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Abstract— The concept of micro-grid is gaining widespread acceptance in near-term future power networks.  Medium-
voltage (MV) micro-grids can be subjected to high penetration level of dynamic loads (e.g. induction motor (IM) loads). The 
highly-nonlinear IM dynamics that couple the active power, reactive power, voltage and supply frequency dynamics 
challenge the stability of MV droop- controlled micro-grids. The electrical distances between reactive power sources and the 
loads that need reactive compensation are not too much in microgrids. Thus, a coordinated compensation of reactive sources 
should be implemented to avoid a fast voltage collapse and improve the dynamic voltage profile by proposing a MicroGrid 
Voltage Stabilizer. The micro-grid operation and power management of the system are studied during the grid-connected 
mode, the autonomous operation and ride-through between the grid-connected and the autonomous modes. However, 
detailed analysis, and more importantly, stabilization of MV micro-grids with IM loads are not reported in current literature. 
To fill-out this gap, this paper presents integrated modeling, analysis and stabilization of MV droop-controlled micro-grids 
with IM load. A detailed small-signal model of a typical MV droop-controlled micro-grid system with both dynamic and 
static loads is developed. The proposed model accounts for the impact of supply frequency dynamics associated with the 
droop-control scheme to accurately link the micro-grid frequency dynamics to the motor dynamics. To stabilize the micro-
grid system in the presence of IM loads, a two-degree-of-freedom active damping controller is proposed to stabilize the 
newly introduced oscillatory dynamics. The proposed supplementary active damping controller may not interfere with the 
steady-state performance and yields robust control performance under wide range of droop parameters, and robust damping 
performance at small- and large-signal disturbances. A theoretical analysis and simulation are presented to show the 
effectiveness of the proposed control scheme. 
 
Keywords — Decentralized droop control, distributed generation micro-grids, dynamic loads, induction motor, stability. 
 
 
I. INTRODUCTION 
 

Microgrid is generally defined as a low or medium 
voltage distribution networks that comprises various 
distributed generations (DGs), storage devices, and 
controllable loads. The micro-grid provides 
intelligence and the opportunity to manage and 
distribute energy, improving the scalability of the 
application, the reliability of the network, new 
applications and the ability for consumers to better 
manage costs, allowing to operate a real-time energy 
market. 

A microgrid can be considered as a small grid 
based on distributed generators (DGs). The microgrid 
can operate either in grid connected or islanded (i.e., 
autonomous) mode. The available power of all DG 
units should meet the total load demand for 
autonomous operation; otherwise load shedding need 
to be implemented. The frequency and voltage in an 
autonomous microgrid should be maintained within 
the predefined limits. The sources in a microgrid can 
also be classified as inertial and non-inertial 
depending on the way they are connected to the 
system. For example, a diesel generator and a hydro 
generator are inertial sources since they include 
synchronous generators with their rotating inertial 
masses. On the other hand, the sources connected 
through converters such as PV, fuel cell and batteries  

 
are non-inertial since power output through these 
DGs can be changed instantaneously. 

The concept  of  micro-grid  is  gaining  high 
momentum  as enabling  structure  to  integrate  
renewable  and  distributed energy  resources  in  
power  autonomous operational capability of 
micro-grids has brought in higher reliability 
measures in supplying power demands when   the   
utility   grid   is   not   available.   The   majority   
of distributed/renewable generation (DG) units are 
interfaced to the network by voltage-source 
converter (VSCs). One well-established approach for 
autonomous micro-grid operation is droop control. 
However, the stability of autonomous micro-grids is 
a critical issue considering the low-inertia nature  of  
such  converter-dominated systems. Small-signal-
based stability analysis has been reported to study 
the stability of the autonomous droop-controlled 
micro-grid system. The state-space analysis indicates 
a frequency- scale separation among system modes. It 
is shown that the dominant low-frequency modes are 
very sensitive to the load demand and power 
sharing controller parameters, whereas the more 
damped medium- and high-frequency modes are 
mainly affected by the converter inner voltage and 
current loops as well as the filter and load dynamics. 
Moreover, [6]  shows  that  proper  load  sharing 
especially under  weak  grids  (with  low  line  
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reactance/resistance ratio) requires higher frequency 
droop gains in order to avoid the coupling issue 
between active and reactive power generation. On 
the other hand, the stability 

 
Fig.1.MV micro-grid system with IM load 

 
analysis reveals that higher droop gains, would 

compromise system stability by shifting its dominant 
poles to the right-hand-plane (RHP) yielding to 
oscillatory responses. Reference [7] suggests that, 
therefore, a stability margin can be identified for the 
droop gains and proposes a method on updating 
system droop gains for each operating point in order 
to meet the desired damping 

 
Fig.2. DG unit hierarchical control interface 

 
In the previous studies addressing micro-grid 

stability issues [8]- [10], static (RL-type) loads are 
considered to simplify the modelling and analysis 
tasks. The static load modelling approach is suitable 
in low-voltage micro-grid applications (e.g. 
residential loads and/or small induction motors). For  
small induction motors  (IMs), the rotor-circuit 
time-constant is small, which yields fast decay of 
rotor electrical  dynamics  as  compared  to  rotor  

mechanical  dynamics (flux-angle and slip decoupled 
dynamics). Therefore, the electromechanical rotor 
dynamics are decoupled and, accordingly, small IM 
loads can be modelled by its equivalent steady-state 
circuit or active and reactive power demand. In this 
case, the circuit behaviour of the induction motor 
dominates its dynamics. This justifies the use of static 
load models in previous low-voltage low- power 
micro-grid stability studies. 

With the expected high penetration level of micro-
grids in future power networks and recent advances in 
power converter ratings and topologies, medium 
voltage (MV) multi MW micro-grid systems will be 
created and they will be subjected to wide pattern of 
both static and dynamic loads. Electromechanical 
rotor oscillation phenomenon occurs in an obvious 
way in large MW range motors , which are directly 
connected to MV systems (1.0kV to 20kV). These 
motors account for approximately 23% of energy 
use. Therefore, ignoring this type of loads in stability 
analysis of micro- grid systems results in rather 
unrealistically large stability operating region due to 
the highly nonlinear load dynamics, which couples 
the active power, reactive power, voltage and supply 
frequency dynamics in a micro-grid system. 

In conventional power system analysis, several 
studies are reported to analyze the impact on large IM 
loads on power system dynamics. In addition to the 
well known impact of IMs on voltage stability,  it  
has  been  shown that  large  IMs  might  interact 
with synchronous generator rotor dynamics and 
excitation systems leading to modal resonances, limit 
cycles and voltage oscillations [10]. In power system 
small-signal studies, conventional line-start motors 
are used for stability analysis around their operating 
point. Since the use of soft-starters does not change 
the final steady-state operating conditions of the 
motor (it only limits its starting inrush current), small-
signal stability analysis will not be affected as the 
motor performance due to small perturbation around a 
stable operating point will be mainly determined by 
the motor dynamics. The linearized small-signal-
based state-space model of the induction motor is 
adopted in where system eigenvalue spectrum is 
derived for the purpose of stability analysis. In the 
context of microgrids, the impact on IMs on load 
margins in micro-grids [10]. Impedance mismatch 
between IM loads and VSCs in microgirds is 
recently addressed, where it is shown that medium-
frequency instabilities (in the range of tens of Hz to 
few hundreds of Hz) can occur in converter-based 
microgrids with IM loads. However, even if the 
impedance-ratio stability criterion in maintained, a 
microgrid system with dynamic load can be still 
subjected to low-frequency instabilities due to the 
time-scale separation between the corresponding 
modes. Literature survey indicates that detailed 
analysis, and more importantly, stabilization of MV 
droop-controlled microgrids with IM loads are not 
reported and demand special attention. 
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TABLE I 
SYSTEM COMPLEX EIGENVALUES WITH 
AND WITHOUT IM AND THE STATES 

PARTICIPATION FACTOR 

 
The operation of IM loads in droop-controlled 

converter-based micro-grids yields special 
characteristics due to the direct and relatively fast 
frequency control (e.g. droop control) using the load 
power. Difficulties occur in the following ways. 

1) Electromechanical rotor oscillations in large 
IMs couple the rotor  speed  oscillations, which are  
directly coupled to  the supply frequency, and  the  
rotor  flux  dynamics; where  the rotor-circuit time-
constant is large and both the rotor electrical and 
mechanical dynamics are coupled. Since rotor 
oscillations yield both mechanical and electrical 
power oscillations, the output power of individual 
DG units feeding an IM inherently contains the 
frequency modes of these oscillations. It should be 
noted that rotor oscillations are characterized by their 
low frequencies (in the range of 0.2Hz to few Hz 
[10]) and they cannot be effectively filtered by the 
average power low-pass filters used to extract the 
average power components in DG units (which are 
usually designed with a cut-off frequency in the 
range of few Hz to allow sufficient time-scale 
separation between cascaded loops and ensure high 
power quality measures in the micro-grid). The 
power-sharing controller in autonomous micro-grids 
uses  the  average output power of each DG unit to 
modulate the frequency for appropriate power 
sharing. This mechanism creates a feedback system, 
where rotor oscillations generate power-angle 
oscillations via the controlled VSC. Due to the 
lightly-damped nature of rotor oscillations in large 
IMs, the feedback system can be subjected to power 
oscillations and even instability even at low values 
of the static droop gains. It is well known that low- 
values of static droop gains yield higher stability 
margins at the cost of inaccurate steady-state power 
sharing performance when a micro-grid system is 
feeding static loads. However, this fact might be 
violated when the micro-grid load has high 

penetration of high power IMs; i.e. the micro-grid 
stability can be challenged even under conservative 
values of the droop gain coefficients. 

2) Unlike the idealized operation of an IM under 
an infinite-bus condition, in a typical micro-grid 
system with IMs, active and reactive power 
oscillations will be coupled. 

3) The  droop  gains  in  a  micro-grid  system  
can  vary  over  a considerable range to optimize the 
cost and operation aspects of micro-grid via a higher-
level management controller. Therefore, system 
stability should be guaranteed over a wide range of 
droop gain variation. 

4) System stability should be also preserved under 
uncertainty in motor and system parameters. 

Motivated by the aforementioned difficulties, this 
system presents integrated modelling, analysis and 
stabilization of droop-controlled converter-based MV 
micro-grids with IM load. A detailed small- signal 
model of a MV droop-controlled micro-grid 
system with both dynamic and static loads is 
developed. The model considers the exact 5th order 
model of the IM load and the 13th order model of 
VSC-based DG units along with network dynamics. 
The proposed model accounts for the impact of 
supply frequency dynamics associated with the 
droop-control mechanism to accurately link the 
micro-grid frequency dynamics to the motor 
dynamics. The complete small-signal model is used 
to assess the impact of the IM dynamics on the 
micro-grid stability as compared to the static load 
case. Participation factor analysis is conducted to 
identify the contribution of different states to the 
dominant eigen-values of the micro-grid system with 
and without the dynamic load. Further, the small-
signal model is used to analyze the micro-grid 
stability under different values of the droop gains and 
motor parameters. To stabilize the micro-grid system 
in the presence of IM loads, a two- degree-of-
freedom (DOF) active damping controller is 
proposed to stabilize the newly introduced dominant 
dynamics. The proposed supplementary active 
damping controller does not interfere with the steady-
state system performance and yields robust control 
performance under wide range of droop parameters. 
A theoretical analysis, time-domain simulation 
results, and experimental results are used to validate 
the effectiveness of the proposed scheme. 
 
II. MV-MICRO-GRID DYNAMIC MODEL 

WITH DYNAMIC LOAD 
 

Fig.1 shows a MV-13.8kV micro-grid system. The 
system consists of three 2MW dispatchable DG units 
with two sets of locally connected static loads (Static 
load1: 1MW, Static load2: 1.5 MW) and a typical 
MV 2250hP, 2.4kV, IM connected to the middle 
feeder. In the autonomous mode of operation, i.e. 
when the micro-grid setup is disconnected from the 
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utility grid, DG units are responsible for maintaining 
the system voltage and frequency along with meeting 
the total load demands. The reference voltage-vector 
provided by an outer droop controller is generated by 
the VSC interface via a closed-loop cascaded voltage 
and current control loops [1]-[7].  

Without loss of generality, the three-DG micro-
grid system presented in Fig.1 is used to investigate 
the effect of the dynamic load on microgrid small-
signal stability. A small-signal state-space model of 
the micro-grids components can be developed. The 
modeling approach can also be easily extended to 
include additional DG units and load models.  
 
III. STABILITY ANALYSIS 
 

Fig.3 shows the complete eigenvalue spectrum of 
the under-study 3-DG micro-grid setup. Fig.3 
indicates the frequency-scale separation of the 
system modes. As can be seen from Fig.3, the low 
frequency modes are the most dominant ones, and 
therefore the most crucial modes for system stability 
analysis. Participation factor analysis in [11] suggests 
that in case of static loads, these low-frequency 
modes are mainly influenced by the states of the 
power sharing loop (i.e. average power and power 
angle) and the load dynamics do not participate in 
shaping of these dominant modes in remarkable way. 
However, the introduction of motor-type loads in a 
micro-grid system would introduce new pairs of less-
damped eigenvalues that can effectively change the 
shaping of the system eigenvalues. 

 
Fig.3.  The  overall  eigenvalue  spectrum  of  the  micro-

grid system with IM load. 
 
Table  I  compares  the  most  dominant  

oscillatory  eigenvalues (with damping of less than -
50 s-1) for the study MV micro-grid system with IM 
load and when the IM load is replaced by an 
equivalent RL static load model.  As can be seen, 
for a similar set of droop gains, the IM introduces 

two new less-damped pairs of eigenvalues (i.e. (1,2) 
and (3,4)). 

 

 
Fig.4. (a) Trace of the dominant oscillatory modes 

when m is increased from 2e-6 to 8e-6 rad/s/W. (b) 
Magnified trace of eigenvalues (3,4), (5,6), and (7,8).  

The participation of each state variable to the 
listed oscillatory modes is calculated using 
participation factor analysis and the normalized 
participation factors greater than 0.01 are listed for 
both the dynamic and static load cases. Comparing 
the  participation factors reveals that in presence of a 
motor-type load, the states associated with the IM 
have a higher impact on system stability as compared 
to those of the power sharing loop, and therefore the 
system stability can be highly affected in presence of 
such a load. 
Fig.4 shows the trace of the dominant oscillatory 
modes of Table I for the dynamic load case as the 
droop gain is increased. The almost fixed frequency 
of the eigenvalues 1, 2 (Eig(1,2)) suggests that they 
are mainly determined by the stator flux dynamics. 
Note that the stator flux is composed of both the 
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Fig. 5. Trace of the oscillatory modes when m is 

increased from 2e-6 to 4.5e-6 rad/s/W with dynamic 
load (Case I) with the equivalent static load (Case II) 

stator and rotor current components, and therefore 
they highly participate to Eig(1,2). Moreover, as can 
be seen from Table I eigenvalues 1, 2 are not affected 
by the power sharing dynamics. This agrees with the 
trace of the modes shown in Fig.4(a) where 
increasing the droop gains do not affect Eig(1,2). This 
pair of modes can therefore be ignored for the droop-
gain marginal stability analysis as they are almost 
unaffected by the power control loop parameters. 
However the trace of the rest of eigenvalues in 
Fig.4(b) suggests that even for lower droop gains, 
Eig(3,4) show much less damped behavior than the 
other two pairs yielding to compromised system 
stability performance even for lower droop gains. It 
should be noted that in a micro-grid with static loads, 
low droop gain values contribute to higher stability 
margins at the cost of inaccurate active power sharing 
performance. However, the present study indicates 
that the IM load dynamics induces sensitive modes 
that can destabilize the micro-grid system even under 
conservative static droop gains. Moreover, studying 
the participation factors obtained in Table I, suggests 
that all the dominant eigenvalue pairs shown in 
Fig.4(b) are very sensitive to the stator and rotor 
current D-components. Ignoring the small rotor 
current components as compared to stator currents, 
this leads that the system 

 

 
 

 

 
Fig.6. (a) Trace of the dominant oscillatory modes 

of the micro-grid system at m=1e-6 rad/s/W when the 
inertia is decreased from 63.87 kg.m2 to 10 kg.m2. 
(b) Trace of the dominant oscillatory modes at m=3e-
6 rad/s/W when the rotor resistance is increased from 
22mΩ to 44mΩ. (c) Traces of the dominant 
eigenvalues at different values of the average-power 
filter cut-off frequency and different droop gains. 

 
dominant modes are mainly affected by the active 

power component drawn by the motor. This finding is 
in line with the well-known fact that controlling the 
stator currents is an effective way to reshape the 
open-loop IM dynamics, which is the case in IM 
drive systems. However, in micro-grid applications, 
the motor currents are not available for stabilization. 
However, the motor power is shared among remote 
DG units, which can be used to actively damp the 
motor oscillatory performance via remote DG units as 
proposed in this paper.   

Fig.5 compares the trace of the most dominant 
oscillatory modes for the micro-grid setup with 
dynamic load and with its equivalent-power static RL 
load model, respectively. It can be inferred from 
Fig.5 that the introduction of Eig (3,4), caused by 
addition of the motor-type load, introduces less-
damped eigenvalues yielding to much more 
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oscillatory system responses as compared to the static 
load case. In fact, Eig (3,4) can be regarded as the 
source of added oscillatory response to the system, 
and therefore, it should be considered in stability 
studies.  

Fig. 6(a) shows the effect of the combined 
motor/load inertia on the dominant micro-grid modes 
at a constant droop gain. The inertia varies from 
63.87kg.m2 to 10kg.m2, which corresponds to 
variation in the inertia constant (H) from 1.56s to 
0.25s to account for the uncertainty in total motor 
inertia due to load effect. It should be noted that for 
induction motors, H is in the range of 0.5 and it is 
approximately fixed over wide range of motor sizes 
and speeds [26]. As the inertia decreases, the 
damping of Eig.(3,4) increases whereas the damping 
of Eig. (5,6) decreases. This behavior indicates that 
the relative stability margins can be remarkably 
affected under uncertainty in motor/load parameters 
and under variable droop-gain operation. Fig. 6(b) 
shows a trace of the dominant micro-grid eigenvalues 
when the rotor resistance is doubled. Higher values of 
the rotor resistance enhances the damping of the low-
frequency modes due to the additional passive 
damping added to the electromechanical oscillations, 
and other micro-grid low-frequency power-sharing 
modes.  

Fig. 6(c) shows the dominant eigenvalues at 
different cut-off frequencies (0.8Hz, 1.5Hz, 3.1Hz, 
and 4.Hz) of the power filter. As can be seen from 
Fig. 6(c), reducing the cut-off frequency does not 
remove the oscillatory modes as it only reduces their 
oscillation frequency. Therefore applying averaging 
filters with lower cut-off frequencies or even higher 
order filters will not mitigate the presence of 
undamped dominant mode as these modes are 
associated with the dynamics of the motor-type load 
as well as the power angle oscillations. Furthermore, 
the power loop bandwidth is mainly dictated by the 
power-filter and the droop gain. Therefore, there is a 
strong need to provide additional means to damp low-
frequency oscillations in micro-grids with IM load. 
 
IV. REMOTE STABILIZATION CONTROL 
 

As indicated by the participation factor analysis, 
direct control of stator current remarkably contributes 
to the damping of these modes (e.g. as in IM drive 
systems). However, motor currents are not locally 
available for remote DG units. Further, only local 
measurements should be used by DG units to realize 
autonomous control structure in micro-grids. 
However, it can be noted also that the motor active 
power contains the frequency modes of the 
electromechanical modes. Therefore, the proposed 
remote stabilization controller utilizes the average 
active power of each DG unit as input signal that 
contains the frequency content of electromechanical 
oscillation. By this way, DG units 

 share the stabilizing effort in a remote manner; i.e. 
by only using the local power signals. 

 
Fig.7. Proposed 2-DOF remote stabilization scheme 

 
Fig.7 shows the proposed 2-DOF active damping 

strategy which is based on remote compensation of 
the power swings by introducing a supplementary 
power angle δcomp(s) to the original power angle of 
each converter generated by the active power sharing 
controller, and a supplementary voltage amplitude 
Vcomp(s) to the voltage amplitude generated by the 
reactive power sharing controller in each DG unit. It 
should be noted that using the active power in the 
voltage channel is inspired by the power-system 
stabilizer design in conventional synchronous 
machines, where frequency oscillations are used to 
inject a damping voltage signal in the output voltage 
of a synchronous machine via exciter voltage control 
.  

In inverter-based units in micro-grid operation, 
power oscillations (which are proportional to 
frequency oscillations) are used to inject a damping 
signal in the output voltage of the inverter, which has 
a fast response as compared to conventional 
synchronous machines. The supplementary signals 
are added to the power sharing controller as follows:  

ɗ ( ) =
1
푠 휔  −푚푃(푆) −

푘
휏푠 + 1푃

(푠) 

푣 ( ) =
1
푠 푣  − 푛푄(푆) −

푘  푠
휏푠 + 1푃

(푠) 
where K1, K2 and τ are positive design constants.  
The supplementary terms introduced are added to 

compensate for the power swings caused by the 
addition of the dynamic load. In other words, the 
additional oscillations in voltage-angle and 
amplitude, which are reflected to the active power, 
will provide internal model control dynamics in each 
DG unit. 

According to the internal model control theory, the 
frequency modes of the disturbances to be eliminated 
should be included in the stable closed-loop system. 
Therefore, both power-angle and voltage magnitude 
oscillations can be suppressed by including the 
proposed feed-forward terms. Since power-angle 
oscillations yield reactive power and voltage 
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oscillations due to active and reactive power coupling 
in micro-grid with dynamic loads, the second 
compensator uses the active power transients to inject 
a voltage-amplitude damping signal. In addition, the 
input signal to both compensators is selected as the 
average power, which has the highest participation to 
the dominant oscillatory micro-grid modes. It should 
be noted that the proposed compensators do not 
interfere with the steady-state power sharing 
performance and would only show up during the 
transients yielding to less oscillatory responses, as the 
dc-gain of the power-angle and voltage-amplitude 
compensators to the frequency and voltage droops 
dynamics, respectively, is zero.  

 

 
Fig.8. (a) Trace of the dominant modes with and 

without proposed 2 DOF active compensation 
controller at variable droop gain (b) with the 
conventional dP/dt-frequency and dQ/dt-voltage 
compensators reported in [14]. 

The effectiveness of the proposed control scheme 
is evaluated through small-signal analysis by 
integrating the new dynamics of the power sharing 
controller with active damping into the complete 
micro-grid state-space model. Fig.8(a) shows that that 
the dominant eigenvalues of the compensated system 
drift to the LHP yielding to less oscillatory 
performance. As can be seen, the proposed 
compensated micro-grid remains stable for a larger 
range of droop gains. Note that higher droop gains 
provide more accurate power sharing; and therefore 
having a larger stability margin at high droop gains is 
very important in micro-grid operation . Further, the 

drift in the relative stability margins of the 
compensated micro-grids are remarkably smaller than 
the uncompensated system. This feature contributes 
to the robustness of the stability-based security 
margins of micro-grids.  

Fig. 8(b) compares the system eigenvalue spectrum 
when the conventional dP/dt-frequency and dQ/dt-
voltage compensators are adopted. As can be seen, 
the conventional method is also able to improve the 
stability of the system; However, the conventional 
method introduces a set of less-damped high 
frequency modes compared to the proposed method 
which will limit the voltage stability as those high 
frequency oscillations are mainly associated with the 
voltage dynamics. This reveals the advantage of using 
the active power measurements instead of the 
conventional dQ/dt to drive the compensating voltage 
signal in high participation of IM loads. The proposed 
approach is in-line with the participation factor 
analysis presented in Table 1, where it was shown 
that the D-axis stator and rotor currents have high 
impact over dominant modes. This implies that using 
the input active power of the induction motor to 
generate the compensatory signal is the most 
effective way for system stabilization. The presence 
of the IM load introduces new dynamics to the 
system which distinguishes this case from the case 
with static-type loads and their associated 
conventional stabilization methods. In inverter-based 
units in micro-grid operation, power oscillations are 
used to inject a damping signal in the output voltage 
of the inverter, which has a fast response as compared 
to conventional synchronous machines. Therefore, 
the proposed 2-DOF controller offers enhanced 
damping as compared to the conventional decoupled 
controller. 
 
V. EXPERIMENTAL RESULTS 
 

As the rotor dynamics is lightly damped in large 
MV IM loads, rotor and power oscillations are 
yielded in a droop-controlled micro-grid feeding and 
IM load even with small changes in the droop gains 
(or under load/network disturbances). However, the 
rotor oscillations can be excited even in small motors 
with a large input disturbance in the supply frequency 
(e.g. large variation in the droop coefficients}. By this 
way, rotor oscillations will be naturally yielded and 
will be reflected to the power sharing loop. This 
approach is used to construct a low-voltage setup the 
mimics the performance of large motors in terms of 
the presence of rotor oscillations. When the proposed 
controller is applied, rotor oscillations can be 
mitigated and accordingly, micro-grid stability can be 
preserved under wide-range of droop parameters.In 
order to evaluate the performance of the proposed 
control scheme under the operation of a typical MV 
micro-grid system, shown in Fig.1, will implement 
for time-domain simulation under Matlab/Simulink® 
environment. 
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CONCLUSION 
 

This paper addressed low-frequency oscillations 
in converter- based micro-grids with dynamic loads. 
Small-signal stability analysis has revealed that the 
rotor electromechanical oscillations of large IM is 
source of lightly damped dynamics (low-frequency 
modes) in MV micro-grid systems yielding to and 
oscillatory frequency and voltage performance even 
under conservatively selected low droop gains.  A 
complete small-signal model of a typical MV micro-
grid with a typical dynamic load (IM load) has been 
developed. The model was analyzed in terms of the 
system eigenvalues and their sensitivity to different 
states. With the help of this analysis the relation 
between different modes and system parameters was 
established. It was observed that the dominant low-
frequency modes are highly sensitive to the network 
configuration and the parameters of the power 
sharing controller of the micro sources. This paper 
proposed a new power sharing and frequencycontrol 
method for an autonomous microgrid with various 
DGs. The proposed method adopted an additional 
integral controller as well as the existing droop 
controller. The participation factor analysis presented 
in the paper shows that in presence of large motor-
type loads, the dominant micro-grid eigenvalues are 
highly sensitive to the motor dynamics and droop 
gains. It is shown that the active power drawn by the 
induction motor is highly participating in shaping the 
lightly- damped system eigenvalues. This finding has 
been used to design a simple and effective two-DOF 
active damping strategy which is based on remote 
compensation of the power swings. The proposed 
active damping controller introduces transient 
supplementary power angle and voltage magnitude 
signals to effectively damp micro-grid frequency and 
voltage oscillations without affecting the steady-state 
power sharing characteristics. The proposed active 
damping controller shows robust performance under 
large-signal micro-grid dynamics, such as large 
variation in motor slip during motor starting, full-load 
torque step disturbance, and large voltage dips 
associated with motor starting.  Further, the proposed 
active damping controller facilitates the use of an 
extended range of the static droop gains, which is 
essential to optimize the economic and technical 
aspects of micro-grid operation at different operating 
conditions.  

 
 
 
 
 
 
 
 
 
 
 

The objectives of  the proposed method are to 
restore the frequency to the nominal value within 
limited time and to ensure the proper sharing between 
multiple DGs considering the rating and the dynamic 
characteristics of energy source of DGs A theoretical 
analysis, simulation and experimental results have 
been presented to validate the effectiveness of the 
proposed scheme. 
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