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ABSTRACT 
 Wind power generation is grasping more attention nowadays because it offers the benefits of reduced cost, increased 

efficiency, less pollution and so on. But the known disadvantage is that the integration of wind farm with grid leads to many 

power quality problems such as voltage sag, swell, unbalance, harmonics, flickers etc. This paper concentrates mainly on 

diminution of source voltage sag and load current harmonics which are caused mainly due to the use of nonlinear loads such as 

personal computers, variable frequency drives, SMPS, monitors, printers etc in both industrial and commercial sectors. For the 

betterment of power quality issues, custom power devices are used. Among many of the custom power devices, Unified Power 

Quality Conditioner (UPQC) have been used nowadays which diminishes both voltage sag and current harmonics. The 

performance of UPQC can be improved by using a new strategy of control which is implemented using Fuzzy Logic Controller 

and from the simulation results, the performance of fuzzy controlled UPQC is better which can be validated by comparing its 

performance with the conventional control of PI controller. 
 

Index Terms— Voltage sag, Current harmonics, Unified power quality conditioner, Fuzzy logic controller, PI Controller. 
 

I. INTRODUCTION 

Wind power is one of the most favorable renewable 

energies that are available in the world. Wind farms 

which have many wind turbines act as power plant and 

hence they can be connected to the grid directly. Trem-

endous development in the power electronics system 

improves the characteristics of wind farms [1,2]. The 

variable speed wind turbine using doubly fed induction 

generator is becoming a popular concept as it provides 

good power factor, high efficiency and better control-

ability [6]. Since the wind’s nature is fluctuating in 

nature, power from the wind farm will not be constant 

and uniform hence it creates stability problems and 

power quality problems such as voltage sag, swell, 

unbalance, harmonics etc. Voltage sag is one of the 

most severe problems which leads to disoperation of 

drive systems and current harmonics are caused by 

loads of nonlinear type [9, 10]. Custom power devices 

play an important role in the mitigation of both voltage 

sag and load current harmonics simultaneously. Dyna-

mic Voltage Restorer (DVR) is well suited to protect 

sensitive types of equipment from voltage unbalance but 

DVR does not respond for load current harmonics [11]. 

The device STATCOM is used for the reduction of load 

current harmonics and provides reactive power control 

but doesn’t consider voltage related problems [12]. 

UPQC is the only device which has the capability to 

mitigate both voltage sag and current harmonics [13]-

[15]. Fuzzy Logic Controller is proposed in this paper 

which is well appropriate for nonlinear loads and it 

doesn't require any mathematical modeling. 

II. UNIFIED POWER QUALITY CONDITIONER  

For alleviation of power quality problems in both 

supply and load side, UPQC is used. Basically, UPQC 

has two Voltage source inverter, which is connected 

back to back sharing a common dc link as in Fig.1. The 

series inverter is operated in voltage control mode and 

shunt inverter in current control mode and maintains 

the dc bus voltage at the reference value. The features 

of UPQC are as follows, 

• It mitigates harmonics in supply current thus 

providing current quality for nonlinear loads. 

• It also provides reactive power compensation and 

so the supply voltage and current harmonics in 

phase. 

• UPQC maintains the load voltage at rated value 

even though in the presence of supply disturbance 

It does not require extra dc link voltage support for 

the series compensator. 

III. PROPOSED SYSTEM  

In this work, the doubly fed induction generator-

based wind turbine is synchronized with the grid in 

terms of voltage and frequency. The wind speed is 

maintained at 8 m/s. The power quality problems such 

as voltage sag and load current harmonics are created 

using diode bridge rectifier with RL load in the 

simulation model. 

For enhancement of above PQ problems, UPQC is 

designed and proposed control strategy using Fuzzy 

Logic Controller (FLC) is implemented along with 

Power Angle Control approach for the generation of 

both reference voltage and reference current for series 

and shunt inverter respectively. By comparing the simu-

lation results, the effectiveness of proposed system can 

be validated by comparison with the conventional PI 

controller. 

 

 
Fig.  1.UPQC Layout 
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IV. CONTROL STRATEGY 

A. Conventional PI control strategy 

Here UPQC is controlled with the conventional PI 

controller. The gain values for P and I are chosen as kp 

= 0.1 and ki = 2 using trial and error method. 

B. Fuzzy Logic Controller 

Fuzzy logic offers an effortless way to arrive at 

conclusion based upon blurred, imprecise or missing 

input data. The structure of fuzzy logic controller has 

• A fuzzification module which converts the 

linguistic values of the error signals into fuzzy 

values. 

• A rule elevator which is used for the evaluation of 

fuzzy rules. Basically, used operations are AND, 

OR and NOT. The rules for the fuzzy logic 

controller is shown in Table. 1. 

• A defuzzification module which converts the 

linguistic variable to real world variable. 
 

TABLE I.  FUZZY RULE REPRESENTATION 

The change in dc voltage value is fed as input to the 

controller which generates appropriate gate signals for 

the switches of back to back converter using PWM 

generator. Input which includes error and change in 

error, Output which includes the duty ratio for a fuzzy 

logic controller is shown in Fig. 2 – 4. 
 

 
Fig. 2:  Error as input 

 

 
Fig.  3.Change in error as input 

 

 
Fig.  4.Output variables to defuzzification process 

 
 

V. SIMULATION RESULTS 

The proposed system is introduced in three phase 

420V, 50Hz grid system which is supplied from a 

5HP,460V,50Hz Doubly-fed Induction generator based 

wind turbine using MATLAB Simulink. The simula-

tion model of the proposed system is shown in Fig. 5. 

 

 
Fig.  5.Simulation model of proposed system 

A. Uncompensated system 

In the proposed system, voltage sag and current 

harmonics are simulated using nonlinear load of  RL 

for a duration of 0.02 to 0.08 seconds. The simulation 

results for the uncompensated system and the Total 

Harmonic Distortion in load current using FFT analysis 

is shown in Fig.  6 – 8 respectively. 

 
Fig.  6.Voltage sag of uncompensated system 
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Fig. 7: Current harmonics of Uncompensated system 

Fig.  8.THD of Load Current 
 

B. UPQC with PI controller 

To compensate voltage sag and current harmonics, 

the custom power device is accomplished by using the 

PI controller. For good compensation, the gain values 

of PI controller are chosen using trial and error method. 

The simulation results of the proposed system and 

THD value of load current are shown in Fig. 9 – 11 

respectively. 

Fig.  9.Source voltage 

 

Fig.  10.Load current 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  11.THD in Load current 

 

C. UPQC with Fuzzy controller 

The proposed fuzzy controller is implemented to 

compensate the power quality problems. The 

simulation results and THD values of load current are 

shown in fig. 12 - 14 respectively. 

Fig.  12: Source Voltage 

 

 

Fig.13.Load Current 

 

 

 

 

 

 

 

 

 

 

 

Fig.14.THD in Load current 
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VI. PERFORMANCE COMPARISON 

The performance of the proposed system is validated 

by comparing the proposed control strategy with the 

conventional PI controller. The comparison result of 

UPQC with PI and Fuzzy logic controller is shown in 

table II. 

TABLE II.  PERFORMANCE COMPARISON 

 

VII. CONCLUSION 

In this paper, enhancement of voltage and current 

quality in grid-connected wind power system has been 

done. Power quality issues such as voltage sag and 

current harmonics are simulated using MATLAB. 

Hence from the simulation results, it is observed that 

voltage sag is mitigated successfully but the load 

current has high THD value, but the proposed Fuzzy 

logic controller mitigates voltage sag, as well as the 

THD value of load current obtained, is also a small 

value. Thus the proposed system is proven as an 

efficient device than the conventional one. 
 

REFERENCES 

[1] Frede Blaabjerg and Ma, K., Future on Power 

Electronics for Wind Turbine Systems. IEEE 

Journal of Emerging and Selected Topics in 

Power Electronics 1(3): 139- 152 (2013). 

 [2] Wang, Z., Y. Bo, Y. Lang and M. Cheng, 

Improvement of Operating Performance for the 

Wind Farm with a Novel CSC-Type Wind Tur-

bine-SMES Hybrid System. IEEE Transactions 

on Power Delivery 28(2): 693-703 (2013). 

[3] Hossain, M.J., H.R. Pota, V.A. Ugrinovskii and R. 

A. Ramos, Simultaneous STATCOM and Pitch 

Angle Control for Improved LVRT Capability of 

Fixed-speed Wind Turbines. IEEE Transactions 

on Sustainable Energy 1(3): 142-150 (2011). 

[4] Christian W., N. Hoffmann, M. Molinas, F.M. 

Fuchs, Statcom Control at Wind farms with Fixed 

-Speed Induction Generators Under Asymme-

trical Grid Faults. IEEE Transactions on Indus-

trial Electronics 60(7): 2864-2873 (2013). 

[5] Mahmoud M.A. and O.A. Mohammed, Develop-

ment of High-Performance Grid-Connected Wind 

Energy Conversion System for Optimum Utiliza-

tion of Variable Speed Wind Turbines, IEEE 

Transactions on Sustainable Energy 2(3): 235-245 

(2011). 

 

 

 

 

 

 

 

 

[6] Yazhou L., M. Alan, L. Gordon and Y. Robert, 

Modeling of the Wind Turbine with a Doubly Fed 

Induction Generator for Grid Integration Studies. 

IEEE Transactions on Energy Conversion 21(1):  

257-264 (2006). 

 [7] Khalid S. and B. Dwivedi, Power Quality Issues, 

problems, Standards and their Effects in Industry 

with Corrective Means. International Journal of 

Advances in Engineering and Technology 1(2): 1-

11 (2011). 

[8] Karuppanan P. and K.K. Mahapatra, Active Harmo-

nic Current Compensation to Enhance Power 

Quality. Electrical Power and Energy Systems 62: 

144-151 (2014). 

[9] Yunus, M.S., M.A.S. Masoum and A. Abu-Siada, 

Application of SMES to Enhance the Dynamic 

Performance of DFIG During Voltage Sag and 

Swell. IEEE Transactions on Applied Super-

conductivity 22(4):    (2012) 

[10] Karuppanan P. and K.K. Mahapatra, PI and Fuzzy 

Logic Controllers for Shunt Active Power Filter. 

ISA Transactions 51: 163-169 (2012). 

[11] Andres E.L., M.F. Farias, P.E. Battaiotto, J.A. 

Solsona and M.I. Valla, Control Strategy of a 

DVR to Improve Stability in Wind Farms Using 

Squirrel-Cage Induction Generators. IEEE Trans-

actions on Power Systems 26(3): 1609-1617 

(2011). 

[12] Sharad W.M. and M.V. Aware, A STATCOM 

Control Scheme for Grid Connected Wind Energy 

System for Power Quality Improvement. IEEE 

Systems Journal 4(3): 346-352 (2010). 

[13] Vinod K. and A. Chandra, UPQC-S: A Novel 

Concept of Simultaneous Voltage Sag/Swell and 

Load Reactive Power Compensations Utilizing 

Series Inverter of UPQC. IEEE Transactions on 

Power Electronics 26(9): 2414-2425 (2011). 

[14] Kumar, G.S., K. Kumar and M.K. Mishra, Mitiga-

tion of Voltage Sags with Phase Jumps by UPQC 

With PSO-Based ANFIS, IEEE Transactions on 

Power Delivery 26(9): 2414-2425 (2011). 

[15] Vinod K., Enhancing Electric Power Quality 

Using UPQC: A Comprehensive Overview. IEEE 

Transactions on Power Electronics 27(5): 2284-

2297 (2012). 

[16] Belaidi, R., A. Haddouche, H. Guendouz, Fuzzy 

Logic Controller Based Three Phase Shunt Active 

Power Filter for Compensating Harmonis and 

Reactive Power under Unbalanced Mains Volta-

ges. Energy Proceeding 18: 560-570 (2012). 

SYSTEM 
THD IN LOAD 

CURRENT (%) 
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UPQC with PI controller 39.93 

UPQC with Fuzzy logic 

Controller 
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