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Abstract: The Neutral indirectly grounded system has the characters of high stability and reliability so that has
been applied in distribution network widely. By analyzing the principle and advantages of extended prony
algorithm and researching the characteristics of steady state and transient process of single phase earth fault
system, the method of using amplitude and phase of zero sequence current of the fault line and non-faulted line
to determine the fault line is provided. The simulations of Matlab shows that the extended prony algorithm has a
good performance on neutral indirectly grounded system.
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I.  Introduction

Because the current of single phase to ground fault in the neutral ineffectively grounded system is
generally not more than 10A, it is also called the small current grounding system. When the single-phase earth
fault occurs, the three-phase voltage of the small current grounding system still meets the symmetrical
relationship, so that the system can continue to supply power. Its high power supply reliability makes it widely
used in the distribution network of 110KV and below .

Because the short circuit current of the single phase grounding is so small that could not make the over
current relay happen, it is difficult to realize the fault line selection of single phase to earth fault in small current
grounding system. In the distribution network with 110KV and below, the single phase to earth fault is the most
easy to occur in all fault types, accounting for about 80%. So the research of single phase fault line selection in
small current grounding system is of great application value'. So far for the single-phase fault line selection are
mainly two kinds of methods, one is to judge by using single feature, including three methods that are based on
zero sequence current, negative sequence current and applied of signal, none of the three methods can accurately
achieve the fault line selection, so it has some limitations. The other is the combination of the above three kinds
of single features to form a multiple criteria, so that greatly improve the accuracy of the line selection.

I1.  Analysis of extended Prony Algorithm
The exponential function is used as the mathematical model of the extended Prony algorithm, and the
discrete form of its function is shown in the form of formula (1).

P
%(n)> bz ,n=01---,N-1 1)
n=1

Among, b = A exp(j6) . z, =exp|(e; + j2f,)At].
A, —amplitude; &,—phase; o;—attenuation factor; f, —oscillation frequency; At-—sampling interval.

There are five steps to achieve Prony algorithm, the method is as follows,
1) The definition formula of sample function is given, as shown in the formula (1).

G, 1)= Y X1~ X (- =01~ p @

The R, matrix is constructed based on the definition of sample function
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2) Using the singular value decomposition (total least squares (SVD TLS) algorithm to determine the effective
rank of the matrix p, and the attenuation coefficient of total least squares estimate

3) Obtain the roots z;,---,Z, of eigenfunction 1+alz"l+---+apz"p=01 and use the equation

p
)A((n)z —Zai)A((n —i),i=01---,N —1toget X(n),n=1---,N on the condition of X(0) = x(0).
n=1

4) Using the equation (5), the b can be easily calculated
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5) The value of the amplitude of A, the phase of @, , the frequency of f and the attenuation factor of ¢,
are determined by the formula (5).

A :|bi|
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f. = arctan[lm(zj)/Re(zj)]/ZﬂAt

I11.  Fault analysis of single phase grounding system
3.1 Characteristics of single phase to ground steady state

When the system of which both the neutral point of the load and the power supply are not connected to
the ground operates normally, there is a capacitance which the equivalent value equals to C, in each phase of
the system to the ground™.. Because each phase has a phase voltage, it will have a lead of 90 degree of current
flowing into the earth, the current flowing through the three-phase capacitance to ground is zero. When the
grounding fault of A phase occurs, the equivalent capacitance and voltage of this phase will be 0, and the two
phase voltage of the B, C under normal operation will be /3 times of original ones. It is not difficult to see
from Figure 1, the total capacity to the ground of the generatorc _,c,,,c,, » line I, Il are shown as the capacity in

the figure. When the grounding fault of A phase of the line Il occurs, the " —"in the figure indicates the
distribution of capacitive current.
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Fig.1 System of single-phase grounding current distribution
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As shown in Figure 1, there is no ground fault in line I, the grounding fault of the A phase of line Il
occurs, the capacitor current and effective values of the two phases of the B, C are shown respectively in the
formula (6) and (7).

I.k = (I‘BI + I‘CI)+(I.BII + I‘CII)+(I‘BG + I.ce) (6)
I :3U¢a)(C0| +Cy +Cos) :?U(pa’coz )

The current also from A phase of line 11 flows back into the system, so the current out of A phase is its
negative, the value and its effective value of the zero sequence current flowing through the beginning of fault
lines 11 are shown in the formula (8) and (9):

3"0“ = I.A“ + I‘B” + I’Cll = _(I‘Bl + I‘Cl + I.BG + I.CG) (8)
3oy = 3U(pa)(Coz —Coi) C))

Through the above analysis, we can conclude that zero sequence current of fault line in neutral point
non grounded system is the sum of the non-fault component of the whole system to the ground capacitance
current, the capacitive reactive power of the grounding fault line is from the line to the bus, and the non-fault
line is from the bus to the linel. When the circuit is grounded by arc suppression coil, the distribution of system
current in single phase to ground fault is much more different from that of the neutral point grounded system.

2.2 Characteristics of single phase grounding transient process

Insulation breakdown is the main reason for the occurrence of single phase fault in power grid system®.
The equivalent circuit of the transition process of the neutral point non grounded system is shown in Figure
2.By ignoring L, the above circuit is an R, L, C series circuit, which can be seen from Figure 2. The transient
capacitance current and zero sequence voltage u(t) transition process are analyzed by this circuit. The
variation of the current in the fault point is changed with the change of network parameter R, L and C.
WhenR < 2,/L/C , the current transition process is periodic decay, whenR >2,/L/C , the current through the
non-periodic decay and tend to steady state values®. By the analysis, the main characteristic of the zero
sequence current of the small current grounding system is embodied in the fundamental frequency and the free
oscillation frequency of the current!. The extended Prony algorithm can effectively decompose the sine
function of the small current free oscillation frequency, which is very beneficial to the fault determination and
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Fig. 2 equivalent network of the transition process

IV.  The MATLAB simulation analysis
Use the Matlab to establish the simulation model, the Parameters Line Distributed model is used as the
line model, bus bar leads to the 5 voltage of the outlet power supply 10KVE. Line length

are L, =18km, L, =18km, L, =10km7.7512x10"° F/km, L, =16kmand L, = 6km. The positive line resistance,
inductance and capacitance of the positive sequence are 0.17/km, 1.1714x10° H/kmand12.7x10° F/km, the
zero sequence resistance, zero sequence inductance and zero sequence capacitance value are 0.2280Q)/km, and

3.0956x107° H/km-

When the transition resistance is 0Q, the end of the line 1 occurs A phase to ground fault when the
phase voltage is the maximum value. It can be seen from the Figure 3 and Table 1, the zero sequence
current and the amplitude of the free oscillation component of the fault line reached the maximum value, its
phase with the non-fault line is about 180 degrees. Therefore, the fundamental frequency of zero sequence
current and the phase and the amplitude of free oscillation can be extracted, the phase and other lines with a
difference of more than 90 degrees of the line is a fault line.
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Fig.3 The waveform of each circuit when the neutral point is not grounded and the grounding resistance is 0Q

Table 1 the neutral point is not grounded, and the grounding resistance is 0Q.

Line 1 Line 2 Line 3 Line 4 Line 5
Free oscillation amplitude Campere /A) 45.1 17.9 8.3 14.2 4.7
frequency (Chertz /Hz) 744.6 744.6 744.5 744.5 744.5
phase (degree /°) 04 -179.8 -179.8 -179.5 -179.3
fundamental amplitude Campere /A) 2.9 12 0.6 0.8 0.4
frequency frequency (Chertz /Hz) 50.0 50.0 50.1 49.9 50.0
phase (degree /°) 176.2 -3.5 -5.0 -3.3 5.1

When the numerical value of the transition resistance is increased, the free oscillation component
will not show obvious characteristics. Figure 4 and Table 2 show that the amplitude of the access resistance
increased to 2009, the extended prony algorithm can still guarantee the accuracy of the zero sequence
current of fundamental frequency component amplitude and phase, if it continues to increase the access
resistance, the fundamental characteristics can only be used for the line selection.
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Fig.4 The waveform of each circuit when the neutral point is not grounded and the grounding resistance is 100Q

Table 2 the neutral point is not grounded, and the grounding resistance is 100Q

Line 1 Line 2 Line 3 Line 4 Line 5
Free oscillation | amplitude C(ampere /A) | 51.8 17.7 18.0 13.2 3.7
frequency (hertz /Hz) 690.6 708.3 720.8 709.2 665.0
phase (degree /°) 7.3 179.1 158.3 -179.8 | -173.1
fundamental amplitude C(ampere /A) | 2.9 11 0.6 0.9 0.3
frequency frequency  Chertz /Hz) 50.0 50.0 50.0 50.0 50.0
phase (degree /°) 173.1 -6.5 -7.0 -6.6 -7.3

V.  Conclusion
Trough the detailed analysis of the characteristics of faults, the result that small current grounding
system can still be operated for a period of time when a single phase to ground fault occurs can be got and
provides the feasibility for the application of the extended prony algorithm. The extended prony algorithm
can be used to extract the features of free oscillation and fundamental frequency components accurately,
and to a certain extent, it can improve the ability of anti-interference and anti-noise. The simulation results
show that the extended prony algorithm can select the line with single phase to ground fault accurately.
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