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FRONT-LOADED INLINE MODULAR FILTRATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[8001] The present application claims the priority benefit of U.5. provisional application number

63/169,529 filed April 1, 2021, the disclosure of which is incorporated herein by reference.

BACKGROUND

Field of the Disclosure:
(#0602} The present disclosure is generally related to the filter assemblies for air purification
systems and the replacement of those filter assemblies. More specifically, the present disclosure

is directed to concentrating and capturing small particles in a filter.

Description of the Related Art:

8063} Various types of air {itters have been rmade for many vears. Conventional air filters
corrunondy rely on a flow of air that passes through a filter, where the filter traps particles that are
farger than a hole size associated with the filter. As the hole size of a filier decreases, an amount
of resistance to the airflow increases. This means that pumps that circulate air through an air
filtration apparatus must be more powerful in order to maintain a given airflow rate when denser
filters are used. This increases an armount of air pressure that a purmp must provide to maintain
that airflow. This means that increasing an amount of filtering capability using hole size of a filter
will result in increased costs associated with operating or manufacturing an air filtering
apparatus. This is because a pump may have to be provided with a larger amount of electrical
power in order to maintain an air How rate and in certain instances may force a manufacturer to
replace a less powerful pump with a more powerful pump.

[8004] Another limitation of conventional air filtering apparatus is that filters contained within
such apparatus are difficult to replace. Tools such as a screwdriver or wrench are often required

to access and replace a filter, This means that parts such as screws or nuts that must be removed
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to replace a filter may be lost and this may result in air passing around instead of through an air
filter systern or portions thereof.

8005} Another technique that has been used to filter air, is to charge particles in an air ow using
a high electric voltage and then capture the charged partides on a surface that has a different or
opposite charge. Such air filters are cororoonly referred to as jonizing or jonizer air purifiers.
lonixing air purifiers, however, generate ozone that is emitted info environments where people
five and work. People that breathe in ozone comnordy suffer from health effects that include chest
pain, coughing, throat irritation, and congestion. Breathing ozone is also associated with various
ilinesses and increased rates of bronchitis, emphysema, and asthma.

[6606] With the emergence of new infections diseases caused by various pathogens (such as
coronavirus COVID-19, antibiotic resistant bacteria, and antifungal resistant fungi), the need to
filter very small particles out of the air has increased dramatically. The size of viruses range from
20 nanometers {ram) to about 5000 nm, where COVID-19 has a diameter of about 100 nm.

{8007} It is therefore desivable to have an air purification system that can continuously capture
very fine particles and live organisms while minimizing the pressure drop and the amount of
technical expertise required to replace consumable filters. It is also desirable to have air filtering
systems that trap small particles without increasing energy use and that do not emit ozone from

the air filtering system.
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SUMMARY OF THE PRESENTLY CLAIMED INVENTION

{8008} The presently claimed invention is directed to an apparatus for filtering air and is directed
to a method for making such an air filtering apparatus. In a first embodiment, the apparatus
includes a first {iltering sub-asserably that includes a first electrical intercormnect that provides
electricity to the first filtering sub-assembly. This apparatus may also incude a receiving portion
that receives the first filtering sub-assembly. The receiving portion may also incude a second
electrical interconnect that mates with the first electrical interconnect of the first filtering sub-
assembly when the first filtering sub-assembly is received by the receiving portion, The electricity
may be provided to the first filtering sub-assembly based on the mating of the first and the second
clectrical interconnect. This apparatus may also include a gasket that resisis the air from escaping
the apparatus and may include a second filtering sub-assembly that contains a pre-filter. Here,
the air passes through the pre-filter and to the first filtering sub-assembly when the gasket resists
the air from escaping the apparatus.

{0609] In a second embodiment, a method of the presently claimed invention includes identifying
dirnensions of an air duct, identifying one or more receiver sections to couple an air flow to the
air duct such that an air flow is filtered, assembling the one or more receiver sections o form the
array of receiver elements, and inserting a first {ype of filtering sub-assembly intc each of the one
or more receiver sections of the array of receiver elements. The insertion of each of the first type
of filtering sub-assemblies into each of the one or more receiver sections results in one or more
power connections being automatically connected when a second sub-assembly is formed. This
method may also include attaching elements of a third filtering sub-assembly to the second sub-
assembly. The elements of the third filtering sub-assembly may include one or more prefilters and
the air flow may move through the one or more prefilters and to each of the first type of filtering
sub-assemblies after the power connections are automatically connected. The air flow may then
move within the dimensions of the air duct after the attachment of the elements of the third

filtering sub-assembly.

(9%}
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DESCRIFTIONS OF THE DRAWINGS

[6018] FIG. 1: [lustrates a front-loaded inline modular filiration system, according to an
embodiment.

[8011] FIG. 2 ilustrates parts that may be included in a disinfecting filter array.

[6612] FIG. 3 illustrates different perspective views of an example of the filier receiver section
that may be included in a disinfecting filter assembly.

{8013} FIG. 4 illusirates two views of a pre-filier frame where a first view of the pre-filter frame
does not include a pre-filter element and where a second view of the pre-filter frame does include
the pre-filter element.

{8014} FIG. 5 illustrates parts that may be included in a filter assembly.

[B015] FIG. 6 dlustrates three different views of parts that may be used to quickly connect
different parts of a filter assembly together.

(0016} FIG. 7 illustrates two electrical interconnects that mate to transfer electrical energy
between a receiver section and a sub-assembly of a filter assembly.

8017} FIG. 8 illustrates a series of steps that may be perforrned when an inline modular filtration

system is installed.
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DETALILED DESCRIPTION

[8019] A disinfecting filtration system (DFS), also referred to as electrically enhanced filtration
(EEF) is an air purification system that uses two mechanisms o maintain high air deaning
performance. An EEF air purification system may use high energy field to facilitaie the
aggregation and capture of ulirafine particles. Such a system may effectively increase pariicie size
by forming clusters ultrafine particles. Such a high energy field may be controlled in a manner
that contains and captures charged particles without emitting charged particles from the filter
system. Such a filtering process may be based on an “entry ground control grid” that is located
before a front part of a main filter and a “rear controf grid” {or “exhaust control grid™) that may
be affixed o a rear part of the main filter. The entry ground control grid and the rear/exhaust
control grid may be tied to an Harth ground connection that prevents these grids from be
energized by the high energy field. Each of the ground control grid and rear/exhaust control grid
reay be a screen include holes that do not allow service personnel to reach into an energized
portion of a disinfecting filivation system.

[#028] Even in instances where ions generated by the high energy field, such charged particles
are isolated in the main filier between the entry conirol grid and the vear/exhaust control grid on
arear side of the filter. The controlled, isolated high energy field generated by the EEF continually
creates high energy exposure through pleats and fibers of a main filter creating a microbiostasis
("prevention of organism growth"} in the main filter. This may prevent live organisms from
escaping back into the air. These two mechanisms work together to provide the ultraclean
filtration of particles as well as continual prevention of organism growth in the EEF filter.

6021} A filtering apparatus may include pre-filters to remove larger particles. These pre-
filters may increase the effective lifespan of electrically enhanced filters and reduce theload placed
on a high voltage alternating current air conditioning (HYAC) systema caused by the pressure
drop. Pre-filters should be replaced more frequently than the electrically enhanced filters, and

failure to do so may limit the effectiveness of the air filtration system and increase the pressure
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drop load placed on the HVAC system. The replacement of pre-filters should be as simple a
process as possible, and ideally require little to no expertise to do so. The ease of maintenance
allows for timely replacement without reguiring the expense and delay of service calls. Further,
the replacement of pre-filters should not require a complete shutdown of the HVAC system in
order to allow continuous filiration of the air being treated.

[6622] FIG. 1 illustrates a front-loaded indine modular filtration system. The system may incdlude
disinfecting filter assembly 140 that allows for quick connection of parts incdluded in disinfecting
filter array 105. Filter arvay that may receive a plurality of disinfecting filter modules in receiver
sections 115. Each of the receiver sections 115 include may indude a power conirol unit 110 and
each receiver section 115 may receive a respective filler assembly 100 or portion thereof. Once
assembled, disinfecting filter array 105 may form an elecirically enhanced filtration EFF system
that can maintain power to one or more filter assemblies 100 in the presence of an electrical fault
in one or more other filter assembly modules. A mumber of filter assembly modudes 115 included
in such an array may ounly be limited by a configuration of an HVAC system into which
disinfecting filter 105 assembly is being incorporated. Arrays of different sets of filters may be
built using different sized receiver sections 115 such that a filter array systemmay be built withing
or coupled to ducting of an existing air distribution (e.g. HVAC) system.

{6023} Filter assembly 100 of FIG. 1 includes power controf unit 110, pre-filter frame 120, pre-
filter 125, and ground contact 135. In one instance, the disinfecting filter array 105 may incdlude an
array of some number of filter assembly modudes 100 that are of a uniforn size. In other instances,
there may be variations in the size of a filter assembly 114, this may allow installers to fill and seal
filter assemblies within a ducting space used in a given application. Each filter assembly modale
100 reay be mounted in or attached to the disinfecting filter array 105. A parallel power supply
may provide electrical power to the control units 110 in each of the receiver sections 115 and each
respective control unit 110 may provide power to a respective V-Bank filter 140 when a high-
energy field is generated inside the V-Bank filter 140 and in filter media of the V-Bank filter 140.
[8024] The filter assembly 100 may have an aligrunent pin, slots, and/or holes that ensure the pre-
filter frame 120 is properly aligned when the pre-filter frame 120 is mounted to the filter assembly

100, Such alignment pins, slois, and/or holes and quick connect mechanical interconnects may
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ensure that the V-Bank filter 140 is secured in the filter assemibly 100 when the pre-filter frame 120
isinserted. A respective pre-filter frame 120 may mount to the front of each filter assembly 100 in
the disinfecting filter array 105 of FIG. 1. The pre-filter frame 120 may serve two functions, a first
function that serves as a mounting point for pre-filters 125 and a second function that serves as a
sealing mechandism that may use a gasket that is cornpressed when a filter array is used. The first
function may allow the pre-filter (and/or the V-bank filter 140) to be replaced without the need
for tools. The sealing function may direct air entering pre-filter 125 direcily into V-Bank filter 140
t0 prevent air from bypassing V-Bank filter 140. A sealing gasket may be a separate piece that is
held in place by the pre-filter frame 120.

6628} Pre-filter 125 may be a filter that captures large particles before they may enter the V-Bank
filter 140. In certain instances, pre-filter 140 may be selected to capture particles larger than a
particular size, for example, pre-filter 125 may be selected to provide a minimum efficiency
reporting filtration value (MERV} rating of at least MERV 8. The minimum size of particles
captured by the prefilivation process can vary depending upon a given application, a desired air
flow, and/or a resistance to the air flow capacity of a particular high voltage air conditioning
{(HVAC) system. FIG. 1 includes a large arrow labeled “Ajr Flow,” this arrow ilustrates air
flowing into filier assembly 100 through pre-filter 125.

[#02¢] FIG. 1 also includes three different views of V-Bank filter 140 included in filter assembly
100. These three different views include V-Bank filter front view 140A, asecond V-Bank filtor view
1408, and a third view of the V-Bank filter 140, Parts that may be included within a V-Bank filter
include high voltage wires 145, an entry control grid, a high energy transter grid, ground bar 160,
power contact pad 165, and a rear control grid 170. ltems 150 and 155 identify focations
respectively where an entry control grid and a high energy transfer grid may be located. The entry
control grid may have a surface that is like a screen, chicken wire, or a plate perforated with holes
that prevents a person from touching high energy wires 145 or other energized components {e.g.
the high energy transfer grid) within the V-Bank filter. Rear control grid 178 may also have a
surface like a screen, chicken wire, or perforated plate and as mendioned above the entry control

grid and rear control grid may be grounded. The high energy transfer grid may be charged to a
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high voltage and this grid may be in close proximity to filter elements included in a V-Bank filter
assembly.

[6027] Power may be routed to high energy wires 145 of a respective V-Bank filters from a
respective power control unit 110 via power contact 145 and connecting wires or high energy
transfer grids. Ground contact 135 moay be used to provide an Earth ground cormection to a frame
or electrical connector of the respective V-Bank filter. Note the scale of three different V-Bank filter
views 1404, 1408, and 140C of FIG. 1 is slighity different than the scale of the V-Bank filter 140 in
filter assernbly 140. In certain instances, a power connecior may couple elecivical power from
power control unit 11} to power contact pad 165 when V-Bank filter 140 is slid into filter assembly
110, At this time ground contact 135 may ground the frame of V-Bank filter. A respective V-Bank
filter 140 may be slid into a respective receiver slot 115 using rails or protrusions/slots not
illustrated in FIG. 1. After aligning a V-Bank filter assembly with a receiver section, the act of
sliding the V-Bank filter assembly into a receiver section may result in power and ground
cormections being formed automatically between based on the alignment of couplings that
transfer power and ground from the receiver section to the V-Bank filter assembly.

[8028] Power a control undt 110 may activate a high energy field by delivering a voltageto ato a
high-voltage contact or wires connected to high energy wires 145, Voltages provided to the high
energy wires 145 may be high encugh to generate a high energy field within V-Bank filter 140
such that the high energy filed may be provided to filter media inside of V-Bank flter 140.

(8029} In certain instances, a high-voltage contact may be located on the top of a filter assembly
160, Such a contact may be configured to allow for quick cormection of power to a V-Bank filter.
When a V-Bank filter 140 is inserted into a receiver section 115, this high-voltage contact may be
configured to contact contact pad 165 to conduct electricity from the control undit 110 to the high
energy wire 145 via metallic elements of contact pad 165. In such an instance, the V-Bank filter 140
may be inserted into filter assembly 100 in an orientation where contact pad is located at the top
of the filter assembly 100. Here, ground contact 135 may be located on the bottom of the filter
assermbly 100 such that when the V-Bank filter 140 is inserted into the receiver section 115, the

ground contact 135 may contact ground bar 128 to ground the V-Bank filter 140. In this way, V-
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Bank filter 140 may be configured to drop or slide into a receiver part 115 of filter assembly 100
without the need for a person to manually wire the power to the V-Bank filter 140.

[6038] In certain instances, a V-Bank filter may user filter media that is a lesser dense media (for
example 97 DOP) as compared to a standard HEPA filter (89.97 DOP). This may allow the filter
raedia to have a higher gram holding weight and thus allow the filter roedia to hold more dust as
compared to a standard HEPA filter. The high energy field provided to the V-Bank filier and filter
media may alfow for the less dense filter media to capture smaller particles based on dumping
etfects associated with the design of the V-Bank filter and the high energy field generated inside
the V-Bank filter. Because of this and because of the pre-filter, each of the filters included in filter
assembly 100 may have an increased usable time span. HEPA filters also offer higher resistance
as compared to V-Bank filters that use lesser dense filter media. This means that a pressure drop
associated with such a V-Bank filter can approach almost a quarter of the pressure drop
experienced when denser HEPA filters are used. This means that a filter system built in a manner
consistent with the present disclosure may filter as or more effectively than a HEPA fltration
system while providing benefits of less pressure drop and/or lower energy use. For example, at a
time of installation, a HEPA system may experience a pressure drop of 1.0 inches of Mercury as
compared a pressure drop of .25 t0 0.30 inches of Mercury of a V-Bank filtration system.

[#031] Here the filter media fibers of filter elements are continually being exposed to the high
energy field that create microbiostatis effects in the filter media. The result, depending on the
efficiency of the traditional media used, is as follows: much higher particulate efficiency than
fraditional media filters and with fan-powered machines, a 99.99% at 0.007-micron filtration
efficiency, with a greater gram holding weight capacity, resulting in a greater lifetime
performance and less maintenance and energy cost. The technology has been proven to enable a
penetration reduction of 2-3 orders of magnitade. In certain instances, HEPA or other denser filter
media may be used in a V-Bank filtration systerm, this however, may increase energy costs because
of the greater pressure drops associated with use of higher density filters.

[8032] As discussed above, contact pad 165 is located on an exterior surface of V-Bank filter 140

where contact pad 165 may be configured to directly contact a high-voltage contact included in
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receiver part 115. This allows power to be coupled frorn power control unit 110 to the V-Bank
filter via contact pad 165 without a person touching power interconnections.

6633} During the filtration process, 0.007-micron substances may be captured and degraded
with a 12-16 thousand volt (KV) field provided by the high energy transfer grids 124. The high-
energy transfer grids may cover 95% of an area of a filter media, only slighily increasing the
resistance of the B-Bank filter 140. A V-Bank filier may include a number of rear ground control
grids 170. In the V-Bank filter 140 of FIG. 4, there are eight rear ground control grids 170, one
focated on an exit side of each filter element on opposite sides of a V-Bank filier bank. The side
view of V-Bank filter 1408 includes four V-Bank filter banks. Each of these filter banks may have
a first filter element and a second filter elemnent, where a first (top) part of the first filter element
and a first (top) part of the second filier element are separated by a first distance that is greater
than a second distance that separates a second (bottom) part of the first filter element and a second
(bottom) part of the second filter element. Because of this each of the filter elements included in a
bank of filier elernents may be arranged in a V like shape. Rear condrol grids on particular V-Bank
filter elements may be glued to the filter media and may be grounded by an electrical connection
to ground bar 160. The rear ground control grid 170 helps to contain particies in the media. The
rear ground control grid 170 may also eliminate electrostatic field effects in areas outside the filter
media. Read ground control grid 170 may therefore prevent electrostatic fields and any charged
particles from exiting the V-Bank filter. Note that high energy wires 145 ave located near an air
input of the V-Bank filter and the rear control grid 170 is located near an air cutput of the V-Bank
filter.

(#0634} FIG. 2 illustrates parts that may be included in a disinfecting filter array. FIG. 2 includes a
set of 4 pre-filter frames 210 that do not currently have pre-filters instalied. When pre-filters are
installed in pre-filter frames 210, they may be placed within features 220 of pre-filer frame 210 as
iltustrated in FIG. 4. FIG. 2 also includes disinfection filter receiver array 230 that may receive
filter modules such as the V-Bank filter 140 of FIG. 1. Filter receiver array 230 may be the same
type of array as the disinfection filter receiver array 105 of FIG. 1. Note that filter receiver array
230 includes receiver portions 240 that are similar to receiver sections 115 of FIG. 1. Receiver

portions 240 may be built to receive a filter assembly that includes a V-Bank filter 140 like filter
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assembly 100 of FIG. 1. Each of the 6 receiver portions 240 included in FIG. 2 indude a power
control unit 250. Here again, V-Bank filters may be installed into receiver portions 240 when a
disinfecting filter unit is installed.

[8035] FIG. 3 illustrates different perspective views of an example of the filter receiver section
that may be included in a disinfecting tilter asserobly. The filter receiver section 300 of FIG. 3 may
be the same type of assembly as the receiver sections 115 of FIG. 1 or receiver portions 240 of FIG.
2. F1G. 3 includes a first perspective view 300A and a second perspective view 300B of receiver
section 300, Perspective view 300A includes a power contact pad 320 and a power control elemend
310 where perspective view 300B indudes ground contact 330, FIG. 3 also includes exploded
views 3104, 3204, and 330A that respectively show views of power confact pad 320, power
controd element 314, and ground contact 330. When a V-Bank filter is slid into receiver section 300,
power and ground contacts of the V-Bank filter may respectively electrically conmnect to power
contact pad 320 and ground contact 330 of FIG. 3 such that power control unit 310 can provide a
high voltage to the V-Bank filter. Here again the installation of the V-Bank filter may not require
tools.

[8036] FIG. 4 Ultustraies two views of a pre-filter frame where a first view of the pre-filter frame
does not include a pre-filter element and where a second view of the pre-filter frame does include
the pre-filter element. View 400A of FIG. 4 illustrates pre-filter frame 410 when a filter is not
installed and View 4008 of FIG. 4 illusirates pre-filter framme 410 when filter 450 is installed. These
images also include retention features 420 and 430. FIG. 400B also indudes quick
cormects/disconnects 444 that may be used to latch pre-filter frame 410 onto a filter assembly
without tools.

{8037} The pre-filter frame 410 may be secured to the filter assembly module 104 by hand-turn-
able fasteners or other types of guick connect fasteners. Exemplary fasteners may be seen in
element 440 of FIG. 4. When a quarter turn is applied to the fasteners 408, they compress spaces
between sections of a filter apparatus. This compression may create an airtight seal between the
V-Bark filter 140 and a prefilter frame 140, while also creating a grounded coniact between the
ground bar 128 and the prefilter frame 140 of FIG. 1. Fasteners 440 are not limited to the quarter-

turn hand fastener but may include other styles of clamps, such as spring-loaded, screw-type,
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other mechanical fasteners, magnetic fasteners, snap-on cormectors, ete. Such connectors may
facilitate the forming of an airtight seal between while also creating a grounded contacts between
respective parts of the filter assembly. Quick connect fasteners roay be used to attach and retain
different parts of a filter apparatus together so those different parts may be disassembled and
sarviced without using tools.

[6038] As an example of operation, a user may wish to install or exchange a lift and pull pre-filter.
To do so, the user may turn fasteners 440 by one quarter turn to unseal pre-filter frame from
another part of the filter assembly. A pre-filier may be tilted and removed from filter frame 410.
This may allow a user to access to a V-Bank filter when a V-Bank filter is replaced or serviced. A
new V-Bank filter or filter elements of a V-Bank filter may be replaced. The V-Bank filter may then
be inserted back into a receiver section of the overall filter assembly and be secured to the filter
pre-filter frame 140 to create a seal. This process may include use of aligrument pins, holes, or rails.
Once pre-filter frame 140 is in place, the user may turn fasteners 440 by one guarter turn o re-seal
the filter assembly.

[8039] FIG. 5 illustrates parts that may be included in a filter assembly. FIG. 5 also illustrates how
these parts may be assembled into an asserobly. FIG 5 includes pre-filter framme 505, pre-filter 520,
gasket 525, V-Bank filter assembly 530, and receiver section 550. Pre-filter frame includes receiving
features 510 & 515 that may be used to receive pre-filter 520, FIG. 5 also illustrates several parts
that may be included in V-Bank filter 530, these parts include a second gasket 535, power contact
pad 540, and ground contact 545. The receiver portion 550 of FIG. 5 includes power contact 560
and ground contact 565 that may each be a form of electrical power connector.

(040} Assemibly of the filter assembly of FIG. 5 may include the steps of sliding V-Bank filter 530
into receiver section 550 along arrows 570. This sliding or relative motion allows for the quick and
easy assembly of a filter apparatus. When the V-Bank filter 530 is slid into receiver section 550
power corttact pad 540 of the V-Bank filter 530 may make electrical contact with power pad 560 of
the receiver portion 550 and ground contact 545 of V-Bank filter 530 may make electrical contact
with ground contact 565 of recetver section 550, Once V-Bank filter 530 and receiver section 550
are coupled together, the various power contacts {540 & 560) and ground contacts (545 & 565) may

make both power and ground connections such that filter elements of the V-Bank filter 530 may
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be energized. The seal 535 of V-Bank filter 530 may be an optional gasket that forms a seal between
portions of the V-Bank filter 530 and receiver section 550.

8641} Gasket 525 may be coupled to a portion of V-Bank filter 30 as indicated by arrows 575. Pre-
filter 520 may be slid into receiving features 515 and 510 by moving pre-filter 520 along directions
indicated by arrows 580A and 5808B. Once installed, the receiving features 510 and 515 of pre-filter
frame may hold the pre-filter 520 in place. Next the pre-filter frame may be moved along arrows
590 when assembly of the filter of FIG. 5 is completed.

[6042] Once this filier assembly is assembled and turmed on, gasket 525 and optional gasket 535
may prevent air entering the filter assembly from bypassing V-Bank filter 530. The various parts
illustrated in FIG. 5 may be connected together using quick conmect connections of any sort.
[#043] Note that V-Bank filter 530 may be referred to as a first sub-assembly that fits into receiving
section 550 to form a second sub-assembly. Pre-filter frame 505 and pre-filter 520 may be
considered as elements of a third sub-assembly that is attached to the second-sub assembly when
an overall filter assembly is assembled.

[8044] FIG. 6 illustrates three different views of parts that may be used to guidkly connect
different parts of a filter assembly together. The assernbly of FIG. 6 is represendative of couplings
that may be used to attach, detach, and reattach two different paris of a filter assembly together.
[6045] On the top of FIG. 6 is view 600 A that includes wing bolt 610, metal plate 640, and metal
plate 650, where a spring 620 is not in a fully compressed state. Wing bolt 610 may indude a shaft
that extends from wings of wing bolt 610 to a key like shaped portion 630 of wing bolt 610. Here
the right side of spring 620 may be permanently attached to metal plate 640. Spring 620 may
encircle a shaft of wing bolt 610.

{8846} In one instance, metal plate 640 may be a piece of a pre-filter frame, such as pre-filter frame
410 of FIG. 4 and metal plate 650 may be a piece of sheet metal of a receiver portion or a V-Bank
portion of a filter assembly. The arrow of FIG. 6 illustrates motion of an assembly that includes
metal plate 640 and wing bolt 610 when two different pieces of a filter assernbly are attached to
each other.

[6047] The middle view 600B of FIG. 6 illustrates that after metal plate 640 and 650 contact each

other that spring 620 may be compressed after the key portion 630 of wing bolt 610 has passed

13



WO 2022/212877 PCT/US2022/023108

through a hole in metal portion 650. In certain instances, a gasket may be placed between metal
plate 640 and metal plate 650. The bottom view 600C of 6 includes metal plate 650 and hole 660.
Once wing bolt 610 has been aligned with hole 660, the wing bolt 610 may be pressed forward
through hole 660 and be compressed spring 620. Next, wing bolt 610 may be turned to a position
where the key portion 630 of wing bolt 610 grabs onto a portion of metal plate 650 to couple metal
plate 640 to metal plate 650. At this point in {ime, spring 620 may provide a force that maintains
coupiing of metal plate 640 to metal plate 650, In certain instances, a gasket (not illustrated in FIG.
6) may be located between metal plate 640 and metal portion 650,

(8048} FIG. 7 illusirates two electrical interconnects that mate to transfer electrical energy
between areceiver section and a sub-assembly of a filter assernbly. FIG. 7 includes a first cormector
710 that indudes electrical contact 720 and includes a second connector 730 that includes electrical
contact 740. Cormector 710 is representative of electrical connectors of a V-Bank filter assembly
(i.e. power contact pad 540 or ground contact 545) discussed in respect to FIG. 5. Cormector 730 is
representative of electrical connectors of a receiver section {i.e. power contact pad 320 or ground
contact 330) of a filter assembly. FIG. 7 includes an upper set of images 700 A where connector 710
is being moved toward cormector 730 when a filter sub-assembly (i.e. V-Bank filter 530 of FIG. 5)
is inserted into a veceiver section of a filter assembly.

[#049] FIG. 7 also includes a lower set of images 700B that itlustrates connector 710 and connector
730 in a mated position. Note that in this mated position metallic contact 720 of cormector 710
physicatly contact metallic contact 740 of connector 730. FIG. 7 illustrates that electrical contacts
built inte different parts of a filter apparatus may form an electrical quick connect systemn that
provides elecirical energy and grounding to connectors without requiring a user to manipulate
power contacts with their hands. Instead, a user may only have to align two sub-assemblies (e.z.
between a first filter sub-assembly and a receiver section of a filter assembly) and slide those two
sub-assemblies together in a manner electrical commections between the two different sub-
assemblies are formed antomatically.

[8058] Electrical power provided to a tirst filter sub-assembly (e.g. a V-Bank filter assembly)} may

be a high direct current voltage. In such instances, current passed through metallic contacts 720
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and 740 may be Himited. Metallic contacts 720 and 740 may provide electrical energy froma power
conirol unit such as the power control units 110, 250, & 310 discussed in respect to FIGS 1-3.
{6651} FIG. 8 illustrates a series of steps that may be performed when an inline modular filtration
system is installed. FIG. 8 begins with step 81} where dimensions of an air duct are identified.
Next, a number of filter units that could be included in an air filter system built within or coupled
to the air duct may be identified in step 820. Step 820 may include identifying sizes of particular
fitter uniis that to adapt into the air filter system. This may include identifying receiver sections
of different sizes such that an arvay of filter elements may be assembled within an area associated
with the air duct dimensions identified in step 810.

[6652] Step 820 may include identifying one or more receiver sections to couple an air flow to the
ait duct such that an air flow can be applied based on the identified air duct ditmensions. Next in
step 830 different receiver sections may be assembled and then in step 840, respective sets of
filtering sub-assemblies may be installed {e.g. slid) within or attached to respective the receiver
sections assembled in step 830. These sub-assemblies may be respactive different assamblies that
include elements of the V-Bank discussed in respect to FIG. 1. Step 840 may result in a second
filtering sub-assembly being formed that includes the one or more receiver sections and respective
sets of a first type of filtering sub-assembly, such as a V-Bank filter.

053] After step 840 sets of pre-filter assemblies (or sub-assemblies) and gaskets may be installed
in step 850. These pre-filter assemblies may be mechanically coupled directly to framing elements
of the filter assemblies that were attached into the receiver sections. Additionally, or alternatively
the pre-filter assemblies may be mechanically coupled to the receiver sections directly. Gaskets
used in step 850 may prevent air from bypassing the filter assemblies that were attached to the
receiver sections.

[8¢54] Each respective receiver section may be mechanically attached to respective filtering sub-
assemblies and/or to a respective pre-filter assembly using the quick connects discussed in respec
to FIG. 6 or other types of mechanical quick conmects. These quick connects may allow for specific
sactions of an array of filter elements to be serviced easily and independenity.

{6035} The functions performed in the processes and methods may be implemented in differing

order. Furthermore, the outlined steps and operations are only provided as examples, and some
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of the steps and operations may be optional, combined into fewer steps and operations, or
expanded into additional steps and operations without detracting from the essence of the
disclosed embodiments.

[#056] While various flow diagrams provided and described above may show a particular order
of operations performed by certain ernbodirnents of the invention, it should be understood that
such order is exemplary {e.g., alternative embodiments can perform the operations in a different
order, combine certain operations, overlap certain operations, ete.}).

6087} The foregoing detailed description of the technology herein has been presenied for
purposes of iustration and description. It is not intended to be exhaustive or to limit the
technology to the predise form discdosed. Marny modifications and variations are possible in
fight of the above teaching. The described embodiments were chosen in order to best explain
the principles of the technology and its practical application to thereby enable others skilled in
the art to best utilize the technology in various embodiments and with various modifications as
are suited to the particular use contemplated. It is intended that the scope of the technology be

defined by the daim.
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CLAIMS

What is claimed is:

1. Arvapparatus for filtering air, the apparatus comprising:

a first filtering sub-assembly that includes a first electrical interconnect that provides
electricity to the first filtering sub-assembly;

a receiving portion that receives the first filtering sub-assembly, the receiving portion
including a second electrical interconnect that mates with the first electrical interconnect of the
first filtering sub-assembly when the first filtering sub-assembly is received by the receiving
portion, wherein and the electricity is provided to the first filtering sub-assembly based on the
mating of the first and the second electrical interconnect;

a gasket that resists the air from escaping the apparatus; and

a second filtering sub-assembly that condains a pre-filter, wherein the air passes through
the pre-filter and {o the first filtering sub-assembly when the gasket resists the air from escaping

the apparatus.

2. The apparatus of claim 1, further comprising a mechanical quick commect that retains
attachment of the second filtering sub-assembly after the first filtering sub-assembly is received

from the receiving portion.

3. The apparatus of claim 1, further comprising a mechanical quick connect that retains
attachment of the first filtering sub-assembly to the receiving portion that receives the first

filtering sutb-assembly.
4. The apparatus of claim 3, further comprising a second mechanical quick connect that retaing

attachment of the second filtering sub-assembly that retains attachunent of the second filiering

sub-assembly after the first filtering sub-assembly is received from the receiving portion.

17



WO 2022/212877 PCT/US2022/023108

5. The apparatus of claim 1, wherein the first filtering sub-assembly is received by the receiving
portion based on a sliding relative motion between the first filtering sub-assembly and the

receiving portion.

6. The apparatus of claim 5, wherein the mating of the first electrical interconnect with the second
electrical interconnect is based on the sliding relative motion between the first filtering sub-

assembly and the receiving portion.

7. The apparatus of claim 1, further comprising:

a third electrical interconnect attached fo the first filtering sub-assembly; and

a fourth electrical interconnect attached to the receiving portion that is configured to mate
with the third electrical intercomnect, wherein a ground connection is provided to the first
filtering sub-assembly when the third electrical interconmect mates with the fourth electrical

interconnect.

8. The apparatus of claim 7, wherein:

the first filtering sub-assembly is received by the receiving portion based on a sliding
relative motion between the first filiering sub-assembly and the receiving portion, and

the mating of the first elecirical intercormect with the second electrical interconnect is
based on the sliding relative motion between the first filtering sub-assembly and the receiving

portion.
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9. The apparatus of claim 1, further comprising:

an electrical wire that receives the electricity to charge particles in the air as the air passes
into an input of the first filtering sub-assembly based on the electrical wire being located at the
input of the first filtering sub-assembly; and

a filter located in proximity to an output of the first filtering sub-assembly.

10. The apparatus of claim 1, further comprising a power control unit elecirically coupled to the

second electrical intercormect.

11. The apparatus of claim 1, further comprising one or more additional receiving portions that
cach include a respective power control unit, that each receive a respective first filtering sub-

assembly, and that each are coupled to a respective second filtering sub-assembly.

12. The apparatus of claim 11, wherein the one or more additional receiving portions are

physically connected and configured to fit into an air ducting system.

13. The apparatus of daim 1, further comprising:

a first filter element and a second filter element that are located within the first filtering
sub-assembly, wherein a first part of the first filier element and a first part of the second filter
element are separated by a first distance that is greater than a second distance that separates a
second part of the first filter element and a second part of the second filter element; and

an electrical wire that receives the electricity to charge particles in the air as the air passes
into an input of the first filtering sub-assembly based on the electrical wire being located at the

input of the first filtering sub-assembly.
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14. The apparatus of claim 13, whevein the first filter element and the second filter element form

a V shape based on the first separation distance being greater than the second separation distance.

15. The apparatus of claim 14, wherein the greater separation distance is associated with a first
tocation that is closer to the input of the first filtering sub-assembly than a second location that is

farther from the input of the first filtering apparatus.

16. A method for incorporating a filter apparatus, the method comprising:

identifying dimensions of an air duct;

identifying one or more receiver sections to couple an air flow to the air duct;

assembling the one or more receiver sections to form an array of receiver elements;

inserfing a first type of filtering sub-assernbly into each of the one or more receiver
sections of the array of receiver elements, wherein the insertion of each of the first type of filtering
sub-assemblies into each of the one or more receiver sections results in one or more power
connections being automatically connected when a second sub-assembly is formed; and

attaching elemenis of a third filiering sub-assembly {0 the second sub-assembly, wherein
the elements of the third filtering sub-assembly include one or more prefilters and the air flow
moves through the one or more prefilters and to each of the first type of filiering sub-assemblies
after the power connections are automatically cornected, wherein the air flow moves within the

dirnensions of the air duct after the attachment of the elements of the third filtering sub-assembly.

17. The method of claim 16, further comprising compressing one or more seals that prevent air

from bypassing the first type of filtering sub-assembly.

18. The method of daim 16, wherein the third filiering sub-assembly is attached to the second

sub-assembly using quick connect connectors.

19. The method of claim 16, wherein the one or more receiver sections are located within the

identified dimensions of the air duct.
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20. The method of claim 16, wherein one or more seals cover portions of the dimensions of the air

duct to prevent the air low from bypassing the air duct.
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