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ABSTRACT 
Power system stability in wide area network is needed for providing optimal power flow. Though various 
developments in this regard have been proposed, the complexity and large wide inter connection has limited 
the stability in power system. The dynamic load conditions and variable power system has increased the 
stability constraint in power system. With a rapid increase in demanded power, existing power system is 
integrated with different power generation units, interconnected in multiple zones to supply the demanded 
power. Due to diverse power system interface, the issue of stability in power system has become critical.  
Power system stability over small signal is proposed here in the paper. The control design is developed for 
two area power system. A stability approach using a one-loop and two-loop control strategy in DFIG 
interface over two area network is developed. The Eigenvalue analysis is done for a two area power system 
without power system stabilizer and with power system stabilizer.  
Keywords—Small signal stability, DFIG interface, two - area network, Eigen-analysis, PSS. 

 
 
I.INTRODUCTION 
Renewable energy source has a greater demand in next generation power system, where 
a combined power generation unit is scheduled to compensate the demanded load. As 
the existing power generation resources are depleting rapidly, more attention is paid to 
renewable power generation, where wind power generation has got important place. Wind 
power generation units are developed from few kilowatts, a small scale off grid to large 
scale grids interfaced wind farms. With the development of new technologies, various 
designs, with different control methods are being used.Induction generator which is fed 
from two sources and therefore called as doubly fed induction generator (DFIG) is the 
outcome of such a development, which has larger application in wind power generation. 
With new controller designs upcoming, the application of DFIG unit in a wind farm 
interface is rapidly increasing. The accuracy of control operation is a major concern of 
this interface. Many researchers have studied different control methods for damping small 
signal oscillations of power system. DFIG which is a variable speed machine, can control 
the power delivered to the grid by making use of power converters. In [1] vector control 
method is studied to control reactive and active power independently. In [2] flux 
magnitude and angle control method is used for regulation of reactive and active power. 
The regulation of active power is possible by means of either mechanical control i.e. by 
pitch control or by electrical means using power converters. In [3] mechanical regulation 
using pitch control is used for turbines having fixed  speed. In [4] a PID controller is used 
for control of pitch angle where error in the value of frequency is given as input to the 
controller. In this change in power is calculated from change in frequency by a droop 
controller. In [5] a fuzzy logic controller is used for changing pitch angle of wind turbine. 
Such a controller takes care of non-linearities and uncertainties of the system. Though 
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the pitch control is effective method of damping oscillations its slow acting response is a 
matter of concern. So an alternative to this is regulation by power converter which gives 
very fast response. This is the most popularly proposed method for damping oscillations 
of power system. In[6], the importance of role of power electronic converters for 
integration of wind farms with grid is stressed. The voltage generated by wind units is not 
connected to grid directly and these converters are necessary to match voltage level and 
frequency, of wind unit and the grid. In this contribution of power electronic interfaced 
wind units for primary frequency control is studied. In [7] power system stabilizer using 
speed, frequency and power as input signals, is studied for synchronous generator. In [8], 
for flux magnitude angle control, conventional power system stabilizer using slip of DFIG 
as input and variation in angle as output has been proposed. [9] also uses conventional 
power system stabilizer but stator electrical power as input instead of slip. In [10] terminal 
voltage signal is used as input which results in variation in active power signal. In [11] 
FMAC scheme is used and conventional PSS is used in grid side converter and it is shown 
that power system oscillations are better damped. In [12, 13] vector control method is 
proposed with different inputs and it is shown that they are able to improve the damping. 
[14] also uses conventional PSS and proposes simple tuning procedure to adjust PSS 
parameters for selected bandwidth of the controller. In [14] input is terminal voltage of 
wind farm and output is change in reference value of power. Some researchers have 
proposed a reduced version of the conventional PSS, comprising a filter and a 
proportional controller with the grid frequency as input and the power reference as output 
[15]. The system in [15] has shown better damping of inter-area oscillations. Other 
authors have used root locus methods to design the controllers. Here, the idea is to add 
pole-zero pairs in order to attract the root locus towards more damped locations in the left 
hand side of the complex plane, ensuring stability. These methods permit the controller 
to improve just one oscillation mode with a simple control scheme [16]. In order to affect 
more oscillatory modes, a more complex controller is required [17, 18]. To damp required 
modes of oscillations, these methods are found to be very useful, but they require global 
system’s knowledge. To overcome the problems of tuning of controllers used for wind 
turbines, algorithms which optimize some criterion have been proposed. Particle swarm 
optimization (PSO) and the evolutionary particle swarm optimization (EPSO) method 
attempt this in [19].A grid frequency based PSS, for variable speed wind turbines, has 
been proposed in [20-21]. For implementing such a PSS either vector control or flux 
magnitude angle control can be used and output is given as additional signal to the speed 
controller. In [22-23] power system stabilizer which is based on frequency of grid has 
been proposed for variable speed wind turbine. There are number of control methods 
proposed to achieve the frequency support in wider electrical network like synthetic inertia 
provision. In [24], effect of increased wind power penetration on frequency response of 
power system is studied. With increased amount of wind power, to avoid instability, 
concept of synthetic inertia is employed.   In [25] it is shown that as the synthetic inertia 
controller becomes both more complex and more effective, the damping ratio of the 
electromechanical modes is reduced, signifying decreased system stability. A novel 
method of control with PSS in rotor side converter is proposed in this paper.  The 
proposed approach is developed and presented in the following six sections. A 
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mathematical modeling of a wind turbine using DFIG and its control operation is outlined 
in section II. In Section III, concepts of power system stability with related mathematical 
concepts regarding linearization and Eigen analysis are given. The approach of power 
system stability using small signal analysis based on a one loop and two loop control 
mechanism is outlined in section IV. Section V presents the simulation results for the 
developed approach, with conclusion presented in section VI. References made for the 
proposed system are listed in the last section. 
II.MODELING AND CONTROL OF DFIG 
High power demand has introduced new integrated model of power system, where 
multiple power generation units are integrated together to compensate demanded power. 
Wind power generation has shown a rapid infusion to the existing power system. In an 
integrated power system, wind farms are formed as a set of wind power generation units 
clustered into a region to deliver power. Wind power is generated using wind turbines 
coupled with DFIG. DFIG design has its application in a wide area of power generation, 
to compensate the required load. The power quality, losses, and control operation are 
very critical in this interface. The DFIG modeling is done by using the doubly fed 
operation. 
The generation of power depends on wind speed and the control mechanism used for 
aerodynamic power. The different approaches of aerodynamic controlling are, 
1. The yaw control – the rotor is continuously orientedwith changing direction of wind. 
2.The stall control- In this approach when speed of wind increases beyond the safe value, 
position of blades is so changed that they stall. After the wind gust has gone the turbine 
is restarted. The blades are designed to interact with wind speed and no pitch controlling 
operation is made. 
3. Pitch control – This approach is the most commonly used technique, in which, pitch of 
the blade is so changed, that when wind speed changes, rotor speed is regulated. For 
the speeds below reference speed, the tuning of generator is done by control of pitch 
angle for generation of maximum power and for speeds above reference speed; the 
control of pitch angle is done for minimal load condition.  
4. Active stall control – this approach is used for a fine tuning of power generation under 

variable wind flow. Cp– the power coefficient and 𝜗the tip speed ratio are controlled for 
controlling speed. 
The wind turbines (WT) are designed with an Induction generator (IG) interfaced with a 
gear mechanism and control operation. In an IG, the set of capacitor banks are used as 
an interface to grid side. However, the IG interface has limited operation under variable 
wind speed. The enhancement to an IG is a generator which is doubly fed [4] induction 
generator as shown in figure 1, where a control interface is given to stabilize the operation 
under wind variable condition.  
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Fig.1Doubly-fed induction generator with wind turbine 

 
The kinetic energy of wind is converted into electrical energy by the wind turbine. Here, 
the wind energy is transformed to equivalent torque. The wind turbine develops power 
which is given by,  
P = (½) CPρAV2   (1) 
 
Here, CP is power coefficient, the air densityin kg/m3 is represented byρ, area of the 
blades of turbine in m2 is represented by A and velocity of wind in m/sec is represented 
by V. The amount of rotational energy converted into mechanical energy is given by 
Cpwhich is called as power coefficient. The value of Cp is decided by the tip speed 

ratio 𝜗.The tip speed ratio is the ratio of turbine blade speed to wind speed. If turbine 
radius is given by R and velocity of wind is given by V then tip speed ratio is given by, 

𝜗 = 𝑅𝜔/𝑉  (2) 
The torque devleoped by the turbine is givne by,  

𝑇𝑡𝑢𝑟𝑏𝑖𝑛𝑒 =
1

2
𝜌𝐴𝑐𝑉/𝜗  (3) 

By controlling the blade speed, maximum power generation can be achieved, which is 
achieved by the variation of turbine speed in relation to wind speed. In the operation of 
wind turbine, the torque developed by the prime mover is the sum of torque developed 
and the torque loss due to mechanical friction, given by,  
𝑇𝑝𝑚 = 𝑇 + 𝑇𝑙𝑜𝑠𝑠  (4) 

The power derived is hence given as, 
𝑃𝑝𝑚 =  𝑃𝑒𝑚 + 𝑃𝑙𝑜𝑠𝑠  (5) 

Where the electrical power generated is given by,  

𝑃𝑒𝑚 = 3𝐸𝑎𝐼𝑎𝑐𝑜𝑠𝜑 (6) 

Where 𝜑is the angle between phasors,  𝐸𝑎 𝑎𝑛𝑑  𝐼𝑎.In the modeling of DFIG unit, the d-q 
reference frame is used. The flux parameters are given as, 

𝜖𝑑 =  𝐿𝑚(
𝜖𝑑𝑠

𝐿𝑠
−

𝜖𝑑𝑟

𝐿𝑟
)  (7) 

𝜖𝑞 =  𝐿𝑚(
𝜖𝑑𝑞

𝐿𝑠
−

𝜖𝑑𝑞

𝐿𝑟
)  (8) 

𝑇𝑒𝑚 =
3𝑝

2
 (𝜖𝑞𝑟𝜖𝑑𝑟 − 𝜖𝑑𝑟𝑖𝑞𝑟) (9) 
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𝜔𝑟 =
𝑝

𝐽
 (𝑇𝑒𝑚 − 𝑇𝑚 − 𝑇𝑑)𝑑𝑡 (10) 

 
A frequency variation is observed due to variation in load, fault introduced or connection 
issues. The existing wind farms are required to be controlled for the low frequency 
oscillation (LFO) with respect to local nearby generator unit.  
 
III.INTER AREA SMALL SIGNAL ANALYSIS 

 
The definition of stability of power system is given as the 

capability of a power system to regain stable operation after occurrence of disturbance. 
The short circuits, changing load conditions, outages of generators and transmission lines 
due to some faults or some other reasons, voltage collapse are some examples of 
disturbances.  
The broad classification of power system stability can be given as rotor angle stability, 
frequency stability or voltage stability. Further they can be classified as transient and 
small signal stability. Also they are classified as short term or long-term stability. After 
subjected to disturbance, for rotor angle stability synchronism is required to be 
maintained. The output electrical power of generator decides electromagnetic torque and 
input mechanical power provided by prime mover decides mechanical torque. The 
balance between these two torques decides the rotor angle of generator. All generators 
are in synchronism whenthe two torques, mechanical and electromagnetic torque, are 
equal. The oscillations of rotor angle are seen when there is loss of balance between 
mechanical torque and electromagnetic torque due to some kind of disturbance. Rotor 
angle stability is of two types, small signal stability and transient stability.A power system 
after subjected to a large disturbance, regains its state of equilibrium, is said to be large 
signal stable and a power system is said to be small signal stable system if it regains its 
state of equilibrium after subjected to small disturbance. 

 
After subjected to a small disturbance of very short time, if a 

power system is able maintain its synchronism, it is said to be small signal stable and 
stability is referred as small signal stability. The small disturbances are in the form of 
changes in load on small scale like addition and deletion of small loads, tripping of line, 
tripping of small generators.Small signal instability can be of two types’ oscillatory 
instability and non-oscillatory instability. When rotor angle oscillates with its magnitude 
increasing after subjected to small disturbance, it is oscillatory instability. When rotor 
angle continues to increase after subjected to disturbance it is a non-oscillatory instability. 
A non-linear system can be approximated as a linear system for a very small disturbance. 
Small signal stability can be a local or a global; local stability refers to rotor oscillation in 
one generator with respect to the other connected generators, global form of oscillation 
is observed for different groups of generators inter-connected with each other. The local 
mode of oscillation is observed usually in the range of 1-3Hz, whereas the global mode 
of oscillation is in the range of 0.3 to 0.8Hz.  
 

A.Power System Stability 

B. Small Signal Stability 
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The power system is a dynamic system which is 

non-linear in nature. For the purpose of analysis it is linearized. A power system is 
represented by a number of differential equations (11) which are non-linear in nature.  

�̇� = 𝑓𝑖(𝑥1, … . , 𝑥𝑛; 𝑢1, … . , 𝑢𝑚; 𝑡),   𝑖 = 1, … , 𝑛          (11)     
Where, the state variable is represented as xi, the input to the system is given by ui, and 
the time is represented by variable t. For the linearization of the system, a set of points 
defining the equilibrium which makes the entire derivative to zero, is required. 
Linearization of the system gives us system matrix A as defined by 

𝐴 =  [

𝜕𝑓1

𝜕𝑥1
⋯

𝜕𝑓1

𝜕𝑥𝑛
… … …

𝜕𝑓𝑛

𝜕𝑥1
⋯

𝜕𝑓𝑛

𝜕𝑥𝑛

]     (12) 

Where the Eigenvalues of A are given by, 

𝜆𝑖 =  𝜎𝑖 ± 𝑗𝜔𝑖, 𝑓𝑜𝑟 𝑖 = 1, … , 𝑛   (13) 
Small signal stability can be studied using Eigen analysis. The Eigen value of a system 
matrix indicates the stability of the power system.  Eigenvalues are either real or complex. 
The real value represents non-oscillatory type and the positive values represent an 
aperiodic type of instability. The complex representation of an Eigen value is given as, 

𝜆 =  𝜎 ± 𝑗𝜔      (14) 
From the complex notation, the frequency of oscillation derived from the imaginary part 
is given by, 

𝑓 =  
𝜔

2𝜋
       (15) 

 
The damping component of the power system is given by real part, 

𝜑 =  
−𝜎

√𝜎2+𝜔2
     (16) 

Where, the damping ratio, defines the rate of decay for the oscillation magnitude. So, 
when represented in complex form, the damping factor is given by real part of the Eigen 
value, and oscillatory frequency is given by the imaginary component.  Hence, for a 
negative value of realpart in the complex Eigen value representation, the higher negative 
value indicates a larger damping and results infaster suppression of oscillatory frequency. 
The stability of the oscillation is achieved by the damping factor, where a higher damping 
offers a faster decay of the oscillation in the network. Hence, in small signal stability the 
damping factor desired is high.  
In the analysis, if required, it is also helpful to define a participation matrix.which gives 
participation factor which is measure of participation of a state variable in a mode.  The 
participation matrix which is obtained by combining left and right Eigen vectors provides 
a measure of association of an Eigenvalue with a specific state. Eigenvectors are the right 
and left elements of an Eigenvalue which satisfies the properties, 

𝐴∅𝑖 = 𝜆𝑖∅𝑖     (17) 
𝜓𝑖𝐴 = 𝜆𝑖𝜓𝑖     (18) 
The participation factor is given by, 

B. Linearization and Eigen Analysis 
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𝑓𝑝𝑛𝑖 =  ∅𝑛𝑖𝜓𝑖𝑛    (19) 
 
 
IV.STUDY SYSTEM AND INTER AREA SMALL SIGNAL STABILITY 

 
To study power system stability for inter area oscillation, two area 

model is considered. The network model presented in figure 2 is developed with four 
synchronous generator units, where a generator unit is replaced with a wind farm 
consisting of DFIG units. At central bus load is connected for balancing the flow of 

power and maintaining synchronization.  
Fig. 2.Two area network with wind farm interface 

 
Fig. 3.One loop operation 

 

 
Fig.4.Two loop control mechanism 

 
 
 
 
 
 

A.Study System 
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The control method is defined as a one loop design with monitoring of measured 
frequency over reference frequency. For providing stability under high varying frequency 
condition, a two-loop system is presented in [25]. This control mechanism provides power 
value which is defined by the frequency deviation and the correction until the reference 
frequency is restored. In this approach, loop one operates under high rate of change of 
frequency, where a filter unit controls high varying component, and second loop operates 
when the frequency value is largely deviated from the reference. The selection of values 
of K1 and K2is based on inertia level required in the design of DFIG.The model used for 
the synchronous generator is a transientmodel where stator dynamics is neglected and 
is represented in d-q reference frame. The small signal disturbance leads to power 
oscillations, which has a drastic effect on the power supply extending to whole blackout. 
For providing the stability in an inter-area network an inertia control mechanism is 
presented in [25]. 
Stability of rotor angle is ensured by the retaining the synchronization of all machines in 
the system. An equilibrium is built between the electromagnetic torque and mechanical 
torque with the aid of this control mechanism.Under disturbance when the rotor angle 
changes its value, the machine goes out of synchronization and generated real power is 
affected with the change in rotor angle. The rotor angle is derived as a function of rotor 
current component where the direct component and quadrature component idr and iqr is 
derived from Qs and Ps component respectively given by, 

𝑃𝑠 =
3

2
(𝑣𝑑𝑠𝑖𝑑𝑠 + 𝑣𝑞𝑠𝑖𝑞𝑠)  (20) 

𝑄𝑠 =
3

2
(𝑣𝑑𝑠𝑖𝑑𝑠 − 𝑣𝑞𝑠𝑖𝑞𝑠)  (21) 

 𝑖𝑑𝑠 =
𝐿𝑚

𝐿𝑠
(𝑖𝑚𝑠 − 𝑖𝑑𝑟)   (22) 

𝑖𝑞𝑠 = −
𝐿𝑚

𝐿𝑠
(𝑖𝑞𝑟)  (23) 

𝑖𝑚𝑠 =
𝑣𝑞𝑠−𝑅𝑠𝑖𝑞𝑠

𝜔𝑠𝐿𝑚
   (24) 

𝑉𝑑𝑟 = 𝑟𝑟𝑖𝑑𝑟 + 𝜎𝐿𝑟
𝑑

𝑑𝑡
𝑖𝑑𝑟 − (𝜔𝑠 − 𝜔𝑟)𝜎𝐿𝑟𝑖𝑞𝑟 (25) 

𝑉𝑞𝑟 = 𝑟𝑟𝑖𝑞𝑟 + 𝜎𝐿𝑟
𝑑

𝑑𝑡
𝑖𝑞𝑟 − (𝜔𝑠 − 𝜔𝑟)𝜎𝐿𝑟𝑖𝑞𝑟 +

𝐿𝑚
2

𝐿𝑠
𝑖𝑚𝑠 (26) Where, 

𝜎 = 1 −
𝐿𝑚

2

𝐿𝑠𝐿𝑟
  (27) 

 
 

 
 

In the integration of DFIG unit, a proper control can reduce the issue associated with 
integration. The issue observed is with the rotor angle oscillation, affecting the rotor angle 
stability. Angular stability is a major issue in synchronous generators and DFIG unit. 
Under fault condition, the oscillation is large in angular swing, giving stability constraint to 
power system. The rotor angle oscillations are damped by a power system stabilizer 

B.One Loop and Two Loop Method 

C.Power System Stabilizer 
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which is employed in the loop controlling reactive power of the converter on the rotor side. 
For a given power factor DFIG can control the reactive power. 
In performing the control of the converter on the rotor side the measured phase current 
iabc is converted to d-q frame as idr and iqr. The reference components are derived from 
the stator active and reactive component. The correlation of reference value with the 
measured value gives the error, which is used by PI controller to derive voltage levels vdr 
and vqr. The voltage components are used by the pulse width modulation (PWM) unit to 
control IGBT operation for rotor side converter.  The power system stabilizer introduces 
an additional signal to improve the damping. 

 
Fig.5.Integrated PSS to DFIG unit by converter on rotor side 

The PSS unit is introduced to damp the low-frequency oscillation of 0.1 to 2 Hz, which 
are termed as inter area oscillations. The input to the PSS is the measured value of 
voltage, or frequency. The operation of a PSS is defined by the lag-lead control operation 
given by, 
 

𝑢𝑝𝑠𝑠 =  𝐾𝑝𝑠𝑠 (
𝑆𝑇𝑤

1+𝑆𝑇𝑤
) (

1+𝑆𝑇1

1+𝑆𝑇2
) (

1+𝑆𝑇3

1+𝑆𝑇4
) 𝑢𝑖𝑛(28) 

 The input and output signals are represented by, 𝑢𝑖𝑛 and𝑢𝑝𝑠𝑠. 𝐾𝑝𝑠𝑠 is defined as the 

controller gain with time constants Tw stated as washout time and T1 to T4are defined as 
the lag-lead time constants.  The damping level is given by the 𝐾𝑝𝑠𝑠 value, and the 

washout is used for selecting signal at an input frequency range. The phase compensator 
generates the lead-lag component to damp the oscillation. In designing the controller unit, 
the values of T1 to T4 and 𝐾𝑝𝑠𝑠are required. The computation is made based on the 

displacement of the Eigenvalues for required phase compensation. The Eigenvalues are 
displaced to left plane to make the realcomponent more negative so as to increase 
damping factor.  
The relation of residue of the displacement to the corresponding Eigenvalue is given by, 

Δ𝜆𝑖 = 𝑅𝑖𝑗𝑘(𝜆𝑖) = 𝑅𝑖𝑗𝑘 (𝐾𝑝𝑠𝑠𝐻(𝜆𝑖)) (29) 

Where 𝑅𝑖𝑗𝑘 is the residue component which defines the relation of input and output (𝐶𝑗,𝐵𝑗) 

for obtained Eigen value in reference to Eigen vectors given as, 
𝑅𝑖𝑗𝑘 =  𝐶𝑗∅𝑖𝜓𝑖𝐵𝑘  (30) 
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Where a high residual component result in higher damping component to the system. For 

a compensating angular component 𝛽 with a frequency 𝜔 in rad/sec, and 𝜆𝑖𝑑𝑒𝑠 as the 
optimal Eigen value position, the parameters for the PSS is given by,  

𝛽 = 1800 − arg (𝑅𝑖𝑗𝑘)  (31) 

𝛼 =  
1−sin(

𝛽

2
)

1+sin(
𝛽

2
)
  (32) 

𝑇2 =
1

𝜔𝑖√𝛼
  (33) 

𝐾𝑝𝑠𝑠 = |
𝜆𝑖𝑑𝑒𝑠−𝜆𝑖

𝑅𝑖𝑗𝑘𝐻(𝜆𝑖)
|  (34) 

𝑇1 = 𝛼𝑇2  (35) 
 
 
V.SIMULATION RESULTS 
The simulation of the outlined approach is developed over a test system with three 
synchronous generators with a wind farm consisting of DFIG units.Themachines are sized 
such that generator 2 and generator 3 are smaller in capacity as compared to generator 
1, rated at 200, 200 and 1000 MW, respectively.The aggregated power of wind farm is 
100 MW which is represented by DFIG. The simulation system is defined for different test 
conditions of the network working without any control mechanism. The test case is 
evaluated for the system without control, for one-loop and two-loop control approach 
respectively. The system is evaluated for stability using Eigen analysis. The system is 
evaluated with and without PSS to evaluate the impact of controller in the DFIG unit. The 
parameters of DFIG and synchronous machines are listed in table 1and table 2 
respectively. 

Table. 1. DFIG Parameters [25] 

Variable  Values  

Rated Power (MW) 100 

Rated Voltage (KV) 18 

Rs (pu) 0.0049 

Rr (pu) 0.0055 

J (kg m2) 2.84*105 

Llr(pu) 0.0996 

Lm(pu) 3.935 

P 2 

D (pu) 0.01 

 
 

 
The stability in rotor angle is made with the small signal analysis, where a small signal is 
analyzed with Eigenvalue analysis. The system with a PSS is analyzed for stability. The 
time components, wash out time is set to 2 second. The filter processes for a range of 
0.1Hz to 0.7 Hz for a inter area oscillation. The parameters of PSS are given in table 
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3.The observation for the system without and with PSS is presented in table 4 and 5 
respectively. As stated  in table 4, without control damping ratio is found to be 0.153, for 
one loop control it is 0.151 and for two loop control it is 0.130 implying decrease in 
damping of the system. Also, without control the Eigen value  is  -2.329, with one loop 
control it is -2.295 and for two loop control it is -2.034, which indicates the movement of 
Eigen value towards imaginary axis, implying chances of system becoming unstable with 
increased control. 

 
Table. 2. Machine Parameters [25] 

Variable  G1 G2 G3 

Rated Power (MW) 100 200 200 

Rated Voltage (KV) 18 18 18 

Rs (pu) 0.0048 0.001 0.001 

Xq(pu) 1.66 1.96 1.96 

Xd(pu) 1.79 2.04 2.04 

Tq0 (pu) 0.41 0.9 0.9 

Td0 (pu) 7.9 6.0 6.0 

H 3.77 2.7 2.7 

D (pu) 2.0 2.0 2.0 

 
These values of damping factor and real component of Eigen value indicate that 
introduction of synthetic inertia control reduces the small signal stability. The small signal 
stability is seen to be reduced with increase in control. The small signal stability can be 
enhanced by introducing a power system stabilizer in the rotor side converter. Table 5 
presents results for one loop control and two loop control with inclusion of power system 
stabilizer in rotor side converter. The damping ratio for one loop control is 0.151, with 
inclusion of power system stabilizer it is found to be increased to 0.203 indicating 
increased level of damping and the location of pole of the system has changed from -
2.295 to -2.414 which is movement away from imaginary axis. The increased damping 
and movement of pole towards left make system more stable. The trend of more and 
faster stabilization is observed in two loop control. With increased control i.e. two loop 
control, it can be seen that, with PSS included damping ratio has increased from 0.130 to 
0.344 and pole shifts from -2.034 to -2.715. The same is represented with the help of 
pole-plots. Figure 6 and 7 represent poles of the system without PSS and with PSS 
respectively. 

Table. 3. PSS Parameters 

Variable  Values  

K 50 

T1(s) 0.1 

T2(s) 0.1 

T3(s) 0.04 

T4(s) 0.04 
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Table.4. Eigen Properties of the system without PSS 

Variable  Damping Ratio Real Component  

Without Control  0.153 -2.329 

One-loop Control  0.151 -2.295 

Two loop control  0.130 -2.034 

 
Table. 5. Eigen Properties of the system with PSS 

Variable  Damping Ratio Real Component  

Without Control  0.153 -2.329 

One-loop Control  0.151 -2.295 

Two loop control  0.130 -2.034 

One loop with PSS 0.203 -2.414 

Two loop with PSS 0.344 -2.715 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6.Pole plot for developed control strategies without PSS 
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Fig.7.Pole plot for developed control strategies with PSS 

 
V.CONCLUSION 
In this paper, rotor angle stability of a two area power system is evaluated. The modeling 
of wind farm with synchronous generators is presented using a model of rotor side 
converter. In the design of DFIG control for stability, small signal analysis using 
Eigenvalue is developed. In modeling of controller operation an inertia parameter is 
considered with one loop and two loop control operation. The controllers were simulated 
over the power system for stability analyses where different test case scenarios were 
considered to validate the proposed controller design. The stability analysis using a power 
system stabilizerinterfaced to the RSC of DFIG unit is developed, andtested under loading 
conditions. The dynamic computation of thePSS component is presented with respect to 
the angular oscillation. The inclusion of PSS to the controller operation results in a higher 
damping factor which in turn results in faster stabilization of inter-area oscillations.  
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