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A TOOL FOR FORMING A COMPOSITE COMPONENT

The invention relates to a tool for forming a composite component.

Composite materials are increasingly used for components that require particular
combinations of material properties. In particular, composite materials such as Carbon
Fibre Reinforced Polymer (CFRP) are commonly used for components in the

aerospace and other industries due to their high stiffness and low weight.

It is frequently desirable to manufacture a component with a flange, such as an annular
flange on a casing for a gas turbine, or the sides of a spar for a wing. Where such
components are to be manufactured from composite materials, the formation of the
flange can pose an engineering problem. For example, it may be difficult to layup
composite material on a flanged mould, in particular in the region of bends between the
main part of the mould and the flange that may be hard to access.

One known method of manufacturing a composite component with an integral flange is
disclosed in GB2486231, which discloses a mould for a composite pre-form having a
first portion and a movable second portion comprising a plurality of circumferentially
spaced movable sectors. After laying up plies of unidirectional composite tape on the
mould, the mould and pre-form are heated in an autoclave and the movable second
part is actuated to deform a part of the pre-form to form the flange.

However, the circumferentially spaced sectors of GB2486231 are individually movable

and may become misaligned, resulting in a poor quality flange.

It is therefore desirable to provide an improved tool for manufacturing a composite

component.

According to a first aspect of the invention there is provided a tool for forming a
composite component having a curved body and an integral flange from a pre-form, the
tool comprising: a curved body portion having a lay-up surface; and a forming
assembly having a lay-up configuration and a forming configuration, the forming
assembly comprising: a plurality of forming elements each having a lay-up surface and
a primary flange-forming surface, the forming elements being radially outwardly

moveable from the lay-up configuration to the forming configuration, in which the
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forming elements are circumferentially spaced from one another; and a plurality of filler
elements each having a secondary flange-forming surface, the filler elements being
arranged to move into the circumferential gaps between the forming elements in the
forming configuration so as to form a substantially continuous flange-forming surface;
wherein in use a pre-form is disposed on the layup surfaces of the curved body portion
and the forming elements, and wherein movement to the forming configuration causes
the pre-form to be deformed between the continuous flange-forming surface and a

counteracting forming surface to form the integral flange.

In the lay-up configuration, the lay-up surfaces of the forming elements may be
substantially continuous with one another and with the lay-up surface of the body
portion. The body portion of the tool may be for receiving a first region of a pre-form
corresponding to the curved body of the composite component. The forming assembly
may be adjacent the curved body portion.

The lay-up surfaces of the forming elements may be radially spaced apart from the lay-
up surface of the body portion in the forming configuration. The lay-up surface of each
forming element may be a radially outer surface of the forming element, and the
primary flange-forming surface of each forming element may extend radially inwardly
from the respective lay-up surface. Each filler element may have a radially outer filler
surface arranged to extend into a gap formed between the radially outer lay-up
surfaces of the forming elements in the forming configuration to form a substantially
continuous outer forming surface. The filler elements may be concealed radially within

the forming elements when the forming assembly is in the lay-up configuration.

The primary and secondary flange-forming surfaces may extend at least partly radially.
The primary and secondary forming surfaces may be substantially radially extending
(i.e. substantially normal to the axis of the tool).

The forming elements and the filler elements may be alternately arranged around the
axis of the tool. Each pair of adjacent forming and filler elements may have
complementary features arranged to engage with each other to axially align the

elements relative to each other in the forming configuration.

Accordingly, each element engages with its adjacent elements in the forming

configuration to ensure that the primary and secondary flange-forming surfaces are
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substantially continuous with each other when the forming assembly is in the forming

configuration. The complementary features of each pair of adjacent forming and filler
elements are arranged so that the primary and secondary forming surfaces are axially
aligned to within a tolerance of 0.25 millimetres in the forming configuration.

Alternatively, the complementary features of each pair of adjacent forming and filler
elements may be arranged so that the primary and secondary forming surfaces are
axially aligned to within a tolerance of 0.5 millimetres, or within a tolerance of 0.2

millimetres, or within a tolerance of 0.1 millimetres in the forming configuration.

The complementary features of each pair of adjacent forming and filler elements may
be provided on side surfaces of the respective forming and filler elements. The side

surfaces may have both a radial extent and an axial extent.

The complementary features of each pair of adjacent forming and filler elements may
comprise at least one shoulder formed on a first element of the pair and arranged to
engage with a corresponding portion of a second element of the pair to limit axial
movement of the second element relative the first element along a first axial direction.
The complementary features of each pair of adjacent forming and filler elements may
comprise at least two shoulders arranged to limit axial movement of the second
element relative the first element along two opposing axial directions. The
complementary features of each pair of adjacent forming and filler elements may
comprise male and female interlocking features. A first element of the pair of elements
may comprise a female groove and a second element of the pair of elements may
comprise a male projection arranged to be received in the female groove. The groove
and projection may extend radially.

The material composition of the male feature may be different from the material
composition of the female feature. In other words, the male and female features may
be composed of different materials. The material composition of the male and female
features may be different from the material composition of the remainder of the
respective forming and filler elements forming the pair. In other words, the male and
female features may be composed of a different material to the remainder of the
respective forming and filler elements. For example, either one or both of the male and

female features may be composed of a material having a different hardness, friction,



10

15

20

29

30

39

CA 02983063 2017-10-17

WO 2016/174400 PCT/GB2016/051155

4

binding, thermal conduction and/or thermal expansion property than the remainder of

the respective elements.

Each element may comprise a male feature provided on a first side surface of the
element for engaging with a corresponding female feature of a first adjacent element,
and a female feature provided on an opposing second side surface of the element for

engaging with a corresponding male feature of a second adjacent element.

The complementary features of the forming elements may be configured so that, in the
lay-up configuration, the complementary features of the forming elements engage with
each other to axially align the forming elements.

The tool may further comprise a drive means for moving the forming assembly from the
lay-up configuration to the forming configuration, the drive means comprising a plurality
of drive units, each drive unit being arranged to move at least one forming element;
wherein each drive unit is configured to move the or each respective forming element
and an adjacent filler element from respective retracted positions corresponding to the
lay-up configuration to respective extended positions corresponding to the forming
configuration; wherein each drive unit is configured so that the respective filler element
reaches its respective forming position after the forming element reaches its respective
forming position; and wherein a lost motion connection is provided between each drive
unit and the respective forming element. The lost motion connection may comprise a

resilient means which biases the forming element away from the drive unit.

Each drive unit may comprise a guide block, the respective forming element may be
guided for displacement with respect to the guide block by means of a guide rod or rail,
and the resilient means may comprise a spring which acts between the guide block and
the forming element. The guide block may be fixedly secured to the filler element so
that the filler element cannot move relative to the guide block.

The tool may be for forming an annular or semi-annular component. The tool may be

for forming a casing for a gas-turbine engine.

According to a second aspect of the invention here is provided apparatus for forming a
composite component having a curved body and an integral curved flange, the

apparatus comprising: a tool in accordance with the first aspect of the invention; and a
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counteracting support detachably attachable to the tool over a pre-form received on the
tool, the counteracting support having a counteracting forming surface arranged to
oppose the flange-forming surfaces of the forming assembly so that in use a region of
the pre-form is deformed between the forming assembly and the counteracting support
to form the flange of the component.

According to a third aspect of the invention there is provided a method of forming a
composite component having a curved body and an integral curved flange from a pre-
form, the method comprising: providing a pre-form over lay-up surfaces of the curved
body portion and the forming elements of an apparatus in accordance with the second
aspect of the invention in the lay-up configuration; moving the forming assembly from
the lay-up configuration to the forming configuration so that the plurality of forming
elements move into gaps between the forming elements in the forming configuration so
as to form a substantially continuous flange-forming surface; whereby a region of the
pre-form is deformed between the continuous forming surface and the counteracting
forming surface to form the integral flange. The method may comprise laying-up the
pre-form on the tool.

The invention will now be described, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 schematically shows a cutaway view of a gas turbine engine;

Figure 2 schematically shows the casing of the gas turbine engine of Figure 1;

Figure 3 schematically shows a partial cross-sectional view of an apparatus for
manufacturing a composite component, in which a forming element of the apparatus is

shown in a lay-up configuration;

Figure 4 schematically shows a partial cross-sectional view of the apparatus of Figure
3 In which the forming element has moved relative a body portion of the apparatus;

Figure 5 schematically shows a partial cross-sectional view the apparatus of Figures 3

and 4 in which the forming element is in the forming configuration;
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Figure 6 schematically shows a radial view of a forming assembly of the apparatus in a

lay-up configuration;

Figure 7 schematically shows a plan view the forming assembly in the lay-up

configuration;

Figure 8 schematically shows a radial view of the forming assembly in a forming

configuration;

Figure 9 schematically shows a plan view of the forming assembly in the forming

configuration;

Figure 10 schematically shows actuation mechanisms for the forming assembly; and

Figure 11 schematically shows the apparatus of Figures 3-10 in perspective view.

Figure 1 shows a gas turbine engine 10 comprising an exterior nacelle 12 supported
on an annular casing 14 having forward and aft flanges 16, 18. The casing 14 is
centred on the axis 20 of the engine 10 and houses a fan 22 comprising a plurality of
fan blades. Forward and aft annular casing boxes 24, 26 support the front and rear

portions of the nacelle 12.

As shown In Figure 2, the casing 14 has a curved main body 28 which is generally
cylindrical and is provided with forward and aft flanges 16, 18 extending radially

outwardly with respect to the curvature of the main body.

The casing 14 is composed of composite material, such as Carbon Fibre Reinforced
Polymer (CFRP). In particular, the casing 14 comprises a plurality of plies of pre-
impregnated (“pre-preg”) unidirectional composite tape that been have been applied to

a mould in a lay-up process and cured.

Figures 3 to 5 show cross sectional views of an apparatus 100 for manufacturing the

composite casing 14.

The apparatus 100 comprises a generally annular tool 102 that is configured to rest on

a horizontal surface, such as a workshop floor, so that its central axis (not shown)
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extends vertically, although in other embodiments it may be supported in any
orientation. The tool 102 comprises an annular support structure 103 for supporting a
forming assembly 105 comprising a plurality of forming elements 106 and filler

elements (not shown), and a body portion 104.

The body portion 104 comprises a plurality of circumferentially extending curved body
panels 108 that together define a cylindrical lay-up surface 110 for a composite pre-
form 200. In this embodiment, there are six curved body panels 108 each having an
angular extent of 60°. The body portion 104 is provided with a body heater 114
comprising a plurality of heater mats 116 mounted to the radially inner surfaces of the
curved body panels 108 for heating the body panels 108, and thereby a pre-form 200
disposed on the outer lay-up surface 110 of the body portion 104. In this example, the
body panels 108 are composed of a thermally conductive metal, in particular, stainless

steel or aluminium.

The forming assembly 105 is mounted to the support structure 103 above the body
portion 104 by an actuation mechanism (not shown) and comprises a plurality of
forming elements 106 which are radially movable with respect to the support structure
103 and the body portion 104 between a retracted or lay-up position (for example,
Figure 3) and an extended or forming position (for example, Figure 5). The forming

elements 106 are circumferentially arranged around the tool 102.

Each forming element 106 has a circumferentially extending radially outer lay-up
surface 120 which is configured to be substantially contiguous and continuous with the
lay-up surface 110 of the adjacent body portion 104 in the lay-up configuration of the
forming assembly 105 (i.e. with the forming elements in the lay-up position). In the lay-
up configuration, the lay-up surfaces 120 of the forming elements 106 are substantially

continuous with each other around the axis of the tool 102.

In the forming configuration, the lay-up surfaces 120 of the forming elements are
radially spaced apart from the lay-up surface 110 of the adjacent body portion 104, and

there are circumferentially extending gaps between them.

The forming elements 106 are configured so that the lay-up surfaces 120 of each
element 120 has a radius of curvature corresponding to the radial position of the lay-up

surface 120 in the forming position. Accordingly, the lay-up surfaces 120 extend in a
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true circumferential direction when in the forming position, and extend approximately

circumferentially (or substantially circumferentially) in the retracted or lay-up position.
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In this example, each forming element 106 is in the form of a semi-annular block or
sector that defines the radially outer lay-up surface 120 and has four radially extending
sides: lower and upper side surfaces 122, 124 and angularly spaced side surfaces (not

shown). The lower side surface 122 acts as a primary flange-forming surface during a

forming operation, as will be described in detail below. In this embodiment, each main
flange-forming portion 106 has an angular extent of 122, and so the tool 102 comprises

30 separate main flange-forming portions.

Each main flange-forming portion 106 comprises a cavity 126 in which there is
disposed a flange heater 123 for heating the main flange-forming portion 106. Each
main flange-forming portion 106 is composed of a thermally conductive metal, in
particular, stainless steel or aluminium. The flange heaters 123 and the body heater
114 are coupled to a controller (not shown) for controlling flange forming and curing

operations, as will be described below.

As shown Iin Figures 6-9, the forming assembly 105 additionally comprises a plurality
of filler elements 107. The filler elements 107 are in the form of semi-annular blocks
configured to move from a radially inner retracted or lay-up position to a radially outer
extended or forming position, corresponding to the lay-up and forming configurations of
the forming assembly 105 respectively. The blocks have a radially outer filler surface
150, annular spaced side surfaces 152, 154, and lower and upper side surfaces 156,
158. The lower side surface 156 forms a secondary flange-forming surface during a

forming operation, as will be described in detail below.

In the lay-up configuration (Figures 6 and 7), the filler elements 107 are disposed
radially inwardly of the lay-up surfaces of the forming elements 106, so that the filler
elements are concealed from a radially outer position. The forming elements 106 have
tapered angularly spaced side surfaces 160, 162 which, in the lay-up configuration of
the forming assembly, define between them a recess for receiving the filler elements

107 (as best shown in Figure 7).

In the forming configuration (Figures 8 and 9), the filler elements 107 extend into the

circumferentially extending gaps between the forming elements 106 so that the
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secondary flange-forming surface 156 of the filler elements 107 are substantially
continuous with the primary flange-forming surfaces 122 of the forming elements 106.
Additionally, in the forming configuration, the radially outer filler surface 150 extends
into the circumferentially extending gaps between the lay-up surfaces 120 of the
forming elements 106, so that the lay-up surfaces 120 and filler surfaces 150 form a

substantially continuous circumferentially extending surface.

As shown in Figures 7 and 9, each filler element 107 comprises a male projection 164
on its first side surface 152 configured to engage with a corresponding female groove
166 formed in a second side surface 160 of an adjacent forming element 1086.
Similarly, each filler element 107 comprises a female groove 168 on its second side
surface 154 configured to engage with a corresponding male projection 170 formed in

the first side surface 162 of an oppositely adjacent forming element 106.

The male projections 164, 170 and the corresponding female grooves 166, 168 are

elongate along the radial extent of the respective side surfaces 152, 162, 160, 154.

In this embodiment, the male projections 164, 170 are composed of brass, and the
female grooves 166, 168 are defined by brass inserts received in the respective
forming and filler elements 106, 107. The forming and filler elements 106, 107 are
composed of a thermally conductive aluminium alloy. In this embodiment, the brass
projections and grooves are harder than the aluminium alloy, and so are more resistant

to the interlocking engagement which they are subjected to in use (see below).

The forming and filler elements 106, 107 are coupled to actuators (not shown) for

moving them between the respective lay-up and extended positions.

Referring back to Figures 3-5, the tool 102 further comprises a generally cylindrical
continuation portion 128 disposed above the forming assembly 105 and having a
radially outer lay-up surface 130 arranged to be contiguous and continuous with the
lay-up surfaces 120 of the forming elements 106 in the lay-up configuration. The
continuation portion 128 Is supported on the support structure 103 and comprises a

plurality of continuation panels 131.



10

15

20

29

30

39

CA 02983063 2017-10-17

WO 2016/174400 PCT/GB2016/051155

10

The lay-up surfaces 110, 120, 130 of the body portion 104, forming elements 106 and
the continuation portion 128 of the tool 102 together define a generally cylindrical
continuous lay-up surface 132 for laying up a cylindrical pre-form 200.

The tool 102 further comprises a plurality of attachment portions 134 angularly spaced
around the circumferential extent of the tool 102 above the continuation portion 128 for
coupling with a flange support structure 136. The flange support structure 136 is in the
form of an annular frame configured to extend around a pre-form 200 disposed on the
lay-up surface 132 of the tool and is detachably attachable to the tool 102 by
cooperating attachment portions 134, 135 on the tool 102 and the flange support
structure 136 respectively. For example, the attachment portions 134, 135 may be

coupled by bolts.

The flange support structure 136 comprises a counteracting flange support portion 137
arranged to counteract the flange-forming surfaces 122, 156 of the forming elements
106 and filler elements 107 of the tool 102 respectively during a flange forming
operation, so as to control the shape of the formed flange.

In particular, the counteracting flange support portion 137 is arranged to abut a pre-
form 200 disposed on the lay-up surface of the tool and defines an annular
counteracting forming surface 140 for shaping the flange region of the component as it
IS formed in the forming operation. The counteracting forming surface 140 is oriented
substantially radially (horizontally in Figures 3-5) and positioned axially below the level
of the flange-forming surfaces 122, 156 of the forming assembly 105 by a distance
corresponding to the desired thickness of the flange. The counteracting forming
surface 140 has a radially inner rounded bend or transition portion for forming a bend
or transition region where the flange region and the main body region of the component
meet. In this embodiment, the transition portion has a relatively low curvature so that
there is a continuous bend between the main body and flange of the composite
component. In particular, in this embodiment the flange-forming portion is arranged to
form a flange having a radial extent of approximately 65mm, and the radius of
curvature for the flange is approximately 10mm.

The flange support structure 136 also comprises an integral mounting and heating
element by which the counteracting flange support portion 137 is mounted and heated

for forming and curing.
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Figure 10 shows a drive mechanism 138 for the forming assembly. The drive
mechanism 138 comprises a plurality of drive units, each having a rotary motor 190 for
each pair of adjacent forming and filler elements 106, 107 and arranged to drive a
linear guide rod 192 along a guide direction slightly offset from the radial direction (in
other embodiments, the guide direction may be substantially radial). The guide rod 192
IS coupled to a guide block 194 which is fixedly secured to the filler element 107, and is
coupled to the forming element 106 by a compression spring 196. The guide block is
constrained to move along guide rails (not shown) secured to the support structure

103. The drive units also include radial stops (not shown) for stopping the radial

motion of the respective elements 106, 107. The drive units are configured to gradually
drive the forming elements 106 and filler elements 107 from their respective lay-up
positions to their respective forming positions. In particular, the compression spring
196 provides a lost-motion connection between the guide block 194 and the forming
element 106 so that, in use, the forming element 106 reaches its respective forming
position and the filler element 107 subsequently extends into its forming position

between adjacent forming elements 106.

Figure 11 shows a portion of the apparatus 100 corresponding to one sixth of the full
annulus and in particular shows the arrangement of the tool 102 including the body
portion 104, five forming elements 106, the continuation portion 128, together with the
flange support structure 136 and a portion of the actuation mechanism 138

corresponding to the five flange-forming portions 106 shown.

A method of forming a composite component using the apparatus 100 will now be

described, by way of example, with reference to Figures 3-11.

The apparatus 100 is oriented on a support surface, such as a floor, so that its central
axis extends vertically. The apparatus 100 is prepared for a lay-up operation by
detaching the flange support structure 132, if attached. Additionally, the actuation
mechanism 138 (Figure 10) is controlled to return the forming assembly 105 to the lay-
up configuration. The forming elements 106 are circumferentially adjacent one
another, and the male projection 170 of each forming element 106 engages with a
corresponding female groove 166 of it's adjacent forming element, thereby axially

aligning the forming elements 106 in the lay-up configuration.
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With the forming assembly in the lay-up configuration (Figures 3, 6, 7) a continuous
lay-up surface 132 is defined on the tool 102 by the radially outer surfaces of the body
portion 104, the forming assembly 105 (the forming elements 106) and the continuation
portion 128. This lay-up surface 132 is accessible from a radially outer position.

In this embodiment, a release layer (not shown) is overlaid on the lay-up surface 132

before the lay-up operation is initiated.

A lay-up operation is conducted in which unidirectional tapes of pre-impregnated
composite material are applied over the continuous lay-up surface 132 in successive
layers or plies using an automatic tape laying (ATL) apparatus, thereby forming a
substantially cylindrical composite pre-form 200 on the tool 102. In this embodiment,
the tapes are applied in a combination of £60° and 90° (i.e. vertical) orientations with
respect to a plane normal to the axis of the tool, and extend over the lay-up surfaces
110, 120, of the body portion 104 and the forming elements 106. In other example
methods, the lay-up operation may be conducted by hand, or using other methods
such as Automatic Fibre Placement (AFP) or automatic tape winding.

The composite material is applied to the tool to provide a pre-form having a body
region 206 extending over the body portion 104 of the tool and a flange region 208
extending over the lay-up surfaces 120 of the forming elements. In other example
methods, the flange region 208 may additionally extend part-way over the lay-up
surface 130 of the continuation portion 128 of the tool, and/or there may be a
continuation region of the pre-form extending from the flange region 208 that may be

cut away from the flange after forming or curing.

In this example, the composite material is applied to the tool to provide a pre-form 200
for a casing for a gas turbine having an axial length of 1000mm and a flange radius of
coomm. The composite material is applied to the tool so that the body region 206 has
an axial extent over the body portion 104 of 1000mm and the flange region has an axial
extent over the forming assembly of at least 65mm.

Once the lay-up operation is complete, adhesive tapes 202 are applied in annular loops
to the body portion 104 and continuation portion 128 below and above the pre-form 200
respectively, and a vacuum bag 204 is placed over the pre-form 200 and sealed with

the tapes 202 against the tool 102.
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Vacuum tubes (not shown) are extended through the vacuum bag to the space
enclosed between the tool 102 and the vacuum bag 204, and a vacuum source such
as a vacuum pump is applied to the vacuum tubes to create a partial vacuum in the
space occupied by the pre-form 200. In this example, a partial vacuum is formed so
that an unbalanced pressure force from the ambient atmosphere is applied through the

vacuum bag onto the pre-form 200.

The forming operation is initiated by the controller causing the heating apparatus (i.e.
the body heater 114 and flange heaters 123) to heat the pre-form 200 to a threshold
forming temperature, which in this example is 80°C.

When the pre-form 200 has reached the threshold forming temperature, the controller
causes the actuation mechanism 138 to drive the forming elements 106 and the filler
elements radially outwardly from the lay-up configuration to the forming configuration
(Figures 3-5 and 6-9). As the forming elements 106 move radially outwardly,
circumferential gaps form between them and the filler elements 107 extend into these

gaps.

The male projections 164 of the filler portions 107 engage with the female grooves 160
of the forming elements 106, and the male projections 170 of the forming elements 106
engage with the corresponding female grooves 168 of the filler elements 107, thereby
axially aligning the forming and filler elements 106 and 107 as the forming assembly

105 moves to the forming configuration.

As the flange-forming portions 106 move radially outwardly, the flange region 208 of
the pre-form is caused to slide over the lay-up surface 120 and onto the primary flange-
forming surfaces 122 (i.e. the underside of the flange-forming portion 106) and the
secondary flange-forming surface 156 (i.e. the underside of the filler portions 107),
which together form a substantially continuous flange-forming surface. The movement
of the flange-forming portions 106 causes the flange region 208 to plastically deform
around and between the flange-forming surface 122, 156 and the flange-facing surface
140 of the counteracting support element 137, thereby forming the radial flange of the

component.
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During the forming operation, the body region 206 of the pre-form remains substantially
In place against the body portion 104 of the tool 100, held in position by the
counteracting support element 137. The forming assembly 105 is configured to move
slowly during the forming operation, such as at approximately 120mm per hour, to
ensure that the layers of the composite pre-form 200 are able to move relative one

another during the forming operation without creating wrinkles in the pre-form.

Once the flange forming operation is complete (Figures 5, 8, 9), the controller initiates a
curing operation and causes the heating apparatus to heat the pre-form 200, including
the formed flange and transition region, to at least a threshold curing temperature,
which in this embodiment is 135%C. The controller also controls the vacuum source so

that an unbalanced pressure force is applied to the pre-form through the vacuum bag.

After a curing period of 6 hours, the controller turns off the heaters and the cured
casing 14 is allowed to cool on the tool 102. The flange support structure 136 Is
removed from the tool 102 and the vacuum bag and associated equipment is removed
from the cured component. The flange assembly 105 is moved back to the lay-up

configuration, and the cured casing 14 is removed from the tool.

The casing 14 is then trimmed to remove any continuation portion of the pre-form

extending beyond the desired dimensions of the flange.

The invention allows a curved flanged component to be formed from a pre-form by
driving forming elements radially outwardly during a forming process, despite the
inherent problem that circumferential gaps will form between the forming elements.
The filler elements of the forming assembly are configured to move into the respective
gaps so as to provide a substantially continuous flange-forming surface. Further, the
complementary features of the forming and filler elements improve the axial alignment
of the flange-forming surface so that the flange is of the desired shape, such as
substantially planar (i.e. radially extending). In particular, there may be a degree of
axial play in the actuation mechanism for the forming assembly, which may otherwise
affect the axial alignment of the flange-forming surface. For instance, there may be
axial play between the filler elements (attached to the guide block) and the guide rails,
and/or axial play between the guide block and the forming element, which are coupled

by a compression spring. Accordingly, the complementary features of the elements,
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such as the male and female interlocking projections and grooves, serve to axially align

the forming elements during the forming operation and in the forming configuration.

The expression substantially continuous Is intended to mean that there Is no step

change in the profile of a surface defined across two or more surfaces.
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CLAIMS:

1.  Atool for forming a composite component having a curved body and an integral
flange from a pre-form, the tool comprising:
5 a curved body portion having a lay-up surface; and
a forming assembly having a lay-up configuration and a forming configuration,
the forming assembly comprising:
a plurality of forming elements each having a lay-up surface and a primary
flange-forming surface, the forming elements being radially outwardly moveable
10 from the lay-up configuration to the forming configuration, in which the forming
elements are circumferentially spaced from one another;
a plurality of filler elements each having a secondary flange-forming
surface, the filler elements being arranged to move into the circumferential gaps
between the forming elements in the forming configuration so as to form a
15 substantially continuous flange-forming surface; and
wherein each pair of adjacent forming and filler elements have
complementary features arranged to engage with each other to axially align the
elements relative to each other in the forming configuration;
wherein in use a pre-form is disposed on the layup surfaces of the curved body
20  portion and the forming elements, and wherein movement to the forming configuration
causes the pre-form to be deformed between the continuous flange-forming surface
and a counteracting forming surface to form the integral flange.

2.  Atool according to claim 1, wherein the primary and secondary flange-forming

25  surfaces extend at least partly radially.

3. A tool according to claim 1 or 2, wherein the forming elements and the filler
elements are alternately arranged around the axis of the tool.

30 4. Atool according to any preceding claim, wherein the complementary features of
each pair of adjacent forming and filler elements are arranged so that the primary and
secondary forming surfaces are axially aligned to within a tolerance of 0.25 millimetres

in the forming configuration.
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5. Atool according to any preceding claim, wherein the complementary features of
each pair of adjacent forming and filler elements are provided on side surfaces of the

respective forming and filler elements.

6. A tool according to any preceding claim, wherein the complementary features of
each pair of adjacent forming and filler elements comprises at least one shoulder
formed on a first element of the pair and arranged to engage with a corresponding
portion of a second element of the pair to limit axial movement of the second element

relative the first element along a first axial direction.

/.  Atool according to claim 6, wherein the complementary features of each pair of
adjacent forming and filler elements comprise at least two shoulders arranged to limit
axial movement of the second element relative the first element along two opposing

axial directions.

8.  Atool according to any preceding claim, wherein the complementary features of
each pair of adjacent forming and filler elements comprise male and female interlocking

features.

9. Atool according to claim 8, wherein a first element of the pair of elements
comprises a female groove and wherein a second element of the pair of elements

comprises a male projection arranged to be received in the female groove.

10. A tool according to claim 8 or 9, wherein the material composition of the male

feature is different from the material composition of the female feature.

11.  Atool according to claim 8 or 9, wherein the material composition of the male
and female features is different from the material composition of the remainder of the

respective forming and filler elements forming the pair.

12. A tool according to any of claims 8 to 11, wherein each element comprises a
male feature provided on a first side surface of the element for engaging with a

corresponding female feature of a first adjacent element, and a female feature provided
on an opposing second side surface of the element for engaging with a corresponding

male feature of a second adjacent element.
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13. A tool according to any of claims 8 to 12, wherein the complementary features of
the forming elements are configured so that, in the lay-up configuration, the
complementary features of the forming elements engage with each other to axially

align the forming elements.

14. A tool according to any preceding claim, further comprising a drive means for
moving the forming assembly from the lay-up configuration to the forming configuration,

the drive means comprising a plurality of drive units, each drive unit being arranged to

move at least one forming element;
wherein each drive unit is configured to move the or each respective forming

element and an adjacent filler element from respective retracted positions
corresponding to the lay-up configuration to respective extended positions

corresponding to the forming configuration;
wherein each drive unit is configured so that the respective filler element reaches

its respective forming position after the forming element reaches its respective forming
position; and
wherein a lost motion connection Is provided between each drive unit and the

respective forming element.

15. A tool according to any preceding claim for forming an annular or semi-annular

component.

16. A tool according to any preceding claim for forming a casing for a gas-turbine

engine.

17. Apparatus for forming a composite component having a curved body and an
integral curved flange, the apparatus comprising:

a tool in accordance with any of claims 1 to 16; and

a counteracting support detachably attachable to the tool over a pre-form
received on the tool, the counteracting support having a counteracting forming surface
arranged to oppose the flange-forming surfaces of the forming assembly so that in use
a region of the pre-form is deformed between the forming assembly and the

counteracting support to form the flange of the component.

18. A method of forming a composite component having a curved body and an

integral curved flange from a pre-form, the method comprising:
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providing a pre-form over lay-up surfaces of the curved body portion and the
forming elements of an apparatus in accordance with claim 17 in the lay-up
configuration;

moving the forming assembly from the lay-up configuration to the forming
configuration so that the plurality of forming elements move into gaps between the
forming elements in the forming configuration so as to form a substantially continuous
flange-forming surface;

whereby a region of the pre-form is deformed between the continuous forming
surface and the counteracting forming surface to form the integral flange.
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