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Abstract—Grid-forming (GFM) converter control is a key tech-
nology enabling stable operation of converter-dominated electric
power grids, which makes the converter behave as a slowly
varying voltage source behind an impedance. The utilization
of a virtual admittance (VA) in the converter control allows to
choose this impedance at frequencies above the active range of
the power controllers. Moreover, employing a decoupled GFM
controller allows to choose the VA parameters freely without
introducing power coupling. This paper proposes a VA parameter
tuning approach that bases the parameter selection on the desired
frequency response of the controller, either specified as gain limits
for the input admittance at two chosen frequencies, or as a decay
time constant for the VA’s synchronous frequency resonance.
Finally, the impact of the parameter choice on the converter’s
response to grid disturbances is investigated.

Index Terms—Frequency response, grid-forming control, grid-
forming inverters, virtual impedance.

I. INTRODUCTION

The amount of electricity generation from renewable
sources is increasing to limit climate change through the
reduction of greenhouse gas emissions [1]. Alongside other
factors such as increased utilization and flexibility assets in the
power system as well as changing consumer technologies, this
results in an increasing share of power electronics in electric
power grids [2]. This increase gives rise to concerns regarding
the stability of converter-dominated power grids. Examples for
the challenges related to this are the decrease of mechanical
inertia, reduced short-circuit current and risk of adverse control
interaction [3].

Grid-forming (GFM) converter control, in which the con-
verter is controlled to act as a slowly varying voltage source
behind an impedance, is discussed widely as a solution for
these challenges [3], [4]. As a consequence of this behaviour,
the converter’s behaviour at other frequencies than the fun-
damental as well as its dynamic response to disturbances are
mainly determined by the impedance in this representation.
Among the GFM control variants in the literature, the virtual
admittance (VA) based control is a popular approach, which
allows to tune this behaviour by choosing the VA parameters
appropriately [5]–[7].
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Classical implementations of the VA-based control require
a predominantly inductive VA to ensure decoupling between
active power and angle of the controller’s internal voltage
on one hand, and reactive power and the magnitude of the
internal voltage on the other hand [5]. On the other hand, the
decoupled GFM control presented in [8] is a modification of
the classical implementation which employs a VA phase com-
pensation to allow free selection of the VA parameters without
introducing coupling between active and reactive power in the
active frequency range of the power controllers (PCs). As a
consequence, both virtual resistance and inductance provide a
degree of freedom each in tuning the controller.

For frequencies that, in the synchronous reference frame
(SRF), lie between the closed-loop bandwidth of the PCs and
of an eventual current controller (CC), the VA parameters
dictate the behaviour of the converter. This can be illustrated
with the help of the understanding that the GFM converter
should behave as a slowly varying voltage source behind an
impedance [8], [9]: At frequencies above the active range of
the PCs and the synchronous-frequency resonance (SFR), the
converter ideally appears as an impedance to the grid, and
in the decoupled controller this impedance corresponds to the
virtual impedance, Y −1

v . For typical bandwidths, this range
is from around 50Hz up to the loop bandwidth of eventual
inner loops [8]. In consequence, the VA largely defines the
converter’s behaviour, in particular during transients and in
the harmonic range.

There is a large number of tuning approaches for VAs in
GFM control structures available in the existing literature.
Depending on the intended purpose of the VA in the control
structure in question, the proposed tuning approaches vary
greatly:

• Power sharing: A large group of publications (e.g. [10]–
[16]) employs an adaptive VA to ensure (typically reactive
or harmonic) power sharing. This methods are typically
developed for a microgrid context, and use the VA as a
droop. The majority of VA-based GFM control structures,
including the decoupled controller studied here, use PCs
that control the active power at the converter terminals or
the point of common coupling (PCC), thereby eliminating
any droop effect from the VA. Furthermore, the aforemen-
tioned tuning methods tune the VA parameters at specific
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Fig. 1: Single-line circuit diagram of the investigated system.

frequencies, in most cases the fundamental, disregarding
the impact at the rest of the frequency spectrum.

• Current limitation: Another common tuning approach
is for using the virtual impedance (VI) to limit the
converter current [17]–[21]. This approach does not offer
any support in selecting the VA in the linear operating
range of the converter.

• Stability analysis: Other publications study through
eigenvalue analysis the impact of the VA parameters on
the converter’s stability [18], [22]–[30]. Ensuring stability
is extremely important, but these analysis methods offer
little support in choosing the parameters within the stable
region.

• Current reference generation and filtering: In this group
of publications the VA fills a comparable function in
the investigated control structure as in the decoupled
controller. They typically suggest a value of 0.3 pu to
0.5 pu for the virtual inductance, motivating this by the
similarity to typical synchronous machine (SM) transient
reactances [5], [7], [31]. Rv is consequently selected
based on the desired time constant of the VA (between
the outer and inner control loop’s bandwidth). These
approaches take the VA’s impact on the converter’s fre-
quency response at most indirectly into account.

• Impact on frequency response: Only very few pub-
lications discuss VA parameter tuning with this aim.
Reference [32] considers how a low-pass filtered Y −1

v

can improve stability and damping in a microgrid. The
presented tuning approach requires knowledge of the
complete system to conduct an eigenvalue analysis, which
is often impossible to acquire in real applications, and
is difficult to generalise. In [33], the impact of virtual
inductance and resistance on stability and damping is
discussed in relative terms, but no tuning procedure is
suggested to motivate the parameter selection for the
simulations in the paper.

These tuning approaches are either irrelevant or offer little
support in terms of actual tuning method when the goal is to
utilize the VA parameters to shape the converter’s frequency
response during normal operation, and not primarily during
transients. A tuning approach that fully considers the impact
of the VA parameters on the desired GFM converter behaviour
is therefore required.

Based on these findings, this paper provides a VA parameter
tuning method to shape the converter’s frequency response.
It is organised as follows: Section II contains a description
of the desired GFM frequency response. This is followed by
a description of the proposed VA parameter tuning method
in Section III. In Section IV, the tuning criteria are related
to the dominant resonance decay constant and Section V to
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Fig. 2: Generalised structure of VA-GFM control strategy.

the converter’s transient response to disturbance. The paper’s
conclusions are given in Section VI. The source code for a
software implementation of the tuning method proposed in
this work is available at [34].

II. DESIRED GFM FREQUENCY RESPONSE

To illustrate the proposed tuning method, a simple system
consisting of a voltage source converter (VSC), an L-filter
(represented by Lf and Rf ) and a grid represented by its
Thévenin equivalent consisting of Lg, Rg and vs is investi-
gated as illustrated in Fig. 1. The VSC’s terminal voltage is
denoted as vc, the terminal current into the filter as if and
the PCC voltage is vg. The desired frequency response of a
GFM converter can be analysed using the generalised GFM
control with a VA as shown in Fig. 2. In this diagram, Pref

and Qref denote the active- and reactive-power reference, Pg

and Qg the active and reactive power injected into the grid
at the PCC, VEMF and θEMF the converter’s (virtual) internal
voltage’s magnitude and angle, respectively, and APL and RPL
are the active- and reactive power loop, respectively.

The desired response can be understood recalling that GFM
behaviour means the converter acts as a slowly varying voltage
source behind an impedance. It is important to stress that
the slow variation of the internal voltage is what allows the
converter to control active- and reactive power transfer. This
is not specific for converter-based generation, but applies to
SMs as well. In consequence, the converter shows constant-
power behaviour up to the speed of its outer (power) control
loops. Such constant-power behaviour results in an input ad-
mittance which in the SRF decreases asymptotically towards a
fixed, setpoint-dependent negative resistance as the frequency
decreases1 [35].

At higher frequencies, i.e. in the harmonic range, the con-
verter should act as an impedance with inductive or inductive-
resistive behaviour, which corresponds to a decreasing input
admittance [3]. In this way, the converter provides passive
damping by acting as a sink for harmonic currents, which im-
proves voltage quality and grid strength at the PCC. Constant
inductive-resistive impedance2 behaviour also means that the
converter is passive and does not contribute to adverse control
interactions within the controllable frequency range [3]. This
constant-impedance behaviour extends up to the end of the
active range of the controller’s inner control loops, e.g. CC or

1To avoid confusion, this paper will solely use SRF where not explicitly
stated differently.

2Constant impedance refers in this work to fixed resistance and inductance,
i.e. a frequency-dependent impedance.
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Fig. 3: Desired GFM control behaviour at different frequen-
cies.

modulation stage, as beyond this point the VA-representation
deteriorates.

In the transition between the active range of the power
loops and the harmonic range, the converter should provide
damping to reduce the impact of the SFR and to contribute
to power oscillation damping, as due to the SRF’s frequency
shift subsynchronous phenomena are located in this range
[36], [37]. Combining these requirements together, the desired
GFM frequency response – serving as a guideline for control-
parameter tuning – is shown in Fig. 3. The following section
shows how the proposed VA tuning method allows to select
the VA parameters based on the desired frequency response in
the “damping provision” and “constant impedance” areas.

III. PROPOSED TUNING METHOD

For the proposed tuning method, the desired converter
frequency response is defined based on the definition of upper
limits for the gain of the converter’s input admittance at
two selected frequencies. As shown below, these requirements
are then used to determine the VA parameters. The next
section then demonstrates how the gain limit can be replaced
by transient performance requirements such as a decay time
constant.

The proposed tuning method is illustrated using the de-
coupled VA-GFM control introduced in [8], as this GFM
control allows free selection of the virtual resistance without
introducing undesired power coupling between the active-
power loop (APL) and reactive-power loop (RPL) in the
frequency region where these controllers are active. However,
the tuning method proposed here is applicable independent
of the chosen type of VA-GFM control, as the previously
described desired frequency behaviour is common among
them. As shown in [8], the impact of the decoupled controller’s
outer loops on the converter’s input admittance can for zero
power setpoints be modelled by multiplication with a second
order high-pass filter of the form s2/(s+α)2, where α is the
bandwidth of the respective outer loop. This representation
assumes that the outer loops’ damping ratio is equal to one.
For power setpoints differing from zero, the input admittance
will not approach zero for a decreasing frequency, but will
instead approach a small, fixed, setpoint-dependent value,
reflecting the constant power behaviour of the outer loops.
As the frequency range of interest for the tuning of the VA
parameters is above the power loops’ bandwidth, the impact

of the power setpoint can be neglected for the purposes of this
paper. Under these assumptions and neglecting the impact of
eventual inner control loops, the converter’s input admittance
is for the decoupled controller given as

Yc =

[
Y dd Y dq

Y qd Y qq

]
=

[
Rv+sLv

A
s2

(s+αP)2
ωcLv

A
s2

(s+αP)2

−ωcLv

A
s2

(s+αQ)2
Rv+sLv

A
s2

(s+αQ)2

]
,

where A = (Rv + sLv)
2 + (ωcLv)

2.
(1)

Rv and Lv are the virtual resistance and inductance, αP and
αQ are the APL’s and RPL’s bandwidths, respectively, and
ωc is the angular frequency of the converter’s internal voltage
source. For the tuning process, ωc ≈ ωb is assumed in the
input admittance since the grid frequency, and the internal
voltage source’s frequency accordingly, typically only show
small variations. For the rest of this paper, the speed of the
two power control loops is assumed to be equal: αp = αQ =
5 2π rad/s, which results in a Hermitian input admittance:

Y dd = Y qq and Y dq = −Y qd. (2)

In the proposed tuning method, an upper limit is established
for the gain of the virtual admittance at two frequencies to tune
the two VA parameters, Rv and Lv. The first frequency should
be the location of the SFR, as this is the frequency where the
gain of the input admittance reaches its maximum. For higher
R/X ratios, this resonance becomes more damped and the
natural frequency moves from ωb towards higher frequencies.
The natural frequency, neglecting the impact of the outer loops,
can be estimated from (1) as

ωn =

√
ω2
b +

R2
v

L2
v

. (3)

A Bode diagram of the input admittance for Lv = 0.5 pu
and varying Rv is shown in Fig. 4, with the curve in black
marking the trajectory of the gain at natural frequency. While
the natural frequency increases with Rv/Xv, it can be seen
that for Rv/Xv > 1, i.e. damping ratios approaching 1,
the highest gain moves from the natural frequency to lower
frequencies due to the disappearance of the resonant peak.
Since the filtering properties of the virtual inductance typically
are important, a predominantly resistive tuning of the VA is not
to be expected. This means that the natural frequency remains
a good choice for the location of the first gain limit. As the
natural frequency depends on the chosen R/X ratio, the tuning
process becomes iterative.

The second frequency can be chosen more freely. Com-
monly, the lowest harmonics present in the grid above the
fundamental negative sequence are the fifth and seventh har-
monics. Since the fifth harmonic is a negative sequence, and
the seventh is a positive sequence, both appear at 6ωb in
the SRF. This makes this frequency a sensible choice for the
second gain limit, choosing a required attenuation at the lowest
harmonics present in the grid.

Using (1), the input admittance’s gain is computed at the
two selected frequencies and shown in Figures 5 and 6. To
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Fig. 4: Bode diagram of the diagonal elements of the input
admittance for Lv = 0.5 pu and varying resistance. Impact of
the outer loops is neglected. In black: trajectory of the gain at
natural frequency.

maintain readability, the plots have been limited to a gain
of 5 pu and 1 pu, respectively. The figures illustrate that for
most of the area of interest, the gain of the off-diagonal
elements of the input-admittance matrix (||Y dq| = |Y qd|) is
lower than the diagonal elements’ gain (|Y dd = Y qq|), which
based on the analysis of the decoupled controller’s frequency
response in [8] is expected. Assuming the same speed for
both PCs, the off-diagonal elements only have a higher gain
around the natural frequency of a very poorly damped SFR.
As a parameter combination with a poorly damped SFR is
not expected to be desirable, the tuning process is based on
the gain of the diagonal elements. The change of the contour
lines’ slope between Fig. 5 and Fig. 6 demonstrates how the
impact of the virtual inductor on the gain increases with the
frequency: Around the natural frequency, the VA’s resistive
component is dominant, while the inductive component is
mainly responsible for the behaviour at higher frequencies.

Consequently, the gain limits at the two selected frequencies
can be formulated as

|Y dd(jωn)| ≤ m1 and (4)
|Y dd(j6ωb)| ≤ m2, (5)

where m1 and m2 are the chosen gain limits. As can be seen
in Figures 5 and 6, the gain of the VA’s diagonal elements is
monotonously decreasing in both variables, i.e. an increase in
either parameter leads to a reduced gain. As a consequence,
minimum values for the parameters that observe the gain limits
in (4) and (5) can be estimated by replacing the inequality with
an equality. This allows to estimate an Rv for each Lv so that
the gain limit is exactly fulfilled.

To complete the tuning process, both requirements are com-
bined. This is illustrated in Fig. 7 for two example cases: case 1
which does not permit amplification at the fundamental and
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Fig. 5: Gain of the input admittance at natural frequency ωn.
Specific values for |Ydd| and |Ydq| are highlighted by the
contour lines.
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Fig. 6: Gain of the input admittance at fifth and seventh
harmonic (6ωb). Specific values for |Ydd| and |Ydq| are high-
lighted by the contour lines.

requires strong attenuation at the fifth and seventh harmonic
(m1 = 1pu, m2 = 0.25 pu), and case 2 which permits slight
amplification at the fundamental and requires less attenuation
(m1 = 2pu, m2 = 0.5 pu). At the intersection of both curves,
the set of parameters exactly matches both requirements. As a
consequence of the previously stated monotonously decreasing
characteristic, all combinations of Rv and Lv above the plotted
curves follow the respective requirement. The parameters
corresponding to the intersection of both curves are given in
Table I. Since the ratio m2/m1 is equal in case 1 and 2, the
R/X ratio of the resulting parameters is constant. To illustrate
the consequence of a change in this ratio, a mixed case (case 3)
with m1 = 2pu and m2 = 0.25 pu has been defined as well,
with a more dominant inductive component.

In Fig. 8, a Bode diagram of the frequency response of the
resulting input admittance’s diagonal elements is shown for
all three cases. As the minimum parameters for cases 1 and 2
have the same R/X ratio, the resulting frequency response is

TABLE I: Gain limits and resulting minimum VA parameters
for example cases 1-3.

Case m1 m2 Lv Rv Rv/Xv

Case 1 1pu 0.25pu 0.676pu 0.596pu 0.882
Case 2 2pu 0.5pu 0.338pu 0.298pu 0.882
Case 3 2pu 0.25pu 0.684pu 0.26pu 0.38

24th Power Systems Computation Conference

PSCC 2026

Limassol, Cyprus — June 8-12, 2026



0.2 0.4 0.6 0.8 1
0

1

2

3

4

Lv [pu]

R
v

[p
u]

|Y dd(jωn)| = 1 pu
|Y dd(j6ωb)| = 0.25pu

(a) Combination of the gain
limits for example case 1.

0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

Lv [pu]

R
v

[p
u]

|Y dd(jωn)| = 2 pu
|Y dd(j6ωb)| = 0.5 pu

(b) Combination of the gain
limits for example case 2.
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area fulfil (4) and (5). Observe the different scaling of the y-
axis.
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Fig. 8: Bode diagram of the diagonal elements of the input
admittance for the parameter combinations in Table I. Blue:
case 1. Red: case 2. Yellow: case 3.

just shifted vertically. Case 3 illustrates how a relatively large
inductive component, here dictated by the larger attenuation at
the high-frequency gain limit, causes a resonance at the natural
frequency if the resistive component is not increased as well.

IV. RELATION TO DECAY TIME CONSTANT

The maximum gain limits formulated above relate the VA
parameters to the resulting input admittance, but performance
requirements in e.g. grid codes might be formulated differ-
ently. A common requirement can instead be that a direct
current (dc) component caused by the SFR has to decay within
a certain time. The amplitude of a damped oscillation decays
with the decay time constant τ following

x̂(t) = x̂0 e
− t

τ , (6)
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Fig. 9: Combinations of Rv and Lv providing the required
decay time constant. The yellow curve reproduces one of the
gain limits from the previous section for reference. Parameters
in the shaded area result in τ ≤ 8.7ms and fulfil the
reproduced gain limit.

where t is the time, x̂0 is the amplitude of the oscillation at
t = 0 and x̂(t) is the oscillation amplitude at time t. After time
corresponding to the time constant has passed, the oscillation
amplitude has reduced to 1/ e ≈ 36.8%. If the grid code
requires the oscillation to decay to a ratio of ξ = x̂(tmax)/x̂0

within time tmax, the time constant can be determined by
rearranging (6) to

τ =
−tmax

ln ξ
. (7)

Neglecting the impact of the outer control loops, the damping
ratio ζ is related to the time constant by ζ = (ωnτ)

−1. From
(1), the damping ratio can be related to the VA parameters by

ζ =

√
R2

v

R2
v + ω2

bL
2
v

. (8)

Together with (3) for ωn, this results in3

Rv =
Lv

τ
. (9)

Consequently, the R/X ratio can be expressed as Tb/(2πτ) ≈
0.16Tb/τ , with Tb being one period of the fundamental fre-
quency, i.e. 20ms at 50Hz. This requirement is illustrated for
two cases in Fig. 9: for a time constant of τ = 20ms, and for
the requirement that the dc component should decay to 10% of
its initial amplitude within one cycle, which corresponds to a
time constant of τ = 8.7ms. Similar to the gain-requirement-
based tuning combinations shown previously, (9) shows that
all tuning combinations lying above the indicated line perform
better than required, i.e. have a shorter time constant.

As shown in Fig. 9, the tuning combinations complying with
the time-constant requirement have different characteristics
than the gain limits due to their fixed R/X ratio. While the
gain limits call for a minimum value of the virtual impedance
Zv = Y −1

v =
√

R2
v + ω2

bL
2
v, the time constant is only

depending on the R/X ratio. Consequently, a larger virtual
inductance requires a larger virtual resistance to keep the time
constant unchanged. To illustrate this, the tuning combination

3It is important to note that all quantities in this equation need to either be in
SI units or per-unit. The conversion for the time constant is [τ ]pu = ωb[τ ]s.
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that fulfils the lower of the previously studied gain limits in the
harmonic range, |Y dd(j6ωb)| = 0.25 pu, is shown in yellow
in Fig. 9.

Similar to before, a pair of requirements is needed to tune
the VA parameters. To achieve this, the time constant-based
tuning according to (9) can be combined with a single gain
limit, for example the one shown in yellow in Fig. 9. To
illustrate the resulting frequency response, three example cases
are studied: case 4, requiring a decay of the dc component
to 10% within one cycle paired with a strong attenuation
for the harmonics (τ = 8.7ms,m2 = 0.25 pu), case 5 with
the same time constant but a relaxed attenuation requirement
(τ = 8.7ms,m2 = 0.5 pu), and case 6 with a larger time
constant but strong attenuation (τ = 20ms,m2 = 0.25 pu).
The parameters resulting in these minimum requirements are
shown in Table II, and a Bode diagram of the resulting input
admittances is given in Fig. 10. A verification of the decay
time constant estimation is demonstrated in [8].

While the decay time constant remains the same for case 4
and 5, simulations with the parameters in Table III reveal
that the maximum amplitude of the dc component is nearly
twice as high in case 5. Even though the relative reduction
happens with the same speed, in terms of absolute value of
the dc component the lower gain limit makes case 4 perform
notably better. To give an example, the reduction of the dc
component to 0.1 pu takes approximately 16ms in case 4,
while it takes 24ms in case 5. This difference is due to the
different size of the VI, caused by the distinct gain limits. A
smaller VI results in larger currents in response to a given
disturbance, and corresponds to a higher gain at the SFR’s
natural frequency. This is also illustrated by Fig. 10, where the
frequency response’s corresponding to case 4 (in blue) and 5
(in red) have the same shape, but case 5 is shifted upwards
as it has a higher gain. Case 6 with the large time constant
has a different R/X ratio than the other two cases, which
is reflected by the much more pronounced resonant peak in
the resulting frequency response (in yellow). The peak value
of the dc component is slightly larger than in case 4 (which
shares the same gain limit m2), but it takes 37ms for the dc
component to decay to 0.1 pu due to the larger time constant.

TABLE II: Time constant and gain limits and resulting mini-
mum VA parameters for example cases 4-6.

Case τ m2 Lv Rv Rv/Xv

Case 4 8.7ms 0.25pu 0.685pu 0.251pu 0.37
Case 5 8.7ms 0.5pu 0.345pu 0.126pu 0.37
Case 6 20ms 0.25pu 0.687pu 0.109pu 0.16

TABLE III: System and control parameters for the simulation.

System parameters Control parameters

SN 100MVA Lv1 0.343pu
VN 400 kV Rv1 0.9843pu
ωb 314.16 rad/s αP = αQ 2π 5 rad/s
Lf 0.157pu ζP = ζQ 1
Rf 0.0157pu αCC 2π 200 rad/s
SCR 6.6
Csh 0.0942pu

10−1 100 101 102 103
−60

−40

−20

0

20

ωb 6ωb

G
ai

n
[d

B
]

10−1 100 101 102 103
−90

−45

0

45

90

135

180

ωb 6ωb

τ = 8.7ms,m2 = 0.25pu
τ = 8.7ms,m2 = 0.5pu
τ = 20ms,m2 = 0.25pu

Frequency [Hz]

P
ha

se
[◦

]

Fig. 10: Bode diagram of the diagonal elements of the input
admittance for the parameter combinations in Table II. Blue:
case 4. Red: case 5. Yellow: case 6.

These observations show that the time constant can be a
meaningful addition to the previously presented gain limits,
but it needs to be paired with a single gain limit to confine
the dc component in absolute terms.

V. VA-PARAMETER IMPACT ON TRANSIENT
DISTURBANCE RESPONSE

As the preceding analysis has established that the gain of the
input admittance is monotonously decreasing for increasing
Rv and Lv, one might be led to conclude that the VA
parameters should simply be chosen as large as possible to
maximise the provision of damping. To understand why this
reasoning is erroneous, the response of the decoupled GFM
controller is simulated for two grid disturbances: a 10◦ phase
jump and a 25% voltage dip. For the voltage dip, an ac-
voltage controller (AVC) with a droop has been activated,
which changes the reactive-power reference. To underline the
differences, the parameter sets with the largest difference in
Zv are used: case 1, which is based on the lower gain limit
(Lv = 0.676 pu, Rv = 0.596 pu), and case 5 combining the
low decay time constant and more relaxed gain limit in the
harmonic frequency range (Lv = 0.345 pu, Rv = 0.126 pu).

The simulation results are shown in Fig. 11 for the phase
jump and in Fig. 12 for the voltage dip. Since the outer loops
and their parameters are the same in both cases and only the
VA parameters are changed, the results from both simulated
disturbances demonstrate how the VA parameters impact the
dynamic behaviour of the converter. The impact of the VA is
in particular visible during the first couple of cycles after the
disturbance, before the outer control loops have had time to
react to the disturbance. In both cases, the parameter set based
on case 5 shows a dynamic response with a higher current peak
and a larger dc component, visible as a 50Hz oscillation in
active and reactive power.
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Fig. 11: Simulated response to a 10◦ phase jump at the grid’s
Thévenin voltage for the decoupled GFM controller with two
different VA tunings.

As explained above, the dc component should be kept as
small as possible. But this can not be generalised to assume
that the converter’s reaction to a grid disturbance should be as
small as possible, i.e. that Zv should be chosen to be big: the
larger the VI, the larger the electrical distance between PCC
and the converter’s internal voltage source. As a consequence,
the grid support and contribution to grid strength from the
converter reduces as the impedance increases. Put in simple
terms, VA parameters that are too large let the converter
become a passive bystander – it does not negatively contribute
to any control interactions, but it does not positively contribute
to the stability of the grid during disturbances either.

Based on this, it could be assumed that the VA parameters
should instead be selected to be as small as possible. But
this would mean that even small disturbances in the grid
would cause the converter’s current or energy limiters4 to
saturate, and that the converter’s linear control range would
be very limited. It is therefore necessary to find a compromise
between the advantages of large and small VA parameters.
This compromise needs to take the conditions at the PCC,
the system operator’s requirements and the constraints of
the converter system in question into account. Nevertheless,
the tuning method presented above is an effective way to

4As the energy stored in the capacitor on the converter’s dc side is very
limited in most applications, many converters are equipped with an energy
limiter that prevents the dc voltage from varying too much [38].
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Fig. 12: Simulated response to a 25% voltage dip at the grid’s
Thévenin voltage for the decoupled GFM controller with two
different VA tunings.

establish minimum values for the VA parameters that fulfil
given performance requirements.

VI. CONCLUSIONS

This paper has demonstrated the frequency response that
is expected of a GFM controller based on the analysis of a
voltage source behind an impedance. Due to the possibility
offered by the decoupled controller to freely select the VA
parameters, a tuning method was required to determine these
parameters according to the desired frequency response. The
method proposed in this paper uses gain limits for the input
admittance at selected frequencies. This approach is extended
with the option for selecting a decay time constant of the
dominant resonance in the VA. While the proposed tuning
method cannot capture all aspects that can have an impact on
the selection of the VA parameters, it provides an improvement
of the methods available in the literature by offering an
effective way for basing the tuning of the virtual resistance
and inductance on the impact they have on the converter’s
frequency behaviour.
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