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Abstract: This paper is intended to present the study of power quality improvement based on
performance evaluation of some kind of filters. An experimental model based on Compact
Fluorescent Lamps in an electrical wiring Power Filter has been developed. This study is based
on the analysis of harmonics presence in current curves. In Romania, the national agency -ANRE-
introduced requirements for performance and quality of electric power. The results show an
inherent power quality improvement in terms of reduced Total Harmonic Distortion (THD) of
source current. The experimental study highlights that some equipment, in this case Compact
Fluorescent Lamps, produce harmonics as results of their operation. This harmonics increase the
value of total harmonic distortions current to an important level. Using the filters power quality

can be improved.

1. INTRODUCTION

The Power Quality, according to IEEE, is the
term for supply and earthed accurate of the
electrical equipment’s in order to operate
properly. The concept of powering and
grounding sensitive equipment in a manner that
is suitable to the operation of that equipment. In
fact, this term is used is a large scale including
harmonic presence in the voltage and current
waveforms. The electric user connected to power
supply demands the amplitude and form of wave
according to the operating mode. It is known that
the voltage it is not a perfect sine wave. In order
to maintain the perturbation in acceptable limits
it is necessary to impose the limits to electric
pollution. This purpose is obtained by link
between acceptable deviations of voltage, in
common supply point, and absorbed current of
the receiver. In many cases, the electric users are
themselves perturbations sources. [1], [2], [3],
[4]

The most important devices that operated like
non-linear loads are:

o Urban electric traction (tramway,
subway, et. all), induction installations,
electrolysis installations that absorb non-

sinusoidal current leading to harmonics presence
at supply bars;

° unsymmetric electric consumer (welding
equipment’s, public illumination) that absorbs
different current on each phase giving in the
same time unsymmetric system voltage at buses;

e Variable loads, such as induction motors
in starting process, welding installations by
points leading flicker effect.

Primary parameters of power quality are
referring to:

-frequency;

-amplitude of main supply voltage;

-overvoltage;

-gaps voltage.

Secondary parameters of power quality are
definite by harmonics' presences and flicker
effect. [5], [6], [7], [8]

This  paper presents an experimental
comparative study analyzing the impact of power
filters, in a compact fluorescent lamps electric
wiring, on the electric power quality by using
current spectrum analysis.

2. HARMONICS

Each part of the power system is design to work
in a sinusoidal system of the voltages and
currents. In fact, in many nodes of a power
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system, the sinusoidal waves of current and
voltage presented distortions (Fig. 1). [10], [11]
these distortions are the results of harmonic
presences in waveforms of electrical parameters
[12], [13], [14].
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Fig. 1 The voltage waveforms with distortions

3. POLLUTION SOURCES
SYSTEM
Most electrical equipment’s in their operation
gives harmonics in a power system. Every
equipment with electronically module with AC-
DC convertor function produces harmonic
pollution. [15], [16], [17]. The wide spreads of
pollution sources are computers, UPS, TV
receivers and the following also:
e Single-phase controlled rectifier, bi-
alternation with resistance load,;
e Arc furnace and welding equipment;
e Electric locomotive equipped with
rectifier installations.
All of these sources come in the power system
with an important value of odd harmonic staring
with three ranks. [18], [19], [20], [21]

CAUSED BY

IN POWER

4. PROBLEM’S
HARMONICS

The harmonics' presence in electrical networks
provoke some problems, such as: increasing of
active power, or inference problems in network
communications systems. [22], [23], [24]. The
effects of distortions above electrical
equipment’s functionality are described detailed
herein[25] [PE143/94]:

THE

¢ Malfunction of electronically equipment with
power supply connection, including rectifier’s
command equipment;

e Supplementary  errors  of  measurement
apparatus and disturbing functionality of
protection relays;

e Up to loading of bank capacitors, as a power
factor compensator, over normal operating duty
in a consequence of power factor low;

e Active power supplementary losses in an
electrical network because of the apparent power
increase with deformed power add;

e Increasing impedance of electric network
elements. Based on Ohm law the impedance is
defined as a proportion of rated circuit voltage
and current;

¢ High level harmonics produce in power system
resonance phenomena.

Most of the industrial and home equipment’s
have a non-linear characteristic. As a
consequence, the level of harmonic distortion in
the low-voltage network became an important
problem. In order to solve that was settled some
procedures and standards such as to reduce the
harmonic pollution. The electrical receivers have
the responsibility to ensure that the harmonics
will be filtered, realizing this when is necessary.

5. FILTERS

There are three methods for the reducing
harmonic influence. Each of them has
advantages and disadvantages. These methods
are the following:

e passive filter utilization;

e combined filters;

e active filter utilization

In generally, a filter has in structure inductance,
capacitance and/or resistance. The filter is linear
when its inductance is unsaturated. [26],[27]

In order to reduce the harmonics are very
usefully harmonic’s filters. The harmonic’s
filters are cut-band type with bank capacitors in
series with an inductance. In this way the
elements of filter will be in resonance with the
harmonics’ frequency, these harmonics that
follow to diminish or eliminate.

On resonance, for the harmonic with k rank, the
filter will fill the following equation: [11]

1
Xor = X = 0,07 kwl =— (1)
where,
L — coil inductance, determinate for main

frequency;



Mariana lorgulescu
STUDY OF POWER QUALITY IMPROVEMENT. FILTERS

15

C — value of bank capacitors;

w =2nf, — f is main frequency.

6. FILTER’S IMPOVEMENT
QUALITY POWER

The electrical equipment tested in this paper is
a laboratory model with six lamps (Fig. 2) and
four type of filters.

Experimental stand is composed of: the lamps'
assembly, the filter, a power quality analyzer and
a computer for storing and data processing.

Data acquisition has been done with a power
quality analyzer type C.A.8230 on Harmonics
Analyzer mode connected on computer. The
analyzed waveforms’ are visualized by analyzer
software. Using data acquisition has been
observed waveforms of currents.

A fundamental tool of analysis of harmonics
signals is Fast Fourier Transformation. In
practice, the signal is analysed on a restricted
time frame using a restricted number of samples
of the real signal. [19], [20]

Together with harmonic analysis, the Total
Harmonic Distortion (THD) of a waveform is
defined as the root of the sum of the square of
the harmonic amplitudes divided by the
amplitude of the fundamental component of the
waveform given by the equation (2) for current:

PR
THD, =%1oo [%] )
1

where N denotes ration between the highest
harmonic order taken into consideration and the
amplitude of the fundamental component. [29]

Experimental determinations were carried
using four types of filters. [28]

IN THE
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Fig. 2 Wiring diagram used for experimental
measurements on lighting sources

The harmonics' current spectrum from figures
are generated from data obtained by the power
quality analyzer.

For the beginning in the study is analyzed the
load current without any filters.
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Fig. 3 Waveform of current and current harmonic
spectrum without any filters connected

The wawveform of the current is periodical, but
it is very disturbed. This discrepancy from the
sinusoidal form is given by the odd harmonics
presented by the 19th rank as in Fig 3. In this
case, THD is 122.5%. The next steps consist in

put in line by turns every filter.

Fig. 4 Waveform of current and current harmonic
spectrum with passive filter connected
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Fig. 5 Passive filter
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In Fig. 4 and 5 are presented waveform of the
current and current harmonic spectrum with
passive filter connected together with the details
of this filter. The bigger harmonic it’s with the
3rd rank. The filter’s efficiency good enough.

Fig. 6 Waveform of current and current harmonic
spectrum with active filter connected
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Fig. 8 Waveform of current and current harmonic
spectrum with active filter connected
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Fig. 9 Active filter

The figures 6,7,8,9 present the waveform of the
current and current harmonic spectrum with two
types active filter connected and the electrical
schemes of these filters. It is observed that every
filter improves the THD and the level of odd
harmonics.

Fig. 10 Waveform of current and current harmonic
spectrum with combined filter connected
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Fig. 11 Combined filter

In the last case, the combined filter is
connected (Fig. 10 and 11). It is the best-case
condition for the power quality. The third
harmonic in current is around 2.6% from main,
with important consequences in the sinusoidal
form of current. The value of THDi is 6.37%.
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7. DISCUSSION
“The general intent of IEEE 519-1992 is to
limit harmonic current from individual customers
and to limit distortion of the system voltage
provided by utilities. Customers should not cause
excessive harmonic currents to flow, and utilities
should provide a nearly sinusoidal voltage.” [29]
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The THD of first harmonic, according to IEEE
519-1992, is limited to 9.1%, nominal current
225A.

The measures to limit the distortion of power
system functionality are:

e decrease of harmonics current, produce
by non-linear loads;

o frequency-response modification in point
non-linear consumer nodes, by the realization of
special electrical supply;

e limitation of harmonic currents flow by
the utilization of specialized installation for
decrease or elimination of these types of
currents.

CONCLUSIONS

In conclusion, compensation of current
harmonics can be done with power filters. In the
experimental work was proved that the power
filters reduce the THD of source current starting
at 16.39% in passive filter case to 6.37% in the
best case. The power filters decrease or
eliminates the source current harmonics making
near sinusoidal wave form of load current.

In this way, the THD of source current is
according to IEEE-519 standard of harmonic.

This analysis can be continued taking into
account the other non-linear loads, such as
televisions or clusters of personal computers.

REFERENCES

[1] M.Sharanya, B.Basavaraja, M.Sasikala, Voltage
quality improvement and harmonic mitigation
using custom power devices : DVR and Hybrid
filters, 2013 IEEE Asia Pacific Conference on
Postgraduate Research in Microelectronics and
Electronics (PrimeAsia), Pages: 213 - 218, DOI:
10.1109/PrimeAsia.2013.6731208

[2] Md. Ashfanoor Kabir and Upal Mahbub,
Synchronous Detection and Digital control of
Shunt Active Power Filter in Power Quality
Improvement, Power and Energy Conference at
lllinois (PECI), 2011 IEEE, Pages: 1 - 5, DOI:
10.1109/PECI.2011.5740499,

[3] Anha Farooq ,Abdul Hamid Bhat, Performance
Evaluation of a Three Phase Shunt Active Power
Filter For Power Quality Improvement, 2015
International Conference on Recent
Developments in Control, Automation and Power
Engineering (RDCAPE), Pages: 214 - 219, DOI:
10.1109/RDCAPE.2015.7281398

[4] Md. Quamrul Ahsan, Abdul Hasib Chowdhury,
S. Shahnawaz Ahmed, Imamul Hassan Bhuyan,
Mohammad Ariful Haque, and Hamidur
Rahman”Technique to Develop Auto Load

Shedding and Islanding Scheme to Prevent Power
System Blackout” TEEE TRANSA CTIONS ON
POWER SYSTEMS, VOL. 27, NO. 1,
FEBRUARY 2012

[5] B. Singh, V. Verma, A. Chandra and K. Al-
Haddad, Hybrid filters for power quality
improvement, Ceneration, Transmission and
Distribution, 1EE Proceedings 2005, Volume:
152, Issue: 3,Pages: 365 - 378, DOI: 10.1049/ip-
gtd:20045027

[6] Dugan RC, McGranaghan MF, Beaty HW.
Electrical power systems quality. New York:
McGraw-Hill; 1996; 1-38

[7]1 Sohel Uddin, Hussain Shareef, Azah Mohamed,
Power quality performance of energy-efficient
low-wattage LED lamps, Measurement 46
(2013) pag. 3783-3795

[8] Om Prakash Mahela , Abdul Gafoor Shaik,
Neeraj Gupta,”A critical review of detection and
classification of power quality events”
Renewable and Sustainable Energy Reviews,
Volume 41, January 2015, Pages 495-505

[91 Rana A. Jabbar, M. Al-Dabbagh, Azah
Muhammad, R. H. Khawaja, M. Akmal, M.
Rehan Arif,”Impact of Compact Fluorescent
Lamp on Power Quality” 2008 Australasian
Universities Power Engineering Conference
(AUPEC'08) pag.1-5IEEE Publisher

[10] Manish Kumar Saini, Rajiv
Kapoor,Classification of power quality events —
A review, Electrical Power and Energy Systems
43 (2012) pag. 11-19

[11] Mihaela lordache , lon Conecini,
Editura: TEHNICA (1997),ISBN: 973-31-1026-6

[12] Victor George, Aayush Bagaria, Prakash Singh,
Sankalp Rajeev Pampattiwar, Swati Periwal ,
Comparison of CFL and LED Lamp — Harmonic
Disturbances, Economics (Cost and Power
Quality) and Maximum Possible Loading in a
Power System, Utility Exhibition on Power and
Energy Systems: Issues & Prospects for Asia
(ICUE), 2011 International Conference and ,
DOI: 10.1109/ICUEPES.2011.6497742 Page(s):
1-5

[13] Monte K. Richard ,P.K. Sen, Compact
Fluorescent Lamps and Their Effect on Power
Quality and Application Guidelines, Published
in:Industry Applications Society Annual Meeting
(IAS), 2010 IEEE,Page(s):1-7,1ISSN:0197-2618,
DOI:10.1109/1AS.2010.5615449

[14] IEEE Std 1459-2000 IEEE Standard Definitions
for the Measurement of Electric Power
Quantities Under Sinusoidal, Nonsinusoidal,
Balanced, or Unbalanced Conditions

[15] ***IEEE Std 1159, Recommended Practice for
Monitoring Electric Power Quality, (1995),
2001.


http://www.librariaeminescu.ro/ro/autori/Mihaela-Iordache.html
http://www.librariaeminescu.ro/ro/autori/Ion-Conecini.html
http://www.librariaeminescu.ro/ro/edituri/tehnica-.html
http://dx.doi.org.ux4ll8xu6v.useaccesscontrol.com/10.1109/IAS.2010.5615449

18 UNIVERSITY OF PITESTI SCIENTIFICBULLETIN : ELECTRONICS AND COMPUTERS SCIENCE

Vol.15, Issue 2, 2015

[16] David  Chapman,”APPLICATION  NOTE
HARMONICS: CAUSES AND EFFECTS,
http://www.leonardo-energy.org/sites/leonardo-
energy/files/Cu0119 AN_Causes%20and%20e ff
ects%200f%20harmonics_v2.pdf

[17] H. Dehghani, B. Vahidi, R.A. Naghizadeh, S.H.
Hosseinian,”Power quality disturbance
classification using a statistical and wavelet-
based Hidden Markov Model with Dempster—
Shafer algorithm”, Electrical Power and Energy
Systems 47 (2013) 368-377

[18] Masoud Farhoodnea,Azah Mohamed,Hussain
Shareef,Hadi Zayandehroodi,”Power  quality
impacts of high-penetration electric vehicle
stations and renewable energy-based generators
on power distribution systems”, Measurement 46
(2013) 2423-2434

[19] W.G. Morsi,”Electronic reactive energy meters’
performance  evaluation in  environment
contaminated with power quality disturbances”,
Electric Power Systems Research 84 (2012) 201-
205

[20] Haibo He, Xiaoping Shen, Janusz A.
Starzyk,“Power quality disturbances analysis
based on EDMRA method”, Electrical Power
and Energy Systems 31 (2009) 258-268

[21] Badea Romeo Vasile , Savulescu Corina
“Approximation of current-voltage curve from
experimental data, using Bézier
functions”Applied and Theoretical Electricity
(ICATE), 2012 International Conference on,
Page(s): 1-4 ISBN: 978-1-4673-1809-9

[22] Julio Barros, Ramén |.Diego, Matilde de
Apraiz,”Applications of wavelets in electric
power quality: Voltage events”, Electric Power
Systems Research 88 (2012) 130- 136

[23] Robert Beloiu, “A practical approach for an

introductory  control engineering  course”,
Electronics, Computers and Artificial
Intelligence  (ECAI), 2013 International

Conference on,Pages:1 — 4, ISBN:978-1-4673-
4935-2

[24] M.M. Aman , G.B. Jasmon,H. Mokhlis,A.H.A.
Bakar “Analysis of the performance of domestic
lighting lamps”, Energy Policy 52 (2013) 482—
500

[25] Normativul PE 143-94

[26] ***Raport stiintific si tehnic , SISTEM
ADAPTIV PENTRU ASIGURAREA
CALITATII ENERGIEI, PRIN CORECTAREA
PARAMETRILOR ELECTRICI Al
RETELELOR DE JOASA  TENSIUNE,
INTEGRABIL IN RETELELE SMART GRID -
(SAMGRID).,
http://www.ic met.ro/SAMGRID/pdf/ Concluzii.p
df

[27] Hermina Albert, Nicolae Golovanov, Carmen
Golovanov, Valentin  Riscanu, Luminita
Elefterescu,”Monitorizarea  calitatii ~ energiei
electrice”,http://www .sier.ro/Monitorizarea_Ener
giei_Electrice_ CNE%202002.pdf

[28] lorgulescu, M. ,Study of the lamp's influence on
the power quality based on voltage and current
analysis,Advanced  Topics in  Electrical
Engineering (ATEE), 2015 OSth International
Symposium on,Pages: 729 -
734, DOI: 10.1109/ATEE.2015.7133901,IEEE
Conference Publications

[29] Thomas M. Blooming, Daniel J.
Carnovale, APPLICATION OF IEEE STD 519-
1992 HARMONIC LIMITS , Conference Record
of the 2006 IEEE IAS Pulp and Paper
Conference


http://www.icmet.ro/SAMGRID/pdf/Concluzii.pdf
http://www.icmet.ro/SAMGRID/pdf/Concluzii.pdf
http://ieeexplore.ieee.org.ux4ll8xu6v.useaccesscontrol.com/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Iorgulescu%2C%20M..QT.&newsearch=true
http://ieeexplore.ieee.org.ux4ll8xu6v.useaccesscontrol.com/xpl/articleDetails.jsp?arnumber=7133901&newsearch=true&queryText=iorgulescu%20mariana
http://ieeexplore.ieee.org.ux4ll8xu6v.useaccesscontrol.com/xpl/articleDetails.jsp?arnumber=7133901&newsearch=true&queryText=iorgulescu%20mariana
http://ieeexplore.ieee.org.ux4ll8xu6v.useaccesscontrol.com/xpl/articleDetails.jsp?arnumber=7133901&newsearch=true&queryText=iorgulescu%20mariana
http://ieeexplore.ieee.org.ux4ll8xu6v.useaccesscontrol.com/xpl/mostRecentIssue.jsp?punumber=7124303
http://ieeexplore.ieee.org.ux4ll8xu6v.useaccesscontrol.com/xpl/mostRecentIssue.jsp?punumber=7124303
http://ieeexplore.ieee.org.ux4ll8xu6v.useaccesscontrol.com/xpl/mostRecentIssue.jsp?punumber=7124303
http://dx.doi.org/10.1109/ATEE.2015.7133901

