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(54) Interchangeable joint concept for an aircraft rear fuselage cone

(57) Rear fuselage of an aircraft comprising a tail
cone end and a rest of the real fuselage whereby the tail
cone end is attached to the rest of the rear fuselage by
means of an attachment system comprising a balancer
fitting (5), three lugs (6,7,8) and a waiting link (4). When

there is a failure in one of the lugs, the balancer fitting
acts supporting loads in the transversal direction of the
aircraft. The waiting link only acts if a failure in other link
occurs. This waiting link is able to support loads in the
longitudinal direction of the aircraft.
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Description

OBJECT OF THE INVENTION

[0001] The object of the present invention is to ensure
the interchangeability of the tail cone end of an aircraft
in cases it has to be disassembly from the rest of the tail
cone portion in a rear fuselage of an aircraft, for any pur-
poses, for example in cases it has to be changed for a
new one.
[0002] In other words, the main object of the present
invention is to provide a new solution for the joint between
the tail cone end and the rest of the rear fuselage of the
aircraft.
[0003] It is a further object of the present invention to
relax the level of hyperstatism of the resulting joint be-
tween both parts, thus easing their assembly and future
maintenance operations and at the same time, not loos-
ing the fail-safe condition.
[0004] Another object of the invention is that the as-
sembly of the tail cone end and the rest of the rear fuse-
lage, and the tail cone replacement workplace (TRW)
can be done directly, without using platforms or grades.
The reason is that a further object of the present invention
is to facilitate the assembly operations in order to allow
said assembly operations to be done whether from the
inside of the aircraft whether from the lower outside of
the aircraft. Consequently, it is no longer necessary to
use platforms or grades to reach the upper outside part
of the aircraft to make the operations of assembly/disas-
sembly.

FIELD OF THE INVENTION

[0005] The present invention falls within the aeronau-
tical industry and relates to the configuration of a rear
fuselage of an aircraft having a modular tail cone end.
[0006] More particularly, the present invention relates
to methods of joining the tail cone end to the rest of the
rear fuselage of an aircraft and the type of fittings used.

BACKGROUND OF THE INVENTION

[0007] As a general rule, an aircraft comprises a fuse-
lage having a front portion in which a cockpit is arranged,
a main portion that bears the wings and a rear fuselage
that supports the horizontal stabilizer.
[0008] Normally, the rear fuselage ends in a modular
tail cone end. In particular, the tail cone end houses the
auxiliary power unit (APU) of the aircraft.
[0009] Thus, when assembling an aircraft, the inter-
face between the tail cone end and the rest of the rear
fuselage of the aircraft is normally designed with four
fittings or lugs, two upper and two lower, for supporting
the loads, plus a balancer fitting in order to align or center-
ing the positioning of the sections during the assembly
process. This type of construction derives from the fail
safe operability standards requested by the air navigation

laws. Hence, in case of losing one of the fittings or lugs
the aircraft always has four more in order to carry the
loads.
[0010] Each of the four lugs take two reactions and the
balancer fitting takes one more reaction so in total, nine
reactions are taken with this configuration in order to sat-
isfy the failsafe requirements by redundancy. The result
is an hyper static junction.
[0011] The four lugs work in a hyperstatic mode and
the balancer fitting only acts when a failure in one of the
lugs occurs.
[0012] In addition, since the tail cone end houses the
auxiliary power unit (APU) of the aircraft, the joint be-
tween the tail cone and the rest of the rear fuselage de-
pends on the location of the air intake of the auxiliary
power unit. Thus, in cases where the auxiliary power unit
air intake is in a lower location, the balancer is in an upper
position whereas in cases where the auxiliary power unit
air intake is in an upper location, the balancer is in a lower
position.
[0013] The positions of the lugs are constrained by the
fuselage shape. Those positions are also affected by the
cutout that the tail cone end has at its end and are also
related to trimmable horizontal stabilizer.
[0014] The main forces and moments to be supported
by the attachments come from flexion, dynamic landing,
crash-landing, etc, applied to the tail cone. The heavier
is the APU, the higher the loads that the tail cone end
supports will be.
[0015] The currently applied hyper static solutions,
even with bearings and tolerances provided for the de-
sign, are not able to accomplish enough accuracy to as-
sure the positions with the repair operations.
[0016] The method of assembly of the tail cone end to
the rest of the rear fuselage of an aircraft traditionally
used comprises the following steps:

a) To install the balancer which guides and aligns
the sections of the tail cone and the rest of the rear
fuselage;
b) To install the four fittings or lugs.

[0017] As the four fittings are mounted at the same
time, big stresses appear and usually the whole assem-
bly has to be forced.

DESCRIPTION OF THE INVENTION

[0018] The present invention is designed to overcome
above-mentioned drawbacks present in the final assem-
bly line (FAL) in which the tail cone end is assembled to
the rest of the rear fuselage.
[0019] According to the invention an "interchangeable
component" shall be defined as a single item or assembly
of items which, as a unit, may be interchanged by another
interchangeable component having the same part
number:
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without alteration of the component or the aircraft,
with any necessary replacement of removable fas-
tenings, and
with any necessary means of reversible adjustment
to the specified performance tolerances.

[0020] Whereas a "replaceable component" shall be
defined as a single item or assembly of items which, as
a unit, has some interchangeable features. This means
that may require alteration (irreversible) when fitting to
the aircraft.
[0021] According to the invention, the rear fuselage of
an aircraft comprises a tail cone end and the rest of the
rear fuselage. The tail cone end is attached to the rest
of the rear fuselage by means of an attachment system
that comprises three lugs and a balancer fitting.
[0022] As there are only three lugs, the degrees of hy-
per staticity of the junction have been relaxed until an iso
static union.
[0023] In the present invention, the three lugs work in
a pure isostatic way supporting all the loads without using
superabundant lugs.
[0024] The attachment system further comprises a
waiting link which only acts if a failure in other link occurs.
If that failure occurs, the waiting link is loaded by defor-
mation of the structure and acts assuring the safety of
the tail cone joint.
[0025] This waiting link is able to support loads in the
longitudinal direction of the aircraft, in case one of the
lugs fails.
[0026] The safety level of the joint has not been dete-
riorated because when adding the waiting link it acts as
a fail safe redundancy.
[0027] The three lugs are disposed in a triangle dispo-
sition having a first lug and a second lug, either in an
upper position or in a lower position, which are placed at
the same height and each one of them, is placed in one
of the lateral sides of the rear fuselage.
[0028] If the APU air intake is in an upper location, the
first and the second lugs are in a lower location. If the
APU air intake is in a lower location, the first and the
second lugs are in an upper location.
[0029] The third lug is in the opposite position, i.e. if
the first and the second lugs are placed in the upper part,
the third lug is placed in the lower part and vice versa.
[0030] The balancer fitting is located in the same part
than the first and the second lugs, which can be the upper
part or the lower part, and is placed between them.
[0031] The main function of the balancer fitting is to
help positioning during the assembly operations. Another
function of the balancer fitting is to support loads in the
transversal axe of the aircraft and in a vertical direction,
in case one of the lugs fails.
[0032] The waiting link is placed below the third lug if
the third lug is in an upper location. Said waiting link is
placed above the third lug if the third lug is in a lower
location.
[0033] The combination of the third lug and the waiting

link can be called upper attachment or lower attachment
according to its position. In an embodiment of the inven-
tion, this attachment can be modified by changing it for
a fail-safe lug.
[0034] The invention further describes a method of as-
sembly of the tail cone end to the rest of the rear fuselage
of an aircraft. The method comprising the following steps:

a) to install the balancer fitting;
b) to install the three lugs; and
c) to install the waiting link.

[0035] The balancer is the first element which has to
be installed because it acts as a guide for the tail cone
end in order to position it for the assembly with the rest
of the rear fuselage.
[0036] The present invention proposes a union with
three lugs instead of four lugs as the inventions of the
state of the art. This highly reduced the stresses which
appear when assembling the tail cone end and the rest
of the rear fuselage and it is no longer necessary to force
the assembly to install the lugs and fittings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The present invention will be entirely under-
stood on the basis of the following detailed description
of the different embodiments and the accompanying
drawings that are filed solely as an example and are
therefore not restrictive of the scope of the present in-
vention, and in which:

Figure 1 depicts a rear fuselage of an aircraft show-
ing the tail cone end (1) and the rest of the rear fu-
selage (2).
Figure 2 is a representation of a hyper static junction
of the tail cone end with the rest of the rear fuselage
with four lugs and a balancer fitting, as currently used
in the state of the art.
Figure 3a is a representation of the junction of the
invention with three lugs, a waiting link placed above
one of the lugs and a balancer fitting placed in an
upper position.
Figure 3b is a representation of the junction of the
invention with three lugs, a waiting link placed below
one of the lugs and a balancer fitting placed in a
lower position.
Figure 4a is a representation of the isostatic junction
object of the invention. In this figure are represented
the loads supported by each one of the lugs.
Figure 4b is a representation of the distribution of
loads if there is a failure in one of the lugs where the
remaining lugs support the same loads than before
but now the balancer is acting supporting loads in
the transversal direction of an aircraft and the waiting
link is acting supporting loads in a longitudinal direc-
tion of an aircraft.
Figure 4c is a representation of the distribution of
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loads if there is a failure in one of the lugs where the
remaining lugs support the same loads than before
but now the balancer is acting supporting loads in
the vertical direction of the aircraft and the waiting
link is acting supporting loads in a longitudinal direc-
tion of the aircraft.

References:

[0038]

1: tail cone end

2: rest of the rear fuselage

3: lugs

4: waiting link

5: balancer fitting

6: first lug

7: second lug

8: third lug

X: aircraft longitudinal axe

Y: aircraft transversal axe

Z: vertical direction

LF: lug failure

DESCRIPTION OF A PREFERRED EMBODIMENT

[0039] The following description is provided for the
benefit of the reader only, and is not intended to limit in
any way the invention as set forth by the claims.
[0040] According to the invention, the rear fuselage of
an aircraft comprises a tail cone end (1) and the rest of
the rear fuselage (2). The tail cone end (1) is attached to
the rest of the rear fuselage (2) by means of an attach-
ment system that comprises three lugs (6, 7, 8) and a
balancer fitting (5).
[0041] As can be seen from figure 2, currently the junc-
tion between the tail cone end (1) and the rest of the rear
fuselage (2) is done by means of four lugs (3) and a bal-
ancer fitting (5). Two of the lugs are able to support loads
on a transversal axe of the aircraft and the longitudinal
axe of the aircraft (Y, X) and the other two lugs are able
to support loads in a vertical direction and a longitudinal
axe of an aircraft (Z, X). In this case, the balancer fitting
does not act until there is a failure in one of the lugs (3) .
When there is a failure in one of the lugs, the balancer
fitting acts supporting loads in the transversal and vertical
direction of the aircraft (Y, Z).

[0042] In the present invention, the three lugs work in
a pure isostatic way supporting all the loads without using
superabundant lugs.
[0043] The attachment system further comprises a
waiting link (4) which only acts if a failure in other link
occurs. The waiting link (4) is arranged opposite to the
balancer fitting (5) and is placed below the third lug (8)
if it is in an upper position and is placed above the third
lug (8) if it is placed in the lower position.
[0044] The first lug (6) and the second lug (7) support
loads in a longitudinal direction and a vertical direction
of an aircraft (X, Z) and the third lug (8) support the loads
in a longitudinal direction and a longitudinal direction of
the aircraft (X, Y).
[0045] When the failure occurs in one of the lugs, the
waiting link (4) is loaded by deformation of the structure
and acts assuring the safety of the tail cone joint support-
ing loads in a longitudinal direction of an aircraft (X).
[0046] The first lug (6) and the second lug (7) are
placed in a lower location if the APU air intake is in the
upper part. The first lug (6) and the second lug (7) are
placed in an upper location if the APU air intake is in the
lower part.
[0047] The third lug (8) is in the opposite position to
the first lug (6) and the second lug (7), i.e. if the first (6)
and the second (7) lugs are placed in the upper part, the
third lug (8) is placed in the lower part and vice versa.
[0048] The balancer fitting (5) is located in the same
part than the first (6) and the second (7) lugs and is placed
between them.
[0049] The waiting link (4) is placed below the third lug
(8) if the third lug (8) is in an upper location. Said waiting
link (4) is placed above the third lug (8) is the third lug
(8) is in a lower location.
[0050] The combination of the third lug (8) and the wait-
ing link (4) can be called upper attachment or lower at-
tachment according to its position. In an embodiment of
the invention, this attachment can be modified by chang-
ing it for a fail-safe lug.
[0051] The invention further describes a method of as-
sembly of the tail cone end to the rest of the rear fuselage
of an aircraft. The method comprising the following steps:

a) to install the balancer fitting (5);
b) to install the first lug (6) and the second lug(7) ;
c) to install the third lug (8)
d) to install the waiting link (4).

[0052] The balancer is the first element which has to
be installed because it acts as a guide for the tail cone
end in order to position it for the assembly with the rest
of the rear fuselage.

Claims

1. A rear fuselage of an aircraft comprising a tail cone
end (1) and a rest of the rear fuselage(2) whereby
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the tail cone end (1) is attached to the rest of the rear
fuselage (2) by means of an attachment system com-
prising a first lug (6), a second lug (7) and a third lug
(8) disposed in a triangle disposition, having the first
lug (6) and the second lug (7), either in an upper
position or in a lower position, placed at the same
height and each one of them being placed in one of
the lateral sides of the rear fuselage, and the attach-
ment system comprising also a balancer fitting (5)
disposed in between the first lug (6) and the second
lug (7), characterized in that the attachment sys-
tem further comprises an additional waiting link (4)
arranged opposite to the balancer fitting (5) and be-
ing placed below the third lug if it is in an upper po-
sition and being placed above the third lug if it is
placed in the lower position.

2. A rear fuselage of an aircraft according to claim 1
characterized in that the first lug (6) and the second
lug (7) support loads in a longitudinal direction of the
aircraft and in a vertical direction of the aircraft (X,
Z) and the third lug (8) support the loads in the lon-
gitudinal direction of the aircraft and a transversal
direction of the aircraft (X, Y).

3. A rear fuselage of an aircraft according to claim 1
characterized in that the first lug (6) and the second
lug (7) are placed in a lower location if the APU air
intake is in the upper part.

4. A rear fuselage of an aircraft according to claim 1
characterized in that the first lug (6) and the second
lug (7) are placed in an upper location if the APU air
intake is in the lower part.

5. An aircraft comprising a rear fuselage according to
claim 1.

6. Method of assembly of the rear fuselage of an aircraft
defined in claim 1, comprising the following steps:

a) to install the balancer fitting (5);
e) to install the first lug (6) and the second lug(7) ;
f) to install the third lug (8)
g) to install the waiting link (4).
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