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Uninterrupted Switching Control based on Virtual Synchronous Generator Control between

Grid-Connected Operation and Stand-Alone Operation of Single-Phase Grid-Tied Inverter

Kodai Nishikawa*, Keisuke Kusaka, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes an operation switching control method between grid-connected operation and stand-alone

operation by the output frequency command switching. Especially, Virtual Synchronous Generator (VSG) control

is adapted to the switching from grid-connected operation to stand-alone operation because VSG control allows

switching with the same control. The proposed switching control method is validated by the experiments with a

prototype.
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Fig. 1. Inverter circuit configuration.
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Fig. 3. Phasor diagram of synchronous generator model.
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Fig. 4. VSG control block.
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Fig. 5. Switching control between grid-connected operation and stand-alone operation.

VSG control

Power command r
generator |

H
H I P command

VGrid

+
0| Keconman |
T +

lGrig

‘ Proposed control block ‘

Frequency command
switching

Fig. 6. Operation mode switching control by frequency command switching.

T IE RS
T %,

(2-4) PERFIEE

X 512, TR CIRESINTW5D VSG il & H 72
oo ASTIRBRNT O 2 B X D HIERE R T, 22T, SiF
WEFER, Te lZANFTHIEDO m— 27 4V Z ORFEL
TH D, STRR[2]OHIE T E T, #% - A SEROYE 21
H O THIENTET O X Z1T 5 o RFE R (Spone=1)

TIHEEOHAENRS COEBEEIT S, HLERKR
(Spower=3)TIE, A DOKRE SITIG U TH AT ORISR
0 AR ENE T D, AR X0 &
YR E OESTEC THDOREEEITI Z LN TE
%, B LR B RFOE R~ DU Z EE(Spowe=2) TIE, F

L BN OIRAED b ) JE W Bow R E

TSR EL & DASTIS U THIE RS 2 IR E LA %
A S5, RIS, dor ZINHET 2 2 & TRAHMNFET %

B EED HUERRATREE 72 5,

{2-5) fEEHEEOFRE

VSG il Tl A SRR O H BT AROREICE
TREEIND, 20L&, HAENES EEBEOMDED &
OMNCEREL D L MAEEBROES L 72> THNLD, £
Dich, PERHIELE IR RE B HIEIC L > TEB A m
W35, F7o, RERBIME CITHI A& BERERET 5 2
ENTERWYD, ANIER) D RRBR~EEZ 21T
BRICHRHEENHEZEESED Z ENTERY, TDED, (L
FADSRHE & A L 72BN 80 2 24T 5 MR H 5, 4l

AT 5 MC D X 5 IR E OWFNEIFICENARH D5E,

I L 7= BRI 2 2179 2 L3 T < R BERM
UL ATREMED B B,

3. BEF&

(3-1) AERMESYSEAE

K 610, EMEHEA O ZIC X D IRERESR % 7T, itk
ECIER - ENSEROYE 2 B A ESIER 2

D7, BILIEARE O H ) AR B0 [E N RE O 7R
DRFANRTE AN E W FRENFEET 5, £ 2T, 24
ECIEESRESFEEYEZ S Z LIk Y, WA
DOEEIH & PLL & WA O EE % FIRE L 72,
(3-2) FRIEERKFDH N EAHE(Spequenc=1)

RACHCRIIE, VSG #IfENC L0 HAEHIEETT 5, Z
DEx, HABIOWEDME Peommand 1, SR FEVEIRIE Toria,
RFEE L HMNEEE OfAZEOL Y, UToLoIicRkRESN
5.

P

command

VGrid +

Pcommand I Grid

Z T, Peommad & —E L& LAAAZEO NS ET256, 5
FE@(}IL iGid & A N —Z DWW ITER THHHETEaEL 2 5,
XY, AfE R GRS LIZBICA U S EIEY—
COMFIEFRE L T 5,



(3-3) BIEERFOH D EE R (Srequens=2)

B SRR D EE SR —E L LT X —=F Dl
HEERGERETHZ LT, VSG HlE OB X 5 FEi
BEMELELSED LR BIERTIEITY,

(3-4) BILEERD o REERAN OYIE X I (Srequens=3)

B SGEESREIZ IR & ORI AT DR\, A 3 —
S B & RREE & OFITAAEEREL D, £DD
Eﬁ@%ﬁ@ﬂ%ﬁﬁ@ﬁ%@«@@%z;i,AM%F
EA L NR=ZHITBIEDONMHDORMBRLETH L, £DTk
O, REFETIIEr 7 v AT L 5 PLL & AW TALAE
DRIAZIT I,

X 728w s v AR PLL & AW 728 EdE S 04/ o
Ty 7MlERT, K 7@ Er 7 7 AR PLL IZ X
DRMEEDOER 7 v A& L, B SLEEERFO H A
L ONHEEZRET 5, 20k, K 70T PLEIEZ %
FAWTAARZER 0 L7202 KO ICHIE R kT 52 &
T, MARDRIEANATRE & 72 5, HERIED X S ITHJEIE &5
HBLEDONAANE R T4 A 27T MC &4 &85
FI7e <, MC OEWEX A I U 7 OBIEFRMBE & 72 5700,

(3-5) WEFHZHEAL-BEIGERA V/—2Fl#

B 8 1T, REEAEMA L7 FMERA 3 — X Ol %

ER, RIREL &SRB OIRIEMIL, N> KA T 4L
4 (BPF)% i\ T 50 Hz iy DA BUG 1T S, £, HI1E
JEFRSITIER AR L > TRES L, =T —TT
T %, REHRIZ LD, REECRERMGH O B ST#EEE~O
B2 FIEELLTICRT,

(1) PLL IT & U BHh & JE e B & AR 2 IG5 2,

2) RAFEDOALAID 0rad & 72> T2 BRI Spequency 23 1 DAREE

THRA = FZ OEHEERBBT 5,

(3) RAREFEIEMRAE Loria 23 B IGria threshoia LA T & 72> Tt
MIE Sfrequency 7 2 (U X ANLIESRENMEICUIE X 2,
FRFIZ MC 24— F 77 5,

Z DR, NIFEAS 0rad TEMEZBRLAT 2 BHIZRMEL &

DENAEIZ L > TELIBEREIET 272D TH S,

WIZ, HAILEERD O RFE R~ DY) 2 FIAE DL TFICR
7

(1) Sequency % 2 035 3 ~EH L, PLLICBEDOHDERE
Aokl & RS E 52 5,

(2) RMBIL & OALFEZE O 23 FME Orhveshoia LA T & 72> Tk
MIZMC &% —>F 9 5,
BYMC 234 LTz Z & Z sl LT 14,

EE KT T 2,

4. EWBEE

HAAHE R A = F IR BT 2 R A ®H L7
RACHR D D B EER A~ O X B E, W ONC B SEEE D
O RAFE R~ DU B EE, ERIZBWTHREET %, & 1
WZEBRSGME, R2ITHIINZ A =2 22 ErnTd,

(4-1) RFERD S BIEEADYEZ

X 91T, RFERDD A SLEEEA~OYEE X RO BRI

HRA L R—H D

SPC-21-123
MD-21-110

Output voltage Grid voltage

VimasSiNgr \
oV 4
Zero-cross detection
yd

(a) Conceptual diagram

—>|: Awp .t Wp L

@o

(b) Control block
Fig. 7. Frequency command generation method by zero-cross
detection PLL.

Table 1. Experimental condition.

Rated Power P rated 5 kVA
DC-link voltage Ve 350V
Grid voltage V Grid 200 VRms
Utility frequency forid 50 Hz
Switching frequency fsw 10 kHz
Grid-tied inductor Lout 2.3mH
Filter inductor L+ 100 pH
Filter capacitor Ciil 6 uF

Table 2. Controller parameter.

Damping coefficient D 15p.u.
Inertia constant M 0.1s
Power command

. K 0.5p.u.
generator gain Peommand P
Threshold of
| Grid_Threshold 5A

grid current
Threshold of

phase different Ohreshold 0015 rad
PLL KppLL 0.01s*
Pl gain TipLL 0.0002 s
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