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Abstract

With the development of urban rail transit toward high capacity, high density and short headway
operation, the demand for efficient, reliable and energy-saving train traction and braking systems
is growing continuously. Nevertheless, certain conventional systems are constrained by the wheel-
rail adhesion limit, friction-braking wear and energy consumption control, which lead to insuffi-
cient dynamic response, limited stopping accuracy and waste of braking energy. Focusing on the
applications of electromagnetic principles in the traction and braking of urban rail transit, this pa-
per explores approaches to optimize the performance of core train equipment by adopting electro-
magnetic driving, electromagnetic braking and electromagnetic-induction positioning technologies.
It systematically analyzes key technologies including linear induction motor (LIM) traction, regen-
erative and eddy-current braking, and balise-based electromagnetic positioning, establishes a trac-
tion-braking cooperative control model and an energy consumption mathematical model based on
electromagnetic theories, formulates the dynamic coordination logic of braking force allocation as
a finite state machine, and verifies their effects on improving dynamic response, reducing mechan-
ical wear and realizing precise station stopping through simulations and scaled prototype experi-
ments. In the simulations, the proposed PID-plus-feedforward controller is further compared with
model predictive control (MPC) in terms of tracking accuracy, disturbance rejection, energy con-
sumption and real-time performance. The research reveals that a properly designed electromag-
netic traction-braking system can remarkably improve the acceleration/deceleration performance
and energy efficiency ratio of trains, providing a reliable solution for rapid, smooth and energy-
saving operation under high-density service conditions. This study offers theoretical foundations
and practical references for the electromagnetic design of urban rail transit equipment, and bears
positive engineering application value in advancing rail transit systems toward greater intelligence,
sustainability and greenness.
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Figure 1. Hardware connection diagram of the system (train communication network bus topology)
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Figure 2. Software information interaction diagram (data flow and communication protocols)
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Figure 3. State machine of the dynamic coordination logic for braking force allocation
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Figure 5. Performance evaluation of the electromagnetic system in inter-station running and station-stopping scenarios
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Figure 6. Performance comparison of the PID-plus-feedforward controller and MPC
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Table 4. Performance comparison of the control strategies (AW2 load, station stopping scenario)
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Table 5. Prototype experiment results and discussion
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