@ hHLRER

80 2019 4F 5 A

Electric Power Engineering Technology

F38 % Hi3H)

DOI:10.12158/§.2096-3203.2019.03.012

AT RS VSG JCaiAH 26 51 M A iz A7 48 1] o i

& 4z 1,2 1
%gl% ’ If{%’:‘\‘-} ’

SR, AR

(1. ZR B MA RTHEL R RE0ERE, 7o B 650217;2. BRRAHS
TAEABE, HK 40004453, A RE VTR BE, 115 F9 AL 210096)

B E AR EREERPHEET AT E S ERPAMAAT LRF A, PR+ T —FETREREMR
FH(VSG) 6934 & % RAANIRIEH Kok, EEHALT VSC R TH#d W b & T #gE4T428) 7 ik, %3t T —# A T
WA A2 5% Ik (PIR) 42 4] 25 89 sk VSG 24 Kok, £ R i & VSG SMF e Il E A 24 H) T # R B w ity =
FH S, FIE, B —F R T RN R4 VSC AR F 424 ek ARIE VSC IR S #55F MBEX 09 Rk dn ke, BEA %
) AR BRI B, T HIARIR X R RAE R E A B ik vl R T H 2 AW A 2 B, &Je, AT

RT-LAB 84 5 i 47 B-F & *F BT 3R] b3t 4T T B

KR : R AL R T R B ik ; K448 R ; RT-LAB

HES XS TM721 MRS A

0 35

S SR BRI 2 AR A ST B s
SR, A SR R Gk Z R R E , B4 5 %
BT S AR G BE R0 . Ol T X —
(R}t , [ N AMR 2 27 AR 3R T R 48 1R] 28 #L ( virtual
synchronous generator, VSG ) BAE A S A
[R5 LA ATL R A5 0 R, A A it B Y 38 &R
gr AW SR E R, 68 E 3 2 5 H 1 IR A
T Hs LA S BHE D 32408 3 19 LA

HAD T VSG W 5T 2251 T = A0 P 19
FRGE, ARG i, R 7R 5 B B JE RIS 1T SRS T
R4 5 5 B = Ao SR AP IR0 . SCHR [ 6—7
GYHT T AR R s 470 AR g 0 e, I 45
T b Dy R Sl e I R ) B O o O v
SCHRL8 4ty 1 — et VSG 45 il S , 7l LA 43531
SEPE VSG LAV v, 5T i i H O A i T R
FE M B Ane SCHRT 9 X5 17 A - i 1 175 O, 42
TR B DR IR R VSG a2 45
il R G a7 5 (HR A XA L T 9T s AT
P TS

H1 T8 55T 1Y 3h AR 1 52 W 2R e i) 42 1
RE , I P00 2 i 1) I BRH A 4 o SR s A+ 21 ke i 22
(SE L SCHRL 1] 00T AT e R 3R
AR AIZ R . SCHR [ 12 ] 340 4 3 B 1 BIOR BR 1Y
ASFE, WIS EARE] T BRI Al BB 1 R S
WA B H:2018-12-23 ;45 =1 B 27 :2019-02-15
EARR B REEHLHR KRB (2016YFB0900200) 5
F B KA F R A F 8 A (51707026)

T

X E RS :2096-3203(2019) 03-0080-07

REGRIZE . VSG FEIRE BUF LT B a) LA
A RN 2 7%, T AN 75 S A S AR BTG, O
JCHRIER P S SR TR A SR AR, AT
XF T VSG B AR X U] 48 1) 191 ] 20 ) 2 20 02
SETF B BR A L A2 1 P % T E BT VSG
IBAT R O PR D44 ] g W 58 AR Rk
SCHRAE LT VSG R R Y S A T B —
TN F T 3328 48 9 0 s A 42 il A o SR ]
FEF EE 1) FH 43 3 P& ( proportional integral resonant,
PIR ) f L 3 N BRI, 7 P 0 H AN 19 200 R
ATHERARAE = A L3747, JF 4 ) — b B T R 400 2y %
[ VSG & - 9 i [m] A4 ) SR s, PRAUEAS A TR Y
GEUMG . R ) SR s A0 S B R, S v 1 &
GERRREPER AT SR . fE TESET RT-LAB (#9520}
PiEF-E EET T AR R IS R IE

1 VSG B S5i=HIHR

1.1 VSG b &ty

K102 VSG i B A, o ey = Le, e,
e, ug =lu,,u,u,l, Ugape = [uga7ugb’ugcjﬁﬁuﬁ
VSG 7% 28t B L sy L T AR P00 P, I 5 0 = [
iy,i. )78 VSG (s LR L, €0 VSG fir g
PRUBFIHLA L, 2R i . VSG L ERHR Fh 4G
AN SR 18 I o R 396 A 5 AR, T e e A A ol [
B AT 28 i ALY e 13z 3l 05 R N E 5 T
T2, BLUL ) 20 iy ML AR Iz 3 e 1 G 3%, AR A
AR 2R 40 1 B[] 2B HE LS R A it
1.2 VSG HIf-$5i%EIR

VSG HEAUL[F] 25 B AILA 20 T 2 A9 S, 45



R S RTPHIET VSC JCBUARIR T I L as {7l s mg 81

a
—_ e, P B, S,
U 1,
e f=—-rrm T
ctrr L
= v

B 1 VSG HEH

Fig.1 Topology of virtual synchronous generator
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Fig.2 Framework of VSG under
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Fig.3 Control loop of inner current
based on PIR controller
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Fig.4 Spectrum of inner current loop
based on PIR/PI controller
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Fig.6 Pre-synchronization control strategy
based on virtual power
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based on virtual power
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Control strategies of grid-connection and operation based on virtual synchronous

generator without phase-lock loop under unbalanced grids
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Abstract:In order to solve the problem of the current distortion under unbalanced voltage and the complexity of the phase-

locked loop (PLL) of the grid-connected inverter, a strategy based on virtual synchronous generator ( VSG) under unbalanced

grid voltage without PLL is proposed. The control method of VSG under unbalanced grid voltage is detailed studied. An

improved VSG control strategy based on PIR current control loop is designed to restrain current distortion effectively without

changing output characteristics. Meanwhile, a VSG resynchronization control strategy based on virtual power is proposed to

guarantee seamless switches between grid-connection mode and off-grid mode. The PLL is not used throughout the proposed

strategy , which avoids the bad effect of PLL on control precision and response speed and makes the control system simplified in

addition. Finally, a real-time simulation platform based on RT-LAB is built to verify the proposed control strategy.

Keywords : VSG ;unbalanced grid voltage ; seamless switching; without PLL; RT-LAB
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