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ABSTRACT: Wind energy is one of the most efficient as well as cost effective renewable energy resources for
generating electricity compared to other conventional types of energy resources. When wind energy source is integrated
to the existing power system, various power quality issues arise at different level of power system. To overcome these
problems, here a unified power quality conditioner (UPQC) in wind energy conversion system (WECS) is used. In
Unified Power Quality Conditioner (UPQC) a series active filter and a shunt active filter are connected in a back-to-
back configuration to simultaneously compensate the problems due to voltage distortion, voltage unbalances and to
compensate harmonics produced due to current.
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I.INTRODUCTION

Due to the increasing demand various renewable energy sources are connected to the existing power system. Wind
energy source is extensively used as it is cost effective, eco friendly as well as an efficient energy source. One of the
most efficient wind energy conversion systems is permanent magnet synchronous generator based wind energy
conversion system with fixed pitch angle. When wind energy source is integrated to the electric grid it affects the
power quality [1]. Therefore, various power electronic devices used in integration of wind energy conversion system
into the electric grid. The series active power filter is generally used for compensation of voltage harmonics and
voltage sags [2]. The shunt active power filter is used to mitigate harmonics produced due to current. The UPQC, which
has two active power filter connected back to back with a common DC link capacitor, can compensate the voltage sag
and swell, the harmonic current and voltage, and control the power flow and voltage unbalance [3].A versatile device
like UPQC can be a universal solution to various grid integration issues of wind energy conversion system and a more
reliable operation of wind generators can be achieved. The block diagram of proposed system is given below in the
figure 1.
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Figure 1 Block diagram of UPQC with WECS
I1. WIND ENERGY CONVERSION SYSTEM (WECS)

The wind energy conversion system (WECS) converts wind energy into electrical energy. A wind energy conversion
system consists of a wind turbine, generator, and Power electronics converter connected to the grid [4]. The block
diagram of WECS is given in the figure 2. The wind turbine system takes the kinetic energy of wind as input and
provides mechanical power as output, and then it is fed to the electrical generator to produce three phase electrical
power as output. Then ac to dc converter converts three phase ac voltage to dc voltage. After that dc to dc converter
converts the unregulated dc to a fixed dc. Lastly a dc to ac converter is used to convert dc voltage to required three
phase voltage which is synchronized with the grid. In this way the kinetic energy of the wind is converted to the
electrical energy in the wind energy conversion system.

. . Power
Wind Electrical . .
— . Electronic Grid
Turbine Generator
Interface

Figure 2 wind energy conversion system

The output power of the wind turbine is given by,

I:)mech = %pAGCO\)Ws (1)

Where A is the swept area of wind turbine rotor. The power coefficient C,as a function of A & P is expressed by
equation (2) .

C, (A, B) =0.5176%(116/(1/(1/(A+0.08*B)-0.035/(B*3+1)))-0.4*B-5)*exp(-21/(1/(1/(3+0.08*B)-0.035/(p"3+1))))

+0.0068*\ )
The tip-speed ratio is given by the expression,
O R,
A== )
Where w is the wind speed, ‘Qr is the rotor speed, R, is the rotor plane radius, p is the air density .In general ,
Pe= TtWn 4)
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Combining eg™ (2) ,eq(3), eq™ (4) , the expression for torque developed is expressed as,

To= 2pA, 2w (5)

The power extracted from the wind is maximum when the power coefficient is at its maximum. This occurs at a defined
value of the tip speed ratio (TSR). Hence, for each wind speed; there is an optimum rotor speed where maximum power
is extracted from the wind. Therefore, if the wind speed is assumed to be constant, the value of C,,depends on the wind
turbine rotor speed. Thus, by controlling the rotor speed, the power output of the turbine is controlled.

111. UNIFIED POWER QUALITY CONDINTIONER (UPQC)

The Unified power quality conditioner consists of following components

e Series APF-It is connected to the transmission line with the transformer. It is used to compensate the problems
arises due to voltage distortions and voltage unbalances. The series APF injects a compensating voltage so that the
voltage will be balanced and regulated.

e Shunt APF- Shunt APF is used to compensate for distortions & harmonics which are produced due to current. Due
to non- linear load there is harmonics in load current, so shunt APF is used to keep source current completely
sinusoidal and distortion free.

e Series Transformer-The necessary voltage which is generated by series APF so that the voltage at load side is
perfectly balanced and regulated is injected into the transmission line with the help of series transformers.

e DC link capacitor-The two voltage source inverters are connected back to back through a DC capacitor. DC
capacitor is provides a DC voltage for working of both the inverter. The DC capacitor also provides a real power
difference between source and load during the transient period and also acts as a energy storage elements.

i E,C 1L ;
. m Non-linear
load
M _
AC main m
R
r 71
| I
| s |
| Serics APF ¢ o Shunt APF UPQC
| |
I |
e A S S S o _

Figure 3 Configuration of UPQC

Operation of UPQC -

As given in the figure3, v; is source voltage, V. is series compensation voltage, is =source current and i, is load current.
The source voltage contains a positive, negative and zero, and also the harmonic components. The voltage at M is
written as

V=vip(t) +V1p(t) +2t])co=2 Vi(t) 1)
Equation (1) can also be written as
Vs =V1n(SiN(Wi+615))+ Vip(Sin(Wi+015)+ 25—, Vi(kwi+6y) (2
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Here vi,,, vy, are fundamental frequency of component of negative sequence and positive sequence, vy is the harmonic
component, and 61y, 61,,0x are phase angle of voltages.

Generally, UPQC can be configured in two ways by connecting the unit to terminal voltage v; at point of common
coupling (PCC).

IV.SIMULATION OF TEST SYSTEM AND RESULTS
(A) Simulation of Test System with Fault

Figure 4shows the test system with fault. Here a three phase to ground fault is occurred during a period of 0.4 sec to 0.6
sec. The fault block is simulated using the MATLAB software.
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Figure 4 MATLAB Simulation of Test model with fault

(B) Simulation of Test System with UPQC

The series compensating device is used to mitigate the power quality issue occurred due to the three phase to ground
fault. But due to switching action of compensator switch there is a distortion of voltage due to the harmonics .So the
THD level of the wave is increased. For reducing the voltage level a shunt compensating device is required. So a hybrid
model of shunt compensator and series compensator which is aggregately termed as UPQC is implemented with the
test model by using MATLAB software. The Simulink model of the test system with UPQC is shown in figure 5
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Figure 5 Simulation model of test system with UPQC

Results of the test model is given below
(A) Results of the test system with fault

When fault is applied to the system, voltage sag occurs in the source voltage. The effect of fault on source voltage and
the magnitude of source voltage is given in below figure 6 and figure 7.
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Figure 6 Source voltage of test model with fault
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Figure 11 Source voltage magnitude of test model with UPQC

The voltage sag in load voltage is compensated completely, when we used UPQC in the system. The load voltage and
the load voltage magnitude is shown in below figure 12 and figure 13.
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12 Load voltage of test model with UPQC
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Figure 13 Load voltage magnitude of test model with UPQC
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V. CONCLUSION

When UPQC is used in WECS, the voltage sag is mitigated and load voltage is perfectly balanced. Also the harmonic
distortion is compensated. The total harmonic distortion with series compensator is 11.70% and with UPQC it is
reduced to 6.12%.

REFERENCES

[1] Khadkikar, A. Chandra, “A novel concept of simultaneous voltage sag/swell and load reactive power compensation utilizing service inverter for
UPQC”, IEEE Trans. Power Del., vol.26, no.9, Sep.2013.

[2] H. Toodeji, S.H. Fathi, “Power management and performance improvement in integrated system of variable speed wind Turbine and UPQC”,
IEEE Conf.,2009.

[3] Sharad W. Mohad, Mohan V. Aware, “Power quality issues and its improvement in wind energy generation interface to grid system,” MIT
International journal of electrical and instrumentation engineering, vol.1, no.2, pp.116 - 122, Aug. 2012.

[4] Sai Shankar, Ashwanikumar and W.Gao “Operation of Unified Power Quality Conditioner under Different Situation,” IEEE Proceedings Power
and Energy Society General Meeting, July 2011, 21, pp. 1-10.

[5] Juan Manel Carrasco, “Power Electronic System for Grid Integration of Renewable Energy Source: A Survey”, IEEE Trans on
IndustrialElectronics, Vol. 53, No. 4, pp 1002-1014, August 2009.

[6] J.0O.Q. Tande ‘Applying Power Quality Characteristics of wind turbine for Assessing impact on Voltage Quality’, Wind Energy, pp 52, 2002

Copyright to IJIRSET DOI:10.15680/1JIRSET.2018.0705088 5225


http://www.ijirset.com

ISSN(Online): 2319-8753
ISSN (Print): 2347-6710

—
——
~ |
7
=

International Journal of Innovative Research in Science,
Engineering and Technology
(A High Impact Factor, Monthly, Peer Reviewed Journal)

Visit: Www.ijirset.com

Vol. 7, Issue 5, May 2018

[7]1 Z. Chen, E. Spooner, ‘Grid Power Quality with Variable Speed Wind Turbines’, IEEE Trans on Energy Conversion, Vol.16, No .2, pp 148-154,
June 2001

[8] Juan Manel Carrasco, 'Power Electronic System for Grid Integration of Renewable Energy Source: A Survey’, IEEE Trans on
IndustrialElectronics, Vol. 53, No. 4, pp 1002-1014, August 2006

[9] T.Nanahara, “Recent situation of wind power in foreign countries and their impact on electric power system,” T.IEE Jpn., Vol. 120 — B, No.3,
pp. 321 — 324, 2000

[10] H. Fujita and H. Akagi, “ The Unified Power Quality Conditioner : The integration of series and shunt active filters” IEEE Transactions on
Power Electronics, vol.13, no.2 March 1998.

[11] H. Awad, M. H.J Bollen, “Power Electronics for Power Quality Improvements,” IEEE Symposium on Industrial Electronics, 2003, vol.2, pp.
1129-1136

[12] E. H. Watanabe, R. M. Stephen, and M. Arcdes, “New concept of instantaneous active and reactive powers in electric systems with generic
load,” IEEE Transactions. on Power Delivery, vol.8, April 1993, pp 697-703.

Copyright to JIRSET DOI:10.15680/1JIRSET.2018.0705088 5226


http://www.ijirset.com

