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Abstract— One of the most important problems in wind Micro 

Grids connected to the distribution networks is fast and proper 
response to the instabilities due to sudden disturbances. In this paper 
to study of system behavior encountered disturbances, steady state 
and transient dynamic response of Micro Grids equipped by DFIG 
will be simulated by using of Cruise equations. Dynamic response of 
voltage, frequency rotor and stator currents will be discussed by this 
simulation. The results show that simulated machine has been fast 
response and robust performance in contrast with load sudden 
changes and grid disturbances. 
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I. INTRODUCTION 

N the close future due to increasing green house gases, 
renewable resources penetration in distribution network is 

predictable. Thus, in this condition, stability is the most 
problem [1]. Today, according to the end of fossil fuels and 
efforts to reduce the use of this resources, attention has been 
shifted to the use of renewable resources. Micro Grids (MGs) 
are make by a set of small generation in low and medium 
voltage such as wind turbines (WTs), Photovoltaic (PV) and 
energy storage systems [2]. In recent years, many works have 
been developed in order to optimization and deregulation of 
power systems.  

In result, we'll expect in future grids, small generation such 
as micro turbines, WTs, PVs and the other renewable resource 
have the most colorful role. One of the most important 
features and advantages of a micro grid is its ability to become 
islanded which provides high reliability and consumer’s 
power quality improvement. When the micro grid is isolated 
from the main utility grid, the performances of resources are 
also change. The New performances of resources include 
Voltage/frequency control, proper power sharing and fast 
response to load variation. The desire operation of the micro 
grid depends on efficiency of control system. 

Predict the behavior of this resource and optimal use of 
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their can increase the efficiency of the system [5]. There are a 
lot of aims in MGs such as economical, environmental 
problems and reducing power loss. 
Combining DGs and utility will be affect on reliability and 
safely of grid [6-7]. The role of IGs in stability of these units 
is very important [8-9]. DFIGs will be affecting on the voltage 
stability [10-11]. In this sense, in recent researches in order to 
analysis of dynamical and statically behaviors is simulated 
[12-15]. In previous researches detail of modeling is not 
explained.  In this paper to study of system behavior 
encountered disturbances, steady state and transient dynamic 
response of MGs equipped by DFIG will be simulated by 
using of Cruise equations. Dynamic response of voltage, 
frequency rotor and stator currents will be discussed by this 
simulation.  

  

II. SYSTEM DESCRIPTION 

A. Wind turbine modeling 

Fig 1. shows the overall schematic of WT equipped by 
DFIG [11]. This system is equipped by a rotor winding IG that 
operates in 4 areas [12]. Stator winding directly and rotor 
winding through a slipping rings and power convertors 
connected to the utility [13]. In order to modeling of WT, 
three groups of equations obtained by using of Cruise 
equations. Other parameters can be studied in the other 
literatures [14]. 

 
Fig. 1 overall schematic of WT equipped by DFIG 

B. Induction Machine Equations 

Dynamic analysis of induction machines in an arbitrary 
reference frame as a standard approach is used to simulations 
[18-25]. In other words, variables of voltage, current and flux 
linkage of the stator and the rotor, rotating at an angular 
velocity variable will be transferred to another reference 
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frame. Overall, analysis of machines is called analysis of 
equations in arbitrary reference frame [26,27]. One of the 
most common equations are Cruise equations [28,30]. Flux 
linkage equations of DFIG In synchronous reference frame is 
follow: 
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Where , , ,v v v v
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 are q and d voltages of stator and 

rotor, respectively. , , ,
qs ds qr dr
     are q and d linkage fluxes 

of stator and rotor, respectively. 

Torque and power of machine can be achieved as flown: 
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The relation between torque and angular velocity of rotor is: 
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Where combination of machine and turbine inertia transferred 
to machine side is RJ , TJ  is turbine inertia, MJ  is machine 

inertia and n  is speed ratio in gear box [15]. 

 

 

Fig. 2 Induction Generator dq model in synchronous reference frame 
   

III. SIMULATION 

In this section we use the equations derived in the previous 
section to simulation of DFIG in SIMULINK/MATLAB. 
In order to simplify the calculations, three phase voltages 
transferred from abc to dq synchronous reference frame. 
Figures 3 and 4show overall DFIG model and Simulink model 
of DFIG in dq reference frame respectively. First input signals 
into DFIG in Fig.3 are stator three phase voltages. These 
voltages dictate from utility in grid connected mode. Next 
input signals are rotor three phase voltages that controlled by 
PI controller [12]. 
The third input is mechanical torque simulator and rotor 
angular velocity. This torque applied by a DC motor.  Finally, 
output signals are electromagnetic torque ( eT ), rotor angular 

velocity ( r ), three phase currents of rotor and stator ( ,
r sI I ), 

and stator flux ( s ). 

In the next step, using the relations obtained in the previous 
section, the equations of the stator, the rotor and the electrical 
torque, as shown in Fig.5 will be simulated. Fig.6 shows the 
internal details of the stator winding circuit equations. The 
first inputs are ,ds qsV V   which these voltages dictate from 

utility in grid connected mode. The second inputs are dq stator 
currents , Ids qsI . Magnitude of these currents introduced by 

linkage flux block.  The last signal is angular frequency. This 
frequency created by drive system. At the end, outputs of 
block are stator linkage fluxes ,ds qs  . Fig.7 shows details of 

rotor equations. The first inputs of this block are ,dr qrV V  and 

the other inputs are ,dr qrI I . Magnitude of rotor current 

introduced by a current signal that calculated in linkage flux 
block. As same as stator block, ,dr qr   are linkage flux 

outputs. These signals are important to create flux equation. 
Fig.8 shows details of flux matrix of DFIG. At the end, 

(1) 
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SIMULINK model of (3) and (7) is shown in Fig.9. In this 
block, stator flux is known as initial input.  

 
 
 
 

 

 
Fig. 5 Block diagram of Control blocks 

 

 
Fig. 6 Schematic block diagram of stator 

 

 
Fig. 7 Schematic block diagram of rotor 

 
 

 
Fig. 8 Schematic block diagram of rotor flow 

 

Fig. 3 Detailed Model of DFIG 

 
Fig. 4 Overall System Block Diagram 
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Fig. 9 Schematic block diagram of rotor speed and torque 

 

IV. SIMULATION RESULTS 

In this paper, a micro-grid with a variable speed wind 
induction generator DFIG 30KW 60HZ connected to the 
distribution network is simulated. DFIG is connected to the 25 
Kv distribution network and its power transmitted through 
30Km transmission lines to120KV utility. In this model due to 
the non-linear elements and controllable simulation, the 
discrete simulation method selected. 

A. Instability Comparison of transient and steady state of 
frequency in a MG with DFIG 

Steady state and transient characteristics of the system 
frequency versus time are shown in Figs.10 and 11. In starting 
time, the frequency will be 60HZ. After 0.05s, frequency has a 
negative slope and a drop in 59.5HZ; at 0.12s climb to 60.4. 
After this time machine has fixed frequency 60.05HZ in the 
range of nominal value, therefore the steady state will be 
reached. At 0.38 seconds occurs a three-phase short circuit in 
the AC power distribution network and this situation will 
continue until 0.42 seconds. When short-circuit occurs at 
0.38s, from 0.48s until 0.53s, the frequency range from 59.95 
to 60.06Hz will fluctuate. In 0.53s system with fixed 
frequency 60.06HZ reaches to steady state. 

 
Fig. 10 frequency characterization of  DFIG in steady state 

 
Fig. 11 Frequency characteristic of DFIG with fault 

 

B. Instability Comparison of transient and steady state of 
speed of rotor in a MG with DFIG 

Characterized by steady-state and transient rotor speed 
versus time are shown in Figs.12 and 13. In starting time, to 
reach steady state and fixing the rotor speed will be about 0.3s 
After this time, the rotor speed transient components damped 
and in the range of approximately 1450 to 1600 rpm in steady 
state will be reached. Ranged from 0.38 to 0.42 seconds, the 
system will be a three-phase fault. After 0.4s, the normalized 
rotor speed and the range of 1450 to 1600 rpm steady state 
will be reached. According to the joint occurrence of 0.38s, 
with a negative slope to the rotor speed 1150 rpm will drop in 
0.42 s DFIG rotor speed of 0.62 seconds with a positive slope 
to the domain of network turbulence, and steady state will be 
returned. 

 
Fig. 12 characterized of DFIG rotor speed in steady state  

 

 
Fig. 13 characterized of DFIG rotor speed with fault 

 

C. Instability Comparison of transient and steady state of 
stator voltage in a MG with DFIG 

Steady state and transient characteristics of stator voltage 
versus time are shown in Figs. 14 and 15. In starting time, the 
amplitude of the stator voltage after 0.03s will be 
approximately 400v, after that in the range of 0.03 to 0.15 
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seconds, drop to 200 v. After this time the machine has passed 
the initial transient and will be 500v in steady state. At three 
phase fault, the amplitude of the stator voltage will be zero at 
the time after about 0.1s. After this time transient components 
have been damped and machine has a periodic voltage in 
range 500v. According to Figure14 will be seen that the 
amplitude of voltage fluctuations peaked at 0.42s and 
sometimes the nominal value will increase. 

 
Fig. 14 characterized of DFIG voltage in steady state 

 

 
Fig. 15 characterized of DFIG voltage with fault 

D. Instability Comparison of transient and steady state of 
torque in a MG with DFIG 

Steady state and transient characteristics of torque versus 
time are shown in Figures 16 and 17. At starting time, 
amplitude of torque will increase. After 0.05s unstable and 
transient state ended and in steady state will be reached 
100N.m. Torque will be drop to -300N.m when a fault occurs 
in 0.38s. Then torque at 0.47s with positive slope reached to 
200N.m .After removing the connection at 0.42s, torque 
transient component is not damped and this situation will 
continue until 0.57s. After passing this time, damped 
components and torque range 100N.m to reach steady state. 

 
Fig. 16 characterized of DFIG torque in steady state 

 
Fig. 17 characterized of DFIG torque with fault 

 

E. Instability Comparison of transient and steady state of 
stator flux in a MG with DFIG 

Steady state and transient characteristics of the stator flux 
versus time are shown in Figures 18 and 19. At the starting 
time, the stator flux fluctuations and severe irregularities will 
be several times the nominal value of exposure. The working 
area of the machine is called the transient system. This 
situation is unstable to 0.45s of the ruling stator flux. The 
amplitude of the oscillating flow with regular periodic steady 
state will be reached. The disturbance occurred at 0.38s, the 
stator flux fluctuations and severe irregularities in multiple 
domains steady state will be facing in the positive and 
negative cycles. This area is transient and unstable regions of 
the variable stator flux together 0.7s damped steady state will 
be reached before connecting Domain. 
 

 
Fig. 18 characterized of DFIG stator flow in steady state 

 



Journal of Middle East Applied Science and Technology (JMEAST) 
 

ISSN (Online): 2305-0225 
Issue 20, July 2014, pp. 689-694 
 

694 
 

 
Fig. 19 characterized of DFIG stator flow with fault 

 
 

V. CONCLUSIONS 

Due to the uncertainty of wind energy, the behavior of the 
micro-grid wind machines is very important. The dynamic 
response of the voltage, frequency, current, rotor compared to 
grid disturbances were investigated.Another study in this 
paper compare the steady state and transient characteristics of 
the torque and stator flux network is created by the sudden 
exposure to short-circuit the system noise and variations in all 
of the sudden, time resistant. Commercial functional 
performance showed. 
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