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Abstract—With the Asynchronous wind generators as research 
object, this paper analyzes the problems of the voltage stability 
and the generation mechanism of the reactive power 
compensation during the wind farms connected operation. For 
paralleling capacitor bank has shown obvious defects, 
therefore this paper employs dynamic reactive power 
compensation to improve reactive characteristics of grid-
connected wind farms. With the influences of different wind 
disturbances and grid faults on wind farms, wind farm model 
is set up and dynamic reactive power compensation system and 
wind speeds are built in the Matlab/Simulink software, The 
simulation result shows that they can provide reactive power 
compensation to ensure the voltage stability of the wind farms. 
But STATCOM needs less reactive compensation capacity to 
make sure the voltage and active power approaching steady 
state before the faults more quickly, Therefore STATCOM is 
more suitable for wind farms connected dynamic reactive 
power compensation. 

Keywords-Wind farm, Reactive power compensation, 
STATCOM, Transient Stability 

I.  INTRODUCTION 

The asynchronous wind turbines are mostly used in wind 
farms in China. The wind farms supply the active power to 
the grid when the wind turbines are connected to the grid, but 
at the same time, the reactive power is absorbed from grid, 
which would bring the reactive burden to the grid[1-2]. 
Therefore, it is necessary to compensate the reactive power 
for grid-connected wind farm to eliminate the effects of 
voltage fluctuations which is caused by reactive power loss 
in grid and would lead to tripping operation of turbines as the 
terminal voltage drop. And the sufficient amount of reactive 
power compensation is needed to improve the safety and 
stable operation of the power grid in this case[3-5]. 

Currently, the method of connecting the asynchronous 
generator and capacitor banks in parallel permits is mostly 
used for wind farm reactive power compensation. However, 
with the rapid development of power electronics technology, 
this traditional reactive power compensation shows some 
obvious drawbacks and connecting the Flexible AC 
Transmission System (FACTS) to the wind farm to improve 
the operation characteristics become a necessity. And in this 
paper, the method with Static Var Compensator (SVC) and 
Static Synchronous Compensator (STATCOM) is proposed 
to compensate the reactive power in dynamic process to 

improve the operation condition of wind farm. We studied 
the impact of the wind farm connecting to the voltage of grid 
through simulating the dynamic model of wind farm 
containing the SVC and STATCOM structures in 
MATLAB/Simulink, and the simulation results analysis with 
these two structures is also compared. 

II. THE MODEL OF THE WIND TURBINES 

A. Wind Speed Model  

In order to accurately describe the random and 
intermittent characteristics of wind speed, a wind speed 
model with four different kinds of wind speed is studied in 
this paper as following[6]. 

W Wb Wg Wr WnV V V V V= + + +               (1) 

Where, WbV  is the basic wind speed, WgV  is gust wind 

speed, WrV  is the gradient wind speed, and WnV  is the 

random noise wind speed which would be described as the 
random noise of the wind component. 

B. The Model Of Asynchronous Wind Turbine  

The model which is used to described the asynchronous 
wind turbine need to reflect the static characteristics of the 
wind turbine. The asynchronous generator simplified 
equivalent circuit is shown in Fig.1. 
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Fig.1 Simplified equivalent electrical circuit of induction machine 

Where 
mX is the excitation reactance, 

1X  is the stator 

leakage reactance, 
2X is the rotor leakage reactance, 

cX  is 

the capacitor reactance, 2r  is the rotor resistance, s is the slip, 

and the stator resistance is ignored. With the circuit theory, 
the relationship between variables can be obtained by the Fig. 
1. 
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It is assumed that the output active power of the wind 
generator as the fixed value in this study, and the 
relationship between power, voltage and slip by (3).  

III. THE MODELS OF DYNAMIC REACTIVE POWER 

COMPENSATION SYSTEM  

A. Principles And Model Of The SVC 

The new power electronic components is introduced to 
the traditional static reactive power compensation devices by 
SVC, and which could adjust the reactive power more quick 
and smooth , maintain the voltage at the suitable value 
during the adjustment process. The SVC can be constituted 
by many forms, and the basic elements is Thyristor 
Controlled Reactor (TCR) and Thyristor Switched Capacitor 
(TSC). TCR smooth the control process. The output reactive 
power of SVC and the bus voltage connected to the SVC can 
be changed and adjusted by putting into and tripping the 
operation of TSC. The control system structure is shown as 
Fig.2. 
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Fig.2 Structure of the SVC controller 

The reactive power injected by SVC to the system is: 
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ω= = , α  is the firing angle, ω  is the 

rated angular velocity of power, 
RX  is the reactor 

impedance in TCR. 

B. Principles And Model Of The STATCOM  

STATCOM and SVC has the same basic function. 
However, as the STATCOM is the static var generator based 
on the full-controlled power electronic devices, in has the 
faster dynamic response, better stability, wider operating 
range and better characteristics of reactive power 
compensation than SVC device. The mathematical model of 
STATCOM can be expressed as: 
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Where, ω is the rotational angular frequency of the q-r 
coordinate system, m is the inverter modulation ratio, V is 

the instantaneous voltage value of power system, dcV is the 

DC capacitor voltage, and θ is the phase difference between 
the output voltage and system voltage of STATCOM. 

The reactive power injected by STATCOM to the system 
is: 

     s
STATCOM

eq

V V
Q V

X

−=                       (5) 

Ωηερε, sV  ισ τηε χοντρολλαβλε ϖολταγε σουρχε ε

θυιϖαλεντ το ΣΤΑΤΧΟΜ, ανδ eqX  ισ τηε εθυιϖαλεντ 
ιμπεδανχε. 

The control system structure of STATCOM is shown in 
Fig.3. 
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Fig.3 Structure of the STATCOM controller 

As it is shown in Fig.3, the transfer functions of the 
voltage regulator and current regulator are 1

1
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. 1K and 2K  is respectively the proportionality 

coefficient of transfer functions, 1T and 2T are the time 

constant. 

The output reactive current can be regulated by 
controlling the output voltage and the phase difference 
between the system synchronizing signals of the STATCOM. 
The controller uses the double-loop control mode, and the 
inner loop is the current loop and outer voltage loop. The 
output current of STATCOM can be regulated following the 
setting value with no static error by the PI controller in the 
current loop. The regulating loop of voltage can feedback 
the voltage of STATCOM access point, and comprise the 
voltage with the reference value, so as to achieve the 
proportional control. The outer ring of the output is given by 
the current loop. 

IV. SYSTEM DESCRIPTION AND SIMULATION  

A. System Description  

The simulation assumed that the wind farm connect to 
the infinite power system in this paper. As shown in Fig.4. 
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Fig.4 Sketch diagram of the studied power system 

The wind farm is composed by 6 asynchronous turbines 
with 1.5MW, the output voltage of wind farm is 575V, and it 
is connected with a transformer with 575V/25KV which 
could increase the voltage to 25KV, and the power can be 
transported by 30KM transmission lines to the 120KV level 
booster station, then incorporated into infinity transmission 
system. The simulation model is built in Matlab/Simulation 
platform for simulation study. 

B. Wind Farm Simulation With Rated Wind Speed 

The rated wind speed is set to 9m/s in simulation, the 
connecting location of compensator STATCOM and SVC is 
shown in Figure 4. And following parts show the both 
simulation analysis. 

 

 

 
Fig.5 The characteristics of the rated wind speed 

It is observed from the simulation of the Fig.5 that the 
STATCOM is able to achieve good active and node voltage 
of the system, the compensation effect is more perfect than 
SVC, and the performance as following. First, the 
STATCOM can take advantage of security and stability 
improvements. Second, Reactive power of the STATCOM 
which provided to the system when the wind farm connects 
with power grid is less than using SVC, and we can find that 
the reactive power produced by SVC is 5 Mvar while 
STATCOM is only 2.5 Mvar. 

C. Simulation study in the failure of Wind farm 

The speeds of the wind ranging from 7 m/s to 13 m/s in 
2s to 6s. A remote fault will be simulated on systems at 10s, 
and the fault is cleared after 0.1s. 

 

 

 
Fig.6 The characteristics of the fault condition 

It is observed from the simulation of the Fig.6 that the 
power system can return to a stable state when we adopt 
STATCOM to compensate more quickly after fault than 
SVC. It is found that SVC will need to provide the 9MW 
reactive compensation in order to keep the system stable, 
while STATCOM only needs 3MW. 

V. CONCLUSIONS  

In this paper, the model of asynchronous wind power 
and dynamic reactive power compensation system are 
established and simulated in the Matlab/Simulink software. 
There are two cases that the wind speed is maintained and 
the wind farm takes place ground fault. Based on the 
simulation results analyzed above two cases show that: 

First, system voltage protection devices active and cut 
down the fault lines from the system, when the short circuit 
fault occurs without reactive power compensation device. 
And when increasing the reactive power compensation, the 
system enables regulate the voltage returns to the range 
allowed by the voltage protection device. 

Second, the effect of STATCOM and SVC compensation 
has the differences, and the following twoconclusions can 
be drawn from the above simulation analysis: 

a. The response speed of STATCOM has the faster and 
better stability control characteristics compared with SVC; 
and at the same stability limit, the capacity STATCOM 
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needed is much smaller ,nearly three times, than the SVC.  
b. The control effect of STATCOM terms is better than 

SVC, as the Voltage fluctuations occurs when the wind 
turbine connected to the grid. 

REFERENCES 
[1] Gu Wei, Li Xingyuan, and Wei Wei, “Simulation Comparison of the 

Improved Wind Power Dynamics by Means of SVC and 
STATCOM,” J. Power System and Clean Energy, vol. 25, pp. 70-75, 
November, 2009. 

[2] Yang Zhiyue, Li Fengting, “Simulation of Dynamic Reactive Power 
Compensation Scheme of Grid-Based Wind Farm,” J. Electric 
Machines & Control Application, vol. 38, pp. 34-38, November, 2011. 

[3] Jin Jing, Ai Qian, and Zhao Yan, “Reactive compensation principle 
and simulation of FACTS device in wind farm, ” J. Electric Power 
Automation Equipment, vol. 27, pp. 58-61, August, 2007. 

[4] Guo Lei, Wang Chunhua, and Gao Peisheng, “Analysis on Wind 
Turbine Tripping in Wind Farm of Chang ling Area,” J. Jilin Electric 
Power, vol. 40, pp. 38-40, Feb. 2012. 

[5] Wang Xiaolan, Wang Yaohui, “Voltage control at PCC of wind farm 
based on adjustment of reactive power of DFIG,” J. Journal of 
Lanzhou University of Technology, vol. 36, pp. 84-89, Aug. 2010. 

[6] Sun Jianfeng, “Research on Wind Farm Modeling and Simulating,” D. 
2004,Tsinghua University, Beijing, 2004. 

[7] Zhang Ping, Liu Guopin, Zeng Xiangjun, Li Ling, Xia Yunfeng, and 
Yuan Chao, “Optimal allocation of reactive power source for wind 
farms,” J. Power System Protection and Control, vol. 36, pp. 33-44, 
Oct. 16, 2008. 

[8] Ren Puchun, Shi Wenhui, Xu Xiaoyan, and Zhao Haixiang, “A study 
of voltage stability improvement by static var compensators in the 
electric power system including wind farms,” J. Electric Power, vol. 
40, pp. 97-101, Nov.2007 

 

Proceedings of the 2012 2nd International Conference on Computer and Information Application (ICCIA 2012)

Published by Atlantis Press, Paris, France. 
© the authors 

1711



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [1275.591 878.740]
>> setpagedevice




