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Abstract—The increasing penetration of distributed power gen-
eration into the power system leads to a continuous evolution
of grid interconnection requirements. In particular, active power
control will play an important role both during grid faults (low-
voltage ride-through capability and controlled current injection)
and in normal conditions (reserve function and frequency regula-
tion). The aim of this paper is to propose a flexible active power
control based on a fast current controller and a reconfigurable
reference current selector. Several strategies to select the current
reference are studied and compared using experimental results
that are obtained during an unsymmetrical voltage fault. The re-
sults of the analysis allow selection of the best reference current in
every condition. The proposed methods facilitate multiple choices
for fault ride through by simply changing the reference selection
criteria.

Index Terms—Control strategies, distributed power generation
systems (DPGSs), fault ride through, grid faults, positive and
negative sequences, power control, wind turbines (WTs).

I. INTRODUCTION

IN THE last decade, distributed power generation systems
(DPGSs) based on renewable energies contribute more and

more to the total amount of energy production on the globe.
Wind turbines (WT) as well as photovoltaic (PV) systems are
seen as reliable energy sources that should be further exploited
in order to achieve maximum efficiency and overcome the
increasing power demand in the world. These systems are no
longer regarded as engineering issues, but they are widely
recognized as reliable systems, which can have a large share
in energy production in the future.

The possibility of energy production using a clean technol-
ogy makes both WT and PV systems very attractive, but the
control of these systems is a challenge due to the uncertainty in
the availability of the input power [1]. Moreover, the increased
amount of distributed systems that are connected to the utility
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network can create instability in the power systems, even lead-
ing to outages.

In order to maintain a stable power system in countries
with a large penetration of distributed power, transmission
system operators issue more stringent demands regarding the
interconnection of the DPGS to the utility grid [2]–[4]. Among
the new demands, power generation systems are requested to
ride through grid disturbances and to provide ancillary services
in order to behave as a conventional power plant, and hence
to have the capability of sustaining the utility network in the
situation of a fault. Therefore, the grid fault influence on the
control of DPGS needs to be investigated.

This paper discusses some possible control strategies that a
DPGS can adopt when running on faulty grid conditions. First,
a classification of the grid faults is presented, followed by some
consideration of the control strategy when an unbalanced fault
takes place in the grid. Then, the control strategies that are
investigated are further described, followed by the presentation
of the algorithm that is used for detecting the positive and
negative sequences of the grid voltage. Finally, experimental
results are presented in order to verify the theory of each control
strategy.

II. GRID FAULT CONSIDERATIONS

Input power variations due to meteorological conditions and
grid-voltage variation due to connection and disconnection of
loads challenge the ability of WTs to provide constant output
power at the point of common coupling (PCC). Investigations
for compensating these oscillations using different energy stor-
age systems such as flywheels [5], [6] or appealing to power
quality compensation units such as dynamic voltage restorers
[7], [8] have been investigated. One of the newly introduced
requests for interconnecting WT systems to the utility network
is stressing their ability to ride through short grid disturbances,
such as voltage and frequency variations [3], [4]. As a conse-
quence, the low-voltage ride-through feature of WT systems
has become of high interest nowadays.

With respect to the grid-voltage variation, the grid faults can
be classified in two main types [9].

1) Balanced fault: when all three grid voltages register
the same drop/swell amplitude but the system remains
balanced. The occurrence of this type of fault is extremely
rare in power systems.

2) Unbalanced fault: when the three grid voltages register
unequal drop/swell amplitudes. Usually, phase shift be-
tween the phases also appears in this situation. This type
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Fig. 1. Distributed generation system that is connected through a ∆y trans-
former to the utility network.

of fault occurs due to one or two phases that are shorted
to ground or to each other. In [9] and [10], a detailed de-
scription of unbalanced grid faults is given, and five types
of unbalanced faults are distinguished. One interesting
fact is that the distribution transformer, usually of type
∆y, also has influence on how the grid fault appears at
DPGS terminals. According to [10], all unbalanced grid
faults create both uneven voltage magnitudes and phase
angle jumps at DPGS terminals, when such a transformer
is used.

For example, considering the DPGS that is connected to
the utility network, as shown in Fig. 1, where a distribution
transformer is used by the generation system to interface to
the utility network, the voltage fault occurring at bus 1 appears
different at bus 2. If a severe grid fault like a single phase
that is shorted to ground takes place at bus 1, the voltage
amplitude at the DPGS terminals (after the transformer) will
have a magnitude that is dependent on two impedance values
Zg and Zf , and the transformer type.

Characteristic to the unbalanced fault is the appearance of
the negative-sequence component in the grid voltages. This
gives rise to double-frequency oscillations in the system, which
are reflected as ripple in the dc-link voltage and output power
[11], [12]. Such oscillations can lead to a system trip if the
maximum dc-link voltage is exceeded and can also have a
negative influence on the control of the grid converter, e.g.,
producing a nonsinusoidal current reference that considerably
deteriorates the power quality and may even trip the overcurrent
protections. As a consequence, the influence of grid faults on
the control of DPGSs needs to be investigated.

III. FAULT CONTROL IN GRID AND MICRO-GRID

Owing to the appearance of a negative sequence and ampli-
tude drop in the grid voltages, the current magnitude that is
delivered by the DPGS to the grid will rise considerably for
the same amount of delivered power. Moreover, a negative-
sequence current will appear, flowing uncontrollably through
the power converter of the distribution system. In this sense, in
[13], an approach based on a series inverter that is connected
at the PCC and controlled as a current limiting impedance is
proposed as a solution to limit the current rising inside the
microgrid. Additionally, in [14], it is argued that the switching
of loads in microgrids can cause relatively high transients in
the voltage, and it is suggested that all power generation units
should support the grid during such a disturbance in order to
return to normal operating conditions. Moreover, the bandwidth

Fig. 2. Diagram of the laboratory setup that is used to test the proposed control
strategies when running on faulty grid conditions.

of communication signals between the DPGS that is connected
to the microgrid proves to be a big impediment for achieving
proper implementation of such decentralized control. An im-
proved solution, which bypasses this problem using variations
in output impedance of each distributed system, is proposed
in [15].

With respect to the negative-sequence current flowing
through the grid-connected power converter, in [16] and [17],
the implementation of a dual current controller, with one for
the positive-sequence current and one for the negative-sequence
current, has been discussed, and improved results are noticed
when the negative-sequence current is also controlled. It should
be noticed here that the complexity of the controller is doubled
in this case, and an algorithm for detection of both positive-
and negative-sequence components is necessary. As can be
observed in [18], the ripple of the dc-link voltage still has
influence on the reference currents, leading to nonsinusoidal
current injection, but in [19], the authors discuss the possi-
bility of controlling the negative-sequence current in a way
that cancels out the oscillation in the dc-link voltage. Again,
the positive- and negative-sequence components of the voltage
must be identified, but noticeable in this case is the lack of
double-frequency oscillations in the dc-link voltage.

This paper investigates the control possibilities of a DPGS
when running on unbalanced grid faults. For simplicity, only the
grid-side converter is considered here. The input power source
and its control are disregarded. Hence, the investigated control
strategies can be applied to a variety of DPGSs. Additionally,
the dc-link voltage controller is not included in the control
strategy. The design of this controller when the DPGS operates
on a faulty grid is beyond the purpose of this paper. Fig. 2
depicts a schematic of the proposed control, emphasizing the
algorithm for positive- and negative-sequence detection and the
control strategy block.

As shown in [20], there are different ways to structure the
grid converter control, and here, the implementation in a αβ
stationary reference frame using a dead beat current controller
has been selected. The main contribution of this paper is the
creation of current references depending on the selected control
strategy, as Fig. 3 illustrates.

The next section provides a deep insight into the investigated
strategies for generating the current references, and analytical
equations are provided and discussed. These strategies can
be an add-on feature to the basic control structures of grid-
connected power generation systems [20] in order to facilitate
different options when running through grid disturbances. As
there are five different methods that are derived for generating
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Fig. 3. Schematic of the proposed control structure when DPGS is running on
faulty grid conditions.

current references, the work in this paper is limited to active
current/power control only, with reactive power control being
disregarded [25].

IV. CURRENT CONTROL STRATEGIES WHEN

RUNNING ON GRID FAULTS

Instantaneous active power p, which is delivered by a three-
phase inverter to the grid, depends on the voltage vector in the
PCC v = (va, vb, vc) and on the injected current vector in this
point i = (ia, ib, ic), such that

p = v · i (1)

where · represents the dot product. Therefore, for a given volt-
age vector, there exist infinite current vectors, which are able
to deliver exactly the same instantaneous active power to the
grid. In this paper, it has been assumed that the energy source
supplying power through the inverter exhibits slow dynamics,
and hence, the active power reference will be considered a con-
stant throughout each grid-voltage cycle. However, conclusions
from this study are also valid for those cases in which the
reference for the instantaneous active power could experience
oscillations throughout a grid period, e.g., when active filtering
functionality is implemented in the inverter.

The next paragraphs propose five different strategies for
generating inverter reference currents in order to deliver to
the grid active power p = P ∗. In these strategies, it has been
assumed that no reactive power should be injected to the grid
(q∗ = 0).

A. Instantaneous Active Reactive Control (IARC)

The most efficient set of currents delivering instantaneous
active power P to the grid can be calculated as follows [21]:

i∗p = gv, with g =
P

|v|2 (2)

where |v| denotes the module of the three-phase voltage vector
v, and g is the instantaneous conductance that is seen from the
inverter output. In this situation, the grid converter is controlled
to emulate a symmetric resistance on all three phases [22]. The
value of g is a constant in balanced sinusoidal conditions, but

under grid faults, however, the negative-sequence component
gives rise to oscillations at twice the fundamental frequency
in |v|. Consequently, the injected currents will not keep their
sinusoidal waveform, and high-order components will appear
in their waveform. A current vector of (2) is instantaneously
proportional to the voltage vector and therefore does not have
any orthogonal component in relation to the grid voltage; hence,
it gives rise to the injection of no reactive power to the grid.

Instantaneous power theories [21], [23] allow for identify-
ing active and reactive components of the current for power
delivery optimization, making reactive currents equal zero.
However, when the quality of the current that is injected into
the unbalanced grid becomes a major issue, it is necessary to
establish certain constraints about what the current sequence
components and harmonics should be, even knowing that power
delivery efficiency will decrease.

B. Instantaneously Controlled Positive-Sequence (ICPS)

The instantaneous active power that is associated with
an unbalanced current i = i+ + i−, which is injected at the
PCC of a three-phase unbalanced grid with v = v+ + v−,
is given by

p = v · i = v+i+ + v−i− + v+i− + v−i+ (3)

where superscripts “+” and “−” denote the three-phase si-
nusoidal positive- and negative-sequence signals, respectively.
From (3), the positive-sequence current can be instantaneously
controlled to deliver active power P by imposing the following
constraints in the current reference calculation:

v · i∗+p =P (4a)

v · i∗−p =0. (4b)

Equation (4b) makes negative-sequence current components
equal zero, whereas the positive-sequence current reference can
be calculated from (4a) as follows:

i∗p = i∗+p + i∗−p = g+v+ (5a)

g+ =
P

|v+|2 + v+ · v− . (5b)

According to the p–q theory [21], the instantaneous reactive
power that is associated with the current vector of (5a) is
given by

q =
∣∣v × i∗+p

∣∣ =
∣∣v+ × i∗+p

∣∣︸ ︷︷ ︸
0

+
∣∣v− × i∗+p

∣∣︸ ︷︷ ︸
q̃

(6)

where the sign × denotes the cross product. It is possible to
appreciate that the current reference that is calculated by means
of (6) gives rise to oscillations at twice the fundamental utility
frequency in the instantaneous reactive power that is injected
to the grid.

It is worth noticing that positive- and negative-sequence com-
ponents of the grid voltage should be perfectly characterized to
implement this control strategy. Therefore, an algorithm that
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is capable of detecting the voltage-sequence components under
unbalanced operating conditions should be added to the control
system. The description of the algorithm that is used in this
paper is further presented in Section V.

C. Positive–Negative-Sequence Compensation (PNSC)

Active power P can be delivered to the grid by injecting
sinusoidal positive- and negative-sequence currents at the PCC.
To achieve this, the following constraints should be imposed in
the current reference calculation:

v+ · i∗+p + v− · i∗−p = P (7a)

v+ · i∗−p + v− · i∗+p = 0. (7b)

From (7b), the negative-sequence reference current can be
written as

i∗−p = −g−v−, where g− =
v+ · i∗+p
|v+|2 . (8)

Substituting (8) in (7a) and simplifying, the positive-sequence
reference current can be calculated by

i∗+p = g+v+, with g+ =
P

|v+|2 − |v−|2 . (9)

Adding (8) and (9), the final current reference becomes

i∗p = i∗+p + i∗−p = g±(v+ − v−), (10a)

with g± =
P

|v+|2 − |v−|2 . (10b)

Equation (10a) indicates that the injected current and voltage
vectors have different directions. Consequently, the instanta-
neous reactive power that is delivered to the grid is not equal
to zero but exhibits second-order oscillations given by

q =
∣∣v × i∗p

∣∣
=

∣∣v+ × i∗+p
∣∣ +

∣∣v− × i∗−p
∣∣︸ ︷︷ ︸

0

+
∣∣v+ × i∗−p

∣∣ +
∣∣v− × i∗+p

∣∣︸ ︷︷ ︸
q̃

.

(11)

D. Average Active-Reactive Control (AARC)

During unbalanced grid faults, current references that are
obtained by means of the IARC strategy present high-order har-
monics in their waveforms because instantaneous conductance
g does not remain constant throughout grid period T . Since P
has been assumed to be a constant, such harmonics come from
the second-order component of |v|2, being

|v|2 = |v+|2 + |v−|2 + 2|v+||v−| cos(2ωt + φ+ − φ−).
(12)

High-order harmonics in the current references will be canceled
if they are calculated by

i∗p = G v, where G =
P

V 2
Σ

(13)

where VΣ is the collective rms value of the grid voltage, and it
is defined by

VΣ =

√√√√√ 1
T

T∫
0

|v|2dt =
√

|v+|2 + |v−|2. (14)

In this case, instantaneous conductance is a constant under
periodic conditions, namely, g = G.

The current vector of (13) has the same direction as the grid-
voltage vector, so it will not give rise to any reactive power.
However, the instantaneous active power that is delivered to the
unbalanced grid will not equal P , but it will be given by

p = i∗p · v =
|v|2
V 2

Σ

P = P + p̃. (15)

Substituting (12) and (14) in (15), it is easy to justify that
the instantaneous active power that is delivered to the unbal-
anced grid consists of a mean value P that is accompanied
by oscillations at twice the grid frequency p̃. Since G is a
constant, voltage and current waveforms will be monotonously
proportional.

E. Balanced Positive-Sequence Control (BPSC)

When the quality of the currents that are injected in the grid
plays a decisive role, they can be calculated as

i∗p = G+v+, where G+ =
P

|v+|2 . (16)

The current vector of (16) consists of a set of perfectly bal-
anced positive-sequence sinusoidal waveforms. Under unbal-
anced operating conditions, the instantaneous active power that
is delivered to the grid will differ from P because of the
interaction between the positive-sequence injected current and
the negative-sequence grid voltage, i.e.,

p = v · i∗p = v+ · i∗p︸ ︷︷ ︸
P

+v− · i∗p︸ ︷︷ ︸
p̃

(17)

where p̃ is the power oscillation at twice the fundamental utility
frequency. Likewise, the instantaneous reactive power can be
calculated as

q =
∣∣v × i∗p

∣∣ =
∣∣v+ × i∗p

∣∣︸ ︷︷ ︸
0

+
∣∣v− × i∗p

∣∣︸ ︷︷ ︸
q̃

(18)

where q̃ is also oscillating at twice the fundamental utility
frequency.
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Fig. 4. Graphical representation of voltage and current vectors on a
positive–negative-sequence Euclidean plane for different control strategies.

F. Discussion

The positive- and negative-sequence vectors that are studied
in this section can be considered to be orthogonal, as seen over
one grid period, and represented on a Euclidean plane R

2 since
their scalar product throughout the grid period is always equal
to zero, i.e.,

x+ · y− =
1
T

T∫
0

x+ · y−dt = 0. (19)

This graphic representation of voltage and current vectors is
shown in Fig. 4 and allows better understanding of previous
strategies for current reference generation. For better visualiza-
tion and understanding, only current vectors from the IARC,
ICPS, and PNSC strategies have been represented in Fig. 4.
The amplitude of all three current vectors is delimited by the
equi-power line, which is perpendicular to v. The amplitude
of oscillations in the instantaneous reactive power that is as-
sociated with each strategy q̃ is proportional to the projection
of its current vector over the equi-power line. Current vectors
from the AARC and BPS strategies have the same direction as
those vectors from the IARC and ICPS strategies, respectively.
However, their amplitudes are not instantaneously controlled,
generating oscillations in the active power. None of these
strategies give rise to a finite mean value in the reactive power
that is injected to the grid.

V. DETECTION OF POSITIVE AND NEGATIVE SEQUENCES

Precise characterization of the grid voltage is a crucial issue
in order to have full control over the power that is delivered
from the DPGS to the grid. In this paper, such characterization
is performed by means of a positive–negative-sequence voltage
detector based on a second-order generalized integrator (SOGI)
[24]. The SOGI diagram is shown in Fig. 5, and its transfer
function is given by

S(s) =
y

x
(s) =

ωos

s2 + ω2
o

(20)

Fig. 5. Structure of the SOGI.

Fig. 6. Structure of a bandpass filter based on SOGI implementation.

where ω0 is the SOGI resonance frequency. If x = X sin(ωt +
φ), the SOGI acts as an ideal integrator when ω = ω0. There-
fore, the closed-loop diagram that is shown in Fig. 6 gives
rise to a second-order bandpass filter (BPF) whose transfer
function is

V (s) =
v′

α

vα
(s) =

kωos

s2 + kωos + ω2
o

. (21)

The damping factor of (21) is directly related to the value
that is selected for gain k. The system in Fig. 6 exhibits
interesting characteristics that make it suitable for grid-voltage
characterization.

• If ω0 and k are properly chosen, v′
α will be almost sinu-

soidal and will match the fundamental component of vα.
• Signal qv′

α will be the quadrature-phase version of vα (90◦

lagged), which is very useful for the instantaneous detec-
tion of symmetrical components in three-phase systems.

• The SOGI resonance frequency can be adjusted by means
of the proper phase-locked loop, making the system fre-
quency adaptive [24].

The influence of gain k on the filtering properties of the SOGI
system is shown in Fig. 7. As can be noticed, with a lower value
of k, the filtering is more tight around the resonance frequency,
while a higher value of k permits other frequencies to pass
through the filter.

The instantaneous positive- and negative-sequence compo-
nents v+

abc and v−
abc, respectively, of a generic voltage vector

are given by

v+
abc = [ v+

a v+
b v+

c ]T = [T+]vabc (22a)

v−
abc = [ v−

a v−
b v−

c ]T = [T−]vabc (22b)

where [T+] and [T−] are defined as

[T+] =
1
3


 1 a a2

a2 1 a
a a2 1


 (23a)

[T−] =
1
3


 1 a2 a

a 1 a2

a2 a 1


 (23b)
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Fig. 7. Bode plot of SOGI–BPF for different values of gain k.

with

a = ej 2π
3 .

Using the Clarke transformation, the voltage vector can be
translated from abc to αβ reference frames as follows:

vαβ = [ vα vβ ]T = [Tαβ ] vabc (24a)

[Tαβ ] =

√
2
3

[
1 − 1

2 − 1
2

0
√

3
2 −

√
3

2

]
. (24b)

Therefore, the instantaneous positive- and negative-sequence
voltage components on the αβ reference frame can be calcu-
lated as

v+
αβ = [Tαβ ]v+

abc = [Tαβ ][T+][Tαβ ]T vαβ =
1
2

[
1 −q
q 1

]
vαβ

(25a)

v−
αβ = [Tαβ ]v−

abc = [Tαβ ][T−][Tαβ ]T vαβ =
1
2

[
1 q
−q 1

]
vαβ

q = e−j π
2 (25b)

where q is a phase-shift operator in the time domain, which
obtains the quadrature-phase waveform (90◦ lag) of the original
in-phase waveform.

Hence, the system that is shown in Fig. 8 is proposed for
the detection of the positive and negative sequences on the αβ
reference frame where a SOGI is used to generate the in-phase
and quadrature-phase signals of (25a) and (25b).

The proposed positive- and negative-sequence detection sys-
tem that is exposed in this paper provides an effective solution
for grid synchronization of power converters in the presence
of grid faults. With proper selection of gain k, SOGI–BPF
increases the effectiveness of the detection system when the
grid voltage presents high-order harmonics. The calculation of
the instantaneous symmetrical components on the αβ reference
frame makes it possible to use only two SOGI–BPFs, which

Fig. 8. Proposed structure for extracting the positive and negative sequences
of the grid voltages based on SOGI–BPF.

reduces the computational burden of the proposed detection
algorithm as compared to the calculations in abc, where three
SOGI–BPFs would be necessary.

VI. EVALUATION OF CONTROL STRATEGIES

A. Experimental System

The aforementioned control strategies have been imple-
mented in an experimental setup comprising a pulsewidth-
modulation-driven voltage source inverter and an LC filter
(L = 10 mH and C = 0.7 µF per phase) that is connected
through a ∆y transformer to the grid. The grid is replaced here
by a programmable three-phase ac power source, in order to
be able to create grid faults. A control structure developed in
the stationary reference frame (αβ) using a deadbeat current
controller is implemented in a dSpace 1103 card.

Due to the limitation of the ac power source in sinking power,
a resistive local load has been connected to the system, as
shown in Fig. 2. The dc link voltage controller has been omitted
in order not to influence the creation of the current references,
and as a consequence, dc power sources are used to supply the
necessary dc-link voltage, which is set to 650 V.

B. Fault Conditions

The power system schematic that is illustrated in Fig. 9
has been used as background consideration to obtain a fault
condition that can be further used in the laboratory for testing
the proposed control strategies.

The DPGS is considered to be connected through a step-up
∆y transformer to the medium voltage level (30 kV) at bus 2.
The distance between bus 2 and the transmission level of
110 kV is about 10 km. An unbalanced grid fault (single phase
to ground) has been considered to occur in bus 2 at a distance
of 7.7 km from the PCC. Considering that the characteristic
impedance of the power lines in the medium voltage is the same
for both 10- and 7.7-km lines, the distance at which the fault is
taking place has a major influence on the voltage magnitude
at the DPGS terminals.

In the situation of a single-phase-to-ground fault, it can be
considered that the current that is injected by the distribution
system is considerably smaller as compared to the short circuit
current flowing through the faulted line. In this case, the voltage
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Fig. 9. Power system that is considered to model a single-phase-to-ground fault.

Fig. 10. Voltages at the DPGS terminals in the situation of a single-phase-to-
ground fault in the power system.

magnitude at the PCC can be calculated using the voltage
divider approach

VPCC =
7700

10000 + 7700
· 30000 V. (26)

In this situation, the rms voltage in the faulted line at the
secondary of the distribution transformer becomes

VDPGS =
1√
3

400
30000

· VPCC = 100 V. (27)

Additionally, the distribution transformer has influence on how
the voltages are transferred to the DPGS terminals [9]; there-
fore, in the situation of this fault, the voltages at the DPGS
terminals are behaving as Fig. 10 depicts.

VII. EXPERIMENTAL RESULTS

In order to validate the aforementioned proposed control
strategies, the ac power source has been programmed to pro-
duce the voltages that are illustrated in Fig. 10 at the terminals
of the grid converter in the laboratory. In the following, the grid
current as well as the output power waveforms are presented for
each control strategy.

A. Instantaneous Active Reactive Control

The current waveforms and the output active and reactive
powers for this control strategy are depicted in Fig. 11(a) and
(b), respectively. As might be noticed, the current waveforms
become very distorted in order to fulfill the demand of the
unity power factor control in the situation of an unbalanced

Fig. 11. Experimental results in the case of a single-phase-to-ground fault
using IARC: (a) grid currents and (b) active and reactive powers that are
delivered to the utility network.

fault. Additionally, it is difficult to calculate the peak current in
this situation due to the nonsinusoidal shape, and it should be
noticed here that a high dynamic current controller is necessary
in order to have control of the currents in this situation. As
mentioned previously in Section IV-A, the instantaneous active
and reactive powers that are delivered to the utility network are
constant during the fault.

B. Instantaneous Controlled Positive Sequence

The results in the case of the ICPS strategy for the same
grid fault, as shown in Fig. 10, are depicted in Fig. 12. As
(6) indicates, oscillations at double the fundamental frequency
appear in the reactive power using this control strategy, which
may be observed in Fig. 11(b). The grid currents are not so
highly distorted as in the case of the previous control strategy,
but they are still far from being sinusoidal; hence, it is again
difficult to estimate the peak current during the fault.
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Fig. 12. Experimental results in the case of a single-phase-to-ground fault
using ICPS: (a) grid currents and (b) active and reactive powers that are
delivered to the utility network.

Fig. 13. Experimental results in the case of a single-phase-to-ground fault
using PNSC: (a) grid currents and (b) the active and reactive powers that are
delivered to the utility network.

Fig. 14. Experimental results in the case of a single-phase-to-ground fault
using AARC: (a) grid currents and (b) active and reactive powers that are
delivered to the utility network.

C. Positive–Negative-Sequence Control

Fig. 13 illustrates the grid currents and active and reactive
powers that are delivered to the utility grid when PNSC is used.
As the meaning of this control is to inject negative-sequence
current in order to cancel the oscillations in active power, no
oscillations can be observed in the active-power waveform.

The grid currents have a sinusoidal waveform in this case, but
they are unbalanced. One advantage of this control is that one
can estimate the peak current during the fault as opposed to the
two previously discussed strategies. Large oscillations on the
reactive-power waveform can be noticed in this situation due
to the interaction between the negative-sequence active current
with the positive-sequence voltage and the positive-sequence
active current with the negative-sequence voltage.

D. Average Active Reactive Control

As opposed to the preceding control strategy, in the case of
AARC, the reactive power registers no oscillations, but active
power exhibits large oscillations at double the fundamental
frequency due to the oscillations in |v|2 in (15). As shown in
Fig. 14, the grid currents are again sinusoidal but unbalanced;
moreover, they are monotonously proportional with the voltage
since G is a constant in (13).

E. Balanced Positive-Sequence Control

Fig. 15 shows the current and power waveforms in the case of
BPSC control. As only the positive-sequence component of the
grid voltage is used for calculating the grid current references,
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Fig. 15. Experimental results in the case of a single-phase-to-ground fault
using BPSC: (a) grid currents and (b) active and reactive powers that are
delivered to the utility network.

the currents are sinusoidal and balanced. Noticeable in this case
are the oscillations at double the fundamental frequency in both
the active and reactive powers, due to the interaction between
the positive-sequence current and negative-sequence voltage, as
(17) and (18) anticipate.

VIII. CONCLUSION

The aim of this paper was to investigate several methods
that deal with the control of DPGS in the case of unbalance
conditions that are caused by faults in the utility grid. The
results of the analysis allow for the design of a flexible active
power controller that is capable of adapting itself to the fault
situation and is reconfigurable in case the grid requirements
change. In particular, it has been proven that, during unbalance
conditions, it is possible to obtain zero active and reactive
power oscillations only by accepting highly distorted currents.
However, an intermediate solution allows having sinusoidal
grid currents compensating for the oscillation in the active
power only, while oscillations are present in the reactive one.
It has been proven that the DPGS can be a very flexible power
producer that is able to work in constant current, constant active
power, or constant reactive power modes depending on the grid
fault type and the utility network necessity.
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