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EATTERY CHARGE MAINTAINERS
Lewis A, Medlar, Lansdabe, and James B, Godshalk, West
Pikeland Township, Pa., asslgnors io For Products
ﬂmp:;:y. Philadelphia, Pa., a corporation of Penn-
sylvan

Viled July 31, 1962, Ser. No. 213,650
j 1] Ehji-':;:. (Ol 328—21)
This zpplication is a continustion-tn-part of copending
spplication Serial No, 718,284, now abandoned, flled
February 28, 1958,

Thig invention relaies fo battery charpers and partic-
larly to an improved apparstus and method for main-
taining sorage batieries at & predetermined state of
charge, .

In the past, storage batteries were usaally maintzined
at the desired level of charge when idle, 8 in stoThee in
warchouses or in retzil esiablishments awailing sale, by
comstantly show charging with 2 irickle charger. Il has
recently been discovered that the continoous charge sop-
plied 1o 2 battery for n prolosged period by a conven-
tkonal low rate or trickle charger frequently damages the
battery, and aleso is aften qot ndequately efective o
maintyin the batlery at the desired bevel of charge. It
has also been discovered that thess diczdvaniapes can
be overcome by ising & medhod which has oW becoms
koown in the art ps “pulse charging,” In sccordance
widh this method, the charging current s supplicd 1o the
battery in the form of periedic palses, with the batiery
being idle between pultes. As disclosed |a Fatent Mo,
2,577,525, issmed March 28, 1961, to Lewis A, Medlar,
it has been proposed {0 carry out pulse charging by means
of cyclic swilching devices.

The preseni invention provides 5 battery charge main-
tainer capable of CATTYingG aut palsc charping withoul re-
quiring a time clock driven switchifg means, or other
equivalent mechanical device and therefore has the ad.
vantages of grenter simplicity and lower cost, The in-
vention is further characterized by the provision of a
novel circult arrangement such that the duaration of ihe
charging pulses, and of the idle periods therehetween, cap
be selectively adjosted,

In order that the invention can be understaad in dhetail,
referonce B had to the Sccompanying drawings which
form a part of thiz specification, and wharein;

FIG. 1 is 2 clreuit diapram iMastrating one embodi-
mientof the invention;

FIG. T s o circult diapram tlustrating n second em-
bodiment of the Invention:

FIG. 3 & o graphical llostration of one t¥pe of
ing cuTrent obfainable with the apparatus of FIG. 2;

FIG. 4 i5 & cirenit disgram illustrating 2 modified form
of the embadiment of FIG, 2;

FIG. 5 is & circoit disgram iMuostrating a third em-
bodiment of the inveniion:

FIG. 6 is a circuit diagram
bodiment of the invention: and

FIG. 7 is a circust dipgram illustrating n Aifih em-
bodiment of the inventon,

Referring mow 1o the drawings in detail, and firet 1o
FIG. 1, it will be seen that this embodiment of the in-
vention inchades a D.C, sapply circuit comprising a trans-
former 1 having a primary winding 2 provided with leads
3, 4 for connection 1o an ALC, source, A first termimal
of secondary winding 5 of the transfarmer is connected to
o half-wave rectifier &,

The batiery charging circuit emploved comprises »
pair of conventional ring-type connectors T 1o be spplied
te the derminals of the battery, or do the ead terminals
of n scries of batteries, to be charged, Any suitahle Ty

illustrating a fourth em-
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of connector means may be employed, and the batteries
may be connected in the charging circuit in parallel when
mnre thaf one battery is io be clargsd.

One connector 7 is connected by conducter 8 o ke
scond derminal of secondary winding 5 of the trans-
former. The gther conmecior 7 is connected via U ip
one element of a gas-filled bropkdown devies 1l which
may sdvantageously be 8 meon glow tobe, The ge-
mAining element of discharpe device 10 js comneched iy
comductor 11 to the series combinntion af two Fesidanee
means L2 and 13, thence to the rectifier 6. A condenser
14 is connecled across the series combination of con-
Beclors 7, discharge device 10 and resistance means 12

The combination of resistance means 1%, 13, con-
denser 14 and gas-filled discharge device 10 constinges g
relaxation oscillator operabls to pass chatging current to
the batery periadically, thus accomplishing palse charg-
ing. Gas-filled discharge devies 10 hag a predetermined
breakdown voltage, that is, it will ot pass cikrrent until
the voltage across its terminals reaches & predeicsmined
walve. Considering condenser 14 o be initially dis.
charged, current fomws through resistance means 13, for
A pefiod determined by the RC constant of the cirguft
constitnted by resistance means 13 and codenser 14,
uniil the resulling charge on condenser 14 equals the
battery voltage plus the breskdown voltnge of the dis-
charge device, at which point the condenser discharges
through dischurge device 10 s currenl s supplied to the
battery ar batteries connected fo ¢onpectors 7.

Gas-filled discharge device 10 again becomes nom-
cordoctive anly wien the vidtage theresaross reaches g
predetermined valws which is subataabinlly lower than the
breakdown voltage, The time Tequired far condenser 14
o discharge to this extent, and thue the duration of the
charging pulse supplied o the battery or balteries, is
determined by the RC constant of the circait constifuted
by condenser 14, resistince menns 12, discharge device
18 znd the batteries, When the condenser is discharged
to an extent soch that discharge device 10 becomes non-
comductive, the same cycde of operation just described
again commences, and pulse charging is thus carped ont
st long a5 A.C. is sapplied to the transforme,

In order that the Eme period required for charging
condenser 14 until the breakdown veltape of dischargs
device 10 is obénined can be selocted, resistance means
13 advantsgeously comprises an adjustable resisiance
such s 3 conventional rheastnd,

In some applications, resistance mesns 12 can . be
omitted, the time for discharging condenser 14 then be-
ing relatively short because of the Tulatively bow pesists
ance of the circuit involved. Tn order that this e
period can be made longer, o equal one of & nomber of
desired periods, resistance means 12 also advaniageously
comprises an adjostable resistance, such as a conven-
tlonal rhecsiat,

Resistance means 12 and 13 must be proparly adjusted
in order to attain proper charge maintensnee with a min-
imom of damage to the batiery., Althouph the exact
underlying phenomenna are not known, it has been deters
mined by laboratory tests that the sate of grid cormoslon,
which s the type of damnge casused by steady trickls
chatging. is a function of the battery terminal voltage.
Apparenily, the corrosion mte is high when the ferminal
voltage is substantially below the foll charge terminal
wollage, As the terminal voltage increases, the corrcsios
rate decrenses reaching a mindmum mate of corrosion
ft & fermdnal veltnge slighily sbove the full charge apen
circuit terminal woltage, As the terminal valiage in-
crenses further, the corrosion rate begins increasing very
rapidly, and at a voltage only slightly higher than that at



3

which minimum corrosion occurs, there is an extremely
hiph corcosion rate.

Far the ordinary &-wolt aubomative 'b:.l'll:r:.l._an AVETLES
charging current of approximately (.1 amp is sufficlent
o compemsats for self-discharge of the batlery. The
charging current is determined primarily by the differ-
ence between the nodead erminal voltage of the battery
and the apphied charging potential. In order to _+:-'b:le.m
0.1 amp charging current, the charging potentsal de-
lected is wmally on the order of & few tenths of a volt
above the no-load battery terminal voltage,  Changes in
surrounding conditions, such as changes in ambieal tem-
perafuse, only afect the charging potential a smabl
amount, bt this small amount i3 magnified in efect simvce
it desstically changes the difference betwesn charging
potentisl and mo-load battery terminal potential, thus
causing n considerable variation in charging current. In
order to insure that there s sufficlent charging current
at gl fimes, i {8 necessary to use a charging polential
higher than would otherwise be necessary, which means
that operation very often takes place at volinges cOfbE-
sponding to extremely high battery grd COTTOEION. Taies
Tt shonld be noted that with the cironit in accordance with
ihis fnvention, the afiect of the chanpges in charging po-
tendial are much less pronounced, The primary control
over chargng current s attained by controlling the charg-
ing duty cycle, ie., by controlling the rutio of charging
fime to tme Jduring which oo charging takes ploce.
Since the duty cycle 3 a mtio, and since the time ekements
making up the ratio would be equally affected by changes
in environmeat, there is Hittle change in the doty cycle
during operntion. Farthermors, chanpes in duty cycle
do not have & magnified effect on charging current, and
& the duty cycle 48 decreased the effect of changes in
charping potentinl decrense proportionately, This, ibe
charge maintalised, in accordsnce with ihis in"u"cll'.'ltb:lﬂ-. nn
maintein the average charging current sufficiently low
ghat the charping takes place causing minimum corrasion.

The more accorate contre] of charging curcent does
nat completely explain the benefit of the changer cirewit
illusteated In FIG, 1, Laboratory Wie stody tests have
teen conducted on balteries where in each cnse the bal-
teries were charged ot 5 rate of 3.6 ampere howrs per
day; this charpe rate being in excess of the 2 ampere
hours per day required io mainisin the charge, Whers
the duty cycle was continuous, as i3 the case with the
mwmial trickle chargers, the batlery grids corraded rapid-
v, Where the duty cyele was redueed so that charging
took place 1 pact in 10, there was no subatantial grid
comosion,  Salisfactory operation was plsy gchieved by
further reducing the duty eycle o as low as 1 pari in
600, Thess phenomena are not well understeod, but 16
s assamed that the derminal voliage doss mot have time
v budld wp o & vahee where high corresion rafes oceor
aned that during the subsiantial fime during which nao
charglng takes place, the derminal voliage decays 0 a
level whene cormosion is very low,

Thus, b is evident that resitance means 12 and 13
mmst be 5o adjosted thet thers is a charpng duly eycle
preferably bess than 1 part in 10 so a3 1o reduce the of-
feot of chanpes in charging potential, aod to insure that
operation is in the fange where Hitle grid cormesion oc-
cirs even when the charging curvent is ligher than re-
guired., In elhes words, resistanee merns 12 and 13 are
preferably adjusted so that the charging time of capaci-
tor 14 is ton times as long as the discharge time through
the battery being charped. Alse, # s preferable e (he
charping time of capacitor 14 be relatively long, which,
ps explamed proviously, can be in the order of 5 to 10
minntes. Forthermore, the duty cycle for a particular
charger should be adjusted o tat the charging curoent
measured in ampers boors per day B ool the minlmom
value seguired b maintain the connected batteries at full
charge. For é-volt automotive batteries, the charging
current dhould be approximately 2 ampere boors per day,
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and for 12-volt automotive balteries the charging cur-
rent should be approximately 1.2 ampess hours per day.

Accordingly, if the duty cyck: is properly adjusted with
the charping time being short compured to the time dur-
ing which charging does not take place, the grid cor-
rasion and the efect of esvironment changea can be min-
imied.

It will be noded thatl, in the appacaing of FIG, 1, the
charping current s supplied to the battery or batteries
via the glow dischargs tube. Accordingly, e apparatus
of FIG. 1 is limited, a5 to the magnimde of the charging
current, by the current capacity of the discharge tobe.
Further, when the glow discharge twbe carmies a sub-
slantial charging currest, the life of the tube may be rel-
atively shorter than is commerclally desirable. Accord-
ingly, in some commercial applications, it is advantagsous
o amploy a circuit of the type dhstrated in FIG. 2,
wherein the relaxation oscillstor does not itself carry
the cherging current hut & rather employed to control
an electrical relay devics such ss a grid-coctrolled dis-
chargs tobe,

This embodiment of the invention comprises a frans-
{ormer 1 having a primary windibg 2 provided with leads
3, 4 for connectlon to an AJC. source, pnd a setondary
winding § with leads 15-18 connected o varions poinds
of potential on the secondary winding 8, for coanection
o other companenis in Ui cipenil

As explained when referring to FIG. 1, the baitery
charging clroult willlzes a palr of conventional ring Eype
connectars T to he connected to the battery or balleries
br b¢ charged. Omne conpector T s conmecled hy com-
ductor 19 0 ons lerminal of an adjusiable series rTe-
sistamce 20, the other terminal of which is compected b
lead 15 of the irapsformer secopdary 5, The other
comectar T B connectesd vin comductor 21 o the anode
22 of a prid-coutrolled discharpe deviee 23 | which can ad-
vimtageously be o thymatron tuba, The cathode 24 of &s-
charge device 23 iz connected via resistor 335 fo growund.

A condenser 26 is conmected in parallel wilh resistor
28, Lezad 18 from secondary 5 = connected to one termi-
nal of uniirectional current &lement 27. The other ter-
minal of unidirectional element 27 iz connected o the

Ccathode 24 of discharge device 23, The unidirectional
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current element 27 is conmectad =0 the direction of current
flow therethrough fs from the side thereof connectesd o
le=d 18

Laad 16 of secondary 8 5 connected vin nnidirectionnl
current device & o oo terminal of sdjusisble series re-
eisfance 13, the oiber ferminal of which s connected to
ans element of a gas-illed discharpe device 16, which cn
advantageously be o peon glow fubs.  The remaining ele-
mend of discharge device 10 iz conmected to grid 28 of
discharge device X3 vin grid corrent lmiting resisiance
0 and aled fo pround via adjostable Tesistancs 12 Con-
diznser 14 is conmecied in parallel with the semes combi-
mation of the dEcharge device 10 and the resistance 13,

Lead 17 of secondary winding 5 s conmected o groumsd
to provide the polat of ground polential for the secondary
winding 5.

The combination of resisience menns 12, 13, condenser
14 and gas-flled discharge deviee 10 form the basic re-
laxation escillator, the operation of which was explained
when referring to hie embodiment of FIG. 1. Tis opera-
tren 35 identical with the embodiment of FIG. 1 except
that the batierles to be maisiained are not directly con-
necied to this part of the circst, Resistance means 12
nd 13 are adjsstable, as in e sl embodiment, fo
provide @ mseans for controlling the duration of the non-
conductive ol conduective periods for the dischargps
device 10

Oz means for providing o negative hias for the prid
28 of discharge device 13, which is necessary o prevent
the discharge devics from condiucting, is provided by the
rectifier cireuit comprising iz opidirectional current ele-
mieiEl 27, condenser 26 and resistance 35, When the dis-
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charge device 10 i not conducting, no potential exists
ucross the resstance 12, and ihe hias for grid 28 s that
peleatial appearing scross resistance 25, When discharge
device 1 §s conducting, A positive possntial exisls across
resistance 12 which reduces the negntive bhiss of the grid
28 sufficiently to cause discharge device 23 to conduct
if & sulficiently larpe potentinl also exists at the anode 22
The discharpe device 13 contmues to conduct until the
potential of anode 22 is reduced suffcwenily to make
device 23 nos-conductive, During the megnilve half of
the alternating current, the thyratron, of course, will not
conduct, AL some point during the next positive lalf
cycle, the thyratrom will again conduct i the current
through discharge device 10 has remained sufficieatly
large to provide the proper bias an the grid 28, Whether
the current through the discharge device 10 has remained
large enough is dependent on the lenpth of the conduet-
ing period of the discharpe device 180, which, a5 mentioned
previcusly, can be predetermined, Afier the discharpe
device 10 has stopped conducting, or the corrent flow
through it has reduced sufficicatly, the negative bias re-
gnind control of the thyratron 23, after the thyratran has
crased Lo conduoct doe te reduction in the poteatial at the
apode 22, The thyrairen 23 does not condoct apain until
the voltags acroms condenser 14 reaches the value sulficient
to cause the discharge device 180 to conduct, resulting in
am inerezse in the bias of prid 28,

Auming thai, by adjusiment of reslstance 12, the
period of conduction of dischargs device 10 has been made
equal to several cycles of the aliesnsting current, the
charging current supplied 1o the battery or bateries will
be of the nature seen in FIG. 3, Thus, short pualses A will
be supplied over a period T, no charging will occer dur-
ing a period Ty, and the series of short pulses will again
be applied over perind T. Duration of perind T fg pre-
determined by adjustment of resistance 12, which dura-
tion of pericd T, is predetermined by adjusiment of re-
sisgtance 13, The period Ty is sufficicatly long thet the
total no-charge time, ie., the time interval betwesn A
pubse plus the time period T, is bong compaied o thes
total time duration ef 2 group of A pualses, Preferatly,
the periods T and T are so adjusied that the charging
duty cycle is preferably less than ome part in 10.

In a circuit of the type illustrated In FIG, 2, the prid
Eins for tobe 23 can advantagecusly be derived from the
batterass being charged, as seen in FIG. 4, Here, the
atade and cathode of tube 23 are connected respectively
to the termimals of 3 supplementary transformer sec-
ondary winding 30, The resistance 20 iz conmected in
gerdes with anods 22 A bleeder resigance 31 s con-
nected neross the comnectors 7, the tap of resistasce 3
being comnected throogh resistances 12 snd 29 1o grid 2%
of tube 23, The prid hias value iz thus decermiped by the
position of the tap of resistance 31 and by the aumber and
size of the batteries being charged. Sultable calibrated
m&nual adjusting means (not showa) is provided 1o i
tian the tap of resistance 31 atf selected points In accard-
fnee with ibe size and numer of the batberies.

It has been found that the self-discharge of a battery
decrenses ad temperature decreases, and thersfore the
amoint of charge mainiaining current required decreases
nccordingly.  If the temperatire is as helow 32° F., the
self-flscharge is so negligible that & charpe maimtainer i
nol needed.  Accordiagly, it is desirable to have a charge
maintainer where the average value of the charging cur-
rent decresses in nccordance with decreasss in tempers-
Wire. A charge maintaiper of this type is illusirated in
FIC, 5,

As illustrated, this charge maintainer inclisdes 3 trans-
former 4 having a secondary winding 41 and a primary
winding 42 conmected to a soitable source of alteranting
carreal (not shown). One end of scondary winding 41
is comngcted to the anode of i diode 43, the cathode of
this diode being connected 1o the other end of secondary
winkling 41 wia a negative temperadure coefficient resistor
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44 nnd & capncilor 45, The nepative lempernture co-
eflicient reslstor & of the type which increases in resigt-
ance valsd as the surrounding ambient tempernture de-
creases.  Secondary winding 41, diode 43 and resistor 44
form a charging circolt for capaciior 45. The rate &t
which capacitor 45 is charped is determined primarily by
the resistance value of resistor 44, Because of the N
Live temperatore coefficlent of resistor 44, capacitor 45
charges more rapidly at higher surroutding amblend tem-
peralures, and more sSlowly a3 the Empermiure decrenses,

A four layer dinde 46 5 connected across capacitor
43. A four layer dicde is a PNPN semiconducior device
which ia imernally regencrative. Mormally, this diode i
man-cenductive in both ditections, but becomes condic-
Gve in the forward direction when the applied potential,
positive at the anode, exceeds the predetermined break-
down voliage for the diode. Thereafier, the dicde re-
maing conductive until the corrent flow through the diods
Lalls below a predetermined holding Tevel,

The anede of four Inyer dicde 46 f3 connected to the
positive plate of capacitor 45 throuph a variable resst-
ance 48, the positive plate of the capacitor being that
Which is conmected to resistor d4. The cathode of four
layer diode 46 is connected 1o one of & pair of connecter
clamps 47, the other connector clamp being connecied
to the negative plate of capacitor 45, The battery to be
charged by the apparatus is connecied betwesn conpectar
clamps 47 with & polarity as indieated in-the drawing.

When the potentizl scross capaciior 4% excesds the
breakdown valtape of four layer diode 46 plhos the battery
terminal voltage, the dicde becomes conductive gnd the
capacitor discharges, the discharge current fowing
through resistor 48, diode 46 asd the batbery conneched
o comnectors 47, When the capsclior becomes auf-
ficlently discharged tlsal ibe current flow through dicde 46
falls below the bolding level of the four Inyer diade, dicde
46 regain: ils mon-conductive state and current flow
through the battery ceases. Az soon as diods 46 agnin ai-
taing its mon-conductive slate, capacitor 45 bepine 1o
charge via diode 43 and resisior 44. When chpEcior 45
has become sufficiently charped such that ihe podential
acryss the capacitor exceeds the breakdawn vollags of
four layer diode 46, the dinde agsin becomes cenductive
and discharges the capaglior. Thus, It 15 seen that these
components form a relaxation ascillator which periadical-
Iy provides pulse charges to the batfery consected fo con-
nector clamps 47,

As has previously been explained, it ja eezendial that
the charging duty cycle be comparniively Tow. Prefes.
ably resistor 44 is of & comparntively high value sa that
a substantial time interval, in the arder of minutes, {5 re-
quired to charge capacitor 45 up to the breakdown vak.
age of four layer diode 46, The impedance of the dis-
charging cirenit defermines the length of time reguired
to discharge  capacitor 45, and thesefore resistor 45
should be s adjusied that the required dichargs time
is subslantinlly less than the capacitor charging lime.
Preberably, the charging duly cyche should be such that
charging takes place less than one part in ten, Tt shoald
be nofed that the pulse magnitude applied to the baliery
comnecied af comnectors 47 is substantially the same re-
gardless of temperature.  However, the charging time of
capacitor 45 increases & temperature decreases and,
therefore, thess pulses are further spnced apart in time as
temperature docreases,  Accordingly, the averape value
of charging current applied to the batery decreases ns the
emperalure decreases.  Preferably, the resistance pra-
vided by resisior 44 becomes siafficlenily high wisen the
femperature approaches 32° F that the charging time for
capacitor 45 is oxtremely long and that, therefore, Bo of-
fective charging of the battery inkes place,

Another embodiment of the invention i tlusirated in
FIG. 6. This embodiment Is very similar to the embadi-
ments llusirated in FIGS. 2 and 4 except that solid stats

5 elements are used |a place of the gas-filled tabes, Ak,
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i megative tempernture cocfficient resistamce has been
silded in order 1o decrease the average value of charging
currend s femperniine decrsases,

More spectlically, the apparetus lustrated in FIG, 6 in-
cludes & iransformer 50 having a tapped secondary wind-
ing 51 and a primary winding 52 connectsd to a suitable
source of altermating current (Bod shown). A relaxation
ascillatar ¢ircult 1s conpected between dbe lop of secondary
winding 51 and ooe end thereol. The relaxation oscil-
lator includes a dipde 53, 2 negafive temperature coef-
ficient resistor %4 and & capacitor 55 conmesied in series
scross the portion of the secondary winding. These com-
pomenis operate a3 & capacitor charging circelt o es-
sentially the same manper as previously described with
regard to components 4348 in FIG. 5. The dischargmg
circuit for capacilor 55 includes a four layer diode 56
connected i serjes with a varlable resistor 58, this secies
combination being connecied in parallel with capaciiors
88, Capacitor 55 is discharged through resistor 5 when-
gver the potential across the capacitor exceeds te reak-
down patential of four layer diode 86, A positive poben-
tial iz developed al the junction between the folr laver
diode and resistor S8 which dischasging curment flows
thiongh pesistar 58,

The cathode of a silicon controlled rectifier 35 = con-
nected to one end of secondary winding &1, the anode of
she conirolled rectilier being connected o the other end
of mecondary winding 51 via connector clamps 57, The
battery to be charped is compectéd to connector clamps
£7 wilh the polasity as indicated in the drawing. The
gate element af controlled rectifier 5% is connected 10 the
junction between resistor 58 and four layer diode 36.

A silican controlled rectifler b3 & four layer PNPN re-
generative semiconductor, The operation of the con-
trolled reciifier is similar to gasilled thyrairon iubes
previously described. More specifically, when a poasitivi
potential is applied at the gate element, the controlied
reciifier hecomes conductive il the anode is positive with
respect 10 the cathods, and therealter remains canduedive
&0 long as a potentinl of this polarity & applied between
the anode and the cathode, The controlled rectifier can-
nat initially become conductive unless B positive poten-
tal fa applied to the gate element, Ao, the comtralled
rectifier Is never conductive if the cathode is positive with
respect Lo the anode,

In explaining the operation of the circeit in FIG. 6,
it is initially nssemed that capacitor 35 js not chargesd.
Therefore, the first. phase of the operation ocours when
the charging circuit [s in eperation buikling up & charge
on capacitor 88, During this time, four layer diode 56
is non-conductive and therefore no postive poiential s
applied o the pate element of controlied reciifier 59,
Thus, there is no current fow through the batiery con-
mected fo connector clamps 57 and the controlled recti-
fier 59, Thereafter, when the potential across capacitor
£% ayceads the breakdown potential of fous layer diode
56, the capacitor discharges and therelore p positive po-
tential 1 applied 1o the gate element of controlled recti-
fier §9. S0 long as the discharge of capacitor S5 con-
tigses, the gate slement of controlied rectificr 59 remiumns
positive. Throughout this time interval, contselled recti-
fier 59 becomes conductive and permits charging current
to flow through the battery connecied to conmector clamps
§7 whenever the potential provided across the EnLLTE 520-
andary winding 51 exceeds the battery terminal vallags,
and is of the proper polarity for conduction of controlled
rectifier 59,

Tn all of the previous embodiments, the relazation
esclllator for the charpe maintainer was conmecled in
the transformer secondary circuit, Tn some instances,
however, it may be desirable to comnest the relaxation
oscillntor circuit in the transformer primary circult sinees
this reduces the required current handling capacity. This
is quite feasible sinca refaxalion oscillator clrowifs can
more easily be desdpned 1o handle high voltapss than they
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can to hamdle high currents.  This is partieularly so with
regard 1o the neon tube discharge devices, The disad-
vantage, however, is that the capacitor required is much
larger, and therefore the location of the oscillator cireudt
becomes an englneering chosce.

The cirenie with the relaxation oscillator in the trans-
former primary is illostrated schematically in FIG. 7.
The capacitor charging circuit inclodes n capacitor 62
cemnected in series with a negative tempernture cosffi-
chent resistar 61 and a diode &0 between terminals 63
and 64, Terminok 63 and 64 are connectsd to o suitabls
souree of alternating current {act shown), The capacitor
charging circmit operates similar o those previousky de-
geribed in FIGS. 5 and 6 such that the ambieat tempera-
jure surrounding resistor 61 determines the capacilor
charging rate.

The capacitar discharging circuil inchides 8 peon tube
65 conmecied in series with 8 primary winding &7 of a
transformer 66 and 8 varisble resistor 68, this series com-
binution being comnected in paralle]l with capacitor 62.
The capacitor is discharged through this discharge cir-
cuit whenever the poteniial across the capacitor exceeds
the breakdown poientin] of neon fube 65, The time re-
quired for capacitor 62 to discharge is determined by the
impedance provided by ressior 68,

Teamsformer 66 alw ipelodes o center fap secomdary
winding 6%, The snodes of diodes T0 and T1 are con-
accted respectively o the ends of the sxtondary winding,
the cathodes of these diodes being commected together and
to a connestor clamp B0, A second comnector clamp 51
is connected directly to the center tap of secondary wind-
ing 5%, A battery 10 be charged is counesied betwesn
the conpector clamps with the positive ferminal of the
battery being connected to connector clamp 840,

In operation, capacitor 68 chargss of a mie determined
by the ambient lemperature surrounding resistor 61,
Whea capacitor 62 becomes sufficiently charged that the
potential acrais (he capacitor exceeds the breakdewm po-
tentizl on neon tube 65, the peon tube becomes conduc-

40 five. Conduction of peon fube &5 causes o palse of dis-
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chiargs current 1o flow through primary winding 67, This
pulge of discharge current resalts in A current palss de-
veloped by secondary winding 69, this current pulse be-
ing more substantial becsuse of the tums ratio of irpns-
former 66. Diodes T8 and 71 rectify the current pulsa
40 that only the portios of the proper polarity passes
through the battery connected 10 clamps 80 and $1. Re-
glstnr 6% and resistor 61 should be o selected that the
charping duty cycle i relatively low, preferubly less than
1 partin 10, Accordingly, the time required 1o discharge
capacitor 62, ns is primarily determined by the resistance
value af tesistor 68, should be relatively short compared
to the time required to charge capacitor 62 85 15 de-
termined primarily by the resistance vafue of resistor 61.
While weveral illustrative embodiments of the presal
inveation have been illusteated in detail, it cshould be
ohvious to those skilled m the art theat numecoas embodi-
ments could be comceived withoot departing from the
of this inventlon. The inverlion s more particu-

larly defined in ihe appended claims,

What is claimed is:

1. In 2 baitery charge malntainer, the combination of

a charging circuit including connecior means for Con-
nection 1o atb least cne batlery to be charged,

electrical relay means connecled In said charging cir-
cuit in series with said conpector means and includ-
ing a control element.

a first resistance and & breakdown device connected
in seriés and means conmecting the jusction point
belwesn smid resistance amd discharpe device to
the contred elemest of said relay means,

- condenser conpected across the series combination
of said first resisiance and bieakdown devies L0
form & parallel cireait,
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B second resistance, and direct current circait means
connectlng sxid sccond resistapce in series with said
parsllel cirgnlt,

the combination of said breakdown device, condensar
]uml sccandd resistance conslifoting a relazation ascil-
alar,

and said relay means being operable to spply charg
Ing current pulses vin said charging circuit Fmed in
accordance with operation of sid oscillater.

I A baltery charge eaintainer in accordance with

claim 1 and wherein said second resistance js adjustable.

. A battery charge malntainer in accordance with
claim 2 and wherein eaid frst reslstance is adjustalle.

4. A battery charpe maintslner in accordance with
claim 1 whereln said relay means is & grid controlled
discharpe tube having ils control prid comnected o said
janction and wherein said breakdown deviee & a fwo
eloment gas-filled discharge tuke,

LA charge maintalner in accordance with
claim 1 wherein said electrical relay meens 5 a silicon
controlled rectifer having a gate element connected Lo
stid junctiom and wherein said breakdown device is o
four layer diode.

6. A battery charge maintainer In accordance with
claim 1, wherein the values of said first and second re-
sistances arg guch that the time during which charging
does pot take place Is &t least fen times as greal as the
battery charging time.

T. A battery charge malnteiner in sccordance with
claim 1, wherein the values of snid first and second re-
sitances are such that the relationship belween the ap-
plied charging potential and the battery charging duty
<¥cle caoses the averape battery terminal voltage to ap-
proximately coincide with the termingl voltage walue
which caises minimum battery plate corrosion,
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8. A battery charge maintainer in accordance with
claim 1, whereln said first resitance is 0 negative leme
permures coellicient reslstamce opemiive to decrease the

capagitor chargs rate a5 the amblent emperature de-
CTEASeS, :

. A batlery charge maintainer in accordance with
clalm I and further comprising & bias cirenit connected
scrose sald connector means and having an oudget tep-
minal conoected 10 said control element of said relay
means, said bias circuil being operative 1o derlve a bias
voltage from a battery to be charped when the hinttery
is conmecled to sald connector means during operation
of the malntainer.

1. The battery charge maintaimer in sccordance with
claim 1 wherein

m;;h-:harg:. device I a repenerative semiconducior,

sald efectrical relay menns Is & semicondoctor the con-

ductive state of which can be controlled by current
flow through a pate element therend, said oscillator
being connected to the gate element.
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