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1 A METHOD AND AN. APPARATUS 'FOR CHARG NG A RECHARGEABEE-PATHRY :
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preci - apparatus for performing the method.

10 When charging a” rechargeable battery, such as for example
an Nicd battery, an electrical voltage greater than the
terminal voltage of the battery is applied to the terminals
of the battery, whereby a current will run through the
battery. This current initiates a chemical process by

15 which energy is stored in the battery.

When the battery has réached a full charge condition, the
chemical process stops, and the added energy will instead
be converted into heat. Since the battery is constructed as
a sealed container, the pressure in the battery increases,

20 which causes chemical destruction. This means that the
capacity of the battery is reduced, and the capacity may
eventually have been reduced significantly after several
such chargings. For the battery to be utilized in the best
possible manner it is therefore important partly that the .

25 battery will be charged fully partly that charging is
‘interrupted before the generation of heat becomes too
great. The problem is thus to interrupt charcging as preci-
sely as possible at the proper time.

Frequently, the charging period for a battery is desired to
30 be as brief as possible, which has led to the use of grea-

ter and greater charging currents, and since this accelera-

tes the heat generating process additionally, it is even

more important to interrupt charging at the proper time.




sely as possible at the proper tinme. Frequently, the charging period for a
battery is desired to 30 be as brief as possible, which has led to the use
of grea- ter and greater charging currents, and since this accelera- tes

t he heat generating process additionally, it is even nore inportant to

I nterrupt charging at the proper tine. 2 In a typical charging sequence
t he voltage across the bat- tery increases evenly as the batter

charged. AsIphe B¥Pica] sharcHdidesequenas |the é‘f‘é“b?g%h%?ﬁ‘ésstﬁéevBPFage
i ncr easeshnaéeyshae&bhsb@ @v&ealy Y iny vdieed) | istehargéds> nbatpe. Thﬁ
voltaget e tOt |nrase r e se the
t enper at uregeg ﬁ’tr °8r° [‘2‘3 % e‘-’gat#l v%ﬁgggrfz{é%%n‘58223§

char gi ng cuuneneasypl@@thy5ﬁ£€p§Mw$0aaﬂpﬁakuméxkimmltbhafgblaﬁﬂathemﬁ n-

Creases. ?gr t PHaC k%% %P Wy i bds t&otﬁas!hérgﬁset I mum

charglng by cut ng off charglng at e pro per tlne wever have
been found &8 bempPLIRLYFe PﬁﬂQQ§%ﬂ§§? QemReEA I FR ?@efﬁ%EFFEEtBJ the | ate,

the result vohlka ?@ HeahegRitdnad.l @ Faﬁﬁmyml tRet eHatgfig 2drrent
I

inder char bl YPRRBIIY AT, G, ottt A1, bl dhatle, RS Fbéroips.

rature of tbtehsesery and then cutting-off chargi ng when an

10 The art includes some methods which attempt to ensure op-
timum charging by cutting off charging at the proper time.
However, they have been found to be lacking in precision.
If charging is interrupted too late, the result will be
heat generation and mechanical destruction, as mentioned,

15 and if charging is cut-off too early, the battery will be
undercharged.

One of the known methods comprises measuring the tenpe-
rature of the battery and then cutting—-off charging when an
increase in temperature is observed. However, it is frequ-

20 ently too late when the increase in temperature is so great
that it can be measured, and it is moreover difficult to
measure the temperature sufficiently accurately, one reason
being the possible variations in ambient temperature. This
will, for example, be the case if a battery from an auto-

25 mobile telephone is moved in winter from a cold car to a
charger which is present at room temperature.

Another know method comprises measuring the voltage across
the battery and cutting off charging when the voltage as-
sumes a determined level. However, this volfage often va-

30 ries somewhat from battery to battery, even in case of
batteries of the same type, and it is moreover temperature
dependent so that it is very difficult to determine the
voltage at which charging is to be cut-off.



I ncrease in tenperature i s observed. However, it is frequ- 20 ently too

| ate when the increase in tenperature is so great that it can be neasured,
and it is noreover difficult to nmeasure the tenperature sufficiently
accurately, one reason being the possible,variations in anbient
tenperature. This wll, for exanple, be tﬁe case if a battery from an auto-
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10 tion to the waste of energy involved, it takes a certain
time, and there will still be a good deal of difference
between the necessary charging time from battery to batte-
ry. :

A more adﬁanced method is to measure the voltage change (or

15 current change) as a function of time, i.e. the slope of a
curve showing the voltage as a function of time. For examp-
le, US patent specification No. 4,052,656 discloses a
method which finds the point at which the slope is zero,
corresponding to the peak where the battery is fully

20 charged; however, it is difficult to determine the point
accurately since the curve may be very flat here, and
another drawback is that there may be other points on the
curve where the slope is zero so that charging is cut-off
.too early.

25 In US patent specification No. 4,747,854 it is detected
correspondingly when the voltage curve assumes a negative
slope excéeding a reference value. The observations just
made also apply here; however, already at this time the
battery may have been overcharged to a certain degree,

30 which can damage the battery.

Also US patent specification No. 4,388,582 measures the
slope of the voltage curve to find the point where the
slope of the curve changes from increase to decrease. This



10 tion to the waste of energy involved, it takes a certain tine, and there

will still be a good deal of difference between the necessary charging tine
frombattery to batte- ry. A nore advanced nethod is to neasure the voltage
change (or 15 current change) as a function of tine, i.e. the slope of a

curve show ng the voltage as a function of ati nme. For exanp- |e, US patent
speci fication No. 4,052,656 discloses a nethod which finds the point at
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This 4 :
‘It is also known to usé a combination of some of the above-
10 mentioned methods. Thus, for example, US patent specifica-
tion No. 4,639,655 relies on four stop criteria, viz. a
voltage limit, a predetermined time limit, a calculated
increase on the voltage curve as well as the point where
the slope of the voltage curve is zero. Charging is inter-
15 rupted if just one of these criteria is satisfied. The
mentioned time limit is selected after charging has been
started, an initial voltage measurement being made, and on
the basis of this a short or a long charge time is selec-
ted, for example 1 hour or 1.75 hours. The advantage is
20 that some regard can be had to the battery discharge state
from the beginning as well as to the number of cells in the
battery; but it is still a rather imprecise method which
involves a risk of battery overcharging.

The invention provides a method where charging of the bat-

25 tery can be terminated at the optimum time where the bat-
tery has been fully charged without any risk of overchar-
ging and thereby mechanically destroying the battery.

This is achieved according to the invention in that in
response to comparison between the measured or calculated

30 parameters and known reference values it is possible at any
time to determine a remaining charge time and thereby a
possible stop point of time for the charging process follo-
wing which charging can be cut—-off in response to these
stop points of time.



is a nore reliable method since the battery will rarely be overcharged; on
t he ot her hand, however, the |ocation of the point in question may vary
greatly, and charging will typically be term nated nmuch too early so that
the battery 5 will only be charged to part of its full capacity. Further,
it involves a risk of wong neasurenents i§, for exanple, the charging
current or the voltage supply is changed dur- ing charging. It is also
known to use a conbinatjon of sone of the above- 10 nentioned nethods.
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achi eved according to the invention in that in

Typically, charging will be terminated when the first of
the generated stop points of time occurs; however, also
more sophisticated solutions are conceivable, for example
where more importance is attached to the stop points of

15 time last calculated. Thus, a stop point of time may op-
tionally be ignored if later calculations show that it was
wrong.

It is particularly expedient to find the rate of change in
the parameters as a function of time, corresponding to the
20 slope of the mentioned curves, and this may be done by
storing the measurement values so that at a given time the
actual value may be compared with a previous measurement
value, whereby the rate of change may be calculated.

In a particular embodiment there is just a limited number
25 of reference values, and a new stop point of time for the

charging process is determined only when the parameter or

parameters concerned assume one of the reference values.

This results in a simpler procedure which can nevertheless

normally determine the optimum stop point of time suffici-
30 ently accurately. '

When the parameter being measured is the voltage across the
connection terminals of the battery, a more exact measure-



response to conpari son between the neasured or cal culated 30 paraneters
and known reference values it is possible at any tine to determne a

remai ning charge time and thereby a possible stop point of time for the
chargi ng process follo- wi ng which charging can be cut-off in response to

t hese stop points of tine. Characteristéc paraneters include, for
exanpl e, the voltage across the battery or the charging current. Experience
shows that went Asspddiained ui ¥ cshe hohpnginteserpentntpetheabagteyictison of
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find the raha¥igishprgsrient het pRapnbecagvantagbpet o redudethe
CorreSpondl@%1”%fﬂgacurrent gradually as the stop point of time ap-
10 proaches, because it will then be easier to find the op-
timum stop point of time. Thus, charging may, for example,
be performed with a constant high charging current until
one of the measured parameters has reached a determined
level, following which the current can be reduced gradual-

15 ly.

An expedient manner of obtaining the desired charging
current is to use a constant voltage source which is pulse
width modulated in a manner providing the desired charging
current.

20 It may often be an advantage that the procedure of deter-
mining the possible stop point of time for the charging
process is not initiated until the charging process ap-
proaches its termination. Thus, a simpler method may be
used, such as simple measurement of current or voltage, for

25 deciding when the more accurate procedure is to be initia-
ted.

In a particular embodiment the accuracy of the measurements
is improved in that the measurement values of the charac-
teristic parameters for each of the mentioned points of

30 time are an average of a plurality of intermediate measure-
ments. The advantage is that the measurements will be less
sensitive to transients, for example. Of course, the same

effect can be obtained by integrating the parameter in



20 slope of the nmentioned curves, and this may be done by storing the
nmeasur enent val ues so that at a given tinme the actual value nay be conpared
with a previous neasurenent val ue, whereby the rate of change may be
calculated. In a particular enbodinent there is just a limted nunber 25 of
ref erence val ues, and a new stop point of time for the chargi ng process is
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exanpl e, of the measured parameters so that charging is terminated
10 if one of the parameters exceeds or falls below specific
values.

After the termination of charging it may be expedient to
maintain the charge state of the battery by means of a
pulsating current. This ensures that the battery is con-
15 stantly fully charged even if it is not removed from the
charger till long after the termination of the charging.

It may likewise be expedient to apply a voltage to the

battery briefly before the actual charging is initiated.

By thus measuring the characteristic parameters it may be
20 decided whether a battery of correct type and without

errors is fitted in the charger. If this is not the case no

charging takes place. Thus, this obviates charging wrong

battery types or defective batteries where, for example, a
cell is turned wrongly.

25 An apparatus for charging a rechargeable battery according
to the described method may comprise an electrical source
of energy, a measurement device capable of measuring one or
more of the said characteristic parametersland supplying
the measurement results via an analog/digital converter to

30 a control unit capable of calculating other characteristic
parameters and controlling the source of energy, as well as
a storage circuit for storing measurement values, calcula-
ted values and reference values. Further, during charging



be perfornmed with a constant high charging current until one of the
measured paraneters has reached a determned | evel, follow ng which the
current can be reduced gradual- 15 |ly. An expedi ent manner. of obtaining the
desired charging current is to use a constant voltage source which is pul se
wi dt h nodul ated in a manner providing the gesired charging current. 20 It
may often be an advantage that the procedure of deter- mning the possible
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A particularly expedient embodiment of the apparatus is
adapted to compare actual measurement values for the cha-

10 racteristic parameters with previous measurement values of
the same parameters for each of the said points of time to
thereby determine the rate of change in the parameters as a
function of time, corresponding to the slope on the curve
showing the parameter concerned as a function of time. The

15 said stop points of time are determined by comparing the
rate of change with reference values.

If the apparatus measures the voltage across the connection
terminals of the battery, it will be an advantage that the
apparatus can cut—-off the charging current to the battery

20 for a short period before the voltage is measured, it being
thereby possible to disregard the voltage drop occurring
across the internal resistance of the battery.

The apparatus can advantageously be constructed such that
the charging current to the battery can be controlled by

25 pulse width modulating a constant voltage, the pulse width
being controlled by the control unit of the apparatus in
response to the measurement results received.

As an additional safeguard the apparatus may be adapted to
cut-off charging if other and more simple stop criteria

30 occur. Charging may, for example, be cut-off if a deter-
mined maximum charge period is exceeded, or if one of the



It may be an advantage to adopt some of the stop criteria which are used in
the prior art as an additional safeguard. 5 Thus, for exanple, a nmaxinum
charge period may be fixed. Charging will then be interrupted at this point
of time at the |atest even though the other stop criteria have not yet
occurred. It is also possible to fix limtg for one or nore of the neasured
paraneters so that charging is termnated 10 if one of the paraneters
exceeds or hehsarbdl parspetidrs essdemds ot £allhebedpw sameopraideattar-gi ng
it may be e intain the charge state of the battery by neans of
a pulsatlngﬁgﬁg§e2%lh%ﬁ?§ ensures that the battery.is con- 15 stantly fully
charged even if it is not rempved fromthe charger till long after the
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energy, a neasurenent device capable of nmeasufing one or nore of the said
characteristic paraneters and supplying the nmeasurenent results via an

anal og/ di gi Afl agaitdonRl tenbdh tnewb! 19! adapteaagabbe-iefrigalapmf i1g ot her
Charathalsabitage to the battery prior to the commencement of the
charging process and to measure the characteristic para-
meters. The charging process will then be initiated only if
these measurements satisfy certain conditions. It is en-
sured hereby that charging will not be performed on wrong

15 or defective batteries.

According to another aspect the present invention provides
a method of charging a rechargeable battery having a pair
of terminals, said method comprising connecting an elec-
trical power source to the_terminals of the battery, sur-

20 veying the course of at least one charging parameter during
at least part of the process of charging the battery,
comparing the course of said at least one charging parame-
ter with a number of reference parameter courses represen-
ting idealistic or desireable processes of charging the

25 Dbattery for different starting states of charge of the
battery, selecting the reference course with a starting
state of charge similar to the actual starti..g state of
charge of the battery, and controlling the process of
charging the battery so as to approximate the course of

30 said at least one parameter to the selected reference
course.

A smaller or greater number of empirically determined
reference parameter courses may be stored (such as drafts



paranmeters and controlling the source of energy, as well as a storage
circuit for storing neasurenent values, calcula- ted values and reference
val ues. Further, during charging 8 the apparatus can conpare the
characteristic paraneters with reference val ues by nmeans of the control
unit. The desired effect is obtained in i1bat in response to said conparison
t he apparatus determ nes a possible charging 5 process stop point of tine
for each osheveevaluebeofaittiepoiefesenice ipsamatter it plothed teersumt e
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charge of the battery. If the state of charge of the bat-
tery to be recharged is known or may be determined, the
reference course with the starting state of charge closest
to the actual state of charge of the battery to be re-

15 charged may be selected, and the process of charging the
battery may be controlled so as to approximate the'course
of said at least one parameter to the selected reference
course, whereby it may be secured that the battery is not
at any time exposed to unduly high voltage or charging

20 current or to undue heating.

In priciple, the state of charge of the battery to be
recharged may be determined by a special measuring step,
and the corresponding reference parameter course adapted to
the same or a similar starting state of charge may then be

25 selected, for example by providing the relevant information
to an electronic control unit by suitable keys. In the
preferred embodiment, however, the relevant reference
course is selected automatically by an electronic control
circuit. |

30 The charging parameter may, for example, comprise the
potential across the battery terminals, the electric char-
ging current supplied to the battery, the temperature of
the battery cell, the rate of change of any such parameter,
and any combination of such parameters and/or rate of

35 change.



across the internal resistance of the battery. The apparatus can

advant ageously be constructed such that the charging current to the battery
can be controlled by 25 pulse width nodul ati ng a constant voltage, the
pul se wi dth being controlled by the control unit of the apparatus in
response to the neasurenent results received. As an additional safeguard

t he apparatus nay be adapted to cut-off charging if other and nore sinple
stop criteria 30 occur. Charging may, for exanple be cut-off if a deter-
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performed on w ong defective batteries
beglnnlng of the charging process, while the charging
10 current is preferably maintained at substantially the same
maximum value during a subsequent major part of the char-

ging process, so as to accelerate the same.

Towards the end of the charging process the internal re-
sistance of the battery cell may increase, whereby the

15 charging voltage tends to increase when the charging cur-
rent is to be maintained at said maximum value. A too high
voltage may course a detrimental temperature increase
within the battery cells. Therefore, the voltage supplied
to the terminals of the battery is preferably limited to a

20 predetermined maximum, the charging process being termina-
ted at the expiration of a predetermined period of time
starting when the voltage has reached said maximum. This

' means that the charging voltage is preferably kept at its
maximum value during said predetermined period of time,

25 and as the inner resistance of the battery cells is in-
creasing the charging current will normally decrease gradu-
ally during this period of time, which is preferably selec-
ted so that the battery is substantially fully charged
when the said period of time has expired. Preferably, the

30 predetermined period of time is related to the reference
course selected, which means that each reference parameter
course includes information about not only the maximum
charging voltage to be supplied to the battery, but also
about the period of time in which such maximum voltage

35 should be maintained at the end of the charging period.



Accordi ng to another aspect the present invention provides a nethod of
charging a rechargeabl e battery having a pair of termnals, said nmethod
conprising connecting an elec- trical power source to the termnal's of the
battery, sur- 20 veying the course of at |east one charging paraneter
during at |east part of the process of chapging the battery, conparing the
course of said at |east one charging parane- ter with a nunber of reference
par anet er courses represen- ting idealistic or desireable processes of
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process of c i ng
reference parameter courses, and the relevant reference

10 parameter course being selected on the basis of comparison
of such measured values and reference values. The compari-
son process may be performed currently during the charging
process so that the control circuit or control unit may
shift from one reference parameter course to another when

15 the continued comparison process reveals that the reference
parameter course chosen first is not the one which is
closest to the actual charging process.

In comparing the charging parameter values with the re-~
ference values it may be advantageous to compare the rate -

20 of change of the parameter values as a function of the
charging time lapsed with similar reference values. As an
example, the rate of change of the charging voltage as a
function of the charging time lapsed may be compared with
the corresponding reference values. In order to permit the

25 detection of the internal resistance free voltage of the
battery the charging current may be cut off for a short
period of time immediately prior to each measurement of the
potential difference of the battery terminals.

The parameter values may be measured and the rate of change
30 of the parameter values may be determined at uniform first
. time intervals, each determination of the rate of change
being based on parameter values measured at second time
intervals, the second time interval being a multiple of the
first time interval. The parameter values may be measured



depends on the state of charge of the battery prior to starting the
chargi ng process. Therefore, the reference paraneter courses stored
represent idealistic or desireable 10 processes of charging for different
starting states of charge of the battery.2x3f the state of charge of the
bat- tery to be recharged is known or may be determ ned, the reference
course wi t ReERersExequantsha evivichk maeaasckbakstheospie fAmpl &inge of
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the same ofha SefidrMirfdtidn gt StRéerateCber ghafge W2gn e Abicehesdeds for
exanpl e by | evant. information to rol unit

Bro i di.ng the r ap electroni.c ¢ nﬁ I
by sui t ab] ERRoPESIMMITHE OF FOE CRREREBE; RERCeSRo JENEVaT, ThE HSFeE-
reference mdna&édnsaﬁﬂtmeeﬂbbatoﬁachaagbymhy aﬂwdnaagenusigdherpbst— _

circuit. 388}%3 ] %—gﬁ%@?’ﬁérg@‘éﬁ b ¢ éa@ﬂa%a&%@{ééfctsﬁ%ﬁ gLenti al

across the“battery ter € I'C char- grng curren Ied to
t he balPer fershexcagstratpredeterningd: valjpegemhen [d ria obvienanghasf any

such par amgh@l et B LRI ERALPE PhtaldC B P AR ardNEb A | AF8epf

such predetermined value of the parameter.

The reference parameter courses stored may comprise not
only courses representing charging processes which are

15 idealistic or desirable for one and the same type of bat-
tery, but even a plurality of reference parameter courses
for each of two or more different types of battery. In such
case the first process step may be to determine the type of
the battery to be charged and to select the reference

20 parameter courses related to that type of battery. Thereaf-

| ter, the process may proceed as described above.

The present invention also provides an apparatus for char-
ging a rechargeable battery, said apparatus comprising
connecting means for connecting the battery to an elec-

25 trical power source, means for surveying the course of at
least one charging parameter during at least part of the
process of charging the battery, storing mear.s for storing
a plurality of reference parameter courses representing
idealistic or desirable processes of charging the battery

30 for different starting states of charge of the battery,
means for comparing the course of said at least one char-
ging parameter with the reference parameter courses stored
by the storing means and for selecting the reference course
with a starting state of charge similar to the starting



35 change. It should be understood that the charging process nay be
controlled in any suitable manner by which the course of the charging
paranmeter may be approximated to the sel ected reference paraneter course.
In the preferred enbodi nent, 5 however, thggprocess of charging is
controlled by control- ling the voltage supplied to the termnals of the
battery. Thesyatéage thapgefl efalhe Gattarty pdan@ hbahst fercbengirsg1Gmy ent

supplied to e battery is relati.vely,owat. th gL.ani.ng har gi ng
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subst anti al | $heheovusge pfixsaim w4l Jeakl ione apaudpearntoniher spdected t he
char- ging ppacsRstesOcBarke.accel erate the same. Towards the end of the
chargi ng process the internal re- sistance of the battery cell may

i ncrease, whereby the 15 charging voltage tends to increase when the
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starting when the voltage has reached saird maxi num This neans that the
charging voltage is preferably kept at its nmaxi num val ue during said

predet er m neghgeinh@en@iohl M1l now be further described with reference

10 to the drawing, in which
Fig. 1 is a curve showing the voltage as a function of fime
for an NiCd battery which is charged with a constant cur-
rent, '
Fig. 2 shows a section of the curve from Fig. 1,

15 Fig. 3 shows the curves of a reqgulated charging course for
an Nicd battery,
Fig. 4 shows the battery voltage of an NicCd battery as a
function of time for six different starting states of
charge,

20 PFig. 5 is a block diagram of an apparatus according-té the
invention, and
Fig. 6 shows a circuit diagram of an embodiment of the
apparatus from Fig. 5.

Fig. 1 shows a typical charging sequence for an NiCd bat-

25 tery. The curve shows the battery voltage as a function of
time with a constant charging current. The curve shape will
be the same for all NiCd batteries but the specific volta-
ge and time values may vary, for example with the actual
charging current and from battery to battery. The curve may

30 be divided into regions representing various stages in the
charging process. The figure shows four regions which are
marked A, B, C, and D, respectively.



25 and as the inner resistance of the battery cells is in- creasing the
charging current will normally decrease gradu- ally during this period of
time, which is preferably selec- ted so that the battery is substantially
fully charged when the said period of tinme has expired. Preferably, the 30
predeterm ned period of tinme is related to the reference course sel ected,
whi ch neans that each reference paraneter course includes infornmation about
not only the naxi mum charging voltage to b&3supplied to the battery, but

al so about e period of tJ Ln _which.sych maxi num vol t 5 l.d be
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charging current is converted into stored energy in the
battery by the chemical process mentioned before. In this
10 period the voltage of the battery increases only slowly.
In the region C the battery now approaches its full state
of charge, and the voltage begins to increase more rapid-
ly. Oxygen begins to develop at the end of the period C,
which results in a pressure increase and thereby a tempe-~
15 rature increase in the battery. This means that the voltage
novw increases more slowly again because of its negative
temperature coefficient. The battery voltage does not
increase additionally at the transition between the regions
C and D, and it has thus reached its highest value.

20 If the charging process is continued in the region D, the
battery voltage now drops because the electrical energy is
now generally just converted to heat. The resulting in-
crease.in temperature and pressure will cause mechanical
destruction in the battery whose capacity is thus reduced.

25 The charging process should therefore be cut-off at the
commencement of or in the beginning of the period D.

The invention is based on the fact that it has been found
by tests that, even though the curve may vary somewhat in
response to the charging current used and the history of

30 the battery in question, there is close correlation between
various charging parameter values within the regions A, B
and C, such as the slope of the curve at a given moment in
the region C and the distance in time from the moment in



shift fromone reference paranmeter course to another when 15 the continued
conpari son process reveals that the reference paraneter course chosen first
is not the one which is closest to the actual charging process. In
conparing the charging paraneter values with the re- ference values it may
be advant ageous to conpare the rate 20 of change of the paraneter val ues as
a function of the charging tine | apsed wigh simlar reference values. As an
exanple, the rate of change of the charging voltage as a function of the
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second tinme interval being a _nult e of the first tine_.interval. The
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given moment. If this calculation is performed at several
10 consecutive moments, a corresponding number of proposals
for the optimum stop point of time will thus be obtained.
Fig. 2 shows an example where three measurements are pef—
formed. A remaining charging period of delta Tl is cal-
culated at the point of time T1, a remaining charging
15 period delta T2 is calculated at the point of time T2 and a
remaining charging period delta T3 is calculated at the
point of time T3. In the figure, the three calculated stop
points of time occur at precisely the same moment. However,
in practice the calculated stop points of time will usually
20 Ybe slightly different, with a consequent number of propo-
sals for stop points of time. In the embodiment of the
invention described here, it is decided to cut-off the
charging process when the first one of the calculated stop
points of time occurs. Since a microprocessof is incorpo-
25 rated in the apparatus described below, more sophisticated
stop criteria are also conceivable. Thus, it will be pos-
sible, for example, to attach more importance to the stop
points of time last calculated. It is thus possible, for
example, to disregard some of the values calculated first
30 if all the subsequent calculations gather around a specific
value.

As mentioned, Figs. 1 and 2 show the voltage across the
- battery as a function of time when a constant charging
current is used. A corresponding typical curve will result

35 if the charging current is plotted as a function of time



on neasurenents with a tine spacing being several tinmes 5 greater, for
exanpl e 90 seconds. The determ nation of the rate of change may be
initiated at the beginning of the chargi ng process. However, the deter-

m nation of -the rate of change may advant ageously be post- poned until a
measured val ue of the characteristic parame- 10 ters exceed a
predeterm ned val ue, when it is obvious_that the best distinguishable rates
of change are found after such predeterﬁ?ned val ue of the paraneter. The
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associated with the slope of the curve at the moment in
question, but with other parameters for the curve, such'as,
for example, the absolute voltage at the moment concerned.

An embodiment of the invention comprises measuring the

15 slope of the voltage curve currently, for example every
tenth second. For each measurement a remaining charging
period and thereby a new proposal for a stop point of time
are calculated. The processor can then either store this
value together with the others, or it can incorporate it in

20 a more sophisticated calculation of when the charging pro-
cess is to be terminated.

Another embodiment comprises prestoring a limited number of
reference values for the slope of the curve. In each mea-
surement the actual slope of the curve is compared with

25 the reference values, and only when the slope passes one of
the reference values does the processor calculate a new
stop point of time. Calculating time for the processor is
saved in this manner, and the result will be fully satis-
factory in many situations. '

30 As mentioned, the curves in Figs. 1 and 2 are provided with
a constant charging current. However, an alternative possi-
bility is to cut-off the charging current briefly each

time a voltage measurement is performed. A guite correspon-



ging paraneter with the reference paraneter courses stored by the storing
nmeans and for selecting the reference course with a starting state of
charge simlar to the starting 14 state of charge of the battery, and
means for controlling the process of charging the battery so as to
approximate the course of said at |east one paraneter to the sel ected
parameter course. 5 The operation of such&n apparatus may, for exanpl e, be

controll ed Qy a m cropr.ocessor. or, another electronic co ircuit,
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accordi ng t thiibeconteibudrionandll be a more accurate measure of the
state of the battery.

As mentioned before, teproducible curves will be obtained
10 even if the charging current is not kept constant during
the entire charging procedure. The principle of the inven-
tion can therefore very well be combined with a charging
procedure where charging is initially performed with a
constant, high current which is then reduced toward the end
15 of the charging procedure. By using the lower charging
current during the lést portion of the charging process it
will be possible to determine the optimum stop point of
time more precisely, without the overall charging time
being diminished noticeably. This may be combined with the
20 performance of just a sSimple voltage measurement during the
first portion of the charging process. When the voltage
has reached a predetermined value, the charging current may
be reduced, and the measurement of the slope of the curve
may be initiated as described above. Of course, it is also
25 possible to reduce the charging current at one voltage
value and initiating the measurement of the slope of the
curve at another voltage wvalue.

Fig. 3 shows typical charging curves obtained in accordance
with an embodiment of the method according to the invention
30 when charging a Nicd battery. The curve V shows the battery
voltage as a function of time, when the voltage supplied
to the battery is controlled in accordance with the in-
vention in order to obtain an optimum charging current
curve C and an optimum battery temperature curve T. The
35 battery voltage curve V may be divided into regions repre-



Fig. 6 shows a circuit diagram of an enbodi nent of the apparatus from Fig.
5. Fig. 1 shows a typical charging sequence for an NI Cd bat- 25 tery. The
curve shows the battery voltage as a function of tine with a constant
charging current. The curve shape will be the sane for all N Cd batteries
but the specific volta- ge and tine values, gy vary, for exanple with the
actual charging current and frombattery to battery. The curve may 30 be
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the initiation of charging. Since 5 the voltage in this rag%on Is thus
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battery incrLeases only slowy. In the region C the battery now approaches
its full state of charge, and the voltage begins to increase nore rapid-

ly. Oxygen begins to develop at the end of the period C
The B region indicates the actual charging period where the

charging current is converted to stored energy in the

10 battery. Here, the voltage supplied is controlled so that
the charging current i maintained at substantially the
same maximum value, which is determined by the type of
battery involved, and the voltage across the battery in-
creases only slowly.

15 In the C region the battery now approaches its state of
full charge and in order to maintain the maximum charging
current, the voltage across the battery begins to increase
more rapidly until the .voltage across the battery terminals
reaches the predetermined maximum Vmax (which is given by

20 the type of battery involved). .

In the D region the voltage supplied is controlled so that
the measured voltage across the battery terminals is equal
to the maximum limit, Vmax. In the regions C and D the
internal resistance of the battery cell is increased, and
25 for a constant battery voltage, as in the D region, the
resulting charging current will decrease. Due to the fact
that the battery voltage is kept at a constant value in the
region D, the resulting temperature increase is relatively
low, keeping the destructive effect caused by the charging
30 current on the battery cells at a minimum.

Not later than the time Tmax when Vmax is reached, the
remaining charging period is determined. When such remai-



which results in a pressure increase and thereby a tenpe- 15 rature
increase in the battery. This means that the voltage now i ncreases nore
slow y agai n because of its negative tenperature coefficient. The battery
vol t age does not increase additionally at the transition between the
regions Cand D, and it has thus reached its highest value. 20 If the
charging process is continued in the regi oA0D, the battery voltage now

drops because the electrical energ |s now1 eneraII %%ust converted to
heat. The reBil¥i fRarging, pggdopd,s StARSSH Y | tR%use

mechani cal deﬁéfgﬁhgoprbaebbe1babbﬁﬁg\Mﬂrﬁaﬂéﬂéthy is thus reduced. 25
The charging process should therefore be cut-off at the commencenent of or
in the beginning of the period D. The invention is based on the fact that
it has been Thendhdygingt surkent @edn tichduhyh haktexy vis negnivredlednbwhat in

response to %Gfsﬁh@i tﬂgmBHGQQEEnﬁsgdd%HLQJH%rwéﬁﬁﬁdéoéoéPcethe battery in

questi on, reis c ose correlation between various™ chargi ng paraneter
val ues mﬁthln the regions A, B and C, such as the slope of the curve at a

gi ven nongntTha {Betagei etrveand shiotriit FWe. i3 tréprésentséhe ppaBEES n
o dusston b8 L SRhu e baP bR 4 Y, L8"pdLFL 6 AR ELRGRR O8EST )
exanpl e of wshowswsik bémgilwrnviodtage curves V1 - V6 representing
different charging courses for the same battery with dif-
ferent starting chargés. The curve V1 represents the char-
10 ging process of the battéfy when nearly fully chérged, and
the curve V6 represents a charging process of the battefy
when almost fully discharged. Fig. 4 shows the charging
period necessary for obtaining the maximum voltage Vmax
increases when the starting state of charge of the battery
15 decreases. It can also be seen from Fig. 4 that the “"remai-
ning charging time", which is the time period from the
reach of Vmax till the charging process is terminated,
increases when the starting state of charge of the battery
decreases.

20 Information about ideal or desired reference voltage
curves for the type of battery in question for a plurality
of different starting charge conditions of the battery may
be stored in an electronic memory. By comparing the course

_ of the actual voltage curve, such as the slope of the curve

25 with the sfored reference_values, the relevant reference
voltage curve and the "remaining charging time" associated
therewith may be determined.

The slope of the voltage curve may be measured currently,
for example every tenth second during the charge process.
36 For each measurement a comparison is made with the stored
reference slopes, and a new proposal for a "remaining
charging time" is determined. When the measured battery
voltage reaches the stored maximum voltage Vmax, determina-



51low, it is thus relatively sinple to calculate or determ ne how | ong
chargi ng should be continued on the battery and thereby the optinum stop
point of time for the charging process, after having neasured the sl ope of
the curve at a given nonment. If this calculation is performed at several 10
consecutive nonents, a correspondi ng nunber of proposals for the optinum
stop point of tinme will thus be obtained. 28ig. 2 shows an exanpl e where
three nmeasurenents are per- formed. A remaining charging period of delta T1
is cal- cul sien &f tthe poremabhing nehaxgingr timeli As W IPUS Jnd (e

del ta T2 is)qahccticthled Neropa fhing &haEgIB?a&dm@--r aijE s alsddl ng
period delta T3 is calculated at the point of finme T3. In the figure, the

three cal culated stop points of tine occur at precisely the same nonent.
However, i napo&tierC e iést| of elleBhof actoraial ttorthe |inwentaidly, 20 be

slightly different,. with a consequent_nunber of pr sal r oi nts
of time. | nwi’ﬁ‘é:%erﬁ}tﬁ:ﬁ rﬁ?‘ﬁuggstﬁﬂ ?ﬁ@’e‘ﬁ#?gncgggg% %(%S%heer e&é% slsé"g’gc Yed
to cut-oSf Fligschar gindy 4r ccemprives phestoringone ldmitied cambentefl st op
poi nts of t LERHAUS vad dEE Poffl ERAPEEEESEE thel WRAltie Zurvhedrpn the
appar atus descri be el ow, nore sophisticated stop_criteria are al so

concei vabl e eapiy fegguxgnenpthesactupleslprpe ofafhe: cu7e 115 FoRRRESD

i mportance {wdthhalfd ofef@réhéeOlaliuge, | ant oaloukmiedr td sTopdusapsesi bl e,
for exanple, to q%§¥%%ard sone _of tﬂe values calcul ated first 30 if_all the
subsequent &€ AhinTGEERePCs: ¥ahes 8p0EN: | & PRI NALHARIIRG HIme! s
1 and 21showatllue \id tdefeermined.t he

Curves corresponding to those shown in Figs. 3 and 4 will
also be obtained for other battery types. These curves™
mnight be of different appearance and for some of them the
correlation between the time for reaching the wvoltage Vmax

15 and the optimum remaining charging time will not necessari-
ly be associated with the slope of the voltage curve in
question, but with other parameters of the curve, such as,
for example, the absolute voltage at the moment concerned.
The more parameters meésured and stored, the more sophisti-

20 cated determinations can be made in order to determine the
optimum remaining charging time.

@ further embodiment of the method according to the in-
vention which resulting in charging curves of the type
shown in Figs. 3 and 4, comprises measuring the battery

25 voltage at a fixed time together with measuring the slope
of the voltage curve when the maximum voltage Vmax is
reached. In this embodiment, the voltage tog.ther with the
slope of the voltage curve can be incorporated in a more
sophisticated determination of the optimum remaining char-

30 ging time.

The voltage curves shown in Figs. 3 and 4 have been plotted
by measuring the voltage across the battery terminals when
the battery is being charged. However, an alterxrnative



battery as a function of tinme when a constant charging current is used. A
correspondi ng typical curve will result 35 if the charging current is
plotted as a function of tine . 17 with a constant charging voltage, and
reproduci bl e curves show ng the above-nentioned stages in the charging
process w |l be obtained even if neither charging current nor charging
voltage is kept constant. It will be appr@eiated 5 that these curves can be
used in a manner_sinmlar to what is described above. Correspondi ng curves
of a differPAESAppddtands kid IcWecodlf the rhpr¥Hingt FRFrentt RFyefiPesachor

some of thegimbeaC@bl taglededsieneit idpactothedbanuganeat spRidarof tine

and 10 the g tlnun1re I_ni chargi.ng tinme will nof, necessarily b
associ at ed FN t & ?g%‘ﬁ'el"&% tife Fanghe %ﬁeﬁlﬁ’ei A°g @E#Foﬂ?fﬁagewi th
ot her par aneaznesf gilidhdec shightdyc i cwer floecanseptbe curvabdobataotoltage

at the ”Bneﬂhcigﬁ‘éeftﬁ%dvﬁ%aﬂ@%d?&%%]t‘fé‘& #g"‘&‘ﬂ&' 8l E&E‘Rér éﬁ? EE%S“” ng

the 15 sl I'ta curve-curren xanp e’ev

second. ForaéaéﬁsnﬁaguﬂéWEWPad mgﬁ%aﬁanpﬁﬁeﬁgthg BGFFQEYaanFﬁ§r§b}Sa new

proposal foinfefh@l Resilst@indd By ilch IR CiheEEdsedNaLtPERBERRAM o8aRKEhEN
ei ther store thIS val ue together with the others, or it can incorporate it

in 20 a nor ERESPRNG; SEIIEP I@hNﬁ%Qﬂg?ﬁmﬁﬁﬁﬂr?ﬂﬁnthHF&PHBthblscess is to

be terninatedntrlbutlon will be a more accurate measure of the state
10 of the battery.

In the embodiments described above the measurement of the
slopé of the curve takes place in the following manner.‘At
each measurement point of time, i.e. for example every
tenth second, the voltage of the battery is measured, and

15 the an electronic processor may store this voltage value
in a storage circuit. The processor then calculates the
difference between this value just measured and, for exam-
ple, the value which has been measured 90 seconds ago, and
this difference is used as a measure of the slope of the

20 curve at the time in gquestion. In this manner, a new value
of the slope which has been measured over a period of for
example 90 seconds is obtained every ten seconds.

To prevent the voltage measurements from being affected by

transients and the like, the voltage is preferably measured
25 much more frequently, for example 100 times between each of

the said ﬁeasurement points of time. Each of these inter-

mediate measurements is stored by the processor, and at the

actual measurement points of time the processor calculates

an average of the 100 intermediate measurements which have
30 been performed since the last measurement point of time.

When the charging process has been terminated as describegd
above, maintenance charging of the battery may take place
if the battery is left in the charger. This takes place by
passing current pulses through the battery at intervals.



Anot her enbodi ment conprises prestoring a limted nunber of reference

val ues for the slope of the curve. In each nea- surenent the actual slope
of the curve is conpared with 25 the reference val ues, and only when the

sl ope passes one of the reference val ues does the processor cal cul ate a new
stop point of tine. Calculating time for_the processor is saved in this
manner, and the result mAII be fully sat#$- factory in many situations. 30

As nentloned t he cu d 2. d it t

ohar gl no_CResh CufpRBoPulara g 1 Vit feer  Tadh Br8 SORRIRR

chargi ng csmeknthbt;i ehley emmtpﬁns@a fmtt‘dg@ skt dbseharge pérthened. A

quite CO”}F&EEQ Iy Vngbﬂgw‘b‘q]l\qe t?n e@aké';t& ée”a'i‘ﬁérpu%bst kayabsol ute
I omer

vol t age val ues e sl ecause e curve does not i nclude
t he voItag%OErGHaWE&Ghvé&W%/qtﬁ?ﬁﬁﬁ&%ﬁr@FchﬁT%ﬁts%E?B§§ #RE theer nal

resi st aficeapthheebBeteeln Tnamamy e 4 NE&y MMburssi stance typically
I ncreases at the end of the charging sequence, a voltage neasurenent

without this contribution will be a nore accurate neasure of the state of
the batt ergigéissnehowsnead biefak eilagammdmmibheemhodénem'tl bfbarolapmared 10

even 1 heagliar QLRGLRILLE o It d niEhts RN 36! yALER Srth SpRATEP £

char gi ng procedur ven- tion can ore very
wel | be cohbﬁnéppmﬁ-ué &Yarntﬁw mi)mwndmem phuggingang ithe vy

performed ph48 &s converted in the rectifier block 2 to a 9 volts

10 direct voltage. 3 shows a current regulator which supplies
current to the battery to be charged via the terminals 4,
5. The current from the battery runs via the terminal 5 and
the resistor 6 via ground back to the rectifier circuit 2.
The current regulator 3 is controlled via a control stage 8

15 from a processor 7. The processor 7 is capable of measuring
current and voltage by means of an analog/digital converter
9. The charging current is measured by measuring the volta-
ge drop across the resistor 6, while the voltage of the
battery is obtained as the difference between the voltages

20 measured on terminals 4 and 5, respectively. The processor
7 is moreover connected to a storage circuit 10, which is
used i.a. for storing measured current and voltage values
as well as the calculated stop points of time. A regulator
circuit 11 generates a direct voltage of 5 volts from the

25 voltage of 9 volts from the rectifier circuit 2. The vol-
tage of 5 volts is used for supplying the circuits 7, 9 and
'10. The current regulator 3 is controlled by means of pulse
width modulation, and the processor 7 regulates the pulse
widtﬁ in a manner such that the desired charging current

30 constantly runs through the battery. The processor measures
this, as mentioned, by measuring the voltade drop across
the resistor 6. If desired, the processor may perform the
voltage measurement across the battery in the intervals
between the current pulses. The voltage measurement will

35 thus not be affected by the voltage drop which the charging



constant, high current which is then reduced toward the end 15 of the
chargi ng procedure. By using the | ower charging current during the | ast
portion of the charging process it will be possible to determ ne the
optimum stop point of tinme nore precisely, wthout the overall charging
time being dimnished noticeably. This nmay be conbined with the 20
performance of just a sinple voltage nmeasurznent during the first portion
of the charging process. Wen the voltage has reached a predeterm ned '
val ue, the clangient caussé aeyose theduirtiernall ré8istangecodtthe hate-

sl ope of thet%#éMe may be initiated as described above. O course, it is
al so 25 possi to reduce the charging current at one voltage val ue and
initiating the measurement of the slope of the curve at another voltage

val ue. Fig. Figove dndwsad 61pceit0asagyan 8t ahnetbiod isradr dancathav th an
Battery. The MRARARIS e LS babt ofpe BPRKE SEOR FaRe tof T Mien
the voltage dummiered ines hendavithythe samer reffertenceamsuedmice as tint he
opt i mum bat t S5 il (Fadt e 8- WB1LEN"CBRRBLTRCEUY WHarindoindr L 4D
di vi ded i nt o walgh &8 a oppetifierocouniling eensdstingagss theur kol ag
process sinm g, tp Fish, landi B4. 3TRBOWELHAEYL" vbTI&RGRS fibnf k1S jErked A B,
¢ direct voltage of 9 volts, which is passed partly to the
10 current regulator 3 and partly to the regulator circuit
11. The current regulator 3 consists of a transistor Q4,-
and it is controlled via the control stage 8 from the
processor ICl. The control stage 8 consists of the resis-
tors R5, R6, R7 and R8 as well as a transistor Q3. When
.15 the output terminal Pl1.1 of the processor has a'high output
signal, the transistor Q3 will be in conductive state via.
the voltage divider consisting of R7 and R8. Current will
hereby run through the voltage divider R5 and R6, causing
Q4 to assume a conductive state whereby current is supplied
20 to the battery. When the output termiﬁal Pl.1l of the pro-
" cessor is low, both the transistor Q3 and the transistor
Q4 will be in a non-conductive state, and no charging
current is fed to the battery.

The analpg/digital converter 9 consists of the integrated
25 circuit IC2 as well as the resistors R2 and R3 and the
smoothing capacitors C4, C7. The measured voltages which
are indicative of the battery voltage and the -charging
current, respectively, are converted to digital information
in the integrated circuit IC2, and this digital information
30 is passed further on to the terminals P1.2 and P1.3 of the
- processor.

In this embodiment the processor circuit ICl comprises both
the processor 7 and the storage circuit 10. Further, the
capacitors Cl, C2 and C3 as well as a crystal X1 are con-



and D, respectively. The region marked A constitutes the start of the
charging 5 process. Here, the voltage supplied is controlled so that the
charging current supplied to the battery is relatively low. The B region

i ndi cates the actual charging period where the charging current is
converted to stored energy in the 10 battery. Here, the voltage supplied is
controlled so that the charging current i maintained at substantially the
same nmaxi mum val ue, which is determ ned Q% the type of battery invol ved,
and the voltage across the battery in- créases only slowy. 15 In the C

region thenbatbr ¥ NARYRAGNES: | toesbAlssel £Hb! nohdr 88 pbiidtasger to

mai ntain the maxi mum chargi ng current, the voftage across thé battery
begi ns to Phctbdse PRICESSHH RAXTtT | 18 1@enBraddE XPPYHs the battery
term nals reaches the predeterm ned maxi mum Vmax (which is given by 20 the

type of b erv. _invaolved).. ln the region,the_volta suppli e

contr ol | odTRE" PRkt i db i B D SO R G e RO IR BB Yot cage
equal to thegwdatermIddrias wedsk. asnthaecapgrdhors &5dabad IR6. ntBrial
reS'StaﬁcecQEch? Q%HT%@%féﬂéﬁﬁébtrvéfééég1o§”§_%EIHE’WhﬂEHI fnjsbattery

&
voltage, as 1n the D region, the resulting charging current wll decrease.
Due to thefPEcEUPRIYINGE tha (SIS af€li andepE2a Wik yiedktafe val ue in the
region D, the resulting tenperature increase is relatively | ow, keeping the

destruct | Vel (SC GRS bY LY FDAL0L00: 3o Hak el R bt oy ool s

decided to measure the voltage during charging of the

battery with a constant current, or to measure the current
10 during charging of the battery with a constant voltage,

just as combinations of these two may be employed. ‘

Of course, details in the structure of the circuit may be
modified within the scope of the invention. Thus, for
example, other processor types than the one shown may be

15 used. It is also possible to use other voltages than those
indicated in Figs. 5 and 6, since this may for example
depend upon the number of cells in the battery to be
charged.



Not | ater than t he tlne x when [err] is reached, the remaining charging

period isT such remai - 20 ning charging period starting
at Trmax has l hargi ng process is being_terninated. The charging
current fed y is controlgﬁg by pul se width nodul ating a

const ant "vol tage source. 5 The voltag urve V sho sents a
process of charging a N Cd battery_ which-is nearl ymﬂ“,mmulllﬂmﬂmﬂsmws
Si x S|mlzﬂeWKﬁ¥ %%r%%%eﬁﬁ Ap 1?%5%@§ent|ng di ff &reht 'thdrgi*ng*cour ses
for the sdm? §§F °H+% %ﬁ ggt starting charges. The curve Vi

represeme%Wk?% Oof the battery when nearly fully

char ge presents a chargrng process of the battery when
al nost y—eh—seh - yeH1recesss y for
obtarnrng th naxrnuntvoltage [err] |ncreases mhen the startlng state of
charge of GIdeINfttery 15 decreases. It can also be seen fromFig. 4 that
the "remai - ning charging tinme", which is the time period fromthe reach of
[err] till the charglng process is term nated, .increases when the starting
state of chardydiehedOhaFharging rekeshargsabler Hatkerah bavdme a ®atror
desired rejfereerivalsp0eatdrieshdbar conpriypagof battery in question for a

plurality of diflelastal e1cPEE98 S8t 5303 e L e idA Vs of
10 the battery,
surveying the course of at least one charging parameter

during at least part of the process of charging of the
battery, and '
controlling the charging process based on said at least
15 one charging parameter surveyed,
characterizedin storing a plurality of reference
parameter courses representing idealistic or desireable
processes of charging the battery for various starting states
of charge of the battery in an electronic memory,
20 comparing the course of said at least one charging
parameter with the reference parameter courses stored,
selecting the reference course with a starting state of
charge similar to the actual starting state of charge of the
battery, and
25 controlling the process of charging the battery so as to
approximate the course of said at least one parameter to the
selected reference parameter course.

2. A method according to claim 1, wherein said at least one
charging parameter is selected from the group consisting of
30 the potential across the battery terminals, the electric
charging current supplied to the battery, the temperature of
the battery, the rate of change of any of such parameters,
and any combination of such parameters and/or rate of change.

3. A method according to claim 1 or 2, wherein voltage is
35 briefly supplied to the battery prior to the initiation of
the charging process so that charging parameters can be



be stored in an electronic nenory. By conparing thé course of the act ual

vol tage curve,, such as the slope of the curve 25 w m“mmmmw!ﬂference
val ues, the relevant reference voltage curve and tm%“ ‘ )\ h* gi ng

time" associated therewith may be determined. The sl epetoftthe Vol tage
curve may be neasured currently, for2exanple every tenth second during the

charge prqgess,, 33, Ede ‘:?:%%gxlrlé%a%‘f’ e %}ecoéﬁ’xaéxhér?@siée@%i 'ﬁg.the _—
stored reference sfopés, "and '@ new proposa Gor a "remaining charging tine

i s det er mi wiegthge theh eharginge dprissess sy dia e Frbiehetedhe stored maxi mum
vol t age Vmax, determ na- 21 tion of the "remaining charging time" is

cancel l ed, and the_ | ast determ ned "remai ning charging tinme" valuye is used.

S
Anot her erbodRnBaEher RO iR Suiamy F tHhe i HVRHEP oh; 3 whiRETaLRBotPEsul t s
i n char gi ngredexes ol chizedivRe ih@vhtroldd 35y Sontito¥lingnphésesltage
prestoring a Iin1heg n%EEFr of.reggre3§§3¥alues for the slope of the

vol t age® cuPURPL1HR% 56n thga S a8 @ GRS YE of the curve is
conpared with the reference values, and only when the sl ope passes one of

the referegce,Valugs @ SRl &?ﬁaiég SRR %éf%f"ﬁ_i %gevgbgﬁaér% will also

determ ne .'Cﬁryes correspon g to those shown_ | r )
be obt ai neguppiieghée Fhe bartemeds e alke@ssqi it tpemaintainechet

appear anceg 8ode {9t 03B Rhd RRIPALME supplied to the battery at sub-
stantially the same maximum value during a major part of the
10 charging process.

6. A method according to claim 4 oxr 5, wherein the voltage
supplied to the battery is controlled so that the charging
current is kept relatively low at the beginning of the
charging process.

15 7. A method according to any of the claims 1-6, wherein the
voltage supplied to the terminals of the battery is limited
to a predetermined maximum, the charging process being
terminated at the expiration of a predetermined period of
time starting when said voltage has reached said maximum.

20 8. A method according to claim 7, wherein said predetermined
period of time is related to the reference course selected.

9. A method according to any of the claims 1-8, wherein
values of said at least one charging parameter are currently
measured at short time intervals during charging, the

25 measured parameter values being compared with corresponding
reference values of the reference parameter courses, and the
relevant reference parameter course being selected on the
basis of comparison of such measured values and reference
values, _

30 determining a remaining period of charging time based on
said comparison, and
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correlation between the tinme for reaching the volt e
opti mum renmai ning charging tine will not necessari fmi'ﬁmm"mﬂmlﬁmg wth
the sl ope of the voltage curve in question, but wt eL parasretser s of
the curve, such as, for exanple, the absolute voltage at the nonent
concerned. The nore paraneters neased and stored, the nore sophisti- 20
cated determ najdmninaeindgetR8deharg digleprboeset whehnsatile rephiintimg

remai ni ng charq&aﬁ?%ige. a, further_enbodi nent of the nmethod according to
the in- vektSon h +%%UP?FHSXPhr% arging curves of the type shown in
Figs. 3 and 4, conprises neasuring the battery 25 voltage at a fixed tine

t oget her wi-t | s yopt s ye e e 'Hgﬁq
vol t age Vn&x&'i rsE?lZéa% aé%.égﬁo?ﬁlegse%og?ﬁéﬁt %" ?ﬂgegg %&ag\emat ggté:%hg;pvﬁ th the
sl ope of tIaf yde Raramevercialpes| asor pbRBEEIORNCE FHfe CHEpNIing ddmed

det er m nat i1Qpdd t1e edhpaYEYr e6BEMmDYaghpbfednbngallug. The vol tage
curves shown in Figs. 3 and 4 have been plotted by neasuring the voltage

across the battery termnals when the battery is being charged. However, an
alternativail. XRingrissdbattbydingt bocolabhf 9t be tbar ghegedm the dharefing

each time a_voltage, SUr ng .S p AqQuUit e sim.l ar curve IS

obt ai ned i ™% %ﬁgkﬁéigﬁebégﬁt 8ka%s§$é?énggrfgaeggaﬁagg\#ﬁﬁeq§?2§1¥ﬁuly

| ower becagsdsiahee leaeh dnessuvement of the potential difference of the
battery terminals.

10 12. A method according to any of the claims 9-11, wherein the
parameter values are measured and the rates of change of the
parameter values are determined at uniform first time
intervals, each determination of the rates of change being
based on parameter values measured at second time intervals,

15 the second time interval being a multiple of the first time
interval.

13. A method according to any of the claims 1-12, wherein the
charging current fed to the battery is controlled by pulse
width modulating a constant voltage source.

20 14. A method according to any of the claims 2-13, wherein the
determination of said rate of change is initiated when a
measured value of the characteristic parameters exceeds a
predetermined value.

15. A method according to any of the claims 8-14, wherein
25 each of said parameter values is an average of a plurality of
measurements within a certain period of time.

16. A wmethod éccording to any of the claims 1-15, wherein the
charging period is restricted to a predetermined maximum

period.



5 include the voltage drop involved by the charging current across the

I nternal resistance of the battery. Since this int

typically increases at the end of the chargl ng seqm“mmlmﬁ mml
measurenent wi thout this contribution will be a nore aecurat®e reasure of
the state 10 of the battery. In the enhg dlnents descri bed above the-

measur enent of the slope of the curve takes pl ace in the foll ow ng manner.

At each neaswreremietidta®totdiilg toeanyobfesREPLRatwer Y -W)t e, tﬁ@e
vol tage of the batter S _neasur gd and 15 t? an electroni c _pr cessor
store this &%ﬁ%ﬁ§QH§%PC?§P a8t GPRPRPRFREULE. ORRieOfr 50Es PG Valued
cal cul at es measdifdcresrmeedet acpnedbtermihad jattuenfesutde armpdatrivexam
ple, the value Wi Gl}- has been neasured 90 seconds ago, and this difference
I s used as measur e of the slope of the 20 curve at the time in question.
In this manner, a new value of the sl ope which has been neasured over a

period ok far emmtql&i) aﬁ@é@f‘dingstébhﬁy%ﬂ eusrmhmsschr’vds whEi:ePirEV@}'ﬂé
t he vol t age neasur s from bei ng by .transi ents and
the vol t age St&4% é¥£E bﬁ%gﬁrﬁg §ge PﬁEﬁeﬁﬁrést§&H€ﬁFPF t%%ﬁﬁ&ﬂ%

100 times bebmmmnaﬂmdn(ﬁftthesehdrgﬁﬁgupeﬁeabspﬁynfaeahdg @de%?&tiﬁgl
t hese inter- i_qt t 0 e _processor, and at the
act ual neasurg%%h%'%rgq?§ Qfﬂl a % gggsgéFggﬁybulates an average of

the 100 |nterned|ate measur enent s mhlch have 30 been performed since the

| ast neasur grENAPYIHa 24 NE f cha
term nated as descrﬁﬂgh above, oﬁl?nggﬁ ﬁgeg g?ggﬁgggﬁi%hbgﬁgfgﬁﬁyfﬁﬁvitake
pl ace 10 apparatus comprising:

connecting means for connecting the battery to an
electrical power source,
means for surveying the course of at least one charging
parameter during at least part of the process of charging the
15 Dbattery,
means for controlling the charging process based on said
at least one charging parameter surveyed,
characterizedinan electronic memory for storing
a plurality of reference parameter courses representing
20 idealistic or desirable processes of charging the battery for
various starting states of charge of the battery,
means for comparing the course of said at least one
charging parameter with the reference parameter courses
stored by the electronic memory and for selecting the
25 reference course with a starting state of charge similar to
the starting state of charge of the battery, and
means for controlling the process of charging the battery
so as to approximate the course of said at least one
parameter to the selected reference parameter course.

30 20. An apparatus according to claim 19, wherein the control
means is adapted to briefly supply a voltage to the battery
prior to the initiation of the charging process and to
measure charging parameters and to determine in response to

the measurement results whether the charging process is to be
35 initiated.



If the battery is left in the charger. This t akes ﬂlace jﬁnﬁassing:current

pul ses through the battery at intervals. 23_I£u lﬂﬂﬂ“l Ht&“ﬂeé and the
el f
S *

tinme between them are adapted such that they conpd¥ sl |
di scharge of the battery which woul d géhermﬁse take place. The pul ses may,
for exanple, have a duration of 15-30-Seconds and the 5 distance between
them may bep. fow depasatisJac8osdong dobkoskmdiiagbanof, ahegahedivmnt of

an appa- ratus acgcording to the jnveption. 22 |ts_are applied to .the
appar at us tﬁPQEEﬁé Be % b?d?%%?éeélgﬁ f?nﬁﬁagtﬁgeVBFPCFSEe%Fsc%ﬁﬁﬁ@ﬁﬁ%d in
t he rectifithe BbackeytlbyacOnvobl$ing ther vofl taget agpplldeshdans thecurr ent
regul at or ﬁggégbﬁﬁfgﬁiﬁéaﬁ¥[rent to the battery to be charged via the

., D. e

term nal s urrent fromthe battery runs via the termnal 5 and
the resistor 6 via ground back to the rectifier circuit 2. The current

regul atqy 33s &9“&% hE&EuY T Bc8of@PhEOLoSEAEEME 212 WhePed Pk Pee IRt rb1 The
processor 7 i s capable_of neasuring current anﬂ voltggggﬁ%éﬁfans of an

anal og/ di gimeAng AveridereedThe ERRFYPhgths Veltage AU 5P d¥suring

t he \l;ol t a- dmmﬁ@igg;?éané hsoL &8i ﬁbomaﬁntwarl ehkeheleeitirdge cmfgrtdielgbat t er?/
is obtained_as the di [ enc ween e _vol tage 0.neasured on ternm nals
4 and 5, re%‘b’é’&?ﬁl\:/e?gpp%% pE%cgégoga’?{:legy nﬁ?gﬁ‘%gieéoﬁﬁe ts“gd °[°5m§c§t]d}%ge
circuit 10 medmehsubstsetially avrthbeosamg maxdmued vadmuee duraimgd \z0Intsaiger
val ues 10 part of the charging process.

23. An apparatus according to ‘claim 21 or 22, wherein the
control means is adapted to control the voltage supplied to
the battery so that the charging current is kept relatively
low at the beginning of the charging process.

15 24. An apparatus according to any of the claims 19-23,
wherein the control means are adapted to limit the voltage
supplied to the connecting means to a predetermined maximum,
and to terminate the charging process when a predetermined
period of time related to the reference course finally

20 selected by the comparing and selecting means and starting
when said voltage maximum has been reached.

25. An apparatus according to any of the claims 19-24,
wherein the surveying means comprise means for currently
measuring values of said at least one charging parameter at

25 short time intervals dufing charging, the comparing means
being adapted to compare the parameter values measured with
corresponding reference values of the reference parameter
courses and to select the relevant reference parameter course
based on such comparison.

30 26. An apparatus according to claim 25, wherein the comparing
means are adapted to compare the rate of change of the
parameter values as a function of the charging time lapsed

with similar reference values.



I

as well as the calculated stop points of tine. Aregulator circ

generates a direct voltage of 5 volts fromthe 25 “ﬂr\ ﬁﬂks from

the rectifier circuit 2. The vol- tage of 5 volts m\“\m ying the
circuits 7, 9 and 10. The current regy ator 3 is contrl led™ by neans of

pul se wi dth nodul ation, and the processor 7 regulates the pulse width in a

manner SUCﬁ7th§h‘éﬁbé¥§ﬂdéﬁhéﬁﬁ¥dhﬂ§)é&”éf@im3ﬁscéﬂsh§nthhe&é&& ttheough
the battery. The _processor i#wes this, th gaagégneasurln t he

vol tage dr 6FR&ECds TGRS kg AdFpPtEed o o“e‘é‘? r‘é 8r “HETSFEr f or m
t he vol t ageuppddece menttine eststdie ﬁmrtzsreyhmﬂttpernodebfatimbeumdzl—he

current pul The volta asur enent 3 h . by the
vol t age drgg &l | S He har éiﬁdneas 48%?#\@( JﬂF g%%’s étggﬁ%gg_?ﬁfg%g&%’%&r r%l
resi st abceodf ttl'ieeh@a:tt-en}ertyertﬁrgal$ shows a circuit diagram of an

enbodi ment of the apparatus fromFig. 5. The blocks fromFig. 5 are shown

in 5 broken lines and with the same reference numerals as in Fig. 5. The

rectifier BBoclR™ aRPAFALNS aCIoEMADrrRrany af hbe| cdaims, e8rflier
CO:JpI i ngf cqn&wﬁztmmm x%éwsdﬁﬁg thewles e £Eap@§d Vﬁﬂdﬁl@ésufhethgt put |
vol tage fromthi s a.direct_vol e o0 ch is pa partly to
The 107 cuPREARSEaR VATHES S iEoy £ bt ot -85 L AEBTVRLFe L ERel1 The
current reguk&hqaﬁg(mﬂansnhexﬂgeadapusdstordépermlne the rate of change
10 based on parameter values measured at second time intervals
each being a multiple of the first time interval.

29. An apparatus according to any of the claims 19-28,

wherein the.control means are adapted to feed charging

current to the battery by pulse width modulating a constant
15 voltage source.

30. An apparatus according to any of the claims 19-29,
wherein the survey means are adapted to initiate the deter-
mination of the rate of change when a value of the charac-
teristic parameter measured exceeds a predetermined value.

20 31. An apparatus according to any of the claims 25-30,
wherein each of said parameter values compared is an average
of a plurality of measurements within a certain period of
time.

32. An apparatus according to any of the claims 19-31,
25 wherein the control means are adapted to restrict the
charging period to a predetermined maximum period.

33. An apparatus according to any of the claims 19-32,

wherein the control means are adapted to terminate the

charging process if one of the parameter values measured
30 exceeds a predetermined value for the respective parametef.



and it is controlled via the control stage 8 _fromthe processer—|Cl. The
control stage 8 consists of the resis- tors R5, R6, R7 and R8 as well as a

transi stor @. \WWen 15 the output terninal Plﬂllmmmﬂl “ﬂ H r has a high
out put signal, the transistor @B will be in co a the

vol t age divider consisting of R7 and R8. Current wil 1" here y run through
the voltage divider R5 and R6, causingd2Q to assune a conductive state
whereby current is supplied 20 to the battery. Wen the output term nal
P1.1 of the3frolAncapParatys aRCBeing ke amnhsiisitdie @laiws tH-33ansi st or
A w il be wHeeRBNtERNERIENA weAln® aded ddptHed HAELH r£Puisad Beyto the
battery. The anal og/digital converter 9 consists of the integrated 2
Circuit | COSUETRBE] tRs thi SPRGRSEGRS. REaRR] AR At -q IRAAHRATI TR CHFAER t or s
C4, C7. Theofieaber etlavget afethshibalt tery iaftiexatsaisl dfertnnimataideryf Viché age
and the gharqging.gur t.Jespectively, are converted to digital

i nfor natlgonclﬂﬁggfliglgi Eu)?g’é:}egtséd circuit I1C2, and this digital information 30
is passed further on to the termnals P1.2 and P1.3 of the processor. In

this embodi gENt ahhgpPLIGeHE0E cLidrildny kbl a?xgimdff e @Iﬁéﬂzé‘elsp-réggessor !

and the storage c¢ircuit 1Q. Further, “the capacitors CI1, and as wel |
as a cryst afoRRTALeNgoA- MICTPPIQEEEEPT: &OTh ERFHAITRT i IRgBAtiemeofinde
of operati ophe apparatus.



of this processor circuit is generally knowmn. The regulator circuit 11
consists of the integrated voltage regulator 1C3 as well as the capacitors
C5 and C6. This 5 circuit applies a direct voltage of 5 volts which is used
for supplying the circuits ICL and 1C2 with voltage. The circuit described
I's useful no matter whether it is decided to nmeasure the voltage during
charging of the battery with a constant _current, or to neasure the current
10 during charging of the battery w th constant vol tage, just as

conbi nati ons of these two may be enployed. O course, details in the

struct ur gg@brhBe circuit may be nodified within the scope of the invention.
Thus, de"éYﬁﬁﬁ?e, ot her processor types than the one shown may be 15 used.

It is also possible to use other voltages than those indicated in Figs. 5

and 6, sANEETHODSANDYANOAPPARAARLS H6RCOHAREPNG!ACREBCHRREEABLBEBAPTERY! he
battery to be charged. -26- CLA 1. A method of charging a
rechargeabl e battery having a pair of termnals, said nmethod conpri sing:
connecting an electrical power source to the termnals of the battery and

PPN M Feclr I ietln) 0 MAEE ORISR LhE Saiaphiglaro:

t he battERg, battery to an electrical power source. In order to avoi
overcharging and undue temperature increase in the battery cell,
the course of at least one charging parameter, such as the
increase rate of the voltage, is surveyed during at least part
of the process of charging the battery. This charging parameter
surveyed is compared with a number of reference parameter courses
representing idealistic or desirable processes of charging the
battery for different starting states of charge of the battery.
Such comparisons may for example be made by means of a
microprocessor, which may also select the reference course with
a starting state of charge similar to the actual starting state
of charge of the battery. Thereafter the process of charging the
battery may be controlled so as to approximate the course of said
charging parameter to the selected reference course. The
charging voltage may be limited to a maximum value (Vmax). When
such value has been reached the charging process may be
terminated after ‘a certain predetermined time period being one
of the reference values.

(Figure 5)



conparing neasurenent values of said rate.of change of the battery
tenperature with one or nore correspondi ng stored reference val ue(s),
determ ning a remaining -period of charging tinme when the nmeasured val ue or
sequence of values of said rate of change of the battery tenperature
reaches the value of a stored reference yggue, and termnating the charging

process when said remaining charging period has expired. 2. A net hod
according to claim1, further conprising gradually reduci ngathe charging
current during the determ ned rengning chargi ng peri odA3. A et hod

according to claim 2, wherein e charging process is cophtrjolfded so as to
charge the battery by a conspént high charging currentuhti] &he neasured
rate of change of the battefy tenperature has reached sald pstigted reference
val ue. 4. An apparatus fqt.charging.a.rechargeabl.e..bat¥Yerly, said
apparatus conprising: connegting nmeans for connecting tH# ttery to an

el ectrical power source, neags for surveying the rate of}change of the
battery tenperature during at ast part of the proce§§>3f har gi ng the
battery, 27 - neans for conpar measur enent val ues” pf paid rate of
change of the battery tenperature wiNh one or nore corregpondi ng stored
reference val ue(s), control neans adapted to determ ne ajrepai ning period
of charging tinme when the nmeasured val\ue or sequence of jgﬂpes of said rate
of change of the battery tenperature TEACAES THE VAl tie€ O aj stored
reference val ue and further

Voltage ‘?
Fig. 1



adapted to term nate the charging process when said remaini ng charging
period has expired. 5. An apparatus according to claim3, wherein the
control neans is adapted to gradually reduce the charging current during

t he determ ned remai ni ng chargi ng period. 6. An apparatus according to
claim5, wherein the control nean bﬁ adapted to control the charging
process so as to charge the batteéy y a constant high charging current
until the nmeasured rate of change of the battery tenperature has reached
sai d stored reference val ue. 28 term nating the charging process when
said remai ning period of time has expired. 10. A nethod according to claim
9, wherein the rate of change of the paraneter values as a function of the
charging time 5 | apsed is conpared to simlar reference values. 11. A

met hod according to claim9 or 10, wherein the charging current is cut off
for a short period of tinme inmmediately prior to each neasurenent of the
potential difference of the battery termnals. 10 12. A nethod according to
any of the clainms 9-11, wherein the paraneter values are negsured and the
rates of change of the paraneter values are determned at udpformfirst
time intervals, each determ nation of the rates of change bgi gg based on
paraneter values neasured at second tine intervals, 15 the degond tine
interval being a multiple of the first tine Ham
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interval. 13. A nethod according to any of the clains 1-12, wherein the
charging current fed to the battery is controlled by pulse width
nodul ati ng a constant voltage source. 20 14. A nethod according to any of
the clains 2-13, wherein the deterninsyﬁon of said rate of change is
initiated when a neasured value of the characteristic, paraneters exceeds a
predet ernined val ue. 15. A nmethkdd accordi ngHo any of “Yhe clainms 8@,
wherein 25 each of said paranet¢r values is an averagejof a pluralli®y of
measurenents within a certain pgriod of tine) 16. A met hod accordijng to any
of the clainms 1-15, wherein thejcharging peripd is redtricted to
predet er m ned maxi num peri od. 29 17. A nmetNhod accor{ding to any {jof the
clainms 1-16, wherein the chargifg process is tiermnatgd if one of |the
par anmet er val ues neasured exceeqs a predeterm hed val ple for th spective
paranmeter. 5 18. A nethod accorqing to any of ms 1-17, rein the
state of the charge of the batt¢ry is maintain r said termnration of
t he charging process by feedingja pul sating cur to the term ndl s oﬁthe
battery. 19. An apparatus for cRarging a rechargedabl e battery, SaiQIiOEE
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connecting nmeans for connecting the battery to an el ectrical power source,
means for surveying the course of at |east one charging paraneter during at
| east part of the process of charging the 15 battery, means for controlling
t he charging process based on saiddﬁkileast one char gi ng paraneter

surveyed, char acteri ze it an electronic nenory for storing a
plurality of reference parameter courses representing 20 idealigtic or
desirabl e processes of charging the battery for various startﬂnglstates of
charge of the battery, neang for conparing the course of saidjat |east one
charging paraneter with thejreference paranmeter courses stored by the

el ectronic nmenory and for sglecting the 25 reference course wijjth a starting
state of charge simlar to fhe starting state of charge of thg battery, and
means for controlling the pfocess of charging the battery so 4s to

approxi mate the course éé shid at | east one paraneter to the 9 cted
reference paraneter coufse.} 30 20. An apparatus according to dqlafm 19,
wherein the control neans i adapted to briefly supply a voltdge to the
battery prior to the initiaffi on of the charging process and tg neasure
charging paraneters and to feternine in response to the measurlenent results
whet her the charging proces§ is to be 35 initiated.
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~ An apparatus according to claim19 or 20, wherein the control neans
adapted to control the process of charging the battery by controlling
the voltage supplied to the connecting neans. 5 22. An apparatus according
'to ¢laim 21, wherein the control msanslae adapted to control the voltage
supplied to the connecting neans so a mai ntain the electric charging
current supplied to the battery connected to the connecting neans
substantially at the sane maximum val ue during a najor 10 part of the
chargi ng process. 23. An apparatus according to claim?21 or 22, wherein the
control neans is adapted to control the voltage supplied to the battery so
that the charging current is kept relatively Iow at the beginning of the
charging process. 15 24, An apparatus according to any of the claims 19-23,
wherein the control neaas are adapted to limt the voltage supplied to the
connecting means to a pFddeterni ned maxi num and to termnate the charging
process when a predeterf@ ned perigpd of tine related to the reference course
finally 20 sel ectegyby ®he conpay ng and sel ecti ng nmeans and starting when
said vol tage naxinﬁilhasbbeen regched. 25. An apparatus according to any of
the clains 19-24, erefn the sunfveyi ng nmeans conprise neans for currently
nmeasuri ng val ues off said at | eastf one chargi ng paraneter at 25 short tine
interval s during charging, the cqafarihed means bei ng adapted to.conpare the
paramet er val ues ngasured with cqrresponding refergace—valiyes of the

ref erence paraneter
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courses and to select t
conpanlson

he rel evant

ref erence paraneter course based on .such
30 26. An apparatus according to claim25, wherein the

conpari ng nmeans are adapted to conpare the rate of change of the paraneter
values as a function of ‘the charging time |apsed with simlar reference

val ues. 31 27. Am-apparatys accor@thg to clai m 25 @r« 26, erein the
control neans are pdapte :io'cut off the charging cugfent suppkied to the
battery for a short $pefi fy time i medi- ately priof &o eachemeasur enent
of the potenti al djfference 5 of the battery term nalls. 28 atus
according to any of Ch@lﬂE 25-27, whereir the neasurlng nmeans are
adapted to measure] T atet er values t—t--er - s t—Hre- At er val s,
t he surveying means addpted to detprnire fRé Tafé of chande 10 based
on paraneter val uejs neqsured:at second t|ne ijnterval s| eachy beimg a nmultiple
of the first tine ﬂntervﬂ+—{29 An appar pt us |ackor di n t he cl ai s
19- 28, wherein the:controb means are adapted to:feed Chargt-ng eurrent to
the battery by pu“se-mﬂdth"ﬂﬂdulating a fonstja 15 polt4gge s@urce. 30. An
apparatus according toJany of the clarns 19-49,Lmb§rq n tHe_sugvey neans
are adapted to inidtatg¢the-dete~-mnation 4f the rafe off change when a
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teristic paraneter neasured exceeds a predeterm ned value. 20 31. An
e . £ Pl

apparatus according to any of the clains 25- 30 WELET-Ta ug S}

paramet er val ues ‘\g m ﬁerage of a plugalblty oF HEas tsSG
within a certain mmm “lﬁ“ H‘* 2. An appara CEOTHPass” amyto dagedhe...
clains 19-31, 25 witer&i n"tHe cont'rol meaBs are|afldpfidd=t o Teeed i%itormmged .
charging period to a predeterm ned maxi num per Urawinghy dppai ats paged ...
according to any of the clains 19-32, wherein Alteetol risgns..arte mdept.ed
toterm naté,}m charging process if one of thge paraneter val ues neasured
30 exceeds a—pre%eterm' ned value for the respertDAFEPOFRBCEIPT .. 710® 34. An

apparatus according to any of the clains 19-33, Wherern tne contro—means
are adapted to feed a pul sating current to the connecting nmeans so as to

mai ntai n t hé st aAgngthodnef ehatgine areehasgerhle bajters haying 4 pair of temainalen of
the 5 chargin An appar atus according to any of the clains
19- 34 corrpr?%'ﬁﬁ'sétﬁsﬁ%iapﬁﬁg‘ggssor for controlling the operation of the
apparat us. connecting an electrical power source to the terminals of the battery and

supplying a charging current to the battery,
surveying the rate of change of the battery temperature during at least
part of the process of charging the battery,
comparing measurement values of said rate of change of the battery
temperature with one or more corresponding stored reference value(s),
determining a rémaining period of charging time when the measured
value or sequence of values of said rate of change of the battery temperature
reaches the value of a stored reference value, and '
_ terminating the charging process when said remaining charging period
has expired.

2. A method according to claim 1, further comprising gradually reducing the

charging current during the determined remaining charging period.

3. A method according to claim 2, wherein the charging process is controlled
so as to charge the battery by a constant high charging current until the
measured rate of change of the battery temperature has reached said stored

reference value.

4, An apparatus for charging a rechargeable battery, said apparatus
comprising: |
connecting means for connecting the battery to an electrical power
source,
means for surveying the rate of change of the battery temperature during
at least part of the process of charging the battery,

REPLACEMENT SHEET

!




£ ¢ L m s =

means for comparing measurement values of said rate of change of the
battery temperature with one or more corresponding stored reference value(s),

control means adapted to determine a remaining period of charging time
when the measured value or sequence of values of said rate of change of the
battery temperature reaches the value of a stored reference value and further
adapted to terminate the charging process when said remaining charging period

has expired.

5. An apparatus according to claim 3, wherein the control means is adapted
to gradually reduce the charging current during the determined remaining
charging period.

6. An apparatus according to claim 5, wherein the control means is adapted
to control the charging process so as to charge the battery by a constant high
charging current until the measured rate of change of the battery temperature

has reached said stored reference value.
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