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A Seamless and Autonomous Mode Transfer Method of Grid-connected
Inverter in Microgrid

Sung-Youl Park!, Min-Ho Kwon?, and Se-Wan ChoiT

Abstract

A grid-connected inverter with critical loads should be able to supply a stable voltage to critical loads at
mode change and during clearing time while detecting unintentional islanding. This study proposes a mode
transfer method for a grid-connected inverter with critical loads. The proposed method, which integrates the

grid-connected and islanded mode control loops into one control block, provides an autonomous and seamless
mode transfer from the current control to the voltage control. Therefore, the proposed scheme can supply a
stable voltage to critical loads at mode change and during clearing time. Experimental results are provided to

validate the proposed method.
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Fig. 2. Grid connected inverter with critical load.
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Fig. 3. Transient state when the grid fault occurs.
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Fig. 4. Proposed mode transfer algorithm under an ideal
conditions where a capacitor voltage reference equal to the
grid voltage.
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Fig. 6. Operation principle of the proposed outer voltage
control loop when the grid fault occurs.

Fig. 7. Key wave form of the proposed method when
the grid fault occurs.

F st 2EEn UnAs zaaus
Aol A e} olw BsiE: A =
&4 W Aol AEAF lala o
ABAA A ANNE DA77 v 5L o)

al

NS
ol

¢

QAo Ao Aoy HEsf He S WASE
S Al A A E wEA FsE RS 6
flelA QrEjekRlE=s) 7ol wheA] dasit.

T 72 ¥ 63 Zo] Rrddel uAd o F8
HFS vebd gloln R me FAdEE o
=3 2



352 npo]AR ] oA AFAA JAME ] A&H ol BHYE REME 7Y
TABLE I recloser off SWoff
SIMULATION SYSTEM SPECIFICATION 4—Gndlmm}ec!ed mode -»i«— Clearing Iime—m—Smwd alone mode
gatga
Szun 20 =
P 3kW V, | 220V P 60Hz g w OQOQOW AR {\ %
L; | 556uH Cr 16yF Ly 10kHz S VVVVYV V: nE
Vealoa | i
S0 i i o
¥+ G 100 i i a0 £
fGHdconnectedmode+-—C,’emmgtmze;msm;ﬂda?unemade+ > a0 o : : 23
o Iga s VE VE Vea : :
g2 AAAAAR M —
T RAVAVATATAY 25 3w ——
Vc,a Ig,a | | ch ch fn’
%:ﬁ: E 3 fzg % 20 :
sz = : 15 Ee———
VA VE] : ! o doadp Al
Sm H : §— :, . —
:'l‘iﬂll —': E 4
;“;IGD : 5 :
VEEVE YV, I, I, AL
S 20 ' H g 4 28 =
E‘ 0 —5’/ % z e T
- L
g “ IG,G‘ IP AId’ 015 0z ﬁ::?‘l 03 0.35
g P Fig. 9. Simulation waveforms showing mode transition when
EH — the grid connected, P=1kW, @=-lkvar, Pr./2kW and Qo =
- gl A Ov
< . ar.
g ——
E 2
hd * 015 ojz 11025( ) 0‘.3 036 3 A| E E" Ol J_'—I'
Fig. 8 Simulation waveforms showing mode transition when
the grid connected, P=3W, @=-lkvar, Pr.~2kW and Aorsl dug|sel PSIM RS ¢ste] #19
QtaOvar Ak 2re 3 AWEHE AbgalelTh Algeks Pl
T AgAFZIF BE Y AN FHste Al
Grid connected mode [~ 4] @ JIHE = Alexs A AFs] 9t AdzAdA £ AF ]eéi]% 5
Axo] Fafat B Aol dde TRk oF Ak F vEA P EddEs AYsth dEA
Ao} Fme w@Asl Hol ol W AF Aol F A 29 8& D-HVRH QHVR, 21¥ 9% D*LVRTJr
Zoll= A TS 74 d= Q-HVR, ¥ 102 D-LVR, Q-LVR 183 1§ 112

Clearing time [t,~ 6] : t, oA A%
S ) AZNA AoJEE= Recloser’t €81 ¢ EHE
12 dAwalx Bala SW7 23 Abgol
b o] WAg ojuf 7 DF H&
% o= D-HVR¥ Q LVRY At ‘}7} Fav =]
A AgAe17 7 B g E A D, QF Ade 747 7|E
TH At AVHFE O3l w1 ez Aot Hd)
HAHAll7] &AL AL)o NG (L' 1,,)°0
dalds HE9om Yy Fxe AF APAE 23
Aiet 24 "ok 2N ds5ed AFE el As A
o2 AuAE A% Aolstil ek

ol o] WAl

o

clearing time

15 Aol7]9h Q

=y

01'0

“H=
Stand alone mode [t~ ] : oA SIHEHE W52
AL A SWE 2oy QAuHE A%y =
o} olu A7) AL ¢l7] wEdd HEAE e HAsE

N

| &=t

D-HVR, Q-LVRo] @39 52 2 A3} paz7

S At AledAl Al ASAE Ao Aedst
o) FAA[GY FZobA F ARV, vE Al <9
A Ak 2EA AHAIE dGAel 7= w3 FHof
JA EH L HAgAe7] B %AL Afd Al= 00] =94
th AFAA Alddle f-Fadey Al s T
ol &9 AF AHA(L, I*)i AYE HAFAE 8t
A E3 AAE AGA 7= e dFE FA B
AL g & k. @5 d B Al recloser?t off
HHA AlFAFe WEol webA FFHAIE ko] W
sstAl "k 7t DQ AAAAE AA 7= =& A
qF Alo}7] Fazel v At Aoy FE 5 skt 2
EHoR FASHIL AL AL BAAFRE e FE
As el 4 gtk HFAQ AYE AFA7]e] A
BAAE f-Fady 9 AF ARA, )% A4A
o17] B AL, AL)S AT #hol HA =i, Ui 57



The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 5, October 2019 353

recloser off SWoff

« Grid-connected mode Stand-alone mode —»

Vealga

%W/\A/\M\M ug
= Ry Y 25

Clearing time

—

S8.88

[

Vc,r; Vc,d [(‘,ﬂ'

M
g

3

H™ 1 L¥
Vig Ve Ve

-]

I Ip AL

—

Current(A) Voltage(V) Voltage(V) Voltage(V) Voltage(V)
H

onEe @

I-‘:JG’ 15 AIG

<.
§ o
E 2 e '
5 H
o] -4 T T
01 015 02 025 03 0.35 04
Time (s)

Fig. 10. Simulation waveforms showing mode transition
when the grid connected, P=1kW, @=lkvar, P;u.i2kW
and Q[x}ad = Qvar.

recloser off SWoff

¥
«Grid-connected mode -» «— Clearing nme—nq—Smnd alone mode »
1,
&a -ga

3 (IS —T
YA TATAVATAVAY d:

B 20 g

0=

05

A0 E

20 O
H* - - ! !
VE VE Vea | :

oA
&8 o

o

g88-88

Ao

M
g

g

g

H* L%
Veg Vig Vo

2

o

I, Ip A

H

Current(A) Voltage(\) Voltage(V) Voltage(V) Volta

I‘;G’ Ié AIQ

L 4

s 2

S o

E 2 e

3 4

5}

015 0.2 0.2s 0.3 035

Time (s}

Fig. 11. Simulation waveforms showing mode transition
when the grid connected, P=3kW, @=1kvar, Pr,.«=2kW and
QroaOvar.
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