ERFRWIGE D (EEISHEMES

IEEJ Transactions on Industry Applications
Vol.135 No.9 pp.1-8  DOI: 10.154ikejias.135.1

s
TN

e
S

i

\;
»

X

TS
aff

Capacity Design of Supercapacitor-Battery Hybrid Energy System with Repetitive Charging

Toshiyuki Hiramatsty Student Member, Xiaoliang HuatigNon-member, Masaki Kat, Member, Yoichi Hori*, Fellow

Battery systems, widely used as energy storage devices for electric vehicles (Eis)frem issues such as short
lifetimes and low power density. In this paper, a hybrid energy storage system (HESS), which is a combination of a
supercapacitor (SC) and a battery, that can be charged using wireless power transfer (WPT) technology, is presented.
This combination can achieve the desired energy capacity and power density. Moredbers iho acceptable energy
storage size for applications such as EVs and machines. In order to optimize the system for the energy and power re-
quirements of a power train system, an optimal design principle for the HESS is proposed. The battery charge degree,
Q, is defined and calculated to minimize the entire weight of the HESS. The optimal SC ratio can be obtained on the
basis of the defined operation constraints. This optimal combination can reduce the weight of the storage system by
30% for the given operation pattern. Furthermore, under some conditions with optimized charge times, the SC can
serve as the sole operated energy storage device and charge power can be increased using WPT.
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Fig.1. The electric operating machine with HESS
repetitive charging using WPT.
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Fig.2. The scheme of system applied WPT to HESS.
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Fig.3. Anexample of the operation pattern.
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Table 1. Definition of the constant parameters for HESS
and WPT.
Ep [Wh] Total energy for operation
Eo [Wh] Initial energy of HESS
Echret [Wh] | Demanded Energy per one charge
Pp [W] Maximum power
Pedis [W/kg] | Discharge power density of battery
Pach [W/kg] Charge power density of batter
egat [Wh/kg] Energy density of battery
Egat [Wh/kg] Energy of battery
Pgais [W/kg] Discharge power of battery
Pgcn [W/kg] Charge power of battery
Pgchref [W] | Demanded charge power of battgry
psc [W/kg] Power density of SC
esc [Why/kg] Energy density of SC
Psc[W] Power of SC
Pscref[W] Demanded charge power of SQ
Esc[Wh] Energy of SC
Pgis [W] Discharge power of HESS
Pcharge [W] Charge power of HESS
Echarge [Wh] Charge energy of HESS

Table 2. Definition of the variable parameters for HESS
and WPT.

a Weight ratio of SC

n The number of charge

Q Charge degree
Pwet [W] Charge power from WPT
Muess kgl Weight of HESS
Tenawe [N] | The total of the charge timg
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Fig.10. HESS weight in the case Qf= 0.1.
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Fig. 13. HESS weight in the case of charging 4.5 kW.
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