NesikS.» 190

Q,
SEC@NDARQ BATTERY DEVI CE AND CHARG NG APPARATUS The present
invéﬁ;ion relates to a secondary battery devi ce and chargi ng appar at us.
More Rarticularly, 5 the present invention relates to &™&&coridary battery
devi ce? equi pped with an even nunber of secondary batteries and one
or nore tenperature detecting elenents and its associ ated
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SECONDARY BATTERY DEVICE AND CHARGING APPARATUS

The present invention relates to a secondary
battery device and charging apparatus. More particularly,

5 . the present invention relates to a secondary battery device
equipped with an even number of secondary batteries and one
or more temperature detecting elements and its associated
charging apparatus. '

Ni-Cd (Nickel Cadmium) and Ni-MH (Nickel Hydrogen)

10 batteries are well known as secondary batteries. One
particular aspect which is well known is that the voltage
for Ni-MH batteries is 1.2 [V], which is the same as for
Ni-cd batteries, but Ni-Cd batteries have only half the
capacity of Ni-MH batteries. Ni-MH batteries are also

15 capable of rapid charging and large current discharge.

The performance of Ni-MH batteries is weakened if
they reach a high temperature during charging i.e. if the
temperature of the external wall becomes greater than 66
{°C}, for example.

20 It follows that if an Ni-MH battery generates heat
and reaches a high temperature during charging due to
abnormalities in the charging apparatus etc., it is
necessary to halt the charging. Also, in the case where the
batteries have reached a high temperature before the start

25 of charging due to neglect inside a car in direct sunlight
in the summer, it is necessary to halt charging directly
after the start or to not to start charging at all.

With equipment such as compact stereo headphone
cassette tape players etc. where the power consumption is

30 quite small, just one Ni-MH battery is sufficient for
operation. However, with equipment such as portable
telephones and cameras with built-in VCRs, the power
consumption is comparatively high and it therefore becomes
necessary to use two or more Ni-MH batteries connected

35 together in series.
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char gi ng appar at us. Ni -Cd (N ckel Cadm unm) and N -MH (N ckel
Hydrogen) 10 batteries are well known as secondary batteries. One
particul ar aspect which is well known is that the voltage for N -M
batteries is 1.2 [V], which is the same as for Ni -Cd batteries, but

Ni -Cd batteries have only half the capacity of Ni-MH batteries. N -V
batteries are also 15 capable of rapid gharging and | arge current

di schar ge. The performance of Ni-MH batteries is weakened if
t hey reach a hi gh tefperdst,utdedefionrg,char gbigct. ef thet heesent tenperature

of the EXtQBQ@htﬁ?h't%??Q%%%erQaE%thBQP 6§atﬁer¥[850l€L gﬁ?&hexa"p'e 20

It follows that tery ener reaches a high
t enper at ur 5eg@ive§ &her gifeyeasationed prabadgmfalities in the charging

apparatus etc., it i3t is aPReAeRabYjeethak! thBepeBabAtNdnvahe@onl Rot he
case mherepgg%lde a secondary battery device charging apparatus which
resolves the aforementioned problems.

It is a further object of the present invention to
provide a Nickel-Hydrogen battery device charging apparatus
which resolves the aforementioned problems.

10 According to the present invention, there is
provided a secondary battery device comprising:

an even number of secondary batteries arranged
with their electrodes of the same polarities facing in
mutually opposite directions;

15 a middle spacer set up between the secondary
batteries; a thermistor set up at the spacer so as to be
thermally in contact with the secondary batteries;

a pair of electrodes set up at the middle spacer;
and

20 uniting means for uniting the secondary batteries
together into a single item, '

wherein the pair of electrodes is arranged
symmetrically about the mechanical centre of the secondary
batteries and the thermistor is connected to the pair of

25 electrodes.

The invention also provides a secondary battery
device charging apparatus, said secondary battery device
being equipped with an even number of secondary batteries
arranged with their electrodes of the same polarities facing

30 in mutually opposite directions, a middle spacer set up
between the secondary batteries, a thermistor set up at the
middle spacer so as to be thermally in contact with the
secondary batteries, a pair of electrodes set up at the
middle spacer and uniting means for uniting the secondary

35 batteries together into a single item, with the pair of
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batteries have reached a high tenperature before the start 25 of charging

due to neglect inside a car in direct sunlight in the sunmer, it is
necessary to halt charging directly after the start or to not to start
charging at all. Wth equi pnent such as conpact stereo
headphone cassette tape players etc. where the power consunption is 30
quite small, just one Ni-\VH battery is sufficient for oper ati on.
However, w th equi pment such as portable t el ephones and caneras with

bui lt-in VeRssctrwlgoisring armumadisynovetirsi cadipyandttity etespgeqgh tandthid
therefore 3@&&-&%::%1 cdRGES S el dESoddiF P b s MadPadSr | es
toget her

connect ed ] In series.
thermistor being connected to the pair of electrodes, said

apparatus comprising:

5 a plurality of first terminals which respectively
come into contact with the electrodes of the secondary
batteries when the secondary battery device is installed;

a pair of second terminals which respectively
connect with the pair of electrodes when the secondary
10 battery is installed;
a power supply circuit for supplying charging
current to the secondary batteries;
a switching element for controlling the supplying
of the charging current outputted from the power supply
15 circuit; and
a control circuit, to which the output signal from
the thermistor is provided, for controlling the switching
element, wherein the plurality of first terminals connect
the secondary batteries in series when the secondary battery
20 device is installed, the switching element is turned on by
the control circuit so that a charging current from the
power supply circuit is supplied via the two first terminals
which are positioned at the beginning and the end of the
plurality of first terminals in such a manner so as to
25 charge the secondary batteries when the secondary battery
device is installed, and the temperature of the secondary
batteries is detected from the voltage for the pair of
second terminals at the time of charging in such a manner
that when the detected temperature is not a suitable
30 temperature for passing a current through the secondary
batteries, the switching element is turned off and charging
is halted.
The invention further provides a secondary battery
device comprising:
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2 It is, therefore, an object of the present I nvention
to provide a secondary battery device which resol ves the aforenentioned
probl ens. It is another object of the present invention to 5
provi de a secondary battery device chargi ng apparatus which resol ves
the aforenenti oned probl ens. It is a further object of the
present invention to provi de a Ni ckeld- Hydrogen battery devi ce charging

appar at us whi ch resol ves the aforenentioned probl ens.
an even number of secondary batteries arranged

with their electrodes of the same polarities facing in

mutually opposite directions with the electrodes being

arranged in such a manner as to be symmetrical with respect
5 to the centre of the device;

uniting means for uniting the secondary batteries
together into a single item;

a temperature detecting element set up at the
uniting means so as to be thermally connected to the

10 secondary batteries; and

a pair of detecting electrodes set up at the
uniting means, wherein the pair of detecting electrodes are
arranged symmetrically about the mechanical centre of the
secondary batteries and the temperature detecting element is

15 connected to the detecting electrodes.

The invention further provides a Nickel-Hydrogen
battery device charging apparatus, said nickel hydrogen
battery device being equipped with an even number of
Nickel~-Hydrogen batteries, uniting means for uniting the

20 Nickel-Hydrogen batteries in such a manner that the
electrodes of the same polarity for pairs of the
Nickel-Hydrogen batteries face in mutually opposite
directions, a temperature detecting element set up at the
uniting means in such a manner as to be thermally connected

25 to the Nickel-Hydrogen batteries and a pair of detecting
electrodes set up at the temperature detecting means in such
a manner as to be connected with the temperature detecting
element, said apparatus comprising:

charging means for charging the installed

30 Nickel~Hydrogen battery device;

a plurality of first terminals for connecting the
installed plurality of Nickel-Hydrogen batteries together in
series, with the two first terminals positioned at the
beginning and the end of the plurality of first terminals

35 providing the charging current from the charging means;
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10 According to the present invention, there is provi ded a

secondary battery device conpri sing: an even nunber of
secondary batteries arranged with their el ectrodes of the sane
polarities facing in nmut ual |y opposite directions; 15 a

m ddl e spacer set up between the secondary batteries; a therm stor set
up at the spacer so as to be thermaldy in contact with the secondary
batteries; a pair of electrodes set up at the m ddl e spacer;
and 20 unat pagrnmefinseéondubernigalfecornentied ytbatherpasr

together ingg éeEéBGEﬁ?'EQEbtrodes for the i L1 tﬁfcﬁéil$£ﬁﬁfu£Ctr°des

i s arranged rical é about the nechanical cenire e secondary
batteries aﬁﬂttﬁ§YtﬁéVhF§toF“ scéﬁﬁﬁ@ét@ﬁaﬂ% fere pantrellimg theectrodes.

operation of the charging means,

5 wherein the detection signal from the temperature
detecting element is provided to the control means via the
pair of second terminals during charging and the control
means only charges the Nickel-Hydrogen cells using the
charging means when the detection signal indicates that

10 charging is possible.

According to the secondary battery device for the
present invention, by putting an even number of secondary
batteries together in a single unit, this unit can be used
with electronic equipment which consumes a comparatively

i5 large amount of electrical power. Also, as the secondary
battery device for the present invention has its detection
electrodes arranged symmetrically about the mechanical
centre of the secondary batteries, consideration does not
have to be given to the orientation of the secondary battery

20 device when it is installed in the secondary battery device
charging apparatus.

According to the charging apparatus in the present
invention, the temperature of the secondary batteries is
detected using a temperature detecting element which is

25 thermally connected to the secondary batteries. The
charging operation may then be halted based on the detection
results from the temperature detecting elements. 1In this
way, deterioration of the secondary batteries is prevented.

The invention will be further described by way of

30 non-limitative example with reference to the accompanying
drawings, in which:-

FIG. 1 is a top view of the structure of a
secondary battery device according to a first embodiment of
the present invention; FIG. 2 is a bottom view of the

This Sheet Has Been Replaced

(B




The invention al so provides a secondary battery devi ce charging

appar atus, said secondary battery device bei ng equi pped with an even
nunber of secondary batteries arranged with their electrodes of the
sane polarities facing 30 in nmutually opposite directions, a mddle
spacer set up bet ween the secondary batteries, a therm stor set up at
t he m ddl e spacer so as to be thern#®l |y in contact wth the
secondary batteries, a pair of electrodes set up at the m ddl e spacer

and uni ti nFHBMHEIFSrotint t FRPRIRT Y RN B icehRAGnENG dethd into a
single itengiwgt hedithed Présit O

FIG. 3 is a side view of the structure of a

secondary battery device according to the first embodiment;
5 FIG. 4 is an inclined view showing the structure
of the middle spacer;

FIG. 5 is an side view showing the structure of
the middle spacer;

FIGS. 6A to 6D are cross-sectional views of the

10 structure of the middle spacer where FIG. 6A is a
cross—-sectional view taken along line A-A of FIG. 5, FIG. 6B
is a cross-sectional view taken along line B-B of FIG. 5,
FIG. 6C is a cross-sectional view taken along line C-C of
FIG. 5, and FIG. 6D is a cross-sectional view taken along

15 line D-D of FIG. 5;

FIG. 7 is a cross-sectional view showing the
structure of the charging apparatus for the first
embodiment;

FIG. 8 is a block diagram showing the structure of

20 the charging apparatus; ]

FIG. 9 is a characteristics diagram showing the
temperature characteristics of the thermistor taken as the
temperature detecting element;

FIG. 10 is a characteristics diagram showing the

25 charging characteristics of the charging apparatus;

FIG. 11 is an inclined view showing the structure
of a secondary battery device for a second embodiment of the
present invention;

FIGS. 12A to 12C are inclined views showing the

30 structure of the detecting electrodes and terminals where
FIG. 12A is an inclined view of the structure of a detecting
electrodes, FIG. 12B is an inclined view of the structure of
a terminal and FIG. 12C is an inclined view of a further
example of a terminal;
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3 . electrodes being arranged symmetrically with respect to the
mechani cal centre of the secondary batteries and the t herm st or bei ng
connected to the pair of electrodes, said apparatus conprising: 5

a plurality of first termnals which respectively come into contact
with the el ectrodes of the secondary batteri es when the secondary
batt'ery device is installed; 7 a pair of second termnals
whi ch respectively connect with the pair of electrodes when the
secondary 10 batteryFI§.i A3t 45| adcross-sectional viewoskewingprhecircuit

for supplyi 88rGBRLYELNSf the charging apparatus for the second
embodiment of the present invention;

FIG. 14 is a view showing an example of the

5 arrangement of the detecting electrodes; and

FIG. 15 is a view for describing a further example
of an arrangement for the detecting electrodes.

The following is a detailed description with
reference to the diagrams of a first embodiment of a

10 secondary battery device and its associated charging
apparatus for the present invention. FIGS. 1 to 3 show an
example of a secondary battery device according to this
first embodiment of the invention. FIG. 1 is a plan view
from above, FIG. 2 is a plan view from below and FIG. 3 is a

15 plan view from the side.

This battery device 10 consists of, for example,
two 3-cell Ni-MH batteries 11 and 12 having the same shape.
These batteries 11 and 12 are arranged parallel to each
other so as to be facing in opposite directions, so that the

20 positive electrode for the battery 11 and the negative
electrode for the battery 12 are in the same plane, as are
the negative electrode for the battery 11 and the positive
electrode for the battery 12.

A middle spacer 13, to be described later, is set

25 up between the batteries 11 and 12 and a uniting member 14
is set up at the periphery of the batteries 11 and 12. This
uniting member 14 is formed in a belt shape so as to have
the cross-sectional shape of the letter c using a composite
resin which is both heat resistant and resilient. This

30 uniting member 14 consists of a flat part 14a to which the
middle spacer to be described later is attached, and a pair
of supporting arms 14b and 14b coming from each end of this
flat part 14a with all of these parts being formed as a
single item. The outer periphery of the batteries 11 and 12

35 are encompassed by the uniting member 14 so as to be clamped
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current to the secondary batteries; a switching el enent fa\
controlling the supplying of the charging current outputted fromthe
power supply 15 <circuit; and a control circuit, to which

t he out put signal from the therm stor is provided, for controlling the
swi t chi ng el ement, wherein the plurality of first term nals connect

the secondary batteries in series when th® secondary battery 20 device is‘.p

installed, the switching elenment is turned_on by the control _circuit
so that a chir§hagfetrr eht theoarraegement p@aser Sopd| preyiewsiyYis Shppli ed

viha thg t}/\DoEéﬁSEiBérﬁk‘n&hé unitingi fBmBEE PPSisiPoedk dbnédiesbegsngbnpeand
the end of the

0o ed Of L0Ccne. yahet) hb) ofl eher BorteRy QBLEghgucT, 2 mmer S a8 Lo
is installed, and the Thepmidtileesphcthelsetondesy exampbajtefi thei s
detecteg erHLEEEuEQkBRQEhBQB &ReFE§§[ OE, 5 and 6A to 6D. Here,

FIG. 4 is an inclined view of the lower side, FIG. 5 is a

side view along the direction in which the batteries 11 and

12 are arranged and FIGS 6A to 6D show cross-—sectional views

taken along line A-A, B-B, C-C, and D-D of FIG. 5.

10 Also, engaging concave parts 13a and 13a are
formed at the spacer 13, which is made entirely from a heat
resistant composite resin as shown in FIG. 3 and FIGS. 6A
to 6D. When then looking from the end surface side i.e.
the terminal side, the outer walls of the batteries 11 and

15 12 come into contact with the engaging concave parts 13a and
13a of the spacer 13 so as to be restricted at the centre.
The spacer 13, as shown in FIGS. 4 and 5, is formed so as
to have a concave centre so as to appear as a Cross-
sectional C-shape when viewed along the direction in which

20 the batteries 11 and 12 are arranged and is of a height
which is slightly less than the diameter of the batteries 11
and 12. The spacer 13 will therefore prevent the batteries
11 and 12 from becoming twisted by ensuring that they are
clamped in position by the uniting member 14.

25 There is also a through hole 131 formed in the
spacer along the direction along which the batteries 11 and
12 are arranged and a thermistor RTH is set up at this
through hole 131. A pair of detecting electrodes (contact
points) 15 and 16 are also set up on the lower side of the

30 of the spacer 13 to which the thermistor RTH is connected.

The thermistor RTH is a temperature detecting
element for detecting the temperature of the batteries 11
and 12. As shown in FIGS. 6A to 6D, it is thermally in
contact with these batteries 11 and 12. i.e. the

35 thermistor RTH is arranged so as to come into contact with
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second termnals at the tinme of charging in such a manner t hat when
the detected tenperature is not a suitable 30 tenperature for passing a

current through the secondary batteries, the switching elenent is
turned of f and chargi ng i s halted. The invention
further provides a secondary battery devi ce conpri si ng:

" 9
the external walls of the batteries 11 and 12. Also, the
detecting electrodes 15 and 16 are positioned at equal
distances S from the lengthwise centre of the batteries 11
and 12, as shown in FIG. 2. 1i.e. the detecting electrodes

5 15 and 16 fall within the plane which includes the batteries

11 and 12 and are positioned symmetrically about the centre
of the arrangement of the batteries 11 and 12.

The above describes the construction of the
battery device 10. The following describes the construction

10 of the charging apparatus 20 for the battery device 10.

FIG. 7 is a cross-sectional drawing of an example
of this charging apparatus 20. A printed circuit board 22
is set up within a case 21 for the charging apparatus 20 and
a charging circuit, to be described later, is set up at this

15 board 22.

Further, terminals 23 to 26 are planted in the
board 22 so as to come resiliently into contact with the
positive and negative electrodes of the battery 11 (or 12)
and the positive and negative electrodes of the battery 12

20 (or 11) when the charging apparatus 20 is installed in the
battery device 10. Terminals 27 and 28 are also planted so
as to come resiliently into contact with terminals 15 and 16
(or 16 and 15). In the example in FIG. 7, the leading end
of a conductively plated piano wire is bent over into a

25 p-shaped structure and the other end of the wire is fixed to
the substrate 22 using solder.

Also, a convex part 29 is formed in the case 21 so
as to be positioned opposite the concave part 19 in the
centre of the lower surface of the spacer for the battery

30 device 10.

FIG. 8 is a view of an example of a charging
circuit set up on the board 22. A mains A.C. voltage is
provided to the power supply circuit 31 and this provides a
D.C. current ICHG for charging and a D.C. voltage VCTL for

35 use in controlling the current.

This Sheet Has Been Replaced




4 . an even nunber of secondary batteries arranged W th
their electrodes of the sane polarities facing in mutual | y opposite
directions with the el ectrodes being arranged in such a manner as to be

symetrica

Wi th respect 5 to the centre of the device;

uniting neans for uniting the secondary batteries together into a

single item

uniting nmeans so as to be thermally connected to the 10 secondary

batteries;

symmetrica

tte and In the cagepanrtbisdéirestiemgbedbuenbdetheebatipeny the
uni ting neagsyiwbeigi Bst BRapPgLA 9? E'Ebf&tbﬂgrﬁxzﬂmf‘ﬁé &h&rging arranged

secondary batteries

'y about the nmechanical centre of

and the tenpBFREDFeIgEEceEi RRSERERERL @j Sonstant current. The Value of

10

15

20

25

30

35

the charging current ICHG is therefore taken to be, for
example, 1100 {mA], as this value is in the order of 1C [mA]
with respect to the capacity of 1C [mAh] of each of the
batteries 11 and 12. The charging voltage when this kind of
charging current ICHG is considered is in the region of 2 to
4.6 [V].

Also, if the voltage VCTL for control is in the
region of 6.5 to 15 [V] and this voltage VCTL is provided to
the three terminal regulator (a fixed voltage circuit
integrated onto a single chip) 32, a fixed voltage V32 of,
for example, 5 (V], will be produced.

The output terminal for the charging current ICHG
for the power supply circuit 31 is connected to terminal 23
via the emitter and collector of the transistor Q1 for
switching the charging current ICHG on and off and via the
diode D1 for prevention of reverse currents. The earth
connection side output terminal for the power supply circuit
31 is connected to terminal 26 via the earth connection line

34. The terminal 24 and the terminal 25 are also connected.

A charging control circuit 33 made up from a
microcomputer is set up and the voltage V32 is provided to
this charging control circuit 33 as an operating voltage.
The first output port OUT1 for the charging control circuit
33 is connected to the base of the transistor Q1 via a
resistor R2 with a resistor R3 being connected between the
base and the emitter. This resistor R3 is to ensure that
the transistor Q1 is sufficiently off when this transistor
is turned off.

Also, the output terminal for the regulator 32 is
connected to the terminal 27 via the resistor R1 and the
terminal 28 is connected to the earth connection line 34.
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15 connected to the detecting el ectrodes. The invention
further provides a N ckel - Hydrogen battery devi ce chargi ng appar at us,
sai d ni ckel hydrogen battery devi ce bei ng equi pped with an even nunber
of Ni ckel - Hydrogen batteries, uniting neans for uniting the 20

Ni ckel - Hydrogen batteries in such a manner that the el ectrodes of the
sanme polarity for pairs of the Ni ckelxr Hydrogen batteries face in
nutuﬁlly opposite directions, a tenperature detecting elenment set up
at the The Moldagga27 whiadmed mdntermdgatlo 2Ge isheemtl Ity &thenddres 25

to the N ckelnatuy agputbddrafingd 9dch AY Eaﬂ%nd%keﬁh'ﬁﬂe inpug! ectrodes

set up at the terperature detecting means in such a _manner as to be
connect ed wte¥™MAR L &fbdr Lyl ddDe@onygrter whigheds, bydily dpter &hes

conpri si ng: charging controlClEr@uia M@ans Re@isebasdiRAg ahke RsNgoal | ed 30
N ckel - gydr v1 fﬁ&‘%ﬂé(ﬁggéﬁ%ial are connected in series between the
collector of the transistor Q1 and the earth connection line
34. The central point between these points is then
connected to the input terminal of a further A/D converter
which is built into the charging control circuit 33 which is
10 taken to be the second analog input terminal A/D2 of the
charging control circuit 33. A ripple prevention capacitor
Cl is also connected in parallel with the resistor RS5.
A éharge display LED (D2) is connected to the
second output port OUT2 of the charging control circuit 33.
15 The thermistor RTH has, for example, the kind of
characteristics shown in FIG. 9, so that at 25 {°C], the
thermistor resistance is
RTH = R1 (=10 {kQ]).
With this kind of construction, the battery device
20 10 is installed in the charging apparatus 20 when it is to
be charged. In this case, it is not necessary to be overly
cautious about the orientation of the battery device.
This is to say that the battery device 10 can be
installed so that the positive and negative electrodes of
25 the battery 11 come into contact with the terminals 23 and
24 and the positive and negative terminals of the battery 12
come in contact with the terminals 25 and 26, as shown in
FIG. 7 and FIG. 8. Alternatively, the battery device 10 may
be installed in the reverse of the way shown in FIG. 7 and
30 FIG. 8, so that the positive and negative electrodes for the
battery 11 come into contact with the terminals 25 and 26
and the positive and negative terminals for the battery 12
come into contact with the terminals 23 and 24.
The batteries 11 and 12 are arranged so as to be
35 in opposite directions to each other. This means that
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a plurality of first termnals for connecting the

of Ni ckel -Hydrogen batteries together in series, with the two first

term nals positioned at the

5

10

15

20

25

30

35

12

whichever way around the device 10 is installed, the
batteries 11 and 12 are connected in series via the
terminals 24 and 25, the positive electrode for these serial
batteries is held in contact with the terminal 23 which is
on what becomes the beginning side and the negative
electrode is held in contact with the terminal 26 which is
on what becomes the end side.

Also, as the detecting electrodes 15 and 16 are
positioned symmetrically with respect to the centre of the
arrangement of the batteries 11 and 12, the thermistor RTH
is connected between the terminals 27 and 28 whichever way
around the battery device 10 is installed.

It follows that when the battery device 10 is
installed in the charging apparatus 20, care does not have
to be taken regarding the orientation of the battery device
10. Also, as a result of the same freedom, concern does not
have to be shown regarding the orientation of the battery
device 10 when it is installed in the electronic equipment
with which it is to be used.

Further, as the terminal 27 is left open when the
battery device 10 is not installed in the charging apparatus
20, the voltage V32 is outputted from terminal 27 almost
without modification. At this time, the terminal voltage
V27 for the terminal V27 becones

V27 2 4.5 [V].

When the battery device 10 is installed in the
charging apparatus 20, the voltage V32 is divided by the
resistor R1 and the thermistor RTH. This divided voltage
becomes V27 and as the thermistor resistance is RTH = Rl at
normal temperature, the terminal voltage V27 at this time
becones:

va7

It

V32 ¢ RTH/(R1 + RTH)
2.5 [V]

As this changing terminal voltage V27 is sent to
the first analog input terminal A/D1 of the charging control
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a pair -of second termnals connected to the pair of detecting

el ectrodes for the installed N ckel-Cadm um battery device; and control
means for controlling the operation of the charging neans, 5

wherein the detection signal fromthe tenperature detecting elenent is
provi.ded to the control nmeans via the pair of second termi nals during
ch i ng and the control means only chgyges the Nickel -Hydrogen cells
usg® t he chargi ng nmeans when the detection signal indicates that 10

charging is poYsidite.33, the charging A@&Q&@hnglteuﬁbe3seeaﬁdaétebattery
device for th | nve;&tlon y RULtin

secondary %eotﬁet q'Tl'ée e‘%aotd:eetrﬁe Ve di ndlse lﬂﬁgfﬁgfaﬁv u%F’F Ebﬁrgénﬁs ed
wi th el ect r orippasmtiysre2t fattne heomagmi s udec offpahat vedkrg&5v27l.ar ge anount

of electrical power. Ahsg, é@tﬂam%%%we 10 1B25HERY198Y% GR /e the

present invention has its detectio
5 charge apparatus 20, the voltage V27 changes. The charging

control circuit 33 therefore detects that the battery device
10 has been installed in the charging apparatus 20, changes
the output port OUT1 from a "1" level to a "O0" level and
switches the transistor Q1 from off to on. By doing this,

10 the charge current ICHG is provided to the batteries 11 and
12 via the path: power supply circuit 31 - transistor Q1 -
diode D1 -+ beginning side terminal 23 - battery 11 (or 12) =
terminal 24 - terminal 25 — battery 12 (or 11) - end side
terminal 26 — earth connection line 34 — line for power

15 supply 31. The batteries 11 and 12 are then rapidly charged
by a fixed current of a magnitude of 1 [CmA].

Also, during rapid charging, the port OUT2 of the
charging control circuit 33 is at a "0" level and the LED
(D2) is illuminated, so that an indication is given that

20 charging is in progress.

So, as shown by the solid line in FIG. 10, each of
the terminal voltages for the batteries 11 and 12 gradually
increase as the charging nears completion, reach a maximum
value when charging is in the region of 90 {%], and then

25 drop to in the region of 5 to 10 [{mV] lower than this
maximum value when the charging is at 100 [%]. This kind of
changing terminal voltage for the batteries 11 and 12 flows
to the resistors R4 and R5 via the diode D1, where it is
divided into the voltage V45 and this divided voltage V45 is

30 sent to the second analog input terminal A/D2.

Changes in the voltage V45 are observed by the
charging control circuit 33, which reads the value of this
voltage 45 every minute during charging. If the value for
this voltage V45 comes down from the maximum value to a

35 value which corresponds with the aforementioned lower
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el ectrodes arranged symmetrical ly about the mechani cal centre of the
secondary batteries, consideration does not have to be given to the
orientation of the secondary battery 20 device when it is installed in the
secondary battery device char gi ng appar at us. Accordi ng
to the charging apparatus in the present I nvention, the tenperature of
the secondary batteries is detected ussi ng a tenperature detecting

el ement which is 25 thermally connected to the secondary batteries. The
char gi ng op¥pdtige .mif Widd be Hetesmibedeshen the dbargiingnhas reashe: s

fromthe teqper3yre @l PortdoPraMeat thehNphli $0 a woWaY evd8t ekher ation of

t he secondary batteries is prevented e invention will be

further desErPBEISHPTIL 3F FOTNsEhOffnrng: the ekargiagnish reeddddnce to
the acconpaeympdeted. dpdwd)gthel powiti QT2 for the chargingl Gontricd a top

Viem/OfSthec§%E EQPB% %E %ut to a level "1" and the LED (D2) is
extinguished.

By doing things in the above way, the battery
device 10 is rapidly charged. Also, the LED (D2) displays
that this rapid charging is taking place. As the size of

10 the charging current ICHG is taken to be about 1 [CmA] the
rapid charging is completed in about one hour.

On the other hand, as described above, the
performance of the batteries 11 and 12 is inferior if their
temperature becomes high during charging so that it becomes

15 necessary that charging is avoided at these times of high
temperatures. This is carried out in the following way.

As the thermistor RTH is set up so as to be close
to the surface of the outer walls of batteries 11 and 12, if
the temperature of battery 11 or 12 increases, as shown in

20 FIG. 9, the resistance decreases, which results in a
corresponding decrease in the terminal voltage V27.

When the battery device 10 is charging (and when
it starts charging) the terminal voltage V27 is observed by
the charging control circuit 33. When the value for the

25 voltage V27 is a value which corresponds to when the
temperature of the surface of the external wall of battery
11 or 12 is equal to or exceeds 66 [°C] (= approx. 1.0
{V}), i.e. when it drops below a voltage which corresponds
to a temperature which is not suitable for charging the

30 batteries 11 and 12, the transistor Q1 is turned off and the
charging is halted.

Also, at this time the port OUT2 is changed
between a "0" level and a "1" level over a prescribed period
and the LED (D2) is made to flash so that the user is made

35 aware that charging is halted due to irreqularities.
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secondary battery device according to a first enbodi nent of t he
present invention; FIG 2 is a bottomview of the

6. structure of a secondary battery device according to the first
enbodi nent ; FIG 3 is a side view of the structure of a
15

It follows that when the temperature in at least
one of the batteries 11 or 12 increases, the charging of the
battery device 10 is halted or not carried out in the first
place, so that weakening of battery 11 or 12 is prevented.

5 So, as the batteries 11 and 12 are grouped
together as a single unit in the aforementioned battery
device 10, this unit can be used with equipment which
requires a comparatively large amount of electrical power.

Also, as the batteries 11 and 12 are arranged the

10 opposite way around within the battery device 10 and the
detecting electrodes 15 and 16 are arranged symmetrically
about the centre of the battery device 10, care does not
have to be taken concerning the orientation of the battery
device 10 when it is installed in the charging equipment 20

15 or when it is installed in the equipment with which it is to
be used, which makes for easier handling.

Further, if attempts are made to install the
battery device 10 in the charging apparatus 20 upside down,
this kind of installation will not be possible because of

20 the convex portion 29. The battery device 10 can only be
installed when it is installed in the correct manner so that
the concave part 19 and the convex part 29 engage with each
other. Trouble caused by the connection of the batteries 11
and 12 in reverse polarity can therefore be avoided.

25 In addition, the weakening of the performance of
the batteries 11 and 12 is prevented because the temperature
of the batteries 11 and 12 is detected by the thermistor RTH
and the charging is stopped if the temperature of the
batteries 11 and 12 becomes abnormally high during the

30 charging of the battery device 10, or if the temperature of
the batteries 11 and 12 is irreqular before the start of
charging. '

Further, even though there is only one thermistor
RTH, it comes into contact with both the battery 11 and the

35 battery 12 and can therefore detect the temperature of both
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secondary battery device according to the first enbodinment; 5

FIG 4 is an inclined view show ng the structure of the m ddl e spacer;

FIG 5 is an side view showi ng the structure of the m ddl e spacer

FIGS. 6A to 6D are cross-sectional views of the 10 structure of the mddle
spacer where FIG 6A is a cross-sectional view taken along |line A-A of

FIG 5, FIG 6B IS a cross-sectional véeew taken along line B-B of FIG

5, FIG 6Cis a cross-sectional view taken along |line C C of FI G i!!
5, and FI G etbtery kk aand eatitenallas ewnmmaaﬂsort@axs it Midd BIBof FIG

S, detect H G o1y Sore YOS Pt t¥iles 18W o9 '?ﬂzcgﬁ%s of an
structure of the chargi ng apparatus for the flrst enbo

FIG 8 is a3inyad SFUERLEHMSg the structure of

The detecting electrodes 15 and 16 and the
5 terminals 23-28 which connect together the battery device 10
and the charging apparatus 20 are of a simple construction
and the terminals 23 to 28 can be soldered directly onto the
printed board 22, which keeps the cost down.
FIG. 11 is a view of a second embodiment of the
10 battery device 10. Portions which correspond to portions in
the first embodiment will be given the same numerals and
their detailed description will be omitted. 1In this example
shown in FIG. 11, the detecting electrodes 15 and 16, which
are also shown in FIG. 12A, are conductors made from
15 resilient phosphor bronze. These are C- shaped overall,
with the inner sides of both ends being bent over so as to
form J-shapes.
Then, at the charging apparatus 20, the terminals
27 and 28 which the detecting electrodes 15 and 16 come into
20 contact with are constructed from piano wire coated with
conductive plating and bent as shown in FIG. 12B.
Alternatively, the terminals 27 and 28 may be constructed
from the kind of band-shaped conductor shown in FIG. 12C.
They are then soldered to the printed board 22. Therefore,
25 according to this example, when the battery device 10 is
installed into the charging apparatus 20, the terminals 27
and 28 slot into the detecting electrodes 15 and 16, as
shown in FIG. 13.
As mentioned above, as the charging of the
30 batteries 11 and 12 approaches 100 [%), the energy for
charging is not used for charging, but instead produces
heat. Therefore, as shown by the broken line in FIG. 10, as
charging approaches 100 (%], the temperature of the
batteries 11 and 12 rises sharply at a rate of 1 to 2 [°C)
35 per minute.
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20 the chargi ng appar at us; FIG 9 is a characteristics
di agram showi ng t he tenperature characteristics of the therm stor

taken as the

tenperature detecting el ement; FIG 10 is

a characteristics diagramshowing the 25 charging characteristics of the
char gi ng appar at us; FIG 11 is an inclined view show ng the

S cture

of a secondary battery devihge for a second enbodi ment of the

pr&®ent invention; FIGS. 12A to 12C are inclined views

showi ng the 30

struct itefollowe traecthoored betd108e Soanché efme i Stadher e

FIG 12A is
el ectr odes,

Bt 215k Pt Shplafy 8RR f AR A Y chanag in

term nal andt¢pERrabares aa thet hke termimdil avditaderv27?7 redweepl e Tiea

t er m nal
S

10

15

20

25

30

35

completion of the charging of batteries 11 and 12 is
therefore determined by detecting that this voltage V27 has
changed. In this case, the completion of the charging can
be detected in a more efficient manner if the temperature
detection sensitivity of the thermistor RTH is particularly
high. i.e. as described previously, the reduction in the
voltages at the batteries 11 and 12 at the time of 100 [%]
charging is 5 to 10 [mV]. This is not even one percent of
the terminal voltage during charging. It follows that at
the charging control circuit 33, when charging of 100 [%] is
detected by the change in the divided voltage V45, even if
the voltage V45 undergoes a 10 bit A/D conversion, this
portion of the voltage V45 only represents the lower
three-bit portion and as such is not particularly suitable
for detection of completion of charging. However, by using
a thermistor RTH with a high temperature detection
sensitivity when detection is being carried out from the
change in the temperature at the thermistor RTH, a large
proportional change in the terminal voltage V27 at the time
of charging completion can be achieved and the detection of
the completion of charging can therefore be improved upon.
Also, in accordance with the arrangement of the
pair of detecting electrodes 15 and 16 described above for
the thermistor RTH, a third electrode 17 may also be
arranged at the centre of the detecting electrodes 15 and
16, so that a thermistor RTH may be connected between the
detecting electrodes 15 and 16 and the electrode 17, as
shown in FIG. 14. Alternatively, the detecting electrodes
15 and 16 may be on a centre line between the batteries 11
and 12 and positioning may be carried out symmetrically with
respect to the direction of this arrangement, as shown, for
example, in FIG. 15. Further, in the above, the battery
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7 FIG 13 is a cross-sectional view show ng the

structure of the chargi ng apparatus for the second enbodi nent of the
present invention; FIG 14 is a view show ng an exanpl e of
the 5 arrangenment of the detecting el ectrodes; and FIG 15
Is a.view for describing a further exanple

18

device consisted of two batteries 11 and 12 but it may
consist of any even number of batteries arranged so as to be
positioned in opposite directions.
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of an arrangenent for the detecting el ectrodes. The foll ow ng
Is a detailed description with reference to the diagrans of a first
enbodi ment of a 10 secondary battery device and its associ ated chargi ng
apparatus for the present invention. FIGS. 1 to 3 show an exanple of a
secondary battery device according to this first emvadnhe®enls Rf, 4.0

e
|§ntion. FIG 1 is a plan view fronmi@bove, FIG 2 R r om
be¥®%w and FIG 3 is a 15 plan view fromthe side. ’[WWE [
battery device 10 consists of, for exanpFRIMS two 3-c eries

11 and 12 having the sanme shape. These batteries 11 and 12 are
arranged parallel to each other so as to be facing in opposite
directions, so that the 20 positive electrode for the battery 11 and the
negative 1. el ectrode secondexrpabdteteryl Nevice rcdnper isdimeypl ane, as are

the negaf Ive el ectrode,f oL, d 06, RAbd £ s léemg:t]f ﬂ%ocsﬂéxiivees arranged
with their electrodes of the same polarities facing in
mutually opposite directions;
a middle spacer set up between the secondary
batteries; a thermistor set up at the spacer so as to be
10 thermally in contact with the secondary batteries;
a pair of electrodes set up at the middle spacer;
and
uniting means for uniting the secondary batteries
together into a single item,
15 wherein the pair of electrodes is arranged
. symmetrically about the mechanical centre of the secondary
batteries and the thermistor is connected to the pair of
electrodes.

20 2. A secondary battery device according to claim 1,
said uniting means being further equipped with a resilient
supporting member for supporting the secondary batteries in
such a manner as to apply pressure to the exterior of the
secondary batteries in the direction of the middle spacer.

25

3. A secondary battery device according to claim 1 or
2, wherein a plurality of concave engaging surfaces for
engaging with the external surfaces of the secondary
batteries are formed at the middle spacer so as to sandwich

30 the thermistor and the uniting means is further equipped
with a flat part which comes into contact with the middle
spacer and a plurality of curved arms for supporting the
secondary batteries formed together as a single item with
the flat part.

35
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el ectrode for the battery 12. A m ddl e spacer 13, to be

described | at efh,lsSthetﬂﬁtBem ehet ween the batteries 11 and 12 and a uniti
nenber 14

he peri phery of the batteries 11 and 12. This
uni ting nmenber a belt shape so as to have t he
cross-sectional pe o t e Ietter C using a conposite resin which is
bot h heat resistant and resilient. This 280 uniting nmenber 14 consists of

a flat part 14a to which the m ddl e spacer to be described |ater is
attached, ahd a pair 2 secendayyattery sewiaaResrrding deti PR Im each

end of thisp or 3f | whepaih d¥e widd &l spsderd hoge apafdﬁcm r&f@rmﬂn@@ a
single item e out eri of the ba les 11 and 35 are
encorrpassedo%y fie’s ﬁﬁ?tg lﬁbﬁ% hq Pt tegf%%t%?% e"d:e ek up-

5 5. A secondary battery device charging apparatus,
said secondary battery device being equipped with an even
number of secondary batteries arranged with their electrodes
of the same polarities facing in mutually opposite
directions, a middle spacer set up between the secondary

10 batteries, a thermistor set up at the middle spacer so as to
be thermally in contact with the secondary batteries, a pair
of electrodes set up at the middle spacer and uniting means
for uniting the secondary batteries together into a single
item, with the pair of electrodes being arranged

15 symmetrically with respect to the mechanical centre of the
secondary batteries and the thermistor being connected to
the pair of electrodes, said apparatus comprising:

a plurality of first terminals which respectively
come into contact with the electrodes of the secondary

20 batteries when the secondary battery device is installed;

a pair of second terminals which respectively
connect with the pair of electrodes when the secondary
battery is installed;

a power supply circuit for supplying charging

25 current to the secondary batteries;

a switching element for controlling the supplying
of the charging current outputted from the power supply
circuit; and

a control circuit, to which the output signal from

30 the thermistor is provided, for controlling the switching
element, wherein the plurality of first terminals connect
the secondary batteries in series when the secondary battery
device is installed, the switching element is turned on by
the control circuit so that a charging current from the

35 power supply circuit is supplied via the two first terminals

* c L M s *



8 in the formof the arrangenent described previously. The open
side of the uniting nenber 14 is positioned SO @gs$neet Pi@s Been Réplacddhe | ower

side of the battery device 10. Th 13 is, for
exanple, of the 5 construction shown in FIGS. 6D. Here,
F

FIG .4 is an inclined view of the | ower side, i de vi ew
the direction in which the batteriesil1ll and 12 are arranged and
Fi 6A to 6D show cross-sectional views

which are positioned at the beginning and the end of the
plurality of first terminals in such a manner so as to
charge the secondary batteries when the secondary battery
device is installed, and the temperature of the secondary

5 batteries is detected from the voltage for the pair of
second terminals at the time of charging in such a manner
that when the detected temperature is not a suitable
temperature for passing a current through the secondary
batteries, the switching element is turned off and charging

10 is halted.

6. A secondary battery device charging apparatus
according to claim 5, wherein the control circuit observes
fluctuations in the terminal voltage of the secondary

15 battery device via the two first terminals positioned at the
beginning and the end of the plurality of first terminals
when the secondary batteries are being charged, and the
switching element is turned off and the charging of the
secondary batteries is completed when the secondary battery

20 device terminal voltage exceeds a large value and then drops
by a prescribed extent. '

7. A secondary battery device charging apparatus
according to claim 5 or 6, wherein the control circuit turns

25 the switching element off so that the charging of the
secondary batteries is completed when the temperature
detected by the thermistor while the secondary batteries are
being charged exceeds a temperature corresponding to the
completion of charging of the secondary battery charging

30 device.

8. A secondary battery device charging apparatus

according to claim S, 6 or 7, said pair of second terminals

being constructed from a resilient conducting member in such
35 a manner as to come forcibly into contact with each of the
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taken along line A-A, B-B, CGC and DD of FIG 5. 10 Al so, \
engagi ng concave parts 13a and 13a are formed at the spacer 13, which?
is made entirely froma heat resi stant conpoBiistShest Has BreraRepedwn i n
FIG 3 and FIGS. 6A to 6D. When then | ooking Mﬁmuuﬂ ﬂiﬁl rface side:
I.e. the termnal side, the outer walls of th and 15

12 cone into contact with the engagi ng comzave parts 13a and 13a of
the spacer 13 so as to be restricted at the centre. The spacer 13, as
shown in Fl g8®in ehcekectrodes Mt dthe secondaryhaeatterime@me centre so as
to appear asj ;€4 Pbsd. sectional C-shape when viewed al ong the
direction in which 20 the batteries 11 and 12 are arranged and is of a
hei ght which is slightly less than the dianeter of the batteries 11

and 12. The gpacer 13 Avidécdmedeyf %@tﬁ@v%ﬁaﬁﬁmgbaﬁﬁﬁae&s accddd iyl 1

ILS”LE?S WIQ%%tMASted ngenfa{ﬁém%thai the palr of seég%éiter fﬁgflon by

being constructed from a resilient conducting member in such
a manner that each electrode of the pair of electrodes is
inserted into the conducting member when the secondary
battery is installed.

10 '
10. A secondary battery device charging apparatus
according to any one of claims 5 to 9, said apparatus being
further equipped with a circuit board for providing
distribution to the power supply circuit, the switching

15 element and the control circuit, wherein the pair of
terminals are directly attached to the circuit board.

11. A secondary battery device comprising:
an even number of secondary batteries arranged
20 with their electrodes of the same polarities facing in
mutually opposite directions with the electrodes being
arranged in such a manner as to be symmetrical with respect
to the centre of the device;
uniting means for uniting the secondary batteries
25 together into a single item; '

' a temperature detecting element set up at the
uniting means so as to be thermally connected to the
secondary batteries; and

a pair of detecting electrodes set up at the
30 uniting means, wherein the pair of detecting electrodes are
arranged symmetrically about the mechanical centre of the
secondary batteries and the temperature detecting element is
connected to the detecting electrodes.

35
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25 - There is al so adthrough hole 131 fornmed in the spacer

al ong the di reE‘t‘m‘“ OISR the batteries 11 and 12 are arranged
and a therm sto & F at this t hrough hole 131. A pair of
detecting el ectr points) 15 and 16 are al so set up on the
| ower side of the 30 of the spacer 13 to which the thermstor RTHis

mpnect ed. The thernmistordRTH is a tenperature detecting
nment for, detecting the tenperature of the batteries 11 and 12.
shown in PGS, 6A t o ESqANdREY, RaLTEEYy deNice acearfins for flaAdsals

batteri es Bhiahanlid.irig enedrse b#hng idoestirsceedREdohs aasuppoeting partq cone
into Conta$E§¥€ﬂbned on the outside of the secondary batteries, for
resiliently supporting and enveloping the secondary
5 batteries and a central part set up between the secondary
batteries for deciding the position of the secondary
batteries supported by the supporting means and to which the
temperature detecting element is attached.

10 13. A secondary battery device according to claim 11
or 12, wherein a concave part is formed on the side on which
the pair of detecting electrodes are set up.

14. A Nickel-Hydrogen battery device charging
15 apparatus, said nickel hydrogen battery device being
equipped with an even number of Nickel-Hydrogen batteries,
uniting means for uniting the Nickel-Hydrogen batteries in
such a manner that the electrodes of the same polarity for
pairs of the Nickel~-Hydrogen batteries face in mutually
20 opposite directions, a temperature detecting element set up
at the uniting means in such a manner as to be thermally
connected to the Nickel-Hydrogen batteries and a pair of
detecting electrodes set up at the témperature detecting
means in such a manner as to be connected with the
25 temperature detecting element, said apparatus comprising:
charging means for charging the installed
Nickel-Hydrogen battery device;
a plurality of first terminals for connecting the
installed plurality of Nickel-Hydrogen batteries together in
30 series, with the two first terminals positioned at the
beginning and the end of the plurality of first terminals
providing the charging current from the charging means;
a pair of second terminals connected to the pair
of detecting electrodes for the installed Nickel-Cadmium

) O A



9 . the external walls of the batteries 11 and 12. Al so, the ‘
detecting el ectrodes 15 and 16 are positioned at equathis Sheet Has BdersReplacds S

fromthe |l engthwi se centre of the batteries 11 in

FIG 2. i.e. the detecting el ectrodes 5 15 and 16

pl ane which includes the batteries and 12 and are posi t -
symmetrically about the centre ofzﬁhe arr angenent of t he batterles "‘
11 and 12. ve. describes the consiruct on of the

bat ory dePRECTEY IRELFS] | BMngoREbel  Teahd nEor (R FERET BHS HAS o' he
char gi ng apppexatitorof othe heharnging ymelanvs ce 10. FIG 7 is

a cross-sectional drayhdfe?h €Re®défP:€ion signal from the temperature

detecting element is provided to the control means via the

5 pair of second terminals during charging and the control
means only charges the Nickel-Hydrogen cells using the
charging means when the detection signal indicates that
charging is possible.

10 15. A Nickel-Hydrogen battery device charging
apparatus according to claim 14, said control means
determining whether or not the Nickel-Hydrogen battery
device is installed based on the voltage for the second
terminals.

15
16, A Nickel-Hydrogen battery device charging
apparatus according to claim 14 or 15, wherein the control
means observes the terminal voltage for the Nickel-Hydrogen
battery device via the two first terminals which are

20 positioned at the beginning and the end of the plurality of
first terminals and halts the charging of the Nickel-
Hydrogen battery device by the charging means when it is
determined that the terminal voltage for the Nickel-Hydrogen
battery device has fallen from a large value to a prescribed

25 value.

17. A Nickel-Hydrogen battery device charging
apparatus according to claim 14, 15 or 16 said control means
being further equipped with a control part to which the
30 detection signal from the second terminals and the terminal

voltage from the first terminals is provided, wherein a
switching element which is controlled by control signals
provided from the control part controls the providing of the
charging current from the charging means to the Nickel-

RO AR



of this charging apparatus 20. A printed circuit board 22 is set up
within a case 21 for the charging apparatus 20 and a charging
circuit, to be described later, is set up at this 15 board 22.

Further, termnals 23 to 26 are planted in the board 22 so as to
cone resiliently into contact with the positive and negative

el rodes of the battery 11 (or 12) 25 and the positive and negative

d h b wh h h
Tnstal led | MDD atﬁae{%%%fe%@b%%%ﬁ RGeS Skl B E o

pl anted so controkﬁpaxtcone resiliently into contact with termnals 15 and
16 (or 16 and 15). In the exanple in FIG 7, the |eading end

of a conductively plated piano wire is bent over into a 25 - shaped
structure arkB+4he ot hek TERPHIAXhLIFrery dgviae) qepstructed NG ypstrate 22

gi ing sof defarranged to operate AASSstan€HIVBX d8Her@idefs¥dmibddyihgy case
S0 with reference to and as illustrated in Figures 1 to 10 or

Figures 11 to 15 of the accompanying drawings.
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as to.be positioned opposite the concave part 19 in the centre of
the I ower surface of the spacer for the battery 30 device 10.

FIG 8 is a view of an exanple of a charging

board 22. A mains A . C. voltage is provided to the power supply

circuif 31 and this provides a D.C. current ICHG for charging and a

D.C. voltage VCTL for 35 use in contrd®ling the current.

10

15

20

25

30

35

ABSTRACT

A secondary battery device charging apparatus
includes a number of first terminals, a pair of second
terminals, a power supply circuit, a switching element and a
control circuit. The secondary battery device includes an
even number of secondary batteries arranged with electrodes
facing in mutually opposite directions, a middle spacer set
ub between the secondary batteries, a thermistor set up at
the middle spacer so as to be thermally in contact with the
secondary batteries, a pair of electrodes set up at the
middle spacer and a uniting member for uniting the secondary
batteries together into a single item. The pair of
electrodes are arranged symmetrically with respect to the
mechanical centre of the secondary batteries and the
thermistor is connected to the pair of electrodes. When the
secondary battery device is installed, the number of first
terminals come into contact with each of their corresponding
second battery electrodes. When the secondary battery is
installed, the pair of second terminals connect with the
pair of electrodes. The power supply circuit supplies a
charging current to the secondary batteries. The switqhing
element controls the supplying of the charging current
outputted from the power supply circuit. The control
circuit, to which the output signal from the thermistor is
provided, controls the switching element. When the
secondary battery charging device is installed, the
switching element is turned on by the control circuit so
that a charging current from the power supply circuit is
supplied via the two first terminals which are positioned at
the beginning and the end of the number of first terminals
so as to charge the secondary batteries. At the time of
charging, the teﬁperature of the secondary batteries is
detected from the voltage for the pair of second terminals
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10 - In the case in this first embodinent, the battery
device 10 is charged by rapid charging. The i
therefore a constant current. The val ue of fiperactsartgi ngcemireapnt ait CHGI o
therefore taken to be, for 5 exanple, 1100 {mA], as this value is in the
order of 1C [ mA] Wi th respect to the cap ity of 1C [mAh] of each of

t he batteries 11 and 12. The chargln& vol { }

chargi ng current | CHG i s _consider is in th region of 2 to 6 [V].
10 S ks When” the St Easea BRnPRERCUBRL LS| nPE 2 SRiganid r egi on
of 6.51to0 15e§n\z$]eramirbhifsrvpla53gegV€T burgseptothdedghothe skbentihkrge

tcﬁlr 31) ”g!z re%%il e &\?%? ft'h)ée% }‘E' }x‘iﬂ% ghbdht is tLPhEY’ 8E89aR8" 8ndrgiRg' ©

is halted.
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for exanple, 5 [V], wll
for the charging current
connected to term nal 23
transistor QL for

be produced.
| CHG

15

The out put term nal
for the power supply circuit 31 is

via the emtter and collector of the

switching the charging current

| CHG on and off and

K

via the, J di ode D1 fpr prevention of reverse currents. The earth 20 ;
connection gide output fermnal for the power supply circuit 3l is
connected to termnal 26 via the earth connection |ine 34. The
termnal 24{and the terjinal 25 are al so connect ed. A .
char gi ng control circuit 33 rmade up frqg;@ 25 mcroconputer is set up and
the voltage{Vv32 is prov|ded to t hi harging control circuit 33 as an
operating vdltage. The first output port QUT1 for the charging control
circuit 33 is connected to the base of the transistor QL via a
¢
] ~~—1! battery
- 10 gctfcefy
ke e T odevice
/ F*T\\
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A N2 battery
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Rty thermistar 14
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10 battery device
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resistor R2 with a resistor R3 being connected between the 30 base and

the emtter. This resistor R3 is to ensure that the transistor QL is
sufficiently off when this transistor is turned off.
Al 'so, the output terminal for the regulator 32 is connected to the

tern1na| 27 via the resistor RlL and the 35 termnal 28 is connected to
the 'earth comnection |ing 34.

2/9
FIG.4 |

/6 electrode

electrode

134
{3 spacer
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| |
FIG.5 |
| a

|
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t H D
/5 elegtrode B 19 ' ,I6 electrode

\““\_1*— _ / ljl / J/ %
b H |
/71 \‘Lk :
Rin—" '
. 13 spacer ;
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The vol tage V27 obtained at term nal
input termnal which is taken to be the input
converter which is built into the char gF
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15 The therm stor RTH has, for exanple, the kind of characteristics
showmn in FIG 9, so that at 25 [err] (], the therm stor resistance is
RTH = R1L (=10 [Kk[err]). Wth this kind of construction, the
battery devi ce 20 10 is installed in the charging apparatus 20 when it is
. be charged. Inthis case, it is not necessary to be overly

qg#tlous abput the origntation of the battery device. Thi s
to say that the battjery device 10 can be installed so that thei
positive and negative gl ectrodes of 25 the battery 11 cone intofcontag¢t
with the termnals 23 gnd 24 and the positive and negative termnals
of the battiery 12 cone in contactf ARth the terminals 25 and|{26, a
shown in FIG 7 and FIG 8. Aternatively, the battery devig¢e 10 tay

be installegd in the rejerse of the way shown in FIG 7 and 30 LIG. 8) SO
that the positive and regative el ectrodes for the

FIG.7
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battery 11 come into contact with the termnals 25 and 26 and the

positive and negative termnals for the battery 12 cone into contact
with the termnals 23 and 24 The batteries 11 and 12 are
arranged so as to be 35 oppas BedniRepied 0 each other. This neans
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whi chever way around the device 10 is installed,

12 are connected in ser

t he

ies via the termnals 24 and 25,

batteries 11 and
the positive

el ectrode for these serial fbl3js $heetiHassBeen Renddeel i n contact with the
termnal 23 which is 5 on what & gi nning side and the
negative el ectrode jis held i the termnal 26 which is
o what becones the end side. Al so, as the detect|ng '
e trodes 15 and 16 arie positioned symmetrically with respegt to the
centre of the 10 arrarjgenent of the batteries 11 and 12, the thgermstor
RTH is connected Hetween the term nals 27 and 28 whi chever ay
around the battery devijce 10 is i nst al 69 It fol}]ows that
when the battery devicd 10 is installed in the chargi ng appgaratus 20,
care does not have 15 |to be taken regarding the orientation of fhe battery
/device 10. Also, gs a result of the same freedom concern dpes not
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have to be shown regarding the orientation of the battery devi ce 10

when it is installed in the el ectronic equi pnent with which it is to
be used. 20 Further, as the termnal 27 is left open when the
battery device 10 is not installed in the charging apparatus 20, the
voltage V32 is outputted fromtermnal 27 al nost wi t hout nodification
.this time, the terrinal voltage V27 for the term nal V27 becones 25
[err] 4.5 [V]. When the battery device 10 isjinstalled
in the char gi ng ﬂpparatus 20, the voltage V32 is divided by the
resistor Rl and the therm stor RTH This divided voltage becones V27
and as the therm stor jresistance is RTH = Rl at 30 nor mal tenperature,
the terminal voltage Y27 at this ting/9 becones: V27 =

V32 * RTH (R + RTH)

FIG. 11

fo-battery-device
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= 2.5 [V] As this changing term nal voltage V27 is sent to
35 the first analog input termnal A/DL of the charging control

13 circuit 33, the charging control circuit 33 can detect whet her
the battery device 10 is installed in the charging
I {
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apparatus 20 fromthe magnitude of the voltage V27. -

battery device 10 is ins
V27 changes. The chargi
the battery device

changes* - t he out put
s\ hes the transistor
current ICHG is provided
power supply circuit 31
begi nning side term nal ;
termnal- 25 [err] batter
earth connection line 34
and 12 are then rapidly

talled in the 5
ng cont rol

charge apparatus 20,
circuit 33 therefore detects that

When t he

t he vol tage

10 has been installed in the charging apparatus 20,

port QUT1 froma "1" |eve

tO a IIOII

| eve

QL fromoff to on. By doing this, 10 th
to the batteries 11 and 12 via the
[err] transistor QL [err] di ode D1 [
23 - battery 11 (or 12) [err] termn
y 12 (or 11) [BifP end side t er m nal
- line for power 15 supply 31. The ba
char ged by a fixed current of a magn
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(D2) is illunminated, so that an indication is given that 20 chargl{§ 4%

I n progress. So, as shown by the solid line in FIG 10, each
of the term nal voltages for the batteries 11 and 12 gradually

i ncrease as the charging nears conpletion, reach a maxi num val ue when
charging is in the region of 90 [4, and then 25 drop to in the region of
5to 10 [mV] | ower than th nmaxi mum val ue when the charging is at 100
[9%. This kind of EcQﬂﬂ%%ﬁ RYTTERHi PRI GFo PNRg EHABFIN G A Pes 11 and
12 fl ows to the resistors R4 and R5 via the diode D1, where it is

di vided into the vol tagemél%x%@ntthaﬁvghﬁ/m?dce»mfeegeoVéSSééon"‘@ar sent to
the second anal og i nput term nal anges, i n the
vol t age V45 arBagB§E¥v@QV%ﬁFt4ﬂ§ Charg&ﬂ%riﬁﬂﬁf45ﬁﬁtroV°EFrE%¥Y1%¥9a§M¥'Ch

reads the wal uehef ptésént inverdlibageelddtewety ansetbadduyi hattdwy glevjcel f

the value Tor oqy;phddSelol LAPRVEO nGRBES SOWLIIATY L NBa B [N MR YRet © 2
or more temperature detecting elements and its associated
charging apparatus.

Ni-Ccd (Nickel Cadmium) and Ni-MH (Nickel Hydrogen)

10 batteries are well known as secondary batteries. One
particular aspect which is well known is that the voltage
for Ni~-MH batteries is 1.2 [V], which is the same as for
Ni-cd batteries, but Ni-Cd batteries have only half the
capacity of Ni-MH batteries. Ni~MH batteries are also

15 capable of rapid charging and large current discharge.

The performance of Ni-MH batteries is weakened if
they reach a high temperature during charging i.e. 1if the
temperature of the external wall becomes greater than 66
[°C}, for example.

20 It follows that if an Ni-MH battery generates heat
and reaches a high temperature during charging due to
abnormalities in the charging apparatus etc., it is
necessary to halt the charging. Also, in the case where the
batteries have reached a high temperature before the start

25 of charging due to neglect inside a car in direct sunlight
in the summer, it is necessary to halt charging directly

. after the start or to not to start charging at all.

With equipment such as compact stereo headphone
cassette tape players etc. where the power consumption is

30 guite small, just one Ni~MH battery is sufficient for
operation. However, with equipment such as portable
telephones and cameras with built-in VCRs, the power
consumption is comparatively high and it therefore becomes

necessary to use two or more Ni-MH batteries connected
35 together in series.
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35 val ue which corresponds with the aforenenti oned | ower
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It is, therefore, an object of the present
invention to provide a secondary battery device which
resolves the aforementioned problems.

It is another object of the present invention to
provide a secondary battery device charging apparatus which
resolves the aforementioned problems.

It is a further object of the present invention to
provide a Nickel-Hydrogen battery device charging apparatus
which resolves the aforementioned problems.

According to the present invention, there is
provided a secondary battery device comprising:

an even number of secondary batteries arranged
with their electrodes of the same polarities facing in
mutually opposite directions;

a middle spacer set up between the secondary
batteries; a thermistor set up at the spacer so as to be
thermally in contact with the secondary batteries;

a pair of electrodes set up at the middle spacer;
and

uniting means for uniting the secondary batteries
together into a single item, '

wherein the pair of electrodes is arranged
symmetrically about the mechanical centre of the secondary
batteries and the thermistor is connected to the pair of
electrodes. )

' The invention also provides a secondary battery
device charging apparatus, said secondary battery device
being equipped with an even number of secondary batteries
arranged with their electrodes of the same polarities facing
in mutually opposite directions, a middle spacer set up
between the secondary batteries, a thermistor set up at the
middle spacer so as to be thermally in contact with the
secondary batteries, a pair of electrodes set up at the
middle spacer and uniting means for uniting the secondary
batteries together into a single item, with the pair of

This is the reglacement sheet
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14 voltage, it will be determ ned that the chargi ng has reached

100 [9. The port QUT1 is then put to a "0" level, the transistor QL
is turned off and the charging is rapidly conpl eted. Also, the port
QUT2 for the charging control 5 circuit 33 is put to a level "1" and the
LED (D2) is ext i ngui shed. 3 By doing things in the above
way, the battery device 10 is rapjdl char ed. As t he LED é[%%

di spl ays tQﬁ%FtFHF§SrHﬁﬁﬂgc?ﬁﬁiﬂqﬁf Y QRFh biwou thhrespect; b

mechanical centre of the secondary batteries and the
thermistor being connected to the pair of electrodes, said
apparatus comprising:

5 a plurality of first terminals which respectively
come into contact with the electrodes of the secondary
batteries when the secondary battery device is installed;

a pair of second terminals which respectively
connect with the pair of electrodes when the secondary
10 battery is installed;
a power supply circuit for supplying charging
current to the secondary batteries;
a switching element for controlling the supplying
of the charging current outputted from the power supply
15 circuit; and
a control circuit, to which the output signal from
the thermistor is provided, for controlling the switching
element, wherein the plurality of first terminals connect
the secondary batteries in series when the secondary battery
20 device is installed, the switching element is turned on by
the control circuit so that a charging current from the
power supply circuit is supplied via the two first terminals
which are positioned at the beginning and the end of the
plurality of first terminals in such a manner so as to
25 charge the secondary batteries when the secondary battery
device is installed, and the temperature of the secondary
batteries is detected from the voltage for the pair of
second terminals at the time of charging in such a manner
that when the detected temperature is not a suitable
30 temperature for passing a current through the secondary
batteries, the switching element is turned off and charging
is halted.

The invention further provides a secondary battery
device comprising:

b o N ;, v *»} 1 , ¢-|:| ofl(‘!ﬂ
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10 the charging current ICHG is taken to be about 1 [CmA] the rapid

charging is conpleted in about one hour. On the other hand,
as descri bed above, the performance of the batteries 11 and 12 is
inferior if their t enperature beconmes high during charging so that it

becomes 15 necessary that charging is avotded at these tines of high
tenperatures. This is carried out .in Ee follown

L4 o
the thermistor RTH is s8F SFERUPEE, OheSEFRRAALY PRtFariessAFFAREedHf t he
outer walls ofwikht theiieseléctnetie ofi the sanbdeptkampigridsufacahgbantery 11 or

12 increases, nﬁ‘&u%hQWobBothe dzlr@ct%.ontshﬁl{:ﬁstﬁé aé‘f'é:cﬂ%‘a'éga§g§ng‘m' ch
results in a COr.respon éqg decrease in the termn

ge
Wien the batt & 2388 caN16YFR T PAYISTg 2Bai8 RﬁeﬁymmEtrﬁq?lsP&%ﬁ rEﬁ%?ﬁ?ng)
the term rmal wal tthge c¥BEresobdbsier \dayilee; the charging control circuit

33. Wen the value for LR¢t?ng NALFRrVAAILEnG ¥R UM el yCBREBEPOESIS TO
when the together into a single item;

a temperature detecting element set up at the
uniting means so as to be thermally connected to the

10 secondary batteries; and

a pair of detecting electrodes set up at the
uniting means, wherein the pair of detecting electrodes are
arranged symmetrically about the mechanical centre of the
secondary batteries and the temperature detecting element is

15 connected to the detecting electrodes.

The invention further provides a Nickel-Hydrogen
battery device charging apparatus, said nickel hydrogen
battery device being equipped with an even number of
Nickel-Hydrogen batteries, uniting means for uniting the

20 Nickel-Hydrogen batteries in such a manner that the
electrodes of the same polarity for pairs of the
Nickel-Hydrogen batteries face in mutually opposite
directions, a temperature detecting element set up at the
uniting means in such a manner as to be thermally connected

25 to the Nickel-Hydrogen batteries and a pair of detecting
electrodes set up at the temperature detecting means in such
a manner as to be connected with the temperature detecting
element, said apparatus comprising:

charging means for charging the installed

30 Nickel~-Hydrogen battery device;

a plurality of first terminals for connecting the
installed plurality of Nickel-Hydrogen batteries together in
series, with the two first terminals positioned at the
beginning and the end of the plurality of first terminals

35 providing the charging current from the charging means;

r‘,
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tenperature of the surface of the external wall of battery 11 or 12 is

equal to or exceeds 66 [err]C] (= approx. 1.0 [V]), i.e. when it drops
bel ow a vol t age whi ch corresponds to a tenperature which is not
suitable for charging the 30 batteries 11 and 12, the transistor QL is
turned off and the charging is hal t ed? Also, at this

time the port QUT2 is cgaggggt%f Eé%‘?%%@m?n; ” %Weéﬁ t% + "a%,g%/ | over

a prescribed period nade e user
is made 35 awfr é’ettl?é‘tt1&Ha?§?ﬁ’@r?%e%aﬁqre&h8ué“$’éaH?‘%dtﬂ%lt'icéémlum

battery device; and control means for controlling the
operation of the charging means,

5 wherein the detection signal from the temperature
detecting element is provided to the control means via the
pair of second terminals during charging and the control
means only charges the Nickel-Hydrogen cells using the
charging means when the detection signal indicates that

10 charging is possible.

According to the secondary battery device for the
present invention, by putting an even number of secondary
batteries together in a single unit, this unit can be used
with electronic equipment which consumes a comparatively

15 large amount of electrical power. Also, as the secondary
battery device for the present invention has its detection
electrodes arranged symmetrically about the mechanical
centre of the secondary batteries, consideration does not
have to be given to the orientation of the secondary battery

20 device when it is installed in the secondary battery device
charging apparatus.

According to the charging apparatus in the present
invention, the temperature of the secondary batteries is
detected using a temperature detecting element which is

25 thermally connected to the secondary batteries. The
charging operation may then be halted based on the detection
results from the temperature detecting elements. In this
way, deterioration of the secondary batteries is prevented.

The invention will be further described by way of

.30 non-limitative example with reference to the accompanying
drawings, in which:-

FIG. 1 is a top view of the structure of a
secondary battery device according to a first embodiment of
the present invention; FIG. 2 is a bottom view of the

This is the replacement sheet
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15 It follows that when the tenperature in at |east one

of the batteries 11 or 12 increases, the charging of the battery device
10 is halted or not carried out in the first pl ace, so that weakening
of battery 11 or 12 is prevented. 5 So, as the batteries 11 and
12 are grouped together as a single unft in the aforementioned battery

devi ce 10, th%%rﬂ@khrgagfbgogé &Mﬁﬂ"bﬁgﬂggggéﬁvfﬁg‘chordikéqugfg%a

conparatively Lar%e anmount el ectrical , as the
batteries 11 dridst2eRPedaPedfiged the 10 opposite way around within the

battery device 10 and tRec. 3 ietectidegvekecsdf ottes struwtthiré608r& arranged
SyrmEtricaIIysecondary battery device according to the first embodiment;
5 : FIG. 4 is an inclined view showing the structure
of the middle spacer;
FIG. 5 is an side view showing the structure of
the middle spacer;
FIGS. 6A to 6D are cross-sectional views of the
10 structure of the middle spacer where FIG. 6A is a
cross~sectional view taken along line A-A of FIG. 5, FIG. 6B
is a cross-sectional view taken along line B-B of FIG. 5,
FIG. 6C is a cross-sectional view taken along line C-C of
FIG. 5, and FIG. 6D is a cross-sectional view taken along
15 line D-~D of FIG. 5;
FIG. 7 is a cross-sectional view showing the
structure of the charging apparatus for the first
embodiment;

FIG. 8 is a block diagram showing the structure of
20 the charging apparatus;

FIG. 9 is a characteristics diagram showing the
temperature characteristics of the thermistor taken as the
temperature detecting element;

FIG. 10 is a characteristics diagram showing the

25 charging characteristics of the charging apparatus;

' FIG. 11 is an inclined view showing the structure
of a secondary battery device for a second embodiment of the
present invention;

FIGS. 12A to 12C are inclined views showing the

30 structure of the detecting electrodes and terminals where
FIG. 12A is an inclined view of the structure of a detecting
electrodes, FIG. 12B is an inclined view of the structure of

a terminal and FIG. 12C is an inclined view of a further
example of a terminal;

Thic e ne roomuomignt sheet



about the centre of the battery device 10, care does not have to be

taken concerning the orientation of the battery device 10 when it is
installed in the chargi ng equi pnent 20 15 or when it is installed in the
equi pnmrent with which it is to be used, which makes for easier

handl i ng. Further, if attenﬂts are made to install the

o reY ol at b en 11 oI nd, 28, PEASE WLk oHEY! Ugoll Wibuing enlll S K0 0d
The battery deSFERCE¥F&Af Shiey charging apparatusd tRRehhets¢Ndhstal led in

the correct naanesdbeenthaif the prhsesonioaentdant; 19 and the convex part 29
engage with each OtgQy . 14" Qubl ey Qs t £d 160 §fe t he
batteries 11 and 15“?% ﬁéverse Bd?%flt J%égngﬁhgggggre<§2 af%ided. 25
I'n additi of, tﬁérﬁkﬁﬁﬁﬁﬁﬁu?QNthﬁh@eE%F?tFQWﬁ&%9§§PdeS7 apfle batteries 11 and

12 is prevented because RIi® tisnjeratview for defsciribihgt &efurctshel] exatpl’ i S
detected by thgethgrmSiferBHE for the detecting electrodes.

The following is a detailed description with
reference to the diagrams of a first embodiment of a

10 secondary battery device and its associated charging
apparatus for the present invention. FIGS. 1 to 3 show an
example of a secondary battery device according to this
first embodiment of the invention. FIG. 1 is a plan view
from above, FIG. 2 is a plan view from below and FIG. 3 is a

15 plan view from the side.

This battery device 10 consists of, for example,
two 3-cell Ni-MH batteries 11 and 12 having the same shape.
These batteries 11 and 12 are arranged parallel to each
other so as to be facing in opposite directions, so that the

20 positive electrode for the battery 11 and the negative
electrode for the battery 12 are in the same plane, as are
the negative electrode for the battery 11 and the positive
electrode for the battery 12.

A middle spacer 13, to be described later, is set

25 up between the batteries 11 and 12 and a uniting member 14
is set up at the periphery of the batteries 11 and 12. This
uniting member 14 is formed in a belt shape so as to have
the cross-sectional shape of the letter c using a composite
resin which is both heat resistant and resilient. This

30 uniting member 14 consists of a flat part 14a to which the
middle spacer to be described later is attached, and a pair
of supporting arms 14b and 14b coming from each end of this
flat part 14a with all of these parts being formed as a
single item. The outer periphery of the batteries 11 and 12

35 are encompassed by the uniting member 14 so as to be clamped

[}
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and the charging is stopped if the tenperature of the batteries 11 and
12 becones abnormally high during the 30 charging of the battery device

10, or if the tenperature of the batteries 11 and 12 is irregular
before the start of char gi ng. Further, even though
there is only one thermstor RTH, it 8omes into contact with both the

battery 11 and, § he, 3% o Balieethe 12 AL &AM HRLEL00Es el P oS . T &t ure

open side of the uniting member 14 is positioned so as to be
at the lower side of the battery device 10.
The middle spacer 13 is, for example, of the

5 construction shown in FIGS. 4, 5 and 6A to 6D. Here,
FIG. 4 is an inclined view of the lower side, FIG. 5 is a
side view along the direction in which the batteries 11 and
12 are arranged and FIGS 6A to 6D show cross-sectional views
taken along line A-A, B-B, C-C, and D-D of FIG. 5.

10 Also, engaging concave parts 13a and 13a are
formed at the spacer 13, which is made entirely from a heat
resistant composite resin as shown in FIG. 3 and FIGS. 6A
to 6D. When then looking from the end surface side i.e.
the terminal side, the outer walls of the batteries 11 and

15 12 come into contact with the engaging concave parts 13a and
13a of the spacer 13 so as to be restricted at the centre.
The spacer 13, as shown in FIGS. 4 and S, is formed so as
to have a concave centre so as to appear as a cross-—
sectional C-shape when viewed along the direction in which

20 the batteries 11 and 12 are arranged and is of a height
which is slightly less than the diameter of the batteries 11
and 12. The spacer 13 will therefore prevent the batteries
11 and 12 from becoming twisted by ensuring that they are
clamped in position by the uniting member 14.

25 There is also a through hole 131 formed in the
spacer along the direction along which the batteries 11 and
12 are arranged and a thermistor RTH is set up at this
through hole 131. A pair of detecting electrodes (contact
points) 15 and 16 are also set up on the lower side of the

30 of the spacer 13 to which the thermistor RTH is connected.

The thermistor RTH is a temperature detecting
element for detecting the temperature of the batteries 11
and 12. As shown in FIGS. 6A to 6D, it is thermally in
contact with these batteries 11 and 12. i.e. the

35 thermistor RTH is arranged so as to come into contact with

This is the replacement sheet
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16 battery 11 and battery 12. This neans that it wll also det ect
If only one of the batteries 11 or 12 becones of an abnor mal

t enper at ur e. The detecting el ectrodes 15 and 16 and the 5
term nal s 23-28 which connect together the battery device 10 and the
char ggng apparatus 20 are of a sinple const ructi on and the termnals 23

to 28 can be eRedeledrflf Qftlit 08! nthBaceer Ald N1ednR0850 221 keeps

t he cost down. vi ew of a second e ment of
the 10 batt ef§tEELIRS q%ﬁctrlﬂ&etsu éﬁsaw%. %;% %"(ﬁmﬁ&ﬁ&f‘?é pbredies in
the first enbaﬁiismmtey\m | £dasn gﬂhvaenehl;emm dutitiiedlo¥ @R battéhpeg et ail ed

description wabh be, ofi i ih ks £XATPIE.  enSMRUAInG' Bedidrodde

det ecting electro e§
15 and 16 fall w1th1n the plane which includes the batteries

11 and 12 and are positioned symmetrically about the centre
of the arrangement of the batteries 11 and 12.

The above describes the construction of the

battery device 10. The following describes the construction
10 of the charging apparatus 20 for the battery device 10.

FIG. 7 is a cross-sectional drawing of an example
of this charging apparatus 20. A printed circuit board 22
is set up within a case 21 for the charging apparatus 20 and
a charging circuit, to be described later, is set up at this

15 board 22.

Further, terminals 23 to 26 are planted in the
board 22 so as to come resiliently into contact with the
positive and negative electrodes of the battery 11 (or 12)
and the positive and negative electrodes of the battery 12

20 (or 11) when the charging apparatus 20 is installed in the
battery device 10. Terminals 27 and 28 are also planted so
as to come resiliently into contact with terminals 15 and 16
(or 16 and 15). In the example in FIG. 7, the leading end
of a conductively plated piano wire is bent over into a

25 p-shaped structure and the other end of the wire is fixed to
the substrate 22 using solder.

Also, a convex part 29 is formed in the case 21 so
as to be positioned opposite the concave part 19 in the
centre of the lower surface of the spacer for the battery

30 device 10.

FIG. 8 is a view of an example of a charging
circuit set up on the board 22. A mains A.C. voltage is
provided to the power supply circuit 31 and this provides a
D.C. current ICHG for charging and a D.C. voltage VCTL for

35 use in controlling the current.
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are also showmn in FIG 12A, are conductors made from 15 resilient phosphor

bronze. These are C- shaped overall, with the inner sides of both ends
bei ng bent over so as to form J- shapes. Then, at the
chargi ng apparatus 20, the termnals 27 and 28 which the detecting

el ectrodes 15 and 16 corre into 20 contactl@ith are constructed from pi ano

Wre coated with co ive plati and .bent as shown in FIG
Alternatively, the terni I%i‘eﬁa d“?gg}féy%ﬁés&oﬁg’f’?%’d?% the PB?’?\WH% ki nd

of band- shapeddwrcb.lcltmrlsslq:hmqe@ B GapliiCchargifigey The dhwmyingl dered to

the printed bogifrdd 1EMRY ‘?LEOEﬁerg%r@%Q!dil\'s'?:gnizocﬁ?fén@xa%eeNa‘ﬁ.’ﬁ@nofhe
battery device 10 is ILnto the charg appar atus 20, the

termnals 27 the %{}ﬁqué‘gslcblFrFﬂ I?’ﬁ% Ifertberefigre| BRI PA 490 16, as
shown in F6G €fample, 1100 [mA), &S Ueid ivaiee aboip, the diverchedr gicngmaf t he

with respect to the capacity of 1C [mAh] of each of the
batteries 11 and 12. The charging voltage when this kind of
charging current ICHG is considered is in the region of 2 to
4.6 [V].

10 Also, if the voltage VCTL for control is in the
region of 6.5 to 15 {V] and this voltage VCTL is provided to
the three terminal regulator (a fixed voltage circuit
integrated onto a single chip) 32, a fixed voltage V32 of,
for example, 5 [V}, will be produced.

15 The output terminal for the charging current ICHG
for the power supply circuit 31 is connected to terminal 23
via the emitter and collector of the transistor Q1 for
switching the charging current ICHG on and off and via the
diode D1 for prevention of reverse currents. The earth

20 connection side output terminal for the power supply circuit
31 is connected to terminal 26 via the earth connection line
34. The terminal 24 and the terminal 25 are also connected.

A charging control circuit 33 made up from a
25 microcomputer is set up and the voltage V32 is provided to
this dharging control circuit 33 as an operating voltage.
The first output port OUT1 for the charging control circuit
33 is connected to the base of the transistor Ql via a
resistor R2 with a resistor R3 being connected between the
30 base and the emitter. This resistor R3 is to ensure that
the transistor Q1 is sufficiently off when this transistor
is turned off.
Also, the output terminal for the regulator 32 is
connected to the terminal 27 via the resistor Rl and the
35 terminal 28 is connected to the earth connection line 34.
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30 batteries 11 and 12 approaches 100 [%4, the energy for charging is

not used for charging, but instead produces heat. Therefore, as shown
by the broken line in FIG 10, as char gi ng approaches 100 [%, the
tenperature of the batteries 11 and 12 rises sharply at a rate of 1 to
2 [err]C] 35 per mnute. 11 17

The voltage V27 obtained at terminal 27 is sent to the first
analog input terminal which is taken to be the input
terminal A/D1 of an A/D converter which is built into the
charging control circuit 33. Resistors R4 and R5 for
5 dividing the potential are connected in series between the
collector of the transistor Q1 and the earth connection line
34. The central point between these points is then
connected to the input terminal of a further A/D converter
which is built into the charging control circuit 33 which is
10 taken to be the second analog input terminal A/D2 of the
charging control circuit 33. A ripple prevention capacitor
Cl is also connected in parallel with the resistor RS5.
A éharge display LED (D2) is connected to the
second output port OUT2 of the charging control circuit 33.
15 The thermistor RTH has, for example, the kind of
characteristics shown in FIG. 9, so that at 25 [°C], the
thermistor resistance is
RTH = R1 (=10 [kQ]).
With this kind of construction, the battery device
20 10 is installed in the charging apparatus 20 when it is to
be charged. 1In this case, it is not necessary to be overly
cautious about the orientation of the battery device.
This is to say that the battery device 10 can be
installed so that the positive and negative electrodes of
25 the battery 11 come into contact with the terminals 23 and
24 and the positive and negative terminals of the battery 12
come in contact with the terminals 25 and 26, as shown in
FIG. 7 and FIG. 8. Alternatively, the battery device 10 may
be installed in the reverse of the way shown in FIG. 7 and
30 FIG. 8, so that the positive and negative electrodes for the
battery 11 come into contact with the terminals 25 and 26
and the positive and negative terminals for the battery 12
come into contact with the terminals 23 and 24.
The batteries 11 and 12 are arranged so as to be
35 in opposite directions to each other. This means that
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It follows that the resistance of the therm stor RTH al so changes
rapidly in accordance with this change in tenperature, so that the
term nal voltage V27 reduces. The conpl eti on of the charging of
batteries 11 and 12 is 5 therefore determ ned by detecting that this

vol tage V27 has changed. In this casel2the conpletion of the charging

can be detected in a nore efficient manner .if .th ergture
det ecti on sengﬁf?Q?Yﬁrcﬁaxfﬂ?qﬁ?grﬁﬁgt%?v¥ﬁ¢JEQSﬂgaﬁpfgﬁﬁg$$y the high. i.e.
as described patbvepies yll tdnsl l@dacei epnnectdte i) seydpsayéd het he batteries

11 and 12 at thenih&®s 034 14 ¥, the O GV dieckrblelBot MMesd etiiay not
even one perc

That ot T RRCEREIEF nlf G P SOPEETE SR i CORBADRAGe o1 LT [ 1 <
det ected By t be whahgeecomeshdhdi beddaning taifde \WME tbeeneghtive the vol tage
VA5 under goescdedfrbhid 4 HEORNMUG SoABactWiSth the terminal 26 which is
on what becomes the end side.
Also, as the detecting electrodes 15 and 16 are
positioned symmetrically with respect to the centre of the
i0 arrangement of the batteries 11 and 12, the thermistor RTH
is connected between the terminals 27 and 28 whichever way
around the battery device 10 is installed.
It follows that when the battery device 10 is
installed in the charging apparatus 20, care does not have
15 to be taken regarding the orientation of the battery device
10. Also, as a result of the same freedom, concern does not
have to be shown regarding the orientation of the battery
device 10 when it is installed in the electronic eguipment
with which it is to be used.
20 Further, as the terminal 27 is left open when the
battery device 10 is not installed in the charging apparatus
20, the voltage V32 is outputted from terminal 27 almost
without modification. At this time, the terminal voltage
V27 for the terminal V27 becomes
25 v27 2 4.5 (V].
| When the battery device 10 is installed in the
charging apparatus 20, the voltage V32 is divided by the
resistor Rl and the thermistor RTH. This divided voltage
becomes V27 and as the thermistor resistance is RTH = Rl at
30 normal temperature, the terminal voltage V27 at this time
becones:

va7

]

V32 * RTH/ (Rl + RTH)
2.5 (V)

As this changing terminal voltage V27 is sent to
35 the first analog input terminal A/D1 of the charging control

[N
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portion of the voltage V45 only represents the | ower three-bit portion
and as such is not particularly suitable for detection of conpletion of
char gi ng. However, by using a thermstor RTHwi th a high tenperature
detection 20 sensitivity when detection S being carried out fromthe
change in the tenperature at the therm’storl RTH, a | arge proportional

change in the tarEuRel 3¥0! £R0&NEG iR Egﬁtféfmklrcuf%f3§h§%9' G &ATPI etion
can be achi eved agg thg det ect i on ‘of t he conpletion. o argl ng can

therefore be i batkery device 10 if gifistalledc dpdERe eChREFiNthe
arrangenent of alpI}p@ratuSpaDrfmm didtecoongtedecsdf ades vbitagd ¥H7 descri bed

above for  the therm ghok Eliloateobirdeel61100S 1hotBY18h50 Hone

arranged at_the.centre of t dete g el ectrodes , SO that a
e

t her mi st or %Hcmgﬁea%ﬂﬁ% ‘f%c?ooet °11ﬁ%g%0V27dé’thé‘6‘9ieﬁg e'F’é%t?rb"’H&}"ES and
16 and the el econgtfellgirasit 33 tdlepeiora &ttectisl.thiltt ¢hrabavedyy ddidce

detecting el eCtiifO§8S been installed in the charging apparatus 20, changes

the output port OUT1 from a "1" level to a "0" level and
switches the transistor Q1 from off to on. By doing this,

10 the charge current ICHG is provided to the batteries 11 and
12 via the path: power supply circuit 31 -+ transistor Q1 -
diode D1 - beginning side terminal 23 - battery 11 (or 12) -
terminal 24 - terminal 25 - battery 12 (or 11) - end side
terminal 26 - earth connection line 34 - line for power

15 supply 31. The batteries 11 and 12 are then rapidly charged
by a fixed current of a magnitude of 1 [CmA}].

Also, during rapid charging, the port OUT2 of the
charging control circuit 33 is at a "0" level and the LED
(D2) is illuminated, so that an indication is given that

20 charging is in progress.

So, as shown by the solid line in FIG. 10, each of
the terminal voltages for the batteries 11 and 12 gradually
increase as the charging nears completion, reach a maximum
value when charging is in the region of 90 {%], and then

25 drop to in the region of 5 to 10 [(mV] lower than this
maximum value when the charging is at 100 (%]. This kind of
changing terminal voltage for the batteries 11 and 12 flows
to the resistors R4 and R5 via the diode D1, where it is
divided into the voltage V45 and this divided voltage V45 is

30 sent to the second analog input terminal A/D2.

Changes in the voltage V45 are observed by the
charging control circuit 33, which reads the value of this
voltage 45 every minute during charging. If the value for
this voltage V45 comes down from the maximum value to a

35 value which corresponds with the aforementioned lower
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15 and 16 may be on a centre line between the batteries 11

positioning may be carried out symmetrically with respect to the
direction of this arrangenent, as shown, for 35 exanple, in FIG 15.
Further, in the above, the battery 4

device consisted of two batteries 11 and iﬁ but it may

10

15

20

25

30

35

voltage, it will be determined that the charging has reached
100 [%]. The port OUT1 is then put to a "0" level, the
transistor Q1 is turned off and the charging is rapidly
completed. Also, the port OUT2 for the charging control
circuit 33 is put to a level "1" and the LED (D2) is
extinguished.

By doing things in the above way, the battery
device 10 is rapidly charged. Also, the LED (D2) displays
that this rapid charging is taking place. As the size of
the charging current ICHG is taken to be about 1 [CmA] the
rapid charging is completed in about one hour.

On the other hand, as described above, the
performance of the batteries 11 and 12 is inferior if their
temperature becomes high during charging so that it becomes
necessary that charging is avoided at these times of high
temperatures. This is carried out in the following way.

As the thermistor RTH is set up so as to be close
to the surface of the outer walls of batteries 11 and 12, if
the temperature of battery 11 or 12 increases, as shown in
FIG. 9, the resistance decreases, which results in a
corresponding decrease in the terminal voltage V27.

When the battery device 10 is charging (and when
it starts charging) the terminal voltage V27 is observed by
the charging control circuit 33. When the value for the
voltage V27 is a value which corresponds to when the
temperéture of the surface of the external wall of battery
11 or 12 is equal to or exceeds 66 [°C] (= approx. 1.0
{(V]), i.e. when it drops below a voltage which corresponds
to a temperature which is not suitable for charging the
batteries 11 and 12, the transistor Q1 is turned off and the
charging is halted.

Also, at this time the port 0OUT2 is changed
between a "0" level and a "1" level over a prescribed period
and the LED (D2) is made to flash so that the user is made
aware that charging is halted due to irregularities.

This is the replacement sheet
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consi st of any even nunber of batteries arranged so as to be positioned in
opposite directions. 19
CLAI M5

15
?

It follows that when the temperature in at least
one of the batteries 11 or 12 increases, the charging of the
battery device 10.is halted or not carried out in the first
place, so that weakening of battery 11 or 12 is prevented.

5 So, as the batteries 11 and 12 are grouped
together as a single unit in the aforementioned battery
device 10, this unit can be used with equipment which
requires a comparatively large amount of electrical power.

Also, as the batteries 11 and 12 are arranged the

10 opposite way around within the battery device 10 and the
detecting electrodes 15 and 16 are arranged symmetrically
about the centre of the battery device 10, care does not
have to be taken concerning the orientation of the battery
device 10 when it is installed in the charging equipment 20

15 or when it is installed in the equipment with which it is to
be used, which makes for easier handling.

Further, if attempts are made to install the
battery device 10 in the charging apparatus 20 upside down,
this kind of installation will not be possible because of

20 the convex portion 29. The battery device 10 can only be
installed when it is installed in the correct manner so that
the concave part 19 and the convex part 29 engage with each
other. Trouble caused by the connection of the batteries 11
and 12 in reverse polarity can therefore be avoided.

25 In addition, the weakening of the performance of
the batteries 11 and 12 is prevented because the temperature
of the batteries 11 and 12 is detected by the thermistor RTH
and the charging is stopped if the temperature of the
batteries 11 and 12 becomes abnormally high during the

30 charging of the battery device 10, or if the temperature of
the batteries 11 and 12 is irregular before the start of
charging.

Further, even though there is only one thermistor
RTH, it comes into contact with both the battery 11 and the

35 battery 12 and can therefore detect the temperature of both
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1. A secondary battery device conprising: 5 an even
nunber of secondary batteries arranged with their el ectrodes of the
sanme polarities facing in nmut ual |y opposite directions; _

a mddl e spacer set up between the secondai%/ ~ batteries; a therm stor
set up at the spacer so as to be 10 thermally in contact with the

secondary battpat€éry 11 and battery 82Paifhid nla@st ERYESiSe)i P Alsd he
m ddl e spacer;detectapp uniting nmeans for uniting the

secondary batterres S RePLi hPS BRLTSIgISS ilteRF }3 becomes’ of an
wherei n the paPpnerma] ceenraradure.arr anged symmetrical ly about the

mechani cal centre of thersecutdating elebBddd 95 and Lheatdaryd stor is
connect ed %0 tQ8r8f££1§f23~28 Qﬂi%ﬁtéggggét together the battery device 10
and the charging apparatus 20 are of a simple construction
and the terminals 23 to 28 can be soldered directly onto the
printed board 22, which keeps the cost down.
FIG. 11 is a view of a second embodiment of the
10 battery device 10. Portions which correspond to portions in
the first embodiment will be given the same numerals and
their detailed description will be omitted. 1In this example
shown in FIG. 11, the detecting electrodes 15 and 16, which
are also shown in FIG. 12A, are conductors made from
15 resilient phosphor bronze. These are C- shaped overall,
with the inner sides of both ends being bent over so as to
form J-shapes.
Then, at the charging apparatus 20, the terminals
27 and 28 which the detecting electrodes 15 and 16 come into
20 contact with are constructed from piano wire coated with
conductive plating and bent as shown in FIG. 12B.
Alternatively, the terminals 27 and 28 may be constructed
from the kind of band-shaped conductor shown in FIG. 12C.
They are then soldered to the printed board 22. Therefore,
25 according to this example, when the battery device 10 is
installed into the charging apparatus 20, the terminals 27
and 28 slot into the detecting electrodes 15 and 16, as
shown in FIG. 13.
As mentioned above, as the charging of the
30 batteries 11 and 12 approaches 100 {%¥], the energy for
charging is not used for charging, but instead produces
heat. Therefore, as shown by the broken line in FIG. 10, as
charging approaches 100 {%}], the temperature of the

batteries 11 and 12 rises sharply at a rate of 1 to 2 [°C]
35 per minute.
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- 20 2. A secondary battery device according to claim1, said

uniting nmeans being further equi pped with a resilient supporting
menber for supporting the secondary batteries in such a manner as to
apply pressure to the exterior of the .;econdary batteries in the
direction of the m ddl e spacer. 25 A secondary battery

device according to claimp JfoQ'iows thatd tﬂ/éﬂ%%llaténeé%ﬁléﬁé/t@; rﬁﬁ?‘ﬁ@ﬁe
engagi ng surf surfaces o

t he externa
secondary aﬁﬁ%a?fseor |cé1§n§|g3 ?88 g"a’t" AFEOrAARFe €ht i, changg &Bndwi ch
30 the thernisewRexatdinehe senthphgthe drrrnigafluvohbagedid ppediuces. wrhé a

flat part whi chomsresidiicr eaat aﬁany»m&l df@aticddigs 11 arﬁP Gerisand a

plurality pf curved. arns, for suppo secon atterlesformed
t oget her ag a és&lang?fe re élrﬁt\ﬁr ﬁngg £ cpeck:ecr{lng that thls v ltage V27 has

changed. In this case, the completion of the charging can
be detected in a more efficient manner if the temperature
detection sensitivity of the thermistor RTH is particularly
high. 1i.e. as described previously, the reduction in the
10 voltages at the batteries 11 and 12 at the time of 100 (%]
charging is 5 to 10 [mV]. This is not even one percent of
the terminal voltage during charging. It follows that at
the charging control circuit 33, when charging of 100 (%] is
detected by the change in the divided voltage V45, even if
15 the voltage V45 undergoes a 10 bit A/D conversion, this
portion of the voltage V45 only represents the lower
three-bit portion and as such is not particularly suitable
for detection of completion of charging. However, by using
a thermistor RTH with a high temperature detection
20 sensitivity when detection is being carried out from the
change in the temperature at the thermistor RTH, a large
proportional change in the terminal voltage V27 at the time
of charging completion can be achieved and the detection of
the completion of charging can therefore be improved upon.
25 Also, in accordance with the arrangement of the
pair of detecting electrodes 15 and 16 described above for
the thermistor RTH, a third electrode 17 may also be
arranged at the centre of the detecting electrodes 15 and
16, so that a thermistor RTH may be connected between the
30 detecting electrodes 15 and 16 and the electrode 17, as
shown in FIG. 14. Alternatively, the detecting electrodes
15 and 16 may be on a centre line between the batteries 11
and 12 and positioning may be carried out symmetrically with
respect to the direction of this arrangement, as shown, for
35 example, in FIG. 15. Further, in the above, the battery
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the flat part. 35 20 4.

A secondary battery device according to clains 1, 2 or 3, wherein ihe-
m ddl e spacer has a concave part forned on the side on which the pair
of el ectrodes are set up. 18 3

device consisted of two batteries 11 and 12 but it may
consist of any even number of batteries arranged so as to be
positioned in opposite directions.
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5 5. A secondary battery device chargi ng apparat us, sai d
secondary battery device being equipped with an even nunber of
secondary batteries arranged with their el ectrodes of the sane
polarities facing in nmutually opposite 19directions, a mddl e spacer set
up between the secondary 10 batteries, atherm stor set up at the mddle

spacer so as to be thermally in contigrmgl th the secondary batteries, a
pair of electrodes set up at the m ddle spacer and uniting neans
for uniting the secondary batteries together into a single item wth

the pair of electrodes being arranged 15 symretrically with respect to the

mechani cal centre of thg secoﬁ@ﬁﬂpq%&*eg§taggi@§ égmbgfg;ﬁguwrﬁstor bei ng
connected to the pair of electrodes, said F abat conpri sing:
a plurality of first tePﬁlﬁg?g WHIRST Ofs SECPPYRFY batteries arranged

with their electrodes of the same polarities facing in
mutually opposite directions;
a middle spacer set up between the secondary
batteries; a thermistor set up at the spacer so as to be
10 thermally in contact with the secondary batteries;
a pair of electrodes set up at the middle spacer;
and
uniting means for uniting the secondary batteries
together into a single iten,
15 wherein the pair of electrodes is arranged
symmetrically about the mechanical centre of the secondary

batteries and the thermistor is connected to the pair of
electrodes.

20 2. A secondary battery device according to claim 1,
said uniting means being further equipped with a resilient
supporting member for supporting the secondary batteries in
such a manner as to apply pressure to the exterior of the
secondary batteries in the direction of the middle spaéer.

25

3. ' A secondary battery device according to claim 1 or
2, wherein a plurality of concave engaging surfaces for
engaging with the external surfaces of the secondary
batteries are formed at the middle spacer so as to sandwich

30 the thermistor and the uniting means is further equipped
with a flat part which comes into contact with the middle
spacer and a plurality of curved arms for supporting the

secondary batteries formed together as a single item with
the flat part.
35

”IIIIII I“l” III” “Ill " IIII N e
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.conme into contact with the el ectrodes of the secondary 20 batteries when

the secondary battery device is installed; . a pair of second
term nal s which respectively connect with the pair of el ectrodes when
t he secondary battery is install ed; a power supply

circuit for supplying charging 25 current 2?0 the secondary batteries;
a switching el gpent for zccaucro@,htawgbm@elsymoéwaagaccord%gt{@ Shah@ 19

t
Cont rol i oui £, OF o GRTRTE &0 Ch BAPOLY (FRACH BAes0 CORESYRAAS oo

control circui _
provi ded, for eont‘-h%lﬂﬁg arherhdwht thenpair of ellectrbdeshareiset hp.plurality
of first term nals connect the secondary batteries in series when the
secondary gattgry devi ce i the switching el enent is turned

t
on by t he®¢tontr ol cﬁr?ﬁﬁqu§5y?ﬁﬁgL%F%Hﬁ?@fﬁbCBGFBéH IPRARANS -

said secondary battery device being equipped with an even
number of secondary batteries arranged with their electrodes
of the same polarities facing in mutually opposite
directions, a middle spacer set up between the secondary

10 batteries, a thermistor set up at the middle spacer so as to
be thermally in contact with the secondary batteries, a pair
of electrodes set up at the middle spacer and uniting means
for uniting the secondary batteries together into a single
item, with the pair of electrodes being arranged

15 symmetrically with respect to the mechanical centre of the
secondary batteries and the thermistor being connected to
the pair of electrodes, said apparatus comprising:

a plurality of first terminals which respectively
come into contact with the electrodes of the secondary

20 batteries when the secondary battery device is installed;

a pair of second terminals which respectively
connect with the pair of electrodes when the secondary
battery is installed;

a power supply circuit for supplying charging

25 current to the secondary batteries;

' a switching element for controlling the supplying
of the charging current outputted from the power supply
circuit; and

a control circuit, to which the output signal from

30 the thermistor is provided, for controlling the switching
element, wherein the plurality of first terminals connect
the secondary batteries in series when the secondary battery
device is installed, the switching element is turned on by
the control circuit so that a charging current from the

35 power supply circuit is supplied via the two first terminals

LT
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.35 power supply circuit is supplied via the two first termnals

21 whi ch are positioned at the beginning and the end of the
plurality of first termnals in such a manner so as to _charge the
secondary batteries when the secondary batggry device is installed, and

the tenperature of the secondary

which are positioned at the beginning and the end of the
plurality of first terminals in such a manner so as to
charge the secondary batteries when the secondary battery
device is installed, and the temperature of the secondary

5 batteries is detected from the voltage for the paif of
second terminals at the time of charging in such a manner
that when the detected temperature is not a suitable
temperature for passing a current through the secondary

batteries, the switching element is turned off and charging
10 is halted.

6. A secondary battery device charging apparatus
according to claim 5, wherein the control circuit observes
fluctuations in the terminal voltage of the secondary

15 battery device via the two first terminals positioned at the
beginning and the end of the plurality of first terminals
when the secondary batteries are being charged, and the
switching element is turned off and the charging of the
secondary batteries is completed when the secondary battery

20 device terminal voltage exceeds a large value and then drops
by a prescribed extent.

7. A secondary battery device charging apparatus
according to claim 5 or 6, wherein the control circuit turns
25 the switching element off so that the charging of the
secondary batteries is completed when the temperature
detected by the thermistor while the secondary batteries are
being charged exceeds a temperature corresponding to the

completion of charging of the secondary battery charging
30 device.

8. A secondary battery device charging apparatus

according to claim 5, 6 or 7, said pair of second terminals

being constructed from a resilient conducting member in such
35 a manner as to come forcibly into contact with each of the

Thiz o it renincement sheet
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5 batteries is detected fromthe voltage for the pair of second
termnals at the tinme of charging in such a manner t hat when the
detected tenperature is not a suitable tenperature for passing a
current through the secondary batteries, the switching elenent is
turned off and charging 10 is halted. 22 A secondary battery

devi ce char gi Bqlgpeerﬁgétmdesa%%dwg ;@c&iﬂey BactigigLnathe control

circuit obseryes uctuations Int term voltage o he secondary
15 battery déPst8l¥ed-the two first terminals positioned at the
begi nning and the end of the plurality of first termnals when t he

secondary batieries arey bsﬁ‘éélﬂ}d%f}%r QQQte?gdcﬁ%}%rlngbain aE.—SQhQQaEé&fBE gt s ed

turned off and the charg erres i s conp
when t he éecoﬁ&a??yb%??69§ clalms 5 to 8, said palr of second termlnals

being constructed from a resilient conducting member in such
a manner that each electrode of the pair of electrodes is
inserted into the conducting member when the secondary
battery is installed.

10
10. A secondary battery device charging apparatus
according to any one of claims 5 to 9, said apparatus being
further equipped with a circuit board for providing
distribution to the power supply circuit, the switching

15 element and the control circuit, wherein the pair of
terminals are directly attached to the circuit board.

11. A secondary battery device comprising:
an even number of secondary batteries arranged
20 with their electrodes of the same polarities facing in
mutually opposite directions with the electrodes being
arranged in such a manner as to be symmetrical with respect
to the centre of the device;
uniting means for uniting the secondary batteries
25 together into a single item;

' a temperature detecting element set up at the
uniting means so as to be thermally connected to the
secondary batteries; and

a pair of detecting electrodes set up at the
30 uniting means, wherein the pair of detecting electrodes are
arranged symmetrically about the mechanical centre of the
secondary batteries and the temperature detecting element is
connected to the detecting electrodes.

35

O
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20 device termnal voltage exceeds a | arge value and then drops by a
prescribed extent. 7. A secondary battery device charging
appar at us according to claim5 or 6, wherein the control circuit turns
25 the switching element off so that the gharging of the secondary
batteries is conpleted when the tenperature detected by the therm stor

while the secomglary bat hesk86n@dfy battdl§ BEvEBar4EshbR¥GREES arheAperature
correspondi ng té)'&*h%itin %gnglsegé{)rp %f ncshar%*dng Pf t he secan arg battery
charging 30 d&ice. g megt 9 ROSEEBRGST B 1Y PREY BT R i ng
appar at us pegidoratiad onothe apwkides ofr the secangrry ketttesagnd fe¥nmi nal s
resiliently supporting and enveloping the secondary
5 batteries and a central part set up between the secondary
batteries for deciding the position of the secondary
batteries supported by the supporting means and to which the
temperature detecting element is attached.

10 13, A secondary battery device according to claim 11
or 12, wherein a concave part is formed on the side on which
the pair of detecting electrodes are set up.

14, A Nickel-Hydrogen battery device charging
15 apparatus, said nickel hydrogen battery device being
equipped with an even number of Nickel-Hydrogen batteries,
uniting means for uniting the Nickel-Hydrogen batteries in
such a manner that the electrodes of the same polarity for
pairs of the Nickel-Hydrogen batteries face in mutually
20 opposite directions, a temperature detecting element set up
at the uniting means in such a manner as to be thermally
connected to the Nickel-Hydrogen batteries and a pair of
detecting electrodes set up at the témperature detecting
means in such a manner as to be connected with the
25 temperature detecting element, said apparatus comprising:
' charging means for charging the installed
Nickel-Hydrogen battery device;
a plurality of first terminals for connecting the
installed plurality of Nickel-Hydrogen batteries together in
30 series, with the two first terminals positioned at the
beginning and the end of the plurality of first terminals
providing the charging current from the charging means;
a pair of second terminals connected to the pair
of detecting electrodes for the installed Nickel-Cadmium
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bei ng constructed froma resilient conducting nmenber in such 35 a nmanner
as to cone forcibly into contact wwth each of the

22 pair of electrodes when the secondary batteries are i nstall ed.
24

battery device; and control means for controlling the
operation of the charging means,
wherein the detection signal from the temperature

detecting element is provided to the control means via the
5 pair of second terminals during charging and the control

means only charges the Nickel-Hydrogen cells using the

charging means when the detection signal indicates that

charging is possible.

10 15. A Nickel-Hydrogen battery device charging
apparatus according to claim 14, said control means
determining whether or not the Nickel-Hydrogen battery

device is installed based on the voltage for the second
terminals.
15

16. A Nickel~Hydrogen battery device charging
apparatus according to claim 14 or 15, wherein the control
means observes the terminal voltage for the Nickel-Hydrogen
battery device via the two first terminals which are

20 positioned at the beginning and the end of the plurality of
first terminals and halts the charging of the Nickel-
Hydrogen battery device by the charging means when it is
determined that the terminal voltage for the Nickel-Hydrogen

battery device has fallen from a large value to a prescribed
25 value.

17. A Nickel-Hydrogen battery device charging
apparatus according to claim 14, 15 or 16 said control means
being further equipped with a control part to which the

30 detection signal from the second terminals and the terminal
voltage from the first terminals is provided, wherein a
switching element which is controlled by control signals
provided from the control part controls the providing of the
charging current from the charging means to the Nickel-

-
-y
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9 A secondary battery chargi ng apparatus according 5 to any one of

clains 5 to 8, said pair of second termnals bei ng constructed from a
resilient conducting nmenber in such a manner that each el ectrode of the
pair of electrodes is inserted into the conducting nenber when the
sec&ﬁdary battery is installed. 10 10. A secondary battery

devi ce char gi Hgdeppean diattery demticeriiswl tom aonteone sigsdbd nfrdm tthed, sai d
appar at us bei ggntrol gégéher equi pped with a circuit board for providing
distribution to tﬂe power supply circuit, the switching 15 elenent and the
control circuit, wherein the pair of termnals are directly attached to
the circuit bbdard. A secondary battery device constructed and

5 arranged to operate substantially as hereinbefore described
with reference to and as illustrated in Figures 1 to 10 or
Figures 11 to 15 of the accompanying drawings.
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11. A secondary battery device conpri sing: an even
nunber of secondary batteries arranged 20 with their el ectrodes of the sane
polarities facing in mutual |y opposite directions with the el ectrodes

bei ng arranged in such a manner as to be sy ig-§heet Ha Repasgdect
to the centre of the device; 26 unitin I ting the
secondary batteries 25 together into a single item|ghi a

tenperature detecting elenment set up at the uniting nmeans so as to be
thermally connected to the secondary batteries; and a
pair of detecting el ectrodes setABBTBACThe 30 uniting neans, wherein the
pair of detecting el ectrodes are arranged symetrically about the
mechani cal centre of the secondary batteries and the tenperature

detecting el cHEGENDARY BATEERYREEECE AN CHARGING APRARARUS des.

A secondary battery device charging apparatus

5 includes a number of first terminals, a pair of second
terminals, a power supply circuit, a switching element and a
control circuit. The secondary battery device includes an
even number of secondary batteries arranged with electrodes
facing in mutually opposite directions, a middle spacer set

10 up between the secondary batteries, a thermistor set up at
the middle spacer so as to be thermally in contact with the
secondary batteries, a pair of electrodes set up at the
middle spacer and a uniting member for uniting the secondary
batteries together into a single item. The pair of

15 electrodes are arranged symmetrically with respect to the
mechanical centre of the secondary batteries and the
thermistor is connected to the pair of electrodes. When the
secondary battery device is installed, the number of first
terminals come into contact with each of their corresponding

20 second battery electrodes. When the secondary battery is
installed, the pair of second terminals connect with the
pair of electrodes. The power supply circuit supplies a
charging current to the secondary batteries. The switqhing
element controls the supplying of the charging current

25 outputted from the power supply circuit. The control
circuit, to which the output signal from the thermistor is
provided, controls the switching element. When the
secondary battery charging device is installed, the
switching element is turned on by the control circuit so

30 that a charging current from the power supply circuit is
supplied via the two first terminals which are positioned at
the beginning and the end of tﬁe number of first terminals
so as to charge the secondary batteries. At the time of
charging, the teﬁperature of the secondary batteries 1is

35 detected from the voltage for the pair of second terminals

FIGURE 7



35 23 12. A secondary
battery device according to claim 11, said uniting nmeans being
constructed froma supporting part,

27

- Ses

so that when the detected temperature is not a suitable
temperature for passing a current through the secondary

batteries, the switching element is turned off and charging
is halted.
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positioned on the outside of the secondary batteries, for resiliently
supporting and envel opi ng the secondary 5 batteries and a central part set
up between the secondary batteries for deciding the position of the .
secondary batteries supported by the supporting neans and to which the
tenperature detecting elenment is attaﬁhgd. 10 13. A secondary
battery device according to claim11l or 12, wherein a concave part is
formed on the side on which the pair of detecting el ectrodes are set
up. 14. A N ckel - Hydr n battery device charging 15

apparatus, said nickel hydrogen ug??dﬁscd vi ce being equi pped with an
even nunber of Nickel -Hydrogen batteries,
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uniting nmeans for uniting the Nickel-Hydrogen batteries in such a
manner that the el ectrodes of the sane polarity for pairs of the

Ni ckel - Hydrogen batteries face in nmutually 20 opposite directions, a
tenperature detecting el ement set up at the uniting neans in such a
manner as to be thermally connected to the Ni ckel -Hydrogen batteries
and a pair of detecting el ectrodes set up at the tenperature detecting
means in such a manner as to be connected with the 25 tenperature
detecting el enent, said apparatus conprising: char gi ng nmeans
for charging the installed Ni ckel - Hygigogen battery device;

a plurality of first termnals for connecting the installed plurality
of Ni ckel -Hydrogen batteries together in 30 series, with the two first
termnals positioned at the Z_egl inggand the end of the plurality of
first termnals providing th h gi%% current fromthe charging

nmeans,
J6 electrode

19
/d electrode

13q
/3 spacer

13a

A ~t
/5 elegtrode —B
: 9 16 electrod
N B3 ¢
S I/ ﬂ
Rin-—" 4 :
h
tr]ermistor L*-B | 13 spacer
. , L
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a pair of second termnals connected to the pair of detecting

el ectrodes for the installed N ckel-Cadm um

24 battery device; and control means for controlling the operation
of the chargi ng neans, wherein the detection signal fromthe

tenperature

3/9

FIG.6A

FIG.68
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detecting elenent is provided to the control neans via the 5 pair of

second termnals during charging and the control means only charges the
Ni ckel - Hydrogen cells using the char gi ng nmeans when the detection
signal indicates that charging i s possible. 10 15. A

Nigkel - Hydrogen battery device charging apparatus according to claim
14% said control neans determ ni ng whether or not the N ckel-Hydrogen
battery device is installed based on the voltage for the second
termnals. 15 16. A Nickel Fydrogen battery device charging
apparatus according to claim 14 or reln the control means
observes the term nal voltage for the N|c - Hydr ogen

FIG.7
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battery device via the two first termnals which are 20 positioned at the

begi nning-and the end of the plurality of first termnals and halts
the charging of the Nickel - Hydrogen battery device by the charging
means when it is determ ned that the term nal voltage for the
Ni ckel - Hydr ogen battery device has fallen froma large value to a
prescribed 25 val ue. 17. A Ni ckel - Hydrogen battery device
char gi ng apparatus according to gl im 14, 15 or 16 said control neans
being further equipped with a control 62§t to which the 30 detection
signal framthe second termnals and the term nal vol tage fromthe
first termnals is provided, wherein a switching elenent which is
controlled by control signals provided fromthe control part controls
t he providing of the o
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~charging current fromthe charging nmeans to the N ckel -
25 Hydrogen battery device based on control signals fromthe control part.
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