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Identification of grid—connected units with the weakest small-signal stability in multiple

renewable energy stations based on generalized Nyquist criterion
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Ltd., Nanchang 330038, China; 6.Jiangxi New Energy and Storage Safety Operation Control Engineering Research Center, Nanchang 330096, China)

Abstract: The integration of a large number of renewable energy grid-connected converters into the power grid can
easily trigger small-signal instability, posing a serious threat to the safety and stability of the system. The existing small-
signal stability analysis using the impedance method, based on a multi-machine equivalent mechanism, can only
provide an analysis of the factors influencing stability and cannot identify the key weak grid-connected units that affect
stability. This paper proposes a method for identifying small-signal stability weak grid-connected units in a renewable
energy multi-site system based on the generalized Nyquist criterion (GNC). Firstly, based on the stability analysis

approach of GNC, multiple renewable energy sites with different control parameters are decoupled into multiple single-
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site subsystems. Then, a stability criterion is constructed for each subsystem to analyze the small-signal stability of each

subsystem. Finally, the subsystem with the weakest stability is identified based on the small-signal stability of each

subsystem. The research results show that, compared with existing methods, this method can more accurately and

quickly identify small-signal stability weak grid-connected units, providing targeted guidance and suggestions for

improving system stability

Key words: grid-connected converter; multiple renewable energy stations system; small-signal stability; grid-connected

units with small-signal stability weakest; generalized Nyquist criterion
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Figure 1 Typical topology of the multiple renewable
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X1 RSB RE I 2 3 0 R G R AT A AU e
HRAJE 2R 48 v AL PR U A A R O I8 728 O %
T PR S R AT 28 200 e, A% i 2k s T T RLC 2R 8% 25 (H
FR W 2 R o [ A3 b i O 9 AR I 2
P S HOMB A &, 5 LV H B A N SR
FH B SBR[ , — > 37 0l v % 3 0 A 3 A
RS R A R 2, Z0 R8O
g s 380 v, 0 4 2k i BEL B B, Z 3R i 55 0 A 3t 2
I 0 5 5t 2k B BT B , U, J2 H 90 | T B /N5 5 3
shm &, L UGi=1,2,-,0) 50 3 Rz ek i & I kA
UL i s R LRI /M S AL B L T U 235
AR L A 28 8 v 11 i E PR IR 1 e R S T R M )
LY, G=1,2, 0 n) 3 500 b 9 90 22 3 i o 2 28010 vl
DAL Y5 R A A TR R

1 F 5 e EWBTRSL

B2 #iR %%k R %F I
Figure 2 Equivalent topology of the multiple renewable

energy stations
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Figure 8 Nyquist curves of the system with three stations under different proportional and integral parameters of current control loop
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136 IR B % 5 ¥R % 20244E9 A
SR, K104 T 3l 1) fL 3 26 He 491 2 80 K, Dk BRFEAAE . X RIS 2 3 0 L R =

AN BT RE IR 2 S ok R G A TR 2. A ]
10Ca) AT, S, Y 2 2 il e AN A T (0, 0) /i, X 3
W1 S AR TEAR 2 T 8T, BT AT T RS IAL TR
SERAS o I XF LY 3 37 il R G 1 2% 2 S R it 2k
K 10(b) fm o 72 10(b) o, 2 2 ke it 46 oK,
(0,0) 5, RMIZRGA TRERS

g5 i i PR IE W% 05 vk T A R0 B R
AEIR 2 7 0l 2 G vh /T 5 2 e il 559 1 I 9
L, I HRE I Z vk R BRI ARE T

10
5
8
= 0
-5
-10
-4
Sl
(b) 333l =400 Nyquist [ £
10 A AMALE 69 Nyquist X B (3336 & 4%)
Figure 10 Nyquist curves of the system with three stations

after parameters optimization
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Figure 11 Waveforms of PCC voltage after modifying

current loop parameters of station 1
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current loop parameters of station 2
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Table 3 Control parameters of added grid-connected

converters in the system with six stations
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weakest small-signal stability in the system with six stations
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after parameters optimization
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