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INTERCHANGEABLE INLET PROTECTION SYSTEMS FOR AIR INTAKES OF
AIRCRAFT ENGINES AND RELATED METHODS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Non-Provisional Patent Application
No. 13/841,411 filed 15 March 2013, the entire disclosure of which is hereby incorporated by

reference in its entircty.
FIELD

[0002] The field of this disclosure relates generally to air inlet protection systems for
aircraft and related methods, and more particularly, to inlet protection systems for aircraft engine

air intakes and to related methods.
BACKGROUND

[0003] An engine for aircraft propulsion requires intake air that is free from
contaminants to provide for efficient combustion and avoid damage to internal engine
components. Some known compressors and turbines are designed with small clearances between
moving parts that maximize efficiency, but which also increase vulnerability to damage of
engine parts from small foreign particles. Contaminants in intake air, even in a small amount or
of a very small size, may cause premature wear on engine components, increase maintenance
costs, and degrade operational performance and reliability. Aircraft are exposed to contaminants
when operating at low altitudes where air is frequently contaminated with material from the
ground, such as sand and dust. This problem may be aggravated for helicopters due to rotor
downwash and prolonged low-altitude operation. Systems which remove foreign particles from
intake flow have been developed to protect the engine from damage. For example, an inlet
protection device filter may be positioned across the intake of the engine. However, such

systems are not completely satisfactory.

[0004] This section is intended to introduce various aspects of art that may be related
to various aspects of the present disclosure, which are described and/or claimed below. This
discussion should be helpful in providing background information to facilitate a better
understanding of the various aspects of the present invention. These statements are to be read in

this light, and not as admissions of prior art.
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SUMMARY

[0005] A first aspect is an inlet protection system for filtering air prior to entry into an
air intake of an engine of an aircraft. The inlet protection system includes a removable panel
connected to a bleed air supply. The removable panel has an outer skin and a plurality of particle
separators. The outer skin is aligned with an outer contour of the aircraft. The plurality of particle
separators are attached to the outer skin and disposed to provide filtered air to the air intake. The
outer skin has an opening disposed along a portion of it to discharge filtered particles from
within the removable panel directly outward therefrom. The bleed air supply is connected with
the engine to supply bleed air to the opening in the removable panel to aid in discharge of

filtered particles.

[0006] Another aspect is a removable inlet protection system for filtering air prior to
entry into an air intake of an engine of an aircraft. The inlet protection system includes a first
removable barrier filter panel and a second removable particle separator panel. The first
removable barrier filter panel is adapted to be mounted on the aircraft adjacent the air intake and
includes barrier filter media. The first panel is adapted to be mounted conformal to the contour of
the aircraft and having an outer periphery. The second removable particle separator panel is
adapted to be mounted on the aircraft adjacent the air intake and includes particle separators. The
second panel is adapted to be mounted conformal to the contour of the aircraft and has an outer
periphery that is substantially the same as the outer periphery of the first panel so as to be

interchangeable with the first panel.

[0007] Another aspect is a barrier filter system that includes a first filter panel, second
movable bypass filter panel, and a torque tube supporting at least one edge of the bypass filter

panel.

[0008] Various refinements exist of the features noted in relation to the above-
mentioned aspects. Further features may also be incorporated in the above-mentioned aspects as
well. These refinements and additional features may exist individually or in any combination.
For instance, various features discussed below in relation to any of the illustrated embodiments

may be incorporated into any of the above-described aspects, alone or in any combination.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The drawings are not to scale and certain features may be exaggerated for ease

of illustration.

[0010] Fig. 1 is a perspective view of an aircraft according to one embodiment of the

present disclosure;

[0011] Fig. 2 is a perspective view of an aircraft having a particle separator device

according to one embodiment of the present disclosure;
[0012] Fig. 3 is an outer view of the particle separator device of Fig. 2;
[0013] Fig. 4 is an inner view of the particle separator device Fig. 3;
[0014] Fig. 5 is a bottom view of the particle separator device of Figs. 3 and 4;
[0015] Fig. 61is a front view of the particle separator device of Figs. 3-5;
[0016] Fig. 7 is a rear view of the particle separator device of Figs. 3-6;

[0017] Fig. 8 is an outer perspective view of a discharge duct for use with the particle

separation device of Fig. 2;
[0018] Fig. 9 is an inner perspective view of the discharge duct of Fig. §;
[0019] Fig. 10 is a rear perspective view of the discharge duct of Figs. 8 and 9;

[0020] Fig. 11 is a perspective view of the aircraft having a barrier filter device

instead of the particle separator;
[0021] Fig. 12 is an outer view of the barrier filter device of Fig. 11;
[0022] Fig. 13 is a front view of the barrier filter device of Figs. 11 and 12;
[0023] Fig. 14 is a rear view of the barrier filter device of Figs. 11-13;

[0024] Fig. 15 is a rear perspective view of the inside of the barrier filter device of

Figs. 11-14;



WO 2014/200590 PCT/US2014/028351

4

[0025] Fig. 16 is a forward perspective view of the inside of the barrier filter device of

Figs. 11-15;
[0026] Fig. 16 is a front view of the barrier filter device of Figs. 10 and 11;
[0027] Fig. 17 is a front view of the barrier filter device of Fig. 11 with a fairing;
[0028] Fig. 18 is a top view of the barrier filter device of Fig. 17;

[0029] Fig. 19 is an inner view of the barrier filter device of Figs. 11-16 in an open

position;
[0030] Fig. 20 is an inner view of the barrier filter device of Fig. 18;

[0031] Fig. 21 is an inner view of the barrier filter device of Figs. 11-16 in a closed

position;
[0032] Fig. 22 is an inner view of the barrier filter device of Fig. 21;

[0033] Fig. 23 is an inner view a bypass filter of the barrier filter device of Fig. 11

with a torque bar and actuation arm;
[0034] Fig. 24 is an inner view the bypass filter of the barrier filter device of Fig. 11.
DETAILED DESCRIPTION

[0035] With reference to Figure 1, an aircraft is shown and generally indicated at 50.
The aircraft includes an inlet protection system 100. The inlet protection system 100 generally
includes a removably attached particle separator panel 200, as shown in Figure 2, and

interchangeably, a barrier filter panel 300, as shown in Figure 10.

[0036] With reference to Figures 2 and 3, the particle separator panel 200 is adapted
to be mounted on the aircraft adjacent the air intake and includes a plurality of particle separators
210. At least a portion of the particle separators 210 are mounted in a body 220 and are aligned
in rows extending from front to back along the body. In this embodiment, the body 220 is made
of composite material and generally curved front to back and top to bottom. A D-shaped
discharge opening 222 is located along an aft section of the body 220 at a height location above a
vertically disposed midpoint of the body.
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[0037] The body includes an inner skin 224, an outer skin 226, and a perimeter skin
228 connecting the inner and outer skins. A cavity 230 is defined within the body 220, between
the inner skin 224, the outer skin 226, and the perimeter skin 228. The inner and outer skins 224,
226 include a plurality of holes 232 extending therethrough. Each of the plurality of holes 232 is

sized and shaped to receive at least a portion of a particle separator 210 therein.

[0038] Each particle separator 210 of this embodiment generally includes an outer
part 212 and an inner part 214. The outer part 212 includes a cylindrical tube covered with screen
216 to prevent entry of larger debris. The inner part 214 includes a conical shaped tube that is
received in the outer part 212. Each particle separator is configured to separate particles from air
passing therethrough, so as to allow debris particles to be evacuated from within the particle
separator 210. The evacuated particles are expelled from the particle separator 210 into the

cavity 230 between the inner skin 224 and outer skin 226.

[0039] The efficiency of the particle separator 210 will vary based on the type of
separator used and the operating conditions, but may be at least 90%, at least 91%, at least 92%

or in some embodiments between 93 and 95%.

[0040] Each particle separator 210 is spaced from an adjacent particle separator to
create a gap therebetween. The gap between particle separators 210 allows the evacuated debris
to exit from the particle separator 210 between the outer part 212 and the inner part 214 and be
transported through the cavity 230.

[0041] The particle separators 210 are arranged to form several channels that extend
through the cavity 230 in the body 220. A first channel 234 extends upward at a rearward angle
to approximately one-quarter the overall height of the body 220. A second channel 236 extends
from the top rear end of the first channel 234 rearward to connect with a third channel 238. The
third channel 238 extends upward in a rearward direction to meet the discharge opening 222 in
the outer skin 226. In some embodiments, more or less channels arranged in different
configurations may be used. The expelled particles pass between the tubes and/or around a
perimeter of the cavity 230 and/or through one or more of the channels 234, 236, and 238, and
out of the discharge opening 222.

[0042] In some embodiments, the particle separator panel is devoid of these channels.

In these embodiments, the channels are omitted, and separators may be disposed in their place.
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The expelled particles pass between the tubes and/or around a perimeter of the cavity 230, and

out of the discharge opening 222.

[0043] A relatively small amount of scavenge air is also expelled from between the
outer part 212 and the inner part 214 into the cavity 230 that creates a low pressure area in the
cavity 230. The scavenge air carries the particles from the particle separators 210, through the

cavity 230, and out of the discharge opening 222.

[0044] With additional reference to Figures 1 and 7-9, the particle separator panel 200
also includes a discharge duct 240 extending outward and rearward from the discharge opening
222.

[0045] A scal 242 is located between the discharge duct 240 and the body 220 to
prevent ambient air from entering into the discharge opening 222 or the discharge duct and to
facilitate particle expulsion therethrough. The seal 242 facilitates a substantially airtight seal
between the duct and panel. The discharge duct 240 opens to the rear of the aircraft and may also
facilitate a differential pressure between the ambient air and the air being expelled from the
discharge duct in forward flight. The difference in pressure aids in the expulsion of particles

from within the discharge duct 240.

[0046] In this embodiment, the discharge duct 240 is attached to an adjacent access
panel that is adapted to be moved outward from the aircraft. Movement of the adjacent access
panel to an open or removed position, e.g., when the access panel is swung open, causes the duct
to move with the access panel to a position away from the particle separator panel. When moved

back into position, the seal 242 operates to form an airtight seal against with the separator panel.

[0047] With reference to Figure 6, the particle separator panel 200 includes an ejector
250 connected with a rear portion of the perimeter skin 228. The ejector 250 extends into the
cavity 230, out through the discharge opening 222, and rearward through the discharge duct 240.
The ejector 250 is connected with a bleed airline (not shown) within the aircraft for redirecting a
portion of the air from the engine compressor into the discharge duct 240 to increase the velocity
of air passing therethrough. In the alternative, a blower or fan may be used to increase the

velocity of air passing through the discharge duct.

[0048] With reference to Figure 4, an inspection port 260 is located along a lower

section of the lower perimeter skin 228. The inspection port 260 provides access to the cavity
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230 from the bottom of the body. The inspection port 260 is covered by an inspection plate or
panel 262 to prevent air from exiting through the inspection port. Removal of the plate 262
allows access to the inspection port 260 and removal of trapped debris located within the body.
The inspection port 260 reduces maintenance time needed to inspect and maintain the particle

separator panel.

[0049] With reference to Figures 5 and 6, an upper portion of the perimeter skin 228 is
attached to the aircraft by a pair of hinges 252. The hinges 252 allow the particle separator panel
200 to be moved from a first position substantially matching the outer contour of the aircraft to a
second position that is substantially outward from the aircraft. The inspection plate 262 is
exposed when the particle separator panel 200 is in the second position to allow the inspection
plate 262 to be removed and the cavity 230 of the particle separator panel to be cleared without
removal of the entire particle separator panel from the aircraft. An advantage of the particle
separator panel 200 being movable from a first position to a second position is a reduction in
maintenance time and the number of maintenance personnel needed to inspect and maintain the

particle separator panel.

[0050] In some embodiments, the particle separator panel is not attached to the
aircraft by hinges. In these embodiments, the particle separator panel is fastened to the aircraft

and removal of the fasteners allows the particle separator panel to be removed from the aircraft.

[0051] In some embodiments, an access door (not shown) may be attached to the inlet
protection system through hinges. The access door may be opened to connect and disconnect
airlines and electrical connectors from the inlet protection system. In these embodiments,

removal of the inlet protection system also removes the access door from the aircraft.

[0052] With further reference to Figures 10-11, the barrier filter panel 300 includes a
frame 310, an upper filter 330, a bypass filter 340, and optionally, bypass doors 350. The frame
310 includes an upper portion containing the upper filter 330 and a lower portion or bypass filter
frame containing the bypass filter 340. The barrier filter panel 300 is substantially aligned with
an outer surface or contour of the aircraft along a portion of the barrier filter panel, but may be
spaced from the outer surface of the aircraft along a portion of the barrier filter panel. This may
be accomplished by a suitable fairing 360, e.g., along the forward edge of the inlet protection

panel that covers the area adjacent the bypass doors 350, as shown in Figures 17 and 18. In some
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embodiments, a fairing may be installed along any portion of barrier filter panel that does not

match the contour profile of the aircraft.

[0053] The frame 310 includes a first skin 312 that is substantially aligned with the
outer contour of the aircraft. The first skin 312 includes a plurality of holes for fasteners
distributed about the perimeter for attaching the barrier filter panel 300 to the aircraft. The
plurality of holes form a pattern that is substantially in alignment with a fastening pattern in the
particle separator panel 200 to allow interchangeability of the particle separator panel with the

barrier filter panel 300.

[0054] The frame 310 also includes a second or outer skin 314 for containment of
both the upper filter 330 and bypass filter 340. The upper filter 330 and the bypass filter 340
contain a filter media, which may be wet or dry media. In one embodiment, the filter media is
capable of achieving high particle removal efficiencies. In this embodiment, the media has a face
velocity range of between 15 to 50 feet per second (fps). The pressure drop across the media will
range from .6 inches of water at 15 fps to 5.6 inches of water at 50 fps. The filter media is
suitably made of a lightweight material that will also be resistant to damage by water and other
liquids it may encounter in operation. Suitable filter media includes paper, woven cotton,
polyester or felt. The media may include a grid fabric having a plurality of layers. The filter
media may be strengthened by a stainless steel screen (not shown) which encloses all or a
portion of the filter media. To improve the filter efficiency for finer particles, the filter media
may be impregnated with oil that not only improves particle removal, but also helps resist
moisture absorption by the filter media rendering it waterproof. The media of this embodiment is
also pleated. Various other configurations, including other filter media and unpleated media are

contemplated within the scope of the disclosure.

[0055] The second skin 314 matches the contour of the aircraft along a forward
portion and is spaced outward from the contour of the aircraft along the rear portion. The second
skin is bowed from top to bottom along the length of the rear portion to substantially match the
contour of the aircraft along a portion of the perimeter of the barrier filter panel 300. The second

skin 314 is attached to the first skin 312 about a portion of the perimeter thereof.

[0056] Optional bypass doors 350 may extend for example along the rear portion of
the frame 310 between the first skin 312 and the bow formed by the second skin 314. The bypass

doors 350 are movable from a first or closed position that inhibits air from flowing through a
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passage along the rear of the body and into the aircraft engine inlet to a second or open position
that allows air to flow through the passage. The bypass doors 350 may be positioned to allow
large debris to be directed along the second skin 314, across the filters 330 and 340, and
outward, away from the bypass doors. The bypass doors 350 may be connected with the bypass
filter 314 through a torque tube 352. In other embodiments, the barrier filter panel is devoid of
any bypass doors.

[0057] With reference to Figures 12-15, the torque tube 352 is connected with an
actuating mechanism 354 for moving or rotating the torque tube. In other embodiments, the

bypass filter and the bypass doors may be moved by a motion other than rotation.

[0058] The actuating mechanism 354 and the torque tube 352 are connected through a
link system 356. The link system 356 converts linear movement of the actuating mechanism 354
into rotational movement of the torque tube 352. In some embodiments, a bellcrank or gear may

be used to limit movement of the torque tube, upper filter, and/or the bypass doors.

[0059] The actuating mechanism 354 is connected with the aircraft through an
electrical connector 358 having a male and female fitting. The electrical connector 358 provides
a quick disconnect between the aircraft and the barrier filter panel 300. The aircraft portion of the
electrical connector is positioned to not interfere with attachment of either the barrier filter panel

300 or the particle separator panel 200 to the aircraft.

[0060] With reference to Figures 19-24, the bypass filter 340 is rotationally connected
with the torque tube 352 to provide rotational movement of the bypass filter 340 about the length
of the torque tube in rotational relation to the torque tube. Rotational movement of the bypass
filter 340 changes the position of the bypass filter from the first or closed position which
prevents unfiltered air from passing around the filter, to a second or open position allowing
unfiltered air to enter the engine inlet around the filter (bypass mode). Rotation of the bypass
filter from the first position to the second position substantially reduces air flowing through the
bypass filter 340. The reduction of air flowing through the bypass filter 340 is accompanied by

an increase of air flowing around the bypass filter and into the engine inlet.

[0061] The torque tube 352 provides torsional rigidity to the bypass filter 340 when
the bypass filter is in an open position. The torque tube 352 is an aluminum extrusion, but may

be of other materials. In some embodiments, the torque tube is machined from a single piece of



WO 2014/200590 PCT/US2014/028351

10

material. The torque tube 352 supports at least one edge of the bypass filter 340. With specific
reference to Figures 23 and 24, the bypass filter 340 is connected to the torque tube 352 through
fasteners at each end of the bypass filter 340. The bypass filter 340 extend around two sides of
the torque tube 352 to provide paths for counteracting forces to be transferred between the
bypass filter and torque tube. The torque tube 352 provides a rotation force to be transferred
down the length of the bypass filter 340. This distribution of the rotation force along the length
of the bypass filter 340 prevents one edge of the bypass filter from being out of alignment with a
directly opposite edge.

[0062] As shown, a solid frame member is disposed between the first filter panel and
the bypass filter panel and intake airflow is limited adjacent the frame member. The torque tube
is disposed along the frame member to minimize any impact of the torque tube on intake airflow.

The lower portion of the frame includes at least one clevis for receiving the torque tube.

[0063] With continued reference to Figures 12-15, the barrier filter panel 300 includes
a pressure sensor 370 to measure differential air pressure across the inside of the barrier filter
panel. The pressure sensor 370 may be connected with the aircraft through the same electrical
connector 358 as the actuating mechanism 354. A single electrical connector allows for quick
disconnect and reduces the steps required to install and uninstall the barrier filter panels. In some
embodiments, the actuating mechanism 354 and the pressure sensor 370 are connected with the

aircraft through separate electrical connectors.

[0064] The frame 310 includes an interior wall 316 spaced from the perimeter of the
first skin 312 and extending inward therefrom. The interior wall 316 is connected with the first
skin 312. An interior-most portion of the interior wall has a seal 318 extending along the
perimeter thereof. The seal 318 forms an airtight connection between the barrier filter panel 300
and the aircraft. Air is inhibited from entering into the engine inlet duct except through the upper

filter 330, the bypass filter 340, and/or bypass doors 350.

[0065] The pressure sensor 370 is connected with a warning light or display (not
shown) located within the cockpit. The warning light or display conveys operational information
of the barrier filter panel 300 to the operator of the aircraft, such as the pressure differential. The
illuminated warning light or display may indicate a decreased flow of air through the barrier

filter panel 300 and into the engine air inlet.
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[0066] A bypass switch (not shown) located within the cockpit of the aircraft allows
an operator to manually control the positions of the bypass filter 340 and/or the bypass doors
350. The operator may activate an actuation mechanism 354 through manual activation of the
bypass switch to allow air to bypass the barrier filters 330 and 340 and to enter the engine inlet
duct through the bypass filter 340 and/or bypass doors 350. The actuation system may be
contained within the first removable panel for ease of installation. Alternatively in other
embodiments, the system may be configured to, under predetermined conditions, automatically

activate the bypass switch and open the bypass filter and/or bypass doors.

[0067] Operation of the aircraft in dirty environments may clog the barrier filters 330
and 340 and require the barrier filters to be bypassed. The difference in airflow through the
barrier filters 330 and 340 creates a pressure difference measured by the pressure sensor 370,
which is connected to the display to advise the operators of the operational condition. The crew
may in turn activate the actuation mechanism 354 to cause the bypass filter 340 and/or the

bypass doors 350 to be moved into the second or open position.

[0068] Both the particle separator panel 200 and the barrier filter panel 300 are
adapted to be mounted conformal to the contour of the aircraft, having substantially the same
outer periphery, and include a common fastening pattern located about their respective outer
periphery. The common fastening pattern facilitates an easy interchange of one panel with the
other. This interchangeability allows different filter panels, e.g., a particle separator panel 200
and barrier filter panel 300, to be used on the same aircraft without extensive, costly retrofitting.
Advantages of using the interchangeable panels include reduced maintenance costs, reduced

labor associated with maintenance, and increased overall operational efficiency of the engine.

[0069] When introducing elements of the present invention or the embodiment(s)

"non

thereof, the articles "a", "an", "the" and "said" are intended to mean that there are one or more of
"non

the elements. The terms "comprising”, "including" and "having" are intended to be inclusive and

mean that there may be additional elements other than the listed elements.

[0070] As various changes could be made in the above constructions without
departing from the scope of the invention, it is intended that all matter contained in the above
description and shown in the accompanying drawings shall be interpreted as illustrative and not

in a limiting sense.
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WHAT IS CLAIMED IS:

1. An inlet protection system for filtering air prior to entry into an air intake of an

engine of an aircraft, the inlet protection system comprising;:
a removable panel including:
an outer skin aligned with an outer contour of the aircraft;

a plurality of particle separators attached to the outer skin and disposed to

provide filtered air to the air intake;

an opening disposed along a portion of the outer skin to discharge filtered

particles from within the removable panel directly outward therefrom; and

a bleed air supply connected with the engine to supply bleed air to the opening in

the removable panel to aid in discharge of filtered particles.

2. The inlet protection system of claim 1, wherein the opening is located above a

vertically disposed midpoint of the removable panel.

3. The inlet protection system of claim 1 or 2, further comprising a discharge duct
sealed over the opening to the removable panel to prevent ambient air from entering the

discharge duct.

4. The inlet protection system of claim 3, wherein the discharge duct and the

removable panel do not include a powered fan or blower.

5. The inlet protection system of any one of claims 1 to 4, further comprising an

gjector connected with the bleed air supply to direct the bleed air through the discharge duct.

6. The inlet protection system of any one of claims 1 to 5, further comprising a
plurality of hinges coupling the removable panel and the aircraft to permit rotational movement
of the removable panel with respect to the aircraft from a first position substantially in alignment
with the outer contour of the aircraft to a second position being pivotally rotated from the outer

contour of the aircraft about the hinges.
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7. The inlet protection system of any one of claims 1 to 6, further comprising an
inspection port located along a bottom surface of the removable panel to allow access to a cavity

defined within the removable panel.

8. The inlet protection system of claim 7, further comprising an inspection panel
positioned over the inspection port to prevent air from within the removable panel from exiting

through the inspection port.

9. The inlet protection system of claim 8, wherein the inspection port is accessible

by removal of the inspection panel when the removable panel is in the second position.

10. The inlet protection system of any one of claims 1 to 9, wherein the plurality
of particle separators for removing debris from air before entering the air intake of the engine are

arranged to form channels within the removable panel that connect with the opening.

11. The inlet protection system of any one of claims 1 to 10, in combination with

an aircraft.

12. The inlet protection system of any one of claims 1 to 11, wherein the outer

skin is made of a composite material.

13. An inlet protection system for filtering air prior to entry into an air intake of

an engine of an aircraft, the inlet protection system comprising:

a first removable barrier filter panel adapted to be mounted on the aircraft
adjacent the air intake and including barrier filter media, the first panel having an outer periphery

and adapted to be mounted conformal to the contour of the aircraft;

a second removable particle separator panel adapted to be mounted on the aircraft
adjacent the air intake and including particle separators, the second panel adapted to be mounted
conformal to the contour of the aircraft and having an outer periphery that is substantially the

same as the outer periphery of the first panel so as to be interchangeable with the first panel.

14. The inlet protection system of claim 13, wherein the first panel includes a

bypass having barrier filter media therein for filtering air when the bypass is closed.

15. The inlet protection system of claim 13 or 14, wherein the second panel

includes:
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an opening located along a portion of the second outer skin to discharge

filtered particles from within the second panel directly outward therefrom.

16. The inlet protection system of claim 15 in combination with the aircraft and
further comprising a bleed air supply connected with the engine to supply bleed air to the

opening in the second panel to aid in discharge of filtered particles.

17. The inlet protection system of claim 16, wherein the plurality of particle
separators for removing debris from air before entering the air intake of the engine are arranged

to form channels within the second panel that connect with the opening.

18. The inlet protection system of claim 14, wherein the first panel includes a
frame and an actuation system connecting the frame and the bypass, a pressure sensor to
determine air pressure differential across the inlet protection system, the actuation system being

contained within the first panel for ease of installation.

19. An inlet protection system for filtering air prior to entry into an air intake of

an engine of an aircraft, the inlet protection system comprising:

a barrier filter panel adapted to be mounted on the aircraft adjacent the air intake,

the barrier filter panel including:
a first filter panel having barrier filter media;

a bypass filter panel connected with the first filter panel and movable with

respect to the first filter panel, the bypass filter panel having a bypass filter frame; and

a torque tube supporting at least one edge of the bypass filter panel, the
torque tube rotatably connected with the bypass filter panel and providing torsional rigidity to

the bypass filter panel when the bypass filter panel is in an open position.

20. The system of claim 19, wherein the bypass filter frame is machined from a

single piece of rigid material.

21. The system of claim 19 or 20, wherein the bypass filter frame includes at

least one clevis for receiving the torque tube.
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22. The system of any one of claims 19 to 21, further comprising a frame
member between the first filter panel and the bypass filter panel and wherein airflow is limited
adjacent the frame member, wherein the torque tube is disposed along the frame member to

minimize an impact of the torque tube on intake airflow.
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