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(57) ABSTRACT 

Disclosed herein is a method for controlling the battery 
charging of an electric vehicle. In the battery charging 
control method, ?rst of all, if the voltage of the battery 
modules satis?es ?rst failure criteria in a charging mode, it 
is determined Whether the voltage of battery modules satis 
?es second failure criteria less strict than the ?rst failure 
criteria. If yes, the state of a battery is considered as a battery 
failure and the battery is not charged. If no, the battery is 
charged for a certain period of time on the charging condi 
tion of a failure mode stricter than the charging condition of 
a normal mode. Thereafter, it is determined Whether the 
voltage of the battery modules measured after the perfor 
mance of the failure mode charging satis?es the ?rst failure 
criteria. If yes, the state of the battery is considered as a 
failure and the battery is not charged. If no, the battery is 
charged on the charging condition of the normal mode. 
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METHOD FOR CONTROLLING BATTERY 
CHARGING OF ELECTRIC VEHICLE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to an elec 
tric vehicle, and more particularly to a method for control 
ling the battery charging of an electric vehicle, in Which if 
a battery is determined as a failure according to a conven 
tional ?rst failure criteria in a charging mode, the battery is 
inspected according to a second failure criteria less strict 
than the conventional ?rst failure criteria and the battery 
charging is performed according to the result of the inspec 
tion. 

[0003] 2. Description of the Prior Art 

[0004] Current automobile engines utiliZe energy obtained 
by burning fossil fuel in cylinders as their poWer, so eXhaust 
gas generated in the cylinders includes harmful substances 
such as NOX, HC, CO, etc. These substances pollute the 
atmosphere and do harm to human beings, resulting in an 
environmental pollution problem. 

[0005] Recently, electric vehicles that can resolve the 
aforementioned pollution problem have been developed and 
used. Such an electric vehicle includes a battery, a controller, 
a motor, a driving gear, etc. The electric vehicle is operated 
in such a Way that the motor is driven by poWer from the 
charged battery and the driving gear is operated by poWer 
from the motor. 

[0006] In such a case, in the battery of the electric vehicle, 
a plurality of cells constitute a battery module (12V), and a 
plurality of such battery modules constitute a battery pack so 
as to meet the required voltage of a driving source. 

[0007] FIG. 1 is a ?oWchart shoWing a method for con 
trolling the battery charging of a conventional electric 
vehicle. First of all, the voltage of the battery pack com 
prised of a plurality of battery modules is detected at a step 
S1. Subsequently, the average voltage (Vb_avg) of battery 
modules is calculated by dividing the voltage of the battery 
pack by the number of the battery modules constituting the 
battery pack at a step S2. Thereafter, a variable ‘i’ is set for 
‘0’ at a step S3, Where the variable ‘i’ designates a battery 
module number. 

[0008] Subsequently, a difference value (Vb_module(i) 
Vb_avg) betWeen the voltage (Vb_module(i)) of the battery 
modules and the average voltage (Vb_avg) is compared to a 
predetermined reference difference value (Vdiff_cut) at a 
step S4. If the difference value (Vb_module (i)-Vb_avg) is 
equal to or greater than the reference difference value 
(Vdiff_cut), a step S10 is performed; While if the difference 
value (Vb_module (i)-Vb_avg) is equal to or less than the 
reference difference value (Vdiff_cut), a step S5 is per 
formed. 

[0009] The voltage (Vb_module of the battery mod 
ules is respectively compared to a preset maXimum failure 
reference voltage value (Vb_maX) and a preset minimum 
failure reference voltage value (Vb_min) at the step S5. If 
the voltage (Vb module of battery modules is equal to or 
greater than the maXimum failure reference voltage value 
(Vb_maX), or equal to or less than the minimum failure 
reference voltage value (Vb_min), the step S10 is per 
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formed; While if the voltage (Vb_module of battery 
modules is less than the maXimum failure reference voltage 
value (Vb_maX) and greater than the minimum failure 
reference voltage value (Vb_min), a step S6 is performed. 

[0010] The voltage (Vb_module of the battery mod 
ules is respectively compared to a preset maXimum Warning 
reference voltage value (Vb_Warn_maX) and a preset mini 
mum Warning reference voltage value (Vb_Warn_min) at the 
step S6. If the voltage (Vb_module of the battery 
modules is equal to or greater than the maXimum Warning 
reference voltage value (Vb_Warn_maX), or equal to or less 
than the minimum Warning reference voltage value 
(Vb_Warn_min), a step S7 is performed; While if the voltage 
(Vb_module of the battery modules is less than the 
maXimum Warning reference voltage value (Vb_Warn_maX) 
and greater than the minimum Warning reference voltage 
value (Vb_Warn_min), a step S8 is performed. 

[0011] Battery Warning is set at the step S7. In this case, 
if the number of the Warned battery modules is greater than 
a certain number (for eXample, three), the control process of 
the battery failure is performed. 

[0012] Subsequently, a variable ‘i’ is increased by adding 
“1” to the variable ‘i’ at the step S8. It is determined Whether 
the value of the variable ‘i’ is greater than the value obtained 
by subtracting 1 from the number of the battery modules at 
a step S9. If the value of the variable ‘i’ is greater than the 
value obtained by subtracting ‘1’ from the number of the 
battery modules, the procedure returns to a main routine for 
controlling the entire state of the electric vehicle; While if the 
value of the variable ‘i’ is equal to or smaller than the value 
obtained by subtracting ‘1’ from the number of the battery 
modules, the procedure returns to the step S4. 

[0013] That is, the steps S3, S8 and S9 are provided for 
sequentially performing the steps S4 to S7 in regard to all the 
battery modules constituting the battery pack. 

[0014] Battery failure is set at the step S10, and, in this 
case, both driving and charging are impossible. 

[0015] HoWever, in the above-mentioned conventional 
battery charging method for an electric vehicle, When only 
one battery module fails, both driving and charging are 
impossible. At this time, if the battery is left for a certain 
period of time Without repair, there occurs a problem that 
even normal battery modules eXcept for the failed battery 
module are deteriorated due to deep discharging caused by 
self-discharging. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, the present invention has been made 
keeping in mind the above problems occurring in the prior 
art, and an object of the present invention is to provide a 
method for controlling the battery charging of an electric 
vehicle, in Which if a battery is determined as a failure 
according to a conventional ?rst failure criteria in a charging 
mode, the battery is inspected according to a second failure 
criteria less strict than the conventional ?rst failure criteria 
and the battery charging is performed according to the result 
of the inspection, so the battery can be charged When a part 
of battery modules fail, thereby preventing the performance 
of normal battery modules from being deteriorated due to 
deep discharging by self-discharging. 
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[0017] In order to accomplish the above object, the present 
invention provides a method for controlling the battery 
charging of an electric vehicle, comprising the steps of: 
determining Whether the voltage of battery modules satis?es 
second failure criteria less strict than ?rst failure criteria, if 
the voltage of the battery modules satis?es the ?rst failure 
criteria in a charging mode; considering the state of a battery 
as a battery failure and not charging the battery, if the 
voltage of the battery modules satis?es the second failure 
criteria; charging the battery for a certain period of time on 
the charging condition of a failure mode stricter than the 
charging condition of a normal mode, if the voltage of the 
battery modules does not satisfy the second failure criteria; 
determining Whether the voltage of the battery modules 
measured after the performance of the failure mode charging 
satis?es the ?rst failure criteria; considering the state of a 
battery as a failure and not charging the battery, if the 
voltage of the battery modules measured after the perfor 
mance of the failure mode charging satis?es the ?rst failure 
criteria; and charging the battery on the charging condition 
of the normal mode, if the voltage of the battery modules 
measured after the performance of the failure mode charging 
does not satisfy the ?rst failure criteria. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and other objects, features and other 
advantages of the present invention Will be more clearly 
understood from the folloWing detailed description taken in 
conjunction With the accompanying draWings, in Which: 

[0019] FIG. 1 is a ?owchart shoWing a conventional 
method for controlling the battery charging of an electric 
vehicle; and 

[0020] FIGS. 2 and 3 are ?oWcharts shoWing a method 
for controlling the battery charging of an electric vehicle in 
accordance With a preferred embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] FIGS. 2 and 3 are ?oWcharts shoWing a method 
for controlling the battery charging of an electric vehicle in 
accordance With a preferred embodiment of the present 
invention. 

[0022] As shoWn FIG. 2, it is determined Whether a failure 
charging mode is set at a step S11. If the failure charging 
mode is set, a step S23 is performed; While if the failure 
charging mode is not set, a step S12 is performed. In this 
case, if the voltage of the battery modules satis?es a ?rst 
failure criteria, the failure charging mode is set; if the 
voltage of the battery modules measured after performing 
failure mode charging does not satisfy the ?rst failure 
criteria, the failure charging mode is cancelled. 

[0023] The voltage of the battery pack comprised of a 
plurality of battery modules is detected at the step S12. 
Subsequently, the average voltage (Vb_avg) of the battery 
modules is calculated by dividing the voltage of the battery 
pack by the number of the battery modules constituting the 
battery pack at a step S13. Avariable ‘i’ is set for ‘0’ at a step 
S14, Where the variable ‘i’ designates a battery module 
number. 

[0024] Subsequently, a difference value (Vb_module Vb_avg) betWeen the voltage (Vb_module of the battery 
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modules and the average voltage (Vb_avg) is compared to a 
preset reference difference value (Vdiff_cut) at a step S15. If 
the difference value (Vb_module (i)-Vb_avg) is equal to or 
greater than the reference difference value (Vdiff_cut), a step 
S21 is performed; While if the difference value (Vb_module 
(i)-Vb_avg) is equal to or less than the reference difference 
value (Vdiff_cut), a step S16 is performed. 

[0025] The voltage (Vb_module of the battery mod 
ules is respectively compared to a preset maXimum failure 
reference voltage value (Vb_maX) and a preset minimum 
failure reference voltage value (Vb_min) at the step S16. If 
the voltage (Vb_module of the battery modules is equal 
to or greater than the maXimum failure reference voltage 
value (Vb_maX), or equal to or less than the minimum 
failure reference voltage value (Vb_min), the step S21 is 
performed; While if the voltage (Vb_module of the 
battery modules is less than the maXimum failure reference 
voltage value (Vb_maX) and greater than the minimum 
failure reference voltage value (Vb_min), a step S17 is 
performed. 
[0026] The voltage (Vb_module of the battery mod 
ules is respectively compared to a preset maXimum Warning 
reference voltage value (Vb_Warn_maX) and a preset mini 
mum Warning reference voltage value (Vb_Warn_min) at the 
step S17. If the voltage (Vb_module of the battery 
modules is equal to or greater than the maXimum Warning 
reference voltage value (Vb_Warn_maX), or equal to or less 
than the minimum Warning reference voltage value 
(Vb_Warn_min), a step S18 is performed; While if the 
voltage (Vb_module of the battery modules is less than 
the maXimum Warning reference voltage value 
(Vb_Warn_maX) and greater than the minimum Warning 
reference voltage value (Vb_Warn_min), a step S19 is per 
formed. 

[0027] Battery Warning is set at the step S18. In this case, 
if the number of the Warned battery modules is greater than 
a certain number (for eXample, three), the control process of 
the battery failure is performed. 

[0028] Subsequently, a variable ‘i’ is increased by adding 
‘1’ to the variable ‘i’ at the step S19. It is determined Whether 
the value of the variable ‘i’ is greater than the value obtained 
by subtracting ‘1’ from the number of the battery modules at 
a step S20. If the value of the variable ‘i’ is greater than the 
value obtained by subtracting ‘1’ from the number of the 
battery modules, the procedure returns to a main routine for 
controlling the entire state of the electric vehicle; While if the 
value of the variable ‘i’ is equal to or smaller than the value 
obtained by subtracting ‘1’ from the number of the battery 
modules, the procedure returns to the step S15. 

[0029] That is, the steps S14, S19 and S20 are provided for 
sequentially performing the steps S15 to S18 in regard to all 
the battery modules constituting the battery pack. 

[0030] MeanWhile, it is determined Whether current mode 
is a charging mode or driving mode at the step S21. If the 
current mode is the charging mode, a step S22 is performed; 
While if the current mode is the driving mode, a step S31 is 
performed. At the step S22, a failure charging mode is set. 

[0031] Subsequently, at the step S23, the difference value 
(Vb_module (i)-Vb_avg) betWeen the voltage (Vb_module 

of the battery modules and the average voltage (Vb_avg) 
is compared to a preset second reference difference value 
(Vdiff_cut1) that is set to be higher than the ?rst reference 
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difference value (Vdiff_cut). If the difference value 
(Vb_module (i)-Vb_avg) is equal to or greater than the 
second reference difference value (Vdiff_cutl), a step S31 is 
performed; While if the difference value (Vb_module (i) 
Vb_avg) is equal to or less than the second reference 
difference value (Vdiff_cutl), a step S24 is performed. 

[0032] The voltage (Vb_module of the battery mod 
ules is respectively compared to a preset second maximum 
failure reference voltage value (Vb_maxl) set to be higher 
than the ?rst maXimum failure reference voltage value 
(Vb_maX) and a preset second minimum failure reference 
voltage value (Vb_minl) set to be loWer than the ?rst 
minimum failure reference voltage value (Vb_min) at the 
step S24. If the voltage (Vb_module of the battery 
modules is equal to or greater than the second maXimum 
failure reference voltage value (Vb_maxl), or equal to or 
less than the second minimum failure reference voltage 
value (Vb_minl), a step S31 is performed; While if the 
voltage (Vb_module of the battery modules is less than 
the second maXimum failure reference voltage value 
(Vb_maxl) and greater than the second minimum failure 
reference voltage value (Vb_minl), a step S25 is performed. 

[0033] The battery is charged on the charging condition of 
a failure mode stricter than the charging condition of a 
normal mode at the step S25. That is, the charging condition 
is caused to be stricter in such a Way that the amount of the 
charging current is loWered in comparison With that of the 
charging condition of the normal mode, the charging limi 
tation temperature of the battery is loWered in comparison 
With that of the charging condition of the normal mode, or 
the like. 

[0034] Subsequently, it is determined Whether a battery 
charging time for Which the battery has been charged on the 
charging condition of the failure charging mode is equal to 
or greater than a reference time at a step S26. If the battery 
charging time is equal to or greater than the reference time, 
a step S27 is performed; While the battery charging time is 
less than the reference time, the procedure returns to a main 
routine for controlling the entire state of the electric vehicle. 

[0035] Subsequently, a difference value (Vb_module (i) 
Vb_avg) betWeen the voltage (Vb_module of the battery 
modules and the average voltage (Vb_avg) is compared to 
the ?rst reference difference value (Vdiff_cut) at the step 
S27. If the difference value (Vb_module (i)-Vb_avg) is 
equal to or greater than the ?rst reference difference value 
(Vdiff_cut), a step S31 is performed; While if the difference 
value (Vb_module (i)-Vb_avg) is less than the ?rst refer 
ence difference value (Vdiff_cut), a step S28 is performed. 

[0036] The voltage (Vb_module of the battery mod 
ules is respectively compared to the preset ?rst maXimum 
failure reference voltage value (Vb_maX) and the preset ?rst 
minimum failure reference voltage value (Vb_min) at the 
step S28. If the voltage (Vb_module of the battery 
modules is equal to or greater than the ?rst maXimum failure 
reference voltage value (Vb_maX), or equal to or less than 
the ?rst minimum failure reference voltage value (Vb_min), 
a step S31 is performed; While if the voltage (Vb_module 
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of the battery modules is less than the ?rst maXimum 
failure reference voltage value (Vb_maX) and greater than 
the ?rst minimum failure reference voltage value (Vb_min), 
a step S29 is performed. 

[0037] At the step S29, the failure charging mode is 
removed. At a step S30, the battery is charged under the 
charging condition of the normal mode. At the step S31, the 
battery failure is set, and, at this time, both driving and 
charging are impossible. 

[0038] As described above, the present invention provides 
a method for controlling the battery charging of an electric 
vehicle, in Which if a battery is determined as a failure 
according to a conventional ?rst failure criteria in a charging 
mode, the battery is inspected according to a second failure 
criteria less strict than the conventional ?rst failure criteria 
and the battery charging is performed according to the result 
of the inspection, so the battery can be charged When a part 
of battery modules fail, thereby preventing the performance 
of normal battery modules from being deteriorated due to 
deep discharging by self-discharging. 
[0039] Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art Will appreciate that various modi? 
cations, additions and substitutions are possible, Without 
departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 

What is claimed is: 
1. A method for controlling the battery charging of an 

electric vehicle, comprising the steps of: 

determining Whether the voltage of battery modules sat 
is?es second failure criteria less strict than ?rst failure 
criteria, if the voltage of the battery modules satis?es 
the ?rst failure criteria in a charging mode; 

considering the state of a battery as a battery failure and 
not charging the battery, if the voltage of the battery 
modules satis?es the second failure criteria; 

charging the battery for a certain period of time on the 
charging condition of a failure mode stricter than the 
charging condition of a normal mode, if the voltage of 
the battery modules does not satisfy the second failure 
criteria; 

determining Whether the voltage of the battery modules 
measured after the performance of the failure mode 
charging satis?es the ?rst failure criteria; 

considering the state of a battery as a failure and not 
charging the battery, if the voltage of the battery 
modules measured after the performance of the failure 
mode charging satis?es the ?rst failure criteria; and 

charging the battery on the charging condition of the 
normal mode, if the voltage of the battery modules 
measured after the performance of the failure mode 
charging does not satisfy the ?rst failure criteria. 

* * * * * 


