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00000000
Specification
Title of Invention
Turbojet suspended from an aircraft mast

The present invention relates to the field of gas turbine engines, in
particular of turbojets with a front fan, and their coupling to an aircraft,

Background of the invention

A turbojet with a front fan comprises a large-diameter fan rotor housed in a
casing onto which the air intake duct is mounted. An intermediate casing is
placed immediately behind the fan casing. Downstream, the hub of the
casing is extended by the casing of the main flow and consists of various
compressor, combustion chamber, turbine and exhaust casings. The air
entering via the air intake duct is compressed through the fan rotor then
divided into two concentric cylindrical flows: a main flow and a bypass
flow. The latter bypasses the engine and is discharged cold either in a
separate flow or, after mixing with the main flow, downstream of the
turbine stages. The main flow sustains an additional compression before
being mixed with a fuel to produce hot gases in a combustion chamber. The
hot gases supply the successive turbine stages which rotate the fan and the
alr compression stages about the axis of the engine. The main flow is then
discharged to supply a portion of the thrust. The latter is produced mostly
by the bypass flow. The ratio of the flow rates between the bypass and
main flows is called the bypass ratio; the increase in engine power is
bringing about the design of engines with a high bypass ratio for which the
diameter ratio between the fan casing and the main flow casing is high.

Description of the prior art

The engines, according to a conventional coupling method, are attached to
the aircraft, on or under the wing or to the fuselage, by means of a mast.
The mast has the shape of an elongated and rigid strut assembly capable of
transmitting the forces in three directions, axial, lateral and vertical,
between the engine and the aircraft structure, the axis being that of the
engine. The coupling of the engine to the mast is located in two vertical
planes, a first plane at the front passing through the intermediate casing and
at the rear passing through the exhaust casing. These two casings are
structural elements of the engine supporting notably the respectively front
and rear bearings. With respect to the front plane, two distinct coupling
methods are currently used on civil aircraft, a first to the outer shroud of the
intermediate casing, and a second at the hub.
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With respect to the front coupling method, the subject of the present
invention 1s an attachment via the outer shroud of the intermediate casing.

In the case of isostatic suspensions, the forces are transmitted by link rods
or equivalent parts connecting the engtne to the mast while being attached
via links of the swivel type so as to work in traction and in compression
only. The arrangement 1s designed to transmit the forces in three directions,
axial Fx, vertical Fz and lateral Fy, and the moments in these three
directions Mx, My and Mz respectively. In addition to the attachments
between the intermediate and exhaust casings, the suspension also
comprises link arms for transmitting or receiving thrust connecting the hub
of the intermediate casing to the rear attachment, optionally to the mast in
the vicinity of the rear attachment. The front suspension plane, usually
situated on the intermediate casing, receives lateral and vertical forces, the
rear suspension plane receives lateral and vertical forces and the moment
about the engine axis. The lateral and vertical moments are received by the
reactions 1n opposite directions of the two suspension planes.

The problems associated with the coupling of the engines are the
distortions of the casings, on the one hand those resulting from the
occasional transmissions of the forces, the attachment points of the link
arm and clevis type forming zones of small extent, on the other hand those
resulting from the transfer of the acceptance of thrust to the mast relative to
the thrust vector along the engine axis. The torque formed by the two
forces induces a flexing of the engine along its axis which adversely affects
the clearances between the fixed and rotating portions with deterioration of
performance and an impact on specific consumption. A further result is
wear of the parts by friction and a reduced service life of the engine. The
phenomenon . is all the more marked with greater amplitudes of
deformations on the engines with a high bypass ratio and with a greater
diameter ratio between the fan casing and the main flow casing.

Summary of the invention

The subject of the present invention is therefore a suspension of a turbojet
with front fan to a mast which transmits forces to the latter without locally
or generally deforming cylindrical casings containing rotating parts. A
further subject 1s an optimal weight suspension. Finally the suspension
must not adversely affect accessibility and maintenance.



(13) JP 2009-127629 A 2009.6.11

These objectives are achieved, according to the invention, with a turbojet
suspended from an aircraft mast, the turbojet comprising a front fan, an
intermediate casing downstream of the fan with an outer shroud and a hub
connected together by radial arms and an exhaust casing with an outer
shroud, the two casings being aligned on one and the same axis XX, the
mast comprising a structural strut assembly of elongated shape. In said
turbojet said strut assembly is attached upstream rigidly to the outer shroud
of the intermediate casing by an attachment comprising a means for

transmitting the axial and lateral forces and downstream by an attachment
to said exhaust casing.

The invention is based on the feature by which the main path of the forces
in normal operation of the engine to the mast passes through the front of
the engine and thereby reduces the forces passing between the front and the
rear of the engine. The forces in question are notably thrust, gravity and the
aerodynamic air intake duct forces.

Furthermore, patent application W02007/033994 is known relating to a
suspension that is directed, as in the present application, to reducing or
removing the framework distortion effects and in particular the longitudinal
flexing due to the thrust of the engine. However, according to the solution
presented in this document, the rear coupling of the engine is explicitly
excluded, which implies greatly accentuated distortions under gravity and
does not seem to satisfactorily solve the problem of the distortions on the
casing. Furthermore, relative to this solution, the invention makes it
possible to receive the torque Mz, about the vertical direction, between the
front and rear planes, which makes it possible to reduce the importance of
the front attachment to an occasional acceptance of forces if necessary.

The turbojet also comprises the following features taken in isolation or in
combination: _

Said means for transmitting the axial forces is a shear pin.

The front attachment comprises an upstream plate secured to the
strut assembly. This plate may or may not be bolted onto the outer shroud
of the intermediate casing.

The front attachment comprises at least one link rod on each side of
the strut assembly connected laterally to the outer shroud of the
intermediate casing and arranged so as to transmit only traction or
compression forces.
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More particularly, the front attachment comprises a pair of link rods
on each side of the strut assembly connected to the outer shroud of the
intermediate casing, each of the link rods being arranged so as to transmit
only traction or compression forces.

The turbojet comprises two link arms for transmitting thrust
connected upstream to the hub of the intermediate casing and downstream
to the rear attachment or else to the mast directly.

The rear attachment to the exhaust casing is of the flexible type and
more particularly the flexible attachment comprises two mounts
transmitting the vertical forces and a mount transmitting the lateral forces.

Alternatively, the rear attachment to the exhaust casing is of the rigid
type and more particularly the rear attachment to the exhaust casing
comprises a transverse beam connected to the outer shroud of the exhaust
casing by at least two link rods attached via swivel links.

According to a particular embodiment, the strut assembly comprises
upstream a set of three rigid arms attached at three points to the outer
shroud of the intermediate casing. The rigid arms may be attached to the
outer shroud of the intermediate casing via swivel links.

The invention will now be described in greater detail, the described
embodiments not being limiting; they are described with reference to the
appended drawings.
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Description of the preferred embodiments

As can be seen in figures 1 and 2, the turbojet 1 is of the type with a front
turbofan whose casing 2 has been shown, downstream of which there is the
intermediate casing 3. The upstream end, corresponding to the air intake, is
on the left relative to the figure.

Downstream, there is the casing 4 of the compression section. This section
communicates with the combustion chamber 5 of the annular type. The
turbine stages 7 are situated downstream of the combustion chamber. The
engine ends with the exhaust casing 8, a structural part known per se,
which, like the intermediate casing, comprises a hub supporting bearings,
an outer shroud and radial arms for transmitting forces between the hub and
‘the outer shroud.

The coordinate system, relative to which the axes and the components of
the forces and moments are oriented, comprises the axis Ox parallel to the
axis XX of the engine, the latter being assumed to be horizontal and
oriented from upstream to downstream, the axis Oz is the vertical axis and
the axis Oy is the transverse axis.

The engine is attached to the structure of the aircraft, wing or fuselage, by
means of a mast 9, as 1s known. The general shape of the latter is that of a
rigid parallelepipedal strut assembly. It transmits all force between the
engine and the structure.

The suspension which is all the parts or members attaching the engine and
transmitting the forces between the engine and the mast, comprises a front
attachment 10 between the outer shroud of the intermediate casing 3 and
the mast 9, a rear attachment 11 between the outer shroud of the exhaust
casing 8 and the mast, and two link arms 12 for accepting or transmitting
thrust.

According to the invention, the upstream attachment 10 is arranged to
receive the forces Fx in the direction Ox, Fy in the direction Oy, Fz in the

direction Oz and at least a portion of the moment Mx about the direction
Ox.

The rear attachment 11 is arranged to receive the forces Fy in the direction
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Oy and the forces Fz in the direction Oz, and a portion of the axial moment
Mx.

The link arms 12 for receiving thrust are arranged to receive a portion of
the forces Fx in the direction Ox. They are attached upstream to the hub 31
of the intermediate casing, on either side of the vertical plane (Ox, Oz)
passing through the axis XX of the engine; downstream they are attached
directly to the strut assembly 9 of the mast. They may also be attached to

the rear attachment beam which connects the exhaust casing to the mast, if
necessary via a bar.

Therefore the suspension has a main force path around the intermediate

casing with a passage through the outer shroud 32 of the intermediate
casing,

Figures 3 and 4 represent an example of upstream attachment 10 whose
main function is to receive the axial forces. The upstream end of the strut
assembly 9 comprises a plate 90 in the plane (Ox; Oy) which rests on a
base 32a secured to the outer shroud 32 of the intermediate casing 3. The
plate and the base are traversed, on the axis Oz, by a shear pin 35. The
function of the shear pin is to form a means of transmitting the axial forces
between the shroud 32 and the strut assembly 9. In this instance bolts 36
hold the plate tight against the base 32a and receive a portion of the vertical
forces. Because the thrust forces are transmitted via the shroud 32, the
latter 1s reinforced appropriately, for example by a bolted beam in an arc of
a circle. The axial forces originating from the thrust on the axis of the
engine are transferred to the mast 9 via a rigid radial arm 34 of the
intermediate casing;

Note that the intermediate casing 3 is a structural part of the engine with a
hub 31 inside which the front bearings supporting the coaxial shafts of the
rotors are mounted. For example, in a twin-spool engine with a front fan
and two coaxial shafts for the low-pressure and high-pressure rotors, the
hub contains the three front bearings of the engine. The outer shroud 32 is
connected to the hub by radial arms of which a portion is structural and
arranged to transmit the forces between the two parts, hub and outer shroud.
The top radial arm 34s at 12 o'clock is designed to permanently transmit the
thrust between the hub and the outer shroud at the location of attachment of
the strut assembly 9.
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Solutions other than the shear pin are also possible.

The lateral forces are received by a system of dual-swiveled link rods.
According to one embodiment, there are two links rods 91 and 92 ina V
shape whose point is attached by a fitting to the outer shroud 32 of the
intermediate casing. The attachments are made by swivel links as is known
per se so as to transmit only forces that are in the axis of the link arm. The
V formed by the link rods is contained in a vertical plane perpendicular to
the axis of the engine. Therefore each pair of link rods in a V formation
recelves no force in the direction of the engine axis.

With reference to the rear attachment 11, two variants are possible.

According to a first embodiment represented in figure 5, the rear
attachment is of the flexible type 110 with two mounts 112 and 111 to
receive vertical forces. The two mounts are placed in a plane that is
transverse relative to the axis on either side of the vertical plane which
passes through this axis. The mounts comprise an elastomer portion 112a,
111a connected to the strut assembly not shown in the figure and a link arm
112b, 111b connected via an attachment of the swivel type to the outer
shroud 82 of the exhaust casing 8. The mounts whose stiffness is controlled
are made of elastomer or any other flexible composite material.

To receive a portion of the moment Mx about the axis XX, a third mount
113 is placed between the first two with a tangential link.

According to another embodiment shown in figure 6, the attachment 114 is
rigid with two lateral link rods 115 and 116 attached via swivel links
between the outer shroud 82 of the exhaust casing 8 and a beam 117 that is
transverse relative to the axis XX which is attached rigidly to the strut
assembly 9. To receive a portion of the moment Mx, a third link rod 118 is
attached tangentially between the shroud 82 and the beam 117.

According to a variant shown in figure 7, the strut assembly 19 comprises
three upstream structural branches 19a, 19b and 19c. The end of each
branch is connected to the outer shroud of the intermediate casing by a link
like that shown in figure 3.
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Brief Description of Drawings

figure 1 represents schematically and in perspective a turbojet
suspended from a mast according to the invention, A

figure 2 represents the engine with the distribution of the forces on
the main axes.

figure 3 represents, seen in front isometric perspective, a detail of the
upstream attachment of the strut assembly on the outer shroud of the
intermediate casing .

figure 4 shows an axial section of the plane of connection between
the strut assembly and the shroud.

figure 5 shows the diagram of a flexible attachment between the strut
assembly of the mast and the exhaust casing.

figure 6 shows the diagram of a rigid attachment between the strut
assembly of the mast and the exhaust casing,

figure 7 shows a variant embodiment of the attachment to the shroud
of the intermediate casing. )
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Claims

l. A turbojet suspended from an aircraft mast, the turbojet comprising a
front fan, an intermediate casing downstream of the fan with an outer
shroud and a hub connected together by radial arms and an exhaust
casing with an outer shroud, the two casings being aligned on one
and the same axis XX, the mast comprising a structural strut
assembly of elongated shape, wherein said strut assembly is attached
upstream rigidly to the outer shroud of the intermediate casing by a
front attachment comprising a means for transmitting the axial and
lateral forces and downstream by a rear attachment to said exhaust
casing.

2. The turbojet suspended from an aircraft mast as claimed in claim 1,
wherein said means for transmitting the forces 1sa shear pin.

3. The turbojet as claimed in claims 1 or 2, wherein the front
attachment comprises a plate secured to the upstream strut assembly.

4. The turbojet as claimed in claim 1, wherein said plate secured to the
strut assembly is bolted onto the outer shroud of the intermediate
casing.

5. The turbojet as claimed in one of the preceding claims, wherein the
front attachment comprises at least one link rod on each side of the
strut assembly connected laterally to the outer shroud of the
mtermediate casing and arranged so as to transmit only traction or
compression forces.

6. The turbojet as claimed in the preceding claim wherein the front
attachment comprises a pair of link rods on each side of the strut
assembly connected laterally to the outer shroud of the intermediate
casing and arranged so as to transmit only traction or compression
forces.

7. The turbojet suspended from an aircraft mast as claimed in claim 1,
wherein the strut assembly comprises upstream a set of three rigid
arms attached at three points to the outer shroud of the intermediate
casing.

8. The turbojet suspended from an aircraft mast as claimed in the
preceding claim, wherein the rigid arms are attached to the outer
shroud of the intermediate casing via swivel links.

9. The turbojet suspended from an aircraft mast as claimed in one of the
preceding claims, comprising two link arms for transmitting thrust
connected upstream to the hub of the intermediate casing and
downstream to the rear attachment.
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10.The turbojet suspended from an aircraft mast as claimed in one of
claims 1 to 8, comprising two link arms for transmitting thrust
connected upstream to the hub of the intermediate casing and
downstream to the mast.

11.The turbojet suspended from an aircraft mast as claimed in one of the
preceding claims, wherein the rear attachment to the exhaust casing
1s of the flexible type.

12. The turbojet suspended from an aircraft mast as claimed in the
preceding claim, wherein the flexible attachment comprises two
mounts transmitting the vertical forces.

13.The turbojet suspended from an aircraft mast as claimed in the
preceding claim, wherein the flexible attachment comprises a mount
transmitting the lateral forces.

14.The turbojet suspended from an aircraft mast as claimed in one of
claims 1 to 10, wherein the rear attachment to the exhaust casing is
of the rigid type.

15. The turbojet suspended from an aircraft mast as claimed in the
preceding claim, wherein the rear attachment to the exhaust casing
comprises a transverse beam connected to the outer shroud of the
exhaust casing by at least two link rods attached via swivel links.

1. Abstract

The present invention relates to a turbojet suspended from an aircraft
mast, the turbojet (1) comprising a front fan, an intermediate casing (3)
downstream of the fan with an outer shroud (32) and a hub (31)
connected together by radial arms (34) and an exhaust casing (8) with

~an outer shroud, the two casings (3, 8) being aligned on one and the
same axis XX, the mast comprising (9) a structural strut assembly of
elongated shape. In said turbojet said strut assembly (9) is attached
upstream rigidly to said outer shroud (32) of the intermediate casing (3)
by a front attachment (10) comprising a means for transmitting the axial
and lateral forces and downstream by a rear attachment to said exhaust
casing.

2. Representative Drawing
FIG. 1
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