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Analysis and Design of Repetitive Controllers for
Applications in Distorted Distribution Grids

Philipp Schiilting

Abstract—This paper proposes a generalized design procedure
for repetitive current controllers in distorted distribution grids
to obtain good disturbance rejection properties and well behaved
and robust system dynamics. Different implementation options for
repetitive controllers (RCs) are discussed based on an accurate dis-
crete time model. A simple control design is derived, which allows
any desirable dynamics to be adjusted by one single parameter.
Even a deadbeat design is possible. The impact of model inaccu-
racies and numerical errors on the dynamic and stability of the
system is investigated. It is shown that the RC leads to low damp-
ing or even instability at high switching frequencies caused by
modeling errors or numerical inaccuracies. Based on the stabil-
ity analysis, it is discussed how to handle these design challenges,
which exist especially for RCs of high order. The proposed control
structure and control design concept is verified by simulations and
experiments.

Index Terms—Current harmonics, modeling, repetitive control.

I. INTRODUCTION

N RECENT years, the role of pulsewidth modulation (PWM)
I converters connected to the utility grid (see Fig. 1) has
changed fundamentally. The growing number of wind turbines
and photovoltaic systems have resulted in more and more con-
verter systems in the distribution grid, which are responsible for
the energy conversion of the generated wind and solar power.
To prevent a strong distortion of the grid voltage, the regulation
IEC 61000-3-4 enforces a limit on the harmonics of the current
fed into the grid. According to this regulation, a total harmonic
distortion (THD) of 5% must not be exceeded [1]. Among other
effects, grid voltage harmonics can excite harmonics in the in-
verter current. These current harmonics vice versa can further
excite voltage harmonics, resulting in a growing grid distortion
as more converter systems are connected to the grid. This ef-
fect is particularly strong in regions where the grid voltage is
not very stiff. Thus, the controller of the PWM converter needs
to reject voltage harmonics to prevent the excitation of higher
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Fig. 1. Three-phase converter with an L-filter connected to the utility grid.

order current harmonics. There are different control topologies
to handle this task, e.g., resonant controllers [2] or repetitive
controllers (RCs) [3]-[5]. The design approach for these control
schemes is more challenging than the design of a conventional
synchronous frame PI controller (SFPI). However, in [2], a sys-
tematic approach for the control design of resonant controllers
based on the root locus method generalized for space vectors
has been presented. Although the control design of this resonant
controller is straightforward, it requires a certain expertise of the
design engineer. In contrast, the RC is able to reject harmonics
at multiples of the grid frequency, and requires much less design
expertise if a systematic design procedure is used as it is shown
in this paper. There are many publications discussing theoret-
ical design concepts for this control topology, e.g., [S]-[10].
However, most approaches deal with the control design aspects
on a system-theoretical level and do not give particular insight
in the way a RC is implemented based on an accurate discrete
time model. Thereby, the presented control design approaches
seem rather complex. This paper illustrates a generalized way
to optimize the RC for fast disturbance response and high com-
mand tracking dynamics. Furthermore, it demonstrates the lim-
its of this control concept, which takes into account implemen-
tation aspects, e.g., the impact of modeling errors and numeric
precision.

For the control design, first, a discrete-time model of the
whole system needs to be derived. Then, a PI controller in the
synchronous frame will be designed based on the root locus
method generalized for space vectors to handle the control of
the current at the fundamental frequency. The SFPI controller
is optimized to achieve a fast disturbance response and well-
behaved dynamics.

After these basic design steps, the RC, which rejects higher
order harmonics based on the inner model principle [11]-[13],

See http://www.ieee.org/publications_standards/publications/rights/index.html for more intormation.
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is described in the synchronous frame in detail and a filter func-
tion will be derived based on the accurate system model to
achieve a fast transient behavior. It will be shown that the se-
lected filter function provides a response, which can be tuned
up to deadbeat dynamics. The concrete design decision of the
resulting RC is made by selecting a simple gain. It is discussed
and illustrated how the decision affects the dynamics of the sys-
tem. Simulations and experiments verify the illustrated theory.
A comparison between the system with and without the RC is
presented to demonstrate the validity of the proposed concepts.

Finally, it will be demonstrated how modeling errors and
numerical aspects influence the performance of the RC and
must be taken into account for the control design.

II. MODELING AND CONTROL IN THE SYNCHRONOUS FRAME

First, a general current control system (see Fig. 2) consist-
ing of an SFPI controller, a PWM, and an inductance L, that
represents the plant is investigated. An L-filter is used to demon-
strate the concept of the proposed design of a RC. Typically, an
LCL-Ailter is used as a grid filter but, for most applications, the
LCL-filter resonance does not have an impact on the control
loop because its resonance frequency is located above the con-
trol bandwidth. Thus, the filter capacitance is typically neglected
for the control design and analysis. For this reason, a converter
with an L-filter is discussed to keep the mathematical descrip-
tion simple. The transfer functions of this system are derived.
;’;‘ffd is the reference current in the dg-frame, u%? is the manip-
ulated input voltage by the SFPI controller, u%?
manipulated input voltage, ggfid is the grid current, and ngid
is the grid voltage modeled as a disturbance for the plant. All
variables are defined as space vectors with a real and a complex
argument.

The time between sampling of the measured quantities and
updating the manipulated input voltage u” in the s-domain for
the stationary reference frame is characterized by a delay [2]

is the delayed

(D

with the sampling rate 7;. For the model of the L-filter, we
assume that the filter has negligible ohmic losses or parasitic el-
ements. This leads to the following complex space vector trans-
fer function of the plant in the s-domain where the modulator is
included
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State block diagram of the converter controlled with a PI controller in the synchronous frame.

The resulting model of the system describes the system dynam-
ics in the stationary frame accurately. Because of the regular
sampled PWM, the controlled voltage is held constant over one
time step. This latch leads to the discrete-time open loop transfer

function
af B Gaﬂ. s
Gopz)=(1-21 2 <Phsnt()> 3
af T z7! B
QPj;Ilt(Z) = f . ﬁ -z 1' (4)

In [2], ithas been shown how a discrete time model formulated
in the stationary frame can be transferred from the stationary
frame to the synchronous frame. This is practically done by
replacing all delays in the stationary frame model by delays
with a rotation in the complex plane where wy = 27 fj is the
grid frequency

_1ja8 1 d
P e R R 5)
With this transformation for single delays, the discrete-time
transfer function of the plant in the synchronous frame can be
written as

T, 22 2o

dq —
QPlant(Z) - l—j : 1 g ledwils’

(6)
Note that this is a transfer function of space vector quantities
which may have complex coefficients. Based on model (6),
an SFPI controller can be designed. Therefore, typical design
methodologies, e.g., the symmetrical optimum or the root locus
method can be used.

As an example, the design procedure for an SFPI controller
with the root locus method is shown. For a more detailed discus-
sion of this design procedure, please refer to [2]. The discrete-
time SFPI controller can be written as

KT, 1
Gri(z) = K, <1 + K, 1_2_1) . (N
Then, the characteristic equation
1+ Go(z) =1+ Gp1(2) Gpwm (2) Gprant(2) =0 (8)

is calculated to obtain the eigenvalues of the system that rep-
resents the system dynamic of the controlled system. The ratio
% can be varied as it is shown in Fig. 3. With a fixed
value of 7, an increasing proportional gain K, leads to traces of
the eigenvalues in the complex plane, the so-called root loci. In
Fig. 3, the root loci are shown for different regulation time con-
stants 7. The value K, for a damping of £ = 0.707 is marked.

With the root locus method, it can be seen that Kp = 3LT and

T =
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Fig. 3. Root locus design procedure for the SFPI regulator.
KKI—Z“ = (.15 results into optimized disturbance rejection prop-

erties together with accurate damping. A detailed analysis and
discussion of this design method is given in [2]. Hence, these
settings will be used for all further considerations.

III. DESIGN OF THE RC
A. Analytical Description

The RC will be placed in parallel to the SFPI controller as it
is shown in Fig. 4. The advantage of the parallel structure is that
the output voltage of the proportional path, the integral path,
and the resonant paths sum up to the PWM voltage command.
So the feedback voltages can be analyzed separately. In many
other publications [4], [14], [15], the RC is connected in series
to the control error, which does not provide insight into the
behavior of all feedback paths. However, both schemes can be
used equivalently and achieve identical results.

If the grid voltage exhibits higher order harmonics, the dis-
turbance will cause a periodic grid current error if only an SFPI
controller is used. The RC basically consists of a periodic mem-
ory, implemented with NV delay elements with positive feedback.
This structure remembers periodic errors and will compensate
for them if they occur again. If the error is not truly compen-
sated after one period, the positive feedback path will ensure a
correction such that after another period the compensation will
do better. To ensure that the RC is capable of capturing peri-
odic disturbances, it needs to remember one full grid period of
Ty = 20 ms for a grid frequency of fy = 50 Hz. This leads to
N storage elements with

fe
fo

where f; is the sampling frequency.
With k, as a proportional gain to amplify the current error,
the transfer function of the RC can be derived as
-N
z

Gre(z) =k 1_.N°

N = )

(10)

A simple concept to take advantage of the knowledge of periodic
errors is to use the inverse of the plants’ transfer function (6)
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to calculate the voltage that is required to compensate the peri-
odic disturbance. This inverse is depicted as the filter function
GRe silter (2) in Fig. 4. Unfortunately, this concept leads to low
damped or even unstable eigenvalues. To increase the stability
of the system, the filter function needs to be designed taking
into account the dynamics of the plant controlled by the SFPI
regulator, which was not taken into account in the first approach.

Therefore, the dynamics of the controlled system with the RC
shall be reviewed. It is assumed that the transfer function of the
RC is given by

—N

z

GRC+ﬁ1ter(2) = krﬁ (1D

-~ GRC,ﬁlter(z)~

The eigenvalues of the closed-loop system are given by the
characteristic equation

1+ Gy(z) =0 (12)

with the open loop transfer function

Go(2) = (Gp1(2) + Gro4ilter (2)) - Gpwm (2)Gplant (2).
(13)
Using (11)—(13), the following characteristic equation can be
derived, which describes the eigenvalues of the closed-loop sys-
tem:

LN 1+ Gp1(2)Gpwm (2)Gplant (2)
kriG C filter(Z) = — '
— URC filt (2) Grw (2)Gpiant (2)

1—=2

By selecting the filter function of the RC to

Cre st (2) = 1 + Gp1(2)Gpw (2)Gplant (2)
Jilter -
e Gpwu (2)GPiant (2)

further mathematical calculation leads to the characteristic equa-
tion as follows:

5)

-N
b T G (2) = — ) et e )
-k 2N 1+ Gpi(2)Gpwn (2)Gpiant (2)

1—2 N Gpwm (2)Gplant (2)

_ 1+ Gri1(2)Grwu (2)Gpiant (2)

Gpww (2)Gplant (2)
o kri — 1 (16)
1—27N

which finally leads to a simple equation for the pole placement
N =1—k,. (17)

Even this filter function Grc giter (2) is @ complex filter func-
tion, the calculation of rearranging of the coefficients can be
performed in software. The resulting filter function can be de-
scribed as

boZﬁn —+ blzinJrl + -+ bn,1271
apz ™ Faz "t 4 ay
which can easily be implemented in software.
With this particular choice for the filter function Grc fiter (2),

the characteristic equation can be separated from the system pa-
rameters. Thus, by selecting a proper k, € [0, 2), the eigenvalues

GRe filter (2) = (18)
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Fig. 4. State block diagram of the studied current control structure.
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Fig. 5. Eigenvalue migration with variation of k,.

of the system can be placed to any desirable system performance.
The absolute value of the poles is given as

N /1 —k

which is depicted in Fig. 5 for different values of k,. It can
be seen that the system becomes faster by increasing k,. For
k, =1, the ideal system will show a deadbeat behavior and
any periodic disturbance will be rejected after one period. The
poles for k, close to one (e.g., k. = 0.9) are located close to the
stability border, which is caused by the Nth square root (19)
and corresponds to slightly damped systems.

19)

2| =

B. Dynamic Stiffness Analysis

The dynamic stiffness of the controlled system will be an-
alyzed that expresses the disturbance rejection of the whole
system [16], which is a common way to analyze the distur-
bance rejection ability. With the definition of the dynamic stiff-
ness as the ratio of the disturbance to the controlled value

dq P
DS(z) = ’lljﬁq: (<Z)) ‘, the disturbance rejection ability can be in-

terpreted as a resistance. As a consequence, a higher distortion
rejection ability at a certain frequency component has less influ-
ence on the system. For the analyzed setup, the dynamic stiffness
is defined as

U
DS(z) = *ﬁqid(z) (20)
lgrid (Z)
DS() = 1+ [Groyitter (2) + Gp1(2)] Gpwn (2)Gpiant (2)
N GPlant (Z)
21

103
; fs = 4.8kHz
5 fo=50Hz
K= 102 E Ls =2mH
== F N =96
33 -
EE - 0
LA 10t | ke = {05
1.0
Ls
= A K -
100 | | IR P 3T,
—200 —100 O 100 200 7=0.15

fin Hz

Fig. 6.  Dynamic stiffness of the system with the RC.

which depends on the filter function Grc siter (2) and the pro-
portional gain k, of the RC. Hence, the filter function (15) is
used. The dynamic stiffness indicates what disturbance voltage
is necessary to change the grid current at a given frequency by
1 A. Thus, it is a valuable tool for analysis of voltage harmonics
on current controllers. The higher the amplitude of the dynamic
stiffness at a specific frequency, the better is the disturbance
rejection at this frequency. It can be seen in Fig. 6 that there
is high amplitude in the dynamic stiffness at the fundamental
frequency fj for the SFPI controller, which corresponds to a
high disturbance rejection ability for those frequencies. Positive
frequencies correspond to positive sequences in a three-phase
system and negative frequencies to negative sequences [17]. In
addition, the RC provides a high stiffness at all multiples of
fo. Note, that the fundamental frequency f; corresponds to the
dc frequency because all frequency components are shifted by
50 Hz due to the Park-transformation [18]. Furthermore, there is
a significant impact on the dynamic stiffness by k,. The higher
the proportional gain k., the wider is the bandwidth around
each resonance frequency, which leads to a better disturbance
rejection for frequencies close to the resonance frequencies.

C. TOg RC Analysis

There is also a modified version of the RC described in the
literature [18]-[20], which is called TOgz RC. If the number of
delays is reduced to one sixth

s
6 fo

the RC becomes six times faster and it has a disturbance rejec-
tionon f = +6n fy, n € Z inthe synchronous reference frame.
This results in a disturbance rejection of the 6n+1,n € Z
harmonics in the three-phase system because of the positive
and negative sequence components [18], [19]. These harmon-
ics are exactly the occurring harmonics in a three-phase system

N = (22)
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TABLE I
RESOLUTION OF 16- AND 32-BIT MEMORY ACCORDING TO IEEE 754-2008

Memory width 16 bit 32 bit
Mantissa 10 bit 23 bit
Maximum rounding error  1.95312-1073  2.38419-10~7

(5,7,11, 13, ...), which makes the TOg RC practical for operation
at a three-phase grid.

The effect of decreasing N (22) is shown in Fig. 7 for the
synchronous reference frame. The resonances at 300 Hz are
caused by the TOg RC, whereas all frequencies in between are
omitted. The band around a resonance frequency is wider for
the TOg version, which results in better disturbance rejection
for frequency components close to these resonance frequencies.
Both the fast dynamics and the good disturbance rejection ability
make the TOg RC a real alternative to the standard RC to control
current harmonics. The major drawback of this particular im-
plemented control is that even harmonics cannot be controlled
any more, only the Sth, 7th, 11th, 13th, ... harmonics.

IV. IMPLEMENTATION ISSUES

Models are never perfect and therefore there will be a model-
ing error in each simulation. Also depending on the resolution
of the used microcontroller or DSP, there are always numeri-
cal inaccuracies that result in small deviations from the original
value.

A. Analysis of Numerical and Modeling Inaccuracies

As modeling errors are difficult to access in detail in the fol-
lowing, the focus is set on the analysis of errors due to the critical
numeric precision. Typically, microcontroller systems calculate
with a 16 bit or 32 bit resolution, which causes numerical errors
during calculations as can be seen in Table I. Modeling errors
and the limited numeric precision of the DSP or microcontroller,
which run the control algorithm have a strong impact on the con-
trol design of the RC. This leads to an eigenvalue placement,
which deviates from the design described in Section III of this
paper.

Only numerical errors and modeling inaccuracies of the RC
will be analyzed because this controller also operates at high-
frequency components compared to the SPFI controller due to
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Fig. 8. Absolute value of poles for 16 bit and for 32 bit depending on N for
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Fig. 9. Absolute value of the poles depending on the version of the RC and
of the resolution with deadbeat settings, k; = 1.

the zero placements along the unit circle up to high frequencies
depending on N. The poles of the SFPI controller are in a much
lower frequency range than the poles of the RC. AD converters
can be neglected, too, due to the much higher sampling fre-
quency of the AD converters than the frequency components
of the RC. If slow AD converters are used in a setup, it has to
be analyzed if the dynamic of the AD converter has to be taken
into account. For that reason, smaller deviations in the controller
gains, e.g., due to numerical inaccuracies, do not have a large
impact here. For this reason, only the numerical error of the RC
is considered in this paper. If the resolution of the AD converter
is low and has an impact on the dynamics and stability, a trans-
fer function of the AD converter can be added in the feedback
path of the current control to take this into account. Then, the
filter design of the RC is still straightforward with a modified
open-loop transfer function Gy (2).

Experimentally and by simulation, it was verified that the
resolution of the DSP had a stronger impact when the AD con-
version had at least 10 bit and high sampling rate.

To understand these effects, it is important to go back to the
characteristic equation of the RC. If (14) and (15) are rewritten

G 1(2)

N C

:17]{)1 G + flter 23

z Goi(z) RO (2) (23)

is the characteristic equation of the controlled system with
Gal(z) = Gr1(2)Grwu (2)Gpiant (2) o

1+ Gp1(2)Gpwwn (2)Gplant (2)
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Fig. 12. Dynamic stiffness of the standard RC with and without a low-pass
filter.

Considering a numerical error due to the resolution or a model-
ing error, (23) has to be rewritten to
G.1 z
N =1- krﬁ((z)) [GRa gitter (2) + € - GRe filter ()]
with e as the error of the filter function of the RC. Depending
on the error ¢, the poles are located at

(25)

N=1-k(1+e (26)
with the absolute value
2l = V1—k (1 +e). 27)
For deadbeat settings, the absolute value becomes
|z| = Ve (28)

It can be seen that there is no deadbeat behavior any more if
an error exists. As can be seen in Fig. 8, small errors € have a
strong impact on the location of the poles especially for large
values of N and therefore for high switching frequencies f;.
Due to the Nth square root, even minor deviations cause the
eigenvalues to be placed quite close to the stability border.

This shows that the RC can be very effectively used for low
sampling frequencies f, whereas with high sampling rates when

fs = 4.8kHz
Ls =2mH
Ugria = 150V
Uge = 250V
kr=1
K, =3.2Q

K; = 2656 Qs ™!

Fig. 13.  Experimental setup and used parameters.
40 |
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8 I Simulation SFPI + RC, THD = 4.26 %
e 201
o LAkl IF Ledperabdpsag dpy o
2345678910111213141516
Order n of the harmonics with respect to fo = 50 Hz.
Fig. 14.  Comparison of the harmonics with and without the RC in simulation

and experiment corresponding to Fig. 15.

N increases, a deadbeat design is still possible, but the desired
performance will be degraded due to numeric imprecision.

It can also be seen that the resolution has a significant impact
for k., = 1. For different values of k,, the influence of the res-
olution is smaller. The impact for £, = 1 is drawn in Fig. 9 for
different resolutions.

B. RC for High Sampling Rates

If a high sampling frequency f; is used, the poles of the
closed-loop system can be found intrinsically close to the sta-
bility border due to the limited numeric precision and modeling
deviations. It is possible to increase the stability of the control
system with a low-pass filter placed within the RC as can be
seen in Fig. 10. A typical low-pass filter used for this purpose is

-1
Grp(2) = z+z4 +2
which is described in [4], [21], and [22] in detail. The phase
of the frequency response function is zero for all frequencies
because the transfer function is symmetric. As a result, the
filter function is not causal. However, this is not a problem
in the concept of the RC, because it intrinsically exhibits
knowledge of the future error. The low-pass filter is placed in
series to the delay elements as it is depicted in Fig. 10. The
poles and zeros of the resulting system are drawn in Fig. 11

(29)
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Fig. 15.  Current control with (a) an SFPI and (b) with an SFPI and RC.

for k, = 0.9. It can be seen that the poles and zeros from the
repetitive control scheme move toward the origin, which leads
to a better damping of the whole system. The damping can
be further increased by using a symmetrical low-pass filter of
higher order. On the other hand, the dynamic stiffness becomes
worse when a low-pass filter is used as it can be seen in Fig. 12
because the amplitude at the resonance frequency is much less
if the low-pass filter is used. Additionally, there is no analytic
solution of the poles of the closed-loop system when a low-pass
filter is used because the resulting polynomial equation cannot
be solved analytically. This results in less insight of the system
dynamics because the impact of the coefficients of the low-pass
filter cannot be analyzed for a general system.

Similarly, modeling errors might lead to a scenario when
poles are unintentionally placed slightly outside the stability
border and the system becomes unstable. To prevent these sys-
tem instabilities, the introduced low-pass filter is integrated in
the RC in order to move the eigenvalues more into the unity
circle enhancing the robustness of the system.

There are other approaches also to improve the robustness
of the system with an RC with respect to model variations and
numeric conditioning. If a TOg RC is used, the delay elements [V
are reduced to 1/6 compared to the conventional RC. This leads
to a significant improvement of the stability and the dynamics
of the system. It can be found out that the dynamics are much
less impacted by limited precision and also by small modeling
errors. However, the TOg RC is only capable to reject multiples
of the sixths harmonic in the synchronous reference frame [18].

As a third possibility to handle model deviations and numeric
problems, the sampling rate itself can be reduced. If undersam-
pling is introduced, the number of delay elements NNV is reduced
but higher order harmonics may be omitted by the RC [23].

V. SIMULATIONS AND EXPERIMENTS

Simulations in MATLAB/Simulink as well as experimental
results are illustrated in the following to validate the theory.
Since, this paper focuses on the analysis and design of RCs, a
detailed verification of the SPFI including dynamic changes has
been omitted but a detailed verification of the SFPI controller
with the described design method can be found in [2]. In Fig. 13,
the experimental setup and the used parameters are depicted. As

fs = 4.8kHz
fo =50Hz
N =16
ky =1
Lg
P73,
7 =0.15
(b)
fs = 4.8kHz
fo = 50Hz
N =96
ke =1
Ls
Switch on RC Ko =37
(a)
§ fs = 4.8kHz
fo =50Hz
N =16
ky =1
Ls
: T
Switch on RC =015

(b)

Fig. 16.  Transient behavior (a) of the standard version of the RC (b) and of
the TOg version.

a realistic setup, a diode rectifier was connected in parallel to
the grid inverter to produce uneven harmonics.

In Fig. 15(a), the current is controlled to a peak value of 5 A.
The current is controlled by an SFPI controller only and signif-
icant harmonics occur due to the strong excitation of the utility
grid. It can be seen that in this experimental setup, the seventh
harmonic is the dominant one. If the RC is used in parallel to
the SFPI, it can be seen in Fig. 15(b) that the harmonics are
decreased significantly. A closer look on the harmonics is given
in Fig. 14. All harmonics of the grid current up to the 16th har-
monic are depicted. Without the RC, strong 2nd, 7th, and 13th
harmonics exist. When the RC is working, the harmonics are
reduced significantly both in simulation and measurement. The
current harmonics of the measurement and in the simulation
agree with minor deviations demonstrating the viability of the
control concept.

If the TOg version is used, the transient behavior and steady
state can be seen in Fig. 16(b) for a peak current of 10 A.
There are a lot of harmonics in the grid current before the RC
is activated but after that there are much less harmonics in the
current. A closer look to the steady-state current when the RC is
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used shows that the current is not purely sinusoidal. Little edges
can be seen beside the peaks that are caused by harmonics that
are not handled by the TOg version like the fourth and ninth
harmonic.

As a third example for the RC, the transient behavior of the
standard version is depicted in Fig. 16(a) for a current amplitude
of 10 A to explain the intrinsic delay of this controller. The RC is
switched on at tg¢. Before tgc, only the SFPI controller works
and there are strong current harmonics visible. When the RC
is switched ON, it takes N samples until this controller starts
working because of the delay of N samples. One electric period
later, the harmonics of the current are reduced significantly. The
harmonics do not decay entirely because the utility grid was not
stiff and the harmonics content changes over the time. Also the
rounding errors result in a system that has no poles in the origin
of the unit circle but close to. Nevertheless, this is quite close to
the deadbeat behavior because steady state is reached after one
electric period approximately.

VI. CONCLUSION

In this paper, it has been shown that the RC is very effective
to handle and to reject current harmonics. This reduces the har-
monics content in distributions grids, which leads to less THD of
converters connected to those grid. The RC can be designed for
the PWM converter connected to a disturbed distribution grid
using a simple design approach. The dynamics of the control
loop can be adjusted by one single proportional gain. A straight
forward method to calculate a suitable filter function for the
RC has been proposed. The impact of numerical and model-
ing errors has been investigated and it has been shown that the
poles of the closed-loop system move to the stability border by
increasing the switching frequency. A low-pass filter has been
introduced to increase the stability margin of the system espe-
cially for high switching frequencies. Thereby, a combination
of a low-pass filter and a TOg RC is able to increase the stability
of the system significantly. However, the disturbance rejection
ability becomes worse due to the low-pass filter. The introduced
design approach has been validated by experiments.
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