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Abstract. In order to realize the accurate judgment of the ground fault and improve the fault
discrimination effect, this paper proposes a low-current ground fault discrimination method for
the primary and secondary fusion complete sets of equipment under the calculation of three-phase
asymmetric harmonic power flow. The three-phase asymmetric harmonic power flow calculation
is carried out, the ground fault line selection model is constructed according to the calculation
results, and the faulted line is obtained by the zero-sequence active component method and the
zero-sequence reactive power component method; the wavelet packet transform method is used
to extract the transient zero-sequence power direction, and use it as a line selection criterion to
identify whether a ground fault occurs. The amplitude characteristic enhancement value of each
section is obtained by calculation. According to the distribution characteristics of the
zero-sequence current amplitude of the faulted feeder, the corresponding section is selected as the
fault section, and the mutation logic array is used in the determined fault section to realize the
low-current grounding fault judgment. The experimental results show that the method has high
judgment accuracy in practical application, and the highest value is 98.5 %, which indicates that
the method can accurately judge the fault line and determine whether ground fault occurs.

Keywords: three-phase asymmetry, harmonic power flow calculation, primary and secondary
fusion equipment, small current ground fault, wavelet packet transform.

1. Introduction

Most of today’s distribution networks are low-current grounding systems, and the detection of
grounding faults has always been a technical problem plaguing the operation of distribution
networks [1]. In recent years, with the wide application of power electronics technology and the
increase of various nonlinear loads, harmonic pollution in power system has become increasingly
serious, which has become a public hazard affecting power quality [2]. With the increase of
people’s electricity demand, eliminating the risk of accident expansion and further improving the
safety and reliability of power supply have been put on the agenda. However, the identification
and judgment of small current ground fault of primary and secondary integrated equipment still
need to be improved [3]. At present, people generally use the method of single-phase model
analysis to calculate the distribution of harmonics, but the accuracy of this method is difficult to
meet the actual demand, so it is necessary to study a method that can meet the effective
discrimination of small-current ground faults of primary and secondary fusion equipment [4].

Reference [5] proposed a discrimination algorithm for the direction of grounding fault in
flexible grounding system based on the change of zero sequence admittance. By analyzing the
zero sequence measurement admittance characteristics of the upstream, downstream and sound
lines of the fault point before and after the parallel small resistance is put into operation when a
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single-phase grounding fault occurs in the flexible grounding system. It is found that the
zero-sequence measurement admittance of the downstream of the fault point and the sound line
before and after the connection of the small parallel resistance is unchanged, and the modulus-to-
value ratio is 1, while the modulus-to-value ratio of the zero-sequence measurement admittance
of the upstream line of the fault point is much larger than 1. This method is not easy to be affected
by line parameters and transition resistance, but its detection accuracy still needs to be improved.
Reference [6] proposed a high resistance grounding fault diagnosis method based on the projection
difference between the neutral point current and the line zero sequence current. After the
grounding fault occurs, the fault line passes through the grounding point and the system neutral
point to form a basic zero sequence circuit. Because the neutral point current is resistive, the
difference between the projection of the zero sequence current of the fault line on the neutral point
current and the neutral point current is small, while the zero sequence current of the non fault line
is basically capacitive, and the difference between the projection of the zero sequence current of
the non fault line on the neutral point and the neutral point current is large. This method has high
sensitivity and reliability, but it is not accurate enough to identify the fault of the docking ground.
Reference [7] proposed a method to identify the grounding phase that can adapt to the asymmetry
of the system. If only one phase voltage amplitude decreases after the fault compared with that
before the fault, this phase is the fault phase; If two-phase voltage amplitude decreases, the lagging
phase of the voltage amplitude increasing phase in the neutral ungrounded system is the fault
phase, and the leading phase of the voltage amplitude increasing phase in the over compensated
state of the resonant grounding system is the fault phase. This method can accurately identify the
phase of ground fault under asymmetric conditions, but it is difficult to be applied to other
conditions for accurate detection.

On the basis of the above methods, in order to further improve the effect of fault identification,
considering the single phase has been difficult to meet the needs of today’s harmonic power flow
calculation, and no convergence problem may emerge in the traditional algorithm, based on the
asymmetric three-phase harmonic power flow calculation, for a quadratic convergence complete
equipment for small current grounding fault. In this paper, the three-phase asymmetric harmonic
power flow is calculated first. According to the calculation results, the grounding fault line
selection model is built, and then the fault line is obtained; the transient zero-sequence power
direction is extracted by wavelet packet transform method, which is used as the line selection
criterion to judge whether ground fault occurs; the amplitude characteristic enhancement value of
each section is calculated, and the fault section is selected, in which the mutation logic array is
used to determine the small current ground fault.

2. Ground fault line selection
2.1. Three-phase asymmetric harmonic power flow calculation

Under normal circumstances, it is impossible to achieve three-phase symmetry in the power
system, so a large error will inevitably occur when the single-phase model analysis method is used
to calculate the harmonic power flow. In order to more accurately calculate the distribution of
harmonics in the power system, and to solve the problem that traditional power flow algorithms
may not converge, this paper proposes a three-phase asymmetric harmonic power flow calculation
method.

In the three-phase power flow calculation, the primary and secondary fusion equipment is
approximately regarded as a symmetrical element, so it has the characteristics of positive, negative
and zero-sequence decoupling, and its positive, negative and zero-sequence impedances are set as
Zy, Z», Z,, for the primary and secondary fusion equipment, generally Z; = Z,, therefore, after
the transformation of the sequence component and the phase component, it is easy to obtain the
phase impedance form of the primary and secondary fusion equipment:
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ZAA ZAB ZAC 1 ZO_ZI ZO_Zl ZO+ZZI
ZBA ZBB ZBC = = ZO _Zl ZO +2Z1 ZO _Z1 ) (1)
Zca Zcp Zec Zo+2Zy Zo—Zy Zy—1Z,

in the formula, Z,,, Zpg, and Z represent the self-impedance of 4, B, and C, respectively; Z,5,
Zgc, and Z¢, represent the mutual impedance of A, B, and C, respectively. When there is no
zero-sequence path on the J side of the primary and secondary fusion equipment, it is only
necessary to set Z to zero.

The above discussion is the three-phase model of the primary and secondary fusion equipment
in the case of fundamental waves. In the case of harmonics, the equivalent inductance of the
primary and secondary fusion equipment can be approximately considered unchanged, and its
harmonic reactance is proportional to the harmonic order. The skin effect of the winding and the
eddy current loss of the iron core will increase under the action of harmonics. According to some
statistical data, the harmonic equivalent resistance of the primary and secondary fusion equipment
is roughly the same as the harmonic order proportional to the square root. Then the i-order
harmonic impedance of the primary and secondary fusion equipment can be expressed as:

Zri = Rry + Eqq. 2

where, i represents the harmonic order; Ry and Erq respectively represent the fundamental wave
resistance and the corresponding sequence reactance of the primary and secondary fusion
equipment. Therefore, referring to the derivation in the case of the fundamental wave, it is not
difficult to obtain the three-phase impedance form under the harmonics of the primary and
secondary fusion equipment.

2.2. Establishment of ground fault line selection model

Based on the calculation results of three-phase asymmetric harmonic power flow, a ground
fault line selection model is constructed.

2.2.1. Zero-sequence active component method

In the power system, due to the asymmetry of the three-phase load of the line, zero-sequence
voltage will also appear in the line. At this time, the characteristics of the line are the same as
those of the leakage fault, and the active and reactive components will also be generated. If it is
considered that there is leakage at this time, it will cause misjudgment. In the power system, it is
generally considered that leakage occurs when the generated zero-sequence voltage exceeds 15 %
of the circuit phase voltage. Using the active component method and the reactive component
method to determine whether there is leakage, there will be a threshold for the system, so there
are:

Up = Up15%, 3)

b= %o @
k 0

Py =C05¢|U0||Io|: ()

Qn = Sin¢|Uo||Io|' (6)

where, Uy represents the phase voltage in the power system; U, and I, represent the
zero-sequence voltage and zero-sequence current generated by the power system, respectively; R;,
represents the operating resistance during leakage; X, represents the parasitic impedance of each
line; P, and @Qj respectively Represents the active and reactive components when the
zero-sequence voltage is 15 % of the phase voltage; ¢ represents the phase difference between the
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zero-sequence current and the fundamental zero-sequence voltage.
Assuming that the zero-sequence current when the grid fault occurs is Iy, and the zero-
sequence voltage is U, there are:

Py = cosg|Ug11o], (7
Qf = sing|Uy |1 3

Obviously, there is Pr > 0 for the non-faulty branch, and Pr < Py, for the faulty branch, and
the value of the faulty branch is much larger than the value of Py for the non-faulty line.

Therefore, according to this method, the membership function d(a) of the zero-sequence
active component method is determined:

1, P < Py,
Pri
d(a) ={+, P,<P;<0, ©)
Py
1' Pri th’

where, P,; represents the zero-sequence active component value of the line.
2.2.2. Zero-sequence reactive component method

The zero-sequence reactive component method uses the characteristic of capacitive impedance
in the line to extract the reactive component of the fault current and calculate the power
component. When making the criterion, the zero-sequence voltage is rotated 90° clockwise, and
the reactive power component is calculated with the zero-sequence current, so there is @ < 0 in
the faulty line and Q¢ > 0 in the non-faulty line.

The principle of the zero-sequence reactive component method is the same as that of the zero-
sequence active component method. According to statistics and expert experience, the
membership function d(b) of the zero-sequence reactive component method is:

1' Qri < Qh'

a® =12 0. <0u<0, (10)
Qn
11 Qri = Qh-

2.3. Ground fault wavelet packet line selection

The key to ground fault treatment is to select the characteristic quantity of the fault for analysis.
In view of the problem that the steady-state fault characteristics are not obvious when the ground
fault occurs in the small current grounding system, the wavelet packet transform method [8, 9]
can be used to extract the transient zero sequence power direction as the line selection criterion to
identify whether the ground fault occurs. The wavelet packet transform method has finer signal
analysis ability and can better and accurately judge whether the ground fault occurs.

2.3.1. Theoretical analysis of wavelet packet transform

Multi-resolution analysis (MRA) theory [10], as the basic framework in wavelet analysis,
satisfies the two-scale equation:

n

n) = ZVU)U(Zt -, (11)

j=1
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n

0() = ) s() 62t~ )), (12)

j=1
where, n(t) represents the scaling function; 6 (t) represents wavelet function; Both v(j) and s(j)
represent wavelet decomposition filter bank coefficients. When the coefficients of the
decomposition filter bank are known, the wavelet decomposition of the original signal can be
realized by Mallat fast algorithm. For orthogonal wavelets with good normality conditions, v(j)
and s(j) form a conjugate orthogonal filter bank (CQF), which has the ability to divide higher
frequency octaves, can improve the frequency domain resolution and reduce the computational
complexity.

For the function family derived from the expansion and displacement of the basic wavelet
6(t), if the framework conditions are satisfied, the original signal g(t) can be stably reconstructed
according to the wavelet transform result. The reconstruction formula is:

g'O=Jv'() +s'(, (13)

where, v'(j) and s'(j) represent the wavelet reconstruction filter bank coefficients corresponding
to v(j) and s(j), respectively.

Through the above-mentioned wavelet reconstruction method [11], the information of the
original signal in different frequency bands can be obtained, which provides the basis for the
extraction and analysis of the transient characteristic signal during ground fault.

2.3.2. Fault feature extraction

When a ground fault occurs in a small current grounding system, the phase of the transient
zero sequence current of the fault branch is opposite to that of the transient zero sequence voltage,
the phase of the transient zero sequence current of the non fault branch is the same as that of the
transient zero sequence voltage, and the direction of the transient zero sequence power is opposite
to that of the fault branch [12, 13]. The wavelet packet is used to decompose the transient
characteristics of zero sequence voltage and zero sequence current by orthogonal wavelet, and the
information of the original signal in different frequency bands is obtained. The frequency band in
the power frequency region is filtered out. The high-frequency energy in the remaining frequency
band includes the grounding characteristics of transient zero sequence voltage and zero sequence
current, and the grounding fault of this branch is judged according to the direction of transient
ZETO Sequence power.

After applying the above transient zero-sequence power method based on wavelet packet
transform, the frequency domain resolution can be effectively improved, and fault features can be
better extracted. According to the phase relationship between the transient zero-sequence current
and the zero-sequence voltage at grounding, the transient zero-sequence Power direction, which
in turn can identify whether the line is a ground fault line.

3. Ground fault zone location

In order to enhance the amplitude characteristics and facilitate the detection and collection of
fault signals, an adjustable zero-sequence current signal is injected into the low-current grounding
system through the PWM active inverter device, and the neutral point voltage is continuously
regulated, thereby regulating the fault phase voltage. Fig. 1 is a schematic diagram of the structure
of the neutral point injection signal.

In Fig. 1, W,, W and W, are the power supply voltages of A, B and C phases, F, Fg, F¢, Q 4,
Qp, Q. are the conductance and capacitance of the three phases to ground, and I, is the zero
injected by the PWM active inverter device. sequence current. Taking C phase reference, when a
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ground fault occurs in the distribution network shown in Fig. 1, the relationship between the
neutral point voltage U, and the injection current I, is:

_ Ix - WC(l - Re)
“ 7 Sc(1/R) + (1/Ry)

(14)
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Fig. 1. Schematic diagram of the neutral poznt injection signal structure

Adjust the neutral point voltage U, = —W,, the fault phase voltage U, = 0, to achieve fault
arc suppression. The value of the injected zero sequence current I, should be:

L =W¢-Sc(1— R, X Ry). (15)

Use the FTU or fault indicator to collect the zero-sequence current signal corresponding to
each terminal and upload it to the master station, make a difference between the zero-sequence
current of each section during arc suppression and extract the amplitude:

We = aw(IOm - IOn)' (16)

where, n and m represent the adjacent detection points, n = m + 1; 9, represents the scalar sum
of the ground admittance.

After a delay of 5 s, the injected zero-sequence current signal is changed, and the neutral point
voltage is regulated, so as to regulate the fault phase power supply voltage whose fault phase
voltage is A times: U, = AW, and U, = W;(1 — 1) at this time. Through the active detection of
the injected signal, it will not depend on the change of the parameters of the asymmetric
distribution network before and after the occurrence of the ground fault, eliminate the influence
of the false zero-sequence amplitude component generated by the three-phase unbalance, amplify
the fault characteristics, and facilitate the collection of the fault steady-state component. with
measurement. Considering that the fault phase voltage and neutral point voltage do not exceed V3
times the phase voltage, the definition domain of the regulation coefficient A is taken as [0,1].
According to Eq. (15), the corresponding injection current I, is the injected current signal at this
time:

L(A—1
I =w, x 24D (17)
Ry

After the fault arc extinguishing delay of 5 s, the primary duration of regulating the
zero-sequence current is 50 ms, and the A value is changed to continue regulating after the
compensation arc extinguishing is put into operation for 2 s. There is a transient process in the
control process, and a short-term inrush current will appear. In the steady state of the fault, the
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fault characteristics are amplified, the regulation coefficient and regulation range are determined,
and the adverse impact on the distribution network is reduced. The standard GB/T 50064-2014
stipulates that the residual current at the fault point of the 6-66 kV distribution network should not
exceed 10 A, and the coefficient A for regulating the magnitude of the fault phase voltage after the
arc extinguishing delay satisfies:

1< (féf ) (1)

It can be seen from Eq. (16) that when Ry < (W/10), the range of the control coefficient 1
is [0,10R; /W], where [0,10R; /W] € [0,1]; when R; > (W/10), the control coefficient can
take values in the entire definition domain. The voltage phasor diagram of the regulation process
is shown in Fig. 2.

W,
Fig. 2. Voltage phasor during regulation process

In Fig. 2, in the process of regulating the voltage, the zero-potential point O moves along the
Uy-phasor direction. The fault characteristics gradually increase, limit the voltage rise of the
non-faulty phase, and reduce the breakdown risk of the weak insulation of the non-faulty phase.
At the same time, the amplitude of the fault current is limited, and the inrush current is small. For
the healthy section, the difference of the zero-sequence current amplitude is only related to the
ground parameters of the section; for the fault section, in addition to the ground parameters, it is
also related to the transition resistance value, so the zero-sequence current difference amplitude
of each section is:

Iop — Iog = (1 = 2,))We X 9y, (19)

where, Iy, and Iy, respectively represent the amplitude components corresponding to the p and g
detection points when the control fault phase voltage is 4, times the power supply voltage; 1,
represents the control coefficient interval value.

In order to maximize the amplitude feature, the amplitude feature enhancement sequence when
the fault feature is amplified to different degrees is constructed for each detection section:

AIOpq = (IOpl - 10q1» 10p2 - IOqZ"-"IOpn - Ian)- (20)
Establish an amplitude accumulation strategy under the magnification feature to evaluate the

difference, and superimpose each element in Eq. (20) to obtain the amplitude feature enhancement
value of each segment:

» Blopq) = mrwﬂ @)
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(Z AIOpq)B =We(FL+ F; + F5+ Fy), (22)

where, A, represents the first regulation coefficient. When the transition resistance is small and
satisfies Ry < (W;/10), select the initial control coefficient A, = 0, and the control coefficient
interval value @, = 10R;/W,, namely 4; = a,. When the transition resistance is large, the
control range is [0, 1] interval, &), = 0.25. The amplitude characteristic of the sound section in
Eq. (19) shows a decreasing trend. Considering that the maximum amplitude characteristic of the
sound section is smaller than the threshold, the Eq. (18) can be substituted, the threshold
Al = (Iopo - quo) + v can be set, and a certain margin v can be reserved. According to the
engineering site and the accuracy settings of the detection equipment. The amplitude characteristic
enhancement value of each section is calculated, and the corresponding section is selected as the
fault section according to the distribution characteristics of the zero-sequence current amplitude
of the faulted feeder.

4. Method for determining small current grounding fault based on mutation logic array

Since the small current ground fault can cause the current change of the faulted phase upstream
of the fault point, the fault point can be determined by analyzing the current change before and
after the fault of each feeder.

Definition of feeder real-time current array H; describes the A, B and C three-phase real-time
operating states of all switches and distribution transformers of a distribution feeder, and the
specific description is as follows:

hal haz e hal ca han
HL- = h’bl th hbl hbn ) (23)
hcl h(:2 ce h(.‘l ces hcn

where, h,; represents the real-time current value of phase A of the [-th switch or distribution
transformer (distribution transformer) included in the feeder; hy,; represents the real-time current
value of phase B of the [-th switch or distribution transformer included in the feeder; h;
represents the real-time current value of phase C of the [-th switch or distribution transformer
included in the feeder; [ = 1,2,...,m, m represent the total number of switches and distribution
transformers included in the feeder.

Definition of feeder history current array V; describes the A, B and C three-phase historical
operation states of all switches and distribution transformers of a distribution feeder, and the
specific description is as follows:

Va1 Va2 +++ Vg - VUgm
V]. =|Vp1 VUp2 v VUpy .. VUpm , (24)
Vey VUppg vvv Vg vvr Upm

where, v,;, v),; and v, are the historical current values of A, B and C phases of the [-th switch or
distribution transformer included in the feeder, respectively. The historical time can be set
according to the terminal type. If it is a high-precision real-time acquisition device with a short
equal sampling interval, the historical time can be set to 2-5 min before the current time; if the
sampling interval such as a fault indicator and an intelligent distribution transformer terminal is
longer if the acquisition device is a collection device, the historical time can be set to 5-10 min
before the current time; if the collection device is a mixed configuration of fault indicators, the
historical time can be set to 5-10 min before the current time; If it is forwarded by the electrical
information collection system, the historical time can be set as 5-10 min before the current time.
The purpose of the time setting is to ensure that all data are uploaded to the DMS master station.
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When a ground fault occurs, the real-time current array of the feeder after the fault and the
historical current array of the feeder before the fault can be used to calculate the steady-state
current change caused by the fault. The specific description is:

ACM = H; -V}, (25)

where, ACM represents the sudden change current matrix of the feeder, which is a 3 X m matrix.
For the convenience of calculation, the sudden change of feeder current is expressed by the feeder
mutation logic matrix ASM:

Ca1 Ca2 Cal Cam
ASM = |Cp1 Cp2  «++ Cpi «+v Cpml|. (26)
CCl CCZ o CCl . Ccm

Among them:

_ 1, Agq > ﬁWV,

Car = {o, ag < WYV, 27)
_ 1, ap; > ﬁWV,

o1 = {0, ay < BWV, (28)
(1, ag=pWY,

Car = {0, a, < WV, (29)

where, c,; represents the A-phase sudden change current logic value of the [-th equipment of the
feeder; c,,; represents the B-phase sudden change current logic value of the I-th equipment of the
feeder; c.; represents the C-phase sudden change current logic value of the [-th equipment of the
feeder; ag;, by and cg; represent the A, B and C phase current change values of the [-th device in
the feeder mutation current array ACM respectively; 8 represents the threshold coefficient, the
value range is (0, 1), WV represents the capacitor current threshold, and its value is the same as
line type, line length and number of substation outgoing loops are all relevant.

If the feeder mutation logic array ASM is a zero array, it means that the feeder has no ground
fault; if ASM is a non-zero array, it means that the feeder has a ground fault, and the row where
the non-zero element is located indicates the phase difference of the ground fault.

If the elements in the 7 (t = 1,2,3)-th row of the feeder mutation logic array ASM are
non-zero, all non-zero elements are extracted to form the mutation current logic table ACG, which
is specifically described as:

ACG = [€g1,€G2r-++r Cur-++»Col, (30)

where, cg,, represents the device number represented by the u-th logical 1 element in the 7-th row
of ACG, u = 1,2,3...; o represents the total number of non-zero elements in the t-th row of ASM.

Obviously, ACG is an unordered table, and ACG is reordered from parent to child according to
the parent-child relationship of the equipment, and the mutation current logical order table ACXG
is obtained. The specific description is as follows:

ACXG = [CX1,CXg, 00y CXyyy e, €Sy, (31)

where, cx,, represents the device number, w = 1, 2, 3...; cx,,_; represents the device number of
the parent node of the device cx,,; cx,,,, represents the device number of the child node of the
device cx,,.

From the above analysis, it can be seen that the ground fault occurs in the minimum fault
judgment interval where the last element cs,, of the abrupt current logical sequence table ACXG
is the parent node, thus realizing the low-current ground fault judgment of the primary and
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secondary integrated equipment [14, 15].
5. Experimental studies

In order to verify the validity of the proposed method for judging the low-current grounding
fault of the primary and secondary fusion complete sets of equipment under the calculation of
three-phase asymmetric harmonic power flow, experiments were carried out.

5.1. Experimental situation

Experiments were carried out on the RTplus real-time digital simulation system to examine
the ground fault discrimination function of the primary and secondary fusion equipment. The pilot
is located in a 35 kV substation, which has 7 outgoing lines, all of which are located in
mountainous areas and are prone to failures. Since August 2015, 25 ground faults have occurred
since the installation of primary and secondary fusion equipment with grounding function on the
7 outgoing lines. It is used as an experimental pilot to verify the discriminative effect of the
proposed method. The simulated experimental system is shown in Fig. 3. A complete set of
primary and secondary fusion equipment is installed on each outlet line, the main transformer is
grounded through the arc suppression coil, and the total capacitance current of the system is 15 A.

switch 1
o line 1
CON
N
\ line 2

b .
< petersen coil

—

Fig. 3. System diagraﬁl of small current ground fault discrimination experiment
5.2. Analysis of experimental results

(1) The ground fault is on line 1.

Fig. 4 shows the three-phase voltage and current and zero-sequence voltage and current
waveforms on line 1 measured by switch 1. After the fault, the zero sequence current on line 1 is
6.3 A. The bottom part of Fig. 4 is the use of db4 wavelet and db5 wavelet to extract the peak
waveform of the high-frequency part of the zero-sequence current.

It can be seen from Fig. 4 that at the moment of the fault, the zero sequence current has a high-
frequency component. The high-frequency value of db wavelet is extracted and compared with
the average value of high-frequency values in other segments of wavelet in the power frequency
cycle to obtain a multiple. The multiple value obtained by db4-8 wavelet is shown in Table 1.

Table 1. Multiples table of db4-8 wavelet analysis results when line 1 fails
dbwavelet | 4 | 5 | 6 7 8
Multiple | 87 | 73 | 91 | 112 | 100

As shown in Table 1, if the fault threshold is set to 30 and multiple thresholds are greater than
30, it can be determined that line 1 where the switch is located is a ground fault line.

(2) The ground fault is on line 2.

Fig. 5 shows the three-phase voltage and current and zero-sequence voltage and current waveforms
on line 1 measured by switch 1. After the fault, the zero sequence current on line 1 is 3.2 A.
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and secondary fusion equipment and secondary fusion equipment

In the lower part of Fig. 5, db4 wavelet and db5 wavelet are also used to extract the peak
waveform of the high-frequency part of zero sequence current. See Table 2 for the multiple value
obtained by db4-8 wavelet.

Table 2. Multiples table of db4-8 wavelet analysis results when line 2 is faulty
db wavelet | 4 5 6 7 8
Multiple | 7.0 | 74 | 8.1 |82 | 7.5

As can be seen from Table 2, the threshold for judging faults is set to 30, and all times are not
greater than this value. You can determine the line where the switch is located, that is, line 1 is
not a grounding fault line. The above experimental simulation results verify the accuracy of the
proposed method.

(3) Verification of the accuracy of ground fault discrimination.

In order to further verify the effectiveness of the proposed method, five factors that may affect
the ground fault discrimination were mainly considered during the test, as shown in Table 3.

Under different influencing factors, the ground fault occurs on the simulated feeder, and the
ground fault discrimination and processing functions of the primary and secondary fusion
equipment of the proposed method are evaluated. The experimental results are shown in Table 4.

From the experimental results shown in Table 4, the ground fault discrimination results of the
primary and secondary fusion equipment meet the expected requirements, which proves that the
proposed method is feasible and can meet the discrimination requirements. The method has high
judgment accuracy in practical application, and the highest value of judgment accuracy reaches
98.5 %, and there is no false alarm of ground fault on non-faulty lines, indicating that the method
has high stability.
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Table 3. Factors affecting ground fault discrimination

Serial number Influencing factors Remark
1 Grounding method Ungrounded, grounded by arc suppression coil
2 Fault transition resistance 1-1000 ©
3 Fault type Stability grounding, arc grounding
4 Fault location Beginning, end, middle of the line
5 Faulty phase A,B,C

Table 4. Ground fault test results

Fault type Fault transition resistance / Q | Ground fault recognition rate / %
0-500 98.5
Stable ground 1000 979
Arc ground 0-500 98.0
1000 97.8

6. Conclusions

In order to realize the accurate judgment ground fault, improve the effect of fault identification,
considering the single phase has been difficult to meet the needs of today’s harmonic power flow
calculation, and no convergence problem may emerge in the traditional algorithm, based on the
asymmetric three-phase harmonic power flow calculation, for a quadratic convergence complete
equipment for small current grounding fault. The final experimental results show that the method
can accurately judge the fault line, the highest judgment accuracy is 98.5 %, and can effectively
judge whether the ground fault occurs.
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