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AC Ground Fault Location for DC-AC Inverters
Based on a Grounding Resistor Voltage Analysis

José M. Guerrero, Gustavo Navarro, and Carlos A. Platero, Senior Member, IEEE

Abstract—Ground fault diagnosis is difficult to carry out in DC-
AC systems due to the presence of power electronics. Additionally,
it is common that neither relays could protect efficiently these
systems as AC devices are not prepared to actuate under DC
currents and vice versa. Previous studies were able to detect if the
fault was in AC or DC but the faulty point still being incognita.
This paper presents a ground fault location method for the AC side
of DC-AC systems that complements previous detection methods.
It is based on a grounding resistor placed in the midpoint of the
DC bus. Then, an instantaneous voltage window record is analyzed
into a histogram, obtaining two representative voltage peaks that
are correlated. These values are the one with most repetitions and
the one with most amplitude. Attending to a coefficient defined by
these two parameters, the fault location can be estimated. The
effectiveness of this method has been corroborated with
simulations and experimental tests in a 140 kW converter,
achieving promising results.

Index Terms—AC-DC power converters, Fault diagnosis, Fault
location, Ground fault, Statistical analysis, Voltage measurement.

. INTRODUCTION

OWADAYS, most of the electric drives are controlled and

monitored to increase their efficiency [1]-[2]. This can be
achieved thank to power converters, which allow the variation
of the electrical conditions such as current [3], voltage [4], or
frequency [5]-[6].

DC-AC system topologies are used for example in electric
vehicles (EVs), where the DC bus is composed by batteries
which feed the AC side, controlled by an inverter, where there
are one or more electric motors [7]-[8].

However, the fault detection, protection and location are
difficult for these DC-AC systems [9]. Ground faults are the
most typical type of electrical failure in power systems [10]-
[11]. They are mainly produced by the lack of insulation
between an active part and ground. In this case a fast detection
is needed [9] before a second ground fault appears and it will
lead into a phase-to-phase fault. This way, ground fault
diagnosing is a very active research field in power systems, e.g.,
in ungrounded DC systems [12], traction power systems [13],
synchronous machines [14]-[15] or distribution systems [16]
among others.

To protect electric systems against ground faults, a huge
variety of ground fault detectors, locators and protections have
been developed. Most of the electric systems are grounded.
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Then, in case of ground fault, there is a fault current circulating
between the grounded point and the fault. The value of the
grounding impedance usually limits the fault current. In case of
isolated systems, the detection is normally performed by
voltages measurement. Focusing on grounded systems, the
operating principles and devices for ground fault diagnosis are
diverse.

A. Ground overcurrent protection (51N)

It registers the current which circulates though a neutral point
of the circuit, as it can be the neutral of a synchronous generator.
If fault current is higher than a certain threshold, the protection
equipment will trip. In low voltage systems as photovoltaics
also, fuses can be used [17].

B. Neutral over voltage protection (59N)

It registers the voltage between a neutral point and ground by
placing a grounding resistor between these points and
measuring in its terminals. If the voltage value is over a certain
threshold, the protection emits the trip and alarm signals to the
corresponding breaker. In case of large electric generators, this
protection is combined with others in order to protect the whole
windings of the machine, it is known as 100% stator ground
fault protection [18]-[19]. In this field, more advanced
techniques propose using the neutral voltage measurement
combined with AC phase voltages and DC voltage to locate
ground faults in rotors of synchronous machines with static
excitation [20].

C. Neutral differential protection (87N)

Many possibilities can be used with differential principle.
One of them, to detect ground faults, on the comparison of the
zero sequence currents at both ending of an electrical element,
as lines or generators [21]. This method could also work for
adjustable speed drives where the current transformers include
the three phase cables, but it could experience saturation in case
of DC faults [22].

D. Under-impedance relay (21)

This type of protection needs the phase currents and voltages.
Using these measurements, the protection calculates the
impedance in real time dividing the voltage between current in
each each phase. In case of ground fault, if a calculated phase
impedance is lower than a certain adjustable value, it means the
presence of a fault in this phase [23].
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E. Neutral current injection device

This method needs to install a current source between a
neutral connection of the power system and ground combined
with a current sensor [24]. The current source can be a DC or
AC current source (in case to be an AC source, the injection
current must have different frequency from the operating
system one). Afterward, if a ground fault occurs, the current
injection system closes its circuit returning from the ground. At
this moment, the measurement device detects the fault and
notices it to the appropriate protection device.

F. Neutral voltage injector device

In this case, a voltage injector is placed in the same position
as the current source explained above. It emits an AC voltage
wave with different frequency than the operating one. Then, the
current is measured in the same way as previously described. If
a ground faults occurs, the current in the grounding resistor
increase and an alarm is emitted when it exceeds the threshold
[13], [25]. This equipment can be also used with the system off-
line, for example in large synchronous stator diagnosis [14].

G. Statistical methods

In terms of statistical methods used to detect ground faults,
there are methods that can locate ground faults by trial and error
from previous experiences and records of relays’ trips during
operation at different load conditions, fault lengths or other
factors [26]. Other methods contemplate the comparison
between real time fault records and historical fault logs, as it
can be the Laplace test statistic. These methods allow an online
monitoring [27]. Finally, there exist methods that examine the
covariance index of the actual operating conditions attending to
historical ground fault locations to trip the protections and
detect the failure [28].

TABLE |
STATE OF THE ART GROUND FAULT DIAGNOSIS POSSIBILITIES
ACorDC AC+DC DC AC
Method and Reference detection  detection location location
51N [17] v
[18],[19] v
59 N
[20] v v
87N [21],[22] v v
21 [23] v
Current Inj. [24] v v
- [131[14] v v ([13]) v (14D
Voltage Inj. [25] v v
-, [26] v v
Statistical [27].128] v
Artificial ~ [11],[29],[30] v
Intelligence  [12],[31] v v ([12]) v ([31])
[16] v v
Ungrounded [321,[33] v
Previous
research (34] v v
Proposed v

H. Artificial intelligence methods

As in statistical methods, machine learning methods can be
trained for ground fault detection inserting previous fault data.
These methods can be trained for detection and classification of
different type of faults, e.g., in photovoltaic systems [29], or in
induction motors [30], among others. But also, they can be

trained to detect and locate an specific type of fault in a
determined system, for example, to locate ground faults in
distributed systems [12],[31].

On the other hand, there also exist methods to detect ground
fault in ungrounded systems. One example is [16], which uses
the low voltage side measurements during a ground fault to
locate the defect in distribution networks. For power converters,
in [32] the IGBTSs’ voltage during the switching period is
analyzed. With fault, the IGBT commutation is slower due to
the arc resistance and its voltage will increase faster than in case
of non-fault. To protect the DC side of DC-AC systems,
electronic circuits could be coupled to each cell of the DC
source. They actuate as a Battery Manage System (BMS) to
detect ground faults [33].

For whole DC-AC systems, the ground fault diagnosis is a
complex task. The difficulty resides in the ground fault location,
i.e., in which point of the electric system it is located. Due to
this problem, the installation of a grounding resistor between
the midpoint of the DC bus and ground was proposed [34]. By
measuring the voltage between its terminals, the discrimination
between DC + pole, DC — pole and AC ground faults was
achieved but its exact location still being incognita.

Table I collects the commented techniques and particular
methods in order to sum up this section.

In this paper, an improvement of the previous method [34] is
proposed. It consists of a location method for AC side ground
faults for DC-AC systems. The method is also based in the
installation of a grounding resistor connected between the
midpoint of the DC bus and ground where its voltage is
measured. Applying a histogram to this measurement allow the
key parameters’ estimation in order to get the ground fault
location. This method was previously presented in its
conference form in [35] where some computer simulations were
presented. In this manuscript, the method is also validated
through experimental results using a 140 kW power converter.
Additionally, the method has granted a Spanish patent [36], and
completes the discrimination method presented in [34] by
locating the percentage of impedance where the fault is taking
place.

The paper is structured as follow: Section Il details the
operation principles of the proposed ground fault location
method. Then, Section 111 describes the simulation model and
analyzes the computer simulations results, where Section 1V
shows the experimental results from the tests carried out in a
140 kW power inverter. Lastly, Section V concludes with the
main contributions of the proposed method.

I1. OPERATION PRINCIPLES OF THE GROUND FAULT LOCATION
METHOD

In this section, the operation principles for the location of
ground faults in the AC side of inverters are explained.
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Fig. 1. Grounding resistor installed between the midpoint of the DC bus and




ground, in an AC load feed from batteries through a converter.
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Fig. 2. AC side of a power converter with a ground fault in the phase “c”. A
grounding resistor, Rgn, is installed in the midpoint of the DC bus. The DC bus
and converter are collected in a black box [An example of upstream,
downstream and faulty currents are displayed respectively for all impedances Z
=1+j0 Q and 1 V - 50 Hz balanced PWM phase voltage waves].

;,f

Voltage [V]
N
\\\\ i

time [s] Number of Samples
Fig. 3. Theoretical example of histogram carried out in a sinusoidal wave.

The most important factor for this method is to install a
grounding resistor (Rgng) between the midpoint of the DC bus
of the power inverter and ground as seen in [34]. This
configuration is also shown in the DC-AC system of Fig. 1,
where Rgna is connected in the midpoint of a battery pack. The
battery feeds an RL load which emulates a steady state motor
placed in the AC side of the inverter. This way, the fault current
can be estimated by measuring the voltage in terminals of the
grounding resistor, Ugng.

In healthy conditions, there is no fault current and
consequently Ugng is null. However, if a ground fault occurs in
the AC side, there is an AC fault current circulating through
Rgnd, then, Ugng will be different from zero and it will also have
AC components.

In the AC side, the phase impedances can be or not balanced
and the ground fault can have or not a fault resistance (Ry). For
a generic case, the AC system is analyzed is as it is shown in
Fig. 2. In this figure, an example of faulty situation is presented

where the upstream (lc), downstream (la+1,) and faulty
currents (lgng) are analyzed.

Two types of approaches will be analyzed. On one hand, an
unbalanced system as the general method. On the other hand,
the balanced system, as a particular case, which it is consider
representative due to the large quantity of these systems and
because of the simplification of the method. For this second
scenery, all the impedances of Fig. 2 are Z = 1+j0 Q and the
phase voltages are balanced PWM waves of 1 V — 50 Hz.

A. General AC system method approach

If a ground fault occurs in the AC side of the inverter, one of
the phases has a leakage current (e.g., in phase “c”) and the
grounding resistor placed in the midpoint of the DC bus will
measure between its terminals a pulsed voltage wave (See Fig.
2). This pulsed wave is proportional to the leakage current if the
fault is merely resistive and it has two main components, in
which the method is based on:

1) The most repeated voltage range, Ugng(fmax)

The most repeated voltage range component measured in Rgng
is due to the addition of the currents that comes from the healthy
phases in the downstream side of the fault (See l.+ Iy in
comparison with Ugng in Fig. 2) through ground. This parameter
is proportionally supported by the contribution of the two
healthy phases’ impedances, Z,, and Zy, and the downstream
faulty phase impedance, k-Z.. This voltage component will have
a higher number of samples than the one introduced by the
faulty phase, because at least 4 IGBTs are involved in this faulty
circuit, then the pulse width duty is higher.

2) The greatest voltage range, Ugng

The highest amplitude of the pulses can only be possible in
certain moments, when the three phase currents are added
(la + Ip + I¢) product of the imbalance provoked by the ground
fault, i.e., all the upper or lower IGBTs of the converter are
enable at the same time. It means that all the impedances
support this component.

For this reason, a coefficient, called global fault coefficient,
is defined as the division of the two components before (1).

Cs = Ugnii(fmax) (1)
Ugnd
The global fault coefficient can be expressed by the use of
the impedances instead of voltage components as in (2):

Co = Za//Zp+kZc
S T Za))Zp +k-Ze+(1-K)Z¢

2)

where k is the length per unit of impedance where the fault is
located (k = 1 in terminals of the AC side of the power inverter,
and k =0 in the neutral of the load).

Obtaining k from expression (2), the final expression (3) is
achieved:

ZgZp
Zc(Za+Zp) '

k=Cs+ C—-1 A3)

This expression suggests that the system must be
characterized before the application of the method. Then, in (3),
it can be observed that the global fault coefficient would be the
unique variable of the equation if the phase impedances are
linear. Therefore, this method could be valid for ground fault
diagnosis during steady state condition. In order to achieve the
values that allows the calculation of the global fault coefficient



(Ugnd (fmax) and Ugng), a histogram in voltage values is
performed, where the registered instantaneous values of Ugng
are classified in different intervals. Fig. 3 shows an example of
histogram applied into a sinusoidal wave. In the histogram, the
value of the wider pulses, Ugng (fmax), should correspond to the
peak with the maximum number of repetitions different from
zero. Afterwards, the greatest voltage value, Ugn, will be
measured in the histogram in a second peak of repetitions after
passing Ugng (fmax) peak. It must be taken into account that Ugng
cannot be higher than the half-voltage of the DC bus in order to
avoid undesirable errors in the method. When both values are
located, the global fault coefficient is calculated, and the value
of k can be estimated.

B. Particular case, the balanced AC system approach

The balanced system is a particular case of the general
method, but this configuration is the most common in the
industrial systems and electrical drives. In these systems, the
AC impedance, Z, is the same for each phase of the system,
then, replacing Z,, Zy and Z per Z in (3), a new equation (4) is
given as:

1
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Fig. 4. Simulation model. '
TABLE Il
SIMULATION SETUP COMPONENTS
Component Characteristic Magnitude ?
Grounding resistor R 4700 Q
Battery Upc 480 V
Cable resistance Ruire 1Q
DC inductive filter Lfitter1 6 uH
Converter 1638 pF
Rint 1 mQ
Rsnubber 1000 Q
Csnubber 1nF
AC inductive filter Liiter2 3 mH
Inductive load (each
fourth part) R 125Q
L S5 uH

As it can be seen in (4), a balanced system does not need the

impedance characterization, simplifying considerably the
ground fault location problem. In this particular case, only the
grounding resistor voltage should be measured. Then, a
histogram must be done in order to obtain the two components
of Cs. Finally, the ground fault location is estimated, k. This
way, the method complements the previous authors’ technique
[34], that it was only able to detect ground faults in DC-AC
systems.

I1l. COMPUTER SIMULATIONS

In this section, numerous simulations have been carried out
in a balanced system. For the simulations, a 480 V battery pack
has been installed in the DC bus as well as a 1638 puF capacitor,
which maintains the voltage in terminals of a three-phase power
inverter. The battery is divided into two 240 V sources to have
the midpoint accessible where a grounding resistor of 4.7 kQ
has been installed. Also, a RL load was installed in terminals of
the AC side of the converter. The impedances values are
50 + jw2x10"° Q divided in four equal stages of 12.5 + jew5x10°
Q. This configuration allows to make ground faults in different
parts of the load. The ground fault positions considered are 0%
(neutral of the load), 25%, 50%, 75% and 100% (connection
between the AC inverter and the load). Finally, some cable
resistances and inductive filters are placed in the DC and AC
sides of the power converter as well as some mutual and to-
ground parasitic capacitances in order to get more realistic
results. The complete system can be seen in Fig. 4 and its
electrical parameters are presented in Table I1.

Firstly, a healthy condition simulation was run, registering
Ugna during 40 ms simulation time (see Fig. 5), and calculating
its corresponding histogram, that is shown in Fig. 6. In this
figure it can be seen that no Ugnd(fmax) Nether Ugng parameters
are detected as they are negligible.
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Fig. 5. Simulation measurement of the grounding resistor voltage during a

healthy condition operation.
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Fig. 7. Simulation of different ground faults with Ry = 4.7 kQ: Grounding
resistor voltage instantaneous measurements [AC impedance positions: (a): k =
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Afterward, numerous ground faults were performed. To
validate the location method different simulations were
performed with a 4.7 kQ fault resistance at 0%, 25%, 50%, 75%
and 100% of the impedance of the phase “c”. The results of
grounding resistor voltage waveforms are in Fig. 7.a to Fig. 7.e
respectively. Then, when the wave is registered, Ugng is
different from zero and presents AC component, a histogram is
performed to obtain the values of Ugnd(frax) and Ugng. The range
of values of the histogram must be chosen according to the
calculation speed of the algorithm. In this simulations, 0.1 V
intervals have been considered. Once the histogram is finished,
some peaks are detected according to the voltage waveform (see



Fig. 8). These peaks are the maximum number of repetitions,
Ugnd(fmax), which conforms the numerator of Cs, and the next
peak registered past this first one, which is Ugg. The
histograms’ results are displayed in Fig. 8.a to Fig. 8. for faults
in k = 0%, 25%, 50%, 75% and 100% of the phase impedance
respectively. Finally, the numerical values of Ugna(fax) and Ugng
are collected in Table I1I.

Furthermore, different ground faults with higher or lower Rt
can occur. As the method do not take Rf into consideration,
similar results may be achieved. To corroborate it, an additional
simulation was accomplished with Rf = 100 Q at k =50 % of
impedance in phase “c” in Fig. 9. As it can be seen, Ugn
amplitude is affected by Rt variations, being the voltage drop
accentuated in Rgng. Then, the higher Ry, the lower Ugyg.
Additionally, the histogram for this fault is performed in Fig.
10 from the record of Fig. 9. In this figure, the most repeated
voltage value corresponds to Ugnd(fmax) = 160.2 V and the
greatest value peak is Ugna = 239.2 V. Calculating Cs from (1)
and applying (4), the location result for a ground fault in 50 %
is 50.4599 %.
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TABLE Il
SIMULATION RESULTS

Real ground Ugnd(fma) ~ Ugna c Estimated ground
fault location V] V] s fault location
0% 415 122.2 0.3396 0.94 %
25 % 61.6 122.1 0.5045 25.67 %
50 % 81.8 122.1  0.6699 50.49 %
75 % 102 122.1  0.8353 75.30 %
100 % 122.4 1226  0.9983 99.75 %

As it can be seen, the method responds correctly to the
ground faults simulations. On them, the error in the
determination of the ground fault location is around +1 %.
Additionally, the method does not depend on the ground fault

resistance, and if the AC system is balanced, nether the AC
impedance is needed.

IV. EXPERIMENTAL RESULTS

To support the simulation results, some experimental tests
were carried out in a 140 kW power inverter. The experimental
tests were performed in healthy state, (with no ground fault) and
with Rf= 0 Q, 2.3 kQ, 4.7 kQ and 10 kQ at different locations
of the load in the AC side of the inverter.

A. Experimental setup characteristics

The DC/AC system of the experimental setup consists of a
140 kW power converter connected to a three phase resistor in
the AC side that are fed from 480 V¢ batteries in the DC side.

The power inverter is operated as a voltage source converter
(VSC). In the DC side of the inverter a capacitor of 1638 pF is
connected and in the AC side terminals there are installed 3 mH
inductive filters to each phase. Fig. 11 shows a cabinet with the
power inverter.

On the AC side of the system, a three-phase resistive load is
connected (see Fig. 12). The phase impedances have a value of
50 Q and they are composed of four power resistances of 12.5
Q each connected in series. This allows the introduction of fault
resistances at different locations. In Fig. 12, there is also a
switch to perform ground faults in the different positions of one
of the three phases. The location of theses faults are k = 0%,

25%, 50%, 75% and 100% of the impedance, where 0%
corresponds to the neutral of the load and 100% is the terminal
of the inverter.

On the DC side, the batteries feed the electric system. They
are composed by 40 modules of 12 Vpc each with all the cells
placed in series. This provides to the system a voltage of 480
Vpc. The batteries cabinet can be seen in Fig. 13 as well as its
protections and maneuver devices.

As the batteries have 40 modules connected in series, a
grounding resistor of Rgng = 4.7 kQ should be connected from
the 20" module to ground. This connection corresponds to the
midpoint of the battery pack. The voltage between the
energized midpoint terminal and ground is 0 V in case of
healthy operation. The grounding resistor limits the fault
current to 51 mA in case of a ground fault with Rf = 0 Q at the
negative or positive terminals.

In order to sum up the experimental setup, the whole system
characteristics are compiled in Table V.



Fig. 13. 480 V Battery pack [1 string of 40 modules of 12 V¢ each].

B. Experimental tests.

Once the system has been installed, a healthy operation test
is carried out to check that the system runs correctly. Fig. 14
shows that the voltage in the grounding resistor is around 0 V.
The high frequency noises are provoked by the parasitic
capacitances to ground. It can be clearly seen that there are not
ground faults in the system because once the histogram is done,
there are not representative peaks (see Fig. 15). Then, if a high
number of samples appear near to 0 V in the histogram, it will
imply the correct operation of the DC-AC system.

TABLE IV
EXPERIMENTAL SETUP CHARACTERISTICS

Component Characteristic Magnitude
Battery Upc 480V
Upc per cell 12 Vicell
Modules per String 40
In 36A
12 Ah
Internal R 12 mQ
Inverter Py 140 kw
Upc max. 900 V
lou Max. 200 A
f max. 25 kHz
C 1.638 mF
Litter 3mH
Resistor Runit 12.5Q
Rphase 50Q
Punit 392 W
Total Three-phase Power 4704 W
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After a healthy state test was carried out, some ground faults
at different locations were accomplished. The tests were
performed varying the location of the fault between k = 0%,
25%, 50%, 75% and 100% of the impedance for different fault
resistances (Rf=0 Q, 2.3 kQ, 4.7 kQ and 10 kQ).

In the faulty tests, a grounding resistor voltage appears in
Rgna. It is produced due to the fault current circulation. If the
fault is located in the AC side, Ugng has AC components. It can
be observed in the different 40 ms records taken from faults of
4.7 kQ in locations of 0%, 25%, 50%, 75% and 100% plotted
from Fig. 16.a to Fig. 16.e, respectively. It can be seen how the
waveform varies from the neutral (k = 0%) to terminals of the
power inverter (k = 100%). Also, the voltage magnitude
decreases when the fault is near to the neutral of the AC load.

Once having the waves’ registers, a histogram is done. In this
case, for 40 ms, 10° instant values have been collected and
ordered by intervals of 0.1 V from 0 V up to 250 V. The results
are shown from Fig. 17.a to Fig. 17.e, for the previous fault
locations, respectively.
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TABLE V
EXPERIMENTAL RESULTS

Ugnd(fmax) Ognd

Real ground Estimated ground

fault location V] [V] Cs fault location
Ri=0Q
0% 833V 1945V  0.4283 14.24%
25% 1079V 1941V  0.5559 33.38%
50 % 1375V 1927V 0.7135 57.03%
75 % 166.7V 1916V  0.8700 80.51%
100 % 190.1V 2117V  0.8980 84.70%
=23 kQ
0% 570V 136.0V 04191 12.87%
25% 738V 1356V  0.5442 31.64%
50 % 95.0V 1346V  0.7058 55.87%
75 % 114V 1349V  0.8451 76.76%
100 % 1346 V 1455V 0.9251 88.76%
=4.7kQ
0% 409V 99.8V 0.4098 11.47%
25% 53.0V 99.4V 0.5332 29.98%
50 % 67.3V 9.0V  0.6798 51.97%
75 % 819V 99.0 V 0.8273 74.09%
100 % 98.7V 1079V  0.9147 87.21%
Ri=10 kQ
0% 26.3V 65.4V 0.4021 10.32%
25% 336V 654V 05138 27.06%
50 % 435V 65.4V 0.6651 49.77%
75 % 52.6 V 64.6 V 0.8142 72.14%
100 % 64.6 V 705V 0.9163 87.45%

Some peaks can be observed in the histograms. There are two
important peaks to highlight. The first one is the clearly seen in
Fig. 17.ato Fig. 17.d as the most repeated peak. This value, Ugng
(fmax), becomes displaced to higher voltages and also attenuated
as nearer is the fault location from the power inverter terminals
(k — 1). The other peak is located after the valley provoked by
the Ugna (fmax) peak, which is the greatest voltage value, Ugng.
With both peaks, Cs can be calculated and (4) can be carried out
obtaining the fault location, k.

One problem is presented in Fig. 17.e, where the peaks are
not as distinguishable as in the cases before because they are
superposed. In this case, the method’s algorithm will choose the
following peak, provoking an estimation error. In this field, the
method is more accurate for faults near to the neutral of the load
than for faults near to the inverter’s terminals. However, if the
global fault coefficient, Cs (1) is calculated with the wrong
values (case k = 1), the method estimates a not far away location
for the ground fault.

For faults with different Rt (Rs = 0, see Fig. 18 and Fig. 19),
Ugna amplitude increases considerably compared with
Rf = 4.7 kQ tests, as all the voltage drop is considered in Rgnd.
However, in the histogram carried out in Fig. 19, the proportion
between peaks is nearly the same as for other faults performed
in the same location (k = 50 %) with different Rs. This means
they have the same Cs and consequently, the same k estimation.

As it can be observed in Table V, the method gives an
accurate estimation of the fault position. The errors are quite
small when the ground fault location is closed to the midpoint
of the load impedance. The best estimation has an absolute error
of 0.23 %. However, if the fault is near to the terminals of the
power inverter and the fault resistance is low, the accuracy of
the method decreases remarkably. In these conditions the errors
can reach 15.30 %.
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Fig. 18. Grounding resistor voltage waveform for a 40 ms register of a 0 Q
fault in 50 % of the phase impedance.
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The experimental tests do not give results as accurate as those
obtained in the computer simulations. But measuring only in
terminals of Rgng, an estimation of AC ground fault location in
DC/AC systems could be achieve.

V. CONCLUSION

In this paper, a new location method of AC ground faults in
DC/AC inverters was presented. It is based on the measurement
of the voltage wave in a grounding resistor connected between
the midpoint of the DC bus and ground in case of ground fault.
Then, with this voltage record, a histogram is performed using
small intervals to calculate two correlated parameters, the most
repetitive voltage range and the greatest voltage range value.
With these two factors, a global fault coefficient is calculated.
Afterward, the fault location can be estimated and expressed in
percentage of the position, 0 % corresponds to the neutral of the
load and 100% to the inverter terminal. In case of an unbalance
system, with different impedances per phase, the values of these
impedances are required for the estimation. However, in case of
a balance system the value of the load impedance is not
required.

To prove and corroborate the theoretical principles where the
method is based on, a huge number of simulations have been
performed. The simulations results were satisfactory, achieving
estimation errors of the fault location around 1%. Also,
experimental tests have been carried out for several ground fault
locations with different fault resistances. The experimental
results are not so satisfactory, as the location errors increase up
to 15%.

It was observed that the most repeated voltage range becomes
attenuated when the faults is near to the AC terminals of the
inverter. In the experimental setup, inherent asymmetries and
other factors not considered in the simulation model should be
deeper investigated in future research to improve the accuracy
of the proposed method. Additionally, all future investigation



in this research line should use SiC transistors, as they will
replace IGBTs as commutation elements for AC drives.

Despite of this, the main advantages of the proposed method
are that the fault resistance or load impedance values are not
needed, it is simple to be installed and it gives an estimation of
the position just by the analysis of a record of the voltage wave
in the grounding resistor.
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