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THRUST REVERSER CASCADE

BACKGROUND OF THE INVENTIUON

LIRS Contemporary atrcraft engines may include a thrust reverser system to assist m
reducmg the atrcratt speed during landing. Typical thrust reversers include a movable
clement that when mn the active posttion divects airflow through a thrust reverser cascade that
reverses at least a portion of the airtlow passing through the engine. Thruost reverser cascades
are typically made from cast ahuminum or @ graphite/resin composiic using resin transier

molding processes or labor mtensive lay-up processes.

BRIEF DESCRIPTION OF THE INVENTION

062 in one aspect, an cmbodiment of the wmvention relates to a thrust reverser cascade
having a frame and a body. The body comprises multiple polymer resin layers formed by an

additive manutacturing process with at least one of the lavers coupled o the frame.
BRIEF DESCRIPTION OF THE DRAWINGS
{BE3] In the drawings:

{3004 Figure 1 15 a side view of an awcraft with ouiltiple engine assemblies, such as a

turbofan jet engine assembly, having a throst reverser.

RLIEERT Figure 2 1s a schematic sectional view of a portion of a turbotan jet engine

assembly of Figure 1, with a thrust reverser having a thrust reverser cascade.

B8] Figure 3 1s perspective view of a thrust reverser cascade according to an

cmbodmment of the mvention, and suitable for use m the turbofan jet engme of Figure 2,

[GGG7] Figure 4 1s cross-sectional taken along hine FV-1V of Figure 3.
[ BOR] Figure SA 15 a section view of detail SA of Figure 4 according to an embodiment

ot the mvention.

LR Figure 5B 18 a section view of detaal SA of Figure 4 according to another
embodiment of the invention.

(07 6] Figure 5C 18 a section view of detail 5A of Figure 4 according to vet another

embodiment of the imvention.
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(G011 Figure 6 18 a section view of a thrust reverser cascade vane showing the addition

manutachinmg process.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

(G812 Figure 1 illustrates an aircraft 2 having a fusclage 4 with wing assemblies 6
extending outward from the fusclage 4. One or more turbofan jet engine assemblics 8 may be
coupled to the aireratt 2 to provide propudsion. A pylon may be configured for securmg ong
of the jet engine assemblics 8 to a portion of the awrcraft 2. In the tllustrated example, cach
ict engine assembly 8 is operably coupled to a wing assembly 6. While a commercial aircraft
2 has been llustrated, 1t 18 contemplated that embodiments of the imvention may be used 1n
any type of awrcraft, tor example, without imitation, fixed-wing, rotating-wing, and military

aircraft.

(01 3] As iHustrated more clearty m Figure 2, each turbofan jet engine assembly 8 may
mchude a turbine engine 16, a fan assembly 18, and a nacellc 20. Portions of the nacelle 2{)
have been cut away for clarity. The nacclie 20 surrounds the turbine engine 16 and defines
an annular airflow path or annular bypass duct through the turbofan jot engine assembly & fo

detine a gencrally forward-to-att bypass airtiow path as illustrated by the arrows 21.

Q014 A thrust reverser 22 with at least one movable element 24, which 1s movable 10
and from a reversmg position, a blocker door 30 and a thrust reverser cascade 28 may be used
to change the direction of the bypass awrflow. In the reversing position, the movable clement
(1.¢. the transcowl) 24 and thrust reverser cascade 28 may be contigured to reverse at least a
portion of the bypass airflow. There are several methods of obtainmg reverse thrust on
turbotan jef engine assemblies 8. For exemplary purposes, one example of a thrust reverser
22 that may be used i the turbotan jet engine assembly 8 has been illostrated. The throst
reverser 22 mcludes at feast one mwoveable control surface or movable clement 24, a blocker
door 30 and a thrust reverser cascade 2. The movable element 24 has been illustrated as a
shidable portion of an cuter cowling that 15 capable of axaal motion with respect to the
torward portion of the nacelle 20. A hvdraulic {or pneumatic, or electric, or electro-
hydraulic) actuator 26 may be coupled to the movable clement 24 10 move the movable
clement 24 and/or a blocker door 30 mto and out of the reversing posifion. In the reversmg
position, as Hllustrated, the blocker door 30 limits the annular bypass arca between the

movabic clement 24 and the turbine engine 16, i alsoc opens up a portion between the



CA 02938348 2016-07-28

WO 2015/119740 PCT/US2015/010733

movable clement 24 and the forward portion of the nacelle 20 such that the air flow path may
pass through the thrust reverser cascade 23 and be reversed as illustrated by the arrows, The
thrust reverser cascade 28 aids in directing the amrflow path between the movable clement 24
and the torward portion of the nacelle 20, The thrust reverser cascade 28 may mclude a
plurality of awrfoil shaped vanes contigured to optimnze the awrflow path. The thrust reverser
cascade 28 changes the direction of the thrust force by reversing at least a portion of the

bypass awrilow.

[3315] Figure 3 thustrates a thrust reverser cascade 100 according to an embodiment of
the mvention. The thrust reverser cascade 100 cross-sectional taken along hine IV-1V
corresponds 1o the thrust reverser cascade 28 shown i Figure 2. The thrust reverser cascade
100 comprises a frame 102 and a body 104, The frame 102 and body 104 form a mounting
portion 106, support ratls 108 and vanes 118, The support rails 108 and vanes 110 definc a

plurality of airflow passages 112,

{01 6] The support raus 108 attach to the mouonting portion 106, The vanes 110 attach to
the support ratls 108, The mounting portion 106 surrounds the support rails 108 and the
vanes 110 and may mchide mounting holes, not pictured, miegrally formed m the body 104
and frame 102, The mounting portion 106, support rads 108 and vanes 110 all comprise a
frame 102 portion and a body 104 portion wherein the frame 102 15 coupled to the body 104,
The couphing of the frame to the body may be achicved by mechamocal locking as a result of

geometry or features similar to dovetails or by the use of adhesive or other bondmg matenals,

{H17] The frame 102 comprises a metallic or a graphite/resin composiie structure
tormed from either an addifive manufacturing process, @ machining process, or assembled
from various small and simple components that may be machined, molded, welded, bonded,
dovetailed or mechanically fastened together. The frame 102 forms a skeleton such as a
simple monolithic grid that provides structural integrity for the thrust reverser cascade 100 s0

as t0 meet a phirahty of reguirements.

{H1K] The body 104 comprises multiple polymer or resin layers, best scen i Figure 6,

formed by an addittve manufacturing process. The body 104 provides the acrodynamics of
the thrust reverser 50 as to meet the reverse thrust and airtlow requarements. At least one of
the resm lavers 1s coupled to the frame 102 50 as to join the frame 102 and the body 104

f

forming the thrust reverser cascade 10{,

(53
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({0018} The thrust reverser cascade 100 18 mounted to the nacelie 2{, shown mn Figure 2,

at the mounting portion 106, When atr 18 diveried through the thrust reverser cascade 10{, aw

tlows through the awrflow passages 112 and provides the reverse thrust,

[{$028] Figure 4 shows the cross section view of section IV of Figure 3. The vanes 110
have an airfou cross section configured to optimize the autiow through the arrflow passages
117 of the thrust reverser cascade 100, When the thrust reverser 15 actuated, the aurflow
through the thrust reverser cascade 100 18 shown by the direction arrows 113 m Figure 4,
which correspond to the direction arrows 30 i Figure 2.

18021} Figures 5A, 5B and 5C iflustrate ditferent embodiments of the mvention. For
clarity, only the vane cross section will be shown to describe the frame and body
configuration but 1t will be understood that the frame and body contigurations as described

herein after tor each embodiment mav apniv 10 the entive thrust reverser cascade,
- o

(3221 Figure SA shows a section view of detail 5A of Figure 4 according to an
embodiment of the mvention. A vane 114 comprises an mternal frame 116 which forms a
skeleton for the thrust reverser cascade. The body 118 at least partially envelopes the indernal

frame 116,

[GH23] The frame may be formed by an additive manufacfuring process, a machining
process, or assembied from various small and stmple components that may be machined,
molded, welded, bonded, dovetailed or mechanically fastened together. The internal frame
116 may be made from materials that may include aluniinum, magnesium, ttanigm, steel, or

a graphite/resin composite.

(G024} The body 113 1s formed over the internal frame 116 by applying layers of resin o
the internal frame 116 using an additive manufacturing process. The layers of resin form the

airfoul shape of the vane 114 10 achieve desired agrodynamics of the thrust reverser cascade.

025] Figure 5B shows a section view of detail SA of Figure 4 according to another
embodmment of the mvention. The embodunent shown wm Figure 3B 1s generally sioular 10
that of Figure 5A. It 1s symalar in that the vane 120 has the same miternal frame 116 and a
body 122 that at lcast partially envelopes the mternal frame 116 and also that the body 122 15
formed over the miternal frame 116 by applving layers of resin to the mternal frame 116 using

an additive manufacturing process. It is different m that the body 122 may be made shghtly
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undersized 50 as to apply @ metalhic coating 124 to the outer surtface of the body 122 to aid m
erosion control. The metallic coating 124 may be apphied using an additive manutactunng

process or coating methods known 1 the art,

[GH26] Figure 5C 18 a section view of detail SA of Figure 4 according to yet another
cmbodiment of the wvention, A vane 126 comprises an external frame 130 which forms an
cxoskeleton for the thrust reverser cascade. The external frame 130 forming the exoskeicton

at least partially envelopes the body 128,

{027 The body 128 18 tormed from a polymer or resin using an additive manufacturing
process. The external frame 30 15 formed over the body 128 by applying lavers of metalhe
material or a resiy/graphite composite to the body 128 using an addifive mamitactaring
process. The external frame 130 forms the atrfoil shape of the vane 126 {o achieve proper
acrodynanics of the thrust reverser cascade.  should be noted 1n Figures 5A and 58 that the
frame 116 may be tlat as shown i SA and 5B, or 1t may be any geometry that meets the

structural and/or acrodynamic requirements.

{H2K] Figure 6 shows a sectional view of a thrust reverser cascade vane showing the
addition of polymer or resin layers to an mnternal frame 132 10 form the body of the thrust
reverser cascade. Using an additive mampacturing process, a first layver 134 of resin 1§
applied over the internal frame 132, Intermediate layers 136 of resin are added to the
preceding laver with each layer contnibuting to the overall shape of the body. The fmal tayer
138 completes the body giving the vane the desired airtoil shape and theretor the desired
acrodynamics. 1t will be understood that this process may also be used 1o apply an external

frame exoskeleton or a metallic coating to the body,

{3029] It will be understood that an additive manofacturing process relates to bulding the
part by the addition of material, One known additive process 1s three-dimensional (3D)
printing, which 1s the process of making a 3D object from a digital model using resins,
polymers, metal particles or some combmation therect. The process typically uses a 3D
printer which s a type of mdustrial robot capable of carrying out the additive manufacturing

process under computer control.

LHIERTH The difterent embodiments of the thrust reverser cascade mclading a frame and a

body may be configured {0 mect a variety of requirements present i the ficld of thrust

(A3
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reverser cascades meluding of cost, service life, acrodynanues, weight, strength, stiffness,
toad transfer, durability and eroston resistance. Both the dimensioning of the frame and body
and the materials of construction for the frame and the body are chosen to achieve these
requirements which are not achievable usmg an additive manufacturing process consisting of
a sigle material. The embodiments as described herem provide a throst reverser cascade that
may achicve a significant service life, typically up to and beyond 50,000 hours without
fatlure or replacement. The embodiments as described hercin aiso provide a thrust reverser
cascade that has a weight that 1s Iess than if the thrust reverser cascade were made from 100%
cast aluminum, Furthermore, the embodiments as desenibed heremn also provide a thrust
reverser cascade that has a strength that 1S greater than if the thrust reverser cascade were

made from 10(% cast alupununy

[G031] The embodiments described above provide tor a variety of benefus includmg that
a thrust reverser cascade according 1o the mvention may be made to meet all requirements of
service hife, acrodynamics, weight, strength, stittness, 1oad transter, durabibity and erosion
resistance while costing significantly less than current resm/graphite composite resin transicr
molded and hand lay-up thrust reverser cascades and having lower weight and greater
strength than current cast alumuinurm thrust reverser cascades. Furthermore, by ufthzing the
additive manufacturing process, ditferent iterations of design 1o optimize acrodynanues and
airflow may be executed by simple changing the additive manufacturing process program,
thereby eliminating the need tor expensive tood and die changes needed for other thrust
reverser cascades, as well as provide a process that 18 fully automated and has a rapid ¢ycle
time. The materials gtilized may be sclected from a range of matenals mcluding resins,
polymers, fiber reintorced polyvmers, polymer/metal combinations and metal particles

available tor the additive manufacturing process

[{$032] To the extent not already described, the different features and structures of the
various cmbodunents may be used in combination with cach other as desired. That one
feature may not be llustrated m all of the emboduments 1s not meant to be construed that it
may not be, but 1s done for brevity of description. Thus, the various features of the different
embodiments may be nuxed and maiched as desired o formy new embodiments, whether or
not the new embodiments are expressly deseribed. All combmations or peromutations of

features described herem are covered by this disclosure,

WA
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(333 Thas written description uses examples o disclose the mvention, mcluding the

best mode, and also 10 ¢nable any person skilled i the art 1o practice the mvention, mcluding
making and using any devices or systems and pertorming any mmcorporated methods. The
patentable scope of the imvention 1s defined by the claims, and may mclude other examples
that occur to those skalled m the art. Such other examples are mtended to be within the scope
of the claims if they have structural elements that do not ditfer from the literal language of
the clamms, or if they include equivalent structural clements with insubstantial diffcrences

from the hiteral lancuages of the claims.
P,
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WHAT IS CLAIMED IS:

1. A thrust reverser cascade comprising:
a metal structural skeleton {rame comprising a monolithic grid; and
a body comprising a plurality of vanes formed using multiple resin layers

formed on the metal structural skeleton frame by an additive manufacturing process.

2. The thrust reverser cascade of claim 1 wherein the frame is at least

partially enveloped by at least a portion ot thc body.

3. The thrust reverser cascade of claim 2 wherein the frame 1S

completely enveloped by the body.

4. The thrust reverser cascade of claim 1 wherein at least some of the

vanes have an airfoil cross section.

CA 2938348 2018-01-19
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