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Abstract The battery-supercapacitor hybrid energy storage system (HESS) can effectively
recover the regenerative braking energy of the train and suppress the rise of the DC network voltage in
the application of urban rail transit. Based on the high power density characteristics of the
supercapacitor and the high energy density characteristics of the battery, a control strategy of the urban
rail wayside hybrid energy storage device based on the parallel dual-loop structure is proposed, and the
voltage reference curves of the battery and the supercapacitor are designed separately. With the goal of
reducing energy loss, the parameters of the voltage reference curve are selected. By reducing
unnecessary charging during the operation of the supercapacitor, it has the remaining capacity to meet
the high power demand, and can effectively reduce the start of the air brake while effectively
suppressing the rise of the network voltage. Finally, combined with the proposed control strategy and
simulation model, the actual line data is used for simulation analysis to verify that the proposed control
strategy can effectively reduce energy loss and improve the energy saving effect of the device.
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Fig.1 The structure of urban rail traction with HESS
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Fig.3 Simulation results of centralized voltage regulation
control based on battery priority power distribution strategy
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Fig.7 Prposed control strategy control block diagram
based on parallel dual-loop structure
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(charging process is considered)
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Fig.15 Effect of corresponding relationship of energy
storage elements
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Tab.3 Simulation configuration

E | Zz #OE
Uchar*/V 845
S1
Ugis*/V 800
Uchar*/v 860
S2
Ugis*IV 800
Uen_m/V 870
UstchﬁBa!/V 845
Ustch_SC/ \ 860
S3
P1/kW 400
Usta_gat/V 800
Usta_sc/V 800
1000y
case S1
case S2
950 case S3
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Fig.20 The curve of network voltage with time under

different control strategies
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Tab.4 Energy statistics under braking condition

Eb Ecross Ec Em Eline

Z
/kWh  /kWh /kWh /kWh  /kWh
S1 98.55 45.115 20.82 2548  7.135
S2 98.55 46.221 19.946 25.31 7.073
S3 98.55 46.154  22.33 23.08  6.986
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Tab.5 Energy comparison

e Esub/KWh AEes/kWh e[%]
S0 121.80 / /
s1 109.5 5.74 14.81
S2 108.4 4.87 15.00
S3 108.6 7.27 16.81
4 g
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