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Summary of Grounding Fault Finding Strategies in Substation DC System
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Abstract: [Introduction] With the rapid development of power electronic equipment and artificial intelligence and other high-tech, DC
(Direct Current) system has been popularized and applied in substations. The grounding fault of the substation DC system has become an
important factor affecting the safe and stable operation of the substation. [Method] Firstly, the DC system of the substation was
introduced, and its components, typical types of DC ground faults and their adverse effects were analyzed. Then, the principle of five
common DC ground fault finding strategies was emphasized. [Result] Based on their respective research status and application scenarios,
the advantages and disadvantages of various finding strategy are compared and analyzed. [Conclusion] Combined with the existing
problems and technical development trends, the future research directions of DC grounding fault detection at home and abroad are
prospected from the perspectives of accurate fault location, complex fault identification, finding accuracy and the improvement of the
endurance of portable insulation detection device.
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Fig. 1 Layout diagram of substation DC system
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Fig. 2 Wiring diagram of 500 kV substation DC system
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Fig. 3 Schematic diagram of low frequency injection method
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Fig. 4 Equivalent circuit diagram of low frequency
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Fig. 5 Schematic diagram of unbalanced bridge method
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Fig. 6 Equivalent circuit diagram of unbalanced bridge method
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Fig. 7 Schematic diagram of leakage current detection method

A T R I ARG N0 925 14 S B ) i 24 % Fi BEL ) 115807
R THRRR R TR S R AR S A e LA LU AL, DU,
1% S I SO [R5 A A AR B st e, A 2R
B BRI ZE o R, i TRl R R GEn]
RESR A [ 2Tr 2X, 5 i Rz AT, T FL JRE [ o 3
2 bR, SO SR HL R, AR STE R
BB AT, T AR S O, BT R e ke
BELMEL o T B0 B 35 (L, 1 8 i R ™. A i ke
AR R, SCRR [34] 78 15 40 T v Rk B4 I

WAl b EAT otk 78 F2REER G B BE 4R H R R R X
ML R, TR ISR R 2 R 3R, BRREI & T
G S e H R T S T b H BELTH AR, S RE R AN ]
BT AR, RS I R 4 T S 5 |
P 15 2 o Ay ol B RUATR R Ak ) P, 43 U Az ) v, BHL
iR, R T R L R, T RE S B — s A
AR B R B, SCHR [11] 45 A 8 e ot g BT 1)
T, AUHE B B b 22 (1B U)K FL BHL, A 200k e T
PRy B iR sl R &4k T FL B 4 4, B T
A A A
224 ARUEHEN

A BRI e, S A ) A T T AT B T A
JEE ) — Bl LRy 1) B R SR R A
A 2H R WREL . A [RS8 AR AE S 5, J DNl e
S R H AR 5, I AR A DA A T FL O L
BT R G R 4 2 W RN e e 2k . R0 1 S 1K
TR A TR AEAE AR AR, [ 8, B A) FH AR A3 L 3 2B A 71
B, 24 25 L BEL T 245 SR B 32 %k M v 25 ) T iR
H, [ o AR 5, 1523 520 R S8 HL R 4L
W B Mo A ) B, B 5T T 46 AR AR
BRI TEVEAT et , FE VR R A MRS 5 I 3 2 H
71 7 45 H R SO B SR Sk BTG T T AR G R e M
FL S IR SR, AN T A R 6 A SR i 7 et 8
LTI A7 ARG e S 25 ke Ay Jact 65 L 256 sl i K P 2 55 4G 0
P BEL I R RO M, 1 R IS [RD A %%, s it 3 o 1) 4
TP A E R G, HE R s 8 fifs ., Horp
AC J A B R G MR 5 U8, Ry Syl s 52 [ 42
MR RH, C, R S A3 A FLES, Cr R Co 3 IR IE f B

ST
O

R==C,
1 I g
_ = == Id

B8 Pt AESRN A R E

Fig. 8 Schematic diagram of improved frequency conversion

] c| [cabtmacl o
I
R K

detection method

H TR AR AR I B DI R T R L2,
SEARMSE A 5 1) B e, B G r BHLITT 5, AE
A S5 ARG FRL T o, DT 4 T35 5 A DDA 2



62 7 RETR AR

10 4%

3 4it

F T A% T 0 2R e i H b E AT AR L
T 2RIk, (B RAFELL T (]

1) H HIA 28 28 A 4 77 7k BE RS S BLBORS 1/ ) 1 46
SE L, (0T T HAR L e i 04 5 AT A7 7 1 — 20 B B
FEAS ], JUHOR AT X AR Lol BRI A Y 2R F 8 S s,
RAR 53 HEBE T LB T8 AR, 4 TG i L BAR 1Y
WA L, TEHEAT R HE A B AT A K i A
YRk el

2) X T ER ARG B 2 N AT A (] AR A
R S22 ) FE M BRI, R4 A e T 0 A LA 531
Lok i DR AP0 B ST IS 7 A B A AR i, e i
LU 2R G0 200 5 W M A Y e o (N L o
e AEPSEAIP T oo i P 1 b o - S A
VR R A L [ A AT o TR, AN A S
SRR A R R AR A U Y F ST 7 1)

3) HSKIRT A Rrd . HATHRIS PR
FHBA I R B, LA R AR A3 T A R G B AR A3
BT, RS AN TR L A R AR 2 TR 5 S0 R L AG I
LR 2800 AD SRAE, HURF & OR AR 5 9 B 2 (1]
AERZE . A REE— PR T T AN R i R A LI
ARG AR TTIE, IF HAT SR T4 G I A kG
JEE, A5 R ME (e 78 L ol B R LA G B A e

4) e 488 X 4 5 M 00 4SS L T 0 5 i A
I AT ] A 2D R 8 988 e 4 2 i D25 i 1o ) 22
ELUR S A AR A A T, AR IR | R HL
JC1%: B AT DA R 4 IR Bl R A 0 37 557, B
e X (5 49 XA A 5 s DM O RE T AR K 5
Wt /N B L I B R 9 g R, o A 48 5
LU A4 5 M DS P S A /N TR 8 i, O A R
THHAL L AT R

SHE L k:

(1] ™k, B, B2 0N, BV A O A MO R e (1],

M &R 4 A 8h 1k, 2019, 43(3): 205-215. DOL: 10.7500/
AEPS20180508006.
YAN S, LUO X, HE Z Y. Prospect of core equipment and key
technology for DC power grid [J]. Automation of electric power
systems, 2019,  43(3):  205-215. DOI: 10.7500/
AEPS20180508006.

(2] ITO Y, ZHONGQING Y, AKAGI H. DC microgrid based
distribution power generation system [CJ//The 4th International

Power Electronics and Motion Control Conference, Xi'an, China,

(3]

(5]

(7]

(8]

(9]

[10]

[11]

August 14-16, 2004. New York, USA: IEEE, 2004: 1740-1745.
KAKIGANO H, MIURA Y, ISE T, et al. DC micro-grid for
super high quality distribution-system configuration and control
of distributed generations and energy storage devices [C]//2006
37th IEEE Power Electronics Specialists Conference, Jeju, Korea,
June 18-22, 2006. New York, USA: IEEE, 2006: 1-7. DOI: 10.
1109/pesc.2006.1712250.

XL, M50, B i, 55 R R IR G PR S R
B O[J]. L PE R4, 2020, 18(3): 86-94. DOI: 10.13234/j.issn.
2095-2805.2020.3.86.

LIU Y J, DU G P, LI J J, et al. Status-quo and prospect of
substation DC power systems [J]. Journal of power supply, 2020,
18(3): 86-94. DOI: 10.13234/j.issn.2095-2805.2020.3.86.
AT, g, M B T IINBORAENUIT S rh 1
F L], AR, 2020, 21(2): 119-123. DOIL: 10.3969/j.issn.
1673-3800.2020.02.023.

GUO Q S, NIE J, WU S K. Applications of new electronic arc
extinguishing technologies in mechanical switches [J]. Electrical
engineering, 2020, 21(2): 119-123. DOI: 10.3969/j.issn.1673-
3800.2020.02.023.

ARE BB, BRAK T, ] 5644 . 728 HhL ol T U 2R 96 3t gt W A 0
A I, B THEA, 2021(22): 176-178,184. DOIL: 10.19768/j.cnki.
dgjs.2021.22.059.

LIN X L, LIN J T, HE M L. Grounding fault detection
technology for DC system in substation [J]. Electric engineering,
2021(22): 176-178,184. DOI: 10.19768/j.cnki.dgjs.2021.22.059.
RSO, PEE, TRIDEE, 45, 220 KVAS B BV IR R SO L
Hy LRI B3 (7], 4 H 2%, 2007, 35(6): 68-70. DOIL: 10.3969/j.
issn.1674-3415.2007.06.016.

YU W B, HONG M, HUANG X L, et al. The typical dual model
design in DC supply system of 220 kV transformer substation [J].
Relay, 2007, 35(6): 68-70. DOIL: 10.3969/j.issn.1674-3415.2007.
06.016.

PREAREMEERAETF RS E 02 WO RGEHFE R E
AL BT S AR MR DL/T 724—2000 [S]. b5t
Hh [ L g H AL, 2001,

State Economic and Trade Commission of the People's Republic
of China. Specification of operation and maintenance of battery
DC power supply equipment for electric power system: DL/T
724—2000 [S]. Beijing: China Electric Power Press, 2001.
ZEUIE, Ek, MO, 55, B R G0 — AU 5| R T A Bk
I By J5L PR 43 A (0. )7 P AL g, 2020, 43(4): 56-59. DOL: 10.
16427/j.cnki.issn1671-8380.2020.04.014.

LI M P, WANG B, LIN X Y, et al. Analysis of a circuit breaker
tripping caused by one-point grounding in DC system [J].
Guangxi electric power, 2020, 43(4): 56-59. DOL: 10.16427/j.
cnki.issn1671-8380.2020.04.014.

JEZE, S, 22458 AU T R S SR A o R
it [J]. B F#fF, 2021, 44(3): 718-724. DOIL: 10.3969/j.issn.
1005-9490.2021.03.036.

ZHOU J, WU Y K, LI S H. Design of master-slave portable
insulation detection device for DC system [J]. Chinese journal
of electron devices, 2021, 44(3): 718-724. DOI: 10.3969/j.issn.
1005-9490.2021.03.036.

B, ORI, XU B R R A I SR AT S S
A 3. AL 5), 2022, 52(20): 44-49. DOL: 10.19457/3.1001-


https://doi.org/10.7500/AEPS20180508006
https://doi.org/10.7500/AEPS20180508006
https://doi.org/10.7500/AEPS20180508006
https://doi.org/10.7500/AEPS20180508006
https://doi.org/10.7500/AEPS20180508006
https://doi.org/10.7500/AEPS20180508006
https://doi.org/10.7500/AEPS20180508006
https://ieeexplore.ieee.org/document/1712250
https://ieeexplore.ieee.org/document/1712250
https://doi.org/10.13234/j.issn.2095-2805.2020.3.86
https://doi.org/10.13234/j.issn.2095-2805.2020.3.86
https://doi.org/10.13234/j.issn.2095-2805.2020.3.86
https://doi.org/10.13234/j.issn.2095-2805.2020.3.86
https://doi.org/10.13234/j.issn.2095-2805.2020.3.86
https://doi.org/10.3969/j.issn.1673-3800.2020.02.023
https://doi.org/10.3969/j.issn.1673-3800.2020.02.023
https://doi.org/10.3969/j.issn.1673-3800.2020.02.023
https://doi.org/10.3969/j.issn.1673-3800.2020.02.023
https://doi.org/10.3969/j.issn.1673-3800.2020.02.023
https://doi.org/10.3969/j.issn.1673-3800.2020.02.023
https://doi.org/10.3969/j.issn.1673-3800.2020.02.023
https://doi.org/10.19768/j.cnki.dgjs.2021.22.059
https://doi.org/10.19768/j.cnki.dgjs.2021.22.059
https://doi.org/10.19768/j.cnki.dgjs.2021.22.059
https://doi.org/10.19768/j.cnki.dgjs.2021.22.059
https://doi.org/10.19768/j.cnki.dgjs.2021.22.059
https://doi.org/10.3969/j.issn.1674-3415.2007.06.016
https://doi.org/10.3969/j.issn.1674-3415.2007.06.016
https://doi.org/10.3969/j.issn.1674-3415.2007.06.016
https://doi.org/10.3969/j.issn.1674-3415.2007.06.016
https://doi.org/10.3969/j.issn.1674-3415.2007.06.016
https://doi.org/10.3969/j.issn.1674-3415.2007.06.016
https://doi.org/10.16427/j.cnki.issn1671-8380.2020.04.014
https://doi.org/10.16427/j.cnki.issn1671-8380.2020.04.014
https://doi.org/10.16427/j.cnki.issn1671-8380.2020.04.014
https://doi.org/10.16427/j.cnki.issn1671-8380.2020.04.014
https://doi.org/10.16427/j.cnki.issn1671-8380.2020.04.014
https://doi.org/10.16427/j.cnki.issn1671-8380.2020.04.014
https://doi.org/10.3969/j.issn.1005-9490.2021.03.036
https://doi.org/10.3969/j.issn.1005-9490.2021.03.036
https://doi.org/10.3969/j.issn.1005-9490.2021.03.036
https://doi.org/10.3969/j.issn.1005-9490.2021.03.036
https://doi.org/10.3969/j.issn.1005-9490.2021.03.036
https://doi.org/10.3969/j.issn.1005-9490.2021.03.036
https://doi.org/10.3969/j.issn.1005-9490.2021.03.036
https://doi.org/10.19457/j.1001-2095.dqcd23269
https://doi.org/10.19457/j.1001-2095.dqcd23269

55 5 Fel, 45 SN B AR G sl R A 4R R IR £k 63
2095.dqcd23269. 180962.
HUANG H H, HUANG Y W, LIU X. Research and application [20]  ZE4ME, ST, Ao Hs )RR B T I AR 4 AN A
of portable DC insulation detection algorithm [J]. Electric drive, FE ] BREAR, 2005, 29(1): 56-59. DOIL: 10.3321/j.issn:
2022, 52(20): 44-49. DOL: 10.19457/.1001-2095.dqed23269. 1000-3673.2005.01.012.

(12]  #f, RER. T DO ET 2RI B 28 402 M e B AG: 0 A LI D H, SHI L T. An overall scheme to detect grounding faults in
e [J). 5402, 2017, 54(8): 75-79. DOI: 10.3969/j.issn. DC system of power plants and substations [J]. Power system
1001-1390.2017.08.013. technology, 2005, 29(1): 56-59. DOI: 10.3321/j.issn:1000-3673.
HUANG J, ZHU W. A new method to detect DC circuit 2005.01.012.
grounding fault based on the double balanced bridge [J]. [21]  XUEAR, BRlB, a8, 48, JLT /NI AR 6928 Hi sl B R 4
Electrical measurement & instrumentation, 2017, 54(8): 75-79. e A s (T]. R HL Y, 2020, 56(1): 169-174. DOI:
DOI: 10.3969/5.issn.1001-1390.2017.08.013. 10.13296/j.1001-1609.hva.2020.01.025.

(13]  3KK%, Hwes, sk 55 . 728 v ol B3 AR 40 R AR A0 i B A e LIU Y G, CHEN C, YANG R J, et al. Location method of ground
Ak MRS (1], A £ TR, 2022(6): 159-160. DOI: fault in DC system of substation based on wavelet relative
10.3969/j.issn.1671-0711.2022.06.100. entropy [J]. High voltage apparatus, 2020, 56(1): 169-174. DOI:
ZHANG D X, GAN X Y, ZHANG Y X. Detection and 10.13296/3.1001-1609.hva.2020.01.025.
verification of AC channeling fault in substation DC system [J]. [(22]  BEHHE, #PZE, 2R, S5, — P BT /DN 00 BN 2 b e
China plant engineering, 2022(6): 159-160. DOI: 10.3969/j.issn. P IrvE (10, B 544, 2012, 49(1): 22-26. DOI: 10.3969/.
1671-0711.2022.06.100. issn.1001-1390.2012.01.005.

(14]  BAk, W, 2205, 28 B ok B R e i e i i 5 & 400K HUANG Z C, ZHONG Y, LI C L, et al. A method of single phase-
W& [J]. KAFRIESL, 2022(18): 49-51. DOI: 10.3969/].issn.1007- to-ground faulty line selection based on harmonic wavelet [J].
1350.2022.18.018. Electrical measurement & instrumentation, 2012, 49(1): 22-26.
GAO L, QIU S C, LI M. Analysis and search strategy of DOI: 10.3969/j.issn.1001-1390.2012.01.005.
substation DC system connection fault [J]. Popular standardi- (23] Bk, s, BRI, S5 /N AR LR LI b S DU v A 1
zation, 2022(18): 49-51. DOI: 10.3969/j.issn.1007-1350.2022.18. I B HAFLabVIEW - & 1y S 88 [0, il 35k [ 8h 1k, 2011,
018. 33(14): 105-108. DOI: 10.3969/j.issn.1009-0134.2011.07.30.

[15] TAN M G, CUI H, WEI B C, et al. A new DC system fault WANG B, FANG Q, XUE Y F, et al. Application of wavelet
detection method based on improved unbalanced bridge [C]// transform in DC system grounding fault detecting and its
2017 4th International Conference on Electric Power Equipment- realization on platform of LabVIEW [J]. Manufacturing
Switching Technology, Xi'an, China, October 22-25, 2017. New automation, 2011, 33(14): 105-108. DOI: 10.3969/j.issn.1009-
York, USA: IEEE, 2017: 419-423. DOI: 10.1109/ICEPE-ST.2017. 0134.2011.07.30.

8188889. [24]  SeTfk, ZRR A, HHUEL Coiflet N2 H AR LA B 12

(161 gkt b, By H sk B o By Mo Ak i [, WA Tl HeoR, WA I A R (7], B 543, 2016, 53(2): 62-66. DOL:
2016(17):291-292. DOI: 10.16640/j.cnki.37-1222/t.2016.17.256. 10.3969/j.issn.1001-1390.2016.02.011.

ZHANG S Z. Analysis and finding method of DC grounding CHAI Y H, LI C Y, JIANG Z W. The application of coiflet
fault [J]. Journal of Shandong industrial technology, 2016(17): wavelet and multi-target optimization in the detection of DC
291-292. DOI: 10.16640/j.cnki.37-1222/t.2016.17.256. system grounding fault [J]. Electrical measurement &

(17] BRI, obf45, R, 5. SETFIREE 2 2 193 F A8 B A UR R 4R i instrumentation, 2016, 53(2): 62-66. DOIL: 10.3969/j.issn.1001-
FEIZWi T (1. it TR, 2022, 30(20): 189-193. DOIL: 1390.2016.02.011.
10.14022/;.issn1674-6236.2022.20.038. [(25]  EubWh, Rz, MR, FET AR ERESN _RARH
DENG G, YE W, CHENG L, et al. Fault diagnosis method of TR i (30, IR, 2012, 36(5): 204-208.
station AC/DC power system based on deep learning [J]. DOI: 10.13335/5.1000-3673.pst.2012.05.016.

Electronic design engineering, 2022, 30(20): 189-193. DOI: 10. WANG H T, LITY, LIU H J. New method to detect DC circuit
14022/j.issn1674-6236.2022.20.038. grounding fault in secondary systems based on linear tracker [J].

(18] FKaMEHEE, SRAA. A AR B HHS R ] (0], 7 Al Power system technology, 2012, 36(5): 204-208. DOL: 10.13335
575 i 7 R, 2007(3): 27-29. DOIL: 10.3969/j.issn.1672-6324. /j.1000-3673.pst.2012.05.016.

2007.03.010. [26]  JHZE, 40, A8 BT AR e A TR /0N Pl 3 1 i e
ZHANG Y X, WU L Y. Measures to shorten detection time of B2k [J]. H 543, 2020, 57(4): 55-60. DOI: 10.19753/j.
DC system grounding fault [J]. Guangdong power transmission issn1001-1390.2020.04.009.

technology, 2007(3): 27-29. DOL 10.3969/j.issn.1672-6324. ZHOU J, LIU N, LI S G. Small current grounding fault line
2007.03.010. selection based on equivalent half wave injection method [J].

[19] k¥, FTSCADA RS/ N I 42 b s i 28 7 vk r 5t (T]. Electrical measurement & instrumentation, 2020, 57(4): 55-60.
B RGP 51, 2019, 47(13): 141-147. DOIL: 10.19783/j. DOI: 10.19753/j.issn1001-1390.2020.04.009.
cnki.pspe.180962. [27] kL C HRRRLZUENOCHEORBISE (D], Jbat: base

ZHU T. Fault line selecting method in non-solidly-earthed
network based on SCADA system [J]. Power system protection
and control, 2019, 47(13): 141-147. DOI: 10.19783/j.cnki.pspc.

R, 2020.
DU J F. Research on key technology of insulation monitoring for
DC system [J]. Beijing: Beijing Jiaotong University, 2020.


https://doi.org/10.19457/j.1001-2095.dqcd23269
https://doi.org/10.19457/j.1001-2095.dqcd23269
https://doi.org/10.19457/j.1001-2095.dqcd23269
https://doi.org/10.3969/j.issn.1001-1390.2017.08.013
https://doi.org/10.3969/j.issn.1001-1390.2017.08.013
https://doi.org/10.3969/j.issn.1001-1390.2017.08.013
https://doi.org/10.3969/j.issn.1001-1390.2017.08.013
https://doi.org/10.3969/j.issn.1001-1390.2017.08.013
https://doi.org/10.3969/j.issn.1671-0711.2022.06.100
https://doi.org/10.3969/j.issn.1671-0711.2022.06.100
https://doi.org/10.3969/j.issn.1671-0711.2022.06.100
https://doi.org/10.3969/j.issn.1671-0711.2022.06.100
https://doi.org/10.3969/j.issn.1671-0711.2022.06.100
https://doi.org/10.3969/j.issn.1007-1350.2022.18.018
https://doi.org/10.3969/j.issn.1007-1350.2022.18.018
https://doi.org/10.3969/j.issn.1007-1350.2022.18.018
https://doi.org/10.3969/j.issn.1007-1350.2022.18.018
https://doi.org/10.3969/j.issn.1007-1350.2022.18.018
https://doi.org/10.3969/j.issn.1007-1350.2022.18.018
https://doi.org/10.3969/j.issn.1007-1350.2022.18.018
https://doi.org/10.3969/j.issn.1007-1350.2022.18.018
https://doi.org/10.1109/ICEPE-ST.2017.8188889
https://doi.org/10.1109/ICEPE-ST.2017.8188889
https://doi.org/10.16640/j.cnki.37-1222/t.2016.17.256
https://doi.org/10.16640/j.cnki.37-1222/t.2016.17.256
https://doi.org/10.16640/j.cnki.37-1222/t.2016.17.256
https://doi.org/10.16640/j.cnki.37-1222/t.2016.17.256
https://doi.org/10.14022/j.issn1674-6236.2022.20.038
https://doi.org/10.14022/j.issn1674-6236.2022.20.038
https://doi.org/10.14022/j.issn1674-6236.2022.20.038
https://doi.org/10.14022/j.issn1674-6236.2022.20.038
https://doi.org/10.14022/j.issn1674-6236.2022.20.038
https://doi.org/10.3969/j.issn.1672-6324.2007.03.010
https://doi.org/10.3969/j.issn.1672-6324.2007.03.010
https://doi.org/10.3969/j.issn.1672-6324.2007.03.010
https://doi.org/10.3969/j.issn.1672-6324.2007.03.010
https://doi.org/10.3969/j.issn.1672-6324.2007.03.010
https://doi.org/10.3969/j.issn.1672-6324.2007.03.010
https://doi.org/10.3969/j.issn.1672-6324.2007.03.010
https://doi.org/10.3969/j.issn.1672-6324.2007.03.010
https://doi.org/10.19783/j.cnki.pspc.180962
https://doi.org/10.19783/j.cnki.pspc.180962
https://doi.org/10.19783/j.cnki.pspc.180962
https://doi.org/10.19783/j.cnki.pspc.180962
https://doi.org/10.19783/j.cnki.pspc.180962
https://doi.org/10.19783/j.cnki.pspc.180962
https://doi.org/10.19783/j.cnki.pspc.180962
https://doi.org/10.3321/j.issn:1000-3673.2005.01.012
https://doi.org/10.3321/j.issn:1000-3673.2005.01.012
https://doi.org/10.3321/j.issn:1000-3673.2005.01.012
https://doi.org/10.3321/j.issn:1000-3673.2005.01.012
https://doi.org/10.3321/j.issn:1000-3673.2005.01.012
https://doi.org/10.3321/j.issn:1000-3673.2005.01.012
https://doi.org/10.3321/j.issn:1000-3673.2005.01.012
https://doi.org/10.13296/j.1001-1609.hva.2020.01.025
https://doi.org/10.13296/j.1001-1609.hva.2020.01.025
https://doi.org/10.13296/j.1001-1609.hva.2020.01.025
https://doi.org/10.13296/j.1001-1609.hva.2020.01.025
https://doi.org/10.3969/j.issn.1001-1390.2012.01.005
https://doi.org/10.3969/j.issn.1001-1390.2012.01.005
https://doi.org/10.3969/j.issn.1001-1390.2012.01.005
https://doi.org/10.3969/j.issn.1001-1390.2012.01.005
https://doi.org/10.3969/j.issn.1001-1390.2012.01.005
https://doi.org/10.3969/j.issn.1009-0134.2011.07.30
https://doi.org/10.3969/j.issn.1009-0134.2011.07.30
https://doi.org/10.3969/j.issn.1009-0134.2011.07.30
https://doi.org/10.3969/j.issn.1009-0134.2011.07.30
https://doi.org/10.3969/j.issn.1009-0134.2011.07.30
https://doi.org/10.3969/j.issn.1009-0134.2011.07.30
https://doi.org/10.3969/j.issn.1001-1390.2016.02.011
https://doi.org/10.3969/j.issn.1001-1390.2016.02.011
https://doi.org/10.3969/j.issn.1001-1390.2016.02.011
https://doi.org/10.3969/j.issn.1001-1390.2016.02.011
https://doi.org/10.3969/j.issn.1001-1390.2016.02.011
https://doi.org/10.3969/j.issn.1001-1390.2016.02.011
https://doi.org/10.13335/j.1000-3673.pst.2012.05.016
https://doi.org/10.13335/j.1000-3673.pst.2012.05.016
https://doi.org/10.13335/j.1000-3673.pst.2012.05.016
https://doi.org/10.13335/j.1000-3673.pst.2012.05.016
https://doi.org/10.13335/j.1000-3673.pst.2012.05.016
https://doi.org/10.19753/j.issn1001-1390.2020.04.009
https://doi.org/10.19753/j.issn1001-1390.2020.04.009
https://doi.org/10.19753/j.issn1001-1390.2020.04.009
https://doi.org/10.19753/j.issn1001-1390.2020.04.009
https://doi.org/10.19753/j.issn1001-1390.2020.04.009

7 RETR A B

10 4%

[29]

[30]

TRUAME, Sy, OB, 45, FET AP Er i i 5/ NB B e i) B
RO SR SR BT (1), AS S AR AUE IR,
2021(9): 78-84. DOI: 10.16628/j.cnki.2095-8188.2021.09.013.
XUY C,NIED Y, GUY, et al. Study on DC system ground
fault detection relating to unbalanced bridge and wavelet
transform [J]. Electrical & energy management technology,
2021(9): 78-84. DOLI: 10.16628/j.cnki.2095-8188.2021.09.013.
JAZE, AN, W20, 45 JETEh SR E I B RS 2
M A (7], 8 TH AR A4R, 2015, 30(1): 235-241. DOL: 10.
3969/j.issn.1000-6753.2015.01.030.

ZHOU J, ZHU B N, YANG S Q, et al. Dynamic difference value
method for insulation monitoring in DC system [J]. Transactions
of China electrotechnical society, 2015, 30(1): 235-241. DOI: 10.
3969/j.issn.1000-6753.2015.01.030.

SRNCHR, SEBL, AT R, S5, A8 ALl BV R e HEH SR AR AT SR
RUKE I 7 ¥ R AT ST (0], W3- BR, 2020, 43(3): 81-85.
DOI: 10.19651/j.cnki.emt.1903337.

GUO X Q, DANG Z, JI Z F, et al. Analysis of grounding fault in
DC system of substation and research on new detection
method [J]. Electronic measurement technology, 2020, 43(3):
81-85. DOI: 10.19651/j.cnki.emt.1903337.

BREVL, BRZ, R, 5F. MEEER AUE R BRI EOR R e 4
ZEMwrse ). A shfeidk, 2018, 39(12): 26-30. DOL: 10.
16086/j.cnki.issn1000-0380.2018050040.

QIAN L J, LI C Y, XU X, et al. Research on DC system
insulation monitoring by using indirect zero drift elimination
method [J]. Process automation instrumentation, 2018, 39(12):
26-30. DOI: 10.16086/j.cnki.issn1000-0380.2018050040.
FLEME, 28 RAY, $Ror 4, 5. BT He i R AE 4 3 P U i) B
Tl SRR T ()], R TR, 2022, 30(13):
54-58. DOIL: 10.14022/j.issn1674-6236.2022.13.011.

KONG Y H,LIL Q, XU L J, et al. Design of DC leakage current
sensing protection function based on enhanced recognition of
ground fault features [J]. Electronic design engineering, 2022,
30(13): 54-58. DOI: 10.14022/j.issn1674-6236.2022.13.011.

LEI X, XU N, SHEN W, et al. Improvement of on-line
monitoring method for insulation of substation DC system [C]//
2015 IEEE International Conference on Cyber Technology in
Automation, Control, and Intelligent Systems, Shenyang, China,
June 8-12, 2015. New York, USA: IEEE, 2015: 1350-1355. DOI:
10.1109/CYBER.2015.7288140.

B, O, bie g M AGLLG I ARBR SN ]
ML TR, 2012, 20(10): 73-75. DOL: 10.14022/j.cnki.
dzsjge.2012.10.007.

PAN J, YIN B, RUAN J J. Research and application of DC
system insulation monitoring technology [J]. Electronic design
engineering, 2012, 20(10): 73-75. DOI: 10.14022/j.cnki.dzsjgc.
2012.10.007.

XA TR, AR Il e, A . AT 2R 90 400 5 M DU ) L L T

[36]

[37]

[38]

[39]

BT ge (1], ) R4 A 3k, 2009, 33(14): 83-88,107. DOL:
10.3321/j.issn:1000-1026.2009.14.017.

ZHAO M X, CHEN G F, YU W C. Modification of the DC
leakage method for DC system insulation monitoring [J].
Automation of electric power systems, 2009, 33(14): 83-88,107.
DOI: 10.3321/.issn:1000-1026.2009.14.017.

2SR A TR KL I ) B A0 BT B 248 % M A Y BT E
5t [D]. dbxt: 464k J17K4%, 2017. DOIL: 10.7666/d.Y3262710.
LI C. Design and research on a new type insulation monitoring
device with the function of detecting AC into DC [D]. Beijing:
North China Electric Power University, 2017.

JRVEE, RUHEAR, 2RO, H T RO AR AR O AR M B R S
MR [, il 540K, 2019, 56(16): 129-133. DOL:
10.19753/j.issn1001-1390.2019.016.021.

ZHOU J, LIU B J, LI S G. Insulation detection technology of DC
system based on improved frequency conversion secondary
injection method [J]. Electrical measurement & instrumentation,
2019, 56(16): 129-133. DOI: 10.19753/j.issn1001-1390.2019.
016.021.

I, ZE A, A BT RO U B R S A S
W7 (00, 3% Ak 77, 2021, 49(3): 29-33. DOI: 10.16109/j.
cnki.jld1.2021.03.009.

WU Y K, LI S H, WANG Y. Insulation detection method of DC
system based on frequency conversion switching resistance [J].
Jilin electric power, 2021, 49(3): 29-33. DOL: 10.16109/j.cnki.
j1d1.2021.03.009.

SULLAY, R, XM, TR H U R e HL 0 T I s T
A 1], FJTREWR AL, 2022, 934 1)2): 74-78. DOL: 10.16516/;.
gedi.issn2095-8676.2022.52.012.

JIAH Z, PENG G Y, LIU Y H. Coordination between cable and
circuit breaker in DC power supply system [J]. Southern energy
construction, 2022, 9(Suppl.2): 74-78. DOL 10.16516/j.gedi.
issn2095-8676.2022.52.012.

EE B

BIE CF—1E, @E1ES)
1997-, %, By TR0, 2 S8 B s 4
T A (e-mail)972547433@qq.com,

—
R

—
d>h
212
kfEEE
1999-, %, Wi+ WF 58 AR AR L, REUFR T I R TR L A 3
1k (e-mail ) 13578552065@163.com,

(%% t#H3x)


https://doi.org/10.16628/j.cnki.2095-8188.2021.09.013
https://doi.org/10.16628/j.cnki.2095-8188.2021.09.013
https://doi.org/10.16628/j.cnki.2095-8188.2021.09.013
https://doi.org/10.16628/j.cnki.2095-8188.2021.09.013
https://doi.org/10.3969/j.issn.1000-6753.2015.01.030
https://doi.org/10.3969/j.issn.1000-6753.2015.01.030
https://doi.org/10.3969/j.issn.1000-6753.2015.01.030
https://doi.org/10.3969/j.issn.1000-6753.2015.01.030
https://doi.org/10.3969/j.issn.1000-6753.2015.01.030
https://doi.org/10.3969/j.issn.1000-6753.2015.01.030
https://doi.org/10.3969/j.issn.1000-6753.2015.01.030
https://doi.org/10.19651/j.cnki.emt.1903337
https://doi.org/10.19651/j.cnki.emt.1903337
https://doi.org/10.19651/j.cnki.emt.1903337
https://doi.org/10.19651/j.cnki.emt.1903337
https://doi.org/10.16086/j.cnki.issn1000-0380.2018050040
https://doi.org/10.16086/j.cnki.issn1000-0380.2018050040
https://doi.org/10.16086/j.cnki.issn1000-0380.2018050040
https://doi.org/10.16086/j.cnki.issn1000-0380.2018050040
https://doi.org/10.16086/j.cnki.issn1000-0380.2018050040
https://doi.org/10.14022/j.issn1674-6236.2022.13.011
https://doi.org/10.14022/j.issn1674-6236.2022.13.011
https://doi.org/10.14022/j.issn1674-6236.2022.13.011
https://doi.org/10.14022/j.issn1674-6236.2022.13.011
https://doi.org/10.1109/CYBER.2015.7288140
https://doi.org/10.14022/j.cnki.dzsjgc.2012.10.007
https://doi.org/10.14022/j.cnki.dzsjgc.2012.10.007
https://doi.org/10.14022/j.cnki.dzsjgc.2012.10.007
https://doi.org/10.14022/j.cnki.dzsjgc.2012.10.007
https://doi.org/10.14022/j.cnki.dzsjgc.2012.10.007
https://doi.org/10.14022/j.cnki.dzsjgc.2012.10.007
https://doi.org/10.14022/j.cnki.dzsjgc.2012.10.007
https://doi.org/10.3321/j.issn:1000-1026.2009.14.017
https://doi.org/10.3321/j.issn:1000-1026.2009.14.017
https://doi.org/10.3321/j.issn:1000-1026.2009.14.017
https://doi.org/10.3321/j.issn:1000-1026.2009.14.017
https://doi.org/10.19753/j.issn1001-1390.2019.016.021
https://doi.org/10.19753/j.issn1001-1390.2019.016.021
https://doi.org/10.19753/j.issn1001-1390.2019.016.021
https://doi.org/10.19753/j.issn1001-1390.2019.016.021
https://doi.org/10.19753/j.issn1001-1390.2019.016.021
https://doi.org/10.16109/j.cnki.jldl.2021.03.009
https://doi.org/10.16109/j.cnki.jldl.2021.03.009
https://doi.org/10.16109/j.cnki.jldl.2021.03.009
https://doi.org/10.16109/j.cnki.jldl.2021.03.009
https://doi.org/10.16109/j.cnki.jldl.2021.03.009
https://doi.org/10.16109/j.cnki.jldl.2021.03.009
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.S2.012
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.S2.012
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.S2.012
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.S2.012
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.S2.012
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.S2.012
https://doi.org/10.16516/j.gedi.issn2095-8676.2022.S2.012

	0 引言
	1 变电站直流系统简介
	1.1 直流系统的作用
	1.2 直流系统的组成部分
	1.3 常见的直流系统接地故障及其影响

	2 直流系统接地故障的查找方法
	2.1 拉路法
	2.2 不停电查找
	2.2.1 低频注入法
	2.2.2 电桥法
	2.2.3 漏电流检测法
	2.2.4 变频探测法


	3 结论
	参考文献

