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Abstract

Grid-Code for interconnection are being studied due to problems such as voltage drop in distributed

generation connected to the grid, grid protection and power quality in the event of a low voltage
accident. For the initial distributed generation, the Grid-code required to cut off electricity within the
clear time in the event of a low voltage accident, but as the distributed generation expands, it is being
amended to determine the inverter operation method according to the state of grid voltage and accident

time. These Grid—code are amended by each country according to the respective country, and among

them, Germany’s Grid—code require the most stringent standards. In this paper based on the
Germany’s Grid—code. The existing PLL(Phase Locked Loop) control method has a problem in that it is
difficult to accurately estimate the phase due to the very low system voltage in the event of a low
voltage accident. To solve this problem, the proposed PLL control method using current information to
obtain an accurate phase in the LVRT(Low Voltage Ride Through) situation is verified through

simulation and experiment.
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Fig. 1. German Grid-code LVRT boundary line
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Fig. 2. German Grid-code dynamic grid support
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Table 1. Specifcations of the grid connected inverter

Parameter Value Unit
L-L grid voltage, V. 220 Vs
Grid frequency, f 60 Hz
Line current, ¢, 246 A
DC link voltage, V, 40 V
Filter Inductance, L, 10 mH
Filter Capacitance, C' 4700 ukF
Switching frequency, f,, 10 kHz
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Fig. 8. PSIM inverter simulation circuit

3.2 A|lEYIo|M Zut

o

Vi .., 2
e A0

i o 'mj;'mM.vm1lvw.wwwumwmvwvmrmmnwmwwwwummmmwmvmn

i€ 1?% ! ‘ iy i

dg i

o

Q) = 377[7ad 5]

@

ya)
“
prop

conv

Mode 4

Time(s)

Fig. 9. Simulation result (whole result)

Mode 1 : A|&E#Ho
A ARE o]&3k PLL Alo]7]7}

(582

<n\a11(niU roposed

132 A1 g Als A S
5

Mode 2 1 A7 Alo17] B Ak A7 ARE ol&
gt PLL #o)717} =tk

Mode 3 : d-g& 7 Ao] #Ho] =]

Mode 4 : A% w3 48, 9, 7

0
AR PAFH e BT 5 9k

A
' a b * 16
abe, ° S w.'wr.:.w.a':m'm
. 11,17
i | abc
Lave  © NANRAAAD ..'u':z.'.'.'.a'.m\";’u'.' AR
,10\
“ - 7
V. 200V 1 ,

t
[
I
1)

A i @) X 377[rad / 5]
l
|
) !
0 |
I

| QrnsaiondB oy

0 ! P 5
prop 4 i
{
conv |

08 1 1.2 14
aul

::ﬂll', Time(s)
Fig. 10. Simaultaion result(some of time of normal
and fault, included fault event)

Fig. 102 Fig. 99 AlEdlolAd 23} F Mode 2,
Mode 3 73+ stk o) | 6,9 0,,,, 5 ¥
) $Pdo] AXGE el 4= ok TE F
%% a AlE At 213 57 Hol e A
FAR= AL & F JoH v=2nf =~ 377[rad/s]
Sl F4E ] FoaE 60 iz S &

&)
i3
—
—
2
X
Q
S
>,
o
2
0
<
1o
(o
o
:#
N%
3
o,

oo =
o =
5
[foiz
fo do
o
=
1o o
4
4
rr

S5
= i
3
SIS
o

w
|
=~
o T
Yo

Journal of KIIEE, Vol.36, No.5, May 2022



v LV25P AIM S o838l v, v, v, .5 543
Vave '6%%‘6'6'6'6'6'6'6'6'6’6'6'6’6’6 ™ HASSS0S A4 GHlE o 830 14,1 & SH )

29 X= infeneonAt FF600R17TME4 #|&& A}

e SRS, e Acl= =eholvi= 2SpouSTAOR A+
b fad e t}. DC link®] Capacitor W+ 450V 4700uF 2P2S

— ddseo] F3me o] FAHNY AE dF
220V, DC link 450VellAl d= A7 A& 0 [Al, a5
A A" -35 [A] dHssiHh

o
ot
S

eprw
6o
400 < ] 3.4 gg EII-I'
a’} =00 \b) & 377[rad / 5] ‘

) ’ A% 1 sk 220VellA] QIuE o] S48 Fig. 13
e gt i W o Wola glek. AR Ao7lel s g AT A
C Aol FFshH A7t Wi e ST F 3
Fig. 11. Simaultaion result(some of the fault time) th oA A= At ARE olg&d= dukzol
PLL 333, 43 A/ JEE o8 At
PLLe| A3} 3¢S vjud o F §)74o] 57]¥ L
o IR F AL, add Al ASE 94 57

o = = T
& s,

aH1 T}h 385%%\'7%*
N 54‘0?' |

ropgsed

L

Fig. 13. Phase estimation and current control in normal
voltage status of three-phase inverter

Fig. 14% vl $-& Agto g Zalazl F Aol

, , o _ o 98 4G TV, 7t AEH
Fig. 12. An experimental system for Grid connection

inverter T H

e}

3.3 &8 M At ARt AR JEE o83 Alkd

Agel A= A HdY AE FAEeR
Fig. 12¢] YERISATE 220V AlS b d=inkom AME ad AlE A gt 715 les AlEe
Alo] H=9] MCU+= TIAF F283365 ©]-8-35131om o] e &

IO . MH[OR =S 367 T5E, 20224 52 @



,,,,,,,,,,,,,,,,

omventional ‘ CH’I V 50 0 V/dIV
CH2 l .0 A/d|v< -5 A offset)

‘,,,/‘“ / /\ " L—"]
CH 5.0 V/div .
CH : SQ /dlv

30
49

Fig. 14. phase estimation and current control in fault
voltage status of three-phase inverter

»

24
2 E

offt e
i

Mo

% o
@
r

.%

o>
s

=2

>,

\I

W
A

N
flo

—

HE xﬂ%}a‘ziv}. Aekst PLL Wi At R}
A
[e]

I—I RASES 7|AF 2228 M2

References

(1) GD. Arbarasi Jebaselvi and S. Paramasivam, “Analysis
on Renewable Energy Systems,” Renewable and
Sustainable Energy Reviews, Vol. 28, pp. 625-634, 2013.

(2) IEEE Std 1547, “IHEE Standard for Interconnection and
Interoperability of Distributed Energy Resources with
Associated Electric Power Systems Interfaces — Redline,”
https://iecexplore.ieee.org/document/1225051, (28 April
2022).

(3) HyunBin Jo, et al,

@D

“Analysis  of LVRT Operation

Performance of Grid-connected Inverter,” Journal of the
Korean Institute of llluminating and Electrical Installation
Engineers, Vol. 35, No. 8, pp. 3541, 2021.

(4] Young-Sang Bae and Rae-Young Kim, “Control Strategy
for a Grid Stabilization of a Large Scale PV Generation
System based on German Grid Code,” The Transactions
of the Korean Institute of Power Electronics, Vol. 19, No. 1,
pp. 41-50, 2014.

(5) Tae-il Lee, “A Study on the PLL Control of Single-phase
Grid—connected Inverter for LVRT Control under Grid
Fault,” M.Sc. Thesis, Department of Energy and Electrical
Engineering, Korea Polytechnic University, 2019.

(6) Taedl Lee and Kyung-Soo Lee, “PLL Control Strategy
for  ZVRT(Zero Voltage Ride Through) of a
Grid-connected Single—phase Inverter,” The Transactions
of the Korean Institute of Power Electronics, Vol. 24, No. 3,
pp. 169-180, 2019.

(7). Tae-Won Chun, Hong-Hee Lee, Heung-Geun Kim, and
Eui-Cheol  Nho,  “Synchronization ~ Techniques  for
Single-Phase and Three—Phase Grid Connected Inverters
using PLL Algorithm,” The Transactions of the Korean
Institute of Power Electronics, Vol. 16, No. 4, pp.
309-316, 2011.

(8) Sang Hee Lee, Su Hyoung Lee, Tae Yang Mun, and Jun
Seok Kim, “A Study on the Abnormal Voltage Detection
Algorithm For Single—Phase UPS using the PLL Based on
Virtual DQ  Synchronous  Reference Frame,”  The
Transactions of the Korean Institute of Power Electronics,
Vol. 2018, pp. 378-379, 2018.

(9) Woo—-Cheol Lee, “The Study on Sag Detecting Scheme
around Zero Crossing Voltage for Single-Phase Inverter
System,” Journal of the Korean Institute of Illuminating
and Electrical Installation Engineers, Vol. 28 No. 1, pp.
96-104, 2014.

Biography

Hyeon—-su Son

He received B.S. degree in electrical
engineering from Kunsan National
University, Kunsan, South Korea, in
2019. He is currently working towards
his M.S. degree at the Department of
Electrical, Electronics and Control
Engineering. His research interests are Grid
connected inverter, and his current reaserch are
phase estimation.

Mi—na Kim

She received her B.S. degree in
Electrical and Electronic Engineering,
from  Kangwon National University,
Korea, in 2010. Her M.S. degree in
Photovoltaic System Engineering from

Journal of KIIEE, Vol.36, No.5, May 2022



Sungkyunkwan University, Suwon, Korea, in 2014.
She is currently pursing her Ph.D. degree at the
Sungkyunkwan University. Her current research
interests include power converters, Grid connected
inverter.

Jung—Hyo Lee

He received the B.S. degree in
- electrical engineering from Konkuk
\ - University, Seoul, Korea, in 2006, and
\*} the M.S. and the Ph.D. degrees in
e electrical engineering from Sungkyunkwan
University, Suwon, Korea, in 2008 and
2013, respectively. From 2013 to 2016, He was a
senior researcher of automotive component R&D
Team in LG Innotek. From 2016, he has been a
assistant professor in Kunsan national university.
His research interests include converters and
inverters for motor drive application.

g - MNHHYRI=EN M36T M52, 2022'F 58

rb>



	[36-5-7] 분산형 전원 인버터의 전류 정보를 이용한 개선된 위상 추정 방법
	Abstract
	1. 서론
	2. 계통 고장 상황에서의 위상 추정
	3. 시뮬레이션 및 실험
	4. 결론
	References


