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Abstract—Grid-Forming (GFM) converters exhibit stability
issues that worsen as the inertia coefficient increases. Novel
power synchronization control methods have been proposed in
the literature to improve GFM converters stability. Frequency-
domain based inertia evaluation is typically used to adjust
the control parameters of these methods, ensuring frequency
responses align with the inertia and droop requirements outlined
in the grid code. Therefore, the actual inertia performance of
the converter highly depends on the accuracy of the inertia
evaluation. In this paper, a straightforward inertia evaluation
method using time-domain modeling is proposed. This method
demonstrates that frequency-domain approaches can introduce
errors, especially under high droop conditions. As a result,
control parameters tuned using frequency-domain approaches
may lead to a mismatch between the required inertia and the
actual inertia, potentially violating the grid codes. In contrast, the
proposed method helps in tuning the control parameters of GFM
converter to achieve more accurate inertia behavior, ensuring grid
codes compliance. Experimental and simulation results validate
the effectiveness of the proposed method.

Index Terms—Inertia, droop, evaluation, grid-forming, fre-
quency support, parameters tuning, frequency-domain modeling,
time-domain modeling.

I. INTRODUCTION

The development of renewable energy is rapidly trans-

forming the traditional power system, which is based on

synchronous generators, into a power electronics-based system

[1]. Such transition reduces the total inertia of the system as

the rotating mass is gradually shifted out, decreasing the total

stored kinetic energy of the power system. As a consequence,

power system frequency stability problems have become more

prominent and have received increased attention [2].

To enhance frequency stability in power systems with high

penetration of power electronics, grid-forming (GFM) control

in power converters has been developed to mimic the swing

equation of a synchronous generator [2], [3]. In addition to en-

hancing frequency stability, further research has demonstrated

that the integration of GFM converters can also contribute

to sequence harmonic attenuation, sub-synchronous oscillation

damping and grid voltage support, etc [4]–[7].

Along with the development of new control strategies for

power converters, many countries are revising their grid codes

to enhance the frequency regulation requirements for renew-

able energy sources, including wind power plants (WPPs).

Specifically, these codes require WPPs to provide inertia and

droop responses under a frequency event [8].

To meet the inertia and droop requirements, a conventional

GFM converter can be adjusted by tuning its inertia and droop

coefficients in the active power control loop [9], [10]. How-

ever, high inertia requirements can lead to stability issues in the

conventional GFM converter, especially under conditions of

low droop requirements. To address this issue, one solution is

to modify the structure of the GFM active power control loop

[4], [11], [12]. This control strategy enhance system stability

by either applying a lead-lag filter to the feedback loop or

reconfiguring the swing equation.

Since these control strategies often change the transfer

function of the GFM active power loop, the control parameters

must be tuned to ensure that the power response complies

with the inertia and droop requirements. In this context, accu-

rate inertia evaluation of the converter should be prioritized.

Frequency-domain modeling is commonly used for inertia

evaluation, where the inertia of the converter is expressed

as a function of the control parameters [11], [12]. Under the

assumption that the evaluated inertia matches the actual inertia

of the GFM converter, the required inertia specified by the

grid codes can be achieved by tuning the control parameters

to align the evaluated inertia with the required value.

In addition to frequency-domain modeling analysis, this pa-

per proposes a time-domain-based inertia evaluation method.

The proposed method reveals additional droop-related cou-

pling terms that are hidden in the evaluated inertia func-

tion derived from frequency-domain modeling-based meth-

ods. These additional coupling terms indicate that frequency-

domain modeling-based methods lead to inaccurate inertia

evaluation under high droop conditions, resulting in a mis-

match between the actual inertia and the required one. As a

result, the actual inertia will be deviated from the required one.

As stricter grid codes on power regulation accuracy are being

introduced (e.g., the power regulation error must be lower than

0.01Pnom in China), inaccurate actual inertia resulting from

incorrect inertia evaluation could lead to non-compliance with

these grid codes [8]. Instead, the proposed method provides

a simple way to evaluate the correct inertia of the GFM

converter, allowing control parameters to be tuned accordingly

to ensure the actual inertia complies with the grid codes.
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Fig. 1: Structure of GFM converter grid connected system.
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Fig. 2: Control diagram of GFM converter.

Based on this, the main contributions of the paper are:

1) A time-domain based inertia evaluation method for GFM

converters is proposed to easily assess the actual inertia

of various GFM control methods;

2) A sensitivity analysis is provided, demonstrating that the

GFM droop coefficient has a significant effect on the

actual inertia.

The rest of the paper is organized as follow: in Section II,

a GFM converters grid-connected system is introduced and its

dynamic under various inertia is discussed. In Section III, two

state-of-the-art GFM control strategies are reviewed focusing

on their inertia evaluation methods and control parameters

tuning. In Section IV, the proposed time-domain based inertia

evaluation method is developed. In Section V, experimental

results are provided to verify the effectiveness of the proposed

method. Finally, Section VI concludes the paper.

II. EFFECT OF THE INERTIA COEFFICIENT ON THE

FREQUENCY RESPONSE OF GFM CONVERTER

A. System Configuration

Fig. 1 shows the single phase structure of a GFM converter

connected to the grid. uec is the converter output voltage; ie
is the converter output current; L2 and Lg are the converter

filtering inductance and grid impedance, respectively; ig is

the grid current; ut is the PCC voltage; uec and eg are the

converter output voltage and grid voltage, respectively.

The control diagram of the GFM converter is shown in Fig.

2. A virtual synchronous frequency ωm is generated from the

active power control, and is expressed as:

ωm = (Pref − PGFM )/(ωn(Js+Dd)), (1)

where Pref and PGFM are the reference and actual power

of the converter, respectively; ωn is the rated frequency; J
and Dd are the inertia and droop coefficients, respectively [3].

Generally, the design of J and Dd follows the guidelines given

in (2) and (3).

J = 2HPnom/ω2
n, (2)
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Fig. 3: Model of active power control loop.

where H shares the similar meaning of inertia constant in a

synchronous machine; Pnom is the nominal power [9].

Dd =
Pnom

ω2
nkdf

, (3)

where kdf is the droop ratio, meaning that the GFM power

should change by Pnom when the frequency deviates by

−ωnkdf [4].

The frequency ωm is then integrated to obtain the angle

ϕm, which is combined with the output voltage Um from the

reactive power loop to produce the virtual electromotive force

vp. The error between vp and the product of the GFM output

current ie and a virtual resistance Rs is taken as the modulation

voltage uec,ref . The PWM is assumed to be an ideal process

so that uec,ref = uec.

Assuming that Rs is negligible, the active power exchange

between the converter and the grid is given by:

PGFM =
3EUm

2ωn(L2 + Lg)
sin(ϕm − θg), (4)

where E is the peak magnitude of the grid voltage and θg is

the grid voltage angle. Considering ϕm ≈ θg , the incremental

power at the operating point can be calculated as:

ΔPGFM =
3EUm

2ωn(L2 + Lg)
Δϕm = PmaxΔϕm, (5)

where Pmax is the synchronization torque.

B. GFM converter frequency response under various J

According to (1) - (5), the simplified model of active power

control loop can be derived, as shown in Fig. 3. With this

model, the transfer function from the grid frequency ωg to the

GFM power PGFM can be obtained as:

ΔPGFM (s)

Δωg(s)
=

−Pmax(s+ 2ξωa)

s2 + 2ξωas+ ω2
a

. (6)

ξ =
Dd

2

√
ωn

JPmax
. (7)

ωa =

√
Pmax

Jωn
. (8)

According to (6) - (8), the frequency response of the GFM

converter behaves as a second order system characteristic,

where the damping ratio ξ and the natural frequency ωa are

related to Dd and J(H). Based on this, Fig. 4 shows the

eigenvalues of (6) under different H and kdf = 0.01. The

eigenvalues are plotted in the figure, with H ranging from 0 to

1.6 seconds in intervals of 0.4 seconds. When H = 0, one pole
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various J(H). (kdf = 0.01)

on the real axis dominates the system dynamics, indicating an

over-damped system. In this condition there is no overshoot

in the transient of PGFM during a step change of ωg . As H
increases, a pair of complex dominant eigenvalues emerge and

shift toward the right half-plane, indicating a reduction in the

damping ratio ξ. As ξ is also correlated with the overshoot

ratio, increasing inertia leads to a worse dynamic of PGFM

under a ωg step change.

The simulation results of PGFM under ωg step change are

shown in Fig. 5. In the simulation, L2 = 0.6mH, Lg = 0.4mH

and Pref = 125kW. For the cases with H = 0s and H =
0.4s, the GFM power shows good oscillation damping, while a

weakly damped oscillation mode around 5Hz can be observed

with H = 1.6s. Moreover, the GFM power with H = 0.4s is

always higher than that with H = 0s.

It can be concluded that increasing inertia coefficients leads

to power overshoot during the transient phase of a frequency

event and reduces system stability. Therefore, novel control

strategy should be developed to damp the oscillation caused

by high inertia while keeping the same frequency support

behavior.

III. REVIEW OF TWO GFM CONTROL WITH FLEXIBLE

DROOP AND INERTIA

This section introduces and reviews two state-of-the-art

GFM control strategies that address the conflict between

achieving high-inertia behavior and maintaining system stabil-

ity [11], [12]. Each strategy is analyzed based on the approach

Fig. 6: Models of active power loop. (a) Lead-lag filter [11].

(b) Configurable natural droop [12].

used by the authors to evaluate inertia and droop in their

control parameter design.

A. Introduction of GFM control strategies with flexible con-
figuration of inertia and droop

Fig. 6. shows the active power loop models of two GFM

controls which can realize flexible configuration of the equiv-

alent inertia and droop [11], [12]. In Fig. 6(a), a lead-lag

(LL) filter is applied in the feedback loop, while in Fig.

6(b), a configurable natural droop (CND) loop replaces the

conventional swing equation. Based on this, parameter tuning

methods for the stability improvement and required frequency

support performance are given in the following parts.

B. Parameters design principles for the stability improvement

The LL based solution has a similar control structure of

the conventional GFM control in Fig. 2. The difference is that

the feedback gain of the active power loop is replaced by a

lead-lag filter, expressed as:

GLL(s) = (1 + sτz)/(1 + sτp). (9)

With the additional lead-lag filter, the transfer function from

the grid frequency to the GFM power PGFM (s)/ωg(s) can be

rewritten as:

LL(s) =
−ωnPmax(1 + sτp)(Dd + Js)

Jωnτps3 + aLL2s2 + aLL1s+ Pmax
, (10)

where

aLL2 = ωn(J +Ddτp), aLL1 = (ωnDd + Pmaxτz). (11)

From (10) and (11), the introduction of lead-lag filter

modifies the characteristic equation and the eigenvalues are

changed as the consequence. Since low droop always leads to

the worst stability condition, values of τz and τp are usually

designed under Dd=0.

τp =

√
Jωn

Pmax(2ξ + 1)3
, τz = τp(2ξ + 1)2. (12)

The transfer function of the CND control can be expressed

as:

GCND(s) =
KI +KP s

ωn(KG + s)
. (13)



Similarly, the transfer function from the grid frequency to

the GFM power PGFM (s)/ωg(s) can be rewritten as:

CND(s) =
−ωnPmax(s+KG)

ωns2 + (ωnKG + PmaxKP )s+ PmaxKI
.

(14)

ξ =
ωnKG + PmaxKP

2ωaωn
. (15)

ωa =

√
PmaxKI

ωn
. (16)

C. Frequency-domain modeling based droop evaluation

The droop power injection generally represent for the ratio

between the power deviation and the grid frequency deviation

under steady state [13]. Therefore, frequency-domain model-

ing based final value theorem is usually applied to calculate

the droop coefficient of GFM control. According to (10) and

(14), the equivalent droop coefficient of two methods can be

calculated as:

Dd,LL = lim
s→0

−LL(s)/ωn = Dd, (17)

Dd,CND = lim
s→0

−CND(s)/ωn = KG/KI , (18)

where Dd,LL and Dd,CND are the evaluated droop coefficients

of LL and CND methods derived from the frequency-domain

modeling.

From (17) and (18), LL method keeps the original droop

meaning of the conventional GFM control while CND method

needs to tune its control parameters KG and KI for the

required droop behavior.

D. Frequency-domain modeling based inertia evaluation

The inertia power injection is inversely proportional to the

derivative of the grid frequency ωg [14]. Similarly, the final

value theorem can be also applied to analyze the inertia effect

of a GFM converter:

JLL = lim
s→0

−LL(s)/sωn|Dd=0 = J, (19)

where JLL is the evaluated inertia coefficient of the LL

method. Therefore, the LL method can also keep the original

inertia meaning of the conventional GFM control.

The reason of setting Dd = 0 is to avoid infinite values of

inertia [11]. As indicated from (17) - (19), the final value

theorem always allows for obtaining a finite value for the

droop coefficient, while a finite inertia coefficient can only

be achieved under zero droop conditions. Therefore in [11],

the equivalent inertia is designed first by setting Dd = 0. The

value of Dd can then be configured based on the specific

requirements. Under this condition, it was assumed that Dd

has no effect on JLL.

Another frequency-domain based inertia evaluation method

was proposed in [12]. Here, the inertia coefficient is evaluated

by equating (8) with (16) and it gives

JCND = 1/KI = J, (20)

where JCND is the evaluated inertia coefficient of the CND

method. The reason for this equality is that both the CND
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control and the conventional GFM control share a similar

characteristic equation (see (6) and (14)). Since the system

natural frequency ωa in both methods is only affected by J
and KI , respectively, it is reasonable to consider that KI has

the equivalent meaning of the inertia.

In summary, the evaluated inertia of both LL method and

CND method is related to the corresponding control param-

eters. Particularly, LL method keeps the original meaning of

J and Dd, while the CND method requires adjusting KG and

KI to achieve the desired inertia and droop. The correctness

of inertia evaluation has been experimentally validated in [11],

[12] under the conditions of high inertia and zero (negligible)

droop. However, the accuracy of inertia evaluation under high

droop still requires further discussion and validation.

IV. PROPOSED TIME-DOMAIN INERTIA EVALUATION

METHOD

The inertia evaluation methods mentioned in Section III

were generally considered able to realize the match between

the required inertia and the actual inertia from the GFM con-

verter. In this section, a time-domain based inertia evaluation

method is proposed and it shows that the previous inertia

evaluation methods may mismatch with the actual inertia when

droop is not zero.

A. Introduction of the proposed time-domain inertia evalua-
tion method

Considering ΔPref=0 and the unified power loop con-

trol (UPLC) shown in Fig. 7, the transfer function

PGFM (s)/ωg(s) can be written as:

ΔPGFM (s)

Δωg(s)
= −ωn(ans

n + · · ·+ a0s
0)

bnsm + · · ·+ b0s0
. (21)

Accordingly, time-domain differential equation of (21) can

be obtained as:

bnd
mΔPGFM

ωndtm
+ · · ·+ b0d

0ΔPGFM

ωndt0
=

−and
nΔωg

dtn

+ · · ·+ −a0d
0Δωg

dt0

.

(22)

Indicating with Ji and Di the actual inertia and droop of

the GFM converter implemented with the UPLC (GUPLC in

Fig. 7), the output power PGFM can be expressed, when the

grid frequency ωg changes at a constant rate of change of

frequency (RoCoF) ωrocof as [15]:

−ΔPGFM

ωn
= Ji

dΔωg

dt
+DiΔωg = Jiωrocof+DiΔωg. (23)



Substituting (23) and ωg = ωn + ωrocof t into (22), it results

in:

−(b1Diωrocof ) +
b0ΔPGFM

ωn
= −a1ωrocof − a0Δωg. (24)

After rearrangement, (24) can be written as:

−ΔPGFM

ωn
=

a1 − b1Di

b0
ωrocof +

a0
b0

Δωg. (25)

Equating (23) with (25), the equivalent inertia and droop

coefficients of the GUPLC(s) control can be obtained as:

Ji =
a1 − b1Di

b0
, Di =

a0
b0

. (26)

According to (26), for any type of GFM control, where

the relationship between PGFM and ωg can be expressed in

the form of (22), the inertia and droop coefficients can be

evaluated as shown in (26).

B. Inertia evaluation of three GFM control methods using the
proposed method

Applying the proposed inertia evaluation method to (6), (10)

and (14), the result is:

Jr = J − ωnD
2
d

Pmax
�= J. (27)

JLLr = J +Dd(τp − τz)− ωnD
2
d

Pmax
�= J. (28)

JCNDr =
1−Dd,CNDKP

KI
− ωnD

2
d,CND

Pmax
�= 1

KI
. (29)

where Jr, JLLr and JCNDr are the evaluated inertia coeffi-

cients of the conventional, LL and CND methods, respectively,

using the proposed time-domain modeling.

From (27) - (29), the evaluated inertia of three GFM control

methods show the same fixed error
ωnD

2
d

Pmax
, comparing to those

evaluated through the frequency-domain modeling. Besides,

the LL method and the CND method have an additional error

Dd(τp − τz) and
−Dd,CNDKP

KI
, respectively. These errors are

highly related to the droop coefficient. Therefore, the mismatch

only occurs when droop is not zero. When the droop is zero, all

the methods align their actual inertia with the required inertia.

With the increase of droop, the evaluated inertia becomes

inaccurate, thus leading to a mismatch between the evaluated

and the actual inertia. Under this condition, control parameters

tuned according to the evaluated inertia will cause mismatch

between the required inertia and the actual inertia.

C. Simulation validation

To validate the correctness of the proposed method, Fig. 8

shows the PGFM of LL and CND methods under a constant

ωRoCoF =-4rad/s with one second duration. In the simulation,

L2 = 0.6mH, Lg = 0.4mH, Pnom = 125kW, H=1.6s and

kdf=0.01. Indeed, H should be higher in a realistic case;

however, this value is chosen to make the effect of the coupling

term more prominent. According to (2) and (3), J=4 and

Dd=125; τz =0.05 and τp =0.0055 are designed for ξ=1 in

Time (s)

Po
w

er
 (k

W
)

153

158

151

 RoCoF

Fig. 8: GFM power response to -4rad/s RoCoF under various

control strategy. (kdf = 0.01)

the lead-lag filter. For the CND method, with required ξ=1,

KI=0.25, KP =0.008, and KG=31.25. Moreover, the power

response of the conventional GFM with H=1.6s and Dd=125

is also given for comparison.

According to (27) - (29) and according to the given control

parameters, the evaluated inertia of the three methods can

be calculated as Jr=0.7609, JCNDr=-3.2391 and JLLr=-

4.8016, respectively. Substituting (27) - (29) and ωg = ωn

+ ωrocof (t − 0.5) into (23), the GFM power of conventional

GFM, LL and CND methods at 1.5 second can be evaluated as

Pr,conv=158kW, Pr,LL=151kW and Pr,CND=153kW, respec-

tively. The computed results matches well with the simulation

results in Fig. 8, thus validating the correctness of the proposed

inertia evaluation method. In addition, Jr, JCNDr and JLLr

are negative, indicating a risk of deterioration in the frequency

stability of the system.

It is worth noting that the evaluated GFM power of con-

ventional GFM, LL and CND methods based on frequency-

domain inertia evaluation method are all 162kW. It is evident

that the frequency-domain inertia evaluation method signifi-

cantly misrepresents the actual inertia behavior, leading to a

mismatch between the evaluated and actual inertia.

Since the evaluated inertia is commonly considered equal to

the required inertia, a function of power regulation error can

be defined as:

PRG =
Pev − Pact

Pnom
, (30)

where Pev and Pact are the evaluated (or required) power and

the actual power, respectively.

Taking CND method as an example, with the frequency

domain based inertia evaluation method, the power regulation

error is calculated as 7.2% > 1%, thus violating China grid

codes [8]. With the proposed inertia evaluation method, the

power regulation error is far smaller than 1%, which well

complies with the grid codes. Therefore, the proposed inertia

evaluation method helps in tuning the control parameters to

match the actual inertia with the required inertia, and the

power regulation error requirements can also be met. Similar

conclusions can be obtained under the conditions of other

active power control loops such as the LL method.

Since both LL and CND methods are developed to solve the

stability issue of GFM converter at conditions of high inertia



Fig. 9: Experiment setup.

and low droop. In these conditions, it is hard to notice the

effect of droop on the actual inertia.

D. Sensitivity analysis

Taking CND method as an example, the partial derivative

of (29) with respect to its droop coefficient is given by

∂JCNDr

∂Dd,CND
=

−KP

KI
− 2ωnDd

Pmax
. (31)

From (31), it can be concluded that under fixed KP and

KI , the incremental errors between the actual inertia and the

evaluated (or the required) inertia become higher with the

increase of droop or the decrease of the grid stiffness, i.e., a

weaker grid. Similar conclusions can be derived for the other

active power control loops.

E. Feasibility of online inertia evaluation

From Fig. 7, transfer function PGFM (s)/(−ωref (s)) can

be written as:

ΔPGFM (s)

−Δωref (s)
= −ωn(ans

n + · · ·+ a0s
0)

bnsm + · · ·+ b0s0
, (32)

where ωref represents a tunable reference frequency within

the GFM power control. Since (21) and (32) describe the

same functional relationship, the online evaluation of system

inertia becomes feasible by introducing a perturbation to

ωref . This approach enables the indirect determination of the

transfer function between PGFM and ωg , thereby facilitating

the identification of the inertia-related coefficients outlined in

(26).

V. EXPERIMENTAL RESULTS

In this section, the mismatch between the inertia evaluated

by means of frequency-domain approaches and the actual

inertia in different GFM implementations is experimentally

validated in a micro-grid setup, shown in Fig. 9. In the setup,

a power amplifier is used to emulate the power system to

which its reference signal comes from a Real-Time Digital

Simulator (RTDS). The power amplifier is then connected to

the converter via series inductors that emulate the weak grid

impedance. The dSPACE MicroLabBox is used for the control

implementation. The converter platform contains two parallel

converters, only one of which is used in the experiment. The

-1 rad/s RoCoF

Fig. 10: GFM power under constant RoCoF.

TABLE I: Experiment Parameters

Symbol Value Symbol Value Symbol Value
Pnom 1000W Qref 0 Var ωn 314 rad/s
ut 110 V L2 5 mH Rs 4 Ω
Lg 25 mH K 50 J 0.162
KI 6.17 KG {0, 1.66, 3.32} Dd {0, 0.27, 0.54}
KP 1.43 τz 0.31 τp 0.01

dc-link of the converter is powered by an external dc source.

In addition, all the experimental results are filtered by a digital

low-pass filter to mitigate the harmonic components.

The scaled system and controller parameters are listed in

Table I. As this paper primarily investigates the impact of

the droop coefficient on the system’s inertia behavior, only

the droop-related control parameters (such as KG in the

CND method and KG in the LL method) are adjusted in the

experiments, while all other parameters remain fixed. For the

CND method, the gain values KG={0; 1.66; 3.32} are selected,

corresponding to droop coefficients Dd,CND={0; 0.27; 0.54},

respectively. For the LL method, the same droop coefficients

Dd={0; 0.27; 0.54} are chosen. With the parameters, the eval-

uated inertia under different methods can be obtained from

(19), (20), (28) and (29), shown in Table II.

A. Frequency response of GFM converter under zero droop

As shown in Table II, all three methods yield identical iner-

tia evaluation results under zero droop conditions. A constant

RoCoF ωrocof = −1 rad/s is applied to the grid frequency ωg to

validate the accuracy of inertia evaluation. Based on this, the

estimated power Pev in the steady-state can be calculated as

0.05 p.u. according to equation (23), which is consistent with

the experimental results in Fig. 10. This confirms that both the

LL and CND methods accurately evaluate the inertia response

when droop is zero. Under these conditions, the evaluated

power Pev equals the actual power Pact.

B. Frequency response of GFM converter with both inertia
and droop

As the droop coefficient increases, only the proposed

method accurately captures the influence of droop on the actual

inertia coefficient. This effect leads to a mismatch between

the power Pev estimated by the LL and CND methods and

the actual output power Pact. To verify the accuracy of inertia



 RoCoF

0.114

0.108

Fig. 11: Power response of GFM with droop Dd,1=0.27.

 RoCoF

0.174

0.162

Fig. 12: Power response of GFM with droop Dd,2=0.54.

evaluation, the reference power Pref for both methods is set to

zero, and a constant RoCoF of ωrocof = −1 rad/s is applied to

the grid frequency ωg for a duration of one second.

Based on this configuration, Fig. 11 and Fig. 12 show

the power responses of the GFM converter under droop

coefficients of Dd,1=0.27 and Dd,2=0.54, respectively. Due

to the droop effect, the GFM power output PGFM continues

to increase during the RoCoF period. Therefore, the instanta-

neous power at the end of the RoCoF is taken as the actual

power Pact for comparison.

The estimated power Pev for each method is calculated

using equation (23), where Ji is replaced by the corresponding

inertia value listed in Table II. The computed results are

summarized in Table III. It is evident that the proposed method

yields Pev values that closely match Pact, demonstrating high

evaluation accuracy. In contrast, the LL and CND methods

show increasing deviation from Pact as the droop coefficient

increases.

Consequently, control parameters designed based on inertia

values from the LL or CND methods may result in dis-

crepancies between the expected and actual inertia behaviors,

potentially violating grid code requirements. For example, with

the LL method at Dd = 0.27, the power regulation error,

calculated using (30), is 2.8% > 1%, thus exceeding the limit

defined by China grid codes.

VI. CONCLUSIONS

Accurate inertia evaluation of GFM converters is essential

for tuning control parameters to align actual inertia with the

requirements specified by grid codes. However, conventional

TABLE II: Evaluated inertia coefficient JLL, JLLr, JCND and

JCNDr

Method
Droop

0 0.27 0.54

eq.(19) - Method in [11] for LL 0.1621 0.1621 0.1621
eq.(28) - Proposed method for LL 0.1621 0.0751 -0.0236
eq.(20) - Method in [12] for CND 0.1621 0.1621 0.1621

eq.(29) - Proposed method for CND 0.1621 0.0939 0.0139

TABLE III: Estimated power Pev (p.u.)

Method
Droop

0 0.27 0.54

Method in [11] for LL 0.05 0.136 0.221
Proposed method for LL 0.05 0.108 0.162
Method in [12] for CND 0.05 0.135 0.220

Proposed method for CND 0.05 0.114 0.174

frequency-domain-based methods may produce inaccurate re-

sults under high droop settings and weak grid conditions,

leading to significant mismatches between the actual and ex-

pected inertia. This discrepancy can result in power regulation

errors that exceed acceptable limits. For example, with a droop

coefficient of Dd = 0.27 and a RoCoF of −1 rad/s, the LL

method yields an inertia evaluation error of −0.09, leading to

a power regulation error of up to 2.8%, which surpasses the

1% threshold defined by China grid codes.

To overcome this limitation, a time-domain-based inertia

evaluation method is developed that can accurately determine

the actual inertia of GFM converters even under high droop

conditions. With the proposed approach, both inertia evalu-

ation and power estimation errors become negligible. This

enables precise tuning of control parameters, ensuring com-

pliance with both inertia and power regulation requirements.

Future work will extend this research by incorporating

virtual impedance/admittance control into GFM systems and

analyzing performance under diverse operating conditions

such as grid voltage faults.
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