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Power frequency oscillation of a microgrid inverter based on VSG control

MA Ye, SHI Liping, LI Heng, LI Hao, SUN Yifeng, MIAO Rongxin
(School of Electrical and Power Engineering, China University of Mining and Technology, Xuzhou 221008, China)

Abstract: Distributed generation mostly uses a power electronic converter as interface to interact with the power grid.
Virtual synchronous generator (VSG) control technology has become a new scheme of inverter control because of its
excellent internal and external performance in simulating a traditional synchronous generator. However, it is easy to excite
the current transient process of the line inductance in fast-moving power electronic devices, and this will have adverse
effects on the system. Considering the transient process of line inductance, a dynamic small signal model of system output
power is established. From the model, the reason for oscillation is related to the output impedance of the system. In this
paper, a new damping control strategy is adopted. By introducing virtual complex impedance into the voltage outer loop,

the impedance characteristics of the system can be reshaped and the power oscillation can be suppressed. Both simulation
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and experiment verify the power frequency oscillation in VSG and the effectiveness of the proposed control strategy.
This work is supported by the National Natural Science Foundation of China (No. 62076243).
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Fig. 1 System structure diagram of VSG

Bl 1, E£5 K VSG it ik, Uy, 20 hM

ML, 14 VSG #ii iR, Lo 5 L 40k %A
0055 A 0 LR Cr BB LAY S Zy M SR R BT

P~ P50k VSG HINHUII RS Rt

DOhE, J. D 5y BN D g5 i 5 B e R4

Orets O 73N VSG BN LIS H IR S Rt

WD, kg AT N RE . RSO,

FIHRER N RZRESNTHEIRIIEH VSG s

IR S, 25 L% i B L AE TR ik N
S=EI'~UJ =P+j0=

REU, cos + XEU, siné — RU;

R+X’ " M
Xng —XEU, cos6 + REU, siné
! R+X’
A2 G s W BELIN =X () oA
:EUgsin5+jUg2—EUgcos5 @)
X X

e RGEmIR Th, AY-FBUA, -
HUT R AIIRT BRI RR, HEEMEERD K
WU BRI s IR B RIBLE R BT T4
W RS, TR L RSk, R
SONH DTS BT TETh S50 AR i H
KSRt R 7, AT EI3).

oP EUg cosd
00 X

o0 2E—Ugcos9
o X

THHEAS 20 HTVE (R B 1E T2 18 R Ge 1) 4350 43
B TR RSB MR R S SRR, A% T8
HUE, SR IR O R A . (R R %
I R GE, KRR ) H A SE B H
PRI, TR PR R, LR AR kT
RGN T, BT LAZESS 5 b PR B 4
T, LURAE H RS rIR I B N Bl 0 AN 3R G
(R, SCEASE) T /ME SR AT

ARG TN ZE MR FZ A, LLEE6T
XA BIEATHII . I HE AT IR N

P=Re{EI'| =Re{l,AE, + E,Al} 4)

5o A

Ae, Ai,
S N I
Ly-De,+1,-Ae, +E, - Aiy +E, - Ai,
L ARBSEN/MESEBNE; Nis d g 57
WL dv g B AR 0 FRoRFads TAE A

HH 38 K R P M i A DS s T i) LG, SR

(S 8 Ao A T HUE 3T C R A

€)



O, 55 T VSG IR M AR s TR IS TS - 109 -
a,s’ +a;s +a, ©) 2 Fros I HIHER .

T (L+R) + (L)

Gp (5)

L
a, =E(E0Ug cos6, —U;)

1

F

R
a, =—(EU,cos 0, -U;)
@,

a, =, LEU, cos 0, — RE\U, sin 6,

[, oD D o0 1 v I i A% e 205 A D 2
DhZT BAPUA A% R e I AL, 4t R
(7).

__as’tas+a
(SL+R)* +(ayL)’

GQE (s)

(7

a, =£(E0 -U, cos6))

1

a, :E(EO -U,cos6,)

a, =oL(2E, -U, cos§,) + RU, sin 6,
FEARAIE, — BN A s =0, £ i e 2k %

R LB, DU RT DAAR BRAAEE B A Th- PR S

TSl s ) A 8 o BRI 5K 5K 8) T s

AP E,U,cos6,

y
=

Gpy(s)=—
O v R 8
AQ 2E,-U,cos6, ®
Gpels) == Z0 s 20
AE oL

K@) FF A AL Se [F) 20 K A LHE RS 73 AT 1Y)
KEAXQG), Wik T P R A — ek, o0
6) 5 (N T e D M FRE 2, SN
AT DU — AN [R] i B Dh-Badt A S5
JC =397 A R H PR DG 2R 7 A A [ () S A

Sip = _§ * ja)l &)
fEP RN R GE, HIBH R RN XN
A RESET RN, B B shiE IR e A, A
[F20 F A o) Jbr= RIS X A D DY
RIS k0 = WK RS DS R S RP ES v VA
HORGAE [R5 f R Ak o A A
2 THHRHFRE S Hh

2.1 BINEREFES R
X VSG A Dy IME SR 7347, ] LA 21 1]

AP+ > I 1 1]a6 [~ AP
- - Giy(s
Js+D l.y _>
AP

& 2 VSG B IIEMES BRI HHER

Fig. 2 Small signal model control block diagram of

VSG active power loop
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VSG reactive power loop
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Fig. 9 Double-loop control block diagram with

virtual complex impedance
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before suppression strategy is applied
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