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Abstract— Small-signal stability analysis mainly deals with 

a study of electromechanical oscillations-related 

performance of the system about an operating point when 

the system is subjected to sufficiently small magnitude of 

disturbance that will lead to non-linear behavior of the 

system. Thus, this study is mainly concerned with the ability 

of the power system to maintain synchronism under small 

disturbances and transient disturbances. The disturbances 

are considered to be sufficiently small that linearization of 

system equations is possible for analysis purposes . This 

permits linear system theory to be applied for system 

analysis even though the system is inherently non-

linear.This paper proposes a method of case study analysis 

to investigate the impact of Doubly fed Induction generator 

in 5 machine 14 bus system with automatic voltage regulator 

and power system stabilizer using Power system analysis 

toolbox. It can directly calculate the Eigen values associated 

with the large-scale power system for small-signal stability 

analysis. Also, using Time domain simulation ,transient 

stability analysis is done and the graph of speed deviation 

versus time is plotted. 
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I. INTRODUCTION 

Power System Stability, its classification, and problems 

associated  with it have been addressed by many CIGRE and 

IEEE publications. The CIGRE study committee and IEEE 

power systems dynamic performance committee defines 

power system stability as:  "Power system stability is the 

ability of an electrical power system, for given operating 

conditions, to regain its state of operating equilibrium after 

being subjected to a physical disturbance, with the system 

variables bounded, so that the entire system remains intact 

and the service remains uninterrupted”. 

Out of all the stability problems mentioned above, 

our specific focus in this project is of small disturbance 

stability &Transient stability which is a part of the rotor 

angle stability. 

A. Small Signal Stability: 

Small-signal stability is the ability of the power system to 

maintain synchronism when subjected to small disturbances 

E.g.  load disturbance, switching. The disturbance is 

considered small enough to permit the equations that 

describe the resulting response of the system to be linearized 

and expressed in state-space form. Then, by calculating the 

eigen values of the linearized model, the small-signal 

stability characteristics of the system can be evaluated. In 

todays practical power systems, the small-signal stability 

problem is usually on of insufficient damping of system 

oscillations. Small-signal stability analysis using linear 

techniques provides valuable information about the inherent 

dynamic charateristic of the power system and assists in its 

design. 

 

Fig. 1: Single Machine Infinite Bus system with field circuit 

The most direct way to assess small-signal stability 

of the model of power system is via eigen value analysis. 

There are four modes of oscillations causing small signal 

instability in a power system. They are: 

 Local Modes or Machine System Modes are 

associated with the swinging of units at a 

generating station with respect to the rest of the 

power system. The term local is used because the 

oscillations are localized at one station or a small 

part of the power system. The frequency range of 

local oscillation is (0.8 to 2) Hz.  

 Interarea Modes are associated with the swinging 

of many machines in one part of the system against 

machines in other parts. They ate caused by two or 

more groups of closely coupled machines being 

interconnected by weak ties. The frequency range 

for interarea modes is (0.2 to 0.8) Hz. 

 Control Modes are associated with generating units 

and other controls. Poorly tuned exciters, speed 

governors, HVDC converters and static var 

compensators are the usual causes of instability of 

these modes. 

 Torsional Modes are associated with the turbine-

generator shaft system rotational components. 

Instability of torsional modes may be caused by 

interaction with excitation controls, speed 

governors, HVDC controls and series-capacitor-

compensated lines. 

II. MODELING OF POWER SYSTEM COMPONENTS FOR SMALL 

SIGNAL STABILITY ANALYSIS 

A. Introduction: 

Small signal stability of a power system is concerned with 

the analysis of dynamic behavior of the system under small 

perturbations around an operating condition and more 
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specifically it is a phenomena of slow and poorly damped or 

sustained or even diverging power oscillations which are 

essentially due to varying system loads and ill-conditioned 

controllers of the system. Two-axis model has been used for 

all the synchronous machines in this thesis for dynamic 

analysis of multi machine power systems. 

B. Block Diagram Modelling Of Synchronous Generators: 

           The synchronous machine dynamic representation 

used to derive the mathematical model of the system The 

stator resistance is assumed to be negligible: 

           The linearized equations of the excitation system can 

be included into the complete linearized system model a 

second-order transfer function are used to represent the 

exciter and the AVR while a third-order transfer function 

will be used to represent the PSS.. 

The complete state space model, including the PSS, has the 

following form  (with Δ Tm=0) 

 

C. Modeling of the Multi-Machine Power System: 

1) Formulation Of The State Equations: 

The linearized model of each dynamic device is expressed in 

the following form: 

xi  = Aixi +Bi Δv 

Δii = Cixi -YiΔv 

Where, 

               xi are the perturbed values of the individual device 

state variables 

ii is the current injection into the network from the device 

v is the vector of the network bus voltages 

x  = ADx +BD Δv 

Δi = CDx -YDΔv 

where  

x is the state vector of the complete system, AD and CD are 

the block diagonal matrices composed of Ai and Ci 

associated with the individual devices. 

The interconnecting transmission network is 

represented by node equation 

Δi = YNΔv 

Therefore 

CDx -YDΔv = YNΔv 

Hence 

Δv = (YN+YD)
-1

 CDx 

Substituting the above expression in Equation  

xi  = Aixi +Bi Δv yields the overall system state equation 

x  = ADx +BD (YN+YD)
-1

 CDx= Ax 

 where the state matrix A of the complete system is given by 

A = AD +BD (YN+YD)
-1

 CD 

D. Doubly Fed Induction Generator 

The doubly fed induction generator (DFIG) has been 

popular among various other techniques of wind power 

generation, because of its higher energy transfer capability, 

low investment, and flexible control . DFIG is different from 

the conventional induction generator in a way that it 

employs a series voltage source converter to feed the wound 

rotor. The feedback converters consist of a rotor-side 

converter (RSC) and a grid-side converter (GSC). The 

control capability of these converters give DFIG an 

additional advantage of flexible control and stability over 

other induction generators. 

 
Fig. 2: DFIG system. 

Relations between Stator, Rotor and Synchronous reference 

frames 

 

 

 
Fig 3: Fourteen bus system 
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E. Algorithm for Small Signal Stability Analysis: 

1) Step 1: Simulate the base case model of  5 machine 

14 bus system without avr and pss using power 

system analysis toolbox. 

2) Step 2:For small signal stability analysis of the 

simulated system, perform the eigen value analysis 

and the corresponding results are obtained. 

3) Step 3:Formulate the differential equations for 

pE'q, pE'd, pd, pw as    after eliminating the 

algebraic equations. From the state space matrix, 

the eigenvalues are to be calculated.  

4) Step 4: Damping ratio are calculated for the 

electromechanical modes, ζ = -Re (Eigen value)/ 

(|eigen value|)     

5) Step 5:For transient stability analysis of the 

simulated system, perform time domain simulation 

by applying fault at any one of the bus. 

6) Step 6:Speed deviation Vs time plot is observed for 

all the five synchronous generators. 

The small signal stability analysis gives results of the 

following: 

1) Converged load flow results using FDLF . 

2) Eigen values of the system model. 

3) Frequency response curve of the generators 

connected to the system. 

4) Selection of generators for PSS placement. 

F. Eigen Value Analysis: 

1) Transient Stability Analysis: 

The fault data is simulated on the system as follows: 

Bus No 7 

Power rating 100MVA 

Voltage rating 230kV 

Frequency rating 60Hz 

Fault time 1 sec 

Clearance time 1.083  s 

Fault resistance 0 p.u. 

Fault reactance 0.001p.u. 

comparative analysis of  the small signal stability analysis & 

transient stability analysis of a multi-machine multi- area 

power system  for the following cases are discussed: i).Case 

1 – Five machine fourteen bus system without avr and pss. 

ii).Case 2 - Five machine fourteen bus system with avr and 

pss. iii).Case 3 – One Doubly fed Induction generator, four 

machine, fourteen bus system without avr and pss. iv).Case 

4 deviation Vs time. 

1) For all the four cases, the transient stability 

behavior of generator 1 is analysed by plotting the 

graph of speed deviation Vs time. 

2) For all the four cases, the transient stability 

behavior of generator 2 is analyzed by plotting the 

graph of speed deviation Vs time. 

3) For all the four cases, the transient stability 

behavior of  generator 3 is analyzed by plotting the 

graph of speed deviation Vs time. 

4) For all the four cases, the transient stability 

behavior of generator 4 is analyzed by plotting the 

graph of speed deviation Vs time. 

5) For all the four cases, the transient stability 

behavior of generator 5  is analysed by plotting the 

graph of speed 

G. Graph Results For Case(I) To Case(V) 
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III. CONCLUSION 

The paper presented the enhancement of small signal 

stability of a multi-machine power system in the presence of 

Doubly Fed Induction generator. The small signal stability 

analysis is carried out from the linearised state space model 

of the power system. In this thesis, test system is considered 

to carry out Eigen value analysis which is 5 machine 14 bus 

system. All the synchronous machines are modeled using 

classical machine model. The small signal stability analysis 

of power system with wind farm in the network is carried 

out on 5 machine 14 bus test system, considering first 

machine as DFIG is investigated with the simulation results.  

This report describes a systematic and generalized 

approach for small signal modeling of multi machine system 

along with the incorporation of uncertainties or the random 

correlations of wind speed for enhancing the dynamic 

stability of a multi-machine power system. The small signal 

modeling of doubly fed induction generators are presented. 

The proposed mathematical model can used directly for 

small signal stability investigations which would make 

programming task simpler.  

 From the results, it can be observed that with wind 

farm, damping ratio of the electromechanical mode has 

become weak than the base case value without wind farm. 
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