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A battery heating device (5) for delivering thermal energy to at least one
vehicle battery includes a battery support plate (7) for supporting the battery, a
heatable fluid tube (10) supported underneath the battery support plate (7) for
transferring thermal energy from heatable fluid, such as engine coolant, to the
battery, and one or more electric heating pads (40) secured to the battery support
plate (7) to transfer thermal energy to the battery. The heatable fluid tube (10)
preferably is secured to the battery support plate (7) by a continuously distributed,
thermally conductive adhesive material, to enhance heat transfer to the battery via
the battery support plate (7). The heatable fluid tube (10) is constructed and
disposed to be a non-weight-bearing member, to reduce the likelihood of engine
coolant leakage.
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BATTERY HEATING DEVICE AND METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The invenuon relates o batery heating devices und methods, and more
particularly, 1o battery heating devices and methods that transfer thermal
energy to batteries of vehicles or pieces of equipment that are designed to
operate in cold-weather environments.

Descrnption of Related Art

Cold-weather operation of vehicles and other equipment is adversely

affected by diminished cranking power of 4 battery system used 1o provide
start-up power.  Diminished cranking power 1s most noticeable with ambient
temperatures below 32° Fahrenhen, although any remperature below
approximately 50° Fahrenheit can have an adverse affect. The optimum
lemperature range, m which the Typical battery system can accept the greatest
amount ¢f charge, is known 1o be approximately 50° - 80° Fahrenheit.

F1g. 10 demonstrates the reduced cranking power available from fully
charged, halt-charged, and one-tenth-charged battery systems as temperature
decreases. Of course, a cold-weather environment also increases stari-up
frictions within the vehicle. Cranking power thus is reduced at the very time
mcreased cranking power 1s demanded. Cold temperatures also inhibit battery
systems from being fully recharged dunng recharging operations.

Extended vehicle shut-off periods such as overnight and over-weekend
shutdowns heighten the problem, due to parasitic loads placed on the battery
system. In a typical overnight situation, the baitery system of a shui-down
tractor-tratler, for example, can expenience a fifteen amp parasiuc load, due to
power-hungry devices such as coolers, televisions, radios, lights, eleciric
blankets and the like. Multiphed by eight hours, this fifteen amp parasiic joad
results in a 120 amp-hour overnight discharge. As typical battery sysiems store

between 250 and 350 amp-howrs, an overnight discharge can represent a

significant decrease in the state of charge.
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The parasine load problem 1s magnified in a weekend shur-down
siiuation. Although a typical over-weekend parasiic load might be only five
amps, for example due 10 a small cooler, clock, and/or other such devices, a
five amp parasiric load over sixiy weekend hours resulis 1n a 300 amp-hour
battery discharge. This over-weekend discharge will significantly if not
totally drain many battery systems, and a cold-weather environment only
magm#hes the prablem.

To mimmize the effects of low ambient temperature on cranking power
output, @ number of battery heanng sysiems have been developed. One such
system 18 shown n ULS, Patent No. 3,110,633 10 Bachmann. Bachmann
surrounds the batteries of a typical buattery system with a phase-change
matenal, contaned in a specially designed reservoir. A series of heating coils
contauung engine coolant are directed through the reservoir 1o heat the phase-
change matenal, while the engine 1s runming. The phase-change matenal
absorbs heat from the coils and thereby liquifies. After vehicle shui-down, the
phase-change matenal sohdifies over ume and thereby delivers hear 1o the
bartery system, mcereasmg the cranking power available for start-up.

Phase-change battery heating systems such as Bachmann's, however,
suffer a number of disadvantages. Providing a phase-change material and a
reservolr for stormg 1t are relapvely expensive propositions. In many
cases, a brand new battery box design must be implemented for a specific
vehicle application. Due 10 the volume of phase-change matenal required,
designs hke the Bachmann design cannot be mmplemented on existing vehicles
withoul significant effort and expense. Even if a redesign 1o accommodarte a
phase-change marenal reservoir is accomphished, the resulling system 1s
relanvely bulky and difficulr to place wihin the confines of an engine
compariment.

In addiuon to phase-change battery heanng systems, electrical heating
systerns also are available. UU.S. Patent No 5,039,927 1o Cenrafann, for
example, discloses a conventional moyor vehicle storage battery provided with
a heater powered by a secondary siorage bantery rhat delivers power to the

heater whenever temperature in the chamber surrounding the motor vehicle
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battery drops to a predetermined pownt. Thus system and others like i,
however, also suffer a number of disadvantages. For example, pure elecrrc
battery heaung is a power-intensive method of delivering thermal energy and
requires a sigmficamt power source. The secondary storage batery of
Centatanti, for example, must therefore be of significant volume and weight.
Space for the secondary battery would have to be provided somewhere within
the vehicle, making rewrofit of existing vehicles especially difficulr
Addiionally, the altemator or other charging device used musi charge not only
the pnimary battery but the secondary battery as well, placing additionga) load
on the charging system. Further, if an aliemating current charging system is
used nstead ot a secondary battery, the batterv system must be connected to a
power cord from the aliernatlng current source, making over-road batiery
warming mmpossible,

Finally, mn addinon to phase-change and electnic sysiems, bamery
heaung Systems are known that employ engine coolant as the heat source.
Like the other applicatnions, however, many typical coolant-heating designs are
disadvantageous for a number of reasons. One such design uses a coolant
reservolr in the shape of a pan having a flar cover. The pan includes internal
batfles, around which the coolant flows. Although the coolant reservorr resulis
in relatively even heat transfer ro the battery system, the reservoir irself bears
the weight of the battenes and poientially bears the weight of other structural
elements as well. This load on the reservolr subjects the reservoir to flexing
stresses, which eventually can cause coolant leakage.

Additionally, coolant battery heaters may use a temperature probe 1o
sense when battery heating 1s or 1s not necessary. But placing the remperature
probe 100 close 1o the coolant reservoir can result in theymal contamination of
the temperature probe, Insiead of sensmng the temperature of the battery or
battery housing, the probe senses the temperature of heated coolanr reservarr,
resulting in early shut-dewn of the bartery heating system.

Finally, coolant-based battery heating systems, used alone or used with
phase-change systems, fail 10 maintain battery temperature at an optimum

level, such as 80° Fahrenheit, over an extended penod of shutdown in a cold-
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weather environment. Failure 10 mamtdin optimum batlery temperature
inhubits the battery sysiem ffom being fully recharged during a recharging

cycle, intensifying the reduced cranking power problems discussed above.

SUMMARY QOF THE INVENTION

To address the above and other problems and d:sadvantages, a batiery

heanng device according to an embodiment of the invenuon includes a battery
support plate for supporting at least one banery, and a heatable fluid
accommodating device, such as a tube thermally coupled with the battery via
the bartery support plate. Thermal energy is transferred from the heatable
fluid to the bauery, preferubly through the bartery support plate or some other
structure.  The bartery heating device also includes an clectnc heating device,
such as an electric heaung pad, thermally coupled with the batiery via the
battery support plate. According to this embodiment, using a heatable flmd n
combination with an electric heating device incorporates the advanrages of
both the electric- and coolant-heaung appreaches, while minimmzing their
respective disadvantages In a manner not taught or suggesied by the prior art.

According to another aspect of the invention, a heatable {luid
accommodating tube of a battery heaung device is secured to a surface of a
battery support plate with a preferably continuous, thermally conduchve
adhesive. The adhesive promotes thermal energy wransfer from the heatable
fluid to the battery. According 1o a preferred embodiment, the thermally
conductive adhesive 1$ an cpoxy resin.

According to another aspect of the invention, the elecinc heanng
device includes a heat-generating pad secured to the bauery support plare.
The flnd-accommodating tube preferably 1s bent to form at least one loop, and
the heat-generatng pad can be disposed within the loop  The fluid-
accornmodating tube also preferably includes at least two legs and at least one-

cross-brace secured between the at least two legs 1o provide ¢nhanced

securement [o the battery support plate.
A bartery heating device according to another embodiment of the

invention is connected 1o a fluid wansfer system, such as the coolant loop of a
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vehicle engine. A bypass thermostate regulates coolant flow 1o the battery
heating device, bypassing the battery heating device by shutting off the flow 10
It wen batlery temperature reaches an acceptable level

Finally, a battery heating method according 10 an embodiment of the
nvennon includes the steps of supporung at least one barery with the battery
support plate, transternng thermal energy to the battery from a heatable flud,
and transferring thermal energy 1o the battery from an eleciric heating device.

In accordance with one embodiment of the invention, a battery heating
device for delivering thermal energy to at least one vehicle comprises in
combinaton:

battery support structure for supporting the ar least one battery;

heatable fluxd accomunodanon means, thérmally coupled with the at
least one bhattery, for accommodanng heatable fluid in a region of thermal
conductivity with the at least one batlery such that thermal energy is
transterred from the heatable fluld 1o the at least one bartery to heat the at least
one batiery; and

clectne heanng means, thermally coupled with the at least one batrery,
for generating thermal energy 1n a region of thermal conductivity with the ar
least one bartery such thar thermal energy 1s transferred from the electnc
heanng means to the at least one battery 1o heat the at least one battery;

wherein 1he battery support structure comprnses battery support means,
coupled with the heatable flind accommodation means and the eleciric heating
means, for supporiing the at least one battery in a predetermined locanon, the
batrery support means bemng thermally conductive 10 transfer thermal energy
from the heatable fluid accommeodation means and the electric heaung means
10 the at least one battery;

wherewn the batiery support means cornprises a plate having upper and
lower surfaces;

wherein the upper surface of the bamery sapport means platc is
constructed 1o support the at least one battery; and

wherein the lower surface of the battery support means plate supports

the heatable fluid accommodation means and the elecinic heating means.
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In accordance with a further embodunent, a batiery heanng device for
delivering thermal energy to at least one vehicle battery comprises:

a bartery support plate for suppornng the at leust one batrery,

a heatable fluid accommodatny device thermally coupled with the at
least one battery via the battery support plate 10 accommaodate heatable tlind in
a region of thermal conducnvity with the at least one batlery, thermal energy
being transferred from the heatable fluid 1o the at least one batiery via the
battery support plate to heat the at least one battery; and

an electme heaung device thermally coupled with the ar least one
battery via the battery support plate 1o generate thermal energy in a region ol
thermal conductivity with the at least one battery, thermal éneérgy being
rransferred from the elecine heating device to the at least one bantery via the
battery support plate 1o heat the at least one banery.

In accordance with a further embodiment, a2 method of delivenng
thermal energy 1o at least one vehicle bartery compnses:

(a) supporting the at lcast one batiery with a batiery suppon plate;

(b) transferring thermal energy to the at least one barery from
heatable fluid in a region of thermal conductivity with the at least one battery
via a heatable fluid accommodanung device, a thermally conductive adhesyve
securing the hearable fluid accommodanng device 1o the bartery support plate;
and

(¢) transferring thermal energy to the at least one batiery from an
electric heating device secured to the battery support plate in a region of

thermal conductivity with the at least one batlery.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the mmvention will be descnbed with

reference to the Figures, in which like reference numerals denote like elements

and in which:
Fig. 115 a perspective view of a battery heating device according to an

embodiment of the invennon,
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Fig. 2 is a side view of the Fig. 1 battery heating device;

Fig. 3 is an end view of the Fig. 1 battery heating device;

Fig. 4 is another end view of the Fig. 1 battery heating device;

Fig. 5 is a plan view of the Fig. 1 battery heating device;

Figs. 6 A-6B are top and side views, respectively, of a battery heating
device according to an embodiment of the invention;

Figs. 7A-7C are rear, side, top and front views of a bypass thermostat
usable with a battery heating system according to an embodiment of the
invention;

Fig. 8 i1s a bottom view of a battery heating device according to an
embodiment of the invention;

Fig. 9 is a schematic view of a battery heating system according to an
embodiment of the invention; and

Fig. 10 is a chart illustrating cranking power degradation with

decreasing temperature.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

The disclosed battery heating devices and systems in which they are
incorporated can be used in a variety of applications. Typically, a battery or
batteries being heated by the disclosed embodiments are used in vehicles
or equipment that are subject to extreme cold-weather environments. The
present invention is not limited to batteries, vehicles and such equipment,
however. The present invention also is applicable to charge storage
devices and other devices that require a certain elevated temperature level
for efficient operation. The present invention also is applicable to
vehicles, equipment and other machines used in any environment where
ambient temperature drops below a desired level. Thus, while preferred
embodiments of the invention may be described with respect to batteries,
vehicles and equipment in cold-weather environments, the invention is
not limited to these particular embodiments.

Figs. 1-5 illustrate a battery heating device according to an

embodiment of the invention. Battery heating device 5 includes a
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preferably planar support plate 7, which has lower and upper surfaces 8, 9.
Upper surface 9 of battery support plate 7 is designed to receive and
support one or more batteries in a predetermined location. Battery
support plate 7 preferably is formed of a thermally conductive material
such as aluminum, although of course other suitable materials, such as
stainless steel, also can be used. Additionally, although battery support
plate 7 according to the illustrated embodiment is of rectangular shape,
battery support plate 7 can be formed of any desired shape as needed to
adequately support a battery or battery pack in a given vehicle or other
application. Likewise, battery support plate 7 need not be of planar
configuration, but can be formed with ridges, borders, elevations and/or
depressions in order to most effectively support the battery or battery pack
of the vehicle.

Battery heating device 5 also includes a heatable fluid
accommodation device 10, which in the illustrated embodiment is a tube
formed of stainless steel or other suitable thermally conductive material.
Tube 10 includes a fluid inlet 15 and fluid outlet 20, preferably spaced a
predetermined distance apart by spacing element 23.

As will be appreciated by those skilled in the art, inlet 15 and outlet 20 can
be reversed, so that heatable fluid such as engine coolant flows into tube 10
at 20 and from tube 10 at 15. Inlet 15 and outlet 20 preferably are connected
to an engine coolant flow system of the vehicle or equipment in which
battery heating device 5 is used, as will be described below. Additionally, it
will be appreciated that the heatable fluid within tube 10 can comprise
fluids other than engine coolant, such as vehicle exhaust. Fluid
accommodating device 10 can also be in the form of a heatable fluid
reservoir in which heatable fluid remains or through which heatable fluid

flows.

Heatable fluid accommodating tube 10 includes a desired number of
90-degree bends 25 and 180-degree bends 30, as needed to direct tube 10 to
cover a significant portion of lower surface 8 of battery support plate 7. Of

course, bends of other angles also can be used, such as 30-degree bends, 45-
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degree bends or any other desired angle. Bends 25, 30 separate tube 10 into
a plurality of legs 35, and legs 35 and bends 25, 30 form a loop or a plurality
of loops underneath battery support plate 7. For purposes of this
description, tube 10 illustrated in Fig. 1 can be considered to form one U-
shaped loop, or to form a plurality of straight loops.

Extending between the various legs 35 of heatable fluid
accommodating tube 10 are straight cross-braces 37 and angled cross-braces
39, which are secured to battery support plate 7 by rivets, screws, studs or
similar securing elements 38. Tube 10 preferably also is secured to battery
sui:port plate 7 by a thermally conductive adhesive 55, as will be described.

Using tube 10 to route heatable fluid under a wide area of battery
support plate 7 overcomes a typical disadvantage of prior coolant-based
battery heating devices that use a coolant reservoir in the form of a pan,
for example. Specifically, because tube 10 is secured to and supported by
lower surface 8 of battery support plate 7, tube 10 does not bear the weight
of battery support plate 7, the batteries, and any other structure supported
by battery support plate 7. Thus, tube 10 is unlikely to flex and otherwise
be subject to weight stresses associated with typical prior systems, and is
therefore less likely to rupture or leak. In other words, fluid
accommodating device 10 is independent of the structure that bears the
weight of the battery or batteries of the vehicle, such as battery support
plate 7; fluid accommodating device 10 thus is a non-weight-bearing
structure. This represents a significant advantage over typical systems, in
which structures accommodating fluid are also weight-bearing structures,
are subject to considerable stress, and thus are subject to fluid leaks. Such
leaks, of course, are extremely disadvantageous.

To further prevent tube 10 from bearing the weight of battery
support plate 7 and other structures, battery heating device 5 also includes
at least one support device, such as skids 60, 65. Skids 60, 65, which
preferably are formed of plastic but of course can be formed of any suitable
material, preferably are secured to lower surfz:¢ 8 of battery support »late 7

by rivets, studs or similar fasteners 64, wtich extend through bcres 63.
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Skids 60, 65 preferably have a height dimension that 1s greater than a height
dimension of heatable fluid tube 10, 1o prevent contact of heatable fluid tube
10 with any underlying structure. This height dimension differential is
illustrated a1 70 in Fig. 2 and, according 10 & preferred embodiment, can be
less than one inch. Of course, height dimension differeanal 70 can vary as
needed to fit a particular application.

Although in the illustrared embodiment skids 60, 65 are disposed
outside the Joop or loops formed by wbe 10, and although slad 65 1s onented
perpendicularly to skid 60, other configurations and positioning of skids 64,
65. or an alternative number of skids 60, 65, also are contemplated according
to the invention and will be readily apparent to one of ordinary skill,

To further overcome the disadvantages associated with pure coolang-
associated battery hearing devices, banery heaung device 5 according 1o the
invennon also includes an electric heating device 40 1o generate thermal
energy for transfer to the battery or batteries supporied by battery support plate
7. Electric heating device 40 preferably 15 n the form of an electnc heaung
pad, whch, according to one embodiment, can be constructed in accordance
with U.S. Pateni No.5,017,758 1o Kirkman et al.,. pad 40 can include a
temperature sensing device 45 for connection 1o a system thermostat, as will
be described. Alternatively, pad 40 can be used with a remote Icmperature
sensing device, also as will be described.

Although Fig. 1 1llustrates only one pad 40, an electric heanng device
according 10 the invention can include two OF more pads 40. Addinonal pads
can be located within the night-hand loop of mbe 10, as viewed wn Fig. 1, or
within the bottom loop thereof. Additionally, a pad or pads 40 also can be
located ouiside the perimeter defined by tube 10, if desired. Whether one or
more than one pad 40 is used, and wherever 11 18 positioned, 17 1s preferred that
pad 40 be securely fastened to the lower surface 8 of battery support plaie 7.
By securcly fasteung pad or pads 40 to battery Supper plate 7, and by
locating pad or pads 40 within a region of therma! conductivity with the
bantery or batteries supported by battery support plate 7, the heat generated by

Va2 BRI e o 3 A TR e A A e T Y
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pad or pads 40 is effecrively transferved through battery suppor plate 7 10 the
battery or batternes.

As will be evident to one of aordinary skill, a variety of power sources
can be used 1o provide electrical energy 1o pad 4Q, for example by leads 50. A
110 volt or 220 volr aliernating current power source can be used, as can a
twelve or twenty-four voit direct current source as from 2 vehicle battery, for
example. In the case of direct current, the battenies supparted by batery
support plate 7 can be used as the power source, or an exiernal battery can also
be used,

Each electric heating pad 40 can be secured 1o batiery support plate 7
in a variety of ways, for example with an RTV silicone adhesive, a pressure-
sensitive adhesive, or by direct vulcanization 1o battery support plate 7, for
example. Direct vulcanization is preferable in at least one aspect, in that the
pads can be secured to the plate dwring manufacture of the plate.

Heatable fluid tube 10 preferably is secured to lower surface 8 of
bartery support plate 7 by a thermally conductive adhesive 55, preferably
continuously disposed between tube 10 and battery support plate 7.
Alternatively, adhesive 55 can be applied discontinuously, that is, in discrete
segments. Thermally conductive adhesive 55 preferably is an epoxy casnng
resin or other type of epichlorohyrdin reaction product, such as OXY-BOND™
153 resin available from Resin Technology Group, Inc., South Easion,
Massachusertts.

Fastening tube 10 10 battery support plate 7 with a continuous,
thermally conductive adhesive S5 yields sigmificant advantages. Thermal
energy from the hearable fluid within tube 10 1s conveyed to battery suppor
plate 7 over a greater area than if tube 10 simply were spot-welded to battery
support plate 7. Additionally, adhesive 55 eliminates the need for welding 1ube
10 in the first instance, which could compromise the structural integrnty of

tube |0 and/or battery support plate 7.
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Figs. 6A-6B disclose a battery heating device according to an
alternate embodiment of the invention, in a battery heating system
including a bypass thermostat. The system illustrated in Figs. 6A-6B
includes battery heating device 105, which is designed to accommodate
four batteries 103 in the illustrated embodiment. Looped tube 10 runs back
and forth beneath battery support plate 7 in a manner similar to that
illustrated and described with respect to the embodiment of Figs. 1-5.
Similarly, a plurality of skids 60, 65 support battery support plate 7 and tube
10 a predetermined distance above any underlying structure, so that tube
10 does not bear the weight of batteries 103. Tube 10 and skids 60, 65
preferably are secured to battery support plate 7 in a manner similar to that
illustrated and described previously.

Battery heating device 105 of the Figs. 6A-6B embodiment also
includes one or more electric heating pads 40, placed in a region of thermal
conductivity with batteries 103 within the loops formed by tube 10 and/or
outside of the loops. One possible arrangement of pads 40 is illustrated in
Fig. 8, as will be described. Other features of the Figs. 6A-6B embodiment
are similar to those of battery heating device 5 of Figs. 1-5, but description
and illustration thereof are eliminated to simplify and clarify the
disclosure.

The battery heating system of which battery heating device 105 is a
part includes bypass thermostat 110. Bypass thermostat 110 receives
heatable fluid, preferably engine coolant, at inlet port 112. A temperature
sensing device, such as probe 125, is positioned in close proximity with
batteries 103 as shown, to sense whether a temperature associated with
batteries 103 is below a desired minimum temperature. In accordance with
that determination, thermostat 110 directs coolant to and from extension
lines 117, which are connected to tube 10 of battery heating device 105.
After passing through tube 10 and thereby transferring thermal energy to
heat batteries 103, coolant returns to thermostat 110 and exits at coolant
outlet port 114. Thus, thermostat 110 and temperature probe 125 can be set

to direct coolant toward tube 10 only when temperature probe 125 detects a
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temperature that 1s below a predetermined munumum temperarure, for example,
80° Fahrenheif. 1f temperature probe 125 detecls a temperature above the
predetermined minimum, thermostat 110 causes coolant flow 1o bypass tube
10 and immediately exat af coolant outlet 114.

Fig. 613 also illustrates phase-change material reservoir 110, which
can be used 1 combination with coolant tube 10 and electric heanng pad(s} 40
to better provide thermal energy wansfer wo batteries 103. Tube 10 can he
within reservoir 110 50 that the phase-change material directly contacts tube
10, or twbe 10 can lie above the phase-change material. Further, tube 10 can
extend downwardly into reservoir 110 to provide addinopal contact area with
the phase-change marenal. According 10 a preferred embodiment, e phase-
change material is lithium nitrate, although a wide vanety of suitable phase-
change matenals can be used.

Figs. 7A-7C illustrate bypass thermostat 110 1n greater detail. Coolant
inlet/outlet ports 115, 120 direct coolant to/from coolant lines 117 connected
to tube 10. Support bracket 130 can support thermosiar 110 on a housing for
batteries 103, or at another desired location. Temperature probe 125, 1n
addition to activating coolant flow 1o twbe 10 1o regulate the iemperature
associated with batteries 103, can also activate electric heating pad aor pads 40.
Alternatively, of course, electric heanng pad or pads 40 can have their own
dedicaied temperature sensing device(s), either al the pads or at another
location, and a remote temperature sensing device can be used 1 place of orin
addition to probe 125. Bypass thermostat 110 preferably 1s constructed 1n
accordance with the disclosure of U.S. Patent No.4,964,3706.

As mentioned earlier, Fig. 8 shows one possible placement of electric
pads 40 in relation 1o a tube configuration suniar 1o that of Figs. 6A-6B. Four
electric heating pads 40 are disposed withun ™wo outer loops of tube 10, as
ilustrated. Again, however, alternanve placements arc contemplated within
the scope of the mvennorn.

The barery heating device 105 of Fig, 8 includes thermostat 155 for

activating/deactivating electric heating pads 40 as needed (0 mamntain a
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desired temperature. Each heating pad 40 or just one of the pads 40 can
include a temperature sensing device 45, coupled to thermostat 155 by
leads 160. Alternatively, or in combination with temperature sensing
device(s) 45, remote temperature sensing device 145, connected to
thermostat 155 by lead 165, can be used to sense temperature at or in close
proximity to batteries 103. Of course, thermostat 155 with temperature
sensing devices 45 and/or 145 can also be used to control coolant flow
through tube 10.

Fig. 9 shows battery heating device 205 within a battery heating
system according to an alternative embodiment of the invention. The
battery heating system of Fig. 9 includes a cab heater loop 240, which
includes cab heater 245. Cab heater shut-off valve 250 is a manual or
automatic control that the occupant of a vehicle cab adjusts to regulate the
temperature level of the cab. When valve 250 is open, coolant enters cab
heater 245 at coolant inlet 262 and exits via extension line 264.

According to this embodiment, battery heating tube 10 is plumbed
in series with cab heater 245, so that heat is directed to the battery system
whenever heat is directed to the cab. The occupant of the cab thus not only
controls the temperature of the cab, but also controls when battery heat is
delivered as well.

Engine coolant is also directed to battery heating tube 10 through
coolant inlet 212, thermostat 210 and extension line 217, as shown. After
passing through tube 10 to heat the battery, coolant exits the loop through
line 218 and coolant outlet 214. Thermostat 210 senses the temperature of
coolant exiting line 218, shutting off flow at inlet 212 and/or outlet 214
when the temperature is at or above a predetermined level, i.e., when
battery heating no longer is desirable.

The loop configuration of tube 10 illustrated in Fig. 9 differs from
that of previous embodiments, and includes jumper extensions 219 to
carry fluid from one section of battery supporting plate 7 to another. In the
Fig. 9 embodiment, battery support plate 7 provides support for four

separate batteries, as in the embodiment of Figs. 6A-6B. Also as with
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previous embodiments, skids 60 are secured to the lower surface of the
battery support plate 7.

While the present invention has been described with reference to
particular preferred embodiments, the invention is not limited to the
specific examples given. Various modifications will occur to those of
ordinary skill. For example, the tube configuration and/or the cab heater
loop shown in Fig. 9 can be used with any of the previous embodiments.
Any of the specific features shown with respect to a particular embodiment
can be used with the other embodiments. Heatable fluids other than
engine coolant can be used. Other embodiments and modifications can be
made by those skilled in the art without departing from the spirit and

scope of the invention as defined in the following claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN
EXCLUSIVE PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED
AS FOLLOWS:

l. A battery heating device for delivering thermal energy to at least one
vehicle battery, the battery heating device comprising in combination:

battery support structure for supporting the at least one battery;

heatable fluid accommodation means, thermally coupled with the at least
one battery, for accommodating heatable fluid in a region of thermal
conductivity with the at least one battery such that thermal energy is transferred
from the heatable fluid to the at least one battery to heat the at least one battery:;
and

electric heating means, thermally coupled with the at least one battery,
for generating thermal energy in a region of thermal conductivity with the at
least one battery such that thermal energy is transferred from the electric
heating means to the at least one battery to heat the at least one battery:;

wherein the battery support structure comprises battery support means,
coupled with the heatable fluid accommodation means and the electric heating
means, for supporting the at least one battery in a predetermined location, the
battery support means being thermally conductive to transfer thermal energy
from the heatable fluid accommodation means and the electric heating means to

the at least one battery;

wherein the battery support means comprises a plate having upper and

lower surfaces;
wherein the upper surface of the battery support means plate is
constructed to support the at least one battery; and

wherein the lower surface of the battery support means plate supports

the heatable fluid accommodation means and the electric heating means.
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2. The battery heating device of claim 1, further comprising thermally
conductive adhesive means for securing the heatable fluid accommodation

means to the battery support means.

3. The battery heating device of claim 2, wherein the adhesive means
comprises an epoxy resin continuously applied between the heatable fluid
accommodation means and the battery support means to conduct thermal
energy between the heatable fluid accommodation means and the battery

support means.

4. The battery heating device of claim 1, wherein the electric heating

means comprises a heat-generating pad secured to the battery support means.

5. The battery heating device of claim 1, further comprising phase-
change material accommodation means, thermally coupled with the at least one
battery, for accommodating a phase-change material such that thermal energy 1s
transterred from the phase-change material to the at least one battery as the

phase-change material changes from liquid form to solid form.

6. The battery heating device of claim 1, wherein the heatable fluid

comprises engine coolant.

7. A battery heating device for delivering thermal energy to at least one
vehicle battery, the battery heating device comprising:

a battery support plate for supporting the at least one battery;

a heatable fluid accommodating device thermally coupled with the at
least one battery via the battery support plate to accommodate heatable fluid in

a region of thermal conductivity with the at least one battery, thermal energy

ey o Bad il o 1 IEGAS. bl PERER TP Pk =t [P 1YY whdry b sivhes memiimimees s e, : . .. TN TN T UM Ade e b Dy Y A VA ' 0 A K 8 B Sy 4 4| TV rrvrete




10

15

20

25

CA 02234727 1999-02-23

-17 —

being transferred from the heatable fluid to the at least one battery via the
battery support plate to heat the at least one battery; and

an electric heating device thermally coupled with the at least one battery
via the battery support plate to generate thermal energy in a region of thermal
conductivity with the at least one battery, thermal energy being transferred from
the electric heating device to the at least one battery via the battery support
plate to heat the at least one battery.

8. The battery heating device of claim 7, wherein the heatable fluid
accommodating device comprises a fluid-accommodating tube secured to a
surface of the battery support plate to transfer thermal energy to the at least one

battery via the battery support plate.

9. The battery heating device of claim 8, wherein the fluid-

accommodating tube is bent to form at least one loop.

10. The battery heating device of claim 9, wherein the electric heating
device comprises a heat-generating pad secured to the battery support plate

within the at least one loop of the fluid-accommodating tube.

I'1. The battery heating device of claim 9, wherein the at least one loop
of the fluid-accommodating tube comprises at least two legs, the battery heating
device further comprising at least one cross-brace secured between the at least
two legs, the fluid-accommodating tube being secured to the battery support
plate at least in part by securing elements extending through the at least one

cross-brace into the battery support plate.
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12. The battery heating device of claim 8, further comprising a
thermally conductive adhesive continuously disposed between the fluid-
accommodating tube and the battery support plate, thermal energy being
transterred from the heatable fluid to the at least one battery via the fluid-
accommodating tube, the thermally conductive adhesive, and the battery

support plate.

13. The battery heating device of claim 7, further comprising a phase-
change material accommodation device thermally coupled with the at least one
battery to accommodate a phase-change material, thermal energy being
transterred from the phase-change material to the at least one battery as the

phase change material changes from liquid form to solid form.

14. The battery heating device of claim 7, in further combination with:

a heatable fluid delivery system coupled with the heatable fluid
accommodating device to selectively deliver a continuous flow of heatable fluid
to the heatable fluid accommodating device; and

a tluid bypass thermostat coupled with the heatable fluid delivery
system, the fluid bypass thermostat comprising a temperature detection device
in thermal communication with the at least one battery to detect a temperature
associated with the at least one battery, the temperature detection device
activating the fluid bypass thermostat to stop flow of the heatable fluid to the
heatable fluid accommodating device by the heatable fluid delivery system
when the temperature detected by the temperature detection device exceeds a

predetermined value.

I5. The battery heating device of claim 7, further comprising at least

one support device secured to a bottom surface of the battery support plate, the
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at least one support device having a height dimension that is greater than a
height dimension of the heatable fluid accommodating device to prevent
contact of the heatable fluid accommodating device with any underlying

Structure.

16. The battery heating device of claim 7, wherein the battery heating
device comprises weight-bearing structure to bear the weight of the at least one
battery, the weight-bearing structure comprising the battery support plate,
further wherein the weight-bearing structure bears the weight of the at least one

battery independently of the heatable fluid accommodation means.

I'7. A method of delivering thermal energy to at least one vehicle
battery, the method comprising:

(a) supporting the at least one battery with a battery support plate;

(b) transferring thermal energy to the at least one battery from heatable
fluid in a region of thermal conductivity with the at least one battery via a
heatable fluid accommodating device, a thermally conductive adhesive securing
the heatable fluid accommodating device to the battery support plate; and

(c) transferring thermal energy to the at least one battery from an
electric heating device secured to the battery support plate in a region of

thermal conductivity with the at least one battery.

18. The method of claim 17, wherein the step (b) comprises transferring
thermal energy to the battery support plate from the heatable fluid

accommodating device via an adhesive comprising an epoxy resin.
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