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METHOD FOR CHARGING SECONDARY 
BATTERY 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for charging a 
secondary battery. 

2. Description of the Related Art 
Methods for charging a secondary battery can be gener 

ally classified into constant-voltage methods and constant 
current methods. The constant-current method is capable of 
rapid charging but is likely to result in overcharging. The 
constant-voltage method generally controls the charge Volt 
age at a level which is equal to or less than a Voltage which 
causes hydrogen gas generation within the secondary bat 
tery. As a result, the charge current decreases as the charging 
process proceeds, thereby minimizing overcharging. 

Thus, the constant-voltage method minimizes overcharg 
ing but may result in undercharging. Therefore, methods 
have been used which combine both the constant-voltage 
method and the constant-current method. 

In the case of combining both the constant-voltage 
method and the constant-current method, the control 
Voltage, current, and charge time are prescribed so that the 
proper charge electricity amount equals about 105% to about 
120% of the discharged electricity amount. 

In recent years, lead-based secondary batteries have 
replaced conventional liquid-type lead secondary batteries 
as power sources for various cycle services Such as electric 
automobiles. In particular, lead secondary batteries of a 
sealed type, which absorb gaseous oxygen generated within 
the batteries at the negative plates by employing a limited 
amount of electrolytic solution, have been in use. 

Sealed-type lead secondary batteries for cycle services 
may be subjected to various loads depending on the specific 
device for which they are used, and various usage time 
and/or frequency depending on the user. Therefore, the 
degree of discharge or “discharge depth' which is experi 
enced by sealed-type lead secondary batteries may vary 
from battery to battery. 

It has been discovered that, in the case of aforementioned 
sealed-type lead secondary batteries for cycle services, 
merely prescribing a certain charge electricity amount rela 
tive to the discharged electricity amount does not allow the 
sealed-type lead secondary batteries to exhibit desired lon 
gevity characteristics. 

For example, it to conceivable that a sealed-type lead 
secondary battery which has not been well-discharged (i.e., 
“shallowly discharged') may be charged by using a charger 
which is intended for a well-discharged (i.e., “deeply 
discharged) sealed-type lead secondary battery. Such a 
charger has a relatively high charge Voltage. In Such cases, 
the lifetime of the sealed-type lead secondary battery may be 
drastically shortened even is a ratio of discharged electricity 
amount to charge electricity amount within a conventionally 
acceptable range is prescribed. The problem of such short 
ened lifetimes becomes especially conspicuous with sealed 
type lead secondary batteries employing a Pb-Ca—Sn type 
alloy (not containing any Sb) as a positive grid alloy and 
employing a limited amount of electrolytic Solution. 
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2 
Moreover, the above-mentioned problem may unpredict 

ably occur or may not occur at all, depending on the manner 
in which a given device associated with Such a sealed-type 
lead secondary battery is used by a user. It is practically 
impossible to select different types of chargers depending on 
the manner in which a device associated with Such a 
sealed-type lead secondary battery in used by a user. 

SUMMARY OF THE INVENTION 

A method for charging a secondary battery according to 
the present invention includes: a first step of precharging the 
secondary battery; a second step of measuring a first sec 
ondary battery voltage Vba1 after performing the precharg 
ing; and a third step of charging the secondary battery based 
on the measurement of the first secondary battery voltage 
Vba1. 

In one embodiment of the invention, the first step includes 
a fourth step of measuring a second secondary battery 
voltage Vbao prior to the charging of the secondary battery, 
and the third step includes: a fifth step of comparing the first 
secondary battery Voltage Vba1 against a first prescribed 
voltage V1, a second prescribed voltage V2, and a third 
prescribed voltage V3, where V3<V2<V1; a sixth step of 
performing a first charging in a first charge mode if the first 
secondary battery voltage Vba1 is between and including the 
first prescribed voltage V1 and the second prescribed volt 
age V2; a seventh step of performing a second charging in 
a second charge mode if the first secondary battery voltage 
Vba1 is between and including the second prescribed volt 
age V2 and the third prescribed voltage V3; and an eighth 
step of performing an active charging if the first secondary 
battery voltage Vba1 is lower than the third prescribed 
voltage V3. 

In another embodiment of the invention, the eighth step 
includes: a ninth step of repeating a cycle including the 
active charging and an ensuing measurement of a third 
secondary battery voltage Vba2, within a predetermined 
cycle limit, until the third secondary battery voltage Vba2 
becomes higher than the third prescribed voltage V3, and 
performing a second charging in the second charge mode if 
the third secondary battery voltage Vba2 becomes higher 
than the third prescribed voltage V3 within the predeter 
mined cycle limit; and a tenth step of terminating the 
charging for the secondary battery if the third secondary 
battery voltage Vba2 has not become higher than the third 
prescribed voltage V3 within the predetermined cycle limit. 

In still another embodiment of the invention, the sixth step 
includes: a step of Subjecting the secondary battery to a 
constant-voltage charge using a first charge Voltage Vch 1 
and a step of Subjecting the secondary battery to a constant 
Voltage charge using a second charge Voltage V ch2 after a 
charge current has decreased to a predetermined value Ia, 
where Vch2<Vch1. The seventh step includes: a step of 
Subjecting the secondary battery to a constant-voltage 
charge using a third charge Voltage Vch3; an eleventh stop 
of Subjecting the secondary battery to a constant-current 
charge using a predetermined charge current Ic after the 
charge current has decreased to a predetermined value Ib. 
and a step of Subjecting the secondary battery to a constant 
Voltage charge using a charge Voltage V chal after the elev 
enth stop, where Vch4<Vch3. 

In still another embodiment of the invention, the method 
further includes: a step of terminating the charging for the 
secondary battery if the first secondary battery voltage Vba1 
measured after performing the precharging is higher than the 
first prescribed voltage V1 or if the first secondary battery 
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voltage Vba1 is lower than a fourth prescribed voltage V4, 
where V4CV3. 

In still another embodiment of the invention, the first stop 
includes: a step performed in a case where the second 
secondary battery voltage Vbao is equal to or greater than a 
fifth prescribed voltage V5, the stop including: measuring 
the first secondary battery voltage Vba1 after the precharg 
ing is measured if a charge current Ip during the precharging 
to equal to or Smaller than Imax and equal to or greater than 
Imin (where Imind0): displaying a warning message to 
indicate abnormal operation of a charging device and ter 
minating the charging if the charge current Ip is greater than 
Imax; or displaying a warning message to indicate abnor 
mality of the secondary battery and terminating the charging 
if the charge current Ip during the precharging is Smaller 
than Imin; and a step performed in a case where the second 
secondary battery voltage Vba0 is lower than the fifth 
prescribed voltage V5, the step including: displaying a 
warning message to indicate abnormal operation of the 
charging device and terminating the charging if the charge 
current Ip to greater than Imax; and measuring the first 
secondary battery voltage Vba1 after the precharging if the 
charge current Ip during the precharging is equal to or 
Smaller than Imax. 

In still another embodiment of the invention, the first step 
includes a step of measuring an ambient temperature Ta 
prior to the charging of the secondary battery, and the first 
charge Voltage V ch1, the second charge Voltage Vch2, the 
third charge Voltage V ch3, and the fourth charge Voltage 
Vch4 have negative characteristics with respect to the ambi 
ent temperature Ta. 

In another aspect of the invention, there is provided a 
method for charging a lead secondary battery including a 
positive grid of Pb Ca alloy and an electrolytic solution 
including a diluted Sulfuric acid having a specific gravity 
equal to or greater than about 1.280 at about 20° C., the 
method including: controlling a charge Voltage so as to be 
about 2.40 V/cell or less where a discharge depth of the lead 
secondary battery is about 50% or less of a rated capacity of 
the lead secondary battery. 

In one embodiment of the invention, a battery value 
immediately after the charging is begun is used as a param 
eter indicating the discharge depth. 

In another embodiment of the invention, a charge time 
which elapses from the beginning of charging until attaining 
a predetermined battery value is used as a parameter indi 
cating the discharge depth. 

In still another embodiment of the invention, the charge 
Voltage is controlled so as to maintain negative character 
istics with respect to an ambient temperature at which the 
charging is performed. 

In still another embodiment of the invention, the lead 
secondary battery includes a sealed-type lead secondary 
battery which absorbs an oxygen gas at a negative plate of 
the sealed-type lead secondary battery, the oxygen gas being 
generated from a positive plate of the sealed-type lead 
secondary battery. 

In yet another aspect of the invention, there is provided a 
method for charging a secondary battery by controlling a 
charge Voltage so as to be equal to or lower than a prede 
termined control Voltage value, wherein the control Voltage 
value is controlled so as to maintain negative characteristics 
with respect to an ambient temperature at which the charging 
is performed, and to maintain positive characteristics with 
respect to a discharge depth of the secondary battery. 

In one embodiment of the invention, a parameter indicat 
ing the discharge depth is selected from a charge Voltage 
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4 
value at the beginning of charging and a time which elapses 
from the beginning of charging until the charge Voltage 
increases to a predetermined Voltage. 

In yet another aspect of the invention, there is provided a 
charging device for charging a secondary battery including: 
a charge Voltage control section for controlling a charge 
Voltage so as to be equal to or lower than a predetermined 
control Voltage value, an ambient temperature measurement 
section for measuring an ambient temperature during the 
charging; and a discharge depth detection section for detect 
ing a discharge depth of the secondary battery wherein the 
charge Voltage control section controls the control voltage 
value So as to maintain negative characteristics with respect 
to the ambient temperature measured by the ambient tem 
perature measurement section, and to maintain positive 
characteristics with respect to the discharge depth measured 
by the discharge depth detection section. 

In one embodiment of the invention, the discharge depth 
detection section includes means for measuring a parameter 
selected from a charge Voltage value at the beginning of 
charging and a time which elapses from the beginning of 
charging until the charge Voltage increases to a predeter 
mined voltage, and the discharge depth detection section 
detects the discharge depth by using the measured param 
eter. 

In yet another aspect of the invention, there is provided a 
method for charging a lead secondary battery including: a 
first step of detecting a discharge state of the lead secondary 
battery; and a second step of Subjecting the lead secondary 
battery to a constant-voltage charging if the detected dis 
charge state is shallow as compared to a predetermined 
discharge state, and Subjecting the lead secondary battery to 
a constant-current charging if the detected discharge state is 
deep as compared to the predetermined discharge state. 

In one embodiment of the invention, the second step 
includes detecting the discharge state based on a parameter 
which is selected from a charge Voltage value at the begin 
ning of charging and a time which elapses from the begin 
ning of charging until attaining a predetermined charge 
Voltage. 

Thus, the invention described herein makes possible the 
advantage of providing a charger (charging device) for cycle 
services which is capable of preventing the problem of 
shortened lifetimes which is typical of sealed-type lead 
secondary batteries, independent of how a device associated 
with a sealed-type lead secondary battery is used by a user. 

This and other advantages of the present invention will 
become apparent to those skilled in the art upon reading and 
understanding the following detailed description with refer 
ence to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a flowchart illustrating a charge method for a 
secondary battery according to a first embodiment of the 
present invention. 

FIG. 1B is a block diagram illustrating a charger for a 
secondary battery according to the first embodiment of the 
invention. 

FIG. 2 is a detailed flowchart illustrating the charge 
method for a secondary battery according to the first 
embodiment of the present invention. 

FIG. 3 is a graph illustrating a charge pattern of the first 
charging performed in the first charge mode in the charge 
method for a secondary battery according to the first 
embodiment of the present invention. 
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FIG. 4 is a graph illustrating a charge pattern of the second 
charging performed in the second charge mode in the charge 
method for a secondary battery according to the first 
embodiment of the present invention. 

FIG. 5 is a graph illustrating the respective cycle life 
characteristics of a sealed-type lead secondary battery 
obtained by using the charge method according to the first 
embodiment of the present invention and a charge method 
according to a conventional example. 

FIG. 6 is a graph illustrating the respective capacity 
recovery characteristics of a sealed-type lead secondary 
battery which has been overdischarged, obtained by using 
the charge method according to the first embodiment of the 
present invention and a charge method according to a 
conventional example. 

FIG. 7 is a graph illustrating the charge characteristics 
according to the second embodiment of the present inven 
tion. 

FIG. 8 is a graph illustrating a modification of the charge 
characteristics according to the second embodiment of the 
present invention. 

FIG. 9 is a graph illustrating the results of a cycle life test 
with respect to various positive grip alloys, electrolytic 
Solutions with various specific gravity values, and various 
discharge depths in a preliminary experiment according to 
the second embodiment of the present invention. 

FIG. 10 is a graph illustrating the results of a cycle life test 
with respect to various charge control Voltages and various 
discharge depths in a preliminary experiment according to 
the second embodiment of the prevent invention. 

FIG. 11 is a graph illustrating the results of a cycle life test 
with respect to various discharge depths, obtained by the 
charge method according to the second embodiment of the 
present invention and a charge method according to a 
conventional example. 

FIG. 12 is a graph illustrating the charge characteristics of 
a conventional constant-voltage charge method. 

FIG. 13 is a flowchart illustrating a charge method accord 
ing to a third embodiment of the present invention. 

FIG. 14 is a graph illustrating the charge characteristics 
according to the third embodiment of the present invention. 

FIG. 15 is a flowchart illustrating a modification of the 
charge method according to the third embodiment of the 
present invention. 

FIG. 16 is a graph illustrating the charge characteristics 
according to a modification of the third embodiment of the 
present invention. 

FIG. 17 is a graph illustrating the charge characteristics of 
a conventional constant-voltage charge method. 

FIG. 18 is a graph illustrating the respective cycle life 
characteristics of a secondary battery obtained by using the 
charge method according to the third embodiment of the 
present invention and a charge method according to a 
conventional example. 

FIG. 19 is a graph illustrating the charge characteristics 
according to a fourth embodiment of the present invention. 

FIG. 20 is a graph illustrating the charge characteristics 
according to one modification of a fourth embodiment of the 
present invention. 

FIG. 21 to a graph illustrating the respective cycle char 
acteristics according to the fourth embodiment of the present 
invention and Conventional Examples 1 and 2. 

FIG.22 is a graph illustrating the charge characteristics of 
a conventional constant-voltage charge method. 
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6 
FIG. 23 is a graph illustrating the charge characteristics of 

a conventional constant-current charge method. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

First Embodiment of the Invention 

Hereinafter, a method for charging a secondary battery 
according to a first embodiment of the present invention will 
be described with reference to the accompanying figures. 

FIG. 1A is a flowchart illustrating a charge method for a 
secondary battery according to a first embodiment of the 
present invention. It is assumed that the secondary battery to 
be charged in the illustrative embodiment is a sealed-type 
lead secondary battery. 

Prior to charging the sealed-type lead secondary battery, 
a secondary battery Voltage Vbao and an ambient tempera 
ture Ta are measured (S101). Next, the sealed-type lead 
secondary battery is precharged (S102, S103). After an 
interval of about 5 seconds, a secondary battery voltage 
Vba1 is measured (S105). 

Then, the secondary battery voltage Vba1 is compared 
against a first prescribed Voltage V1, a second prescribed 
voltage V2, and a third prescribed voltage V3, where 
V3V2V1. 

If the secondary battery voltage Vba1 is between the first 
prescribed voltage V1 and the second prescribed voltage V2. 
a first charging in a first charge mode is performed (S106). 
If the battery voltage Vba1 is between the second prescribed 
voltage V2 and the third prescribed voltage V3, a second 
charging in a second charge mode is performed (S107). 

If the secondary battery voltage Vba1 is lower than the 
third prescribed Voltage V3, an active charging is performed 
(S108). A cycle consisting of an active charging and an 
ensuing measurement of the secondary battery Voltage Vba2 
is repeated, within a predetermined cycle limit, until the 
secondary battery voltage Vba2 becomes higher than the 
third prescribed voltage V3. If the secondary battery voltage 
Vba2 becomes higher than the third prescribed voltage V3 
within the predetermined cycle limit, a second charging in 
the second charge mode is performed (S108, S107). If the 
secondary battery Voltage Vba2 has not become higher than 
the third prescribed voltage V3 within the predetermined 
cycle limit, the charge operation for the sealed-type lead 
secondary battery is terminated (S108). Hereinafter, the term 
"main-charging' may be used to refer to One of the first 
charging in the first charge mode, the second charging in the 
second charge mode, and the active charging. 

If the secondary battery voltage Vba1 is higher than the 
first prescribed voltage V1, or if the secondary battery 
voltage Vba1 is lower than a fourth prescribed voltage V4 
(where V4<V3), the charge operation is terminate (S110, 
S109). Hereinafter, V4 may be referred to as a minimum 
prescribed voltage. 

In the case where the second secondary battery voltage 
Vba0 is equal to or greater than a prescribed voltage V5. 
either one of the following operations occurs: If a charge 
current Ip during the aforementioned precharging is equal to 
or Smaller than Imax and equal to or greater than Imin 
(where Imind0), the secondary battery voltage Vba1 after 
the precharging is measured (S103). If the charge current Ip 
during the precharging is greater than Imax, a warning 
message is displayed to indicate abnormal operation of the 
charger (charging device) and the charge operation is ter 
minated (S103). If the charge current Ip during the precharg 
ing is Smaller than Imin, a warning message is displayed to 
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indicate abnormality of the battery and the charge operation 
is terminated (S103). 

In the case where the secondary battery voltage Vbao is 
lower than the fifth prescribed voltage V5, either one of the 
following operations occurs: If the charge current Ip during 
the aforementioned precharging is greater than Imax, a 
warning message is displayed to indicate abnormal opera 
tion of the charger (charging device) and the charge opera 
tion is terminated (S102). If the charge current Ip during the 
precharging is equal to or Smaller than Imax, the secondary 
battery voltage Vba1 after the precharging is measured 
(S102). 

FIG. 1B is a block diagram illustrating a charger (charging 
device) 100 for a secondary battery 101 according to the 
present embodiment of the invention. 
The secondary battery charger 100 includes a charge 

voltage control section 104 for controlling the charge volt 
age of the secondary battery 101 at a level which is equal to 
or Smaller than a predetermined value, an ambient tempera 
ture measurement section 102 for measuring the ambient 
temperature Ta during charging, a discharge depth detection 
section 103 for detecting the depth of discharge of the 
secondary battery 101, and a power supply section 105 for 
Supplying power to the charge Voltage control section 104. 
The charge Voltage control section 104 controls the charge 

Voltage so as to maintain negative characteristics with 
respect to the ambient temperature Ta which is measured by 
the ambient temperature measurement section 102, and to 
maintain positive characteristics with respect to the dis 
charge depth detected by the discharge depth detection 
Section 103. 

As used herein, a parameter value is said to have or 
maintain “positive characteristics” with respect to another 
parameter value when the former parameter value varies in 
proportion with the latter parameter value. Similarly, a 
parameter value is said to have or maintain “negative 
characteristics” with respect to another parameter value 
when the former parameter value varies in inverse propor 
tion with the latter parameter value. 

The discharge depth detection section 103 measures either 
the charge Voltage at the beginning of the charge operation 
or the time which elapses between the beginning of the 
charge operation and the point at which the charge Voltage 
reaches a predetermined Voltage. The discharge depth detec 
tion section 103 detects the discharge depth by utilizing as 
a parameter either the charge Voltage at the beginning of the 
charge operation or the time which elapses between the 
beginning of the charge operation and the point at which the 
charge Voltage reaches the predetermined Voltage. 

FIG. 2 is a detailed flowchart illustrating the charge 
method for a secondary battery according to the first 
embodiment of the present invention. 

First, the secondary battery voltage Vbao of the secondary 
battery in an open circuitry state is measured, and the 
ambient temperature Ta of a surrounding area of the sec 
ondary battery is measured (S201). The temperature mea 
Surements can be taken by a thermistor, for example. 

After the measurement of the secondary battery voltage 
Vbao, a precharging is performed for a predetermined period 
of time using the charge current Ip (S203, S204). According 
to the present embodiment, measurements of the charge 
current Ip are utilized to detect an abnormality of the charger 
or the battery. Specifically, the secondary battery voltage 
Vba0 which was measured before the precharging is com 
pared against the fifth prescribed voltage V5 (S202). 

If the secondary battery voltage Vba() is lower than the 
fifth prescribed voltage V5 and the charge current Ip during 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
the aforementioned precharging is greater than Imax (as 
indicated by Ipc-Imax at S209), or if the secondary battery 
voltage Vba0 is equal to or greater than the fifth prescribed 
Voltage V5 and the charge current Ip during the aforemen 
tioned precharging is Smaller than Imin (as indicated by 
Ip<Imin at S205), then the charge operation is terminated 
(S210, S206). This makes it possible to detect secondary 
batteries which have internal short-circuiting and/or second 
ary batteries which have deteriorated through excessive 
charging and discharging. 

If the secondary battery voltage Vba0 which was mea 
Sured before the precharging is equal to or greater than the 
fifth prescribed voltage V5 and the charge current Ip is 
greater than Imax, the charger is determined to be in an 
abnormal state and the charge operation is terminated (as 
indicated by Ipc-Imax at S205). 

After a predetermined interval following completion of 
the precharging, the secondary battery Voltage Vba1 in an 
open circuitry stage is measured (S207, S208, S211). The 
present invention relies on the value of the secondary battery 
voltage Vba1 to determine the state (especially the discharge 
state) of the secondary battery. 
As mentioned above, it is preferable to measure the 

secondary battery voltage Vba1 after a predetermined inter 
Val following completion of the precharging. It should be 
noted that determining the discharge state of the secondary 
battery based on a charge Voltage value required during 
charging of the secondary battery, for example, might load 
to misdetection. The reason is that the charge Voltage of the 
secondary battery may increase in the case where the sec 
ondary battery is overdischarged or left unused for a long 
period of time, and Such an increased charge Voltage may 
falsely produce an indication that the charging for the 
secondary battery is complete. 
On the other hand, if the discharge state is determined 

based only on the secondary battery Voltage in an open 
circuitry state, without performing any precharging, a large 
fluctuation may occur in the results of discharge state 
determination. The reason is that it is possible for secondary 
batteries which now have the same discharge state to later 
have various open circuitry voltages, depending on how the 
respective secondary batteries have been stored or main 
tained. 

The aforementioned phenomenon will be further 
described. If a lead secondary battery which is in a certain 
discharge state is left unused, a thin layer of lead Sulfate may 
form especially on the Surface of the negative active material 
due to the self-discharging. Since such a layer in itself has 
a Small self-discharge amount, the discharge state does not 
substantially change after the secondary battery has been left 
unused. However, the potential of the negative plate 
increases anodically so as to lower the secondary battery 
Voltage. 

In Such cases, determining the discharge state based only 
on the open circuitry voltage of the secondary battery will 
falsely indicate too large a discharge depth for the actual 
discharge state, thereby preventing appropriate charging. 
Furthermore, the secondary battery voltage immediately 
after discharging is unstable due to concentration polariza 
tion of the electrolytic solution. Employing Such an unstable 
Voltage for the discharge state determination will greatly 
degrade the. 

According to the present invention, the secondary battery 
Voltage Vba1 in an open circuitry state is measured after a 
predetermined interval following completion of the pre 
charging. As a result, the fluctuation in the results of 
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discharge State determination is minimized so as to enable 
accurate discharge state determination. The precharging acts 
to reduce the thin layer of lead sulfate which has been 
generated due to slight self-discharging, and promotes the 
elimination of concentration polarization immediately after 
discharging, thereby making it possible to obtain a second 
ary battery voltage in an open circuitry state which reflects 
the actual discharge state. 

According to the present invention, the secondary battery 
Voltage Vba1 is used as a parameter for controlling the 
charge operation. Specifically, if the secondary battery Volt 
age Vba1 is between the first prescribed voltage V1 and the 
second prescribed voltage V2 (where V2<V1), the discharge 
state of the secondary battery is determined as “shallow”, 
and accordingly a first charging (charging 1) by a first charge 
mode is performed (S212). 

If the secondary battery voltage Vba1 is between the 
second prescribed voltage V2 and the third prescribed volt 
age V3 (where V3<V2), the discharge state of the secondary 
battery is determined as “deep', and accordingly a second 
charging (charging 2) by a second charge mode is performed 
(S213). 

If the secondary battery voltage Vba1 is even lower than 
the third prescribed voltage V3, the secondary battery is 
determined as having low charging acceptance due to over 
discharging and the like, and accordingly an active charging 
is performed (S214). The active charging can be performed, 
for example, by using a constant current for a short period 
of time, so as to charge the passivation layer between the 
positive grid and the positive active material formed due to 
overdischarging and the enlarged lead sulfate (which has 
low charging acceptance) formed while the secondary bat 
tery has been left unused for a long time. Thus, the second 
ary battery can be revived for further charging. 

After the active charging, the secondary battery is now 
considered as having a "deep' discharge state, so that it is 
Subjected to a second charging (charging 2) in the second 
charge mode. 

Depending on the extent of overdischarging and how long 
the battery has been left unused, the secondary battery may 
not be revived through a single active charging. Therefore, 
a cycle consisting of an active charging and an ensuing 
measurement of the secondary battery Voltage Vba2 in an 
open circuitry state is repeated, within a predetermined cycle 
limit (N cycles), until the secondary battery voltage Vba2 
becomes higher than the third prescribed voltage V3. Once 
the third secondary battery voltage Vba2 has become higher 
than the third prescribed voltage V3 within the predeter 
mined cycle limit (N cycles), a second charging (charging 2) 
in the second charge mode is performed (S215, S216, S217, 
S213). If the third secondary battery voltage Vba2 has not 
become higher than the third prescribed voltage V3 within 
the predetermined cycle limit (N cycles), secondary battery 
abnormality or exhaustion is determined and the charge 
operation for the sealed-type lead secondary battery is 
terminated (S210). 

For further security during the charge operation, it is 
preferable to determine charger abnormality or secondary 
battery abnormality/exhaustion if the secondary battery volt 
age Vba1 after the completion of precharging is higher than 
the first prescribed voltage V1, or if the secondary battery 
voltage Vba1 is lower than the fourth prescribed voltage V4 
(where V4<V3), and to terminate the charge operation 
(S206, S210). 

Next, a preferred embodiment of the first charging 
(charging 1) (S212) in the firat charge mode and the second 
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10 
charging (charging 2) (S213) in the second charge mode are 
described with reference to FIGS. 3 and 4. 

FIG. 3 is a graph illustrating a charge pattern of the first 
charging (charging 1) in the first charge mode. The first 
charging (charging 1) begins with a constant current charg 
ing (initial charge current: Ii(A)) in accordance with a first 
control voltage Vch1. After the charge voltage of the sec 
ondary battery has reached the control voltage Vch 1, the 
charge current is decreased in accordance with a constant 
Voltage control. Once the charge current has decreased to a 
predetermined value Ia, the control voltage Vch1 for the 
charging is reduced to Vch2, where Vch2<Vch1. As a result, 
overcharging due to charging a secondary battery which has 
only experienced shallow discharging is prevented, thereby 
minimizing the decrease in the secondary battery lifetime. 

FIG. 4 is a graph illustrating a charge pattern of the second 
charging (charging 2) in the second charge mode. The 
second charging (charging 2) begins with a constant current 
charging (initial charge current: Ii(A)) in accordance with a 
third control voltage Vch3. After the charge voltage of the 
secondary battery has reached the third control voltage 
Vch3, the charge current is decreased in accordance with a 
constant-voltage control. Once the charge current has 
decreased to a predetermined value Ib, a constant-current 
charging is performed by using a current value Ic for a 
predetermined period of time. It will be appreciated that Ib 
and Ic may be of equal values. 
The constant-current charging with the current value Ic 

prevents undercharging due to charging a secondary battery 
which has experienced deep discharging, thereby maximiz 
ing the lifetime of the secondary battery. Following the 
constant-current charging, charging is continued with a 
control voltage Vch4, where Vch4<Vch3. 
The same value may be prescribed for both of the initial 

control voltages Vich1 and Vch3 used in the first charge 
mode and the second charge mode, respectively. In view of 
charging acceptance as a function of the ambient tempera 
ture during charging, it is preferable to control the control 
Voltages Vch1 and Vch3 So as to maintain negative charac 
teristics with respect to the ambient temperature Ta mea 
Sured prior to the charging, thereby maximizing the effects 
attained by the present invention. 

It is also possible to prescribe the same value for the 
second control voltage Vch2 and the fourth control voltage 
Vch4 so that the relevant portion of the charge voltage 
control section can be used in both the first charge mode and 
the second charge mode, thereby effectively reducing the 
charger cost. It is also preferable to control the control 
Voltages Vch2 and Vch4 So as to maintain negative charac 
teristics with respect to the ambient temperature Ta. 

First Embodiment of the Invention Example 1 
Referring to FIG. 5, Example 1 of a first embodiment of 

the present invention will be described. 
The inventors conducted charge/discharge cycle life tests 

on a sealed-type lead secondary battery which had a nominal 
voltage of 24 V and a 10-hour rated capacity of 28 Ah by 
using the charge method according to the first embodiment 
of the invention. 

The following parameter values were used in the tests: 
Current value during precharging 
Ip: 0.6 A 
Imax: 0.7. A 
Imin: 0.2 A 
Precharging: 10 sec. 
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Measurement timing for secondary battery voltage Vba1: 
5 Sec. after completion of precharging 
first prescribed voltage V1: 34 V 
second predscribed voltage V2: 24 V. 
third prescribed voltage V3: 20 V 
fourth prescribed voltage V4: 2 V 
fifth prescribed voltage V5: 20 V 
initial charge current Ii: 5 A 
first control voltage Vch1: 29.4–0.06(Ta-25) 
second control voltage Vch2: 27.6-0.06(Ta-25) 
predetermined current Ia: 0.6 A 
third control voltage Vch3: 29.4–0.06(Ta-25) 
fourth control voltage Vaha: 27.6-0.06(Ta-25) 
current value Ib: 0.6 A 
current value Ic: 0.6 A 

active charge current: 0.6 A 
active charge time: 15 min/cycle 
cycle limit for active charge N: 9 cycles 
(In the above parameter conditions, Ta represents the 

ambient temperature (C.).) 
Three discharge conditions A, B, and C were used in the 

test: 

Condition A (indicated as A in FIG. 5): 
perform discharge CD (discharge for 2.4 hs with a con 

stant current of 7 A (about 60% discharge of the rated 
capacity)). 

Condition B (indicated as B in FIG. 5): 
perform discharge (2) (discharge for 22 min with a 

constant current of 7 A (about 10% discharge of the 
rated capacity)). 

Condition C (indicated as C in FIG. 5): 
perform discharge CD for odd-numbered cycles and per 

form (2) for even-numbered cycles. 
As conventional examples, tests were conducted for the 

same 24 V/28 Ah secondary battery (described above) but 
using discharge conditions D, E, F, and G as follows: 

Condition D (indicated as D in FIG. 5): 
perform discharge CD, followed by a charging 1 in the 

first charge mode alone. 
Condition E (indicated as E in FIG. 5): 
perform discharge CD, followed by a charging 2 in the 

second charge mode alone. 
Condition F (indicated as P in FIG. 5): 
perform discharge (2) followed by a charging 1 in the first 

charge mode alone. 
Condition G (indicated as G in FIG. 5): 
perform discharge (2), followed by a charging 2 in the 

second charge mode alone. 
Each test was performed for a charge time of 12 hours. 

The capacity of the secondary battery was measured by 
allowing the secondary battery to completely discharge 
down to 21 V (with 7A) per every 20 cycles. The results of 
these test are shown in FIG. 5. 

From the results shown in FIG. 5, it can be seen that, in 
accordance with the first embodiment of the invention, 
appropriate charging can always be performed by detecting 
any change in the discharge depth of the sealed-type lead 
secondary battery used. In accordance with the invention all 
of the tested sealed-type lead secondary batteries stably 
exhibit a lifetime of about 450 to about 500 cycles without 
Substantial variation. 
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In accordance with the conventional examples, however, 

the battery lifetime is under a large influence by the dis 
charge depth and the charge method, resulting in a variety of 
lifetimes from about 150 to about 500 cycles. Such insta 
bility indicates that short lifetimes may be incurred due to 
variation in the manner In which a device associated with 
Such a sealed-type lead secondary battery is used by a user. 

First Embodiment of the Invention Example 2 
Next, a overdischarged battery was prepared by coupling 

the 24V/28 Ah sealed-type lead secondary battery employed 
in Example 1 to a fixed resistor of 292 for 24 hours, after 
which the secondary battery was left unused for 1 month. 
Thereafter, this overdischarged battery was subjected to a 
5-cycle process, where each cycle consisted of a charging in 
accordance with Example 1 of the first embodiment of the 
invention and a constant-current (7 A) discharging (final 
voltage: 21 V) (condition H; indicated as H in FIG. 6). 
As a conventional example, a similarly-prepared overdis 

charged battery was subjected to a 5-cycle process, where 
each cycle consisted of a charging 2 in the second charge 
mode alone and a constant-current (7 A) discharging (final 
voltage: 21 V) (condition I; indicated as I in FIG. 6). The 
results of these test are shown in FIG. 6. 

From the results shown in FIG. 6, it can be seen that, in 
accordance with the first embodiment of the invention, a 
Sufficient discharge capacity is already attained at the first 
cycle. On the other hand, the conventional example takes 
three cycles to attain the level of discharge capacity that is 
attained at the first cycle in accordance with the first embodi 
ment of the invention. 

Thus, in accordance with the first embodiment of the 
invention, overdischarging of a secondary battery in 
detected, upon which the secondary battery in subjected to 
active charging. The active charging serves to restore Suf 
ficient capacity within a relatively few cycles. As a result, 
unwanted and unexpected decrease in the capacity of the 
secondly battery can be prevented for the convenience of the 
user of a device associated with the secondary battery. 

Thus, in accordance with the first embodiment of the 
invention, appropriate charging can always be performed by 
detecting any user-induced variation in the discharge depth 
of a secondary battery (in particular a sealed-type lead 
secondary battery). An a result, the sealed-type lead second 
ary battery can enjoy an enhanced longevity, thereby making 
a Substantial contribution in the industry. 

Second Embodiment of the Invention 

Hereinafter, a method for charging a secondary battery 
according to a second embodiment of the present invention 
will be described with reference to the accompanying fig 
U.S. 

FIG. 7 is a graph illustrating the charge characteristics of 
the charge method according to the second embodiment of 
the invention. First, a constant-current charging with an 
initial charge current Is is performed for a lead secondary 
battery. The charge voltage (Vs) immediately after the 
charging in begun is measured. The value of Vs is compared 
against a discharge depth reference Voltage (Vc). If Vsevc, 
a shallow discharge state is determined (i.e., discharge depth 
of about 50% or less). 

Then, a constant-voltage charge is performed by using a 
control voltage V1 (s2.4 V/cell; indicated by the solid line 
in FIG. 7) which is lower than the charge control voltage V2 
for a deep discharge state (indicated by the broken line in 
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FIG. 7). It is preferable to employ a timer so that the charge 
is terminated after the lapse of a predetermined period of 
time (T2) from the point at which the charge voltage reaches 
a predetermined value (V3), for example, in order to secure 
a proper charge electricity amount within a predetermined 
charge time. 

Toward the same end, it is also possible to prescribe 
shorter charge times T2, T3 as a higher charge control 
voltage is employed. It is preferable that the respective 
control voltages satisfy V3<V1, V2 to ensure a secure 
detection despite any fluctuation in the detected Voltage, 
although It is also applicable to use V3=V1,V2. 

Second Embodiment of the 
Invention Modification 

FIG. 8 is a graph illustrating one modification of the 
charge pattern according to the second embodiment of the 
present invention, where a different method for determining 
the discharge depth is employed. Specifically, a constant 
current charging is performed with an initial charge current 
(Is), and the time (T4) which elapses from the beginning of 
charging until the charge Voltage reaches a predetermined 
voltage value (V4) is measured. The measured time T4 is 
compared against a discharge depth reference time (Tc). If 
T4s Tc, a shallow discharge State is determined (i.e., dis 
charge depth of about 50% or less). Thereafter, the charging 
is controlled in the same manner as in the case of Vsevc in 
the second embodiment of the invention. 

In the above-described second embodiment of the inven 
tion and the modification thereof, the charge control which 
is performed in the case of determining a shallow discharge 
state (i.e., discharge depth of about 50% or less) is illustrated 
as a single level constant-voltage control using a timer. 
However, the present invention is not limited thereto; mul 
tiple levels of constant-voltage control may be performed 
depending on the value of Vs or T4 for even better charging. 

Second Embodiment of the Invention—Example 1 
For a preliminary experiment, a cycle life test was per 

formed for 12 V/30 Ah lead secondary batteries by using a 
conventional charge method illustrated in FIG. 12. The 
charge method employed a charge control Voltage V1 of 
15.0 V (at 25°C.), a maximum charge current of 5.0 A, and 
a charge time of 12 hours. The discharge was performed to 
various discharge depths by varying the discharge time with 
a constant current of 7.5 A. The charging and discharging 
were repeated. 

After every 50 cycles of these charging and discharging, 
the capacity of each battery was checked by Subjecting the 
battery to complete discharge with a constant current of 7.5 
A, down to a final voltage of 10.5 V. The exhaustion, or 
expiration of lifetime, of the battery was determined when 
the discharge capacity reached about 50% or lose of the 
initial value. 
As a positive grid alloy, the tested batteries incorporated 

either a Pb Ca(0.08%)-Sn(1.0%) alloy, which is a conven 
tionally employed Pb Ca type alloy, or a Pb-Sb (3.0%)- 
As(0.2%) alloy, which is a Pb-Sb type alloy mainly 
employed for liquid-type lead secondary batteries. 
An electrolytic solution having a specific gravity of 1.320 

(20°C.) was used for the lead secondary batteries incorpo 
rating a Pb Sb type positive grid alloy. Various electrolytic 
solutions having a specific gravity of 1.260 to 1.340 were 
used for the lead secondary batteries incorporating a Pb Ca 
type positive grid alloy in order to confirm the influence of 
the specific gravity of the electrolytic solution on the cycle 
life. 
The results are shown in FIG. 9. As seen from FIG. 9, a 

decrease in the cycle life of the lead secondary batteries 
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incorporating a Pb-Ca type positive grid alloy was 
observed in a region corresponding to an electrolytic solu 
tion specific gravity of 1.280 or more (20° C.) and a 
discharge depth of about 50% or less. This decrease in the 
cycle life was caused by a decrease in the capacity of the 
positive plate. Moreover, a passivated accumulation of lead 
sulfate was observed near the interface between the positive 
active material, which had been converted into lead dioxide 
through charging, showed softening presumably due to 
overcharging. It is presumed, without certainty, the uneven 
ness in the discharge distribution due to partial discharge is 
involved in the softening of the positive active material. 

Next, a cycle life test was performed by employing 
various charge control Voltages in the above-described pre 
liminary experiment. The results are shown in FIG. 10. The 
batteries used in the test incorporated a Pb. Ca type positive 
grid alloy, and an electrolytic solution having a specific 
gravity of 1.320 at 20°C. was used. 
From the results shown in FIG. 10, it can be seen that the 

decrease in the cycle life is reduced by employing a charge 
control voltage of 2.40 V/cell or less in a region correspond 
ing to a discharge depth of about 50% or less, while a 
conspicuous decrease in the cycle life was observed in a 
region corresponding to large discharge depths due to insuf 
ficient charging. The reduced decrease in the cycle life in the 
region corresponding to Small discharge depths was presum 
ably a result of a relatively uniform charge reaction, which 
was made possible by lowering the charge Voltage to about 
2.40 V7 cell. 

In the case of employing a high charge Voltage, where a 
large extent of anodic polarization of the positive plate 
occurs during charging, a charge reaction progresses in a 
region with relatively high charging acceptance. However, 
in other regions, the generation of gaseous oxygen may 
occur rather than an oxidation reaction into lead dioxide, 
thereby resulting in an accumulation of lead Sulfate. It in 
also presumable that the portion which has been converted 
into lead dioxide is Subjected to charging with an increased 
priority, thereby resulting in overcharging and hence 
reduced lifetime. 

In the second embodiment of the invention where a charge 
control voltage of 2.40 V/cell or less is employed, it is 
predicated that a small degree of anodic polarization exists 
so that the charge react on progresses in a relatively slow and 
uniform manner. This presumably causes the unevenly dis 
tributed lead sulfate (which resulted due to a partial reaction) 
to effectively react into lead dioxide, thereby substantially 
eliminating overcharging in other portions and minimizing 
the decrease in cycle life. 

Thus, it has been confirmed that the method according to 
the present embodiment of controlling the charge Voltage by 
detecting the discharge depth in applications which may 
result in various discharge depths can effectively minimize 
the decrease in cycle life. 

Second Embodiment of the Invention Example 2 

Cycle life tests were conducted for the aforementioned 
12V/30 Ah lead secondary batteries in an atmosphere at a 
temperature of 25° C., by employing charge methods 
according to the second embodiment of the invention as 
illustrated in FIG. 7 and according to a conventional charge 
method for comparison. 
O The charge method according to the second embodi 
ment of the invention was performed under the condi 
tions of: 
initial charge current (Is)=5.0 A; 
discharge depth reference voltage (Vc)=12.0 V: 
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and, (a) in the case where Vsevc (where Vs is the charge 
Voltage immediately after the charging is begun), the fol 
lowing conditions were used: 

charge control voltage (V1)=14.1 V (2.35 V/cell) 
charge time: A timer is started when the charge Voltage 

reaches V3 (= 14.0 V) and the charging is terminated 
in 8 hours after the timer is started; 

or (b) in the case where Vs-Vc, the following conditions 
were used: 

charge control voltage (V1)=15.0 V (2.50 V/cell) 
charge times: A timer is started when the charge Voltage 

reaches V3 (= 14.0 V) and the charging is terminated in 
8 hours after the timer is started. 

(2) The conventional charge method was performed under 
the conditions of: 
initial charge current (Is)=5.0 A; 
charge control Voltage=14.7 V; and 
charge time=12 hours. 

By employing the charge method according to Example 2 
of the second embodiment of the invention and by employ 
ing the conventional charge method an described above, 
cycle life comparative tests were conducted with respect to 
electrolytic Solutions with various specific gravity values, 
various positive grid alloys, and various discharge depths. 
The results are shown in FIG. 11. 

From the results shown in FIG. 11, it can be seen that the 
decrease in cycle life, in the problematic region correspond 
ing to a discharge depth of about 50% or less, was success 
fully minimized for lead secondary batteries employing a 
Pb Ca type positive grid alloy and an electrolytic solution 
with a specific gravity of 1.280 or more. Incidentally, the 
charge electricity amount in a region corresponding to Small 
discharge depths indicated an excellent value of about 105% 
to about 113% of the discharge electricity amount, with 
substantial stability. 

It is preferable to change the charge control Voltage value 
with respect to a reference discharge depth of about 50%. 
This charge method is especially useful for lead secondary 
batteries incorporating a Pb-Ca type positive grid alloy. It 
will be appreciated that the charge method according to the 
second embodiment of the invention is very useful espe 
cially for sealed-type lead secondary batteries, which cannot 
incorporate a Pb-Sb type positive grid alloy for structural 
CaSOS. 

As has been described with respect to the aforementioned 
modification of the second embodiment of the invention, in 
accordance with Example 2 of the second embodiment of 
the invention, the time which elapses from the beginning of 
charging until the charge Voltage reaches a predetermined 
Voltage value can be used as a parameter to indicate the 
discharge depth because the elapsed time will decrease as 
the discharge depth becomes Small and the time will increase 
as the discharge depth becomes large. 

Although the present example employe a discharge depth 
reference voltage Vs of 12.0 V, this value is susceptible to 
changes depending on various design factors of each indi 
vidual secondary battery and should be adjusted according 
to Such design factors. Similarly, the time which elapses 
from the beginning of charging until the charge Voltage 
reaches a predetermined voltage value should be determined 
according to Such design factors. 

It will be appreciated that it is preferable to prescribe the 
control Voltage values so as to maintain negative character 
istics with respect to the ambient temperature Ta. The reason 
is that an increase in the ambient temperature Ta, even with 
the same charge control Voltage, may result in the same 
behavior as if there is enhanced polarization, for example. 
This must be compensated for by decreasing the charge 
Voltage. 
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Thus, according to the charge method of the second 

embodiment of the invention, the decrease in cycle life, in 
the region corresponding to a small discharge depth, can be 
minimized for lead secondary batteries employing a Pb-Ca 
type positive grid alloy and an electrolytic Solution with a 
specific gravity of 1.280 or more at 20° C. The charge 
method according to the second embodiment of the inven 
tion is very useful especially for sealed-type lead secondary 
batteries, for which a Pb. Ca type positive grid alloy is 
indispensable. 

Third Embodiment of the Invention 

FIG. 13 is a flowchart illustrating a charge method accord 
ing to a third embodiment of the present invention. First, the 
secondary battery is charged with an initial charge current Is 
(S1301). A charge voltage Vs immediately after the charging 
is begun is measured (S1302). The Vs value is compared 
against a discharge depth reference voltage Vir (S1303). If Vs 
is equal to or greater than Vr, the discharge depth is 
determined as small (i.e. “shallow”) so that the charge 
control voltage Vc is decreased (S1305). If Vs is lower then 
Vr, the discharge depth is determined as large (i.e., "deep') 
so that the charge control voltage Vc is increased (S1304). 

FIG. 14 is a graph illustrating the charge characteristics 
according to the third embodiment of the present invention, 
where the solid line indicates the case where a deep dis 
charge depth is determined and the broken line indicates the 
case where a shallow discharge depth is determined. 

Third Embodiment of the Invention Modification 

FIG. 15 is a flowchart illustrating a modification of the 
charge method according to the third embodiment of the 
present invention. 

First, the secondary battery is charged with an initial 
charge current Is (S1501), and a timer is started to measure 
time (S1502). The timer stops as the charge voltage reaches 
a predetermined Voltage Va, thereby measuring the time Tt 
which elapses from the beginning of charging until the 
charge voltage reaches Va (S1503). The time Tt is compared 
against a discharge depth reference time Tr (S1504). If Tris 
greater than Tt, the discharge depth is determined as large 
(i.e. “deep') so that the charge control voltage Vc is 
increased (S1505). If Tr is equal to or smaller than Tt, the 
discharge depth to determined as small (i.e. “shallow”) so 
that the charge control voltage Vc is decreased (S1506). 

FIG. 16 is a graph illustrating the charge characteristics 
according to the present modification of the third embodi 
ment of the invention, where the solid line indicates the case 
where a deep discharge depth is determined and the broken 
line indicates the case where a shallow discharge depth is 
determined. 

In the above-described third embodiment of the invention 
and the modification thereof, it is preferable to determine the 
discharge depth so that a discharge depth which in larger 
than about 30% to about 50% of the rated capacity is 
determined an deep and that a discharge depth which is 
smaller than about 30% to about 50% of the rated capacity 
is detained as shallow, in order to minimize the decrease in 
the lifetime of the secondary battery. 

Instead of the above-described discharge depth 
dichotomy of either “deep' or “shallow” as determined with 
respect to a predetermined reference value, it is more 
preferable to continuously vary the charge control Voltage 
Vc relative to the discharge depth parameter Tt or Vs. 
Furthermore, as is practiced in conventional constant 
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Voltage charge control methods, it is desirable to prescribe 
the control voltage values so as to maintain negative char 
acteristics with respect to the ambient temperature. 

FIG. 18 is a graph illustrating the results of respective 
cycle life tests for a sealed-type lead secondary battery (6 
V710 Ah) performed by using the charge method according 
to the third embodiment of the present invention and a 
conventional constant-voltage charge method illustrated in 
FIG. 17. In the tests, the discharge depth was varied so as to 
be 10%, 20%, 30%, 40%, 50%, or 70% of the rated capacity. 
The charge control Voltage value Vc and the discharge depth 
reference value Vr were prescribed so that the charge control 
voltage value was controlled to be 6.9 V at a discharge depth 
of about 40% or less and to be 7.35 V at a discharge depth 
of more than about 40%. 
The conventional constant-voltage charge method was 

performed with a charge control voltage of 6.9 V or 7.35 V. 
In all of the charge methods performed in the tests, the 
charge current was 4A, the charge time was 8 hours, and the 
charging was performed at an ambient temperature at 25°C. 
The results of these cycle life tests are shown in FIG. 18. 
As seen from the results shown in FIG. 18, the decrease 

in the cycle life associated with variation in the discharge 
depth is minimized by the charge method in accordance with 
the third embodiment of the invention as compared to the 
conventional constant-voltage charge method. The charge 
method according to the third embodiment of the invention 
always maintained a charge electricity amount equal to 
about 105% to 110% of the discharged electricity amount. 
An additional cycle life test was conducted at an ambient 

temperature of 40° C., whereby it was confirmed that it is 
appropriate to impart the charge control voltage with nega 
tive characteristics at a rate of -0.0025 to 0.0035 V/cell °C. 
per increase of 1° C. 
As described above, in accordance with the charge 

method of the third embodiment of the invention, appropri 
ate charging control can always be made with a proper 
Voltage regardless of variation in the discharge depth of the 
secondary battery. As a result, the problems of undercharg 
ing and overcharging associated with the conventional 
constant-voltage charge methods are alleviated so as to 
minimize the decrease in the cycle life of secondary 
batteries, thereby making a Substantial contribution in the 
industry. 

Fourth Embodiment of the Invention 

Hereinafter, a method for charging a secondary battery 
according to a fourth embodiment of the present invention 
will be described with reference to the accompanying fig 
U.S. 

FIG. 19, is a graph illustrating the charge characteristics 
according to the fourth embodiment of the present invention. 
First, a lead secondary battery is charged with an initial 
charge current Is(A). A charge Voltage (Vs) at the beginning 
of charging is measured. The Vs value is compared against 
a discharge depth reference Voltage Vc (S1303). The charg 
ing is controlled depending on the relationship between the 
values of Vs and Vc as follows: 

CD If Vs 2Vc (as indicated by the solid line in FIG. 19), 
a shallow discharge state is determined, and a constant 
Voltage charging is performed (with a control Voltage 
V2; indicated by the solid line in FIG. 19). It is 
preferable to employ a timer so that the charge is 
terminated after the lapse of a predetermined period of 
time (T3) from the point at which the charge voltage 
reaches a predetermined value (V1), for example, in 
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order to secure a proper charge electricity amount. It is 
preferable that the respective control voltages satisfy 
V1<V2 to ensure a secure detection despite any fluc 
tuation in the detected Voltage, although it is also 
applicable to use V1=V2. 

(2) If Vs-Vc (as indicated by the broken line in FIG. 19), 
a deep discharge state is determined, and a constant 
current charging is performed (indicated by the broken 
line in FIG. 19). It is preferable to employ a timer so 
that the charge is terminated after the lapse of a 
predetermined period of time (T4) from the point at 
which the charge Voltage reaches the predetermined 
value (V3) in order to prevent overcharging and secure 
a proper charge electricity amount. 

Although the comparison results are divided into CD 
Vsevc and (2) Vs<Vc in the above example, it is also 
applicable to employ CD Vsevc and (2) Vss Vc depending 
on the needs of the specific control method. 

Fourth Embodiment of the Invention Modification 

FIG. 20 is a graph illustrating one modification of the 
charge pattern according to the fourth embodiment of the 
present invention, where a different method for determining 
the discharge depth is employed. Specifically, a constant 
current charging is performed with an initial charge current 
(Is), and the time (T5) which elapses from the beginning of 
charging until the charge Voltage reaches a predetermined 
voltage value (V4) is measured. The measured time T5 is 
compared against a discharge depth reference time (Tc). 
O If T52Tc (indicated by the broken line in FIG. 20), a 

deep discharge state is determined. Thereafter, the 
charging is controlled in the same manner as in the case 
of “(2) Vsevc" in the fourth embodiment of the 
invention. 

O If T5<Tc (indicated by the solid line in FIG. 20), a 
shallow discharge state is determined Thereafter, the 
charging is controlled in the same manner as in the case 
of “CD VsseVc” in the fourth embodiment of the 
invention. 

Although the comparison results are divided into CD 
T52Tc and (2) T5<Te in the above example, it is also 
applicable to employ CD TS>Tc and (2) T5s Tc depending 
on the needs of the specific control method, as in the fourth 
embodiment of the invention. 

In the above-described fourth embodiment of the inven 
tion and the modification thereof, the charge control which 
is performed in the case of determining a shallow discharge 
state is illustrated as a single level constant-voltage control. 
However, the present invention is not limited thereto; for 
example, a two level constant-voltage control may be per 
formed where the charge Voltage is decreased upon detec 
tion of a decrease of the charge current. In the case of 
determining a deep discharge state, a two level constant 
current charging may be performed where the charge current 
is decreased upon detection of an increase in the charge 
Voltage V3, thereby further minimizing overcharging. 

In a charger having the above-described charge 
characteristics, the control circuits for the constant-voltage 
charge and the constant-current charge can be constructed 
based on substantially the same circuitry. Therefore, such a 
charger can be realized by merely adding circuitry for 
detecting the charge Voltages V1 and V2 at the beginning of 
the charging and circuitry for selecting either constant 
Voltage charging or constant-current charging. 

Fourth Embodiment of the Invention—Example 
The inventors conducted charge/discharge cycle life tests 

by using the charge method according to the fourth embodi 
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ment of the invention and by using conventional constant 
Voltage charging and constant-current charging methods. 
The following parameter values were used in the tests: 

Fourth Embodiment of the Invention Charge 5 
Method According to the Fourth Embodiment of 

the Invention as Illustrated in FIG. 19 

initial charge current Is: 4.5 A 
discharge depth reference voltage Vc. 12.0 V 10 
charge control Voltage V2 for a shallow discharge state: 

14.7 V 
(A timer is started when the charge voltage equals V1=14.5 
V and the charging it terminated after a lapse of T3=10 h 
from the start of the timer) 15 

charge control current for a deep discharge State: 4.5 A 
(A timer is started when the charge voltage equals V1=14.5 
V and the charging it terminated after a lapse of T4=1.5 h 
from the start of the timer) 

2O 

Conventional Example 1-Constant-voltage Charge 
Method as Illustrated in FIG. 22 

initial charge current: 4.5 A 
charge control voltage: 14.7 V 25 
charge time: 12 hs 

Conventional Example 2- Constant-current Charge 
Method as Illustrated in FIG. 23 

30 

initial charge current: 4.5 A 
(A timer is started when the charge voltage equals 14.5 V 
and the charging is terminated after a lapse of T4=1.5 h from 
the start of the timer) 
By employing the charge methods according to the fourth 35 

embodiment of the invention and Conventional Examples 1 
and 2, cycle life tests were conducted for sealed-type lead 
secondary batteries (12 V/30 Ah) by varying the discharge 
depth so as to be 5%, 10%, 30%, 60%, or 90% of the rated 
capacity. The results are shown in FIG. 21. 40 
As seen from the results shown in FIG. 21, the charge 

electricity amount was about 105% to about 115% of the 
discharge electricity amount, indicative of Substantial 
stability, regardless of the discharge depth. The cycle life of 
the secondary batteries in a deep discharge state was greatly 45 
improved according to the fourth embodiment of the inven 
tion as compared to that obtained by the constant-voltage 
charging of Conventional Example 1. The cycle life of the 
secondary batteries in a shallow discharge state was greatly 
improved according to the fourth embodiment of the inven- 50 
tion as compared to that obtained by the constant-current 
charging of Conventional Example 2. 

Thus, in accordance with the charge method of the fourth 
embodiment of the invention, either constant-voltage charg 
ing or constant-current charging can be selected depending 55 
on the discharge State, so that a constant charge electricity 
amount relative to the discharged electricity amount can be 
provided irrespective of the discharge depths. As a result, a 
stable cycle life can be expected regardless of a deep or 
shallow discharge state. As seen from the results shown in 60 
FIG. 21, about 30% to about 50% of the rated capacity can 
be suitably used as a reference value for determining the 
discharge depth. It is preferable to determine the discharge 
depth so that a discharge depth which is larger than about 
30% to about 50% of the rated capacity is determined an 65 
deep (so that a constant-current control is performed) and 
that a discharge depth which is smaller than about 30% to 

20 
about 50% of the rated capacity is determined as shallow (so 
that a constant-Voltage control is performed). 

Thus, in accordance with the charge method of the fourth 
embodiment of the invention, a proper charge electricity 
amount can always be provided through appropriate charg 
ing control, regardless of variation in the discharge depth of 
the secondary battery, without causing undercharging or 
overcharging. As a result, the decrease in the cycle life of 
secondary batteries is minimized, thereby making a Substan 
tial contribution in the industry. 

Thus, in accordance with the charge method of the present 
invention, appropriate charging can always be performed by 
detecting any user-induced variation in the discharge depth 
of a secondary battery (in particular a lead secondary 
battery). As a result, the sealed-type lead secondary battery 
can enjoy an enhanced longevity, thereby making a substan 
tial contribution in the industry. 

Thus, according to the charge method of the present 
invention, the decrease in cycle life, in the region corre 
sponding to a small discharge depth, can be minimized for 
lead secondary batteries employing a Pb-Ca type positive 
grid alloy and an electrolytic solution with a specific gravity 
of 1.280 or more at 20° C. The charge method of the 
invention is very useful especially for sealed-type lead 
secondary batteries, for which g Pb Ca type positive grid 
alloy is indispensable. 
As described above, in accordance with the charge 

method of the present invention, appropriate charging con 
trol can always be made with a proper Voltage regardless of 
variation in the discharge depth of the secondary battery. As 
a result, the problems of undercharging and overcharging 
associated with the conventional constant-voltage charge 
methods are alleviated so as to minimize the decrease in the 
cycle life of secondary batteries, thereby making a substan 
tial contribution in the industry. 

Thus, in accordance with the charge method of the present 
invention, a proper charge electricity amount can always be 
provided through appropriate charging control, regardless of 
variation in the discharge depth of the secondary battery, 
without causing undercharging or overcharging. As a result, 
the decrease in the cycle life of secondary batteries is 
minimized, thereby making a Substantial contribution in the 
industry. 

Various other modifications will be apparent to and can be 
readily made by those skilled in the art without departing 
from the scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather that 
the claims be broadly construed. 
What is claimed is: 
1. A method for charging a secondary battery, compris 

1ng: 
a step of precharging the secondary battery; 
a step of measuring a secondary battery Voltage Vba1 

after performing the precharging; and 
a step of charging the secondary battery based on the 

measurement of the secondary battery voltage Vba1. 
2. A method according to claim 1, wherein the precharg 

ing step comprises a step of measuring a secondary battery 
voltage Vbao prior to the charging of the secondary battery, 
and 

wherein the charging step comprises: 
a step of comparing the secondary battery Voltage Vba1 

against a first prescribed Voltage V1, a second pre 
scribed voltage V2, and a third prescribed voltage 
V3, where V3<V2<V1; 

a step of performing a charging in a first charge mode 
if the secondary battery voltage Vba1 satisfies the 
relationship V2<=Vba1<=V1; 



US RE40,223 E 
21 

a step of performing a charging in a second charge 
mode if the secondary battery voltage Vba1 satisfies 
the relationship V3<=Vba1<=V2; and 

an step of performing an active charging if the second 
ary battery voltage Vba1 is lower than the third 
prescribed voltage V3. 

3. A method according to claim 2, wherein the active 
charging step comprises: 

a step of repeating a cycle comprising the active charging 
and an ensuing measurement of a secondary battery 
voltage Vba2, within a predetermined cycle limit, until 
the secondary battery voltage Vba2 becomes higher 
than the third prescribed voltage V3, and performing a 
charging in the second charge mode if the secondary 
battery voltage Vba2 becomes higher than the third 
prescribed voltage V3 within the predetermined cycle 
limit; and 

a step of terminating the charging for the secondary 
battery if the secondary battery voltage Vba2 has not 
become higher than the third prescribed voltage V3 
within the predetermined cycle limit. 

4. A method according to claim 2, wherein the first 
charging in a first charge mode step comprises: 

a step of Subjecting the secondary battery to a constant 
Voltage charge using a first charge Voltage V ch1; and 

a step of Subjecting the secondary battery to a constant 
Voltage charge using a second charge Voltage V ch2 
after a charge current has decreased to a predetermined 
value Ia, where Vch2<Vch 1, and 

wherein the second charging in a second charge mode step 
comprises: 
a step of Subjecting the secondary battery to a constant 

Voltage charge using a third charge Voltage V ch3; 
an step of Subjecting the secondary battery to a 

constant-current charge using a predetermined 
charge current Ic after the charge current has 
decreased to a predetermined value Ib, and 

a step of Subjecting the secondary battery to a constant 
Voltage charge using a charge Voltage Vcha after the 
constant-current charge step, where Vch4<Vch3. 

5. A method according to claim 4. 
wherein the precharging step comprises a step of mea 

Suring an ambient temperature Ta prior to the charging 
of the secondary battery; and 

wherein the first charge Voltage Vch 1, the second charge 
voltage Vch2, the third charge voltage Vch3, and the 
fourth charge Voltage Vch4 have negative characteris 
tics with respect to the ambient temperature Ta. 

6. A method according to claim 2, further comprising: 
a step of terminating the charging for the secondary 

battery if the secondary battery voltage Vba1 measured 
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after performing the precharging is higher than the first 
prescribed voltage v1 or if the secondary battery volt 
age Vba1 is lower than a fourth prescribed voltage V4, 
where V4<V3. 

7. A method according to claim 2, wherein the precharg 
ing step comprises: 

a step performed in a case where the secondary battery 
voltage Vbao is equal to or greater than a fifth pre 
scribed voltage V5, comprising: 
measuring the secondary battery voltage Vba1 after the 

precharging if a charge current Ip during the pre 
charging is equal to or Smaller than Imax and equal 
to or greater than Imin (where Imind0 and 
Imin-Imax); 

displaying a warning message to indicate abnormal 
operating of a charging device and terminating the 
charging if the charge current Ip is greater than Imax: 
O 

displaying a warning message to indicate abnormality 
of the secondary battery and terminating the charg 
ing if the charge current Ip during the precharging is 
Smaller than Imin; and 

a step performed in a case where the secondary battery 
voltage Vba() is lower than the fifth prescribed voltage 
V5, comprising: 
displaying a warning message to indicate abnormal 

operation of the charging device and terminating the 
charging if the charge current Ip is greater than Imax: 
and 

measuring the secondary battery voltage Vba1 after the 
precharging if the charge current Ip during the pre 
charging is equal to or smaller than Imax. 

8. A method for charging a secondary battery, compris 
ing. 

a step of precharging the secondary battery, 
a step of measuring a secondary battery voltage Vbal 

after performing the precharging, 
a step of terminating a charging for the secondary battery 

if the secondary battery voltage Vba I is lower than a 
minimum prescribed voltage, and 

a step of charging the secondary battery if the secondary 
battery voltage Vba I is at least equal to the minimum 
prescribed voltage, 

wherein charging the secondary battery comprises one of 
a first charging in a first charge mode, a second 
charging in a second charge mode, and an active 
charging. 


