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(57) ABSTRACT 

A vehicle includes a charging unit receiving electric poWer 
from an external poWer source and externally charging a 
poWer storage unit. When a connector unit is coupled to the 
vehicle and a state ready for charging by the external poWer 
source is attained, a controller predicts degradation ratio of 
the poWer storage unit at the time point of completion of 
external charging based on degradation characteristic of the 
poWer storage unit in connection With SOC and battery tem 
perature obtained in advance, and sets target state of charge of 
each poWer storage unit based on the battery temperatures so 
that the predicted degradation ratio does not exceed tolerable 
degradation ratio at the time point of completion of external 
charging. Then, the controller controls corresponding con 
verters such that SOCs of poWer storage units attain the target 
states of charge. 

10 Claims, 17 Drawing Sheets 
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POWER SUPPLY SYSTEM AND VEHICLE 
WITH THE SYSTEM 

This nonprovisional application is based on Japanese 
Patent Application No. 2008-192405 ?led on Jul. 25, 2008 
With the Japan Patent Of?ce, the entire contents of Which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a poWer supply system and 

a vehicle provided With the system and, more speci?cally, to 
a poWer supply system including a poWer storage unit and a 
vehicle provided With the same. 

2. Description of the Background Art 
Recently, considering environmental issues, vehicles using 

electric motors as driving poWer sources such as electric 
vehicles, hybrid vehicles and fuel cell vehicles have attracting 
attention. On such a vehicle, a poWer storage unit formed by 
a secondary battery or an electric double layer capacitor is 
mounted, for supplying electric poWer to the motor or for 
converting kinetic energy to electric energy for storage at the 
time of regenerative braking. 

In order to improve running performance of such a vehicle, 
the poWer storage unit must be of high reliability. Meanwhile, 
charging/ discharging performance of the poWer storage unit 
much depends on the state of use, and over-charging or over 
discharging leads to degradation. 

Therefore, charge/discharge control of the poWer storage 
unit for reducing degradation of poWer storage unit has been 
proposed. By Way of example, Japanese Patent Laying-Open 
No. 10-164761 discloses a control structure for a battery 
mounted on a hybrid vehicle, in Which conditions for starting 
and ending battery charge are found not to cause internal heat 
generation at the poWer storage unit. 

According to the disclosure, in order to reduce battery 
degradation caused by increased temperature, conditions for 
starting charging With optimal charge/discharge period in 
accordance With ambient temperature in a vehicle are found 
to be the battery charge starting conditions. Further, in order 
to reduce battery degradation caused by increased tempera 
ture, conditions for ending charging With optimal charge/ 
discharge state (depth of discharge) in accordance With ambi 
ent temperature in a vehicle are found to be the battery charge 
ending conditions. 

For a hybrid vehicle in Which internal combustion engine 
and electric motor are ef?ciently combined for running, a 
structure has been proposed in Which the poWer storage unit 
mounted on the vehicle is electrically connected to an exter 
nal poWer source such as commercial poWer supply through a 
connector, to enable charging of the poWer storage unit from 
the external poWer source. When the poWer storage unit is 
charged beforehand from the external poWer source, running 
for a short distance such as commuting or shopping becomes 
possible With the internal combustion engine stopped, and 
general fuel consumption ef?ciency can be improved. Such 
charging of the poWer storage unit from external poWer 
source is sometimes referred to as external charging. 
On the other hand, if a hybrid vehicle With such external 

charging mode is externally charged While the vehicle system 
is stopped, it folloWs that the poWer storage unit is left unused 
With high SOC (State of Charge) value, from the end of 
external charging to the next activation of the vehicle system. 

Degree of degradation of poWer storage unit such as a 
secondary battery much differs dependent on the environ 
ment of usage, and degree of degradation may increase at a 
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2 
high temperature or at a high SOC state. Therefore, if the 
poWer storage unit is left unused in the high SOC state after 
completion of external charging, degradation of poWer stor 
age unit is disadvantageously accelerated. Japanese Patent 
Laying-Open No. 10-164761 mentioned above is silent about 
any solution to such a problem. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a poWer 
supply system capable of reducing degradation of poWer stor 
age unit and a vehicle provided With the system. 

According to an aspect, the present invention provides a 
poWer supply system supplying electric poWer to a load 
device mounted on a vehicle. The poWer supply system 
includes: a rechargeable poWer storage device; a temperature 
detecting unit for detecting temperature of the poWer storage 
device; a state estimating unit for estimating state of charge of 
the poWer storage device; a charging unit for externally charg 
ing the poWer storage device by receiving electric poWer from 
an external poWer source; and a control unit for controlling 
charging/discharging of the poWer storage device. The con 
trol unit includes a target value setting unit for setting, When 
the poWer storage device attains to a state ready for charging 
by the external poWer source, a target state of charge of the 
poWer storage device in accordance With the temperature of 
the poWer storage device, and a charge control unit for con 
trolling charging poWer to the poWer storage device such that 
state of charge of the poWer storage device attains to the target 
state of charge. 

Preferably, the target value setting unit predicts degrada 
tion ratio of the poWer storage device at a time point of 
completion of external charging, based on degradation char 
acteristic of the poWer storage device in connection With the 
state of charge and the temperature of poWer storage device 
obtained in advance, and sets the target state of charge in 
accordance With the temperature of poWer storage device 
such that predicted degradation ratio does not exceed toler 
able degradation ratio at the time point of completion of 
external charging. 

Preferably, the control unit further includes a temperature 
predicting unit for predicting the temperature of poWer stor 
age device at the time point of completion of external charg 
ing, by estimating degree of temperature increase of the 
poWer storage device during execution of external charging. 
The target value setting unit predicts degradation ratio of the 
poWer storage device at a time point of completion of external 
charging, based on predicted temperature of the poWer stor 
age device at the time point of completion of external charg 
ing predicted by the temperature predicting unit, and sets the 
target state of charge in accordance With the predicted tem 
perature of the poWer storage device such that the predicted 
degradation ratio does not exceed tolerable degradation ratio 
at the time point of completion of external charging. 

Preferably, the control unit further includes a temperature 
estimating unit for obtaining a required time period necessary 
from a starting time point of external charging until the exter 
nal charging is completed and the poWer storage device is 
used, and estimating temporal change of temperature of the 
poWer storage device in the required time period, a degrada 
tion ratio calculating unit for calculating temporal change of 
degradation ratio of the poWer storage device in the required 
time period, based on the temporal change of temperature of 
the poWer storage device estimated by the temperature esti 
mating unit and temporal change of state of charge of the 
poWer storage device, and a target value correcting unit for 
calculating an amount of degradation of the poWer storage 


































