jin-fu, DUAN Xian-zhong.

Improvement of redundant

architecture in digital

(5]

(6]

(7]

(8]

[9]

(10]

(11]

(12]

substation and its reliability & economic assessment[J].
Transactions of China Electrotechnical Society, 2009,
24(10): 147-151.

Li M X, He J H, Bo Z Q, et al. Simulation and algorithm
development of protection scheme in DC traction
system[C] // Powertech, 2009 IEEE, Bucharest, 2009.
Chang C S. Remote short-circuit current determination in
DC railway systems using wavelet transform[J]. IEE
Proceedings-Electric Power Applications, 2000, 147(6):
520-526.

Wi SR, FOARCRR, /N, S HET Mexh /NS E
W AR VA W R GRS #E0H, 2012,
40(11): 42-45.

YU Le, HE lJing-han, WANG Xiao-jun, et al. An
algorithm of short-circuit skin effect current calculation
based on Mexh wavelet[J]. Power System Protection and
Control, 2012, 40(11): 42-45.

e, BT/ AR e A M Bk T IR 328 5 e i v UL 20 AT
[D]. Fax: TR, 2002.

HE Ye. Remote fault current analysis for DC system
based on wavelet
University, 2002.
Ao, SR, B BT NBORH A s R
i R BR A HURATR RS [I]. HBT RGERS 42
2010, 38(13): 40-45.

LI Zhen-qiang, LU Gai-feng, Lii Yan-ping. A novel

transform[D]. Nanjing: Hohai

scheme of HVDC transmission line voltage traveling
wave protection based on Wavelet transform[J]. Power
System Protection and Control, 2010, 38(13): 40-45.

Gy /N MR W AT B AR P 7 TS [D). bt
JERTE TR, 2006.

YI Xiao-zhi. Research on traveling wave protection
method for subway feeder line[D]. Beijing: Beijing
University of Chemical Technology, 2006.

FIUWE, RS, BRibAe. Mk B AR g R g
1 DDL fR47[7]. W R0 A B4R, 2007,
19(1): 59-62.

WANG Guang-feng, SUN Yu-kun, CHEN Kun-hua. DDL
protection in subway DC traction power supply system[J].
Proceedings of CSU-EPSA, 2007, 19(1): 59-62.

SR, ERCIE. MBIk R Ry AT A RS
5y BREMBIII]. PUr A KA AR, 1997, 32(1):
23-27.

ZHANG Xiu-feng, WANG Yi-fei. On the AI checkout



R

HET AFB (R BB DR ST 5T

- 127 -

[13]

[14]

[15]

[16]

[17]

precision and separating measure of current increment
protection of subway feed line[J]. Journal of Southwest
Jiaotong University, 1997, 32(1): 23-27.

HOHEPR. 3ok i 0 U B e OR 37087 [ BET 5 [D]. bt
bR, 2011,

CAO Ya-huai. The new research on protection of DC
feeder in urban rail transit[D]. Beijing: North China
Electric Power University, 2011.

FLH. ST PE AT R AT | AR G AT B T )
RIRFFD]. Abat: b J)oR%:, 2005.

KONG Wei. Investigation into fault analysis and some
problems on DC traction power supply system for urban
railway transit system[D]. Beijing: North China Electric
Power University, 2005.

Hill R J, Brown J C. Correspondence-calculation of
remote short circuit fault currents for DC railways[J].
IEE Proceedings-B, 1993, 140(6): 417-420.

CHEN
diagrams[C] // 2010 Fourth International Conference on

Chun-qing. Formal analysis for stateflow
Secure Software Integration and Reliability Improvement
Companion (SSIRI-C), 2010: 102-109.

AR, MRITHR, B K. Stateflow 76T H#05 B K
NI, RZE5 AR, 2004, 16(8): 1854-1860.

Z0OU Hui, CHEN Wan-chun, YIN Xing-liang. Simulation
of a cruise missile with stateflow[J]. Journal of System

Simulation, 2004, 16(8): 1854-1860.

(18]

[19]

[20]

(21]

Brown J C, Allan J, Mellitt B. Calculation and
measurement of rail impedance applicable to remote
short circuit fault currents[J]. IEE Proceedings-B, 1992,
139(4): 295-320.

X, R, BRI T IE AT R S —
LT, ARG MY 5], 2010, 38(8):
128-133.

LIU Wei, LI Qun-zhan, CHEN Min-wu. Study of unified
AC/DC power flow in DC traction power supply
system[J]. Power System Protection and Control, 2010,
38(8): 128-133.

EW, PRI PR, SR s EU MR ERS S
THE]. W CHIARSR, 2009, 24(5): 135-140.
WANG Feng, XU Zheng, HUANG Ying,

Calculation of main circuit parameters for HVDC

et al.

transmission[J]. Transactions of China Electrotechnical
Society, 2009, 24(5): 135-140.

Yu L, He J H, Hu J, et al. Accurate track modeling for
fault DC  railways
Matlab/Simulink[C] // PESGM2010. Minnesota, USA,
July 25-29, 2010.

current  on based on

ks HEA: 2013-05-24;

& HH7: 2013-09-22

1EEEN:

FRM (1989-), B, MR A, HARFEHEHZ

ARy 5424, E-mail: 11125704@bjtu.edu.cn



