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ABSTRACT  
To overcome adverse impacts caused by conventional synchronous generators (CSGs), renewable 
energies is replacing the conventional synchronous generators; especially wind turbine generators 
(WTGs) technology .This paper studies the stability of power system with large wind farms. 
simulation results show the power system stability with large wind farms are  further reliable and 
stable than CSG .further more Doubly Fed Induction Generator ( DFIG )has more positive 
damping effect  than Fixed Speed Induction Generator( FSIG) 
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1. INTRODUCTION 
Wind power generation has experienced an enormous growth in the last years and has been 
recognized as an environmentally friendly and economically continuous means of electric power 
generation. Shortly, wind power penetration in electrical power systems will increase and will 
start to replace the output of conventional synchronous generators (CSGs). As a result, wind 
farms will affect the overall power system behavior. Hence, the impact of wind energy on the 
dynamics of power systems should be studied thoroughly to recognize potential problems and to 
develop actions to alleviate those problems. 
 
(WTGs) affect the dynamic behavior of the power system in a way that might be different from 
CSGs [1, 2]. The best Location of WTGs to optimize electromechanical oscillations in the power 
system presented in [3]. 
 
This paper will discuss the stability correlated to the large-scale wind power integration into 
modern power systems. Firstly, the dynamic stability will be studied followed by transient 
stability study. WTGs mainly are divided into two types accordingly the speed of the wind fixed 
speed wind turbines [4] and variable speed wind turbines as doubly fed induction generators 
(DFIG) [5] 
 



 

 
ASSESMENT OF THE POWER SYSTEM STABILITY WITH LARGE PENETRATION OF WIND TURBINES 

 

2-CASE STUDY WITH MATLAB SIMULINK 

  

 

Fig.1 Generic network model  

 

Fig.2 Generic model on Matlab Simulink 

The case study is considered in this paper is the generic model of the United Kingdom [6, 7]. It 
consists of three machines (see Fig.1), the main generator (G3) 21000MVA is CSG, While G1 
and G2 have a total overall capacity 5300MVA, (i.e. if the capacity of G2 is increased the 
capacity of G1 is decreased to keep the total capacity constant at 5300 MVA). 
G1 is CSG while G2 will be considered once as CSG another time as FSIG and finally as DFIG. 
The generic model designed using Matlab Simulink (see Fig.2).all parameters of the generic 
network in Appendix A 
 However our case study model will differ a little bit from the model considered in [6] as 
different excitation [8], automatic voltage regulator (AVR), prime mover with governor [9] and 
power system stabilizers [10, 11] will be considered in our study and all parameters in Appendix 
A. 
Representation of synchronous machines as in [12] and the design of the squirrel cage    
induction machine is coupled with the wind turbine (FSIG [14, 16] or DFIG [15, 16]) are given in 
Appendix B. 
3- STABILITY STUDY 

 Dynamic stability study by applying Lyapunov’s first method [12,13]  
The stability of nonlinear system is given by the roots (  of the characteristic equation (A) 
of the system of first approximations, i.e., by the eigenvalues of A   

 

When  

    1- Stable system means    

    2-unstable system means  
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3- When , then nothing can be said in general the frequency of oscillation in, Hz, and 
………………………(2) 

 Transient stability study [12] 
Is the ability of the power system to maintain synchronism when subjected to a severe 
transient disturbance [12] such as a fault on transmission facilities loss of generation, or loss 
of a large load. Stability influenced by nonlinear characteristics of the power system. If a 
resulting angular separation between the machines in the system remains within certain 
bounds, the system maintains synchronism. Loss of synchronism is because of transient 
instability, if it occurs, will usually be evident within 2 to 3 seconds of the initial disturbance. 
 

A-DYNAMIC Stability study 
Eigenvalues were calculated for four conditions on the generation capacity of generator 2 (G2). 
The situations correspond to values of 
i) Generator 2 - 1/10 nominal rating 240 MVA; power output approx. 224 MW 
 Generator 1 – 19/10 nominal rating 5320 MVA; power output approx. 4,536 MW 
ii) Generator 2 - 1/3 nominal rating 800 MVA; power output approx. 750 MW  
Generator 1 – 5/3 nominal rating 4,667 MVA; power output approx. 4,010 MW 
iii) Generator 2 - 2/3 nominal rating 1600 MVA; power output approx. 1,500 MW  
Generator 1 – 4/3 nominal rating 3733 MVA; power output approx. 3,260 MW 
iv)  Generator 2 - nominal rating 2,400 MVA; power output approx. 2,240 MW  
Generator1 - nominal rating 2800 MVA; power output approx. 2,520 MW  
The eigenvalue analysis was employed to evaluate the way in which both the capacity and type of 
generator 2 (G2) influence the network damping and dynamic stability characteristics. 

 
FIG.3.1 Eigen values analysis when all machines are synchronous generators with AVRs only 

 

 

 FIG.3.2 Eigen values analysis when all machines are synchronous generators with AVRs + (multi -band) PSS 

at G2  
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 Fig.4.1 Eigenvalues analysis when G2 is FSIG and synchronous machines (G1, G3) with AVRs Only  

 

Fig.4.2 Eigen values analysis when G2 is FSIG and synchronous machines (G1, G3) with AVRs & PSS at G1  

 

 

Fig.5 Eigen values analysis when G2 is DFIG and synchronous machines (G1, G3) with AVRs Only  
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Fig.6.1 Voltages, active powers and speeds of machines when G2 is CSG with AVR Only  

 

Fig.6.2 Voltages, active powers and speed of machines when G2 is CSG with AVR +PSS (MULTI-BAND)  

 

 

Fig.7 Voltages, active powers and speed of machines when G2 is FSIG and synchronous machines (G1, G3) 

with AVRs Only 
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Fig.8 Voltages, active powers and speed of machines when G2 is DFIG and synchronous machines (G1, G3) 

with AVRs Only 

B-TRANSIENT Stability study 
Transient stability study with three phase fault to ground at H.T (high tension) of G1 whiles all 

generators at nominal generation capacity. The situation corresponds to values of 

Generator 2 - nominal rating 2,400 MVA; power output approx. 2,240 MW  

Generator1 - nominal rating 2800 MVA; power output approx. 2,520 MW 

Generator 3 - nominal rating 21,000 MVA; power output approx. 17,600 MW 

Study involves the influence of PSS to the transient stability  

PSS is incorporated with G2 in the case of all machines are CSGs.PSS is inserted with G1 in the 

case of G2 is taken as WTGs. 

 

Fig.9 Fault duration 250 ms & G2 is a CSG with (multi-band) PSS at G2 

 



 

 
ASSESMENT OF THE POWER SYSTEM STABILITY WITH LARGE PENETRATION OF WIND TURBINES 

 

 

Fig.10.1 Fault duration 30 ms & G2 is a FSIG without inserting PSS  

 

 

Fig.10.2 Fault duration 60 ms & G2 is a FSIG with inserting PSS at G1 
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Fig.11.1 Transient performance following Fault duration 200 ms at H.T of G1 without inserting PSS & G2 is a 

DFIG  

  

Fig.11.2 Transient performance following Fault duration 270 ms at H.T of G1 without inserting PSS (multi-

band) & G2 is a DFIG  

 

Fig.11.3 Transient performance following Fault duration 270 ms at H.T of G1 with inserting PSS & G2 is a 

DFIG  
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Fig.11.4 Transient performance following Fault duration 290 ms at H.T of G1 with inserting PSS & G2 is a 

DFIG  

4-DYNAMIC STABILITY DISCUSSION 

i. G2 is a CSG 

In case G2 is represented as a CSG with AVR only; observed eigenvalues as in fig.3.1 are 

positive, and the system is dynamically unstable in all capacities of CSG at G2.  

All machines’ signals of voltages, active powers and speeds are obtained at nominal values of 

generation and G2 is constructed only with AVR as in fig.6.1, so the system is not stable and 

eigenvalues located on the right-hand side (positive real part) 

G2 is formed with PSS; all eigenvalues are shifted to the left-hand side except the eigenvalue in 

case 240 MVA as depicted in fig.3.2 

All machines’ time responses of  voltages, active powers and speeds are obtained at nominal 

values of generation and G2 is constructed with AVR + PSS as in fig.6.2, so the system is stable 

ii. G2 is a FSIG 

In case G2 is represented as  FSIG and synchronous machines G1 and G3 with AVRs only, 

eigenvalues are perceived as in fig.4.1 are negative except the eigenvalue of G2 240 MVA hence, 

The system is dynamically stable in all capacities except 240MVA. 

Fig.4.2 describes the eigenvalues with inserting PSS at G1 and eigenvalue of capacity is shifted 

to the left hand side  

Fig.7 shows the machines’ time response signals of voltages, active powers and speeds at 

nominal generation hence; the system is dynamically stable without PSS 

iii. G2 is a DFIG 

In case, G2 is represented as a DFIG and synchronous machines G1 and G3 with AVRs only, 

observed eigenvalues as in fig.5 are negative hence; the system is dynamically stable in all 

capacities of generation. All machines’ time responses of   signals are taken at nominal values of 

generation as in fig.8 

 
5-TRANSIENT Stability DISCUSSION 

  All machines’ time responses of voltages, powers and speeds at rated capacities of  machines. 

As a fig.9 shows all time responses of voltages, powers, and speeds of machines while   G2 is 

represented as a CSG with PSS (MULTI-BAND SIMPLIFIED MODEL) duration time fault at a 

high tension of G1 is 250ms to obtain instability in the system.  
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Fig.10.1 describes the fault duration is 30 ms needed to trip wind speed generator based on fixed 

speed wind turbine technology. And with incorporation PSS at G1, the time duration fault 

increased to 60 ms as in fig.10.2  

But in the case of a DFIG and without inserting PSS the duration time reached to 200 ms and the 

wind turbine will not trip due to flexibility of speed variation as in fig.11.1 while increasing fault 

duration till 270 ms instability conditions are obtained as in fig.11.2. 

 Fig.11.3 shows that in case of PSS is added with G1 and G2 is a DFIG so the time duration fault 

is 270ms and system returned to its normal condition but fig.11.4 describes the signals at all 

machines with fault 290 ms at high tension of G1 and instability conditions appeared.  

 
  6- CONCLUSIONS 

 Eigenvalues analysis is one of the best ways to assess the dynamic stability of the system 

.it is very sensitive to the whole data and parameters are included with the model. 

 The System is dynamically unstable with G2 is implemented as CSG at all stages of 

capacities without PSS so To stabilize the system we have to insert PSS with G2 while in 

case of G2 is FSIG we have to  use PSS at 240MVA only and we can remove from the 

system if G2 is a DFIG. 

 Fixed speed induction generator (FSIG) based wind farms can contribute significantly to 

network damping, but are weak to network faults. Rebates in network voltage due to 

system collapses can result in a failure of both the terminal voltage and power-producing 

of the FSIG and be concluding machine ‘runaway.' 

 DFIG can provide positively to system damping, although to a lesser extent than FSIGs. 

 A DFIG based wind farm is able of rendering a good transient performance to that of a 

conventional synchronous generator following a system fault. 

 The results ordinarily intimate that regarding the expansion of renewable energy in mixed 

generation networks, wind production based entirely on FSIG based wind farms would 

make the network vulnerable to system faults, would restrict production capacity and pose 

operational problems. 

 The power system stabilizers effect on the dynamic stability of the system, eigenvalues is 

shifted from positive to negative mode .the type of the power system stabilizer is effect 

also the transient condition   

Appendix A 

Table 1: Parameters of network 

 0.1333 PU 

 0.05714 PU 

 0.05 PU 

 0.01 PU 

 0.2 PU 

Base MVA 1000 

Table2: Parameters of synchronous machines (G1, G2 in case of CSG) 

 4 

 1.7668 

 1.7469 
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.2738(1.0104) 

 
.2284(.2239 ) 

 .1834 

(s) 5.432 (0 .042) 

(s) 
1.5( 0.158) 

Table 3: Parameters of synchronous machine (G3) 

 
5 

 
1.8 

 
1.7 

 
0 .3 (0.55) 

 
0.25  (0.25) 

 
0.2 

(s) 
8 (0.03) 

(s) 
0.4 (0.05) 

Table 4: Parameters of FSIG or DFIG (G2 in case of WTG) 

 0.00488 
 0.00549 

 2.451e-4 
 2.641e-4 

 4 
 4 

 

 

Fig.12 Excitation control model at Matlab Simulink 

Table 5: EXCITATION PARAMETERS 

(s) 20e-3 

 200 

(s) 0.001 

 1 

(s) 0 

(s) 0 
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 0 

 0 

(s) 0 

 0 

 12.3 

 0 

 1 

 2.5837 

(s) 20e-3 

 200 

(s) 0.001 

 1 

(s) 0 

(s) 0 

 0 

 0 

(s) 0 

 0 

 12.3 

 0 

 1 

 2.5837 

(s) 20e-3 

 200 

 

Fig.13 Conceptual Representation of multi band PSS 
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Table 6: Power system stabilizer multi band type (MB-PSS) Simplified model 

(HZ) 0.2 

 30 

(HZ) 1.25 

 40 

(HZ) 12 

 160 

 0.075 

 0.15 

 0.15 

 0.15 
 

 

Fig.14.1 Speed regulator + prime mover single mass generator with steam turbine with Matlab Simulink 

 

Fig.14.2 Prime mover and speed regulator and steam turbine representation in details as one mass generator  

Table 7: Parameters of speed regulator &steam turbine and prime mover 
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1  
0.05 (pu) 

0 (pu) 

.001 (s) 

0.15 (s) 

-0.1 (pu/s) 

0.1 (pu/s) 

0 (pu) 

4.496 (pu) 

3600 (r.p.m) 

0 (s) 

10 (s) 

3.3 (s) 

0.5 (s) 

0  
0.36  
0.36  
0.28  

  

Appendix B 

 Synchronous machine representation with  order state model as in fig.15 and equations as in 

table 8 describes the synchronous machine representation in d-q frame. 

 

Fig.15 Synchronous machine representation in d-q frame    

 The following abbreviations are used: 

- d,q: d and q axis quantity 

- R,s: Rotor and stator quantity 

- l,m: Leakage and magnetizing inductance 

- f,k: Field and damper winding quantity 

 
 

Tabl  e 8: synchronous machine representation 
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+    

=  + 
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 +  

+    

=  +  

 + 

    

=  +  + 

) 

 + 

     

  =  +  

+ ) 

 + 

  

  =  +   

 + 

 

   =  +   

 

 Squirrel cage induction machine with FSIG and DFIG wind turbine representation in d-q frame 

with  order state model as in fig.16 and equations as in table 9 describes the squirrel cage 

induction machine in d-q frame. 

 
(a) q-axis 

 
(b) d-axis 

Fig.16: Electrical system of the squirrel cage 

(a) q-axis and  (b) d-axis. 
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Table 9: squirrel cage induction machine equations 

q-axis 

 +  +  

 +  -  

 +  +  

 +  - 

 

1.5p( - ) 

d-axis 

 +  

 +  

 +  

 +  

 +  

 +  

Note: in case of fixed speed wind turbine modeling  
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