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ABSTRACT 

The most important protective needs for connected microgrids to the network are detection and protection against 

islanding conditions. In this paper, a new method is presented for islanding detection condition for a standard microgrid 

equipped with various generation source including wind turbine with double feed induction generator(DFIG), CHP, 

photovoltaic. The proposed method for islanding detection conditions is based on injecting disturbed current through axis q 

or controller orthogonal axis of double feed induction generator- side converter. Therefore, by applying the proposed 

method, the variation frequency voltage of wind turbine stator is considered as islanding detection condition index. In this 

method, stator voltage is considered as islanding detection conditions signal is fed to a logical circuit, and then, the system 

frequency is studied and if the frequency exceeds the threshold (59.9-60.1) Hz, the conditions are detected as islanding 

conditions. The proposed method is able to detect islanding conditions in comparison to mentioned transient states that 

result in significant decrease in NDZ. The simulation result, using PSCAD/EMTDC, shows the effectiveness of applying 

of the proposed method in islanding conditions detection. 

 
Keywords: microgrid, islanding detection, nondetection zone, wind turbine. 

 

INTRODUCTION 

Microgrid, designed as small low-voltage units to 

supply thermal and electrical local loads in suburbs, 

universities and industrial and commercial centers, are 

basically distributed active networks, because they connect 

distributed generators and different load in distribution 

voltage levels to each other [1]. 

The most important protective needs for 

connected microgrids to the network are detecting and 

protecting against islanding conditions. According to IEEE 

Std.1547.1, islanding conditions in distributed generators 

is an electrical phenomena , and it occurs when the utility 

grid injected power due to different reasons interrupted 

and distributed generators supply the load partially or 

completely[2,3]. Islanding conditions happen in two ways, 

planned and unwanted, because of natural incidents and 

human mistakes, that in unwanted islanding conditions 

several problems will occur for microgrid [5, 6].  

That reliability of islanding detection methods 

and the efficiency of islanding prevention methods usually 

evaluated regarding nondetected zones conditions (NDZ). 

The nondetected zones refer to interval based on 

difference between supplied power by distributed 

generator inverter and consumed power by load that in 

these intervals, that inverter islanding detection method 

fails in correct detection of islanding condition [7-9]. 

Islanding detection methods are divided into local 

and remote methods. In remote methods, the operator 

monitors the islanding information network and control 

relays directly. Although methods have high reliability, 

costly implementation and complexity of applied 

techniques are the obstacles of the remote methods [8, 10-

14]. Local methods use the available data and quantities in 

the output of distributed generation unit. The most 

important advantages of local method in comparison to 

remote methods, are low cost and ease of implementation 

[2, 11, 14, 15]. Local detection methods are divided into 

passive and active. The passive methods use the measured 

values in the network. The passive methods don’t interfere 

with the operation of distributed sources and microgrid. 

The threshold is set for these measurements, and when 

these measured values exceed the threshold, the microgrid 

trip relays are triggered in the main network. Determining 

the valid limits is one of the challenging sections in this 

method [2, 8]. Voltage variation, frequency variation rate, 

and power variation rate, and frequency variation and 

measuring the impedance variation are examples of 

passive islanding detection methods [12, 16]. Active 

methods use signal injection, positive feedback and 

controlled disturbance in order to provide islanding 

detection index. Disturbance injection, of course, has little 

influence on network parameters in the normal operating 

conditions, but in the islanding conditions, these 

disturbances, cause the parameters to exceed the threshold 

and detected as islanding. Some active methods are 

method based on voltage variation and Reactive power 

export, voltage disturbance injection[14], active frequency 

difference, sandia frequency shift and slip-mode frequency 

shift [5, 12]. Slip-mode frequency shift detection 

methods(SMS), active frequency difference(AFD) and 

sandia frequency shift(SFS) use positive feedback in order 

to make the PV inverter unstable in absence of grid 

through. very easy implementation, less NDZ than passive 

methods, and balance between the efficiency of this 

method and the output power quality and transient 

conditions are the advantages of these methods.  

For most references that have been presented for 

islanding detection, the proposed detection methods 

implemented on a simple network including an indefinite 

source, a distributed source, and on RLC load, and the 

validity of operation of these methods for real and bigger 

microgrids is not proved. The distributed source is usually 

modeled by an inverter model that this model is not the 

same for different distributed source such as DFIG, CHP, 
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and PV cells [3, 7, 8, 17]. In this paper, the proposed 

islanding conditions detection method for a standard 

microgrid equipped with various generating source 

including wind turbine with double feed induction 

generator (DFIG) and photovoltaic is presented. The 

operation of proposed method is based on the variation of 

the frequency of stator voltage of wind turbine. The 

islanding conditions detection method is an active method 

that is based on current disturbance injection through the 

wind turbine controller. In this method, the stator voltage 

is fed into a logical circuit as the islanding conditions 

detection signal. To study the capabilities of the proposed 

method, different operating conditions that result in 

islanding, transient states due to starting induction motors 

are studied. PSCAD/EMTDC is used to simulation the 

system under study. In second section, the controlling 

procedure of double feed induction generator will be 

explained briefly. In third section, the proposed method 

for islanding conditions detection, that is based on current 

injection through the converter controller of double feed 

induction generator side, is presented. In the rest of this 

section, variation in distributed sources controllers, 

especially wind turbine with double feed induction 

generator, will be explained. Also, in the fourth section, 

the simulation result of operation are presented. 

 

Modeling and structure of the distributed generation 

source 

Wind turbine with double feed induction 

generator consists of three parts: double feed induction 

generator, back-to-back converter and appropriate 

controllers. This section is allocated for generator 

modeling. In this process, it is tried that simplification is 

done in a way that by keeping the necessary accuracy from 

the network and generator prospective, the calculation 

speed increases and the capability of using the model 

along with other elements of enormous network will be 

available. 

 

A. The double feed induction generator model 
The model of DFIG is shown in Figure-1. The 

induction generator is modeled like a wound induction 

generator that the rotor winding voltage is not zero. So, the 

Park’s transformation is used and the machine equations in 

two axes, d and q, are presented. In generator modeling, 

by neglecting the generator transient states and the 

variation of flux per second, the machine equations are as 

below [11, 18]: 

 𝑉ௗ௦= -ܴ௦𝑖ௗ௦-߱௦߰௤௦                                                           (1) 

 𝑉௤௦= -ܴ௦𝑖௤௦+߱௦߰ௗ௦                                                           (2) 

 𝑉ௗ௥= -ܴ௥𝑖ௗ௥-߱ݏ௦߰௤௥                                                          (3) 

 𝑉௤௥= -ܴ௥𝑖௤௥+߱ݏ௦߰ௗ௥                                                         (4) 

 

 
 

Figure-1. Model of double feed induction generator. 

 

Where  V is voltage of machine terminals in volts, R is 

winding resistance in Ohm, I is phase current in Apmers, ߱௦ is stator electrical frequency in rad/s, ߰ is leakage flux 

of windings in weber and s is machine slip. The equations 

of leakage flux are completely mentioned in reference [21, 

22]. 

 

B. Vector controlling of DFIG 

As it is shown in Figure-1, vector controlling of 

DFIG consists of two major parts: converter controlling on 

network side (GSC), and converter controlling on rotor 

side (RSC). 

 

a) GSC Controlling 
On the one hand, the converter on network side is 

connected to the DC link. On the other hand, it is 

connected to the network. The goal of applying the 

converter on network side is to keep the voltage of DC 

link fixed. This is done by controlling d and q 

components. Figure-2 shows the diagram of converter 

controlling on network side. 
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Figure-2. Diagram of converter controlling on network side. 
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decrefV In this controller, the measured voltage of 

dc link is subtracted from the reference voltage of DC link 

(𝑉ௗ௖௥௘௙) and this value is fed into the PI controller and the 

converter output is considered as reference of d 

component. The difference between this current and the 

measured current (𝑖ௗ௠௘𝑎௦) is fed into current controller and 

the output of this controller is the auxiliary reference 

voltage (𝑉ௗ′). The real voltage is gained through the 

following expression [23, 24]: 

 𝑉ௗ∗= 𝑉ௗ + 𝐿௚߱𝑖௤ - ܴ௚𝑖ௗ - 𝑉ௗ′                                              (5) 

 

The index g is the transformer parameter after the 

converter on network side. q Component is set in the same 

direction of stator voltage. Thus, i୯୰ୣ୤ is set to zero. The 

difference between the current of q component and the 

measured current (i୯୰ୣ୤ - 𝑖௤௠௘𝑎௦) is considered as the input 

of PI controller. The output of the controller is considered 

as auxiliary reference voltage (𝑉௤′). The following 

expression is considered to gain the real voltage [23, 24]: 

 𝑉௤∗= 𝑉௤  + 𝐿௚߱𝑖ௗ - ܴ௚𝑖௤  - 𝑉௤′                                              (6) 

 

b) RSC Controlling 

The controller on rotor side is used to control the 

output power into the network. The active and reactive 

power is considered as converter controller inputs on rotor 

side. Figure-3 shows the diagram of converter controller 

on rotor side. 
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Figure-3. Diagram of converter controller on rotor side. 

 

In order to set the q component, the inverter 

voltage is gained from current component by using active 

power. In order to gain the current component, first, torque 

is gained from active power, and then, the current is 

gained from torque. The following expressions show how 

current is gained from active power [24]: 

 Tୣ  = 
Pౣ−Pౢo౩౩ன౨                                                                     (7) 

 iୢ୰ = 
Te|ந౩|.୐ౣ ୐౩⁄                                                                   (8) 

 

In these relations, first, the mechanical torque is 

gained from (9), and then, the current of q component is 

gained from (10). The difference between the current of 

reference q component and the measured current (𝑖௤௥௘௙ −𝑖௤௠௘𝑎௦) will be the PI controller input. The controller 

output is auxiliary reference voltage (𝑉௤′) that by applying 

it in the following expression, the q component voltage is 

made [21]: 

 𝑉௤∗=  ܴ௥𝑖௤௥ + 𝐿௥߱𝑖ௗ௥  + 𝐿௠߱௥𝑖ௗ௦  + 𝑉௤́                              (9) 

 

The reference current of d component is gained 

from instantaneous reactive power. There, the d 

component of inverter reference voltage is gained from the 

following equation [24]: 

 

𝑉ௗ∗=  ܴ௥𝑖ௗ௥  - 𝐿௥߱𝑖௤௥ - 𝐿௠߱௥𝑖௤௦  + 𝑉ௗ́                            (10) 

 

In this equation, (𝑉ௗ′) is the auxiliary reference 

voltage that is gained from the output of current PI 

controller. The current of d component, also is the output 

of reactive power controller that its input is the difference 

between the reference reactive power and the measured 

reactive power (ܳ௥௘௙ − ܳ௠௘𝑎௦). The model of photovoltaic 

structure and CHP, used in this paper, are shown in [3, 25] 

and [26, 27], respectively. 

 

The proposed methods of islanding conditions 

detection 
In this part, the proposed method to detect 

islanding conditions is presented. This detection method is 

based on active methods that according to them, by 

injecting disturbance and monitoring the desired index 

signals in the proposed method, the islanding conditions 

detection will be carried out. Later in this part, it will be 

shown that by using the islanding conditions detection 

method and by suitable change in wind turbine controller, 

the system stability can be kept in islanding conditions and 

prevented the black out of consumers. Also, microgrid is 

able to have a good operation in controlling the control 

frequency and voltage.  
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The structure of the proposed method of islanding 

conditions 

The proposed method to detect islanding 

detection is injecting current through axis q. this current 

injecting methods is an active method. In this method, by 

injecting suitable disturbance and measuring frequency 

variation of wind turbine stator voltage as the islanding 

condition detection index, the islanding conditions will be 

detected. 

In this method, the disturbance signal (iୢiୱ୲) is 

injected to the utility gird with frequency different from 

the utility grid frequency (60Hz) and an amplitude equal to 

0.1 of reference current of the stator d component. The 

disturbance signal is defined as below: 

 𝑖ௗ௜௦௧  = 𝑖ௗ cosሺ߱ௗݐሻ = 𝑖ௗ cosሺ2𝜋𝑓ௗݐሻ                             (11) 

 

This disturbance signal must injected to the utility 

grid through the controller on wind turbine with double 

feed induction generator (DFIG) side. Thus, the proposed 

method is based on the fact that the stator voltage of 

induction generator is fed into a zero-crossing detector, 

according to the Figure-4, as the islanding detection index. 

By comparing the output of zero-crossing detector with 

zero, while crossing from the positive cycle to the negative 

cycle, the output of zero-crossing detection system is set to 

1. It must be notified that the zero-crossing from positive 

cycle to negative cycle is not calculated. The output of this 

comparator is fed into a monostable with 𝑇ଵ= 16.693 ms 

that is corresponding to 60.1 Hz. The output of this 

monostable is reversed and is fed into another monostable 

with 𝑇ଶ= 55.6 ms that is corresponding to ∆𝑓= 0.2 Hz. The 

output of second monostable consists the control signal. 

The values of Tଵ and 𝑇ଶ are set to detect the deviation 

when the frequency exceeds the range 60.1-59.9 Hz. 

The reference and control signals are controlled 

by the logical circuit in Figure-4 when the reference signal 

of detection circuit detects the zero-crossing from negative 

to positive cycle; the control signal is set to 1. If the 

control s signal is 1, that is, the frequency is in range 60.1-

59.9 Hz. Therefore, if the reference signal is 1 and the 

control signal is zero, that is, frequency is out of its 

threshold, and thus, by feeding the output of both control 

and reference signal logical circuit into a monostable, by 

an acceptable delay, the islanding conditions can be 

distinguished from other conditions such as induction 

motor starting and load switching. 

 

 
 

Figure-4. Diagram of proposed methods of islanding conditions detection. 

 

The operation of microgrid in islanding conditions 

In islanding operation, in order to minimize the 

dynamic of system and damping of output power transient 

fluctuations in a place that no infinite network is available, 

the In islanding operation, in order to minimize the 

dynamic of system and damping of output power transient 

fluctuations in a place that no infinite network is available, 

the flexible and fast active/reactive power control strategy 

is necessary [27]. In these conditions, the CHP source that 

is equipped with governor and excitation systems, by 

using the voltage excitation system is set to 1 pu. Also, by 

using the governor system that is based on frequency-

active power equation, it controls the disturbance in 

generator speed. In addition, the wind turbine with double 

feed induction generator, changes to islanding state by 

applying primary control frequency and setting the output 

voltage of rotor-dq axis current. 

 

Primary frequency control 

One of the wind turbine characteristics is variable 

speed that in spite of the design of the thermal and gas 

turbine, they can increase their power instantaneously 

[26]. This is an important feature, especially, for the 

microgrid systems when they change to the islanding 

operation. 

The primary frequency control shown in Figure-5 

is added to active power control loop in converter on rotor 

side shown in Figure-3. This frequency control is similar 

to frequency-power control loop that is usually used in 

synchronous generator. Thus, increase in active power is 

corresponding of variation in system frequency that is 

defined as below: 

 ௜ܲ௡௝௘௖௧௘ௗ  = ௥ܲ௘௙ - (
ଵ𝑅)(߱௦௬௦ - ߱௥௘௙)                                 (12) 

 ௜ܲ௡௝௘௖௧௘ௗ , ௥ܲ௘௙ , R, ߱௦௬௦ and ߱௥௘௙  are injected power by 

double feed induction generator, the reference power of 

double feed induction generator, drop, the angular velocity 

of double feed induction generator and reference angular 

velocity, respectively.  

This generated active power needs the new 

operating point of DFIG. So, primary frequency control is 

exerted on the active power controller in converter on 

rotor side. It must be noticed that this feature (primary 

frequency controller) is exerted only under islanding state 

operation. ߱௦௬௦ is gained from DFIG busbar connected to 

the network using the phase look loop (PLL). The active 

power controller is shown in Figure-5. 
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Figure-5. The primary frequency control. 

 

Reactive power control and the output voltage 

regulation 

Speed variant wind turbine with DFIG has the 

capability of regulating its own voltage. This is considered 

an important feature for operation in islanding state. With 

this feature, the wind turbine can participate in reactive 

power management and regulate the microgrid voltage. In 

connected to the network operation, while ignoring the 

resistance of induction generator stator, the reactive power 

is exerted directly like Figure-3. it can be shown that the 

relation between the generated reactive power and the 

current of rotor d component (𝑖௥௫௥௘௙) is mentioned 

below[23]: 

 ܳ௦ = - (
௅𝑚௅𝑠𝑠) (𝑖௥௫௥௘௙ +  𝑖ௗ௥,௚௘௡) - 

𝑉𝑠𝑞2𝜔𝑠ሺ௅𝑠𝑠ሻ                           (13) 

 ܳ௦ , 𝐿௦, 𝑉௦௤ , ߱௦ show stator reactive power, stator 

inductance, the mutual stator inductance, the voltage of q 

axis, and nominal angular velocity, respectively. 𝑖௥௫௥௘௙ , as 

rotor d component current, determines the magnetizing 

reactive power of induction generator and also, 𝑖ௗ௥,௚௘௡ , 

determines the exchange power between utility grid and 

induction generator. 

In connected-to-the-network conditions, by 

applying𝑖௥௫௥௘௙ , the reactive power of DFIG is determined 

[23]. For operation in islanding conditions and the voltage 

regulation, one control loop is added to current control of 𝑖௥௫௥௘௙  component as Figure-6 by using this control loop, 

the reactive power of wind turbine is managed. 
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Figure-6. The terminal voltage controller of DFIG in 

islanding condition. 

 

THE RESULT OF THE PROPOSED METHOD 

SIMULATION 

In this section, the proposed method for detecting 

islanding conditions of the studied system in Figure-7 is 

simulated and operation under different circumstances will 

be evaluated. 

 

A. Introducing the system under study 
In Figure-7, the structure of a medium voltage 

distribution network with several distributed generation 

sources is shown that is introduced as the test network for 

studying the connection of distributed source by the 

International Council on Large Electric Systems (CIGRE) 

[28]. The nominal voltage of the network is 20 kV that is 

fed by the 110 kV transfer substation. By occurring a fault 

in the system and opening the main switch (that lies in the 

secondary of transformer TR1), microgrid continues its 

operation separately or so-called islanding condition. Also, 

there are two switch close to busbars 4 and 7 that are 

normally open and by closing them, the distribution 

system with ring structure can be investigated.  

The standard microgrid structure, studied in this 

paper, has 3 distribution generation units of wind turbine 

with DFIG, photovoltaic and CHP. The transmission line 

parameters and loads of standard network, wind turbine 

with induction generator, the photovoltaic generation 

system, and CHP are listed in the appendix.  

 

 
 

Figure-7. System under study [28]. 

 

B. The Simulation Results 

In this section, the simulation results of normal 

conditions operation of system, the operation of islanding 

conditions detection method, the operation of detection 

method under the condition of starting of induction motor 

will be studied. 

 

a) The normal operation of system 
In this section, the normal operating conditions of 

system under study, in order to better understanding of 

islanding conditions detection, will be shown. Figure-8 

shows the stator voltage of DFIG in pu. As it can be seen, 

the voltage value is 1 pu. 
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Figure-8. Stator voltage of DFIG in the normal operating. 

 

The amount of active load in microgrid is Ploaୢ =2.821 MW. Thus, in these conditions, the amount 

of supplied active power from utility grid, DFIG, CHP and 

photovoltaic will be ௚ܲ௥௜ௗ =0.55 MW, ஽ܲிூீ =0.9 MW, ஼ܲு𝑃 =1.2 MW, ௣ܲ𝑣 =0.25 MW, respectively. 

The amount of reactive power of wind turbine 

with DFIG is shown in Figure-9 as well. The amount of 

reactive load in microgrid is ௟ܳ௢𝑎ௗ =1.148 MVar. In these 

conditions, the amount of supplied reactive power by 

utility grid and microgrid generating units are ܳ௚௥௜ௗ =1.6 

MVar, ܳ஽ிூீ = −0.5 MVar, ܳ஼ு𝑃 = −0.8 MVar, ܳ௣𝑣 =0.15 MVar, respectively. 

Figure-9 also shows the frequency of DFIG bus 

in normal operating conditions of system. As it can be 

seen, the desired DFIG frequency, with some fluctuation, 

lies in valid range of (60.1-59.9) Hz. 

 

 
 

Figure-9. Active power, reactive power and frequency of 

DFIG in the normal operating. 

 

b) The system operation under islanding conditions 

In this section, the instant that microgrid 

connection to utility grid is lost, whether planned or 

unwanted, and the microgrid operation under islanding 

conditions will be studied and simulated. 

In this simulation, to detect islanding conditions, 

it is assumed that, planned or unwanted, the main switch 

(that connects the main network to the microgrid) will be 

open in t=3 sec. afterwards, the microgrid is separated 

from utility grid, thus, it lies in islanding operation 

conditions. The voltage and frequency control is done by 

utility grid while the microgrid is connected to the utility 

grid. In islanding conditions, the utility grid will lose its 

control on voltage and frequency. Therefore, in islanding 

conditions, in order to control the voltage and frequency, 

change in microgrid controllers will be necessary. 

Figure-10 shows the stator voltage of DFIG in pu. 

In t=3 sec, the utility gird has no control on microgrid 

voltage due to islanding conditions, thus, the stator values 

of DFIG bus are exposed to disturbance. So, the change in 

microgrid controllers is inevitable. The changes cause, 

after about 100 ms of occurring islanding conditions, the 

stator voltage value of DFIG bus to be set in 1 pu. 

 

 
 

Figure-10. The stator voltage of DFIG in the instant that 

microgrid connection to utility grid is lost and operation 

under islanding conditions. 

 

Figure-11 shows the active power of DFIG, 

before and after islanding conditions. In conditions after 

islanding, the utility grid power will be zero, and the 

active of microgrid generating units won’t change 

noticeably. As a result, failure in supplying the microgrid 

load by these sources causes fluctuations in microgrid 

frequency. Thus, by changing microgrid controllers, both 

the DFIG and CHP active power will increase by 0.3 MW. 

The photovoltaic power that supplies small amount of 

active power won’t change dramatically because of 

working at its maximum generation. 

 

 
 

Figure-11. Active power, reactive power and frequency of 

DFIG in the instant that microgrid connection to utility 

grid is lost and operation under islanding conditions. 
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Also, in Figure-11, the DFIG reactive power is 

shown. In islanding conditions operation, the reactive 

power of utility grid is zero, and the reactive powers of 

DFIG and CHP are ܳ஽ிூீ = −0.36 MVar and ܳ஼ு𝑃 =−0.5 MVar, respectively. The required microgrid reactive 

power is compensated by compensator capacitor in DFIG 

busbar and change in microgrid controller. 

At the moment of islanding occurrence, the DFIG 

busbar frequency fluctuates. So, when the frequency 

exceeds the threshold (59.9-60.1) Hz, the proposed 

method detects this frequency fluctuation. The fluctuation 

of DFIG busbar is shown in Figure-12. As it can be seen, 

frequency lies in the valid range at t=3.1 sec. 

 

 
 

Figure-12. Frequency of utility grid, DFIG busbar, CHP busbar and PV busbar. 

 

The stator voltage of DFIG is considered as the 

index of islanding conditions detection based on proposed 

method explained in section 3. According to Figure-13, 

when the microgrid is disconnected from the utility grid, 

the power swing causes the frequency of DFIG voltage 

exceeds the valid range and, thus, the islanding conditions 

detection system detects the islanding conditions in 65 ms 

after the disconnection of microgrid from utility grid. 

According to this detection and 100 ms after islanding 

conditions, frequency fluctuations lie in valid range (59.9-

60.1) Hz that this is because of change in microgrid 

controllers for frequency control. 

 

 
 

Figure-13. Signal of islanding detections in the instant that microgrid connection 

to utility grid and operation under islanding conditions. 

 

C. The System operation in induction motor starting  

     conditions 
The connection between microgrid and utility is 

not disconnected while some conditions occur in 

microgrid, and thus, the microgrid doesn’t lie in islanding 

conditions. 

In this paper, four induction motors with S= 0.475 MVA 

and 𝑉௅−௅ = 0.4 kV for each one are connected to the 

Frequency

 0.0 1.0 2.0 3.0 4.0 5.0 6.0  ...

 ...

 ...

59.950 

59.975 

60.000 

60.025 

60.050 

H
z

Frequency grid

59.850 

59.900 

59.950 

60.000 

60.050 

60.100 

60.150 

H
z

Frequency DFIG

59.900 

59.950 

60.000 

60.050 

60.100 

H
z

Frequency CHP

59.850 

59.900 

59.950 

60.000 

60.050 

60.100 

60.150 

H
z

Frequency PV

Islanding detection

 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40 3.50  ...

 ...

 ...

-1.50 

-1.00 

-0.50 

0.00 

0.50 

1.00 

1.50 

2.00 

y

brik1



                                    VOL. 12, NO. 15, AUGUST 2017                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              4347 

microgrid busbar 3 through four transformers. This 

induction motor start operating at t= 3 sec. At this 

moment, as it is shown in Figure-14, the voltage of busbar 

3 that the induction motor is connected to it through 

transformer, is imposed to a transient disturbance and after 

about 60 ms returns to its normal operation. 

 

 
 

Figure-14. Stator voltage of DFIG and induction motor in induction motor 

starting conditions connected to the microgrid busbar 3. 

 

The induction motor active power and reactive 

power are shown in Figure-15 under these conditions, its 

power will be PI୑= 1.27 MW and Qூெ  = 1.2 Mvar after 

starting the induction motor. These amounts of consuming 

active and reactive power of induction motor will be 

provided by utility grid (that is considered as slack bus). 

thus, according to Figure-15, the network active  and 

reactive power after induction motor starting increase as 

much as consuming active and reactive power, but the 

active  and reactive power of microgrid generating source 

will stay in their normal operating value. 

According to Figures-16 and Figure-17, despite 

the presence of motor starting and transient frequency 

fluctuation, the proposed method has desired operation 

and doesn’t detect these conditions as islanding 

conditions. 

 

 
 

Figure-15. Active power and reactive power of utility grid, DFIG and induction motor 

in induction motor starting conditions connected to the microgrid busbar 3. 
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Figure-16. DFIG frequency and induction motor in 

induction motor starting conditions connected 

to the microgrid busbar 3. 

 

 
 

Figure-17. Signal of islanding detections in induction 

motor starting conditions connected to the 

microgrid busbar 3. 

 

CONCLUSIONS 
In this paper, the proposed method to detect 

islanding conditions in a standard microgrid is simulated. 

This standard microgrid consists of generating sources 

including wind turbine with DFIG, CHP, and photovoltaic 

generating system (PV). The propose method to detect 

islanding conditions is an active method that is based on 

disturbance current injection through the converter 

controller on wind turbine with DFIG side, the islanding 

conditions are detected. In this proposed method the 

variant of frequency of induction generator stator voltage 

is considered as the islanding conditions detection index. 

In this paper, the dynamic modeling of generating source 

and their controlling system, and microgrid operation is 

studied and simulated close to real conditions. 

To make the microgrid be able to continue its 

desirable operation in islanding conditions and provided 

the microgrid loads. it is necessary to change the available 

controllers in microgrid. The simulated results prove that 

in islanding conditions by applying the proposed 

variations, the microgrid has desirable operation and by 

power generation distribution among generating source, 

the load in microgrid will be supplied. In a few conditions 

that happen in the microgrid, the connection between 

microgrid and utility grid is not lost, thus, the microgrid 

won’t lie in islanding conditions. Because of this, one of 

important criteria to prove the proper operation of 

islanding conditions detection is the distinct that exists 

between these conditions and islanding conditions. In this 

paper, the induction motor starting and one of the 

microgrid lines disconnections are studied as two 

distinctive conditions of islanding conditions. The 

desirable operation of the proposed method is proved by 

the distinction between these conditions and islanding 

conditions regarding simulation results. 
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APPENDIX 

 

A. DFIG 

 

Value Parameter Value Parameter 

0.4 kV 𝑉௅−௅,௥௠௦ 0.00607 pu ܴ௥ 

1.5 MVA S 0.11 pu 𝐿௟௥  

0.0054 pu ܴ௦ 4.362 pu 𝐿௟௠ 

0.102 pu 𝑳𝒍𝒔 0.363 s H 

B. PV 

 

Value Parameter Value Parameter 

0.4 kV Vୢୡ 2500 μF C୤ 
0.0015 H L୤ 1.5 Ω R୤ 

  1800 Hz fୡ 
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C. CHP 

 

Value Parameter Value Parameter 

6.55 s 𝑇ௗ௢′  0.039 s 𝑇ௗ௢"  

0.18426 pu 𝑋ௗ́  0.99117 pu 𝑋ௗ 

0.224 pu 𝑋௤́  0.68 pu 𝑋௤ 

0.108 pu 𝑋௤"  0.108 pu 𝑋ௗ"  

0.0052 pu ܴ𝑎 13.8 kV 𝑉௅−௅,௥௠௦ 

0.071 s 𝑇௤௢"  0.071 s 𝑇௤௢"  

   H 

 

D. Induction Motor 

 

Value Parameter Value Parameter 

1 pu ܴ௦ 0.0613 pu 𝐿௟௦ 

0.475 MVA S 0.4 kV 𝑉௅−௅,௥௠௦ 

1 pu 𝐿௟௠ 0.15 s H 

0.1 pu ܴ௥ 0.0613 pu 𝐿௟௥  
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