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CHARGING APPARATUS

-

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a charging apparatus
for charging a secondary battery.

Description of the Related Art

In a charging apparatus which is used for
charging a secondary battery such as a lithium battery
or the like, a constant current charge and a constant
voltage charge are generally performed. That is, when
a battery voltage of the secondary battery is equal to
or less than a set voltage of the charging, the battery
is charged by a constant charge current and the battery
voltage is raised. When the battery voltage reaches
the set voltage, the charge current decreases and the
battery is charged by a constant charge voltage.

A charging apparatus using such a charging
system has a construction as shown in, for example,
Fig. 1. Fig. 2 shows a relation (output
characteristics of the charging apparatus) between a
charge voltage V and a charge current I. Fig. 3 shows
relations {charging characteristics curves) among the
charge voltage V, the charge current I, and a charging
time T.

In a charging apparatus 10, a secondary
battery 11 and a current detecting resistor 12 are
serially connected to a power source 13. That is, a

positive terminal of the secondary battery 11 is
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connected to a positive terminal of the power source

13, a negative terminal of the secondary battery 11 is
connected to one end of the current detecting resistor
12, ~and the other end of the current detecting re51stor_
12 is connected to a negatlve terminal of the power
source 13. Positive and negative input terminals of a
comparator 14 are connected to both ends of the current
detecting resistor 12. An output terminal of the
comparator 14 is connected to a charge control unit 15.
The charge control unit 15 and a display unit 16 are
connected.

In such a construction, at the last stage of
the charging of the secondary battery 11, after the
charging by a constaht current Ibl was finished, the
charging by a constant voltage Vbl is started, so that
the chargeé current I decreases. Therefore, the charxge
current I is detected by the current detec;ing resistor
12, the comparator 14 compares the detected charge
current I with a current set by a referente voltage El
and outputs a detection SLgnal to the charge control
unit 15. When the detection signal is at the high
level, the charge control unit 15 determines that the
charging continues and allows the display unit 16 to
display that the battery is being charged. When the
detection signal is at the low level, the charge
control unit 15 determines the charging is finished,

and allows the display unit 16 to display the end of



charge.

As for the charging time in a range from the
start of charge to the end of charge in the
conventional charging apparatus 10, now assuming that a
time which is required to charge by the constant
current is set to t, a time which is required to charge
by the constant voltage is equal to 3t, so that a time
of 4t is required. Particularly, the constant voltage
charging time is determined by an impedance in the
secondary battery. 1In order to reduce the charging
time, therefore, it is a necessary to increase the
charge current of the constant current charge. There
are, consequently, not only a problem such that the
constant voltage charging time which occupies 3/4 of
the charging time cannot be reduced but also a problem

such that an expensive apparatus of a high output (high

electric power) is derived.

OBJECT AND SUMMARY OF THE INVENTION

The invention is made to solve the above
problems and it is an object of the invention to
provide a cheap charging apparatus which can charge in
a short time.

To accomplish the above object, according to
the invention, there is provided a charging apparatus
for controlling in a manner such that a charging is

performed to a connected secondary battery by a



constant current that is equal to or less than a
constant voltage and, when a terminal voltage of the
secondary battery increases to the constant voltage,
the charging is performed by the constant voltage that
is equal to or less than the constant current,
comprising: switching means for shutting off the charge
current at a certain period; comparing means for
comparing a voltage difference between a first voltage
on the power source side than the switching means at
the time of the shut-off of the charge current and a
second voltage on the secondary battery side with a
reference voltage; and control means for switching a
voltage to a voltage higher than the first voltage when
the charge current is supplied, switching the wvoltage
to the same voltage as the first voltage, when the
charge current is shut off, and switching the wvoltage
to the same voltage as the first voltage when the
charging is finished in accordance with the comparison
result.

According to the above coﬁstruction, only
when the charge current is not shut off, namely, only
during the charging, the voltage is switched to the
voltage higher than the output voltage of the power
source and the charging is performed, so that the
constant voltage charging time which occupies 3/4 of
the charging time can be reduced.

The above and other objects and features of
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the present invention will become apparent from the
following detailed description and the appended claims

with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a constructional diagram showing an
example of a conventional charging apparatus;

Fig. 2 is a diagram showing a general
relation (output characteristics of the charging

apparatus) between an output voltage and a charge

current;

Fig. 3 is a diagram showing relations
{(charging characteristics curves) among the charge
voltage/current and the like and a charging time of the
charging apparatus shown in Fig. 1;

Figs. 4A and 4B are constructional diagrams
showing an embodiment of a charging apparatus of the
invention;

Fig. 5 is a flowchart for explaining an
operation example of the charging apparatus shown in
Figs. 4A and 4B;

Fig. 6 is a first diagram showing relations
(charging characteristics curves) among charge voltage/
current and the like and a charging time of the
charging apparatus shown in Figs. 42 and 4B;

Fig. 7 is an enlarged diagram of an X portion

shown in Fig. 6;



Fig. B is a diagram showing a voltage section
of the charging apparatus shown in Figs. 4A and 4B;

Fig. 9 is a second diagram showing relations
{(charging characteristics curves) among the charge
voltage/current and the like and the charging time of
the charging apparatus shown in Figs. 4A and 4B;

Fig. 10 is an enlarged diagram of a Y portion
shown in Fig. 9;

Fig. 11 is a constructional diagram showing a
construction in which portiqns other than a main
portion of the charging apﬁaratus.shown in Figs. 4A and
4B are simplified; and

Fig. 12 is a constructitnal. diagram- showing
another embodiment of a charging apparatus of the

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of the invention will
now be described in detail hereinbelow with reference
to the drawings.

Since the embodiment which will be described
hereinbelow is the preferred embodiment of the
invention, wvarious limitations which are technically
preferred are added. However, the scope of the
invention is not limited to those embodiments so long
as there is no disclosure indicating that the invention

is particularly limited in the following description.
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Figs. 4A and 4B are constructional diagrams
showing the embodiment of a charging apparatus of the
invention.

In a charging apparatus 100, a secondary
battery 101, a charge current shut-off switch 102, and
a current detecting resistor 103 are serially connected
to a rectifying circuit 104. That is, a positive
terminal of the secondary battery 101 is connected to
the rectifying circuit 104, a negative terminal of the
secondary battery 101 is connected to one end of the
charge current shut-off switch 102, the other end of
the charge current shut-off switch 102 is connected to
one end of the current detecting resistor 103, and the
other end of the current detecting resistor 103 is
connected to the rectifying circuit 104. Further, the
negative terminal of the secondary battery 101 is
connected to a positive input terminal of a comparator
105. A positive terminal of a reference power source
106 is connected to a negative input terminal of the
comparator 105. BAn output terminal of the comparator
105 is connected to a charge control unit 107. The
charge current shut-off switch 102, a reference power
source change-over switch 108, and a display unit 108
are connected to the chargé control unit 107.

A connecting line portion between the
positive terminal of the secondary battery 101 and the

rectifying circuit 104 is connected to a negative input
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terminal of an amplifier 110. A terminal of the
reference power source change-over switch 108 for
switching reference power sources llla and 111b is
connected to a positive input terminal of the amplifier
110. An output terminal of the amplifier 110 is
connected to a diode 112.

A connecting line portion between the charge
current shut-off switch 102 and current detecting
resistor 103 is connected to a negative input terminal
of an amplifier 113. A positive terminal of a
reference power source 114 is connected to the negative
input terminal of the amplifier 113. An output
terminal of the amplifier 113 is connected to a diode
115.

A connecting line portion between the diodes
112 and 115 and a connecting line portion between the
positive terminal of the secondary battery 101 and the
rectifying circuit 104 are connected to a photocoupler
116. The photocoupler 116, a PWM control circuit 117,
and a switching circuit 118 are serially connected.

A rectifying circuit 120 and an input filter
121 are serially connected to one terminal on the
primary side of a converting transformer 119. The
switching circuit 118 is connected to the other
terminal on the primary side. The rectifying circuit

104 is connected to the secondary side of the

converting transformer 119.
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A method of reducing a charging time by the
charging apparatus 100 of the embodiment of the
invention will now be described. Since an output
voltage of the power source 13 is always constant in
the conventional charging apparatus 10, when a charging
mode enters a constant voltage charging after
completion of a constant current charging, a decrease
in charge current occurs.
The decrease in the charge current is determined by an
internal voltage of the secondary battery 11, an
internal resistance of the secondary battery 11, and a
wiring resistance between the secondary battery 11 and
charging apparatus 10. If the decrease in the charge
current also occurs even in the charging apparatus 100
of the embodiment of the invention, for example,
assuming that an internal resistance r0 of the
secondary battery 101 is equal to 0.3Q and a wiring
resistance rl between the secondary battery 101 and
charging apparatus 100 is equal to 0.1@, a total
resistance r = r0 + rl is equal to 0.4Q. Assuming that
a charge current IB is set to 1A, a voltage drop Vr =
r*IB is equal to 0.4V. The voltage drop Vr also exerts
an influence on the charge current IB to the secondary
battery 101.

Assuming that the battery voltage is, for
example, equal to 8.4V, a lithium battery serving as a

secondary battery 101 enters a full charging state by
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limitlessly charging to 8.4V by a battery releasing

voltage VB. Therefore, as the internal resistance x0
of the secondary battery 101 and the wiring resistance
rl between the secondary battery 101 and charging
apparatus 100 are smaller, the charging time can be
reduced.

As mentioned above, in the charging apparatus
100 of the embodiment of the invention, although the
charging and the stop of the charging are repeated at
predetermined periods, the baftery is charged by the
conventional charge voltage, namely, an output voltage
V0 of the power source, for example, a charge voltage
V01l higher than 8.4V, for instance, 8.7V during the
charging, and the voltage is returned to the output
voltage VO of the power source, for example, 8.4V
during the stop of the charging, thereby reducing the
whole charging time.

In the construction as mentioned above, an
operation example will now be explained with reference
to a flowchart of Fig. 5, a diagram of Fig. 6 showing
relations (charging characteristics curves) among a
voltage EV1 or EV2Z2 of the reference power source llla
or 111b, the charge voltage V, the charge current I, a
voltage difference AV, and the charging time T, an
enlarged diagram of an X portion in Fig. 7, and a
diagram showing a voltage section in Fig. 8.

The secondary battery 101 is first connected
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(Step STP1l)}, an AC connector 122 is connected to an A/C

power source (100 ACV), and an electric power is
supplied to the primary side of the converting
transformer 119 through the inmput filter 121 and
rectifying circuit 120. The switching circuit 118
switches the converting transformer 119 by a method,
which will be explained in detail hereinlater, converts
an electric power from the primary side to the
secondary side, and supplies the converted power to the
secondary battery 161 through the rectifying circuit
104.

The comparator 105 compares the volﬁage
difference AV between the output voltage V0 of the
power source at the time of no-load that is inputted to
a positive input terminal when the charge current is
shut off and the releasing battery voltage VB, namely,
the negative terminal voliage of the secondgry battery
101 with a reference voltage EC of the reference power
source 106 that is inputted to the negative input
terminal and outputs a detection signal to the charge
control unit 107.

When the detection signal is at the low
level, the charge control unit 107 determines that the
charging is finished, allows the display unit 109 to
display the end of charge, and finishes the charging
operation (steps STP2, STP1l1l).

When the detection signal is at the high
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level, the charge control unit 107 determines that the

charging operation is continued, switches the reference
power source change-over switch 108 to the reference
power source llla side, namely, to the charge voltage
EV1 higher than the output voltage VO of the power
source, and allows the display unit 109 to display that
the charging operation is being performed (steps STP2,
STP3).

The amplifier 110 compares the voltage VO
. that is supplied to the secondary battery 101 with the
voltage EV1 of the reference power source 1llla. The
amplifier 113 compares the charge current IB flowing in
the secondary battery 101 detected by the current
detecting resistor 103 with a current which is set by
the voltage EI of the reference power source 114. The
photocoupler 116 converts the output of the amplifiers
110 and 113 added by the diodes 112 and 115 from the
secondary side to the primary side and outputs thé
converted output to the PWM control circuit 117. On
the basis of a voltage/current control signal from the
photocoupler 116, the PWM control circuit 117 controls
an on-period of the switching circuit 118 in a manner
such that the output wvoltage and the charge current are
équal to predetermined set values, namely, the voltage
(output V01 of the power source)/current which are set
by the voltage EV1 of the reference power source llla

and the voltage EI of the reference power source 114,
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Thus, constant voltage/constant current output
characteristics can be derived.

The charge control unit 107 starts the rapid
charge and starts the timer (steps STP4, STP5). When
the timer stops, the rapid charge is stopped (steps
STP6, STP7). That is, the charge control unit 107
controls the on/off operations of the charge current
shut-off switch 102 at a predetermined period or an
arbitrary period after the start of the rapid charge.
For example, the operations such that the charge
current shut-off switch 102 is turned on only for three
minutes after the start of the rapid charge, the charge
current is supplied, the charge current shut-off switch
102 is turned off for only a period of a few seconds to
tens of seconds after the elapse of three minutes, and
the charge current is shut off are repeated.

In the charge stop period of time, the charge
control unit 107 switches the reference power source
change-over switch 108 to the reference power source
111b side, namely, to the same charge voltage EV2 as
the output voltage V0O of the power source (step STP8).

The amplifier 110 compares the voltage VO
which is supplied to the secondary battery 101 with the
voltage EV2 of the reference power source 1lllb and
supplies an output signal to the PWM control circuit
117 via the photocoupler 116 so as to control to the

power output voltage VO. The PWM control circuit 117



controls the on period o%4the switching circuit 118.
Thus, the output voltage of the power source is set to
V0.

The comparator 105 compares the voltage
difference AV between the output voltage VO of the
powexr source at the time of no-locad that is inputted to
the positive input terminal when the charge current is
shut off and the releésing battery voltage VB, namely,
the negative terminal voltage of the secondary battery
101 with the reference voltage EC of the reference
power soﬁrce 106 which is inputted to the negative
input terminal and outputs a detection signal to the
charge control unit 107.

When the detection signal is at the high
level, the charge control unit 107 determines that the
charging operation is continued, the processing routine
is returned to step STP3, and the foregoing processes
are repeated (step STPY9).

When the detection signal is at the low
level, the charge control unit 107 can also decide that
the charging operation is finished. However, after the
voltage difference AV at which the detection signal is
set'to the low level was detected, there is a case of
occurrence of the following problems. For example, as
shown in the diagram indicative of charging
characteristics curves in Fig. 9 and an enlarged

diagram of a Y portion in Fig. 10, after a voltage
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difference AVa or AVb in which the detection signal of
the first time is set to the low level was detected,
when the reference voltage is changed from EV1 (VOl
voltage} to EV2 (V0 voltage) and the charging operation
is continued, there is a case where the charge current
I and voltage difference AV which have continuously
been being decreased rise once.

In the case where such a phenomenon occurs,
if the end of charge is discriminated by the detection
of a voltage difference AVa or AVb at which the
detection signal of the first time is set to the low
level, it results in an erroneous discrimination.
Therefore, if the voltage difference AV at which the
detection signal is set to the low level is
continuously detected at least twice, namely, voltage
differences AVc and AVd at which the detection signal
is set to the low level are detected and, after that,
the end of charge is discriminated, the end of charge
can be certainly discriminated.

As a specific operation example, the charge
control unit 107 detects the detection signal at the
low level of the first time (step STP9). Subsequently,
a check is made to see if the detection signal at the
low level has continuously been detected twice {(step
STP10). As discriminating means here, for example,
when the detection signal of the first time is set to

the low level, a detection counter is set to "1" and,
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when the detection signal of the second time is set to
the high level, the detection counter is reset to "0".
Thus, only when the detection signal at the low level
is continuously detected twice, the detection counter
is set to "2", so that such a discrimination can be
performed.

In step STP10, if the detection of the
detection signal at the low level is still the
detection of the first time, the processing routine is
returned to step STP3. The charge voltage is switched
to EV1 (V0l) and the charge is again performed.

In step STP10, when the deﬁection of the
detection signal at the low level is continuously
performed twice, the end of charge is displayed (step
STP1l). 1In this instance, as for an output of the
power source, by continuously applying the charge
voltage EV2 (V0)}), the charging operation is performed.

In the above embodiﬁent, although the
detection of the detection signal at the low level is
continuously performed twice, the invention is not
limited to such a method. It is sufficient to detect
at least twice or two or more times.

The output of the detection signal of the
comparator 105 is valid only for the shut-off period of
the charge current I and it is determined that the
detection is inwvalid for a period of time other than

the shut-off period. Therefore, in dependence on the
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circuit setting, the output of the detection signal for
a period of time during which the charge current I is
not shut off is at the high or low level.

As nmentioned above, according to thé chér@ing
apparatus 100, although the constant current charging
time is elongated, the constant voltage charging time
is contrarily reduced. Therefore, for example, in case
of the secondary battery 101 of 1200 mAH, although the
conventional charging time 4t of 90_minutes was
required, a charging time tt in the embodiment of the
invention can be reduced to almost the half time,
namely, to about 50 minutes.

Fig. 11 is a constructional diagram showing a
construction in which portions other than the main
section of the charging apparatus 100 in the embodiment
are simplified. BAlthough the voltage difference AV is
set to, for instance, 80 mV, since it is a level at
which there is particularly no problem even in
consideration of about 5 mV as a variation of an offset
voltage, a general-use IC can be used as a comparator.
105 to detect the voltage difference AV of 80 mV.

Since the charge control unit 107 doesn't detect the
analog voltage of a high precision, for example, a
cheap IC of 1kROM such as logic circuit, one-chip
microcomputer, or the like can be used. The charging
apparatus 100, therefore, can use a general comparator

to detect the wvoltage. A general microcomputer can be
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used to control the charging operation. Thus, the

costs of the apparatus itself can be reduced.

The detecting means of the voltage difference
AV is not limited to the comparator 105 but, as shown
in Fig. 12, it is also possible to construct in a
manner such that a CPU 130 having therein an A/D
converter in which an A/D converter 132 is provided for
a CPU {microcomputer) 131 is used in place of the
comparator 105 and the voltage difference AV is
detected by the A/D converter 132.

As described above, according to the
invention, since the construction is simple, the
product costs can be reduced. The charging can be
performed in a short time and the charging can be
certainly finished, so that the reliability can be
raised.

The present invention is not limited to the
foregoing embodiments but many modifications and
variations are possible within the spirit and scope of

the appended claims of the invention.
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WHAT IS CLAIMED IS:

1. A charging apparatus for controlling in a
manner such that a charging is performed to a connected
secondary battery by a constant current of a constant
voltage or less and, when a terminal voltage of said
secondary battery rises to said constant voltage, a
charging is executed by a constant voltage of said
constant current or less, comprising:

switching means for shutting off a charge
current at a certain period;

comparing means for comparing a voltage
difference between a first voltage on a power source
side and a second voltage of said secondary battery
side than said switching means at the time of shut-off
of said charge current with a reference voltage; and

control means for switching a voltage to a
voltage higher than said first voltage when said charge
current is supplied, switching the voltage to the same
voltage as said first wvoltage when said charge current
is shut off, and switching the voltage to the same
voltage as said first voltage when the charging is

finished in accordance with a result of said

comparison.

2. An apparatus according to claim 1, wherein
said control means finishes the charging after said

comparison result indicative of the end of charge was

AR
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detected at least twice or two or more times.

3. A charging apparatus for controlling in a
manner such that a charging is performed to a connected
secondary battery by a constant current of a constant
voltage or less and, when a terminal voltage of said
secondary battery rises to said constant voltage, a
charging is executed by a constant voltage of said
conétant current or less,

wherein the charging is stopped at a certain
period, when the charging is stopped, a voltage
difference between a first voltage on a power source
side and a second wvoltage on said secondary battery
side is compared with a reference voltage, upon
charging, a wvoltage is switched to a voltage higher
than said first voltage, thereby charging, and when the
charging is stopped, the voltage is switched to said
first voltage, a charge display is finished in
accordance with a result of said comparison, and after

completion of the charge display, the charging is

continued by said first voltage.

4. An apparatds according to claim 3, wherein
the charging is finished after said comparison result

indicative of the end of charge was detected at least

AR A6 i

twice or two or more times.




