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Char gt ng device for charging rechargeable batteries with

t enper at ur svalesm2ssient term nati on of the charging process. PpOemodNesshi on
rel ates to a charging device for chargi ngi a rechargeabl e battery,
conprising: first means for the supply oft charging current to the battery,
second nmeans for termnating the s;gbqlg% of ., chargi ng current v&wen the .
battery (ARE8iBE dgyice for charging, scharg pligries i) iemiberatyrgrieppndent termination

t enper at y at the beginning of the supply of charging
current. l"’gﬁté‘ﬂ&é*%ﬁéﬁg‘?éﬁg{'devi ce is knowmn from inter alia, United States
Patent 10 US 4, 816, 737.. \When rechargeabl e. batteries such as NiCd

(ni ckel -cadm um and N MH (ni ckel -netal -hydride) batteries are charged the
tenperature of the battery increases rapidly at the end of the charging
process. \Wen charging is not termnated in due tinme the battery may be
damaged and its life an wil] be reduced. Therefore, it is i rtant. to
stop the charging pr ozﬁ?s‘“mwntrﬁ'éteﬁé?la &“&Tﬂ%‘?‘%&&’é‘%ﬂé argeable;
limt. | ; rging 15 device the increase in battery tenperature
is deter %a{rﬁéelﬁ’ mﬁggg ring the difference between the battery tenperature
and t he dirsti mernstfonthersupplyef chargingacutrént 4o ¢het basteryneasur enent requires two
t enper at ure sensaor one..f or asurin he .ami ent t.e e

other T oPeomeRdnrh gos RERinaRbe M5 BERIYCH. rfeiRE SyERl o BIRRE BptE sBRRel 8T eng
anbi erf  tefiperamia vhichds hiphes tfapensiailiaentperdtuielsftthé battérpiat itied béginming of thee
of the battery is npasured when charging 20 begins and is stored ina
menory. - SUPRIRQfSRABING QWiEnhat tery tenperature is continual ly neasured and
conpared with the stored initial tenperature. Charging is term nated once

the difference between the instantaneous tenperature and the stored initial
tenperature exceeds a given threshold. This type of neasurenent requires

Conttruct i ont but st oD dratking frvie EHTBUpRaRs e dih Tl 185 Byt
meansiof s digl6[77. Wi B tuftetieDsuch-2di NICda(nickePYaRIi8h) arld']iMH

anal og-t o- d{“gl tal converter then constantly converts the instantaneous

t enper at éhiskelzmetal-hydridehbattegies are ¢hazgedrthe terperatuempbthgbatterysingisases ropidlyrati s
gnge . SrtrieTiig \
el oot A8, td B ¥ cHltging Piboes” Ofifhn'alend) ' Rthhatd in SERHE ne bafery

conpar at imvayl be damhaged ane itzriife spdnewilhbe edincel. 'Thedefore; d&t isrimportamaoistop the
expensi ve, for _nmany uses. 2 Therefore, it is an object qQf the inventi.on
Lo provi GEEgIgHRIPEsA vhea e balkesy eraparaliiosiseetsya partany L. d theknpwn, Eharging
over Ciar detige e MEFBSSinViatle T RApRINIRSs Q8RrkMed b§ Théddfiing theadiffbrREEHETWESE! -

To achieve this, according t'o the invention, the” charging
the battery temperature and the ambient temperature. Such a differential measurement

requires two temperature sensors, one for measuring the ambient temperature and the other
for measuring the battery temperature. The sensor for measuring the ambie.nt. temperature can
. be dispensed with in that the initial temperature of the battery is measured when chargihg
20 begins and is stored in a memory. Subsequently, the battery temperature is continually
measured and compared with the stored i_nitial temperature. Charging is terminated oncl; the
difference between the insmnﬁmeoﬁs temperature and the stored initial terhperature exceeds a
given threshold. This type of measurement requires only one temperature sensor, which is
- advantageous for the mechanical construction, but storing the initial temperature is feasible
25 only by means of a digital memory and an analog-to-digital converter. The'analo.g-to-digital
_converter then constantly converts the instantaneous temperature value into a digital
instantaneous-temperature signal, which is cdmpared digitally with the stored initial
temperature. However, the analog-to-digital converter and the digital signal pro'cessing'are

comparatively intricate and make the charging device unnecessarily expensive for many uses.



device of the type defined in the opening parégraph S Characterised I n
that the c ' 5 device further conprises third neans for _determning in
whi ch tenperature range of a plurality of at |east two gi veRCT ure
ranges the initial tenperature lies and fpr selecting the end tenperature
in dependence upon the instantaneous tenperature range thus determ ned. The
chargi ng device in accprélafdps iMsidh dtjectiof R nvemidBioShrovidR aSHAtIRS déHcd For
whi ch tenperature range the tenperature of the battery to be charged lies
when charrgehageasblsi besterien by means afaehigh everakargingial eacestive dempespiyresiaag bend
tenmper at .lﬂ'rgcl@&ed"m'acﬂm?@&%ﬁ& 3 akfiehE mtise,ra!&&%h@dm! tﬁﬁ ?:’?\Jeﬁﬁ&&dthelﬂﬁg&oes
not require a continuous tenperature neasurenment wi-th an andl og-to-di-git al
conver t erdebige ofritheetype alefinedcint the ropeieg Iperagtdph is eharactedsashih thetthe rchanging i s
reached. 5. . ._dn the sinpl est wversi.on the nunber of

{ enperat SFECP Sy commriges i Breof SOB R NELBUPLRR {iera e BoEB AT 2o

det er m nelwhktyhsfrattieast Bad givel téRparatued ringes\thRrinitAR tedpedat BRIl é3SandSfo BElEQing!
bel ow a given tenperature, for exanple [err]. If the tenperature is foun
to be belteendiempertursripdenendpass upanthe igstariansons tlemperatprs, ragge e [err ],

i s sel ectgfh-midagt he other case a conparatively: high end tenperature, for
exanpl e 5 ferl{réfL Is 20 selected. It will be obvious that a |arger nunber
of tenperature ranges Thenchaegiog deviogin adveriancsl withabe invention mecely de®pmings ng
nunbey, of. end.tenperatures. The values of .the correspgndi ng.end o,
Fenpeltt db ot FERArERRs hAdeperhics BF PretiueRoio bhEarpahithen chasgiog,
dat a and pgginsi OhEihiPRS Keen (deRrifled) dRbrre N ding @AB! 1Bmperatu?é ¥t whith&HasgrRNt
of the charging device in accordance with the rrnvention is 25

char act eit® sederminatediis selpstedn This daes Mot raquirg decontipupushiemparature aneaguremenat i ng
a tenper gj; - et . S fi n qglp t t one
referencgmshlr%n%ﬁa?(?%%d@%f%e&?ﬂ%n%tﬂqté%srwg V\get%ﬁq\%n Zﬂrfeged?g?el}gete‘lr gxgd;es, sixth
means f otemperatare isgreadheds enper at ur e- dependent signal with the at | east one

refergnce 30 signal and to s |y, . when the supply of charging curyeng,
begi i, a deci si gn si gﬂaﬂle_. F‘&‘Hﬁl‘%givg‘lé’(% ‘FF\&"F‘%‘E ﬁﬁ%&%ﬁﬁ%ér'gf‘ﬁ?e‘“r%ﬁﬁﬁ,
and seveghde ARRBSuréMENGE 3TBEED to aétb@hink WhefiéP e/ batfery RMpbrdtGreCWhére SMarging

begun, the at |east one reference signal in respons€ to the decision

si gnal . baginpisatays edibelow agivengempenapirehfor exampleadut@. Hithe rempesaturs iy

t enper at e 3 | - Lth g I i gnal .

eaPer at Wolh 1o R WIGD 1672 QIcaoRRAVEY 163 STBAREIL fr SARPR'RNE, &1 079 -
~ selected. In the other case a comparatively high end temperature, for example 60 °C, is

(

20 selected. It will be obvious that a larger number of temperature ranges can be distinguished
and chosen with a correspon'diﬁg number of end temberatui?es. “The values of the -
corresponding end temperatures depend on the type of battery and' follows from the technical

' data and specifications of the relevant rechargeable battery.
| An embodiment of the charging device in accordance with the invention is

25 characterised in that the third means include: |
foui-th means for generating’ a temperature-dependent 'sigha_l,
fifth means for ger'leratin_g”at least one reference signal to define the at least two given
temperature ranges, S |
sixth means for comparing the temperature-dependent signal with the at least one reference

30 signal and to supply, when the supply of charging’ current begins, 2 decision signal to
indicate the instantaneous temperatﬁre range, and’ B
seventh means for changing, after the supply of charging current has begun, the at least one

| reference signal in response to the decision signal. - o
In this embodiment a signal which is a measure of the battery temperature



yields the tenperature range in which the initial tenperature lies.
Subsequent | Y09582%38e basis of the resutt, the value of the rROTABHUESS| gnal
i,s changed to a new value which is a neasyre of the selected end
tenperature. Charging of the battery is disscontinued when the vaI ue of 5

t he signal which is measure of the bat rature |s ual to.the
changed réY ing BRSNS 1ST¢RIN] ‘é’“?&rregeéﬁéf’ r@g ﬂ‘etré"ﬁ"ﬂéf’gﬁgﬁ‘ EgRaERBent
signal caridgs tHEkMPRANRE rifbevia s theakfial Edfperdilife sl SobRqaentgroadherbas
of the charging device in accordance with the invention is characterised in

that the fafihe FesuBBathe vabienfi the referepce signglds shansed deadiew valug whichiisa mpgsure
I's thermal E’g’g“ﬁ et RSk

enbodi mentdfl)ﬂ%é:g gért%g?ﬁedrjlt S t?ﬁ%‘rgg%f’? %‘E?’ta gﬁcgonpﬁasqg{elgqg% rvglue of
gauge vhi che signatehiah i aimeasure wflteibattery tdmpesatnge isfequilaolibe changed réference
terrperaturen&Feff'icient of the strain gauge differing fromthe tenperature
coeffici erfté the housing of the battery. A very sinple enbodi nent having

two tenperature ranges The mb@is¥or @ener@ihgld temperdtbrtdépbidenh sigfalrianite
include: a first voltage divider conprising a first resistor and a

t enper at url@pmtqdu ipevarioys $ays. FarrBisrpuregse raesq@ttqslpmaﬁd:ft%chargmg device in

t enper at ur t»hgt? %béntzf% z?‘éhzi}gczéﬁ}eﬂ Qﬂé}ezﬁ{: %LAH‘ oﬁ 38 %e:
second vol age I'vider comprising Second resistor and a re rence

resi sty uﬁnpﬂames-sensawee'estabuwhwb mahermhlly: coupled apthei batterys (Rondke same he
deci sion si d resi tor and 20 the reference resistor bheing

| t
nt e conn Sufge anoter SABANmentS charagisid oy Wat (B8 PR MEBE COBRRRALHEN { o

the first gagse mﬁhssmﬂam&d@ dbgled a¥ iatbuding Vftthel bartedy, ﬁxﬁﬂé}hgérﬁﬁré Béefficient
deci sion sighal. The two voltage dividers forma resistance bridge where

the poi nt offthe:sfrain igBuge.differing ieony the: tamperaeiraseefficient of e hoysmspémmtte@n
the tenperature owng t e
vari ablrrg by means of gt h'g végyc" a%lle Llﬁ e{"g{'ltclﬁea%}@swé fl"g{ﬁ% rﬁ{\ée[ gli?gg g

t he colfparinticat thotha meardsHcludsi stance val ue of the tenperature resi stor
wth the re ist‘glnce val ue of the r?_ erence resistor. After char %I ng has
1

started t et ¥ Pﬁecﬂi‘(l def CUMRYisng & firstEsISBRARg a (TRPLIRINES-SAnsIbYe FSiLor, She fifg
new ref er gBG@of & ﬁfe&@ﬁgﬁ ﬁlrél‘é‘&sitﬁretrQ?QSr &ahs%tefion&&ted in a first node,

Thi s enbodi nent may b aracterised furt in that the tenperature-
sensi ti ve arsgcond mltazasivadwegmmsmgtaamnmrwmmm 4 reference resxstqrhdmsc he

ref erence IeI oment .of X t
L oo p bt Ya WREHESE it R T RshSise 30 MALHERRON, siBhatr ule' e 5@k 2hd
fixed 20esithd mfe&ycmﬁanwrﬁexﬁganmﬁnhme@m 4 e&dong riodensi stors, and in that

the charging device further conprises eighth nmeans for turning qQn one of
t he a comparator having inputs connected to the Tirst and the second node and having an output

n(D

for supplying the decision signal. o
The two voltage dividers form a resistance bridge where the point of
equilibrium in the voltage between the t_aps_'is dependent on the temperature owing to the

25 temperature-sensitive resistor and is variable by means of the variable reference resistor.
When charging begins the comparator compares the resistance value. of the temperature
resistor with the resistance value of the reference resistor. After charging has started the
binary output signal of the comparator determines which of two new reference resistance
values is to be selected. | | _

30 - This embodiment may be characterised further in that the témperature-
sensitive resistor has a negative ternperature coefficient, in that the reference resistor
comprises the parallel arrangement of a fixed resistor and two paraliel resistors which can be

- arranged in parallel with this fixed resistor by means of respective switching transistors, and

‘in that the charging device further compnses eighth means for turmng on one of the.



4 respective swtching transistors after the beginning of the supply of
char gi ng CWUy?B# g 'he resistance value of a resistor with a negative

t enperature coe PP ci ent (NTC) decreases as the tenperature FGIABYWES0 The
point of equilibriumof the bridge at a Qigher tenperature is reached for a
smal l er value of the reference resistor. The smaller value 5 is obtained by
arrangi Ngeg I s ehink tar'W) : { val ue of
The. par i e arARRing RO Sherhé Bekifink EIHE ALY P Litkptng shiai'™, €\ e
resistor at the sel ecilda resislanceMalues0fia msiskirevighnb megativet tempgrahure coefficient

e e+ S bR b b (ehBloghE i BLD R R o of i rbdeBfee 3 0

receive hilghexgem:psi'amresik guaheld for\a smalker chlvelof it?@k&féﬁeﬁi&el feRizfiry The 'lsﬁaaﬂéxaﬁilue
si gnak, and . hav t wo .conpl enent ar tputs for supplying conpl enentary
cont r§| 8 Fﬂ?%“, Qﬁﬁﬂ%\%%ﬁ%ﬁ t%v¥eﬁ5tw'§hgﬁéﬁfﬁ%trﬁ@s@brfﬁh@mm af the
control pdrgiellresiétor isEeterRRRRICHY MR reVikthfdy ! Nﬁc SORER

the start signal. The flip-fl pr | at ches .tilaéggtgg'?éeg %% t elll e%élsrm on sgg%tgé
upon rectdlemMPeEratyre. 15 starting signal indicating the start of the

bor o ocs Do >rarting - _ G sal Y it ohi i st
Co L bt nad-on_and t o S efiofthent by HengraBtAadl lther 3 st the dehdigaRh t ne
fixed redompriseea flipiflopdavinghedgaipue, which s chiphstkiol the ot bf theSédiiphirstorfo

| ong ﬁs char-gi,ng, has naqt a?eﬁn,stariqe? .and therepy inhibit a nmeasurement of
the i tEFVE Uifpdscyion Uenafy having a clack jnput fer raseiving 2 siaet signal candipving two
transi st@fpleRemhd sUians ks Wpi A RERER Ay s ihe

i nventi on_n?/;\np Il no‘\?v blgﬁ'(rjtsescr. | Bgrgﬁ([ignc € l%@?@g e \5&%! E‘g?‘aé'?'e#}g"ﬁ%‘;‘e t8 i:gcéxl efor
acco npam&ranamermplememymnmg sigaald (e Hewespective switthing agnsisonf urier
enmbodi ﬂindaotctlﬂgrs%fﬁgngq‘?w ce 25 in accordance with the invention,

Fi gure shows a CI'rc dli"agram of an alternative enbodi ment of a charging
device in accordance Thé flip-fiep ialtbhfeﬁllﬂd)ﬁat_emdbé:ﬂé&i'ii@n-ﬁgﬁﬂ%n%&?%tt&rmew th
‘a st n- gauge, for. Hse,on a charging device in accordance wth the .

i nve c?ng“@g signal indicating the start of the;qharging-prpgesss Depeading omshis statsoone ofibe
same T efsiRRMg MMNRIGH & rFied bia te £iblor 8 AHA0A n BRLAIRO0 TR
of a chargi ng@devi ce in gccor a%"@eﬁ?m%pﬁ'@ﬁ@ei'%\%igtﬁ’f_?goﬁ‘g{“ _re_fé’hg&a‘@%‘f"gﬁ%
“bat t er y fixedgefesence aesistor. Vihe gatesoircuits blockt the zontrolSsignals as long as charging has

not been started and thereby inhibit a measurement of the initial temperature. This is because

neither of the switching transistors should then be driven.

20

Theée and other aspects of the invention will now be descﬁbed and
elucidated with reference to the accompanying drawings, in which '
Figure 1 shows a circuit diagram of an émbo_diment of a charging device
25  in accordance with the invention, B o | |
Figure 2 shows a circuit diagram of an alternative embodiment of a
cha.rgirig device in accordance with the invention, and | o
' Figure 3 shows a battery with a Strainfgauge for u;é' on a charging device

in accordance with the invention.

30 ' In these Figures like elements bear the same reference numerals.

Figure 1 shows a circuit diagram of an e_mbo'.di'me'nt of a charging device

in accordance with the invention. A rechargeable battery 2 is connected, via a switch 4,t0a



‘posi tive supply terminal 6 and to a negative supply terninal 8 of a d.c.
supply 10, wewsisasasegat i ve supply t'ermnal is considered to PEI/IRISNEGS0ed to
earth The d.c. supply 10 conprises, by way of exanple, a rectifier bridge
12 and a transformer 14, but any ot her pévver source supplyl ng a swtabl e

direct voltage may be used The switch 4 is act uaLgd VI T é Ec
circuit pesitisesupplyterminald. g toacRegalY§ SuPRIX fepmina T??Pp 3b§l ¥

whi ch t e siveipdly i8R §1c058ered 1lod Borrbieh 1h @4rik.CPRY MlcnGugbigtonal DS
by neans 5 CRPYhE St Ch be opened. The sw tch can be a _relay
or a sw tcompngest, rbgrma)sobexamﬁh@. a rwsﬁeramdgsu ¥cand a wensfarmasel 45 bybany edet

o P11 ORotet SodiSS SpTYiRs aSianE Alfed itkhs By Rl usbO  TAL LA S Geriited 513 .

ter I'S neasure

of a tenMariglrfate cit@iSid hy\angzhﬂrmqm fdSredéiving d sart htgnahSTBTp by pimds bﬁ »\thm
battery 2. The tenperature-sensitjive elenepnt 18 js, égrBexa Fé@l‘ %I stor

with a ndgswikch ¢ eapbe slased aean MBI TRARIEE 2 Stedak QB¢
is, for WF' & £BAP6Ea rdfy lo? aShARin rkrﬁislittc:r?fl‘ha istbrfaden
gauge 74%0 t‘%eca]nae@‘l[J @eﬂ%sﬂg f“'Y{iec(ﬂbatteryaZ ¥he strai nggau bei ng

del i ber atcircyit 46loantbec set-rdsst flipaflep witheasgasiased electroni¢ fevie r@n@q@l pgthe t he
tenperature ﬁoefflment of the battery jacket. In the case of a suitable
choi ce t #¥IEBAai n gauge then behaves as a tenperature-sensitive resistor

Wi th gpositive or negpid impbRIlie o the Bate?f 2fis icafired O \means lof a tamperature-
rechargeabl e battery with such a strain gauge can alsqg be used in

conj unct isemsitive: elemeant: k¥ whishis ghermalin cewpled 1o e batemn 3. nEhSctemPeRMIBSAnsiEYS n
consi t1 vEIanef RSl kiR, foblaff SRE3ngedureRRRRARYE LoBrRETR ERTCH Rredd

sensitive errra y cou attery
t enper at Wrehigassistor itas efoe rmnhplésalisu pessible so chadse,casr isshewniin Hig.i 35 aastmmged

b h d 22 h .
oupply vaenee 2 o dhe faeke1a.f Berdy'D B Sininiaued Drit cEffaEileiaia' ' v
vol tapge Slﬁ% 6lemé Llrr@%be?ﬁgiremz@neaﬂﬂ toltRe tepipeedtaleLdoRffiiéift iof itvebatteeyrfarket] 3n

are connecte In a node 24 and forma 25 tenperature-dependent
vol t age dhe cmrof absmlabbrmnomlthageald|gauzﬁe§heb@t=b§é/§ﬁ aé&r‘?'ﬁl’%[ﬁﬁ“’?‘ﬁ@“%&'ﬁ‘?ﬁ@‘
supply ter. 2co ri.S | whas S
vari abl e "?”:tnlh §tp85 Ve Shg %a"r gi?@?‘grstf"%gﬁﬂc'gﬁé Pzélﬁsufc' %I’ & are nir?zﬁcati{g ?ghone
anot her igack andm Zdge Ican iz uer&sem cmﬁsmnbhewtlebateey\chargasnﬂndl differ from

consists of a fixed resistor 32 and resistors 34 a 36._whi ch
can be arthesegdescribedhgrein bug W‘i"l‘?‘?%@op .t&%&%gs PIYESH 15FPANST b%éq?%é’%‘&}""‘

ool 20 Db LEhhe wilhy 30 thetflat] BEutar RPng hatd, 30 20 e Connect ed {9

i nputs-o avin ut put 44, |ch suppl i es_a decj si on
signal DS, whi ch is commpevaem-mnsghva elempet 1%int $egies Wi h; 3 eesistre23§ | s

| arger than th volta he n 0

t he- oppodtFBEES bEwer Sarnf and Adaie app LR 2, MhiFRCRRAKE! 4 Bositve Sliply)
of a { | prditage frdth fRvd. Bgsu%plij 90 lsr FroRiindelierauitable sapply vokagei soarotehd‘hstremstor
stgna 20 and the temperature-sensitive element 18 are connected together in a node 24 and form a

25 temperature-dependent voltage divider. A second voltage divider between earth -and the

positive supply terminal 22 comprises a reference resistor 26, whose resistance is variable in

[@)

steps, and a resistor 28, which resistors are connected to one another in a node 30. In the
present case the reference resistor 26 consists of a fixed resistor 32 and two parallel resistors
' 34 and 36, which can be arranged in parallel with the fixed resistor 32 by respective
30 switching transistors 38 and 40. The nodes 24 and 30 are'connected_ to inputs ofa
comparator 42 having an output 44, which supplies a decision signal DS, which is
comparatively high if the voltage on the node 30 is larger than the voltage on the node 24
and which'is comparatively low in the opposite case. The decision signal DS is applied to the .

data input 46 of a flip-flop 48 having a clock input 50 arranged to receive the start signal



6 STRT and having an output 52 which takes over the val ue of t he deci sion:
signal DS wh@osmsiosi tive-going edge of the start signal ?'ﬁrfq%"%ﬁ gnal
A

CS1 fromthe output 52 functions as the control signal for over
the switching transistor 40. The conpl emgntary output 54 of the flip-flop
48 supplies a conplenentary control signal CS2 for switching over the 5

SW It phijngmrl’aa:sii hﬁvﬁgg ﬁBoutﬁbeStWEh&nﬂstmy ggwmwb% Ws&n@énaﬁm ipfon @r e
applied to.i.nput.s of respective a e out :
conect cRONEVERENE et 6F e start FeRl SR The Sepl G b oM e il 9o Tugftong asg
The st ar thesdonfrol slgimor Switéhithg 6¢dert e sWitthifg thafsistos 40f Th@@orﬁ%ﬁnﬁﬂb?f oafpund
58, as a_result of which the swi tching transistors 38 and are both'in a

non- cond®® Of Hi Sipaflep 4 sypplise asromplemeniary confreirsignal IGSR, for gwitching over the
When_ghagyjy &ﬂnn%ﬁaﬁmonﬁ% " P cdmplEdk e Gl Heha iK1 UndCST aldadeita ¢ 11

conparat or corpares the resi st re-se rve
el ement nPutsi Qﬂrespceuveaé.m-gmem56ahd580ﬁhdsbe>utpumakermnemm to3the coimeolval ue of

he f f
t onper at GPETRsR of e SHERERRRs5ts #05ang . THR e St STRT s applishgp durpher
[err]. Timpats oftthé awlu%méegevmfw ak Rereduli bf ﬁhnchetﬁ@%ﬁéﬂiﬂgf thsiétbs IPadLIy 2

I s above or, bel ow [err] deci sion signal DS fromthe conparator
has a cofsdiosh FW%I“?"‘iCGWHP&F&équ Wbﬁé‘herﬁm angnale‘ifﬁb'rauqve is below 15 [err]

and conparatively h e

[err]qo Uggn a :o\c/)5| %/I v%m%é@o%gf l.{éq{ tg'lyt %lh?m &?ﬁgiﬁ%j ﬁ;e sgf‘{‘%%“‘h IS

cl osed athd coh'@agl:mrgcam:pannethbaeslmr;ce&alw aﬂthe taﬂpelrmndr-]kbgsﬁi&ﬂ?ﬁiﬁrlg h?lth "
t ant ue, o i si.on i s latgche y the | 0

and one. BF A, Yalth oig aed reyavs SBcte vtua,Of e Aredrranien corepphis ko

AND- gat eghe 36sigtaibe T th@&rﬁpérﬁﬁ#é’-iens:ﬁ?@e&fnehh% 'é?ﬁ g?}e‘ilrtém fel l%ﬁ ek§m le 15

arranged in_parallel wth t fixed resistor 32 uces t eva ue of
t he ref eren€bus; dsissiegided @vem;rethmmmaemeerewm of srhaitiery 2 ds abavedeietayd 18nd

2 e
Stopasa. G Tl SAHIGH a8 BS MRS e borilidlh B 4 BSmBRA Y 1Eyase B il
of, for tempeyature igiBelper 1y °Candal mﬂpadatmly high vaheiif 'thvmﬁfal téinmitﬁtbcits atove
er a ure is err

[l el th tial t
P arroer at L &Colbof i Dastbykig0ing GIBRat thg Shet SamaL STRT e awith 4Tl§§i0§%an@4 i
connect eghatging® of &Hel tittery’ P §s Watted SA Ofhe lsBife 'tid feGhstantdnedusl v gl@e ¥ ¢he

in such a manner that t'he parallel arrangenent of the fixed resistor 2 and
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25 the initial temperature is above 15 °C an end temperature of, for example, 60 °C is selected

- and the resistor 34 is connected in parallel. The values of the resistors 34 and 36 are selected
in such a manner that the parallel arrangement of the fixed ‘resistor 32 and the resistor 34 or
36 corresponds to the resistance value at 60 °C and at 40 °C, re'speciively’, of the. |
temperature-sensitive element 18 ‘with a negative temperature coefficient. The temperature of

30 ~the battery 2 will rise as the battery 2 is charged. When the selected end temperature is

reached the value of the decision signal DS'wiil rise from a comparatively low value toa
comparatively high value. This signal rise is an indication to the interface circuit 16 that the
switch 4 should be opened to discontinue charging of the battery 2. This prevents the battery

from being damaged by overcharging or by too high temperatures, which is particularly



7 inportant in the case of ‘NN MH (N ckel Metal. Hydri'de) batteries. |nstead
of a tenperwowss2ssensitive el enent 18 with a negative tenperrtnmes/00350
coefficient (NTC) it is possible to use an elenent with a positive
tenperature coefficient (PTC). In Ias_t-'rreﬂtioned case the value of the
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further swtching transistors 66 and 68 by neans of which Two further
resi st or s resistom2B ad therresistor 3Anwbich providesatwe referencer valyescmish whinh the yoltage

started a_si j ' ' % ' c for
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It wll be appreciated that the manner in which the tenperature of 3 e
battery i & FeoFRNgen A HESRJET 64 conversdhe putprt sigha) 425 gP the; SomPase fm

char gi ng ' gfe sligut 26tdth HRVRAE chftrdtNigilals 661, €62 €85 gny/ 2l Ue
which is a erre‘ggltﬂ?&gé&gf t he se?gg‘tngﬂqteoﬁgﬂtlﬁ?p@?afg&gﬁﬁﬁéﬁa&ggéd '?n’ response
to the deGSd; ofl whishpencasignal is bigheipan ¢henappehrance efithepositivegringpidge ofiithe staged
herein. signal STRT. The four control signals CS1, CS2, CS3 and CS4 are applied to the control

20 electrodes of the switching transistors 38 and 40 and two further switching transistors 66 and

68 by means of which two further resistors 70 and 72 can be connected in parallel.

| After chargiﬁg has started a signal rise in the output signal of one of the
comparators, for example the decfsion signal DS from the comparator 42, will form the
criterion for the selected end temperature being reached.

25 It will be appreciated that the manner in ‘which the temperature of the
battery is measured, the number of températufe ranges distinguished when charging of the
battery begins, and the manner in which the reference value which is a measure of the

~ selected end temperature is changed in response to the detected iemperature range are not
limited to the examples disclosed herein. '



8 CLAIMS: 1. A charging device for charging a rechargeable -
battery ((2}21 conprising: first neans (10, 4, 16) for the supply of charging
current tdJvPR tery (2), second neans (4, 16) for tern R&IBF/ABY supply ~
of charging current when the battery (2)8reaches an end tenperature which
I's higher than an initial tenperature of°the battery (2) at 5 the begi nning
of the s mﬁof charging current, characterised in that the charging
device f 'corr_pri ses third nmeans (18..58) for determ ning in which
tenperature range of a ptut aﬁ—t—y—et—at— | east two given tenperature ranges
the initial tenperat for sel ecting the end tenperature in
dependence upon the “[@Hﬁﬂ&' erature range thus determ ned. 10 2.
A chargi ng device as 1, characterised in that the third
means (18..58) include:. fourth maans (18 20) for- generatl ng a ,

t enper at ur e- dependent signal, fifth means (28, 32) for generating at | east

one reference signal q,defi f.t e Fanges
(ol fence o1 00l ARRIOR SR coh BT o WU HAR RO R S

the at |firssmeanse(10p8c16)foe the gipply eﬂd\atrgxngltpﬁ’em, tovhe baféry (snppl y of

chargi ng current begi g a decision sig ?Sf)g to indicate

nst ant SERASmERTAY 16) fos teraguing e Syl BioFh ingscyrrent Whes tteratm@ ng,

after tr}ga& f r nce
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devi c& dhe begmmaa of theCsuppiy of clmnangoue'cms euaractenmtt intthat théichargingadayice

(18..58) cl ude: t vol tag vi der rls a fir resist (20)

and ot dHpbRGiTiS R o OB Se it dbrmiii i FhER Poberally RS ORna (e ¢

t enper at iRttt lease twegmhczém{;é:ﬁaur@mges tHetiqitiap tahefemdrer Hestanldi fof tsel

(24), a second vol tage divider conprising a second resistor (28) a

refer end@e pad temperatpresin fmmn%sp@t tisdastanianeous emperatyle @ngé thiseps | n

[ eSpons gjetddml tuﬁﬂ deci sion signal (DS), the second resistor (28) and the

reference resrsfor (26) being interconnected in a second node (30),

conpHl atr (42) havi ndy qhargnngsde;memscelameuont(ﬂemi |lrsltargc2a)sednd thettehesdunhd

.(30) node an ng ,an out put for suppl ying the decision signal (BS). 9
%Qag’é'a‘@ﬂ ‘?egl ng device as clainmed in Claim3, characterised in

t hat t hefourth means (18; 20) for generating a temperature-dependent signal,

¢t

fifth means (28, 32) for generatmg at least one reference srgna] to def' ne the at least two
given temperature ranges,

15 sixth means (42) for companng the temperature—dependent signal wrth the at least one
reference signal and to supply, when the supply of chargmg current begms, a decision srgnal
(DS) to indicate the mstantaneous temperature range, and
seventh means (46..58) for changtng, after the supply of chargmg current has begun the at
least one reference signal in response to the decnsnon srgnal ' '

20 3. A chargmg devrce as claimed in Clatm 2, charactensed in that the thll‘d
means (18..58) mclude _

a first voltage divider compnsmg a first resistor (20) and a temperature-sensmve resistor
| (18), the first resistor (20) and the temperature-sensitive resrstor (18) being interconnected in
‘a first node (24), ' o

25 a second voltage divider comprising a second resistor (28) and a reference resistor (26)
whose resistance value is variable in steps in response to the decision signal (DS), the second
resistor (28) and the reference resistor (26) being interconneeted in a second node (30),

a comparator (42) having inputs connected to the first (24) and the second (30) node and
having an output for supplying the decision signal (DS).



tenperature-sensitive resistor (18) has a negative tenperature coefficient,
in that théveesaesshce resistor (26) conpri'sesithe parallel BCT/mgoOoIsat of a
fixed resistor (32) and two parallel resistors (34, 36) which can be
arranged in parallel with this fixed resi%t or by neans 5 of respective
switching transistors (38, 40), and in that the chargi ng device further
conpri sestei ght h neans (@H&‘%S’e‘ﬂﬁastfr]?‘meﬂg‘“&*a’ﬁhé’ 5‘%“? grised dpdbat;

Swi tchi n&eh?eﬁmréisa{sai&%%sisﬁp)(mfﬂa@ra ﬂegmd@e@maefange'-fe&eﬁﬁbﬁnﬁuﬁmxaf_mé _
charging current. 5. A charging device as clainmed in Caim4,
char act erzefasenderresistar (26) sompgiseshthenparatlel arsangeienicefin fixed resistar| (3g) andoiwvq 48)

havi ng a i [ ' t

Conpar at PRI Foplbrs 38} 36) PAiER A o€ RHERGES th Bkt it S R reishor By oiclf
(50) fHr ofaespectivegswitching tramsiggoral (38,303 and enthahthei chgrging devicepfurtientamprises
outputs (5 54) f | yi ng conpl e tary cantrol signals (CS 2

ond gat o SRt dides s 388 or bifing PR TRoF R M iropeavE SHHFBRE NRESOR (1E, G dfer
si gnal s (thSbéginkingloftke supply 6EERESIhY QuAeatt Ching transistors (40, 38) under
command of the start signal (STR]%. 15 6. ) _A chargi ng device
as claime% in dai m 2, ATharging deyicecasaglaigiedrin Saim 4, chagactenised fip dhatithereighth

18, 20 Y] at Wrex hGLive resistor Lch i |1
Coupl od’ (EETRAG -3 sOHRSe: 4 HirnSS 0% natihe 8t iy (3t whiSyi8 soubd fE R, ¥
in G 80 maltpit.(44) off thé com %?xr\tfz_z)i rrs]:av_écéiVe tﬁr?adedshﬂ dignal i(blsrmﬁnd an(algocﬁmput_
conpri se strai n gauge L ich is nmechanica coupled to a sin
(7[3? of t(%Q) th‘éﬁ“%ﬂ% %)S,WE signal (HEBT 24 andchaveng: woc?émle@gnweougpwai(%»g%éer )

(74) dif fs%?bl'}%gf édamxerhansﬁm&g\r gg@&@eﬁ,@sﬁnw at)E/ f&?g?fe&;és'ar}ssﬁmt he

battery (2 ) argeabl e bat t &r or ‘use In a
char gi ng transferring the eomplemenanyeontrobsigndle (GSik,1©52) de the tdspective switching

hat ¢ he EERERS 4L 38 bR AR o ob BB g SR Bh ThT on e Mechant cal 1y
25 ctiipleed to a housi Aghbrgig ddvided disiireariy Cidiin 2] Be4 beSpehdractetsed in that

coefficient of the strain gauge (74) differing fromthe fenperature
coef fici dh¢ fQyrth meansi8; AQ) comnrise ajgmparature-sensitive resistor (18) which is thermally

coupled to the battery (2).

7. A charging device as claimed in Claim 2, 3, 4 or 5, characterised in that
the fourth means (18, 20) comprise a strain gauge (74) which is mechanically coupled to a

20 housing (76) of the battery (2), the temperature coefficient of the strain gauge (74) differing
from the temperature coefficient of the housing of the battery (2). '
8. A rechargeable battery (2) for use in a charging device for charging
‘rechargeable batteries with temperature-dependent termination of the charging process,
characterised in that the battery is provided with a strain gauge (74) which is mechanically

25 coupled to a housing (76) of the battery (2), the temperature coefficient of the strain gauge
(74) differing from the temperature coefficient of the housing of the battery (2).
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