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Abstract—This paper present the concept of improving harmonic distortion in power systems. Investigations were carried out for studying
the effect of range dependent voltage switching and random voltage switching (sudden changes) in the input line voltage on the harmonic
distortion at the output of the system. The analysis of the results showed that the insulated gate bipolar transistor (IGBT) based power
system using the concept of switching resistor is capable of reducing harmonic distortion on the input power lines introduced because of
external or internal load conditions. Harmonic distortions in the input and output of the conventional systems are estimated and compared.

Reduction in the total harmonic distortion (THD) was also investigated for the proposed IGBT based power system.
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l. INTRODUCTION

major power quality problem in electric power

systems. It is important to identify the harmonic
sources in the system to solve and prevent harmonic related
problems [1], [2]. Power systems with low harmonic distortion
are the key requirement in the modern electronic power
systems. Mostly, the power systems are based on switching of
the transformer tapings for changing the output voltage. The
switching of tapings also introduces distortion in the output. In
this paper novel approach using a switching resistor is
proposed for reducing the distortion. Investigations are carried
out to analyze the effect of load on the IGBT based power
system developed using the concept of switching resistor. The
scope of this research paper is to evaluate the harmonic
distortion in modern power systems under different load
conditions [3-15].1t has been observed from the literature
review that more sophisticated systems are designed using
IGBTs and dsPIC controllers. These systems may introduces
or improve the amount of harmonic distortion in the output
due to fast switching. The objective is to study the harmonic
distortions of such systems as a result of varying the loads
connected at the output.

The research work is carried out to investigate the effect of
varying voltage due to range dependent voltage switching and
random voltage switching keeping inductance, capacitance
and resistance are constant on the designed power system.
Signal processing technique is used to calculation of THD.

I n the last couple of decades harmonics have become a

Il. METHODOLOGY

The figure 1 shows the block diagram of the system. It
consist of six blocks namely variac, multimeter, power system,
series combination of RLC load, load voltage level shifting,
sound card with PC and signal processing unit. Input supply is

given to variac ranging from 0 to 250 volt which is connected
to the system for variation of voltage and also connected to the
multi-meter for observing the input voltage. The output from
the variac is applied to power system circuit. Power system
block contains voltage measurement circuits; microcontroller
based stabilization and input voltage level shifting. The
voltage measurement circuit which consists of current
transformer stabilizes the voltage.
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Fig. 1. Block diagram of the experiment.

The microcontroller based stabilizer whose, main function
to elevate or drop in the input voltage caused by the
fluctuations are stabilized which also consists of
microcontroller and driver circuits. The controller used in this
circuit is DSPIC controller dsPIC30F2010. All decisions
regarding stabilization of the power are taken by the
microcontroller. The controller is connected to the
stabilization block which contains IGBT (CT60), TL3842P
current mode PWM controller, TLP250 gate driving circuit of
IGBT and other peripheral devices through an isolator circuit
consisting of HEF4050B buffer HEX non inverting buffer
isolators and IRFBE30 MOSFET. The output from power
system block is applied to load. Load consists of series
combination of power resistor, capacitor and inductor. These
three combinations are used in the experiment. The input and
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output voltages are recorded in the PC using sound card and
voltage level shifting block. Thus it cannot be directly applied
to the sound card, as circuit is developed to bring down the
voltage level from hundreds of volts to millivolts. Signals are
recorded and processed using Gold wave and digital signal
processing software respectively.Input and output signals of
total harmonic distortion are calculated by using the signal
processing technique. Note the observation by changing the
variac into two parts as under; in the first part of the
experiment to investigates the change in harmonic distortion
due to range dependent voltage switching. We take the reading
of input and output voltage after every 10V intervals by
changing the variac that’s ranging is 100 to 250 volts and also
take the reading of variable voltage of load with AC input and
output. The second part of the experiment to investigates the
change in harmonic distortion due to random voltage
switching. By suddenly changing the variac the effects are
observed on the harmonic distortions and keeping all the
conditions same as discussed in first part.

I1l.  RESULTS AND DISCUSSION

To analysis harmonic distortion in the input and output
caused by the variation of voltage and keeping the resistance,
capacitor and inductance are constant. Input and output values
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of THD due to varying voltage are noted after duration of
every 10V with the help of variac for limited time duration of
1s and sampling rate of 16,000sa/s as shown in table I. The
segments of signals are taken and processed to evaluate
theharmonic distortion. Figure 2(a-p) represents the segmented
input and output voltage waveforms for varying voltage and
combinations of the load with duration of 0.3s.The calculated
values of input and output of THD are plotted due to variation
of voltage as shown in figure 3. As the value of voltage is
increased then the input value of THD rises giving maximum
and minimum values of 0.3126 and 0.1428 and output value
is0.2207 and 0.1018 respectively. Difference of input and
output value of THD which can be seen in the plot is due to
leakage of inductive and capacitive components. From this it
is observed that that harmonic distortion in the output is less
than the input and output values of AC with loads are shown
in table 11.

When switched on the system it gives the values of AC
input and load. Thus the output of the system is connected to
variable rheostat and also connected the multimeter and the
output of variable rheostat gives the value of AC output due to
variation of voltage we take 10V gap for variation of voltage.
Input and output AC voltage due to varying voltage are plotted
due to variation of voltage as shown in figure 4.
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Table I. Input and output value of THD for range dependent voltage Table I1. Input and output value of AC voltage with load.

switching. : S No Varying AC AC Load
S No Varying Voltage Input Output "7 | Voltage(volt) | Input(volt) | Output(volt) | (volt)
- (volt) THD THD 1 100 99 167 105
1 100 0.1873 0.1308 > o 105 53 e
2 110 0.2731 0.2067 3 20 o o o
T T R T
: o | owr | ol N D N
6 150 0.2802 0.1925
7 160 0.1497 0.1365 7 160 159 219 188
8. 170 0.2659 0.1897 8 170 168 220 198
9 180 0.2890 0.2211 9 180 178 220 182
10 190 0.2210 0.1635 10 190 188 218 178
11 200 0.2713 0.1978 11 200 198 219 206
12 210 0.1428 0.1018 12 210 209 218 211
13 220 0.3080 0.2111 13 220 218 219 223
: : 14 230 228 220 238
16 250 0.3126 0.2207
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Fig. 3. Experimentally value of input and output THD due to variation of Fig. 4. Input and output AC voltage with load due to varying voltage.
voltage.
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Fig. 5(a-c). Represent the segmented input and output voltage waveforms for sudden change the voltage.

Analysis the harmonic distortion in the input and output resistance, capacitance and inductance as in first part for time
value of THD obtained by the random change (sudden change) duration of 1s and sampling rate 16000 sa/s. Segment of the
of voltage from the variac with the same load combinations of ~ signals are taken and harmonic distortion in them are
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calculated. Figure 5(a-c) represents the segmented input and
output voltage waveforms for sudden change the voltage and
combinations of the load with duration of 0.3 s. The calculated
value of input and output THD for random voltage switching
are shown in table I11.

Table I11. Input and output value of THD for random voltage switching.

S. No. | Random voltage (V) | Input THD | Output THD
1 96 to 228 3.0792 2.4137
2 113 to 226 5.0394 3.2214
3 24310 134 2.9577 2.1897
Enput THD M QOutput THD
]
o4
0 T T
1 2 3
Voltage

Fig. 6. Experimentally value of input and output THD with the sudden change
of variac rheostat.

The calculated experimentally values of input and output
of THD are plotted in figure 6 with sudden change of voltage
than the input and output value of THD rises giving maximum
and minimum values of 5.0394 and 3.0792 and output value is
2.9577 and 2.1897 respectively. Some difference in input and
output value of THD can be seen in the plot for certain
combinations which arises due to leakage of the inductive or
capacitive components and observed that the harmonic
distortion in the output is comparatively less than the input.

IV. CONCLUSION

Investigations were carried out to study the effect of
switching resistor connected at the output of an IGBT based
power system on harmonic distortion in the output. The
change in the harmonics distortion due to range dependent
voltage switching and random voltage switching was
investigated and also investigated the effect of
stabilized/unstabilized voltage on the harmonic distortion. It
was observed that the harmonic distortion in the output
voltage was comparatively less than the input voltage.

REFERENCES

[1] T. Devaraju, M. V. Kumar , and V.C. V. Reddy, “Comparitive study on
voltage sag compensation utilizing PWM switched autotransformer By
HVC,” Journal of Theoretical and Applied Information Technology, pp.
92-97, 2005 — 2010.

[2] E. Gursoy, “Independent component analysis for harmonic source
identification in electric power systems,” Thesis (Ph.D., Electrical
Engineering) - Drexel University, 2007.

[3] J.Sandesh, T. S. Singh, and S. P. Phulambrikar, “Reduce the harmonics
distortion of sensitive load against the induction motor drive non-linear
load,” Research Journal of Engineering Sciences, vol. 1, no. 6, pp. 1-8,
2012.

[4] P. Potta, N. Srinivasan, and R. Balakrishnan, “Harmonic analysis for
distribution systems,” International Technology Research Letters, vol.1,
pp. 44-50, 2012.

International Journal of Scientific and Technical Advancements

ISSN: 2454-1532

[5] D. A. Gonzalez and J.C. MeCall, “Design of filters to reduce harmonic
distortion in industrial power system,” IEEE Transactions on Industry
Applications, vol. 23, issue 3, pp. 504-511, 1987.

[6] Francisco C. De La Rosa, Fundamentals of harmonic distortion and
power quality indices in electric power systems, Harmonics and Power
Systems, Taylor & Francis Group, CRC Press, pp. 1-184, 2006.

[7] P. R. Palmer and H.S. Rajamani, “Active voltage control of IGBTs for
high power applications,” IEEE Transactions on Power Electronics, vol.
19, no. 4, pp. 894-901, 2004.

[8] R. Cao, J. Zhao, W. Shi, P. Jiang, and G. Tang, “Series power quality
compensator for voltage sags, swells, harmonics and unbalance,”
IEEE/PES Transmission and Distribution Conference and Exposition,
vol. 1, pp. 543-547, 2001.

[9] D. M. Lee, T. G. Habetler, R. G.Harley, T. L.Keister, and J.
R. Rostron, “A voltage sag supporter utilizing a PWM-switched
autotransformer,” IEEE Transactions on Power Electronics, vol. 22, no.
2, pp. 626-635, 2007.

[10] M. A. Mahar, M. A. Ugaili, and A. S. Larik, “Harmonic analysis of AC-
DC topologies and their impacts on power systems,” Mehran University
Research Journal of Engineering & Technology, vol. 30, no. 1, pp. 173-
178, 2011.

[11] J. P. Nelson, “A better understanding of harmonics distortions in the
petrochemical industry,” Proceedings of the IEEE Petroleum and
Chemical Industry Conference, pp. 237-250, 2002.

[12] J. G. Kassakian, M. F. Schlecht, and G. C. Verghese, Principles of
Power Electronics, Addison-Wesley Publishing Company, Reading,
MA, 1991.

[13] N. Mohan, T. M. Undeland, and W. P. Robbins, Power Electronics:
Converters, Applictions, and Design, John Wiley and Sons, New York,
1989.

[14] A. Arsoy et al., Modeling and simulation of power system harmonics
CDROM, Task force on harmonic modeling and simulation, Harmonic
Working Group, Transmission and Distribution Working Group, IEEE
Power Engineering Society, 1999.

[15] E. G. West, “Analysis of harmonic distortion in an integrated power
system for naval applications,” Master of Sc. in Elect. Eng. and Comput.
sci. thesis, Dept. of Ocean Eng. and Dept. of Elect. Eng. and Computer
Sci., Massachusetts Institute of Technol., 2005.

Er. Jyoti Lalotra received her M.Tech.
Degree in EEE from Arni University,
kathgarh, Himachal Pradesh, India and
Bachelor degree in Electrical Engineering
from M.B.S.CE.T, affiliated to
University of Jammu (J&K) and also
received the Master of Business
Administration from Lovely Professional University Jalandhar
(Punjab), India. She received her Advance Diploma in
industrial Automation & System Design from C-DAC,
Mohali, Punjab and also received Advance Certificate in
Power Distribution Management from Indira Gandhi National
Open University, Regional Centre Jammu, India and presently
working as lecturer in Department of Electrical Engineering,
IECS polytechnic college, Jammu.

Er. Abhinav Sharma received his
M.Tech. Degree in Electrical and
Electronics  Engineering  from  Arni

University, Kathgarh (H.P), India and
B.E. Degree in Electrical Engineering
,from Mahant Bachitttar Singh College of
Engineering and Technology,University
of Jammu, India. He received his Advance Diploma in
industrial Automation & System Design from C-DAC,
Mohali, Punjab and also received Advance Certificate in

301

Jyoti Lalotra, Abhinav Sharma, Randeep Singh Chib and Parveen Lehana, “Investigation of harmonic distortion for frequently changing
input voltage”, Journal of Scientific and Technical Advancements, Volume 1, Issue 3, pp. 297-302, 2015.



http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jianfeng%20Zhao.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Weiwei%20Shi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ping%20Jiang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Guoqing%20Tang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Habetler,%20T.G..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Harley,%20R.G..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Keister,%20T.L..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Rostron,%20J.R..QT.&newsearch=true
http://www.amazon.in/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Martin+F.+Schlecht&search-alias=stripbooks
http://www.amazon.in/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=George+C.+Verghese&search-alias=stripbooks
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Tore+M.+Undeland%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22William+P.+Robbins%22

IJSTA

Power Distribution Management from Indira Gandhi National
Open University, Regional Centre Jammu, India.

Er. Randeep Singh Chibreceived his
M.Tech. Degree in Electrical Engineering
from MMU, Mullana, Ambala, India and
B.E degree in Electrical Engineering
from Model Institute of Engineering &
Technology, University of jammu, India.
He worked as Assistant Professor in Arni
University and presently working as JRF in SKUAST-J,
Jammu, India.

Dr. P.K Lehana (Associate Professor)
received his Master degree in Electronics
from Kurushetra University in 1992. He
worked as lecturer in Guru Nanak Khalsa
College, Yamuna nagar, Haryana for next
two years. He qualified NETJRF in
Physical science in 1994 and got selected
as permanent lecturer in A. B. College, Pathankot, where he
worked for one year. He also qualified NET-JRF in Electronic
Science and presently working as Associate Professor in
Physics and Electronics Department, University of Jammu and
received his Ph.D. degree from IIT, Bombay in Speaker
Transformation. He also invited for conducting workshops on
MATLAB/simulinks in different esteemed institutions/colleges.
His research interests include Speech recognition, Speaker
transformation, Signal processing, Speech signal processing,
Analog and Digital signal processing, Nanowires
characterization, Robotics, Image processing, Analog
communication, Digital communication, Microwaves and
Antennas, Electronics and control systems, Instrumentation,
Electronics system designing, etc. and having more than 100
publications in national/international conferences and journals.
He has a lot of experience in guiding M.Tech, M.Phil, Ph.D.
students and other researchers also.

302

International Journal of Scientific and Technical Advancements

ISSN: 2454-1532

Jyoti Lalotra, Abhinav Sharma, Randeep Singh Chib and Parveen Lehana, “Investigation of harmonic distortion for frequently changing
input voltage”, Journal of Scientific and Technical Advancements, Volume 1, Issue 3, pp. 297-302, 2015.




