' YsepgL IS
A NETHOD AND AN APPARATUS FOR CHARG NG A RECHARGEABLE BATTERY  The

|nvent|on “‘concerns a nethod of--charging a rechargeabl e battery, -wherein

an electrical source of,eﬂergy i s~con- nected to :the battery. One or nore
characteristic para- neters>of the chargiing proce ‘are currently neasured
and optionally eal cul at ed: during charging}t band t:hese are com pared with

ref erencé val ues. The |nvent|en al so concerns a-.”pp%é%%#ig%%?gFPerforning
the met hod:A MEFHAP AP P AN ARPARREUP g EQB & AR exanpl e an
T he term nal voltage of

Ni Cd battenywrrmmyelect al vol tage greater tha
ery, whereby a current

t he battery i's applied. the termnals of the b
will-run through the ba-,-ry This current initiates a chem cal process by

. which ener ghe slrswemféuomnc@neet;ast ar pethodh ef m@reemewm argeateke a

full charge,ponghy| Onetben an electrical source of energy is con-
‘nected. ta h”tbattery. One or more c_aracterlstlc para-
meters ofkth_:charglng process are currently measured and
optzonally calculated during charglng -and these are com-
pared w1th reference values. The lnve tion also concerns an
apparatus fo ‘performxng the method.

When charglng a rechargeable battery, ich as for example
an Nicd battery, an electrical voltas 'reater than the
terminal voltage of the battery is app11ed to the terminals
of the battery, whereby a current ﬁll run through the
battery. Thl"jcurrent initiates a chen fal process by

which energywls_stored in the battery; R

When the- battery has reached a full_charge condition, the
chemical pro”ess stops, and the added energy will instead
be converted into'heat. Since the battery is constructed as
a sealed con alne the pressure 1n_th_fbattery increases,
which causes chemlcal destruction. Thls ‘means that the
capacxtyf: the battery is reduced, and the capacity may
eventuallyfhaﬁe been reduced s;gniflc"ntly after several
such charging " For the battery to b utxlized in the best
possxble manner i s therefore lmportant partly that the

great. Theﬁ oblem. e thus to lnterru t”charglng as preci-
sely as pOSSlble at the proper tlme.

Frequently, the charglng period for:
be as brief- as p0551ble, which has 1
ter and greater charglng currents,

battery is desired to
'to the use of grea-
: "51nce this accelera-
tes the heat generatlng process addltllnally \lt is even




chem cal process stops, and the added energy will instead be converted into
heat.” Si'nce the battery is constructed as a seatedtcontainer , .the pressure
in the battery increases,: Wwhi.ch causes chenical" truction. This neans

t hat -the capacity of the battery I s reduced, and_ e capacity may

eventual ly have been reduced: S|gn|f|cagtly af t &r "several such chargi ngs.
For the battery to be utilézed in the best p055|bhe manner it is therefore

|nportantnmmaluypﬂualtdﬁaﬂg&ngwseqmehcbethbawgé&agelhprpastmwaﬂhat-

charging i F1) n o] great.
The problte%#s t‘ftus to lnterrﬁ ﬂg Séé&é qg Eﬁ%&g‘éﬁc S T

ar|n reci:- ¥¥§$ ssible at the
pr oper tHh?tteq¥€ﬁﬁﬁﬁﬂque§f*;%h§?b}n§t EF|8§ Faﬁrgeba y% sired to
be as bri dncredmssiidre steepd iiﬁaeol adpeakt harkiagocher mnx atatied aff eat er
chargi'ng c rents and sj.ac 1 r 5 3| rocess
addi ti onal9 eve‘#‘?ﬁf%g;; ﬁgﬁkg ga%.?t ovl eth ging a "q‘lttl%%éoproper
tinme. in temperature because the temperagur coeff1c1ent of the
voltage is negatxv

Correspondlngly,p e”charglng current
typically falls: o'a'mxnxmum at full charge and then in-
creases.

The art lncludes.some methods which attempt to ensure op- -
timum charging by cutting off charging at the proper time.
However, they have been found to be lacking in precision.
If charging is- lnterrupted too late, the result will be
heat generation: and#techanical destructlon, as mentioned,

and if charglng 1s cut-off too early, the battery will be
' undercharged. '

One of the known.methods _comprises measurjng the tempe-
rature of the hattery and then cutting-off charging when an
lncrease in temperature is observed. However, it is frequ-
ently too late when the 1ncrease in temperature is so great
that it can be measured ‘and it is moreover difficult to
measure the temperature sufficlently afcurately, one reason
being the possxble varlatlons in amblent temperature. This
will, for example, betthe case if a battery from an auto-
mobile telephone_ls mhred in winter from a cold car to a
charger which 1;ipresent at room temperature.

Another know method _omprlses measuring the voltage across
the battery and cut Lng off chargan_when the voltage as-
sumes a determlned-level However, th
ries somewhat from.battery to battery
‘batteries of thea '
dependent so thai

'"voltage often va-

~even in case of
oreover temperature
: 4 to determlne the

- voltage at whlch-charglng is to be cut-off.




In a typical charging sequence the voltage across the bat- tery increases
‘evenl'y as the battery is charged. As the battery approaches its full state
of charge, thhe voltage increases nore steeply to ‘ar peak mar ki ng the ful
state of charge. The voltage:then drops again ow:ing to the increase in
t.enperature because the tenperature-coeff?clent of-the voltage is negative.
Cor r espondi_ngl, t he chargisng current typically falls to a nmininum at
full charg§1§ﬁ§aFH§n|¥$ 15 Poagsible %ﬁ?s?ﬁﬁléﬁ'sggﬁﬁﬂlﬁgtﬁBHEeﬂﬁvch
attenpt toaedsthe epméndhservatrpmg épprptheﬂg affwebarging at the proper
time. However, they have:been: found to be |acking“in precision. If charging
IS |nterrupted too late, th esult will be heat generation and nechani cal
destructlonanaskmﬂﬂﬁ(ﬂh§¥QQﬁﬁi#¢lxﬁemgfﬁ§e¢sP%G%°6$f°ﬁo§lﬂ§rF? ‘thas

battery wi khabgingdai iangad, cutl@s ol atbér kERUNeTRHEAUS LCONRE $ahe.
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tion to the waste of energy involved,. 1t takes a certain

time, and there will Stlll be a good deal of difference
between the necessary charging time from battery to batte-
ry. '

A more advance”'method is to measure the voltage change (or
current change sialfunction of time, i e. the slope of a '
curve showing the voltage as a functzon of time. For examp-
le, US patent specificatlon No. 4,052, 656 discloses a

method which flnds the point at which the slope is zero,
correspondlng to the peak where the battery is fully

charged:; however, 1t is difficult to determlne the point
accurately sxnce the ‘eurve may be very - flat here, and

another drawback xslthat there may be other points on the

curve where the slope is zero so that charglng is cut-off
too early. N

In US patent speclficatlon No. 4,747, 854 1t is detected
correspondlngly whe_l‘ge'voltage curve assumes a negative
slope exceedlng a_r 'erence value. The observatlons just
made also apply her:. however, already at ‘this time the
battery may have been:overcharged to a certaln degree,
which can damag ”'he;battery

Also US patent'speplflcatlon No. 4, 388 585 measures the
slope of the voltage curve to find the poxnt where the
slope of the curve changes from 1ncrease to decrease. This




charger which is present at roomtenperature. Anot her know net hod
conprises measuring the voltage across the battery and cutting off charging
when the voltage as- sumes a determned | evel. However, this voltage often
va- ries somewhat fron1battery to battery, even in:.case of batteries of the
sanme type, and it is noreovér tenperaturea dependent so that it is very
difficult to determ ne the- voltage at which charging is to be cut-off.

3 Sinmilarig,aisore pedsiable metimds simcehdhshdagirry wikhtirarely tie sane
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peri ods of tlne SO t at charging 1s si cut-off. after the ela fse
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di schar ged, ; and L he ¢ B&C&Rna Q?r%é¥%toénits full capacity. Further,

it involves a rlsk of wrong measurementsjlf for example,
the charging curre t_or the voltage su ly is changed dur-
ing charging. S o

It is also known;tojnse a combination of some of the above-
mentioned methoas. Thus, for example, ;patent specifica-
tion No. 4,639, 655 ;elxes on four stop__riterla, viz. a

voltage limit, a predetermlned time limit, a calculated
increase on the voltage curve as well”fs the point where

rupted if just onehof these criteria is satlsfied. The
mentioned time . llmlt is selected after: charging has been
started, an 1n1t1a1§vo1tage measurement belng made, and on
the basis of this a ‘short or a long cha”ge time is selec-
ted, for example hour or 1.75 hours..@he advantage is
that some regard can be had to the battery discharge state
from the beglnn‘ngfhs well as to the number of cells in the
battery: ' ; sci
involves

The invention provides a method where chargzng of the bat-
tery can be termlnated at the optxmnmhtlme where the bat-

possible stop point_of time for the charglng process follo-
wing which charg ng'can be cut-off in: response to these

stop points of t me .




depends, strongly upon this. This mght be solved by dis- charging the
battery fully prior to charging; but in addi- tion to the waste of -eneérgy
i'nvolved it takes a certain-tinme, and there willF»still be a good deal of
di fference between the necessary charging tinme from battery to batte- ry.
A nore advanced nethod is to neasure the %oltag hange (or current
change) as a function of tine, i.e. the slope o -curve show ng the
voltage as a function of time. For exanp- le, US ﬁatent speci fication No.
4,052, 656 dmlzﬁmnsﬁdﬂ.. """’ﬁ&hsbei—snﬁﬁclﬁaeporf ..,_.'aicai\bléh the sbaradges
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reference vahe polilife @ﬁe&mélmérwﬁ: A8deptli fitindbB| ¥ebRlifatloWheai~

already at this t| I he batter ave b en:overcharged t % certain
degr ee, wha&ﬁqgm1égiﬁﬂﬂeW?ﬁ§ ¥ n€§e noment ary ‘appearance o

curve, it can thus?be determined relatively easily by
gcomparlson wlth-the reference values'how long the battery
is still to begc arged.

Typically, charglng will be term;nated when the first of
the generated. stop points of time occurs. however, also

" more scphlstcht d:sclutlons are conce;vable, for example
. where more lmportance is attached to the -stop points of
'gltlme last calcﬁlaﬁed. Thus, a stop p01nt of time may op-

'tlcnally be lgnorea'lf later calculatzons show that it was
wrong.

It is partlcularly:expedxent to find - eﬁrate of change in
the parameters as a function of tlme, corresponding to the
:slope of the. mentlcned curves, and th1 may be done by
:Storing the me rement values so that- t'a given time the
factual value m be compared with a . pr':ious measurement
value, whereby,the rate of change may be'calculated.

In a partzcular: mbodlment there ngJu -
- of reference v!lues; and a new stopﬂp01nt of time for the
charging proces s determined only: hen the parameter or
‘parameters conﬁmrned assume one of th e reference values.

This results in- a sxmpler procedurel'hlch can nevertheless
‘normally determlne ‘the optimum stop. p
ently accurately. |

oznt of time suffici-~-

When the paramepf - being measured is themvoltage across the

connection term s of the battery,. azmcre exact measure-




Al so US patent specification No. 4,388,582 neasures the slope of the
vol tage .curve to find the point where the slope of the curve changes from
increase to decrease. This — 4 is a

more reliable nmethod since the battery will rarelyibe overcharged; on the
ot her hand, however, the location of the goint in _guestion may vary

greatly, and charging will. typically be term nated nmuch too early so that
t he battermeﬂtlhsomhmdxneduu@ﬁtheoc@argln@ cusrént| toaphei buttBuyt Her, it
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the voltage measurement.

In particular in. case of fast charge mo_e using a high
charging current 1t may be advantageou' to reduce the
charging current gradually as the stop-
proaches, because it will then be easic
timum stop pointfof time. Thus, chargm; u
be performed with a constant high chargihg current until
one of the measured parameters has reached a determined
level, following. whlch the current can:_e reduced gradual-
ly. '

int of time ap-

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

width modulated 1n a manner provxdzng_the desired charging
current.

It may often be an advantage that the: procedure of deter-
mining the possihle stop point of time: for the charging
process is not in t;ated until the charglng process ap-
proaches its termlnatlon. Thus, a simpler method may be
used, such as s1mp1e measurement of current or voltage, for

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

In a particular embodiment the accura f the measurements
is improved in that the measurement v 1ués of the charac-
teristic parameters for each of the megtfoned points of
time are an average of a plurality of._ﬁiermediate measure-
ments. The advantage is that the measurements will be less
sensitive to transients, for example. Of_course the same
effect can be ontalned by 1ntegrat1ngztf'

 parameter in



the sl ope of the. voltage curve is zero. Charging is inter- rupted if just
one of these criteriais satisfied. The nentioned tine limt is sel ected
dafter chargi'ng has been started, an initial voltage nmeasurenent being
made, and on the basis of this a short or a long charge tine is sel ec-
ted, for exanple 1 hour or 1.75 hours. 7The advantage is that sone regard
can be had to the battery discharge state fromthe beginning .as well as to
the nunber BT FYRY HehdaPeEigd Bhicht bps edppsed sincs thfrldstse

met hod whi afedswdwvest a ri sk of battery overcharging. The invention
provi des a nmethod where charging of the bat- tery can be term nated at the
optimumtinme where the bat- tery has been fully charged w thout any risk of
over char- dithgnathdee mmemvaWQGQntéaBﬂyp&eﬂoﬂ@yiorfgtgﬂ%sm axiterighis is

achi eved aGapici ngrd Qudd® 1AVERE RibR LR alsh an®8RENTE drd 1C EMI R .
bet ween the neasured or cal cul ated paraneters and known reference val ues it

i s possi bl FBHS arkPY | $¥RARRL@et Br REKEMUR Shaggen Peg 108 M3y Qs ef BERA t her eby
a possi bl e ctigey "wiDf thér ber ihkeredt@dnatptodes pdiolt @f iitge vt ch
charging caf, bey gl 0L LRSRIASENLO othed® stodP Rt hdvd Biot 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 battefy 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 contrelling the source of energy, as well as
a storage circuit for storing measurement values, calcula-
ted values and reference values. Further, during charging



5 Characteristic paraneters include, for exanple, the voltage acr oss
the battery or the charging current. Experience shows that w.th respect
to curves show ng these paraneters as a function of tinme, there is great
correl ati on between t he nonentary appearance of the curves and the
distance to the point of tine where it s optimumto term nate char-

gi ng. Having neasured the nonentary appearance of the curve, it can thus

Ee dlet er m hr@cla rahpdiaaly €28 tdmPire SRBPRHATARLW IR IRE Jatfailangg val ues
ow | ong t he,

e. hatte is stjll to be charged. Typically, charging wll
be term nat'&d* vﬁﬁﬁg%?ﬂF?iY§iu%? bytﬂﬁaﬁﬁngFaF@& §ﬁﬁ§ﬁ&$|ﬂ@§?ﬁ time
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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 controlied 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



It is particularly expedient to find the rate of change in the paraneters
as a function of tine, corresponding to the sl ope of the nentioned
curves, and-this may be done by storing the neasurenent values so that at
a given tine the actual value may be conpared with a previ ous neasurenent
val ue, whereby the rate of change may be <al cul at ed. In a particular
enbodi nent there is just a limted nunber of reference values, and a new
stop poi nt Beashpeds parametenshaxterfprotcsalls sbabewr aPRedrsafgtenrhen t he
par amet er OgpineRagaiRledr.s concerned assunme one of the reference val ues.
This results in a sinpler procedure which can neverthel ess normal |y
determ ne the optinmum stop point of tinme suffici- ently accurately.

Wien t he paranet expediientreatitdinéest ttite appaAgeuacissaorbevercagapeedon

gerninals O£otH§iRQEQ§WEhéaéggéngégétgegEUEEé 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 paraQ
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 charge of the
battery, selecting the reference course with a starting
state of charge similar to the actual starti..g state of
charge of the battery, and controlling the process of
charging the battery so as to approximate the course of
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



ment is obtained if the charging current to the battery is cut-off for a
short period before the voltage is neasured. The reason is that the
battery has an internal series resistance, and the charging current

provi des a voltage drop across this resistance which should not be included
in the vol tage nmeasurenent. In particygbar in case of fast charge node
using a high charging current it may be advantageous to reduce the charging
current gwhewal valaeds e Imep fidddernde tpdEam@tepr 8cpeottbacaggeust Wil l

t hen be easie fd op-,.timums lnL.of i Th har gi ng
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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 reference
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.



proaches its term nation. Thus, a sinpler nmethod nay be used, such as

si nple measurenent of current or voltage, for deciding when the nore
accurate procedure is to be initia- ted. In a particular enbodi ment the
accuracy of the measurenents is inproved in that the nmeasurenent val ues of
the charac- teristic paranmeters for- eachiaf the nentioned points of tine
are an average of a plurality-of internedi ate neasure- nents. The advant age
is that the measurements will be less sensitive to transients, for exanple.

O course, rihg M@%é %a&@&asdoéﬁatneﬂebxnwgfﬂaa faaeggemag%regeter in
er the

7 question ov eriod which has el apsed ce't | ast neasur enent.
't may be SRTEGRAHGHCR FBYIGBEI SeREe RARRET SPEVRLFRoFhE 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 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
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 pericd.



which are used in the prior art as an additional safeguard. Thus, for
exanpl e, a maxi num charge period may be fixed. Charging will then be:
i'nterruptedat this point of time at the |atest even though the other stop
criteria have not yet occurred. It is also possible to fix limts for one
or nore of the neasured paraneters so th charging is termnated if one of
the paraneters exceeds or falls bel ow specific val ues. After the

term nation of charging it may be expedient to maintain the charge state of
t he batter Qg?ne ans of a gulsatrn current This ensures that the battery
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till Iong @éﬁpﬁréﬂewiehntnataonuaﬁ pheaﬁtﬁqxrupursdtmaynbéréumwss of

expedi ent t \Y; a b t ual
chgrgrng |%ghﬁggfa? 8 QEE gﬁmégﬁé§§3r %%%% 5{ 3? |c par Ters it
may be decddedgnheenegnatbant Seghofi aver rbarcunetaype caﬁrdi%tqmme@mi‘sibs
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Thus, this vi at es _char gl wr ong types or ective batteries
where, for %%aﬁ%?é?lachPFaP§tFErﬁ@quﬁﬁﬁﬂ SLY measunshral =he%E BHBRging a
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eleCtricalbsog&Ccompared 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



of energy, a neasurenent device capable of neasuring one or nore of the
said characteristic paraneters and supplying the neasurenent results via an
anal og/ di gi tal converter to a control unit capable of calculating other
characteristic paranmeters and controlling the source of energy, as well as
a storage circuit for storing neasurenenl3values cal cul a- ted val ues and
reference val ues. Further, during charg t he apparatus can
conpar e t HAEHRK a%‘f%‘i‘i%’t‘?%ypawﬁhﬁpeﬁ§aﬂﬁt %’hlaé"f &heneaigh S byt Mains of the
control uruﬁthervememaipsxbé efeBht 20k 1lS sABLR, BF@ﬁ %ﬁala@ne ayasporse to said
conparison_the at us_det erm poss e _chargin r.Qcess. st op point
of Lime foTeRRFE briRoRbE CheCRANg parar POYEVERe PIAREAIAY 1Ags,
term nate thangﬁsngreememes gpbhse tamehepsicimopdieing cfeveanal tthimespr oduced.

greater, for example 90 seconds.

Y

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 paft of the
process of charging the battery, storing mears 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



A particularly expedi ent enbodi nent of the apparatus is adapted to conpare
actual neasurenent values for the cha- racteristic paraneters w-th previous
heasur enent ‘val ues of the same paraneters for each of the said points of
time to thereby determne the rate of change in the paraneters as a
function of time, corresponding to-the sigpe on the curve show ng the
paraneter concerned as a function of tine. The said stop points of tine are
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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 NiCd 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 NiCd battery,

Fig. 4 shows the battery voltage of an NiCcd 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 NiCd bat-
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
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.



m ned maxi mum charge period is exceeded, or if one of the

measur ed paraneters exceeds or falls bel ow sone predeter- mned val ues.

I'n a expedi ent enbodi nent the apparatus is noreover adapted to nmintain the
charge state of the battery after the term nation of charging by neans of a

pul sating current. It is ensured hereby tdat the battery is still fully
charged even though it is notrenoved fromthe agparatus till _lon after
the termi ndNiCoir GFLATha kR hcprdpikutes skhgqgrersnaft EhBoGhRE:

adapt ed t o pioceddsy. afrdy tme/od:m@ug@m@ phechsit eeyipiktdated, tlmecwmncerrent
of the char I n rocess. an ure he characteris ¢ePaf, ters. The
char gi ng pr%(,geegé'{)w 172 %e%o%egﬁ’%t?%?% bﬂ?yuP?n %gse rreasurganﬁxu’tn%gsatlsfy
certain coedi thendattery pnior 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 wvoltage
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 period D.

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



sured hereby that charging will not be performed on wong or defective
batteries. . According to another aspect the present invention provides a
met hod of charging a rechargeabl e battery having a pair of termnals, said
nmet hod conprising connecting an elec- trical power source to the termnals
of the battery, sur- veying the course ofeat |east one charging paraneter
during at |east part of the process of charging the battery, conparing the
course of @aegtien| sasthenepthang sFqramaimt teff twind fomuriverclvdrgehgr ence
par anet er gpsEs8s.represen- ting idealistic or desireable processes of
charging the battery for different starting states of charge of the
battery, selecting the reference course with a starting state of charge
simlar tolfhehacinsbrahgibnngns e cﬁrﬁéwmxofié hecdwdd efy,arnd
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courses Myope1ShE' 8Hakinl 3RoW1A k> 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 T1 is cal-
culated at the point of time T1, a remaining charging
period delta T2 is calculated at the point of time T2 and a
remaining charging period delta T3 is calculated at the
point of time T3. In the figure, the three calculated stop
points of time occur at precisely the same moment. However,
in practice the calculated stop points of time will usually
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 to 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



10 where values of the reference paraneter is plotted versus the period of
time | apsed since starting of the charging process), for exanple by

el ectronic storing neans, such as a nenory. Wien it is desired to rapidly
charge the re- chargeable battery without substantially deteriorating the
same the idealistic or desirable process @f charging mainly depends on the
state of charge of the battery prior to starting_the charginhg process.
Therefore, thhréf&H&ﬁﬁ?ﬁiﬂ%ﬂﬂﬁ%&“Qxﬂﬁ%Eﬁg%t0?%@ FepredertPiaeshr¥ese or
desireabl e pnaa&a&esnﬁs A dHighd ivnel f¢ed@as Shatheénghatging proekaisge of

the batter t.at.e o char e.of the baf.: ed is
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controlled so as to approxi mate the course of sal | east one paraneter
to the sel edfedessrdiRastaRBBse, whereby it may be secured that the
battery is not at any time exposed to unduly high voltage or charging
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talned 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 calculéte a new
stop point of time. Calculating time for the processor is
saved in this manner, and the result will be fully satis-
factory in many situations.

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

time a voltage measurement is performed. A quite correspon-



recharged may be determined by a special nmeasuring step, and the
correspondi ng reference paranmeter course adapted to the same or a simlar
starting state of charge may then be selected, for exanple by providing the
rel evant information to an electronic control unit by suitable keys. In the
preferred enbodi nent, however, the relevagt reference course is selected

automatically by an electronic control circuit. The chargi ng paraneter
may, for exgpgl ur¢@MRi B tialleidRO! erntﬂr?is aﬁ@f@ﬂ%@%ﬁ@%é@i@wals the
el ectric char- ging current, _supp Ile to the battery, the temperature of the

battery ceVPlttaﬁé Vat&est widdndqe L IFRERUPYRF hRTase ke AP ¥Bnbi nat i on
of such pasoeet bt dndlwde ahe afoly®irop involved by tSheuwhabging

understoodchgggnkh%cggggg%%% QB(§¥ﬁ%fn§E£§%tance 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-



controlled in any suitable manner by which the course of the charging
paranmeter nmay be approximated to the sel ected reference paraneter course.
In the preferred enbodi nent, however, the process of charging is controlled
by control- ling the voltage supplied to the termnals of the battery. The
voltage is preferably controlled so that t4%e charging current supplied to
the battery is relatively |low at the_beginning of the charging.process,

whi o the CREPSIRY VAFAGHS ISIHET & SoFYC nEP At &l PR PEPCETBSTARELAF) 50t he
sane naxi nufigal e diki.n@ Ewscipent regjons pehichfaréemabbed 3ing, C
process, so,a§ Ho Qgg?é§g¥¢3f¢p sarne. Towards the end of the charging
process the I nternal - sistance of the battery cell may increase, whereby
the charging voltage tends to increase when the charging cur- rent is to be
mai nt ai ned ghes gled iohX nArRad | Alccordst Dbubeght el 882t N8Y €REr 8RaBging
detrinmental te eratg&; I ngr,ease within the battery cetls Taerefﬁbs t he
vol t age supBFPg 566 & Srerthal® Tg?hﬁugg}f% ylfscﬁp Fg}éﬁ ysPi Ed to a
pr edet er m n&denshiamging mtentyi sgppl bedstobthagbatteryaist rdlativedy
expiration ggwa predeterm ned period of time starting when the vol tage has

reached sai d maxi rum This neans that the charging voltage is preferably
kept at its maxi mum value during said predetermned period of tinme, and as
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current will normall'y decrease gradu- ally, durjn hi S periqd tinme,
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char ged 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 D région, 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
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-



when the said period of tinme has expired. Preferably, the predeterm ned
period of time is related to the reference course sel ected, which neans
that each reference paraneter course includes information about not only

t he maxinum charging voltage to be supplied to the battery, but also about
the period of time in which such maxi numygl t age shoul d be mai ntai ned at
the end of the charging period. 12
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ref erence paraneter course being selected on the basis of conparison
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 Vi - Vé representing
different charging courses for the same'battery with dif-
ferent starting charges. The curve V1 represents the char-
ging process of the battery when nearly fully charged, and
the curve Vé represents a charging process of the battefy
when almost fully discharged. Fig. 4 shows the charging
period necessary for obtaining the maximum voltage Vmax
increases when the starting state of charge of the battery
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-



of such neasured values and reference val ues. The conpari- son process may
be perforned currently during the charging process so that the control
circuit or eontrol unit may shift fromone reference paraneter course to
anot her when the continued conpari son process reveals that the reference
paraneter course chosen first is not the he which is closest to the actual

char gi ng process. n conparing the charai aneter values with the re-
ference valtd®% ?fnﬁbebgrgg\?éﬁ‘tlgaeggl?rtg& 03%31%? tve crag‘tceﬁolfedi’ha Wt he
par anet er vedsiesdetezmfinedt "oemafinting chargiimg thime'! apdare viis msedd | ar

ref erence values. As an exanple, the rate of change of the charging voltage
as a function of the charging tine | apsed may be conpared with the
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interval . ThgRePaFaRRLEefRiredTd B INRITRAHEE I 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 resultiﬂg—in charging curves of the type
shown in Figs. 3 and i, comprises measuring the battery
voltage at a fixed time together with measuring the slope
of the voltage curve when the maximum voltage Gmax is
reached. In this embodiment, the voltage togcther 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



rather frequently, which nmeans that the said first time interval may b
rel atively short, for exanple about 10 seconds. The rate of change is,
however, preferably based on neasurements with a tinme spacing being severa
times greater, for exanple 90 seconds. The determ nation of the rate
change may be initiated at the begi nning,gf the charging process. However,

t he deter-

m nati on of the rat-e of change may advantageously be post-
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and the same

lnclude 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.
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tery, but even a plurality of reference parameter courses for each of two
or nore different types of battery. In such case the first process step may
be to deternmine the type of the battery to be charged and to select the
reference paraneter courses related to that type of battery. Thereaf- ter,
the process may proceed as descri bed abové3 The present I nvention al so

des a r ar-_ qi char bl e ttery, sai ar at us
(F:(r)(r)n\glrl Si ngn%%l%%%c%l nng.eﬁeaﬁg 67 %ﬁ tgﬁ %g‘ g’%ﬁﬁ 3 hep fre ap€$?0a|
power sour cBIChetRatf Sheyucpapengatiee Tpurde felfl disshange chatlyeng
paraneter Odystgargt vheast wBRlll %fthteli'%upié)re erglé‘é@r Gl J&eséé%ggy,

storing neapns for storin urality of ce paraneter course
represgnt| n§°F dEXPMBLPe gPV&e§|9¥ﬂ4¥¥Wde%§é§}ﬁ e @Erhethattery for
di fferent séastangesbateeenf ttlear gayolbd he fwd iduks means for conparing the
course of said at |east one char- ging paraneter with the reference
paraneter courses stored by the storing neans and for selecting the
reference cbugseSwshhws st hioickyg diegtramfof ey gemisidiinent taf tdve appati ng

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_frbm 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
w1dth modulation, and the processor 7 regulates the pulse
w1dth 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



14 state of charge of the battery, and neans for controlling the process
of charging. the battery so as to approxi mate the course of said at |east
one paraneter to the sel ected paraneter course. The operation of such an
apparatus may, for exanple, be controlled by a m croprocessor or another

el ectronic con- trol circuit, which may a4%o conprise a nmenory for storing
the reference paraneter courses. The invention will now be further

descri bed VFYFreRt cPapees (acx¥pes dERR Ajternaihiresistgncee iof £haikatshowi ng
the vol tagecasya function of time for an NiCd battery which is charged with
a constant cur- rent, Fig. 2 shows a section of the curve fromFig. 1, Fig.
3 shows the curves of a regulated charging course for an NiCd battery, Fig.
4 shows theFimtt@ershows tageintuah Hi€drbat ofr wnaempodimeritorooftie ne for

si x i £f er o SLAELL N 3k £3. 06 ChAIR otk sd® Pl o8latl G ofy an

apparatus according to the rnvention, an I g. sho a circult diagram of

an enbodi ngi¥okenthines 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
D1, D2, D3, and D4. 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 8 from the
processor ICl. The control stage 8 consists of the resis-
tors R5, R6, R7 and R8 as well as a transistor Q3. When
the output terminal Pl.1 of the processor has a high output
signal, the transistor Q3 will be in conductive state via
the voltage divider consisting of R7 and R8. Current will
hereby run through the voltage divider R5 and R6, causing
Q4 to assume a conductive state whereby current is supplied
to the battery. When the output terminal Pl1.1 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 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

is passed further on to the terminals Pl1.2 and P1.3 of the
processor.

In this embodiment the processor circuit ICl comprises both
the processor 7 and the storage circuit 10. Further, the

capacitors C1, C2 and C3 as well as a crystal X1 are con-



apparatus fromFig. 5. Fig. 1 shows a typical charging sequence for an
Ni Cd bat- tery. The curve shows the battery voltage as a function of tine
W th a constant charging current. The curve shape will be the sane for al
Ni Cd batteries but the specific volta- ge and tinme val ues may vary, for
exanple with the actual charging current &% frombattery to battery. The
curve may be divided into regions representing various stages in the
char gi ng prBeesed Tee thegRrCIRIRY  CAENeEHLSRAs WhRCcRodrechnPrREgaR1OB, C

and D, respggtkMekyprocessor circuit is generallvmknoﬁﬁ. The regi on marked
A constitutes the start of the chargi ng process. en the chargi ng process

Is initiated, the vol- tage may vary sonewhat dependi ng upon the state of
charge of tfeebabtyalngor arirauitelinconaists of thar ghhggrStedevbitage

vol tage in EQ%E}%%%&OEdfs%guwéifiertﬁ@dé££géiﬁorgoc§93§3r%%?”t%n&%oper
are usually pérfornmed in this region. ) )
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.



cDEINEREIEG 267 ot 6°<or e cneray ia tre battory: by the enem gl

process nefiti dned before. In this period the voltage of the battery

I ncreases only slowy. In the region Gghe battery nom1approaghef itgxfull
tate of ch d o] ILWAS M0 IgRG re rapid- ly. ygen
Begi ns Lo daial Bhedt phagaopt. Bl BeaSeobad e R SR Fesul 1o In a pressirs

i ncrease andn bgé@bﬁagogggggiegaZyge Increase in the battery. This nmeans
that the voltage now i ncreases nore slowly again because of its negative
tenperature coefficient. The bafttery voltage does not increase additionally
at the tranétakﬁg between the regions C and D, and it has thus reached its
hi ghest val Ue. If the charging process is continued in the region D, the
battery vol tage now drops because the electrical energy is nom1gen§rally

] ust converjed e LLNg LN N rature_and.
Lressure mﬁ}f c%ﬁ%%eﬁ%%hgﬁiSg?§gg§?rgc??&ﬁg%ﬁgéﬁéebg%?ggﬁyWh8§§@%§ﬁ35¥&y S
t hus reduced. T%%n%%%ﬁbm%ga%r%éés§réﬁéblQOuhéﬁepﬁrénBQQVUFOcheabathe;y,
conmencement ofm@és&ﬁiﬁ@ea@@gbgawﬁaﬂiyt B81B815L4nE oneTBE inB\éent:hﬁE}a'cS-
based on the fact.that 1t has eﬁn Loung bé,tests hat, even_though the
curve may vaFyIEbhEWRATAPREPLES pBhsENEoCRREILRG: BERGEESr RENBULSEGUERE t he

hi story of 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,
characterizedin 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,
characterizedby 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 reéponse thereto.

3. A method according to claim 1 or 2, including a limited
number of reference values,
characterizedbydetermining 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.

This Sheet Has Been R

i



t he batterﬁuhﬁﬂiuestion, there is close correl ati on between vari ous

ch1ﬂlunguﬁ E"|values within the regions A, B and C, such as the sl ope
of Il L) igi

HELLY ven nonent in the region C and the distance in tine
fromthe nonent in 16 question to

. 27

the opti mum stop point of tine for the charging progess. If the,

i nf or mati o on 2HBEERPACREGEPEAING §PORBY PF &R e C&BAMSNiLe 3¢ WOGHEL R fhe
exi':mp: e of V\Bhﬁzﬁgéﬁ ébrbﬁsgtlliéncbﬁﬁebﬁ\ﬂoni teirfmithls o€l ahievdaytenyyplis t o
calculate or deter e_how | png chargi ng should be continued on the battery
and therebym?%%uB%a}ﬁﬁﬁ%ggoﬁﬁﬁggﬁPQOf time for the charging process, after
havi ng measarkdatheastopeeofr the eudvbyarcuitdingeoffoimet chpfratiffids current

| cul ati on,_j : g '
calcul a 'O“tbstﬂsrngggﬂyako§e§i%%he%0g,%%wd Y2 e e yﬁl%[?ree%ggwéﬁg

nunber of proposals; he opti mum stOp point of tine w t Aus
obt ai ned. Fpgtterghbdsmaasuxefipl e where three neasurements are per-

5. A method according to claim 4,

characterized 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,
characterizedby 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,
characterizedbycontrolling 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,
characterizedbyinitiating 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,
characterizedin 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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forme | arging period of delta Tl is cal- culated at the
pointTHlﬁU“ﬂﬁ“ﬁE““ﬁ“ﬂﬁn&ining charging period delta T2 is calculated at the
poi nt @ I e and+a remai ning charging period delta T3 is cal culated at
the point of time T3. In the figure, thge three calculated stop E0|nts of
time occur at,precisely the same no t. However,, in practice the

cal cul at ed gtBBapSiﬁtgnyetFné ﬁd?lgﬁgyéﬁﬁfm&Q%ﬁﬁqéh rgifbeldntneniofh a
consequent samtdestop pradpos sél sifmer hasomgtoiortcuirafed iyese. alfteirh@ enbodi nent

of the invept.i Lhe y ghd egl - C i
process mhegk%ﬁgtgﬁﬁgﬁégngegggghgk%gl%u%égggggt%%.%%%h%éggkqgﬁhgéggg% S
Since a mcroprocessor is incorpo- rated in the apparatus described bel ow,

more sophi siiicaheflethol Gbtbeliagats ah$o FoReR Vahligs Thyy, it will be
pos- sible, for exanple, to attach nore”inportance to_the stop points of

time |ast c8l BuRaFed. I PstthuZ BoSsPHl &SERat,iRgpIcbargdng dfegffd oSome
of the val uehecabashabddphrametetsabbsuess dhseqfeat plakraalidyi @fs gat her

around a spggLki . ntioned, Figs. 1 and 2 show the voltage
across the §g%§é§§¥§gﬂgdfﬁﬁ§ﬁ9§§ of time when a constant chargi ng current

I's used. A corresponding typical curve will result if the charging current

is plotted a5 aaf MBEhbANaRECLEMBg to any of the claims 1-11,
characterizedby 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,
characterizedbybriefly 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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th a constant charging voltage, and reproducible curves show ng the
abo @Aumw Lﬂﬂa ,umes In the charging process will be obtained even if
ne| rent nor charging voltage is kept constant. It will be
appreC|ated that t hese curves can be ug d in a manner simlar to what is
descri bed above. Correspondi ng curves“of a different appearance will be
ob- tained FoP 8tKeR Baft &r ¥ tyfes drdm st dthe ieantnel dviit (i adapted

bet ween thetaca@@lerﬁi&aéuaeﬁfemhm%@t cHardifRy Prd-ildie Dt TEN1RITB HE by
charging tinme will  not necessarily be aSSOC|aé§9 wi.ith the slo

e of the
curve at th& REFEMPLIENSERRsPPIRE l?L’Ft Lifeh TS SHARE RS Hrdfc?sh% &ur ve,
such as, foeaekaopl at fkaszbsoinst efvalieagea ial mdasunymﬂnt(pumnﬁsmnf t inden
enbodi nment e_l.nye ri r vol t age
curve curreir%%ﬁEB h 4 gghéﬁégggﬁrf&?g %E%%%J%%&:Eﬁéga neastenent a
r emai ni ng cpérgmﬁgeﬁeProﬁaaﬂmeﬂﬁgﬁemyt&lﬁaﬁ[naﬁﬁnﬁncﬁ(yakﬂsﬂcm)p0|nt of
time are cal cul ated. The processor can then either store this

15. An apparatus according to claim 14,
characterizedin 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,

characterdizedin 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,
characterized 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,
characterizedin 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,
characterizedinthat it is adapted to terminate
charging after a predetermined period after the start of the
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val ue t with the others, or it can incorporate it in a nore

sophi sﬂmgi%ﬁ" ﬂ lmmon of when the charging pro- cess is to be

term nat.edy " ®Inbodi ment conprises prestoring a |imted nunber of
reference values for the slope of thegurve. In each nmea- surement the
actual slope_of the curve is conpared with the reference val ues,, and only
when the sl 6PBrPaESePTOFESS ithOneeidy & SAldist P &P IHE Rhdedg has
cal cul at e anpewosicpred hlefoirahamd. cal cul ating tinme for the processor is
saved in this manner, and the result will be fully satis- factory in many
si tuati ons. As nentioned, the curves in Figs. 1 and 2 are provided with a
constant chafgi Ag eppagatusHewewerdingn tal tadraniats V&S didssi - bility is to
cut-of f theccharging quirente Brield v aaehdddms @ Mol4AG6 JPA T ERInd e
per f or med. X guite correspon-

charging if one of the measured parameters assumes one of a

plurality of predetermined values.

21. An apparatus according to claims 15-20,
characterizedin 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,
characterizedin 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, _
characterizedin storing a plurality of reference
parameter courses representing idealistic or desireable
processes of charging the battery for various starting states
of charge of the battery in an electronic memory,

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
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ding curve is obtali in this manner, but the absolute voltage values wll
be Sllgﬂ“ “u “ﬂ&Eﬁ“se the curve does not include the voltage drop

i nvol v g current across the internal resistance of the
battery. Slnce thIS internal resistangg typically increases at the end of

t he chargi ng sequence

g% % mnthou% h£§ ntrlbutlo Wi ||
be a more accuraPRCRERLAPE BRETRECCEaPEOh! CPRGIBAD, CRETHo 0 Gited©
bef ore, repapduokbiateucthnescoukrksebefobhddnad éeeﬁtlbnmh@aﬁamqmenJUQuuth

i's not kept gfgg&gat %HEEEQth ergﬁéE?F Eghg%gg procedure. The principle of

the inven- Tion can ererore € conbined with a charging
procedure where charging is |n|t|aIIy performed with a constant, high

current whigh ig &QEHoaeQeeéédtlﬁya&@! £hE 18930 WHoe GRAGIIRD ¥ QRRMY Sndy
usi ng the |ower charg gﬁpurrent durlngsthe ast portion of the charqﬂgg

process it WRFIBBIpBRIABLECLo18eBELRFRE & OB {HfL FEOLEy SHEIsHS M
nmore preci sehy, potéhetialt herower ahk bhatgtrlyg tleiritd nladisN g thenidliesitad ¢

noti ceabl v, ks, HBY cRe-£ATOLNBH, Webh che oL botIRnce ol LB Sl G

vol t age meaSu aring t iTs Or ¢ charglng process.
t he vol t agethasbatbehyd &her vdeeerfi nladngal of, amlye ofh&ugin pagiamediarsvay be

reduced, an%n&héngF§§H5§H§EEoﬁf EhEuEhOEOSSIe%@&scﬁhﬁgoﬁa&é%%'df‘dﬂﬁdﬁé

descri bed above. cour se I's also | e to reduce the charging
current at one voltage value and initiating the neasurenment of the slope of

t he 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 wvoltage
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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curve e val ue. Fig. 3 shows typical charging curves

obt ai m,mwﬂ“m’ mi mF\Mth an enbodi nent of the nmethod according to the
i nvent i*onc ehas g a NiCd battery. The curve V shows the battery

voltage as a function of time, when t vol tage supplied to the battery is

controlled in accordance with the in- vention in_order to obtain an optinum
char gi ng cu?Pent BEEDRACRERATSANGpELNGARRRY £8r y YREKBSARaBGIE PFeReter-The

battery vol hagedcpe¥eod oBYtbheedidi dedatBtiotbeghensefepefice course

19 senting_ v rlg a stages of the charging process simlar to Fig. 1. Fig.
3 shows fouP® Bfs which are marked A, B, C and D, respectively. The
regi on mar ked A constitutes the start of the charging process. Here, the

vol tage supphief jsc£08t58LLEHIRG tBAhny 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
immediately 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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t he char lied to the battery is relatively |ow. The B
region i lmm g '@H EEB@; chargi ng period where the charging current is
converted+*tocstor " in the battery. Here, the voltage supplied is

controlled so that the charging currengsi nalntalned at substantially the

same maxi num_val ue, ich is etern1ned by th e of battery |nvolved
and the vol £8ge® a@?&gg G any &fs rfﬁf’é‘fsbva%/
region the baet deyemnamﬁmﬁdfesaﬂds Sitad eaﬁ)fclfaﬂge cnlrmr:gmtamtedl whedera to

pay Al n t NG OB TGRS G r%\tr‘-"tcﬁ:eerl CElt cr oss %he%%@%&sf;é’

begins to increase norée raprdly urft

termnal s rD§§ﬁ§§erWen§ﬂed@ﬂéﬁn1ned HHX|nun1Vnax (mhlch I's given by the
type of battery involved). In the D region the voltage supplied is
controlled so that the neasured voltage across the batteny ternlnals IS

equal to thd7madi MEMPCPCCORGLRT (5P AW Ryitdis Baime BInte i mheredn

resi st ance ehchhefbahtiar pagehleteyr vaineasels anGvaradge s liukelitef yof
vol t age, n the D regliaqn, .the res It|n har?(g? current will decrease.

Due to the ngétc’ufﬁ%nttﬁe é:?]tlé’r? \Fcﬂrt Y% mstant value in the

region D, the resulting tenperature |ncrease Is relatively
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,
characterizedinan 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

This Sheet Has Been R

U



| ow, k tructive effect caused by the charging current on the
batter l“ﬂl"gml iﬁy m Not later than the time Trmax when Vmax is
reache * harging period is determ ned. Wien such renai -

ni ng chargi ng perlod starting at Tnax has | apsed, the chargi ng process

|s bei ng term nat ed. The charging. cuftent fed to the battery is
control | ed Btquddéwitdieh el rining mercormgtamd fof tsgjecingethe The

vol 1 age CUr Yo AN dduld iyl CPISSERL od BERCESSE Anbhl i Pl

battery whi 'S nearly un WS SI X S|n1 tage curves

V1 - V6 reprid¥embanfidg ratadin %aﬁ*@?@ec‘éﬁr%@% bt e s%% battery with

dif- 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.

This Sheet Has Been Repl

T




ferent starting charges.. The curve V1 represents the char- ging process of
the battery !@gumﬁmuﬂmmﬁy charged, and the curve V6 represents a
chargi ng pr WNes ery when al nost fully discharged. Fig. 4 shows
t he charging period necessary for obtaipi-ng the maxi num vol t age Vnax
i-ncreases when the starting state_of charge of the battery decreases. It
can al so bé7sed® ARAANAEHS Ae¢RAAINE to cpBY - Ofi hBecRbR§MBgiLi 48y, which is
the tinme peHeatid ARd MMuFRAEINPImeAmX tbhibribe &BahSI PErPEQLLERLLG
term nated, increases en th E%%ggtlng state of char t he batterg

es

e of
decr eases. "CFH¥ oMt brSH 12%r1eREFreler & %theg PRFRUGESE LR
for the tymphoft hainerint ervilestdud iorchhapgingl i theotodpdfingnheatarti ng

char ge congj t.i t Y, ' C ' . By
corpar i ng. Cheth a Pt 8 SERATE e BRPfive? SRL-EheRRUEPLUTEE (L
curve wit h adrresmondinefreiensnea| vekyes hef r thevaaference ehatametenge
curve and tdagrdlBiil b G BN Re "Be1 894RE' REEArbAEE CYL L EMEBYrDEourse

det erm ned. The sl ope of the voltage curve may be neasured currently, for
exanpl e ev&3FadkMith BEHRPERATIRPR he charge process. For each neasurenent
a conparison is made with the stored reference slopes, and a new proposal

for a "remginhi charqi tine" is.deternm ned. en_t he measured batter

vol t age rggfﬂeggiﬁgmﬁﬁﬁ rﬁﬁﬁ?ﬁﬁh%%l?%g%f%ﬁﬁx¥@deyé?ﬁ?ﬁ3-gﬂe comparin
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 charging
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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21 tip . Ldi ng charging time" is cancelled, and the | ast
det er rr” m ‘Wﬁ!ﬂhargi ng tinme" value is used. Anot her enbodi nent of
met hod i nvention, which also results in charging curves of

the type shown ir Figs. 3 and 4, conpp&§es prestoring a limted nunber of
ref erence values for the slope of the Voltage curve. In each nmeasurenent

the actual SPopBloRPPREALUEyECCOTEGRTaled 3Rt IPh e rlaiaicd Ardl2ues, and
only when thneska@aeeaansgs @aaaobgtramerg?fzewu%sv%dmd@m;ﬁ 'é{rﬁ'ﬁ'éﬁaﬁ%
charging ting" _value iLs, detern ned. rves caqrrespondin 0 those shown
'n Flgs. 3 ShaP4PRHERIAEYo e MERERERBEIRG: VoI BatGodity iy RET L1Ofh &de
curves mghtipme.of different appearance and for sone of themthe

correlation between the tinme for reaching the voltage Vmax and the optinum

remai ning charging time will not necessari - _
_ 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.
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| y be associated with the slope of the voltage curve in question,

but with

ot her paraneters of the curve, such as, for exanple, the absolute voltage

at the monent concerned. The nore parameters neasured and stored,

sophisti- cated determ nations can be nmade in order to determ ne the

optimum renai ni ng charging tine.

the nore

[err] further enbodi nent of the nethod

according to the in- vention which resulting in charging curves of the type
shown in Figs. 3 and 4, conprises neasuri the battery voltage at a fixed
time together with neasuring the slope of” the voltage curve when the
maxi mum vol tage Vmax is reached. In thgs@led ment, the vol tage together
with the slope of the voltage curve cé“ﬁé‘?ﬁborporated In a nore
sophi sti cat ed dRt{HMETHOBt AND AR AREARPTUBURODREOBARGNNGCRARECHARGEABITE.

vol t age cur veBARRERW i n Fi gs.

vol tage across the battery termnals when the battery is being charged.

However ,

an at &terhidngeable battery is charged by connecting the

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

reference values.

Figure 5

3 and 4 have been plotted by nmeasuring the

The



22 possibility is to cut-off the charging current briefly each tinme a

vol tage neasurenent is perfornmed. A quite simlar curve is obtained in this
manner, but the absolute voltage values will be slightly | ower because the
curve does not include the voltage drop involved by the charging current
across the internal resistance of the battgré. Since this interna
resistance typically increases at the end ( t he chargi ng sequence, a
vol t age neasurenent without this contribution will be a noregaccurate

measure of the state of the batter I n the enbodi ment ri bed above
t he measurement of the slope of e curve takes place in e|fql.l ow ng
manner. At each neasurenent pg¢nt of tine, i.e. for ex i e aéégy tenth
second, the voltage of the bagttery is neasured, and the™an e ronic

processor may store this volfage.value. in a stor.

""""""""" sufed and, for
exam ple, the value which ha¥ been neasured 90 seconds ago,| and this
difference is used as a neasur f the slope of the curve|latjthe tine in
question. In this manner, a new vaNe of the sl ope whi d® has| been neasured
over a period of for exanple 90 secorNs is obtained everyjten seconds.

.age..value.in a storage cir Cn’%‘ | e processor

< -~
S .
o (@)
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To prevent the voltage neasurenments from being affected by transients and
the like, the voltage is preferably nmeasured nuch nore frequently, for -
exanpl e 100 tines between each of the said neasurenent points of tine. Each
of these inter- nediate neasurenments is stored by the processor, and at the
actual measurenent points of time the.processor cal cul ates an average of
the 100 i nternedi ate neasurensents whi have been perfornmed since the | ast
measur enent point of tine. When the chargi ng process has been term nated
as descri bed above, maintenance charging of the battery may take place if
the battery is left in the charger. This takes place by passing current

pul ses through the battery at intervals.

23 These current pulses and the tinme between them are adapted such that

t hey conpensate for the self discharge of the battery which would ot herw se
t ake pl ace. The pul ses may,

Time
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for exanple, 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 enbodi nent of an
Appa- ratus-according to the invention. 220 volts are applied to the
apparatus by neans of an ordinary plug 1, and the vol- tage is converted in
the rectifier block 2 to a 9 volts-dirgfg%voltage. 3 shows a current
regul at or which supplies current to th / ttery to be charged via the
termnals 4, 5. The current fromthe batterx__uns vi a(Phe term nal and
the resistor 6 via ground back t,o the rectifier circuif 2. The cufr t
regulator 3 is controlled via ajcontrol stagq® 8 from aj processor Y. The
processor 7 is capable of neasurling current and voltage by neans ¢f an
anal og/ digital converter 9. The |charging currént is asured by mgasuring
the volta- ge drop across the rgsistor 6, whille the vgltage of the battery
is obtained as the difference bgtween the volthges neasured on tefmnals 4
and 5, respectively. The procesdor 7 is noreovar connected to &3stlorage
circuit 10, which is used i.a. flor storing neadured gurrent and v¢ltage

val ues as well as the calculated stop points of{ti A reqgul ator jcircudi t
11 generates a direct voltage of] 5 volts fromt ol tage of 9 vol f@®m
the rectifier circuit 2. The vol s is used for supgl t he
circuits 7, 9 and 10. The currerft regul at iq controlled by nmeans ¢+

pul se wi dt h nodul ati on, and thes\protesyor--7-reguf ates -t fre-putse-wldt-h-in a
manner such that the desired chaNging ¢ hstantly runs thrqugh the
battery. The processor neasures:

(mim.)

Time

V max

—

Voltage (V)
Current (C)
Temp. (T)

1.6 1
1.4
1.2 -
1.0

0

70 4.0 1.8
3.0
2.0

60

50
40
30
.3 0 0008

Fig



this, as nentioned, by neasuring the voltage drop across the resistor 6. If
desired, the processor may performthe voltage neasurenent across the
battery in the intervals between the current pul ses. The voltage
measurenent will thus not be affected by the voltage drop which the

char gi ng . 24 current causes across the
internal resistance of the bat.- tery. H4¥6€55h0m5 a circuit diagram of
an enbodi ment of the apparatus fromFig. 5. The blocks fromFig. 5 are
shown in broken Iines and with the same reference nunerals as in Figy¥.
The rectifier block 2 conprises a transfornmer Tl as well as a rectif &

coupling consisting of the four dibdes D1, D2, D3, and D4. The outpu
voltage fromthis is a direct voltage of 9 volts, which is passed paftly to
the current regulator 3 and partly/ to the regulator circuit 11. The ¢urrent
regul ator 3 consists of a transistjor 4, and it is controlled via the
control stage 8 fromthe ©
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processor | Cl. The control stage 8 consists of the resis- tors R5, R6, R7
and R8 as well as a transistor . Wen the output ternmnal P1.1 of the
processor has a high output signal, the transistor @B will be in conductive
state via the voltage divider consisting of R7 and R8. Current will hereby
run through the voltage divider R5.andg/§, causing 4 to assune a
conductive state whereby current is supplied to the battery. Wen the
output termnal P1.1 of the pro- cessor is low, both the transistor B and
the transistor 4 will be in a non-conductive state, and no charging
current is fed to the battery. The anal og/digital converter 9 consists of
the integrated circuit I1C2 as well as the resistors R2 and R3 and the
snoot hi ng capacitors C4, C7. The neasured voltages which are indicative of
the battery voltage and ¥he charging current, respectively, are converted
to digital information iGithe integrated circuit 1C2, and this digital
information is passed fufther on to the termnals P1.2 and P1.3 of the
processor. I n this" enrb@i ment tfe processor circuit | Cl conprises both
the processor 7 and @he é%orage @Prcuit 10. Further, the capacitors Cl, C2
and C3 as well as a icrysFal X1 arg con-
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25 nected to the processor. O herw se, the node of operation of this
processor-circuit is generally known. The regulator circuit 11 consists
of the integtated voltage regulator IC3 as well as the capacitors C5 and
C6. This circuit applies a direct voltage of 5 volts which is used for
supplying the circuits ICL and I C2 mﬁﬁ? vol t age. The circuit described is
useful no natter whether it i$s deci ded'to nmeasure the vol¢tage durifd

chargi ng of the bﬁujerx gr@g h constant current, or to ngasdre the eurrent

during charging of § =) ry with a constant voltage, jlus§ as o o
conbi nati ons of tlhese Jmo may! be enpl oyed. O course, details in thex
structure of the:cirh T nay be nodified withi nfthe—stopgof—The Thv yan.
Thus, for exanple,ﬂUDheL_ﬂxgchssor types than the one shgwn may be used. It
is al so possible:t se (ot her, vol t ages t hah Those PR S -
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: Tesyig-2 Iie,
indicated in Figs. 5 and 6, since this may for exanpl e depend upon the
nunber of cells in the battery to be charged.

26  CLAIMB 1. A nethod of charging a rechargeable battery,
conprisin connecti ngian el ect#i cal source of energy to the hattery, .
measuring and/or calculating at |east one characteristic 5 par@amet er of %
the charging process at subsequent points of time during charging,
conparing these paranmeters with reference val ues, sel ecting one of sald
suhsequent points of time, gngd term nating t he char gi ng procegs, when a
remai ni ng chargi ng 1

crams ) O O 1
* [ L M S *

5 1. A method of charging a rechargeable battery, comprising
connecting an electrical source of energy to the battery,
measuring and/or calculating at least one characteristic
parameter of the charging process at subsequent points of
time during charging,

10 comparing thege parameters with reference values,
selectiné Sné.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,

15 characterizedin that the remaining charging
period of time and thereby a stop point of time is determined
at at least one of said measurement points of time based on a
comparison of the measured and/or calculated parameter or

parameters with the reference values.

20 2. A method according to claim 1,
characterizedin that an optimum remaining
charging time and thereby an optimum stop point of time is
determined from a plurality of stop points of time resulting
from such comparisons, each comparison being based on a

25 correlation between parameter values at subsequent point of
times and their distances in time from their respective stop
points of time.

3. A method according to claim 1 or 2,
characterized by comparing actual measurement

30 wvalues 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,
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10 perlod of tlne startlng at sald selected p0|nt of tlne has | apsed,

characteri zedinthat the remaining charging period of tine
and thereby a stop point of tine is determ ned at at | east one sai d

measurenent points of tine based on a 15 conparison ﬂ{and/ or
cal cul ated paraneter or paraneters wpth the refdﬂﬁ“&

A nethod according to claim1, charact er'izced |n that an

opti mum r egBinpafiing sa@bargtegotianaﬁgé Whenebﬁféﬂeﬁ@élUHWUépraﬁﬂlnt of
tine is 20 et erm. ne oints of tine %EFU|tln

rom oot dehELRiBLAg b R P BB b pBE BEoBiB §h°5@bobngE, FERYern

between paraneter values at subsequent point of times and their

di stances yn t%”EeEEBH‘%ESbEQEﬁ§pgSthﬁ§ BEOBhe leQMEti-Qf Eh@?u&ig 55 3

A nmet hod according to ¢
conpari ng éémmaﬁdneeehﬁeneﬁtrefereapeeyaéﬂeshe characteristic parameters

With previgus a r aeasarerrent yakugspyf dbherﬁemnaaaagebgr §of'|.9'f: e@clalﬁte the
sai d neasurenen% nts,of tinme, whereby the rate of c¢h an%e of
par anet er stPE HBEef ﬁaanaspaoﬁaﬁetweﬁnot B pparacteristi Parameters

and/or their rate of change assume one of the reference
values.

5. A method according to any of the claims 1-4, wherein the
10 wvoltage across the connection terminals of the battery is

measured during charging,

characterizedby cutting-off the charging current

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

battery is measured.

15 6. A method according to claim 5,
characterized 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.

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

20 characterizedby feeding a constant charging
current to the battery during the first porEioﬁ-of'the
charging period, and then gradually reduc1ng the charging

current until charging is terminated.

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

25 characterizedby controlling the charging current:
fed to the battery by pulse width modulating a constant
voltage source.

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

30 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. .~ This Sheet Has Been Repla
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aring said rate of change wth reference val ues, and

determn um nﬂ points of time in response thereto. 4. A '
rrethoda “mmf the clains 1-3, including a limted nunmber of
reference valuds, "5 & rar act eri zed by determ ning a stop point

of time for the chargi ng process whed the character| stic paraneters
and/or thejr rate of. chan assune, one of rence; val ues.
5. A metho g%r%ﬁﬁﬁog 9r€tn$hgoc?%Yn%%ltﬁe 2188 ntife 10 vol tage

across thec clmnanertaocm teenrnialz efdt e thatetleimeasuneasntedatluesngf

char 91n9. che Cobiafalrrfal i€ fabafofolls ofUbLLRCP! EnLnEa shaGER0g EUI ront

to the battery ore e vo tage o ery is
measur ed. ments Eplmtﬁe@ﬁoﬁlm©c®rﬁlhg 2verRaeP5, @ Plurallty of inter-

5 mediate measurements having been performed since the prece-
ding measurement point of time. '

11. A method according to any of the claims 1-10,
characterizedby terminating charging if one of
said stop points of time has not occurred yet after a

10 predeterqiqed period from the start of the charging process.

-,
-

12. A method according to any of the claims 1-11,
characterizedby terminating charging if one of
the measured parameters assumes one of a plurality of

predetermined values.

15 13. A method according to any of the claims 1-12,
characterizedby maintaining the state of the
charge of the battery after the termination of charging by
means of a pulsating current. '

14. A method according to any of the claims 1-13,

20 characterizedby briefly applying voltage to the
battery prior to the initiation of the chargi@éuprocess so
that the characteristic parameters can be mégéufed, the
results of these measurements determining whether the
charging process is to be initiated.

25 15. An apparatus for charging a rechargeable battery, said
apparatus comprising
_an electrical source of energy,
a measuring device for measuring at least one
characteristic parameter of the charging process at
30 subsequent points of time during charging,
a control unit for calculating at least one
characteristic parameter, controlling the energy source and
for terminating the charging process, and

______ Jl__é_,
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s cont AN MM choroing' ot ont *FS *“kept e ati vely low at”

t he, begi"nningtof"t e char gi ng process. 7. A nethod according to any
of the clains 1- 6, 20char act er igz e d by feeding a constant
char gi ng current to the battery during the first portion of the

char gi ng peri odyezansl tdmnsmganjaaﬂlg yt fi€ dhisa dn@r éhen € had Dheg fromCtJlliéent unti |

d, pd] | ai
17 %957 et Bevice socenf SBACER: SRRPL VIR AR ARG/ EF Bl

fed to the ¢enveryeby pul se mndth nDduIatlng a const ant vol t age source
9. A nmethod acogdli fhd LoRMnPf 1€ AR E®a lsBorage Elﬁc@lﬁ fof Le&rind

d by initiating the determ nation of 30 Said rate” of ange and/ or pos |bIe
st op p0|%t§“%ﬁsﬁ¥%% pIFametey hea thas gi Ayl prokesd RAEAMSREr ovalnes and

charact eri stéferenc®WaIBEE| SaAESHEREg dafh gl e 81 BEHL ¥8l UBhe charging
process based on the values stored,
characterilzedin that the control unit is adapted
to determine a remaining charging period of time and thereby

10 a stop point of time for the charging process at at least one

of the said measurement points of time based on a comparison
of the meqsu?ed characteristic parameter or parameters with
the reference: values.

16. A method according to claim 15,

15 characterizedin that an optimum remaining
charging time and thereby an optimum stop point of time is
determined from a plurality of stop points of time resulting
from such comparisons, each comparison being based on a
correlation between parameter values at subsequent point of

20 times and their distances in time from their respective stop
points of time.

17. An apparatus according to claim 15 or 16,
characterizedin that for each of the said
measurement points of time, it is adapted to compare actual
25 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.

30 18. An apparatus according to any of the claims 15-17, said
apparatus being capable of measuring the voltage across the
connection terminals of the battery,
characterizedin that it is capable of cutting-
off the charging current to the battery for a brief period

35 before the voltage of the battery is measured.
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28 A nmet hod according to any of the clains 1-9, charact

' asurenent val ues of the characteristic
par arret eﬂlﬁmmllmmlmmﬂg sai d neasure- ment points of tinme are an
average of a‘plurdlity of inter- 5 nediate neasurenents having been
perfornmed since the prece- di ng neasdrenent point of tine. 11. A
met hod accpg di Rg gcharacterized
P4 %§8§9¥tﬁ% 5%%09P§h55té ég

by tern1nat|ng ch I ng | stog points of time has not
occurred yetRaRtEra2acib Br &dét &r g Aedipekhad thenrPRETSLapRisf iBhe char gi ng

process. adaptéa tb EBhBQ@laQ%@rdbmﬁabé éﬂﬁp@ﬁebhgochﬁénba%té%y so Cha

racter term nating char asur ed

par anet er s %%Euﬁ%g SHérgﬂng ﬁPﬁfﬁgFtﬁso ept rﬁ?@&é?@ﬁﬁlﬁ@ﬁ 95IG 15 13.
A net hotl aiseginnnggt ofanheotbhhlrginbapieciksi?, characteri zed
by maintaining the state of the charge of the battery after the

term nation of charging by
20. An apparatus according to any of the claims 15-19,

characterizedin that the charging current fed to
the battery may be regulated by pulse width modulating a
constant voltage.

10 21. An apparafus according to any of the claims 15-20,
characterized in that it is adapted to terminate
charging after a predetermined period after the start of the
charging process if one of the said stop points of time has
not occurred beforehand.

15 22. An apparatus according to claims 17-21,
" characterizedin that it is adapted to terminate
charging if one of the measured parameters assumes one of a
plurality of predetermined values.

23. An apparatus according to claims 17-22,

20 characterizedin that it is adapted to maintain
the state of charge of the battery after the termination of
charging by means of a pulsating current.

24. An apparatus according to claims 17-23,
characterizedin that it is adapted to briefly

25 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.

25. A method of charging a rechargeable battery having a pair
30 of terminals, said method comprising
connecting an electrical power source to the terminals of
the battery,
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meansThoiShet Bas|lBs@iRepigeeg Ur I €Nt . 14. A method according to any of the

cl ai ns aracteri zedbybriefly applying voltage to

t he i‘ﬁﬁglm r tothe initiation of the charging process so t hat
t he characteri aranmeters can be neasured, the results of these
measur enent s det er m ni ng whet her the 6chargi ng process is to be

I nitiated. 25 15. An apparatus for charging a rechargeable battery, said
apparatus CoMpiAjdifing the ELALECHE|LAl1 80K CSOf Hg

measuring devjce for asuring | east one aractet1stie par arre er of
t he chargl%ﬁ%&%sl%ﬁlsgop%ﬁ‘bs‘éﬁu‘ém PEP@EESs off t thRrgirg nef chae gi ng,

a control vadtefwy @@dcul ating at | east one characteristic paraneter,

control 11ng the, SNELOY; SPUSE Alging Yol & HRLA%,L NG, £ ' g, BY OCess.

5 one charging parameter surveyed,
characterizedin 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 in an electronic memory,

10 comparing the course of said at least one charging
parameter with the reference parameter courses stored,

selectihg.the reference course with a starting state of

charge similar to the actual starting state of charge of the
battery, and

15 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.

26. A method according to claim 25, wherein said at least one
charging parameter is selected from the group consisting of
20 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.

27. A method according to claim 25 or 26, wherein voltage is

25 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.

28. A method according to any of the claims 25-27, wherein
30 the process of charging is controlled by controlling the vol-
tage supplied to the terminals of the battery.

29. A method according to claim 28, wherein the voltage
supplied to the battery is controlled so as to maintain the
electric charging current supplied to the battery at sub-

IO [ Avevoes  sweer |
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Thﬁsmﬁnﬁaﬂﬁaﬁu$h§ypplying t he neasurenent values fromthe measuri ng

29
devi ce } unit via an anal og/digital converter, t he
control] ] ﬂﬂg a storage circuit for storing 5 neasured paraneter

val ues, cal culate raneter val ues and ref erence val ues, and being
adapt.ed. to control the charging process based on the values stored, ¢
har acteri zedinthat the cont?7ol unit is adapted to determ ne

a remaining charging period of time and thereby 10 a stop point of tine for
t he char gi PP PFbeLE¥ gheaﬁam@agaxem@m vahet feringdansajarepent p6i hhe of
time basedcidir@if®NPRHEENS . of the measured characteristic parameter or
paraneters with the reference val ues. 16. An apparatus according to
claim15 15 c har acteri zedinthat an optimumremaining
char gi ng t30re Andethedebycanddpyi ouncsaop pei 8t 29, t WRBrésn thed@betayed

f I | f,. st | f.tine resultin romsuch |
cgﬁg;?igoﬁ%€$%%%%8c%§pg$?ggéggéfﬁgl%a§88EBﬂEged gocBP?élEﬂ%oﬁhﬁﬁgﬁﬁgn.
par aneter GAFYRRt aisskepequebatpuvehy bOw28tt thesbeginhhegrofli shances in

time fromdéherd iespectiyg stop points of tine. 17. An apparatus
according to claim15 or 16,

31. A method according to any of the claims 25-30, wherein
the voltage supplied to the terminals of the battery is
limited to\a:ﬁredetermined maximum, the charging process

10 being térmihétéd at the expiration of a predetermined period
of time starting when said voltage has reached said maximum.

32. A method according to claim 31, wherein said predeter-
mined period of time is related to the reference course
selected.

15 33. A method according to any of the claims 25-32, 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

20 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

25 terminating the charging process when said remaining
period of time has expired.

34. A method according to claim 33, wherein the rate of
change of the parameter values as a function of the charging
time lapsed is compared to similar reference values.

30 35. A method according to claim 33 or 34, wherein the
charging current is cut off for a short period of time
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c ha - I o i z edin that for each of the said measur enent
points i s B facatiapt ed t o conpare actual 25 neasurenent val ues for
t he chaa lﬂB aneters with previ ous neasurenent val ues for the
sanme par thereby determne the rate of change of the
paraneters as a function of tinme, and to determne said stop points of
tinme by conparing the rate of change with reference val ues. 30 18. An
apparatus according to any of the clains 15-17, said appar at us bei ng

capabl e ofimeedimtelytpeiool tageaanrmsssthement 6Onok6tpoveheiginal s of the
battery, girfePefcd éfCtﬂee¥%t£%5¥etgrhnn$f§§ It I's capable of cutting-
& batt

off the charging current to ery tor-a brief period 35 before the
voltage of the battery is neasured.

30 1936PﬂAQﬁ@@ﬁééuécééf@iH§nQothfl@f”ﬁﬁg’clai § B3k afielafyl 1 Z €
din that the control unit_is adapted to control the voltage sSupplied
to the banQﬁyp§§§meter values are measured and the rates of change of
5 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. - _
10 37. A méthod abcording to any of the claims 25-36, wherein
the charging current fed to the battery is controlled by

pulse width modulating a constant voltage source.

38. A method according to any of the claims 26-37, wherein
the determination of said rate of change is initiated when a

15 measured value of the characteristic parameters exceeds a
predetermined value.

39. A method according to any of the claims 32-38, wherein
each of said parameter values is an average of a plurality of
measurements within a certain period of time.

20 40. A method according to any of the claims 25-39, wherein
the charging period is restricted to a predetermined maximum
period.

41. A method according to any of the claims 25-40, wherein
the charging process is terminated if one of the parameter

25 wvalues measured exceeds a predetermined value for the
respective parameter.

42. A method according to any of the claims 25-41, wherein
the state of the charge of the battery is maintained after
said termination of the charging process by feeding a

30 pulsating current to the terminals of the battery.

AN




t hat th%c arging current is kept relatively low at the 5 beginning of the

charglng eﬂ1quw%O An apparatus according to any of the clainms
15-19, er i zedinthat the charging current fed to

t he: batt Iat ed by pul se width nodul ating a const ant
voltage 10 21 An apparatus according %o any of the claims 15-20, C
har I zedinthat it is adapted to term nate char gi ng
after a pré@et@Hﬂ%ﬂﬁ?ﬁﬁﬁﬂﬁﬂfQﬁtQhaﬁgﬂ?Qn%nﬁeQﬁaEQQ?ble kadrefihg §ictess |
one of theappalaHhi@P digiisidigti me has not occurred bef or ehand. 15
22. An apparatus according to clalms 17- aracterized

inthat it is &PRREEYIS ShetF conr@r%r:@gnd:q% b@ﬁé:ed:fy t4% afkasur ed
paranetersaienunicaﬂupdﬁeﬁisourqﬂuraI|ty of predeterm ned val ues.

23. An apparat c 17 22,..20 t e . i edin
that i t%l S adag‘} aglcst gfro%larlq}rt‘})e uaxisee fcch:a?lgeeaL ?if atrtgelnﬁ after
t he ternm naEirawnetfer duxing gﬁmglansmﬁsm off d#hmlmeandass (:er rqshﬂrglng the

battery,
means for controlling the charging process based on said
at least one charging parameter surveyed,

10 characterizedin an electronic memory for storing
a plurality bf feference parameter courses representing
idealistiq*or‘desirable processes of charging the battery for
various starting gstates of charge of the battery,

means for comparing the course of said at least one

15 charging parameter with the reference parameter courses
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
20 so as to approximate the course of said at least one

parameter to the selected reference parameter course.

44. An apparatus according to claim 43, wherein the control
means is adapted to briefly supply a voltage to the battery
prior to the initiation of the charging process and to

25 measure charging parameters and to determine in response to
the measurement results whether the charging process is to be
initiated.

45. An apparatus according to claim 43 or 44, wherein the
control means is adapted to control the process of charging

30 the battery by controlling the voltage supplied to the
connecting means.

46. An apparatus according to claim 45, wherein the control
means are adapted to control the voltage supplied to the
connecting means so as to maintain the electric charging

35 current supplied to the battery connected to the connecting

R R




24. Anrmpg&aahyg&ag i ng to clains 17-23, characteri zed

I n that to briefly 25 apply a voltage to the battery prior to
t he init chargi ng process and to neasure the
characte ers and determne in response to the measurenent

results mhether the charging process 4s to be initiated. 25. A
nmet hod of charging a rechargeable battery having a pair 30 of term nals,

tsal d rrelt hofd?éﬁgpéu%éﬂgntlally a€OPABCLLEAE ABxEhemt VhEAL BAYRHgSQURMSSOLO the
ermnals o

31 paxh, 9byHRg FhérﬂbBHSBrSFeﬁﬁ | east one chargi ng paranet er
during at |east part of the process of charging of the battery, and
contr ol | ng, { he, char gl 00, B" 98883aPASeE 001 83h%a8 oLe88! WReBS,CRALYI N

paranmeter Sufv yeﬁ
control means is adapted to control the voltage supplied to

5 the battery so that the charging current is kept relatively
low at the beginning of the charging process.

48. An apparatus according to any of the claims 43-47,
wherein the control means are adapted to limit the voltage
- supplied to the connecting means to a predetermined maximum,
10 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.

49. An apparatus according to any of the claims 43-48,

15 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

20 courses and to select the relevant reference parameter course

based on such comparison.

50. An apparatus according to claim 49, wherein the comparing
means are adapted to compare the rate of change of the
parameter values as a function of the charging time lapsed

25 with similar reference values.

51. An apparatus according to claim 49 or 50, wherein the

control meaﬁs 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
30 of the battery terminals.

52. An apparatus according to any of the claims 49-51,
wherein the measuring means are adapted to measure the

gy Aoz seeer
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c har acrtk g,akh B in storing a plurality of reference par amet er
cour ses repr]b T iien %ER acesdtic or desirable processes of charging the
battery for’jmu ﬂH Ilvg states of charge of the battery in an

el ectropic conparing the course of said at |east one

char gi ng paraneter with the referencg parameter courses stored,
selecting the reference course with a starting state of charge simlar

to the actpafaméaétlﬁglﬁé@tQtoﬁnﬁbafﬁefQﬁsEhﬁlme 1H€EE@5YS aEHe15
controlllngu char gi r oxi mat e

rocess_of er as
the course o%vg%gﬁg FSPBEsPEORE ﬁgggﬁﬁgeFOtéeF%Emlne EBFeE?E@ PEf@FéﬁBé
par anet er kasedeon parameﬁerANaﬁuhsdmaasurddngttQeebﬁﬂntZﬁe wheeeiya1gai d at

| east one eachcﬂﬁiﬂ%PQ Hﬁiﬁgﬁ% Estﬁ I e¢l.ed Elgghégg?g ?p consi sting of

20 the potentia 0oss t ery ermnal s char gi ng
current supplied to the battery, the tenperature of the battery, the

rate ofschemgendf appyrafusushcBREaAE! €65 £ aPH20Y, £R0D) Qaébon of such
par anet ers .and /oraggtg o? chaﬁ e. 5 any o ﬁog %ccor% fo claim25

or 26, mhé?%?ﬁe%%lFE@echtﬁgl EF?@?I?r§uﬁﬁﬁpéﬁdtEotﬁ@e@aﬁhérglpglor to the

initiati oncofrent tbech8abgtogrpregepslse whathChaigiagingr aMBLALEaRRN be
nmeasur ed, -&@f éuéés Qf these neasurenents determ ning whet her the

char gi ng proces Yo %é initiated.

54. An apparatus according to any of the claims 43-53,
10 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.

55. An apparatus according to any of the claims 49-54,
wherein each of said parameter values compared is an average

15 of a plurality of measurements within a certain period of
time.

56. An apparatus according to any of the claims 43-55,
wherein the control means are adapted to restrict the

charging period to a predetermined maximum period.

20 57. An apparatus according to any of the claims 43-56,
wherein the control means are adapted to terminate the
charging process if one of the parameter values measured
eéxceeds a predetermined value for the respective parameter.

58. An apparatus according to any of the claims 43-57,

25 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.

59. An apparatus according to any of the claims 43-58
30 comprising a microprocessor for controlling the operation of
the apparatus.
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28. A nmethod according to any of the clainms 25-27, wherein 30 the process
of charilng Is controlled by controlling the vol - tage supplied to the

termn ﬂuﬂflmw 29. A method according to claim 28, wherein
t he vol I ﬁm yﬁ@% to the battery is controlled so as to maintain the
electric char i ng Gl nt supplied to the battery at sub- 1 *
32 stantially the same nmaxi num val ue during 'a major part of the
char gi ng process. 30. A nethod accewding to claim28 or 29, wherein

t he vol t age supplied to the battery is controlled so that the charging 5
current is kept relatively I ow at the begi nning of the char gi ng,;pr ocess.

CLAIMS

1. A method of charging a rechargeable battery, comprising
connecting an electrical source of energy to the battery,
measuring and/or calculating at least one characteristic
5 parameter 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
10 period of time starting at said selected point of time has
lapsed,
characterxrizedin that the remaining charging
period of time and thereby a stop point of time is determined
at at least one of said measurement points of time based on a
i5 comparison of the measured and/or calculated parameter or

parameters with the reference values.

2. A method according to claim 1,
characterizedin that an optimum remaining
charging time and thereby an optimum stop point of time is
20 determined from a plurality of stop points of time resulting
from such comparisons, each comparison being based on a
correlation between parameter values at subsequent point of
times and their distances in time from their respective stop

points of time.

25 3. A method according to claim 1 or 2,
characterizedby 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

30 of the parameters is determined as a function of time,

%
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31. A nethod according to any of the clains 25-30, wherein t he vol t age
supplied to the termnals of the battery is limted to a predeterm ned
maxi mum nmlmmm:"nﬂﬂ"m" ess 10 being terninated at the expiration of a
pr edet er ni f tinme starting when said voltage has reached
said maximum® “ " 32, *A method according to claim31, wherein said

pr edet er - m ned period of tine is rélated to the reference course

sel ect ed. 15 33. A net hod accgrq%n to any of _the clai 25-32, ~wherein
val ves of SRPEARY BRE GHREE Ha of M PR AhE o STESRTR (RIS iBasured at
short ti nmedetodmenival sy duine nsptdasigopgeoimes of neqserod pespomter thateles.
bei ng conpared with correspondi ng reference val ues of the reference
paraneter courses, and the 20 rel evant reference paraneter course being

sel ected dhr t He methodsagcerdipgps?iaddy of biehcheiesrbdd valvekudheg 2

reference jimitéd WdSmber of refleb&AFE N ADuSs ) emai ni ng period of charging
ti me based ﬁy sai d conpari son, _and 25 fermnating the char%ig

process wHer hild Fefaf nfnf T Z HediBl SPFLEFAENHES xPFrREPoInt of 3l
met hod acciwoli tige t chat @l 11 38rovdies ewled hehe atlta tdcterishbngea pdmébers

par anmet er gﬁé}%@ @ﬁe?rfgggéigp 8ﬁa£$§ gggﬂgéngne of the reference
values.

5. A method according to any of the claims 1-4, wherein the
10 voltage across the connection terminals of the battery is

measured during charging,

characterizedby cutting-off the charging current

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

battery is measured.

15 6. A method according to claim 5,
characterized 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.

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

20 characterizedby 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.

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

25 characterizedby controlling the charging current
fed to the battery by pulse width modulating a constant
voltage source.

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

30 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.




time lapsed is conpared to simlar reference val ues. 30 35. A nethod

?g(r:o;dlsRg“!ﬁlgmmjmﬁﬁm“w4 wherein the charging current is cut g;f

i mredi ately pridr to each neasurenent of the potenti al difference of the
battery term nal s. 36. A net hod acc%di ng to any of the clainms 33-35,
wher ei n the paraneter values are neasured and the rates of change of 5

the paranetgr VﬁlH%%P%Bea@%&ﬁ%ﬂk@EQC@%ngnb%oﬁ%gfEﬁ%%g%ggggn pintervals,

each determ nation of the rates change bein ar anet er

val ues neaSuPe@ &t 3s€cén@ i fe 4 Ft € Vi@l $hat tihige measomemente viaduesvaif bei ng
a mul tipletht tharhictetrikitiR paraffe@eM@ for each of the said measure-

ment points of time are an average of a plurality of inter-
5 mediate measurements having been performed since the prece-

ding measurement point of time.

11. A method according to any of the claims 1-10,
characterizedby terminating charging if one of
said stop points of time has not occurred yet after a

10 predetermined period from the start of the charging process.

12. A method according to any of the claims 1-11,
characterizedby terminating charging if one of
the measured parameters assumes one of a plurality of

predetermined values.

15 13. A method according to any of the claims 1-12,
characterizedby maintaining the state of the
charge of the battery after the termination of charging by

means of a pulsating current.

14. A method according to any of the claims 1-13,

20 characterizedbybriefly 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.

25 15. An apparatus for charging a rechargeable battery, said
apparatus comprising
an electrical source of energy,
a measuring device for measuring at least one
characteristic parameter of the charging process at
30 subsequent points of time during charging,
a control unit for calculating at least one
Characteristic parameter, controlling the energy source and

for terminating the charging process, and




10 37. A nethod according to any of the clains 25-36, wherei n t he

char gi ng he battery is controlled by pul se width
nodul at i rlﬂmm ’!&I‘!& ‘E itage sour ce. 38. A nethod according to any
of the cl ; ein the determ nation of said rate of change
Is i.nitiated when a 15 neasured val ue O%Sthe characteristic paraneters

exceeds a pr edet er m ned value A net hod according to any of the

claims 32-38, ML for s 8@59 RS STBLREN Y A 4tBFe & sfﬁsmaafﬁéage of a
plurality of [reasur efren svmt in a certain period of tine.

met hod acCOFRFHG 4D ARV GF EReCRPaFAREDB! 390 hnktdi 7 ana%ﬂ%/@h%%ﬁ?%g
period is casterieded to a predeterm ned maxi num peri od. 41. A

hod d cl aj wh h h '
rocess | st erihar@ 17T orebr FRRRITLIE A ar TR e ookt ot dkieRds a
pr edet & mmsEswieed epd paneber valuespecalvel@aeanpaeameter vallges Aangdt hod
according to-amyn ol Lhe,clal of Zﬁe dly MHELELE o bRErSiatfeOknLpgififarge

of the battery i's nalntained a
process based on the values stored,

characterizedin that the control unit is adapted
to determine a remaining charging period of time and thereby

10 a stop point of time for the charging process at at least one
of the said measurement points of time based on a comparison
of the measured characteristic parameter or parameters with
the reference values.

16. An apparatus according to claim 15,

15 characterizedin that an optimum remaining
charging time and thereby an optimum stop point of time is
determined from a plurality of stop points of time resulting
from such comparisons, each comparison being based on a
correlation between parameter values at subsequent point of

20 times and their distances in time from their respective stop
points of time.

17. An apparatus according to claim 15 or 16,
characterizedin that for each of the said
measurement points of time, it is adapted to compare actual
25 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 sgaid stop points of time
by comparing the rate of change with reference values.

30 18. An apparatus according to any of the claims 15-17, said
apparatus being capable of measuring the voltage across the
connection terminals of the battery,
characterizedin that it is capable of cutting-
off the charging current to the battery for a brief period

35 Dbefore the voltage of the battery is measured.




said term nation of the charging process by feeding a 30 pul sating current

tothetermna battery.
iﬂm w ‘ m or charging a rechargeabl e battery, said
appar at connecting nmeans for connecting the battery to

el ectri cal power source, 5 meaps for surveying the course of at
Ieast one chargi ng paraneter during at |east part of the process of
chargi ng ti®e. An bhappL£rytus accordBeqstdoci£bnt1®) i ng the charging process
based on said a | east one char(gr ngrl; tgli‘%rret er éséjrrn}’]?f :LO charact
ura

eri zediadh 2%ctront ¢t nénor N trt3° of

r ef er ence piarined ero coomsesl r epe esehtagg suppl tedl ttcsttrlme opradesryabde
processes (Ha ChAig! At fenbatierant ols ke%t‘!aﬁéPé'élééf‘ytifM statfg of charge

of the battery _ or conparin e course sal d | east one
15 charyi EPHIRIRT L Vi CRRTgEREIRFREePAr amet er cour ses stored by
the electronic nmenory and for selecting the

20. An apparatus according to any of the claims 15-19,
characterizedin that the charging current fed to
the battery may be regulated by pulse width modulating a

constant voltage.

10 21. An apparatus according to any of the claims 15-20,
characterizedin that it is adapted to terminate
charging after a predetermined period after the start of the
charging process if one of the said stop points of time has
not occurred beforehand.

15 22. An apparatus according to claims 17-21,
characterizedin that it is adapted to terminate
charging if one of the measured parameters assumes one of a

plurality of predetermined values.

23. An apparatus according to claims 17-22,

20 characterizedin that it is adapted to maintain
the state of charge of the battery after the termination of
charging by means of a pulsating current.

24. An apparatus according to claims 17-23,
characterizedin that it is adapted to briefly

25 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.

25. A method of charging a rechargeable battery having a pair
30 of terminals, said method comprising
connecting an electrical power source to the terminals of
the battery,

17 FER _1_9&




reference course with a starting state of charge simlar to t he
startigmmﬁmlmuﬂ 11 f of the battery, and means for controlling
t he pr g.ﬂﬂ the battery 20 so as to approxi mate the course of
said at 1edst "on& parameter to the selected reference paraneter course.

44. An apparatus according to claim43, ﬁ,herei n the control means i s
adapted to briefly supply a voltage to £he battery prior to the

initiation of fhe [ process t 5 .measure _chargin aranet ers
and to determne ieyqu{e(’g péo}%s ecr(%q}oIesse Oaﬁ] gaet (r?rteegdssutr eorreentC%rae. &ther t he
char gi ng ociexs dts kendde part joff tike epkocess oAXhawgiagparfatalse accor di ng
to claim4aredA, aherein the control neans is adapted to control the

process of charging 30 the battery by controlling the voltage supplied to
t he conne&tqgﬁg‘g | the chapging, pEgeasH RIS AiSTd & tclgafius,
wher ei 15 t kmec @Ha@}ing pdanscar eswtapiatl, to control the vol tage supplied
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parameter courses representing idealistic or desirable
processes of charging the battery for various starting states
of charge of the battery in an electronic memory,

10 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
15 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.

26. A method according to claim 25, wherein said at least one
charging parameter is selected from the group consisting of
20 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.

27. A method according to claim 25 or 26, wherein voltage is

25 Dbriefly 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.

28. A method according to any of the claims 25-27, wherein
30 the process of charging is controlled by controlling the vol-
tage supplied to the terminals of the battery.

29. A method according to claim 28, wherein the voltage
supplied to the battery is controlled so as to maintain the
electric charging current supplied to the battery at sub-
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means substantially at the sanme maxi num val ue during a nmej or part

of th 47. An apparatus according to claim45 or 46,
vvhere Hﬁmmﬁ ﬂﬂmrmeans i s adapted to control the voltage supplied to

5 the battiery he charging current is kept relatively | ow at the
begi nni ng of the charging process. 48. An apparatus according to any
oflthe cl ai ns 43 47 wherein the con??ol nmeans are adapted to limt the
vol t age su t he connectln S redeter | 10
and to tef) arsé"imneg nbar ocess en éitu(}l ggt e?n%:'ned Eﬂler({pe%rrpﬁlxo

time rel aw@rmn@l@mease—nce course finally sel ected by the corrparl ng
and sel ecting neans and starting when sai d vol tage nmaxi mum has been

r eached. 49. An apparatus according to any of the clains 43- 48 15

wherei n t RO -sdr WEENRS MG Bdhris S Iiddh2d BT Qi r sfaEin Fheaplitage
val ues of s ialg Ieasthoonatahangiing qaiedetiedd alo that the charging

5 current is kept relatively low at the beginning of the

charging process.

31. A method according to any of the claims 25-30, wherein
the voltage supplied to the terminals of the battery is
limited to a predetermined maximum, the charging process

10 being terminated at the expiration of a predetermined period

of time starting when said voltage has reached said maximum.

32. A method according to claim 31, wherein said predeter-
mined period of time is related to the reference course

selected.

15 33. A method according to any of the claims 25-32, 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

20 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

25 terminating the charging process when said remaining

period of time has expired.

34. A method according to claim 33, wherein the rate of
change of the parameter values as a function of the charging

time lapsed is compared to similar reference values.

30 35. A method according to claim 33 or 34, wherein the

charging current is cut off for a short period of time




short time intervals during charging, the conparing neans being adapt ed
to conpare theHEaranEter val ues neasured with correspondi ng reference

val ues OLII mm IHHME Imar aneter 20 courses and to select the rel evant
referenc

based on such conpari son. 50. An
appar at us accordlng to cl ai m 49, wher ei R4t he conpari ng nmeans are
adapted to conpare the rate of change of the paraneter values as a

function ofmhde; £thar @i @ﬁléf NEo | 8REIE dndBs Wk-dhe St NbE afhé @t@@@@ayal ues.
51. An app rf.us accor to claim49 or 50, wherein t control neans

are adapt %ﬁﬁc%f? e Pargehy torPengis- supplled to the battery for

a short period of time |nned| ately prior to each neasurenent of the
potent!aJ %%fffr éfﬁ?% 8 o%gfnga{§e£th8fa%ﬂgléla%%s 335§5 A PRy, at us
according 10 any o arns 49-51, eérefn the neasufti ng néans are
adapt ed t cchreaparamether values are measured and the rates of change of
5 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.

10 37. A method according to any of the claims 25-36, wherein
the charging current fed to the battery is controlled by
pulse width modulating a congtant voltage source.

38. A method according to any of the claims 26-37, wherein
the determination of said rate of change is initiated when a
15 measured value of the characteristic parameters exceeds a

predetermined value.

39. A method according to any of the claims 32-38, wherein
each of said parameter values is an average of a plurality of

measurements within a certain period of time.

20 40. A method according to any of the claims 25-39, wherein
the charging period is restricted to a predetermined maximum

period.

41. A method according to any of the claims 25-40, wherein
the charging process 1is terminated if one of the parameter
25 values measured exceeds a predetermined value for the

respective parameter.

42. A method according to any of the claims 25-41, wherein
the state of the charge of the battery is maintained after
said termination of the charging process by feeding a

30 pulsating current to the terminals of the battery.
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36 arameter values at uniformfirst time intervals, the surveyi ng
neanj H ,j ﬂ ﬁl determne the rate of change based on paraneter
val ues; ond time intervals each being a multiple of the

first tine interval .* 5 53. An apparatus according to any of the clains
43-52, wherein the control means arg,adapted to feed charging
current to the battery by pul se wi dth nddul ati ng a const ant vol t age

S : 4 di L ai
ource. 4 a4, N1 RPAS A YS @%t&gdﬁgg% QR AR Hatike HaltdidTs, 435% 10

wherein the survey neans are a Initiat€ the deter- m nati on of
t he rat e ePrefatye WeaWwradSidldre of the charac- teristic paraneter

measur ed exce%,@%n%cl%r'%%e‘ir@a@iisn%x\/fﬂdﬂﬂmecting the bARttapparat s according to
any of the clains %9-5 , wherein each of said paraneter val ues conpared
i s an avePA§ELFE G PP AW f neasurenents within a certain period of

tine. s Steaf’ Epparsairieydeeodiengdursanyfofatt Headtaione 4385 ing
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,

10 characterizedin 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

15 charging parameter with the reference parameter courses
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

20 so0 as to approximate the course of said at least one

parameter to the selected reference parameter course.

44. An apparatus according to claim 43, wherein the control
means is adapted to briefly supply a voltage to the battery
prior to the initiation of the charging process and to

25 measure charging parameters and to determine in response to
the measurement results whether the charging process is to be
initiated.

45. An apparatus according to claim 43 or 44, wherein the
control means is adapted to control the process of charging

30 the battery by controlling the voltage supplied to the
connecting means.

46. An apparatus according to claim 45, wherein the control
means are adapted to control the voltage supplied to the
connecting means so as to maintain the electric charging

35 current supplied to the battery connected to the connecting
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wherein the control nmeans are adapted to restrict the chargi ng peri od

to a pr, Lhed nmaxi num peri od. 20 57. An apparatus according to any
of the’ﬁi@ﬁgmﬂ"ﬂﬁwm wherein the control nmeans are adapted to term nate
t'he * i s if one of the paraneter val ues neasured

exceéeds a predeterm ned value for the regpective paraneter. 58. An
appar atus according to any of the clains 43-57, 25 wherein the control
means arerﬁﬁlﬂiﬁ&dmﬁtéleefbmjbbﬁsath@gsame rmaxirent ta@lidedecohngcaingjoeans
so as to maintain the state, of the charge of the battery after said
term nati&?la%‘_f ?ﬂethe C%%ragb?%gplﬁ?%%%ss"s. 59. An appar)altt us according
to any of the clainms 43-58 30 conprising a mcroprocessor for controlling

the operati-pn A appatdudPRAESLESng to claim 45 or 46, wherein the

control means is adapted to control the voltage supplied to
5 the battery so that the charging current is kept relatively
low at the beginning of the charging process.

48. An apparatus according to any of the claims 43-47,
wherein the control means are adapted to limit the voltage
supplied to the connecting means to a predetermined maximum,
10 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.

49. An apparatus according to any of the claims 43-48,

15 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

20 courses and to select the relevant reference parameter course

based on such comparison.

50. An apparatus according to claim 49, wherein the comparing
means are adapted to compare the rate of change of the
parameter values as a function of the charging time lapsed

25 with similar reference values.

51. An apparatus according to claim 49 or 50, 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
30 of the battery terminals.

52. An apparatus according to any of the claims 49-51,

wherein the measuring means are adapted to measure the
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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.

53. An apparatus according to any of the claims 43-52,
wherein the control means are adapted to feed charging
current to the battery by pulse width modulating a constant
voltage source.

54. An apparatus according to any of the claims 43-53,
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.

55. An apparatus according to any of the claims 49-54,
wherein each of said parameter values compared is an average
of a plurality of measurements within a certain period of
time.

56. An apparatus according to any of the claims 43-55,
wherein the control means are adapted to restrict the
charging period to a predetermined maximum period.

57. An apparatus according to any of the claims 43-56,
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.

58. An apparatus according to any of the claims 43-57,
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.

59. An apparatus according to any of the claims 43-58

comprising a microprocessor for controlling the operation of
the apparatus.
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