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Selection of Phase Synchronization Method to Improve Power System

Connection Phase Tracking Performance of Hybrid Active Power Filter
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Abstract

In this paper, to improve power system connection phase tracking performance of the hybrid active power filter, compared and
analyzed the robust phase synchronization method even in power sources including disturbances such as frequency and phase angle
variance. Among the SOGI-based methods used to obtain a stable input voltage, the DSOGI-PLL method that tracks the phase angle
of the input voltage and the DSOGI-FLL method that tracks the frequency of the system are applied to the hybrid active power
filter to compare and analyzed. As a result, the phase synchronization characteristics of DSOGI-FLL method is more robust than the
DSOGI-PLL method, and the current compensation characteristics is also more accurate and faster. Therefore, it is judged that the
DSOGI-FLL method needs to be selected to improve the power system phase tracking performance of the hybrid active power filter.
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Table 1 Table of simulation parameters of hybrid APF

Parameter Value Unit Remarks
L-L Grid Voltage 380 [Vrms] -
3-Phase angle 0, -120, +120 [Degree] Variable
Grid Frequency 60 [Hz] Variable
Switching Frequency 20 [kHz] -
L5, L7 9.68, 4.84 [mH] -
Cs, C7 29.64, 29.64 [LF] -
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Grid Power Factor 98.5% [%] -
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Table 2 Characteristic table of phase synchronization method with Hybrid APF in

Frequency Variation

Characteristic DSOGI-PLL  DSOGI-FLL Unit
Peak Frequency(58Hz) 57.40 57.95 [Hz]
Peak Frequency(62Hz) 63.05 62.05 [Hz]
Peak Frequency(60Hz) 59.55 59.97 [Hz]

Peak DC Link 93.32~103.88  98.74~102.2 V]

Compensation

Curr‘;m P 1.033 1.052 [s]
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Table 3 Characteristic table of phase synchronization method with hybrid APF in

phase jump
Characteristic DSOGI-PLL DSOGI-FLL Unit
Peak Frequency 51.31, 61.50 53.94, 60.05 [s]
Frequency
Stabilization Time 1.006 1.049 [s]
Peak DC Link 90.74, 101.84 92.38, 106.88 [V]
Compensation
Current Time 1.033 1.052 [s]
400 n 30° Phase Jump —88

Grid 3-Phase Voltage

ﬁmmwmm%%

SEELIEREES SRRV A

\\‘j,‘ \

20 6 O B B B
A S \

RNV "‘Y A TT
YL 8 1 01 1 0 0 AT
Ea LV Yy Y
I S Y M ol b do oot
e 7 J J :\j\/ N N J v
0.9 0.92 0.94 0.96 0.98 1 1.02 1.04

Time[s]

a2 9 AISe| | HE Al AIS T, TR o
Fig 9 Grid voltage and current waveforms in grid phase jump

°

@)

30 |95

Current[A]

5 | s3om /‘ a1

° l

R -6813V] i

o J
TT——

10 ~8.880[V]

(b)

Current[A]

-9.542(V)

' Freoeney
615MHZ = i

|

h

60 T +
55 3.94[Hz] :
- !

s130ia '

(©

Frequency[Hz]

(d)

Phasefrad]
o N & o

106880V DC Link Vohage
5108 101,841V 3
% 100 \ g e B

K 92. QH[VJ
> 90 9074V}

= g-gi ~ — 1.049[s]|
(@)= 04
g 052
g u.as
0.86 ",
0.9 0.92 0.94 0.96 . 098 1 1.02 1.04
Time[s]

3210 AIS £ HS Al f1d S713t 71ESe] E4 24 o
Fig 10 Characteristics analysis waveforms of phase synchronization method in
Grid Phase jump

E h
s 2zt WS i Ao el slolele

DSOGIE o183t % 514 %715} 7SS sholHels APFo
AGAA Fue W W S AEol e 4L W 24

shaeh
HOAPS Qs A AF FulE WE 49E A
A ATl FIEE FFIAE DSOGLILL el e
3

A%l S0l FHSIHE A4S AT DSOGLFLL ]
el $14 571940 o 70“‘5:5} =

whe} 5.04[V] o %: DC Link ¢} #50] ‘:Q%%}‘ﬁiﬂﬂ o]
of wet JEo] 1.22[%] © AstE NS BT 4= AUk
229k DSOGIFLL 7]%o] DSOGI-PLL 7|®oj H]&j H]iL
et AR HAo] 7R 5 01EFJE APFo]
DSOGIFLL 7|He AAsle] Hgsicin olato] =

A A= 9 25 A5S MAZ 5 9

ghorE,

A w1

KIEE

JHEHE D | IP:210.102.#%%.52 | Accessed 2021/12/21 17:09(KST)



138 The Transactions of the Korean Institute of Electrical Engineers, vol, 70P, no, 3, September, pp. 133~138, 2021

References

[1] R. D. Henderson and P. J. Rose, “Harmonics: the effects on
power quality and transformers,” in IEEE Transactions on
Industry Applications, vol. 30, no. 3, pp. 528-532, May-June
19%4.

[2] V. E. Wagner et al., “Effects of harmonics on equipment,”
in IEEE Transactions on Power Delivery, vol. 8, no. 2, pp.
672-680, April 1993, doi: 10.1109/61.216874.

[3] R N. Beres, X. Wang, M. Liserre, F. Blaabjerg and C. L.

Bak, “A Review of Passive Power Filters for Three-Phase

Grid-Connected  Voltage-Source  Converters,” in IEEE

Journal of Emerging and Selected Topics in Power

Electronics, vol. 4, no. 1, pp. 54-69, March 2016.

H. Fujita and H. Akagi, “Voltage-Regulation Performance of

a Shunt Active Filter Intended for Installation on a Power

[4

—

Distribution System,” in IEEE Transactions on Power
Electronics, vol. 22, no. 3, pp. 1046-1053, May 2007.

[5] F. B. Libano, D. S. L. Simonetti and J. Uceda, “Frequency
characteristics of hybrid filter systems,” PESC Record. 27th
Annual IEEE Power Electronics Specialists Conference,
1996, pp. 1142-1148 vol.2, doi: 10.1109/PESC.1996.548725.

[6] H. Fujita and H. Akagi, “A practical approach to harmonic
compensation in power systems-series connection of passive
and active filters,” in IEEE Transactions on Industry
Applications, vol. 27, no. 6, pp. 1020-1025, Nov.-Dec.
1991, doi: 10.1109/28.108451.

[71 J. Wu, H. Jou, Y. Feng, W. Hsu, M. Huang and W. Hou,
“Novel Circuit Topology for Three-Phase Active Power
Filter,” in IEEE Transactions on Power Delivery, vol. 22,
no. 1, pp. 444-449, Jan. 2007.

[8] F. Blaabjerg, R. Teodorescu, M. Liserre and A. V. Timbus,

“Overview of Control and Grid Synchronization for

Distributed Power Generation Systems,” in [EEE Transactions

on Industrial Electronics, vol. 53, no. 5, pp. 1398-1409, Oct.

2006.

S. Golestan, S. Y. Mousazadeh, J. M. Guerrero and J. C.

Vasquez, “A Critical Examination of Frequency-Fixed

Second-Order Generalized Integrator-Based Phase-Locked

Loops,” in IEEE Transactions on Power Electronics, vol.

32, no. 9, pp. 6666-6672, Sept. 2017.

[10] S. Golestan, J.M. Guerrero, J. C. Vasquez, A. M.

Abusorrah and Y. Al-Turki, “Modeling, Tuning, and
Performance Comparison of Second-Order-Generalized-

[9

—

Integrator-Based FLLs,” in IEEE Transactions on Power
Electronics, vol. 33, no. 12, pp. 10229-10239

KIEE

Acknowledgments

This research is supported by "Rediscovery of the Past R&D Result"
through the Ministry of Trade, Industry and Energy(MOTIE) and
the Korea Institute for Advancement of Technology(KIAT) (Grant
No.: P0017930) and was also supported by the Korea Institute of
Energy Technology Evaluation and Planning(KETEP) and the
Ministry of Trade, Industry & Energy(MOTIE) of the Republic of
Korea (No. 20194030202290).

PSS

HiS44 (Hyun—Soo Park)

He is pursuing his M.S. degree in Gachon
University, Gyeonggi—Do, Korea, His research
interests are Power conversion and Power
control,

E—mail : sys5028@gachon.ac kr

O[3l (Hyun—Jae Lee)

a
A
i

He received his M.S, degree in Gachon
University, Gyeonggi— Do, Korea, currently he
is pursuing his Ph, D, degree in Gachon
University, Gyeonggi— Do, Korea, His research
interests are Power conversion and Power
control,

E—mail : Ihj501@gachon.ac kr

HIZ2F (Hoon—Yang Park)

He received his B.S. degree in the Department
of Electrical Engineering from Soonsil University
in 2011, He received his Ph, D, degree in the
Department of Electrical Engineering from
Gachon University in 2019, Currently he is
CEO in Enertech, CO,, Ltd.

E-mail : ceo@enerkeeper.com

2FI2 (Jin—Geun Shon)

He received his B.S,, M.S, and Ph, D, degrees
in the Department of Electrical Engineering
from Soongsil University in 1990, 1992 and
1997, He was Chief Researcher in Electro—
Mechanical Research Institute, Hyundai Heavy
Industries Co,, Ltd,, Gyeonggi—do, Korea, during
1992—-1995, He was a Postdoctoral Researcher
in the Department of Electrical and Electronic
Engineering, Kagoshima University, from 2002
to 2003, He was also a Visiting Scholar in the
Power Electronics Laboratory, Michigan State
University, from 2009 to 2010, He is currently
a Professor at the school of Electrical Engineering,
Gachon University, Korea, His research interests
are the power conversion, control and diagnosis
of power utility,

E—mail : shon@gachon.ac kr

JHEHE D | IP:210.102.#%%.52 | Accessed 2021/12/21 17:09(KST)



	하이브리드 능동전력필터의 계통 연계 위상 추종 성능 개선을 위한 위상 동기화 기법의 선정
	Abstract
	1. 서론
	2. DSOGI를 이용한 위상 동기화 기법들의 분석
	3. 계통 연계 성능 개선을 위한 DSOGI 기반 위상 동기화 기법들의 적용 비교 분석
	4. 결론
	References


