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the two brackets (18a, 18b) and a part (24) of the structure of the engine (14). Thus the Integrity of the link between the pylon (16)

and the engine (14) Is preserved In the event of fallure of any of the parts which constitute the device, without there being any need
for a backup attachment system.
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ABSTRACT

Device for attaching an engine to an aircraft.

The attachment device (10) 1is inserted between
the engine (14) and a pylon (12) designed to Dbe
attached to an aircraft structure, such as a wing or
fuselage section. The attachment device (10) generally
includes two brackets (18a, 18b) joined together and
secured to the pylon (12) and two pailrs of rods (20a,
20b, 22a, 22b) inserted between the two brackets (18a,
18b) and a part (24) of the structure of the engine
(14) . Thus the integrity of the link between the pylon
(16) and the engine (14) 1s preserved in the event of
failure of any of the parts which constitute the

device, without there being any need for a backup

attachment system.

Fig. 1
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DESCRIPTION

Technical background

The invention concerns a device designed for
attaching an aircraft engine to a pylon secured to a
structural aircraft section such as the wing oOr
fuselage.

More precisely, the invention concerns an
attachment device designed toO transmit to the aircraft
structure, via the engine pylon, the loads acting on
the engine 1in the jateral and vertical directions

relative to the longitudinal axis of the engine, for

Wwhen the engine is mounted on the side of the fuselage,
rhe attachment device concerned by the invention, 1s
designed to transmit the loads applied in the lateral
and vertical directions 1n relation to the longitudinal
axis of the said engine.

In the remainder of the text, only the case of
an engine suspended beneath an aircraft wing 1s

described. The description below nevertheless applies

the fuselage, by replacing the loads acting 1in the

vertical direction with loads acting in the horizontal

direction.

State of the art

The engines fitted to aircraft are suspended

beneath the wing or mounted laterally on the fuselage

SP 19469.69 GP
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via a device known as the ‘'"engine pylon". FoOr

simplification, this device is hereafter referred to as
the "pylon".
The 1link between the engine and the pylon 1is

generally provided by two O three complementary

attachment devices, each performing distinct functions.

take up the engine torque as well as the loads
generated by the engine 1in the lateral and vertical
directions, in order to retransmit them to the aircraft
structure via the pylon. The invention precisely
concerns an attachment device of this type. It should
be noted that such a device may be fitted indifferently
at the front or rear of the engine, the dimensions of

rhe constituent parts being adjusted in consequence.

As illustrated 1n particular by documents

US-A-5 620 154 and Us-A-5 275 357, certain of the

structure and a backup attachment structure. The main
attachment structure transmits the loads 1n normal
operation, 1i.e. when all the parts of the attachment
device are intact. The standby attachment structure 1s
intended to provide continuilty of the load transmission
function between the engine and the aircraft in the

event of failure of one of the parts of the maln

attachment structure.

The existing attachment devices, such as those
il1lustrated in the documents 1isted above, habitually
include an intermediate bracket, attached to the engine
pylon for example via bolts, and at least TwoO spherical

bearing equipped rods, which provide the 1link between

SP 19469.69 GP
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the bracket and the engine. The articulated attachment
of the rods to the bracket and to the engine prevents
the structure from being subjected to loads along the
longitudinal axis of the engine. This arrangement also
compensates for the thermal expansion of the engine and
preserves the isostatic nature of the link between the
pylon and the engine.

As 1s also illustrated by documents
US-A-5 620 154 and US-A-5 275 357, when the existing
attachment devices include standby attachment devices,
the latter generally include additional 1items, such as
one or more additional rods 1inserted between the
bracket and the engine. These additional items
incorporate play such that they do not normally take up
any load when the constituent parts of the main
attachment structure are intact and, 1n consequence,
are able to perform their functions.

Certain existing attachment devices, such as
those used on "ATIRBUS™" aircraft, include an
intermediate part inserted between the pylon and the
bracket. This intermediate part has a trapezoidal
section when viewed 1in cross-section in a plane passing
through the 1longitudinal axis of the engine. It
exhibits a first flat surface intended to be attached,
for example via four bolts, to a flat 1inclined
attachment surface on the pylon and a second flat
horizohtal surface for attachment of the bracket, for

example via four other bolts. The intermediate part may

be in one piece or made up of two half-parts assembled

together by bolts.

SP 19465.69 GP
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In the existing attachment devices, such as
those described in documents US-A-5 620 154 and US-A-5
275 357, the additional parts which constitute the
backup attachment structure are invariably inserted
bhetween the main attachment structure bracket and the

engine. In other words, these additional parts preserve

hetween the bracket and the engine 1s jeopardised.
However, they are not able to preserve this integrity
if the failure concerns the link between the pylon and

the bracket, i.e. for example the attachment bolts

connecting these two items or the intermediate part, 1f

the latter exists.

Moreover, the combination of main and standby
attachment functions through separate additional 1tems
leads to attachment devices which are both heavier and
more  complex. This  goes against the  permanent
objectives in the aeronautical field, which are weight
saving, simplification and reliability.

additionally, when the loads to be transmitted
are very large, 1n particular in the case of heavy
high-thrust engines, 1t may be found necessary to
reinforce the attachment device. This then leads to an
increase in the number of attachment points. Thus, the
sttachment of the bracket to the intermediate part,
when it exists, or directly to the pylon must be
provided by two rows of four bolts instead of two rows
of two bolts as used habitually. This means that the
hracket attached to the pylon must be made stiffer,

which is achieved by increasing 1its dimensions. Thus,

SP 19469.69 GP
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rhe width of the bracket may, for example, be virtually
doubled relative to that of a conventional bracket.

With such an arrangement, it 1s easy to see€
rhat the 1loading of the four bolts is not uniform.
Indeed, the two bolts located outboard transmit little
load relative to the two bolts located inboard. In
fact, about 20% of the loads are applied to the outer
bolts and 80% of the loads are applied to the inner
bolts. With time, this proportion generates much
greater structural fatigue of the inner bolts than of
the outer Dbolts. This 1leads ¢to a much higher
probability of failure for the inner bolts.

This problem could be resolved by reinforcing
+he inner bolts. However this would involve resorting
to a specific tool for tightening these Dbolts.
Additionally, such bolts would protrude into the
airflow and generate drag. Also, 1n view of the limited
space available in the attachment device, this solution

is difficult to apply in practice.

Presentation of the invention

The invention precisely covers a device for
attachment of an engine to a pylon on an aircratft,
whose original design preserves the integrity of the
attachment of the engine even in the event of failure
of one of the parts of the main attachment structure or
of the intermediate part, 1f one exists, whilst at the
same time providing homogeneous distribution and
rransmission of the engine loads to the pylon.

In accordance with the invention, this result

is obtained by using an engine to aircraft pylon

SP 19469.69 GP
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attachment device, consisting of two assemblies forming
lateral rods, and means of linking able to separately
connect each of the assemblies forming lateral rods to
each of the 1items constituted by the pylon and the
engine, characterized in that each of the linking means
includes a pin passing through the said rods and the
central web of a female yoke without play, and passing
through the side webs of the said female vyoke with
play.

According to a preferred production method for
the 1invention, the attachment device additionally
includes an assembly forming a bracket, and means of
attachment by which the assembly forming a bracket 1is
able to be attached to the pylon, and 1in which the
assembly forming a bracket 1includes at least two
brackets and each assembly forming a lateral rod
includes two rods able to separately connect each of
the brackets to the engine.

The presence of an assembly forming a bracket
and the duplication of the bracket and rods to take up
the loads between the engine and the brackets,
therefore enable the deletion of a standby structure
such as described in documents US-A-5 620 154 and US-A-
5 275 357. Indeed the attachment device 1n accordance
with the invention 1s capable of taking up the loads 1in
the wvarious possible failure cases, without the need
for any additional parts.

Additionally, whereas the attachment devices
described 1n the two above-mentioned documents do not
preserve the integrity of the engine attachment in the

event of a failure of the link between the pylon and

SP 19469.69 GP
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the bracket, the attachment device 1in accordance with
the invention also covers this type of failure.

In other words, the attachment device 1in
accordance with the 1invention 1is able to preserve the
total integrity of the 1link between the pylon and the
engine, whilst remaining simple and reliable.

According to another preferred production
method, although not restrictive, of the invention, the
attachment device additionally includes an assembly
forming an intermediate part, 1inserted between the two
brackets and the pylon. This assembly forming an
intermediate part consists of two 1ntermediate parts
and the means of attachment include the first means of
attachment of each bracket to one of the intermediate
parts and second means of attachment of each
intermediate part to the pylon.

Moreover, 1t should be noted that the
duplication of the rods taking up the loads and their
attachment to the bracket with bolts provide enhanced
distribution and reliable transmission of the loads in
the said bolts, the load applied to each bolt being
equal to the same fraction of the total 1load to be
transmitted.

The means of 1linking each assembly forming a
lateral rod to the brackets preferably include two
female vyokes belonging to each of the brackets, and
whose overlapping webs form the said central web.

Additionally, spherical bearings are
advantageously 1nserted between the pin on the one hand
and the rods and the central web of the female yokes on

the other hand. This arrangement permits to give

SP 19469.69 GP
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greater mobility to the pain. In some extreme
conditions, the pin can contact the edge of the bore
provided within the lateral webs of the female vyoke.
Then, the loads can be transmitted via one or the other
of the lateral webs of the female yoke. As the loads
are extreme, 1t 1s thus easier to distribute 1t i1n such
conditions. The gap between the pin and the bores
provided in the lateral webs must Dbe sufficient to
prevent the pin from any contact with the edge of the
bores under normal load conditions, 1in order to avoid
unnecessary fatigue of the lateral webs.

Then, the device acts simultaneously as a main
attachment structure and an emergency attachment
structure and, 1in the event of extreme loads, 1t
provides an additional path for transmitting the loads

from the engine to the pylon.

Brief description of the drawings

A description 1is provided  Dbelow, as an
illustrative but non limiting example, of a preferred
production method for the invention, referring to the
diagrams provided in the appendix, 1n which

- figure 1 1is a three-quarter rear view, 1n
perspective, representing a device for attaching an
aircraft engine to a pylon, 1n accordance with the
invention ; and

- figure 2 1s a side view on a larger scale, 1in
perspective and cut-away, of the device shown in figure

1.
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Detailed description of a preferred production method
for the invention

As illustrated schematically in figure 1, an
attachment device (10) in accordance with the i1nvention
is 1inserted between an engine pylon (12) and an
aircraft engine (14), at the front or at the rear of
the said engine.

The engine pylon (12) 1s designed to be
attached to an item of the aircraft structure, such as
a section of the wing or fuselage. This attachment 1is
provided by conventional means, which are not part of
the invention. To facilitate understanding of figure 1,
the top part of the engine pylon (12) including the
means of attachment of the latter to the aircraft
structure, has intentionally been omitted. More
precisely, figure 1 simply shows the lower spar (16) of
the pylon (12).

The attachment device (10) acts as an interface
between the aircraft engine (14) and the engine pylon
(12) . More  precisely, in the production method
represented as an example in the figures, the function
of the attachment device (10) 1s to take up the loads
exerted in the lateral and vertical directions (in the
case of an engine suspended from a wing) 1n relation to
the longitudinal axis of the engine (14), to retransmit
them to the aircraft structure via the pylon (12).
Another function of the attachment device (10) 1s to
transfer the loads, even in the event of failure of any

part included in the device.

Other attachment devices (not represented) are

inserted conventionally between the pylon (12) and the
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engine (14) to transmit to the latter the loads exerted
in other directions. These other devices are produced
in accordance with +various techniques which are
familiar 1in the trade. They are not part of this
invention.

The attachment device (10) in accordance with
the invention includes a single attachment structure,
which transmits all the above-mentioned loads,
irrespective of whether or not 1its constituent parts
are damaged. The attachment device (10) thus combines
the main attachment and backup attachment functions.

In the preferred production method for the
invention 1illustrated 1n figure 1, the attachment
device (10) includes an assembly (18) forming a
bracket, which includes two brackets (18a) and (18b),
as well as two assemblies (20) and (22) forming lateral
rods, each including two rods (20a), (20b) and (22a),
(22b) respectively (rod (22a) 1s not visible 1n the
figures). Each of the lateral rods (20a), (20b), (22a)
and (22b) 1s articulated separately from the assembly
(18) forming a bracket and to a part (24) of the
structure of the engine (14), 1intended for attachment
to the pylon, in order to provide the link between the
engine (14) and the assembly (18) forming a bracket 1in
opposite circumferential directions relative to the
engine.

The attachment device (10) 1n accordance with
the invention also 1includes two spherical bearing
equipped rods (23) connecting the assembly (18) forming
a bracket to the engine (14) 1in oblique directions

relative to the engine longitudinal axis.

SP 19469.69 GP
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In the production method represented in the
figures, the attachment device (10) additionally
includes an assembly (26) forming an i1ntermediate part,
which 1includes two i1ntermediate parts (26a) and (26b),
through which the assembly (18) forming a bracket is
attached to the engine pylon (12). In an alternative
configuration, the assembly (26) forming the
intermediate part may however be deleted whilst still
remaining within the context of the invention.

Finally, means of attachment are provided for
attachment of the assembly (18) forming a bracket to
the pylon (2). In the production method represented in
the figures, these attachment means 1nclude first means
of attachment, such as bolts (not represented), for
attachment of the brackets (18a) and (18b) to the
intermediate parts (26a) and (26b), and second means of
attachment, such as bolts (not represented), for
attachment of the intermediate parts (26a) and (26b) to
the lower spar (16) of the pylon (12).

Brackets (18a) and (18b) are assembled one to
another along an 1interface (28) which represents the
prlane of symmetry of the assembly forming a bracket
(18). The assembly of brackets (18a) and (18b) 1is
achieved using suitable assembly means such as bolts
(not represented).

Each of the brackets (18a) and (18b) includes
three female vyokes (30a), (30b), (30c) and (32a),
(32b), (32c), respectively, whose webs are incorporated
within the corresponding bracket (the female yoke (30b)

1s not wvisible in figure 1).

SP 19469.69 GP
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The part (24) of the structure of the engine
(14), intended for attachment to the pylon (12),
includes two yokes (34) and (36). The female yokes (34)
and (36) may be incorporated within the structure of
the engine (14) or be attached ¢to 1t using the
techniques familiar 1in the trade, and which are not
part of the invention.

As shown more precisely in figure 2 1n the case
of yoke (34), each of the female yokes (34) and (36)
includes two side webs (34a), (34c) and (36a), (36c),
as well as a central web (34b) and (36b) respectively
(webs (36a), (36b) and (36c) are not shown 1in figure
2) .

Rods (20a) and (20b)in the first assembly (20)
forming lateral rods, are straight. These rods (20a)
and (20b) are respectively 1inserted between the female
yokes (30a) and (32a) of brackets (18a) and (18b) and
the female vyoke (34) attached to the part (24) of the
engine structure.

Rods (22a) and (22b) of the second assembly
(22) forming lateral rods, are Vee-shaped, and are
known as "boomerang". These rods (22a) and (22b) are
respectively inserted between the female yokes (30b),
(30c) and (32b), (32c) of brackets (18a) and (18b) and
the female yoke (36) attached to the part (24) of the
structure of the engine.

A description follows, referring to figure 2,
of the means of attachment of the rods (20a) and (20Db)
to the female yoke (34). The means of attachment of the
rods (22a) and (22b) to the female vyoke (36) are

1dentical to the above and are therefore not described
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here. The same applies to the means of attachment of
rods (20a) and (20b) to the female vyokes (30a) and
(32a) on brackets (18a) and (18b) and to the means of
attachment of rods (22a) and (22b) to the female yokes
(30b), (30c) and (32b), (32c) on brackets (18a) and
(18b) .

The above-mentioned attachment means 1include
spherical bearings (2la) and (21b) fitted within the
ends of each of the rods (20a) and (20b), a spherical
bearing (35) fitted in the central web (34b) of the
female yoke (34) and a hollow pin (38). More precisely,
the hollow pin (38) passes through bores (40a) and
(40c) machined respectively in the lateral webs (34a)
and (34c) of the female yoke (34), bores (23a) and
(23b) machined respectively in the spherical bearings
(21la) and (21b) and a bore (35a) machined 1n the
spherical bearing (35). A bolt (42) passes through the
hollow pin (38) from end to end, 1n order to assemble
the rods (20a) and (20b) to the yoke (34).

The diameter of the bores (40a) and (40c)
machined in the lateral webs (34a) and (34c) of the
female yoke (34) 1s slightly larger than the external
diameter of the pin (38). Thus, in normal operation,
there 1is a clearance between the pin (38) and the
lateral webs (34a) and (34c) sufficient to ensure the
parts do not touch one another. This clearance takes
into account expansion and the displacements of the
engine relative to the various items.

Conversely, the diameter of the bore (35a)
machined in the spherical bearing fitted 1in the central

web (34b) of the yoke (34) 1s equal to that of the pin
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(38) which ensures that these parts are 1in permanent
contacet.

The clearance between the pin (38) and the
lateral webs (34a) and (34c) ensures that the engine
loads can still be transmitted to the pylon even in the
event of failure of one of the two rods (20a) and (20b)
or of the central web (34b). Additionally, at the other
end of the rods (21a) and (21b), the lack of clearance
between the corresponding hollow pin and the spherical
bearing fitted in the central webs of yokes (30a) and
(32a) of the brackets (18a) and (18b) effectively joins
and stiffens the said central webs, which then act,
from a functional point of view, as two one-piece
central webs.

The same advantage 1s to be found at the 1link
provided by rods (22a) and (22b).

When they exist, the 1ntermediate parts (26a)
and (26b) provide an 1interface between the brackets
(18a) and (18b) and the lower spar (16) of the pylon
(12). In the most common case, where the engine 1is
suspended beneath the wing of the aircraft, its
attachment is achieved via a flat surface on the lower
spar (16) facing downwards and forwards. The interface
parts (26a) and (26Db) take into  account this
inclination and provide the horizontal orientation of
the top flat surface of the assembly (18) forming a
bracket. To that effect, the assembly (26) forming the
intermediate part exhibits a trapezoidal section when
viewed 1n cross-section 1n a plane passing through the

longitudinal axis of the engine (14).

SP 19469.69 GP
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The 1intermediate parts (26a) and (26b) are
assembled one to the other along the interface (28},
which also represents the plane of symmetry of the
assembly (26) forming the 1intermediate part. The
assembly of the intermediate parts (26a) and (26b) 1is
provided by suitable assembly means such as bolts (not
represented) .

Thus, the assembly (26) forming the
intermediate part exhibits a flat top surface, intended
for attachment by suitable attachment means to the
lower inclined face of the lower spar (16) of the pylon
(12). The assembly (26) forming the intermediate part
also exhibits a flat bottom surface, which is attached
by suitable attachment means to the flat top surface of
the assembly (18) forming a bracket.

More precisely, each of the intermediate parts
(26a) and (26b) 1s attached beneath the lower spar
(1l6), by means of two bolts (not represented) or by any
other technically equivalent means. Similarly, each of
the 1ntermediate parts (26a) and (26b) 1s attached to
one of the brackets (18a) and (18b) for example by two
bolts (not represented) or by any other technically
equivalent means.

In the event of failure of any of the four rods
(20a), (20b), . (22a) or (22b), the loads exerted by the
engilne (14) are transmitted to the pylon (12) wvia the
other rod of the assembly forming a rod (20) or (22) of
which one rod has failed, as well as by all the other
intact parts of the attachment device (10). In other

words, the duplication of parts ensures transmission of
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the loads 1irrespective of the part of the device which
fails.

Consequently, the attachment device 1n
accordance with the invention achieves the intended
objectives, which consist in preserving the integrity
of the engine attachment even in the event of failure
of any of the parts of the said device, in ensuring a
better and  more reliable distribution of the
transmission of 1loads and in simplifying the said
attachment device.

Obviously, the invention is not restricted to
the production method which has just been described
which 1s merely an example. In particular, the
attachment between the rods (20a), (20b), (22a) and
(22b) and the pylon (12) and between the rods (20a),
(20b), (22a) and (22b) and the structure of the engine
(14) may be different from those described. Thus, as
already mentioned, the intermediate parts (26a) and
(26b) may, in certain cases be deleted. Similarly, the
bolts which provide the attachment between the pylon
(12) and the intermediate parts (26a) and (26b) as well
as between these and brackets (18a) and (18b) may be
replaced by equivalent attachment means such as bolts,
or other. Finally, the brackets (18a) and (18b) may
also be deleted. In such case, the rods are articulated
directly from the pylon, via links which are comparable

to those which have been described.
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CLAIMS
1. An attachment device (10) for an engine (14) to a
pylon (12) on an aircraft, including two assemblies (20), (22)

forming lateral rods, and means of attachment suitable for
separately connecting each of the assemblies forming lateral
rods to each of the items constituted by the pylon (12) and
the engine (14), characterized in that each of these means of
attachment includes a pin (38) passing without play through
the said rods and a central web (34b) of a female yoke (34),
(36), (30a), (32a), (30b), (32b) secured to the said item and
passing with play through lateral webs (34a), (34c) of the

salid female vyoke.

2. An attachment device in accordance with claim 1, 1n
which the said attachment device (10) additionally includes an
assembly (18) forming a bracket, and means of attachment (26)
through which the assembly (18) forming a bracket 1s able to
be attached to the pylon (12), and in which the assembly (18)
forming a bracket includes at least two brackets (18a), (18Db)
and each assembly (20), (22) forming a lateral rod 1ncludes
two rods (20a), (20Db) , (22a), (22b), able to separately
connect each of the brackets (18a), (18b) to the engine (14).

3. An attachment device in accordance with claim 2, 1n
which the said attachment device (10) additionally 1ncludes an
assembly (26) forming an intermediate part, 1nserted between
the two brackets (18a), (18b) and the pylon (12), the said
assembly (26) forming an intermediate part 1ncluding two
intermediate parts (26a), (26b) and means of attachment
including first means of attachment for each bracket (18a),
(18b) to one of the intermediate parts (26a), (26b) and second

means of attachment for each intermediate part (26a), (26b) to
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the pylon (12).

4 . An attachment device 1in accordance with either of

claims 2 or 3, 1n which the said means of attachment between

each assembly (20), (22) forming the lateral rods and the
brackets (18a), (18b) include two female vyokes (30a), (32a),
(30b), (32b), belonging to each of the said brackets and where

the overlapping webs form the salid central web.

5. An attachment device 1in accordance with any of
claims 1-4, in which the spherical bearings (21la), (21b), (35)
are inserted between the said pin (38) on the one hand and the
rods (20a), (20b), (22a), (22b) and the central web (34b) of
the said female vyokes (34), (36), (30a), (32a), (30b), (32b)
on the other hand.
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