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(57) ABSTRACT

A system and method for accurately and efficiently testing a
HEPA filter in a sterile environment, such as a clean room,
by creating a closed-loop system. The system includes a
multi-port interface including at least a challenge port and a
verification port, each port being in communication with an
area upstream from the HEPA filter. Through the challenge
port, test substances are introduced to a supply air duct that
is in communication with a HEPA filter. Through the veri-
fication port, a concentration of the test substances can be
measured for comparison with a concentration that passed
through the HEPA filter, i.e. downstream from the HEPA
filter. As such, test substances can be dispersed throughout
the air conditioning system before interacting with the
HEPA filter, and accurately measured. The closed loop
between the ports provides an accurate measurement of the
concentration of test substances to test the HEPA filter.
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HIGH EFFICIENCY PARTICULATE AIR
FILTER TEST SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This nonprovisional application is a divisional of
and claims priority to nonprovisional application Ser. No.
16/167,186, entitled “High Efficiency Particulate Air Filter
Test System and Method,” filed Oct. 22, 2018, by the same
inventors, which is a continuation-in-part of and claims
priority to nonprovisional application Ser. No. 15/241,825,
entitled “Filter Test System,” filed Aug. 19, 2016, and issued
as U.S. Pat. No. 10,345,215 on Jul. 9, 2019, by same
inventors, the entireties of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] This invention relates, generally, to high efficiency
particulate air (HEPA) filter test systems. More specifically,
it relates to a multi-port system including a challenge port
and a verification port, the multi-port system being in
communication with a HEPA filter, thereby allowing a
technician to easily and efficiently test the HEPA filter via
the multi-port system without the need to open the ceiling of
a sterile room during testing, and with reduced risk of
contamination to the sterile room during testing.

2. Brief Description of the Prior Art

[0003] Sterile rooms often include high-efficiency filters,
such as HEPA filters, designed to remove virtually all
airborne particles and/or contaminants from the sterile room
to prevent contamination, disease, and infection. HEPA
filters can trap and contain fine particles in the air, making
them ideal for use in sterile environments, such as pharma-
ceutical laboratories and medical clinics, as well as envi-
ronments in which clean air is desirable, such as aircrafts
and electronics that utilize recirculated air. Particularly in
sterile environments, HEPA filters require frequent testing to
ensure that the filters are in functioning condition and are
removing at least a minimum amount of air particles from
the ambient air in the environment to meet ISO standard.
Typical testing methods include creating a hole in a HEPA
filter, just upstream of the filter media, to introduce a testing
substance slightly upstream of the filter, such as via an
aerosol. A hood or other containment device surrounds the
HEPA filter, such that the air traveling through the HEPA
filter is contained within a specific area. Finally, a technician
is located downstream of the filter, such as within a sterile
room, and the technician uses a device to capture air
escaping the filter and detecting the presence of the testing
substance that travels through the filter and into the sterile
room.

[0004] While such a method can be effective at detecting
leaks within the filter, the testing method is highly inaccurate
because there is no way to verify the amount of testing
substance within the system, and particularly there is no way
to verity the mixture of testing substance within the air of the
system. For example, if the testing substance is introduced
into the air flow just above the filter media, it is unlikely that
the testing substance will sufficiently disperse within the air
to provide an accurate testing result. Moreover, typical
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systems do not include multiple testing ports in a closed loop
with a HEPA filter, meaning that there is no way to ensure
an accurate comparison between air just upstream of the
filter with air just downstream of the filter.

[0005] For HEPA filter testing in particular, it is essential
to read accurate results during testing, since the concentra-
tion of contaminants measured determines the need to
replace the HEPA filter. If the results are inaccurate, a HEPA
filter may be prematurely replaced if the test incorrectly
yields higher values, making testing and replacement costly
due to the early replacement; alternatively, replacement of
the HEPA filter may be delayed if the test incorrectly yields
lower values, potentially leading to contamination of the
room, as well as the people working in the room, equipment
housed in the room, and substances in the room.

[0006] Accordingly, what is needed is an easily-accessible
filter testing system and method of use that creates a
closed-loop with the filter to provide accurate testing results
in an efficient manner. However, in view of the art consid-
ered as a whole at the time the present invention was made,
it was not obvious to those of ordinary skill in the field of
this invention how the shortcomings of the prior art could be
overcome.

[0007] All referenced publications are incorporated herein
by reference in their entirety. Furthermore, where a defini-
tion or use of a term in a reference, which is incorporated by
reference herein, is inconsistent or contrary to the definition
of that term provided herein, the definition of that term
provided herein applies and the definition of that term in the
reference does not apply.

[0008] While certain aspects of conventional technologies
have been discussed to facilitate disclosure of the invention,
Applicants in no way disclaim these technical aspects, and
it is contemplated that the claimed invention may encompass
one or more of the conventional technical aspects discussed
herein.

[0009] The present invention may address one or more of
the problems and deficiencies of the prior art discussed
above. However, it is contemplated that the invention may
prove useful in addressing other problems and deficiencies
in a number of technical areas. Therefore, the claimed
invention should not necessarily be construed as limited to
addressing any of the particular problems or deficiencies
discussed herein.

[0010] In this specification, where a document, act or item
of knowledge is referred to or discussed, this reference or
discussion is not an admission that the document, act or item
of' knowledge or any combination thereof was at the priority
date, publicly available, known to the public, part of com-
mon general knowledge, or otherwise constitutes prior art
under the applicable statutory provisions; or is known to be
relevant to an attempt to solve any problem with which this
specification is concerned.

BRIEF SUMMARY OF THE INVENTION

[0011] The long-standing but heretofore unfulfilled need
for an efficient and accurate system for testing a high
efficiency particulate air filter with a reduced risk of intro-
ducing contaminants to a sterile environment is now met by
a new, useful, and nonobvious invention.

[0012] The novel system includes a multi-port interface
including a challenge port and a verification port, the multi-
port interface in communication with a high efficiency
particulate air (HEPA) filter. Challenge substances are intro-
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duced upstream from the HEPA filter via the challenge port,
and the HEPA filter is tested by detecting a concentration of
the challenge substance passing through the HEPA filter by
a technician or machine disposed downstream from the
HEPA filter. The challenge port is in communication with a
duct, such as a supply air duct, disposed upstream from the
high efficiency particulate air filter, such that the challenge
substance is dispersed throughout the supply air duct and
mixed with the gases already present in the unit prior to
passing through the HEPA filter. The verification port is
disposed just upstream from at least a portion of the high
efficiency particulate air filter, such that the verification port
is designed to detect an amount of the challenge substance
disposed within the air inside the system just prior to
encountering the HEPA filter. As such, if there is a leak in the
system (i.e., if a technician detects a higher than expected
concentration of the challenge substance downstream of the
HEPA filter as compared with the concentration measured
via the verification port), the technician can accurately
determine the amount and location of the leak by comparing
the upstream and downstream concentrations of the chal-
lenge substance. If the concentration of the challenge sub-
stance detected via the technician is greater than the con-
centration measured via the verification port by more than a
threshold value, the high efficiency particulate air filter
includes a leak and should be replaced to prevent contami-
nation of the sterile room downstream from the HEPA filter.
[0013] Inan embodiment of the system, the challenge port
includes a valve extending toward the aperture of the
challenge port, with the valve being adapted to control the
flow of the challenge substance through the challenge port.
The default configuration of the system is closed, such that
air does not flow through the system—as such, the valve
must be translated and actuated to allow for air to flow
through the system during testing. Similarly, the verification
port includes a valve extending toward the aperture of the
verification port, with the valve being adapted to control the
flow of air through the verification port.

[0014] An embodiment of the system includes a dispersal
pipe coupled to the challenge port and disposed within the
area upstream from the HEPA filter. The dispersal pipe is
adapted to disperse the challenge substance throughout the
area to mix the challenge substance with the air within the
area. The dispersal pipe includes a plurality of apertures
designed to evenly disperse the challenge substance within
the area of the duct disposed upstream from the HEPA filter.
A collective diameter of the plurality of apertures is equal to
a diameter of the first intermediate line, thereby reducing a
risk of impaction associated with differences in pressure.
[0015] The multi-port interface includes a cam screw in
communication with one or more of the challenge port and
the verification port. The cam screw is adapted to apply a
force against a spring-loaded component of at least one of
the ports to compress the spring, allowing a line to be
inserted and removed from the port. In a locked configura-
tion, the cam screw does not apply any force against either
spring, and the input/output lines cannot be safely removed
from the multi-port interface. In an unlocked configuration,
the cam screw applies the force against one or more of the
swings to allow for the safe removal of the input/output
lines.

[0016] A novel method is also presented for testing a
HEPA filter. The method includes the steps of injecting the
challenge substance through the challenge port; dispersing
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the challenge substance into the area upstream from the
HEPA filter; removing an amount of air in the area upstream
from the HEPA filter via the verification port; measuring the
concentration of the challenge substance in the air removed
from the system; measuring the concentration of the chal-
lenge substance immediately downstream from the HEPA
filter; and comparing the measured concentrations to deter-
mine if there is a leak in the HEPA filter. If the concentration
of the challenge substance measured downstream from the
HEPA filter is above a threshold value, the HEPA filter likely
includes a leak and should be replaced.

[0017] An object of the invention is to provide an appa-
ratus including multiple ports in communication with a
HEPA filter, such that the HEPA filter can be easily, effi-
ciently, and accurately tested without the need to physically
access a space above a sterile room, such as by removing
ceiling panels or otherwise gaining physical access to the
HEPA filter.

[0018] These and other important objects, advantages, and
features of the invention will become clear as this disclosure
proceeds.

[0019] The invention accordingly comprises the features
of construction, combination of elements, and arrangement
of parts that will be exemplified in the disclosure set forth
hereinafter and the scope of the invention will be indicated
in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] For a fuller understanding of the invention, refer-
ence should be made to the following detailed description,
taken in connection with the accompanying drawings, in
which:

[0021] FIG. 1 is a perspective view of a filter test system,
including a multi-port system disposed within a ceiling of a
sterile room and in communication with a HEPA filter, in
accordance with an embodiment of the present invention.
[0022] FIG. 2 is a close-up perspective view of the multi-
port system of FIG. 1, including a challenge port and a
verification port, in accordance with an embodiment of the
present invention.

[0023] FIG. 3 is a side elevation view of the multi-port
system of FIG. 1, showing the HEPA filter disposed above
the ceiling and the multi-port system creating a passageway
from the sterile room to the filter, in accordance with an
embodiment of the present invention.

[0024] FIG. 4 is a top plan view of the filter test system of
FIG. 1, including the multi-port system in communication
with the HEPA filter, in accordance with an embodiment of
the present invention.

[0025] FIG. 5 is a close-up elevation view of the connec-
tion shown in FIG. 4 (and circled as numeral 5) between the
HEPA filter and a fluidic tube coupled to the challenge port,
in accordance with an embodiment of the present invention.
[0026] FIG. 6 is a close-up elevation view of the connec-
tion shown in FIG. 4 (and circled as numeral 6) between the
HEPA filter and a fluidic tube coupled to the verification
port, in accordance with an embodiment of the present
invention.

[0027] FIG. 7 is a top plan view of the multi-port system
of FIG. 1, showing the challenge port and the verification
port, in accordance with an embodiment of the present
invention.

[0028] FIG. 8 is a perspective view of a filter test system,
including a multi-port system disposed within a ceiling of a
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sterile room and in communication with a HEPA filter, in
accordance with an embodiment of the present invention.
[0029] FIG. 9A is a perspective rear view of a multi-port
filter test apparatus including a challenge port and a verifi-
cation port, in accordance with an embodiment of the
present invention.

[0030] FIG. 9B a perspective rear view of the multi-port
filter test apparatus of FIG. 9A, in accordance with an
embodiment of the present invention.

[0031] FIG. 9C is a perspective front view of the multi-
port filter test apparatus of FIG. 9A, including an aesthetic
magnetic cover to conceal the challenge port and verification
port, in accordance with an embodiment of the present
invention.

[0032] FIG. 10 is a front plan view of the multi-port filter
test apparatus of FIG. 9A, showing attachment points for
challenge and verification apparatuses, and a cam screw that
controls whether the multi-port filter test apparatus is locked
or unlocked, in accordance with an embodiment of the
present invention.

[0033] FIG. 11A is an internal front perspective view of
the multi-port filter test apparatus of FIG. 9A, showing the
effect of turning the cam screw counterclockwise to unlock
the challenge port, allowing for the removal of a challenge
line coupled to the challenge port, in accordance with an
embodiment of the present invention.

[0034] FIG. 11B is an internal front perspective view of
the multi-port filter test apparatus of FIG. 9A, showing the
effect of turning the cam screw clockwise to unlock the
verification port, allowing for the removal of a verification
line coupled to the verification port, in accordance with an
embodiment of the present invention.

[0035] FIG. 12A is a perspective view of an embodiment
of a dispersal pipe disposed within an air conditioning duct
upstream of a HEPA filter, the dispersal pipe indirectly
coupled to the challenge port to introduce testing substances
from the challenge port upstream of the HEPA filter, in
accordance with an embodiment of the present invention.
[0036] FIG. 12B is a perspective view of an embodiment
of a dispersal pipe adapted to be disposed within a HEPA
filter, in accordance with an embodiment of the present
invention.

[0037] FIG. 13 is a process-flow diagram depicting a
method of testing a HEPA filter, in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0038] In the following detailed description of the pre-
ferred embodiments, reference is made to the accompanying
drawings, which form a part thereof, and within which are
shown by way of illustration specific embodiments by which
the invention may be practiced. It is to be understood that
other embodiments may be utilized and structural changes
may be made without departing from the scope of the
invention.

[0039] As used in this specification and the appended
claims, the singular forms “a,” “an,” and “the” include plural
referents unless the content clearly dictates otherwise. As
used in this specification and the appended claims, the term
“or” is generally employed in its sense including “and/or”
unless the context clearly dictates otherwise.

[0040] The present invention includes a system and
method for accurately, efficiently, and safely testing a HEPA
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filter without introducing contaminants into a sterile envi-
ronment by creating a closed-loop testing system. The
system includes a multi-port interface including a challenge
port for introducing a test substance to the filter, and a
verification port through which contaminants in the filter can
be accurately measured. Moreover, the system is a closed-
loop testing system because both the challenge port and the
verification port are in communication with the filter, such
that the substance introduced via the challenge port flows
toward the filter and can be measured via the verification
port prior to interacting with the HEPA filter. As such, the
system provides an accurate measurement of the amount of
testing substance within the system just upstream of the
HEPA filter, where the verification port is coupled to provide
the accurate measurement, which can then be compared to
the test results measured by a technician located downstream
of the HEPA filter.

[0041] As shown in FIG. 1, an embodiment of system 10
includes multi-port interface 36 in communication with
HEPA filter 12, challenge equipment 44, and verification
equipment 54. Multi-port interface 36 is disposed in ceiling
30, which includes a plurality of panels 34 connected by a
plurality of frames 32. Similarly, HEPA filter 12 is disposed
within ceiling 30 and is typically coupled to a duct through
which air is either injected into the room underneath ceiling
30, or removed from the room. In an embodiment, challenge
equipment 44 and verification equipment 54 are disposed
within the room underneath ceiling 30, such that one or more
technicians can easily access the equipment without the need
to dismantle any of the components of HEPA filter 12 or
ceiling 30, such as panels 34 or frame 32.

[0042] Still referring to FIG. 1, the equipment 44, 54 and
HEPA filter 12 form a closed-loop through multi-port inter-
face 36, with challenge equipment 44 in communication
with multi-port interface 36 via input line 46, and verifica-
tion equipment 54 in communication with multi-port inter-
face 36 via output line 56. Due to the closed nature of system
10, substances may enter HEPA filter 12 from challenge
equipment 44 via input line 46, and exit HEPA filter 12 to
verification equipment 54 via output line 56. As such,
system 10 prevents the escape of any substances introduced
to system 10 via challenge equipment 44. Instead, the
substances from challenge equipment 44 are either retained
by HEPA filter 12, or flow to verification equipment 54,
without entering the room in which system 10 is utilized,
which is typically a sterile room. The closed-loop system
will be discussed in greater detail below.

[0043] Referring now to FIG. 2, multi-port interface 36
includes a plurality of ports, thereby creating a channel
through which a technician can interact with HEPA filter 12.
Multi-port interface 36 includes at least challenge port 38
and verification port 40, each of which is in communication
with HEPA filter 12, thereby providing access to and from
filter 12 via multi-port interface 36. For example, input line
46 can be secured to challenge port 38, thereby indirectly
coupling challenge equipment 44 with multi-port interface
36. Similarly, output line 56 can be secured to verification
port 40, thereby coupling verification equipment 54 with
multi-port interface 36. As such, multi-port interface 36
provides a simple interface for the input and the output of
testing substances designed to accurately test the condition
of HEPA filter 12 without the need for a complex, time-
intensive, or costly testing apparatus or method.
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[0044] Each of the ports on multi-port interface 36
includes a stopper 35 and a connector 37, each of which is
designed to control the flow of particles through multi-port
interface 36 to and from HEPA filter 12. For example,
challenge port 38 includes input connector 48 and input
stopper 60, with input connector 48 providing an attachment
point for challenge equipment 44. In addition, input stopper
60 is disposed within challenge port 38 and is in commu-
nication with input connector 48, such that input stopper 60
controls the flow of substances through challenge port 38
toward HEPA filter 12. Similarly, verification port 40
includes output connector 58 and output stopper 50, with
output connector 58 providing an attachment point for
verification equipment 54. In addition, output stopper 50,
similar to input stopper 50, is in communication with output
connector 58. As such, output stopper 50 controls the flow
of substances (such as gas or contaminants, if leaking
through HEPA filter 12 during testing) through verification
port 40 from HEPA filter 12.

[0045] Referring now to FIG. 3, the connection between
multi-port interface 36 and HEPA filter 12 is shown in
greater detail. As shown in FIG. 3, HEPA filter 12 includes
top surface 16 opposite bottom surface 18, with bottom
surface 18 being flush with ceiling 30. Moreover, multi-port
interface 36 is flush with ceiling 30. While FIG. 3 depicts
HEPA filter 12 and multi-port interface 36 as being flush
with ceiling 30, it is appreciated that alternative embodi-
ments may include filter 12 disposed within a room, on a
floor of the room, on a sidewall of the room, within a
vehicle, within a vacuum or other suction cleaning device, or
in other applications that commonly use a HEPA or other
filter to trap particles therein. In addition, it is appreciated
that multi-port interface 36 may be disposed elsewhere
within the sterile room, so long as a secure connection is
formed with HEPA filter 12, or may be otherwise disposed
external to a HEPA or other filter, depending on the use of
the filter.

[0046] As shown in FIG. 3, system 10 is in communica-
tion with a supply air duct 72, particularly with an air
conditioning duct, although it is appreciated that other types
of ducts are also contemplated, such as a direct return line
or an indirect supply line, such as a branch within a duct. In
addition, supply air duct 72 is in communication with HEPA
filter 12, such as by air being pumped from duct 72 to the
sterile room through filter 12, or by air being removed from
the sterile room to duct 72 through filter 12. Regardless,
HEPA filter 12 is disposed between the sterile room and
supply air duct 72, such that filter 12 can trap contaminants,
thereby preventing them from being circulated through the
sterile room, such that the sterile room can remain sterile and
free of contaminants.

[0047] As noted above, system 10 is in communication
with supply air duct 72 through multi-port interface 36.
Challenge port 38 is connected to supply air duct 72,
forming a portion of a closed loop, via challenge line 64. It
is preferred that the connection point between challenge line
64 and supply air duct 72 is disposed approximately 6-10
feet above top surface 16 of HEPA filter 12, so that any
substances introduced into supply air duct 72 via challenge
port 38 has time and space to be thoroughly mixed with the
gases already present within supply air duct 72. As such, the
concentration of the challenge substances is evenly dis-
persed within supply air duct 72 prior to interacting with
HEPA filter 12. Similarly, verification port 40 is connected
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to supply air duct 72, forming another portion of the closed
loop, via verification line 68. The connection point between
verification line 68 and supply air duct 72 is disposed
adjacent to bottom surface 18 of HEPA filter 12, such that
the verification of the amount of contaminants after traveling
through HEPA filter 12 can be accurate and can adequately
test HEPA filter 12 for leaks. The attachment points are
shown in greater detail in FIG. 4, which also depicts
different surfaces of HEPA filter 12, such as left side surface
24 and right side surface 26. While the attachment point
between challenge line 64 and supply air duct 72 is shown
toward right side surface 26 of HEPA filter 12, it is con-
templated that challenge line 64 can be attached toward any
side of HEPA filter 12. Similarly, while the attachment point
between verification line 68 and HEPA filter 12 is shown on
left side surface 24, it is contemplated that verification line
68 can be attached to any side of HEPA filter 12. Moreover,
while the attachment between challenge line 64 is shown
connected to supply air duct 72, it is contemplated that
challenge port 38 can be connected directly to HEPA filter
12, an embodiment that will be discussed in greater detail
below.

[0048] FIG. 5 and FIG. 6 depict the attachments between
challenge line 64 and supply air duct 72 and between
verification line 68 and HEPA filter 12, respectively. As
shown in FIG. 5, which depicts the portion of FIG. 4 that is
circled and labeled as numeral 5, challenge line 64 is
indirectly coupled to supply air duct 72 via challenge fitting
49. Similarly, as shown in FIG. 6, which depicts the portion
of FIG. 4 that is circled and labeled as numeral 6, verifica-
tion line 68 is indirectly coupled to HEPA filter 12 via
verification fitting 57. Each of challenge fitting 49 and
verification fitting 57 provide secure fittings coupled to each
of supply air duct 72 and HEPA filter 12, respectively, such
that a closed loop can be created through the entire system
10.

[0049] FIG. 7 depicts a simplified example of multi-port
interface 36, including challenge port 38 and verification
port 40, with each of the ports being designed to couple with
HEPA filter 12. As shown in FIG. 7, challenge port 38
includes a diameter greater than a diameter of verification
port 40. The diameter of challenge port 38 is greater to easily
allow for the introduction of challenge substances into
system 10, since the challenge substances do not need to be
pressurized at challenge port 38. The pressurization of
challenge substances is discussed in greater detail below.
The diameter of verification port 40 is smaller so that a
relatively small amount of pressurized air is tested via
verification port 40, such that the majority of the air within
system 10 flows directly to HEPA filter 12 and not through
verification port 40, thereby providing a non-disruptive and
accurate sampling of the air via verification port 40.

[0050] FIG. 8 depicts an alternative embodiment of sys-
tem 10, including multi-port interface 36 disposed integral
with HEPA filter 12, such that multi-port interface 36 is a
component of HEPA filter 12. In this embodiment, there is
no need to retrofit interface 36 within a sterile room after
HEPA filter 12 has already been installed therein. Instead,
interface 36 is a component of HEPA filter 12, separate from
the filter media but in communication with the air upstream
of HEPA filter 12. As such, multi-port interface 36 is easily
utilized to test HEPA filter 12 by a technician within the
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sterile room, without the need to couple interface 36 with
HEPA filter 12 after HEPA filter 12 is previously installed
within the sterile room.

[0051] FIGS. 9A, 9B, and 9C depict an embodiment of
multi-port interface 136, which is similar in many ways to
multi-port, interface 36. In particular, multi-port interface
136 also includes multiple ports designed to provide attach-
ments between testing equipment and a HEPA filter, creating
a closed-loop system between the testing equipment and the
HEPA filter through the ports of the interface. Multi-port
interface 136 includes challenge port 138 and verification
port 140, which are similar to challenge port 38 and veri-
fication port 40 discussed in greater detail above. Each of
challenge port 138 and verification port 140 provides a
through-hole through which testing substances can be intro-
duced into a HEPA filter, and removed from a HEPA filter,
respectively. As shown in FIGS. 9A and 9B in particular, the
body of challenge port 138 is further secured to multi-port
interface 136 via threaded member 142, which is designed
to reside adjacent to and flush with back side 154 of interface
136. The sides of interface 136 will be discussed in further
detail below.

[0052] Multi-port interface 136 is designed to be installed
within a ceiling of a room, particularly a sterile room, similar
to interface 36 discussed in detail above. Accordingly,
multi-port interface 136 includes front side 150 which is
adapted to face a sterile room, such that a person within the
sterile room would see front side 150 of multi-port interface
136 installed within the ceiling of the sterile room. Multi-
port interface 136 also includes back side 154, which is
designed to be disposed within the ceiling of the sterile
room, toward the HEPA filter. Back side 154 and front side
150 are separated by interface body 152, with the ports of
interface 136 extending through body 152 from front side
150 through back side 154. As such, a tube can couple to one
of the ports on front side 150 of interface 136, such that
fluids can pass through body 152 and back side 154.
[0053] To aid in the installation of multi-port interface 136
within a ceiling of a sterile room, interface 136 includes
rotatable clips 160a and 1604. Clips 160a and 1605 are
disposed on back side 154 of interface 136, such that the
clips are designed to be disposed within a ceiling, providing
an anchor point to further secure interface 136 within the
ceiling. Each of clips 160a and 1605 is rotatable via screws
162, which extend from front side 150 of interface through
back side 154. By rotating screws 162, clips 160a and 1605
similarly rotate with respect to multi-port interface 136. As
shown in FIG. 9A, clips 160a and 1605 can be rotated to
extend away from interface 136, thereby providing anchor
points when installed in a ceiling. As shown in FIG. 9B, clips
160a and 1605 can be rotated to be adjacent to the sides of
interface 136 in a storage configuration. The rotation of clips
160a and 1605 is depicted by arrows in FIGS. 9A and 9B.
Similarly, clips 160a and 1605 are shown in an extended
configuration in FIG. 9C, which shows cover 170 disposed
on front side 150 of multi-port interface 136. Cover 170
provides an aesthetic covering for multi-port interface 136,
particularly when interface 136 is not in use, thereby con-
cealing the ports of multi-port interface 136 when the ports
are not being used to test a HEPA filter.

[0054] Turning now to FIG. 10, front side 150 of multi-
port interface 136 is shown in greater detail. Front side 150
includes a plurality of metallic components 172, which are
disposed about front side 150 to create a magnetic field
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about front side 150. As such, cover 170 can include
oppositely-polarized metallic components to magnetically
couple with components 172, thereby securing cover 170 to
front side 150 without the need to adhere or otherwise
physically secure cover 170 to interface 136. Cover 172
could alternatively be hingedly coupled to front side 150,
such that cover 172 can be easily removed to provide access
to multi-port interface 136 without the need for external
tools to remove cover 172.

[0055] Also shown in FIG. 10 are the front sides of screws
162a and 1625, which control the rotation of clips 160a and
16054, respectively. By rotating screws 162a and 1625 clock-
wise and counterclockwise, clips 160a and 1605 disposed
adjacent to back side 154 are also rotated with respect to
multi-port interface 136. Accordingly, clips 160a and 1605
can be maneuvered from front side 150 of interface 136,
such that the clips can be installed against and removed from
a ceiling from a sterile room, without the need to gain direct
access to the space above a ceiling to install and remove
interface 136 within the sterile room.

[0056] As shown in FIG. 10, multi-port interface 136 also
includes cam screw 144, which is rotatable with respect to
interface 136. The rotation of cam screw 144 controls a
locking mechanism within each of challenge port 138 and
verification port 140, thereby allowing for the connection
and removal of tubes coupled to each of the ports. The
internal mechanisms of multi-port interface 136 will be
described in greater detail below.

[0057] Turning now to FIGS. 11A and 11B, the internal
components of multi-port interface 136 are shown in greater
detail. As discussed above, cam screw 144 is rotatable with
respect to multi-port interface 136. Cam screw 144 is
coupled to actuator 146, which is an extension that is
designed to rotate and overcome a spring force on one of
challenge port 138 and verification port 140, thereby unlock-
ing one of the ports to provide for adding or removing a tube
from the port. For example, as shown in FIG. 11A, challenge
port 138 includes spring-loaded component 147 that is
biased to be disposed within the aperture of challenge port
138 in a locked configuration. In the locked configuration, a
tube coupled to challenge port 138 is secured within the
aperture of challenge port by spring-loaded component 147,
and cannot be safely removed without overcoming the
biasing force of spring-loaded component 147 and thereby
translating spring-loaded component 147 away from the
aperture. As such, when cam screw 144 rotates counter-
clockwise with respect to interface 136, actuator 146 also
rotates and exerts a force on spring-loaded component 147
of challenge port 138. When cam screw 144 rotates approxi-
mately 90° counterclockwise, actuator 146 is approximately
horizontal with respect to front side 150 of interface 136.
When actuator 146 is approximately horizontal, cam screw
144 is in an unlocked configuration, and spring-loaded
component 147 is translated away from the aperture of
challenge port 138. As such, a tube coupled to challenge port
138 is no longer secured in place by spring-loaded compo-
nent 147, and the tube can be removed from challenge port
138. FIG. 11B shows the rotation of cam screw 144 toward
verification port 140, such that spring-loaded component
149 is translated away from the aperture of verification port
140 if cam screw 144 and actuator 146 rotate approximately
90° clockwise to be approximately horizontal with respect to
front side 150 of interface 136. The mechanism of over-
coming the biasing force of spring-loaded component 149 is
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largely identical to that of spring-loaded component 147,
and a tube coupled to verification port 140 is similarly safely
removed only by rotating cam screw 144 to unlock verifi-
cation port 140.

[0058] Also shown in FIG. 11A in particular are the valve
actuators within each of challenge port 138 and verification
port 140. Each of the ports has a default configuration that
is closed to air flow—in other words, even when equipment
is connected to the ports, unless the valves are actuated and
allow for air flow, the system is closed to air flow, unless the
valves are actuated by an insert. When an input line secures
within each of the ports, however, and when it is desired that
air flow through multi-port interface 136, the valves are
actuated to allow for the air flow. As shown in FIG. 11A,
challenge port 138 includes valve 157 disposed within the
aperture of challenge port 138. Valve 157 prevents air flow
through challenge port 138, unless valve 157 is actuated by
an input line translating valve 157 toward back side 154 of
interface 136. Similarly, verification port 140 includes valve
159 disposed within the aperture of verification port 140.
Similar to valve 157, valve 159 prevents air flow through
verification port 140, unless valve 159 is actuated by an
output line translating valve 159 toward back side 154 of
interface 136. The valve actuation mechanism described
above is an example of a valve actuator; it is contemplated
that other methods of actuation may be possible, such as
translations of valves 157 and 159 toward front side 150 of
interface 136. Moreover, a singular valve may take the place
of valves 157 and 159, with the singular valve being
independently actuated to allow for air flow through the
system.

[0059] Turning now to FIGS. 12A and 12B, embodiments
of dispersal pipes are shown in greater detail. As discussed
above, it is important that any testing substances introduced
into system 10 are introduced above the HEPA filter 12
media to allow the testing substances to mix with the air
already present in the system. As such, an embodiment of the
present invention includes a dispersal pipe designed to
disperse the testing substances throughout the system to
sufficiently mix the substances with the air in the system. As
such, the dispersal pipe is in communication with challenge
port 138, particularly via first intermediate line 64 from
challenge port 138 to the system, and coupled to the system
via primary filter fitting 49.

[0060] As shown in FIG. 12A in particular, an embodi-
ment of a dispersal pipe is shown as straight pipe 180.
Straight pipe 180 includes a plurality of apertures 182 that
are spaced about the surfaces of straight pipe 180, such that
the testing substances introduced into the system via chal-
lenge port 138 are relatively evenly dispersed throughout the
system via apertures 181. In the absence of dispersal pipe,
the testing substances would simply be introduced into the
system by traveling through primary filter fitting 49 and
would be concentrated in the area immediately surrounding
fitting 49. As such, it is unlikely that such a system would
create a relatively uniform concentration of the testing
substances within the system, and would likely result in an
inaccurate test result (i.e., showing a concentration either too
high or too low, depending on where the sample is taken
from and whether the testing substances dispersed properly).
Instead, straight pipe 180 with the plurality of apertures 182
allows for testing substances to be dispersed throughout the
system, leading to a higher likelihood that the testing sub-
stances will disperse through the system and thereby provide
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an accurate testing result. The combined diameter of each of
the plurality of apertures 182 is preferably equal to the
diameter of first intermediate line 64, such that there is no
different in pressure within dispersal pipe 180 when the
testing substances enter the pipe at fitting 49.

[0061] FIG. 12B depicts an embodiment of the dispersal
pipe, denoted as coiled pipe 190, similarly including a
plurality of apertures 192, similar to straight pipe 180
described in detail above. The difference between coiled
pipe 190 and straight pipe 180 is that coiled pipe 190
includes a greater surface area which may include branches
from the main intake portion of the pipe. Due to the greater
surface area and the branches through which the testing
substance can traverse before entering into the system, the
amount of testing substance injected into the system is
highly controlled and spread out. As a result, the embodi-
ment of dispersal pipe 190 shown in FIG. 12B can be
integrated directly into a HEPA filter, and does not need to
be installed several feet above the HEPA filter, since the
dispersal of gases through pipe 190 is much more spread out
and less likely to result in a high concentration of gas in one
particular area of the HEPA filter.

[0062] Referring now to FIG. 13, in conjunction with
FIGS. 1-12B, an exemplary process-flow diagram is pro-
vided, describing a method of accurately testing a HEPA
filter by using a multi-port interface. The steps delineated in
the exemplary process-flow diagram of FIG. 13 are merely
exemplary of a preferred order of accurately testing a HEPA
filter, and the steps may be carried out in another order, with
or without additional steps included therein.

[0063] The method begins at step 200, during which
challenge equipment is connected to a multi-port interface
via a challenge port, and verification equipment is connected
to the multiport interface via a verification port. When the
challenge equipment and the verification equipment are
connected to the multi-port interface, each of the equipment
is secured within the ports of the multi-port interface, such
as through a spring-loaded mechanism described above.
Alternatively, the equipment may be threaded into the inter-
face, screwthreadedly-connected to the interface, adhered to
the interface, coupled via a magnetic relationship, or via
other similar securing mechanisms known in the art. More-
over, in order to disconnect the equipment from the inter-
face, an actuator must be utilized to allow for the discon-
nection—for example, a spring must receive a force from an
actuator to compress and allow for disconnection of the
equipment.

[0064] In a default configuration, each of the challenge
port and the verification port is closed to the exterior
environment. As such, gas can only flow through the multi-
port interface by interacting with one or both of the chal-
lenge equipment and the verification equipment. The flow of
gas in controlled within each of the apertures of the chal-
lenge port and the verification port, with gas only being
allowed to flow by actuating a valve within the ports.
Typically, the valves are actuated by input lines coupled to
the ports, which function to change the configuration of the
ports to be open to gas flow.

[0065] When the challenge equipment is connected to the
challenge port of the multi-port interface, the method pro-
ceeds to step 202, during which a challenge substance is
injected through the challenge port. The challenge substance
is introduced into an area upstream from a HEPA filter
during step 204. In an embodiment, the challenge substance
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is introduced between 6 and 10 feet above the HEPA filter
to allow the substance to disperse within the air upstream
from the HEPA filter, thereby ensuring that an accurate
reading of the concentration of challenge substance is cal-
culated later in the method. The challenge substance is
typically an aerosol substance that is designed to test the
efficiency of a HEPA filter, with the challenge substance
designed to be dispersed toward the HEPA filter and retained
by the filter media within the HEPA filter. If more than a
threshold value of the challenge substance is detected down-
stream from the HEPA filter, then there is likely a leak in the
HEPA filter, and the filter should be replaced. The calcula-
tion is discussed in greater detail below.

[0066] The method next proceeds to step 206, during
which an amount of the air in the area just upstream from the
HEPA filter is removed from the system via the verification
port discussed above. The air is drawn through the verifi-
cation port by the verification equipment, which is designed
to test a concentration of the challenge substance within the
air sample removed from the system. Since the challenge
equipment and the verification equipment work in tandem,
a technician or machine can compare the concentration
injected into the system (as indicated by the challenge
equipment) with the concentration measured by the verifi-
cation equipment during step 208. As such, the verification
equipment provides an accurate representation of the con-
centration of the challenge substance within the system,
since the concentration is compared with the injected con-
centration before performing a final calculation on the status
of the HEPA filter.

[0067] After the verification equipment obtains a calcula-
tion of the concentration of the challenge substance, the
method proceeds to step 210, during which a technician or
machine disposed within a sterile room downstream from
the HEPA filter obtains a reading of the concentration of the
challenge substance detected in the sterile room. As such,
the technician measures the amount (if any) of the challenge
substance that entered into the sterile room and that was not
captured by the HEPA filter. The concentration detected
within the sterile room is compared with the concentration
of challenge substance measured during step 208, and a final
calculation is performed to determine the if the HEPA filter
should be replaced. The HEPA filter should be replaced if the
concentration detected in step 210 is above a threshold
value, such as 0.01 micrograms of the challenge substance
per Liter of air. However, it is appreciated that different
challenge substances may result in different threshold val-
ues, and that different HEPA filters may result in different
threshold values.

[0068] The advantages set forth above, and those made
apparent from the foregoing description, are efficiently
attained. Since certain changes may be made in the above
construction without departing from the scope of the inven-
tion, it is intended that all matters contained in the foregoing
description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

[0069] It is also to be understood that the following claims
are intended to cover all of the generic and specific features
of the invention herein described, and all statements of the
scope of the invention that, as a matter of language, might
be said to fall therebetween.

Dec. 5, 2019

What is claimed is:

1. A testing system for use in combination with a high
efficiency particulate air (HEPA) filter, the testing system
comprising:

a multi-port interface including a challenge port indepen-
dent from a verification port, the multi-port interface
providing a platform to which testing equipment can be
secured, the testing equipment including a challenge
equipment and a verification equipment;

the challenge port defining an aperture and including a
valve extending toward the aperture, the aperture
adapted to receive and retain an input line from the
challenge equipment, the valve adapted to control the
flow of a challenge substance through the challenge
port from the challenge equipment, the challenge sub-
stance adapted to test a status of the HEPA filter;

the verification port defining an aperture and including a
valve extending toward the aperture, the aperture
adapted to receive and retain an output line to the
verification equipment, the valve adapted to control the
flow of an amount of air through the verification port to
the verification equipment, the amount of air including
a concentration of the challenge substance;

a first intermediate line secured to the challenge port at a
first end and to a supply air duct in communication with
the HEPA filter at a second end, the second end being
disposed upstream from the HEPA filter such that the
concentration of the challenge substance disperses
through an area upstream from the HEPA filter, the
supply air duct adapted to translate airflow toward the
HEPA filter; and

a second intermediate line secured to the verification port
at a first end and to the supply air duct at a second end,
the second end being disposed between a bottom sur-
face of the HEPA filter and the second end of the first
intermediate line, such that an amount of air can be
removed from the system via the second intermediate
line, the amount of air adapted to be tested for the
concentration of the challenge substance, such that an
accurate test can be performed on leakages within the
HEPA filter.

2. The testing system of claim 1, further comprising a
dispersal pipe coupled to the second end of the first inter-
mediate line, the dispersal pipe disposed within the area of
the supply air duct disposed upstream from the HEPA filter
and adapted to disperse the challenge substance throughout
the area to mix the challenge substance with the air within
the area.

3. The testing system of claim 2, wherein the dispersal
pipe includes a plurality of apertures designed to evenly
disperse the challenge substance within the area of the
supply air duct disposed upstream from the HEPA filter.

4. The testing system of claim 3, wherein a cumulative
diameter of the plurality of apertures is equal to a diameter
of the first intermediate line, thereby reducing a risk of
impaction associated with differences in pressure.

5. The testing system of claim 1, further comprising a
magnetic cover removably affixed to a front surface of the
multi-port interface, such that the multi-port interface can be
concealed when not in use.

6. The testing system of claim 1, further comprising a cam
screw in communication with the challenge port, the cam
screw adapted to apply a force against a spring-loaded
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component to compress the spring-loaded component, such
that an input line can be inserted and removed from the
challenge port.

7. The testing system of claim 1, further comprising a cam
screw in communication with the verification port, the cam
screw adapted to apply a force against a spring-loaded
component to compress the spring-loaded component, such
that an output line can be inserted and removed from the
verification port.

8. The testing system of claim 1, further comprising one
or more rotatable clips each secured to the multi-port
interface via a screw, each of the one or more rotatable clips
rotatable with respect to the multi-port interface, such that
the clips are installable within a ceiling panel proximate to
the HEPA filter.

9. A method of testing a high efficiency particulate air
(HEPA) filter, the method including the steps of:

injecting a challenge substance through a challenge port

on a multi-port interface in communication with an area
upstream from a HEPA filter;

dispersing the challenge substance into the area upstream

from the HEPA filter, such that the challenge substance
mixes with air in the area upstream from the HEPA
filter;

removing an amount of the air in the area upstream from

the HEPA filter via a verification port;

measuring a concentration of the challenge substance in

the amount of the air removed from the area upstream
from the HEPA filter;

measuring a concentration of the challenge substance in

an area downstream from the HEPA filter;

comparing the concentration of the challenge substance

upstream from the HEPA filter with the concentration
of the challenge substance downstream from the HEPA
filter;

wherein if the concentration of the challenge substance

downstream from the HEPA filter is above a threshold
value, the HEPA filter includes a leak.

10. The method of claim 9, further comprising the steps
of connecting a challenge equipment to the challenge port
and a verification equipment to the verification port, the
challenge substance injectable through the challenge port via
the challenge equipment, and the amount of the air remov-
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able from the area upstream from the HEPA filter via the
verification equipment, each of the challenge equipment and
the verification equipment adapted to provide measurements
of'the concentration of the challenge substance such that any
leak in the HEPA filter is detectable.

11. A testing system for use in combination with a high
efficiency particulate air (HEPA) filter, the testing system
comprising:

a multi-port interface including a challenge port indepen-

dent from a verification port:

the challenge port defining an aperture through which
a challenge substance can be injected into an area of
a supply air duct disposed upstream from the HEPA
filter; and

the verification port defining an aperture through which
an amount of the challenge substance can be
removed for testing, the challenge substance adapted
to test a status of the HEPA filter;

a dispersal pipe in mechanical communication with the
challenge port, the dispersal pipe disposed within the
area of the supply air duct disposed upstream from the
HEPA filter and adapted to disperse the challenge
substance throughout the area to mix the challenge
substance with the air within the area; and

an intermediate line secured to the verification port at a
first end and to the supply air duct at a second end, the
second end being disposed between a bottom surface of
the HEPA filter and the dispersal pipe, such that an
amount of air can be removed from the system via the
intermediate line, the amount of air adapted to be tested
for the concentration of the challenge substance, such
that an accurate test can be performed on leakages
within the HEPA filter.

12. The testing system of claim 11, wherein the dispersal
pipe includes a plurality of apertures designed to evenly
disperse the challenge substance within the area of the
supply air duct disposed upstream from the HEPA filter.

13. The testing system of claim 11, further comprising a
magnetic cover removably affixed to a front surface of the
multi-port interface, such that the multi-port interface can be
concealed when not in use.
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