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FIG. 3

(57) Abstract: An energy regulating system and thermally regulated article for a habitable space or vehicle interior space are provided

which include a thermally conductive member, such as one or more sheets of flexible graphite member, in thermal communication with

a thermal energy source such as a heat source or cold source. The thermally conductive -member having an exterior surface adapted

to be exposed to an occupant of the vehicle or building. A controller is in operable communication with a power source connected

in the heat soorce or cold source for regulating the temperature perceived by the occupant by varying the power supplied to the heat
source or cold source.
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ENERGY REGULATING SYSTEM AND METHODS USING SAME

TECHNICAL FIELD
[001] The disclosure relates to the use of graphite for an energy regulating system of an
interior space, and more particularly an energy regulating system for use in regulating the
temperature perceived by an occupant of a habitable space or vehicle inferor.  The energy
regnlating system includes an article having an epergy conserving member in thermal
communication with a thermal energy source, the energy source funclioning as cither or both of a

heat source or cold source. The energy regulating system can also include a controller in operable

communication with the thermal energy source for controlling operation thercol in response to

sensor information.

BACKGROUND
{002} Battery powered electric vehicles utilize the same battery system for powering the
electric traction motor and for heating the vehicle cabin, This reduces the vehicle’s driving range.
In extremely cold environments, this can resull in as much as a Hifty (30 percent loss in range for
a battery powered eclectric car, as reported by Argomne National Laboratory, see

http/Avww.anl govienergy-systenms/group/downioadable-dynamometer-database/electrie~

vehicles.
BRIEF DESCRIFTION
{603} One embodiment disclosed herein includes an energy repulating  system. The

system includes a thermal energy source optionally disposed mside an enclosure. The system
further meludes an energy conserving thermally conductive member in thermal communicalion
with the thermal epergy source. A thermal transfer element 18 in thermal communication with the
member. The thermal transfer element s disposed inside the enclosure. One or more temperature
sensors ave disposed on at least one of the member or the thermal transfer element and a controlier

is in operative communication with the temperaturs sensor and the energy souree for controlling
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the generation of thermal energy by the thermal energy sowrce. 11 1s 1o be understood that both the
foregoing general deseription and the following detailed description provide ewabodiments of the
disclosure and are intended to provide an overview or framework of wnderstanding to nature and

chyracter of the mvention as b1 claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[004] FIG. 1 is a schematic view of an embodiment of an snclosure which may include
one or more of the energy management systems deseribed herem;
[005] FIG. 2 is an alternate schematic view of the second embodiment of an enclosare
which may include the systems desoribed herein;
[oos] FIG 3 is a schematic view of an embodiment of the energy management systems
disclosed hersin;
{007} FIG 4 15 2 schomatic view of an embodiment of the encrgy management systoms
disclosed hereing
{008} FIG 8 is a schematic view of an embodiment of the energy management systems
disclosed hersin;
{009} FIG 6 is a schematic view of an embodiment of the energy management systems
disclosed heret;
[0010] FIG 7 19 a schematic view of an embodiment of the energy management sysiems
disclosed herein;
0011} FIG § is a schematio view of an embodiment of the energy management systoms

dinclosed hercin;

[0012] FIG. 9 is an embodiment of a test rig used in the examples;
[DO13] FIG 10 is a graph of temperature and power v, time for a bascline control test

system which did not inclade an energy conserving thermally condagtive member;
0014} FIG. 11 is a graph of temperature and power vs. time for Example A described

herein:
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[0015] FI( 12 18 a graph of temperature and power vs. time for Example B deseribed
hetein;
[0016] FIG. 13 15 a graph of temperatare and power vy, time for Example € deseribed
hereing
[DO17] FIG. 14 18 a graph of temperature and power vs, time for Example 1 described

herein; and
[Ga18] FIG. 15 18 a graph of temperaiure and power vs. time for Example D deseribed

hevein.

DETAILED DESCRIPTION OF EMBODIMENTS

[6019] Referring now to FIGS. | and 2, an energy regulating systen for an enclosed space
4 accupied by a person or animal (not shown) is shown generally at 2, with specific examples
described below retorred to as 29, 2b and 2¢. The energy regulating system 2 can also be referred
o as a temperature regulating systens for regulating the tevaperatore of an exterior surface 12 of a
thermal transfer member 10 {shown in FIGS. 3-7), wherein the surface is expossed to an occupant
of the space 4. Regarding the overall system, “regulating” and “management” can be used
interchangeably. In the example embodiments described herein, like elements are referenced using
the same reference numerals,

[0020] In one or more examples, the system 2 can be in an enclosure such as an interior of
a habitable space 4a of 8 building, house or other tvpe of permanent er temporary dwelling 3, as
shown in FIG. 1, for regulating the femperature pereeived by an occupant of the space in the
vicinity of the exterior swrface 123, The thenmal transter member 10 can be a building material,
ceramic tile, wood, concrete, wallboard, wallpaper, as wall as underlayments or backing materials
used in comjunchion with these building matevials.

[0021] in one or more other examples, the system 2 can be a component of a vehicle 6 for
regolating the temperature perceived by an occupant of an enclosed space such as a vehicle interior

4b as shown i FEGL 2. The velicle 6 can be any sort of vehicle suitable for fransporting people,
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animals or temperature sensitive things such as but not limited to fruits, vegetables, fluids, solids,
ete. Non-limiting examples of the vehicle component 2 can include, but ave not limited to, a seat,
seat cover, floor mat, carpeting, door panel, band rail, interior frim piece, dashboard pisce, arm
rest, head rest, steering wheel, head hiner or other cedding component, floor board panel, semi-
trailer sleeper walls, mativess, one or more interior sirfaces of a cargo section of a vehicle or other
peripheral surface.
{3022] Non-limiting examples of the vehicle 6 can include electric vehicles ("EV™), fuel
ell electric velicles, hybrid gas and electric vehicles, vehicles having thermal energy systems for
cargo and vehicles including a tomperstwee regulated sleeping compartment. The energy
regulating system 2 can also be used 1n space heaters, mdustrial heaters, heated furnitare andfor
heated clothing,
[0023] In other examples, the system 2 is not enclosed and it regolates the temperature of
a thermal transfer element having a surface exposed to people and/or anmmals, referred o as the
occupant, Tor heating or cooling them,
[0024] Referring now to FIG. 3, an example of the system 2 i shown generally at 2a. The
energy regulaiing system 2a includes a thermal transfer element 10 having an exierior surface 12
adapted o face the interior 4, examples of the interior include the nterior 4a of the building § {for
building materials) or the nterior 4b of the vehicke 6 (for vehicle components). The surtace 12
will b in thermal communication with the occupant such that the occupant 18 exposed to the
thermal regulating effects of the system 2a. Other non-liniting examples of materials used for
element 10 can inclode, but are not linnited to, cloth, leather, plastic, polymer, and carpet for ase
in a bullding or a vehicle,
[0025] The system 24 includes an energy conserving thermally conductive member 14 for
effectively dispersing energy in the system to heat or cool the thermal transter element 10, The
member 14 acts as a thermal energy regnlating slement m the system 2. Member 14 can include
one or more graphife sheels described in further defai! below. As shown in the example of sysiem
2a, the member 14 is disposed adjacent element 1), opposite the surface 12, In addition to the
thermial regulating cffects described herein, the member 14 may provide mmproved sound

dampening as compared to conventional butlding materials or vehicle components.
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[0026] In ong or more examples, the member 14 can be a flexible graphite sheet of
cornpressed particles of exfoliated graphite. In one or wore other exaples, the member 14 can
be synthetic graphite, formed from a graphitized polymer sheet. The synthetic graphite member
14 can be a Hexible graphite sheet of graphitized polvater {AKA synthetic graphite). In another
example the one ormore flexible graphite sheets 14 dnclude both compressed particles of extoliated

{AKA expanded) graphite and graphitized polymer (AKA synthetic graphite). Inasnother example
the flexible graphite sheets 14 include both sheets of compressed parficles of exfoliated (AKA
expanded} graphite and sheets of graphitized polymer (AKA syothetic graphite). Having member
14 composed of flexible graphiie will offer the advantage of conformability with the energy source
and also low contact resistance with the energy source when in thermal communication therewith.
As used herein, fwo objects are in thennal communication when hoat can be franslorred from one
object to the other. In one example, the two objects are spaced apart such that heat 18 transferred
from one object to the other via radiation and/or convection (via strrounding air currents) andor

conduction.  In another example, the two objects are in disposed in physical contact with cach

other,
[G027] In at least one example, the Bexible graphite sheet 14 has a thickoess ranging from

about 6.001 mm to about 1.0 mm. In another example, the flexible graphite sheet hay a thickness
ranging from shout 023 mum to shout 0.3 mm.  In another example, the Hexible graphite sheet has
a thickness vanging from about 0.03 mm to shost 8250 mm. In ancther example, the flexible
graphite sheet has a thickness ranging from gbout (.05 nun to about 0.150 mm.  In another
example, the Hexible graphite sheet has a thickness ranging frony about 8.07 mm o about 8125
mn

[0028] In g particular embodiment, the flexible graphite sheet 14 is substantially resin-free,
wherein resin free is defined as being below conventional detection limits, In other examples, the
flexible graphite sheet has less than 1% by weight of resin. In at least one pariicular example, the
flexible graphite sheet 143 not resin impregnated, e.g., not epoxy impregnated.

[0029] in one example the member 14 has an in-plane thermal conductivity of at least
ghout 140 W/m*K. ln another example the member has an in-plane theomal conductivity ot at

least about 250 W/m*K. In another example the member has an in-plane thermal conductivity of
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at least about 400 Wm*K. If needed an vpper end for the in-plane thermal conductivity of the
member way comprise up to 2000 Wimk.

{0030} The flexible graphite sheet 14 can have a relatively small amount of binder, or no
binder, In at least one example, the flexible graphite 14 sheet can have less than 10% by weight
of binder. 1n another example the Hlexible graphite sheet 14 can have less than 3% by weight of
binder. In at least one, the flexible praphite sheet 14 ix substantially binder «free, wherein binder-
free iy defined as being balow conventional detection Bimits

[0031] The Hlexible graphite sheet 14 can have a relatively small amount of reinforcement,
or no remforcement.  Remforcement is defined as a continuous or discontinuous solid phase
present within the continuous graphite matrix. Examples of reinforcements include carbon fibers,
glass fibers plastic fibers and metal fibers, In at least one example, the flexible maphite 14 sheet
can have less than S0% by weight of reindorcement. In another example the Hexible graphite sheet
14 can have less than 5% by weight of reinforcement. In at least one particunlar example, the
flexible graphite sheet 14 can be substantially reinforcement-free, wherein reinforcement-free is
defined as being below conventional detection Himis.

[G032] Precursors for member 14 formed from synthetic graphite can be a polymer flm
selected from polyphenylensoxadiszoles (FOD). polybenzotidazole (PRT), polybenzobisthiszole
poly{phenylencisophthalamide) {PPA), poly{phenyiencbenroimidazole) {(PBI).
polyiphenylenchenzobistmidazole) (FPBI), polyvthiazole (PT), and poly(para-phenylenevinyiene)

{PPV}). The polyphenylencoxadiazoles imclode poly-phenviene-1, 3, doxadiazole and isomers
thereofl These polymers are capable of conversion into graphite of good quality when thermally
treated in an appropriate manner. Although the polymer for the starting film is stated as selected
from POD, PRT, PBBT, PBO, PRBO, PI, PPA, PRI, PPREI PT and PPV, other polvmers that can
vield graphite of good quality by thermal treatment may also be used.

[0033] The system 2a can inclode a thermal energy source, such as but not Himited o, a
heat source 16 disposed in thermal comnunication with the member 14, The heat source 16 can
include a resistance heater, @ non-limiting example bemg a heated wire. In one example, the heat

source 16 is embedded in & fabric 17, such as a non-woven fabric, a non-limiting example being a
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felt. The non~woven fabric 17 can provide insulating properties. The heat sonrce 16 can also
inclode waste heat recaptored from an available sowrce of waste thermal energy and couveyed fo
member 14, Sources of available waste thermal energy 10 a vehicle include batfteries, capacitors,
fuel cells, electnie motors, nverters, and other power electronics, and inlernal combustion engines,
Methods of comveying thermal energy from the thermal energy souree to the heat souree 16 include
but are not limited to conduction through a high thermal conductivity material (such as aluminum,
graphite or copper} and natural or forced convection through a thud (such as air, refrigerant, waler,
or a coplant).

[0034] Heat source 16 can optionally be replaced or supplomented by heating the member
b4 wirelessly by induction. Such wireless heating might be supported by magnetic fields converted
from kingtic encrgy transformed from the driving process.  Alematively, magnetic mduction
fields can be compelled using other onboard sources of power such as from the battery or from the
regensrative braking svstems to generate at magnetic fields at poind sources via induction coils
located adjacent to member 14, In such inductively heated scenarios graphite is the preferred
material owing o iU's ability to be inductively coupled with the magnetic fields to generate heat,
as well as taking advantage of it's superior energy distribution capabilities n order to efficiently
transfer thormal energy throughout a more evenly distributed surface from the localized coupling
evernt.

[0035] Other examples of the heat source 16 can inchude, bt is not Hmited to, PTC heaters,
natural gas or otherwise combustible point souwrces of heat. The heat source 16 can be such sources
that are particularly wseful in thermal regulating articles used m bpildings,  Heat sonrces may
include a heating fluid {e.g., water, water and glycol fhad), or waste heat device

[0036] In the example shown in FIG. 3, the system 2 includes an insulator 18 disposed
adiacent the heat source 16, such that the heat source is disposed between the member 14 and the
wspdator 18, Non-limiting examples of the insulator T8 can include, but are not Hmited to, glass
fiber, polviwethane, and cork. In some non-limiting examples, the insalator 18 is an optional
element.

[D037]) The system 2a can he secured to a surface 22 of g base layer 20 which is included

as part of the butlding § or vehicle 6. In examples of system 2 incorporated into g habitable space
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4, the base layer 20 can include a wall, floor, cetling or other components of a building 3. In other
examples of systern 2, the base layer 20 can include metal ov other material forming part of the
vehicle.

[0038] A power source 24 can be operably connested o the heat source 16 for providing
power {0 heat the heal source.  In one non-limiting example, the power source 24 is a battery,
which provides electrical power to the resistance heater 16, A controller 30 is operably connected
regudation.  The controller 30 can use mformation from one or more sensors 40 to control the
application of power from the power source 24 to the heat source 16, In one non-himiting example,
a thermal sensor 48, also referred to as a femperature sensor, may be disposed at surface 12 which
can he used to sense the temperature at the surface, communicating the mperature information
to the controller 30 1 any suitable manner. In one or more other examples, the sensor(x) 40 could
be located anywhere within the space 4 or vehicle 6, such as but not limited to, on the member 14,
Further, the sensor 40 may be about either of the member 14 or thermal transfer element 10, About
is used herein to indicate that the sensor may be on an fnterwr or extenor of the particular
component.  In one or wore other examples, additional sensor(s) could be locsted anywhere
outside the space 4. These sxterior sansors could be used to anticipate changes in the external

i

eavironment that will affect interior comfort,

[0039] The countroller 30 can be a proportional-integrab-differential  PID™) controller
which uses a control loop feedback mechanizin to contrel the power application thereby regulating
the temperature felt by the person, animal or object in the space 4 or 47, Using 4 graphite member
14 in combination with the PID controller 30 increases the thermal sensitivity of the temperature
regulating system 2, thereby mproving the sensitivity and responsiveness of the controller o
deltver a more stable temperature with reduced variation as evidenced by tighter contrel to mean
target tomperature, reduced standard deviation of target temperature, reduced range around target
temperature, ete. This will have the effect of avoiding exceeding temperature fargets, which 1o
turn promotes both vastly mmproved thermal homogeneity as well as energy efficiencies,

[0040] Referring now to FIG. 4, an example of system 2b includes ¢ heat source 16

disposed adjacent the element 10 opposite surface 120 The system 2b also includes an enerpy
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conserving thermally conductive member 14 optionally formed of graphite, as described above,
disposed adjacent the heat source 16 and an optional jnsulator 18 {as described above) disposed
adjacent member 14, The msulator 18 1 disposed adjacent the base laver 20 deseribed above.
Alternatively, ino msulator 18 is used, the member is disposed adjacent the base layer 20,
[D041] Reterring now to FIG, §, an example of the thenmal regulating system 2o includes
member 14 disposed adjacent the slement 10 on the opposite side of surface 12, The system ¢
also includes a heat sowrce 16 disposed adjacent the regulator 14 and a second member 14 disposed
adjacent the heat source 16 such that the heat source is sandwiched between the first and second
members, An optional insulator 18 (a5 deseribed sbove) disposed adjacent the second member 14,
The insulator 18 s also disposed adjacent the base layer 20 desentbed shove. Alternatively, i no
wisulator is wsed; the second member 14 is disposed adjacent the base layer 20, In one or more
other examples of the thermal regulating systers 2e, the beat sonrce 16 18 provided separate and
apart from the thermal regulating system e

[DD42) It has been discovered that thinner and more thermally conductive matenials tend
to have generally greater advantages in terms of thermal responsiveness, promoting energy
cifictencies and [imiting the variation i the surface being thermally controlled.

[0043] Lise of the system 2 in vehicles, as described herain, increases both function and
efficioncy of the vehicke by reducing consumption of energy from the on-board battery, Directly
heating the occupants of 8 vehicle using the system 2 improves thelr comfort; thereby ultimately
increasing vehicle range without sserificing cabin comfort,

[0044) One advatage of an embodiment mcluded hevewn s that the occupant way
experience uniform comifort trougheut her body exposed to the exterior surface 12, Another
advantage may melode mproved efficiency for the vehicle 6, The clectrical etficiency of the
vehicle system can be iaproved doe o regulator”s Ingh thermal conductivity, Another advantage
is an improvement in the thenmal responsiveness of the temperature regulation provided by the
thermal regulating system 2. In addition, daee to the anisotropic nature of flexible graphite, the
thinness of the graphite member 14 can also provide weight savings relative 1o other energy

conserving thermally conductive member matertals.
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[0045] Referring now to FIGR. 6-8, other examples of the thermal reguiating system 2d,
2¢ and 2 respectively, which are relforred to hereinafter generally as system 2, can melude @ cold
source 66 in place of ot in conjunction with the heat sowrce 16, Non-limiting examples of the cold
source 66 can mchude, but are not hmited o & cooling fuid {e.g., water, water and glveol thud),
refrigerant flutd, Peltier device, or a waste cold sowve, The controller 30 uses the one or more
temperature sensors 40 to condrol the power source producing the cold provided by the cold source.
The controller 30 can be a PID controllex.

%

[0046] The system 2, can further include ahuninwm, copper or other metals used in
conjunction with the insulator 18 to enhance thermal sensutivity and responsiveness 1o promote the
energy efficiency of thermal regulating system .

[0047] An embodiment disclosed berein includes ap energy management system. The
system includes a thenmal energy sonrce. The souree may be located in an enclosare. The thermal
energy sowrce may supply heating, cooling or both,  The system may also include an energy
conserving thermally conductive member in thermal communication with the thernmal energy
source.  Forther the system may include a thermal transfer element in thermal communication
with the member, The thermal transfer cloment may be disposed inside the enclosure. A
temperature sensor may be disposed on the thermal transfer element or on the member. The system

may further include acontroller n communication with the sensor and the energy source. The

controller may control the application of energy from the energy source,

[0048] The member 14 may comprise a sheet of flexible graphite. Nop-limiting examples
of suitahle tvpes of flexible graphite include at least one of a sheet of compressed particles of
extolisted (AKA expanded) graphite, graphitized polyimer and combinations thereof.

[0049] Further particular examples of flexible graphite may include flexible graphite
having a thermal constant of so more than 0.25W/K, the thermal constant delermuned by
multiplving the thickness of the flexible graphite by the in-plane thermal conductivity of the
flexible graphite. Other examples of the thermal constant nclodes no more than .20 W/, no
more than 0.10 W/K, no more than 0.05 WIK, 1 no more than 0.04 W/K, no more than .02 WK

of no mere then 0,615 WKL

~ 10
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{0050} The system 2 may comprise & second member 14 in thermal communication with
the energy sourcg, wherein the second mentber way be disposed under the encrgy sowrce and the
member may be disposed above the energy source.

[0D51] Anoptional component of the system 2 may comprise an insulation layer in thermal
commumnication with at least one of the energy source, the menber, the thermal transter element
and combinations thereofl

[0052) Another optional coaponat includes a power source disposed 1 communication
of the energy source. Non-limiting suitable examples of the power source include a Li-lon battery,
a lead-acid battery, a magnesium battery or 8 fuel celll A preforred size of battery of this
application is 8 battery sized to power a vehicle.

{0053} Other non-timiting examples of the thermal energy sowree includes the following:
aresistive heating eloment, waste heat recovery, thermal energy transfer flmd, An embodiment of
waste heat recovery may be the heat generated from the operation of a li-ion battery pack.
[0054] In g particular embodiment, the caergy source s in contact with ne more than
twenty-five {253%) percent of a surface avea of a first surbice of the wwember.  In another
embodiment, @ surface area of a Hirst surface of the member comprises at least twenty-five pereent
more than a surface area of the energy sowree,

[0055] The member 14 may alse include a reinforcement adjacent to the flexible graphite
sheet. The reinforcement includes at least one of a fiber reinforeed polvmer, & synthetic fabrie, a
fiber weave, a fiber mat or combinations thereof, Nylon 8 a specific, non-limiting, example of a
reinforcement. A further optional element is that the article may inclode a protective coating, The
protective coating may be aligned with one of the first surface or the second swrface of the graphite

member.  IF the protective coating i3 sligned with the same surface of the sheet as the

conting iy adjacent the reinforcement. If so desired the reinforcement andior the protective coating
may cover at least substantially all of 2 major surface of the sheet ax well ag one or mote edge
surfaces of the sheet, Examples of the protective voating include plastics, such as but not limited

to, polyethylene terephthslate (PET), polyimides or other suitable plastics.  The protective coating

..11u
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may provide the benefit of electrically isolating the graphite sheet from another component. s
desived, the protective coating tay solely inchude perforations.

[0056] In an aliernate embodiment, the protective coating {aka layer) may be on an
opposite surface of the sheel than the reimforcement. For example if the reinforcement 1s aligned
with the {irst surface of the sheet, the protective coating nay be aligned with the second surface of
the sheet. Qptionally, the protective coating may be adhered to the sceond surface. A particular
further embodiment melades 8 second protective coating located adjacent the reinforcement and
opposite to the sheet.

[0057] Simitar to how the protective coating may be on both exterior surfaces of the article,
likewise the reinforcement layer may be on both sides of the graphite sheet. In this embodiment,
the profective coating may be located on one or both of the graphite surfiaces.

[0058] In a forther embodiment, the article may include @ seeond graphite sheet, The
second graphite sheet may be either a sheet of compressed particles of exfoliated graphite or a
sheet of graphitized polymer.  Preforably, in this emboediment the reinforcement is located between
the first graphite sheet and the second graphite sheet. The embodiment may also include the
profective costing on the exterior surface of the sheet, the second graphite sheet or both.

[0059] An advantage of one or more of the systems 2 deseribed herein s improved energy
efficiency such as a reduction in usage of the power source to provide thermal enerpy for the
comfort of the occupant of the enclosure. In addition or instead of the advantage of reduction in
power sowrce usage, another advantage for one or more of the embodiments way include a
reduction in time for the system to achieve steady state {emperatore. A further advantage way
inciude homogenety, which may be an increase in homoegeneity in tempeorature experienced by an
occupant of the enclosure over the surface area of the enclosure the oecupant 15 in communication
with and/or tine for the environment 1o change to howmogenous temperature,

[0060] Enhodinents disclosed heremn may be used in a system to achieve a desired
temperature at a rate of ot least twenty-five (25%:) percent faster than for s system which does not
include the energy regulator.  In further instances, the reduction in time to obtain a desived

feraperatuare may be at feast thiny-five (35%) percent faster than a control without the energy
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regulator.  in additional embediments, the improvement in response rale to achieve a desired

temperature tray be as wmuch as aboul fllty (50%) pevcent reduction n response fime.
[0061] Also, the embodiments inchuded herein may not only be able to reach the set

temperature (AKA desired temperature) faster bt will do so while consuming less energy. For
example, embodiments disclosed herein have included a reduction in time in achieving the set
temperature by at least twenty-five {25%) percent while consuming twenty (209%) percent less
encrgy. In a further embodiment, the reduction in time in reaching the se temperatare 1s at least
thirty~five (35%) percent and the reduction in energy consumed is at {east forty (40%) percent.  In
an additional emboediment, the reduction in time {o reach the set point temperature i3 at least forty-
five (45%) percent and the reduction in energy consumption is at least forty-five (45%) percent.
[0062] Ancther advantage of the embodiments disclosed herein may include that once the
desired set fevoperature is achieved, the set temperature may be mamtained at the sel temperature
for a given time period with less energy consunption. For example, once the set temperature s
achieved, i can be maintained for a period of abowt two (2} howrs with a reduction of energy
consamption of about ten (18(+)%6) percent or more; preferably about fifteen (15%) or more.
{0063} Nem-Hmiting  alternative cmbodiments of the enclosure inchude a mode of
transportation having a passenger compartment.  The enclosure may be disposed in a non-steady
state enviromment.  An example of a pon-stoady state environment may include the oxterior
environment.

[0064] Embodiments disclosed hercin may be used in a system to achicve a desired
temperature at g rate of at least twenty~five {25%) percent faster than for a system which does not
inglude the energy regulating system components described herein.  In further instances, the
reduction in time to obtain a desired tempernture may be at least thirty-five {35%) porcent faster,
In additional entbodiments, the reduction i time to obtain a desred temperature way be at least
thirty-five {50%) percent faster.

[0065] Another advantage of the embodiments disclosed herein may inclode that once the
desired set temperature is achieved, the set temperature may be malntained at the set temperature

for a given time penod with less energy consamption. For example, once the set temperature 18
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achigved, it can be maintained for g period of about two {2} hours with a reduction of energy
consumplion of about ten pevcent (1096} or wove: prefevably abonl filteen percent (15%) or mare.
[0066] The systems 2 described herein can be used in 8 method of making a vehicle baving
an occupant heating svstem and subsequently i a further method of heating the vehicle, In one
embodiment of the method of making the vehicle, the vehicle is an electric vehicle having a battery
such as & Hthivm jon battery sized to power the vehicle. The methad meloades placing a8 member
as described herein in thermal communication with a heater and placing the member andfor heater
in thermal communication with a heat transfor waterial sueh as deseribed beremn,  The heating
element is powered by @ power source and the application of power may be controlled by ¢
controller as deseribed herein. The various optional components of the system disclosed herein

are also applivable to the above methods.
EXAMPLES
{0067} The invention disclosed herein will now further be described in terms of the below

examples. Such examples are included herein only for exemplary purposes and are not weant to

limit the chaimed subject muatler,

[0068] Hlostrated in FIG. 9 is o test vig shown generally at 100 for testing at least some of
the examples described herein. The test rig 100 includes an exterior cabinet 103 and a cover 106,

The cabinet 105 and vover 106 may be constructed from any suitable material, I so desired,
cabinet 105 and cover 106 may thermally isolate the test specimen from the exterior environment.
The testing vig may include standeffs 104, The standoffs ay shown are constructed from nsulating
material, however the cheice of material for the standofis is not a limiting faetor.
[{DD69] The test rig 100 also includes an enclosure 101 having a bottom 102, and a id 103
fitting the enclosure 101, The enclosure 15 sized to it inside the cabinet 105, Alominum was used,
as a matertal of constraction for enclosure 101 and Hd 103, however, if so desired other materials
may be used for either or both. An example system 2¢ as described herein is shown in the test rig

100, The systern 20 includes two hottom insulation layers 18, The svstem 2¢ as shown includes

~ 14~
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two members 14, as deseribed hergin, Heater 16 includes heater wire 108 and sensor 110, Hester
wire 108 may be powered by an electrical power source such as a battery {not shown).

[0070] The test rig includes a rubber mat (commuoaly referred to as a vehicle floor mat) as
the heat transfer element 10 and a temperature sensor 110 disposed on an upper surface 12 of mat
10. The seosor 110 is in communication with a coutvoller (nof shown). This system was placed
ony top of and in contact with the surface 22 of the enclosure bottom

[6071} In test example A, system 24 as shown in FIG. 3, which includes a 10
mieron synthetic member 14 disposed on top of the heater 16, and a polyurethane
foam insulation 18 disposed under the heater, was tested using tost rig 100,

[0072] Anexample product embodied by system Za can be a heated floor mat.
Such & mat surface would rest upon a resistance heater with somembers ez synthetic
graphite sheet, placed atop of the heater surface and the rest of this assembly resting
on the automotive cabin floor and solated with suttable thermally insulating barvier.
The example incorporated the use of a svnthetic graphite film member 14 having a
thickness of 10 micvons, coated on each side with a thin layer of PET film (~0.05 mam).
Such coated graphite fibns may be commmercially available as eGraf® 881800-0.010
Ohio. The member 14 was placed atop of a commercial resistive heating element 16,
such as available from Dorman  produet number 641-307, having an infernal
resistance of 4 2. The heating element 16 was disposed on top of a suitable insulating
material 18, such as blown polhvurethane foam layer of approximately 6 mm thick
(uncempressed), all of which rested upon a cold surface 20 as shown. The cold surface
temperature in the test rig 100 was maintained at 0°C and the surface temperature
was actively controlled to 18°C by a PID controller such as an Hxfech 4BVFL
(independently tuned as optimized for the particular heating scenarto engaged) to
target a surface tempervature (18°0) of a than polyurethane material as the thermal

transfer element 14,
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{0073} A graph of the temperatures ve. fime and power vs. fime for a control
which did not include thermally conductive member 14 is shown in FIG. 10, As
shown, energv/power 200 s supplied to the heating slement 18 as controlled by
contraller (not shewn}. The freezer temperature is shown at 202, The temperature
of the enclosure 101 is shown at 204. The change (A in air tempervature in the
enclosure 101 which ig the temperature in the enclosure 204 minus the freezer
temperature 202, s shown at 206, The temperature at the top of the insulation layer
18 18 shown at 208, The temperature of thermal transfer member 10 is shown at 210,
The temperaiure of the thermal transfer member 210 wminus the freezer temperature

20 15 shown at 212,

[0074] A graph of the temperatures and power va, time for Example & is shown
in FIG. 11, with items similar to graph shown in FIG 10 lustrated with similay

reference numbers. In this example it was obeerved that the heat up rate from the
initial state of 0°C to the target trangder slement surface temperature of 18°C was
achieved in 6.8 minutes which was 46.0% faster than a control version of this example
that does not enmaploy the graphite member 14, It was also observed that the total
energy consumed by this process of heating from the initial state to the target surface
temperature was 6.3 Wh which was 46.2% less total energy consumed than the
control without the member 14, A PID controller was used to maintain the
temperature of the transfer element at 18°C for a peried of 1.85 hours, while the
temperature of 070 was maintained in the test vig. The total energy consumed over
that interval 18 60.97 W hy which was 15% less fotal energy consumed over that

mterval than the control.

[0075] In another test example B, a svstem Ze shown in FIG. 5 whieh includes
a first 10 micron synthetic graphite member 14 disposed divectly on top of the heater

16, a second 10 micron synthetic graphite member 14 disposed diveetly beneath the
heater, and a pelyvurethane foam msulation 18 digposed under the second member

{opposite the hoater 18) was tosted wsing tost rig 100 .

- 16~



WO 2018/106793 PCT/US2017/064887

[0076] This embodiment uses of two separate layvers of synthetic graphite film
members 14 functioning as the energy regulators deseribed herein. The members 14
having a thickness of 10 microns and are coated on each side with thin PET film
(~0.05 mm). Such coated members 14 are commercially available as  «GRAF®R
SS1800-0.010 {thermal constant 0018 W/K) from Advanced Energy Technologies
LLG . In this example the vesistive heating element 16 was the same as in Bxample
A, which s commercially available from Dorman - product number 841-307, having
an internal resistance of 4 &, The heating element 18 is sandwiched between the two
separate members 14, All of the aforementioned which were isolated from the cabinet
structure 1056 as positioned atop a suitable msulating material 18, such as blown
polymwrethane foam layer of approximately 6 mm thick, fnally resting on a cold
surface 22, The cold surface 22 temperature was maintained at 0°C and the surface
temperature was actively controlled to 18°C by a Pl controller such as an Exiech
48VFL independently tuned as optimized for the particular heating scenario engaged
to target a surface temperature of a thin polyurethane surface wmaterial as the
thevmal transfer element 10.

{0077} A graph of the temperatures vs. time and power vy, time is shown in
FIG. 12, with items similar to graph shown in FIG 10 fllustrated with similay
reference numbers. It was observed that the heat up rate from the initial state of
0°C to the target seat surface temperature of 18°C was achieved in 5.8 minutes which
was 54.0% faster than a control version of this seenario that does not employ the
graphite film . It was observed that the total energy consumed by this process of
heating from the initial thermal state to the target surface temperature was 5.9 Wh
which was 458.6% less total energyv consumed than a control without the member. The
target temperature was dynamically maintained as regulated by the PID controller
for a period of 1.85 h at 18°C while in continuous contact with a the test vig at the

initial state temperature of 0°C as the genersl surroundings, that the total energy

~ 1‘}"
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consumed over that interval was 88.1 W h which was 5.0% less total energy consumed
over that mterval than the control,

[oo78] In another test example €, a system 2b shown in FIG. 4 which includes
a 10 micron synthetic graphite member 14 digposed divectly beneath the heater 18
and a polyurethane foam nsulation 18 digposed under the member {opposite the
heater 16} was tested using test vig 100 .

[0O79] In this exaunple, the surface of the heater 16 is in direct contact with
the thermal transfer slement 10 forming the surface material, The member 14 was
formed for a synthetic graphite film having a thickness of 10 microns and a thermal
conductivity of 1800 W/m K {thermal constant 0.018 W/K) which was further coated
on each side by thin laver of PET film {0.05 mm thick) such graphite film is
commercially available as stated above in examples A and B, In this embodiment
the member 14 was placed at the bottom of commercial resistive heater 16 which was
the same heater ag used in Examples A and B. The heater 16 and member 14 were
positioned beneath the thermal transfer element 10 which was to be heated and
isolated from the cabinet base by positioning atop an insulating material 18 of blown
polvurethane foam laver of approximately 8 mm {uncompressed). The entive
agsembly was then positioned upon a cold surface 20, The test yig 100 tomperature
was actively controlled to 0°C and the surface temperature was independently
controlled to 18°C by a PID controller such as an Extech 48VFL Gndependently tuned
as optimized for the particular heating example engaged) to target the above surface
tempevature of the polyurethane thermal transfer element surface 12, In this
example it was observed that the heat up rate from the initial state of 0°C to the
target surface 12 temperature of 18°C was achieved i 9.3 minutes which wag 26.2%
faster than a control version of this example without the member 14,

[oD80] A graph of the temperatures and power v, time is gshown in FIG. 13,
with items similar to graph shown in FiG 10 illustrated with similar reference

numbers, It was also observed that the total energy conswmed by this process of
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heating from the initial temaperature of 0°C to the target surface temperature of 18°C
was 9.98 W h which was 20.5% less total energy consumed than in the control for the
same condifiong, The target temperature was dynamically maintained as regulated
by the PID controller for a period of 1.85 h at 18°C, while in continuous contact with
the envirenmental strrounding temperature of 0°C, that the total energy consumed

over that interval was 71.7 Wh which did not have s significant impact on the total

energy relative to the contrel. Pesitioning the graphite member 14 at the base as
described in this embodiment, the member provides that the heater supports the

acceleration of heatup rates and some energy savings {over short intervals) as
indicated. It may also provide the benefit of shightly higher heated surface
temperature gradients. This may have the impaet of supporting a more noticeable
heat-up quality to a passenger in contact with the swrface 12,

[oD81] In another tést example 1Y a system Za shown in FIG. 3 which includes
a 40 micron thick sheet of compressed particles of exfoliated graphite {(CPEG) used
as the member 14 disposed on top of the heater 16, and a polyurethane foam
{0082} An example product embodied by this svstem can be a heated floor mat
or heated seat.  Such a mat surface would rest upon a resiztance heater with a
resting on the automotive cabin floor 20 and izolated with suifable thermally
insulating barrier 18, One such example incorporates the use of 1 eGRAF® 58 400
CPEG film as the member 14, having a thickness of 40 microns, coated on each side
with & thin layver of PET film (~0.05 mm)}. Such coated graphite film is commereially
available as S8400-0.040 (thermal constant 016 W/K) from Advanced Energy
Techunologies LLEC . The graphite film 14 18 placed atop the commercial resistive
heater 16, such as available from Dorman - product number 841-307, having an
internal resistance of 4 @, which is digposed atop @ suttable insulating material 18

In this example insulation 18 iz a blown polyurethane foam laver of approximately 6

- 19 -
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mm thick (uncompressed). This assembly is disposed resting upon a cold surface 22,
The temperature in the test rvig 100 wasz mamtained at 0°C and the target
temperature for the thermal transfer element swrface 12 of 18°C was actively
controlled by a PID controller such as an Extech 48VFL (ndependently tuned as
optimized for the particular heating example engaged). The thermal transfer
element 10 was a polvurethane material. A graph of the temperatures and power
e, time 18 shown i FIG, 14, with dems similar to graph shown in FIG 10 illustrated
with stmilar reference nuwmbers, In this example it was obsepeved that the heat up
rate from the initial state of 0°C to the target temperaturve of 18°C of the thermal
transfer element was achieved in 8.6 minutes which was 47.6% faster than a control
version of this example that did not employ the graphite member 14, It was
observed that in this example the total energy consumed by this process of heating
from the initial state to the target surface temperature was 6.1 Wh which was 47.9%
legs total energy consumed than the control, The target temperature was
dynamically maintained as regulated by the PID controller for a period of 1.85 h at
18°C while 1 confinuous contact with a the mitial state temperature of 0°C as its
general swrroundings, the total energy consumed over that interval was 61.9 Wh
which was 13.6% less total encrgy conswmed over that mmterval than the control
This embodiment provides for rapid warming of the mat swrface temperature and
thermally insulating the heated surface so as to isolate it from losing heat to the
underlyving cold cabin structure below. The use of high thermal conduetivity, graphite
members in this context, supports the thermal quality enhancements with deseribed
energy efficiency improvements.

[0083] In another test example B, & system 2a shown in FIG, 3 which includes
a 125 micvon thick sheet of aluminum used as the member 14 disposed on top of the
heater 16, and a polyvurcthane foam inswdation 18 disposed under the heater was

tested using test rig 100 .

~20 -
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[oog4] An example preduct embodied by this systenm can be a heated floor mat
or heated seat. Such a mat or seat forming the thermal transfer element 10 would
rest upon a resistance heafer 18 with an aluminum member 14 placed atop of the
heater surface and then this assembly resting on the automotive cabin floor 20 and
wolated with suitable thermally insulating barvier 18, One such example would
incorporate the wse of an aluminum energy conserving thermally eonductive member
14 having a thickness of 185 microns, coated on each side with a thin layer of PET
film (~D.05 mm). In this example, the aluminum member 14 was placed atop of the
ahove noted commereial resistive heater 16 having an internal resistance of 4 £,
seated atop of blown polyurethane feam layer of insulating material 18 of
approximately & mm thick {uncempressed). This assembly was placed on a cold
surface 20. The temperature of the fest rig is maintained at °C and the surface
temperature of the thermal transfer element 12 was actively regulated to 18°C by a
PID contvoller such as an Extech 48VFL (ndependently tuned as optimized for the
particular heating scenario engaged) to target a surface temperature of the surface
12 of thermal transfer element 10 to 18°C.

{o085] A graph of the temperatures and power va, time s shown in FIG. 15,

with items similar to graph shown in FIG 10 illustrated with similar reference

of 0°C to the target seat suwrface temperature of 18°C was achieved in 11.0 minutes
which was 12.7% faster than a control version of this example that does not exaploy
the aluminum member 14, It was alse observed that the total energy consumed by
this process of heating from the initial state to the target suwrface temperature was
10.2 Whr which was 12.8% less total energy consumed than the control. 1t is further
noted that the target temperature was dynamically maintained as regulated by the
PID controller for a period of 1.85 h at 18 °C while in continuous contact with a the
initial state temperature of 0°C as 1ts general swrroundings, that the total energy

consumed over that interval was 7.7 W b which was 1.4% less tolal energy consumed
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over that interval than the control. This embodiment would provide for rapid
warming of the mat or seat surface temperature and thermally msulating the heated
surface 12 go as to isolate it from losing heat to the underlying cold cabin structure
20 below. The use of high thermal conductivity, aluminum members 14 in this
context, supports the thermad quality enhancements with described energy efficiency
improvements, For applications where Hght-weighting, and heat-up rate are not

primary drivers and energy efficiency improvements ave acceptable when supported

relatively short driving vanges,
o086} A summary of the results of Examples AE s provided in Table 1
Table 1
. (Heater k) Tt % - . )
£ Top Rottom her Rig Set gzi{..f.("iimg Rixheetion }f‘wmp,Téedw:.tim };\mi }l}i“ﬂ‘Rt‘»ﬁut»iiiin
N e L nsulation Tempi .. Time § o, Enerey ) Uime {Eoaergyl o
Spreadar | Spreadsy oy 3 Fempd oL Besdag D oy D Hestep L0 U s Portedd
{70 0 {ratend Figse {Why Enerey by W Eneray
s ’ S . TERR it~ o ’ b D]
SR1800- Polywrethune Foam
& {1}k B & o Y I8 & | 468h | &3 46.3% | BRI 1607 1R
PIGPRE uncompressnd
BRIRQG- | SSIR0O-  (Pulyurcthane Fosm
B 3,010 3810+ & mm { I8 SR DS L ED L4008 | LER] 68 ] 0%
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SR400- e Foami ¢ 4 4+ L 4 1
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,,,,,,,,,,,, BIGPY e tngompressed L L
o aa1Ise . Pulvurethane Foam » o } ) N
E PGP None & mn i IR0 127 ) 3D 18 IRE ) 0T 1A%
) prcompressed
e | Polywrethate Foan R o -
fine Nefg Nong £ un O 1% {38 116 LS LY
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[p087] The varous embodiments described hercin can be praciiced in any cowbination

therenf. The above description is infended fo enable the person skilled in the art to practice the
mvention, 1t s not intended to detail gl of the possible variations and modifications that will
become appavent 1o the skilled worker upon reading the description. It is intended, however, that
all such modifications gnd variations be included within the scope of the mnvention that ix defined

by the following claims, The claims are intended to cover the indicated clements and steps 1 any
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arrangement or sequence that Is sffective to meet the objectives intended for the invention, unless
the context specifically indicates the contrary,

fooas] All cited patents and pablications referred to in this application are incorporated by
reference in their entirety,

[0089] The invention thus being described, it will clear that it may be varied in many ways.
Modifications and alterations will oceur to others upon reading and understanding the preceding
specification. N is intended that the invention he constriued as including all such wodifications and

alterations msofar as they come within the scope of the appended claims or the cquivalents thereof
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CLAIMS
What i clamed s
i An ecnergy regulating system for regulating energy from a thermal energy sourcg

comprising:

a thermally conductive member i thermal comnuunication with the energy source, the
member comprising a sheet of flexible graphite comprising at least one of a sheet of compressed
particles of exfoliated graphite, graphitized polymer and combinations thereof,

& thermal ransfer elementin thermal communication with the member, the thermal transfer
element having an exterior surface;

a femperature sensor disposed proxinate at least one of the thermal transfer cloment and
the menber; and

a controfler in operative comupunication with the seusor and the energy source for

controlling the application of power 1o the thermal encrgy source in response to a signal from the

SORSOL.
2. The system of claim 1 wherein the flexible graphite having 8 thermal constant of no more

than .25W/K, the thenmal constant deternsned by multiplying the thickness of the flexible

graphite by the in-plane thermal conductivity of the flexible graphile.

o

The system of claim 1 further comprising an insulation layver in thermal compumication

with at least one of the energy source, the member and the thermal transfer element.

4. The system of claim 1 wheren the controller comprises a proportional-integral-ditferantial
controtler.

RN The system of claim 1 further comprising 8 power source disposed in operative
communication with the thermal enerpy source for powering the thermal energy source,
wherein the power source 18 controlled by the controller for regulating the thermal energy
provided by the thermal energy source.

6. The system of claim 3 wherein the power source comprises one of a Li-ion battery, a lead-

acid battery, @ magnesium battery or a fuel cell,

':-»J

The system of claim 1 wherein the thermal energy sonrce conyprises one of a resistive

heating clement, waste heat recovery, and thermal energy transker flnd.
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& The system of claim 1 wherein the member further comprises an interior surface and the
snergy source is i physical contact with no more than tweaty-tive percent of the surface
area of the interior surface.

9. The system of claim § wherein the interior surface comprises at least twendy-five porcent
more area than a surface area of the thermal energy source in physical contact with the
mterior surface,

10, The system of claim 1 fiwther comprising 8 vehicle having a having a passenger
compartment housing the thermal transter element.

11, The system of claim 1 further comprising 4 second thermally conductive moember
comprising a sheet of flexible graphite in thermal communieation with the thermal energy
source, wherein the energy source s disposed between the thermally conductive member
and the second thermally conductive member,

12, The system of clum 11 wherein the thermally conductive member is disposed above the
energy sowee and the second thermally conductive member is disposed under the energy
STHITRCE.

13, The system of claim 1 wherein the sheet of flexible graphite comprises from 09 to 1% by
weight of resin,

14, The system of claim | wherein the sheet of flexable graphite comprises from 0% to 10%

by weight of binder,

oot
h¥ 4]
B

The system of chim 1 wherein the thermal energy source 18 @ heat source heated wirelessly
by induction.
16, A thermally regulated anticle comprising:

a thermal fransfer element having an exterior surface;

a thermally conductive member in thermal communication with the thesmal transfer
clement, the thermally conductive member comprising a sheet of flexible graphbile comprising at
least one of a sheet of compressed parcticles of exfoliated graphite, graphitized polymer and
combinations thereof;

a thermal energy source in thermal communication with at least one of the thermally

conductive member and the thermal transfer elementand
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a temperature sensor disposed abount one of the thermal transter element and the eneray
conserving thermally conductive mewber.
7. The theemally regulated article of claim 16 further comprising an insulation layer in
thermial communication with at least one of the encrgy source, the thenmally conductive member
and the thermal transfer element.
18 The thermally regudated anticle of claim 16 wheren the flexible graphite has a thermal
constant of no more than 0.25W/K, the thenmal constant determined by multiplying the thickness
of the flexible graphite by the in-plane thermal conductivity of the flexible graphite.
19, The thermally regulated atticle of claim 18 wherein the thermally regulated article
comprises a building matertal.
20, The thermally regulated article of claim 18 wheredn the thermally regulated article

comprises a vehicle component.

- 26 -
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