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Abstract 

 

The application of shunt capacitor banks and underground cables typically induces resonance in power distribution systems. In 
this study, the propagation of resonance in a microgrid (MG) with inverter-based distributed generators (IBDGs) is investigated. 
If resonances are not properly damped, then the output current of the inverters may experience distortion via resonance 
propagation due to the adverse effect of resonances on MG power quality. This study presents a conceptual method for 
identifying resonances and related issues in multi-inverter systems. For this purpose, existing resonances are identified using 
modal impedance analysis. However, some resonances may be undetectable when this method is used. Thus, the resonances are 
investigated using the proposed method based on the frequency response of a closed-loop MG equivalent circuit. After analyzing 
resonance propagation in the MG, an effective virtual impedance damping method is used in the IBDG control system to damp 
the resonances. Results demonstrate the effectiveness of the proposed method in compensating for existing resonances. 
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I. INTRODUCTION 

Distributed energy resources are generally connected to 
distribution systems via an interface inverter to deliver power 
and enhance network power quality. When an inverter-based 
distributed generator (IBDG) is connected to a stiff power 
system, the filter parameters of the inverter can be designed 
independently from its network parameters. Furthermore, 
low-voltage networks frequently have high impedance lines, 
and thus, coupling between IBDGs and networks must be 
considered. Accordingly, reciprocal impacts among all 
IBDGs and networks must be accounted for to identify 
resonances in multi-inverter systems. 

Many studies have been conducted on the modeling of 
parallel inverters and the damping of resonances in microgrids 
(MGs). In [1], a simplified passive circuit model was 
presented to investigate resonances without the contribution of 
IBDGs. Reference [2] discussed the interaction of parallel 
inverters based on an open-loop transfer function matrix. 
However, this model cannot describe the transient behavior of 

MGs. Meanwhile, a method for damping resonance using an 
inductor–capacitor–inductor (LCL) filter was developed and 
presented in [3]. However, this method is sensitive to system 
parameter variations. In [4], [5], a double-loop line current 
control was applied to compensate for harmonics. However, 
double-loop control requires additional measurement systems. 
The virtual impedance compensation method (active damping) 
has been applied to stand-alone and grid-connected inverter 
applications [6]-[10]. The performance of virtual impedance 
control can be less sensitive to system parameter variations. 

In [11], a method was applied to identify and actively 
damp resonances in parallel inverters. However, this method 
is only applicable to multi-parallel inverters that can be 
connected to one bus. In [12], an active damper with a series 
LC filter was presented to suppress resonances in an AC MG 
with IBDGs. Compared with an active power filter for 
mitigating low-frequency harmonics, the proposed damper 
damps resonances at higher frequencies. Reference [13] 
introduced different active damping approaches based on 
high-order harmonic elimination for grid-connected inverters 
with LCL filters. The use of resistor–capacitor impedance in 
the output of parallel inverters was presented in [14] to reduce 
circulating currents and damp high-frequency resonances 
among inverters. A new active damping control strategy that 
introduced a positive capacitor or a negative inductor as 
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virtual impedance in doubly-fed induction generators was 
demonstrated in [15]. Most of the aforementioned methods 
have been successfully applied to mitigate resonances; 
however, the effectiveness of these methods depends on the 
exact identification of network resonances. Thus, good power 
quality can be guaranteed if all the resonances of an MG are 
accurately identified and damped. 

The current study models an inverter-based MG to identify 
resonances and resonance frequencies. In the presented 
approach, the closed-loop MG equivalent circuit is determined 
according to the network admittance model. Then, the 
resonance frequencies are determined based on frequency 
response analysis. The impact of all the elements can be 
considered in the presented approach due to its flexibility. 
Subsequently, the MG resonances are examined via modal 
impedance analysis, and the relation of this approach to the 
proposed method is evaluated. Consequently, an effective 
active damping method is used in an IBDG control system to 
damp the identified resonances. 

The rest of the paper is organized as follows. Section II 
discusses the modeling of MG components. Section III 
analyzes MG resonances. Section IV investigates the principle 
of the resonance damping strategy. Section V simulates a 
sample MG. Section VI draws the conclusions of the study. 

 

II. IBDG MG 

Fig. 1 shows the single-line diagram of the proposed 
three-phase balanced MG. This MG consists of two current 
control inverters, which are used to supply the predefined 
powers to the MG in grid-connected operation mode. , , 

and  are the inverter side inductance, network side 

inductance, and filter capacitor, respectively. , , and 

 are the line, grid, and load impedances, respectively. 

A. Inverter Modeling 

Fig. 2(a) shows the control system of the current control 
inverter. The inverter output has an LCL filter, and the 
inverter current control loop includes a proportional resonant 
(PR) controller that is designed in a stationary reference 
frame. A phase-locked loop is used to synchronize the current 
control inverter with the MG. A pulse-width modulation 
(PWM) converter is linearized around the operation point of 
the system, and the relation among the inverter output current, 
reference current, and output voltage can be obtained as 
follows: 

(1)( ) = ( ). ∗( ) − ( ). ( ). 
Equation (1) represents the Norton equivalent circuit of the 

current control inverter, in which Gcc(S), Yoc(S), and ∗( ) 
denote the closed-loop transfer current function, output 
admittance, and reference current of the current control 
inverter, respectively. Gcc(S) and Yoc(S) can be computed 
using Fig. 2(b) and Masson’s formula as follows: 

 

Fig. 1. Three-phase balanced MG. 
 

 
(a) 

 
(b) 

Fig. 2. Per-phase equivalent model of the inverter: (a) Schematic 
of the control system, (b) Block diagram of the linearized 
system. 

 

(2)

( )
=

( ). ( ). . . . . ( ). ( ), 
 

(3)( ) = . .. . . . ⋯, 

where  and  are the internal resistance of the filter 

inductances, and GI(S) is the PR transfer function of the 
current controller that is written as 

(4)( ) = + ∑ .( . ∗), ,…, , 

where	  and  are the proportional and kth harmonic 

(including the fundamental component as the first harmonic) 
resonant coefficients of the current controller, and ∗ 
represents the fundamental frequency. The transfer function 
of the PWM converter is considered  

Vdc

Zgrid
Z l1

Z l2

Utility GridPCCLf Lg

Cf

Vdc

Lf Lg

Cf

Z load

abc
αβ

PWM

-

Vo,abc

abc
αβ

+

Vdc
Cf

Lf

 controller
PR current

Io,αβ

- I*

Lg

dq
αβ

PLL
Io,abc

Io,abc

θ,PLL

1/(Cf.S)

V,Cf(S)

I,Lf(S)

+

-

+
-

-

Vo(S)

1/(rg+Lg.S)
Io(S)

GI(s) Gpwm(s)
I*(S)

-

+

1/(rf+Lf.S)
+



Identification and Damping of Resonances in Inverter-based Microgrids                    1237 
 

 
Fig. 3. Per-phase equivalent circuit of the MG. 
 

(5)( ) = . . . , 

where Ts is the converter switching period. 

B. Closed-loop Equivalent Circuit of the MG 

Fig. 3 illustrates the equivalent circuit of the MG in which 
all resources are substituted with the Norton model for 
simplicity. The MG lines and loads are modeled with constant 
impedances. First, the admittance matrix is constructed for 
the outer zone when the MG is connected to the upstream 
network. In this case, the output impedances of the IBDGs 
are considered in the admittance matrix of the MG, and the 
voltage control inverter is out of service. Therefore, the 
admittance matrix is 

(6)
, . ∗
, . ∗. ∗ = . , 

where  is the outer admittance matrix (outer area) 
wherein the inverter’s output impedances are considered. ∗, 

, ∗ , and  are the reference current of the  

inverter, voltage of the  bus, grid voltage, and grid 
admittance, respectively.  

=  
                                            , + , 0 − ,0 , + , − ,− , − , + , + , + ⋯ ,

(7)

where ,  is the line admittance and ,  is the load 

admittance at the point of common coupling (PCC). 

(8)= , 

(9)= .
, . ∗
, . ∗. ∗ . 

The inner zone admittance should be used to calculate the 
output current of IBDGs. In this case, the IBDG output 
impedances will not be included in the admittance matrix. 
Therefore, 

(10)
,,, = . , 

where  and ,  are the inner zone admittance matrix 

and the output current of each IBDG, respectively. 

(11)=
, 0 − ,0 , − ,− , − , , + , + , , 

(12)
,,, = . .

, . ∗
, . ∗. ∗ , 

(13). = = , 

where [G] is the network transfer function matrix. To 
calculate the output current of each IBDG (e.g., IBDG1), 
their current can be extended as follows: 

(14), = . , . ∗ + . , . ∗ + . . ∗.
The relation between IBDG1 current and ∗, ∗,and	 ∗ is as follows: 

(15),∗ = . , ∗, ∗ = 0, 

(16),∗ = . , ∗, ∗ = 0, 

(17)
, ∗ = . | ∗, ∗ = 0. 

When Equation (14) is considered, the output current of 
each inverter depends on three terms. Each term can contain 
resonances. The first term that makes up internal resonance 
represents the dependency of the  inverter output current 
to its own reference change. The second term shows parallel 
resonance between IBDGs and is generated by the reference 
change in other inverters. The third term indicates the 
interaction between the  inverter output current and grid 
voltage. This type of resonance can be excited during voltage 
distortion. Therefore, MG resonances can be understood by 
observing the frequency response plot of the aforementioned 
transfer functions. 

 

III. ANALYZING NETWORK RESONANCES 

To demonstrate the performance of the aforementioned 
method in identifying MG resonances, MG resonances are 
analyzed using the proposed method (the closed-loop MG 
equivalent circuit) and the modal impedance method 
proposed in [4]. Then, the differences between the two 
methods are determined. The modal impedance matrix  
is calculated using Equations (18) to (21). In accordance with 
these equations, if the input current vector I  is always set 
to 1 p.u., then the high voltage vector  values are 
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associated with the singularity of the admittance matrix 

. The singularity of the  matrix can be 
observed when one of its eigenvalue is close to zero. 

(18)= . = . , 

(19)=	 , 

(20)= . , 

(21)= , 

where , 	,	and  are the matrices constructed from 
the right and left eigenvectors and the diagonal matrix 
composed of the eigenvalues of the admittance matrix. 
Evidently, if the eigenvalues of the  matrix tend to be 
small, then the modal impedances of the [Zm] matrix move 
toward the large values and cause the propagation of parallel 
resonances. The modal impedance approach is constantly a 
powerful instrument for detecting resonances in power 
systems. However, resonance frequencies may not be 
detected in this method because modal impedance analysis is 
a passive approach. Therefore, the closed-loop equivalent 
circuit method and modal impedance analysis are used 
simultaneously in this study to detect system resonances. 

A. MG Resonances in Grid-connected Mode 

The resonances in the IBDG1 output current are 
investigated in this section. MG resonances are investigated 
by considering the parameters of the control system and 
power circuit listed in Table 1. Fig. 4 illustrates the Bode plot 

of the transfer function ,∗  and modal impedance components 

of the aforementioned system (Fig. 3). In this case, line 
impedances are neglected, and bus 3 is connected to the grid. 
As shown in Fig. 4, when one inverter is connected to the 
network, only one resonance frequency occurs in the MG due 
to the inverter output filter capacitor. This resonance frequency 
matches the resonance frequency in the modal impedance 
diagram. 

As shown in the modal impedance diagram in different 
statuses (multi-inverter), only Zm3 is excited, whereas Zm1 and 
Zm2 can be neglected. Zm3 is also moved to low frequencies by 
increasing the number of inverters (new inverters are added 
to bus 2). The frequency response diagram of IBDG1 
includes two pick points. The low-frequency pick point is 
identical to the modal impedance diagram due to the 
increased number of parallel inverters. This point is moved to 
low frequencies by increasing the number of inverters. The 
second peak point is constant and is related to the inverter’s 
closed-loop transfer function Gcc. The second peak point is 
unavailable in the modal impedance diagram. The discussed 
resonances, called internal resonances, are typically transient 
resonances that can be excited during the reference change of 
IBDGs. 

The other IBDGs can also cause the second type of resonance  

 
(a) 

 
(b) 

Fig. 4. Internal resonances of IBDG1: (a) Modal impedance plot, 

(b) Magnitude Bode plot for the transfer function ,∗ . 
 

 
(a) 

 
(b) 

Fig. 5. Parallel resonances between IBDG1 and IBDG2: (a) 
Modal impedance plot, (b) Magnitude Bode plot for the transfer 

function ,∗ . 
 
in the IBDG1 output current. These resonances, which are 
generated among IBDG currents, are presented in Fig. 5. In 

this case, the frequency response of transfer function ,∗  has 

two peak points in the diagram. The high frequency point is 
associated with the closed-loop transfer function of IBDGs, 
whereas the low frequency point is related to the inverter’s 
output impedances. 

When the MG is connected to the upstream grid, the 
harmonics in the grid voltage can distort the output current of 
the IBDGs (Fig. 6). 

These propagated resonances are the third type of 

resonances in the MG. In this situation, the , ∗ frequency 

response plot has only one peak point, which is identical to 
the maximum point of the modal impedance plot. The peak 
point moves to low frequencies with an increase in the 
number of parallel IBDGs. The grid voltage typically has  
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(a) 

 
(b)   

Fig. 6. Parallel resonances between the grid and IBDG1: (a) 
Modal impedance plot, (b) Magnitude Bode plot for the transfer 

function , ∗. 
 
low-order harmonics in the steady state situation. When the 
number of parallel IBDGs increases in the MG, the resonance 
frequencies can possibly get close to the grid harmonic 
frequencies. That is, the low-order harmonics of the grid 
voltage may excite MG resonances. The internal and parallel 
resonances among IBDGs are typically excited by transient 
states. However, the third type of resonance can possibly 
occur under steady state condition due to the low-order 
harmonics in the grid voltage. 

B. Effect of Capacitor and Line Impedances 

The power factor correction capacitor and line impedances 
affect network resonances. To investigate the effect of 
capacitors, only IBDG1 is assumed to be in service, whereas 
the other inverters are disconnected and bus 3 is connected to 
the main grid. Two maximum points are created in the modal 

impedance diagram of Zm3 by adding a 40  capacitor to 
bus 1 (Fig. 7). 

When the second capacitor (with the same capacity) is 
added to bus 2 by neglecting the line impedances, the 
generated state is the same as that in the previous scenario but 
with twice the capacitor capacity. The frequencies of the two 
peak points move away from each other by increasing the 
number of capacitors. When the effect of line impedance on 
the resonance analysis is considered, a new mode is created 
in the network as shown in Fig. 8, and previous modes move 
to lower or higher frequencies by adding each capacitor. In 
case low-order harmonics occur in the network voltage, 
the modes that move to lower frequencies may produce 
permanent resonances. 

C. Grid Impedance Impact 

As shown in Fig. 9, the magnitude of the modal impedance 
peak point is decreased drastically by reducing the grid 
inductance Lgrid and the mode tends toward higher 
frequencies. The IBDGs can be considered independent from  

 
(a) 

 
(b) 

Fig. 7. Internal resonances with power factor correction 
capacitors: (a) Modal impedance plot, (b) Magnitude Bode plot 

for the transfer function ,∗  . 

 

 
(a) 

 
(b) 

Fig. 8. Internal resonances with power factor correction 
capacitors and that consider line impedances: (a) Modal 
impedance plot, (b) Magnitude Bode plot for the transfer 

function ,∗ . 
 
one another when the MG is connected to the upstream grid 
via a low impedance line (stiff grid). 

However, when a high impedance line (weak grid) exists, 
the dynamic behavior of the IBDGs is dependent on one 
another and grid impedance should be considered in network 
analysis. The important points of analysis can be listed as 
follows. 

 The reference change of IBDGs creates the transient 
resonances in the output current of the inverters. 

 Each power factor correction capacitor or filter 
connected to a separate bus creates a new resonance 
mode in the network. 

 Only one resonance is created when filters or 
capacitors are connected to one bus, and its frequency 
changes based on capacitor value. 
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(a) 

 
(b) 

Fig. 9. Internal resonances of grid impedances with different 
values: (a) Modal impedance plot, (b) Magnitude Bode plot for 

the transfer function ,∗ . 
 

 Some resonances tend toward low frequencies by 
increasing line inductances. 

 The dependence of IBDGs on one another and the 
magnitude of network resonances are reduced with 
decreasing grid inductance. 

On the basis of these points, if network resonances are not 
properly damped, then the quality of IBDG output current 
and network voltage may experience a major distortion. 

 

IV. RESONANCE DAMPING STRATEGY 

Reference [16] suggested a method for the active 
compensation of distortions in a single inverter system. In 
this method, the application of parallel inverters is not 
considered. The lag-and-lead compensation method in [2] is 
applicable to parallel inverters but highly dependent on 
network parameters and uncertainties. Furthermore, the 
virtual impedance approach in grid-connected inverters was 
used in [9–11] and [17, 18], which show that the virtual 
impedance method is less sensitive to a change in network 
parameters. Moreover, no power loss occurs because the 
resistor is not physically connected to the network. Therefore, 
the virtual resistance method is used to mitigate network 
resonances in the succeeding sections of this paper. 

A. Damping Scheme 

Fig. 10 shows the control current inverter with a virtual 
damping resistor. The output voltage is transformed to the 
(synchronous) dq reference frame, and voltage distortion is 
separated by using a high-pass filter. 

Then, voltage distortion is transformed to the (stationary) 
αβ reference frame. Afterward, voltage distortion is damped 
by the Rv resistor, which exerts the same effect on all the 
harmonic components. The gain of the damping control loop  

 
Fig. 10. Per-phase equivalent model of the current control inverter 
with a virtual damping resistor. 
 

 
Fig. 11. Root map of an inverter system with different damping 
resistances (Rv changes from 40 Ω to 0.2 Ω). 
 
is considered 1/Rv. In the fundamental frequency, this 
damping resistor behaves similarly to an infinite resistor and 
exerts no impact on the fundamental component. 

B. Stability Analysis and Design Guidelines 

To achieve a mathematical approach for computing the 
damping resistor by considering the inverter Norton 
equivalent circuit (Equation (1)) and regardless of the 
resistances and simplification, the reduced second-order 
system is obtained as [11] 

(22)

( ) = 1++ 1. . + 1+ . ∗( ) −
.

. . ( ) . ( ). 
The damping ratio ( ) is achieved as 

(23)= . 

The damping resistance can be obtained by considering the 
favorable damping ratio. 

The stability analysis of the inverter system is also 
investigated. Fig. 11 shows the root map of the inverter 
system with different virtual damping resistances. The circuit 
parameters of the system are selected to be the same as those 
in the simulation, which are listed in Table I. 

As shown in Fig. 11, when Rv is set as 0.5 Ω, the system 
has a conjugate pole pair around the imaginary axis, which 
illustrates a decrease in system stability margin and weak 
damping characteristic. Furthermore, the conjugate pole pair  
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(a) 

 
(b) 

Fig. 12. Internal resonances with a virtual damping resistor: (a) 
Modal impedance plot, (b) Magnitude Bode plot for the transfer 

function ,∗ . 
 

 
(a) 

 
(b) 

Fig. 13. Internal resonances with power factor correction 
capacitors and the impact of virtual damping resistors: (a) Modal 
impedance plot, (b) Magnitude Bode plot for the transfer 

function ,∗ . 
 
moves toward the right side of the imaginary axis with a 
small damping resistance. When Rv is reduced to 0.2 Ω, the 
conjugate pole pair passes the imaginary axis and the system 
becomes unstable. Fig. 11 also shows that when Rv changes 
from 6 Ω to 10 Ω, the position variation of the poles are not 
highly evident. However, when Rv changes from 10 Ω to 40 
Ω, the positions of the poles exhibit considerable changes. 
From these discussions, the appropriate virtual damping 
resistance for inverters can be achieved. 

C. Damping Effect on Resonances 

Fig. 12 shows the impact of a damping virtual resistor on 

modal impedance and the closed-loop transfer function ,∗  
when the virtual resistor is set as 9 Ω. 

TABLE I 
PARAMETERS OF THE CONTROL AND ELECTRICAL POWER SYSTEM 

Unit Value Parameter Symbol 

V 311 Grid voltage 
amplitude E 

V 650 DC link voltage  

Rad/s314 Grid frequency ∗ 
Ω 6+j3.5 Load impedance ,  

mH 0.2,1.8 Filter inductance ,  

kHZ10 Switching frequency  

Ω 
j0.62, 

j0.62,j0.3
Line inductance , ,  

Ω 9 Virtual resistance  μF 25 Filter capacitor  

W/rd1,100 Controller coefficient ,  

 

The resonance magnitude is reduced from 30 dB to −5 dB 
according to Fig. 12 and the comparison of the resonance 
peak value with the uncompensated case (Fig. 4). When the 
power factor correction capacitors and line impedances are 
considered, the virtual resistors affect network resonances. 
As shown in Fig. 13, some modes tend toward infinite 
frequencies and the magnitudes of other modes also decrease 
considerably compared with the uncompensated case (Fig. 8). 
This type of compensation significantly affects the damping 
of MG resonances. 

 

V. RESULTS 

The results of the two cases are presented in this section. In 
Case 1, the experimental and simulation results of the 
mitigation of internal and parallel resonances are presented in 
the MG. In Case 2, only the simulation results are presented 
for the damping of resonances between the grid and the MG 
because of the limit in the number of inverters. 

The electrical power system shown in Fig. 3, which 
comprises an MG and a utility grid, is considered the test 
system to validate the proposed method. The MG works at 
220 V and 50 Hz. The parameters of the MG and control 
system are presented in Table I. Parallel inverters have 
similar parameters. 

A. Case 1: Internal and Parallel Resonances of the MG 

In the experiment, DGs are controlled with a DS1103 
dSPACE controller card. dSPACE ControlDesk is adopted as 
the user interface. Simulations are performed using 
MATLAB Simulink software., All the control parameters are 
the same for the simulation and the experiment to provide a 
fair comparison. As shown in Fig. 3, two inverters (connected 
to buses 1 and 2) supply the PCC load in this case, whereas 
bus 3 is connected to the grid. First, a step change occurs in 
the current reference signal of inverter 1 at t = 0.2 s, and the 
inverter output current increases from 15 A to 22 A (current  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 14. Output currents before damping: (a) Inverter 1 
(simulation), (b) Inverter 2 (simulation), (c) Inverter 1 
(experiment), (d) Inverter 2 (experiment). 
 
peak), which is observable in Figs. 14(a) and 14(c). The 
reference of inverter 2 is fixed at 23 A. During this change, 
transient oscillation occurs in the line current and the amount 
of total harmonic distortion (THD) of inverter 1 output 
current increases to 25%. This variation in the output current 
of inverter 1 affects inverter 2, which has a constant reference 
(parallel resonance among inverters), and distorts its output 
current. This result is illustrated in Figs. 14(b) and 14(d). 

Virtual damping resistors are used in the inverter control 
system to reduce existing resonances. Figs. 15(a) and 15(c) 
show that the amount of distortion in the inverter 1 output 
current decreases due to the virtual damping resistor. The 
THD amount of IBDG1 output current at the moment of 
reference change is decreased to 5% compared with the 
previous case (Figs. 14(a) and 14(c)). A decrease in 
oscillations through the use of a damping resistor in the 
output current of inverter 2 is also shown in Figs. 15(b) and 
15(d). 

The harmonics in the line current can distort PCC voltage. 
As shown in Fig. 16(a), PCC voltage has high order 
harmonics before the use of virtual resistors. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 15. Output currents after damping: (a) Inverter 1 
(simulation), (b) Inverter 2 (simulation), (c) Inverter 1 
(experiment), (d) Inverter 2 (experiment).  
 

Fig. 16(b) shows that activating the virtual resistors leads 
to a significant reduction in PCC voltage THD in steady state. 
Voltage distortion is also mitigated effectively at the moment 
of switching compared with that in the uncompensated state. 
Finally, improvement in voltage quality can be observed in 
the waveforms. 

B. Case 2: Induced Resonances of the Grid 

To investigate resonance under steady state condition, 10% 
of the 11th harmonic is assumed to be added to the grid 
voltage and the MG operates with five inverters (one inverter 
is connected to bus 1 and four inverters are connected to bus 2). 

When five parallel inverters with the same specifications 
are included in the MG (according to Fig. 6), resonance 
occurs and inverter output currents are distorted (Fig. 17(a)) 
because network resonance frequency is close to the 11  
harmonic frequency. After disconnecting bus 2 at t = 0.2 s, 
the four inverters connected to this bus are separated from the 
network, and resonance frequency increases to the upper 
value. In this case, the output current distortion of inverter 1 
is improved considerably. The improved performance with  
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(a) 

 
(b) 

Fig. 16. PCC voltages: (a) PCC voltages before damping 
(experiment), (b) PCC voltages after damping (experiment). 
 

 
(a) 

 
(b) 

Fig. 17. Output currents: (a) Output currents of inverter 1 without 
damping (simulation), (b) Output currents of inverter 1 with 
damping (simulation). 
 
active damping is also illustrated in Fig. 17(b). As shown in 
the figure, the output current of inverter 1 with a damping 
resistor (parallel with the other inverters) exhibits no 
distortion compared with the previous case (Fig. 17(a)). 

 

VI. CONCLUSIONS 

In this study, different types of resonance in an inverter- 
based MG are investigated. After analyzing the closed-loop MG 
equivalent circuit, the resonances and resonance frequencies are 
identified using two methods. When a simple model with a 
single inverter connected to the network is considered, 
multiple inverter analysis will not be sufficiently accurate. 
Moreover, parallel inverters with multiple resonances may 
cause transient or steady state distortions. To solve resonance 

problems, an effective method for damping resonances is used. 
The results showed that the proposed method can effectively 
reduce the multiple resonances of a network. 
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