Journal of Electric Power Science and Technology

Volume 39 | Issue 4 Article 20

9-10-2024

Small signal stability assessment of grid-connected system for
grid-following/grid-forming hybrid new energy stations based on
TCN

Tao LIN

Hubei Engineering and Technology Research Center for AC/DC Intelligent Distribution Network, Wuhan
University, Wuhan 430072, China; School of Electrical Engineering and Automation, Wuhan University,
Wuhan 430072, China, tin@whu.edu.cn

Zhengyang LIN

Hubei Engineering and Technology Research Center for AC/DC Intelligent Distribution Network, Wuhan
University, Wuhan 430072, China; School of Electrical Engineering and Automation, Wuhan University,
Wuhan 430072, China

Chen LI

Hubei Engineering and Technology Research Center for AC/DC Intelligent Distribution Network, Wuhan
University, Wuhan 430072, China; School of Electrical Engineering and Automation, Wuhan University,
Wuhan 430072, China

Jun LI

Hubei Engineering and Technology Research Center for AC/DC Intelligent Distribution Network, Wuhan
Enilivavdings 160d sl dBioma VB aSotioot of EfedtricalEnb insering and dtitormation, Wuhan University,
Wuhan 430072, China

Recommended Citation

LIN, Tao; LIN, Zhengyang; LI, Chen; and LI, Jun (2024) "Small signal stability assessment of
grid-connected system for grid-following/grid-forming hybrid new energy stations based on TCN," Journal
of Electric Power Science and Technology. Vol. 39: Iss. 4, Article 20.

DOI: 10.19781/j.issn.1673-9140.2024.04.020

Available at; https://jepst.researchcommons.org/journal/vol39/iss4/20

This Clean energy and energy storage is brought to you for free and open access by Journal of Electric Power
Science and Technology. It has been accepted for inclusion in Journal of Electric Power Science and Technology by
an authorized editor of Journal of Electric Power Science and Technology. For more information, please contact
dixb04@163.com.


https://jepst.researchcommons.org/journal
https://jepst.researchcommons.org/journal/vol39
https://jepst.researchcommons.org/journal/vol39/iss4
https://jepst.researchcommons.org/journal/vol39/iss4/20
https://jepst.researchcommons.org/journal?utm_source=jepst.researchcommons.org%2Fjournal%2Fvol39%2Fiss4%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
https://jepst.researchcommons.org/journal/vol39/iss4/20?utm_source=jepst.researchcommons.org%2Fjournal%2Fvol39%2Fiss4%2F20&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:dlxb04@163.com

%539 B 4 W) HAORMRZEERAREZER Vol. 39 No.4
2024 47 H JOURNAL OF ELECTRIC POWER SCIENCE AND TECHNOLOGY Jul. 2024

51 FIE S oG AR 7R A5 BT TON RYBRIMAL TR & BT RE IR I R G/ TR MDA 1], B 02 R 41,2024,39(4):169-177.
Citation: LIN Tao,LIN Zhengyang,LI Chen,et al. Small signal stability assessment of grid-connected system for grid-following/grid-forming hybrid
new energy stations based on TCN[J]. Journal of Electric Power Science and Technology,2024,39(4):169-177.

E T TCN BY ER /43 N ;B & BY ¥ 58 5 37 il
H MR G /NFHIRE M RIEIEM

HOR KRN, E R, E B

LR IUR 27 58 T e T HL I b 2 AR B R B 55 vt , 16 BRI 43007252, I KA HL S 5 A sh4k 27 Be , H1dE 2RI 430072)

OO SR/ TR G R R IR 3 vl b AL 2R 45 ) O 2P D 4, S AT 3 N F IR s B AL A KT R U 3l 2
EFE BT, $ H FE T 1A] 5 A 22 W 2% (temporal convolutional network , TCN) [ 8 ] /#4) 19 11 & 1 39 fiE U637 3l IF:
W 2R S8 /N T P T PR AT AL 7 1 o S, Al A BRI /A 90 YR 5 B R IR 37 0t R 6 B BT AL il o AR AR (B T A 2
JEM RGN TR B . SRJ5 , LI IR R 58 % LU TR A U5 37 o SR 0 /) I 42 ] O XA 818 S i ACHRRAIE , DI I
F 40 /NP ke # B FBE R FAE N iy s 4R AE , U2k TON 15 2R A B8 A8 U8 3 35 38 W 2 56 /N T P A e o el B Ak
BERY  Z2 sk U S5 A A5E T5 mT AR 0 06 I L R BRI /) T Y - TR T B DR 3 s v 45 WL AL ) s o D PR i s R N A N T R
FEM MBI o 5T, A—5 10 & XA AILZH /Y58 BB I 3 o S X R AT BT 43 o 2 SRR W] i TCN Jr i
A LT R W 22 2% T 135, AR/ T AR 4 B R LS LY B0 1 19 7 3 48 560 43 L iR 25 43 i BE AR 16.76 %6 .
14.75% 5 I 4 75 123 (4 1+ S FE I AR X TR AR (B 153 77 15 IR 98.54 %0 , DT 36 91E JIT £ /)N T P Rt g 1 PR s 940k O vk 1 v
i 5 Rk

X I SHTRRIE Sk 5 BRI T ) 5 AL I TR 5 N TR E ; I RS R A 26 ) 4%

DOI: 10.19781/1.issn.1673-9140.2024.04.020 ~ HEH %S TM7I2 X EHS:1673-9140(2024)04-0169-09

Small signal stability assessment of grid-connected system for grid-following/
grid-forming hybrid new energy stations based on TCN
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.Hubei Engineering and Technology Research Center for AC/DC Intelligent Distribution Network , Wuhan University, Wuhan 430072, China;

2.School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: To support the rapid switching of unit control modes in grid-following/grid-forming hybrid new energy
stations and achieve safe and stable operation of these stations that can adapt to changes in grid strength, a rapid
assessment method for small-signal stability of grid-connected systems in grid-following/grid-forming hybrid new
energy stations based on temporal convolutional network (TCN) is proposed. Specifically, an aggregated impedance
model for grid-following/grid-forming hybrid new energy stations is constructed, and the small-signal stability margin of
the grid-connected system is obtained through eigenvalue calculations. Furthermore, using the short-circuit ratio of the
grid-connected system and the information on the grid-following/grid-forming control mode of the new energy station as
input features, and the small-signal stability margin and damping ratio of the grid-connected system as output features, a
TCN is trained to obtain a rapid assessment model for small-signal stability of grid-connected systems in hybrid new
energy stations. The trained model can quickly output the corresponding small-signal stability margin and damping ratio
based on the short-circuit ratio and the control mode of each unit in the grid-following/grid-forming hybrid new energy

station. A case study is conducted using a new energy station with 10 wind turbines, and the results show that compared
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to the long short-term memory neural network method, the proposed method reduces the mean absolute percentage error

of small-signal stability margin prediction and damping ratio prediction by 16.76% and 14.75% respectively.

Additionally, the computation time of the proposed method is reduced by 98.54% compared to the eigenvalue calculation

method, verifying the accuracy and efficiency of the proposed rapid assessment method for small-signal stability.

Key words: new energy station; grid-following control; grid-forming control; small signal stability; time convolutional
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Figure 1 Diagram of grld connected system for

grid-following new energy station
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Figure 2 Diagram of grid-connected system for

grid-forming new energy station
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