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Abstract: In the critical period of the implementation of the strategy of "carbon neutrality, carbon peak", the
frequency characteristics of the new power system show a series of new characteristics, such as the reduction of
node inertia level and obvious distribution difference, and the maintenance of frequency stability and security are
faced with many challenges. Using the diversified frequency modulation (FM) resources in the new energy system
is an effective means to improve the inertial response of new energy and the ability of primary FM. However, the
intermittent volatility of new energy and the interaction between inertia control and sag control parameters lead to
the contradiction between the frequency modulation response speed and stability, so the coordinated optimization of
frequency modulation parameters of new energy units is very important. Therefore, a new power system frequency
modulation parameter coordination optimization strategy based on crossbar algorithm was proposed. The crossbar
algorithm was used to effectively avoid the advantage of falling into the local optimal solution, optimize and
coordinate the control parameters of new energy and grid type virtual inertia, improve the frequency dynamic
response index of new energy grid-connected nodes, and suppress frequency oscillation. Meanwhile, the crossbar

algorithm was tried to apply to the optimization and control of frequency modulation parameters of new power

E LT v FE R 7 H A FJRHL I H (0000002022030101FK00007); 8152 [ 28R4 (62273107);
IR FRRRE R4 (2023A 1515240082, 2022A1515011079)

TEHE BN H T (1990—) , B i+, % TR, Email: leiay@csg.cn

EIAEE : IR 515 (1999—) , Zo - AF 5845 , Email : tingling.su.2023@gmail.com

14



FHT,F A THYM IR H A0 A R LIRS A AR R 0k

wAES 20255 %554 H9H

system for the first time, and also can effectively expand the theoretical content and application range of crossbar

algorithm , which has certain theoretical value and engineering significance.
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Fig.14 Three-engine nine-node system incorporated

into a doubly-fed wind farm
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Tab.3  Crossbar algorithm related parameters
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Tab.4  Frequency modulation parameter set after crossbar algorithm
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Tab.5 Comparison of optimization results of crossbar algorithm

WA, ) SRS
Hz s [} (8] /s
TR 49.771 4.287 0
75! N~
(4541 6) LAk 49.7 2.976 1.629
[EDSN
R4 49.873 3.255 0
WL 49.78 4.229 0
Yt "
. AT 49.677 3.113 1.8
(1456)
URIAE 49.862 3.356 0
ToESR 497877 4.488 0
Y52 o
;. ALHT  49.7256 3.296 0
(HES)
RIAE 49.863 3.361 0
4 it

T AR BT AR TR Y 5 g 2 e 1
PR [ o1 T A0 38 40355 , AR SCH Y — b Bk T AR 52
SCRVE R H L ) R GRS B L AL R
AR SRS ANELIE T 5 A 2URE VR A ™), ) A 3
MTREVE B Z M E SR RS . Bk, s
15 B R DG 545 4 1 BT RE U A 2R 4 TR AL
B BT AT AT T RS EON RGERRS
PERERY S0 o LT JT PR BE 46 AR 20 BT 1 1
PO Z B LRI T 3 28 B0 R S I e A 5
fie R i 22 R S ASHEPE R0, I 7F Matlab L7
FH I SR S 0 7 s e 3 8 . AT B
TR AT B AR BE TR A 1) S A e LB, St T
FET G 58 SRR RE R AL AL BT h R 0 15
FES T R R B PR RO SRS, A H AR LR S
TR AR AR SR R S SRR BT
Pscad 5 Python K5 177 5OF- 65, X Lo & 10 5
AR R 17 LT 250 A< e R 47 FLEE SR B
R T A4 SR (0 A7 RO A S M, w] Dy B H )

GRS A A 5 5 R AR 1 B SR
E R PIE

2% 30k

(1] H5ED B . R B b FBraIE J £ AR Y ) 5

B8 DUk OCHER R 5 BRI TARERLE 5 HOR 2022, 54
(1):47-59.
XTAO Xianyong, ZHENG Zixuan. New power systems domina-
ted by renewable energy towards the goal of emission peak &
carbon neutrality : contribution, key techniques, and challenges
[J]. Advanced Engineering Sciences,2022,54(1) :47-59.

[2] W, T, W, BRI ST REIRRBR AT AR SR

R P XL ) R Gk R R R D). E AL AR A
2021,41(S1):28-51.
HUANG Yuhan, DING Tao, LI Yuting, et al. Decarbonization
technologies and inspirations for the development of novel pow-
er systems in the context of carbon neutrality[J]. Proceedings of
the CSEE,2021,41(S1) :28-51.

(3] FEE PR, RLRIG, 2=k HE , 45 . BT B L ) RS B L A 7 A
ARG A TEHERR ). R, 2022,46(3) :821-833.
KANG Chungqing, DU Ershun, LI Yaowang, et al. Key scienti-
fic problems and research framework for carbon perspective
research of new power systems[J]. Power System Technology,
2022,46(3):821-833.

[4] BB, A, ESIME, 450Uk HAR T30 R R TG

9 T AL SR 1), o e L TR R 2022, 42(21)
7746-7764.
WU Zhaoyuan, ZHOU Ming, WANG Jianxiao, et al. Review on
market mechanism to enhance the flexibility of power system
under the dual-carbon target|[J]. Proceedings of the CSEE,
2022,42(21):7746-7764.

[5]  ZESOk, REWEA: , MM, 58 . & LLBUBRE TR L ) R R 1k
GEIRSEMHE A ST, A% ), 2022, 52(20) :57-62.
CAI Wenbin, CHENG Xiaolei, NAN Jianan, et al. Assessment
and analysis of adequacy of flexibility resource of power system
with high proportion new energy|J]. Electric Drive, 2022, 52
(20):57-62.

[6] ROINILA T, ABDOLLAHI H, SANTI E. Frequency-domain
identification based on pseudorandom sequences in analysis
and control of DC power distribution systems: a review[J]. IEEE
Transactions on Power Electronics,2021,36(4) :3744-3756.

[71 YANK,LI G,ZHANG R, et al. Frequency control and optimal
operation of low-inertia power systems with HVDC and renew-
able energy: a review|J]. IEEE Transactions on Power Systems,
2024,39(2) :4279-4295.

[8] VERZL, ZREP, B-HI, 55 . BRe IR 1 R SR E
ST R AR DT R R AR (D). R AL AR 4, 2023,43
(5):1672-1694.

WANG Mengjun, GUO Jianbo, MA Shicong, et al. Review of
transient frequency stability analysis and frequency regulation

control methods for renewable power systems[J]. Proceedings of

23



wAtks 2025F F55E F9M FWMT,F A THRIIF a2 s ) R AR R RARAR%
the CSEE,2023,43(5) : 1672-1694. nected converter in high penetration rate of renewable energy
9] X =W, 0, AR AR B RGN R E S generation[J]. Automation of Electric Power Systems, 2024, 48
W T 208 B R )] w1 A ki #2020, 40(9) : (21):1-15.
211-222. [18] B, TR, 2 AL, 46 . A Do 26 RS PO 28 g oy -2
WEN Yunfeng, YANG Weifeng, LIN Xiaohuang. Review and TR I 2R G0 16t Sk v 1 A DG P [ JBLER SR D). ) A Bl Ak %,
prospect of frequency stability analysis and control of low-iner- 2024,44(6) :77-89.
tia power systems[J]. Electric Power Automation Equipment, JIA Jiaoxin, SHEN Zhongyu, QIN Benshuang, et al. Review on
2020,40(9) :211-222. inertia response matching problem of hybrid power systems
[10] ZE[E P, XISEHE, b, 55 . & m el e IR A v 1 R Ge with grid forming and grid-following power electronic devices
HAEEWIIRLER). )RR ,2024,50(3) :1165-1181. [J]. Electric Power Automation Equipment, 2024, 44 (6) : 77—
LI Guogqing, LIU Xianchao, XIN Yechun, et al. Research on fre- 89.
quency stability of power system with high penetration renew- [19] BKAG ,F 05 € BT A IR H ) R Gt 431 2B 2 F0 671 i 3
able energy: a review[J]. High Voltage Engineering, 2024, 50 ). B A% 8,2022,52(20) : 70-75.
(3):1165-1181. ZHANG Yi, CHANG Pengfei. Distributed model predictive
[11] DR B 6 . o ) 50050 R 5 0% 45 1 load frequency control for power system with renewable energy
TSR LR 1], H ) TR AR ,2020,39(1) : 1-9. [J]. Electric Drive,2022,52(20) : 70-75.
CHEN Xuemei, LU Chao, HAN Yingduo. Review of power sys- [20] XIONG X, WU C, BLAABJERG F. An improved synchroniza-
tem frequency problems and frequency dynamic characteristics tion stability method of virtual synchronous generators based
[J]. Electric Power Engineering Technology ,2020,39(1) : 1-9. on frequency feedforward on reactive power control loop[J].
[12] 0k, 20e00k , TR, S . B 9 700357 B 6 B HI =2 42 ) XA IEEE Transactions on Power Electronics, 2021,36(8) :9136-
FARE SN R ARG 5E 52 73 e 23R (0], vh B R LA 9148.
2243 2023,43(4):1262-1281. [21] KAZEMI M V,SADATI S J, GHOLAMIAN S A. Adaptive fre-
LUO Kui, GUO Jianbo, WANG Weisheng, et al. Review of im- quency control of microgrid based on fractional order control
pact of grid following variable renewable energy supplementary and a data-driven control with stability analysis[J]. IEEE Tran-
frequency control on frequency stability and small-disturbance sactions on Smart Grid,2022,13(1):381-392.
synchronization stability[J]. Proceedings of the CSEE,2023,43 [22] 536 R L RIGHE WA AT 45 S TR T 2 S o A R RE A
(4):1262-1281. RUB MU A A e me )], HL A& 3h, 2023,53(11) :9-18.
[13] S5 6, FAE, A el | 25 . ) o 760 5 R o 260 72 5 48 32 90 CAI Weiliang, CHENG Haifeng, PAN Zhixuan, et al. Frequency
T 1) L R o A T S AR TSR D). L R G ik, control strategy of DFIG based on rotor kinetic energy and dis-
2022,46(24):121-131. tributed energy storage[J]. Electric Drive,2023,53(11):9-18.
HU Yufei, TIAN Zhen,ZHA Xiaoming, et al. Impedance stabi- (23] AR, B, 07 5 T A IR RE R S H ik
lity analysis and promotion strategy of islanded microgrid domi- R PSR, P A% 5, 2024, 54(4) :4-10.
nated by grid-connected and grid-following converters[J]. Auto- REN Xuan, CHEN Tong, DONG Lizhi, et al. Adaptive control
mation of Electric Power Systems,2022,46(24):121-131. strategy for energy storage systems based on crisscross optimi-
[14] TySCAS M, AR TC, 25 . BRIS I F AR 2 A R 2 S T 0 zation algorithm[J]. Electric Drive,2024,54(4) :4-10.
PR SE SR, A TR, 2023, 18(2) : 3451, [24] W ZE W R, X 1) R . BT AR 58 SUBRER A AL i 28 1o 24
MA Wenjie, ZHANG Bo, QIU Dongyuan, et al. Control strategy ity iy BN AR L)), ¥y AR SEAR B 5 P, 2016, 44(7) -
to reshape the stable region for grid-following converter: an 102-106.
overview[J]. Journal of Electrical Engineering, 2023, 18 (2) : MENG Anbo, HU Hanwu, LIU Xiangdong. Short-term load fore-
34-51. casting using neural network based on wavelets and crisscross
[15] KHAYAT Y, GOLESTAN S, GUERRERO J M, et al. DC-link optimization algorithm[]J]. Power System Protection and Con-
voltage control aided for the inertial support during severe trol,2016,44(7) : 102-106.
faults in weak grids[J]. IEEE Journal of Emerging and Selected [25] SRJE . JBse, R 5 BT P AT L TE AR ik
Topics in Power Electronics , 2021,9(6) : 7296-7305. W92 DOIRER € DR AR SE HRTZE T I E ). 17 B P A
[16] BARUWA M, FAZELI M. Impact of virtual synchronous ma- 2024,18(10): 73-85.
chines on low-frequency oscillations in power systems[J]. IEEE ZHANG Zhan, YIN Hao, WU Zhenbo, et al. Day-ahead eco-
Transactions on Power Systems , 2021 ,36(3) : 1934~ 1946. nomic dispatch of multi-area integrated energy system based on
[17] 2%, BORERT, SRm 45 21515 2B A I 4 vl O o 2 3 distributed crisscross optimization with sine cosine algorithm

SRR /R IR B N 2R ). LT AR G A Bk, 2024, 48
(21):1-15.

ZHANG Xing, ZHAN Xiangdui, WU Mengze, et al. Review on
grid-following/grid-forming hybrid mode control for grid-con-

24

[J]. Southern Power System Technology, 2024, 18(10) : 73-85.

Wk H 4. 2024-08-14
Bk H 1Y . 2024-09-14





