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Abstract—This article highlights the limitations of the
dynamic response of a grid-tied inverter connected through
an inductor L when it is controlled using a propor-
tional+resonant (PR) controller. Then, a new resonant cur-
rent controller structure is proposed. This structure can be
used to control the current injected by a grid-tied inverter
through an L filter. When compared to the classic design,
the proposed controller has better transient response, both
to current reference and grid voltage changes. This is
verified through simulation and experimental results.

Index Terms—Current control, grid-tied inverters, PR
controller

I. INTRODUCTION

In general, the injection of energy to the grid from renew-
able resources is done via an inverter connected to it through
passive filters [1]–[3]. These filters are used for filtering the
ripple generated by the inverter. Many times the filter consists
of an inductor. Controlling the current in the inductor is an
extremely important topic in the injection process. The control
algorithm should provide steady-state currents that have the
lowest total harmonic distortion (THD) possible, according to
recommendations in this regard [4]. In addition, it must have
a good dynamic response, allowing compliance with response
times imposed by the increasingly demanding grid codes [5],
[6].

There are several linear current control strategies, which can
be implemented in a synchronous reference frame [7], or in
a stationary reference frame [8]. Within the latter category,
the most popular are repetitive and resonant controllers [9],
[10], controllers based on the internal model principle [11],
and dead-beat controllers [12]. Resonant controllers can have
a single resonance at the fundamental frequency of the grid,
called proportional + resonant controller (PR) [13], or multiple
resonances (PR + H). When the grid voltage does not contain
harmonic frequency components a PR controller (applied to an
ideal inverter), allows tracking of a fundamental frequency ref-
erence current with zero steady-state error. On the other hand,
the PR + H controller ensures, in addition to the fundamental
tracking, the rejection of the harmonic components for which
it is tuned [14]–[17]. The PR controller is one of the most
used in practice, because it generally provides an acceptable
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versidad Nacional del Sur (UNS)-CONICET and Dpto. Ing. Eléctrica y de
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dynamic response, a current with low harmonic content, and
avoids the use of coordinate transformations to a synchronous
rotating frame. In [18], [19] a PR controller is compared to
other commonly used current controllers.

Modern grid codes dictate that grid-tied inverters inject
a specific amount of reactive current, within a maximum
period of time, when a fault occurs in the grid [5], [6]. Such
requirement makes it important to enhance the PR response
or even yet to develop PR controllers with optimal transient
response [20]. In presence of disturbances in the grid voltage
(voltage sags or swells), the current controller must be able
to quickly reject them, in order to track the current reference
within the maximum stipulated period of time. Therefore, it
is important to analyze and improve the dynamic response of
the current controller, both to changes in the current reference
and disturbances in the grid voltage [21], [22]. A method
called active resistance is proposed in [23], which improves
the bandwidth of disturbance rejection so that it results the
same as the closed-loop current controller bandwidth.

In this article, the optimally designed PR controller
(ODPRC) [24], [25], is analyzed. Given a desired phase
margin, the optimum design provides the largest possible
gains for the controller, taking into account factors such
as the transport and sampling delays associated with the
control calculation, and modulation processes. It is known that
maximizing the gains does not necessarily imply achieving
the best possible time-domain response [26]. Limitations on
time-domain response to both changes in the current reference
and to disturbances in the grid, are highlighted in the present
article. In order to overcome these limitations, a new resonant
controller structure is proposed. The controller places closed
loop poles in arbitrary positions. Unlike other strategies which
exclusively emphasize the location of the closed loop poles
of the system [27], [28], the proposed controller ensures the
cancelation of the closed loop zeros. This cancelation ensures
an excellent temporal response when the reference current
is changed. The proposal in [23] also ensures an excellent
temporal response when the reference current is changed
(first order response). However, [23] only allows to place the
closed loop poles on a bounded region over the stable real
axis, in a continuos time implementation, while the proposed
controller allows to place them at arbitrary positions in a
digital implementation (where the system’s order is increased
due to the processing delay). Simulation and experimental
results are presented to show the advantages of the proposed
controller.



0278-0046 (c) 2017 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TIE.2017.2750614, IEEE
Transactions on Industrial Electronics

Fig. 1: System under study.

II. CLASSIC PR CONTROLLER

Figure 1 shows a three-phase grid-tied inverter, connected
via an inductorL. Variables are denoted using complex vector
notation, and are referred to anαβ stationary reference frame.
Variables~vi = viα + jviβ and~vs = vsα + jvsβ represent the
output voltage of the inverter and the grid voltage, respectively.
The behavior of the inductor current is described by:

Ld~is/dt = ~vi − ~vs, (1)

where~is = isα + jisβ is the inductor current. In Fig. 1,
~vRi represents the voltage reference imposed to the PWM
modulator. This voltage is the sum of~vff plus~vc, where~vff
is a feedforward voltage used to cancel the effect of~vs on~is,
and~vc is the voltage supplied by the current controller. It is
assumed that there is a one-sample delay between~vRi and~vi, to
model the delay introduced by a digital signal processor (DSP)
in a practical implementation. In order to model the behavior
of the current~is in discrete time, (1) must be discretized with
a sampling timeTs. This discretization results:

~is(k + 1) = ~is(k) +
Ts

L

[
~vi(k)− ~̄vs(k)

]
, (2)

where~̄vs(k) is the mean value of~vs(t) in the intervalkTs ≤
t ≤ (k + 1)Ts.

The processing delay in Fig. 1, results in~vi(k + 1) =
~vRi (k) = ~vff (k) + ~vc(k). Replacing this in the previous
equation it results:

~is(k+1) = ~is(k)+
Ts

L




~vc(k−1)+

~vp(k)
︷ ︸︸ ︷

~vff(k−1)−~̄vs(k)




, (3)

where the disturbance voltage

~vp(k) = ~vff (k − 1)− ~̄vs(k), (4)

was defined. Then, performing the z transform of (3), results:

~Is(z) =
Ts/L

z(z − 1)
~Vc(z) +

Ts/L

z − 1
~Vp(z), (5)

where variables in capitals denote thez transform of the
corresponding lower case variable, and~Vp is thez transform of
the disturbance voltage. Equation (5) is represented by block

“Plant” in Fig. 2. This block includes the effect of the PWM,
by using the zero-order-hold discretization.

In what follows, the synthesis of~vc by a PR controller is
analyzed. In discrete-time, the best discretization of the PR
controller results [24]:

Gc(z)=
~Vc(z)

~IRs (z)− ~Is(z)
=Kp

[

1+
1

Tr

as(z
2 − 1)

z2 + b1z + 1

]

, (6)

where Kp and Tr are the proportional gain and the time
constant of the controller, respectively,as = sin(ωgTs)/(2ωg)
andb1 = −2 cos(ωgTs), whereωg is the fundamental angular
frequency of the grid voltage. Controller (6) has two poles,
located atz = e±jωgTs , that in continuous-time are mapped
to s = ±jωg (according to the transformations = ln (z)/Ts).
Rearranging the terms in (6):

Gc(z) = Kp

Ac(z)

Bc(z)
= Kp

a2z
2 + a1z + a0

z2 + b1z + 1
, (7)

wherea2 = (1 + as/Tr), a1 = b1 and a0 = (1 − as/Tr).
Figure 2(a) shows the PR controller scheme. The ODPRC is
obtained by choosingKp andTr, according to the following
expressions [24], [25]:

Kp =
πL

6Ts

, Tr =
60Ts

π
. (8)

With these values ofKp and Tr, the phase margin of the
open loop transfer function is approximately45◦, and the cross
frequencyfc = 1/(12Ts). For the closed loop system, from
(5)-(8) it results:

~Is(z) =

Gi(z)
︷ ︸︸ ︷

π
6Ac(z)

z(z − 1)Bc(z) +
π
6Ac(z)

~IRs (z)

+
Ts

L

Gv(z)
︷ ︸︸ ︷

zBc(z)

z(z − 1)Bc(z) +
π
6Ac(z)

~Vp(z). (9)

In (9) transfer functionsGi(z) andGv(z) are defined. Note
that transfer functionsGi(z) andGv(z) do not depend onL.
This indicates that the analysis performed below is general,
valid for any controller designed using (8), independent of the
value ofL.

In what follows it will be assumed thatL =3.78mH, the
sampling frequency1/Ts = 10kHz and that the fundamental
frequency of the grid voltage is 50Hz.

A. Gi(z) analysis

Transfer functionGi(z) in (9) can be written as:

Gi(z)=
πa2
6

(z − zL)(z − z∗L)

(z − pL)(z − p∗L)(z − pH)(z − p∗H)
. (10)

Here, superscript * represents the complex conjugate of
the variable. This transfer function has two zeros,zL =
0.974∠0.994◦ and z∗L, and four poles,pL = 0.971∠0.9084◦,
p∗L, pH = 0.735∠44.057◦ and p∗H . Figure 3(a) shows the
location of both zeros and poles ofGi(z) in the z plane.
PolespL and p∗L have the largest modules (slower dynamic
response). These are mapped tos = −0.92ωg ± j0.5ωg in
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(a)

(b)

Fig. 2: (a) PR controller. (b) Proposed controller.

(a) (b)

Fig. 3: Zeros and poles location in thez plane: (a) ofGi(z);
(b) of Gv(z).

Laplace’s plane. In a second order system, these poles indicate
a time response with a settling time to 2% of the final value
equal toTset = 4/(0.92ωg) = 13.7ms. However, with the PR
controller designed according to (8), the current settling time
is much smaller than13.7ms. This is due to the proximity
between zeroszL = 0.974∠0.994◦ and z∗L, and polespL =
0.971∠0.9084◦ and p∗L, mostly cancels the effect of these
poles in the time response. This cancelation makes the time
response dependent mainly on polespH = 0.735∠44.057◦

andp∗H of (10), which are located closer to the origin in the
z plane. These are mapped tos = −9.792ωg ± j24.47ωg in
Laplace’ss plane. Note from this mapping that these poles
are not optimally damped (the real part must be equal to the
imaginary part for optimal damping). The damping factorζ
of these poles isζ = 0.37, which corresponds to an overshoot
close to40% and a settling timeTset = 4/(9.792ωg) = 1.3ms.

Figure 4(a) shows the time response of|~is|, for the discrete-

(a)

(b)

(c)

Fig. 4: PR controller. Time response of|~is| for the discrete-
time average value model of the system defined in (9), to the
following inputs: (a) a step in~iRs ; (b) a step in~vp; (c) a step
in both~iRs and~vp.

time average value model of the system, defined in (9), when
~vp and ~iRs start from zero at t<0, and a unitary positive
sequence vector with angular frequencyωg is suddenly applied
to ~iRs at t=0. Note the presence of the initial transient,
dominated by polespH and p∗H . As expected, this transient
has an overshoot close to40%. Therefore, it is concluded that
to operate safely at rated current levels, the converter must be
designed to withstand an over-current of that magnitude. The
settling time to 2% of the final value of the current in the
figure is approximately 2.8ms (28 samples).

B. Gv(z) analysis

Transfer functionGv(z) defined in (9) has the same poles
asGi(z), but different zeros: a zeroz0 at the origin, and two
zeros on the unitary circle, located atzg = 1∠1.8◦ andz∗g (at
the roots ofBc(z)). These zeros are mapped tos = ±jωg.
Figure 3(b) shows the location of zeros and poles ofGv(z).
PolespL andp∗L of Gv(z) do not have zeros as close to them
as happens inGi(z). Therefore, the effect of these poles is
noticeable in the dynamic response ofGv(z).
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To verify this, Fig. 4(b) shows the time response of|~is|, for
the discrete time average value model of the system, defined
in (9). The response is obtained when~vp and~iRs start from
zero at t<0, and a positive sequence vector with angular
frequencyωg and magnitude 10V is suddenly applied to~vp at
t=0. The response shows a high frequency oscillation which
quickly extinguishes (due to the presence of polespH and
p∗H ), mounted on a oscillation that extinguishes slowly. This
last oscillation is originated by polespL andp∗L, whose effect
is no longer canceled by close zeros as inGi(z). Figure 4(c)
shows the controller response when the current reference is
the same as in Fig. 4(a), and there is a perturbation as the
one used in Fig. 4(b). Unlike what happened in Fig. 4(a), the
response time in which the current reaches 2% of the final
value is now 15ms.

As can be seen, the dynamic response of the PR controller
is impaired when in presence of disturbance~vp (see (4)). This
is a clear disadvantage of the PR controller, since grid codes
define the injection of specific reactive current values within a
short time during grid fault conditions. It is therefore desirable
to have a current controller with fast dynamic response when
in presence of disturbances~vp.

III. PROPOSED CONTROLLER

Figure 2(b) shows the block diagram of the proposed
controller, which, as the PR controller, is implemented in the
αβ stationary reference frame. Here,a ∈ R andK ∈ C are
constants,A(z) andλv(z) are stable polynomials of the form
A(z) = a′2z

2 + a′1z + a′0 and λv(z) = z2 + λ1z + λ0, and
Bc(z) = z2 + b1z + 1 is the same monic polynomial used
in PR controller (7) withb1 = −2 cos(ωgTs). Comparing
the proposed controller shown in Fig. 2(b) with the PR
controller in Fig. 2(a), the following is concluded: a) Both
controllers have the resonant section at the output of the
error detector [blockR1(z) = A(z)/Bc(z) in Fig. 2(b) and
R(z) = Ac(z)/Bc(z) in Fig. 2(a)]. Such resonant sections are
of second order and zero relative degree. b) The proposed
controller has an additional filterF1(z), which filters the
control action. c) The proposed controller has a second filter
F2(z), which filters the output current reference. This filtered
reference is input to the error detector.

The closed loop system of Fig 2(b) is described by:

~Is(z)=
Kλv(z)

(z − a)(z − 1)Bc(z) +A(z)
~IRs (z)

+
Ts

L

Bc(z)(z − a)

(z − a)(z − 1)Bc(z) +A(z)
~Vp(z). (11)

As can be seen in (11), the denominator of the closed loop
transfer functions (of fourth order) depends only on the choice
of constanta and polynomialA(z) (of second order), since
Bc(z) is already defined. Note also, that filterF2(z) in Fig.
2(b) is not involved in the closed loop stability of the system.

Appendix A shows a method to find constanta ∈ R and
polinomialA(z) = a′2z

2 + a′1z + a′0, so that the denominator
of (11) is equal to any specified arbitrary polinomialλ(z) of
fourth order:

λ(z) = (z − a)(z − 1)Bc(z) +A(z). (12)

In particular, choosing this polinomial as:

λ(z) = λv(z)λi(z), (13)

where λi(z) = z2 + λ′
1z + λ′

0 is a stable polinomial, and
λv(z) = z2 + λ1z + λ0 is the numerator polinomial of filter
F2(z) [used to filter the current reference in Fig. 2(b)], the
closed loop system (11) results:

~Is(z)=

Gi1(z)
︷ ︸︸ ︷

K

λi(z)
~IRs (z) +

Ts

L

Gv1(z)
︷ ︸︸ ︷

Bc(z)

λi(z)

(z − a)

λv(z)
~Vp(z). (14)

It is verified that transfer functionGi1(z) between~iRs and~is,
defined in (14), has relative degree two, with no zeros. The
zero-pole cancelation in the closed loop system makes the
apparent order of the system, between output~is and reference
~iRs the same as the order of plant (5), between~is and~vc. This
feature is typical of P type linear controllers, and dead-beat
controllers.

To ensure that in steady-state the controller can track
a positive sequence current reference~iRs of frequencyωg

without error, transfer functionGi1(z) in (14) must fulfill
Gi1(e

jωgTs) = 1∠0◦ (so that~is has the same magnitude and
phase as~iRs ). This is accomplished ifK [the gain used at the
input of the filterF2(z) of Fig. 2(b)] is set equal to:

K = λi(z)|z=ejωgTs . (15)

To summarize the design procedure: the controller designer
only requires to properly choose polynomialsλv(z) andλi(z),
defined in (13) (thus choosing the resulting closed loop poles).
Once that is done, gainK is obtained through (15), while
constanta and polynomialA(z) are chosen, as explained in
Appendix A, so that closed loop polinomial (12) is equal to
(13).

Note 1. During power grid failures it is usually necessary to
inject some amount of negative sequence current. In this case,
a negative sequence current reference~iRsn should be added as
a second input to the controller, as shown at the bottom of Fig.
2(b). In order for the injected current to copy this reference~iRsn
without error, a gainK∗ = λi(e

−jωgTs) must be used. This
gain is the conjugate complex of gainK used for reference
~iRs .

A. Choosing λi(z) and λv(z).

Polynomialλi(z) = z2 + λ′
1z + λ′

0 in (13) is chosen by
the designer to obtain a fast transient response in~is to a
change in~iRs . Indeed, this polynomial determines transfer
function Gi1(z) defined in (14). To obtain a fast transient
response, the following must be satisfied:|roots{λi(z)}| ≪ 1.
One possibility is to setλ′

1 = λ′
0 = 0, which locates both

poles at the origin. This results in a dead-beat type controller,
where~is tracks a reference~iRs of fundamental frequency
without steady-state error, in only two samples. This is the
fastest transient response that can be expected from a second-
order system, as is plant (5). Due the fact that the proposed
controller is a resonant controller, it has infinite rejection
to perturbations of fundamental grid frequency. This is an
advantage when compared to the standard dead beat controller
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[12]. To achieve this fast response, the dead-beat controller
requires large control actions and, when compared to a slower
controller, reduces the robustness of the system to mismatches
in the value of inductorL with respect to its nominal value.

Another possible choice forλi(z) is placing its poles over
the real axis (to avoid overshoot) and close to the origin, at
z = e−σ1ωgTs and z = e−σ2ωgTs , with σ1, σ2 ≫ 1. This
leads to a transient response similar to that of the dead-
beat controller (both controllers have fast transient response
with no overshoot), but with smaller control actions, reducing
the chances of saturating the PWM modulator (because the
controller has more time to make the same desired current
jump).

Figure 5(a) shows|~is|, for the discrete-time average value
model of the system defined in (14)-(15), when~vp and~iRs
start from zero at t<0, and a positive sequence unitary vector
of angular frequencyωg is suddenly applied to~iRs at t=0, for
σ1 = 30 andσ2 = 50. Note that the overshoot seen in Fig.
4(a) is no longer present here, and the settling time to2% of
the final value is 0.6ms (6 samples, instead of the two samples
corresponding to the dead beat controller).

Polynomial λv(z) is only present in transfer function
Gv1(z) defined in (14). Assuming thatλi(z) has already been
chosen,λv(z) should be chosen by the designer to achieve
a fast transient response to reject grid voltage disturbances.
Setting the roots ofλv(z) to z = e(−1±j)σvωgTs , with σv ≫ 1
has shown good practical results. In the Laplace domain, these
roots are mapped tos = (−1± j)σvωg and result in an
optimally damped response, withζ = 0.707.

Figure 5(b) shows|~is|, for system (14)-(15), when~vp and
~iRs start from zero at t<0, and a positive sequence vector of
angular frequencyωg and magnitude 10V is suddenly applied
to ~vp at t=0, for σ1 = 30, σ2 = 50 and σv = 5. Figure
5(c) shows the transient response of the controller when the
current reference is the same as the one used in Fig. 5(a), and
there is a disturbance as the one used in Fig. 5(b). The current
response time to 2% of the final value is now 2.6ms, more
than five times smaller than that shown in Fig. 4(c).

B. Stability of A(z) and robustness

PolynomialA(z) must be stable to be used as the denom-
inator of the filter applied to~iRs in Fig. 2(b). To verify its
stability,σv, σ1 andσ2 were varied within proper bounds, and
the root locus ofA(z) was computed for each combination
of {σv, σ1, σ2}. The variation bounds were:1 ≤ σv ≤ 50,
10 ≤ σ1 ≤ 100 and10 ≤ σ2 ≤ 100. These include the design
values recommended in previous section. Figure 6a shows a
plot of the resulting root locus, which verifies thatA(z) is a
stable polynomial.

To verify the robustness of the controller against uncertain-
ties in the value ofL, Fig. 6(b) shows a detail of repeating
the step response of Fig. 5(a), for deviations of±20% in the
value ofL with respect to the nominal value used to tune the
controller,Lnom =3.78mH. Note that the system preserves
stability, and that the resulting overshoot (which is 9.8% for
L = 1.2Lnom), is lower than that observed in Fig. 4(a),
corresponding to the ODPRC.

(a)

(b)

(c)

Fig. 5: Proposed controller. Time response of|~is| for the
discrete-time average value model of the system defined in
(14)-(15), to the following inputs: (a) a step in~iRs ; (b) a step
in ~vp; (c) a step in both~iRs and~vp.

IV. SIMULATION RESULTS

A grid-tied inverter was simulated, with a bus voltage
Vbus = 400 and 1µs of switch dead-time. The sampling fre-
quency was set to 10kHz.The value of the connection inductor
wasL = 3.78mH with a series resistanceR = 0.5Ω. Also, the
noise of the 12bit AD converters of the DSP used to obtain
the experimental results was included in the simulation model.
This noise was modeled through an uniformly distributed
random signal, with a maximum magnitude of±6 counts. Grid
voltage~vs used in the simulation was set to 110Vrms, with a
THD of 3.1%.

Feedforward voltage~vff (k) (see Fig. 1) is chosen pro-
portional to measured grid voltage~vs(k). This means that
~vff (k) = Kv~vs(k), whereKv is a constant. In this way,
according to (4), the disturbance to which the system is subject
results~vp(k) = Kv~vs(k−1)− ~̄vs(k). Varying the value ofKv

online makes it possible to evaluate the behavior of the system
to variations in~vp, without the need of a programmable grid
voltage source.
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Fig. 6: (a) Root locus ofA(z) for 1 ≤ σv ≤ 50, 10 ≤ σ1 ≤
100 and10 ≤ σ2 ≤ 100 . b) Robustness to uncertainty in the
value ofL.

The PR controller was simulated, designed according to (8).
Figure 7(a) shows the current injected by the PR controller in
the three phases,Iabc, and the module of the current vector
|~is|. With Kv = 0, at t = 10ms a step jump is performed in
the magnitude of reference~iRs , from 0Apeak to 10Apeak. This
reference is a positive sequence vector of angular frequency
ωg. The behavior of|~is| to this event is shown at the bottom of
the figure. As can be seen, the behavior is similar to that shown
in Fig. 4(a). However, the overshoot here is 3.62A (36%). This
overshoot is smaller than the theoretical one because of the
winding resistance, which adds damping.

In another simulation, current reference~iRs is kept at zero,
and a disturbance~vp is introduced. Att = 2ms a step change
from Kv = 1 to Kv = 0.5 is produced. The injected current,
according to Fig. 7(b), takes approximately 15ms to converge
to its steady-state value. This matches what was seen in Fig.
4(b). It is then verified that the dynamic response of the PR
controller to disturbances is slow, compared to its response to
changes in current reference~iRs .

Figure 7(c) shows the simulation results when both the
current reference magnitude andKv are varied as in the two
previous simulations. As can be seen, the settling time is now
15ms, similar to that shown in Fig. 4(c)

Simulation results were also obtained using the proposed
controller, designed withσ1 = 30, σ2 = 50 andσv = 5 (the
same parameters used to plot Fig. 5). These results are shown
in Fig. 8. It is verified in Fig. 8(a) that after the step magnitude
change in~iRs at t = 10ms, the current transient response
is better than that of the PR controller, as predicted in Fig.
5(a). Additionally, Fig. 8(b) shows that after the magnitude
step in ~vp at t = 2ms, the proposed controller stabilizes
the current in approximately 4ms, as predicted in Fig. 5(b).
Figure 8(c) shows the simulation results when both the current
reference magnitude andKv are varied as in the two previous
simulations. As can be seen, the settling time is now 4ms,
similar to that shown in Fig. 5(c). It is verified that the transient
response of the proposed controller is superior to that of the

(a) Top:Iabc [A]; Bottom: |~is| [A]

(b) Top: Iabc [A]; Bottom: |~is| [A]

(c) Top: Iabc [A]; Bottom: |~is| [A]

Fig. 7: Simulation results for the PR controller (time scale in
[ms]). On all figures: top phase currents, bottom|~is|.(a) for a
current reference magnitude step from 0 to 10Apeak (scale:
5A/div, 2ms/div). (b) with~iRs = 0 when a magnitude step in
~vff from Kv = 1 to Kv = 0.5 is performed (scale: 2A/div,
2ms/div): (c) both current reference step andKv step at the
same time (scale: 5A/div, 2ms/div).

PR controller, both to changes in~iRs as well as in~vp.

V. EXPERIMENTAL RESULTS

A prototype of the simulated system was implemented
for the experimental verification. A three-phase inverter was
used, built using IRG4PH50UD IGBTs. Both controllers were
implemented in a TMS320F28335 DSP, with a sampling
frequency of 10kHz. Grid voltage~vs had a magnitude of
110Vrms and a THD of3.1%.

Figure 9 and Fig. 10 show the experimental results obtained
from the implementation of both the PR controller and the
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(a) Top:Iabc [A]; Bottom: |~is| [A]

(b) Top: Iabc [A]; Bottom: |~is| [A]

(c) Top: Iabc [A]; Bottom: |~is| [A]

Fig. 8: Simulation results for the proposed controller (time
scale in [ms]). On all figures: top phase currents, bottom
|~is|.(a) for a current reference magnitude step from 0 to
10Apeak (scale: 5A/div, 2ms/div). (b) with~iRs = 0 when a
magnitude step in~vff from Kv = 1 to Kv = 0.5 is performed
(scale: 2A/div, 2ms/div): (c) both current reference step and
Kv step at the same time (scale: 5A/div, 2ms/div).

proposed controller, respectively. These results are aimed to
compare the dynamic responses of both controllers to varia-
tions in the current reference and to grid disturbances. Figure
9(a) shows the phase current injected by the PR controller.
In this experiment the dynamic response of the controller is
shown when a magnitude step from 0Apeak to 10Apeak is
performed in current reference~iRs . Figure 10(a) shows the
same results for the proposed controller. Looking at both
figures it can be seen that the proposed controller has better
transient response.

(a) Top:Iabc [A]; Bottom: |~is| [A]

(b) Top: Iabc [A]; Bottom: |~is| [A]

(c) Top: Iabc [A]; Bottom: |~is| [A]

Fig. 9: Experimental results for the PR controller. On all
figures: top phase currents, bottom|~is|.(a) for a current refer-
ence magnitude step from 10Apeak to 5Apeak (scale: 5A/div,
2ms/div). (b) with~iRs = 0 when a magnitude step in~vff from
Kv = 1 to Kv = 0.7 is performed (scale: 2A/div, 2ms/div):
(c) both current reference step andKv step at the same time
(scale: 5A/div, 2ms/div).

In order to test the disturbance rejection capabilities of both
controllers, current reference~iRs was set to zero and a voltage
disturbance was produced varying~vff through a step from
Kv = 1 to Kv = 0.5. The results of this experiment for the
PR controller are shown in Fig. 9(b), and for the proposed
controller in Fig. 10(b). In these figures, the phase currents
are shown. As can be seen, the proposed controller converges
noticeably faster than the PR controller.

Finally, Fig. 9(c) and Fig. 10(c) show the response of both
controllers to a step in both|~iRs | andKv. As can be seen the
results are similar to those of the simulations.
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(a) Top:Iabc [A]; Bottom: |~is| [A]

(b) Top: Iabc [A]; Bottom: |~is| [A]

(c) Top: Iabc [A]; Bottom: |~is| [A]

Fig. 10: Experimental results for the proposed controller. On
all figures: top phase currents, bottom|~is|.(a) for a current
reference magnitude step from 10Apeak to 5Apeak (scale:
5A/div, 2ms/div). (b) with~iRs = 0 when a magnitude step
in ~vff from Kv = 1 to Kv = 0.7 is performed (scale: 2A/div,
2ms/div): (c) both current reference step andKv step at the
same time (scale: 5A/div, 2ms/div).

These results verify those obtained by simulation, showing
that the proposed controller has better dynamic response to
the PR controller designed according to (8).

Figure 11 shows experimental validation of the robust-
ness test introduced for the theoretical system in Fig. 6(b).
For these tests, the inductance used for the design of the
controller, Lnom, was set to +25/-17% of the value actual
system inductanceL =3.78mH (this guarantees a variation of
L = ±20%Lnom) . As can be seen the results are very similar
to the theoretical results shown in Fig. 6(b).

Fig. 11: Experimental robustness to uncertainty in the value
of Lnom.

VI. CONCLUSIONS

Having highlighted the limitations of the ODPRC in the
control of an inverter connected to the grid via an inductor, a
current controller for a three-phase grid-tied inverter connected
through anL filter was presented. The controller proposed
here was compared to an ODPRC. The results show that
the proposed controller has better dynamic response, both to
changes in the current reference and to grid voltage distur-
bances. A design method for the new controller was proposed,
which allows to arbitrarily locate the closed loop poles of
the system. The results were validated through simulation and
experimental results.

APPENDIX A

There is a polynomialA(z) of degree two or less and a con-
stanta, that make the denominator polinomial of (11) equal
to any defined arbitrary polinomialλ(z) of fourth degree. To
verify this statement, letλ(z) = z4+λ3z

3+λ2z
2+λ1z+λ0 be

an arbitrary monic polynomial. Note that in the denominator
of the transfer functions in (11), the term(z − 1)Bc(z) is
a monic polynomial of third degree. The ratio betweenλ(z)
(monic of fourth degree) and(z − 1)Bc(z) (monic of third
degree) is always of the form:

λ(z)

(z − 1)Bc(z)
= (z − a) +

A(z)

(z − 1)Bc(z)
, (16)

wherez − a is the quotient, andA(z), of degree two or less,
is the reminder. The above equation implies that:

λ(z) = (z − a)(z − 1)Bc(z) +A(z). (17)

As can be seen, the right hand side of this equation is the
denominator of the transfer functions in (11). Therefore, there
is a polynomialA(z) and constanta that verify (11). These
can be found simply by performing the ratio shown in the left
hand side of (16).
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