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Abstract—The introduction of distributedgeneration (DG) into 

low voltage (LV) systems demands that the generation system 

remaingrid connected during voltage sags to ensure the 

operational stability. The DG consisting of fixed speed 

squirrelcage inductiongenerator (SCIG)-based wind turbines is 

unable to provide reactive power control and needs a 

dedicated compensating device. Under asymmetrical grid 

faults the negative sequence flux circulation in the airgap 

introduces the torque oscillations that lead to the reduction of 

lifetime of the generation system. This paper proposes the use 

of distributed constant power loads (CPLs) for asymmetrical 

fault ride through (FRT) instead of using a centralized 

STATCOM. It has also been observed that the compensation 

of negative sequence voltage improves the performance of 

SCIG by eliminating the torque ripples. The compensation of 

positive sequence voltage avoids a possible voltage collapse at 

the LV distributionlevel and improves the reliability and 

stability of the wind farm. Centralized compensation of the 

asymmetrical grid fault by a STATCOM is compared with the 

distributed compensation by CPLs. The results suggest that 

each individual CPL injects lowercurrent for maximum FRT 

enhancement compared to a dedicated STATCOM. 

 

I. INTRODUCTION 

DUE to the environment advantages and being close to the 

point of power utilization the use of renewable energy 

resources is rapidly growing at the distribution level. Among  

them, photovoltaic and wind turbines are gaining increasing 

attention 

[1]. Power generation from wind energy and its integration to 

the local distribution grid is relatively newer approach  

 [2].In the last decade, the technological developments have 

made it possible to change the generator types used for wind 

farm from fixed speed to variable speed concept. However, 

squirrel cage induction generator (SCIG)-based wind farms 

represent a considerable 30% of the installed wind power in 

Europe 

 [3] and enhancing their fault ride through (FRT) capability is 

indispensable in order to increase the power system stability 

and reliability . Additionally, for microhydroapplications, 

SCIG is still the cost effective and reliable powergeneration 

source. To maintain the stability of the utility grid, grid 

operators have specified the requirements for the integration  

 

of DERs. For wind power plants, the grid connection 

requirements demand FRT capability and reactive current 

injection in order to maintain thestability of the power system 

[6]–[10]. In UK, FRT capabilityrequirements demand that 

terminal voltage of the wind farmnot be less than 15% of the 

nominal voltage during the  fault and it must be restored to 

90% within 0.5 s. Grid codes in Denmark set the minimum 

voltage level during the fault to 25%of the nominal voltage 

and it should be restored to 75% within 0.75 s [6]–[8]. These 

grid codes requirements are independent of the type of 

compensators and can be achieved by using eitheractive or 

passive compensators. In the case of SCIG-based wind farms, 

the absence of any power electronic (PE) compensating device 

does not allow FRT enhancement and reactive injection to 

fulfill the grid code requirements.Different methods have been 

investigated to fulfill the grid code requirements and enhance 

the FRT capability of a wind farm. These include the use of 

doubly fed induction generator (DFIG)-based wind farms for 

variable speed applications and a centralized STATCOM for 

fixed speed applications [11]–[19]. It has been observed that 

DFIG experiences inherent difficulties to ride through grid 

faults due to the high voltage induced in the rotor circuit. 

Many practical strategies of STATCOM reactive power 

control under asymmetrical grid faults and load unbalances 

have been discussed in [5] and [17] and proved to be very 

effective. However, the installation of a dedicated switching 

compensator or a STATCOM is not very cost effective. The 

rapidly changing modern power infrastructure can utilize some 

of its installed resources for the services that were earlier 

provided by the dedicated devices.PE load interface, when 

tightly regulated, draws a constant active power from the 

utility and behaves as a constant power load (CPL). It is 

adaptive to the fluctuations in the grid voltage at itsterminal 

and always keeps the input power constant [20]–[29].The 

number of this kind of load has been rapidly growing and will 

continue to increase in the near future. Battery charger for 

electric vehicles, motor drives and large rectifiers for DC 

loads are few examples of CPLs. The use of single CPL for 

FRT enhancementhas been discussed in [29] as a starting point 

The rapidly changing modern power infrastructure can utilize 

some of its installed resources for the services that were earlier 

provided by the dedicated devices.PE load interface, when 

tightly regulated, draws a constant active power from the 
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utility and behaves as a constant power load (CPL).using 

adistribution system model. The study, however 

 
    

 
 

 

 

 

 
 

Figure 2. Variabe speed wind energy systems based on six 

switch ACIAC converter 
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Figure 7. Block diagram of the proposed back-EMF observer 

system 
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D. CPLs With Coordinated Positive and Negative Sequence 

Voltage Control In this case, CPL control is allowed to 

compensate for both the positive and negative sequence 

voltage components independently under the same fault 

conditions. The results are illustrated in Fig. 9. Each CPL 

injects both the positive and negativsequence of the current for 

compensation purpose without exceeding its nominal current. 

The CPL control effectively compensates the positive and 

negative sequence voltages during the fault. It can also be 

observed that coordinated voltage control results in the 

substantial reduction of torque ripples and the accelerationof 

the rotor during the fault is avoided. SCIG regain power 

relationship is represented by (17) because all the positive and 

negative sequence voltage and current components are present 

in this case. 

Simulation results enhance the understanding of the 

operation of SCIG-based wind farm when CPLs are controlled 

to provide the positive and negative sequence voltage 

compensation independently. The positive sequence voltage 

compensation enhances the torque capability of the SCIG and 

avoids theacceleration of the rotor, while the negative 

sequence voltage compensation helps to improve the lifetime 

of the generatordrive train by removing the torque ripples. 

This is a situation where built-in distribution system resources 

are able to provide the FRT ancillary service that was earlier 

supposed to be achieved with a dedicated STATCOMor 

DFIG-based wind farm arrangements. However, voltage 

compensation capability is totally dependent on the chosen 

current rating of the individual CPL. These devices have to be 

designed for a current rating that must be higher than the 

active component of current representing their load power 

requirements. 

 

                      

 

        VIII. CONCLUSION 

This paper explores the possibility of using distributed CPLs 

to mitigate the asymmetrical grid faults in a distribution 

system supplied by SCIG-based wind farm. The proposed 

system configuration provides an alternative to the 

conventional STATCOM and DFIG wind turbine by 

effectively controlling the installedresources at the distribution 

level. A detailed simulation analysis is carried out to 

understand the voltage control performed by distributed CPLs 

and the resulting operation of the SCIG under unbalanced grid 

fault. A DSOGI-PLL is employed in the control strategy of 

each CPL for the precise extraction of positive and negative 

sequence voltage components. A CPL controlis proposed to 

achieve the independent compensation of positive and 

negative sequence of the voltage. The priorityhas been 

assigned to the positive sequence voltage control for the 

maximum FRT enhancement of the SCIG-based wind farm. 

The positive sequence voltage compensation avoids the 

acceleration of the rotor and prevents the voltage collapse 

under severe grid side faults. The negative sequence voltage 

control  is performed to remove the torque oscillation in the 

SCIG duringthe asymmetrical fault and it improves the 

lifetime of the  drive train. The incremental current rating of 

the semiconductor switches of the CPLs is studied and it is 

observed that the voltage drop, the higher the CPL current 

rating required for FRT enhancement. The total compensating 

current injected by  the individual CPL belonging to a group 

of distributed CPLs iscompared with the total compensating 

current by acentralized STATCOM. It is found that the each 

distributed CPLinjects less current for FRT enhancement 

compared to one centralized STATCOM. 

REFERENCES 

[1] M. Heydari, A. Y. Varjani, and M. Mohamadian, "A novel 
variablespeed 

wind energy system using induction generator and six-switch 
AC/AC converter." in 3rd Power Electronics and Drive 
Systems Technology (PEDSTC), 2012, pp. 244-250. 602 

 

[2] A. Bouscayrol, P. Delarue, and X. Guillaud, "Power 
strategies for maximum control structure of a wind energy 
conversion system with a synchronous machine," Renewable 
Energy, vol. 30, no. 15, pp. 2273-2288, Dec. 2005. 

 

 [3] S. M. Dehghan, M. Mohamadian, and A. Y. Vm:jani, "A 
NewVariable-Speed Wind Energy Conversion System Using 
PermanentMagnet Synchronous Generator and Z-Source 
Inverter," IEEE Transactions on Energy Conversion, vol. 24, 
no. 3, pp. 714-724, Sep. 2009. 

 

[4] I. A. Baroudi, V. Dinavahi, and A. M. Knight, "A review 
of power converter topologies for wind generators," in IEEE 
International Conference on Electric Machines and Drives, 
2005, pp. 458-465.  

 

[5] S. Morimoto, H. Kato, M. Sanada, and Y. Takeda, "Output 

Maximization Control for Wind Generation System with 
Interior Permanent Magnet Synchronous Generator," in 
Conference Record of the IEEE Industry Applications 



International Journal of Engineering In Advanced Research Science and Technology                                    

ISSN: 2278-2566 
VOLUME-2 

ISSUE-5         

OCT-2016    

PAGE NO:12-18 

 

 

Conference Forty-First lAS Annual Meeting, 2006, vol. I, no. 
C, pp. 503-510. 

 

[6] W.-M. Lin and C.-M. Hong, "Intelligent approach to 
maximum power point tracking control strategy for variable-
speed wind turbine generation system," Energy, vol. 35, no. 6, 
pp. 2440-2447, Jun. 2010. 

 

[7] M. Heydari, A. Yazdian, M. Mohamadian and H. Zahedi, 
"A Novel Variable-Speed Wind Energy System Using 
Permanent-Magnet Synchronous Generator and Nine-Switch 
AC/AC Converter" 1st Power Electronic & Drive System 
Technologies Conference (PEDSTC), 2010, pp.5 - 9.  

 

[8] M. Heydari, A. Y. Varjani, and M. Mohamadian, "A Novel 
ThreePhase to Three-Phase AC/AC Converter Using Six 
IGBTs," in 2nd International Conference on Electric Power 
and Energy Conversion Systems (EPECS), 2011, UAE. 

 

[9] M. Heydari, A. Yazdi an, M. Mohamadian, and A. Fatemi, 
"Threephase dual-output six-switch inverter", lET Power 
Electronics, vol.5, pp-1634-1650, 2012. 

 

[10] Raza Kazmi, S.M. ; Goto, H. ; Hai-Jiao Guo; Ichinokura, 
O. A, "Novel Algorithm for Fast and Efficient Speed-Sen 


