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Abstract The energy storage system of a pure electric vehicle must meet the requirements of high power
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density and high energy density at the same time. However, it is difficult for a single energy storage unit to
have these two characteristics in the meantime currently. Reasonable hybridization of high energy density
lithium batteries and high power density supercapacitors is an effective solution to the problems. This research
designs a lithium battery/supercapacitor hybrid energy storage system for the BMW 13 pure electric vehicle
and proposes a driving condition-adaptive rule-based energy management strategy for the hybrid energy
storage system, which takes into account the requirements of external working conditions and the charging
status of battery and supercapacitor. Based on the idea of rapid control prototype, a verification platform for the
proposed energy management strategy of the hybrid energy storage system is established with the dSPACE as the
control center. The experimental verification of the energy management strategy is completed with an external
electric loading equipment which can edit power requirement parameters. The experimental results show that,
the hybrid energy storage system equipped with energy management strategy presents good performances on
both energy and power densities, better meet the requirements of modern pure electric vehicles for endurance
mileage and power performance. At the same time, it can save energy, and may play a role in extending the life
cycle of energy storage system.

Keywords clectric vehicle; hybrid energy storage system; battery; supercapacitor; energy management
strategy; rapid control prototype
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Fig.1 Schematic diagram of energy flows in an electric vehicle with an hybrid energy storage system
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Fig.2 Efficiency diagram of electric motor
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Table 5 Parameters of experimental components
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Fig. 7 Rapid control prototype test bench
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supercapacitor in HESS under NEDC condition

A
1000} o
= — s
$ 0r L My MmN M_A'_
R ‘ ALl O sl O
—1000 ! ; : - : 1

0 200 400 600 800 1000 1200 1400
0.90 ——— - - '
o —H it
S 085¢ ORI

0.80} A A A i

0 200 400 600 800 1000 1200 1400
] (s)

10 UDDS TR HESS {2t 5B A LI KR E
Fig. 10 Experimental results of lithium battery and

supercapacitor in HESS under UDDS condition
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Table 6 Average power changing rates of battery

HESS Hijth1f R IR

LI oty (wi) At (wie) R OO
CATC 61.61 81.59 24.49
NEDC 32.90 43.78 24.85
UDDS 66.23 90.12 26.51

®7 BMERTHE

Table 7 Average current values of battery

TAERE BRI () BER (%)
2 41kRE LI
CATC I3l 1.27 1.99 55.84
NEDC 3E#) 1.39 2.19 58.37
UDDS JE3) 1.39 2.18 56.43
CATC fhillzh —1.01 —1.69 68.60
NEDC {5} —0.94 —1.68 77.79
UDDS |3 —0.75 —1.31 75.64

*8 Mt SOC R&{E
Table 8 Final SOC of battery

SOC
FrifE T THEE (%)
HESS Hiith A
CATC 0.891 7 0.870 8 2.40
NEDC 0.8925 0.877 1 1.75
UDDS 0.892 6 0.877 1 1.76
N, A RE 2R GUHE 2 2 R RO b R A EAE

FE, D9 e b oy H R A o s T LE S EL L A E AR
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