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Design of a small current grounding line selection device based on a half-wave Fourier algorithm

AN Dongliang', CHEN Tao', LI Jun', YAO Kai', ZHANG Hui', WANG Han?
(1. State Grid Luohe Power Supply Company, Luohe 462000, China;
2. Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Selecting single-phase ground faults in small current systems is difficult. To tackle this, first the reason why the
existing line selection methods cannot effectively detect and remove the fault phase is analyzed after on-site investigation.
The characteristics of the single-phase grounding fault and the principle of line selection of a small current grounding
system are analyzed in depth. The method of grounding line selection for small current is described. On this basis, the
principle of grounding protection based on a half-wave Fourier algorithm is proposed. An action criterion algorithm based

on a half-wave Fourier algorithm is established. Given the action criterion, a single-phase ground fault line selection

system for small current grounding system is designed, and the hardware part of the system is selected.
This work is supported by National Natural Science Foundation of China (No. 5187070061).
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Fig. 1 Phase sequence relation of zero sequence voltage

and phase current in normal operation
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through extinction coil when single phase grounding
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Fig. 4 Zero sequence current vector diagram of neutral

ungrounded system
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3.1 CPU #&k

CPU &S LI OB . W 6 B, 7E
ARG WAL O, BRI RIE R g8 H
%rtEae, LAUEIAIER CPU S H » AL
/N HEL I e R W e 1 2 2 v DA B SR B R A A
PR SCR AR IS 5 5ds, I I Ab 3, 5
SRR, RIS FRATVE T 175 i o



=]

TASE, S BT A/ L P e R B - 161 -

Bl C8051F120.
3.2 EEXEER

F IR A8 AR SR Z P R 5 & (5 5
BT, B MBI RS 5. [FEE,
AL EES A B % 7 H R A S 2R e AR o —
SEMEE VL R S 5o Bl G, ARk i s s
R A ERA WA A MR- N P = NP R
S TS A R ORI, BN T R AR
LTI, AR T MAX3081E A A/DEEffiibh .

Uk, SRR SAT R AR
5, B TRER, HE B A/DRE R
FeVF AR, R A AR e b B T L
NG5 A B bE,  H s R A an B 7 BT

Veer R
1 1 I 1
| S—) | S—) )
Vin Rs Rs

B Vouri
Ry - Vour
+ Ry .

E7 BaEiAgE
Fig. 7 Voltage regulation diagram

X BT, o Vg 2 A/DR LR
FEERL S, Vi, EMAX308 %2 B8 T ¢ i A\ Fi Hs{f
23k FIRHT, BT I H 2 T MAX12763% H
IR
3.3 A/D §iiEiR

AR R RN IO S i i A A
55, MAX1276 HARUFI TAEMERE, HAPRHER)
SPI$2 1 ] LU #A H 5 C8051F120 /) [ 25 Hr 414 11
FIIE, BENIH L /N e £ 2 B (ARG R ok, Hgt
T AE B W8 T

K9 R TMAX1276 5 CPURIAE A4 1% 4277 20
ik IR, RIS R PR R
HARIEAE AR 5, A 5 P (0 s 5 JE L
PGB e O 2 UE R, JE I XTMAX308 31 T2 Bk
NKIEPEA/DFEHIEIE . HTMAX1276 % 33t
H0~4.096V, KA S RELE R G R T
P TR R PRI S R N ) H P TR HE R MAX 12765 4
O A TRE o 5 T8 ek A/D BB RS S
e B ER AT LS 2 RS2 1 i

|
v

\%
4.75VT0+5.25V £0.01UF DD 0.01UFA
Vi

H R L

(L

10UF ] F1OUF
VRET + I/I_N — _ VOUT] (12) v Von Y%
R, R, R, +——> :Ef pouT =
V. vV - P UC/DSP
— = (13) ] VA3 SCLRR
R4 Rs RET
é\RlszzR’ R3:R, R4=R5; )ﬂ\ljﬁ —%IUFR?\ID GND
Vour = (VIN + VRET)/2 (14) =
2 V| <V | 1, E 8 MAX1276 S8 T £ i g
0< Vour < Veer (15) Fig. 8 Typical working circuit diagram of MAX1276
[EEPL TN S
I‘ T Vop Vi T T{_W ARG 8 93¢ HEL K
AN o I
MAX1276 CI;XE;
) Thar S
= T R|GND GND ENCON A2 Al A0 N
— s
- =
- _ H F
T I
BN = FL
> = N s ]
— I A2A1A0

B 9 rEfhEEE

Fig. 9 Hardware connection diagram

3.4 A= Bl RAELR
FR A 58 B 0T, ARSCHEH P36 T2 A
PGB /)N H 7 i b g e 4 2 8 5 R FH A A

R RGP K 2 B SR, I e i s, A
R A%, AR ER 1Y P A RAE R A X LE 5 B
ZDFE50 kEL LIS 0] RSN ML R GUH



-162 -

® LRGP B R

D) P e X S L PR i s i T B e
I AR R, X T R R NG 2 R, WA
MKEHEC80S 1F120 (147 fith 7% B KA it X L85 B & g it
A RIICAEARSCRATRIE L RS, T
Fr A 25 5 4128 MB . [JFLASH:: ' K9K1G0SUOM
R P i A5 A7t 25 (SRAM), - LUfE ] DLAF
it R B S N 7%, Ik IR 2R 2 0 A7 it 3 [RD 1)
R,

3.5 AMFHEIRLR

DM TERER T T 7454, o8 T TAERR
. ARG T AN, R T AT
fm R M 8279 B A, (B A s A, O A iE H
I FHAE S PEA i 1R/ R IR 2R I R .

3.6 BIEARS%

2 18 ) H w7 H AR L FE AR TS A ST
DL SRR AR FE R T R, RIBR BT e v IR 2 e
BEAYS BTz sh) 3T @A BE R T
fe. BT AC805SIF120MA B AEAE BN S Hh AT 1
UART, 15 R G00 IR AE A T RE. A&
BB ) sh AR Sl & 0y S ARk 2k R
SR b — G RT THAT A
3.7 BTt

h T HEBUAN SR B R G 2, SR LA
N B SRR R, B EAS bR T
KHLT AR Z 10 R ik B 2 5 e, [R) Bl 3ok v A4
PEVL AR D = S R, BEERA/D.

4 HEE

g BRIk, A TR H ORI SR B AR A 1Y i)
W, ARSCHR T Rl T R N rE e
IRZEREE T T HERE /I HL L H 2R 48 R 2
B R IR R 26 IR BR AT T BRI BRI 00T, IF
IR T /NI L . SRR B AR ST
WA IO AT T B ORGP J e, Jd sk 9 A R VA
RRAG T P Ve R S AR I, USR] LAk
A A, B EEEREAE T, S )
S5 T RO ARS VR . ARSI SR s, Xk
{F LA ERIFE TR T, n R g v B 1R
VT 5, F, o b PR 2 bt 0 30 86 AN TR 1) 1) L B i
GRS/ S AR AT b5 o C 71T 2 A N 1 e
RGP E 2 RGE, FERT RG5>
AT TIET,

S 3k
(1] E%5, 4/NE, 88, /b yEh R 45 AH 8 g
e A $ 5 VARSI, I BOK, 2019(4): 60-61, 105.

(2]

[3]

(4]

(5]

(6]

[7]

(8]

[9]

WANG Xiao, LI Xiaojun, LI Qinchao. Research on
finding method of single phase earth fault in small current
grounding system[J]. Electric 2019(4):
60-61, 105.

KPR, MHER, xR, %5, FET 445 Hausdorff BH %
() /I B A i B E 2R [0]. NS543R, 2019, 56(6):
56-62.

ZHU Zhendong, XING Huimin, LIU Dai, et al. Fault line

selection in small current grounding system based on

Engineering,

composite Hausdorff distance[J]. Electrical Measurement
& Instrumentation, 2019, 56(6): 56-62.

RURERE, HR, B, ST OB AR IR /N i
WL 2 [T ) RG R S5 ¥, 2017, 45Q21):
89-95.

LIU Zhukui, CAO Min, DONG Tao. Fault line selection
of neutral indirectly grounding system based on
waveform similarity[J]. Power System Protection and
Control, 2017, 45(21): 89-95.

DENG F, ZENG X, PAN L. Research on multi-terminal
traveling wave fault location method in complicated
networks based on cloud computing platform[J].
Protection and Control of Modern Power Systems, 2017,
2(2): 199-210. DOI: 10.1186/s41601-017-0042-4.

AR, A, WM. T DTW R F i i
TEHAR LR KR L TTVED]. B A4, 2018,
38(11): 63-71, 78

SHAO Xiang, GUO Moufa, YOU Linxu. Faulty line
selection method using mutual correlation cluster of
grounding fault waveforms based on improved DTW
method[J]. Electric Power Automation Equipment, 2018,
38(11): 63-71, 78.

WANG X, GAO J, CHEN M, et al. Faulty line detection
method based on optimized bistable system for
distribution network[J]. IEEE Transactions on Industrial
Informatics, 2018, 14(4): 1370-1381.

SRR, /N, RIESE, 45 SR T TDFT R KA
TR D00 8 1 /] P YA M A 5 AR BTV (D). H AR
S S, 2019, 47(12): 117-124.

ZHANG Jiandong, FENG Xiaoming, WU Guoping, et al.
Signal processing method of small current grounding
fault based on TDFT non synchronous sampling harmonic
measurement[J]. Power System Protection and Control,
2019, 47(12): 117-124.

XU Y, LIU J, FU Y. Fault-line selection and fault-type
recognition in DC systems based on graph theory[J].
Protection and Control of Modern Power Systems, 2018,
3(3): 267-276. DOI: 10.1186/s41601-018-0098-9.
BORGHETTI A, BOSETTI M, NUCCI C A, et al.



P o=
ﬁ%ﬁ? :ﬁ‘é

T2 P PRSI /I FL Pk e R

- 163 -

[10]

[11]

Integrated use of time-frequency wavelet decompositions
for fault location in distribution networks: theory and
experimental validation[J]. IEEE Transactions on Power
Delivery, 2010, 25(4): 3139-3146.

BEGR, SE, M. /A H i e AR G 1) 140 A
SIS AdEH IR FR, 2010, 30(1): 57-61.
YANG Lina, XIN Lei, XIN Peng. Simulation and
analysis of single phase to ground fault in the indirectly
earthed power system[J]. Journal of Northeast Dianli
University, 2010, 30(1): 57-61.

HHE, AU, mig. /N b AR G A
WELR T IRSEIRT). dkHi2E, 2001, 29(4): 16-20.

XIAO Bai, SHU Hongchun, GAO Feng. Survey of the
methods of fault line selection for single-phase-to-earth
fault in networks with ungrounded neutral[J]. Relay, 2001,
29(4): 16-20.

[12] MALLIKARJUNA B, VARMA P V V, SAMIR S D, et al.

An adaptive supervised wide-area backup protection
scheme for transmission lines protection[J]. Protection
and Control of Modern Power Systems, 2017, 2(2):
229-244. DOI: 10.1186/s41601-017-0053-1.

[13] YAONAN W, BAILIN H, HUI W. A new criterion for

[14]

[15]

[16]

[17]

[18]

earth fault line selection based on wavelet packets in
small current neutral grounding system[J]. Proceedings
of the CSEE, 2004, 24(6): 54-58.

K, BESCH, 0, 4. /DN R SR R A R
LC SB[ W RS A3k, 2016, 40(24): 137-145.
XUE Yongduan, XUE Wenjun, LI Juan, et al. LC
resonance mechanism of transient process of earth fault
in non-solidly earthed network[J]. Automation of Electric
Power Systems, 2016, 40(24): 137-145.

GHADERI A, MOHAMMADPOUR H A, GINN H L, et al.
High-impedance fault detection in the distribution
network using the time-frequency-based algorithm[J].
IEEE Transactions on Power Delivery, 2015, 30(3):
1260-1268.

Bk¥h, EfH, T, & R TREE B HRN R
W L)) L) R GE IR 545, 2019, 47(4): 73-82.
LUO Wei, WANG Heng, WANG Lei, et al. Faulted line
location method for distribution systems based on the
equipment’s information exchange[J]. Power System
Protection and Control, 2019, 47(4): 73-82.

GONG J. Based on FTU with wavelet decomposition
waveform adaptive area calculation for single-phase
ground fault line selection in distribution network[J].
International Conference on Measuring Technology and
Mechatronics Automation, 2010, 294: 734-738.

higg. T P, 004 e B W 5 5 A TV O BESE[D]. Kb

[19]

[20]

[21]

[22]

[23]

[24]

I K27, 2013,

LUO Jiao. Research of distribution network fault
detection and localization method[D]. Changsha: Hunan
University, 2013.

RIEHE. T2 0 [V (KA 2 v o) B b 2k £ DR
[7]. fEdbH F K2 244K, 2000, 27(3): 17-20.

MOU Longhua. Compensation network grounding line
selection protection based on half-wave Fourier
algorithm[J]. Journal of North China Electric Power
University, 2000, 27(3): 17-20.

ZEY, LB, KER. CVRRRZ A IICE IR
W], BT RHAE I, 201027): 15-16.

LI Yanzhe, GUAN Enming, ZHANG Xianmin. Design of
butterworth active low pass filter[J].
Science and Technology Information, 2010(27): 15-16.
TraksE. B J7 REAR A L AR 3 05 0 IR 5T K N
[D]. il HFERHE K, 2010.

YIN Jiliang. Research and application of fast fourier
Chengdu:
University of Electronic Science and Technology, 2010.
M, TSt N RGeS 2 2 A D).
HL TS, 2018(2): 1-5.

LIU Zhe, SHEN Wenting. Analysis of method to select
fault
Electrotechnics Electric, 2018(2): 1-5.

dPE, BAETE, A, 55 LT PRI UHVER M
28 W) 2% I FRL ) B I AT, ) R GRS 4R,
2016, 44(21): 90-95.

MENG Anbo, GE Jiafei, LI Deqiang, et al. Research on

fault line selection of distribution network using RBF

Heilongjiang

transform method for integral equation[D].

line in small current grounding system[J].

neural network based on crisscross optimization algorithm
optimization[J]. Power System Protection and Control,
2016, 44(21): 90-95.

SESHADRINATH J, SINGH B, PANIGRAHI B K.
Incipient interturn fault diagnosis in induction machines
using an analytic wavelet-based optimized Bayesian
inference[J]. IEEE Transactions on Neural Networks &
Learning Systems, 2014, 25(5): 990-1001.

#s HHEA: 2019-07-01;

i&[E| HHR: 2019-09-08

EEEN:

2he(1966—), F, AH, SARIENTF, MRFTEH

2R, E-mail: 15939509559@]163.com

w4, g 3hfk; E-mail:

M & (1969—), B, A HAIEIF, AT EH
13839529781 @163.com
= F0969—), F, A, HRIEIF, BT @A

w5, B 3h4b. E-mail: 17803959988@163.com

(R4 KREE)



	DOI: 10.19783/j.cnki.pspc.190759 
	基于半波傅氏算法的小电流接地选线装置设计 
	Design of a small current grounding line selection device based on a half-wave Fourier algorithm 
	[24] SESHADRINATH J, SINGH B, PANIGRAHI B K. Incipient interturn fault diagnosis in induction machines using an analytic wavelet-based optimized Bayesian inference[J]. IEEE Transactions on Neural Networks & Learning Systems, 2014, 25(5): 990-1001. 



