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1 

A METHOD AND AN APPARATUS FOR CHARGING A RECHARGEABLE 

BATTERY 

The invention concerns a method of charging a rechargeable 
battery, wherein an electrical source of energy is con-

5 nected to the battery. One or more characteristic para­
meters of the charging process are currently measured and 
optionally calculated during charging, and these are com­
pared with reference values. The invention also concerns an 
apparatus for performing the method. 

10 When charging ·cC rechargeable battery, su.ch as for example 
an Nied 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 reached a full charge ~ondition, 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 siqnif icantly after several 
such chargings. For the battery to be utilized in the best 
possible manner it is therefore important partly tha~ 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 charsing 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 accele.ra­
t~s the heat generating process additionally, it is even 
more important to interrupt charging at the proper time. 
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In a typical charging sequence the voltage across the bat­
tery increases evenly as the battery is charged. As the 
battery approaches its full state of charge, the voltage 
increases more steeply to a peak marking the.full state of 

5 charge. The voltage then drops again owing to the increase 
in temperature because the temperature coefficient of the 
voltage is negative. correspondingly, the charging current 
typically falls to a minimum at full charge and then in-
creases. 

10 The art includes some methods which attempt to ensure op­
timum charging by cutting off charg~ng at the proper time. 
How~ver, 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 tempe­
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 ca~e if a battery from an auto-

25 mobile tel~phone 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 voltage 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. 
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similarly, it is possible to measure the charging current, 
and the same observations apply-here as well. 

Many known chargers rely on fixed periods of time so ·that 
charging is simply cut-off after the elapse of this time. 

5 This, however, is a very inexpedient method because it is 
not known in advance whether the battery is completely or 
only partially discharged, and the necessary charging time 
depends strongly upon this. This might be solved by dis­
charging the battery fully prior to charging; but in addi-

10 tion to the waste of energy involved, it takes a certain 
time, and there will sti~l be a good deal of difference . 
between the necessary charging time from battery to batte-
ry. 

A more advanced 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 exceeding a reference va~ue. The observations just 
made also apply here; however,·a1ready 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 
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is a more reliable method since the battery will rarely be 
overcharged; on the other hand,· however, the location .of 
the point in question may vary greatly, and charging will 
typically be terminated much too early so that the battery 

s will only be charged to part of its full capacity. Further, 
it involves a risk of wrong measurements.if, for example, 
the charging current or the voltage supply is changed dur­
ing charging. 

it is also known to use 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 initiai 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 wher~ 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 

JO 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. 
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Characteristic parameters include, for example, the voltage 
across the battery or the charging current. Experience 
shows that with respect to curves showing these parameters 
as a function of time, there is qreat correlation between 

5 the momentary appearance of the curves and the distance to 
the point of time where it is optimum to terminate char­
ging. Having measured the momentary appearance of the 
curve, it can thus be determined relatively easily by 
comparison with the reference values how long the battery 

10 is still to be charged. 

Typica~ly, charging will be terminated when the first of 
th~ 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 chanqe 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 ~arameter 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-
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ment is obtained if the charging current ·to the battery is 
cut-off for a short period before the voltage is measured. 
The reason is that the battery has an internal series 
resistance, and the charging current provides a voltage 

s drop across this resistance which should not be included in 
the vo~tage measurement. 

In particular in case of fast charge mode using a high 
charging current it may be advantageous to reduce the 
charging current gradually as the stop point of time ap-

10 preaches, because it will then be easier to find the op­
timum st9p point of time. Thus, charging may, for example, 
be performed with a constant high charging current untii 
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 tQe 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 param~ter in 
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question over the period which has elapsed ·since the last 
measurement. 

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 example, a maximum charge period may be fixed. 
Charging will then be interrupted at this point of time at 
the latest even though the ·other stop criteria have not yet 
occurred. It is also possible to fix limits for one or more 
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 charqing 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 
charqer till long after the termination of the charging. 

It may likewise be expedient to apply a voltage to the 
battery briefly before the actual charqing 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 Pl.ace. 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 parameters and 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 
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the apparatus can compare the characteristic parameters 
with reference values by means of the control unit. 

The desired effect is obtained in that in response to said 
comparison the apparatus determines a possible charging 

5 process stop point of time for each or some of the said 
points of time, and that it can terminate charging in re­
sponse to the stop points of time thus produced. 

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 wi~h 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 charqing current to the battery 

20 for a short period before the voltage is measured, it being 
thereby possible to disregard the voltage drpp 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 
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measured parameters exceeds or falls below some predeter­
mined values. 

In a expedient embodiment the apparatus is moreover adapted 
to maintain the charge state of the bat~ery after the 

5 termination of charging by means of a pulsating current. It 
is ensured hereby that the battery is still fully charged 
even though it is not removed from the apparatus till long 
after the termination of the charging proper. 

An additional embodiment is adapted to briefly apply a 
10 voltage to the battery prio~ 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 battery for different starting states of charge of the 
battery, selecting the reference course with a starting 
state of charge similar to the actual startL.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 
c·ourse. 

A smaller or greater number of empirically determined 
reference parameter courses may be stored (such as drafts 
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where values of the reference parameter is plotted versus 
the period of time lapsed since starting of the charging 
process), for example by electronic storing means, such as 
a memory. When it is desired to rapidly charge the re-

5 chargeable battery without substantially deteriorating the 
same the idealistic or desirable process of charging mainly 
depends on the state of charge of the battery prior to 
starting the charging process. Therefor~, the reference 
parameter courses stored represent idealistic or desireable 

10 processes of charging for different starting states of 
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 se·lected, 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. 
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It should be understood that the charging process may be 
controlled in any suitable manner by which the course of 
the charging parameter may be approximated to the selected 
reference parameter course. In the preferred embodiment, 

5 however, the process of charging is controlled by control­
ling the voltage supplied to the terminals of the battery. 
The voltage is preferably controlled so that the charging 
current supplied to the battery is relatively low at the 
beginning 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 charqing 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. 
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As mentioned above, the reference parameter courses to be 
compared with the actual parameter course may be curves or 
graphs, and the comparison process may be performed by a 
design recognition technique by means of design recognition 

5 circuitry. In the presently preferred embodiment, however, 
the charging parameter is currently measured at short time 
intervals during charging, the measured parameter values 
being compared with corresponding reference values of the 
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 
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rather frequently, which means that the said first time 

interval may be relatively short, for example about 10 

seconds. The rate of change is, however, preferably based 

on measurements with a time spacing being several times 
• t 

5 greater, for example 90 seconds. 

The determination of the rate of change may be initiated at 

the beginning of the charging process. However, the deter­

mination of the rate of change may advantageously be post­

poned until a measured value of the characteristic parame-

10 ters exceed a predetermined value, when it is obvious that 

the best distinguishable rates of change are found after 

such predetermined value of the parameter. 

The reference parameter courses stored may comprise not 

only courses representing charqinq 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

q ing a recharqeable 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. me'ar.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 
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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 

parameter course. 

5 The operation of such an apparatus may, for example, be 

controlled by a microprocessor or another electronic con­

trol circuit, which may also comprise a memory for storing 

the reference parameter courses. 

The invention will now be further described with reference 

1.0 to the drawing'· in which 

Fig. 1 is a curve showing the voltage as a function of time 

for an Nied 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 regulated charging course for 

an Nied battery, 

Fig. 4 shows the battery voltage of an Nied battery as a 

function of time for six different startinq states of 

charge, 

20 Fig. 5 is a block diagram of an apparatus according to 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 Nied 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. 
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The region marked A constitutes the start of the charging 
process. When the charging process ·is initiated, the vol­
tage may vary somewhat depending upon the state of charge 
of the battery prior to the.initiation of charging. Since 

s the voltage in this region is thus rather indefinite, no 
measurements proper are usually performed in this region. 

The letter B indicates the actual charging period where the 
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 
now increases more slowly again because of its negative 
temperature coefficient. The battery voltage does not 
increase additionally at the transition between the regio~s 
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 o. 

The invention is based on the fact that it has been found 
by tests that, even though the curve may v~ry 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 



16 

question to the optimum stop poi~t of time for the charging 
process. 

If the information on the correlation is· stored in an 
electronic circuit, an example of which will be given be-

s low, it is thus relatively simple to calculate or determine 
how long charging should be continued on the battery and 
thereby the optimum stop point of time for the charging 
process, after having measured the slope of the curve at a 
given moment. If this calculation is performed at several 

10 consecutive moments, a co~responding number of p+oposals 
for the optimum stop point of time will thus be obtained. 
Fig. 2 shows an example where three measurements are per­
formed. A remaining charging period of delta Tl is cal­
culated at the _point of time Tl, 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 TJ. In the figure, the three ~alculated stop 
points of time occur at precisely the same moment. However, 
in practice the calculated stop points of time will usually 

20 be 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 microprocessor is incorpo-

25 rated in the apparatus described below, more sophisticat~d 
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 
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with a constant charging voltage,.and reproducible curves 
showing the above-mentioned stages in the charging process 
will be obtained even if neither charging current nor 
charging voltage is kept constant. It will be appreciated 

s that these curves can be used in a manner similar to what 
is described above. 

corresponding curves of a different appearance will be ob­
tained for other battery types. For some of them the cor­
relation between the actual measurement point of time and 

10 the optimum remaining charging time will not necessarily be 
associated ~ith 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 embod~ment comprises prestoring a limited number of 
reference values £or the slope 0£ 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 tbs 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 quite correspon-
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ding curve is obtained in this manner, but the absolute 
voltage values will be slightly lower because the curve 
does not include the voltage drop involved by the charging 
current across the internal resistance of the battery. 

s Since this internal resistance typically increases at the 
end of the charging sequence, a voltage measurement without 

this contribution will be a more accurate measure of the 

state of the battery. 

As mentioned before, reproducible curves will be obtained 
10 even if the charging current is not kept constant during 

the entire charging ·prpcedure. 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 last 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 simple 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 ch~rging current at one voltage 
value and initiating the measurement of the slope of the 
curve at another voltage value. 

Fig. 3 shows typical charging curves obtained in accordance 
with an embodiment of the method according to the invention 

30 when charging a Nied 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-
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sentii1g various stages of the charging process similar to 

Fig. 1. Fig. 3 shows fotir regions which are marked A, B, C 

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 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 mai~tained at substantially the 

same maximum value, which is determined by the type of 

battery involved, and the vol.tage across the battery in­

creases only slowly. 

15 In the c region the battery now approaches its state of 

ful.l charge and in order to maintain the maximum charging 

current, the voltage across t;he 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 ~e 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 o· 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-
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ning charging period starting at Tm.ax has lapsed, the 
charging process is being terminated. 

The charging current fed to the battery is controlled by 
pulse width modulating a constant voltage source. 

5 The voltage curve V shown in Fig. 3 represents a process 
of charging a NiCd battery which is nearly unloaded. Fig. 4 
shows six similar voltage curves V1 - V6 representing 
different charging courses for the same battery with dif­
ferent starting charges. The curve V1 represents the char-

10 ging process of the bat~ery when nearly fully charged, and 
the curve V6 represents a charging process of the battery 
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 ~or a plural~ty 
of different starting charge conditions of t~e 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 stored 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. 

30 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-
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tion of the "remaining charging time" is cancelled, and the 
last determined "remaining charging time" value is used. 

Another embodiment of method according to the invention, 

which also results in charging curves of the type shown ir 
Figs. 3 and 4, comprises prestoring a limited number of 
reference values for the slope of the voltage curve. In 
each measurement the actual slope of the curve is compared 
with the reference values, and only when the slope passes 
one of the reference values a new "remaining charging time" 

10 value is determined. 

curves corresponding to those shown in Figs. 3 and_ 4 will 
also be obtained for other battery types. These curves·· 
might be of different appearance and for some of them the 
correlation between the time for reaching the voltage 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 measured and stored, the more sophisti-

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

i:lt 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 toguther 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 alternative 
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possibility is to cut-off the charging current briefly each 
time a voltage measurement is performed. A quite similar 
curve is obtained in this manner, but the absolute voltage 
values will be slightly lower because the curve does not 

5 include the voltage drop involved by the charging current 
across the internal resistance of the battery. Since this 
internal resistance typically increases at the end of the 
charging sequence, a voltage measurement without this 
contribution will be a more accurate measure of the state 

10 of the battery. 

In the embodiments described above the measurement of the 
slope 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 aqo, and 
this difference is used as a measure of the slope of the 

20 curve at.the time in question. 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 voltaqe is preferably measured 

25 much more f~equently, for example 100 times between each of 
the said measurement 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 described 
above, maintenance charging of the batte~y may take place 
if the battery is left in the charger. This takes place by 
passing current pulses ·through the battery at intervals. 



23 

These current pulses and the time between them are adapted 
such that they compensate for the self discharge of the· 
battery which would otherwise take place. The pulses may, 
for example, have a duration of 15-30 seconds and the 

5. distance between them may be a few hours. 

Fig. 5 shows a block diagram of an embodiment of an appa­
ratus according to the invention. 220 volts are applied to 
the apparatus by means of an ordinary plug 1, and the vol­
tage is 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 a 

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 di.fference 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 
width in a manner such that the desired charging current 

30 constantly runs through the battery. The processor measures 
this, as mentioned, by measuring the voltage 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 volt~ge measurement will 

35 thus not be affected by the voltage drop which the charging 
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current causes across the internal re~istance of the bat­
tery. 

Fig. 6 shows a circuit diagram of an embodiment of the 
apparatus from Fig. 5. The blocks from Fig. 5 are shown in 

5 broken lines and wi.th the same reference numerals as in 
Fig. 5. The rectifier block 2 comprises a transformer Tl as 
well as a rectifier coupling consisting of the four diodes 
01, 02, 03, and 04. The output voltage from this is a 
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 RS as well as a transistor QJ •. When 

. 15 the output terminal Pl.l of the processor has a high output 
signal, the transistor Q3.will be in conductive state via. 
the voltage divider ~onsisting of R7 and RS. 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 terminal P1.1 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 analog/digital converter 9 consists of the integrated 
25 circuit IC2 as well as the resistors.R2 and RJ 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 Pl.2 and Pl.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 Xl are con-
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nected to the processor. Otherwise, the mode of operation· 
of this processor circuit is generally known. 

The regulator circuit 11 consists of the integrated voltage 
regulator ICJ as well as the capacitors CS and C6. This 

5 circuit applies a direct voltage of 5 volts which is used 
for supplying the circuits ICl and IC2 with voltage •. 

The circuit described is useful no matter whether it is 
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 cons~ant 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 pos$ible 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. 
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1. A method of charging a rechargeable battery having a pair 

of terminals, said method comprising 

connecting an electrical power source to the terminals of 

10 the battery, 

surveying the course of at le~st 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, 

c h a r a c t e r i z e d in 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 

seiected reference parameter course. 

2. A method according to claim l, 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 
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measured, the results of these measurements determining 

whether the charging process is to be initiated. 

4. A method according to any of the claims 1-3, wherein the 

process of charging is controlled by controlling the voltage 

5 supplied to the terminals of the battery. 

5. A method according to claim 4, wherein the voltage 

supplied to the battery is controlled so as to maintain the 

electric charging current 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 or 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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terminating the charging process when said remaining 

period of time has expired. 

10. A method according to claim 9, wherein.the rate of change 

of the parameter values as a function of the charging time 

s lapsed is compared to similar reference values. 

11. A method according to claim 9 or 10, wherein the charging 

current is cut off for a short period of time immediately 

prior to each measurement 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 ~-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 method according to any of the claims 1-15, wherein the 
charging period is restricted to a predetermined maximum 
period. · 
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17. A method according to any of the claims 1-16, wherein the 
charging process is terminated if one of the parameter values 
measured exceeds a predetermined value for the respective 
parameter. 

5 18. A method according to any of the claims 1-17, wherein the 
state of the charge of the battery is maintained after said 
termination of the charging process by feeding a pulsating 
current to the terminals of the battery. 

19. An apparatus for charging a rechargeable battery, said 
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 battery, 

means for controlling the charging process based on said 
at least one charging parameter surveyed, 
c h a r a c t e r i z e d in an 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. 
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21. An apparatus according to claim 19 or 20, wherein the 
control means is adapted to control the process of charging 

the battery by controlling the voltage supplied to the 

. connecting means. 

s 22. An apparatus according to claim 21, wherein the control 

means are adapted to control the voltage supplied to the 

connecting means so as to maintain the electric charging 

current supplied to the battery connected to the connecting 

means substantially at the same maximum value during a major 

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 during 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. 
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27. An apparatus according to claim 25 or 26, wherein the 

control means are adapted to cut off the charging current 

supplied to the battery for a short period of time immedi­

ately prior to each measurement of the potential difference 

5 of the battery terminals. 

28. An apparatus according to any of the claims 25-27, 

wherein the measuring means are adapted to measure the 

parameter values at uniform first time intervals, the 

surveying means being adapted to determine 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 apparat;.us 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 parameter. 
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34. An apparatus according to any of the claims 19-33, 
wherein the control means are adapted to feed a pulsating 
current to the connecting means so as to maintain the· state 
of the charge of the battery after said termination of the 

5 charging process. 

35. An apparatus according to any of the claims 19-34 
comprising a microprocessor for controlling the operation of 
the apparatus. 


