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Abstract: To address technical challenges in capacity configuration, safety design, energy management, and energy-saving
evaluation for urban rail transit regenerative braking energy utilization systems, this paper proposes the new-generation stored
regenerative braking energy utilization system, eRAM. We develop: (1) capacity optimization model and algorithm based on
parameter decomposition; (2) a multi-level safety architecture considering rail transit application scenarios; (3) an interval
energy dynamic allocation algorithm based on key parameter identification; (4) distributed cooperative control strategy based
on deep reinforcement learning; and (5) data-driven condition monitoring and life prediction of energy storage components
based on data driven. We present the basic principles and key technologies of each major component and evaluate their
demonstration performance on the Beijing Metro Batong Line, providing a useful reference for advancing regenerative
braking energy recovery and utilization in urban rail transit.
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Figure 1 Capacity optimization strategy for regenerative
energy utilization in the Batong Line
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Figure 2 Safety design of “five horizontal and three vertical”
in the Batong Line demonstration project
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Figure 3 Relationship between train residual power status,
departure interval, and no-load voltage
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Figure 4 No-load voltage fluctuation curve
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Table 1 Main technical parameters of 1.5 MW
supercapacitor energy storage device

A H HRAEHK
&3] WA & & 700 ~1 000 V
b A 3000 A
R R E 9.75 kWh
Bk i 7.56 kWh
B EIRAFE >92%
AR F2414E: 800 x 1200 % 2250 mm, <500 kg
3 TR EAE: 600 % 12002250 mm, <700 kg
A

A EAE: 1000 X 1200 X 2 250 mm, <1 400 kg

T2 IMW ESHEERETERASY
Table 2 Main technical parameters of 1 MW hybrid
energy storage device

7R RS H

3| WA & 700 ~ 1 000 V
BRI G R 2400 A

R KRAEEEE 57.2 kWh

Epikiyisa 45.64 kWh
i e S &S >92%

FHAE: 800 % 1200 X 2 250 mm, <500 kg
AEAR R Fo TR EAE: 600 % 1200 %2250 mm, <700 kg

£ AELE W, 4B : 1000 % 1 200 X 2 250 mm, <1 400 kg
wbAE: 1200 % 1200x 2250 mm, <l 600kg
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Table 3 Energy-saving data statistics for typical stations
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