
1  COMPOSITE TOOL FOR MOULDING CYLINDRICAL PARTS The
present invention relates to a tool in a composite
material for making a cylindrical part in a composite
5 material. The invention also relates to a method for
making  such a tool. In the aeronautical field, for
only mentioning a  single field of application, carbon
fiber composite parts  are increasingly used for
obtaining more and more 10 lightweight structures
without however abandoning rigidity  and other
required characteristics, but also for obtaining
components which have a more pleasant aspect than a
metal  part while providing fire resistance. The
making of such composite parts requires high  15
precision tooling. This tooling which may also be
called a  mould, should both provide the usual
functions of any  tooling, as recalled hereafter,
guarantee geometrical  tolerances of the final part
and sometimes withstand rather  particular thermal and
pressure cycles such as those which 20 are involved
for example upon passing into an autoclave.  Usually,
metal moulds made in Invar steel by sheet  metal work
and machining or composite moulds made in carbon
fibers pre-impregnated with epoxy resin by moulding in
a  mould called the "master", are used for this
purpose. 25 Although the Invar technology is widely
used in mass  production, it is nevertheless a fact
that the unit cost of  such a mould is high. In
return, toolings made in carbon  fibers are less
expensive, but they are more fragile and  practically
unrepairable, and this mainly because of  30 problems
of leaks which subsist after their repair. When the
matter is of making cylindrical parts,  notably with
large dimensions, the problems for their  making
originate less from their size and from difficulties
in handling such moulds, but rather from the
difficulty of 



2  guaranteeing the final geometrical tolerances of
the part,  because the latter depend on the behaviour
of the mould  during the polymerization cycle and also
very strongly  depend on the structure of the part to
be obtained and on 5 its behaviour on its tooling.
Indeed, the problems  resulting from thermal expansion
and shrinkage of the resin  are often not negligible.
In such a situation, only a machining approach would
provide a guarantee on the final tolerances of the
part. 10 There are composite materials which, moulded
and  polymerized at a high temperature and under high
pressure  in an autoclave, may then be machined in
order to obtain  the desired geometry, while retaining
the required seal for  making the final part. However,
such materials require the 15 making of a "master"
capable of withstanding the  temperature and pressure
conditions of their polymerization  in an autoclave.
Such "masters" are all the more costly and  complex
since the structure to be made is of large  dimensions
and that geometrical requirements are strict. As 20 an
example, tolerances of +/- 0.6 mm for a diameter of
the  part of 4 m are not seldom conditions to be met.
Further,  segmentation of tooling into several petals
for allowing  removal from the mould makes this use
even more  problematic. 25 As indicated at the
beginning of this description,  making a composite
part in carbon fibers impregnated with  epoxy resin
requires high precision tooling, which should  provide
the usual functions of any precision tooling. In  the
field of interest here, the tooling should allow 30
draping of a stiffened skin with profiles of the Q
type by  depositing fibers. The tooling should also be
able to be  extracted from the draped structure after
polymerization.  Further, the tooling should comply
with the required  



tolerances and should provide for holding stiffeners
and 3  their cores. Finally, the surface for
depositing the fibers  should be leakproof at room
temperature and at high  temperature in an autoclave
in order to be able to place a  vacuum bag during
polymerization. The tooling should also 5 allow
attachment of cauls or counter-moulds (caul plates)
for the polymerization phase. And finally, the tooling
should withstand the environment conditions of the
method  for making the part. Moreover, a composite
tooling intended for making a  10 cylindrical part in
a composite material should include  thermocouples,
should have a contact surface with a maximum
roughness of Ra=0.8 and should integrate overlengths
required for trimming the required part. The object of
the invention is to propose tooling  15 which fulfils
various conditions stated hereinbefore and  which is
easy to handle, notably during extraction of the
tooling from the draped structure after
polymerization. The object of the invention is
achieved with a tool in  composite material for making
a cylindrical part in a  20 composite material, the
tool being intended to form a  mandrel on which the
cylindrical part will be formed. According to the
invention, the tool comprises a set  of components,
each of which forms a cylindrical sector of  the tool,
each of the components including a bearing 25
structure in fiber composite and a skin moulded on the
bearing structure, the tool further including sealing
means  intended to be placed at the junctions between
the  components of the tool. The tooling of the
invention thus consists of a set of  30 mechanically
assembled components and which may be  disassembled
component by component, according to a  specific
sequence, which allows removal of the finished  



part from the mould. Each of the components of such a
tool 4  which are also called "tiles", is
advantageously made in  the following way: - a
standard bearing structure in carbon fiber  composite
is made. This may be achieved according to a  5
standard method consisting in  using a standard
extrudable foam and paste  "master" and machining;
such a master is not very  expensive because does not
need to be very  precise; 10  baking the bearing
structure in a vacuum oven  (therefore not in an
autoclave) at a low  temperature of the order of
40C/45C, followed by  a cycle of post-baking providing
high temperature  strength; 15  the bearing structure
may be self-stiffened so as  to withstand mechanical
stresses during  application of the tooling; among
these mechanical  stresses, let us more particularly
note those  involved by draping, during the
polymerization in 20 an autoclave, during handling
operations, and  during disassembly and reassembly of
the tool; a skin in carbon fibers pre-impregnated with
an  epoxy resin or a skin in carbon fibers
pre-impregnated with  a polyimide, notably
bismaleimide, resin, of small 25 thickness will be
moulded on the bearing structure, baked  in the
autoclave in vacuo and under pressure and at a high
temperature in order to obtain the required mechanical
properties and the expected homogeneity of materials.
The  bearing structure allows this application. 30 -
with reworking by re-machining the thereby achieved
skin, it is possible to obtain the desired geometry as
well  as the integration of the components for
obtaining the seal  



at the interfaces. 5  A tooling made in the fashion
described hereinbefore and which may be taken apart,
tile by tile, according to a  specific sequence,
allows removal from the mould of the  finished part
regardless of the dimensions of the latter. 5 Let us
more particularly note that the number of  components
which make up the tooling of the invention  entirely
depends on the dimensions of the part to be made  and
on certain handling constraints of each of the
components. The exemplary embodiment described further
on 10 has tooling consisting of seven tiles, an
arbitrarily  selected number which therefore is by no
means limiting or  preferential. The solution of the
invention is particularly suitable  for development
toolings, but it may also be applied for  15 mass
production toolings. Indeed, the material used for
making the skin allows reworking operations and
repairs  which may be made necessary during the
lifetime of the  tooling, for example as a result of
impacts or of any type  of damage or by wear. 20
According to the selected embodiment of the tooling of
the invention, the latter may have the additional
features  hereafter, considered separately or
according to all the  technically possible
combinations: - each of the components includes a
bearing structure  25 in carbon fiber composite; -
each of the components includes a skin in carbon
pre-impregnated with epoxy resin; - each of the
components includes a skin in carbon  pre-impregnated
with a polyimide structure resin; 30 - each of the
components includes a skin in carbon  pre-impregnated
with bismaleimide; - each of the components includes a
skin having  



undergone after moulding and baking, machining
providing 6  the component with predetermined
dimensions and the skin  with a predetermined surface
condition; - the sealing means include O-ring gaskets;
- the sealing means include inflatable silicone 0-ring
5 gaskets; - the tool comprises leakproof inserts
intended to be  placed at the junctions of the
components on the side of  the skin. The object of the
invention is also achieved with a  10 method for
making a tool in a composite material for making  a
cylindrical part in a composite material, the tool
comprising a set of components, each of which forms a
cylindrical sector of the tool. According to the
invention, the method comprises at  15 least the
following steps: - making a predetermined number of
components  including a bearing structure in fiber
composite, - moulding a skin on the bearing structure,
- baking the components, 20 - machining the skin of
each of the components, in  order to provide each of
the components with predetermined  dimensions and the
skin with a predetermined surface  condition. The skin
sectors of the tooling consist of a composite  25
based on webs of carbon fibers pre-impregnated with
resin  and deposited along a quasi-iso draping plane.
When pre-impregnation is accomplished with a tooling
resin, with the skin it is not possible to directly
obtain  by moulding the required geometry tolerance
and neither 30 allows any re-working by machining for
guaranteeing a  satisfactory surface condition as
regards the required  surface roughness and seal. For
this reason, the skin is  



covered with a (quasi-iso) layer in composite of the
Hextool(r) type from Hexcel, a composite material
which has 7  excellent characteristics with respect to
surface roughness  and seal. Advantageously, the skin
is made with an  overthickness, with 1-2 mm so that
the finished rib may be  5 re-machined after making
and inspecting a first part. The recommended thickness
of the skin is of the order of 10 mm.  In the appended
drawings, a sequence of figures  illustrates the
removal kinematics for different components  or tiles
of tooling of the invention from a part made by 10
means of this tool. More particularly, it is seen
therein  that with the design of this invention it is
possible to  free and extract the components one by
one. At no moment of  the sequence, does the surface
of the skins of different  components cut the surface
of the produced part. The means 15 to be applied for
carrying out this mandrel removal  operation should of
course be adapted to the use of the  tooling and to
the required production rates. As the performance of
the seal of the tooling is  essential as regards the
quality of the part to be  20 produced, this seal is
adapted to the concept of retained cylindrical sectors
for ensuring mandrel removal, as well  as to the
method for making the part. The solution proposed
within the scope of the present  invention consists of
using two O-ring gaskets positioned  25 at a distance
from the skin of each of the components and at
different levels. With the solution of a dual O-ring
gasket, it is possible to continuously check the
validity  of the seal barrier. Further, with this
solution it is  possible to correct vacuum variations
during the method for  30 producing the composite
part. Additionally, it is possible to use O-ring
gaskets  



full with Viton or silicone, since the latter are
provided  for operating at high temperatures such as
those provided  in an autoclave. However, because of
the contemplated 8  plays, it is possible that the
seal be not provided at each  of the operations for
making a cylindrical composite part.  For this reason,
it is preferable to take inflatable  silicon O-ring
gaskets. 5 The most stressed O-ring gasket during the
making of  the part is the inner gasket, because it is
subject to the  pressure of the autoclave on the one
hand, which is of the  order of 8 bars, and it is
subject to vacuum on the other  hand, which is of the
order of 50 mbars. Under these 10 conditions, two
tubular inflatable gaskets with an outer  diameter of
16 mm may be used for example. The grooves  intended
to receive these gaskets are machined in  opposition
in order not to weaken the skin, as this is
illustrated in the appended drawings. Advantageously,
the 15 inner gasket should be able to be inflated at a
pressure of  the order of 10 bars. The use of
inflatable gaskets provides the required  seal for the
tooling of the invention. However, this use is  not
without any impact on the dimensioning of the skin of
20 each of the components and of the bearing
structure.  Indeed, the inflatable gaskets induce very
significant  stresses on the longitudinal walls of the
skin. Indeed,  considering that the pressure of the
gasket is applied on  about 50% of the groove, the
force generated on the edge of 25 a skin with a length
of 6,000 mm is of the order of about  50,000 N.
Depending on the geometry of the skins, these  forces
induce torsional and flexural moments in the bearing
structure which should have consequent dimensions. The
validity of the strength of the seal with regard  30
to the pressure in the autoclave is advantageously
checked  



before entering the part into the autoclave, by
inflating  the inter-gasket space to a pressure of 8
bars. Managing the interface between the skins of two
adjacent components and the inflatable gaskets and the
9  vacuum cover is also very important for ensuring
that the  vacuum is maintained during polymerization.
For this  purpose, a possible solution consists of
placing at each  junction of two adjacent elements, at
the skin end, a 5 leakproof insert allowing the
passage of the inflatable  gasket which is covered by
the vacuum cover. The tooling of the invention has the
following  advantages: - the tool of the invention is
an economical solution  10 for making available large
size tooling for making parts of  a composite
structure of very large size with very high
geometrical precision; - the tool of the invention
includes a structure in  carbon fibers pre-impregnated
with epoxy resin, allowing  15 low temperature
polymerization, followed by post-baking; - the tool of
the invention comprises a coating in a  composite of
carbon fibers pre-impregnated with an epoxy  resin or
with a polyimide structure resin, notably in
bismaleimide, so that the surface of the tool may be
20 machined without deforming it and while retaining
the  homogeneity and the seal of the material; - the
tool may be repaired according to a simple  procedure
which may be individually applied to each  component
of the tool; 25 - the toughness of the surface
material of the tool  allows the latter to be used for
several hundred cycles; - with the architecture of the
tool of the invention,  by which the central portion
of the tool is entirely freed,  mechanization of the
handling of the components of the tool 



30 may be provided, in order to facilitate the mandrel
removal  operation and the mandrel re-assembling
operation and  thereby reduce the duration of these
operations for mass  productions. 10  Other
characteristics and advantages of the present
invention will become apparent from the description
hereafter of an embodiment of the tool of the
invention.  The description is made with reference to
the drawings  5 wherein Figs. 1-8 illustrate a tool
according to a preferred  embodiment of the invention
and the kinematics of its  disassembling, i.e. Fig. I
illustrates the tool with a first component  10 freed
in order to be extracted, Fig. 2 illustrates the
extraction of the first  component of the tool of the
invention, Fig. 3 illustrates the tool of a second
component  freed in order to be extracted, 15 Fig. 4
illustrates the extraction of the second  component of
the tool of the invention, Fig. 5 illustrates the tool
with the last three  components, the last but two
component of which is freed in  order to be extracted,
20 Fig. 6 illustrates the extraction of the last but
two  component of the tool of the invention, Fig. 7
illustrates the tool with the last two  components,
the last but one of which is freed in order to  be
extracted, 25 Fig. 8 illustrates the extraction of the
last but one  component of the tool of the invention,
Fig. 9 illustrates separately a component of the tool
of the invention on the side of the skin of the
component,  Fig. 10 illustrates the component of Fig.
9 in a  



30 cross-sectional view, Fig. 11 illustrates the
junction between two adjacent  components of the tool
of the invention, and Fig. 12 schematically
illustrates the positioning of a  leakproof insert in
a tool of the invention. 11  Fig. 1 illustrates a tool
in a composite material for making a cylindrical part
in a composite material, e.g. for  making a fuselage
component of an aircraft. The tool, which  is itself
made as an axisymmetrical cylindrical component, 5 is
intended to form a mandrel on which the cylindrical
part  to be made will be formed. According to the
invention, the tool comprises seven  components, each
of which forms a cylindrical sector of the  tool. The
components 1 are conformed in order to be 10
maintained in leakproof contact along the perimeter of
the  part to be made. Advantageously, the components 1
of the tool of the  invention are all identical with
each other when the  question is to make
axisymmetrical cylindrical parts or 15 with a shape
close to that of an axisymmetrical cylinder.  However,
the present invention also applies to tools  in a
composite material with which tubular parts having a
non-circular section may be made. For this reason, the
number of components and, if  20 necessary, their
shapes are determined for each tool  individually. As
shown by the sequences of Figs. 1-8, the components  1
are not only conformed in order to be able to form a
cylindrical mould, but they are also conformed so that
they 25 may be freed individually one after the other
towards the  inside of the tool and be removed without
hindering the  produced part. The sequences of Figs.
1-8 therefore illustrate for  



four selected components 1 of the tool of the
invention how  30 the component is freed towards the
inside of the tool and is then extracted from the tool
and therefore from the  inside of the produced part.
It is easy to imagine that for handling each of the
components, and this both for disassembling the mould
and 12  reassembling it, hydraulic or differently
mechanized means  may be used for handling each of the
components. Further,  provision has to be either made
for mechanized means or  not, which allow the
components to be maintained one after 5 the other
until the tool is complete. The shape of a complete
tool of the invention may  easily be inferred from
Fig. 1; the complete tool is not  separately
illustrated in the drawing. Fig. 1 illustrates  the
tool of the invention with a first element 1 freed
from 10 the periphery of the tool in order to be
extracted from the  inside of the produced part (not
shown). Fig. 2 illustrates  the first component being
extracted. Figs. 3 and 4 respectively illustrate the
second  element 1 in the freeing position and being
extracted from  15 the inside of the produced part.
Figs. 5 and 6 illustrate the last three remaining
components of the tool of the invention with the fifth
of  the seven components in a freed position and being
extracted, respectively. 20 And Figs. 7 and 8
illustrate the next step where there  remains only the
last two components of the tool of the  invention.
Fig. 7 illustrates the last but one component in  the
freeing position and Fig. 8 illustrates the last but
one component being extracted. 25 Fig. 9 illustrates
separately a component 1 in a  perspective view on its
convex face, i.e. on the face  intended to be turned
towards the part to be produced. More  



particularly, it is seen in this figure that the
surface of  the component 1 has all the required
grooves or protruding 30 portions and positioned
according to the provided geometry  in order to allow
the desired ribs or recesses to be made  on the inner
face of the part to be produced. Fig. 10 illustrates a
component 1 in a sectional view  relatively to the
symmetrical axis of the tool of the 13  invention.
More particularly, it is seen therein that the
component 1 comprises a bearing structure 2 in a fiber
composite, as well as a moulded skin 3 on the bearing
structure 2. The bearing structure 2 according to the
5 embodiment illustrated in the drawings includes a
skin 2 in  accordance with the shape inferred from the
final shape of  the part, a U-shaped beam 21 with a
rectangular section, at  least one transverse
partition 22 in the lower portion of  the beam 21,
longitudinal shells 23 on the open ends of the 10 beam
21 as well as a transverse shell 24 extending on the
entire width of the component 1 and over a height
determined by the curvature of the skin 3. Fig. 11
illustrates the junction between two adjacent
components 1. In the side returns of the structure 2
and of  15 the moulded skin 3, two inflatable O-ring
gaskets 11, 12 are placed in grooves 13, 14 located in
opposition and  radially shifted relatively to each
other. By this  arrangement of the invention, each of
the two gaskets 11,  12 bears upon the structure of
the adjacent component. As 20 an example, inflatable
gaskets with an outer diameter of  the order of 16 mm
may be used and both grooves 13, 14 are  alternately
distributed on each adjacent tile in order not  to
weaken the structure. A space 15 between both adjacent
components 1 which  25 appear at the skin of each of
the components is  advantageously filled with epoxy
resin. However,  



considering the pressures acting during the baking of
the  produced part, this "filling-up" of the space 15
will not  provide any sealing function. The sealing
function is 30 therefore entirely achieved by the two
inflatable O-ring  gaskets 11, 12. Indeed, as an
example, during the passage  of the part to be
produced in the autoclave, the pressure  acting on the
inner side of the components 1 is of the  order of 8
bars, whereas on the side of the skin 3, the 14
vacuum with which a cover is applied onto the part to
be  produced, as a counter-mould, is only of the order
of  50 mbars. Because of these pressure circumstances,
the  inner gasket 12 is inflated to 125% of the
pressure 5 difference between the pressure of the
autoclave and the  vacuum on the cover, i.e. about 10
bars. Since the inflatable O-ring gaskets 11, 12
provide the  seal of the junction of two adjacent
components only in the  direction of their
longitudinal extension, the seal at the 10 skin end
should be provided by additional means. The  solution
proposed here for such additional means consists  of
placing a leakproof insert at each junction of two
adjacent components at the skin end. Fig. 12
schematically illustrates the positioning of a  15
leakproof insert 31 in a tool of the invention. The
insert 31 is a right angled part, for example in
silicon, positioned with one of its two wings,
referenced  as 31A, on the skins of two adjacent
components 1, 1 and  with the other wing, referenced
as 31B, transversely 20 relatively to the skins and at
the end of the latter. The  wing 31A of the insert 31
is covered by the vacuum cover  and is maintained in
position by a plate 32 for maintaining  the cover and
the wing 31B is maintained by a plate 33 for
maintaining the insert. 25 The insert 31 moreover
comprises two orifices 34, 35  



positioned so that they are facing the grooves 13, 14
of  both adjacent components 1, 1. These orifices
allow the  O-ring gaskets 11, 12 to emerge outwards
and to then  connect them on a high pressure air
source so as to be able 30 to inflate each of the two
gaskets at the predetermined  pressure. 15  CLAIMS 1.
A tool in a composite material for making a
cylindrical part in a composite material, the tool
being  5 intended to form a mandrel on which the
cylindrical part will be formed, characterized in that
it comprises a set of  components (1), each of which
forms a cylindrical sector of  the tool, each of the
components (1) including a bearing  structure (2) in a
fiber composite, and a skin (3) moulded 10 on the
bearing structure (2), the tool further including
sealing means (11, 12) intended to be placed at
junctions  between the components (1) of the tool. 2.
The tool according to claim 1, characterized in  15
that each of the components (1) includes a bearing
structure (2) in a carbon fiber composite. 3. The tool
according to claim 1 or 2, characterized  in that each
of the components (1) includes a skin (3) in  20
carbon pre-impregnated with an epoxy resin. 4. The
tool according to claim 1 or 2, characterized  in that
each of the components (1) includes a skin (3) in
carbon pre-impregnated with a polyimide structure
resin. 25 5. The tool according to claim 4,
characterized in  that each of the components (1)
includes a skin (3) in  carbon pre-impregnated with
bismaleimide. 30 6. The tool according to any of
claims 1 to 5,  characterized in that each of the
components (1) includes a  skin (3) having, after
moulding and baking, undergone  



machining providing the component (1) with
predetermined 16  dimensions and the skin (3) with a
predetermined surface  condition. 7. The tool
according to any of claims 1 to 6,  5 characterized in
that the sealing means include O-ring  gaskets (11,
12). 8. The tool according to any of claims 1 to 6,
characterized in that the sealing means include
inflatable  10 O-ring gaskets (11, 12) in silicon. 9.
The tool according to any of claims 1 to 8,
characterized in that it comprises leakproof inserts
intended to be placed at the junctions of the
components  15 (1) on the side of the skin (3). 10. A
method for making a tool in composite material  for
making a cylindrical part in a composite material, the
tool comprising a set of components (1), each of which
20 forms a cylindrical sector of the tool
characterized in that it comprises at least the
following  steps: making a predetermined number of
components (1)  including a bearing structure (2) in
fiber  25 composite, moulding a skin (3) on the
bearing structure (2),  baking the components (1),
machining the skin (3) of each of the components  (1)
in order to provide each of the components (1)  30
with predetermined dimensions and the skin (3)  with a
predetermined surface condition. 


