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Figure 1

ed to a structural frame, each including an electronic display subassembly locat-
ed behind a cover. The electric vehicle charging equipment is connected to the
structural frame between said first and second side assemblies in an at least par-
tially recessed manner. Open or closed loops of air may be provided for cooling
the first and second side assemblies and the electric vehicle charging equipment,
which may all be connected to a common power source.
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FORCED AIR COOLING FOR DISPLAY ASSEMBLIES
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Application No. 17/078,861 filed
October 23, 2020, the disclosures of which are hereby incorporated by reference as if

fully restated herein.
TECHNICAL FIELD

[0002] Exemplary embodiments relate generally to systems and methods for
forced air cooling of display assemblies, such as those incorporating electric vehicle

charging equipment.
BACKGROUND AND SUMMARY OF THE INVENTION

[0002a] It is an object of the present invention to substantially overcome or at

least ameliorate one or more disadvantages of existing arrangements.

[0002b] In a first aspect, the present invention provides a display assembly with
integrated electric vehicle charging equipment, said display assembly comprising: a
structural frame; a first side assembly connected to a first side of said structural frame,
said first side assembly comprising a first cover and a first electronic display
subassembly located behind said first cover; a second side assembly connected to a
second side of said structural frame, said second side assembly comprising a second
cover and a second electronic display subassembly located behind said second cover;
a recessed compartment extending inward to the display assembly between said first
side assembly and said second side assembly; and said electric vehicle charging
equipment, wherein said electric vehicle charging equipment is located between said
first side assembly and said second side assembly; wherein a first portion of the electric
vehicle charging equipment is provided within the recessed compartment, and a
second portion of the electric vehicle charging equipment is provided interior to the

structural frame.

[0002c] In a second aspect, the present invention provides a display assembly
with integrated electric vehicle charging equipment and forced air cooling, said display
assembly comprising: a frame; a first side assembly moveably connected to a first side
of said frame and comprising: a first cover; a first electronic display layer located behind

AH26(41870738_1):MSD
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said cover; and a first backlight located behind said first electronic display layer; a
second side assembly moveably connected to a second side of said frame and
comprising: a second cover; a second electronic display layer located behind said
second cover; and a second backlight located behind said second electronic display
layer; one or more intakes; one or more exhausts; one or more interior channels
extending within said frame and between said first electronic display layer and said
second electronic display layer; one or more open loop pathways comprising said one
or more intakes, said one or more interior channels, and said one or more exhausts;
one or more fans configured to move ambient air through said one or more open loop
pathways when activated; a cavity positioned between said first and second side
assemblies and housing at least some internal components of the electric vehicle
charging equipment; a housing recessed from said frame to extend inward to protrude
within said cavity, said housing accommodating at least some exterior components of
said electric vehicle charging equipment when docked at the display assembly; and an
additional storage area located below or between said first and second side assemblies
for accommodating at least some other interior components of said electric vehicle
charging equipment; wherein at least said first side assembly, said second side
assembly, and said electric vehicle charging equipment are electrically connected to a

common power supply.

[0003] The use of electronic displays for advertising in the out-of-home market
has increased in popularity over recent years. Being located outdoors, such electronic
displays are frequently exposed to harsh conditions, including but not limited to, solar
loading, extreme temperatures, precipitation, moisture, contaminants, vandalism,
wildlife, and the like. To protect the electronic displays and other components from
such harsh conditions, it is known to place the electronic displays in fully or partially
sealed housings. The harsh conditions and/or placement in such fully or partially
sealed housings, may create a need to thermally manage the electronic displays. It is
known to provide open and/or closed loop airflow pathways through such housings to
control temperatures, thereby maintaining desirable operating conditions for the
electronic displays and related components. It is known to provide back-to-back
electronic displays with a common plenum, such as is provided in US Pat. No.
8,373,841 issued February 12, 2013, or a common heat exchanger, such as is
provided in US Pat. No. 8,351,014 issued January 8, 2013.

AH26(41870738_1):MSD
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[0004] Traditionally, tube axial fans are used to force such cooling through these
open and/or closed loop airflow pathways, though other types of fans such as
centrifugal fans have been used. What is needed is an electronic display assembly
which utilizes centrifugal fans to provide forced air cooling.

[0005] Electronic display assemblies which utilize centrifugal fans to provide
forced air cooling are provided. Such centrifugal fans may be utilized in one or more
open loop airflow pathways, one or more closed loop airflow pathways, some

combination thereof, or the like.

AH26(41870738_1):MSD
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[0006] The use of such centrifugal fans may provide several advantages. For
example, without limitation, the design of such centrifugal fans may require that air be
turned essentially 90 degrees during normal operation. Corners may be provided along
the open and/or closed loop airflow pathways of display assemblies which normally
provide areas of airflow resistance and/or turbulence. When deployed in such display
assemblies, the centrifugal fan may be placed to essentially turn the air the 90 degrees
otherwise required to complete a loop or pass through the housing. The use and
engineered placement of centrifugal fans may therefore form a natural part of the open or
closed loop airflow pathways and may improve airflow efficiency around such corners.
[0007] Additionally, or alternatively, such centrifugal fans may facilitate even
distribution of air upon discharge. This may improve evenness of cooling, distribution,
and/or airflow. For example, without limitation, the centrifugal fans may be provided
without certain common shrouding components to facilitate such distribution.

[0008] As another example, without limitation, the centrifugal fans may reduce
noise emission and/or utilize less power relative to other types of fans such as tube axial
fans. As yet another example, without limitation, the centrifugal fans may provide the
same or higher mass airflow rates for air. The use of such centrifugal fans may, for
example, without limitation, result in increased homogenization of air. Such
homogenization may lead to move even cooling and better temperature control of such
display assemblies and related components. This may result in a reduction of the number
of fans and/or the operating speed of such fans.

[0009] It may be desirable to incorporate electric vehicle (“EV”) chargers into such
display assemblies. Such EV chargers may be able to take advantage of established
structural framework, power supplies, and/or thermal management capabilities of the
display assemblies. Alternatively, or additionally, such display assemblies may be
modified, such as structurally, electrically, or thermodynamically, to accommodate such
EV chargers. In exemplary embodiments, advertisements, announcements, or
entertaining images, to provide a few non-limiting examples, may be displayed at the
subassemblies while electric vehicles are charged nearby.

[0010] Further features and advantages of the systems and methods disclosed
herein, as well as the structure and operation of various aspects of the present disclosure,
are described in detail below with reference to the accompanying figures.



10

15

20

25

30

WO 2022/087488 PCT/US2021/056353

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] In addition to the features mentioned above, other aspects of the present
invention will be readily apparent from the following descriptions of the drawings and
exemplary embodiments, wherein like reference numerals across the several views refer

to identical or equivalent features, and wherein:

[0012] FIGURE 1 is a front perspective view of an exemplary display assembly in
accordance with the present invention;

[0013] FIGURE 2 is a front view of the display assembly of figure 1;

[0014] FIGURE 3 is a rear perspective view of the display assembly of figure 1 with

certain components removed to illustrate other, internal components;

[0015] FIGURE 4 is a rear perspective view of the display assembly of figure 3 with
a rear cover removed to illustrate additional, internal components;

[0016] FIGURE 5 is a rear view of another exemplary embodiment of the display
assembly of figure 4;

[0017] FIGURE 6A is a side sectional view of the display assembly of figure 1 taken
along section line A-A of figure 2;

[0018] FIGURE 6B is a side section view of the display assembly of figure 6A with
an exemplary flow velocity profile demonstrating exemplary open loop airflow;

[0019] FIGURE 7A is a top sectional view of the display assembly of figure 1 taken
along section line B-B of figure 2;

[0020] FIGURE 7B is a side section view of the display assembly of figure 7A with

an exemplary flow velocity profile demonstrating exemplary closed loop airflow;

[0021] FIGURE 8 is a front perspective view of another exemplary display
assembly in accordance with the present invention;

[0022] FIGURE 9 is a front view of the display assembly of figure 8;

[0023] FIGURE 10A is a side sectional view of the display assembly of figure 8

taken along section line C-C- of figure 9;

[0024] FIGURE 10B is a detailed side section view of the display assembly of
figure 10A taken from detail A of figure 10A with an exemplary flow velocity profile
demonstrating exemplary open loop airflow;

[0025] FIGURE 11A is a top sectional view of the display assembly of figure 8
taken along section line D-D of figure 9;

[0026] FIGURE 11B is a side section view of the display assembly of figure 11A
with an exemplary flow velocity profile demonstrating exemplary closed loop airflow;



10

15

20

25

30

WO 2022/087488 PCT/US2021/056353

[0027] FIGURE 12 is a front perspective view of the display assembly of figure 8
with certain components removed to illustrate certain internal components;
[0028] FIGURE 13 is a rear perspective view of the display assembly of figure 8
with certain components removed to illustrate certain internal components;
[0029] FIGURE 14 is a detailed rear perspective view of the display assembly of
figure 8 taken from detail A of figure 13 with an exemplary flow path profile for
demonstrating exemplary closed loop airflow;
[0030] FIGURE 15A is a plan view of an exemplary electrical schematic for the
display assembly of figures 1-14;
[0031] FIGURE 15B is a plan view of another exemplary electrical schematic for
the display assembly of figures 1-14;
[0032] FIGURE 15C is a plan view of another exemplary electrical schematic for
the display assembily of figures 1-14; and
[0033] FIGURE 15D is a plan view of another exemplary electrical schematic for
the display assembly of figures 1-14.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S)
[0034] Various embodiments of the present invention will now be described in
detail with reference to the accompanying drawings. In the following description, specific
details such as detailed configuration and components are merely provided to assist the
overall understanding of these embodiments of the present invention. Therefore, it should
be apparent to those skilled in the art that various changes and modifications of the
embodiments described herein can be made without departing from the scope and spirit
of the present invention. In addition, descriptions of well-known functions and
constructions are omitted for clarity and conciseness.
[0035] Embodiments of the invention are described herein with reference to
illustrations of idealized embodiments (and intermediate structures) of the invention. As
such, variations from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be expected. Thus, embodiments of
the invention should not be construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that result, for example, from
manufacturing.
[0036] FIGURE 1 through FIGURE 7B illustrate an exemplary display assembly
10. The display assembly 10 may comprise a cover 12. The cover 12 may comprise

glass, acrylic, polymer, combinations thereof, or another material. In exemplary
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embodiments, the cover 12 may comprise multiple layers, though such is not required.
The layers of the cover 12 may comprise, for example, without limitation, a polarizer
(linear, circular, etc.), an anti-reflective film, an optical adhesive, some combination
thereof, or the like.

[0037] The cover 12 may be located forward of, and/or may form a portion of, an
electronic display subassembly 44. In exemplary embodiments, the electronic display
subassembly 44 may comprise one or more display layers (which may comprise liquid
crystals, though such is not required}, one or more diffusion layers, a backlight (direct or
edge lit), or the like. Any type of electronic display subassembly 44 may be utilized
including, but not limited to, LCD, LED, OLED, cathode ray tube, plasma, some
combination thereof, or the like. The electronic display subassembly 44 may be of any
size, kind, or type. The electronic display subassembly 44 may be provided in any
orientation, including, but not limited to, portrait and/or landscape. More than one
electronic display subassembly 44 may be utilized. In such embodiments, more than one
cover 12 may be utilized, though such is not required.

[0038] The cover 12 may be attached to a frame 14. In exemplary embodiments,
the frame 14 may define a hollow, rectangular shape, though such is not required. The
frame 14 may be configured for mounting to a ground surface (e.g., street, sidewalk, etc.),
a structure 48 (e.g., wall, post, etc.), or the like.

[0039] The cover 12 may define a surface area at least as large as the electronic
display subassembly 44. The cover 12 may extend parallel to said electronic display
subassembly 44. A front gap 46 may be provided between the cover 12 and the electronic
display subassembly 44. For example, the font gap 46 may be located between a rear
surface of the cover 12 and the front surface of the electronic display subassembly 44.
[0040] A rear compartment 18 may be located rearward of the electronic display
subassembly 44. The rear compartment 18 may be located between a rear cover 16 and
the electronic display subassembly 44. In exemplary embodiments, the rear compartment
18 may be located between a forward surface of the rear cover 16 and a rear surface of
the electronic display subassembly 44.

[0041] The rear compartment 18 may be in fluid communication with the front gap
46, such as by way of one or more side channels 30. In exemplary embodiments, a first
side channel 30 may extend on a first side of the display assembly 10 and a second side
channel 30 may extend on a second side of the display assembly 10 such that circulating

gas may form a loop about at least a portion of the electronic display subassembly 44.
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The front gap 46, side channels 30, and rear compartment 18 may define a closed loop
airflow pathway. The closed loop airflow pathway may encircle at least a portion of the
electronic display subassembly 44, such as, but not limited to the display layer. The front
gap 46, side channels 30, and rear compartment 18 may be entirely or substantially sealed
to permit the continuous re-circulation of circulating gas, which may be substantially or
entirely particulate free.

[0042] The circulating gas may be fully or partially isolated from ambient air. For
example, without limitation, the circulating gas may comprise filtered ambient air which is
recirculated one or more times. As another example, without limitation, the closed loop
airflow pathway(s) may be separated from the open loop airflow pathway(s) such that the
circulating gas is not permitted to substantially mix with the ambient air. However, a 100%
hermetic type seal is not necessarily required between the closed loop airflow pathway(s)
and the open loop airflow pathway(s) or ambient environment. Instead, the seal may be
sufficient to meet one or more certain ingress protection code (IPC) standards, such as,
but not limited to, IP65, IP67, or the like. The display assembly 110 may comprise one or
more partitions, gaskets, walls, panels, combinations thereof, or the like, which provide
separation between the ambient air in the open loop airflow pathway(s) and the circulation
gas in the closed loop airflow pathway(s).

[0043] One or more electronic components 20 for operating the display assembly
10 may be located within the rear compartment 18. For example, the electronic
components 20 may be located on the rear panel 16, the electronic display subassembly
44, or the like. Such electronic components 20 may comprise one or more processors,
electronic storage devices, computing devices, network connectivity devices, computing
devices, video players, power modules, combinations thereof, or the like.

[0044] One or more intakes 32 may be provided at the electronic display
subassembly 44. The intakes 32 may be fluidly separated from the closed loop airflow
pathway. The intakes 32 may be located above, or at least partially within but fluidly
separated from, the rear compartment 18, though any location may be utilized. One or
more exhausts 34 may be provided at the electronic display subassembly 44. The
exhausts 34 may be fluidly separated from the closed loop airflow pathway. The exhausts
34 may be located below, or at least partially within but fluidly separated from, the rear
compartment 18, though any location may be utilized. One or more interior channels 40
may extend between the intakes 32 and exhausts 34. In exemplary embodiments, the
interior channels 40 extend along a rear surface of a backlight of the electronic display
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subassembly 44, though such is not required. The interior channels 40 may comprise
corrugation 42. The intakes 32, exhausts 34, and interior channels 40 may define an open
loop airflow pathway. The intakes 32, exhausts 34, and interior channels 40 may be
configured to receive ambient air. A shroud 38 may be provided about some or all of the
intakes 32 and/or exhausts 34 to fluidly seal the intakes 32 and/or exhausts 34 from the
rear compartment 18.

[0045] One or more open loop fans 22 may be provided along the open loop
pathway. In exemplary embodiments, the open loop fans 22 are located adjacent to each
of the exhausts 34. Each of the open loop fans 22 may comprise centrifugal fans oriented
such that the gas flow inlet is oriented interior to the display assembly 10, such as
immediately adjacent to an exit of the interior channel 40, and a discharge of the open
loop fans 22 is adjacent to an ambient environment. In this way, a substantially 90 degree
turn naturally required between the interior channels 40 and the exhaust 34 may be
performed by the open loop fans 22. Furthermore, the placement and/or orientation of the
open loop fans 22 may provide a thinner display assembly 10.

[0046] One or more closed loop fans 24 may be provided along the closed loop
airflow pathway. In exemplary embodiments, the closed loop fans 24 are located within
the rear compartment 18. The closed loop fans 24 may be positioned adjacent to one of
the side channels 30. Each of the closed loop fans 24 may comprise centrifugal fans
oriented such that the gas flow inlet is oriented towards the front gap 46, such as along a
right side of the display assembly 10 when viewed from the rear, and a discharge of the
closed loop fans 24 is configured to blow the circulating gas along the rear compartment
18. In this way, a substantially 90 degree turn naturally required between the front gap 46
and the rear compartment 18 may be performed by the closed loop fans 24. Furthermore,
the placement and/or orientation of the closed loop fans 24 may provide a thinner display
assembly 10. The closed loop fans 24 may further provide increased distribution of air
within at least the rear compartment 18. For example, without limitation, the closed loop
fans 24 may be centrifugal fans provided without certain customary shrouding, which may
increase the number of directions the discharged air is distributed.

[0047] Dividers 26 may be positioned between at least some, or all, of the closed
loop fans 24, though such dividers 26 are not required. The dividers 26 may provide some
direction for airflow distribution through the rear compartment 18. Optionally, airflow
deflection elements 28 may be positioned on distal ends of the dividers 26 or otherwise
adjacent to the discharge of the closed loop fans 24 to further control airflow. The airflow
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deflection elements 28 may comprise plates with various surface features, angles, holes,
any combination thereof, or the like to direct airflow.

[0048] FIGURE 8 through FIGURE 14 illustrate another exemplary display
assembly 110 in accordance with the present invention. The same or the similar features
may be numbered similarly but increased by 100 (e.g., 10 to 110). The display assembly
110 may comprise one or more side assemblies 111. In exemplary embodiments, a first
side assembly 111 is positioned opposite a second side assembly 111, though any
number and arrangement of side assemblies 111 may be utilized. Each side assembly
111 may, in exemplary embodiments, comprise a cover 112, an electronic display
subassembly 144, a front gap 146, an interior channel 140, corrugation 142, and side
channels 130. Common or dedicated intakes 132 and exhausts 134 may be provided for
the various side assemblies 111 and may form part of the open loop pathway(s) through
the display assembly 110. In exemplary embodiments, common intakes 132 and
dedicated exhausts 134 are utilized. In other exemplary embodiments, separate intakes
132 and exhausts 134 are utilized so that each open loop airflow pathway has a dedicated
airflow pathway. In this manner, ingested ambient air may remain entirely or substantially
separated from one another while within the display assembly 10.

[0049] A common cavity 118 may be provided between two or more of the side
assemblies 111 and may form part of a closed loop airflow pathway for each of the side
assemblies 111. However, dedicated cavities 118 for each side assembly 111 may be
utilized in other exemplary embodiments.

[0050] Electronic components 120 may be provided within the common cavity 118.
For example, without limitation, such electronic components 120 may be provided at or
along one or more of rear surfaces of the side assemblies 111. The common cavity 118,
in exemplary embodiments, may be fluidly separated from ambient air. In this way, the
electronic components 120 may be only exposed to circulating gas, which may be
temperature controlled and/or kept substantially free of moisture, particulate, and/or other
potential contaminants.

[0051] In exemplary embodiments, each side assembly 111 is moveably attached
to a frame 114. Each of the open loop fans 122 are provided at or along an upper panel
113 at or along another panel of said frame 114. Said open loop fans 122 may be oriented
such that a gas flow inlet faces upward to the ambient environment and a discharge
portion is oriented to distribute ingested ambient air about the interior of the display
assembly 10 for improved evenness of distribution to the side assemblies 111, as
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particularly illustrated with respect to figure 10B. In exemplary embodiments, the open
loop fans 122 may comprise centrifugal fans lacking certain shrouding features such that
air is partially or wholly distributed about the open loop fans 122 to provide more even
distribution.

[0052] In exemplary embodiments, each of the closed loop fans 124 may be
provided along a side panel 115 at or along said frame 114. Each of the closed loop fans
124 may be oriented such that the gas flow intake ingests air from the front gaps 146 of
each of the side assemblies 111 and is discharged about the common cavity 118, as
particularly illustrated with respect to figures 11B and 14. In exemplary embodiments, the
closed loop fans 124 may comprise centrifugal fans lacking certain shrouding features
such that air is partially or wholly distributed about the closed loop fans 124 to provide
more even distribution.

[0053] Examples of centrifugal fans shown and/or described herein may include,
for example, without limitation, those provided by Sanyo Denki Co. Ltd. having a US office
in Torrance, California under the San Ace brand
(https://products.sanyodenki.com/en/sanace/dc/centrifugal-fan/).  Such centrifugal fans
may be utilized in 150mm, 133mm, and/or 100mm to name a few examples, without
limitation. The centrifugal fans may be provided without some or all of the certain
conventional shroud elements such that air is discharged about some or all of the fans.
This may improve air distribution. As such centrifugal fans are interior to the display
assembly 110, user safety may not be impacted by removing such shrouding elements.
[0054] Provided herein are certain exemplary test results from use of such
centrifugal fans, as compared to axial fans within certain exemplary display assemblies
10, 100. Such centrifugal fans may be provided as open loop fans 22 and/or closed loop
fans 24.
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[0055] As demonstrated from the above, better mass flow rate is achieved with the

use of centrifugal fans. The use of such centrifugal fans also resulted in about four times
less noise and about half the power usage as the axial fans. The presented testing results
are for exemplary demonstration purposes and are in no way intended to be limiting.

[0056] In certain exemplary embodiments, electric vehicle charging equipment 150
may be provided at, or in association with, the display assemblies 10, 110. The electric
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vehicle charging equipment 150 in exemplary embodiments may be anchored to the frame
114 and/or the ground or other surface (directly or indirectly). The electric vehicle charging
equipment 150 in exemplary embodiments may be electrically connected to the same
power source as used to power the display assembly 10, 110, which may include utility
power, battery power, solar power, combinations thereof, or the like. Some or all of the
electric vehicle charging equipment 150 may be located between the side assemblies 111,
though some or all of the electric vehicle charging equipment 150 may be located
elsewhere.

[0057] The frame 114 may be adapted to accommodate the electrical vehicle
charging equipment 150. For example, without limitation, the frame 114 may comprise a
recessed portion comprising, or configured to accommodate, a housing 151 for at least
some of the electric vehicle charging equipment 150 that extends into a portion of the
cavity 118. The electric vehicle charging equipment 150 may be fully or partially recessed
when a handle or other electric vehicle connection portion of the electric vehicle charging
equipment 150 is docked at the display assembly 110 (e.g., not in use), such as at a
receiver at or within the housing 151. For example, without limitation, a cord and/or the
handle portion of the electric vehicle charging equipment 150 may extend from the frame
114 and/or outside of the housing 151. In exemplary embodiments, the electrical vehicle
charging equipment 150 may be attached to a portion of the frame 114 extending between
the side assemblies 111 such that the electrical vehicle charging equipment 150 is
accessible from the side. Placing the electrical vehicle charging equipment 150 between
the side assemblies 111 may result in a shorter overall height of the display assembly 110
which may be particularly advantageous for shipping.

[0058] One or more separate intakes/exhausts 132/134 and open and/or closed
loop airflow pathways may be provided for some or all of the electric vehicle charging
equipment 150, though such is not required. For example, some or all of the electric
vehicle charging equipment 150 may have a dedicated open loop airflow pathway
separate from other open loop airflow pathways for the display assembly 110.
Alternatively, or additionally, the airflow for the electric vehicle charging equipment 150
may share one or more common intakes/exhausts 132/134 and open and/or closed loop
airflow pathways with the side assemblies 111. For example, some or all of the electric
vehicle charging equipment 150 may share an open loop airflow pathway with at least one
of the side assemblies 111. Alternatively, or additionally, some or all of the electric vehicle
charging equipment 150 may be thermally managed, at least in part, by the circulating gas

12
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within the common cavity 118. For example, without limitation, the circulating gas within
the common cavity 118 may pass over interior surfaces of the housing 151 that extend
within the common cavity 118, and/or certain power or other electronic components
mounted at such interior surfaces of the housing 151 or otherwise within the common
cavity 118.

[0059] The display assembly 110 may be configured to accommodate one or
multiple electric vehicle chargers and related equipment 150. The display assembly 110
may be configured to accommodate various sizes and/or types of electric vehicle chargers
and related equipment 150 positioned at various locations of the display assembly 110.
For example, without limitation, electric vehicle connector portions (e.g., handles, plugs,
outlets, adapters, connectors, or other components for docking with electric vehicles) may
be provided at each side of the display assembly 110 for connecting with EV to charge
the EV.

[0060] One or more additional equipment cavities 152 may be provided below,
above, and/or adjacent to the side assemblies 111. For example, without limitation, a
single additional equipment cavity 152 may be provided below, and at least partially
between, the side assemblies 111. Electronic components 120 may be provided within
the additional equipment cavity or cavities 152. Such electronic components 120 may
comprise, for example, without limitation, components for operating the side assemblies
111 (e.g., electronic storage devices, processors, video players, network connectivity
devices, power supplies, sensors, combinations thereof, or the like), components of, or for
operating, the electric vehicle charging equipment 150 (e.g., power supplies, power
transformers, capacitors, charge load centers, power meters, wiring, cords, handles,
adapters, etc.), customer equipment or components for operating the same (e.g., network
connectivity devices, cameras, sensors, microphones, telephonic equipment, emergency
beacons, etc.}, combinations thereof, or the like. More than one additional equipment
cavity 152 at more than one location may be provided.

[0061] Some or all of the additional equipment cavities 152 may comprise shared
or dedicated thermal management and/or power supplies with the side assemblies 111.
In exemplary embodiments, without limitation, one or more separate intakes 132 and
exhausts 134 are provided to facilitate a dedicated open loop airflow pathway through the
additional equipment cavity 152. In other exemplary embodiments, without limitation, the

additional equipment cavity 152 may share intakes 132 and/or exhausts 134 with one or
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more of the side assemblies 111, or otherwise form part of the open loop airflow pathways
for the side assemblies 111.

[0062] Some or all of the electric vehicle (“EV”) charging equipment 150 may be
fully or partially recessed between the side assemblies 111. The EV charging equipment
150 may be connected, directly or indirectly, to the frame 114 and/or the side assemblies
111. Certain components of the EV charging equipment 150, such as, but not limited to,
handles, connectors, adapters, cords, holsters, docks, combinations thereof, or the like
may be fully or partially external to the display assembly 110. External components of the
EV charging equipment 150 may be provided at, outside of, or connected to, exterior
surfaces of a housing 151. The housing 151 may be fully or partially recessed into the
common cavity 118 between the side assemblies 111. The size and/or shape of the
housing 151 may be configured to accommodate various types or kinds of EV charging
equipment 150. Certain components of the EV charging equipment 150, such as, but not
limited to, power supplies, power regulators, transformers, power meters, batteries,
electric grid connectors, combinations thereof, or the like may be fully or partially internal
to the display assembly 110. Internal components of the EV charging equipment 150 may
be provided within or at the side assemblies 111 and/or the additional equipment cavity or
cavities 152. The additional equipment cavity 152 may comprise one or more ambient air
pathways, which may be dedicated or form part of other open loop airflow pathways within
the display assemblies 110. For example, without limitation, the additional equipment
cavity 152 may comprise its own intake 132’ and may utilize one or more of the exhausts
134 utilized by the side assemblies 111. As another example, without limitation, the
additional equipment cavity 152 may comprise its own dedicated intake 132’ and its own
dedicated exhaust 134’ such that ambient air circulating about the EV charging equipment
150 and/or other components in the additional equipment cavity 152 is kept separate from
other open loop air.

[0063] The EV charging equipment 150 may comprise any type or kind of EV
charger and associated equipment, such as but not limited to a level 2 charger.

[0064] FIGURE 15A through FIGURE 15D illustrate various exemplary electrical
schematics for the display assemblies 110. In exemplary embodiments, the side
assemblies 111 and the EV charging equipment 150 may be connected to a common
power supply 153, such as, but not limited to, the electrical grid, solar panels, wind
turbines, power generators, combinations thereof, or the like. Such electronic connection
to the power supply 153 may be made by way of a common connection point or line 155,
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such as shown with particular regard to figures 15A-15C, or separate connection points
or lines 155a, 155b, to the same or different power supplies 153, such as shown with
particular regard to figure 15D. The EV charging equipment 150 may comprise any
number of EV electric vehicle connector portions for any number or type of electric
vehicles.

[0065] Optionally, one or more bulk energy storage devices 157, such as, but not
limited to, one or more batteries, may be utilized with the display assemblies 110. The
bulk energy storage devices 157 may be part of the EV charging equipment 150 or
separate therefrom. In exemplary embodiments, the bulk energy storage devices 157 are
electrically interposed between an electric vehicle connector portion of the EV charging
equipment 150 and the power supply 153, though such is not required. In other exemplary
embodiments, such as shown with particular regard to figure 15C, the bulk energy storage
devices 157 may be electrically interposed between the electric vehicle connector portions
of the EV charging equipment 150 and the side assemblies 111. The bulk energy storage
devices 157 may act as the power supply 153 and/or a supplementary and/or alternative
power supply 153 in exemplary embodiments.

[0066] One example of such EV charging equipment 150 includes, for example
without limitation, electric vehicle chargers and related equipment provided available from
ChargePoint, Inc. of Campbell, California (https://www.chargepoint.com/). Another
example of such EV charging equipment 150 includes, for example without limitation,
electric vehicle chargers and related equipment available from by EV-Box North America
Inc. of Libertyville, lllinois (https://evbox.com/us-en/}.

[0067] In exemplary embodiments, without limitation, the housing 151 may be fully
or partially enclosed in a manner which fully or partially seals an interior space of the
housing 151 from ambient air. For example, without limitation, the housing 151 may
comprise one or more enclosures conforming to one or more environmental protection
ratings, such as but not limited to, National Electrical Manufacturer Association (NEMA)
1, 2, 3, 3R, 3X, 3RX, 3S, 3SX, 4, 4X, 5, 6, 6P, 12, 12K and/or 13.

[0068] The housing 151 may extend entirely or partially within the frame 114. The
housing 151 may extend entirely or partially outside of the frame 114. The housing 151
may be connected, directly or indirectly, to the frame 115. The housing 151 may be
provided as, as part of, or within, the additional equipment cavity 152 in exemplary

embodiments.
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[0069] In exemplary embodiments, without limitation, some or all of the EV
charging equipment 150 may be provided within the housing 151. However, one or more
electrical power supply lines may extend through the housing 151 and/or the frame 114
to connect with other electrical power supply lines for the subassemblies 111 and/or other
components of the display assemblies 110, such as to provide the common connection
line or point 155 to the power supply or supplies 153, though such is not required.

[0070] Any embodiment of the present invention may include any of the features
of the other embodiments of the present invention. The exemplary embodiments herein
disclosed are not intended to be exhaustive or to unnecessarily limit the scope of the
invention. The exemplary embodiments were chosen and described in order to explain
the principles of the present invention so that others skilled in the art may practice the
invention. Having shown and described exemplary embodiments of the present invention,
those skilled in the art will realize that many variations and modifications may be made to
the described invention. Many of those variations and modifications will provide the same
result and fall within the spirit of the claimed invention. It is the intention, therefore, to limit
the invention only as indicated by the scope of the claims.

[0071] Certain operations described herein may be performed by one or more
electronic devices. Each electronic device may comprise one or more pProcessors,
electronic storage devices, executable software instructions, and the like configured to
perform the operations described herein. The electronic devices may be general purpose
computers or specialized computing devices. The electronic devices may comprise
personal computers, smartphones, tablets, databases, servers, or the like. The electronic
connections and transmissions described herein may be accomplished by wired or
wireless means. The computerized hardware, software, components, systems, steps,
methods, and/or processes described herein may serve to improve the speed of the
computerized hardware, software, systems, steps, methods, and/or processes described

herein.
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CLAIMS

1. A display assembly with integrated electric vehicle charging equipment, said
display assembly comprising:

a structural frame;

a first side assembly connected to a first side of said structural frame, said first
side assembly comprising a first cover and a first electronic display subassembly
located behind said first cover;

a second side assembly connected to a second side of said structural frame, said
second side assembly comprising a second cover and a second electronic display
subassembly located behind said second cover;

a recessed compartment extending inward to the display assembly between said
first side assembly and said second side assembly; and

said electric vehicle charging equipment, wherein said electric vehicle charging
equipment is located between said first side assembly and said second side assembly;

wherein a first portion of the electric vehicle charging equipment is provided
within the recessed compartment, and a second portion of the electric vehicle charging

equipment is provided interior to the structural frame.

2. The display assembly of claim 1 wherein:
the first portion of said electric vehicle charging equipment includes at least an
electric vehicle connector portion, is exposed to an exterior of the display assembly, and
is fully recessed within the recessed compartment when the electric vehicle connector

portion is docked at the display assembly.

3. The display assembly of claim 1 further comprising:
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a common cavity between said first side assembly and said second side
assembly, wherein the second portion of the electric vehicle charging equipment is
located within the common cavity;

a closed loop airflow pathway for circulating gas comprising a first portion
extending within said first side assembly, a second portion extending within said second
side assembly, and said common cavity; and

a housing for at least some of said electric vehicle charging equipment at least

partially recessed into said common cavity.

4. The display assembly of claim 3 further comprising:

at least one loop airflow pathway for ambient air.

5. The display assembly of claim 4 wherein:
said at least one open loop airflow pathway comprises a first open loop airflow
pathway extending through said first side assembly and a second open loop airflow

pathway extending through said second side assembly.

6. The display assembly of claim 5 further comprising:

a common intake for said first open loop airflow pathway and said second open
loop airflow pathway located at an upper portion of said first and second side
assemblies;

a first exhaust for said first open loop airflow pathway;

a second exhaust for said second open loop airflow pathway; and

a common set of open loop fans located adjacent to said common intake,

wherein said common set of open loop fans comprise centrifugal type fans oriented to
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distribute ingested ambient air into both of said first open loop airflow pathway and said

second open loop airflow pathway when operated.

7. The display assembly of claim 6 wherein:
each of said centrifugal type fans of said common set of open loop fans are

provided without a shroud.

8. The display assembly of claim 6 further comprising:
a set of one or more closed loop fans located within said common cavity for

moving circulating gas through said closed loop airflow pathway when operated.

9. The display assembly of claim 8 further comprising:
a side panel located within said common cavity and oriented perpendicular to a
front surface of said first side assembly and a front surface of said second side
assembly, wherein each fan in said set of one or more closed loop fans comprises a

centrifugal type fan spaced apart vertically along said side panel.

10.The display assembly of claim 5 wherein:
said first electronic display subassembly comprises a first LCD display layer and
a first backlight;
said second electronic display subassembly comprises a second LCD display
layer and a second backlight;
said first open loop airflow pathway extends directly adjacent to the first
backlight;
said second open loop airflow pathway extends directly adjacent to the second

backlight;
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said first portion of said closed loop airflow pathway is located between said first
cover and said first LCD display layer of said first electronic display subassembly; and
said second portion of said closed loop airflow pathway is located between said
second cover and said second LCD display layer of said second electronic display

subassembly.

11.The display assembly of claim 2 further comprising:
an additional equipment cavity located below, and at least partially between, said
first side assembly and said second side assembly, wherein the second portion of the

electric vehicle charging equipment is located within said additional equipment cavity.

12.The display assembly of claim 11 further comprising:

a dedicated open loop airflow pathway through said additional equipment cavity.

13.The display assembly of claim 1 further comprising:

a first gasket provided at said structural frame between said structural frame and
said first side assembly, wherein said first side assembly is moveably connected to said
structural frame between a closed position where said first gasket is compressed
between said first side assembly and said structural frame and an open position where
an edge of said first side assembly is rotated away from said structural frame; and

a second gasket provided at said structural frame between said structural frame
and said second side assembly, wherein said second side assembly is moveably
connected to said structural frame between a closed position where said second gasket
is compressed between said second side assembly and said structural frame and an
open position where an edge of said second side assembly is rotated away from said

structural frame.
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14.The display assembly of claim 1 further comprising:
a common power source for said first side assembly, said second side assembly,

and said electric vehicle charging equipment.

15.A display assembly with integrated electric vehicle charging equipment and
forced air cooling, said display assembly comprising:
a frame;
a first side assembly moveably connected to a first side of said frame and
comprising:
a first cover;
a first electronic display layer located behind said cover; and
a first backlight located behind said first electronic display layer;
a second side assembly moveably connected to a second side of said frame and
comprising:
a second cover;
a second electronic display layer located behind said second cover; and
a second backlight located behind said second electronic display layer;
one or more intakes;
one or more exhausts;
one or more interior channels extending within said frame and between said first
electronic display layer and said second electronic display layer;
one or more open loop pathways comprising said one or more intakes, said one
or more interior channels, and said one or more exhausts;
one or more fans configured to move ambient air through said one or more open

loop pathways when activated,;
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a cavity positioned between said first and second side assemblies and housing at
least some internal components of the electric vehicle charging equipment;

a housing recessed from said frame to extend inward to protrude within said
cavity, said housing accommodating at least some exterior components of said electric
vehicle charging equipment when docked at the display assembly; and

an additional storage area located below or between said first and second side
assemblies for accommodating at least some other interior components of said electric
vehicle charging equipment;

wherein at least said first side assembly, said second side assembly, and said

electric vehicle charging equipment are electrically connected to a common power

supply.

16. The display assembly of claim 15 wherein:
said first side assembly, said second side assembly, and said electric vehicle
charging equipment are electrically connected to said common power supply by way of

a common power line or connection point.

17.The display assembly of claim 15 wherein:
each of said one or more fans comprise centrifugal type fans positioned adjacent
to said one or more intakes;
said one or more intakes are located at an upper portion of said frame;
said one or more exhausts are located at a lower half of said frame;
said one or more centrifugal type fans are provided without an outer shroud

about the impeller; and
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said one or more centrifugal type fans are configured to, when activated, ingest
ambient air and distribute said ingested ambient air through each of multiple ones of

said one or more interior channels.

18.The display assembly of claim 17 further comprising:

a closed loop airflow pathway comprising said cavity, a first portion extending
through said first side assembly, and a second portion extending through said second
side assembly, wherein at least some of the interior components of said electric vehicle
charging equipment are located within said cavity, wherein said one or more closed loop
fans each comprise centrifugal type fans provided without a shroud for disbursing

circulating gas within said cavity in a turbulent manner when activated.

19.The display assembly of claim 18 further comprising:

a first front gap located between said first cover and said first electronic display
layer;

a second front gap located between said second cover and said second
electronic display layer, wherein said closed loop airflow pathway comprises said first
front gap and said second front gap; and

one or more closed loop fans positioned within said cavity and configured to

force circulating gas through said closed loop airflow pathway when activated.

Manufacturing Resources International, Inc.
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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