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L. (57) Abstract: Float charging a battery comprises charging a battery to a reference voltage that is less than a maximum voltage of the
o0 battery. A power source provides power to a charging circuit. The circuit supplies a reference voltage. Au operational amplifier float
@ charges the battery to the reference voltage. A comparator determines whether the battery’s voltage exceeds the reference voltage.
Another comparator determines whether current through the battery exceeds a reference current. A thermistor determines whether
the battery’s temperature exceeds a safe range. A microprocessor monitors the inputs from the comparators and the thermistor and
& outputs of the circuit. If the comparators or the thermistor reports a safety fault to the microprocessor, the microprocessor shuts down
€\ the charging current to the battery. If an output circuit draws too much current from the battery, the microprocessor can disconnect
O the battery from the output circuit.
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METHOD AND SYSTEM FOR FLOAT CHARGING A BATTVERY

RELATED APPLICATIONS

<3

U/

¥

{0001} This applhication Is related to LS. Patent Application Neo. 11/982,58

entitied “Faulted Circnit Indicator Apparatus with Transmission Line State Display and

t

Method of Use Thereofl” filed on Novewber 2, 2007; and 115, Patent Application No.

11/982,388, entitled “Commuunicating Faulted Circuit Indicator Apparatus and Methaod
of Use Thereofl” fled on November 2, 2007, The complete disclosurs of each of the

above-identified related applications is hereby fully incorporated herein by reference.

TECHNICAL FIELD

10001} The present inveniion relates o a battery power sapply and more

;aarifs.e:uiariy o a circuit for recharging a bmew used o power remote sensors, such ¢

BACKGROUND

000} Faulted cirenit indicators {FCIs) are well known in the fisld of electric
power distribution systemas, Generally, FCls are electrically comnected to transmission
imes in g power distribution systom at vartous locations throughout the system, oflen in

close proximity fo sysiem loads. When a fault occurs in a transmission line, FCis

Q"‘

ctween the power source and the fault will deteet that a fault has occwrred. Typically,
FCIs that have detected a fault then display an indication that the fauslt has heen
detected. An PCL also can include a conventional transmitter for conununicating fanlts
to another location. A technician can then identify a fault by locating the ransmission
line between an F(CI that indicates it has detected a fault and an FCT that does not
ndicate a faglt.

{00037 ¥CIs and other types of sensors may be deployed widely 1o monitor
systems in remote locations and in harsh environmental conditions,  The difficulty of
powering remote sersors, such as FCUIs, has Jong been 2 problem limiting the sensors’
iifespan and usefulness. Generating adequate power 1o @ romote sensor requires the use
of large primary bafteries, which is cost prohibitive. As a result of o lack of sufficient
power 10 remate sensors, the sensors must power down for periods of Hime 1o conserve

’t
1

ey, which resulls i a lack of communication from the sensors during down time.
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{00047 Lithiwn prizary cells, which are not rechargeable, provide one option as
a power source {or remote sensors. However, most transmitiers for remote sensors
require instantaneous power in amounis too large for Hthinm primary cells o provide,

3.

Additionally, non-rechargeable batterics reguire routine replacement at relatively short

{0005] Remote sensors conld harvest power from other sources, such as solar,

inductive, biological, or mechanical means. However, the inconsistent nature of these
BOUICES Toquires a System to capiure the energy and store 1t for later use. Additionall ¥,

conventtoual sensors cannet withstand the barsh environments—-43% o +85 dezrees

Celstns——in which remaote sensors usually are deploved can pose neardy insurmountable

challenges, especially in the small packages required by modern electronics. Oblaining
a hife expectancy of more than two to three years for conventional sensors is unlikely in
the absence of burdensome extra cireniiry and devices that coal por heat the senser to

he charge receptor al orclose to room terperatire.

{0006] Several conventional devices have been developed fo fry io address the

deficioncies associated with conventional sensors and their power sources. However,
all such conventional devices have shoricomings. The variows faglis of these devices

result I remole sensors that are cxpensive, short lived, or both.  For example, a
conventional solution is 10 nse devices such as supercapacitors fo power a remote

sensor.  Howe

supercapacitors work well only in applications that operate n
environmenis close to 25 degrees Celstus. Thus, supercapacitors fail o provide the
necessary functionality in the extremie environments of remwote sensing applications.
FOG0OTT In addition, Hthium polymer and Hihium fon cells have been identified as
options. However, charging these cells can be difficult bocanse of the envirommental
constrainds of remote sensing.  Conventionally, such cells are charged to their

maxinun allowable veltage, which vields the maximum capacity.  Storing hithium

cells when charged to maximum capacity will severely Hmit the cells’ lifz expectancy.

o
Fully ¢

rechargeable hithivm cell greatly degrades the cell, causing premature

.‘V“!{'}g
faitare and reduning shelf life to less than three to four years, Additionally, developing
circuiivy to meonitor and charge these systems at the availabie low power inputs can be
prohibitive

{O0OB] As discussed previously, lithinm cells ordinarily are charged 1o the

maximum allowable voltage. By charging to the maximum voltage, users ¢ of lapiog

<
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computers, for example, van extend the maximum period of continuous use. However,
this method of charging results in successive periods of charging to the maximum
voltage capacity followed by perinds of partially discharging the lithium cell. Such
patterns of use severely degrade the Iife of a batterv.  Accordingly, iraditional methods
of charging Hthinm cells cannot provide the consistency and fongevity reguired in
remote sensing applications.
{00091 Accordingly, a need exists in the art for a power source for remote
ensovs that addresses the deficiencies of conventional sensors and assoclated power
sources.  For example, a need exists in the art for extended battery e in remote

sensing operations. A further noed exists for a clrenit for foar charging & hattery 10 a

predetermined voltage that will extend the life of the battery. A need also exists for
float charging a batiery as a way io provide sufficient and consistent power 1o rennie

.ﬁ‘

sensors and to prevent down fime resulting in loss of communication,

SUMMARY

[0010] The proposed solution is to float charge a rechargeable battery at its
oplimum storage voltage. The present invention mvelves using a limited curent o
charge a battﬁf.:‘y 10 @ specified target voltage below the battery’s maximum allowable

§

voltage. This float charging method increases a shelf life and longevity of the battery.

By

100111 in one aspect, a power source provides power to a eharging cireait. The
cireuil supphies a reference voltage. An operational amplifier float charges a batter ¥ 10
the reference voltage. A resistor limits the maximuam charging current to the battery,
and @ diode prevents reverse current that would discharge the battery.  The eircuit

battery’s voltage

Py

performs several safety checks. A comparator determines whether the

pssy

exceeds the reference voltage.  Sinilarly, another comparator determines whether

current through the battery exceeds a reference current. Also, & thermistor determines
whether the battery’s temperature exceeds a safe range, A micre S8807T monitors the

imputs from the comparators and the thenmistor and outputs of the cireuit.  If the
comparators or the thermistor reports a safety fault to the microprocessor, the
PUCTOProcesser can operate a switch off to shat down the charging current o the
battery.  If an output circuit draws too much current from the battery, the
microprocessor alse can operate a second switeh to disconnect the battery from the

output oircuit,
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00127 In an alternative aspect, & linear regulator float charges the battery to the
reference voltage. In addition to the safety features Usted above, the microprocessor

can divectly shut off the linear regulator to prevent overcharging or other dangerous
conditions. When opcmi ng with high voltages, the charging circndt can accommuodate
multiple capaciiors for filtering purposes.

{0013] Additional aspects, features, and advantages of the invention will
become apparent 1o those having ordinary skill i the art upon consideration of the
following detailed description of iHustrated embodiments exemplifving the best mode

of carrying out the invention as presently perceived.

BRIEF DERCRIPTION OF DRAWINGS

{0014] Fig 1 is a functional block diagram illustration of a method for float

H
2

{I

warging a battery “:"cm‘ding 1o an exemplary embodiment of the invention.
{O015] Fig 2 s a functional block disgram iHustration of s method for charging

a battery using an operaticnal amplifier according to an exernplary embodiment of the

{0016] Fig. 3 is a schematic illustration of circult for float charging a batten

-

using an operational amplifier according 1o an exemplary embodiment of the invention.
{60171 Fig. 4 is a schematic tlostration of a cireuit for float charging @ hattery

using a linear regulater aceording 10 an exemplary embodiment of the invention,

DETAILED DESCRIPTION

TR B s not an accepted practice in the art to float charge lithium cell
batteries. In fact, manufacturers of lithivm cells generally recommend charging the
cells to the maximum allowable voltage to exiend g potential period of continuons use
Howgver, by charging o the maximum allowable voltage a user will drastically reduce

the life expectancy of a Uthinm celll Thus, the manufacturers’ recovamendations

o

foreclose the use of hithinm cells in remote sensing applications.

goreey

0019 According to the present Invention, & user can lengthen the life of 2
Hthiwn cell considerably by float charging the cell to a specified target voltage below
the maximum capacity voltage. “Float charging” means charging a battery at the same

rate it i discharging. The float charging circuit charges the haﬁf:rj essentially at the

same rate the baltery discharges to an output civcuit or dissipates during inactive
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periods, thus maintaining the battery’s voltage at the specified target veltage. This
wethed of charging can increase the life of the battery o a decade or more, making the

fithiwm cell suitable for remeote sensing applications.  Additienaily, this method of float
charging demonsirates inherent safety qualities by reducing the risk of overheating or
explosion of the lithium cell associnted with overcharging. The present invention can

accommodate additional safety features as well, including over-voltage, overcurrent,

and femaperature protection.

D026} Figure 1 tlustrates a method 100 for float charging a baltery sccording

o an exemplary embodiment of the mventton.  Figure 1 will b

'-m

refersnce o

¥ o
H
B

sgare 3, whuch fllustrates a cirenit 300 for Soat charging a battery Vi

using an operstional amplifier OP! according 1o an exemplary embodiment of the

- "

mvention. In step 105, a power source 302 provides power to the circuit 300, The

= i

ciretil may use any suttable power source, ncluding a solar cell, a fuel cell, a battery, a

cuwrrent fransformer, or another sutlable source. In one exemplary embodiment, the
float c‘mrgin'\ circuit 300 can draw power from the cwrrent transformer {(not shown) of

a faulfed civenit indicator {10t shown).

bl &y
t.}‘ ::
i

i i

in step 1143, a reference voltage V81 s sopplied 1o the cironit 380, The
reference voltage V81 provides a target float charge voltage fow the baltery V1. The
reference voltage can be calibrated according to the float charge voltage that will

maxintze the life of the battery V1. The approprigte Soat charge voltags can generally

-‘:7 <

5

pe determined from a manufacturer’s recommended voltage for storage of the batiery
V1. Inan exemplary embodiment, the baftery V1 can be any rechargeable lthium-ion
cell, lithium phosphate cell, or Hthium polvmer cell, or any other suitable type of
batlery. In an exemplary embodiment, the float charging civeuit 300 will charge the

hattery V1 1o between forly percent and seventy percent of the battery V1's maximum

o

1

capacily. In another exemplary entbodiment, the float charging cireuit 300 will charge

s

he battery V1 to between ffty percent and Gfy-five percent of the batiery V1I's
maximum capacily. For example, float charge for a lithium ion or lithium polymer cell
can be between 3.6 and 2.7 volts for a batiery having a maximum voltage of 4.2 volts,
and float charge for & lithim phosphate cell can be 3.4 volis for a battery having a
maximum voltage of 4.2 volts. In one exemplary embodiment, maximum capacity can

be measured in ampere hours.
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00221 Inostep 115, through the use of operational amaphifier OP1LL the circuit 300

charges the battery V1 to the desired float charge voliage. Step 1135 will be described

w further detail heremafier with reference to Figure 2. Figure 2 illustrates a method
115 describing the fanction of oporational amplifier OP1 as a charging mechanism

secording o an exemplary embodiment of the invention.  Alternative embodiments
may use a Hoear regulator or other suitable device to charge the battery o the desired

float charge voltage,

s

[OU251 While the oirouit 300 charges the battery, It also conducts several safety

i

checks, as Hustrated in steps 1204145 of Figwre 1. As shown in Figure 1, the oireait

300 performs the safety checks sequentially. In alternative embodiments, the safety

checks way be performed simultansously
00241 In step 120, a comparator CF1 compares the battery V1 veoltage 1o &
3 : 2 ]
maxinum voliage (Vmax) for the baitery VI, Resistors RS and R6 function to sot the

appropriate maximum voltage for the over-voltage function of comparater CPL.

o

person having ordinary skill in the art will be able o choese the resistance levels of
resistors RS and RS appropriately io set the desired trip poimi for over-voltaze

profection. In an exemplary embodiment, the maxinom voltage can be calitrated to a

mamufacturer’s mupommn suggested vollage for the battery V1,
Pactae) el o

{00257 Then, in step 125, the comparator CP1 determines whather the battery

V1 voltage is greater or less than the maximuwm voltage. I the battery V1 valtage is
greater than the maxinum voltage, the comparator CP1 owtputs the information o a

=

microprocessor 306 and the method 100 branches to step 130, In step 130, the

g
(]

miicroprocessar 306 switches off Field Effect Transistor (FET) T1. When switched off,

L

s the circuit from charging the battery V1.

{0026] Reforring back to step 125, if comparator UP1 determines that battery
V1 voltage s less than or equal o the maximum voliage, the circuit 300 continnes 1o

£y

charge the battery V1 1o the desired float charge voliage as determined by the reference

=
2
£

P bt
o
o
i

a second safety check, a comparator CP2 compares a current I~
across the battery VI 0 8 maximum current I+ in slep 130, Resistors RY and RI0
function to set the approprigte refersnce current I+ for the over-current function of
comparator UF2. A person having ordinary skill in the art will be abls to choose the

resistance lovels of resistors RS and RI0 appropriately to sof the desired irip point for
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ovep-cirvent protection. In an exemplary embodiment, the maxinum current I+ can be

calibrated 1o & manufactirer’s maximun suggested current for the batiery V1,

yf)
et
s

Ky =

{00287 Then, in step 135, the comparator UP2 determines whether the curreni

Fosad

across the baltery V1 oxceeds the maximum current 3. If the battery V1 cwrent -

exceeds maximum cwremt I+, comparstor (P2 ouvtputs the information o the
microprocessor 306 and the methed 100 branches to step 150, In siep 150, the
microprocessor 306 switches off FET T1, as discussed proviousty.

{00291 Referning back to step 150, if the battery V1 current I- {s less than or
equal 1o the maximum current [+, the circuit 300 continues to charge the batte Vo
the desired float charge voltage as determined by the reference voltage V1,

[OU30] As a third safety check, the microprocessor 306 compares in step 140 a
temaperatiwe of the baftery VI, as measured by a tomperature sensor NTC, o 3

predetermined  femperature, which can comprise 2 specified temperature or a
temperature vange.  In one exemplary cmbodiment, the temperstire sensor NTO
comprises a thenmistor.  In altermative cmbodiments, the microprocessor 306 can
directly gange the battery V1's temperature via s own temperature gauge or another

suitable device may be used.  In an exemplary embodiment, the predetermined
temperature can be calibraled to a manunfacturer’s suggested safe temperature for the
battary V1,

?ﬂﬂ?“ Then, in step 143, the microprocesser 306 determines whether the

fcl
£
ot
o
o
2
e:’
[ s
£
2]
(5
%
o]
%
e
5
?
/
»
I y( 41
o
15
L]
bes)
&
T
“
[

v oless than the predetermined temperature. I the
baitery Vi's temperatwre exceeds the predelenmnined temperature, the method 100
branches 1o step 150, in which the microprocessor 306 switches off FET T1, as

[00321 Referring back to step 145, if the battery V1 temperature is less than or
equal to the predetermined temperature, then the method 100 branches back to step 147
m which the microprocessor ensures that the switch FET T1 is closed, The method 100
then returns to step 115 to continue charging the battery V1 to the desired Soat charge
s (steps 1235, 135, and 145) ave passsd, then the
cirenit 300 will continge to charge the battery V1. If the microprocessor previously
opened the switch FET T1 due to a failure of a safety check, the switch FET T1 will be

3

closed in step 147 after all three safety checks are passed.
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{ Referving back 1o siep 130, the method 100 returns from step 150 to siep

120 to continue performung the safery checks.  Thus, if a previous condition that

&

irggered discontinuing charging the haftery V1 returns to a normal state, then the
method 100 can continge to monitor the safety checks until all safely checks are passed.

Al that point, the method 100 branches to step 147 as discussed earlier to continue
charging the battery V1.

[0034] Because the civenit 300 Hoat charges the battery Vi, charging will be
performed continunusty n the absence of a safety shut down., The method 100 of float
charging exhibiis mberent safety features. By float charging the battery V1 o 2
prodeterined foat charge voliage below the maximum voltage of the battery V1, the

5

method 100 reduces the risk of overheating or explosion associated with hsﬂierias, and

Hithiva cells in particular. In addition, the oxemplary embodiment of Figure 3 includes
at least one further safety feature not illustrated in Figare 1. The microprocessor 306
can determine i a load is drawing too much current from an outpat 308 of the battery

Vi, i the output 308 draws too much current, microprocessor 308 will switeh off FET
T2, allowing the float charging cirenit to continue float charging without outputting

fod

I $ %o $hven Voo
current to'the load,

irates a float charging mechanism using an operational
zm:spi;ii‘im‘ according to an exemplary embodiment of the invention. Figure 2 will be

described with reference to Figure 3.
3

Y31 to the + pin of the operational amplifier OP1 (hereinafter V+) and the E}aﬁm‘y Vi
provides s voltage to the - pin of the operational amplifier OP1 {hereinafier Vo). In
step 207, the operational amplifier OP1 atlewmpts to match the voltage V- 1o the voltage
V- and charges the battery V1 appropriately as described in steps 210-225.

HO037] In step 210, the operational amplifier OP1 delermines whether the
voltage applied to the - pin (V-) maiches the voltage applied to the + pin (V=) Ifthe
voltage at the + pin exceeds the voltage at the - pin, the method 115 branches to step
215 i which @ current 11 flows from the operational amplifier OP1 o the battery Vi,
thus charging the battery V1. Resistor RY functions io limit the amount of cureent 11
flowing from the operational amplifier OP1. A person having ordinary skill in the ast

will understand how to choose the appropriate resistance level of R1 to Hmit carvent 11
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238T Reforring back o step 210, as the voltages at the + and - plus of

operational amp’iiﬁexf OF & ppm“ci“ equivalent, the method 115 branches to step 22014n

approaches zero (o prevent charging the battery V1 bevond the reference voltage V1.

=%

When the voltage at the + pin equals the voltage at the - pin, the current 11 equals zero,

0035 Referring back to step 210, if the voltage at the - pin exceeds the voltage
at the + pin, dinde D1 prevents backfeed current fom the battery V1, 11 oguals zero,

y V1 ceases.

and charging of the batier
00401 The method 115 i porformed continuously. Thus, from ecach of steps
213, 224, and 223, the method 113 returns to step 210 o provide the proper current 11
for charging the battery V1. As shown in Figure 2, the method 115 alse procesds to
step 120 (Figore 1} to allow performance of the safety cheoks deseribed previousty.
(0041 ] Figure 4 tllustrates a cireuit 400 for float charging a battery BT using a

hmear regulator US aceording 1o an exemplary embodiment of the invention. The

cireuit 400 can be used as the circuit that charges the battery as referenced in step 115
of Figure 1, in which case the battery BT is the battery V1,

(00421 The curcuit 400 of Figure 4 operates in myueh the same way as the cireuit

300 of Figure 3 o float charge a battery BT or VI, respectively.  According o the

ermbodiment of Figure 4, a linear regulator US provides a constant voliage to battery

BTi. A power source {(not shown) provides a vollage Vin to the #8 pin of the Husar
regudator US theough a resistor R17 that limits the charge current. The linear regulator
U5 provides the constant voltage to the battery BT1 via resistor R12 from the linea
regulator US's ¢l pin. The battery V1 voltage is provided to the Hnesr regulator’s #2
pin, and the linear regulator US controis the voltage to the battery V1 in response.
{0043 The cireuit 400 alse includes safety features. Comparaior US functions
as over-voltage protection and outputs Vo 1o a microprocessor {not shown}
Comparator U4 functions  as  over-current  profection and outputs OC to the
microprocessor.  If sither comparator US or U4 indicates a fault, the microprocsssor
can directly shut off linear regulator US and prevent charging of battery BT1. The
civewit 400 includes capacitors €14, €49, C15, and C16 for noise filiering purposes.
{0044} The circoit 400 was tested to determine whether the charge algorithm

operated to float charge the battery BT, The test supplied a discharged lithium cell
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battery to the charging civewt, w AZC§ inunediately began float charging &t 45 maA of

current to the lithinm cell. As the mhmm cell’s voltage inoreased, the charging corrent

decreased.  The test took approximately 30 hows 1o charge the battery ﬁi‘iiy, The

cireuil was also subjected to power surges and transients according to 150 61000-45,
During the test, the cirouit’s over-current, over-voitage, and overall functionality

remamed as sxpected. In o test designed for an exiernal short civenit, the civeuit

%

disconnected the battery {through operation of R25 as a fuse), therchy preventing an
cxplosion or an otherwise dangerous increase in temperature.  In other safely tests, &
thermistor approprimtely tracked the tompersiure of the battery. The overcwrent

;}rs:sts:ciimz aad over-voltage }31701:3{:&011 also were lested, both of which operated

{GG«"@S} Different types of E}atieriﬁ:s, sach as lthuan cells, have different
optimum  float charge  voltapes, which can be based on  manufactursr’s
recommendations for the batteries” storage volisge.  The cxemplary embodiments

iustrated o Figures 1-4 can accommuodats nltiple types of batteries. In particular,

v
¥

the reference voltage VS1 and certain current-Hmiting resistors can be adjusted to any

level approprigie for the target voltage designed to maximize the Hfe of o particular
battery. A person having ordinary skil in the ant will understand ways to adapt the

exemplary embodiments 1o optimize performance for different tvpes of batteries.

&} Exeonmplary iypes of lithium cells include fithin polvmer cells, Hthin

.
TR
PG
t 3

on cells, and Hithiwn phosphate cells, each of which s suitable for use with the
exemplary methods and circuiis described herein

{0047] Many other modifications, features, and embodiments of the invention
will become evident to those of ordinavy skill in the art. B should be appreciated,
therefore, that many aspects of the invention were described above by way of example
ouly asd are not intended as required or cosential elements of the fnvention unless
exphicitly stated otherwise. Accordingly, it should be understood that the foregoing
relates only to certain embodiments of the invention and that numerons changes may be

o 43 = ot I B

made therein withont departing from the spirdt and scope of the invent
{

the following claims. §t should also be understood that the invention is not restricted to

)

the illustrated ombodiments and that various modifications can be made within the

scope of the following clanms.
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CLAIMS

What is clatmed is:

A method for Hoat charging a battery, comprising

o,

a rate cqual to a rate of discharge of

R
frady
ooy
]
[543
4]
poes
r-‘l'
53]

charging a batiery 1o a reference vo

the battery, wherem the reference voltage is less than a maximum voltage of the

5

atiery.

2. The method of clatm 1, further comprising the steps of:

determining whether a voltage of the battery exceeds the maximum voltage; and

discontinuing the charging step in response to determining that the voltage of
the battery exceeds the reference voltage.

3. The method of claim 1, further comprising the steps off

determining whether a cwrrent through the baltery exceeds a waximum current

discontinuing the charging siep in response to determining that the curvent
through the battery exceeds the e current
4, The method of claim 1, further comprising the steps of;

deternuning whether a tomperature of the battery exceeds a predetermined

discontinuing the charging step in response o determining that the fewmersture
of the batlery excoods the predetermined temperature.
5. The method of claim 4, further comprising the step of measuring the

temperaturs of the battery with a thermisior,

6. The method ol claim 1, further comprising the steps of
providing a power source that provides power to charge the battery to ¢

reference ¥ aiiage, and

cutputting current from the battery to a load.
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7. The method of claim 6, wherein the load comprises a faulted cirenit

mihicator,

The method of claima 7, wherein the power source cowprises & curvent

s

transfonmer associated with the fnlied cirouit indicator,

ot

ugthed of claim 6, wherem the power source comprises at least one

£

£, The

rad

of a selar cell, 2 fuel cell, a battery, and a current transfornmer associated with a faulied

P

ciroudl indicat

10, The method of claim 1, wherein the battery comprises one of & Hthium

polymer cell, a thium lon cell; and a lithium phosphate celi

‘.

1. The method of claim 1, wherein charging the battary is performed sy

an operational amplifier,

The method of claim 11, fwrther comprising preventing a backflow of

%’\.J

current from the battery 1o the operational amplifier,

ethod of claim 1, wherein charging the battery is performed using

“
i
L3 =

L2
]
[ecid
fvvs
(4]
)
et
%

a linear regulator,
14, The method of claim 1, wherein the reforence voltage is a voltage that
will charge the battery to not less than forty percent of a maximum capacity of the

Batlery and niot greater than seventy percent of the meaximunt capacity of the ba Hery.
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15, A civoutt for float charging 4 battery, comprising
- a3

a device that charges the battery to a reference voliage al a rate squal to a rate of

discharge of the batiery, wherein the reference voliage is less than 8 maximum voitage

of the battery.

16, The circuit of clatm 13, further comprising:
a comparator that determiives whether a voltage of the hattery exceeds the

maximn voltage: and
a microprecessor that controls the device to discontinue charging the hattery in

response to defermining thal the vollage of the battery excesds the reference voliage.

{elam 15, further comprising:

a comparator that determines whether a current through the battery excesds a

& microprocessoy that controls the device to discomtinue oh arging the battery in

response o delermining that the curvent through the batteryv exceeds the reference

{8, The civeutt of claim 15, further comprising:

e of the battervy a

(.‘_

e

[

for & {emperature gange for measuring & tempera
& microprocessor that controls the device to discontinue charging the battery §

response fo determining that the measured temperature of the battery oxoeeds a

19, The circuit of claim 18, wherein the temperature gauge comprises a

28, The cirouit of claim 13, wherein the battery outputs curront to 2 load.

. The cirewit of claim 20, wherein the load comprises a faulted cironit

wndicator,
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23 The circmit of clamm 15, wherein the power source comprises & current

transformer associated with the favited circuitl indicator

ﬁ»

23, The cirenit of clatm 15, wherein the power source comprises at ieast oue

of a solar cell, a fuel cell, a baltery, and a current ransformer associated with a faulted

2
N
s
b
%
-

cirenit of claim 15, wherein the battery comprises one of & Hihium

¥

polymer cell, & Tthuww ton cell, and a Hihium phosphate cell

23, The circuit of claim 15, wherein the device that charges the batier
comprises an operational amphifier.
26, The civenit of claim 15, wherein the device that charges the battery

27. The circutt of claim 15, wherein the reference volisge is 2 voltage tha
will charge the batlery o not less than forty percent of & maxionun capacity of the

battery and not greater than seventy percent of the maximum capacity of the battery.
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Method for Charging the Battery
Using an Op Amp
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