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COMPOSITE TAIL CONE ASSEMBLY FOR A HELICOPTER

BACKGROUND OF THE INVENTION

The present invention relates to a tail cone formed from a
composite material. The tail cone has particularly utility on
helicopters.

Conventional tail cones on helicopters are formed from
metallic materials such as aluminum and aluminum alloys. As a
result, these tail cones are heavy and expensive to produce.:
There is a need for tail cone assemblies formed from
lightweight, inexpensive materials which have strength
properties similar to, or better than, conventional metal tail

cone assemblies.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to"
provide a tail cone which is lighter in weight and less
expensive than conventional tail cone assemblies.

It is another object of the present invention to provide a
tail cone as above which has particular utiiity on helicopters.

The foregoing objects are attained by the tail cone bf the
present invention. ' '

In accordance with the present invention, a tail cone
broadly comprises a monocoque shell formed from a composite
material. The composite material preferably comprises a honﬁ
metallic matrix, such as an epoxy resin matrix, having fibers, -
such as graphite fibers, embedded therein. The fiberslmay be
oriented along a single axis or along multiple axes. Other
components of the tail cone assembly may also be formed from
composite materials, which composite materials may be fhe same
as or different from the composite material forming the shell.

Other details of the composite tail cone assembly of the

present invention, as well as other objects and advantages
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attendant thereto, are set forth in the following detailed
description and the accompanying drawings wherein like reference

numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a tail cone in accordance
with the present invention;

FIG. 2 is a perspective view of a tail cone having a skin-
stringer-frame construction;

FIG. 3 is a sectional view of a sandwich construction which
may be used to form the tail cone of the present invention;

FIG. 4 is an exploded view of a first embodiment of a tail
cone in accordance with the present invention;

FIG. 5 is an exploded view of a second embodiment of a tail
cone in accordance with the present invention;

FIG. 6 is an exploded view of a third embodiment of a tail
cone in accordance with the present invention; and

FIG. 7 is an exploded view of a fourth embodiment of a tail

cone in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

FIG. 1 illustrates a tail cone assembly 10 for use with a
helicopter in accordance with the present invention. The tail
cone assembly 10 has a hollow monocoque shell 12 which is
preferably formed from a compogite material having a non-
metallic matrix with fibers embedded therein. The fibers may be
oriented along one direction or along multiple directions. A
particularly useful composite material is an epoxy resin matrix
having graphite fibers embedded therein.

The shell 12 has a leading edge 14, a trailing edge 16, an
upper surface 18, a lower or bottom surface 20 and a pair of
side walls 22 and 24. The upper surface 18 and the side walls
22 and 24 each extend from the leading edge 14 to the trailing
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edge 16 of the shell 12. The bottom surface 20 however extends
from the leading edge 14 of the shell to a point 26 distant from
the trailing edge 16, thus leaving an opening 28 through which
equipment relating to the rear landing gear 30 can be placed
within the shell 12.

Each of the side walls 22 and 24 may be provided with an opening
32 for allowing access to the equipment relating to the rear
landing gear 30. Further, the shell 12 preferably tapers from
the leading edge 14 to the trailing edge 16.

As shown in FIG. 1, a tail cone attachment fitting 34 is
positioned within the shell 12 adjacent the leading edge 14 of
the shell and is used to join the tail cone assembly 10 to the
fuselage 38 of the helicopter. The tall cone attachment fitting
34 may be joined to the shell 12 using any suitable means known
in the art. The tail cone attachment fitting 34 could be formed
from a lightweight metallic material or a composite material
having a non-metallic matrix. When formed from a composite
material, the composite material could be the same as, or
different from, the composite material forming the shell.

Also positioned within the shell 12 is a frame 35. The
frame 35 may be joined to the shell 12 using aﬁy suitable means
known in the art. The frame 35 may be formed from a lightweight
metallic material or by a composite material having a non-
metallic matrix. When the frame 35 is formed from a composite
material, the composite material may be the same as, or
different from, the composite material forming the shell 12.

For example, the frame 35 could be formed from an epoxy-resin
matrix having graphite fibers embedded therein.

A plurality of chaff dispenser supports 36 may be mounted
on the side walls 22 and 24 of the shell using any suitable
means known in the art. The supports 36 may be formed from a
metallic material or from a composite material having a non-

metallic matrix. When formed from a composite material, the
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composite material may be the same asg, or different from, the
composite material forming the shell 12.

An antenna support 40 is located within the shell 12 and
secured to the bottom surface 20 using any suitable means known
in the art. The antenna support 40 is used to secure an antenna
to the helicopter. The antenna support 40 may be formed from a
lightweight metallic material or from a composite material
having a non-metallic matrix. When formed from a composite
material, the composite material may be the same as, or
different from, the composite material forming the shell 12.

A landing support bulkhead 42 is positioned within the
shell 12 at the position of the point 26. The landing support
bulkhead 42 may be secured to the shell 12 using any suitable
means known in the art and may be formed from a lightweight
metallic material or from a composite materialvhaving a non-
metallic matrix. When the bulkhead 42 is formed from a
composite material, the composite material may be the same as,
or different from, the composite material forming the shell 12.

Attached to the landing support bulkhead 42 is a tie down
support 44. The support 44 may be formed from a lightweight
metallic material or a composite material having a non-metallic
matrix. When the support 44 is formed from a composite
material, the composite material may be the same as, or
different from, the composite material forming the shell 12.

A tail rotor pylon support 46 is secured to the trailing
edge 16 of the shell 12. Any suitable means known in the art
may be used to secure the supbort 46 to the shell 12. The
support 46 may be formed from a lightweight metallic material or
from a composite material having a non-metallic matrix. When
the support 46 is formed from a composite material, the
composite material may be the same as, or different from, the

composite material forming the shell 12.
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A landing gear support plate 48 is provided to close off
the opening 28. The plate 48 may be secured to the bulkhead 42,
the pylon support 46, and to the side walls 22 and 24 of the
shell 12 using any suitable means known in the art. The plate
48 may be formed from a lightweight metallic material or a
composite material having a non-metallic matrix. When the plate
48 is formed from a composite material, the composite material
may be the same as, or different from, the composite material
forming the shell 12.

A plurality of drive shaft supports 50 and drive shaft
cover supports 52 are mounted to the upper surface 18 of the
shell. Any suitable means known in the art may be used to mount
the supports 50 and 52 to the shell 12. Each of theldrive shaft
supports 50 and drive shaft cover supports 52 may be formed from
a lightweight metallic material or a composite»material having a
non-metallic matrix. When the supports 50 and/or 52 are formed
from a composite material, the composite material may be the
same as, or different from, the composite material forming'the
shell 12.

As shown in FIG. 4, the shell 12 may be formed frdm a
single piece of composite material. Alternatively, the shell'lZ
may be formed from two mirror image, joined together pieces 54
and 56 of composite material as shown in FIG. 5, from three
joined together pieces 58, 60, and 62 as shown in FIG. 6, or
from four joined together pieces 64, 66, 68, and 70 as shown in
FIG. 7.

If desired, the shell 12 may be provided with a stringer-
frame arrangement as shown in FIG. 2. The stringer-frame
arrangement includes a plurality of stringers 72 extending from
the leading edge 14 to the trailing edge 16 and a plurality of
stiffeners 74 joined to and extending perpendicular to the
stringers 72. Each of the stringers 72 and the stiffeners 74

may be formed from a composite material having a non-metallic
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matrix. The composite material may be the same as, or different
from, the composite material forming the shell 12. For example,
the composite material may comprise an epoxy resin matrix having
graphite fibers embedded therein. The stringers 72 and/or the
stiffeners 74 may be fabricated to have either a channel or a %
shape in cross section.

Alternatively, the shell 12 could be formed using a
sandwich construction such as that shown in FIG. 3. 1In a
sandwich construction, the shell 12 could have an outer non-
metallic skin layer 76, an inner non-metallic layer 78 spaced
from the outer layer 76, and a non-metallic core layer 80
intermediate the layers 76 and 78. The core layer 80 could have
a honeycomb construction if desired. When a honeycomb
construction is used, the various honeycombs could be filled
with a non-metallic material. Each of the layers 76, 78, and 80
may be formed from a composite material having a non-metallic
matrix. The composite material forming the layers 76, 78, and
80 may be the same as, or different from, the composite material
forming the shell 12. For example, each of the layers could be
formed from an epoxy resin material having graphite fibers
embedded therein.

The tail cone assembly of the present invention provides
numerous advantages. First, it is lighter in weight than
conventional tail cone assemblies. Second, it is less expensive
to produce. Third, the tail cone assembly can have integral
stiffening/joining members which provide stiffening while
simultaneously providing an attachment zone. This minimizes
external fasteners and allows the use of protruding head
fasteners, thus reducing laminate thickness and further reducing
weight. Fourth, the manufacture of the tail cone assembly is
simpler. For example, the composite material may be applied
either via automated means or by conventional means over the

tooling and internal structure and co-cured simultaneously.
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If desired, features such as the tail cone attachment
fitting 34, the frame 35, the chaff dispenser supports 36, the
antenna support 40, the landing support bulkhead 42, the drive
shaft supports 50, and/or the drive shaft cover supports 52 may
be formed with the portions of the shell 12 to which they are
attached. Such a construction reduces the need for fasteners
and reduces the weight of the tail cone assembly 10.

It is apparent that there has been provided in accordance
with the present invention a composite tail cone assembly which

fully satisfies the objects, means, and advantages set forth

hereinbefore. While the present invention has been described in

the context of specific embodiments thereof, other alternatives,
modifications, and variations will become apparent to those
skilled in the art having read the foregoing description.
Accordingly, it is intended to embrace those alternatives,
modifications, and variations as fall within the broad scope of

the appended claims.
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WHAT IS CLAIMED IS:

1. A tail cone for a helicopter comprising a monocoque shell

and said monocoque shell being formed from a composite material.

2. A tail cone according to claim 1, wherein said composite
material comprises a non-metallic matrix material having fibers

embedded therein.

3. A taill cone according to claim 1, wherein said composite
material comprises an epoxy resin matrix having graphite fibers

embedded therein.

4. A tail cone according to claim 1, wherein said shell is
formed from a composite sandwich construction having a non-
metallic inner layer, a non-metallic outer layer, and a non-

metallic core laver.

5. A tail comne according to claim 4, wherein said inner layer,
said outer layer and said core layer are each formed by an epoxy

resin material having fibers embedded therein.

6. A tail cone according to claim 4, wherein said core layer

comprises a honeycomb structure.

7. A tail cone according to claim 1, further comprising a
plurality of internal stringers extending from a leading edge of
said tail cone to a trailing edge of said tail cone and each of

said internal stringers being formed from a composite material.

8. A tail comne according to claim 7, further comprising a

plurality of stiffeners and each of said stiffeners extending



10

15

20

25

30

WO 2004/014726 PCT/US2003/025060

perpendiéular to said stringers and being formed from a

composite material.

9. A tail cone according to claim 1, wherein said shell is

hollow and has a leading edge, a trailing edge, an upper surface
extending between said leading edge and said trailing edge, énd
a lower surface having an opening therein adjacent said trailing

edge.

10. A tail comne according to claim 9, further comprising a pair
of side surfaces extending from said leading edge to said
trailing edge and each of said side surfaces having an opening

in a region in the vicinity of said trailing edge.

11. A tail cone according to claim 9, wherein said shell tapers

from said leading edge to said trailing edge.
12. A tail cone assembly for a helicopter comprising:
a monocoque shell formed from a composite material; and

said shell having a leading edge, a trailing edge, a bottom
surface extending from said leading edge and terminating at a
point remote from said trailing edge, an upper surface extending
from said leading edge to said trailing edge, and a pair of side

surfaces extending from said leading edge to said trailing edge.

13. A talil cone assembly according to claim 12, further

comprising said shell being formed in a single piece.

14. A tail cone assembly according to claim 12, further
comprising said shell being formed by two mirror-image pieces -

joined together.
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15. A tail cone assembly according to claim 12, further
comprising said shell being formed by three pieces joined

together.

16. A tail cone assembly according to claim 12, further
comprising said shell being formed by four pieces joined

together.

17. A tail cone assembly according to claim 12, further

comprising said shell having a sandwich construction.

18. A tail cone assembly according to claim 12, further
comprising a plurality of stringers within said shell extending
from said leading edge to said trailing edge and each of said

stringers being formed from a composite material.

19. A tail cone assembly according to claim 12, further
comprising a plurality of stiffeners within said shell and each

of said stiffeners being formed from a composite material.

20. A tail cone assembly according to claim 12, wherein said
composite material comprises a non-metallic matrix having fibers

embedded therein.
21. A tail cone assembly according to claim 12, wherein said
composite material comprises an epoxy resin matrix having

graphite fibers embedded therein.

22. A tail cone assembly according to claim 12, wherein said

embedded graphite fibers extend in a more than one direction.

10



10

15

20

25

30

WO 2004/014726 PCT/US2003/025060

23. A tail cone assembly according to claim 12, further
comprising a tail cone attachment fitting positioned within said

shell at a location adjacent a leading edge of said shell.

24. A tail cone assembly according to claim 23, wherein said
tail cone attachment fitting is formed from a composite material

having a non-metallic matrix.

25. A tail cone assembly according to claim 12, further
comprising a tail rotor pylon support located adjacent a

trailing edge of said shell.

26. A tail cone assembly according to claim 25, further
comprising said tail rotor pylon support being formed from a

composite material having a non-metallic matrix.

27, A tail cone assembly according to claim 12, further
comprising a landing support bulkhead positioned intermediate a

leading edge and a trailing edge of said shell.

28. A tail cone assembly according to claim 27, further
comprising said landing support bulkhead being formed from a

composite material having a non-metallic matrix.

29. A tail cone assembly according to claim 27, further
comprising a tie down support attached to said landing support

bulkhead.
30. A tail cone assembly according to claim 29, further

comprising said tie down support being formed from a composite

material having a non-metallic matrix.

11
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31. A tail cone assembly according to claim 12, further
comprising said shell having side walls and a plurality of chaff

dispenser supports attached to said side walls.

32. A tail cone assembly according to claim 31, further
comprising each of said chaff dispenser supports being formed

from a composite material having a non-metallic matrix.

33. A tail cone assembly according to claim 12, further
comprising said shell having a lower surface and an antenna

support attached to said lower surface.

34. A tail cone assembly according to claim 33, further
comprising said antenna support being formed from a composite

material having a non-metallic matrix.

35. A tail cone assembly according to claim 12, further
comprising said shell having an upper surface and a plurality of

drive shaft supports mounted to said upper surface.

36. A tail cone assembly according to claim 35, further
comprising said drive shaft supports each being formed from a

composite material having a non-metallic matrix.

37. A tail cone assembly according to claim 35, further
comprising a plurality of drive shaft cover supports mounted to

said upper surface.
38. A tail cone assembly according to claim 37, further

comprising each of said drive shaft cover supports being formed

from a composite material having a non-metallic matrix.

12
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39. A tail cone assembly according to claim 12, further
comprising an opening in a lower surface of said shell and a

landing gear plate positioned within said opening.
40. A tail cone assembly according to claim 39, further
comprising said landing gear plate being formed from a composite
material having a non-metallic matrix.
41. A helicopter comprising:

a tail cone;

said tail cone having a hollow, tapered monocoque shell
formed from a first composite material having a non-metallic

matrix and fibers embedded within the matrix;

said shell having a leading edge, a trailing edge, an upper

surface, a lower surface, and a pair of side walls;

a tail cone attachment fitting located adjacent said

leading edge of said shell;
a landing support bulkhead located intermediate said
leading edge and said trailing edge, and adjacent an opening in

said lower surface;

a tail rotor pylon support located adjacent said trailing

edge of said shell;

a landing gear support plate joined to said tail rotor

pylon support and said landing support bulkhead;

13
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a tie down support attached to said landing support

bulkhead;

a plurality of drive shaft supports attached to said upper

surface;

a plurality of drive shaft cover supports attached to said

upper surface; and

a plurality of chaff dispenser supports attached to said

side walls.

42. A helicopter according to claim 41, wherein each of said
tail cone attachment fitting, said chaff dispenser supports,
said landing support bulkhead, said tie down support, said tail
rotor pylon support, said landing gear support plate, said drive
shaft cover supports, and said drive shaft supports are formed

from a second composite material.

43. A helicopter according to claim 42, wherein said second

composite material is the same as said first composite material.

44. A helicopter according to claim 42, wherein said second
composite material is different from said first composite

material.

45. A helicopter according to claim 41, wherein at least one of -
said tail cone attachment fitting, said chaff dispenser

supports, said landing support bulkhead, said tie down support,
said tail rotor pylon support, said landing gear support plate,
said drive shaft cover supports, and said drive shaft supports

ig formed from a second composite material.

14
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46. A helicopter according to claim 45, wherein said second

composite material is the same as said first composite material.
47. A helicopter according to claim 45, wherein said second

composite material is different from said first composite

material.

15
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