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Fig. 1 Schematic diagram of electrical connections and power supply relationships of traction system in double-end power supply
configuration based on the three-step method
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Fig. 2 Time-varying stator segment currents in double-end
power supply configuration based on the three-step method
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Fig. 3 Ring network topology of stator switching station
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Fig. 4 Test path of ring network for stator switching station in high-speed maglev system

100
80
§ 60 —CCUIF.&Nh
3 —CCU2TF kN
40 —CCU3T &N
—CCULEs
20 — CCU24th
— CCU3 it
0
0 20 40 60 80

E)/s
K5 ASpmas il i AEk

Fig. 5 Variation in traction force allocation by converters

200,
— B T.h
— BN
100}
Z o
]
—100}
—200—5 50 100 150 200

H)/s
Ko Z51Bea IS it
Fig. 6 Variation in allocated resultant traction force
and feedback resultant force

2 BEAEHRGHESHRNEE

U R LIRS R G LT R GR R
SE T HAHLEKS i, EMERGE T TRE . il
IR LA AR SR 2R EAAE R e, 2
THHL I A R 2% o o LT R GERE T B U T A
T AP ER R B LK) RS SRR A

T ZIA] s T i B BK 5l R st 7 R ATk Bl
B LVAL, T BEOHR AR A DO R 4 =
TIPSR . A ELHENT R T2 AR G 4 1 R 25 07 5
S O R R A B R G I e v s T, T
SR TR T R o 28 SR AR A B X B

PR TEERGE . I EAR IR R G R H A
N RGBS S B 22 R 3R 1 R .

HIZR IR AL, 328 RGBT A% 022 A
TR R S PESR bR . B RGR 2
R0 2R B AT AR RE A T 5 ey 1 e AR KB AR
RZET R VISR . REREFIAR,
SEI PR ORI T, H A s A RSl R G0 LA
ISR L UTINE (e e

Zi b, ASCEBUA BORBCR IR b, 1717 3
e AR B R, 2 S AR S L 3
T3 A O R 45 o A BB BRI SRR APV 5,
2R D R 0T 0 PO 245 F) B AT T REL B 5 ARSI

2.1 BEEREhARGRIREPUAG B LN

LI R GITR AW L = kop A
TEDIE R R 2 MBS R AR B LS, HAZL O AR
N JPRUMRE, AR A T EE RS, HE
B TR HAME. XU A S A
W) A Bk . ARG S, RS T B
TE B R AR bR, AR I WS T A Y e R
VR BRER AR, & HAESBEEL Ik, m
RO FRRER S I TERE . HLAh, PIIAFI =40
ILIRAFAE R R XME R R L, 2K 07 ik, 2T
PR R P AN [R) AR A AR R A, 0 XU AR A Y
() A SR ey, T g T T2k K 0 R X 4 20 i
R RE M RS 2 A9 SR & T R, B TR A
A Gk T A R oK 28 E, R RS
B J50k, ORI RO R HE ) A AL 2 Bl



220 it et

2026 43 H

Rl 3MRZEINZYEXT L

Table 1 Multi-dimensional comparison results across three types of systems
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Fig. 7 Schematic diagram of electrical connections and power supply relationships of traction system in single-end power supply

based on the leapfrog method
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Fig. 8 Time-varying stator segment currents in single-end
power supply configuration based on the leapfrog method
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Fig. 15 Schematic diagram of time delay test for optical fiber
control board
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Fig. 16 Test of FPGA processing time delay for optical fiber control board
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Research on ground distributed network for microsecond-level switching control
CAO Wei', XIAO Jian', ZHAO Anfeng', XU Juan', ZHANG Baojian', SHI Yu’

(1. Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 421001, China;
2. CRRC Zhuzhou Institute Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: Drive systems based on long-stator linear motors, including high-speed maglev systems, high-speed linear drive systems,
and ultra-high-speed linear drive systems, all exhibit strong "source-control-network-terminal" coupling characteristics. As the core com-
ponent of the "network" layer, the ground distributed network connects the traction control units and stator switch groups; its real-time
performance and reliability therefore determine the stator commutation response and traction output capacity, making it key to ensuring
stable and efficient drive system operation. For ultra-high-speed linear drive systems, commutation control by stator switching already
achieves microsecond-level response, which imposes stricter performance requirements on the ground distributed network. This paper
proposes a distributed control network design method to support microsecond-level stator switching under ultra-high-speed operating
conditions. The commutation strategy and network architecture used in high-speed maglev systems are first reviewed, to clarify that their
millisecond-level switching response is inadequate in ultra-high-speed scenarios. A novel “power module-commutation unit” distributed
control architecture is then proposed to close this gap, featuring an optimized network topology and real-time transmission mechanism,
to reduce commutation response delays to the microsecond range. Performance verification was carried out on a high-speed linear drive
test bench. Experimental results show that the proposed method reduces switching control delays from milliseconds to microseconds,
yields more continuous and stable traction output, and suits application scenarios requiring higher accelerations and operating speeds.
The proposed novel distributed control network architecture breaks the real-time performance bottleneck of existing networks, providing
theoretical support and engineering application references for future design of ultra-high-speed linear drive systems.

Keywords: ground distributed network; microsecond-level switching control; ultra-high-speed linear drive; sectional power

supply; experimental verification
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