ISSN : 1226-7244 (Print)

ISSN : 2288-243X (Online) jinst.Korean.electr.electron.eng.Vol.23 No.2,495~501, June 2019
=T 19-02-23 http://dx.doi.org/10.7471/ikeee.2019.23.2.495
146

A Study on Harmonic Reduction of Single—phase UPS with

Variable Passive Harmonic Filters
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Sung-Sam Kim", Seon-Hwan Hwang™

Abstract

This paper proposes a variable passive harmonic filter for reduction and improvement of harmonics and power factor
of single—phase uninterruptible power supply (UPS) with full bridge rectifier. Recently, UPSs have excellent harmonic and
power factor operation characteristics by applying 2-level or more levels of power conversion methods. On the other
hand, the single-phase UPS of the full bridge rectifier seriously causes the third, fifth, and seventh harmonics, and the
power factor reduction on the grid side. Therefore, we present a variable passive harmonic filter for eliminating (2n+1)
order harmonics and improving the power factor generated by the full bridge rectifier operation. In order to evaluate the
performance of the proposed variable harmonic filter, the its validity is verified by various simulations and experiments.
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Fig. 8. Waveforms of LLC filter for reducing 3rd harmonic component, (a) FFT result of phase current, (b) waveforms of phase

current, grid voltage and DC link voltage.
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Fig. 9. Waveforms of LLC filter for reducing 5th harmonic component, (a) FFT result of phase current, (b) waveforms of phase

current, grid voltage and DC link voltage.
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Table 1. Simulation results before and after the filter. Z7A 7hHE 1x3 AAL Dy B3 A%
2 1 HH M/Fo Al=dold 23t o sholatglt
Before filter ACL+3rd ACL+5th
3rd 70.82% 121% 23.69%
5th 32.34% 2.88% 0.3%
Tth 9.26% 2.27% 1.26%
THD 79.10% 4.4% 23.76%
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Table 2. Test results according to load conditions.

E 2 H5i=Ho| wE Ay ZHo}

Filter types

Items

Load

Unit

Test result

1

2

3

Output voltage

V12205

219.8

220.7

Output frequency

Hz |60.00

59.96

59.97

Input 3rd THD

No

% | 370

36.4

36.4

Input 5th THD

load

% | 422

41.8

424

Input 7th THD

% | 172

169

17.8

Input PF

- | 067

0.66

0.66

3rd

Output voltage

VvV |2192

220.1

220.3

harmonic

Output frequency

Hz |59.97

60.00

60.01

reduction

Input 3rd THD

% | 29

31

3.0

filter

Input PF

- 109

0.9

0.%

5th

Output voltage

V12201

220.2

220.1

harmonic

Output frequency

Hz |60.02

60.02

60.00

reduction

Input 5th THD

Load

% | 57

5.8

56

filter

Input PF

- 109

0.9

0.%

7th

Output voltage

V12201

218.7

220.3

harmonic

Output frequency

Hz |60.01

60.01

60.02

reduction

Input 7th THD

% | 27

2.8

29

filter

Input PF

- 1093

0.93

0.93

2djd 2

sk @) A

T

3 A
=]

AAgA L AEHen

!

(500)

A 548 7HA 2 k. mEkA, B E=EeAE
Ao BEA] go]le =g Zhe Wi FAAAYS
219l A} azsr 9 A& fAS fgk /HHY 1
Zy IEE Aotednt o= sl dy Bzl
AF3 R AYSF 129 FA4% 95 MAE
N B Ax 2x23 AAL FEEUHE A
ok Akt glE 2 nzxst dH s Hlal
AES 7] S8 AlEdelAS Fska, F53)
Ag g vy Fal 2ol A thre] AEs 713
gt A& Vi 2 1z A aRAdE AT
SFGth ol & TElA dF ARIZE e FAA
AQGA oA A BA = ohFst Aap azgkel o
E Ast AE 9E MAE Ay 2 x5 A
Ag AHE 3 A3 wet dadd 5 Qi V)
E FAAALAAE At Faux EH4A 4
43 & 98 oz dukHn

References

[1] A. C. King “Uninterruptible Power Supplies
and Standby Power Systems,” McGraw-Hill,
2003.

[2] M. S. Racine, J. D. Parham and M. H. Rashid,
“An overview of uninterruptible power supplies,”
Proceedings of the 37th Annual North American
Power Symposium, pp.159-164, 2005.

DOI 10.1109/NAPS.2005.1560518

[3] A. Lahyani, P. Venet, A. Guermazi and A.
Troudi, “Battery/Supercapacitors Combination in
Uninterruptible Power Supply(UPS),” in IEEE
Transactions on Power Electronics, vol.28, no.4,
pp.1509-1522, 2013.

DOI: 10.1109/TPEL.2012.2210736

[4] A. Fernandez, J. Sebastian, M. M. Hernando,
J. A. Martin-Ramos and J. Corral, “Multiple
output AC/DC converter with an internal DC
UPS,” in IEEE Transactions on Industrial
FElectronics, vol.53, no.1l, pp.296-304, 2006.

DOI: 10.1109/TTE.2005.862220

[5] M. C. Chandorkar, D. M. Divan, Y. Hu, and
B. Banerjee, “Novel architecture and control for
distributed UPS systems,” in Proc. 9th IEEE
Applied Power Electronics Conference, pp.683—



152 j.inst.Korean.electr.electron.eng.Vol.23,No.2,495~501, June 2019

689, 1994. DOI: 10.1109/APEC.1994.316332

[6] U. C. Noh, “LCL Filter Design for Grid—-connected
PCS Using Total Harmonic Distortion and Ripple
Attenuation Factor,” Power Electronics Institute,
Vol.3, No.15, pp.235-243, 2010.

DOI: 10.1109/TPEC.2010.5542131

[71 B. W. An, C. P. Hong, H. W. Kim, K. Y. Cho,
and B. K. Lim, “A Study on LLCL Filter to
Reduce Harmonic Current of Grid Connected
Power Inverter,” The Transactions of Korean
Institute of Power Electronics, vol.19, No.l,
pp.64-70, 2014. DOIL: 10.6113/TKPE.2014.19.1.64
[8] E. W. Lee, “Characteristics Analysis of
Capacitor and Reactor for Harmonic Filter,”
Electrical Engineers, Vol.1, No.58P, pp.1-8, 2009.
DOI: 10.5370/JEET.2011.6.2.239

—— BIOGRAPHY |

Sung-Sam Kim (Member)

2001 : B.S. degree in Electrical
Engineering, Kyungnam University.
2003 : ML.S. degree in Electrical
Engineering, Kyungnam University.
2007 : Ph.D. degree in Electrical
Engineering, Kyungnam University.

2017 ~Present : Professor in Department of Smart
Electricity, Korea Polytechnic Colleges.

Seon-Hwan Hwang (Member)

2004 : B.S. degree in Electrical
Engineering, Pusan National
University.

2006 : ML.S. degree in Electrical
Engineering, Pusan National
University.

2011 : Ph.D. degree in Electrical
Engineering, Pusan National

University.
2011 ~2012 : Postdoctoral Researcher, Center for
Advanced Power Systems(CAPS), Florida State
University, Tallahassee, FL, USA.
2012~Present : Professor in Department of Electrical
Engineering, Kyungnam University.

(501)



