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Abstract: With the development of photovoltaic power generation, large-scale photovoltaic plants grid-connection has a
significant impact on power system stability. A damping control introduced in photovoltaic grid-connected inverters
helps to increase the damping of the power system. However, too large a damping control parameter causes a new 0s-
cillation mode. Under this background, a small-signal model is established for photovoltaic plants connected to a sin-
gle-machine infinite bus system to analyze the influence of photovoltaic plants grid-connection on system damping and
design active power additional damping controller for the photovoltaic grid-connection. Furthermore, the contribution
of the additional damping controller is theoretically analyzed to the system damping, and the system root locus is uti-
lized to clarify the mechanism of oversize additional damping control coefficient affecting the system stability. And
then, the computation method of the control parameters is proposed when the system is at the maximum damping.
Finally, the correctness of the theoretical analysis is verified by the simulation on PSCAD software.

Key words: photovoltaic plants; low frequency oscillation; additional damping control; small signal model; single-ma-

chine infinite bus system
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Figure 1 The diagram of the single-machine infinite-bus

system with photovoltaic power station
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Figure 2 Equivalent circuit diagram of photovoltaic

grid-connected system
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Figure 3 No additional damping control block diagram

2 SBAK HL el B A0 BHLJE $

JEAR & B GE 30 AR A% TR R O —H R AR
(P-D . BY—mEIRQU) FEERRELILI) =R
P 35 43 B 5 FH R ff e 186 A8 2% 3F B 3s A7 1 IR A 30 3
BB, DUAITh—r R (P-D ], FEmEHE %
ARAHA 0w=wa—mp:  WE 4 iR HF v B
AR i S B AR w0, 7S B AR g AR
R, m, T RERL P, AR LAFIE,

AR F IS MR E ST 3R E R
b MM ARG, REBITHIFASE WAL
R R E

DUR L & LA SR M AS L & Aw 1B 8 BN BE
RERGZNEAGS, WHE5 R UL, &t Mim
R, HEfE R wmE 5 s

Uderet = Uacser T K, Dww a3
AP o H R GFRE 12 17 B H Wi R EE
Uaeeet FTIMABREIMBH R #3515 B € BB R S5 1H
K, B e EH &5

P, P, P

B4 A TEHE4H
Figure 4 Active droop control

-------------------------------------------------------------

<}
2]
[

Aw
R
i Ui—®
RARE .
PRt U.

b o 4 S

B5 #EEWEREN

Figure 5 Inverter additional damping control block diagram



94 W B %

® PN % Eird 2020 £ 11 A

2.1 mMAKmMEREHSBHNRAZ/NMESER
T 25 B 3 09 398 A8 4% T 2 R S A2 i v R4
kR U, A2 AR AWML £ . =X
ADAF,AP, RRAFTERA RS E LR,
BB AFENEEBE Poe= 0.5C,uk,
Xf HR MBI & L5
AP o =C gt g0 At (14)
P uao N ue MBS TAESBE;Co. AETM
HAMNE ; AP HRGZE/PILSE B YR
B Aug AR, T2 I NS g B 1 O
B AP, =AP.,H & 4 /15 :
AP, (s) Ki

(K, Aw(s) — c ) o (K +—) =Aiy(s)
deU gco S
(15)
B M 77 08 d #hor i, A
3Uvisd
P, = 5 (16)

éﬁélﬁﬁﬁﬁ Pv:[]v[J;,)vSIr1 é\//Xs/r 7mu1%§”:
_ 2Ucos 8%

iy = 3X7 an
SR A RAPDESHEER TS .
ZU/V /

iy, = 208 96 o (18)

3X',
W dAas/dt=Aw=dA8'/dt , XA IR E K
dAiy  2U4cos 85 dAd

@ sx, T a (19
BRADMARXAD Bl FH .
AP,(s) =
CdcudcoKwAw(S)*ZUpvcos SosAS(s) 20)

3X,(KyS+Kuy)
HT Aw (s) =dAd/de = sA8 (s), f = (20) 7T I,
AP, WEFAE N R 25 B HLRELJE A4 RHELJE I

22U cos 8%
3X,(KuS+Kuy)

B COMARMDBRBRGER s =

CdcudCOKw — (21)

14
Uycos 4,

X, KA§(s) —

X,Ecos 6, K (ZU;vcos SoA8(s)s
X, U.cos(de — 6,) 3X (K s+ Ky)

CdcuchKwAw(S)) =0 (22)

E
Hs®*A8(s) + DsA8(s) +

_|_

BRI,
HKplsaAﬁ(S) + (HKy + DK, —

KE;XzKlewCOS 60

L) 2 i
U X.c0s0, — 0, ) ° A0 + (DK, +

E,U,KK,cos 8, E,X,CouwKK;K,cos 8,

X4 U, X, cos(§, —0y)

2E, U, X, K cos 8,cos 8%

3USX1X/VCOS(80 _60) )+ sho(s)
E;UVKKHCOS 00 -0 (23)

X,
2.2 RERIE
W 6 g, AR (23) FH MATLAB £ i
K, O TTa 2203 3 I 2 4 i AR ks » 18 o 23
SHME 1 PR, WE 6 P LE W, By &5
MARERZE A bR R ZE T 1 BEE K., M9 R, T8
BAFFHEAMR. I MATLAB $dla i, 34 K, =
2.5 W, — X Sk P8 B AR 19 SR A0 ST HOR O o, B
K,>2.5 B REARTRE.

15 e *s3
S
N
= obF + + = - I @0
E 5 .
-10 52 "oow;

7
-50-40-30-20-10 0 10 20 30 40 50
R L&
Be6 K, Tt Zseiiiit
Figure 6 Root locus of the system when K, changes
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Table 1 System parameters

B8 T BfEH ZH Ay BiE
E| kv 12.79 X, Q 1. 080
U, kV 12.29 X, Q 0. 630
U, kV 13.79 X, Q 0.190
U, kV 15. 70 K — 0. 050
D — 32.00 Ki — 0.911
H s 3.17 cos Bo — 1. 000
@ rof rad/s 100% cos(do—60) — 0. 899

cos &6 — 0.96
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Figure 7 Active power output from synchronous generator
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