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(57) Abstract: An energy storage device heating system (1,1") includes an energy storage device (60), a power supply (20) structured
to generate a source of harvested energy (26) by harvesting energy from a power source (10), a heater (70,70") disposed proximate to
the energy storage device and structured to use the harvested energy to generate heat, a charging unit (50) structured to use the har -
vested energy to charge the energy storage device, a selection circuit (30) structured to selectively electrically connect the source of
harvested energy to the charging unit or the heater, and a control unit (40) including a selection control module (42) structured to
control the selection circuit to switch between electrically connecting the source of harvested energy to the charging unit and elec -
trically connecting the source of harvested energy to the heater.
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ENERGY STORAGE DEVICE HEATING SYSTEM AND METRHROD

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority from and claims the benefit of US.
5 Patent Application Serial No. 14/593 280, filed January 9, 2015, which is

urcorporated by reference herein.

BACKGROUND
Field
10 The disclosed concept relates generally to battertes, and in

particular, to energy storage device heating systems and methods.

Backeround Information

Batteries are one type of energy storage device, Batteries convert
stored chemical energy into electrical energy. Some types of batteries are

15 rechargeable, and passing a current through the battery allows the battery to be
recharged.

Batteries ave used i a variety of environments:. However, as with
many types of electrical devices, extreme temperatures can hinder the
performance of batteries. For example, in colder environments {e.g., below -

20 10°C) some types of batteries will not recharge properly, nor are they able to
deliver higher currents. In order to prevent the temperature of the battery from
falling too much, some batlery systems have incorporated heaters that generate
heat to tncrease the temperature of the battery.

High temperatures can also hinder performance of a battery, as

3
¥4

well as cause safety concerns such as melting components or starting fires. In
battery systems that incorporate heaters, high tewperatures caused by the heater
are a concern. I the heater is permitted to heat the battery without restramng, the
temperature of the battery can get too high. In order to prevent the temperature of
the battery from getting too high, existing battery systems have included a

30 temperature sensor proximate to the battery to sense the temperature of the

hattery. The output of the temperature sensor 1s nsed fo turn off the heater when
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the temperature of the battery gets too high, However, a tlemperature sensor for
the battery adds to the cost of the battery system.
In existing batiery svstens, energy to operate the heater 1s provided

from the battery itself. Using power from the battery to provide heating can

LI

shorten the lifespan or the discharge cvele of the battery.

There is room for anprovement in energy storage device heating

w
o

FYStenms.

SUMMARY

10 These needs and others are met by embodiments of the disclosed
concept n which an energy storage device heating system includes a power
supply structored to harvest energy from a power source and a selection circut
structured to provide the harvested energy to either a charging unit to charge an
energy storage device or @ heater to heat the energy storage device.

15 In accordance with one aspect of the disclosed concept, an energy
storage device heating svstem comprises an energy storage device; a power
supply structored to generate a source of harvested energy by harvesting enevgy
from a power source; a heater disposed proximate to the energy storage device
and structured to use the harvested energy to generate heat; a charging unit

20 structured to use the harvested energy to charge the energy storage device; a
selection circuit structured to selectively electrically connect the sowrce of
harvested energy to the charging unit or the heater; and a control unit including a
selection control module stractured 1w control the selection cirenit to switch

between electrically connecting the source of harvested energy 1o the charging

v
LA

unit and electrically connecting the source of harvested energy to the heater.

in accordance with another aspect of the disclosed concept, an
energy storage device heating system comprises: an energy storage device; a
power supply stroctured (0 generate a source of harvested energy by barvesting
energy from a power source; a heater disposed proximate to the energy storage
3¢ device and structured to use the harvested energy to generate heat; a selection
circuit structured to selectively electrically connect the source of harvested energy

to the heater or to electrically disconnect the source of barvested energy from the
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heater; and a control uni including a selection control module structured to
cotrol the selection circoit to switch between electrically connecting the source
of harvested energy to the heater and electrically disconnecting the source of

harvested energy from the heater,

LI

in accordance with another aspect of the disclosed concept, a
method of heating an energy storage device comprises: creating a source of
harvested energy by harvesting energy from a power source; and for a selected
period of time, electrically connecting the source of harvested energy to a heater
o heat the battery for a first percentage of the selected period of time and
10 electnically connecting the source of harvested energy to a charging unit to charge
the energy storage device then remainder of the selected period of time,

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be gamed from
15 the following description of the preferred embodiments when read in conjunction
with the accompanying drawings in which:
Figure 1 is a schematic diagram of a battery heating system in
accerdance with an example embodiment of the disclosed concept;
Figare 2 is a schematic diagram of a battery heating system
20 accordance with another example embodiment of the disclosed concept;

Figure 3 is a circuit diagram of the battery heating system of Figure

Figute 4 is g cirouit diagram of a heater including multiple resistive

toads n accordance with an example embodiment of the disclosed concept; and

v
LA

Figure § is a battery heating systent i gccordance with another

example embodiment of the disclosed concept.

DESCRIPHION OF THE PREFERRED EMBODIMENTS

Directional phrases used herein, such as, for example, lefi, right,
3¢ front, back, top, bottom and dertvatives thereof, relate to the orientation of the
elements shown in the drawings and are not hmiting upon the claims unless

expressly recited therein,
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As employed herein, the statenent that two or more parts are
“coupled™ together shall mean that the parts are joined together either directly or
joined through one or more htermediate parts.

A schematic diagram of a battery heating system 1 in accordance

LI

with an example embodiment of the disclosed concept i1s shown tn FIG. 1. The
battery heating system | includes a power supply 20, a selection circuit 30, 8
contrel unit 40, a charging vnut 34, a battery 60, and a heater 70.
The power supply 20 is structured o harvest energy from a power
source such as a Hoe current 10, The power supply 20 mncludes a current
10 transformer 22 that 15 stroctured to inductively couple with the lie to harvest
energy from the line current 10, The power supply 20 also includes a rectifier 24
The rectifier 24 15 elecirically connected o the cuwrent transformer 22 and rectifies
the harvested energy {Le., changes the harvesied energy from AC power to BC
power} from the current transformer 24. After it is rectified, the harvested energy
15 from the power supply 20 1s provided to the selection circuit 30, The output of the
power supply 20 effectively operates as a source of harvested energy 26.
Although a line cwrrent 10 s deseribed and shown in relation to
FIG. 1, i is contenplated that other tvpes of power sources may be emploved in
conjunction with the disclosed concept. For example and withoot limitation,
20 solar, wind, biological, mechanical, or any other type of suitable power source
may be employed m conjunction with the disclosed concept. If a different type of
power source 1§ emploved, it is contemplated that the power supply 20 may be
modified to suttably harvest energy from the power source without departing from

the scope of the disclosed concept.

v
LA

The selection circuit 30 is structured to receive the harvested
energy from the source of harvested energy 26 and to supply it o either the
charging unit 30 or the heater 70. At any given time, the selection circuit 30
provides the harvested energy to the charging unit 50 or the heater 70 by
electrically connecting the sowrce of harvested energy 26 to the chavging unit 30
3¢ or the heater 70, bat the selection circuit 30 does not electrically connect the
source of harvested energy 26 to both the charging unit 50 and the heater 70 at the

same time.
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In some embodiments of the disclosed concept, the selection cirenit
30 inchudes a nomber of electiically controlled switches (e g, withount Timitation,
transistors) that are electrically connected between the power supply 20 and the

charging unit 30 or the heater 70. The electrically controlled switches are

LI

structured to electrically conpect the source of harvested energy 26 1o the charging
unit SO or the heater 70 when closed, or to electnically disconnect the source of
harvested energy 26 from the charging unit S0 or the heater 70 when epen. The
elecirically controlled switches are controlled by the control unit 40,
The charging unit 50 is structured to use the harvested energy to
10 charge the battery 60. The charging unit 30 may be any suitable type of battery
charging circait. In some embodiments of the disclosed concept, the charging onit
50 18 a float charger. However, 1t is contemplated that other types of suitable
battery charging circuits may be emploved without departing from the scope of
the disclosed concept.
15 The battery 60 is electrically connected to the charging unit 5¢,
The battery 60 may be any suitable type of rechargeable battery.

The heater 70 is electrically connecied o the selection cirenit 30
and is disposed proximate to the battery 60. The heater 70 is structured to use the
harvested energy received from the selection circuit 30 to generate heat. In some

20 embodiments of the disclosed concept, the heater 70 is a resistive heater tha
includes a resistive load (Load A 72). When the barvested energy passes through
the resistive {oad, the heater 70 generates heat. In some embodiments of the
disclosed concept, the heater 70 15 a flexible resistive heater (e g, without

fritation, a Hexible sibeon resistor). The flexibility of a fexible resistive heater

v
LA

allows it to conform to the shape of the battery 60, & is conternplated that the
heater 70 may be a separate product than the battery 60. It is also contemplated
that the functionality of the heater 70 may be incorporated into the battery 60 so
that the battery 60 and heater 70 are integrated into a single product,

The control unit 40 includes a selection control module 42 that is
30 stroctured to control the selection circuit 30 to switch between electrically
connected the source of harvested energy 26 to the charging unit 50 and

electrically connecting the source of harvested energy 26 to the heater 70, R i
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contemplated that in some amboduments of the disclosed concept, the control unit
40 may include or be embodied 1w a processor apparatus/module that mcludes o
processor and a memory. The processor may be, for example and without

limitation, a niicroprocessor, 8 microcontrolier, or some other suitable processing

LI

device or cirouitry, that interfaces with the memory. The memory can be any of
one of more of a variety of types of internal andfor external storage media such as,
without lnutation, RAM, ROM, EPROM(s), EEPROM(s), FLASH, and the like
that provide a storage register, 1.¢., a machine readable medium, for data storage
such as in the fashion of an internal storage area of a computer, and can be volatile
10 memory or nonvolatile memory, The memory may include one or more routines
stored therein that are executable by the processor to implement operation of the
control ot 40,
In some example embodiments of the disclosed concept, the
control unit 40 controls the selection circuit 30 to switch between electrically
15 connecting the source of harvested energy 26 to the charging unit 50 and
elecirically connecting the source of harvested energy 26 to the heater 70 at a
selected duty cyele (e g, without limitation, 30% of the time heating and 70% of
the time charging}. In other words, over a selected period of time, the control unit
40 controls the selection circuit 30 to electrically connect the source of harvested
20 energy 20 to the heater 70 for a percentage of the period of time and to electrically
connect the source of harvested energy to the charging unit 50 the remainder of
the period of time.
The control wut 40 may select the duty cycle based on input from

one or more different sensors such as a current sensor 8¢ that senses the

v
LA

magnitade of the line current 10, an external temperature sensor 82 that senses the
temperature cutside the battery heating svstem 1, and a battery charging status
sensor 84 that senses whether the batter 70 is charging or discharging. Itis
contemplated that the battery chiarging status sensor 84 may be a coulomb counter
and/or a voltage moniforing circuit.

30 The magnitade of the line corrent 10 is proportional to the amount
of harvested energy, which in tur is proportional to the amount of heat generated

by the heater 70. Thas, when the hine current 10 increases, the duty cycle may be
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changed to lower the percentage of time dedicated to heating, and thus reduce the
risk of overbeating the battery 60.

The temperature outside the battery heating system 1 indicates how
much the battery 60 needs to be heated above the outside temperature, ifat all. As
the outside temperature drops, the duty cycle may be changed o mmcrease the
percentage of time dedicated to heating.

The battery charging status sensor 84 indicates whether the battery
60 1s charging or discharging. When the battery 60 is discharging, rather than
charging, it 5 an indication that the battery 60 temperature is possibly too fow and
the battery 60 may be in a state where it will not accept charge. In this condition,
the duty cycle may be changed to increase the amount of time dedicated to heating
in order to bring the battery 60 up to a temperature where 1t will accept a charge.
As the battery 60 is heated and reaches a temperature where it accepts a charge,
the state of charge will change from discharging to charging. At this point, the
duty cycle may be changed to decrease the percentage of time dedicated to
heating, and consequentially increase the percentage of time dedicated to charging
in order charge the battery 60

The control unit 40 may also consider the voltage of the battery 68
when selecting the duty cycle. In some example embodiments of the disclosed
concept, the control unit 40 determines the duty cycle based on the state of charge
charging, but its voltage is at a maximum voltage for the battery 60, it is an
indication that the battery 60 1s fully charged, rather than gt a low temperatwe, In
this case, the control umit 40 does not need to select a doty cycle divected at
heating the battery 60, On the other hand, when the battery 60 is discharging and
its voltage is below the maximum voltage for the battery 60, it 1s an indication that
the battery 60 needs to be heated. In this case, the control unit 40 may selecta
duty ewcle directed at heating the battery 60,

By electrically connecting the source of harvested energy 26 to the
heater 70 at a selected duty cyele, rather than continuously, it is less likely that the
heater 70 will cause the battery 60 to overheat. Moreover, changing the selected

duty cvele based on characteristics such as the magunitude of the line corrent 10,
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the temperature outside the battery heating system | sensed by the external
temperature sensor 82, and the state of charge of the battery 60 sensed by the
battery charge status sensor 84 ensures that the heater 70 will not cause the battery
60 to overheat and does not require a temperature sensor that senses the
temperature of the battery 60 itself. Determination of which duty cycles to use
may be determined theoretically or experimentally.

The power supply 20 is generally going to continuounsly harvest
energv from the power source 10, As such, if the battery 60 were in a condition
where it will no longer accept charge, the harvested energy would need to be
dissipated. When the harvested energy 18 provided to the heater 70, rather than
stply berng dissipated, the harvested energy 1s put to use rather than being
wasted.

Referring to FIG. 2, a battery heating svstem 17 i accordance with
another example embodiment of the disclosed concept is shown. The battery
heating system 1 of FIG. 2 is similar to the battery heating system 1 of FIG. 1.
However, in the battery heating svstem 17 of FIG. 2, the heater 70 includes
nidtiple resistive loads (Load A 72, Load B 74, and Load € 76} Each resistive
toad has a different resistance (2.g., without linitation, 750, 1200, 6008, etc).
Although a heater 707 including three resistive loads is shown i FIG. 2, it
comtemplated that the heater 70" may include any number of resistive loads
without departing from the scope of the disclosed concept.

The control vnit 40° includes a heater load control module 44 that is
structured 1o select which one of the resistive loads of the heater 707 to activate,
When a resistive load is activate, the harvested energy s able to be provided to 1t
when the source of harvested energy 26 is electrically connected 10 the heater 70°.
‘The control unit 40 is structured to select which resistive load in the heater 70" to
activate based on the magnitude of the line current 10, which may be obtained
from the corvent sensor 80, A range of magnitude of the Hne current 1015
associated with each resistive load of the heater 70°. As the magnitude of the line
current 10 nises, a resistive load having a lower resistance is selected.

in one example embodiment of the disclosed concept, the heater

70" includes resistive loads of 750, 12002, 6000, The control anit 407 15
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structured to activate the 6000 resistive foad when the Hne current 1 is in g range
from 0A to about 1004, to activate the 12062 resistive load when the line carvent
10 1s in a range from about 100A to about 3304, and to activate the 600Q resistive
toad when the line current 10 is greater than about 350A.

Referumg to FIG. 3, a oircuit diagram of the battery heating system
1'of FIG. 2 15 shown. The current sensor 80, the external temperature sensor 82,
and the battery charging status sensor 84 are not shown m FIG. 3 for simplicity of
iltustration.  As shown in FIG. 3, the rectifier 24 may be a bridge rectifier. Also,
as shown in FIG. 3, the selection circuit 30 may include electrically controlied
switches, such as transistors, which allow selection between providing the
harvested energy to the charging wnit S0 or to the heater 707, Additionally, the
electnically controlled switches may be electnieally connected between the
selection circnit 30 and the heater 70" to allow for selection of wihich resisiive load
of the heater 707 to activate. The state of the electrically controlled switches 1s
controtled by the control unit 40",

FIG. 4 is a circuit diagram of the battery 70" of FIGS. 2 and 3. As
shown i FIG. 4, the battery 707 melodes maltiple vesistive loads 72,7476, Hach
of the resistive loads 72,74,76 has an associated ternvinal 73.75.77. The harvested
energy is provided at the terminal 73,7577 corresponding to the activated
resistive load when the source of harvested energy 20 is electrically connected fo
the heater 70,

Tumning to FIG. 5, a battery heating system 17 accordance with
another example embodinen of the disclosed concept is shown, The battery
heating system 17 of FIG. 5 15 similar to the batiery heating system 1 of FIG. 1
However, the battery heating system 1 of FIG. 5§ does not include a charging unit
50. In this case, the battery 68 may be a non-rechargeable battery. Even though
the battery 60 may be a non-rechargeable battery, there may still be a need to heat
the battery 6.

In the battery heating system 1" of FIG. §, the selection civeuit 3¢
is stroctured to either electrically connect the sowrce of harvested energy 26 to the
heater 70 or to electrically disconnect the source of harvested energy 26 from the

heater 70, The control unit 40 controls the selection circuit 30 1o etther



WO 2016/112250

LI

10

10

clectrically comnect the sowce of harvested energy 26 to the heater 70 or o
clectrically disconnect the source of harvested energy 26 from to the heater 70,
The control wait 40 may control the selection circuit 39" to electrically connect the
sowrce of harvested energy 26 to the heater 70 at a selected duty eyele {e.g., 70%
of the time providing the harvested energy and 30% of the time not providing the
harvested energy). The control unit 40 may select the duty cycle based on one or
mere characteristics such as the magnitude of the line current 10 and the
temperature outside the battery heating system 17 as sensed by the external
temperature sensor 32,

It will be appreciated that the charging civcuit 30 may stmilarly be
omitted from the example embodiment shown in FIG. 2 without departing from
the scope of the disclosed concept.

Although the disclosed concept has been described in relation to
batteries, it 1s contemplated that the disclosed concept may alse be emploved with
other suitable types of energy storage devices such as, without limitation, super
capacttors.

While specific embodiments of the disclosed concept have been
described m detad, it will be appreciated by those skilled in the ast that various
modifications and alternatives to those details could be developed in Light of the
overall teachings of the disclosure. Accordingly, the particular arrangements
disclosed are meant to be illustrative only and not limiting s to the scope of the
disclosed concept which is to be given the full breadth of the claims appended and

any and all eguivalents thereof.

PCT/US2016/012581
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What 1s claimed s
i. An energy stovage device heating system (1,17 comprising:

an energy storage device (60);

a power supply {20) structured to generate a source of harvested
energy (26} by harvesting energy from a power source {10};

a heater (70,70") disposed proximate to the energy storage device
and structured to use the harvested energy to generate heat;

a charging unit {30} structured 1o use the harvested energy to
charge the energy storage device;

a selection circuit (30) structurad 1o selectively electrically connect
the source of harvested energy to the charging wit or the heater; and

a control unit (40,407 inchuding a selection control modale (42)
structured to control the selection oircwit to switch between electrically connecting
the source of harvested energy to the charging unit and elecirically connecting the

source of harvested energy to the heater.

2. The energy storage device beating system {119 of claim 1,
wherein the power sowrce is 8 line current; and wherein the power supply includes
a current transformer (22} to harvest energy from the line current and a rectifier
{24} ro rectify the harvested energy.

3 The energy storage device heating system (1,17 of claim 1,
wheren the selection circuit ncludes a number of electrically controlled switches
structured to electrically connect the sowrce of harvested energy to the charging
unit or the heater; and wherein a state of the electrically controlled switches is

controlled by the control unit.

4. The energy storage device heating system (1,17} of clamm 1,

wherein the charging unit is a float charger.

S, The energy storage device heating system (1,17 of claim 1,

wherein over a selected period of time, the control unit is stractured 1o control the



WO 2016/112250 PCT/US2016/012581
12

selection oircuit to elecirically connect the source of harvested encrgy to the heater
a first percentage of the period of time and to control the selection cirewit 1o
electrically connect the source of harvested energy to the charging unit the
renainder of the period of time.

&, The energy storage device heating system (1,17 of clamm 5,
wherein the control unit is structured to select the first percentage based on at least
one of a current of the power source, a temperature outside the energy storage

device heating system, and a state of charge of the energy storage device.

7. The energy storage device heating system (1,1} of claim 1,
wherein the heater (70') includes a plarality of vesistive loads (72,74,76); wherein
the control unit (407 includes a heater oad control module (44) structured to

activate a selected one of the resistive loads to provide harvested energy to.

8. The energy storage device heating system (1,1} of claim 7,
wherein the selected one of the resistive loads is activated based on a current of

the power source.

g. The energy storage device heating system (1,1") of claim 7,
wherein the heater includes a first resistive load {72), a second resistive foad (74),
and a third resistive load {76); wherein the control unit activates the first resistive
toad when & magnitude of a current of the power source is within a first range;
wherein the control wat activates the second resistive load when the magniiude of
the current of the power source 15 within a second range; wherein the control unit
activates the third resistive load when the magmitnde of the current of the power
sowrce is within a third range; wherein magnitudes in the third range are greater
than magnitudes m the second range and magnitudes in the second range are
greater than magoindes in the first range; and wherein a resistance of the fust
resistive foad is preater than a resistance of the second resistive load and a
resistance of the second resistive load 1s greater than a resistance of the third

resistive load,
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10, An energy storage device heating system {17} comprising:

an energy storage device (60,

a power supply (20) structured to generate a source of harvested
energy (26} by harvesting energy from a power source {10},

a heater (70,70} disposed proximate to the energy storage device
and structured to use the harvested energy to generate heat;

a selection circutt (30') structured to selectively electrically connect
the source of harvested energy to the heater or to disconnect the source of
harvested energy from the heater; and

a control unit {40 including a selection control modude (42}
structured to control the selection circuit to switch between electrically connected
the source of harvested energy to the beater nnit and electrically disconnecting the

source of harvested energy from the heater.

11, The energy storage device heating system {17} of clamm 19,
wherein over a selected period of time, the conmtrol tmit is structured to control the
selection circpit to electrically comnect the source of harvested energy to the heater
a first percentage of the period of time and to control the selection cuenit o
electrically disconnect the harvested energy from the heater the remainder of the

period of time.

12.  The energy storage device heating system (1"} of claim 11,
wherein the control unit selects the first percentage based on at least one of a
current of the power sowce and a temperatwe ouniside the energy storage device

heating system,

13, A method of heating an energy storage device (60}, the
method comprising:

creating a sowrce of harvested energy (26) by hacvesting energy
from a power source {10); and

for a selected period of time, slectrically connecting the source of

harvested energy a heater (70) to heat the energy storage device for a first
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percentage of the selected period of time and electrically connecting the souree of
harvested energy to a charging unit to charge the energy storage device the

fos

remainder of the selected period of time.

I4.  The method of claim 13, wherein the first percentage is
based on at least one of a current of the power source, an outside temperature, and

a state of charge of the energy storage device.

15, The method of claim 13, wherein the heater (70°) includes a
plurality of restive loads (72,74,76); and wherein the method forther comprises:

activating a selected one of the resistive loads based on a curvent of
the power source; and

electrically connecting the sowce of the harvested energy to the

activated resistive load.
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