wo 20177223232 A2 I 0000 RO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

WO 2017/223232 A2

28 December 2017 (28.12.2017) WIPO I PCT
(51) International Patent Classification: (72) Inventors: KRULL, Justin Thomas; 1004 Princess Anne
B60K 11/02 (2006.01) Drive, San Jose, California 95128 (US). PINTO, Prem

Mark; 202-5868 Agronomy Road, Vancouver, British Co-

(21) International Application Number: .
PCT/US2017/038596 lumbia VET OBS (CA).
(22) International Filing Date: (74) Agent: SHORT, PH.D., Shayne X.; 106 E. 6th Street,
& Late: 21 Funo 2017 (21.06.2017) Suite 900, Austin, Texas 78701 (US).

- . . (81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
(26) Publication Language: English AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(30) Priority Data: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN
62/353,763 23 June 2016 (23.06.2016) Us HR,, HU: ID,, IL,,IN, ,IR,,IS, fO, Jl;, KE,, K(;, KH,, KI\}, KP:
15/627,936 20 June 2017 (20.06.2017) Us KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(71) Applicant: TESLA, INC. [US/US]; 3500 Deer Creek MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

Road, Palo Alto, California 94304 (US).

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: INTEGRATED COOLANT BOTTLE ASSEMBLY

00

COMP. MOUNTING IIF 610-5 1st SECTION OF RESERVOIR 206-13

COMP. 320-15
(e.9., CHILLER)

274 SECTION OF
RESERVOIR 206-14

$m_ COMP. 320-13

g (6., PUMP)

\COMP. MOUNTING I/F 610-3

COMP. MOUNTING I/F 610-4

COMP. MOUNTING IfF 610-2 HOSE I/F 34010

COMP. 320-14 (.., MULTI-PATH
VALVE, INTERNAL MOUNT)

3
o

COMP. 320-15 (e.g., ACTUATOR,
SURFACE MOUNT)

(57) Abstract: An integrated coolant bottle assembly includes a reservoir contigured for use in a thermal system. Examples of such
thermal systems include a cooling/heating system of a battery powered electric vehicle, electric power generators (e.g., motor-based
systems), other physical plant installations, etc. Such a reservoir includes a first section and a second section. The second section is
joined to the first section at a reservoir interface thereby forming the reservoir that is configured for storage and/or flow of a liquid
medium. The first section may include an integrated channel that provides a pathway for the flow of the liquid medium. The reservoir
may also include a component interface configured to facilitate connection of a component thereto (e.g., a pump, a battery pump, a
powertrain pump, a chiller, a heater, a filter, an aerator, a valve, a connector, a fan, or a radiator).

[Continued on next page]



WO 20177223232 A2 {00000 0 R0

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))
Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2017/223232 PCT/US2017/038596

TITLE
INTEGRATED COOLANT BOTTLE ASSEMBLY
CROSS REFERENCE TO RELATED PATENTS/PATENT APPLICATIONS
[0001] The present PCT application claims priority to U.S. Utility Application No.
15/627,936, entitled “INTEGRATED COOLANT BOTTLE ASSEMBLY,” filed 06-20-2017 and
also to Provisional Application No. 62/353,763, entitled “INTEGRATED COOLANT BOTTLE
ASSEMBLY,” filed 06-23-2016. The U.S. Utility Application No. 15/627,936, entitled
“INTEGRATED COOLANT BOTTLE ASSEMBLY,” filed 06-20-2017 claims priority pursuant
to 35 US.C. § 119(e) to the U.S. Provisional Application No. 62/353,763, entitled
“INTEGRATED COOLANT BOTTLE ASSEMBLY,” filed 06-23-2016, both of which are
hereby incorporated herein by reference in their entirety and made part of the present PCT
application for all purposes.
BACKGROUND
TECHNICAL FIELD
[0002] The present disclosure relates generally to thermal management systems; and, more
particularly, to thermal management systems such as those that may be implemented within
vehicles.
DESCRIPTION OF RELATED ART
[0003] Electric motors can generate considerable heat, especially in the traction motor of a
vehicle where size and weight constraints are coupled with the need for high power output.
Electric motor overheating causes the motor winding insulation to deteriorate quickly. For every
10-degree Celsius rise in electric motor temperature, insulation life is cut in half. Another issue
caused by overheating is that permanent magnets in the rotor lose their magnetic properties as they
overheat, resulting in a loss of efficiency. For induction motors, an increase in temperature of the
copper windings reduces efficiency of the induction motor—copper electrical resistivity increases
4% for every 10-degree Celsius temperature increase. Thus, it is important to cool the internal
motor components (e.g., rotor) as well as the outer motor components (e.g., case, stator). The
architecture of the electric motor cooling system must operate efficiently with large variations in
ambient operating environment as the electric motor may be subjected to a wide range of ambient
temperatures, humidity levels, and/or dust/dirt levels.
[0004] The prior art solutions for thermal systems that perform cooling of various components
within a vehicle typically include a coolant reservoir that stores coolant of some desired material
that then gets passed via hosing to one or more other components within the vehicle. For example,

the coolant reservoir is typically located in one location and is interconnected with one or more
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other components that are separately located via hosing. Such a prior art implementation provides
a significant number of connections, hosing, fasteners, etc. and also provides a large number of
possible failure points within the overall thermal system.
[0005] In addition, such a prior art implementation can be very time-consuming and labor-
intensive when assembling a vehicle that includes such a prior art thermal system. For example,
a prior art coolant reservoir assembly will typically require mounting of multiple discrete
components to the vehicle, the interconnection of multiple electrical connectors for different
components, and the connection of multiple hoses and hose clamps to route the flow of coolant to
these various components located in different respective locations. The multi-faceted construction
and assembly of these parts is time-intensive and gives rise to multiple points of potential failure
in hoses, clamps, electrical connections, etc.. Furthermore, the need to weld the typical coolant
bottle housing portions often necessitates multiple weld points along the inlet and outlet channels
of the structure, such that the weld lines and residue from the welding process are introduced into
the flow channels of the inlets and outlets, compromising the smoothness and fluidity of the
channel and reducing efficiency of liquid flow through the channel.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0006] FIG. 1 is a diagram illustrating an example of basic components of a battery powered
electric vehicle.
[0007] FIG. 2 is a diagram illustrating an example of components of a drive motor cooling
system and a battery heating system, both constructed and operating according to a disclosed
embodiment.
[0008] FIG. 3A is a diagram illustrating an example of a reservoir for use within a thermal
system in accordance with the present invention.
[0009] FIG. 3B is a diagram illustrating another example of a reservoir for use within a thermal
system in accordance with the present invention.
[0010] FIG. 3C is a diagram illustrating another example of a reservoir for use within a thermal
system in accordance with the present invention.
[0011] FIG. 3D is a diagram illustrating another example of a reservoir for use within a thermal
system in accordance with the present invention.
[0012] FIG. 4A is a diagram illustrating another example of a reservoir for use within a thermal
system in accordance with the present invention.
[0013] FIG. 4B is a diagram illustrating another example of a reservoir for use within a thermal

system in accordance with the present invention.
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[0014] FIG. 4C is a diagram illustrating another example of a reservoir for use within a thermal
system in accordance with the present invention.
[0015] FIG. 4D is a diagram illustrating another example of a reservoir for use within a thermal
system in accordance with the present invention.
[0016] FIG. 5 is a diagram illustrating an example of a portion of a reservoir for use within a
thermal system in accordance with the present invention.
[0017] FIG. 6 is a diagram illustrating another example of a portion of a reservoir for use
within a thermal system in accordance with the present invention.
[0018] FIG. 7 is a diagram illustrating another example of a portion of a reservoir for use
within a thermal system in accordance with the present invention.
[0019] FIG. 8 is a diagram illustrating another example of a portion of a reservoir for use
within a thermal system in accordance with the present invention.
[0020] FIG. 9 is a diagram illustrating another example of a reservoir for use within a thermal
system in accordance with the present invention.
[0021] FIG. 10 is a diagram illustrating another perspective of the example of the reservoir of
FIG. 9.
[0022] FIG. 11A is a diagram illustrating a side view of the perspective of the example of the
reservoir of FIG. 9 and FIG. 10.
[0023] FIG. 11B is a diagram illustrating another side view of the perspective of the example
of the reservoir of FIG. 9 and FIG. 10.

DETAILED DESCRIPTION OF THE DISCLOSURE
[0024] FIG. 1 illustrates an example 100 of basic components of a battery powered electric
vehicle (electric vehicle). The electric vehicle includes at least one drive motor (traction motor)
102A and/or 102B, at least one gear box 104A and/or 104B coupled to a corresponding drive motor
102A and/or 102B, a battery 106 and electronics 108. Generally, the battery 106 provides
electricity to the power electronics of the electric vehicle and to propel the electric vehicle using
the drive motor 102A and/or 102B. The electric vehicle includes a large number of other
components that are not described herein but known to one of ordinary skill. While the construct
of the electric vehicle of FIG. 1 is shown to have four wheels, differing electric vehicles may have
fewer or more than four wheels. Further, differing types of electric vehicles may incorporate the
inventive concepts described herein, including motor cycles, aircraft, trucks, boats, train engines,
among other types of vehicles.
[0025] Various operational issues with the electric vehicle are described herein in conjunction

with various embodiments. One of these operational issues relates to the cooling of the drive motor
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102A or 102B. Another of these operational issues relates to control of operating temperature of
the battery 106. Still another of these operational issues relates to protection of the drive motor
102A or 102B from electrical discharge. Subsequent description herein may relate back to the
components of this FIG. 1. Common numbering may be used to refer to components identified in
further FIGs. described herein.

[0026] FIG. 2 illustrates an example 200 of components of a drive motor cooling system and
a battery heating system, both constructed and operating according to a disclosed embodiment.
The drive motor cooling system includes a drive motor fluid pump system 202 having a drive
motor fluid pump 204, a coolant reservoir 206 and electronics 208. In the illustrated embodiment,
the fluid is oil. The drive motor fluid pump 204 pumps fluid between the drive motor 102A and/or
102B, the fluid reservoir 206, and a heat exchanger 210. In one embodiment, the heat exchanger
exchanges heat from the oil based drive motor fluid with water or alcohol based coolant and routes
the water or alcohol based coolant to a radiator 212 for cooling. In general, any desired liquid
medium for coolant may be used in any desired embodiment. The heat exchanger may include
another pump to circulate the water or alcohol based coolant. The heat exchanger 210, in the
illustrated embodiment couples to coolant tubes 214 adjacent to or running through the
components of the battery 106. In other embodiments, the drive motor fluid pump 204 may couple
directly to the coolant tubes 214 of the battery 106 and/or to the radiator 212. The drive motor
fluid pump 204 is controlled by electronics 208, which may include a digital computer and other
related components. The drive motor fluid pump 204 may include control valves to control flow
of fluid between the drive motor 102A and/or 102B, the reservoir 206, and the heat exchanger 210
(and battery 106 coolant tubes 214 in other embodiments). The heat exchanger 210 may also
include valves to direct the flow of coolant to the battery 106 coolant tubes 214 and to the radiator
212, under control of electronics 208 in some embodiments.

[0027] Various examples of reservoirs for use in thermal systems are provided herein. Any of
these various examples of reservoirs may be used within various applications. Some applications
include those tailored for any desired example of a battery powered electric vehicle (electric
vehicle) such as described with respect to FIG. 1 and may be tailored for any desired example of
a drive motor cooling system and/or a battery heating system as described with respect to FIG. 2.
Such examples of reservoirs may be viewed as being part of an integrated coolant bottle assembly.
For example, such a reservoir may be viewed as a bottle, a coolant bottle, etc. that is a portion of
an integrated coolant bottle assembly that allows for one or more components to be coupled to,
attached to, and/or connected to the reservoir. In addition, the reservoir itself may be fabricated

such that one or more integrated channels are included within one or more portion of the reservoir
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that allow for one or more pathways between the one or more components, one or more hose
interfaces, etc.

[0028] FIG. 3A 1s a diagram illustrating an example 301 of a reservoir for use within a thermal
system in accordance with the present invention. In general, such a reservoir 206-1 include an
input/output port 310-1 via which some liquid medium (e.g., any desired type of fluid such as
coolant liquid, anti-freeze, water, an alcohol based agent, a heating agent, etc. and/or any desired
combination of any such liquid mediums) may be added to the reservoir 206-1 and/or removed
there from. Such an input/output port 310-1 may include a cap or some secured mechanism by
which the liquid medium is prevented from escaping from the reservoir 206-1 and to ensure other
elements do not enter the reservoir 206-1. The reservoir 206-1 is designed such that one or more
components that operate in accordance with the thermal system (e.g., shown as components 320-
1 and 320-2). Examples of components may include anything that is part of the thermal system
and/or anything that is part of a system in which the thermal system is situated. For example,
considering the example of a thermal system implemented within a vehicle (e.g., battery powered
electric vehicle (electric vehicle)), examples of such components may include any one or more of
a pump (e.g., a battery pump, a powertrain pump, etc.), a chiller, a heater, a filter, an aerator, a
valve, a connector, a fan, a radiator, etc. and/or any other components known in the art as related
to such thermal systems.

[0029] In this example 301, the reservoir 206-1 includes one or more interfaces at which one
or more of the components 320-1 and 320-2 may be coupled, attached, and/or connected to the
reservoir 206-1. In addition, the reservoir 206-1 may optionally include one or more hose
interfaces 340-1 at which one or more hoses may be coupled to, attached to, and/or connected to
the reservoir 206-1. The reservoir 206-1 allows for both integration of one or more components
as well as for hose-based interfacing of one or more other components. Also, the reservoir 206-1
include an integrated channel 330-1 via which the liquid medium is transported between the
components 320-1 and 320-2. The integrated channel 330-1 is formed within at least one portion
of the reservoir 206-1 during its fabrication, molding, generation, etc. That is to say, during the
manufacturing of the reservoir 206-1, the integrated channel 330-1 is formed therein and between
interfaces at which the components 320-1 and 320-2 may be connected. Then, when one or both
of the components 320-1 and 320-2 is/are interfaced with the reservoir 206-1, the integrated
channel 330-1 provides interconnection between the components 320-1 and 320-2.

[0030] In some examples, such integrated channels may be formed based on hollowed using
slides that are pulled along the axis of a cylindrical channel. Such a technique may be used to

form multiple integrated channels (e.g., flow channels) in several orientations within a given
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portion of a reservoir. In addition, such construction may be used to form integrated tees that
would have otherwise required external hoses and fittings.

[0031] By using integrated channels within the body of the reservoir, the reservoir itself
includes various integrated channels that operate to direct the flow of the liquid medium directly
into various components that are integrated with the coolant bottle (e.g., such as a chiller, a battery
pump, a powertrain pump, etc.). This will obviate any need to attach these components separately
to the vehicle and to attach these components via hoses and clamps to the reservoir. Instead, a
unitary reservoir design structure can be formed to generate an integrated coolant bottle assembly,
and such an integrated coolant bottle assembly can then be bolted to and installed within a vehicle
relatively easily (e.g, using as few as two bolts in some examples). Also, in some
implementations, such an integrated coolant bottle assembly can be connected to such a vehicle’s
electrical system using a single electrical connector that includes the respective electrical leads
therein that correspond to each of the pertinent electrical components as opposed to requiring time-
consuming connection of each respective electrical component via a separate respective electrical
connector. Moreover, in other implementations, temperature sensors are also integrated into
specific integrated channels (e.g., flow channels) at locations where it is desired to obtain
measurements of the fluid medium. Such integration of temperature sensors directly into the ports
of the coolant bottle eliminates the need for additional external parts, seals and clamps.

[0032] FIG. 3B is a diagram illustrating another example 302 of a reservoir for use within a
thermal system in accordance with the present invention. The reservoir 206-2 includes an
input/output port 310-2. Also, the reservoir 206-2 has integrated therewith components 320-3,
320-3, 320-5, and 320-6 that are attached thereto. Moreover, the reservoir 206-2 has integrated
therewith a pump 312 and a chiller 314. Note that different embodiments of reservoirs may be of
different sizes, shapes, forms, etc. and may include different respective numbers and types of
components integrated therewith as may be desired and/or needed within a particular
implementation and design of a thermal system. In addition, reservoir 206-2 optionally includes
hose interfaces 340-2 and 340-3. As desired, any number of integrated channels may be included
within a portion of the reservoir 206-2. For example, an integrated channel 330-2 provides a
pathway for the liquid medium between chiller 314 and component 320-5. Other integrated
channels are also shown as providing respective pathways between various elements associated
with the reservoir 206-2 in the diagram. Also, note that the manner by which any of the pump
314, chiller 314, and components 320-3 to 320-5 interface to, connect to, couple to, etc. the
reservoir 206-2 may be varied. For example, the component 320-3 is shown as be associated with

and interfaces to the reservoir 206-2 at a lower end portion of the reservoir 206-2. The pump 312
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and chiller 314 are shown as be associated with and interfaces to the reservoir 206-2 at upper
respective portions of the reservoir 206-2. The component 320-6 is shown as being substantially
centrally associated with the reservoir 206-2 and being provided integrated pathways to multiple
respective other components (e.g., components 320-4 and 320-5 and pump 312 and optionally to
hose interface 340-3).

[0033] FIG. 3C is a diagram illustrating another example 303 of a reservoir for use within a
thermal system in accordance with the present invention. The reservoir 206-3 includes an
input/output port 310-3 and at least two components 330-7 and 330-8. In this example 303, note
that reservoir 206-3 includes a recess into which the component 330-8 fits when interfaced to the
reservoir 206-3. In general, a reservoir designed in accordance with the principles herein may
include any number of recesses, orifices, faces, ports, etc. that allow one or more components to
interface to the reservoir.

[0034] In this example 303, the reservoir 206-3 itself includes an integrated channel 330-3 that
provides a pathway for the liquid medium between components 330-7 and 330-8. In general, a
particular design of a reservoir can include any one or more types of interfaces that are suitably
designed and tailored to allow for the coupling, connection, etc. of any desired types of components
to the reservoir 206-3. As with other examples herein, note that any one or more hose interfaces
may also be included within a given design of a reservoir. A designer has total flexibility to decide
how many components to integrate to the reservoir design and how many, if any, are to interact
with the reservoir via hose interfaces.

[0035] FIG. 3D is a diagram illustrating another example 304 of a reservoir for use within a
thermal system in accordance with the present invention. A reservoir 206-4 includes a first section
of reservoir 206-4 and a second section of reservoir 206-4 that are joined together via a reservoir
interface 304 to form the reservoir 206-4. For example, the connectivity, coupling, joining, etc. at
the reservoir interface 304 may be achieved using any desired means (e.g., a weld interface, a
glued interface, a hot molded interface, a hot plate weld interface, thermal weld interface, a sonic
weld interface, an ultrasonic weld interface, etc. and/or any other means by which two sections of
a reservoir may be joined together). Note that different means of joining the respective sections
of a reservoir may be used based on various considerations including the material(s) used to
construct the reservoir. Regardless of the particular material(s) used to construct the reservoir and
regardless of the manner by which the respective sections of the reservoir are joined together, such
a reservoir may be designed to include any desired number of sections (e.g., 2, 3, 4, or any positive
integer greater than 1). In general, a reservoir as designed herein can include multiple sections

(e.g., two halves) of the reservoir that are manufactured with integrated channels (e.g., flow
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channels) that are formed by the intersection of the core and cavity of the mold(s) of the respective
sections of the reservoir.

[0036] From certain perspectives, the reservoir of this diagram may be viewed as including a
first section and a second section. The second section is joined to the first section at a reservoir
interface thereby forming a reservoir that is configured to facilitate at least one of storage or flow
of a liquid medium. Also, in some examples, the first section or the second section includes an
integrated channel that provides a pathway for the flow of the liquid medium.

[0037] In some examples, the component interface is also configured to facilitate connection
of a component thereto, and the integrated channel provides the pathway for the flow of the liquid
medium to or from the component interface. Also, note that the component may include any of a
number of different types of components including any one of a pump, a battery pump, a
powertrain pump, a chiller, a heater, a filter, an aerator, a valve, a connector, a fan, a radiator, etc.
and/or any other components known in the art as related to such thermal systems.

[0038] In addition, in some examples, the reservoir includes a first component interface
configured to facilitate connection of a first component thereto as well as a second component
interface configured to facilitate connection of a second component thereto. In some situations,
the integrated channel provides the pathway for the flow of the liquid medium from the first
component interface to the second component interface.

[0039] Also, in other examples, the reservoir includes a hose interface configured to facilitate
connection of a hose to transport the liquid medium to or to receive the liquid medium from another
component that is located remotely from the reservoir and coupled to the reservoir by the hose.
In even other examples, the reservoir includes a recess configured to facilitate connection of a
component. In some implementations, the integrated channel provides the pathway for the flow
of the liquid medium to or from the recess.

[0040] Note that such a reservoir as described with respect to this diagram and/or any other
diagram, example, embodiment, etc. herein and/or their equivalents may be implemented in a
variety of applications including a drive motor cooling system and/or a battery heating system of
a battery powered electric vehicle.

[0041] FIG. 4A is a diagram illustrating another example 401 of a reservoir for use within a
thermal system in accordance with the present invention. A reservoir 206-5 includes a first section
of reservoir 206-5 and a second section of reservoir 206-6 that are joined together at a first reservoir
interface 304-1 to form part of the reservoir 206-5. The reservoir 206-5 includes another section
of reservoir 206-5 that is joined to the second section of reservoir 206-6 at a second reservoir

interface 304-2 to form another part of the reservoir 206-5. In general, any number (e.g., two or
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more) of different sections of a reservoir may be joined together at any desired number of reservoir
interfaces (e.g., a first reservoir interface 304-1, a second reservoir interface 304-2, and so on to
an n' reservoir interface 304-3).

[0042] FIG. 4B is a diagram illustrating another example 402 of a reservoir for use within a
thermal system in accordance with the present invention. A reservoir 206-6 includes multiple
section of reservoir 206-6 (e.g., including a first section of reservoir 206-6) that are joined at
various reservoir interfaces 304-4 and 304-5. This diagram shows an example of four substantially
similarly-sized sections of the reservoir 206-6.

[0043] FIG. 4C is a diagram illustrating another example 403 of a reservoir for use within a
thermal system in accordance with the present invention. A reservoir 206-7 includes multiple
section of reservoir 206-7 (e.g., including a first section of reservoir 206-7) that are joined at
various reservoir interfaces (e.g., including reservoir interface 304-6). This diagram shows an
example of three sections of the reservoir 206-7 that are of different respective sizes.

[0044] FIG. 4D is a diagram illustrating another example 404 of a reservoir for use within a
thermal system in accordance with the present invention. A reservoir 206-8 includes two
respective sections that are joined together and form a channel at the reservoir interface 304-7
between the two respective sections. An integrated channel 330-3 is formed at the interface
between the two respective sections of the reservoir 206-8 and provides a pathway for the liquid
medium to be transported between components 330-9 and 330-10.

[0045] A first portion of the integrated channel 330-3 is within a first or top section of the
reservoir 206-8, and a second portion of the integrated channel 330-3 is within the second or
bottom section of the reservoir 206-8. The sections of the reservoir 206-8 are fabricated such that
when they are joined together, the integrated channel 330-3 is formed at the reservoir interface
304-7 where the first portion of the integrated channel 330-3 complementarily aligns with second
portion of the integrated channel 330-3 at the reservoir interface 304-7. Note that any desired
proportions of the integrated channel 330-3 may be fabricated using the two respective sections of
the reservoir 206-8 (e.g., one-half in each section, a fourth in one section and three-fourths in the
other section, X% in in one section and (1-X)% in the other section wherein X is any desired
number between 0 and 100). In other examples, note that one or more integrated channels may be
formed at a reservoir interface, and one or more other integrated channels may be included within
one or more sections of a reservoir. For example, during manufacturing of a reservoir, the
integrated channels (e.g., flow paths) can be formed by creating recesses within respective portions
of the reservoir structures, forming smooth cylindrical or tubular flow channels, with no weld

points located along the channels themselves.
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[0046] FIG. 5 is a diagram illustrating an example 500 of a portion of a reservoir for use within
a thermal system in accordance with the present invention. This diagram shows a first section of
reservoir 206-9 that includes multiple hose interfaces (e.g., hose interfaces 340-4, 340-5, 340-6,
and 340-7) and multiple integrated channels (e.g., integrated channels 330-4, 330-5, and 330-6).
Also, this first section of reservoir 206-9 includes a multi-path valve mounting interface 510 at
which a multi-path valve may be interfaced with this first section of reservoir 206-9. In some
examples, such a multi-path valve is included in within the multi-path valve mounting interface
510 that provides for a smooth, unobstructed and integrated multi-path valve to be interfaced
within the first section of reservoir 206-9. In some examples, the valve stem of such a multi-path
valve is uniquely shaped, and its orientation can be manipulated to achieve desired flow
configurations, or combinations of flow configurations, including blend modes. Using the valve
stem of such a multi-path valve allows the coolant loops to be combined in parallel, or operated in
series mode, as well as allowing certain thermal components to be bypassed when not required.
[0047] Note that various reservoirs may have different shapes, forms, etc. and may include
different types of mounting interfaces to allow for different types of components to be mounted
onto the reservoir.

[0048] FIG. 6 is a diagram illustrating another example 600 of a portion of a reservoir for use
within a thermal system in accordance with the present invention. This diagram shows a first
section of reservoir 206-10 that includes at least one hose interface (e.g., hose interface 340-8), at
least one integrated channel (e.g., integrated channel 330-7), and at least one component mounting
interface (e.g., component mounting interface 610). In addition, this diagram shows a reservoir
interface 304-8 at which the first section of reservoir 206-10 may be joined with at least one other
section of reservoir 206-10. In some examples, note that the example 600 that shows the first
section of reservoir 206-9 corresponds to another perspective view of the first section of reservoir
206-9 in the example 500 of FIG. 5.

[0049] FIG. 7 is a diagram illustrating another example 700 of a portion of a reservoir for use
within a thermal system in accordance with the present invention. This diagram shows a first
section of reservoir 206-11 that includes at least one hose interface (e.g., hose interface 340-9).
Also, this diagram shows multiple reservoir interfaces 304-9 including the section’s perimeter edge
and internal faces, edges, surfaces, etc. For example, note that the first section of reservoir 206-
11 may be joined to another section of reservoir 206-11 not only along the section’s perimeter
edge, but also at one or more additional internal faces, edges, surfaces, etc. Note that such internal
faces, edges, surfaces, etc. may be designed so that they substantially or approximately align with

other internal faces, edges, surfaces, etc. or another section of reservoir 206-11 when the respective
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sections of reservoir 206-11 are joined together. In some examples, note that the example 700 that
shows the first section of reservoir 206-11 corresponds to another perspective view of the first
section of reservoir 206-9 in the example 500 of FIG. 5 and/or of the first section of reservoir 206-
10 in the example 600 of FIG. 6. In some examples, note that the hose interface 340-9 corresponds
to another perspective view of hose interface 340-4 as shown in FIG. 5.

[0050] FIG. 8 is a diagram illustrating another example 800 of a portion of a reservoir for use
within a thermal system in accordance with the present invention. This diagram shows a first
section of reservoir 206-12 that includes at least one component mounting interface that allows for
at least one component to interface to, connect to, couple to, etc. the reservoir 206-12. For
example, the first section of reservoir 206-12 includes component mounting interface 610-1 that
allows for component 320-11 to be mounted thereon.

[0051] Note also that any of the various components described herein may be interfaced to,
connects to, couples to, etc. a particular section of a reservoir before the reservoir (and its
accompanying components) are installed within a thermal system such as may be included within
a vehicle (e.g., battery powered electric vehicle (electric vehicle), a conventionally-gas powered
vehicle, a diesel fuel powered vehicle, a natural gas powered vehicle, a solar powered vehicle,
and/or any other type of vehicle).

[0052] In addition, note that a reservoir designed in accordance with such an integrated coolant
bottle assembly in accordance with the principles described herein may be included within any
desired thermal system application. Some implementation examples include vehicles and may
include battery powered electric vehicles (electric vehicles). However, other implementation
examples include electric power generators that may include motor-based systems (e.g.,
stationary/fixed location generators, mobile generators, etc.). Even other implementation
examples include any type of components that may be included within physical plant installations
(e.g., power plants, oil refineries, etc.) such as pumps, scrubbers, mixers, blowers, vacuums, etc.
and/or any other components implemented within such applications and/or installations. In
general, any thermal system that includes one or more reservoirs may be adapted with an integrated
coolant bottle assembly based on the principles described herein and in accordance with the
various aspects, embodiments, and/or examples of the invention.

[0053] Note that certain of the following several diagrams may be viewed in cooperation with
one another as they are based on different views, perspectives, etc. of an alternative configuration
of a reservoir in accordance with various aspects, embodiments, and/or examples of the invention.
For example, this alternative configuration of a reservoir that, when implemented with various

components, etc., includes different respective sections of the reservoir (e.g., at least a 1% and 2™
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section of the reservoir), a chiller, multiple pumps, a multi-path valve (e.g., 5-way valve), an
actuator configured to operate cooperatively with the multi-path valve, among other elements.
[0054] FIG. 9 is a diagram illustrating another example 900 of a reservoir for use within a
thermal system in accordance with the present invention. This diagram is an alternative example
900 of a reservoir that includes a 1% section of the reservoir 206-13 and a 2 section of the reservoir
206-14 that, when implemented in conjunction with one another, form a reservoir. Note that the
connectivity, coupling, joining, etc. at a reservoir interface at which the 1% section of the reservoir
206-13 and the 2" section of the reservoir 206-14 are joined may be achieved using any desired
means (e.g., a weld interface, a glued interface, a hot molded interface, a hot plate weld interface,
thermal weld interface, a sonic weld interface, an ultrasonic weld interface, etc. and/or any other
means by which two sections of a reservoir may be joined together).

[0055] The reservoir includes a number of interfaces at which various components may be
implemented to operate cooperatively with the reservoir and the thermal system of which the
reservoir is part. For example, a component 320-12 (e.g., a pump) is configured to be mounted to,
connect to, and/or couple to the 2 section of the reservoir 206-14 based on a component mounting
interface 610-2. A component 320-13 (e.g., another pump) is configured to be mounted to, connect
to, and/or couple to the 2™ section of the reservoir 206-14 based on a component mounting
interface 610-3. In an example of operation and implementation, the component 320-12 (e.g.,
pump) and the component 320-13 (e.g., another pump) operate to facilitate the flow of coolant at
different respective rates (e.g., based on control signaling from electronics of a coolant system)
within the overall coolant system.

[0056] As some other examples, a component 320-14 (e.g., a multi-path valve that is internally
mounted) is configured to be mounted to, connect to, and/or couple to the 2™ section of the
reservoir 206-14 based on a component mounting interface 610-4. Note that the component 320-
14 (e.g., a multi-path valve) is mounted internally to the reservoir and also serves, at least partially,
as a component mounting interface on which another component 320-15 (e.g., an actuator) is
mounted. For example, the component 320-12 (e.g., a multi-path valve) mounted internally to an
opening, orifice, etc. of the 2% section of the reservoir 206-14, and the component 320-15 (e.g., an
actuator) is mounted to and interacts, during operation, with the component 320-12 (e.g., a multi-
path valve) as well as based on the component mounting interface 610-4. In an example of
operation and implementation, the component 320-15 (e.g., an actuator) operates to place the
component 320-12 (e.g., a multi-path valve) into different respective configurations (e.g., based
on control signaling from electronics of a coolant system) to direct the flow of coolant in different

respective directions within the overall coolant system.
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[0057] This particular configuration shows how one or more components may operate
cooperatively to serve as a component mounting interface in conjunction with the reservoir. Also,
a component 320-15 (e.g., a chiller) is configured to be mounted to, connect to, and/or couple to
the 1% section of the reservoir 206-13 based on a component mounting interface 610-5. In addition,
the 2™ section of the reservoir 206-14 includes multiple hose interfaces (e.g., hose interface 340-
10). Note that the hose interface 340-10 is of a different type and form than other hose interfaces
described herein (e.g., hose interfaces 340-8 and 340-9). For example, from certain perspectives,
the hose interface 340-9 and the hose interface 340-10 compare favorably, and from other
perspectives, the hose interface 340-9 and the hose interface 340-10 compare unfavorably. For
example, the hose interface 340-9 and the hose interface 340-10 provide interfaces by which hoses
may be connected and/or coupled to a portion of a reservoir to operate cooperatively with the
reservoir. However, the hose interface 340-10 included integrated elements (e.g., barbs, non-
uniformities, etc.) that are implemented to permit a hose to interface thereto without requiring any
hoses, clamps, etc. In some examples, such a hose to hose interface coupling, connection, etc. is
implemented using a quick connect (e.g., such as a quick connect that includes one or more of o-
rings, snap-rings, and/or other elements known in the art to facilitate coupling, connectivity, etc.
of the hose to the hose interface).

[0058] In general, note also that the various component mounting interface may be of various
types, shapes, forms, etc. As may be seen, different types of hose interfaces may be included
within one or more portions of a reservoir. Also, different types of component mounting interfaces
may be included within one or more portions of a reservoir based on the shape, properties, function,
purpose, and/or characteristics of a given component. As can be seen in this diagram, different
types of component mounting interfaces are included to facilitate the mounting of different types
of components to the various portions of the reservoir.

[0059] FIG. 10 is a diagram illustrating another perspective 1000 of the example of the
reservoir of FIG. 9. This other perspective 1000 shows an assembled view showing the 1% section
of the reservoir 206-13 and the 2™ section of the reservoir 206-14 implemented in conjunction
with one another forming the reservoir. Certain components are visible as being implemented on,
mounted to, connected to, and/or coupled to the various portions of the reservoir. For example,
the component 320-15 (e.g., the chiller) is shown as being implemented on, connected to, and/or
coupled the 1% section of the reservoir 206-13. The component 320-12 (e.g., the pump) and the
component 320-13 (e.g., the other pump) are shown as being implemented on, mounted to,

connected to, and/or coupled the 2™ section of the reservoir 206-14. In addition, as can be seen in
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the diagram, multiple hose interfaces (e.g., hose interface 340-10) are also shown in this assembled
view of the reservoir.

[0060] FIG. 11A is a diagram illustrating a side view 1101 of the perspective of the example
of the reservoir of FIG. 9 and FIG. 10. This side view 1101 shows the assembled view showing
the 1% section of the reservoir 206-13 and the 2™ section of the reservoir 206-14. This side view
1101 also shows component 320-15 (e.g., the chiller) as being implemented on, mounted to,
connected to, and/or coupled the 1% section of the reservoir 206-13 and the component 320-12
(e.g., the pump) as being implemented on, mounted to, connected to, and/or coupled to the 2
section of the reservoir 206-14.

[0061] FIG. 11B is a diagram illustrating another side view 1102 of the perspective of the
example of the reservoir of FIG. 9 and FIG. 10. This side view 1102 also shows the assembled
view showing the 1% section of the reservoir 206-13 and the 2" section of the reservoir 206-14,
yet from a different perspective. This side view 1102 also shows component 320-12 (e.g., the
other pump) as being implemented with, connected to, and/or coupled to the 2™ section of the
reservoir 206-14.

[0062] In general, note that such a reservoir may be implemented in accordance with various
aspects, embodiments, and/or examples of the invention based on a variety of configurations. For
example, more or fewer component(s), more or fewer interface(s) (e.g., component, hose, and/or
other element interface), more or fewer section(s)/portion(s), more or fewer integrated channel(s),
more or fewer input/output port(s), etc. may be included within different implementations of such
areservoir. Considering some different examples, one type/design of reservoir may be specifically
designed and adapted for use in one type of application (e.g., a car engine), while another
type/design of reservoir may be specifically designed and adapted for use in another type of
application (e.g., a semi-type truck engine), while yet another type/design of reservoir may be
specifically designed and adapted for use in another type of application (e.g., a motor within a
physical plant installations), and so on.

[0063] In the foregoing specification, the disclosure has been described with reference to
specific embodiments. However, as one skilled in the art will appreciate, various embodiments
disclosed herein can be modified or otherwise implemented in various other ways without
departing from the spirit and scope of the disclosure. Accordingly, this description is to be
considered as illustrative and is for the purpose of teaching those skilled in the art the manner of
making and using various embodiments of the disclosed system, method, and computer program
product. It is to be understood that the forms of disclosure herein shown and described are to be

taken as representative embodiments. Equivalent elements, materials, processes or steps may be
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substituted for those representatively illustrated and described herein. Moreover, certain features
of the disclosure may be utilized independently of the use of other features, all as would be
apparent to one skilled in the art after having the benefit of this description of the disclosure.

[0064] The one or more embodiments are used herein to illustrate one or more aspects, one or
more features, one or more concepts, and/or one or more examples of the invention. A physical
embodiment of an apparatus, an article of manufacture, a machine, and/or of a process may include
one or more of the aspects, features, concepts, examples, etc. described with reference to one or
more of the embodiments discussed herein. Further, from figure to figure, the embodiments may
incorporate the same or similarly named functions, steps, modules, etc. that may use the same or
different reference numbers and, as such, the functions, steps, modules, etc. may be the same or

similar functions, steps, modules, etc. or different ones.

2% 2%

[0065] As may also be used herein, the terms “electronics,” “processing module,” “processing

2%

circuit,” “processor,” and/or “processing unit” or their equivalents may be a single processing
device or a plurality of processing devices. Such a processing device may be a microprocessor,
micro-controller, digital signal processor, microcomputer, central processing unit, field
programmable gate array, programmable logic device, state machine, logic circuitry, analog
circuitry, digital circuitry, and/or any device that manipulates signals (analog and/or digital) based
on hard coding of the circuitry and/or operational instructions. The processing module, module,
processing circuit, and/or processing unit may be, or further include, memory and/or an integrated
memory element, which may be a single memory device, a plurality of memory devices, and/or
embedded circuitry of another processing module, module, processing circuit, and/or processing
unit. Such a memory device may be a read-only memory, random access memory, volatile
memory, non-volatile memory, static memory, dynamic memory, flash memory, cache memory,
and/or any device that stores digital information. Note that if the processing module, module,
processing circuit, and/or processing unit includes more than one processing device, the processing
devices may be centrally located (e.g., directly coupled together via a wired and/or wireless bus

structure) or may be distributedly located (e.g., cloud computing via indirect coupling via a local

area network and/or a wide area network).

2% 2% ey

[0066] As used herein, the terms “comprises,” “comprising,” “includes,” “including,” “has,”
“having” or any contextual variants thereof, are intended to cover a non-exclusive inclusion. For
example, a process, product, article, or apparatus that comprises a list of elements is not necessarily
limited to only those elements, but may include other elements not expressly listed or inherent to
such process, product, article, or apparatus. Further, unless expressly stated to the contrary, “or”

refers to an inclusive or and not to an exclusive or. For example, a condition “A or B” is satisfied
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by any one of the following: A is true (or present) and B is false (or not present), A is false (or not
present) and B is true (or present), and both A and B is true (or present).
[0067] Although the steps, operations, or computations may be presented in a specific order,

this order may be changed in different embodiments.
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CLAIMS
What is claimed is:
1. A reservoir configured for use in a thermal system, the reservoir comprising:
a first section; and
a second section that is joined to the first section at a reservoir interface thereby forming
a reservoir that is configured to facilitate at least one of storage or flow of a liquid medium,
wherein the first section includes an integrated channel that provides a pathway for the flow of

the liquid medium.

2. The reservoir of claim 1, wherein the first section further comprises:
a component interface configured to facilitate connection of a component thereto,
wherein the integrated channel provides the pathway for the flow of the liquid medium to or

from the component interface.

3. The reservoir of claim 2, wherein the component includes a pump, a battery
pump, a powertrain pump, a chiller, a heater, a filter, an aerator, a valve, a connector, a fan, or

a radiator.

4, The reservoir of claim 1, wherein the first section further comprises:

a first component interface configured to facilitate connection of a first component
thereto; and

a second component interface configured to facilitate connection of a second component
thereto, wherein the integrated channel provides the pathway for the flow of the liquid medium

from the first component interface to the second component interface.
5. The reservoir of claim 4, wherein the component includes at least one of the first

component or the second component includes a pump, a battery pump, a powertrain pump, a

chiller, a heater, a filter, an aerator, a valve, a connector, a fan, or a radiator.
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6. The reservoir of claim 1, wherein the first section further comprises:
a hose interface configured to facilitate connection of a hose to transport the liquid
medium to or to receive the liquid medium from another component that is located remotely

from the reservoir and coupled to the reservoir by the hose.

7. The reservoir of claim 1, wherein the first section further comprises:
a recess configured to facilitate connection of a component, wherein the integrated

channel provides the pathway for the flow of the liquid medium to or from the recess.

8. The reservoir of claim 7, wherein the component includes a pump, a battery
pump, a powertrain pump, a chiller, a heater, a filter, an aerator, a valve, a connector, a fan, or

a radiator.

9. The reservoir of claim 1, wherein the second section is joined to the first section
at the reservoir interface that is a weld interface, a glued interfaced, a hot molded interface, a
hot plate weld interface, thermal weld interface, a sonic weld interface, or an ultrasonic weld

interface.

10. The reservoir of claim 1, wherein the first section includes a first portion of
another integrated channel that provides another pathway for the liquid medium, and the second
section includes a second portion of another integrated channel provides the another pathway
for the liquid medium, wherein the another integrated channel is formed along at least a portion
of the reservoir interface where the first section is joined to the second section and where the
first portion of the another integrated channel complementarily aligns with the second portion

of the another integrated channel.
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11. A reservoir configured for use in at least one of a drive motor cooling system or
a battery heating system of a battery powered electric vehicle, the reservoir comprising:

a first section; and

a second section that is joined to the first section at a reservoir interface thereby forming
a reservoir that is configured to facilitate at least one of storage or flow of a liquid medium
within the at least one of the drive motor cooling system or the battery heating system of the
battery powered electric vehicle, wherein the first section includes an integrated channel that

provides a pathway for the flow of the liquid medium.

12, The reservoir of claim 11, wherein the first section further comprises:
a component interface configured to facilitate connection of a component thereto,
wherein the integrated channel provides the pathway for the flow of the liquid medium to or

from the component interface.

13. The reservoir of claim 12, wherein the component includes a pump, a battery
pump, a powertrain pump, a chiller, a heater, a filter, an aerator, a valve, a connector, a fan, or

a radiator.

14.  The reservoir of claim 11, wherein the first section further comprises:
a hose interface configured to facilitate connection of a hose to transport the liquid
medium to or to receive the liquid medium from another component that is located remotely

from the reservoir and coupled to the reservoir by the hose.
15. The reservoir of claim 11, wherein the first section further comprises:

a recess configured to facilitate connection of a component thereto, wherein the

integrated channel provides the pathway for the flow of the liquid medium to or from the recess.
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16. The reservoir of claim 11, wherein the second section is joined to the first section
at the reservoir interface that is a weld interface, a glued interfaced, a hot molded interface, a

hot plate weld interface, thermal weld interface, a sonic weld interface, or an ultrasonic weld

interface.
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17. A reservoir configured for use in at least one of a drive motor cooling system or
a battery heating system of a battery powered electric vehicle, the reservoir comprising:

a first section; and

a second section that is joined to the first section at a reservoir interface thereby forming
a reservoir that is configured to facilitate at least one of storage or flow of a liquid medium
within the at least one of the drive motor cooling system or the battery heating system of the
battery powered electric vehicle, wherein the first section includes an integrated channel that
provides a pathway for the flow of the liquid medium;

a component interface configured to facilitate connection of a component thereto,
wherein the integrated channel provides the pathway for the flow of the liquid medium to or
from the component interface; and

a hose interface configured to facilitate connection of a hose to transport the liquid
medium to or to receive the liquid medium from another component that is located remotely

from the reservoir and coupled to the reservoir by the hose.

18. The reservoir of claim 17, wherein the component includes a pump, a battery
pump, a powertrain pump, a chiller, a heater, a filter, an aerator, a valve, a connector, a fan, or

a radiator.

19. The reservoir of claim 17, wherein the first section further comprises:
a recess configured to facilitate connection of at least one other component thereto,
wherein the integrated channel provides the pathway for the flow of the liquid medium to or

from the recess.

20. The reservoir of claim 17, wherein the second section is joined to the first section
at the reservoir interface that is a weld interface, a glued interfaced, a hot molded interface, a
hot plate weld interface, thermal weld interface, a sonic weld interface, or an ultrasonic weld

interface.
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