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Abstract-As the penetration level of wind energy in power system increases, stable operation of the power system is impacted 
by the wind turbine's characteristics. The stability issue is derived from the fact that the squirrel cage induction generators used 
in these turbines would potentially cause a voltage drop and voltage stability problems in the network, in relation to its reactive 
power absorption tendency. The detection of effective parameters in increment and reduction of instability occurrence 
probability could make squirrel cage induction generator based wind farm predictable and lead to improvement in the voltage 
stability margin of the entire power system. In this paper, the effective factors of wind farm operation connected to the network 
are assessed and studied in two sections. The first section includes parameters which depend upon substantive and functional 
characteristics of induction generators and could affect the stability of the power system. The second section contains 
parameters and characteristics of the power system that affect the stable operation of squirrel cage induction generators and can 
lead to instability of the entire power system. Reactive power has been identified as the more effective option in system design. 
The studies concentrate on voltage stability and small signal stability. In order to make the results more practical, the 660 kW 
induction generator which is widely used in Iran is studied in this paper. 

Keywords SCIG, voltage stability, wind farm, reactive power. 

 

1. Introduction 

Due to the increase in renewable energy resources 
utilization, wind turbines equipped with squirrel cage 
induction generators (SCIG), with advantages of firm 
connection, cheap and easy generation, stable frequency 
control and constant speed operation, are widely used [1]. 
The disadvantages of SCIGs include voltage control and the 
need for reactive power absorption for continuous operation 
[2, 3]. The active power generation has caused these 
generators to appear as a voltage fluctuating resource in 
power system [4]. 

As penetration of wind energy in the power system 
increases, the stable operation of power system is affected by 
wind turbine characteristic. These turbines usually use 
SCIGs to transform mechanical moment to electricity. The 
inherent tendency of SCIGs to absorb reactive power causes 
a voltage drop and instability problem on the network. As 
wind turbines are usually connected to distribution networks 
at weak points (from a voltage stability point of view) [4], 
considerable amounts of reactive current would be absorbed 
during the unstable period [5-8], causing small signal 
instability or large signal instability. 

Network connection of SCIG type wind turbines 
according to wind speed random characteristics can lead to 
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fluctuation of voltage and instability [9], especially when the 
network is weak. Hence providing reactive power 
compensation as close as possible to the loads is necessary 
[10]. FACT's device usage for the stable operation of wind 
farms has been subject of much research [9, 11]. 
Recognizing the affecting parameters on exacerbation or 
alleviation of the possibility of an instability occurrence 
allows for a more predictable behaviourof the SCIG-based 
wind farms. Forecasting of the wind turbine treatment leads 
to reformation of the voltage stability margin of the power 
system and allows for better monitoring. In this research, the 
effective parameters of wind farms operation integrated to 
network have been studied in two sections: 

Section 1: consists of those parameters related to 
substantive and operational characteristics of SCIGs which 
threaten the stable operation of the whole of system. 

Section 2: consists of those parameters and 
characteristics of the power system that affect the stable 
operation of SCIG and eventually lead to instability on the 
entire power system. 

In this context table 1 shows the parameters studied with 
the classification of parameters. 

Table 1. Classification of studied parameters in mentioned sections 

First section parameter Second section parameters 

Wind speed Topology of studied system 

Slip of induction machine Length of Transmission line 

Active power of SCIG 𝑋𝑋
𝑅𝑅

 ratio for transmission line 

Reactive power of SCIG Penetration of wind energy 
in power system 

 

Therefore, the main contributions of this study can be 
summarizing as follows. First, precise evaluation of the 
parameters that can affect power system stability by injection 
of the wind energy to the power grid. Second, an accurate 
investigation of the selected parameters and their associated 
characteristics that have direct impacts on the smooth 
operation of SCIGs grid connected wind turbines.The power 
system stability can be categorized and studied from different 
point of views. First, it can be studied through small signal 
stability like steady and continuous load increment which 
eventually can cause to the voltage collapse in the entire 
system. Second, it can be investigated from large signal 
stability which can leads to sudden transmission lines 
outages, probability of loss of load and generation capacity. 

2. First Section Parameters: 

These parameters are related to substantive and 
operational characteristics of induction generators which 
could provoke instability on the entire power system by 
affecting the stable operation of the power system. 

 

 

 

2.1. Wind speed 

The wind turbine generated power has a close 
relationship with wind speed. So that any trivial fluctuations 
at wind speed could affect the generated power. Extractable 
power of an air mass can be calculated by follow equation 
[1]: 

Pwind = 1
2

. ρair. A.ϑ3    (1) 

Where, ρair is air density, v is wind speed and A is area 
swept by blades. Wind energy can not, however, be utilized 
fully. The extractable optimum power discovered by Betz for 
the first time in 1962 [12], gives the maximum extractable 
power as: 

PBetz = 1
2
ρAϑ3CBetz = 1

2
ρAϑ3 × 0.59  (2) 

The percentage of wind power extracted by the wind 
turbine is determined by coefficient of power (CP) which 
practically does not exceed 48%: 

Pm = Cp(λ,β) ρA
2

vwind3    (3) 

Cp(λ,β) = C1 �
C2
λi
− C3β − C4� e

−C5
λi + C6 (4) 

1
λi

= 1
λ+0.08β

− 0.035
β3+1

    (5) 

λ = Rω
v

     (6) 

Figure 1 depicts the mechanical power of turbine as the 
function of wind speed variations vs. generator shaft speed in 
β=0 (the pitch angle controller has been ignored). 

According to Fig.1 the producedmechanical power 
changes by variation of the wind speed in the range of 5 m/s 
to 12 m/s. In addition these variations can cause harmonic 
fluctuation and voltage flicker [13]. 

 
Fig. 1. The mechanical power of wind turbines in 

comparison with rotor speed (Dotted lines show operational 
zone of Maximum Point of Power Tracking) 
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2.2. Active and Reactive Power of SCIG 

In this section the describing equations of active and 
reactive power, by using steady state equivalent circuit of 
SCIG shown in Fig. 2, are obtained [14].  

 
Fig.2. Equivalent circuit of SCIG type induction generator 

According to equivalent circuit, the active and reactive 
power are described  as follows:  

|Vr| =
|Vs|�1−ss �R2

���1−ss �R2+Re�
2
+Xe2

   (7) 

Pm =
|Vs|2�1−ss �R2

��1−ss �R2+Re�
2
+Xe2

   (8) 

Pe = Pm − Re
Pm2

Vr2
    (9) 

Qe = −Xe
Pm2

Vr2
− Vs2

Xm
    (10) 

By substitution of equations (7) and (8) into equations 
(9) and (10), the final form of active and reactive power will 
be: 

Pe =
|Vs|2��1−ss �R2−Re�

��1−ss �R2+Re�
2
+Xe2

    (11) 

Qe = − |Vs|2

Xm
− Xe

|Vs|2

��1−ss �R2+Re�
2
+Xe2

  (12) 

According to equations (11) and (12), there is a close 
relationship of active power with slip of machine and 
voltage. Looking at the relationship for reactive power, 
reveals that the reactive power controlling has a direct impact 
on active power generation of induction machine and even 
could have a monitoring role. The Fig.3.a and 3.b show the 
power characteristics of SCIGs vs. slip variations. These 
pictures are schematic description of the above equations. 

 
Fig.3.a. Active power-slip characteristic of induction machine 

 
Fig.3.b. Reactive power-slip characteristic of induction machine 

2.3. Slip of Induction Machine 

Increasing the wind speed leads to increase in slip which 
in turn causes more reactive power absorption and could 
endanger the stability of the grid[10]. The following equation 
resulted from some calculations on equations (9) and (11), 
and describes the close relationship of voltage and wind 
speed with slip of induction generator:  

1−s
s

=

(R2|VS|2−ρACPϑ3R2Re)±��ρACpϑ3R2Re−R2|VS|2�2−2(ρACPV3)2R22�Xe2+Re2�

ρACPϑ3R22

             (13) 

Faults occurring on the power system could cause over 
speed and voltage instability in induction generator [15, 16]. 

The voltage drop at the point of common connection of 
the wind farm to the grid could cause active power reduction 
in the induction machine. In the case of fixed wind speed or a 
constant mechanical moment, the reduction of generator 
outgoing active power means a lack of balance between input 
and output powers of the induction machine, shown in 
Fig.4.a . The input and output power unbalance appears as an 
acceleration of the turbine and increase in slip. Increasing 
slip increases the reactive power absorption of the induction 
machine which would cause subsequent reduction of the 
wind farms bus voltage, and voltage instability may follow 
(Fig.4.b). 

 
Fig.4.a. The characteristic of torque-slip of induction machine 
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Fig.4.b. The characteristic of reactive power-slip of induction 

machine. 

The rotor's speed would continuously increase if voltage 
regulation did not execute rapidly and in proper time [17, 
10]. If speed exceeds a determined critical value, the 
generator would go into an unstable zone. The use of over 
speed protection device to interrupt the turbine operation is 
necessary [18]. 

3. Parameters of Second Section: 

These parameters and characteristics of power system 
impact stable operation of SCIG and eventually cause 
instability in the entire power system.  

3.1. Topology of studied system: 

To investigate the impact of system topology connected 
to wind farm the 9-bus and 14-bus IEEE standard systems 
are studied (Fig.5 and Fig.6). In order to verify the reaction 
of system and the wind farm integration against small signal 
or in the other word gradual continuous load increments, two 
sample 9 and 14 IEEE bus systems are connected to a wind 
farm consists of 43 units of 660 kW SCIG type wind turbines 
through a transmission line with 5.25×10−7+ j 9.23×10-3 line 
impedance and a transformer with 100 MW capacity. 

Wind farms are usually connected to the parts of system 
which inherently have instability problems [19], as such in 
this simulation the wind farm is connected to the weakest bus 
with the highest risk of occurrence of voltage collapse [20]. 
After continuation power flow (CPF) implementation, the 
5th bus in 9 bus system and the 14th bus in 14 bus system 
have been recognized as weakest bus standpoint of voltage 
stability and have been chosen for wind farm connection 
(Figures 7 and 8). In CPF algorithm, the loads of system will 
be increased after each power flow step by λ loads 
coefficient which called load parameter [21]. 

The small signals stability state has been verified 
through executing CPF for different wind speeds at the 
weakest bus as PCC. The stability margin of voltage has 
been compared for each of 2 mentioned systems by 
calculating the load parameters and drawing the voltage 
collapse curve. 

 
Fig.5. IEEE 9 bus system single line diagram 

 
Fig.6. IEEE 14 bus system single line diagram 

In the case of the wind farm connections in both of the 
systems, it is obvious that wind speed increment would have 
different results. So that the loading margin (maximum load 
parameter) for 9 bus system would decrease and for 14 bus 
system would increase which means that margin of voltage 
stability for each mentioned system gets worse and better, 
respectively (Fig.7 and 8) . 

 
Fig.7. Variation of ƛmax as a function of wind speed at 

different buses as PCC (9 bus system) 
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Fig.8. Variation of ƛmax as a function of wind speed at 

different buses as PCC (14 bus system) 

In the other word, although connecting the 9 bus system 
to the wind farm leads to exacerbation of voltage collapse 
occurrence (Fig.9), the lag occurred in the oltage collapse of 
14 bus system is due to the system design (Fig.10). This 
indicates significant role of proper reactive power supporting 
on voltage stability improvement of 14 bus system, which 
obtained via 2 synchronous condensers, when wind farm as a 
reactive power consumer is integrated to system. Since the 
topology of system would be reacted by operation of 
breakers protective equipment and subjected to change [22], 
thus the system stability should be taken under consideration 
before and after occurrence of common faults. 

3.2. The length transmission line 

The impedance of a transmission line, including 
capacitance, inductance and resistance, are represented in F

km
 

, H
km

 , Ω
km

, which show effect of the length of transmission line 
on increase or decrease of these parameters. In assessing how 
the length of the line impacts on voltage stability, the length 
of connecting line to 5th bus of 9 bus system have been set to 
30 km, 60 km and 90 km. The CPF has been implemented. 
Figure 11 shows the effect of the length of line on voltage 
stability in different wind speed. 

 
Fig.9. Voltage collapse against load parameter for different 

wind speed at 5th bus (9 bus system) 

 
Fig.10. Voltage collapse against load parameter for different 

wind speed at 14th bus (14 bus system) 

When, the length of line increased, at 12 m
s
 wind speed 

and upper, the maximum load parameter abates and result in 
the voltage collapsing will occur at lower loading or demand. 
For this test, transmission line parameters are as follow: 
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Fig.11. Maximum load parameter vs. wind speeds for 

different length of transmission line (km) 

3.3. Transmission line  𝑋𝑋
𝑅𝑅
 ratio 

If the  X
R
 of transmission line increases, the loading factor 

(maximum load parameter) decreases which leads tovoltage 
collapse and voltage stability weakness in the power system 
(Fig.12).  
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Fig.12. Maximum load parameter (loading factor) vs. 

variations ofX
R
 

3.4. Increase of wind energy penetration in power system  

In this paper, in order to model the increase of wind 
energy penetration in the power system and to study how the 
power system affects stable operation of wind turbines, the 
quasi static time domain simulation (QSTDS) is used. In 
QSTDS scenario the level of wind power generation 
increases gradually as a function of time.In power system 
analysis toolbox (PSAT) in order to simulate the impact of 
wind penetration increment, we increased the active power 
via increasing the wind speed variation instead of increasing 
and switching the wind turbine units. This assumption may 
not be correct practically, but we can achieve to the 
mentioned idea through this method. This method has been 
comprehensively illustrated in ref [14, 23]. 

The main difference of this approach is about the 
characteristics of the continuation power flow for voltage 
stability studies, where the state of power generation and 
consumption in the entire the power system is assumed to be 
constant and only the wind farms generation would be 
increased.The increment is in form of a wind speed 
increment which could be expressed as a time dependent 
ramp function [23]. 

When studying a wind farm consisting 43 turbine units, 
subjected to QSTDS implementation with an increasing wind 
speed from nominal (15 m/s), the wind farm will lose its 
stable operation at even less than 20 m/s as seen in Fig.14. 
This is referred to inability of case study system to provide 
reactive power demand of induction generators, which 
eventually pushes the system towards voltage collapse. By 
reducing the number of units from 43 to 25 units, along with 
the increase in wind speed the system under study was 
responsible for supplying reactive power (Fig.15). As seen in 
this figure, the depletion of active power level emanates of 
this characteristic of wind turbines that in a constant terminal 
voltage the wind turbine’s Cp would be decreased in high 
wind speed. In this simulation, in order to simulating the 
higher wind speeds, cut-out limitation has been ignored. 

 
Fig.13. Ramp function of wind speed increasing 

 
Fig.14. Voltage, active and reactive powers of wind farm 

consisting 43 units of wind turbine. 

 
Fig.15. Voltage, active and reactive powers of wind farm 

consisting 25 units of wind turbine. 

4. Conclusion 

In this investigation, effective parameters of wind farm 
connected to the network have been studied in two sections 
(all of studies are based on voltage stability). The first 
section consisted of operational and inherent characteristics 
of induction generators which are capable to of worsening 
the stable operation of the system. The second section was 
included the parameters and characteristics of power system 
which could impact stable operation of SCIG and could 
cause unstable operation of wind farm. 
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The results demonstrate that the reactive power has had 
significant impact on the almost all of parameters. 
Parameters such as slip of induction machine, wind speed, 
system’s topology and also length of transmission line 
directly or indirectly are affected by reactive power. This 
relation can be bivariate, and these parameters effect on the 
absorption amounts of reactive power. The control of 
reactive power is dominant in comparison with others one. 
The effect of reactive power injection in different voltage 
levels is related to the short-circuit capacity and impedance 
of the power system. These two factors are the main 
characteristics of the topology of the power system which 
show the bivariate relation of the reactive power and the 
power system topology. In studying each of the effective 
parameters of wind power operation separately and 
imagining the others as static parameters could lead to 
incorrect results. 

The present research could obtain functional and 
accurate information about wind farms and wind power plant 
development to the companies which are active in field of 
designing or development of power plants. 

References 

[1] A. Edrisian, A. Goudarzi, I. E. Davidson, A. Ahmadi, G. 
K. Venayagamoorthy, “Enhancing SCIG-based Wind 
Turbine GeneratorPerformance through Reactive Power 
Control”, Power Systems Conference (PSC), Clemson 
University, Clemson, SC, USA; March, 2015. 

[2] G. Nicholson, “The practical impacts of large 
penetrations of wind energy on transmission and 
distribution networks”, 18th International Conference and 
Exhibition on Electricity Distribution (CIRED 2005), 
Turin, Italy, pp. 1-5, June 2005. 

[3] D. F. Opila, A. M. Zeynu, I. A. Hiskens, “Wind farm 
reactive support and voltage control” VIII Bulk Power 
System Dynamics and Control Symposium (iREP), Rio 
de Janeiro, pp. 1-10, Aug. 2010. 

[4] L. Ching-Yin, C.Li-Chieh, T. Shao-Hong, L. Wen-Tsan, 
W. Yuan-Kang, “The Impact of SCIG Wind Farm 
Connecting into a Distribution System”, Power and 
Energy Engineering Conference, APPEEC. Asia-Pacific, 
Wuhan, pp. 1-7, Mar.2009. 

[5] A. Rini Ann Jerin, K. Palanisamy, S. Umashankar, A.D. 
Thirumoorthy "Power Quality Improvement of Grid 
Connected Wind Farms through Voltage Restoration 
Using Dynamic Voltage Restorer" International Journal 
of Renewable Energy Research, Vol. 6, No. 1, pp. 53-60, 
2016. 

[6] S. N. Keshmiri, A. Jamehbozorg; G. Radman, “Optimum 
reactive power compensation regime for radial connected 
wind turbines”, Proceedings of IEEE Southeastcon, 
Nashville,pp. 24-29, Mar. 2011. 

[7] N. Miller, J. MacDowell, G. Chmiel, R. Konopinski, D. 
Gautam, G. Laughter, D. Hagen, “Coordinated voltage 
control for multiple wind plants in Eastern Wyoming: 

Analysis and field experience”, IEEE Power Electronics 
and Machines in Wind Applications, pp. 1-8, July 2012. 

[8] M. Guleryuz, A. Demiroren, “Effects of a wind farm and 
FACTS devices on static voltage stability of Bursa 
transmission system in Turkey” 10th International 
Conference on Environment and Electrical Engineering 
(EEEIC), Rome, pp. 1-5, May 2011. 

[9] A. K. Pathak, M. PSharma, Mahesh Bundele, “A critical 
review of voltage and reactive power management of 
wind farms”, Renewable and Sustainable Energy 
Reviews, Vol. 51, pp. 460–471, Nov. 2015. 

[10] O. Noureldeen, M. Rihan, B. Hasanin, “Stability 
improvement of fixed speed induction generator wind 
farm using STATCOM during different fault locations 
and durations” Ain Shams Engineering Journal,Vol. 2, 
No. 1, Pages 1–10, pp. 1-10, Mar. 2011. 

[11] V. Salehi, S. Afsharnia, S. Kahrobaee, 
“Improvement of voltage stability in wind farm 
connection to distribution network using FACTS 
devices”, IECON 2006-32nd Annual Conference on 
IEEE Industrial Electronics, Paris, pp. 4242-4247, Nov. 
2006. 

[12] L. Huan-ping,  Y. Jin-ming, “The Performance 
Research of Large Scale Wind Farm Connected to 
External Power Grid”, 3rd International Conference on 
Power Electronics Systems and Applications (PESA), 
Hong Kong, pp.1-5, May 2009. 

[13] D. IKNI, M. Baïlo Camara, B. Dakyo" Offshore 
wind farms energy injection in the electrical grid - 
Lithium battery to mitigate power fluctuations", 
International Journal of Renewable Energy Research, 
Vol. 5, No. 4, pp. 1049-1061 , 2015 

[14] M. Ebadian, A. Edrisian, A. Goudarzi “Investigating 
the effect of high level of wind penetration on voltage 
stability by quasi-static time-domain simulation 
(QSTDS)”, International Journal of Renewable Energy 
Research, Vol. 4, No. 2, 2014, pp. , 2014 

[15] L. Holdsworth, N. Jenkins, G. Strbac, “Electrical 
stability of large, offshore wind farms”, Seventh 
International Conference on AC-DC Power 
Transmission, pp. 156-161, 28-30 Nov. 2001. 

[16] V. Akhmatov, H. Knudsen, M. Bruntt, A. H. 
Nielsen, J. K. Pedersen, N. K. Poulsen, “A dynamic 
stability limit of grid-connected induction generator”, 
Proceedings of IASTED International Conference Power 
and Energy Systems, Marbella, Spain, pp. 235-244, Sept. 
2000. 

[17]  T. Ackermann, Wind Power in Power Systems, 
John Wiley & Sons, Ltd, the Atrium, Southern Gate, 
Chichester, West Sussex PO19 8SQ, England. 

[18]  Z. Chen, Y. Hu, F Blaabjerg, “Stability 
improvement of induction generator-based wind turbine 
systems”, Renewable Power Generation IET, Vol. 1, No. 
1, pp. 81-93, Mar. 2007. 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.D.%20F.%20Opila.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.A.%20M.%20Zeynu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.I.%20A.%20Hiskens.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Li-Chieh%20Chen.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Shao-Hong%20Tsai.QT.&searchWithin=p_Author_Ids:37632528200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Wen-Tsan%20Liu.QT.&searchWithin=p_Author_Ids:37598766400&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yuan-Kang%20Wu.QT.&searchWithin=p_Author_Ids:37407307000&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4918025
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4918025
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.S.%20N.%20Keshmiri.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.A.%20Jamehbozorg.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.G.%20Radman.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.N.%20Miller.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.J.%20MacDowell.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.G.%20Chmiel.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.R.%20Konopinski.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.D.%20Gautam.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.D.%20Gautam.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.G.%20Laughter.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.D.%20Hagen.QT.&newsearch=true
http://www.sciencedirect.com/science/journal/20904479/2/1
http://www.sciencedirect.com/science/journal/20904479/2/1
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5210381
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5210381
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5210381
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4159946
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4159947
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4159947


INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
A. Edrisian et al., Vol.6, No.2, 2016 

592 
 

[19] Kun Yang, A. Garba, C.S. Tan, K.L. Lo, “The 
impact of the wind generation on reactive power 
requirement and voltage profile”, DRPT2008, Nanjing, 
China, 2008. 

[20] B. Singh,"Introduction to FACTS Controllers in 
Wind Power Farms: A Technological Review", 
International Journal of Renewable Energy Research, 
Vol. 2, No. 2, pp. 166-212 , 2012 

[21] V. K. Ajjarapu, C. Christy, “The Continuation 
Power Flow: A Tool for Steady State Voltage Stability 
Analysis”, IEEE Transactions on Power Systems, Vol. 7, 
pp. 416 – 423, Feb. 1992. 

[22] D. VULIN, K. MILIČEVIĆ, Z. BURULIC, 
“Simulation of Impact of a Wind Farm on the Grid 
Stability Using PowerWorld Simulator”, 11th WSEAS 
International Conference on Signal Processing, 
Computational Geometry and Artificial Vision 
(ISCGAV'11), pp. 37-42, 2011. 

[23] F. Milano, “Assessing Adequate Voltage Stability 
Analysis Tools for Networks with High Wind Power 
Penetration”, Third International Conference on Electric 
Utility Deregulation and Restructuring and Power 
Technologies (DRPT), Nanjuing, China, pp. 2492 – 2497, 
April 2008. 

 

Nomenclature 

Pwind Extractable power of an air mass 

ρair Air density (kg/m3) 

A Turbine swept area (m2) 

νwind Wind speed (m/s) 

Pm Mechanical output power of the turbine (W) 

Cp Performance coefficient of the turbine 

β Blade pitch angle (degree) 

λ Tip speed ratio of the rotor blade tip speed to wind 
speed 

R the length of wind turbine blades (m) 

ω Rotational speed of rotor (rad/sec) 

Vs grid side voltage (p.u) 

Vr rotor side voltage (p.u) 

s slip of induction machine (p.u) 

R2 rotor side equivalent resistor (p.u) 

Re 
equivalent resistance of induction machine (The total 
resistance of the rotor and the stator) 

Xe equivalent inductance of induction machine (The 
total inductance of the rotor and the stator) 

Pe generated active electrical power (p.u) 

Qe generated reactive electrical power (p.u.) 
 

The coefficients c1 to c6 are: c1 = 0.5176, c2 = 116, c3 = 0.4, 
c4 = 5, c5 = 21 and c6 = 0.0068 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


