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Fig. 1  Photovoltaic power generation model
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Fig. 2 PV inverter control block diagram
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Fig. 3 Multi-machine system structure with

photovoltaic power plant
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Fig. 4 Two-area four-generator system
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Table 1 Two-area four-generator system low-frequency oscillation mode
e Z5H¥
(50 A Hz FHJE Lb/%
Gl G2 G3 G4
1 1.296 6.00 0.655 0911 0.005 0.001
2 1.342 5.87 0.002 0.002 0.350 0.616
3 0.689 1.29 0.210 0.116 0.832 0.522

VAT 41 35 A5 X 1 e 28 Tl 28 X 14 A R A 1 2 v
XPRET Aw, (i=1,2,3,4 ) 53 &, ik 2 s,
1A RRAE 1 BT Aw, Fl Aw, 431 8 {0 K
TX T Aw, Ml Aw, B 505, IF H XN T Aw, 1 Aw,
Ay T AR, BRI 1 BN &AL 1 A& AL 2

Z I Je i PR 5 IRl 3, 4825 2 R B AL 3 ATk
ML 4 Z 18] B4 JR 3B 4R 37 5 B 3 (AT ARAIE 1) B X T Ao,
il Aw, 5 Aw, il Aw, 155 TRAEAHT , J5 A &, 135680
Wi 3 RN &AL 1 AL 2 5 EHL 3 fLH
Bl 4 X3 AR -

*2 WXOYUHRGEESS

Table 2 Two-area four-generator system modal analysis
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Table 3 Photovoltaic access to different positions of low

frequency oscillation mode

o 1266 B2 10
i
WHMHz e /% WMz e /%
1 1.266 6.12 1.293 5.91
2 1.337 6.01 1.305 6.24
3 0.684 2.07 0.680 1.48

& 3 A 5% 1 AR SM ek d
WiIF AZ LR GG I A 7 A IR G B 2% Ji
A AR IR 5 A = A . IR I 1 ABEZ 6
Jei o JRy BB AN X () B A BHLE LY et i . BEARE
2610 J5 , ik 1 BEJE Hea B N R, 34 2 MY
BHJE LL 20 BT T . AERELZR 6 1 Ak fa i B4 ) T
RHJE BT o

OrNEEEELR 6 FIEELE 10 2 AGAR f 3 IF-22 45 18 i
HA Sy, MR A R AEHL G2 Fi G4 A T i 7 LAAR:
FEPRA , SR AR T OGRS AN [R5 3 %
XA IR 5 A5 2 s, W IEL S FR .

—o—1}2Zk6 —= £1ZK10 429

3.13

1.72

0.80

0 . . . )
100 200 300 400 500
HRA MW

a. X ARG

§ 1
B
Dﬁ% 59T 5 5.9 5.9 75%
= 1 9 ) 0 o0 0
—— Lokl oI IR
s —— RFR10IX k1 ——FFZR 10X 452
100 200 300 400 500
SR MW

b. JR RGN
K5 LA RRIRG BLE

Fig. 5 Influence of PV access capacity on oscillation damping
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Fig. 6  Active response of line 7-8
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Fig. 7 Photovoltaic wide area control structure
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Fig. 8 Photovoltaic wide-area controller
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INFLUENCE AND SUPPRESSION OF GRID-CONNECTED SOLAR
POWER PLANTS ON LOW FREQUENCY OSCILLATION

Bai Fan, Wang Baohua
(School of Automation, Nanjing University of Science & Technology , Nanjing 210094, China)

Abstract: Taking large- scale solar power plants into multi- machine power system as the research object, through the
method of modal analysis and time domain analysis, firstly, the linear equations of the state equation of the multi - machine
system is deduced, and then a four- generator two- area test system with solar power plants is set up. Research results
indicate that different access points and different permeability of solar power plants can affect the low frequency oscillation
of multi-machine systems, grid-connected solar power plants did not produce a new oscillation mode. The use of integrated
power modulation design of the photovoltaic wide-area additional damping controller can suppress low-frequency oscillation.
Keywords: modal analysis; solar power plants; time domain analysis; low frequency oscillation; integrated power

modulation ; additional damping controller



