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ABSTRACT

A method of manufacturing a flexible element configured for pressing against composite
material received on a mold surface of a mold during cure, including placing a porous
material over the mold surface, forming a sealed enclosure containing the mold surface
and the porous material, infusing a curable liquid material such as silicone in liquid form
into the enclosure under vacuum and through the porous material, curing the liquid
material to form the flexible element, and opening the enclosure and disengaging the

flexible element from the mold. In a particular embodiment, the flexible element is a

pressure pad.



10

15

20

25

CA 02942015 2016-09-13

METHOD OF FORMING PRESSURE PAD OR OTHER FLEXIBLE ELEMENT FOR
USE DURING CURE OF COMPOSITE MATERIALS

TECHNICAL FIELD

The application relates generally to the manufacture of composite structures and, more

oarticularly, to the manufacture of pressure pads and other flexible elements usead

during the cure of composite structures.

BACKGROUND OF THE ART

Composite part manufacturing may include the use of a vacuum bagging process to
apply compaction pressure on the composite material during cure. Vacuum bagging
over complex surface can lead to insufficient pressure applied in tight corners due to
the vacuum bag not conforming to the part surface, a non-uniform pressure distribution
over smaller complex features, and/or rupture of the bagging material in contact with

sharp tool features or when it is not directly supportea.

Although pressure pads may be used over critical areas, these pads are typically made
of cast material formed in a cast distinct from the composite mold or part. Reusable
vacuum bags can be made of similar materials, which are typically sprayed on the mold
surface or formed from sheets of uncured material which are placed on the mold and
assembled together. These methods of manufacturing pressure pads and reusable

vacuum bags may however be complex and/or necessitate the use of costly equipment.

SUMMARY

In one aspect, there is provided a method of manufacturing a pressure pad configured
for pressing against composite material received on a mold surface of a mold during
cure, the method comprising: placing a porous material over the mold surface; forming
a sealed enclosure containing the mold surface and the porous material; with the
sealed enclosure under vacuum, infusing a curable liquid material into the enclosure
and through the porous material; curing the liquid material under vacuum to form the

oressure pad; and opening the enclosure and disengaging the pressure pad from the

mold.
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In another aspect, there is provided a method of manufacturing a flexible element
configured for pressing against composite material received on a molad surface of a
mold during cure, the method comprising: placing a porous material over the mold
surface: placing the mold and the porous material in a sealed enclosure under vacuum;
infusing silicone in liquid form into the enclosure through the porous material; curing the
silicone in the sealed enclosure under vacuum to form the flexible element with the

porous material being embedded therein; and disengaging the flexible element from the

sealed enclosure and from the mold.
DESCRIPTION OF THE DRAWINGS

Reference is now made to the accompanying figures in which:

Fig. 1 is a schematic side view of a rotorcraft in accordance with a particular

embodiment;

Fig. 2 is a schematic tridimensional view of a pressure pad in accordance with a
particular embodiment, which may be used in the molding of a composite component of

a rotorcraft such as shown in Fig. 1;

Fig. 3 is a schematic tridimensional view of the pressure pad of Fig. 2 engaged to a

corresponding mold surface configured for molding the composite component;

Figs. 4-7 are schematic tridimensional views of different steps in the manufacture of the

pressure pad of Fig. 2, in accordance with a particular embodiment;

Fig. 8 is a schematic tridimensional view of a pressure pad in accordance with another
particular embodiment, which may be used in the molding of a composite component of

a rotorcraft such as shown in Fig. 1;

Fig. 9 is a schematic tridimensional view of a reusable vacuum bag in accordance with

another particular embodiment, which may be used in the molding of a composite

component of a rotorcraft such as shown in Fig. 1; and



10

15

20

29

CA 02942015 2016-09-13

Fig. 10 is a schematic tridimensional view of a cut portion of the reusable vacuum bag

of Fig. 9.
DETAILED DESCRIPTION

llustrative embodiments of the methods and apparatuses are described below. In the
interest of clarity, all features of an actual implementation may not be described in this
specification. It will, of course, be appreciated that in the development of any such
actual embodiment, numerous implementation-specific decisions must be made to
achieve the developer's specific goals, such as compliance with system-related and
business-related constraints, which will vary from one implementation to another.
Moreover, it will be appreciated that such a development effort might be complex ana

time-consuming but would nevertheless be a routine undertaking for those of ordinary

skill in the art having the benefit of this disclosure.

In the specification, reference may be made to the spatial relationships between various
components and to the spatial orientation of various aspects of components as the
devices are depicted in the attached drawings. However, as will be recognized by those
skilled in the art after a complete reading of the present disclosure, the devices,

members, apparatuses, etc. described herein may be positioned in any desirea

3 Y Nl

below,” “upper,” “lower,” or other

2 I 1

orientation. Thus, the use of terms such as "above,

ike terms to describe a spatial relationship between various components or to describe
the spatial orientation of aspects of such components should be understood to describe
a relative relationship between the components or a spatial orientation of aspects of
such components, respectively, as the device described herein may be oriented In any

desired direction.

Fig. 1 shows a rotorcraft 100 according to one example embodiment. Rotorcraft 100
features a rotor system 110, blades 120, 120’, a fuselage 130, a landing gear 140, ana

an empennage 150. Rotor system 110 may rotate blades 120. Rotor system 110 may
include a control system for selectively controlling the pitch of each biade 120 in order
to selectively control direction, thrust, and lift of rotorcraft 100. Fuselage 130 represents

the body of rotorcraft 100 and may be coupled to rotor system 110 such that rotor



10

15

20

25

30

CA 02942015 2016-09-13

system 110 and blades 120 may move fuselage 130 through the air. Landing gear 140
supports rotorcraft 100 when rotorcraft 100 is landing and/or when rotorcraft 100 Is at

rest on the ground. Empennage 150 represents the tail section of the aircraft and
features components of a rotor system 110 and blades 120’. Blades 120" may provide

thrust in the same direction as the rotation of blades 120 so as to counter the torque

effect created by rotor system 110 and blades 120.

The present disclosure provides for a method of manufacturing a pressure pad or other
flexible element (e.g. reusable vacuum bag, bladder) configured for applying pressure
on a composite material which is received on a mold surface of a mold during Its cure
cycle, where the pressure pad or other flexible element is manufactured through direct
infusion of a curable liquid material on the mold surface without the need for the
fabrication of a casting tool. In a particular embodiment, the pressure pad or flexible
element is used in the manufacture of composite components for the rotorcraft 100, for
example, all or portion(s) of blades 120, 120, fuselage 130 and/or empennage 150. It
should also be appreciated that the pressure pad or flexible element may alternatively
be used in the manufacture of other components of the rotorcraft 100 as well as in the
manufacture of any other suitable type of component, including but not limited to,
components of other types of aircraft (e.g. airplanes and unmanned aircraft) and
components of other types of vehicles (e.g. marine vehicles, recreation crafts,

aerospace structure, automotive vehicles, recreational cratts, etc.).

Referring to Figs. 2-3, a pressure pad 200 in accordance with a particular embodiment
is shown: in Fig. 3, the pressure pad 200 is shown in engagement with the
corresponding mold surface 202. As can be best seen In Fig. 2, the pressure pad 200
has a shape complementary to that of a part or a whole of the mold surface 202. For
instance, in the example of Fig. 2, elongated recesses 204 each engage a respective
ridge of the mold 160 (Fig. 3), as shown. The pressure pad 200 also includes smalier

circular recesses 206 complementary to protruding elements of the moild 160, which

may be, for example, screw or bolt heads, as shown.

In use, the pressure pad 200 is configured to overlay the composite matertal placed on

the mold surface 202, for example, by being placed in direct contact with the composite
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material, and to be contained in the same sealed enclosure as the composite material
during cure. The pressure pad 200 distributes the pressure applied on the composite
material during cure (e.g., autoclave pressure combined with pressure applied through
vacuum in the enclosure). In the embodiment shown, the pressure pad 200 also covers
critical areas (e.g., protruding and/or sharp elements) of the mold 160 to prevent their
contact with the bagging material forming the sealed enclosure during cure of the
composite material, in order to prevent or reduce the risk of tearing the bagging

material, which otherwise may be caused by these eiements.

It is understood that in use, additional breather material and/or release film(s) may be

provided in the sealed enclosure together with the pressure pad 200 and composite

material during cure of the composite material, as required.

Referring to Figs. 4-7, in a particular embodiment, the pressure pad 200 Is
manufactured in accordance with the following. As shown in Fig. 4, a layer of porous
material 208 is placed over the mold surface 202. In the embodiment shown, the porous
material 208 completely covers the mold surface 202; other configurations are also
possible. It is understood that the mold surface 202 is suitably configured, for exampile,
through prior application of a release agent, so that the pressure pad 200 can be
disengaged therefrom once cured. The mold surface 202 is the same mold surface that
will be used to cure the composite material; accordingly, the pressure pad 200 is

formed to conform to the mold 160 with which it will be used.

In a particular embodiment, the porous material 208 is shaped under vacuum, for

example, by forming a sealed enclosure with bagging material around the porous

material 208 and the mold surface and creating vacuum in this sealed enclosure.

In a particular embodiment, the mold 160 includes critical features which would be, In
the absence of a pressure pad, susceptible to lead to insufficient pressure and/or
damage to the bagging material when subjected to the pressure and temperature of the
cure cycle of the composite material (e.g. corners, recesses, protruding elements such
as fastener heads, sharp elements such as fastener heads and sharp edges, etc.). The

porous material 208 is placed with portions thereof overlaying such critical features, ana
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spaced from the underlying critical feature. The porous material 208 is removably

connected to the mold, for example, using tape 210, so as to maintain these portions of

the porous material 208 spaced apart from the respective critical feature when the
porous material 208 is placed under vacuum, as will be further detailed below. This
allows the porous material 208 to “bridge” over the critical features of the mold 160,

creating cavities or corners under the porous material 208 containing these features.

The porous material 208 can be any material suitable to be used as a breather material
during the cure of the composite material; the porous material 208 allows circulation of
air therethrough to facilitate the2 application of vacuum, and is resistant to the
temperatures used during cure of the composite material. In a particular embodiment,

the porous material is a polyester breather fabric. Other suitable porous materiais can,

alternatively, be used.

Referring to Fig. 5, once the porous material 208 has been shaped under vacuum and
the enclosure formed for the vacuum shaping has been removed, one or more pieces of
additional porous material 212 are placed over the first layer of porous material 208 to
overlap predetermined areas of the mold surface 202 and/or of the rest of the mola 160.
For example, the additional porous material 212 is placed over the critical features
requiring increased support and/or protection against tearing of the bagging material
that will be used during cure of the composite material. Accordingly, in the embodiment
shown, the additional porous material 212 is positioned over sharp edges and screw or

bolt heads. The additional porous material 212 may be made of the same material as

the first layer of porous material 208.

A protective material 214 more tear resistant than the porous material 208, 212 Is
additionally placed over the layers of porous material 208, 212 to overlap some or all of
the critical features (e.g. protruding and/or sharp elements) of the mold 160, for
example, the elements more susceptible of tearing the bagging material that will be
used during cure of the composite material. In the embodiment shown, the protective
material 214 is placed over the screw or boit heads and some of the sharp edges. In a

particular embodiment, the protective material 214 is a polytetrafluoroethylene

(Teflon®) tape. Other suitable materials can alternately be used.
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It is understood that the additional porous material 212 and/or the protective material
214 may be omitted if the initial layer of porous material 208 provides for sufficient
protection against tearing of the bagging material that will be used during cure of the
composite material. Although not shown, additional reinforcements may be placed on

the mold surface 202 or on the porous material 208, 212 so as to be integrated in the

oressure pad 200.

Referring to Fig. 6, once all the material to be integrated in the pressure pad 200 Is In
place, a sealed enclosure 216 is formed to contain the mold surface 202 and the porous
material 208, 212 (and protective material 214 and additional reinforcements if present).
In the embodiment shown, the enclosure 216 is formed with bagging material of the
same type that will be used during cure of the composite material, and sealed using
tacky sealant material of the same type that will be used to form the enclosure for
curing the composite material; accordingly, manufacture of the pressure pad 200 can
be done using supplies already stocked for use in composite curing. Alternatively, any

other suitable type of bagging material and/or sealant may be used.

In the embodiment shown, the enclosure 216 is formed as a "free” bag, containing the
complete mold 160 and not connected thereto so as to be free to move with respect to

the mold 160. Other configurations can aiternatively be used.

A vent 218 is provided in communication with the enclosure 216, and the enclosure 216
is placed under vacuum through the vent 218. An inlet 220 is also provided In
communication with the enclosure 216, through which a curable liquid matenal is

infused into the enclosure 216 to form the pressure pad 200. The liquid material Is

infused through the porous material 208, 212, thus integrating the porous material 208,
212 into the pressure pad 200. In a particular embodiment, the liquid material conforms
to the mold surface 202 so that the pressure pad 200 will be complementary to the mola

surface 202 once formed.

In embodiments where portions of the porous material 208 are retained spaced from
the mold 160. such as to create cavities under the porous material 208 over critical

features, the porous material 208 provides support over the critical features of the mola
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160 for the bagging material forming the sealed enclosure to enable better bridging of
the bagging material during the infusion process. The porous material 208 also acts as
a flow media for the liquid material during infusion so that the liquid material can
oropagate and be infused beyond the cavities. The pressure pad 200 can have the

shape needed to support bagging material over these critical features during composite

curing.

In the embodiment shown, the liquid material is prepared in a separate bag 222 (for
example made of the same material as the bagging material of the enclosure 216) ana
this bag 222 is connected to the inlet 220 of the enclosure 216, with an end of the bag
222 opposite the connection with the enclosure 216 remaining open. Accordingly, the
vacuum applied to the enclosure 216 “pulls” the liquid material from its bag 222 into the
enclosure 216 to create the infusion process. Once the infusion is performed, the open

end of the bag 222 is sealed to maintain the vacuum within the enclosure 216.

The vacuum level within the enclosure 216 can be adjusted during the infusion, for
example, by using an adjustable venturi or vacuum regulator between the vacuum

source and the enclosure 216.

The liquid material is then cured in the sealed enclosure 216 under vacuum so as to
form the pressure pad 200 with the porous material 208, 212 and protective material
212 (if used) being embedded therein. In a particular embodiment, the liquid material Is
a silicone curable at ambient temperature, for example, TC 5045 A/B. Accordingly, cure
's performed at ambient temperature, for example, for a duration of 24 hours. Different

cure temperatures and/or durations may be used depending on the curable liquid

material selected to form the pressure pad 200. The liquid material is selected so as to
be suitable for use, after cure, at the temperatures and pressures of the composite
material cure cycle, and to be compatible with the particular composite material it will be

used with. Materials other than silicone can, therefore, alternatively be used.

Once the material of the pressure pad 200 is cured, the enclosure 216 is opened and
the pressure pad 200 is disengaged from the mold 160. In the embodiment shown and

referring to Fig. 7, excess porous material 224 was disposed over the mold 160, ana
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accordingly the excess material 224 (porous material, and optionally material of the

pressure pad 200) is trimmed once the pressure pad 200 is disengaged from the mola

160.

In a particular embodiment, and in use, the pressure pad 200 manufactured according
to the above method allows for a distribution of the autoclave pressure along the entire
composite part while protecting the bagging material from tearing during the cure cycle

of the composite part.

Referring to Fig. 8, a pressure pad 300 in accordance with another particuiar
embodiment is shown. In this embodiment, the pressure pad 300 is smaller than the
pressure pad 200 of Figs. 2-3 and is configured to be complementary to only a corner
portion of the mold surface 202. The additional porous material and protective material
are omitted, but the pressure pad 300 may otherwise be manufactured in the same
manner as that described above for the pressure pad 200 of Figs. 2-3. It is understood
that any other suitable configuration for a pressure pad 200, 300 can alternatively be
used, configured to be complementary to only one, only some, or all of the elements of
the mold surface 202, and optionally one or more additional elements of the mold 160.

For example, separate pressure pads can be provided to overlay the different critical

features of the mold 160.

In a particular embodiment, the porous material 208, 212 incorporated into the pressure
pad 200, 300 provides for a reinforcement to strengthen the pressure pad 200, 300 and

also stabilizes the material of the pressure pad 200, 300 (e.g. silicone), which may tend

to shrink out of shape after being used in multiple composite curing cycles.

Referring to Figs. 9-10, a flexible element 400 in accordance with another particular
embodiment is shown, configured to be used as a reusable vacuum bag during the cure
of composite material. The flexible element 400 may be used as bagging material and
pressure pad at the same time, or alternatively, flexible element 400 may be used In
combination with one or more separate pressure pad(s). The flexible element 400 Is
configured so as to be able to define a sealed enclosure around the composite material

being cured. The flexible element 400 may be manufactured in the same manner as
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that described above for the pressure pad 200 of Figs. 2-3, with or without additional

porous material 212 and/or protective material 214.

Although not shown, the composite part molded on the mold surface 202 (whether In
cured or uncured form) can be engaged to the mold surface 202 before manufacturing
of the pressure pad 200, 300 or flexible element 400, so that the pressure pad 200, 300
or flexible element 400 is manufactured over the mold surface 202 while overlaying the
composite part. In this embodiment, the infused liquid material conforms to the
composite part so that the pressure pad 200 will be complementary to the composite
part once formed. If required, the composite part is suitably configured, for example,

through prior application of a release agent, so that the pressure pad 200 can be

disengaged therefrom once cured.

In a particular embodiment, the infusion of the curable liquid material (e.g. silicone)
directly onto the composite part or mold surface 202 and into the enclosure 216 formea
by stretched bagging material allows the portions of the pressure pad 200, 300 or

flexible element 400 overlaying the critical features of the mold 160 to be smoothed out

to the desired pressure distribution contour.

It is understood that the described method may be used to form pressure pads and
flexible elements such as reusable vacuum bags and bladders having any suitable

configuration, and that the particular configurations shown herein are exemplary only.

The above description is meant to be exemplary only, and one skilled in the art will
recognize that changes may be made to the embodiments described without departing
from the scope of the invention disclosed. Modifications which fall within the scope of
the present invention will be apparent to those skilled in the art, in light of a review of

this disclosure, and such modifications are intended to fall within the appended claims.

10



CLAIMS

1. A method of manufacturing a pressure pad configured for pressing against
composite material received on a mold surface of a mold during cure, the method

comprising:
placing a porous material over the mold surface;

forming a sealed enclosure containing the mold surface and the porous

material:

with the sealed enclosure under vacuum, infusing a curable liquid material into

the enclosure and through the porous material;

curing the liquid material under vacuum to form the pressure pad with the

porous material being embedded in the pressure pad; and

opening the enclosure and disengaging the pressure pad from the mold.

2. The method according to claim 1, further comprising trimming excess material from

the pressure pad after disengaging the pressure pad from the mold.

3. The method according to claim 1 or 2, wherein the porous material is placed with at
least a portion thereof spaced apart from the mold so as to define a cavity between
the mold and the portion of the porous material, and wherein placing the porous
material includes removably connecting the porous material to the mold so that the

portion remains spaced apart from the mold under vacuum.

4. The method according to any one of claims 1 to 3, wherein the porous material is a
first porous material, the method further comprising, before infusing the curable
liquid material, placing at least one second porous material over the first porous

material to overlap predetermined areas of the mold.

5. The method according to claim 4, wherein the first porous material is shaped under
vacuum against the mold surface before placing the at least one second porous

material over the first porous material.

11
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8. The method according to any one of claims 1 to 4, further comprising, before
forming the enclosure, placing a protective material on the porous material over
selected features of the mold, the protective material being more tear resistant than

the porous material.

7. The method according to claim 6, wherein the protective material is a

polytetrafluoroethyiene tape.

8. The method according to any one of claims 1 to 7, wherein the liquid material is

cured at ambient temperature.

9. The method according to any one of claims 1 to 8, wherein the curable liquid

material includes silicone.

10. The method according to any one of claims 1 to 9, wherein the porous material

includes a polyester breather fabric.

11. The method according to any one of claims 1 to 10, further comprising adjusting a

level of the vacuum during the infusion.

12. A method of manufacturing a flexible element configured for pressing against
composite material received on a mold surface of a mold during cure, the method

comprising.
placing a porous material over the mold surface;

placing the mold and the porous material in a sealed enclosure under vacuum;
infusing silicone in liquid form into the enclosure through the porous material;

curing the silicone in the sealed enclosure under vacuum to form the flexible

element with the porous material being embedded therein; and

disengaging the flexible element from the sealed enclosure and from the mold.

13. The method according to claim 12, wherein the flexible element is shaped for use

as bagging material during the cure of the composite material.

12
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14.

19.

16.

17.

18.

19.

20.

The method according to claim 12, wherein the flexible element is shaped for use
as a pressure pad received inside a sealed enclosure also containing the

composite material during the cure of the composite material.

The method according to any one of claims 12 to 14, wherein the porous material is
placed with at least a portion thereof spaced apart from the mold so as to define a
cavity between the mold and the portion of the porous material, and wherein
placing the porous material includes removably connecting the porous material to

the mold so that the portion remains spaced apart from the mold under vacuum.

The method according to any one of claims 12 to 15, wherein the porous material Is
a first porous material, the method further comprising, before infusing the silicone,
placing at least one second porous material over the first porous material to overlap

predetermined areas of the mold.

The method according to claim 16, wherein the first porous material i1s shaped
under vacuum against the mold surface before placing the at least one second

porous material over the first porous material.

The method according to any one of claims 12 to 17, further comprising, before
forming the enclosure, placing a protective material on the porous material over
selected features of the mold, the protective material being more tear resistant than

the porous material.

The method according to any one of claims 12 to 18, wherein the liquid material Is

cured at ambient temperature.

The method according to any one of claims 12 to 19, wherein the porous material

includes a polyester breather fabric.

13
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