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Fig. 3 Topology of the multi-mode coordinated power scheduler
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Fig. 9 Simulation waveforms

4 25

AL BB 220 5B RE IR Al G 1Y R SR R, LA
5|t R ity BAn, #&H—FiEH T2k
il = B4 PR B PR R R B, S B 22 = H RE A i e B
HREREE . BEERWT .

ORGAN T A et AR Ry 12
ZRRE, AR R 2R R T 2, X i
AN RHE RS SHARR S . IR, d@d M-
%M%i”mﬂﬁﬁﬁz%ﬁwﬁiﬂﬁﬁﬁ,ﬂﬁ%
T RGBT R S U A, AR S e R Gk
B R 5@&%&“&%”5%%%%&?%&
PN

QN A5 IUE T Pr 2 4 J2 46 il 56 s 16 Z 16 X
REDMFIA i stk . F9E R, IR R E N £
sty DS AILH], SEE0 TR B S e R A Tt RE U
BSR XA Al 3. 461 MW TBL R, A2 5] R34k
HL LT I8 B AR B R, AR R REAE 5] M L R T
FIEIS, $ETF T R GoxF Z R RE B PR R R FHACR

TR 4 BRI IA B R VR A4S M BE R Pk i, L
T A 5 AR VR R B Al A B b SR, A oE 4
I Z R RIEAR SR S RG %, nON LR a
L | T%ﬁk%%xﬁ%ﬁ%%h&ﬁ CEEST
5%,

SEHk -

(1] RJEFISCEHR . b [ e R A A R W) 2024 4R 523

N [R/OL]. (2025-02-28) [2025-05-21]. http://www.china-
railway. com. cn/xwzx/zhxw/202503/t20250305 143296.
html.
Ministry of development and reform. China national railway
group corporation 2024 statistical bulletin[R/OL]. (2025-02-
28) [2025-05-21]. http://www. china-railway. com. cn/xwzx/
zhxw/202503/t20250305 143296.html.

(2] Bioh, BEAIR, BXOKT, 45 Lol m A HLIE 528 53 RE

VR A J- B 3SR Tk R AN/ REBOR (7], WL
FAREAR, 2023, 38(12): 3321-3337.
CHEN Chong, JIA Limin, ZHAO Tianyu, et al. Decarbon-
ization-oriented rail transportation and renewable energy in-
tegration development—configurations, solutions, and en-
abling/empowering technologies[J]. Transactions of China
electrotechnical society, 2023, 38(12): 3321-3337.

[3] MRERAS, 4255, SAMTEE, 55 . 1 R P A i Sl ko () R it

bl A D AR SR B U7 ¥ 9] L TR 224, 2023, 38
(22): 6121-6132.
LIN lJinjie, LI Yong, HU Sijia, et al. Flexible power assign-
ment method for railway power flow controller considering
regenerative braking energy[J]. Transactions of China elec-
trotechnical society, 2023, 38(22): 6121-6132.

(4] RESCHE, HEAME, PRAESR . PSS RE IR BB M # 5 TOt
IRTESS EL IR A2 5 | M FL AR 08 Hh ) o P e K B 1) AL 23 A ]
P E AL T ARSAR, 2019, 39(19): 5692-5702.



55 6 1

RO, BUTH, #

#, e BN TOUREHEABRERZE 5 26 2 RE b ) BE 25

73

(3]

(6]

(7]

(8]

(9]

[10]

[11

]

DENG Wenli, DAI Chaohua, CHEN Weirong. Application
of PV generation in AC/DC traction power supply system
and the key problem analysis under the background of rail
transit energy Internet[J]. Proceedings of the CSEE, 2019,
39(19): 5692-5702.

WReEse, F3E, = ar, 55 LR s ABLE Sl 22 5 | it
ARG R IEBURERIA[T]. LA, 2019, 43(10): 3663-3670.
CHEN Weirong, WANG Xuan, LI Qi, et al. Review on the
development status of PV power station accessing to trac-
tion power supply system for rail transit[J]. Power system
technology, 2019, 43(10): 3663-3670.

CHENJY, HU HT, WANG M H, et al. Power flow control-
based regenerative braking energy utilization in AC electri-
fied railways: review and future trends[J]. IEEE transac-
tions on intelligent transportation systems, 2024, 25(7):
6345-6365.

HAYASHIYA H, IINO Y, TAKAHASHI H, et al. Review of
regenerative energy utilization in traction power supply sys-
tem in Japan: applications of energy storage systems in D. C.
traction power supply system[C]//IEEE. IECON 2017-43rd
Annual Conference of the IEEE Industrial Electronics Soci-
ety. Beijing: IEEE, 2017: 3918-3923.

rah, BRI RS, R, 55 JBIR AR REAE A Bk 22 5 ik
RGN S 1 T RIS DS LR IR (D], B TR 1R,
2024, 39(24): 7874-7901.

CHEN Chong, JIA Limin, ZHAO Tianyu, et al. Research re-
view on topology and control strategy of PV and energy
storage connected to railway traction power supply systems
[J]. Transactions of China electrotechnical society, 2024, 39
(24): 7874-7901.

MAYER O, LYNASS M, GOMEZ M, et al. Design aspects
for high voltage MW PV systems for railway power supply
[C]//29th European Photovoltaic Solar Energy Conference,
Amsterdam, 2014: 2876-2879.

R, RSV, WO . SRELAE G T R R
HEIRAMERE R G AU IC & (7] E W AL AR A= 4,
2025, 45(10): 3865-3876.

LI Xin, LU Jingtao, HUANG Wenxun. Capacity optimiza-
tion configuration of hybrid energy storage system for long
steep slope of high-speed railway under green electric trac-
tion scenarios[J]. Proceedings of the CSEE, 2025, 45(10):
3865-3876.

AR PH, ARG, ST, & RO R RESE A A 5|
Mt RGeS PSR IE [0]. L T AR 2R, 2024, 39(3):
745-757.

[12

]

GAO Fengyang, SONG Zhixiang, GAO Jianning, et al. En-
ergy management strategies for traction power systems with
PV and energy storage access[J]. Transactions of China elec-
trotechnical society, 2024, 39(3): 745-757.

WREEZRE, £/N, %2, 4 ST RPC HDGAEH A4z 5| it
G0 ORI U5 5 1], P S0 RS oA AR, 2024, 59(1):
1-10.

CHEN Weirong, WANG Xiaoyu, HAN Ying, et al. Coordi-
nated control method of photovoltaic and battery system
connected to traction power supply system based on railway
power conditioner[J]. Journal of southwest jiaotong univer-
sity, 2024, 59(1): 1-10.

[13] Biewn, 5, ol R, 45 . BT B A A AR 25 ) 42

[14] B an, s e, ki, 4 . S TR A RETR A 45K

[15

—_

FIBEHDOEIREBE R 2 R RS (0], AL T
TR, 2025, 45(4): 1477-1487.

LIAN Jingru, DAI Chaohua, YAO Zhigang, et al. Multi-lay-
er optimal control strategy for traction photovoltaic and en-
ergy storage system based on interphase bridging inverter-
railway energy router[J]. Proceedings of the CSEE, 2025, 45
(4): 1477-1487.

&

H

Bk it 2 5 | DGR At R R 58 S LR A4 il SR m [0, oh )
HIL T RR2E 47, 2025, 45(9): 3519-3529.

LIAN Jingru, DAI Chaohua, YAO Zhigang, et al. Railway
traction photovoltaic energy storage system based on a hy-
brid structure of interphase-bridging and back-to-back in-
verters and its optimization control strategy[J]. Proceedings
of the CSEE, 2025, 45(9): 3519-3529.

AT, W, B, S AR BRI 2O IR A =
He W75 58 B SRR T ST (0], W TR 224, 2025, 40
(21): 7062-7075.

GAO Yining, HU Haitao, GE Yinbo, et al. Research on dis-
tributed photovoltaic integration scheme along electrified
railways and its electrical characteristics[J]. Transactions of
China electrotechnical society, 2025, 40(21): 7062-7075.

[16] CHENG P, KONG H W, WU C, et al. Integrated configura-

tion and control strategy for PV generation in railway trac-
tion power supply systems[J]. CSEE journal of power and
energy systems, 2022, 8(6): 1603-1612.

[177FANY Q, LI Y, WEI F Y, et al. Research on the integration

of strip PV along the electrified railways into AC traction
substation[C]//IEEE. 2025 IEEE 16th International Sympo-
sium on Power Electronics for Distributed Generation Sys-
tems (PEDG). Nanjing: IEEE, 2025: 1-6.



74 it et 2025 4 11 /1

Research on multi-mode coordinated power scheduler for PV-storage
integrated railway traction power supply systems

BI Jingbin', WEI Fangyi’, LI Yan’, FANG Xiaochun’

(1. CRRC Qingdao Sifang Rolling Stock Research Institute Co., Ltd., Qingdao, Shandong 266114, China;
2. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To promote low-carbon development of railway traction power supply and maximize utilization of renewable energy re-
sources along railway routes and regenerative braking energy, this paper proposes a coordinated power scheduler topology for railway
traction power supply systems with multi-mode integration. The aim is to achieve efficient and coordinated scheduling of electric energy
supplied in different modes. First, this paper summarizes existing architectures for integrating photovoltaic (PV) - storage facilities into
railway traction power supply systems. These architectures are categorized based on voltage standards at access ports, and compared
from the perspectives of application characteristics and scenarios. Next, the operating mechanisms of the proposed multi-mode coordinat-
ed power scheduler are detailed, focusing on a multi-port power balancing mechanism and hierarchical control strategy, which enable
flexible interconnection of AC/DC hybrid energy sources. Finally, based on the design parameters of a 1 MW prototype, simulations
were carried out using MATLAB. Results demonstrate that the coordinated power scheduler support both low-voltage DC and high-volt-
age AC connections to traction power supply systems, and maintains total harmonic distortion (THD) of the connected traction networks
below 3%, significantly enhancing power quality and energy consumption efficiency.

Keywords: railway traction power supply system; photovoltaic (PV); energy storage; multilevel converter; topology
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