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Abstract: 
The increasing number of renewable energy sources and distributed generators requires new strategies for the operation and 

management of the electricity grid in order to maintain or even to improve the power-supply reliability and quality. In addition, 

liberalization of the grids leads to new management structures, in which trading of energy and power is becoming increasingly 

important Development of wind energy in various countries around the world reveals that wind power is the fastest growing power 

generation technology Due to the variable-speed nature of wind turbine operation and the unsteady load involved, There has been an 

increasing trend of developing model based reasoning algorithms for fault detection and isolation as cost-effective approach for wind 

turbines as relatively complicated system. 
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I. INTRODUCTION 

 

As wind power capacity increases, power system operators are 

challenged by the penetration impacts to maintain reliability and 

stability of power system As the grid penetration and power 

level of the wind turbines increase steadily, the wind power 

starts to have significant impacts to the power grid system. 

Therefore, more advanced generators, power electronic systems, 

and control solutions have to be introduced to improve the 

characteristics of the wind power plant and make it more 

suitable to be integrated into the power grid. In this paper, the 

impact of increased penetration of DFIG based WTGs on small 

signal stability and transient stability will be examined for a 

large system. In order to examine the impact on small signal 

stability, a systematic approach with the help of modelling will 

be done and the impact on small signal steady and transient 

stability will be analysed.  Doubly-fed induction generators 

(DFIGs) are the most widely used wind power generators in 

wind power generation systems [1]. Stability performance of 

grid connected DFIG is greatly affected by different controllers. 

Therefore, the controllers should be designed appropriately [2]. 

Among all the control designs, reactive power control is very 

important for the grid-connected wind farms [3]–[5]. Many wind 

power grid connection codes today require the enhancement of 

the low voltage ride through (LVRT) capability of wind farms 

and the maintenance of their reliability in a certain range during 

and after a short-term fault. The study in [3] shows that rotor 

angles of synchronous generators are directly influenced by the 

type of reactive power control applied in the wind power 

generation. If the control strategies are implemented   

appropriately   in wind farms, particularly the terminal voltage 

control, it can decrease the reactive power requirements of 

conventional synchronous units and help to mitigate large rotor 

angle swings. Similarly with the help of that a good control 

strategy for the static synchronous compensator (STATCOM) 

the system dynamics will significantly improve [6], [7]. Based 

on these theories, an approach to conduct an impact study of a 

STATCOM on the integration of a large wind farm into a weak 

loop power system is presented in [8]. Here it is illustrated that 

the size and location of the STATCOM will both affect the 

voltage fluctuations.  This paper is organized as follows. Section 

II presents characteristics and modelling of DFIG. This includes 

transient and small signal stability. Approach for stability 

analysis is presented in section III. System dynamic stability 

improvement by power electronics is presented in section IV. 

 

II .  CHARACTERISTICS AND MODELING OF DFIG  

 

There are several types of generators used for wind power 

applications today. The main difference is fixed speed and 

variable speed wind generator. Variable speed wind power 

generation technology includes the operation of wind turbines at 

optimum power coefficient over a wide range of wind speed. 

The two most commonly used variable speed wind generator 

concepts are the converter driven synchronous generator and the 

DFIG. For power system stability studies, modelling of a DFIG 

is considered here for steady state analysis as well as for large 

disturbance dynamic analysisMaintaining the Integrity of the 

Specifications 

 

A. Modelling for Steady State Analysis: Although the wind 

turbines are distributed within the wind farm, the bulk power 

from the latter is connected to the grid at a single substation. 

Consequently, WTGs within the farm are aggregated into a single 

unit having an MVA rating equal to the summation of the MVA 

rating of the individual units. Furthermore, as DFIG units have 

reactive power capability, the wind farm is modelled in a way 

similar to the conventional generator for steady state analysis and 

is represented as a PV bus with appropriate VAR limits. 

   • Turbine aerodynamics. 

 • Turbine mechanical control (also called pitch control) that 

controls the mechanical power delivered to the shaft;  
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 • Shaft dynamics modeled as a two mass shaft, one mass 

represents rotor/turbine blades and the second represents the 

generator;  

• Generator electrical characteristics:  As the rotor side converter 

drives the rotor current very fast, the rotor flux dynamics is 

neglected and the model behaves as a controlled current source. 

 • Electrical control: Three controllers are used to provide 

controls for frequency/active power, voltage/reactive power, and 

pitch angle/mechanical power;  

 • Protection relay setting. 

 

B. Impacts on power system stability: In an interconnected 

system, the ability to restore equilibrium between 

electromagnetic torque and mechanical torque is determined by 

the rotor angle stability of each synchronous machine. With the 

increased number of wind farms in operation, the system 

experiences a change in dynamic characteristics. Following a 

disturbance, the change in electromagnetic torque of the 

synchronous machine can be characterized by two torque 

components, namely, the synchronizing torque component and 

the damping torque component. Insufficient synchronizing 

torque results in non-oscillatory instability whereas insufficient 

damping torque results in oscillatory instability. These 

categories of instability in response to the penetration of wind 

power are discussed in the following sections. 

 

1) Transient Stability: Transient stability is the ability of a 

power system to maintain synchronism when subjected to a 

larger disturbance. The severe disturbances include equipment 

outages, load changes or faults that result in large excursion of 

generator rotor angles. The resulting system response is 

influenced by the nonlinear power-angle relationship. The time 

frame of interest in transient stability studies is usually 3–5 sec 

following the disturbance. The duration may extend up to 10–20 

sec for a very large system with dominant inter-area swings.  In 

a synchronous machine, if during a disturbance the electrical 

torque falls below the mechanical torque, the rotor will 

accelerate causing the increase in rotor speed and angular 

position of the rotor flux vector. Since the increase in rotor angle 

results in an increase in the generator load torque, a mechanism 

exists to increase the generator torque so as to match the turbine 

torque. In case of DFIGs, generator load disturbances also give 

rise to variations in the speed and the position of the rotor. 

However, due to the asynchronous operation involved, the 

position of the rotor flux vector is not dependent on the physical 

position of the rotor and the synchronizing torque angle 

characteristic does not exist. The transient stability of a system 

with wind turbines also depends on factors such as fault 

conditions and network parameters. However wind speed is 

assumed to be constant in transient stability simulation involving 

wind turbines. 

 

2) Small Signal Stability: The small signal stability problem 

normally occurs due to insufficient damping torque which 

results in rotor oscillations of increasing amplitude. The 

eigenvalues of the system matrix characterize the stability of the 

system. The change in design and operating condition of the 

power system is reflected in the eigenvalues of the system state 

matrix. The effect of the system parameters on the overall 

system dynamics can be examined by evaluating the sensitivity 

of the eigenvalues with respect to variations in system 

parameters. The variable speed WTG design consisting of power 

electronics converter imparts significant effect on the dynamic 

performance of the DFIG. The introduction of large amounts of 

wind generation does have the potential to change the 

electromechanical damping performance of the system. 

 

III. APPROACH FOR STABILITY ANALYSIS 

 

1). Small Signal Stability : The basis of this study lies on the 

fact that with the penetration of DFIG based wind farms the 

effective inertia of the system will be reduced. In this regard, a 

first step proposed towards studying the system behavior with 

increased DFIG penetration is to identify how the small signal 

stability behaviour changes with the change in inertia. The 

approach is thus intended to evaluate eigenvalue sensitivity with 

respect to generator inertia. The eigenvalue sensitivity with 

respect to inertia can be expressed as 

 

 
 

Where 

 

  inertia of the the conventional synchronous generator; 

 

     ith eigenvalue 

 

 and  left and  right eigenvector corresponding to the 

eigenvalue respectively  

 

The eigenvalue of the state matrix A and the associated right 

eigenvector  and left eigenvector  are defined as  
 

A =  
 

A=  
 

The eigenvalue sensitivity had been addressed as early as the 

1960s. However the key to the proposed analysis is to examine 

the sensitivity with respect to inertia and identify which modes 

are affected in a detrimental fashion and which modes are 

benefitted by the increased DFIG penetration. The following 

steps are adopted while evaluating the system response with 

respect to small disturbances. 
 

• Replace all the DFIGs with conventional synchronous 

generators of the same MVA rating which will represent the 

base case operating scenario for the assessment. 

 

• Perform eigenvalue analysis in the frequency range: 0.1 to 2 

Hz and damping ratio    below2.5%. 

 

• Evaluate the sensitivity of the eigenvalues with respect to 

inertia of each wind farm represented as a conventional 

synchronous machine which is aimed at observing the effect of 

generator inertia on dynamic performance. 

 

• Perform eigenvalue analysis for the case after introducing the 

existing as well as planned   DFIG wind farms in the system. 
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2), Transient Stability The machine rotor angle measured with 

respect to a synchronously rotating reference is considered as 

one of the parameters to test stability of the system. The severity 

of a contingency and the trajectory of a system following a 

disturbance can be assessed by evaluating the transient stability 

index (TSI). The TSI is obtained from the transient security 

assessment tool (TSAT) which calculates the index based on 

angle margin algorithm as follows 

 

*100           -100<TSI<100 

 

Where   is the maximum angle  separation of any two 

generators in the system at the same time in the post-fault 

response TSI>0 and TSI< 0 correspond to stable and unstable 

conditions respectively. The objective of transient stability 

analysis here is to examine if the modes identified in the small 

signal stability analysis can be excited by the large disturbance 

and analyze the transient stability performance. Each of the 

critical modes obtained in the small signal stability study is 

scrutinized in time domain. In this way the impact of increased 

penetration of DFIG based WTGs on small signal stability and 

transient stability can be examined for a large system. In order to 

examine the impact on small signal stability, a systematic 

approach to pin point the impact of increased penetration of 

DFIGs on electro mechanical modes of oscillation using 

eigenvalue sensitivity to inertia is developed. 

 

IV. SYSTEMS DYNAMIC STABILITY IMPROVEMENT 

WITH POWER ELECTRONICS 

An important issue of integrating large-scale wind farms is the 

impact of the wind power technologies on the stability and 

transient behavior of the power systems. The problem of 

network stability is often associated with different types of 

faults in the network such as tripping of transmission lines (e.g., 

overload) loss of production capacity and short circuits. Short 

circuits have a variety of forms and most of them are cleared 

with relay protection systems either by disconnection and fast 

reclosure of contacts or by disconnection of the equipment in 

question after a few hundred milliseconds.  

 

A. Fault Ride-Through of Induction Generators  

 

 
Figure.1. Block diagram of a wind turbine connected to a 

grid  

 

During a short-circuit fault in a power system where the wind 

turbines are connected, the short-circuit current may result in a 

voltage drop at the wind generator terminal. Due to the volt- age 

dip, the output electrical power and the electromagnetic torque 

of the wind turbine are significantly reduced, while the 

mechanical torque may be still applied on the wind turbine. 

Consequently, the turbine and generator will be accelerated due 

to the torque unbalance. After the clearance of the fault, the 

voltage of the power system tends to recover. However, reactive 

power is required to recover the air gap flux of the induction 

generators. This could cause an inrush current to be drawn by 

the wind generators from the power system, which in turn causes 

a voltage drop on the lines between the power system and the 

wind turbines. The volt- age drop could prevent the machine 

terminal voltage returning quickly to the normal value. If the 

voltage could be recovered and the generator speed is not too 

high, the electromagnetic torque could be restored. Then the re-

established electromagnetic torque will act on the rotor in the 

opposite direction to the mechanical torque from the wind 

turbine. If the electromagnetic torque is big enough, the rotor 

speed can be slowed down and the wind turbine may restore its 

normal operation eventually. On the contrary, if the voltage is 

not able to be recovered back to around the normal value or the 

generator speed is too high, there may be no sufficient 

electromagnetic torque to balance the mechanical torque. Hence 

the machine would continue to accelerate and the increase in 

machine speed will lead to an increased reactive power 

consumption which can be seen from the machine 

characteristics. Then the voltage may decrease further and if the 

generator will not return to its normal speed it has to be tripped 

out by over speed protection devices. When this happens, the 

wind turbine is disconnected and failed to ride through the fault. 

Wind turbine disconnection caused by dipped voltage and inrush 

current should be avoided because losing a significant part of the 

power generation capacity could threaten the security of the 

power system. Many power systems have made grid codes to 

require that the wind turbines be connected in the system during 

a power system fault, in order to support the system recovery 

from a fault and prevent power system from collapse caused by 

further losing generation capacity. This becomes more 

significant as wind power penetration level increases. The 

methods to achieve the target may be different. However the 

main tasks are voltage recovery and speed control. Only if the 

voltage level is restored the magnetic field of the generators can 

be re established and then electromagnetic torque can be 

restored. Therefore a quick recovery of voltage and 

reestablishment of the electromagnetic torque are crucial the 

over speed of a generator may also be limited by controlling the 

input mechanical torque. Turbines equipped with a pitching 

system have the advantage of actively pitching down the input 

mechanical torque, which will effectively limit the acceleration 

of the generator system. An example system is shown in Fig. 1 

where two generators (one cage rotor and one wound rotor with 

rotor resistance and pitch control) are connected in parallel and a 

load at bus 2 is supplied by the wind power generators and by 

the external power system represented by a constant voltage 

source connected in series with its Thevenin’s equivalent 

impedance. A STATCOM is connected to bus 2 as well. During 

the rated operation, the wind turbine provides a part of the load 

at bus 2 in the system. The capacitors at the wind turbine 

terminal supply the reactive power required by the generator and 

the STATCOM may also supply a part of reactive power. 

Although the acceleration of the wound rotor induction 

generator has been limited by the extended rotor resistance 

control and the pitch control for a certain period, the speed of the 



International Journal of Engineering Science and Computing, May 2017         11599                                                                         http://ijesc.org/ 

generator will rise again after the controls have been removed. 

The reason is that the low voltage cannot be restored since the 

parallel cage induction generator loses the stability. However 

part of the system may be restored if the unstable cage rotor 

induction generator is disconnected from the system.  

 

B. Fault ride-through of DFIG with a crowbar 

 

 
Figure. 2. Crowbar connected between the rotor of the DFIG 

and rotor-side converter 

 

As discussed previously, a voltage drop will spur an electro- 

magnetic torque reduction that leads to the acceleration of the 

rotor. The grid voltage decreases rapidly to a low level and will 

cause high current transients in the generator stator and also in 

the rotor due to the magnetic coupling between the stator and 

rotor The high current may damage the power electronics 

converter connected with the rotor winding of DFIGs. Therefore 

protection measures are required for DFIG wind turbines during 

voltage dips. A reduction in mechanical torque is desired in 

order to avoid over speed. A pitch regulation as explained before 

can be used. To avoid damages in power electronics the most 

common option is to block the rotor-side converter and short 

circuit the rotor winding by means of a so-called crowbar. A 

crowbar is connected between the rotor of the DFIG and the 

rotor-side converter. The crowbar circuit may have various 

topologies, for example Fig.2 shows a crowbar consisting of a 

diode bridge that rectifies the rotor phase currents and a single 

thyristor in series with a resistor crow. The thyristor is turned on 

when the dc-link voltage reaches its limit value or the rotor 

current reaches its limit value. Simultaneously the rotor of the 

DFIG is disconnected from the rotor-side power electronic 

converter and connected to the crowbar. The rotor remains con- 

nected to the crowbar until the main circuit breaker disconnects 

the stator from the network. When the grid fault is cleared the 

rotor-side converter is restarted and after synchronization, the 

stator of the DFIG is connected back to the network. Rotor over- 

current protection described before is called a passive crowbar. 

The same circuit topology, as shown in Fig2, may be 

changed to an active crowbar by replacing the thyristor with a 

fully controllable one by means of a controllable semi- 

conductor switch such as an IGBT. This type of crowbar may be 

able to cut the short-circuit rotor current at anytime. If either 

the rotor current or the dc-link voltage levels exceed the limits 

the IGBTs of the rotor-side converter are blocked and the 

active crowbar is turned on. The crowbar resistor voltage and 

dc-link voltage are monitored during the operation of the 

crowbar. When both of these voltages are low enough the crow bar 

may be turned off. After a short delay for the decay of the rotor 

currents the rotor-side converter may be restarted and the reactive 

power may be produced to support the grid. During normal 

operation, active and reactive power is controllable and the 

machine is magnetized by the rotor. However while the rotor-side 

converter is disabled and bypassed the controllability of active and 

reactive power gets lost and the magnetization is carried out by 

the stator as in an SCIG. The selection of the Rcrow  value could 

affect the system performance, such as reactive power 

controllability doubly fed generators with rotor current control 

are prone to oscillations when reactive power is fed to the grid. 

During a voltage dip the stability limit is further reduced.  

However, the generators with direct torque control (DTC) 

instead of vector current control seems to be reasonably stable 

which could allow the rated reactive current production under 

low grid voltages, though voltage dips with highly unsymmetrical 

voltages are still difficult for DFIGs. 

 

IV .CONCLUSION 

 

With the increasing popularity and installation of wind turbine in 

modern power systems, grid connection issues have imposed 

several new challenges to wind turbine design and development. 

To cope with grid connection demands it becomes a major   

issue of discussion in the wind turbine industry. Now days, grid 

connection requirements are becoming more and more strict. 

One of the most important requirements in case of a major grid 

disturbance, wind turbines not only have to remain connected, 

but should also play an assisting role. In future, the percentage 

of wind energy on many grids is expected to be a appreciably 

major part, thus making wind turbines as key grid players. 

Therefore, these machines will require a built-in capacity to 

behave like power plants. Power electronic technologies, as the 

interfaces for wind turbines, also the interfaces for some energy 

storage systems and as flexible as transmission systems 

(FACTs) devices, such as STATCOM, will play a important role 

in developing new state-of-the-art solutions for the future 

success of various new wind   power generation. 
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