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Abstract—This paper discusses the evaluation of different cur-
rent controllers employed for grid-connected distributed power
generation systems having variable input power, such as wind tur-
bines and photovoltaic systems. The focus is mainly set on linear
controllers such as proportional-integral, proportional-resonant,
and deadbeat (DB) controllers. Additionally, an improved DB con-
troller robust against grid impedance variation is also presented.
Since the paper discusses the implementation of these controllers
for grid-connected applications, their evaluation is made in three
operating conditions. First, in steady-state conditions, the contri-
bution of controllers to the total harmonic distortion of the grid cur-
rent is pursued. Further on, the behavior of controllers in the case
of transient conditions like input power variations and grid volt-
age faults is also examined. Experimental results in each case are
presented in order to evaluate the performance of the controllers.

Index Terms—Current controllers, current harmonic distortion,
distributed power generation systems (DPGSs), grid faults, input
power variations.

I. INTRODUCTION

ODAY, distributed power generation systems (DPGSs)

based on renewable energies are no longer regarded as
one of the engineering challenges but as a potential player that
can have a major contribution to the total energy production
worldwide. In the last decade, exponential growth of both wind
turbines (WTs) and photovoltaic (PV) power generation systems
is registered [1], [2].

However, due to the stochastic behavior of the input power
for both WT and PV systems, their controllability is an impor-
tant issue to be considered when these systems are connected to
the utility network [3]. Due to the large penetration of renew-
able systems in some of the European countries, more stringent
interconnection demands are requested by the power system op-
erators. The power quality and robustness to the grid voltage and
frequency variations are two of the main points demanded in the
latest issues of grid codes for WTs in Germany, Denmark, and
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General structure of a renewable energy DPGS and its main control

Spain [4], [5]. Consequently, there is a large interest in studying
the control capabilities of distributed systems in situations of
grid fault conditions.

This paper discusses the control issues of the DPGS in order
to fulfill the grid demands regarding power quality and grid
faults ride-through. Since the demands are more stringent in the
WT case, focus is set on these systems rather than PV systems.

First, a general structure of a DPGS is described, highlighting
some possible control tasks. Second, the grid converter control is
analyzed in detail, and possible control loops and considerations
in case of grid faults are given. Further on, the considered con-
trollers are investigated and evaluated in terms of power qual-
ity, input power variations, and low-voltage grid ride-through.
Finally, experimental results are presented to validate the eval-
uation of the controllers discussed in this paper.

II. DPGS STRUCTURE AND CONTROL
A. DPGS Structure

A general structure of a distributed generation system is de-
picted in Fig. 1. Depending on the input power nature, i.e.,
wind, sun, and hydrogen, numerous hardware configurations
are possible [3], [6]. In this paper, a system having a full-size
back-to-back converter configuration is considered. In this sit-
uation, there is an input side controller that controls the input
side converter and a grid side controller that takes care of the
DPGS interaction with the utility grid.

B. DPGS Control

One of the main tasks of input side controller is to extract the
maximum power from the input power source and to transmit
this to the grid side controller. In the case of grid failure, this
controller should also protect the input power source. In the
case of WT systems, the input side controller has different tasks,

0885-8993/$25.00 © 2009 IEEE
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TABLE I
DISTORTION LIMITS FOR DPGS SYSTEMS WHEN INTERCONNECTING
THE UTILITY NETWORK

Odd harmonics  Distortion limit

grd _ gth <40 %
11 — 15t <20%
17t — 21t <15%
2374 _ 337d < 0.6 %

depending on the generator type used. On the other hand, the
grid side controller normally regulates the dc-link voltage in
order to maintain the power balance and takes care about the
quality of the generated power by controlling the output current.
Synchronization with the grid voltage and grid (voltage and
frequency) monitoring is also an important task of this controller.
Since in the considered topology, the output power is completely
decoupled from the input power by a dc link, the grid side
converter is mainly responsible for the fault tolerance of such a
power generation system.

III. GRID DEMANDS

As mentioned previously, due to the exponential increase of
WT and PV systems connected to the utility network, more re-
strictive demands imposed by the transmission system operators
(TSOs) are issued in order to maintain a proper functionality of
the power system.

A. Power Quality Issues

For both WT and PV systems, the maximum limit for the total
harmonic distortion (THD) of the output current is set to 5% ac-
cording to the IEEE Standard 15471 [7]. Similar limitations are
recommended for PV systems in an International Electrotech-
nical Commission (IEC) standard [8]. As regards WT systems,
IEC standards recommend a pollution smaller than 6%—-8% de-
pending on the type of network to which the turbines are con-
nected [9]-[11]. In order to comply with these requirements, the
current controller should have a very good harmonic rejection,
especially for low-order harmonics that normally have a higher
content in the power system.

Table I shows the maximum allowed distortion limits for the
first 33 current harmonics, according to [7].

B. Voltage Variation Issues

In addition to the power quality demands, the TSOs also
require the capability of the generation systems to ride-through
short grid voltage variations. Considering the installation of
a WT into the Danish utility grid, the voltage variations and
corresponding ride-through times, published in [5] and depicted
in Fig. 2, should be fulfilled. As it may be noted, the WT should
have a ride-through capability of 0.1 s when the grid voltage
amplitude register a dip down to 25% of its nominal value. On
the other hand, the generation system should also ride-through
for a voltage being 120% of its nominal value. As a consequence,
the grid side controller should be prepared for such situations
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Fig.2. Illustration of the grid voltage variations and the disconnection bound-
aries for WTs connected to the Danish power system.

in order to avoid the disconnection of the generation unit and
comply with the demands.

Depending on the number of phases that register such a dip,
the power system can remain balanced if all three phases are
dropping with the same amplitude, or it can become unbalanced
if one or two phases experience such a fault [12].

In addition to the power quality and voltage variations, there
are many other requirements stated in the grid codes for WT
systems, i.e., grid frequency variations, reactive power control,
etc., but their discussion here is less relevant for the purpose of
this paper.

IV. CONTROL STRUCTURES FOR GRID CONVERTER

In the following, a few control structures for the grid converter
are discussed. The implementation of the control strategy for a
distributed generation system can be done in different reference
frames such as synchronous rotating (dgq), stationary («3), or
reference (abc) frame. The focus is set on different controller
types and their implementation in different reference frames.

A. The dq Control

The dg control structure is using the abc — dgq transforma-
tion module to transform the control variables from their nat-
ural frame abc to a frame that synchronously rotates with the
frequency of the grid voltage. As a consequence, the control
variables are becoming dc signals. Specific to this control struc-
ture is the necessity of information about the phase angle of
utility voltage in order to perform the transformation. Normally,
proportional—integral (PI) controllers are associated with this
control structure. A typical transfer function of a PI controller
is given by

Grrls) = Ky + 2 M
where K, is the proportional and K; is the integral gain of the
controller. The structure of dq control involving cross coupling
and feedforward of the grid voltages is depicted in Fig. 3. Since
grid voltage feedforward is used in this control structure, the dy-
namics of the control is expected to be high during grid voltage

fluctuations. Every deviation of the grid voltage amplitude will
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be reflected into the d- and g-axis component of the voltage,
leading to a fast response of the control system.

B. Stationary Frame Control

Since in the case of stationary reference frame control, the
control variables, e.g., grid currents, are time-varying wave-
forms, PI controllers encounter difficulties in removing the
steady-state error. As a consequence, another type of controller
should be used in this situation.

The proportional-resonant (PR) controller [13]-[16] gained
a large popularity in the last decade due to its capability of
eliminating the steady-state error when regulating sinusoidal
signals, as is the case of a3 or abc control structures. Moreover,
easy implementation of a harmonic compensator for low-order
harmonics without influencing the controller dynamics makes
this controller well suited for grid-tied systems [17]. The transfer
function of resonant controller is defined as

Gpr(s) = K, + Kﬁ—% )
Because this controller acts on a very narrow band around its
resonant frequency w, the implementation of harmonic compen-
sator for low-order harmonics is possible without influencing at
all the behavior of the current controller [17]. The transfer func-
tion of the harmonic compensator is given by

Guo(s)= > Kp———

h=3,5,7 s% + (wh)?

3

where h denotes the harmonic order that the compensator is
implemented for. A general structure of a stationary reference

frame control using resonant controllers and harmonics com-
pensators is illustrated in Fig. 4.

Note that both (2) and (3) use information about the reso-
nant frequency at which the controller operates. For the best
performance of the resonant controller, this frequency has to be
identical to the grid frequency. Hence, it should be remarked that
an adaptive adjustment of the controller frequency is necessary
if grid frequency variations are registered in the utility network,
as reported in [18].

C. The abc Frame Control

Historically, the control structure implemented in abc frame
is one of the first structures used for pulsewidth modulation
(PWM) driven converters [19], [20]. Usually, implementation
of nonlinear controllers such as hysteresis controller has been
used. The main disadvantage of these controllers was the neces-
sity of high sampling rate in order to obtain high performance.
Nowadays, due to the fast development of digital devices such as
microcontrollers (MCs) and DSPs, implementation of nonlinear
controllers for grid-tied applications becomes very actual.

In case of abc control, it is worthwhile to remark that in the sit-
uation of an isolated neutral transformer, as is the case of DPGS
using a Ay transformer as grid interface, only two of the grid
currents can be independently controlled, the third one being the
negative sum of the other two, according to Kirchhoff current
law. Hence, the implementation of only two controllers is nec-
essary in this situation [21]. The following paragraphs describe
the implementation of PI, PR, and deadbeat (DB) controllers in
stationary abc frame.
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Fig. 5.
representation of the LCL filter used to calculate the gains of the controllers.

1) PI Controller: The portability of the PI controller to an-
other reference frame like the stationary frame has been derived
in [21] using transformation modules between the frames. More-
over, in [22], the equivalent of PI controller in abc frame has
been derived, as shown (4), at the bottom of this page. Note in
this case that the complexity of the controller matrix is due to
the off-diagonals terms due to the cross-coupling terms between
the phases.

2) Resonant Controller: Since the PR controller is already
defined in stationary reference frame, its portability to a natural
frame is a straight solution. The controller matrix in this case is
given by (5).

_ K;s -
KzﬂLﬁ 0 0
7+ wy
, K;s
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G;R )(5): 0 Ky+ 52 _,ng 0
KL‘S
0 0 K,+——
i P+ 52 +w(2)_

&)
As there is no cross-coupling terms to account for phases in-
teraction in this case, (5) cannot be used when the neutral of
the transformer is isolated, in this situation only two controllers
being necessary, as described in [21].

3) DB Controller: Belonging to the family of predictive con-
trollers, DB controller is widely employed for sinusoidal current
regulation of different applications due to its high dynamic re-
sponse [23]-[30]. In order to achieve best reference tracking, the
working principle of DB controller is to calculate the derivative
of the controlled variable (grid current in this case) in order
to predict the effect of the control action. This controller has
theoretically a very high bandwidth, and hence, tracking of si-
nusoidal signals is very good. However, if PWM and saturation

Ug(t) @
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Ui Ug

Rd

(b)

(a) Representation of single-phase circuit used to derive the DB controller equation, where Lt = L; + L, and R = R; + R,. (b) Single-phase

of the control action are considered, the DB controller exhibits
slower response.

The equation of predictive DB controller can be derived using
Kirchhoff’s law on the single-phase circuit shown in Fig. 5(a).
In this case, the equation for the current through the inverter ¢;
(controlled current) can be expressed as

dii(t) Ry, 1
.  Lr u(t) + L;

(Ui(t) = Uy (1)) (©)

where L7 is the total inductance and Ry is the total resistance
upstream of the grid converter, and U; (t) and U, (t) are the
inverter and grid voltages, respectively. The discretized form of
(6) is given by
ii((k+ 1)T,) = e PP, (kT
1, s )
—R—T(e (Re/Lo)Ts _ 1) (Ui(KTy) — Uy (KTy)).  (7)

Solving (7), the controller equation can be derived as

(abe) _ (1 1—az™!
o = (b) (1 ®
where a and b are denoted as
= e (Br /LT)TS7 h— ,i(ef(Rr /L1)Ts _ 1), )

Ry

Finally, the controller algorithm can be implemented as
1
Ui((k+1)T,) = Ui((k—1)T,) + gAi(kTs) - %Ai((k —1)T,)

+ Uy ((k+1)Ts) = Uy ((k = 1)T5). (10)

Again, because the controller equation in this case has been
derived considering a single-phase circuit, implementation of
only two such controllers is necessary in the situation of an

I K;s K
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2 2(s2 + ) 2
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Kp+ 5 - - 2 2 - )
8 + wj 2 2(s? + wj)
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isolated neutral transformer, the third grid current being given
by the Kirchhoff’s law.

Since DB controller controls the current such that this reaches
its reference at the end of next switching period, the controller
is introducing one sample time delay. In order to compensate
for this delay and the plant nonlinearities, an observer can be
introduced in the structure of the controller [27]. Moreover, a
fuzzy logic controller tuned on the basis of DB theory and then
modified online in order to take into account the unmodeled
nonlinearities is also possible [31].

V. DESIGN OF LINEAR CONTROLLERS
A. Model of the Plant

The plant considered in this application is the LCL filter at-
tached to the power converter. In this case, only an LC filter is
physically implemented, while the second L is the inductance
of the transformer, as shown in Fig. 9. The filter transfer func-
tion has been derived using its single-phase electrical diagram
illustrated in Fig. 5(b).

The relation for the currents flowing through the filter is given
by

i i —i, =0 (1)
while the voltages can be described by
U, =i;L;s+ U, (12a)
Uy =—igLis + U, (12b)
1
U.=i.|=—+Rq|. 12
' <C%S-+ d) (120
Deriving the current values yields
. 1 ) 1
1 = LZS(UL - Uc)v lg = ﬂ(U(: - Uf]) (13)

where s denotes the Laplace operator. Rewriting in terms of
impedances, the voltages can derived as

Ui = z11% + 21284

Uy = 2011 + 2021 (14)
where
1 1
211 :Li3+@+Rd; 212 = — (CfS-FRd>
299 = — (LgS—f— 1 +Rd> , 2o = L + Ry (15)
Cys Crs

Developing the relations for grid current and voltage, the
transfer function of the plant is finally obtained as

oty 221
H(S) B U? B 2127221 — 211722
_ RdCfS +1
o LiLngS3 + RqCy (L; + Lg)32 +(L; + Lg)S
where L; and C} are the filter inductance and capacitance,

respectively, L, is the transformer inductance, and R4 is the
damping resistance.

(16)
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TABLE I
LCL OuTPUT FILTER PARAMETERS

Inverter side impedance
L; =10 mH
R; =04 Q

Capacitance
Cf = 0.7,U,F
R;=0Q

Grid side impedance
Ly =2 mH
Ry =0.6 Q

The LCL filter parameters are listed in Table II. As mentioned
previously, the grid side parameters L, and R, are representing
the transformer.

B. Resonant Controller Design

The PR controller is tuned based on the root locus theory.
Using the controller transfer function given in (2) and the plant
transfer function from (16), the closed-loop transfer function is
derived in discrete form like

_ PR(x)H(2)
L&) = 1RO

where PR(z) and H (z) are the discrete forms of (2) and (16), re-
spectively, derived using c2d facility in MATLAB. The root loci
of the closed-loop system shown in Fig. 6(a) are used to tune the
resonant controller. The controller has been designed for having
a damping of ¢ = 1/+/2, and in this case, the proportional gain
of the controller has been obtained as K, = 30. The value for
the integral gain of the controllers K; has been obtained using
Bode plot of the open-loop system shown in Fig. 6(b), where
the value of K; = 6000 has been selected for implementation,
which provides a very high gain at the resonant frequency of the
controller (50 Hz in this case), thus having a good steady-state
error rejection.

A7)

C. PI Controller Design

Because the values of the controller gains are not chang-
ing when the controller is transformed in different reference
frames [21], the same values for K, and K; are used for the PI
controllers as well (in both dg and abc implementations).

D. DB Controller Design

Since the DB controller is developed on the basis of filter and
grid model, it is sensitive to model and parameter mismatch.
Several modalities to improve the robustness to parameters dis-
cordance are presented in [27] and [32]-[34]. In addition, the
presence of filter capacitance make the closed-loop system to be-
come unstable. As illustrated in Fig. 7(a), in situation when LCL
filter is used, high-frequency poles are placed near the instability
border, and hence, any disturbance can take the system out of
stability. In this paper, a novel solution to improve the robustness
of the DB controller in the situation of plant parameters change
has been developed. The proposed method increases artificially
the gain b of the controller in respect to its initial value calculated
by (9). As Fig. 7(a) illustrates, by increasing b, the damping in
the system is increased, and additionally, high-frequency poles
are moving inside the unity circle, ensuring the system stabil-
ity. By doing this, the behavior of DB controller using an LCL
filter is similar with that when only L filter is used, as shown
in Fig. 7(b) and (c). In addition, this method has been tested in
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(c) Behavior of robust DB controller during impedance variation.

many simulation models having different levels of parameters and different power ratings, the pole-zero map of each particular
mismatch. In all cases, an increase of gain b with about 50% of  system should be analyzed.

its normal value initially calculated using (9) leads to a robust Fig. 8(a) illustrates the situation when grid impedances (both
DB controller that is able to regulate the current even though the  resistive and inductive parts) are registering large variations.
grid parameters have large variations from their initial values. In such case, the conventional DB controller having the gain b
Depending on the values of LCL filter components, the increase  calculated by (9) encounters difficulties to control the current
of b could be less or more than 50% of its original value. In  after the impedance value has changed, as depicted in Fig. 8(b).
order to asses the right value of b for any operation conditions  On the other hand, artificial increase of gain b leads to a robust
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a Ay transformer and having a resistive load.

DB controller able to operate over a large band of impedance
values, as shown in Fig. 8(c).

VI. LABORATORY IMPLEMENTATION

To be able to evaluate the behavior of the different control
structures and controllers, an experimental setup having the
schematic as depicted in Fig. 9 has been implemented in lab-
oratory. The filter parameters are as described in Section V-A
(matching exactly the ones set in simulation) and the power
converter is a Danfoss VLT 5000 series rated for 400 V and
5 A. Since the grid simulator cannot accept power, a local load
is connected in the circuit. The load is pure resistive and is sized
in the way that the current through the load is the sum of the
converter current and the grid current. The grid currents and
voltages as well as the dc-link voltage are sampled and used in
the control structures described in Section IV and illustrated in
Fig. 9.

The controllers and the control structures are implemented
using a dSpace 1103 board having a 333-MHz power PC (PPC)
processor. All control structures are implemented at a sampling
and switching frequency of 13 kHz. In this paper, experimental
results for four control structures are presented, i.e., PI con-
trollers implemented in dq frame [see (1)], PR implemented in
af stationary frame [see (2)], the equivalent of PI in abc frame
[see (4)], and DB controller implemented in abc frame [see (8)].
For a fair evaluation of the controllers, only the current loop is
considered; hence, the influence of the dc-link controller or any
other outer loop control is eliminated.

VII. EXPERIMENTAL RESULTS

The evaluation of the control structures and controllers is
made in two situations, i.e., steady-state and transient opera-
tions. In a steady-state situation, the quality of the controlled
current is discussed, while in the transient operation conditions,
the controller response to a step increase of the current reference
and to a single-phase grid fault is studied.

A. Steady-State Operation

The pollution rate of the controllers is determined in the situ-
ation of ideal grid conditions. The grid simulator is programmed
to provide a perfect sinusoidal output voltage containing no har-
monics; hence, the harmonics of the grid current are due to the
current controller and system nonlinearity. In all the cases, the
THD of the current is measured using a three-phase Voltech
PM3000 power meter.

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 24, NO. 3, MARCH 2009

Current spectrum using dq PI control

Magnitude [%]

[} 5 10 15 20 25 30
Harmonics order

(@)

Current spectrum using o PR control

Magnitude [%]

[} 5 10 15 20 25 30
Harmonics order

)

Fig. 10. Harmonic spectrum of the grid current in the case of (a) dq PI control
and (b) stationary control using PR controller.

1) Synchronous Rotating Frame Control: The THD of the
grid current in the case of dq control employing PI controllers
for current regulation is shown in Fig. 10(a). The first 30 har-
monics are shown, and as can be observed, the fifth and seventh
harmonics are having the larger contribution to the grid current
THD, which in this case was measured to be 1.77%. It is worth
noting that no filtering has been used for the voltage feedfor-
ward terms U, and U, that are provided by the transformation
module abc — dg, as illustrated in Fig. 3.

2) Stationary Frame Control: As mentioned previously, in
the case of stationary frame control, the resonant controller is
used for current regulation. In order to have a fair comparison
between the structures and controllers, the harmonic compen-
sator has not been considered here. As a consequence, a larger
magnitude for the fifth and seventh harmonics is registered in
this case, as can be observed in Fig. 10(b). The THD value of
the delivered current in this situation is 2.6%.

3) Natural Frame Control: In the case of natural frame con-
trol, two controller types are implemented, i.e., equivalent of PI
in abc and predictive DB controller.

a) Equivalent of PI in abc frame: The grid current har-
monic spectrum using the implementation of (4) is depicted in
Fig. 11(a). A slightly lower magnitude for all harmonic orders
can be observed compared to the dq implementation of the same
controller. This is also proved by the THD value, which in this
situation is 1.72%.

b) DB controller: Fig.11(b)illustrates the harmonic spec-
trum of the grid current in the case when DB controller is used
for current regulation. The THD in this situation measured by
the power meter is 2.4%.

B. Transient Operation Conditions

The tests for transient operation conditions are divided into
two types. First, a step in the current reference is generated such
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Fig. 11. Harmonic spectrum of the grid current in the case of (a) equivalent
of PI used in abc frame and (b) DB control.
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Fig. 12. Dynamics of the controllers in the case of 2 A current reference step.
(a) PI controller implemented in dg frame. (b) PR controller in stationary frame.

that the output power of the converter increases from 2 up to
3 kW. The dynamics of the controllers are pursued during this
experiment. Second, the behavior of the current controller in the
case of single-phase grid fault is examined.

1) Stepin Reference Current: Fig.12(a) depicts the response
of the PI controller implemented in dgq synchronous frame when
a step in the current reference is issued. As it might be observed,
the controller has very high dynamics, following closely the
imposed reference. The responses of the other controllers are

Grid current using abc Pl control
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Fig. 13.  Dynamics of the controllers in the case of 2 A current reference step.
(a) Equivalent of PI in abc frame. (b) DB controller in abc frame.

Grid voltages after the transformer
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Fig. 14. Grid voltages after the Ay transformer in the case of single-phase
fault at the point of common coupling.

shown in Figs. 12(b) and 13(b). Note that all controllers have a
good and fast transient response in this situation.

2) Single-Phase Grid Fault: It has been shown in [12] that
in the case of single-phase fault in the grid, the voltages after
the Ay transformer (at the converter terminals) behave in a
manner as illustrated in Fig. 14. The grid simulator has been
programmed to produce zero voltage on one phase at the time
instant 0 s. As a consequence, amplitude drop and phase jump in
two of the phases are registered, as illustrated in Fig. 14. Under
such unbalanced grid conditions, the synchronization algorithm
has an important role in the control. A phase-locked loop (PLL)
system, which is able to extract the positive sequence of the
grid voltages, has been used [35], and hence, the phase angle
provided by the algorithm during the fault is synchronized to
the positive sequence component of the grid voltages. In this
situation, the current references remain sinusoidal and balanced,
as described in [36].

a) The dq control structure: Looking at the controlled cur-
rent using dq control structure [Fig. 15(a)], a small disturbance
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Fig. 15. Response of the controller in the case of single-phase fault. (a) PI
controller implemented in dg frame. (b) PR controller in stationary frame.
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Fig. 16. Response of the controller in the case of single-phase fault. (a) Equiv-
alent of PI in abc frame. (b) DB controller in abc frame.

can be observed in the current waveform when the fault occurs,
but this is fast regulated according to the imposed reference.
The grid voltage feedforward terms used in this control struc-
ture play an important role here, enhancing the dynamics of the
controller in the situation of grid voltage variations.

b) Stationary frame control structure: The behavior of
the PR controller implemented in stationary frame is depicted
in Fig. 15(b). As it might be noted, in this case, the controller has
alarger overshoot in its response when the grid fault takes place.
Anyway, this is not too large to trip out the current protection
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of the system and the current is fast controlled according to its
reference within one fundamental period. Note that in this case,
no grid voltage feedforward terms are used in the controller.

c) Equivalent of PI in abc frame: A similar behavior is
registered by the equivalent of PI controller implemented in
natural reference frame. Anyway, the overshoot in this case is
not as large as in the case of the PR controller and the current is
also fast regulated soon after the fault.

d) DB control: The response of the DB controller in the
case of grid faultis shown in Fig. 16(b). Compared to all previous
behaviors, the DB controller has the highest robustness in a
situation of a grid fault. A small transient in the controlled
current waveform can be observed when the fault occurs, but the
current value does not exhibit any overshoot, following closely
the imposed reference.

VIII. CONCLUSION

This paper has given a description of some possible con-
trol structures for DPGSs connected to utility network. The
traditional synchronous reference frame structure were well as
stationary reference frame and natural reference frame struc-
tures were addressed in this paper. The control structures were
illustrated and their major characteristics were described.

Additionally, a few types of controllers have been discussed,
namely PI controllers implemented in dg frame, the resonant
controller, PI controller implemented in abc frame, and finally,
the DB predictive controller. Their design for grid-connected ap-
plications was described and an evaluation of these controllers in
terms of harmonic distortion when running in steady-state con-
ditions was done. Moreover, the performance of the controllers
in situation of reference current step-up and a single-phase fault
situation has been investigated. All controllers prove to have a
satisfactory behavior in all situations but a DB controller proves
to be superior to the others especially during grid fault.
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