A Novel Active Filter Control Strategy for Power Mitigation and Quality Enhancements in a Stand-alone WECS


Abstract: In this study, a novel sinusoidal PWM Switched Power Filter (SPF) and Dynamic Voltage Compensation (DVC) scheme using VSC/SMC/B-B controller for power mitigation and quality enhancements in medium power distribution systems are simulated. The system is based upon a stand alone Wind Energy Conversion Scheme (WECS) using an induction generator and the proposed system control mechanisms, which are digitally simulated by using the MATLAB/Simulink/SimPowerSystems software.
Index Terms— Dynamic Tracking, Wind Energy Conversion Scheme, Dynamic voltage compensator, Reactive Compensation, Voltage and Energy Enhancement, VSC/SMC/B-B, Filters, Hybrid.
1. Introduction

T

HE demand for electrical energy and fossil fuel has increased continuously during the last two or three decades with energy shortage, dwindling world fossil fuel and  non-renewable natural resources. Burning fossil fuels provides about three quarters of the world’s energy. As a result of the burning, green house gases occur. Green house gases are responsible for climate change. Climate change, high oil price, limited world oil reserves, water and air pollution and rising environmental concerns are the main push ups for the search for new sustainable energy. Renewable sources such as the wind energy, effectively uses natural resources, which are naturally replenished. 
   Wind energy is the most attractive solution to world’s energy challenges. It is clean, infinite, no charge and no tax. Wind energy is rapidly developing into a mainstream power source in many countries of the world, with over 60,000 MW of installed capacity world wide and an average annual market growth rate 28%.  Wind energy could provide as much as 29% of the world electricity needs by 2030, given the political will to promote its large scale deployment paired with far-reaching energy efficiency measures [1].

A wind energy system is dependent upon air flows. These wind conditions are always subject to local wind variations, gust changes and ambient temperature and pressure. Therefore, these situations cause sudden variations in the generator voltage levels and energy supplied from wind [2-3]. A number of the theoretical studies have been made with the aim to establish the energy capture benefits associates with variable speed operation of WECS [4-6].  

Electric utilities and end users of electric power are becoming increasingly concerned about energy future and also the electric power quality. There are reasons of increased concern about the power quality. Load equipments with microprocessor-based controls and power electronic devices used in the present are more sensitive to power quality variations. To increase the system efficiency, high efficiency devices based on power electronics equipments have been increasingly used in many applications. This causes increasing harmonic levels on power systems and concerns about the future impact on system capabilities; furthermore, consumer awareness about power quality has been grown and the consumer has wanted the utilities to improve the power quality utilized. On the other hand, there are a lot of interconnected subsystems in a network. So if there is any fault in the subsystems, there will be disturbances, disruptions and the other effects, which decrease the power quality in the system.
2. Power qualıty 

The common concerns of power quality are long duration voltage variations (overvoltage, undervoltage, and sustained interruptions), short duration voltage variations (interruption, sags (dips), and swells), voltage imbalance, waveform distortion (DC offset, harmonics, interharmonics, notching and noise), voltage fluctuation (voltage flicker) and power frequency variations [7, 8]. Most reasons of these concerns stems from loads connected to electric supply systems. 
There are two types of loads, linear and nonlinear. Motors, heaters and incandescent lamps are examples of linear load produce a current proportional to the voltage [9]. The nonlinear load uses high-speed electronic power switching devices to convert the AC supply voltage to a constant DC voltage used by the internal circuits. During converting, harmonic currents on the power grid are generated. Producing harmonic currents at the point of common coupling (PCC) cause several adverse effects such as a line voltage distortion at PCC, equipment overheating, transformer derating, overheating, failure of sensitive electronic equipment, interference with telecommunication systems due to harmonic noises, flickering of fluorescent lights, erratic operation of circuit breakers and relays, fuse blowing and electronic equipment shutting down, conductor overheating due to triplen harmonics in 3-phase 4-wire system, increased RMS current [10-12]. Personal computers, fax machines, printers, UPS, adjustable speed drives, electronic lighting ballasts, ferromagnetic devices, DC motor drives and arcing equipment are examples of nonlinear loads. 
The IEEE standard 519-1992 establishes recommendations for harmonic control in power systems [13]. It specifies harmonic current limits at the point of common coupling as well as the quality of the voltage that the utility must furnish the user. The European harmonic standard, IEC-555, proposed absolute harmonic limits for individual equipment loads [14]. One of the solutions to minimize the effects of harmonic distortion in a power system is to use filters. There are two types of filtering, active and passive filtering. There are some limitations of passive filters. A design for specific harmonic component, undesirable series and parallel resonances, large filters components heavy and large in size, increased cost and losses, not suitable for changing system conditions are some limitations of passive filters [15]. Due to the above drawbacks of passive filters have attracted great attention and are replacing with active filters, which have many superiorities and types [16, 17]. The advantages of the simplicity and lower cost of passive filters with the higher performance of active filters to reduce harmonic distortion in power systems constitute hybrid filters. The main purpose of hybrid active/passive filters is to reduce initial cost and to reduce filter rating [18].

There are many different hybrid filter types. Some of them are built as a combination of active series and passive shunt filters, active series and active shunt filters, active and passive shunt filters, and active filter in series with shunt passive filters.  
3. System Description 

A Standalone Wind Energy Conversion Scheme (WECS) using induction generator (IG) is studied in this paper under a time sequence of Load Excursions and Wind variations. The standalone WECS connected to the local load bus over a radial transmission line comprising the following main components, as shown in Fig. 1.
· Wind turbine

· Gear box

· Step up and step down transformers

· Distribution power lines
· Induction generator
· Stabilization interface scheme and stabilization controller

· The hybrid electric load.
The hybrid composite linear, nonlinear and motorized loads are shown in Fig. 2. Each component of the proposed WECS shown in Fig. 1 is modeled in Matlab/Simulink [19] environment. 
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Fig. 2. Hybrid composite linear, nonlinear and motorized load model.  

The parameters of the proposed controller are selected by a guided trial and error off-line simulation to ensure the minimum induction load and generator voltage excursion for any large wind and load variation.

The standalone WECS sample study system unified AC system model parameters, comprising the induction generator, wind turbine, combined hybrid load, and controller parameters are all given in Appendix. The Matlab/Simulink functional model of full AC study system is given in Fig. 3.
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Fig 1. Sample study 500 kVA wind energy conversion scheme.

The sample WECS standalone scheme was subjected to severe combined sequence of load switching/load variation/load excursion and wind speed variation and gusting. The novel sinusoidal PWM Switched Power Filter (SPF) and Dynamic Voltage Compensation (DVC) scheme is shown in Fig. 4. 

The system real time dynamic response for a combined load/wind excursion time sequence as follows:
t=0.01s Linear Load excursion applied, +40%

t=0.03s Linear Load excursion removed, +40%

t=0.05s Wind Speed excursion applied, -20%
t=0.07s Wind Speed excursion removed, -20%
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Fig. 3.  The Matlab/Simulink functional model of full AC study system.

Fig. 4 depicts the Pulse Width Modulator (PWM) model used with duty cycle ratio 
[image: image4.wmf]D

a

control at a constant switching frequency, 
[image: image5.wmf]s/w

f=200Hz

.

[image: image6.emf]PWM Output

1

Sample

and Hold1

In

S/H

Relay

Integrator

with Reset

1

s

Gain

1

Abs

|u|

Clock

3

1/K*Period

2

PWM Input

1


            Fig. 4. Pulse Width Modulator (PWM) model.
4. NOVEL CONTROL DESIGN
The paper presents a study of four control strategies for a Standalone Wind Energy Conversion Scheme (WECS) using induction generator (IG).
4.1. VSC/SMC/B-B controller

The global error in the VSC/SMC/B-B controller is described as follows:
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The slope of the sliding surface is designed as:
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The control is an on-off logic; that is:

When 
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Here, a ramp-up control is applied to Vc to generate Vcontrol

The proposed system control mechanism is digitally simulated by using the MATLAB/ Simulink/SimPowerSystems software. VSC/SMC/ B-B Controller system block diagram and Simulink block diagram of all proposed system scheme are shown in Fig. 5 and Fig. 6, respectively.
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Fig. 5. VSC/SMC/B-B controller block diagram.
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Fig. 6. The proposed system scheme for VSC/SMC/B-B controller. 

5. Simulation Results

The real time dynamic responses of the system for a combined load/wind excursion are obtained for the following time sequences.

t=0.01s Linear Load excursion applied, +40%

t=0.03s Linear Load excursion removed, +40%

t=0.05s Wind Speed excursion applied, -20%

t=0.07s Wind Speed excursion removed, -20%

The WECS dynamic performance is compared for the two cases, with and without the novel sinusoidal PWM SPF and DVC scheme using the controllers.
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Fig. 7. The WECS dynamic performance without controller
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Fig. 8. VSC/SMC/B-B controller results.
6. CONCLUSION

The paper presents VSC/SMC/B-B controller topology for power mitigation and quality enhancements in medium power distribution system, a stand alone wind energy conversion system. Improvement in generator voltage, current and also load voltage is seen with the VSC/SMC/B-B controller. This control scheme is extremely effective in ensuring voltage stabilization and enhancing power/energy utilization under severe load and wind prime mover/wind velocity excursion. A VSC/SMC/B-B controller is designed and employed in this application.
7. APPENDIX

7.1. Simple Wind Turbine Model (Quasi-static model)
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Where
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is the specified density of air (1.25kg/m2), 
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is the area swept by the blades, 
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is the radius of the rotor blades, 
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is power conversion coefficient, 
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is the tip speed ratio
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w

is the wind turbine velocity in rpm, and 
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is equivalent coefficient in per unit (0.745)

7.2. Induction Generator 

3 phase, 2 pairs of poles, Vg=1.6 kV (L-L), Sg=500 KVA, Cself=150uF/Phase
[image: image28.wmf]''

0.016,0.06,0.015,0.06

slsrlr

RLRL

====



[image: image29.wmf]3.5,2,0,2

m

LHFp

====


7.3. Combined Hybrid AC Load model (@ V=1.0 pu)

Linear PQ Load (40%) 
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Nonlinear (Voltage-dependent type) PQ Load (30%)
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Three phase squirrel cage induction motor inrush type PQ load (30%)

Power: 
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Stator resistance and leakage inductance: 
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Rotor resistance and leakage inductance:
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Magnetizing inductance: 
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7.4. Per unit base values used

Sbase=500KVA, Vbase=1.6kV (L-L)

7.5. Distribution-collection line (3 phase)
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7.6. SPF and DVC parameters
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7.7. PWM


[image: image42.wmf]///

/

1/,200,0.5

on

swswswD

sw

t

TffHz

t

a

====


REFERENCES
[1] Global Wind Energy Outlook 2006, Global Wind Energy Council (GWEC).
[2] A. Kareem, “Analysis and modeling of wind effects: numerical techniques”, in: A. Larsen, G.L. Larose, F.M. Livesey (Eds.), Wind Engineering into the 21st Century, Balkema Press, Rotterdam, pp. 43–54.

[3] A. Kareem, “Modeling and simulation of wind effects: a reflection on the past and outlook for the future”, in: C.-K. Choi, G. Solari, J. Kanda, A. Kareem (Eds.), First International Symposium on Wind and Structures for the 21st Century, Techno Press, Seoul, 2000.

[4] K. Tan and S. Islam, “Optimum control strategies in energy conversion of PMSG wind turbine system without mechanical sensors”, IEEE Transactions on Energy Conversion, Vol. 19, No. 2, 2004, pp.392-399.

[5] K. Natarajan, A.M. Sharaf, S. Sivakumar and S.Nagnarhan, “Modeling and Control Design for Wind Energy Conversion Scheme using Self-Excited Induction Generator”, IEEE Trans. On E.C., Vol. 2, No. 3, pp.506-512, Sept. 1987.

[6] R.M. Hillowala and A.M. Sharaf, “Modelling, simulation and analysis of variable speed constant frequency wind energy conversion scheme using self excited induction generator”, South eastern symposium on Circuits and Systems, October 1990, South Carolina.

[7] C. Sankaran, “Power Quality”, CRC Press, ISBN 0-8493-1040-7, 2002.

[8] R.C. Dugan, M.F. McGranaghan, S. Santoso and H.W. Beaty, “Electrical Power Systems Quality”, McGraw-Hill, 2004.

[9] C.J. Hatziadoniu, “Modeling of linear components for harmonic studies”, IEEE Power Engineering Society General Meeting, Vol.1, pp.766-768, 2004.

[10] J. Arrillaga and N.R. Watson, “Power System Harmonics”, Wiley, ISBN-10:0470851295, 2003.

[11] “Power Quality Filter-Active Filtering Guide”, ABB, 2003, www.library.abb.com.

[12] S. Ashok, Babitha and S. Thiruvengadom, “Harmonics in distribution system of an educational institution”, Power Quality 98, pp.14-150, 1998.
[13] “IEEE-Std-519-1992, IEEE Recommended practices and requirements for harmonic control in electrical power systems”, IEEE, New York, USA, May 1992.
[14] G.S. Finlay, “IEC 555 part2-harmonics: background and implications, IEE Colloquium on Single-Phase Supplies: Harmonic Regulations and Remedies”, pp. 2/1-2/9, 1991.
[15] J.C. Das, “Passive filters-potentialities and limitations”, Conference Record of the 2003 Annual Pulp and Paper Industry Technical Conference, pp.187-197, 2003.
[16] S. Bhattacharya, T.M. Frank, D.M. Divan and B. Banerjee, “Active filter system implementation”, IEEE Industry Applications Magazine, Vol. 4, No. 5, pp.47-63, 1998.
[17] B. Singh, K. Al-Haddad and A. Chandra, “A Review of Active Filters for Power Quality Improvement”, IEEE Transactions on Industrial Electronics, Vol. 46, No. 5, pp.960-971, 1999.
[18] S.G. Dan, D.D. Benjamin, R. Magureanu, L. Asiminoaei, R. Teodorescu and F. Blaabjerg, “Control strategies of active filters in the context of power conditioning”, European Conference on Power Electronics and Applications, pp.10, 2005.
[19] The Mathworks, Inc, as of September 25, 2006: http://www.matworks.com
A. M. Sharaf, Senior Member, IEEE


Dept. of Electrical and Computer Engineering


University of New Brunswick


Fredericton, NB, E3B 5A3 Canada


sharaf@unb.ca





I. H. Altas, Senior Member, IEEE, E. Ozkop, Student Member, IEEE


Dept. of Electrical and Electronics Engineering


Karadeniz Technical University


61080 Trabzon, Turkey


ihaltas@altas.org, eozkop@ktu.edu.tr








PAGE  
5

_1256457488.unknown

_1257595083.unknown

_1260797165.unknown

_1261853951.unknown

_1261855637.unknown

_1261855653.unknown

_1261855593.unknown

_1260854468.unknown

_1260854635.unknown

_1260854387.unknown

_1259360248.unknown

_1259360286.unknown

_1257595103.unknown

_1257595102.unknown

_1256458130.unknown

_1256458778.unknown

_1257594510.unknown

_1257594530.unknown

_1257594703.unknown

_1257585463.unknown

_1256458729.unknown

_1256458758.unknown

_1256458576.unknown

_1256458078.unknown

_1256458123.unknown

_1256458077.unknown

_1256457363.unknown

_1256457452.unknown

_1256457460.unknown

_1256457451.unknown

_1256457440.unknown

_1256457259.unknown

_1256457313.unknown

_1248548534.unknown

