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{7hH  Applicanis: Ying San, W‘est War;wick, RI¢U S} ] (57) ABSTRACT
Alexander Cheng, Scarsdale, NY (US) A method and an apparatus are disclosed for extending the
(72) Taventors: Ying Sun, West Warwick, RI (US); service Hife ofa hai‘i‘erly source by fully utilizing the energy in
Alexander Cheng, Scarsdale, NY (US) ‘zjatierze:x. .z-ml.cif_{c}}: ?m\fzdmg _Ingher‘en.ezgy reserve using mi-
fiple batteries. The invention has ecomomical and environ-
medal benefits by reducing waste in batteries in addition to
(21 Appl No. 14493416 offering convenience and case of maiotenance in battety use,
Tt also henefits the design of devices when replacing batteries
) is either difficult or impossible. A universal battery bank
(22) Filed: Nov. 30, 2013 consists of an ensemble of possibly heterogeneous batteries
all connected in series to provide a usable operational energy
source. Toexploit this power supply that may vary over o wide
PubHeatlon Classification voltage range, electronics are designed 1o monitor the indi-
vidual batteries, guard against excessive volage and current,
{31y It . and provide constant current sources and/or constant voltage
HOXT 7700 (2006.01) sources for various appliances.
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METHOD AND APPARATYS FOR
NG SERVICE LIFE OF A BATTERY
SOURCE

EXTE

BACKGROUND OF THE INVENTION

100011 Pvery year 15 billion batieries are sold worldwide.
Many of them are primary batteries such ag alkaline or zine-
carbon batferies, which are discarded afier a single use. Bat-
teries comdain harardous substances such as sulfuric acid,
mercury, lead, cadmium, and other heavy metals, which need
to be properly recycled before disposal, Used batteries often
end up in landfill sites, posing a threat to the enviroament.
Recharngeable batteries can alleviate the problem, bt only 1o
a Hmited extent. A rechargeable hattery can provide good
service for the first three years and usually needs 1o be dis-
posed of after five years.

{00021 Almost all electronic devices are designed 1o oper-
ale with a Farly constant voltage supplyv. As the baltery dis-
charges, its oulput voltage decreases. A typical eleclronic
device stops working properly when the supply voltage is
helow a certain threshold. For example, a guartz wall ¢lock
runs o a 1.5-volt AA battery and usually stops working when
the battery i down to 1.2 V. However, for a 1.5V alkaline
battery it slill possesses about 60% of #Hy enerpy at 12V,
represeniing & significant waste. Even at the half-voltage
point {75V y—oflen considered as the cutoff point---the bat-
tery st retaing abowt 30% of Hs energy. Another example of
vader-utilization of the battery energy is the battery-operated
smoke alarm, 1 is recommenced that the battery in the alarm.
be replaced regularky as a safety precantion. It is pot uncom-
mon to find batteries in the recycle bin with a residual voltage
i the 1.3-1.4 'V range.

{00031 The residual enerpy in used batteries oot only is
wastelnl byt also can become a safety hazard, For example,
excessive heat 15 generated when metallic Iithinm in a lthium
battery is exposed o moisture. In the lndfill a thiom battery
it a charged state could cause a fire when crushed by heavy
equipment operating on the sie. Landfill fires are notoriously
persistent and can burn for vears voaderground,

DESCRIPTION OF THE RE

AFED ARYT

{00041 There have been constant endeavors throughout
human history to improve on energy efficiency, These
endeavors focus mostly on the usage side, Le, to use loss
energy for a given fask. Meanwhile most people are oblivious
to the waste of enetgy i batteries although it becomes obvi-
ous once poinded out. Bven for rechargeable batteries with so
many inprovements over the vears, the loss over thme (self-
discharge) as another source of waste, alheit at a smaller scale
than the residual energy addressed in ihis present patent, hag
rarely been considered,

{00057 Battery technology is a fervent area of research and
development. It i highly desirable fo have the mereased
capacity, higher density, and easier portability as features of
a0 energy storage device, Currently with the popularity of
portable electronies, such as cellphones, MP3 playvers, tablets
and wearable computers, the market demands have prompled
efforts 10 come up with fechnological solutions. These sohu-
tions, e.g. celiphone charger, use mostly fixed configuration
of specialized batteries. In contrast, one embodiment of the
preseat inverdion provides for an open archifecture with flex-
ibility psing commodity-grade off-the-shelf batteries,
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[H86)  Over the vears, they have been numerous advance-
ments in battery technologies bt pone of these solutions
adkdress the problems addressed in this patent application.

SUMMARY OF THE INVENTION

[H087]  This iovention provides a method and apparatus for
extending the service e span of a battery source. This objec-
tive is achieved by fully utilizing the energy in batteries and/
or providing higher energy reserve using multiple hatieries.
Forthermore, this invention can help vilize the residoal
energy lefl in used batteries. Aller their original services o
charge an electronic device, the used batteries are further
exploited 10 function wnil they are dratned almost come-
pletely. By extending the service life of batteries this inven-
{ion hag a positive impact on the economy and eavironment.
This 1s accomplished by stacking vp many wsed batteries,
either solely with other used batteries or with some new
batteries, 1o provide a higher operational voltage. However, a
technical difficulty arises because this operational vollagecan
vary over a wide range depending on the number of batteries
ichided and the residoal voltages of these batteries, The
present invention discloses 2 method to overcome this tech-
nical difficulty.

[6068] The invention revenls the design of the Universal
Battery Bank (UBB). In ose embodiment, the URBmay bean
ensemble ofpossibly heterogeneous batteries all connected in
series. Inanother embodiment, the BB may be an ensemble
of sunilar battery types, A UBB may contain AA, AAA,
AAAA 9V, C, D, button batferies, or any other tvpes of
primary o rechargeable batteries. Wihout the preseat inven-
tion, the ouput voltage of a collection of batleries w1 such
arrangement s the sum of all the voltages of the batteries,
which may vary over a relatively wide range. Tn one embodi-
med, the batteries connected in sertes are all of the type that
have previously been used for charging. 1o another embodi-
ment, the batteries connected in series consist of both used
andd new batteries. The UBB may contain a smart battery
management unit (SBMUY that identifies Jow-volinge batter-
ies to be replaced. The SBMU also mdicates an over voliage
sitoation when the output volage i over a certain threshold
because of too many high voltage batteries included in the
BB,

[6069]  The energy in the URRB is exploited by using elec-
fronie cirenitries that provide either constant voltage sources
or constani current sources. The design of these circuils needs
to take in consideration the need for handling a supply voltage
that varies over a wide range. Protection circuitries are needed
10 prevent possible damages doe to excessive voltage or
excessive current. The constand volage and currend sources
powered by a LB can be used for a variety of appliances.
The field of use includes LED lamps, flash Lights, night ghts,
decorative lights, door bells, small electric fans, speakers,
survetllance cameras, security sensors, smoke alarms, wear-
able devices, consumer electronics, and chargers for varicus
porable devices.

[6010] The aforementioned concept of the UBB can be
extended 1o the design of battery-powered devices when
replacing batteries is eiher diflicolt or unpossible. Such
apphications can be found in several fields of use such as
implantable medical devices and remote-sensing probes.
Generally speaking, any electronic device has a required
mininnum supply voltage 10 operate, For example, this mini-
mum operaliogal voltage mavbe V. The battery voltage V',
needs 1o be higher than or equal to V., in order to maindain

]
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the function of the device. Thus, the operational range for the
battery o discharge is V-V If we power this device with
N batteries in series, this discharge range is extended to N
VoV e Not only does the capacity of the batiery source
increase by N times byt also each mdividual battery can be
discharged further o'V,
using muliple redundant batteries in serdes provides & means
of extending the time interval between hatlery replacements
and dramning the individual batteries more efficiently,

BRIEY DESCRIPTION OF THE DRAWING

{00111 The following description may be further under-
stood with reference to the sccompanying drawings i which:
{00127 FIG. 1 is an illustrative disgrammatic view of the
system that utilizes the residual energy in used batteries.
(00131 FIG. 2 shows an example of the organization of the
Universal Battery Bank (UJRB)

{00147 FIG. 3 shows an example of the discharge charac-
teristics of an alkaline AA battery {A) and the computed
percent energy left in the battery as & function of the voltage
(B

(00151 FIG. 4 shows an example of the design of the Uni-
versal Battery Bank {UBB)L

100167 FIG. 5 shows three types of battery spacers: {A)
mmper for providing a short-cireuit, (B) connector leading to
an external battery, and ((7) carrier for holding smaller-size
balteries.

100177 FIG. 6 shows the organization of the Smart Battery
Management Unit.

100181 FIG. 7 shows the schematic diagram of one possible
embodimend of the invention that provides LED flumination
and oviput of constant voltages.

DETAILED DESCRIPTION OF PRE
EMBODMENT

ERRED

{00197 The present invention discloses a system for utiliz-
ing the resicual energy in used batteries. The Universal RBat-
tery Bank (UBR) collects a plurality of battertes which may
be of vartous sizes and types, and which are all conpected in
series o provide a varisble voltage source. The UBR contains
# smart battery management unit that identifies the weak
hatteries with foo low a voltage and detects an over voltage
stuation. The outpid of the UBB is used to provide constant
current sourees and/or constant voliage sources for powering
various electronic and electrical apphances, By combining
muitiple used batteries the system can also beused for extend-
ingr the usage of the batteries wtil they are drained almost
completely.

(00261 FIG. 1 shows the block diagram of the system that
consists of Universal Battery Bank (UBI) 190, protection
circuit guarding against excessive voltage or current 11,
mantal and/or sensing swiches 12, constant volage sources
13, and constant current sources 1. The ouiput vollage of the
URB 16 can vary over a relatively wide range depending on

how many batteries are nchided and the residual voltages of

the inckividual batteries. One of skill in the art will understand
that the protection circuit 11 18 designed 1o prevent damage to
the rest of the circuits doe o excess voltage or current. The
system can be fumed on or off by 2 manual switch. An
alternative is 10 tumn the system on or off amomatically either
based on 2 sensing switch such as a light sensor, a motion
sensor, an infrared sensor, a timer, or a combination of said
sensors. The variable ontput voltage from UBB s regulated 1o

/N on average. Thas, this method of
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either constant voltage sources 13 or constant current sources
14. Applisnces powered by constant voltage sowce 15
inchide most consumer electronic devices and chargers for
cellphones and tablets. Apphances powered by constant cor-
rent source 16 inclode LED lamps, might lights and flagh
Hghts.

[602F] TG 2 shows the organtzation of the Universal Bat-
tery Bank {UBB) 10, which contains an ensemble of hetero-
geneous batteries such as D, €, AA, AAA, OV, and bulton
hatteries 26, In another embodiment, the batteries in the UBB
are all of the same type. When multiple batteries are contained
in the UBB, the batteries are preferably connected in series. A
smart battery management unit 21 monitors the voltages of
the dividual battery or batteries and detects an over voliage
sitpation when the ouiput voltage 22 is bevond a certain
threshold. The output voltage s the sum of all the residual
volinges of the individual batteries.

[6022] The smart battery mapagement unit 21 uses the dis-
charge characieristics of the mdividual batieries o determine
when the batteries are suiliciently dratned and should be
removed, FIG, 3A shows an example of discharging a 1.5-V
AA battery via a constant resistance R of 474, The discharge
characteristic curve 30 shows the hattery voltage V{t) as a
function of time. The energy dramed B9 31 as a function of
time s compuied as follows:

i

FIG, 31 shows the percent energy lefl in the battery (1-EY
b, e 28 & Function of the battery voltage V, where I3, s the
maximum energy draimed from the battery, This compuied
curve provides usefid information fo manage a used battery.
For example, the half~energy point 32 is a1 1.1V A reasonable
point to discard the batlery is 10% energy lefl 33, when the
hattery voliage is down 1o 0.4 V. While # is possible to drain
the battery energy completely, the internal resistance may rise
nesr complete discharge. A high internal battery resistance is
not desirable because it impedes the current flow. However,
complele discharge may be possible under proper condiiions.
[6023] FIG. 4 shows one of the possible embodiments of
the Universal Battery Bank (UBR) 16, The smarl battery
management mit (SBME 21 is activated by pushing the test
button 48 or may be activated using alternative techniques as
18 known by those of skill in the art. I the total output voliage
is over a preset threshold, the over-vollage indicator 41 lights
up of another indicator provides a notification, Hach battery is
associsted with a low-voltage indicator 42, If the battery
voliage is below a preset threshold, the low-voltage indicator
frghis up or another tvpe of indicator provides a notification.
The total ovipwt voltage is connecled fo a battery clip 43,
which can be pligged into the rest of the system. This par-
ticular configuration contains a 9V battery, three AAA bat-
teries, and two for each of the I3, C, AA, and button hatteries.
The maxawam ontput vollage s 255V when all the batteries
are a their maximuom capacy.

[H024]  FIG. 8 shows an embodiment of three types of bat-
tory spacers as accessories for the UBB system. A battery
spacer has the same physical shape of a standard battery type,
but ig sot a real battery. The battery spacer may take on
ditferent shapes depending on the various battery types. FIG.
EA show the jumper spacer, which has a conducting wire 48
o short the positive terminal and negative terminal. The UBR
has fixed spaces for specific types of batteries, Because all
hatteries are preferably connected in series, 1t is reguired that
all spaces are filled in order to complete the circuit. 1o case
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there is no battery available for a space, the space can be filled
with a jumper spacer. FIG. 58 shows the connector spacer,
which is to be inserted into the battery compartment of an
appliance and provides an external connector 46 for the BB,
Thus, via a connector spacer the UBR can serve as a replace-
ment for an ordinary battery in an appliance. FIG. 5C shows
the carrier spacer, which serves as a holder for small-sized
batteries. For example, six button batteries 47 can be loaded
o a carrier spacer that has the shape of a 9V battery,
(00251 FIG. 6 shows one embodiment of the smart battery
rranagement v (SBMU) 21, The SBMU contains a micro-
processor 50 that has a multi-channe] analog-to-digital con-
verter (A1) 5] andinput-output ports {H/0) 82 The SBMU is
operational when the test buiton 40 i pushed 10 supply the
power or other technique to turn on power as would be known
to those skilled in the art. The total output voltage 83 s
inputted o the A/D via a voltage divider. The over-voltage
LED inchicator 54 1s 11t up when the oulput voltage 471 is over
a preset threshold, The voltages of the individual batteries 54
are examined by the microprocessor via the analog muliplex-
ers 55 The batteries e sequentially selected by use of the
controd lines 86. I a low-voltage situation is detected for a
battery, the corresponding low-voltage LED indicator 87 is it
via other analog multiplexers 58, which are selecied by the
same conirol Hnes 56, The microprocessor 50 repeatedly and
sequentially seans through sl the batteries at varying or pre-
determined frequencies.

100261  The SBMU can also be programmed to check the
irdernal resistance of a battery, which can be done by com-
paring the baltery voltages with or without a load connectled
to the UBB as follows, Let the output voltage 853 be V0,
when a load of resistance R, o, 18 connected to the outpat
port of the L3R, Let the voliage of a speciflic battery bt V),
without load (the output of the URB 18 an open circuit), V!
with load. The mternal resistance of the battery R, is given by:

BBl Vo VM ¥

The SBML can gt up the corresponding low-volage LED
indicator 87 if R, 8 above a preset threshold, or whea 'V, i
larger than V, beyond a preset percentage. Other techniques
to provide an indicator are possible.

1271 FIG. 7 shows the schematic dirgram of a possible
embodiment of the mvention. The UBB ) provides powerto
the system in one embodiment via a manval switch 12,
Because the output vollage of the UBD w a vartable, a voltage
protection circuit 60 ensures that the supply voltage does not
exceed a certmin lmit. In one embodiment, this may bhe
accomplished by a positive-thenmal-coetlicient (PTC)Y fuse
and a zener diode. An excessive voltage would result in cur-
rents flowing through the zener diode, Tixcessive currents
would trigger an increase of the resistance of the PTC fuse,
which serves as a current limiter and prevents the zener diode
From burning out. Fora given application one ol skill inthe art
wonld understand that a PTC fuse with the appropriafe irigger
current and power rating can be chosen, as described in
“POSISTORE for Cirenit Protection,” Cat, No. RO0E-13,
Murata Manucturing Co., Sep. 24, 2012,

{00281 The constant current source cireud 61 consists of
two branches, each of which provides a corrent of 20 mA o
light up 31LEIDY's 62, While many different designs of constant
current sources are available, one of skill in the art would
unclerstand that the design herein can operate with a relatively
wide voltage range by using an off-the-shelf integrated cirenit
L.M334, as desertbed in “LM P34/LM234/1M334 3-Tenminal
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Adpstable Current Sources” Texas Instruments, SNVSET46F,
March 2000, revised May, 2013

[8029] The constamt volinge source circui! 63 consists of a
cascade of volage regulators that provide 12V, 9V, 6V and 5V
sourees to external devices, The cascade design can handle a
high supply voltage source by stepping down the voltages
with a series of voltage regulators of different output vollages.
One of skill in the art would understand that the voltage
regulator infegrated circuils are also off-the-shelf, such as
MCTREOGA Sertes, NCVTELGOA 106 mA Postiive Vollage
Regulators, On Semiconductors, Publication Order Number
MCTBLOCAM, Rev, 15, Jan. 2010,

[H030)  Theextended service life of'a battery source enabled
by the present vention can be gquite substamtial A guick
calenlation follows approxunating hoear discharge charac-
teristics, I we use a conmmmon value of 70% of energy left in a
battery when it is replaced and discarded at the end of one
vearof service. This presend invention can offer up 1o (100%—

fvpe, we can expedt to double the service life of the battery
sotrce 1o 6 years. With 3 batteries, the result is 9 years, and so
on.

[H03F] Some of the components deseribed gbove are not
absolutely reguired for certain embodiments of the present
invention. For example, the SBMU can be eliminated. Low-
voltage batteries can be identified by manual checking with a
multimeter or a battery tester. The over-voltage situation can.
be avoided by imchuding a hmited nomber of battery spaces in
the LIBR. The profection circuit can also be eliminated ifthe
maxinann owput voltage of the UBB is within a safe range. A
universal design may call for the co-existence of both the
constant volfage sources and the constant current sources.
However, the system likely requires only one type of source if
the application s very specific. Those skilled in the art will
appreciate that numerons modifications and variations may
he made to the above disclosed embodiments without depart-
g From the spitit and scope of the mventions,

What s claimed is:

1. A method of extending service Ble of a battery source
comprising the steps of

a} providing a battery bapk comprising one or more hatter-

ies connected in series,

b} regulating ouipuol volage of said battery bank, and

¢} providing an mdication of the status of the baltery bank.

2. A method of extending service ife of a battery source
comprising the steps of

a} providing a battery bank comprising one or more hatter-

ies connected in series,

b} regulating ouiput current of said battery bank, and

¢} providing an ndication of the status of the battery bank.

3. In the method of extending service 1 of a battery
souree according 1o claim 1, said step of providing a battery
bank further comprises providing a battery spacer with a
Jumper between posilive and negative terminals,

4, In the method of extending service 1 of a battery
source according 1o claim 1, said step of providing a battery
hank further comprises providing a battery connector.

5 In the method of extending service e of a batiery
source according to claim 1, said glep of providing a baltery
bank firther comprises providing a carrier spacer for holding
ome or more smaller sived batteries.

6. In the method of extending service 1 of a battery
sowrce according to clamn 1, said step of regulating oulpwt
voltage of said battery bank forther provides cotting off owt-
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put voltage when vollage level reaches a predefermined
threshold comprising the use of a voltage protection circuit.

7. In the method of extending service Hre of a hattery
source according o claim 2, said step of regulating output
current of said battery bank further provides cotting off output
current when cutrent level reachies a predetermined threshold
comprising the wse of a current protection circuit.

8. In the method of extending service life of a hattery
source according to claim 2, said step of providing a batiery
bank further comprises providing a battery spacer with a
jumper between positive :mnd negative terminals.

9. In the method of extending service life of a hattery
source according to claim 2, seid step of providing a battery
bank Farther comprises providing a battery counector,

. In the method of extending service hfe of a battery
source according to claim 2, sald step of providing a battery
bank further comprises providing a battery holder of one or
more smaller sived batteries.

11, In the method of extending service hife of a battery
source according to claim ¥, further comprises caloulating
and setting a predetermined threshold by:

{a) monitoring discharge characteristics of said one or

more hatteries,

{b} comparing said discharge characteristics 1o a preset

value, and

{c} setting said predetermined threshold.

12, In the method of extending service life of a battery
source according to claim 2, further comprising calculating
and setting a predetermined threshold by:

{a} montoring discharge characteristics of sald one or

more batleries,

{b} comparing said discharge characteristics 10 a preset

value, and

{c} setting said predetermined threshold.

I3, An apparatus For extending service life of a battery
SOUFCE Comprising

{a} a battery bunk comprising one or more batferies con-

nected in series;
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{b) electronic circuitry 0 provide constant volage source,

and

{¢) an indication of the status of the battery bank,

4. An apparatus for extending service hle of a battery
SOULCE Comprising:

{a} & battery bank comprising one or more batteries con-

nected in series;

{b) electronic circnitry 1o provide coastant current source,

and

{¢) an indication of the status of the battery bank,

15, In the apparatus for extending service hie of a battery
souree according o claim 13, said battery bank further com-
prises @ battery spacer with a jumper between positive and
negative ferminals.

16. In the apparatus of extending service Hie of a battery
souvrce according to claim 13, said battery bank further com-
prises a batfery contector.

¥7. I the apparatus of extending service Hie of a battery
source according to claim. 13, said battery bank further com-
prises a carrier spacer for holding smaller gized baltery,

18. In the apparatus of extending service Hife of a battery
source accordig 1o claim 13, said battery bank further com-
prises a voltage protection circult 10 regulate ouiput voltnge of
said hattery bank by cutting ofT output voltage when voltage
fevel reaches a predetermined threshold,

19, In the apparatus of extending service Hfe of a battery
source according to claim 13, further comprises circuitry fo

saiculate and set 2 predetermined threshold by:

{a) monitoring discharge characteristics of said one or

more balteries,

{b) comparing said discharge characieristics to a preset

value, and

{c} setting said predetermined threshokl

26. In the apparatus of extending service Hie of a battery
source according 1o claim 14, said battery bank further com-
prises circuiry currend profection circul o regulate ouiput
crrrent of said battery bank by cutting off output current when
current Jevel reaches o predetermined threshold.
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