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Research on Acceleration-Time-Prediction-Based Energy
Management and Optimal Sizing of Onboard Energy Storage System

for Modern Trams
Zhu Feigin  Yang Zhongping Lin Fei Xia Huan
(School of Electrical Enigineering Beijing Jiaotong University Beijing 100044 China)

Abstract Short battery life and limited spacing are key problems in the application of energy storage
system for modern trams, bringing challenges to the energy management design and capacity configuration.
This paper firstly analyzes the influence factors of battery life, building an life estimation model based on
depth of discharge(DOD). An acceleration-time-based control strategy considering is proposed for
battery-supercapacitor hybrid energy storage system, in which the actual available power of supercapacitor
is calculated based on the predicted acceleration time, so as to determine the power distribution between
battery and supercapacitor. The proposed strategy determines the acceleration-time -prediction window
based on the periodicity of tram’s operation and takes the discharge time of supercapacitor into
consideration. Both simulation and experiment verify that the proposed strategy maximizes the capacity
utilization of supercapacitor, as a result of which the battery degradation is significantly reduced. In addition,
this paper makes optimal capacity configurations based on the general rule-based strategy and the proposed
strategy respectively to analyze the effect of control strategies on sizing results. Results show that the
proposed strategy remarkably reduces the life cycle cost by decreasing supercapacitor configuration and
prolongling battery life.

Keywords: Modern tram, hybrid energy storage, acceleration-time-prediction, energy management,
capacity configuration
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Tab.1 The relationship between battery’s maximum cycle

number and depth of discharge(DOD)
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30 18 100
40 11 800
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Fig.1 Schematic diagram of acceleration-time-prediction-based energy management strategy
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Tab.2 ESS configuration for simulation
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Tab.3 Calculation results of battery life
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Fig.3 The power profile for simulation
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Tab.4 The price of ESS and electricity
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Tab.5 Parameters of battery and supercapacitor
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Tab.6  Vehicle parameters
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Fig.5 Vehicle’s power profile
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Tab.7 The optimal configuration results under the

two strategies
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Tab.8 Ten-year Cost under the two strategies

(%fr: JiJ0)
ZERES BRI
AN RO A
A AR
FE A B AH SR 319 203 356 878
T, T 5 g 255 116 371 742

MENEARACEE RATAE B — 51, AN R RE
B RIS N i A SR A TR BE LR K
PR AR, AN EL 2 7 20K BOS 21 I 20 R

At U7, ke R G i ST B ) SN A
RACEILFFEW, 2R E A A A PR 2R ot 4
) SFE K X LTt 7 iy S K HY DR S 3 3 By, 3k i
L B A o AR SCAE Fir 412 Y 16 25 o 3k I 1 95000
oz s it A R E AL, TRSRA
RO AL T AR A A i A YT IC B A (1 R ROR

3 SKIEIIE

SXof AR 3L H 4 25 T R I T £ R A SR
W HEAT IR I I AE . SEIR T A 6 Fin, B giH
B, BB, XU DC-DC A8 2% LA K 41 42
B RG 4 K. Wi DC-DC M TEEBA AR S
FLBELR, SR g B ) B A . B A,
ARG tH PWM 2 i 2% A 8% 41 %, Ji i 4% i) PWM
A HLIR K/ 5 5 1) SR AL B B 1A [ g 4T T
Blo ASLIGHRIFIZE Rl 7 B, HAm
SIS )R 40 s. SEIGSF A 1 HL S S 50 if BE 28 1F 5
WK 9,

b |
v
‘c

== DSPIEHIZE |
b B

Ko RaftiERgLRmTH
Fig.6 The experimental platform of hybrid energy

storage system
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Fig.7 The simulated train’s current curve
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Tab.9 Parameters of the experimental platform
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Tab.10 Comparison of experimental results
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