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(54) Aircraft engine inlet having zone of deformation

(57) A method of manufacturing an inlet assembly
(17) for an aircraft engine nacelle comprises the steps of:
providing an inner barrel (39) and an outer barrel (41)
which is radially spaced from said inner barrel;
forming at least one zone of deformation (71) in a rear
support (35, 101) by forming an arcuately extending en-
ergy absorber (67, 113) in said rear support (35, 101),
said energy absorber being located in said rear support
such that said support is deformable in said zone of de-
formation in response to an applied force during a fan

blade-out event to prevent fracture of said rear support;
and
attaching said rear support to the outer barrel (41) and
the inner barrel (39) to form a closed axial end of the inlet
assembly.
According to the invention, said method further compris-
es, prior to attaching said rear support (17, 101) to the
outer barrel (41) and the inner barrel (39), forming a plu-
rality of circumferentially spaced ribs (61, 107) in said
rear support (35, 101).
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Description

Field of the Invention

[0001] The present invention generally relates to gas
turbine engines, and more specifically to an inlet assem-
bly for an aircraft engine nacelle having a rear support
with an energy absorbing zone.

Background of the Invention

[0002] One type of jet engine typically used on large
commercial airliners is a turbofan jet engine. Such tur-
bofan engines have a compressor, combustor and tur-
bine, and include a fan mounted on the front of the engine.
These fans, some as large as 10 feet in diameter, draw
air into the engine. Some of the air is sent to the com-
pressor and the combustor, while the rest bypasses
these components through ducts along the outside of the
engine. The fans include fan blades that rotate at speeds
up to approximately 9,000 rpm during operation of the
engine and are enclosed in a fan housing that radially
surrounds the fan. Turbofan engines for airliners typically
include a nacelle that at least partially surrounds the en-
gine and provides an aerodynamic shell to minimize drag.
Typical nacelles generally comprise an inlet assembly
located in front of the fan, generally being attached to the
fan housing and shaped to direct air into the engine, a
fan cowl that encloses the fan, and a thrust reverser ad-
jacent the rear part of the engine.
[0003] The inlet assemblies for turbofan jet engine na-
celles typically include an inner barrel, an outer barrel, a
forward bulkhead, and an aft bulkhead which spans be-
tween the inner and outer barrel. Typically, the aft bulk-
head is an annular metal plate that is designed to fracture
during the initial (albeit extremely unlikely) impact of a
fan blade-out event or during the subsequent loads from
the windmilling effect of the unbalanced fan. During a fan
blade-out event, the fan blade impacts the fan housing
at a high rate of speed generating a large impact force
that is transmitted from the fan housing to the inlet as-
sembly attached to the housing. After a fan blade-out
event, the engine is shut down but the fan can continues
to rotate or "windmill" as the plane is flown to a destination
for repair. However, the fan is generally unbalanced and
thus continued rotation of the fan can cause high loads
on the fan housing. The bulkhead thus generally is rein-
forced with a series of structural support members ex-
tending between the inner barrel and outer barrel and
connected to the bulkhead at spaced apart locations. In
existing designs, the support members are spaced such
that the inlet remains intact with the bulkhead being held
together by the support members. The use of structural
support members on the aft bulkheads of prior art inlet
assemblies, however, increases the weight and cost of
the nacelle.
[0004] Accordingly, there is a need for a nacelle for a
turbofan jet engine having an inlet assembly that ad-

dresses the foregoing and other related and unrelated
problems in the art.

Summary of the Invention

[0005] In general, one aspect of the present invention
is generally directed to an inlet assembly for a turbofan
engine nacelle comprising an inner barrel, an outer barrel
radially spaced from the inner barrel, and a rear support
for supporting the outer barrel relative to the inner barrel.
The rear support comprises at least one plate extending
between the inner barrel and the outer barrel for forming
a closed axial end of the inlet assembly. The plate has
at least one stiffener extending radially across the plate
and at least one energy absorber formed in the plate.
The energy absorber defines a zone of deformation ad-
jacent the inner barrel. The rear support is deformable in
the zone of deformation in response to an applied force
during a fan blade-out event to prevent fracture of the
rear support.
[0006] In another aspect, the present invention is gen-
erally directed to a method of manufacturing an inlet as-
sembly for an aircraft engine nacelle having an outer bar-
rel and an inner barrel. The method comprises forming
at least one radial stiffener in a rear support and forming
at least one zone of deformation in the rear support by
forming an arcuately extending energy absorber. The en-
ergy absorber is located in the rear support such that the
support is deformable in the zone of deformation in re-
sponse to an applied force during a fan blade-out event
to prevent fracture of the rear support. The rear support
is attached to the outer barrel and the inner barrel to form
a closed axial end of the inlet assembly.
[0007] In yet another aspect, the present invention is
generally directed to a nacelle for a turbofan engine. The
nacelle comprises an inlet assembly having an inner bar-
rel, an outer barrel radially spaced from the inner barrel,
and a rear support for supporting the outer barrel relative
to the inner barrel. The rear support comprises at least
one annular plate extending between the inner barrel and
the outer barrel for forming a closed axial end of the inlet
assembly. The plate has at least one stiffener extending
radially across the plate and an energy absorber formed
in the plate. The energy absorber defines a zone of de-
formation adjacent the inner barrel. The rear support is
deformable in the zone of deformation in response to an
applied force during a fan blade-out event to prevent frac-
ture of the rear support.
[0008] Various objects, features and advantages of the
present invention will become apparent to those skilled
in the art upon reading the following detailed description,
when taken in conjunction with the accompanying draw-
ings.

Brief Description of the Drawings

[0009]
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Fig. 1 is a partial perspective view of an aircraft hav-
ing turbofan jet engines each with a nacelle accord-
ing to a first embodiment of the invention.
Fig. 2 is a perspective of an aircraft turbofan jet en-
gine and nacelle structure.
Fig. 3 is a perspective of an inlet assembly of an
aircraft turbofan jet engine nacelle, as viewed from
a back-to-front perspective.
Fig. 4 is and end view of an enlarged portion of the
inlet assembly Fig. 3.
Fig. 5 is a cross-sectional view of the inlet assembly
taken along the plane including line 5-5 of Fig. 4.
Fig. 6 is a partial cross-sectional view of an inlet as-
sembly of a second embodiment of the invention.

Detailed Description of the Invention

[0010] Referring now to the drawings in which like nu-
merals indicate like parts throughout the several views,
the present invention generally relates to a nacelle, gen-
erally indicated at 1 in Fig. 1, for a turbofan jet engine 3,
mounted on an aircraft 5. As shown in Fig. 1, the nacelle
1 encloses the engine 3 and forms the outer aerodynamic
covering of the engine. As shown in Fig. 2, the turbofan
jet engine 3 includes a fan assembly, generally indicated
at 7, located towards the front of the engine and having
a fan 9 having fan blades 11 rotatably mounted in a fan
housing 13 of the engine. It is understood that the nacelle
1 is only partially shown in Fig. 2 and includes an inlet
assembly 17, mounted on the front of the fan assembly
7 and a fan cowl 19, including doors 21, 23 that enclose
the fan assembly. It further is understood that the nacelle
1 may include other components and systems not shown
in the illustrated embodiments (e.g., thrust reverser and
de-icing system) without departing from the scope of this
invention.
[0011] As shown in Fig. 2, the inlet assembly 17 in-
cludes a leading edge section 27 that includes a forward
lip 29 shaped to provide a natural airflow along the for-
wardmost surfaces of the engine 3. The inlet assembly
17 has a rear body 31 that is connected to the rear of the
leading edge section 27 and the front of the fan cowl 19,
and includes a rear support 35 (Fig. 3). The inlet assem-
bly 17 further includes an inner barrel 39, forming an inner
radial surface 40 of the inlet assembly, and an outer barrel
41. The outer barrel 41 is radially spaced from the inner
barrel 39 and forms an outer radial surface 42 of the inlet
assembly. The outer barrel 41 is formed by adjacent outer
radial walls of the leading edge assembly 27 and the rear
body 31. As shown in Fig. 5, the inner barrel 39 has a
flange 43 at the rear of the rear body 31 for connecting
to a corresponding flange 45 on the fan housing 13. The
connection of the inner barrel 39 to the fan housing 13
enables impact forces imparted against the fan housing
to be transmitted to the inlet assembly 17 via the con-
nected flanges 43, 45.
[0012] The rear support 35 forms a closed axial end
of the inlet assembly 17 and supports the outer barrel 41

relative to the inner barrel 39 as indicated in Fig. 3. As
shown in Figs. 3-5, the rear support 35 generally is a
plate 47 formed from or having multiple sections or seg-
ments 18. Each section 18 of the rear support 35 has a
series of circumferentially spaced ribs 61 extending ra-
dially in the plate to increase the sonic resistance of the
support 35 and stiffeners 63 between the ribs 61 that
increase the stiffness of the support 35. Energy absorb-
ers 67 extend arcuately in the support 35 to form annu-
larly spaced zones of deformation 71 adjacent the inner
barrel 39. In the illustrated embodiment, the ribs 61 each
have an inner radial edge 73 (Fig. 4) that is adjacent the
radial outer edge 75 of an energy absorber 67. In one
embodiment, and as shown in Fig. 5, each rib 61 is formed
by creating a semicircular depression in the annular plate
47. The stiffeners 63 comprise the flat surface area of
the plate between adjacent ribs 61 and the energy ab-
sorber 67. In the illustrated embodiment, each segment
18 of the support 35 comprises four ribs 61, three stiff-
eners 63, and one energy absorber 67.
[0013] In the illustrated embodiment, and as shown in
Fig. 5, each energy absorber 67 is an arcuate rib com-
prising a semicircular depression in the plate 47. At each
zone of deformation 71, a respective energy absorber 67
is deformable in response to an applied force transmitted
from the fan housing 13 during a fan blade-out event to
prevent fracture of the rear support 35. Each zone of
deformation 71 acts as a crumple zone that absorbs the
impact energy transmitted from the fan housing 13 and
allows the rear support 35 to deform in response to the
energy. Because the rear support 35 deforms in the zone
of deformation 71, the rear support 35 is prevented from
cracking or otherwise fracturing in response to the impact
force from the fan housing 13 during a fan blade out event
and the resulting force imparted on the rear support 35
during the subsequent windmilling of the unbalanced fan
9. In the illustrated embodiment, each radial rib 61 and
arcuate rib 67 is a semi-circular depression, but it is un-
derstood that each rib may have other cross-sectional
shapes such as curves having a varying radius of curva-
ture and/or portions that are substantially flat.
[0014] In the illustrated embodiment, the rear support
35 has a material thickness of approximately 0.080 inch-
es and a radial length R1 (Figs. 4 and 5) of approximately
14 inches, and an inner radius R2 (Fig. 3) of approxi-
mately 57 inches. Each rib 61 has a radial length R3 (Fig.
4) of approximately 9 inches, a width W1 of approximately
%inch to approximately 2� inches, and a spacing W2
between adjacent ribs of approximately 6 inches. Each
energy absorber 67 has a radial length R4 (Fig. 4) of
approximately � inch to approximately 2� inches with
the outer radial edge of the energy absorber being
spaced from the inner radial edge of the rear support 35
a radial length R5 of approximately 3 inches. The energy
absorbers 67 and ribs 61 have a radius R6 (Fig. 5) of
approximately half the length R4 and may generally be
in the range of approximately g inch to approximately
11� inches. The dimensional information described
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herein is intended to illustrative of one embodiment of
the invention and should not be construed as limiting the
scope of the invention because the dimensions of the
invention may vary from the dimensions and ranges de-
scribed herein without departing from the scope of this
invention. In the illustrated embodiment, each zone of
deformation 71 is defined by an angular section of the
rear support 35 including four ribs 61 and three stiffeners
63 connected by one energy absorber 67 with each an-
gular section having an angle A1 (Fig. 3 and 4) of ap-
proximately 20 degrees. It is understood that the number
of stiffeners 63, ribs 61, and energy absorbers 67 of each
zone of deformation 71 may vary and that the angle A1
may be more or less than 20 degrees without departing
from the scope of this invention.
[0015] The multiple sections 18 of the rear support 35
are attached at an inner radial edge to the inner barrel
39 by fasteners 51 connecting the rear support 35 to a
flange 53 mounted on the external surface of the inner
barrel 39 forward of the rear flange 43 connecting the
inlet assembly to the fan housing 13. The sections 18 of
the rear support 35 are attached at an outer radial edge
to the outer barrel 41 by fasteners 55 connecting the rear
support 35 to a flange 57 mounted on inner surface of
the outer barrel 41 at the rear axial end of the outer barrel
41. The forces (e.g., impact forces, vibration forces, etc.)
exerted on the fan housing 13 during operation of the
engine 3 are transferred to the inner barrel 39 and to the
rear support 35 attached to the inner barrel along the
flange 53.
[0016] As shown in Fig. 4, adjacent sections 18 of the
rear support 35 are connected by fasteners 81 extending
through overlapping adjacent edge margins of the adja-
cent sections. Each section 18 of the rear support 35 may
be manufactured by conventional fabrication processes
such as metal casting or hydroforming with the curved
radial ribs 61 and the curved arcuate rib of the energy
absorbers 67 preformed in the molding used to cast each
section. In the embodiment of Figs. 3-5, the rear support
35 is made from 2024-T4 Aluminum but it is understood
that the support could be made from other suitable ma-
terials and variations thereof (e.g., titanium, steel, CRES,
Inconel, etc.). Material selection is based on numerous
factors including environmental conditions, weight, cost,
and design conditions. As shown in Fig. 5, the rear sup-
port 35 is generally vertical between the inner barrel 39
and outer barrel 41. It is understood that in alternative
embodiments, the rear support 35 could be positioned
at an angle up to approximately 45 degrees in the forward
or aft direction without departing from the scope of this
invention.
[0017] The rear support 35 of the inlet assembly 17 of
the present invention is designed to withstand the high
stress and strain imparted to the inlet assembly from the
fan housing 13 during a fan blade-out event. During a
fan blade-out event, a fan blade 11 becomes partially or
fully detached from the fan 9 and may impact the fan
housing 13 causing a large initial impact force to be trans-

mitted to the inlet assembly 17. As a result of such impact,
the fan 9 may become unbalanced and continue to rotate
or windmill during subsequent flight of the aircraft 5. The
rotation of the unbalanced fan 9 exerts further stress and
strain on the fan housing 13 which is transmitted to the
inner barrel 39 and rear support 35 of the inlet assembly
17. The zones of deformation 71 of the rear support 35
are designed to absorb the forces from the fan housing
13 during a fan blade-out event without fracture of the
rear support. The energy absorbers 67 absorb the energy
and allow the rear support 35 to deform in the zone of
deformation 71 in response to the impact forces during
the fan blade-out event. Deformation of the rear support
35 in the zone of deformation 71 allows the rear support
to withstand the fan blade-out event without fracture of
the support or failure of the fasteners 51, 55 attaching
the support to the inner barrel 39 and the outer barrel 41.
In this way, the structural integrity of the rear support 35
is maintained during a fan blade-out event so that the
inlet assembly 17 stays intact and no parts are broken
off or discharged from the aircraft 5.
[0018] Fig. 6 shows a second embodiment of the inlet
assembly including a rear support 101 that is designed
to act as a firewall in the engine assembly. In the illus-
trated embodiment of Fig. 6, the rear support 101 has a
composite material outer radial portion 105 made of a
heat resistant material (e.g., graphite composite) and a
metallic inner radial portion 111 made of a deformable
metal (e.g., aluminum). Alternatively, the rear support
101 could have a metallic inner radial portion and a me-
tallic outer radial portion; a composite material inner ra-
dial portion and a composite material outer radial portion;
or a composite material inner radial portion and a metallic
outer radial portion, without departing from the scope of
this invention.
[0019] The outer radial portion 105 has ribs 107 and
stiffeners (not shown) between the ribs 107 as in the first
embodiment and the inner radial portion 111 includes
energy absorbers 113 similar to the energy absorbers 67
of the first embodiment. The ribs 107, energy absorbers
113, and stiffeners are configured in a similar manner as
described above for the first embodiment to form angu-
larly spaced zones of deformation in the rear support
101. The inner radial portion 111 can have an outer heat
resistant layer covering the deformable metal to make
the inner portion of the rear support 101 resistant to heat.
In the illustrated embodiment the inner radial portion 111
and the outer radial portion 105 are joined at respective
overlapping portions 117, 119. The overlapping portions
117, 119 are attached by threaded fasteners (not shown)
or other suitable methods (e.g., rivets, welding, etc.). The
rear support 101 shown in Fig. 6 is angled towards the
aft direction, however, the rear support may be otherwise
positioned (e.g., vertical, angled in forward direction, etc.)
without departing from the scope of this invention.
[0020] It is understood that zones of deformation of
this embodiment function in a similar manner as the first
embodiment in that the rear support 101 deforms at the
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zones of deformation during a fan blade-out event. As
with the first embodiment, the rear support 101 is de-
signed to deform without fracturing or shearing at the
fasteners during the fan blade-out event.
[0021] In view of the above, it will be seen that several
advantageous results are obtained by the inlet assembly
of the present invention. For example, the inlet assembly
17 having the rear support 35 is lightweight yet capable
of withstanding the high stresses and strains during a fan
blade-out event. The rear support 35 is designed to de-
form in the zone of deformation 71 which acts as a crum-
ple zone during a fan blade-out event so that the rear
support remains assembled in one piece without fractur-
ing or breaking off during flight. Further, the rear support
101 of the inlet assembly 17 may be designed to act as
a firewall with an outer radial portion 105 made of heat
resistant material such as graphite composite and an in-
ner radial portion 111 including the zone of deformation
that is made of a deformable metal such as aluminum.
[0022] It will be further understood by those skilled in
the art that while the foregoing has been disclosed above
with respect to preferred embodiments or features, var-
ious additions, changes, and modifications can be made
to the foregoing invention without departing from the spirit
and scope thereof.

Conclusion:

[0023]

1. An inlet assembly for a turbofan engine nacelle
comprises:

an inner barrel;
an outer barrel radially spaced from said inner
barrel; and
a rear support for supporting the outer barrel rel-
ative to the inner barrel, said rear support com-
prising at least one plate extending between said
inner barrel and said outer barrel for forming a
closed axial end of the inlet assembly, said plate
having at least one stiffener extending radially
across said plate and at least one energy ab-
sorber formed in said plate, said energy absorb-
er defining a zone of deformation adjacent said
inner barrel, and wherein said rear support is
deformable in said zone of deformation in re-
sponse to an applied force during a fan blade-
out event to prevent fracture of said rear support.

2. Said at least one stiffener may comprise a gener-
ally flat portion of the plate between curved radial
ribs.

3. Said at least one energy absorber may comprise
a curved rib.

4. Said at least one energy absorber may comprise

a semicircular depression formed in said plate.

5. Said at least one stiffener may comprise at least
three spaced-apart stiffeners and said at least one
energy absorber may be positioned adjacent an in-
ner radial edge of each of said stiffeners such that
said zone of deformation comprises an annular sec-
tion of said plate extending between said three stiff-
eners.

6. Said plate may comprise multiple annular sections
connected to said outer barrel and said inner barrel,
and said zone of deformation may comprise at least
one zone of deformation in each of said annular sec-
tions.

7. Said plate may comprise a metallic inner radial
portion and a composite material outer radial portion.

8. Said plate may comprise a metallic inner radial
portion and a metallic outer radial portion.

9. Said plate may comprise a composite material in-
ner radial portion and a composite material outer ra-
dial portion.

10. Said plate may comprise a composite material
inner radial portion and a metallic outer radial portion.

11. A method of manufacturing an inlet assembly for
an aircraft engine nacelle having an outer barrel and
an inner barrel, comprises:

forming at least one radial stiffener in a rear sup-
port;
forming at least one zone of deformation in said
rear support by forming an arcuately extending
energy absorber in said rear support, said en-
ergy absorber being located in said rear support
such that said support is deformable in said zone
of deformation in response to an applied force
during a fan blade-out event to prevent fracture
of said rear support; and
attaching said rear support to the outer barrel
and the inner barrel to form a closed axial end
of the inlet assembly.

12. Forming said zone of deformation in said rear
support may comprise forming a plurality of zones
of deformation angularly spaced around said rear
support.

13. Attaching said rear support may comprise attach-
ing a plurality of annular sections of said support to
said inner and said outer barrel. Each of said plurality
of annular sections may comprise at least one zone
of deformation of said plurality of zones of deforma-
tion.
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14. Forming said energy absorber may comprise
forming a curved rib generally adjacent an inner ra-
dial edge of said radial stiffener.

15. Forming said radial stiffener may comprise form-
ing at least two curved radial ribs at spaced-apart
locations in said support and a generally flat portion
of said support between said at least two radial ribs.

16. Said rear support may comprise an inner radial
portion made of metal and said energy absorber is
formed in the inner radial portion.

17. Said rear support may comprise an outer radial
portion made of a composite material and said radial
stiffener may be formed in the outer radial portion.

18. Said inner radial portion may be attached to said
outer radial portion.

19. A nacelle for a turbofan engine may comprise an
inlet assembly having an inner barrel, an outer barrel
radially spaced from said inner barrel, and a rear
support for supporting the outer barrel relative to the
inner barrel, said rear support comprising at least
one annular plate extending between said inner bar-
rel and said outer barrel for forming a closed axial
end of the inlet assembly, said plate having at least
one stiffener extending radially across said plate and
an energy absorber formed in said plate, said energy
absorber defining a zone of deformation adjacent
said inner barrel, wherein said rear support is de-
formable in the zone of deformation in response to
an applied force during a fan blade-out event to pre-
vent fracture of said rear support.

20. Said at least one stiffener may comprise a gen-
erally flat portion of the plate between curved radial
ribs and said energy absorber may comprise a
curved rib.

21. Said energy absorber may comprise a semicir-
cular depression formed in said plate.

22. Said at least one stiffener may comprise at least
three spaced-apart stiffeners and said energy ab-
sorber may be positioned adjacent an inner radial
edge of said stiffeners such that said zone of defor-
mation comprises an annular section of said plate
extending between said three stiffeners.

23. Said plate may comprise an inner radial portion
made of metal and an outer radial portion made of
a composite material.

Claims

1. A method of manufacturing an inlet assembly (17)
for an aircraft engine nacelle, said method compris-
ing the steps of:

providing an inner barrel (39) and an outer barrel
(41) which is radially spaced from said inner bar-
rel;
forming at least one zone of deformation (71) in
a rear support (35, 101) by forming an arcuately
extending energy absorber (67, 113) in said rear
support (35, 101), said energy absorber being
located in said rear support such that said sup-
port is deformable in said zone of deformation
in response to an applied force during a fan
blade-out event to prevent fracture of said rear
support; and
attaching said rear support to the outer barrel
(41) and the inner barrel (39) to form a closed
axial end of the inlet assembly;

characterized in that

said method further comprises,
prior to attaching said rear support (17, 101) to
the outer barrel (41) and the inner barrel (39),
forming a plurality of circumferentially spaced
ribs (61, 107) in said rear support (35, 101).

2. A method as defined in claim 1 wherein a plurality
of radial stiffeners (63) is formed in said rear support
(35, 101) before said rear support (17, 101) is at-
tached to the outer barrel (41) and the inner barrel
(39), each radial stiffener (63) being arranged be-
tween adjacent ribs of said plurality of circumferen-
tially spaced ribs (61, 107) and said arcuately ex-
tending energy absorber (67, 113).

3. A method as defined in claim 1 wherein forming said
zone of deformation in said rear support comprises
forming a plurality of zones of deformation angularly
spaced around said rear support.

4. A method as defined in claim 3 wherein attaching
said rear support comprises attaching a plurality of
annular sections of said support to said inner and
said outer barrel, each of said plurality of annular
sections comprising at least one zone of deformation
of said plurality of zones of deformation.

5. A method as defined in claim 2 wherein forming said
energy absorber comprises forming a curved rib gen-
erally adjacent an inner radial edge of a respective
one of said radial stiffeners.

6. A method as defined in claim 5 wherein forming said
radial stiffeners comprises forming at least two
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curved radial ribs at spaced-apart locations in said
support and a generally flat portion of said support
between said at least two radial ribs.

7. A method as defined in claim 6 wherein said rear
support comprises an inner radial portion made of
metal and said energy absorber is formed in the inner
radial portion.

8. A method as defined in claim 7 wherein said rear
support comprises an outer radial portion made of a
composite material and each radial stiffener is
formed in the outer radial portion.

9. A method as defined in claim 8 further comprising
attaching said inner radial portion to said out radial
portion.
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