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Abstract—Since more and more large conventional power 

plants, based on direct coupled synchronous generators (SGs), 

will be phased out in the future, frequency stability must be 

guaranteed. Consequently, grid-forming inverters are needed 

to ensure the system stability of the future grids. In the joint 

research project “VerbundnetzStabil”, conducted by 

Fraunhofer ISE and its partners, the stability of a grid system 

with a high penetration of inverter-based renewable energy 

sources (RES) is investigated. This paper aims to develop a 

droop control concept of grid-forming inverters that can 

stabilize the system under all future grid scenarios (e.g. grid 

systems can be split into sub-grids with up to 100% RES and 

high-power transmission). The droop control structure is 

presented in both synchronous and stationary frames. 

Moreover, the droop control scheme is modelled and simulated 

in DIgSILENT PowerFactory with different test cases. 

Keywords— droop control, grid-forming inverters, pulse 

width modulation (PWM), DIgSILENT PowerFactory.  

I. INTRODUCTION 

Nowadays, microgrids (MGs) are increasing rapidly, 
aiming to replace the conventional centralized electricity 
generation's system in the future. An MG basically involves 
distributed generations (DGs) and loads that can operate 
autonomously in islanded mode or collaboratively work with 
the main grid in grid-connected mode (Fig. 1). Energy 
resources in MG are mainly RES, e.g. wind power plants, PV 
farms, as well as fuel cells and battery storage. They are 
connected to the grid mostly through inverters.  

As a result of the increasing MGs level, the future grid's 
characteristics, including voltage and frequency will be 
predominately controlled by the inverters, which are 
generally  classified into two basic types: grid-feeding 
inverter, as a current source, and grid-forming inverter, as a 
voltage source. The objective of grid-forming control for 
voltage source inverters is to ensure the stability of the 
voltage and frequency of the grid. However, due to the lack 
of physical inertia, those inverters cannot stabilize the grid 
during disturbances. To address this issue, grid-forming 
inverters are integrated with droop control to mimic 
synchronous generators' behavior in a conventional large-
scale network [1]. In this circumstance, the grid-forming 
inverters will have abilities to regulate voltage and frequency 
according to active power and reactive power demands. 
Also, the output current of the inverters should be limited in 
order to prevent damage to all of the components in case of 
grid faults. 

In this paper, droop control theory for grid-forming 
inverters is analyzed and simulated by means of DIgSILENT 
PowerFactory 2020, a software used for power system 
analysis.  This peper is structured as follows: 

• Section II is an overview of the droop control theory 
with an overview control structure. 

• Section III is a deep investigation of the voltage and 
current controls.  

• Section IV presents possible current limitation 
methods.  

• Section IV describes a procedure for selecting LCL 
filter parameters.  

• Section VI shows the simulation results of a modelled 
system in DIgSILENT PowerFactory 2020.  

• Finally, section VII concludes the result of this 
research. 

II. OVERVIEW ON DROOP CONTROL STRATEGY 

Droop control is a technique for controlling power-
sharing in microgrids comprising of inverter-interfaced RES. 
Unlike the centralized, master–slave, average load sharing or 
circular chain controls that require high-bandwidth 
communication channels, droop control implements only 
using local power measurements, resulting in avoiding high 
investment cost and improving the MG performance [2], [3]. 
Moreover, droop control is convenient for the plug-and-play 

 

Fig. 1. Grid system  model with a high penetration of inverter-based 

renewable energy sources in DIgSILENT PowerFactory 



operation of MGs in which replacing an individual inverter 
does not affect the whole system. The purpose of using 
droop control is regulate the frequency and voltage, in which 
the frequency and output voltage magnitude decrease as the 
active power and reactive power increase, respectively. 

A. Active and reactive power sharing 

 Referring to Fig. 2, the active power (𝑃) and reactive 
power (𝑄)  flowing from the inverter to the grid can be 
written as:  

𝑃 =
𝐸𝑉𝑔

𝑋
𝑠𝑖𝑛𝛿 (1)   

𝑄 =
𝐸2 − 𝐸𝑉𝑔𝑐𝑜𝑠𝛿

𝑋
 (2)   

where, 𝐸 and 𝑉𝑔 are the voltage amplitude of the inverter and 

the grid, respectively, 𝑋  is the reactance value of line 
impedance. Considering that the phase angle difference 𝛿 is 
very small, thus, 𝑠𝑖𝑛𝛿 ≈ 𝛿 and 𝑐𝑜𝑠𝛿 ≈ 1. Therefore, (1) and 
(2) can be rewritten as: 

𝛿 ≈
𝑋

𝐸𝑉𝑔
𝑃 (3)   

𝐸 − 𝑉𝑔 ≈
𝑋

𝐸
𝑄 (4)   

As shown in (3) and (4), the delivered active power 
relates to the angle 𝛿 and the reactive power is proportional 

to the voltage difference (𝐸 − 𝑉𝑔) . However, these 

relationships are valid only if the interconnection line of the 
microgrid system is predominantly inductive (i.e. the line 
resistance 𝑅 is negligible). In such inductive microgrids, an 
approximately full decoupling of active power and reactive 
power can be achieved, which leads to standard droop 
characteristics that can be described as the equations below: 

𝜔 = 𝜔∗ + 𝑘𝑃(𝑃
∗ − 𝑝𝑚) (5)   

𝐸 = 𝐸∗ + 𝑘𝑄(𝑄
∗ − 𝑞𝑚) (6)   

where, 𝜔∗  and 𝑃∗  are the frequency and active power 
setpoints, respectively, 𝜔 is the output frequency, 𝑝𝑚  is the 
measured active power and 𝑘𝑃 is the droop slope. Similarly, 
the inverter output voltage magnitude 𝐸 is determined by the 
voltage 𝐸∗  and reactive power 𝑄∗  setpoints, the reactive 
power measurement 𝑞𝑚  and the droop slope 𝑘𝑄 . To 

participate in frequency and voltage regulation, each grid-
forming inverter in the microgrid needs to adjust its power 
reference according to its droop characteristics [3].  

As for low voltage MGs, the feeder impedances might 
have significantly resistive elements, therefore a change of 
voltage magnitude or phase will affect both active and 
reactive power. In this instance, the droop characteristics 
expressed by (5) and (6) are not valid. The grid-forming 
inverter implements a so-called virtual output impedance that 
helps avoid P-Q coupling to the control scheme [4]. Another 

possible solution is using a P-E/Q- droop regulation 
proposed in [3], [5], which can be added into highly resistive 
MGs’ inverter controllers, however, that case will not be 
addressed deeply in this paper. 

B. Droop control with inertial response 

The inertial response is a property of conventional SGs, 
contributing to the grid’s stability. Using stored kinetic 
energy in rotors, SGs can smooth frequency variations 
during transient periods to stabilize the system. In contrast, 
inverters have no natural inertia effect and may cause the 
system's unstable operation because of the lack of rotating 
physical mass. To prevent the system from being unstable, 
virtual inertia is provided to inverters by utilizing a low-pass 
filter (LPF) filtering the output active power. 

𝑝𝑚 =
𝜔𝑐

𝜔𝑐 + 𝑠
𝑝𝑜 (7)   

where, 𝜔𝑐 is cut-off frequency, 𝑝𝑜 is the output active power 
and 𝑝𝑚 is the measured active power. The cut-off frequency 
𝜔𝑐 along with the droop slope 𝑘𝑃 establish time and damping 
constant, which define inertial properties of the inverter [6]. 
A similar LPF is also applied to reactive power to obtain a 
smoother voltage reference. Fig. 3 shows a block diagram 
representing droop control with LPFs. 

po pm

p*

+
_

kP

*

+
+ q

qm

q*

+

_
kQ

+qo

E*

E

+

c

c s



 +

c

c s



 +

1

s

 

Fig. 3. Block diagram of droop control with LPFs 

An overview of the conventional droop controller is 
demonstrated in Fig. 4. The grid structure consists of an ideal 
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Fig. 2. Modelling of connection between an inverter and the grid.  

(a) Equivalent circuit. (b) Phasor diagram 



DC voltage source interfaced through an inverter via an LCL 
filter. The control scheme includes an outer droop control 
loop which provides the reference voltage magnitude and 
frequency. These reference signals pass through an inner 
control loop comprising cascaded voltage and current control 
modes. Finally, the output reference voltage of the inner 
control loop will be utilized to generate pulse-width 
modulation (PWM) index used to drive the inverter. 

III.   INVESTIGATION OF CURRENT AND 

VOLTAGE CONTROL STRATEGIES 

Inner current and voltage control loops aim to ensure the 
zero-error tracking of the output current and voltage 
reference. The inverter will achieve good performance if the 
inner current and voltage control loops have fast transient 
responses and disturbance rejection capability [7]. In this 
section, two possible controllers are introduced for the inner 
control loops. 

A. Proportional integral (PI) controller on synchronous 

frame 

In a conventional droop controller, the current and 
voltage control modes are implemented in a synchronous 
reference frame (dq-frame), in which AC quantities are 
transformed to DC by using Park transformation. A typical 
PI controller can be demonstrated as the following equation:   

𝐺𝑃𝐼(𝑠) = 𝑘𝑝 +
𝑘𝑖
𝑠

 (8)   

where 𝑘𝑝 and 𝑘𝑖 are the proportional gain and integral gain, 

respectively. Due to infinite gain for DC signal, the PI 
controller proves its ability to track DC reference to achieve 
zero-error steady-state. However, it also produces some 

drawbacks: 

1) PI controllers require a complex control structure 

because of the participation of Park and inverse Park 

transformations, resulting in complicated implementation. 

2) The transformation of AC signals to DC signals 

utilizing Park transformation works incorrectly during 

transient disturbances, causing the system's instability. This 

is explained by considering the output of the Park 

transformation as in (9). 

[
𝑥𝑑
𝑥𝑞
] = |𝑥| [

𝑐𝑜𝑠(𝜃0 − 𝜃𝑝)

𝑠𝑖𝑛(𝜃0 − 𝜃𝑝)
] (9)   

where 𝜃𝑝 is the phase angle fed to the Park transformation, 

𝜃0 is the phase angle of the AC signal 𝑥 and 𝑥𝑑, 𝑥𝑞  are DC 

components of 𝑥  on the dq-frame. In conventional droop 
control strategy, the phase angle 𝜃𝑝  is the output of droop 

control mode and depends on the measured active power 
according to (5). Due to the effect of the LPF, the angle 𝜃𝑝 

will be different from the phase angle 𝜃0  of the AC 
quantities on the grid during transient disturbances (i.e. 𝜃0 −
𝜃𝑝 ≠ 0). Therefore, 𝑥𝑑 and 𝑥𝑞  are not only DC signals. 

Fig. 5 shows the inner current and voltage control loop 
including virtual output impedance in the synchronous 
frame. The virtual impedance can be expressed as follows. 

{
𝑢𝑑
𝑣 = 𝑅𝑣 ∙ 𝑖𝑑

𝑔
− 𝜔𝐿𝑣 ∙ 𝑖𝑞

𝑔

𝑢𝑞
𝑣 = 𝑅𝑣 ∙ 𝑖𝑞

𝑔
+ 𝜔𝐿𝑣 ∙ 𝑖𝑑

𝑔  (10)   

where  𝑅𝑣  an 𝐿𝑣  are the virtual resistance and virtual 

inductance, respectively, 𝑖𝑑𝑞
𝑔

 is the grid current on dq-frame. 

The phase angle is controlled by regulating the q-component 
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Fig. 4. Control structure of grid-forming inverters based on conventional droop control strategy 



voltage to 0, whereas the d-component voltage is controlled 
to trace the reference voltage magnitude.  

B. Proportional resonant (PR) controller on stationary 

PR controllers are applied directly in a stationary frame 

(ab) to track sinusoidal references by providing infinite 
gains at the target frequencies and, therefore, ensuring almost 
zero steady-state error regulation. In contrast with PI 
controllers, PR controllers require no Park and reverse Park 
transformations, avoiding the transformations' errors during 
transient disturbances. 

References [8], [9] mathematically express a process to 
achieve a PR controller by transforming a PI controller from 
a synchronous frame to a stationary frame. Therefore, the PR 
controller in the stationary frame should have the same 
performances as the PI controller in the synchronous frame. 
The ideal transfer function of a PR controller is expressed in 
(11).  

𝐺𝑃𝑅(𝑠) = 𝑘𝑝 + 𝑘𝑟
𝑠

𝑠2 + 𝜔0
2 (11)   

where, 𝑘𝑝  and 𝑘𝑟  are the proportional and resonant gain 

constants, respectively, 𝜔0 is the resonant frequency (i.e. the 
reference frequency). The PR controller has an infinite gain 
at the resonant frequency so that it can achieve zero steady-
state error for tracking a sinusoidal signal. Unfortunately, the 
ideal PR controller is challenging to be practically 
implemented because of the stability problem caused by 
infinite gain [10]. Thus, a more practical alternative is 
described in (12).  

𝐺𝑃𝑅(𝑠) = 𝑘𝑝 + 𝑘𝑟
2𝜔𝑐𝑠

𝑠2 + 2𝜔𝑐𝑠 + 𝜔0
2 (12)   

where, 𝜔𝑐  is cut-off frequency. The smaller 𝜔𝑐  will give 
better harmonic extraction. However, this also leads to a 
higher sensitivity to frequency variations and, in 
consequence, slower transient response. In practice, 𝜔𝑐  is 
chosen in a range of 5–15 rad/s to achieve acceptable 
performance [11], being used in this paper 𝜔𝑐 = 5 rad/s. The 
purpose of using the non-ideal transfer function (12) is to 
theoretically limit the magnitude of gain to |𝐺𝑃𝑅(𝑗𝜔0)| =
𝑘𝑝 + 𝑘𝑟  at 𝜔0 . The implementation of inner control loop 

with PR controller and virtual output impedance is shown in 
Fig. 6. 

To adopt a completed droop control scheme with PR 
controller in stationary frame, the control diagram in Fig. 4 
should be modified by removing the Park transformation and 
replacing voltage and current controls with PI controller by 
ones with PR controller (see Fig. 6). 
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Fig. 6. Voltage and current controls with PR controller 

IV. CURRENT LIMITATION METHODS 

Current limitation is one of the most important criteria 
that must meet when considering inverters’ operation. 
Currents in short-circuits might reach 5 to 10 times rated 
current [12]. As for controllers in dq-frame, several different 
current limitation methods are proposed and analyzed in 
[13], such as: “DQ component limitation” limiting  d and q 
components of the reference current separately, “vector 
amplitude limitation”, “switching inverters to current sources 
during the fault” and “virtual impedance utilization”. In this 
paper, vector amplitude limitation is employed because of its 
acceptable performance and simple implementation. The 
basic idea of this concept is illustrated in Fig. 7, in which the 
output reference currents of the voltage control (as shown in 
Fig. 5) are reduced on both dq components simultaneously. 
By following the condition (13), the reference current 
magnitude is limited to a designed maximum current 𝑖𝑚𝑎𝑥 , 
which is set to 2p.u. in this paper. 

𝑖𝑑𝑞_𝑙𝑖𝑚
∗ =

{
 
 

 
 𝑖𝑚𝑎𝑥

√𝑖𝑑
∗ 2 + 𝑖𝑞

∗2

𝑖𝑑𝑞
∗ , 𝑖𝑓 √𝑖𝑑

∗ 2 + 𝑖𝑞
∗2 > 𝑖𝑚𝑎𝑥

𝑖𝑑𝑞
∗                    , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                  

 (13)   

Similarly, vector current limitation is also applied for PR 
controller in stationary frame by following the condition (13) 
in which 𝑖𝛼

∗  and 𝑖𝛽
∗  play the same roles as 𝑖𝑑

∗  and 𝑖𝑞
∗ . 
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Fig. 7. Vector amplitude limitation concept 

V. LCL FILTER DESIGN 

An LCL-filter is applied to reduce the current harmonics 
caused by switching devices in the inverter. Compared to 
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Fig. 5. Voltage and current controls with PI controller 



conventional L-filters, LCL filters offer a better attenuation 
of harmonics at high frequencies and require smaller filter 
size. 

 LCL filters often make the control system unstable due 
to large magnitude peaks at resonance frequencies. Passive 
damping (PD) and active damping (AD) methods are 
generally adopted to overcome this drawback. The damping 
method aim to add impedances to the filters at these 
resonance frequencies to avoid oscillation [14]. However, the 
PD method causes power losses, and AD method requires 
more complex control strategies. For a simple damping 
solution, the PD method with a damping resistance Rd is 
mentioned in this paper. The per-phase equivalent circuit of 
such an LCL filter with PD method is depicted in Fig. 8. The 
introduced LCL filter consists of an inductor Linv on the 
inverter side, an inductor Lg on the grid side and a filter 

capacitor Cf in series with a damping resistor Rd.  

By following the LCL-filter design procedure introduced 
in [15], the component parameters are calculated with several 
rules which should be considered. 

1) The maximum permissible current ripple ∆𝑖𝑚𝑎𝑥  of 

the inverter current is limited to 10% of the nominal 

amplitude and the ripple value of the grid current ig is 1% of 

the nominal amplitude. 

2) The total inductance (𝐿𝑖𝑛𝑣 + 𝐿𝑔) should be less than 

0.1 p.u. to make the losses and the voltage drop on the filter 

negligible during operation.  

3) The maximum reactive power absorbed by the filter-

capacitor is less than 5% of the system’s rated power. 

4) The resonance frequency of the filter should fulfil the 

condition given by (14). 

10 ∙ 𝑓0 < 𝑓𝑟𝑒𝑠 <
1

2
∙ 𝑓𝑠𝑤 (14)   

where, 𝑓0 is the grid nominal frequency (in this case, 50Hz), 
𝑓𝑟𝑒𝑠  is the resonance frequency as given by (15) and 𝑓𝑠𝑤 is 
the selected switching frequency, 16kHz. 

𝑓𝑟𝑒𝑠 =
1

2𝜋
√
𝐿𝑖𝑛𝑣 + 𝐿𝑔

𝐿𝑖𝑛𝑣 ∙ 𝐿𝑔 ∙ 𝐶𝑓
 (15)   

5)  To reduce the losses caused by the damping resistor, 

the value of damping resistor should be less than or  equal to 

one-third of the capacitor impedance at the resonance 

frequency as in (16) 

𝑅𝑑 ≤
1

3 ∙ 2𝜋 ∙ 𝑓𝑟𝑒𝑠 ∙ 𝐶𝑓
 (16)   

The calculated parameters of the filter which satisfy all of 
rules above are shown in TABLE I.  The output of the 
designed LCL filter can be examined by executing the 
electromagnetic transients (EMT) simulation method in 
PowerFactory. The PWM Converter block in the software 
needs to switch to the Detailed Model in the EMT-
Simulation tab. Besides, the minimum integration step size 
should be 2𝑓𝑠𝑤. 

 Fig. 9 shows the waveforms of both inverter current and 
grid current whose ripples are limited to 10% and 1% of the 
nominal current magnitude, respectively, by using the 
designed LCL filter. The grid current is an approximately 
sinusoidal wave with negligible distortion.  
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Fig. 9. Output phase current waveform of the LCL filter 

VI. SIMULATION RESULTS 

To validate the presented control theory in the paper, a 
control structure of a droop-based grid-forming inverter with 
other grid components is simulated in PowerFactory with the 
parameters of the system listed in TABLE I.  

TABLE I.  TESTED SYSTEM PARAMETERS 
 

Parameters Value 

Rated power 40kW 

Line-line voltage (RMS) 400V 

DC bus voltage 800V 

Grid frequency 50Hz 

Switching frequency 16kHz 

Inverter-side inductor 1.0mH 

Grid-side inductor 0.03mH 

Filter capacitor 39.8F 

Damping resistor 0.3 

The simulation aims to investigate the behaviors of the 
controller in both the synchronous frame and stationary 
frame under various test cases. The first four test cases are 
applied to the PI controller as follows: 

Rd
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Linv Lg

uinv ug
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Fig. 8. Equivalent circuit of an LCL filter 



A. Response to a step-change in active power 

B. Response to a step-change in reference voltage 
magnitude 

C. Response to a step-change in reference voltage 
phase angle 

D. Response to a step-change in reference 
frequency 

E. Response to a short-circuit fault 

The following two test cases are conducted to evaluate 
the performance of the PR controller. 

F. Response to a step-change in active power with 
droop controller in stationary frame 

G. Response to a short-circuit fault with droop 
controller in stationary frame 

The modelled power system consists of an inverter and 
an LCL filter connected with an AC voltage source via grid 
impedance. In addition, loads are connected to the point of 
common coupling (PCC) as shown in Fig. 10. The AC 
voltage source is employed as grid voltage and frequency 
reference. The results in each test case are presented by 
graphics of frequency, filter capacitor voltage, grid current, 
active and reactive power flowing into the PCC.  Load 2 will 
be connected to the grid in test cases A and F, while being 
disconnected in other test cases. The operation point of the 
inverter is 50% of rated power in all test cases.  
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Fig. 10. Diagram of tested model in PowerFactory 

A. Response to a step-change in active power 

In this test case, load 2 will be connected at t = 0.0s, 
therefore the power demand will be increased from 50% to 
100% of the rated power. Fig. 11 depicts the results of the 
test. When the transient event occurs, the loads tend to draw 
current from the inverter instead of the voltage source 
because the inverter output impedance is less than the grid 
impedance. Thus, the delivered active power increases, and 
the frequency drops due to the droop relationship. In the 
steady state, they are restored to the nominal values because 
the system frequency is maintained by the voltage source. 
Hence, the increasing active power will be compensated by 
the voltage source. However, the delivered reactive power 

remains deviation from the nominal value because the grid 
impedance consumes more reactive power due to higher 
current flowing through the impedance. This results in a 
slightly drop on the voltage magnitudes.  
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Fig. 11. Response to a step-change in active power 

B. Response to a step-change in reference voltage 

magnitude 

The system’s reference voltage magnitude is increased by 
20% at t = 0.0s, which is done by changing the voltage 
magnitude of the AC voltage source. The result is shown in 
Fig. 12. The voltage at the PCC is much lower than the 
reference voltage due to the voltage drop at the grid 
impedance. During the first few milliseconds after the 
transient, more current flows to the PCC from the voltage 
source because of the voltage difference between them. 
Thus, the delivered active and reactive power drop 
significantly. When the system reaches the steady state, the 
delivered active power is pulled back to the nominal value 
since there are no changes in the frequency. As the reference 
voltage magnitude increases, the reactive power magnitude is 
decreased to a negative value, i.e. the inverter consumes 
reactive power in this case. Hence, more reactive current 
flows through the connection line, resulting in the increase of 
the current magnitude after the transient. 
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Fig. 12. Response to a step-change in reference voltage magnitude 

C. Response to a step-change in reference voltage phase 

angle 

The voltage phase angle of the voltage source is 
increased by 50 at t = 0.0s. Therefore, the phase angle 
difference 𝛿  is decreased resulting in decreasing of the 
delivered active power according to (1) (see Fig. 13). Thus, 
the inverter tries to increase the output frequency. 
Consequently, the phase angle of the inverter increases, 
resulting in boosting 𝛿  to the nominal value. Finally, the 
system is restored to the normal state after the transient. 

D. Response to a step-change in reference frequency 

The system’s reference frequency is increased by 0.15Hz 
at t = 0.0s (Fig. 14). Hence the delivered active power and 
current magnitude are significantly decreased according to 
the droop relationship. That requires more current from the 
AC voltage source to fulfil the power demand. Hence, the 
voltage drop at the grid impedance increases causing the 
decrease of the voltage at the PCC as shown in the figure. 
This explains the increasing in the delivered reactive power 
from the inverter to the PCC. 

E. Response to a short-circuit fault 

The purpose of this test case is to verify the response of 
the current limitation method. Therefore, a symmetrical three 
phase short-circuit fault is tested, although this type of fault 
is less common in reality. The short-circuit event is activated 
at t = 0.0s and is cleared at t = 0.15s. The results are shown 
in Fig. 15. The observation of the current limitation shows a 
great ability to limit the current during the short-circuit fault. 

F. Response to a step-change in load with droop controller 

in stationary frame 

The result of this test case is shown in Fig. 16. It can be 
observed that the response of PR controller to the step-
change in load is similar to the PI controller’s behavior. The 
frequency and active power are restored to the nominal 
values, whereas the voltage magnitude and reactive power 
are shifted. 

G. Response to a short-circuit fault with droop controller in 

stationary frame 

Fig. 17 shows the result of the system with PR controller 
during a symmetrical 3 phase short-circuit fault. Although 
the PR controller can limit the current for most of the time, a 
ripple appears during the first a few milliseconds after the 
transient. Since the ripple reaches to current peak of 4 p.u., 
this transient behavior may be dangerous, especially in case 
of a very sensitive system.  Thus, a better current limitation 
method for PR controller should be adopted in future work 
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Fig. 13. Response to a step-change in reference voltage phase angle 
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Fig. 14. Response to a step-change in reference frequency 
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Fig. 15. Response to  a short-circuit fault 
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Fig. 16. Response to a step-change in active power with PR controller 
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Fig. 17. Response to  a short-circuit fault with PR controller 



VII. CONCLUSION 

In this paper, droop control schemes have been reviewed 
and evaluated throughout various test cases in PowerFactory. 
The controllers enable synchronization to an existing 
network or other voltage sources as well as load sharing 
between different generators in islanded mode.  At the lowest 
control level, voltage regulation is implemented, which has a 
special current limiting function to limit the output current in 
the event of errors such as short circuits or overload 
situations. With droop control, grid-forming inverters are 
proved to be able to replace the properties of the 
discontinued synchronous generators. 

 Simulation shows that PI controllers on synchronous 
frame and PR controllers on stationary frame have similar 
performances under fundamental changes of the grid. The 
PR technique requires no transformations and less 
computation, that makes the controller schemes more simple 
and easier for implementation. However, the current method 
applied for the PR controller has limitation of eliminating 
ripples on the current magnitude. Therefore, a better method 
for the PR controller should be studied in future work. 
Whereas, the presented current limitation method based on 
the vector amplitude limitation shows an excellent 
performance for PI controller in synchronous frame. 
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