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:A METHOJ) :MD..~ A~~.ARA·rus FOR CHARGfN~:i.';RECHARGEABLE 
·~ .. :::-·~:.--.:·-·.,-· 

'BATTERY 

The inv.entipif:··conderns a method of c:;:h~fCJing a rechargeable 
battery, ·~lle:i;.ein _an electrical sour¢~?:>()£ energy is con-

. nected . t~i>the·;· battery. One or more c~~f~c:teristic para­

meter~ .9f.:fti~<char~ing process are c:;d;r~ntly measured and 

optionaltf·,ca:i.culafed during chargincJi~?:~nd these are com­
pared with. re.ferellC:e values. The i~v'erition also concerns an 
apparatus .. ~or>perfdrming the method. ·• ,/o··· 

When chargin~: ·:a reC::harqeable battery ,,::~~ch . as for example 

an Nied };)at1;eey, an electrical volta<l~,~reater than the 

terminal vo~t:a.C]e 0£. the battery is cip~i{ed to the terminals 
of the bat:,teey; wher.eby a current wi::l.i:·tµn ·through the 

battery. Thiscurr~nt initiates a cti~~i~al process by 
which energy .if; st()red in the battery • .:· ' 

.· .. _ ...... . 

When the batt~ey l\as reached a full.ch.~~ge condition, the 
chemical p~o°-ess $tops, and the a~de4)enerqy will instead 

be conver:tE!ci"into ~lleat. Since the batte~ is constructed as 
. . . ·': . ·... '· ..... 

a sealed ,coJ1~ainer;O: ·the pressure in t.~e-~attery increases, 
which cause~·:;~hemic;al destruction. ThlsJlleans that "the 
capacity ... C).f' :the bci.ttery is reduced,. ·~·nd.<t4e capacity may 

. ; ···: 

eventua:J.l·y\.:~ave bee11. reduced signif::i;C.antly after several. 

possible.mc:tnner it<i.s therefore imp,ort:ant:· partly that the 

battery wiJ:i ·~e ch~f9ed. fully partl~:.'.)~.hat: charging is 
interrupteq l:>'efore'.~:t.lie ·generation o:f·.::hea1: beco~es too 
qreat. T:hfa.· .prbblem ,i~ thus to interti'upt bharc;ing as preci­
sely as possj_b~e at' ;he proper time.·::;:.;/> 

·. :· ·: 

Frequently, .. t~~: chal;"qing period for· i'battery is desired to 

be as brief. ~s. poss:ible, which has J..~d tb the use of grea­
ter and great~r cha,~ging currents, a0rtd since this accelera­
tes the heat g~nera~ing process addlt~onally, it is eve.n 
more important.( to .interrupt charging·: :~t .:the p~oper time . 

. ·.··· J~ ~~~~;:~~~::i:2~,t~:~iii:: . 

:.: ·, ... ~ : 
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In a typical cl).a.~thg sequence the volf~~~ across the bat-
. . ~ . .. ,.. .· 

tery increases ·~venly as the battery £~··charged. As the 
battery approaches •its full state of (:ha:z:::ge, the voltage 
increases more ·~~eep]:y t.~ a peak markj:rtq .·~he full state of 

charge. The vol:f~g~·<then· drops aqain''oW.itiq to the increase 

in temperature becafr~e the temperatu~~··.cci~ff icient of the 
voltage is negative.·.;·correspondingly, ·th~· charqinq current 

typically falls: ~o a minimum at ful·l cha~e and then in-
>: . .::.,;-_;·;";· 

creases. 
···.-,· . 

. ·· ... • 

'l'he art include.s ·some methods which attempt to ensure op- · 

timum charqinq by cuf.tinq .off charqinq.atthe proper time. 
However, they ha\re been found to b.e l~C::kin9 in precision'. 
If. charqing is.iriterfy.pt(:!d too late,. the result will be 

neat generation ::and lliechanical destruct:ion, as· mentioned, 
and if charginq:is 6~~-off' too early, ¢e<battery will be 
undercharged. 

. ·/~"'.<:-

One of the known"methods.comprises measuring the tempe­

r21.ture of the b~~te~.anc:l then cutting~off charging when an 
increa~e in telUperature is observed. However, it is frequ­

ently too late !h.entiie increase in tt!Jipe~ature is so great 
that it can be ~easu~t1d, and it is moreove:r difficult to 

; ·., . . 

measure the telliperatU.;-e r;u·fficiently a:C::Cuioately, one reason 

be:ing the poss.ible v~riations in ambierit temperature. This 
wil.l, for example, b~:1:he case if .a l>cttteey from an auto­
mobile telephone:is Iiioved. in winter frdm a cold car to a 

charqer which i~ preli;~r:it <a1: room tempeJ:'at~re. '· . 
''. .... ·: . '·· .. ~ .. ; ~ :·~ . . . :' '~ : : . ., : 

Another know meth.~c}: c()mpX:ises meas~rih<.i the voltage across 
the battery and·· Buf t~nq e>f f charging ,~~~lien ·:the voltage as­
sumes a determi?lfici ··1~~el •. However I thi~: voitaqe often va­

ries somewhat f~.om<bi:s,:ttefy to battery/:even in case of 
batteries of the. saine .. type, and it i~: fuor~over temperature 

dependent so th~ti£:is very difficu{f:to.determine the 
·."·."·, ..... _. ... _, 

voltage at which. bh.a;ging is to be clttfh!f'. 

_,.: .. ·,..··· 
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similarly, it i;'s ·pos~ible to measure the:'icharging current, 
and the same -o~~erv~tions apply here a:~ ,,~,11. 

Many known ch(;lrqf!r~>rely on fixed per1c>d.1:1 of time so ·that 
charging is :s·i~ply.: ~µt-.·Pff after the el~~se of this time. 

. :. .. ~ ..... ··. .· . '." . ·. . . . 

This, however~.\ is a. yery inexpedient method because it is 
not known in ·advance whether the batte?:'y:-i.s completely or 
only partially."disCharq~d, and the neces~·ary charqing time 

depends stro~qlyupob this. This miqhtib~:solved by dis­

charging the batterY fully px-ior to cha~ing1 but in addi­
tion to the wa~te 6f .. enerqy involved, .. _it••.takes a certain 

time, and th~r~'wilistill be a qood deai'of difference 
between the i1:eC::essafy c~rqing time frbm'bat:tery to batte-

. ~-: .. ·.:. 

ry. 
·.:).' 

; ·· .. ··.·.'····· .:,: 

A more advanced: metho.d is to measure· th~ voltaqe change (or 
current chanq~}<ast~. :f~ction of time;. i·.e. the slope of a 

.· .. ·.··.· '•J·:· ·' ... '• 

curve showing the.voltaqe as a function.~£ time. For examp­
le, us patent .. specifi~a~ion No. 4, 052, 656 . discloses a 
method which finds the point at which th~ slope is zero, 

. . 

correspondinq · t.C:>: the: .peak. where the battery is fully 

charged; however1 it: .is difficult to det~rmine the point 

accurately sine:~ the\curve may be veey ti:~t here, and 
another drawback is'that there may be other points on the 
curve where th~slo;~·i~ zero so that c:hi~ging is C\lt-off 

.·:·····'" 

too early. 

·.· .' .. 

In us patent spttcific.,~i.on N.o. 4, 747 ,854 it is detected 

corresponding].y:whe:rt th' voltage curv«( as.sµmes ~ negative 
slope exceedincit' a r~~~rence value. The: oJ:>,servations just 
made also apply her~·;: ho~ever, already at this time the 
battery may hav~ be;~n' overcharged to a: c~'rtain degree, 

which can damilcj~-: th'~ battery . 

. ; . ,,. \.·· . 

Also us patent ·s~~9i:.fication No. 4, 388:~ s~fa measures the 

slope of the vditag~ c::u:rve to find thepo:i.nt where the 
slope of the c::uive ch~n9.es from. increaf:ie ·.to decrease. This 

.:. \ 

.··.. .:· ..... ' . ..'. 
: ... · .· 

: ~ . ·. . . .. 
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is a more reliab,le ·~ethod since the ba~#ery will rarely be 
overcharged; on the' :other hand, however/ the location of 
the po,int in ~-~sti~n may vary greatl~ ,\ ~nd charging will 
typically be te~iria:t:ed much too eariy.:so that the battery 

will only be c~~J:9~ato part of its f:(i~i:capacity. Further, 
it involves a risk,qf wrong measuremeilt:'sif, for example, 

the charging cu,:rreti~ or the voltage ~~~~ly is changed dur­

ing charging. 

It is also known· to; use a combination of some of the above­

mentioned metho~s>::_Thus, for example., bs'.'patent specifica­

tion No. 4,639/6~~,'~e:lies on four stop ¥~iteria, viz. a 
voltage limit, ~ predetermined time limit:, a calculated 

·-.·: .. . '··· .: : . 

increase on thevoitage curve as we11:as the point where 

the slope of the ;·vcilt:age curve is zero:./ charging is inter­
rupted if just o~e.'.ot these criteria f~·· ~atisfied. The 

mentioned time i.im;t ,·is selected aft~~: ,~harqing has been 

started, an init:i.al'voltaqe measurement/being made, and on 

the basis of tllis .. ~ E;hort or a lonq c~ct:rqe time is selec­
ted, for exampJ.~; l.'<hc>ur or 1. 75 hours. :.jtbe advantage is 

that some regard can be had to the batt.:err discharge state 
from the beginning.as well as to the nilinber of cells in the 

battery; but it::i.s $till a rather imp~~~.i.se method which 

involves a risk· df :battery overcharqinci. 
;··-:·. 

The invention prdvJ:c:les a -method where. ::charging of the bat­
tery can be tenninc:l.ted at the optimum.time where the bat­
tery has been fttlly Cha~ed without a~y:' r:isk of, overchar­
ging and thereb; mechani~ally destroyi'!i~/the battery. 

·; : ... , ::.· . . , 

This is achieve~>~~cprding to the inV-f!ii~'±on in that in 

response to com~~iison between the mE!asu:ted or calculated 
parameters and k.rioJrF reference value~ ,_:f~iJ .. s possible at any 
time to determi#E!· -~ . 'remaining charge tfjl~ and thereby a 
possible stop pdlhtof time for the ch~l:~ing process follo­

wing which chargi.hg. ·can be cut-off in -~7sponse to these 
stop points of tim~.: . > 

·-.:"· ,···-
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Characteristic:; ,J)arameters include, ;f~;t~xample, the voltage 

across the ba·t~~~Y .or the charqinq .dtlr~eP,t •. Experience 

shows that wi#'i ¥~.spect to curves ~fiowl,n:~ these parameters 
. as a functiol) jjf.~ime, there is gr.-~£ correlation between 
·the momentary ~~~earance of the cu~~s .:~hd the distance to 

the point of tillle:where it is opti~um~(>:terminate char­

qing. Havinq Jll~ii~ured the mcmenta~/-~ppearance of the 
. . 

curve, it can ··1=.~u• be determined re·1ativE!ly easily by 
comparison witil, "tli.e reference values;>ho~ lonq the battery 

is still to be:-clJ.al;'ged. 

Typically, charqinq will be terminat~dj.rhen the first of 
.the generated· St~~~ points Of time OQ~r~: however I alSO 

more sophistic~tecf solutions are ccnC:e:Lvable, for example 
.where more impof,tance is attached t~ th~. stop points of 

· time last ca1ch18.ted. Thus, a stop p(iint of time may op­

tionally be i~C?J:;~(i if later calcul~t.io.~s. show that it was 
wrong. 

: .. ·;· ... :. 

It is particularly expedient to find·therate of change in 

the parameters,'ils'.,<a function of ti~f!, :cts:qespondinq to the 
slope of the• ..,nf!rtt.i()~ed curves, and -~his.:;may be done by 

j;torinq the me~l:Jtif'.~ent values so that~t.a given time the 

·actual value ·m~~;b; compared with a ipre~ious measurement 
value, whereby:·1:lie . rate of change Jllay.··J:>~. calculated. 

:~ . 

In a particula:zf ··41!1'1.bodiment there is· :j\J.stL ·a limj.ted number 
of reference vail.li~., and a new stop" poirtt of time for the 
charging proces·~_.d.~ determined only .. \wh.e~:.::the ~arameter or 

"·':.. . · .. ··.. . . 

. parameters cotiC:-~'J:n.e.¢ assume one of t:.h.~ r•;ference values. 
This results i~>a ,simpler procedure'~hich can nevertheless 
normally detet:Jn.j.l1e . .the optimum stop: ·~oint of time suffici-

ently accurately. 

When the parame~~r }Jeinq measured is th~'~ voltage across the 

connection termihals of the batteryt a Iilci~e exact measure-
:.:· ... ·.:_:::.:;'·.< .. · 

.· ;: . 

. ~ .. -:' . : 
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ment is obtained if the charging curr~h.t.:to the battery is 
cut-off for a sho~·pei;-iod before the(~oitage is measured. 
The reason is thc:lt the battery bas an.iriternal series 
resistance, and tl'le cbarqing current ~±-o~ides a voltage 
drop across this ,resistance which should: not be included in 
the vo~tage meas~rement. 

. ·.:···. 

In particul.ar in.case of fast charqe mod.C! using a high 
cbarqinq current it may be advantageoti.:~:ot.o reduce the 
charging current gradually as the sto~:·p~int of time ap­
proaches, because ~t will. then be eas.ie~; .. to find· the op­
timum stop point ·Of time. Thus, charq;(pc;J:'·inay, for example, 
be performed witb a constant high cha~i~g current untii 
one of the measurect parameters has reaChe~ a determined 
level, following'W'hich the current ca*b~ reduced gradual­
ly. 

An expedient manJ1E!r of obtaining the.desi;.red charging 
current is to use a constant voltage sou:l::'ce which is pul.se 
width modulated in a manner providing ····'.th~ desired charging 
current. ·.: ... 

It may often be a~ advantage that the:pfocedure of deter­
mining the possible· stop point of t1-E(.f6r the charging 
process is not initj.ated until the chattJing prc;>cess ap-

·. .. . ~- ~·· 

proaches its.ter1nlri~tion. Thus, a sim~ler.method may be 
used, such as simple measurement of ctiri::~nt or vol.tage, for 
deciding when the.mar~ accurate proc~d.hr~ is to., be initia­
ted. 

In a particul.ar emJ:>odiment the accurac~\l·()f the measurements 
is improved in tl}a:t the measure:ment v~i'ties of the charac­
teristic parameters for each of the mJ~~~\oned points of 
time are an average of a plurality of ::·intermediate measure­
ments. The advantage is that th~ measil.rements will be less 
sensitive to traJ:lsients, for exa1tlple. :Of course, the same 
effect can be obtained by integrating:the parameter 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. 

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 
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
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 
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. 

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 
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 
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
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 
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 
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 con~rolled by 
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 
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 param.eters exceeds or falls below some predeter­
mined values. 

In a expedient embodiment the apparatus is moreover adapted 
to maintain the charge state of the battery after the 
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 
voltage 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 
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
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 
battery for different starting states of charg~ 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 
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 
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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
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. Therefore, the reference 
parameter courses stored represent idealistic or desireable 
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
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 
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 
selected, for example by providing the relevant information 
to an electronic control unit by suitable keys. In the 
preferred embodiment, however, the relevant ref~rence 
course is selected automatically by an electronic control 
circuit. 

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 
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, 
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 

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 

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 
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, 
and as the inner resistance of the battery cells is in­
creasing the charging current will normally decFease 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 
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 
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 

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 

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 

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 

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 

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 
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 



13 

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 
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

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 charging processes which are 
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 

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

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 . .; for storing 
a plurality of reference parameter courses representing 
idealistic or desirable processes of charging the battery 
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. 

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 

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, 

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 starting states of 
charge, 

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
tery. The curve shows the battery voltage as a function of 
time with a c·onstant 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 
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 
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 

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

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 regions 

c and D, and it has thus reached its highest value. 

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. 
The charging process should therefore be cut-off at the 

commencement of or in the beginning of the per~od 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 
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 point 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
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 
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 per­
formed. A remaining charging period of delta Tl is cal­
culated at the point of time Tl, a remaining charging 
period delta T2 is calculated at the point of time T2 and a 
remaining charging period delta TJ is calculated at the 
point of time T3. In the fiqure, the three calculated stop 
points of time occur at precisely the same moment. However, 
in practice the calculated stop points of time will usually 
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
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 tQ the stop 
points of time last calculated. It is thus possible, for 
example, to disregard some of the values calculated first 
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 
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 

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 

the optimum remaining charging time will not necessarily be 

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 

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 

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 

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 th& processor is 

saved in this manner, and the result will be fully satis­

factory in many situations. 

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. 
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 
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 

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 

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 
possible to reduce the charging 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 
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 

battery voltage curve V may be divided into regions repre-
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senting various stages of the charging process similar to 
Fig. 1. Fig. 3 shows four regions which are marked A, B, c 
and D, respectively. 

The region marked A constitutes the start of the charging 

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 
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. 

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 
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 

' for a constant battery voltage, as in the o region, the 

resulting charging current will decrease. cue 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 
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 Tmax 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. 

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 Vl - V6 representing 
different charging courses for the same battery with dif­
ferent starting charges. The curve Vl represents the char­
ging process of the battery 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 
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. 

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 
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. 
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 inventio·n, 
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" 

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 
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
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 resulti~in charging curves of the type .. 
shown in Figs. 3 and 4, comprises measuring the battery 

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
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 
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 
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 
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 
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 voltage is preferably measured 
much more frequently, 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 
been performed since the last measurement point of time. 

When the charging process has been terminated as described 
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. 



-------·--~-·.·-··----··~----------~··-···---~·· 
.. ·--~-~---·-·---··-···-.. ----

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 
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 
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 
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 
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 
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 
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 voltage measurement will 
thus not be affected by the voltage drop which the charging 
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current causes_ across the internal resistance 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 

broken lines and with 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 

Dl, D2, 03, and 04. The output voltage from this is a 
direct voltage of 9 volts, which is passed partly to the 

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 a from the 
processor ICl. The control stage a consists of the resis­
tors RS, R6, R7 and RS as well as a transistor QJ. When 

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 consisting of R7 and· Rs. current will 

hereby run through the voltage divider RS and R6, causing 
Q4 to assume a conductive state whereby current is supplied 
to the battery. When the output terminal Pl.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 
circuit IC2 as well as the resistors R2 and R3 and the 
smoothing capacitors C4, C7. The measured volt~ges 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 
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 IC3 as well as the capacitors CS and C6. This 

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 

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 

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. 
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CLAIMS 
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1. A method of charging a rechargeable battery, comprising 
connecting an electrical source of energy to the battery, 
measuring and optionally calculating one or more charac­

teristic parameters of the charging process at subsequent 
points of time during charging, 

comparing these parameters with reference values, 
selecting one of said subsequent points of time, and 
terminating the charging process when a remaining 

charging period of time starting at said selected point of 
time has lapsed, 
c h a r a c t e r i z e d in that the remaining charging 
period of time and thereby a possible stop point of time is 
determined at each or at least some of said measurement 
points of time based on a comparison of the measured or 
calculated parameter or parameters with the reference values. 

2. A method according to claim 1, 
c h a r a c t e r i z e d by comparing actual measurement 
values of the characteristic parameters with previous 
measurement values of the same parameters for each of the 
said measurement points of time, whereby the rate of change 
of the parameters is determined as a function of time, 
comparing said rate of change with reference values, and 
determining the said stop points of time in response thereto. 

3. A method according to claim 1 or 2, including a limited 
number of reference values, 
c h a r a c t e r i z e d by determining a stop point of time 
for the charging process when the characteristic parameters 
and/or their rate of change assume one of the reference 
values. 
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4. A method according to any of the claims 1-3, wherein the 

voltage across the connection terminals of the battery is 

measured during charging, 

c h a r a c t e r i z e d by cutting-off the charging current 

to the battery for a brief period before the voltage of the 

battery is measured. 

5. A method according to claim 4, 

c h a r a c t e r i z e d in that the voltage supplied to 

the battery is controlled so that the charging current is 

kept relatively low at the beginning of the charging process. 

6. A method according to any of the claims 1-5, 

c h a r a c t e r i z e d by feeding a constant charging 

current to the battery during the first portion of the 

charging period, and then gradually reducing the charging 

current until charging is terminated. 

7. A method according to any of the claims 1-6, 

c h a r a c t e r i z e d by controlling the charging current 

fed to the battery by pulse width modulating a constant 

voltage source. 

8. A method according to any of the claims 1-7, 

c h a r a c t e r i z e d by initiating the determination of 

said rate of change and/or possible stop points of time for 

the charging process when one of the characteristic 

parameters assumes a predetermined value. 

9. A method according to any of the claims 1-8, 

c h a r a c t e r i z e d in that the measurement values of 

the characteristic parameters for each of the said measure­

ment points of time are an average of a plurality of inter­

mediate measurements having been performed since the prece­

ding measurement point of time. 

10. A method according to any of the claims 1-9, 
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c h a r a c t e r i z e d by terminating charging if one of 
said stop points of time has not occurred yet after a 
predetermined period from the start of the charging process. 

11. A method according to any of the claims 1-10, 
c h a r a c t e r i z e d by terminating charging if one of 
the measured parameters assumes one of a plurality of 
predetermined values. 

12. A method according to any of the claims 1-11, 
c h a r a c t e r i z e d by maintaining the state of the 
charge of the battery after the termination of charging by 
means of a pulsating current. 

13. A method according to any of the claims 1-12, 
c h a r a c t e r i z e d by briefly applying voltage to the 
battery prior to the initiation of the charging process so 
that the characteristic parameters can be measured, the 
results of these measurements determining whether the 
charging process is to be initiated. 

14. An apparatus for charging a rechargeable battery, said 
apparatus comprising 

an electrical source of energy, 
a measuring device for measuring one or more 

characteristic parameters of the charging process at 
subsequent points of time during charging, 

a control unit for calculating other characteristic 
parameters, controlling the energy source and for terminating 
the charging process, and 

means for supplying the measurement values from the 
measuring device to the control unit via an analog/digital 
converter, 

the control unit including a storage circuit for storing 
measured parameter values, calculated parameter values and 
reference values, and being adapted to control the charging 
process based on the values stored, 
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c h a r a c t e r i z e d in that the control unit is adapted 
to determine a remaining charging period of time and thereby 
a possible stop point of time for the charging process at 
each or at least some of the said measurement points of time 
based on a comparison of the measured characteristic 
parameter or parameters with the reference values. 

15. An apparatus according to claim 14, 
c h a r a c t e ri z e d in that for each of the said 
measurement points of time, it is adapted to compare actual 
measurement values for the characteristic parameters with 
previous measurement values for the same parameters to 
thereby determine the rate of change of the parameters as a 
function of time, and to determine said stop points of time 
by comparing the rate of change with reference values. 

16. An apparatus according to claim 14 or 15, said apparatus 
being capable of measuring the voltage across the connection 
terminals of the battery, 
c h a r a c t e r i z e d in that it is capable of cutting­
off the charging current to the battery for a brief period 
before the voltage of the battery is measured. 

17. An apparatus according to claim 16, 
c h a r a c t e r i z e d in that the control unit 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. 

18. An apparatus according to any of the claims 14-17, 
c h a r a c t e r i z e d in that the charging current fed to 
the battery may be regulated by pulse width modulating a 
constant voltage. 

19. An apparatus according to any of the claims 14-18, 
c h a r a c t e r i z e d in that it is adapted to terminate 
charging after a predetermined period after the start of the 

Th111~ii1' 1iii1i11nr 
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charging process if one of the said stop points of time has 
not occurred beforehand. 

20. An apparatus according to claims 15-19, 
c h a r a c t e r i z e d in that it is adapted to terminate 
charging if one of the measured parameters assumes one of a 
plurality of predetermined values. 

21. An apparatus according to claims 15-20, 
c h a r a c t e r i z e d in that it is adapted to maintain 
the state of charge of the battery after the termination of 
charging by means of a pulsating current. 

22. An apparatus according to claims 15-21, 
c h a r a c t e r i z e d in that it is adapted to briefly 
apply a voltage to the battery prior to the initiation of the 
charging process and to measure the characteristic parameters 
and determine in response to the measurement results whether 
the charging process is to be initiated. 

23. A method of charging a rechargeable battery having a pair 
of terminals, said method comprising 

connecting an electrical power source to the terminals of 
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 
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, 

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 



---------- -·--·-·-··------,-----~--------------· ·--··~---·---- ··-·---·--····---

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 

31 
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. 

24. A method according to claim 23, wherein said at least one 
charging parameter is selected from the group consisting of 

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. 

25. A method according to claim 23 or 24, wherein voltage is 

briefly supplied to the battery prior to the initiation of 

the charging process so that charging parameters can be 

measured, the results of these measurements determining 
whether the charging process is to be initiated. 

26. A method according to any of the claims 23-25, wherein 

the process of charging is controlled by controlling the vol­

tage supplied to the terminals of the battery. 

27. A method according to claim 26, 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 

charging process. 

28. A method according to claim 26 or 27, 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. 

29. A method according to any of the claims 23-28, 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. 
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30. A method according to claim 29, wherein said predeter­

mined period of time is related to the reference course 
selected. 

31. A method according to any of the claims 23-30, wherein 
values of said at least one charging parameter are 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 parameter course being selected on the 

basis of comparison of such measured values and reference 

values, 

determining a remaining period of charging time based on 

said comparison, and 
terminating the charging process when said remaining 

period of time has expired. 

32. A method according to claim 31, wherein the rate of 

change of the parameter values as a function of the charging 

time lapsed is compared to similar reference values. 

33. A method according to claim 31 or 32, wherein the 

charging current is cut off for a short period of time 

inunediately prior to each measurement of the potential 

difference of the battery terminals. 

34. A method according to any of the claims 31-33, 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, 

the second time interval being a multiple of the first time 

interval. 

35. A method according to any of the claims 23-34, wherein 

the charging current fed to the battery is controlled by 
pulse width modulating a constant voltage source. 
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36. A method according to any of the claims 24-35, wherein 

the determination of said rate of change is initiated when a 
measured value of the characteristic parameters exceeds a 
predetermined value. 

37. A method according to any of the claims 30-36, wherein 
each of said parameter values is an average of a plurality of 

measurements within a certain period of time. 

38. A method according to any of the claims 23-37, wherein 
the charging period is restricted to a predetermined maximum 
period. 

39. A method according to any of the claims 23-38, wherein 
the charging process is terminated if one of the parameter 
values measured exceeds a predetermined value for the 

respective parameter. 

40. A method according to any of the claims 23-39, 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. 

41. 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 course of at least one charging 
parameter during at least part of the process of charging the 
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 

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 
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stored by the electronic memory and for selecting the 
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. 

42. An apparatus according to claim 41, 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 

initiated. 

43. An apparatus according to claim 41 or 42, wherein the 

control means is adapted to control the process of charging 
the battery by controlling the voltage supplied to the 

connecting means. 

44. An apparatus according to claim 43, 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 
part of the charging process. 

45. An apparatus according to claim 43 or 44, 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. 

46. An apparatus according to any of the claims 41-45, 
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 
selected by the comparing and selecting means and starting 
when said voltage maximum has been reached. 
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47. An apparatus according to any of the claims 41-46, 

wherein the surveying means comprise means for currently 

measuring values of said at least one charging parameter at 
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. 

48. An apparatus according to claim 47, 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. 

49. An apparatus according to claim 47 or 48, 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 

of the battery terminals. 

50. An apparatus according to any of the claims 47-49, 

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 
based on parameter values measured at second time intervals 

each being a multiple of the first time interval. 

51. An apparatus according to any of the claims 41-50, 

wherein the control means are adapted to feed ~harging 

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

52. An apparatus according to any of the claims 41-51, 

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. 
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53. An apparatus according to any of the claims 47-52, 
wherein each of said parameter values compared is an average 
of a plurality of measurements within a certain period of 
time. 

54. An apparatus according to any of the claims 41-53, 
wherein the control means are adapted to restrict the 
charging period to a predetermined maximum period. 

55. An apparatus according to any of the claims 41-54, 
wherein the control means are adapted to terminate the 
charging process if one of the parameter values measured 
exceeds a predetermined value for the respective parameter. 

56. An apparatus according to any of the claims 41-55, 
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 
charging process. 

57. An apparatus according to any of the claims 41-56 
comprising a microprocessor for controlling the operation of 
the apparatus. 


