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(57) Abrégée/Abstract:
Method forming a composite structure ( 9 ) comprising a main body and a flange. The composite structure is manufactured by
laying -up a preform (7) on a mould (6). The preform (7) does not have the first and second bends and comprises a first part which
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corresponds to the main body of the composite structure and a second part which corresponds to the flange of the composite
structure. The second part of the (preform (/) has a proximal portion which corresponds to the wall portion of the flange and a
distal portion which corresponds to the lip portion of the flange. The preform (/) comprises a plurality of plies and uni - directional
ply material extends from the first part of the preform (/) to the distal portion of the second part of the preform (7). The flange Is
formed by advancing movable portion (s) (62) of the mould 6 to form the proximal portion of the second part of the preform (7) to
create the first bend (81) and by forming the distal portion of the second part of the preform (/) around the advancing movable

portion (s) (62) of the mould (6) to create the second bend (83). The presence of the two bends (81, 83) ensures that the ply
material (78) Is kept in tension during the forming operation.
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(57) Abstract: Method forming a composite struc-
ture ( 9 ) comprising a main body and a flange. The
composite structure is manufactured by laying -up a
preform (7) on a mould (6). The preform (7) does not
have the first and second bends and comprises a first
part which corresponds to the main body of the com-
posite structure and a second part which corresponds
to the flange of the composite structure. The second
part of the (preform (7) has a proximal portion which
corresponds to the wall portion of the tlange and a
distal portion which corresponds to the lip portion of
the tlange. The preform (7) comprises a plurality of
plies and uni - directional ply material extends from
the first part of the preform (7) to the distal portion
of the second part of the preform (7). The flange is
formed by advancing movable portion (s) (62) of the
mould 6 to form the proximal portion of the second
part of the pretform (7) to create the first bend (81)
and by forming the distal portion of the second part
of the pretorm (7) around the advancing movable
portion (s) (62) of the mould (6) to create the second
bend (83). The presence of the two bends (81, 83)
ensures that the ply material (78) 1s kept in tension
during the forming operation.
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METHOD OF FORMING A COMPOSITE STRUCTURE COMPRISING A FLANGE

Field of the Invention

The present invention relates to a composite structure such as a containment case for a gas
turbine engine, although the present invention 1s broadly applicable to composite structures
such as, 1n the aerospace industry, a wing spar or any component that needs to include an

integral flange such as a straight flange or a curved flange such as an annular flange.

Background

Characteristics of composite materials have meant that composite components are employed

In an increasing range of applications from aerospace to automotive parts.

In the aerospace industry, for example, composite materials have been used for a number of
years owing to their strength to weight ratio. The term “composite materials” (known also as
“composites”) 1s used to describe materials comprising for example glass fibre or carbon
fibres and an epoxy resin (or similar). These are also known as glass reinforced plastic or
carbon fibre reinforced composites. The carbon fibre reinforced composite material offers
improved properties such as lower weight, improved fatigue/damage resistance, corrosion

resistance and negligible thermal expansion.

The use of these materials has increased throughout the aerospace industry predominantly
because of the fuel savings which can be achieved over the life of an aircraft by reducing the
overall sum weight of the components making up the aircraft. Aerodynamic as well as
structural components are formed of composite materials and particularly carbon fibre

materials.

A composite component may be laid-up using a cloth, tape or the like pre-impregnated with
resin to form a stack corresponding to the desired shape of the part to be formed. The stack 1s
then cured either at ambient temperature and pressure or at elevated temperature and pressure

1n an autoclave to create a hardened component.
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A gas turbine engine such as a turbofan may be provided with a containment case for
preventing a broken blade of the engine from exiting the engine and damaging the rest of the
aircraft. For example, a containment case may be provided around the fan at the front of the
turbofan engine. The containment case may be made of composite material such as carbon
fibre reinforced composite material and/or Kevlar reinforced composite material. The
containment case 1s 1n the shape of a generally cylindrical barrel or housing. The containment
case needs to be attached to adjacent structural components of the engine and it 1s therefore
desirable for the containment case to include a flange at one or both of the ends of the barrel

or housing.

Fig. 1 1s a diagrammatic side view of a typical known turbofan engine 1 having a fan case 11
defining a fan duct 12 which contains a rotating disc of fan blades 13. The fan blades 13

rotate around a central longitudinal axis 14 of the engine 1.

The fan case 11 1s annular and 1s centred on the longitudinal axis 14. The fan case 11 1s
shown partly cut away in Fig. 1 in order to diagrammatically illustrate the fact that the fan
case 11 includes an annular containment case 2 positioned around the periphery of the disc of
fan blades 13 1n order to contain any broken fan blade 13. The containment case 2 comprises
a generally-cylindrical barrel or housing 3 at the front end of which 1s an outwardly-extending

annular flange 41 and at the rear end of which 1s an outwardly-extending annular flange 42.

The containment case 2 1s centred on the longitudinal axis 14 of the engine 1 and 1s held 1n
position by being fastened to other components of the fan case 11 such as an annular front
leading edge 51 and an annular rear edge 52. The flanges 41 and 42 may be provided with
holes for fasteners which are used to attach the containment case 2 to the structure of the

leading and rear edges 51, 52.

Fig. 2 1s a diagrammatic perspective view of a containment case 2 generally similar to the one
shown 1n Fig. 1 except that in Fig. 2 the generally-cylindrical housing 3 1s slightly tapered in
the direction of the longitudinal axis 14. The actual internal contour or profile of the housing

3 may be optimised to suit the requirements of a particular engine 1.
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It 1s convenient to use a machine, such as an automated tape laying (ATL) machine, to lay-up
the plies of composite material of the housing of the containment case on a mould or mandrel.
It has proved difficult to use a machine to lay-up the plies of the composite material of the
flange and to integrate the composite material of the flange with the composite material of the
housing, before the housing and the flange are cured. It has proved necessary to manually
lay-up the plies of the flange, ply by ply, against an outwardly-projecting annular wall of the
mould which extends outward from the main cylindrical mould surface on which the plies of
the housing have been machine-laid up. The plies of the flange are hand laid and must be
intermeshed with the machine-laid plies of the housing. This tends to produce a flange of
inconsistent quality and, 1n order to compensate for this, a flange which 1s heavier than it

needs to be because it 1s using an excess of composite material.

At GKN Aerospace, we have recently been experimenting with a configuration during the
laying-up of the composite material which facilitates machine laying of the flange in addition
to machine laying of the curved main surface of a composite structure. In this way, all of the
laying-up of the composite material may be automated, and 1t 1s no longer necessary to use
manual or hand laying. Automating the laying-up of the flange produces an improvement in

the quality of the tflange and the composite structure.

Our experimental tool for forming (bending) a second part 43 to form a flange 4
(corresponding, for example, to part of the front flange 41) 1s shown in Figs. 3 to 6. The
experimental tool incorporates a first part 61 of a cylindrical mould or mandrel 6 and a
circumferential line of movable blocks 62. An experimental part 21 of the containment case 2
1s laid-up as a preform on a mould surface 611 of the first mould part 61 and on mould
surfaces 621 of the movable blocks 62. The preform comprises the second part 43 and a first
or main part 31. The second part 43 1s laid-up on the mould surfaces 621 and the first part 31

1s laid-up on the mould surface 611.

Pre-impregnated uni-directional tape making up the composite material of the experimental
part 21 1s laid-up obliquely (e.g. at plus 60° and at minus 60° relative to the circumferential
direction) 1n both the first part 31 and the second part 43. In the context of the experimental
part 21, the circumferential direction corresponds to the boundary line 211 between the parts

31, 43. Circumferential tape (0° tape) 1s laid-up 1n the first part 31 but not 1n the second part



10

15

20

25

30

CA 02820150 2013-06-05

WO 2012/076875 PCT/GB2011/052412

4

43. Perpendicular tape (90° tape) 1s laid up 1n the second part 43 and extends a short distance
into the first part 31.

For example, the tape 1s 0.25 mm thick and has a typical width of 75 mm to 150 mm. Such
tape 1s suited to being laid-up by the head of an ATL machine. The tape is laid-up to form a
stack of plies, and the number of ply layers may be 10 or more, preferably 20 or more, or

preferably 30 or more.

The laid-up tape of the experimental part 21 1s cut back so that the circumferential free edge

431 of the second part 43 does not project beyond movable blocks 62 of the mould 6.

A female forming tool 63 (see Fig. 4) 1s then clamped down onto the part of the first part 31

immediately adjacent the second part 43.

The mould 6 1s then placed 1n an oven and heated to a first temperature, e.g. 80°C, at which
the resin of the pre-preg tape becomes fluid enough (has a low enough viscosity) to facilitate
the forming operation which 1s about to occur. At this point, the blocks 62 are advanced 1n a
radially outward direction from their retracted or flush position to the advanced position
shown 1n Figs. 5 and 6 by actuating actuators 64 such as pneumatic or hydraulic pistons. This
forms or flexes upwards the second part 43 to form the flange 4 projecting outwards relative
to the first part 31. The blocks 62 are advanced by a distance which 1s at least the width 432
of the second part 43 so that the flange 4 that 1s formed 1s an upright wall relative to the first
part 31.

The temperature 1n the oven 1s then raised to a second, higher temperature 1n order to continue

and complete the curing of the composite tape material. For example, the second temperature
may be 135°C. After the curing cycle or process has been completed, the blocks 62 may be

retracted to the position shown in Figs. 3 and 4. The female tool 63 may be removed, and the

experimental part 21 removed from the mould 6.

Figs. 7 and 8 are diagrammatic cross-sectional views through the flange wall 4 (the second

part 43) and the adjacent part of the first part 31 after the forming operation has been
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performed, and Fig. 7 shows the outcome of a correct forming operation and Fig. 8 shows the

outcome of an incorrect forming operation.

If the forming operation 1s correctly performed as shown in Fig. 7, the plies 44a-44¢g slide
over one another in the second part 43 and the thickness of the second part 43 1s not distorted.
However, a so-called “bookend” eftect 433 1s produced at the free edge 431 of the second part
43, whereby the free edge 431 1s slanted.

The flange 4 may be trimmed to a desired height along a cut line 434 and this will remove the

unwanted bookend effect 433

In Figs. 7 and 8, only 7 plies 44a-44g are shown for reasons of clarity, but in practice it 1s

usually the case that a larger number of ply layers will be present.

During the forming operation, the bending upwards of the second part 43 will tend to place
the plies at the inside of the bend (such as plies 44a and 44b) 1n compression and will tend to

place the plies at the outside of the bend (such as plies 441 and 44¢g) 1n tension.

If the forming operation 1s performed too quickly, such that the plies are unable to move
relative to one another to the necessary extent, a flange 4 as shown in Fig. 8 may be the end
result. The forming (bending) has been performed too quickly, and the compression of the
plies at the inside of the bend (such as plies 44a and 44b) has resulted in them undergoing
wrinkling or buckling as shown at area 435. Even after the flange wall 4 has been trimmed to

height along the cut line 434, some of the unwanted distortion 435 will still remain.

It would be desirable to improve the manufacturing method so as to reduce or eliminate this

unwanted distortion.

Summary of the Invention

According to a first aspect of the present invention, there 1s provided a method of
manufacturing a composite structure comprising a main body and a flange which 1s positioned

along a first edge of the main body and which has a wall portion which 1s connected to the



10

15

20

25

30

CA 02820150 2013-06-05

WO 2012/076875 PCT/GB2011/052412

6

main body through a first bend and a lip portion which 1s connected to the wall portion
through a second bend 1n the opposite direction to the first bend, the method comprising the
steps of: laying-up a preform on a mould, wherein the preform does not have the first and
second bends and comprises a first part which corresponds to the main body of the composite
structure and a second part which corresponds to the flange of the composite structure, the
second part of the preform has a proximal portion which corresponds to the wall portion of
the flange and a distal portion which corresponds to the lip portion of the flange, the first and
second parts of the preform comprise a plurality of plies and uni-directional ply material
extends from the first part of the preform to the distal portion of the second part of the
preform; forming the flange by advancing movable portion(s) of the mould to form the
proximal portion of the second part of the preform to create the first bend and by forming the
distal portion of the second part of the preform around the advancing movable portion(s) of
the mould to create the second bend; and curing resin in the formed flange and the first part of

the preform.

Because the second part of the preform has the distal portion 1n addition to the proximal
portion, and because the forming operation involves creating the second bend 1n addition to
the first bend, any uni-directional ply material extending from the first part of the preform to
the distal portion of the second part of the preform (and located towards the inside of the first
bend) will be kept in tension along its length. This will prevent distortion (wrinkling or

buckling) of that ply material at the inside of the first bend.

Any uni-directional ply material located towards the inside of the second bend will also be
kept 1in tension along its length during the forming operation, and this will prevent any

distortion of that ply material at the inside of the second bend.

Effectively, the second bend balances the first bend because it bends 1n the opposite direction

to the first bend.

In a preferred embodiment, the flange comprises tape which 1s at an oblique angle and/or 1s

perpendicular relative to the first edge of the main body.
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Preferably the first and second parts of the preform each include tape laid at an oblique angle
relative to the first edge of the main body. The oblique angle (the included angle relative to
the first edge of the main body) may be 10° to 80°. Alternatively, the range could be 20° to
70°, or 30° to 60°. In a particularly preferred embodiment, all of the oblique-angle tapes are
laid at an 1included angle relative to the first edge (wherein the first edge corresponds to the

boundary between the first and second parts of the preform) of substantially 60°.

Preferably, each of the plies comprises the uni-directional ply material. This helps to

maximise the benefit of the present invention.

Preferably, the uni-directional ply material 1s pre-impregnated uni-directional tape containing

any suitable resin such as epoxy resin.

In a preferred embodiment, each ply 1s made of such tape. The plies may be woven, non-

woven or a combination of woven plies and non-woven plies.

As an alternative to the uni-directional ply material being pre-impregnated uni-directional
tape, the plies which are laid-up to produce the preform could be “dry” reinforcement (such as
fiber tow) and the resin 1s added later on. The resin could be added betfore, during or after the

flange forming step, for example by using the resin transter moulding (RTM) technique.

In a preferred embodiment, the mould comprises a first mould portion, the movable mould
portion(s) adjacent the first mould portion, and a second mould portion adjacent the movable
mould portion(s); and 1n the laying-up step, the first part of the preform 1s laid-up on the first
mould portion, the proximal portion of the second part of the preform 1s laid-up on the
movable mould portion(s), and the distal portion of the second part of the preform 1s laid-up

on the second mould portion.

The second mould portion may have a free edge which 1s used to define the free edge of the
laid-up distal portion of the second part of the preform. Thus, the plies may be laid-up past

the free edge of the second mould portion and then trimmed back to the free edge.
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In a preferred embodiment, the second mould portion may be selected from a set of second
mould portions having different sizes or dimensions in the direction corresponding to the
unformed height of the lip portion. For example, if the second mould portion 1s annular, the

set of second mould portions may have different thicknesses.

In a preferred embodiment, the mould portions provide an annular (usually, a generally-

cylindrical) mould surface. For example, the mould surface 1s circular.

With an annular configuration of the mould surface provided by the mould portions, the
movable mould portion(s) will move radially outwards during the forming step. Preferably,
the plies of the second part of the preform do not include any circumferential tape because
such tape would impede the forming operation by resisting the increase in diameter of the

second part of the preform as it 1s radially outwardly formed.

The movable mould portions may be blocks which are spaced apart along the first edge and
can be moved from a retracted configuration to a radially outwardly-advanced configuration.
If the desired flange 1s not annular and 1s, for example, a straight flange, the block or blocks
can advance in generally the same direction. For example, a single block, such as an elongate

bar, could be used during the forming operation of a generally straight flange.

In a preferred embodiment, the preform 1s covered with a vacuum bag membrane and during
the forming step a vacuum 1s applied to the preform. An elastic membrane may be chosen

that 1s flexible as well as stretchable.

In a preferred embodiment, the vacuum bag membrane presses or holds the distal portion of
the second part of the preform against the mould surface(s) of the movable portion(s) of the

mould as the movable portion(s) advance and create the second bend.

The holding or clamping force provided by the vacuum bag membrane i1s provided by

atmospheric pressure acting on the membrane and thus on the preform.

In a preferred embodiment, a force applied to the distal portion of the second part of the

preform during the forming operation initially presses the distal portion against the second
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mould portion. The distal portion slides onto the movable mould portion(s) as the movable
mould portion(s) advance, and the distal portion 1s pressed against the movable mould

portion(s) during the rest of the forming operation, as the second bend 1s created.

In a preferred embodiment, the method further comprises the step of positioning a forming
tool to hold the first part of the preform against the mould; and 1n the forming step, the
advancing movable portion(s) of the mould form the proximal portion of the second part of

the preform around the forming tool to create the first bend.

In an alternative embodiment, a forming tool may not be needed 1f the first part of the preform
has sufficient strength to remain substantially unaffected by the forming of the flange. For
example, the first part of the preform could be annular and incorporate circumferential
reinforcement adjacent to the flange, such as circumferential or 0° tapes. This reinforcement
enables the first part of the preform to resist being increased in diameter by the forming

operation.

In a preferred embodiment, the preform 1s heated to a first temperature and the forming step 1s
performed; and the curing step 1s performed at a second temperature higher than the first

temperature.

The heating to the first temperature helps the plies at the first and second bends to slip over

one another during the flexing of the forming step.

The subsequent heating to the second, higher temperature 1s then used to perform or complete
the curing step. The heating to the first temperature may conveniently be the first part of the

curing operation.

The first temperature may, for example, be between 40° and 100°C, or between 50° and 90°C,

or between 60° and 80°C. In our current embodiment, we use 80°C.

The second temperature made be 120°C or higher. In our current embodiment, we use a

temperature of about 135°C.
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In a preferred embodiment, the plies of the first and second parts of the preform include tape

laid at an oblique angle to the boundary between the first and second preform parts.

For example, the tape laid at an oblique angle may be laid at an included angle relative to the
boundary between the first and second preform parts of 10° to 80°. As an alternative to this
range, the range may be 20° to 70°, or 30 to 60°. In a particularly preferred embodiment, all

of the oblique angle tapes are laid at an included angle of substantially 60°.

In a preferred embodiment, the oblique-angle tape extends to the free edge of the distal

portion of the second part of the preform from the first part of the preform.

In a preferred embodiment, the plies of the first and second parts of the preform include tape

laid at a perpendicular angle to the boundary between the first and second preform parts.

For example, the perpendicular tape may extend to the free edge of the distal portion of the

second part of the preform from the first part of the preform.

In one embodiment, the plies at the boundary between the first and second preform parts may
be stacked having a regularly-repeating pattern of plies. An example of such a pattern is a ply
with perpendicular-angle tape, a ply with oblique-angle tape at plus 6° (such as plus 60°) and a
ply with oblique-angle tape at minus 6° (such as minus 60°). This pattern then repeats to
provide the required depth of plies in the preform, or at least a substantial part (e.g. the central
part) of the required depth of plies. Different patterns might be used at the upper and lower

surfaces of the preform.

In a preferred embodiment, the first part of the preform has a central zone and an edge zone
which 1s adjacent the boundary between the first and second preform parts; the central zone of
the first part of the preform does not include perpendicular-angle tape; and the edge zone of

the first part of the preform includes perpendicular-angle tape.

Both the central zone and the edge zone may include tape laid generally parallel to the

boundary between the first and second preform parts.
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The generally-parallel tape may also be included in the second preform part, for example 1f
the flange 1s a generally-straight flange. If the flange 1s annular (such as when the flange 1s
part of a containment case) then usually the second preform part will not include any
generally-parallel tape because 1t would impede the forming of the annular flange because the
tape would not stretch when forming a flange which projects radially outwards from the

annular housing of the containment case.

In a preferred embodiment, the method further comprises the step of, after the curing step,

trimming off the lip portion of the flange.

The lip portion may sometimes not be needed during the eventual use of the composite
structure.  After the forming of the lip portion has served the purpose, during the
manufacturing process, of tensioning the uni-directional ply material in the wall portion and at

the first bend (to prevent distortion such as wrinkling) the lip portion may be removed.

However, the lip portion will often be retained because i1t improves the stiffness or rigidity of

the flange and thus of the composite structure.

According to a second aspect of the present invention, there 1s provided a composite structure

manufactured according to the method of the first aspect of the present invention.

According to a third aspect of the present invention, there 1s provided a method of
manufacturing a containment case for a gas turbine engine, wherein the containment case
comprises an annular housing and an annular flange which 1s positioned at an end of the
housing and which has an annular wall portion which 1s connected to the housing through a
first bend and an annular lip portion which 1s connected to the wall portion through a second
bend 1n the opposite direction to the first bend, the method comprising the steps of: laying-up
an annular preform on a mould, wherein the preform does not have the first and second bends
and comprises a first part which corresponds to the housing of the containment case and a
second part which corresponds to the flange of the containment case, the second part of the
preform has a proximal portion which corresponds to the wall portion of the flange and a

distal portion which corresponds to the lip portion of the flange, the first and second parts of
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the preform comprise a plurality of plies and uni-directional ply material extends from the
first part of the preform to the distal portion of the second part of the preform; forming the
flange by radially outwardly-moving movable portion(s) of the mould to form the proximal
portion of the second part of the preform to create the first bend and by forming the distal
portion of the second part of the preform around the outwardly-moving movable portion(s) of
the mould to create the second bend; and curing resin in the formed flange and the first part of

the preform.

According a fourth aspect of the present invention, there 1s provided a containment case for a
gas turbine engine, manufactured according to the method of the third aspect of the present

invention.

In relation to the third and fourth aspects of the present invention, the preferred features
discussed above 1n relation to the first and second aspects of the present invention are also
applicable, mutatis mutandis.

Brief Description of the Drawings

Embodiments of the present invention will now be described, by way of example only, with

reference to the accompanying drawings 1n which:

Fig. 1 1s a diagrammatic side view of a turbofan engine, partly cut away to show a

containment case and a fan blade.

Fig. 2 1s a diagrammatic perspective view of a containment case generally similar to the

containment case shown in Fig. 1.

Figs. 3 and 4 are perspective views showing two stages 1n the use of an experimental tool for

forming a flange.

Figs. 5 and 6 are perspective and end views respectively of the movable blocks of the

experimental tool which are used to form the flange.
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Figs. 7 and 8 are diagrammatic cross-sectional views through the flange wall formed using the
experimental tool of Figs. 3 to 6, with Fig. 7 showing the outcome of a correct forming

operation and Fig. 8 showing the outcome of an incorrect forming operation.

Figs. 9 to 13 illustrate the stages of a manufacturing process in accordance with the present

invention, focussing on the formation of the first and the second bends.

Fig. 14 1s an enlarged view of the part of the composite structure shown 1n Figs. 9 to 13 after

the manufacturing process 1s complete.

While the invention 1s susceptible to various modifications and alternative forms, specific
embodiments are shown by way of example in the drawings and are herein described 1n detail.
It should be understood, however, that the drawings and detailed description of the specific
embodiments are not intended to limit the invention to the particular forms disclosed. On the
contrary, the invention covers all modifications, equivalents and alternatives falling within the

spirit and the scope of the present invention as defined by the appended claims.

Description of Embodiments

Embodiments of the present invention will be described with reference to Figs. 9 to 14 which
1llustrate how the method of the present invention builds on our existing method already

described above with reference to Figs. 3 to 8.

As shown 1n Fig. 9, the mould 6 of the experimental tool of Figs. 3 to 6 1s modified by the
addition of a second mould portion 1n the form of an end plate 65 which 1s positioned adjacent
the movable blocks 62 (the movable mould portions). The main or first part 61 of the mould
(the first mould portion) 1s fixed to the end plate 65 (the second mould portion) so that both
the first and second mould portions 61, 65 are fixed or static relative to the movable blocks
62. The mould surface 651 of the end plate 65 combines with the mould surface 611 of the
first part 61 and the mould surfaces 621 of the movable blocks 62 to form an overall mould

surface which 1s a curved part of a generally-cylindrical mould surface, and a preform 7 1s

laid-up on the mould surfaces 611, 621, 651 by the head of an ATL machine (see Fig. 9).
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The composite material that 1s laid-up to form the preform 7 1s the same pre-impregnated uni-
directional tape that 1s described above 1n relation to laying-up the experimental part 21, such

as carbon fibre tape containing epoxy resin.

The preform 1s laid-up with a first part 71 on the mould surface 611 and a second part 72 on
the mould surfaces 621, 651. The second part 72 1s split into a proximal portion 73 which 1s
laid-up on the surface 621 of the movable blocks 62 and a distal portion 74 which 1s laid-up
on the surface 651 of the end plate 65.

The first part 71 of the preform 7 corresponds to the first part 31 of the experimental part 21.
The proximal portion 73 of the preform 7 corresponds to the second part 43 of the
experimental part 21. The preform 7 1s longer than the experimental part 21 (in the leftward
direction in Fig. 9) because the preform includes the distal portion 74 and the mould 6

includes the end plate 65.

Oblique-angle tape 1s laid-up 1n both the first and second parts 71, 72 and at least some of
these tapes extend from the first part 71 to the free edge 741 of the distal portion 74. In many
embodiments, each oblique-angle tape extends the full length of the preform 7 from the end of
the preform opposite to the free edge 741 (1.e. from the right-hand end of the preform as
viewed 1n Fig. 9) through to the free edge 741 (1.e. to the left-hand end of the preform as
viewed 1n Fig. 9).

The first part 71 has a central zone 75 and an edge zone 76 which 1s adjacent the boundary 77
between the first part 71 and the second part 72. Perpendicular-angle tape (90° tape) 1s laid-
up to extend from the edge zone 76 to the free edge 741 of the distal portion 74. The central

zone 75 does not include any perpendicular-angle tape.

Circumferential tape (0° tape) which 1s generally-parallel to the boundary 77 (1.e. the direction
perpendicular to the plane of the paper in Fig. 9) 1s laid-up 1n the first part 71 but not in the
second part 72.
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Seven plies 78a-78¢g are shown 1n Figs. 9 to 14 for reasons of clarity, but in many practical
embodiments the number of ply layers will be greater, such as 10 or more, or 20 or more, or

30 or more.

The next stage of the manufacturing process 1s shown in Fig. 10, wherein a membrane 79 of a
vacuum bag 1s positioned over the preform 7 and sealed around its periphery 791 to the mould
6 so that air can be extracted from the space 792 between the membrane 79 and the preform 7
to enable pressure (atmospheric pressure acting on the membrane 79) to be applied to the

preform 7 during the subsequent forming and curing operations.

The vacuum bag membrane 79 1s not shown 1n Figs. 11 to 13 for reasons of clarity. Instead,
arrows F are used to depict the clamping or holding force exerted by the membrane 79 on the
preform 7 which serves to press the second part 72 against the mould 6 during the forming

operation.

After the vacuum has been applied and the membrane 79 has been sucked down onto the
preform 7 and the force F has been applied to the preform 7, the next stage of the
manufacturing process 1s as shown in Fig. 11. The female forming tool 63 1s moved into
position and clamps or holds down the edge zone 76 of the first part 71 of the preform 7. The
forming tool 63 1s positioned adjacent the boundary 77 but 1s offset from the boundary by a
short distance corresponding to the thickness of the proximal portion 73 of the second part 72
in order to accommodate the movement of the proximal portion 73 during the subsequent

forming operation.

The next stage of the manufacturing process 1s shown in Fig. 12. The temperature 1s raised to
say 80°C 1n order to soften the resin 1n the plies 78 so that they can more easily slide relative
to one another. The movable blocks 62 are advanced (raised up or moved radially outwards)
a first distance L1 from their retracted positions. The force F presses down on the distal
portion 74 as the distal portion 74 1s lifted oft the mould surface 651 and 1s pulled sideways (a
second distance L2) onto the mould surface 621. As the movable blocks 62 advance, a
circumferential edge 622 of the movable blocks 62 pushes against the plies 78 of the preform
7 and forms them around a circumferential edge 631 of the forming tool 63 so as to create a

first bend 81 in the preform 7. An interim bend 82 1s also created in the preform 7. The
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distance L2 1s approximately the same as the distance L1 because the perpendicular-angle

tape prevents the plies 78 from stretching during the forming operation.

The forming operation continues as the movable blocks 62 advance from first distance L1
(Fig. 12) to third distance L3 (Fig. 13). The distal portion 74 1s pulled further sideways across
the mould surface 621 from second distance L2 (Fig. 12) to fourth distance L4 (Fig. 13). The
distal portion 74 continues to be pressed against the mould surface 621 by the force F
resulting from the atmospheric pressure acting on the evacuated vacuum bag membrane 79.
The circumferential edge 622 of the movable blocks 62 pushes the interim bend 82 to a final
position (Fig. 13) defining a second bend 83 of the preform 7. The stroke length (L3) of the

movement of the movable blocks 62 1s approximately the same as the distance L4.

The forming operation 1s complete, and the temperature 1s increased to say 135°C and the
curing operation 1s performed or completed 1n order to cure the resin 1in the composite tape of

the plies 78.

The female forming tool 63 1s removed, and the vacuum 1s released from the space 792 inside
the membrane 79. The membrane 79 1s removed from the mould 6 and the formed and cured

preform 7 (now transformed into a composite article 9) 1s lifted oft the mould 6.

The left-hand end of the composite article 9 1s shown 1n Fig. 14 at an enlarged scale. The
article 9 comprises a main body 91 connected via the first bend 81 to a flange 92, and the
flange 92 comprises a wall portion 93 which 1s connected via the second bend 83 to a lip

portion 94.

If the teaching of the composite article 9 were to be applied to an annular structure (such as a
containment case), the main body 91 would be annular, and the wall portion 93 and the lip
portion 94 would also each be annular. The lip portion 94 could be left on the containment
case 1in order to provide additional stiffness to the annular flange 92. This would improve the
hoop strength of the containment case. However, if the lip portion 1s not needed 1n the
finished article, 1t could be cut off along a cut line 95 which 1s positioned below and generally

parallel to the undersurface of the lip portion 94.
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The wall portion 93 1s perpendicular to the main body 91 and this maximises the
strengthening effect of the wall portion imparted to the main body. The lip portion 94 1s
perpendicular to the wall portion 93 and this maximises the strengthening effect of the lip
portion imparted to the wall portion. However, if the top surface 621 of the movable blocks
62 1s changed to be at an oblique angle to the stroke direction of the movable blocks, the lip

portion could be given a different orientation relative to the wall portion.

The radius of curvature of the circumferential edges 631 and 622 may be set so as to impart a
desired radius of curvature to the inside of the first bend 81 and the second bend 83
respectively, because the force F ensures that the preform 7 1s tightly moulded around the

circumferential edges during the forming operation.

During the forming operation, the presence of the interim bend 82 (leading eventually to the
creation of the second bend 83) ensures that the plies (such as plies 78a and 78b) near the
inside of the first bend 81 are kept in tension along the length of the oblique-angle and
perpendicular-angle tapes of those plies, so that wrinkling or buckling of the plies does not
occur. The two bends balance one another because they are in opposite directions, and by
creating the two bends at the same time during the forming operation the beneficial tensioning

eftect 1s achieved.

Similarly, the presence of the first bend 81 ensures that the plies (such as plies 78f and 78g)
near the inside of the interim bend 82 (and the second bend 83) are kept 1n tension during the

forming operation to prevent distortion appearing in the wall portion 93.

The stroke length L3 1s set to be more than the width L5 (see Fig. 9) of the circumferential
strip comprising the distal portion 74 of the preform 7 so that the lip portion 94 1s supported

on the surface 621 of the movable blocks 62 during the curing operation.

L3 1s set to be less than the width L6 (see Fig. 9) of the circumferential strip comprising the
second part 72 of the preform 7 so that there 1s still some material of the distal portion 74 left
at the end of the stroke of the movable blocks 62 to form the lip portion 94. It can be

visualised that, if for example L3 1s significantly bigger than L6, all of the material of the
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second part 72 of the preform 7 would be converted into wall portion 93 during the forming

operation.

The tape 1s laid-up so that the preform 7 has a substantially uniform ply depth for the second
part 72 and at least the edge zone 76 of the first part 71. This helps to ensure smooth bending

of the plies during the forming operation.

There has been described a method of manufacturing embodiments of a composite structure 9
comprising a main body 91 and a flange 92 which 1s positioned along a first edge of the main
body 91 and which has a wall portion 93 which 1s connected to the main body 91 through a
first bend 81 and a lip portion 94 which 1s connected to the wall portion 93 through a second
bend 83 1n the opposite direction to the first bend 81, the method comprising the steps of:
laying-up a preform 7 on a mould 6, wherein the preform 7 does not have the first and second
bends 81, 83 and comprises a first part 71 which corresponds to the main body 91 of the
composite structure 9 and a second part 72 which corresponds to the flange 92 of the
composite structure 9, the second part 72 of the preform 7 has a proximal portion 73 which
corresponds to the wall portion 93 of the flange 92 and a distal portion 74 which corresponds
to the lip portion 94 of the flange 92, the first and second parts 71, 72 of the preform 7
comprise a plurality of plies 78 and uni-directional ply material 78 extends from the first part
71 of the preform 7 to the distal portion 74 of the second part 72 of the preform 7; forming the
flange 92 by advancing movable portion(s) 62 of the mould 6 to form the proximal portion 73
of the second part 72 of the preform 7 to create the first bend 81 and by forming the distal
portion 74 of the second part 72 of the preform 7 around the advancing movable portion(s) 62
of the mould 6 to create the second bend 83; and curing resin 1in the formed flange 92 and the

first part 71 of the preform 7.

There has also been described a method of manufacturing a containment case 2 for a gas
turbine engine 1, wherein the containment case 2 comprises an annular housing 3 and an
annular flange 92 which 1s positioned at an end of the housing 3 and which has an annular
wall portion 93 which 1s connected to the housing 3 through a first bend 81 and a lip portion
94 which 1s connected to the wall portion 93 through a second bend 83 in the opposite
direction to the first bend 81, the method comprising the steps of: laying-up an annular

preform 7 on a mould 6, wherein the preform 7 does not have the first and second bends 81,
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83 and comprises a first part 71 which corresponds to the housing 3 of the containment case 2
and a second part 72 which corresponds to the flange 92 of the containment case 2, the second
part 72 of the preform 7 has a proximal portion 73 which corresponds to the wall portion 93
of the flange 92 and a distal portion 74 which corresponds to the lip portion 94 of the flange
92, the first and second parts 71, 72 of the preform 7 comprise a plurality of plies 78 and uni-
directional ply material 78 extends from the first part 71 of the preform 7 to the distal portion
74 of the second part 72 of the preform 7; forming the flange 92 by radially outwardly-
moving movable portion(s) 62 of the mould 6 to form the proximal portion 73 of the second
part 72 of the preform 7 to create the first bend 81 and by forming the distal portion 74 of the
second part 72 of the preform 7 around the outwardly-moving movable portion(s) 62 of the
mould 6 to create the second bend 83; and curing resin 1n the formed flange 92 and the first

part 71 of the preform 7.
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CLAIMS

1. A method of manufacturing a composite structure comprising a main body and a flange which
is positioned along a first edge of the main body and which has a wall portion which 1s connected
to the main body through a first bend and a lip portion which is connected to the wall portion
through a second bend in the opposite direction to the first bend, the method comprising the steps
of:

laying-up a curved preform on a mould, wherein the preform does not have the first and
second bends and comprises a first part which corresponds to the main body of the composite
structure and a second part which corresponds to the flange of the composite structure, the
second part of the preform has a proximal portion which corresponds to the wall portion of the
flange and a distal portion which corresponds to the lip portion of the flange, the first and second
parts of the preform comprise a plurality of plies and uni-directional ply material extends from
the first part of the preform to the distal portion of the second part of the preform;

forming the flange by advancing movable portions of the mould to form the proximal
portion of the second part of the preform to create the first bend and by forming the distal portion
of the second part of the preform around the advancing movable portions of the mould to create
the second bend; and

curing resin in the formed flange and the first part of the preform;

wherein the movable mould portions are blocks which are spaced apart along the first
edge and which, in the forming step, are moved from a retracted configuration to a radially

outwardly-advanced configuration with respect to the curved preform.

2. A method according to claim 1, wherein the uni-directional ply material is pre- impregnated

uni-directtonal tape.

3. A method according to claim 1, wherein:

the mould comprises a first mould portion, the movable mould portions adjacent the first
mould portion, and a second mould portion adjacent the movable mould portions; and in the
laying-up step, the first part of the preform is laid-up on the first mould portion, the proximal
portion of the second part of the preform is laid-up on the movable mould portions, and the distal

portion of the second part of the preform is laid-up on the second mould portion.

CA 2820150 2018-02-22
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4. A method according to claim 1, wherein the preform is covered with a vacuum bag membrane

and during the forming step a vacuum is applied to the preform.

5. A method according to claim 1, wherein:

the method further comprises the step of positioning a forming tool to hold the first part
of the preform against the mould; and

in the forming step, the advancing movable portions of the mould form the proximal

portion of the second part of the preform around the forming tool to create the first bend.

6. A method according to claim 1, wherein:
the preform is heated to a first temperature and the forming step is performed; and the

curing step is performed at a second temperature higher than the first temperature.

7. A method according to claim 2, wherein the plies of the first and second parts of the preform

include tape laid at an oblique angle to the boundary between the first and second preform parts.

8. A method according to claim 2, wherein the plies of the first and second parts of the preform
include tape laid at a perpendicular angle to the boundary between the first and second preform

parts.

9. A method according to claim 8, wherein:

the first part of the preform has a central zone and an edge zone which 1s adjacent the
boundary between the first and second preform parts;

the central zone of the first part of the pretorm does not include the perpendicular- angle
tape; and

the edge zone of the first part of the preform includes the perpendicular-angle tape.

10. A method according to claim 1, further comprising the step of:
after the curing step, trimming off the lip portion of the flange.

11. A method of manufacturing a containment case for a gas turbine engine, wherein the
containment case comprises an annular housing and an annular flange which is positioned at an
end of the housing and which has an annular wall portion which is connected to the housing

through a first bend and an annular lip portion which is connected to the wall portion through a

CA 2820150 2018-02-22
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second bend in the opposite direction to the first bend, the method comprising the steps of:

laying-up an annular preform on a mould, wherein the preform does not have the first and
second bends and comprises a first part which corresponds to the housing of the containment
case and a second part which corresponds to the flange of the containment case, the second part
of the preform has a proximal portion which corresponds to the wall portion of the flange and a
distal portion which corresponds to the lip portion of the flange, the first and second parts of the
preform comprise a plurality of plies and uni-directional ply material extends from the first part
of the preform to the distal portion of the second part of the preform;

forming the tlange by radially outwardly-moving movable portions of the mould to form
the proximal portion of the second part of the preform to create the first bend and by forming the
distal portion of the second part of the preform around the outwardly-moving movable portions
of the mould to create the second bend; and

curing resin in the formed flange and the first part of the preform.

CA 2820150 2018-02-22
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