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[571 . ' ARSTRACT .

A pulzed cutrent batrery charging method tunctions to
irpreve batfery cupacity characteristics of & Liquid
electrolyte electrical storape battery and prolong, bat-
tery wscful Jife, Pulses of charging current are aydicd
optionally concurrent with ponventionat charging cur-
rent. ‘The pualse amplitude s ol significant magnitude
in relation fo conventional small, finishing rate or
trickle charge charging currents. Pulse amplitude, du-
ration and pulse repetition rate arc controllable. Ap-
paratns desighed to carry out this method includes
power supply means, pulse curTLnL gc,m.ratmg means
andl apliondl control means.
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1

PULSE]} CURRENT BATTERY CHARGING
METHOD AND AFPARATUS

CROSS REFERENCES TO RELATED
AMPLICATIONS

This application is a C-I-P of Ser. No. 456308, filed
July ¥, 1974, which s a confinuation of Ser. Mo,
302,027 filed Qet, 30, 1972, both now abandoned.

BACKGROUND OF THE INVENTION

Fleld

This mvention rolutes (o cleetnical storage battery
charging methods and apparatus. Specilically, this in-
vantion provides for a method and apparatus to chacge
Liguitk electrolyle clectric surage batteries by means ol
pulses of electrical current to lncrease useable battery
capacity and prolog battery wseful Life.

Srate of the Art

The amoual al’ energy available from a ligoid electro-
Iyte: clectrical storage battery, the amount of cncrgy
refurniable after discharge, and the useful life of the

hattery are all affected by a varicty of factors, one of

which 15 the non-homogeneity of the electrolyte, e,
electrolyte stratification. Specifically, in the absence of
agitation or mixing weeboigues or apparaius, the elec-
trolyte {acid) concentratlon decreases at fite top of a
battery cell and increases af the battom. The cloctro-
Ivler between adjaceit battery cell plates available for
discharge and recharge is thus limdted, [e., less than
muximum. Celi plate deterjoration (e.g., “whisker™ or
“ranch” growths near the bottom of the cefl plates;
inercased ercsion at points of (ow clectrolyte coficen-
tration] is enhanced by stratification, thereby contrib-
uling lo a shorter wseful batfery hte than 1dcally of
practically possible.

A vricky ol ag_ﬂatmn and. mixing techniques are
available to-inimize steatification. Mmotuded among

these are slectrolyic mixing pumps for large batteries,

platform vibraton (e, automobile ot trock), and
haltery overcharging procedures. Batlery -overcharging
consists of charging the battery beyond its maximum
capacity to elfect the electiolysis of the water of the
clectrolyte solution. Relatively small chavging currents
are convenlionally applied during batlery avercharging
as oompared to typical charging currents and designed
maximum charging currents, These sinall currents;
sometlimes refarred to ss the “finishing rate™ or rickie
charpe™ current, muy be specified by the battery manu-
facturer us well as fhe maxtmum charging cufrent
{Tatc ).

Somme ol the factors whlch coniribute to the selection
of avercharging currents are: the amount of hydrogen
and oxygen to be produced during overcharging, bat-
lory stoucture {o.g., cell plate sime and naterial; dis-
tance belween adjacent cell plates), and LI-..LLrqu.rte:
characteristics, (e.g., concentration), Within the con-
text of imparting the maximuny amount ol charge, se-
loction.is typically preniised on a oumprcmrse whercty

as muck gas-induced agitution and mixing as possible is.

effected without causing excessive erosion in the Jess-
concentrated clocirolyte plate arca, Overall plate ero-

will not induce uniform: mixing. A low battery curcent
1ends to flow in the top of the battery where the acid s
less concentrated and the cleetromolive foree is lower,
Tew gags bubbles are then penerated in the lower part of
the battery. Thus, the lower, more concentrated elec-
teolyte will not be thoroughly mixed with e less con-
centrated . ‘Fherefore stiatification s not climinated,
bul unty reduced.

In many circumstances, vibration, pumping andfor

0 gassing is not practical beeawse of the baltery location
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sion by the hydrogen and exygen gas as it passes to the -

surface of the electralyte must also be minimized. In
addition the inherent explosive bazard assoviated with
lurge amounts of hydrogen and oxygen may of tself be
delimiting, In muany cuses, the net result may be inetti-
cacions because the selected small charging cureent

63

ur wse, the cost of apparatus and the explosive dangens
axsociated with hydrogen and uxygen. As a resolt, re-
duced batery capacity and veduced hattery useful life
must br accepted for lack ol a pracicable allernstive.

SUMMARY OF THE INVENTION

The present invention provides a method and appara.
1us lor charging, and recharging, liguid electeolye clee.
trical storage batteries. Pulses of charging currsme are
applied ko the liguid electralyte battery anytime during
noirnal charging operations aithough the greatest bene.
fit noctrs by application near completion of battecy
charging operations. The pulse amplitude and deration
are selected so that sufficient current is available 1o
imsure that clcetrolytic gas produstion will ascur sub-
stantially wnilormly aver the eoting arce of & balery
cell plate. If the ampliticle is oo small, the clrrsat wilt
pass through the less concentrated, high resistince (but
Tow electromotive force) electrolyie near the cell top.
With large pulse magnitudes, many times the finshing
rafe ar trickle charge levels, for example, about 100 1o
5,000 times these fevels, the electromotive force cliffer-
ciees between bower and higher copcentrations de-
creases in significance angd thie effect of resistance dit.
fercnecs inercascs. More current will therefore pass
throngh the low resistance, high concentration arcs.
Thus, gas production 18 enbanced in the area where it is
most important to lnduce a mixing agitation motion,
viz: the higher concenwaied eieumigte area, Pulsce
daration must e mide ]nng enaurh fo inskrs adequate
zas generation, but short enoligh so that the harmful
cifects of high current are not encountersd. Simifarly,
pulse repetition rate must. be comirolled to prfoduce un
micygrated average current over the time that equates
10 A selected relptively small constant charging current,
or a cutrent which falls within battery manolacturers
linishing rate or trickle chuarge speciftcadons, The et

-rosult is improved agitation and mixing with less gas

gensration. Accordingly, the use of coatly mechantcal
agilalion mixing apparalus may not be required, and
the explosive hazards of cucessive pgas gendration
asvoided. Moreover, the amount of energy available fur
discharge and recharge is 1nLILH.SLd and battery usetul
life prolonged. .

An dpparatus to uﬁr}f out the pulsed-current churg-
ing method is comprised of power supply mcans, pulse
curtent generating means and optional control means,
The pulscd current charging apparatus may be opor-
ated independeotly or in combmation with conven-
tional battery charging appacsius.

DESCRIPTION OF THE DRAWINGS .

In the drawings, which illustrate what is presently
regarded as the hest mode for practicing the invention:

FIG. 1 is a simplified block dingram of 4 pulsed cor-
rent chargmg apparatus,

FIG. 2 is 4 detiled schematic of a pulsed cueeent
charging apparatus;
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because the inductance of & particutar battery may not
be known, '

The eontro] means 12 as shown includes a voltage
comparator 92, a timer 94 and reetifier means 96. Tha
voltage comparator senses the veltuge on Both sides of
switching means 66 when it s in a nop-conducting
status viz conductors 80 and 98. Whon a particular
voltage ratio as selected on selector dial 100 is oh-
tained, the voltape comparator - 92 sinultanzously
places switching means 66 in the conducting state via
conductor 82 and initiates timer 94 operation vie con-
ductor 102, For the batfery 26 under charge in this
embodiment (16 volt, 600 ampere-hour) a preferned
voltage differenee i about 5 fo 25 volts. That is, the
voltage compatator 92 actuates the SCR 66 whonever
capacitor voltage cxoceds battery voltage by about 5 1o
25 volis.

Lipoa Liitiation, timer 94 permits ¢, power recelved
from rectifier means 96 via conductors 104 gnd 106 1o
pass through to sofid state relay 48 and therehy activare
it. Concurrently prosct clectrical timing is commenced.
Llpon passage of a specified period of time {about one-
half second in this embodiment), fimer 94 intorrupts
the d.e. perwer passing to solid state relay 48, thus per-
nitting il to close wnil reinitiate capacitor micans b4
charging.

The timer 94 functions muy be pertormed by a vari-
ety of clectrical and electro-mechunical dovices well
known to the arf. For example, a simple capacilor with
an approprialc tme comstant may be conductively,
cooperatively combined with a relay actuated contact
device in a generally well known manner. A simple
agistat relay sysiem may also be used. The reclifier
means 96, which eecives power over conductor 108

miy he one of 2 variety of rectifiers well known to !

thode skilled in the art. Also, a wids variaty of rectifiers
are commercially available which may be suitably
adaptable for use {e.g., solid state diode rectifier), The
valtage comparator 92 may also be one of 4 variety
commercially available or otherwise known to thoso
skilled in the art.

FIG. 3 praphically depicts a typical pulse of current
generated by the apparsius of FIG. 2. The pulsc as
depicted 5 adapied to be applisd to a 16 velr, 600
ampere-hour, liguid-electrolyte battery. Typical tricklo
charge or fimizhing rate values for a batisry of this type
iy be in the ranpge of abaut 0.5 to ahoot 3 amps. The
gmplitude of the pulse is & large multiple of those val-
pes, and as here shown aver 800 Bmes fhe selected
trickle charge rate of 1 ampere. Depending on the
hattery under charpe, amplitudes may vary from about
six to several thousand times, although preferably from
abkout 100 to about 5,000 times the sate reconunended
small charping rates. Betfer resufts, however, may be
obtained when the actual peak value {in amps) of the
current pwilse is in the vicinity numerigally of the bat-
tery ampere-hour capacity. Thus, it iz noted that the
approsimzic 800 ampere peak of the pulse is in the
vicinity of 600 ampeiss for the 600 ampere-hour Twat-
tery uncler charge.

For the apparatus of FIG. 2, the selected trickle
charge rate of | amp is obtained by setting pulse repeti-
ticw rate for the pulsa of FIG. 3 at | every 3 seconds.
Pulse duration is typically fram about one to aboat 20
milliseconds and iz preterably about one-five thou-
saneeltly to abowt one-one hundreth the pulse repetition
rate. Pulsc repefition rate may be controlled by con-
wroiling the capacitance and thus the charging tine
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coastant of the capacitor means 84 {FIG. 2). Allerna-
tively, contral means 12 may bo provided with time
control meats (o, agistal relay) for directly contral-
ling switcly tneans 66 independently or In combination
with capacitance control. Pulse discharge slernately
may be avtomatically contralled By use of 2 solid state
switching component, by providing for timed switch
operatien, or by wse of gas lube switching companztts,
The solid state switching deoviee msed for swilching
wican: 66 is preferable, although those skilled in the art

il recognize that a variety of electronic and electrical

circuils and components may be readily employed w
accomplish the switclung function. As shown in FIGL 2,
amplitude control is preferably affected by controlling
both the slee of the capacitance means 04 and the
voltage w0 which it is charged.

The number of controllable faclors as above dis-
cissed, permits selection ol 2 pulse current optiniom
for a particubar application. conveniently contol or
regulation ol the apparalus is provided in terns of the
average current (L. supplivd Zor a given sel ol parsm-
cters where average current i3 the time inteprated value
of the pulse curent. This s because Ly, s more casily
eorrelated to the characteristics of the hatiery under
charge. Specilially, L, should-fall within the trickle
charge or finishing rate values, or within the sclected
smail charging current value of the - battery under
charge. A sitple caseading or ganged switching ar-
ranrement in the control means will allow contral .
this manmcr. i )

Upon application of the pulse of FIG. 3 to the battery
under charge as described, extensive short term elec-
trolysis 5 mduced, The high current, cven though pre-
sent for enly a short period of time, Is essentially unaf-
tected by the electromotive force variances in the bat.
tery existing by victue of non-uniform electrolyte con-
centration. Therefore, gas is produced substantialiy
uniformly throughout the battery and over the entire
area of each battery cell plale, Further sutticlent gas is
generated, by virtue of the high current, o insure that
adequate quantities of gas are dilven into the clectro-
e and away from the plates. Thus, agitationand mixs
mg through pas bubble moverment 1 induered.

FIG. 4 illustrates a battery charging apparatus which
nclwdes both a pulsed current charging apparatus 110
and a conventivnal constant volizge <harging appara-
tus 112, The constant voltaye churger 112, which re-
eeives external power over conducters 114, pencrates s
constant voltagesvariable current charging program
and applies it (o battery 116 through conductors 118
and 120 'lhe semiconductor 122 permits current to
travel o the battery 116 and prevents current from the
pulsed current charger 110 [rom Howmng io the con-
stunt woltage charger 110 from flowing to the constant
vollege charger 112, Switch means 124 permits selee-
tive operation of the pulsed current charger 110 which
is conductively connectable 1o conduetors 118 and 120
viu conductors 126, 128 and 130,

Tt is recognized thal 2 variety of charging apparatus,
which generate different types ol churging programs,
muty be coupled with a pulsed curcent charger ax illus-
trated in TIG. 4 1o accomplish the pulse charging
methad of this invention. For exampls, a conventional
hattery charger may be coupled with a pulse petetator
50 that a combined charging program may he applied o
4 battery, FIG, 5 iz a simplificd block disgram illusear-
ing eme such emmbination, Lkectrical power rom an
cxternal source s supplied to the conventional hattery
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: 3
because the inductance of & particutar battery may not
be knewn, '

The eontrol means 12 as shown includes a voltage
comparator 92, a timer %4 and rectifier means 96. The
voltage comparator senses the voltuge on both sides of
switching means 66 when it is in a non-conducting
statits viz conductors 80 and 98, When a particular
voltage vatio as selected on selector dial 10HY is oh-
tained, the vohape comparator . 92 simyltanscusly
places switching means 66 in the conducting state via
conductor 82 and initiates timer 94 operalion vie eon-
ductor 102, For the battery 26 under charge in this
embodiment {té volt, 600 ampere-hour} 2 preferned
voltage difforence i about 5 to 25 valts, That is, the
voltuge cotmpatrator 92 actuates the SCR 66 whenever
capacitor voltage sxcoods baffery voltage by aboutl 5 1o
25 volis.

Lipon iaitiation, timer 94 pormits d.o, power recelved
freun rectifier means 96 via conductors 104 and 106 w
pass through to sofid state relay 48 arud thereby activae
it Concurremtiy prosct clectrical timing is commencerl.
Upen passage of a specified period of ttme {abaut one-
half second in this crmbodiment), timer 94 intereupts
the d.e. penwer passing to solid state relay 48, thus per-
mittitkg 0L tor cloge wnd reimtiate capacitor means &
charging.

The timer B4 functions may be pertormed by a vari-
ety of clectrical and electro-mechunical doviecs well
known to the art. For example, a simple capacitor with
an approprialc Ume constint may be conductively,
cooperatively combined with & relay sctoated contact
device in a generally well known manner. A simpl
agistat relay system may also be used. The reciifier
means 96, which teccives power over conductor 108

miy he one of 2 variety of rectifiers well known to

thode skilled in the art. Also, o wide varisty of rectifiers
are commercially available which may be snitably
adaptsble for use {e.g., solid state dinds rectifier), The
valtage comparator 92 may also be one of 4 varisty
commercially available or otherwise koown to thoso
skilled in the ant.

FIG. 3 praphically depicts a typical pulse of current
generated by the apparstus of FIG. 2. The pulse as
depicted is adapied to be applisd to a 16 velr, &S00
ampere-hour, ligquid-electrolyvte battery. Typical trickle
charge or fTnishing rate values for a batiery of this type
iy be in dhe range ol abaut 0.5 to aboat 3 amps. The
amplitude of the poise is a targe muftiple of thase val-
pes, and us here shown aver 800 Bmes the selected
wickle charge rate of 1 ampere. Depending on the
battery under charge, amplitudes ray vary from about
six to several thousand times, although preferably from
ahout 190 to about 5,000 tines the sate reconuended
small charping rates. Betier resufts, however, moy be
obtained when the actual peak value {in amps) of the
current pailse is in the vicinity numerically of the bat.
tery ampera-hour capacity. Thus, it is noted that the
approximale: 800 ampere peak of the pulse §s in the
vicinity of 600 amperes for the )0 ampare-hour lxat-
tery uncler churge.

For the apparatus of FIG. 2, (he selected trickle
charge rate of | amp 15 obtained by setting pulse repeti-
ticn rate for the pulse of FIG. 3 at ! every 3 seconds.
Pulse duration is typically fraom about one to aboat 20
milliseconds and is preterably about one-five thou-
sancltly to about one-one hundredth the pulse tepetition
rate. Pulsc repetition rafe may he controlled by con-
trolling the capacitance and thos the charging time
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cotistant of the capacitor means 64 {FIG, 2). Allerna-
tively, control means 42 may be provided with time
confrol means (e, agistal relay) for directly contral-
ling switch theans b6 independently ar in combination
with capacitance contrel. Pulse discharge slernately
may be avtomatically eontralled By wie ol o solid state
switching component, by providing for timed switch
operation, or by use of gus lube switching compoanznts,
The solid state switching device used for swilching
wmeans: 66 s preferahle, although those skilled in the art

Wil recognise that a variety of electronic and electrival

circuils and components way be readily employed to
aceomplish the switching function. As shown in FICE 3,
amplitude contrel ts preferably affected by controlling
both the siee ol the capacitance means 64 and the
voltage to which it is charged.

The number of coantrollable factors as above dis-
cussed, permits sekectinn ol 3 pulse current optinawm
for a particulsr application. conveniently control or
regulation ol the apparalus is provided in termus of the
averaoes current (I, ) supplicd Zor & given sel ol parsm-
cters where average current is the Hme integrated valuc
of the pulse ewrvenl, This is Bevause Ly, s more casily
potrelated to the characteristics of the battery wnder
charge, Specifivally, 1,,. shoutd fail within the trickle
charge or finishing rate values, or within the scleetod
sl charging corrent. value of the battery under
charge. A sitnple cascading or ganged switching ar-
rangemsnt in the control means w»all allow control by,
this munner. : o

Upon application of {he pulse of FIG. 3 to the battery
under charge as describud, extensive short term elee-
tralysis 5 mdnced. The high current,; cven though pre-
sent for enly a short period of tme, Is esseanially unaf-
feeted by the electromotive force variances in the bae.
tery existing by virtue of non-uniform electrolyte con-
centration. Therefore, pas is produced substautialiy
uniformly throughout the battery and over the entire
area of each battery cell plale, Further sufiicient gas is
generated, by virtus of the high current, (o insure that
adcquate quantities of gas are driven ioto the cleetro.
hie and away from the plates. Thus, agitation and mix-
mg through pas bubble moverment s induceed.

FIG. 4 illustrates a battery charping apparatus which
tncludes both a pulsed current charging appatatus 110
and a conventional eonstant voltage <larging appara-
tus 112, The constant voltayn: charger 112, which re-
ceives externdl power over conductors 114, penerates o
constant voltage/variable current chbarging program
and applics it o battery 116 through conductors L18
and 120, ‘The semiconductor 122 permits current to
travel to the battery 116 and prevents curvent from the
pulsed curremt charger 130 o Oowing io the con-
stunt voltage ¢harger 110 from flowing (o the constant
wollage charger 112, Switch mzans 1234 permits selee-
tive operation of the puléed current charger 110G which
is conductively commectable 1o conductors 118 and 120
viel conductors 126, 128 and 130,

Tr is recognized thatl a variety of charging apparatus,
which generate different types of churging programs,
maty be coupled with a pulsed current charger as illus-
trated in TIG. 4 1o accomplisk the pulse charging
method of this invention. For exampls, a conventional
hattery chiarger may be coupled with a pulse generator
50 that a combined charging prograon may he applied 1o
A batrery, FIG, & is a simplificd block diagram dlescar-
ng one such eombination, Llectrical power from an
external source is supplied to the conventional hattery
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7
charper 140 and to 8 pulse corrent generaior 142 of the
type Mustrated o FIG, 2 over conductors fdd. The
charger 140 output is supphied to swilching means 16
over conductor 148, The output ol the pulse cinreent
generator 142 3s supplied to the switching means awver
conductor 31800 The switching means 146 has an aulpul
which is supplied to battery 152 ovar conductar 154, A
cotmnn groand conductor 156 interconnects the hat-
tery 152, the charger 140 and the pulse current genera-
“tor 142, The switching means 146 switches atween the
output of the charger 180 and pulse eurrent gencrator
142 in accordance with a predetevmined churging pre-
gram. Switch coutol means 158 may control the
switching means 46 cither cleetricaliy or mechanically
o prodluce the desired progrun.

The charging prograr 1o be selected will vary with
the. type of battery as well as with other factars such as
toleralle passing rates, available power and the hike.
For cxample, FIG. 6 iThmstrates o battery arcangement
{152) comprised of 6 separate 18 volt Jead acid batler-
ies having 2 constant load ol shout 14 amperss, A
mghly prelerned charghep program for such a ballery
avrangment is iilustrated by the graphs of FIGS, 7 and
#. The charger 140 is connected through the switching
means 146 to supply a charging current of about 17

(

(=)

5

ammercs af aboul 40 woits for a peried of about 3 see-

_ands o3 shéwn Ty curves A (FIG, 7} and T3 (FIG. 8). At
“the end of 3 fcoonds the switch control means 158
canses the switch means 146 to open the circuit be-
tween the chavger 140 dnd the battery 152, The battery
voltage thus starts to drift dowarwsd from 40 volts
towards’ battery arangement’s (FIG. 6§ 36 volt fully
charged voltage. During the drift of voltuge, the pulse
rurrent geerator charges its cdpacitor 64 (FIGL 2) of
0312 (arads nominal capacitance with about 20 cou-
tombs of elecricity. Near the end of a 2 second drift
period, the switching means 146 is operated by the
gwitch control means LS8 to monentarily close the
- circnit- between the palss cureenit gencrator 142 and
the battery 152, A pulse of about |50 amperes peak
{300 amperes per battery 160) and millisecond dura-
fron having, an average value of about 4 amperes is
supplied to the battery 152, LThe switch control means
158 then canges the switch means t46 to reeonnect the
charger 140 to'the battery 152 to repeat the cycle. The
switch comtrol meang 158 and wwitch 146 may be de-
viees stmilar to the SCR 166 and control means 12
illustrated in FIG. 2. The pulses C and D illustrated
FIG5. 7 and § respectively are not propoctionat to their
actuad vahies for purposes of ilustrarion. The pulses are
distorted sine waves lower in valuc and longer th dura-
tion tham tllustrated in FIG. 3. because the batery ar-
rangement of FIG. § has 2 high reflected inductance. Tt
should alse be noted that the pulse repetition tate of
thix embodiment is ome every 5 seconds znd the pulse
duration abeut 1710 of the pubse repetition rafe. Pulse
duration in eemperable cmbodiments could be as high
as 50 muilliseconds.

IL s within contemplarion that portable units with
reencvable battery connections muy e devised as well
as unity fxcdly adapted to a particular application or to
a particular battery. As above illustrated and described,
# pulse current charging apparatus may simply be de-
vised using the teachings of this invention for a particu-
lar appiication. Devices may abso be available where all
means of control (Le., control means andfor adjust
means 75 hereinbefore described) may b= eliminated
by appropriate sslection of components. That is, those
skilled in the art will recognized that preselected com-
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poncnt values and avfomatc pulse penerating compo-
nents may b desirable for a pirtic tlar application. 1'he
vast nuoher of potential applications of this invention
suppest o variery of electrical and chasis configurations
and embadiments not ilustraged herein,

‘Opeeation of the pulse current apparatus during the
carfy stazes ol 4 batiery charge alter the battery under
charge has been deeply discharged is not particulady of
thuch adventage; although operation during such-a
time s in ne wy dissdvantageous, Tn Faed, 3¢S conten-
plated that some ambodiments of combined comven-
tional and pulse current apparatus may be so operated
to provide for simplified use and control. The preferred
uperaticnal application of the method aud apparatus of
thig irvention 1s at a point where 3 batters s very nearty
fully charged. Specifically, a charged bartery that his
been idle as well us a dischacped battery which is being
returned to the churged state are equally capable of
responding o the method and apparatus of his inven-
tion, Ti Fact, the method herein discloscd is particularly
useful o any situation where circumstances digtate,
inter alia, the nicd lor mixing and agitation along with
reduced or mindmal gas production.

TE iy b b omderstood those skilked m the art recog-
nize the uselilness of the method and anparatus of this
invention, and are capable of deviging a variety of ap-
paratus employing the principles and teachines ol this
myeation.

| claim:

1. 4 battery charging apparatus comprising:

4. an exterosl source of electrical power;

b a conventional batiery charging apparaivs to sup-
© oy aconventtonal charglng current as an oulpul
and conductively connected & said cxternal source

of alectrical power,

. i pulse currend pensrator having an output to sup-
ply a pulse of electricul current which is of large
amplitude as compared to the amplitude of smail |
charging currents apphcd to said battery when
beitery overcharging proceduses are being em-
ploved, said pulse currenl penerator being condus-
tively connected to said external source of electri-
il power; . .

d. swilching means conductively conmected fo said
zopventional hattery charper, to said pulse current
ponerator and o o battery o switch the owpt of
sald conventional battery charging apparatas and
the output of said pulse current gencrator into
electrical eircuit with suid bullery; and .

" . control means conpected to sald switching means
to cause said switehing means to switch the output
of said convemtional batlery charging apparatus
#nd the output of said pulse cnrTeint generator to be

“in electrical citenit with said batiery to mpact
‘sl bailery a preselscted program of conventional
and pulsed charging current wherein said conven-
tionnl charging curfent and said pulse charging
currenl alteroate at a selected constant rate.

2. The apparatns of claim 1 wherein said pulse has an
amplitude [rom abool 100 (o abot 5,000 times said
sreall charging eurrcnt and a ducation frot about one-
half £0.5) a millisecond o whaot 50 milliseconds.

3. The apparatus of claim 2 wherein said comven.
tional chaegine curcent is applied fo soid battery for u
periad of about 3 seconds out of cvery 5 scoonds and
said pulss apnlied to said battery near the end of the 2
second porinds existing between said 3 second periods

ol conventional battery chargimg currcnt.
* * 3 + *




