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METHOD AND APPARATUS FOR CONTROLLING THE GEOMETRY OF A
COMPOSITE COMPONENT

FIELD OF THE INVENTION

The present invention relates to a method and apparatus for controlling the geometry of a

composite component.

BACKGROUND OF THE INVENTION

Relatively precise control of the geometry of a composite component can be achieved by
using a resin transfer moulding (RTM) process. A dry reinforcement preform is laid up on
a mould tool, a second mould tool 1s clamped over the first, and resin 1s injected into the
cavity. The spacing between the mould tools (and hence the thickness of the component)
can be controlled by mutual engagement between the mould tools around the edge of the
component. Unfortunately such mould tools can be expensive to manufacture and handle,

particularly where the component 1s a large component such as an aircraft wing or fuselage

skin panel.

Lower cost methods are available which require only a single mould tool. However in

these cases 1t 1s difficult to accurately control the seometry of the component.

SUMMARY OF THE INVENTION

A first aspect of the invention provides a method of controlling the geometry of a
composite component, the method comprising applying pressure to the component with a

pressure transmitter, and during said application of pressure:

heating the component;
measuring the position of the pressure transmuitter to produce a feedback signal; and

maoving the pressure transmitter in response to a change in the feedback signal.

225963841 1
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A second aspect of the invention provides apparatus for controlling the geometry of a
composite component, the apparatus compnsing a pressure transmitter; a sensor system
configured to measure a position of the pressure transmitter to produce a feedback signal:

and an actuator coupled to the sensor system and configured to move the pressure

transmitter 1n response to a change in the feedback signal.

The component may be a thermoplastic component, or a thermosetting component which is
cured at least partially by heating the component. The component is typically, although not
exclusively, an aircraft component. For instance the component may be a wing or fuselage

skin panel, or a spar or rib component. Typically the component has a laminar structure.

The sensor system may employ a variety of methods to measure the position of the

pressure transmitter. Ior instance the sensor system may be an LVDT displacement
transducer comprising a set of coils which measure the position of a magnetic armature.
Alternatively the sensor system may employ laser sighting. However a problem with laser
sighting 1s that changes in the laser beam wavelength may be induced by the turbulent
heated atmosphere surrounding the component.. Therefore preferably the feedback signal
1s produced by taking photographic images of the pressure transmitter from two or more
different angles, and processing the images. Typically the processing step includes
identifying images of one or more targets on the pressure transmitter - such targets being

integral parts of the pressure transmitter or applied to the pressure transmitter for instance

by an adhesive.

Typically the component is engaged with a mould tool; and the sensor system measures the
relative position between the mould tool and the pressure transmitter to produce the

feedback signal.

The sensor system may measure the position of the pressure transmitter relative to a variety
of datum reference points. For instance the datum reference point may be a point on the
sensor itself, an initial position of the pressure transmitter, or a point on some external
structure. However, preferably the system measures the position of the pressure transmitter

relative to one or more datum reference points on the mould tool, thus giving a relatively

22396384.1
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accurate measurement of the relative position between the mould tool and the pressure

transmitter.

In an extreme example, only a single pressure transmitter may be used. In this case the
pressure transmitter typically has a smaller contact area than the mould tool. However

preferably a number of such pressure transmitters are used, each being controlled

independently.

Typically the pressure transmitter supplements hydrostatic pressure applied by laying a
vacuum bag onto the component, and evacuating one side of the vacuum bag. The
pressure transmitter may apply pressure to the component via the vacuum bag. or may

engage the component directly.

A variety of actuators may be used, including hydraulic, pneumatic and electric actuators.
Such actuators may employ a linear motor which converts a rotary motion into a linear
motion via a helical screw. Where pneumatic actuators are used, then preferably they use
Nitrogen as a pneumatic drive medium, since the process is typically performed in a
Nitrogen rich atmosphere. However preferably a thermal actuator is used to move the
pressure transmitter by heating the pressure transmitter. Such a thermal actuator can

accurately control small changes in position and has relatively few moving parts.

The pressure transmitter may be rotated and/or moved along a substantially straight path in

response to a change in the feedback signal.

Typically the component is a fibre-reinforced composite component.

The component may be a stack of so-called “prepregs”: layers of reinforcement material
pre-impregnated with epoxy resin matrix. However, such prepregs can be expensive, so
more preferably the component comprises a stack of layers of reinforcement material,
optionally interleaved with matrix films which melt and infuse the layers of reinforcement

material as the component is heated.

22556384.1
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The component may be injected with a liquid matrix during an infusion phase, and
preferably the pressure transmitter is retracted during the infusion phase so as not to

impede the {flow of matrix.

Typically the pressure transmitter has an interface surface with a central portion and a pair

of peripheral portions which have lower stiffness compared with the central portion. BRIEF
DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described with reference to the accompanying

drawings, in which:

FIG. 1 1s a perspective view of the left side of an RFI mould tool;
FIG. 2 is a perspective view of the right side of the RFI mould tool;
FIG. 3 15 a cross-sectional view of a first intensifier design;

FIG. 4 1s a cross-sectional view of a second intensifier design;

FIG. 5 1s a cross-sectional view of a third intensifier design;

FIG. 6a1s a view of a non-coded target;

F1G. 6b 1s a view of a coded target;

FIG. 7 1s a schematic view of the mould tool in an autoclave incorporating a

photogrammetry system; and
FIG. 8 1s a graph of autoclave temperature (1) versus time (1).

DETAILED DESCRIPTION OF EMBODIMENT(S)

A resin film infusion mould tool 1 i1s shown in Figures | and 2. The mould tool has a
mould surface 2 which supports a composite lay-up 3. The lay-up 3 1s installed by laying a
stack of dry fabric reinforcement layers onto the mould surface 2. The reinforcement

layers are typically formed from carbon-fibres, although any kind of reinforcement

22506384.1 4
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material may be used including glass-fibres. The mould tool 1 is used to form a wing skin

panel, the outer aerodynamic surface of the skin being shaped by the mould surface 2.

Although not shown in Figures 1 and 2, stringers are attached to the inner surface of the
skin running in the spanwise direction, and ramps are formed to increase the thickness of

the skin 1n selected areas.

After the lay-up 3 has been formed on the mould tool, it is “bagged” in preparation for

infusion and curing, by laying a vacuum bag (not shown) on top of the lay-up.

A set of tooling beams 4 1s pivotally mounted to the mould tool as shown. During lay-up
and bagging, the beams 4 are in the raised position 1llustrated by the two left-hand beams
in Figure 1. Each beam 4 carries a line of intensifiers 6, each applying pressure to a

respective interface region 8 of the lay-up.

After the lay-up 3 has been bagged, the beams 4 are lowered to the position illustrated by

the three right-hand beams in Figure 1, and locked in place by locking joints 5.

Three vareties of intensifier 6 are illustrated in Figures 3-6. Note that the vacuum bag is

omitted from Figures 3-6 for purposes of clarity.

The mtensifier 6a shown in Figure 3 is used to control the thickness of interface regions 8
where no ramp or stringer is present. The intensifier 6a includes a thermal actuator
comprising a coil 20a embedded in a thermal expansion layer 21a. The thermal actuator is
coupled to a pressure transmitter 23a having a pair of dampers 24a fitted round the
peripheral edge of its lower interface surface. A thermal insulation layer 22a is fitted to

thermally insulate the pressure transmitter 23a from the thermal expansion layer 21a.

The coil 20a 1s connected to an actuator control system 46 (shown in Figure 7) by a cable

25a. When current is passed through the coil 20a, it heats up and causes the thermal

expansion layer 21a to expand, pressing the pressure transmitter 23a against the composite

lay-up 3 (via the vacuum bag). The dampers 24a are formed from a foam material with a

lower stiffness compared with the central portion of the interface surface of the pressure
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transmitter 23a. The dampers 24a compress to reduce fibre distortion and resin wave

formation in the lay-up.

The intensifier 6b shown in Figure 4 is similar in general form to the intensifier 6a, and
similar components are given equivalent reference numerals. In contrast to the flat
pressure transmitter 23a, the pressure transmitter 23b 1s profiled so as to mate with a

stringer 26 on the surface of the lay-up 3.

The intensifier 6¢ shown in Figure S is similar in general form to the intensifiers 6a and 6b,
and similar components are given equivalent reference numerals. In this case the pressure
transmitter 23¢ 1s mounted to the beam 4 on a pivot 27, and a pair of thermal actuators are
provided, one on each side of the pivot 27. The thermal actuators each include a rotation
tool 28 which provides a rolling interface between the thermal actuator and the pressure
transmitter 23c. The thermal actuators can be driven together to move the pressure
transmitter up and down, or driven differentially to rotate 1it. Figure 5 shows the intensifier

6c engaging a ramp section 29 of the lay-up 3.

Photogrammetry targets arc applied to the mould tool 1 as shown in Figure 1, and to the
pressure transmitter parts of the intensifiers 6 as shown in Figures 3-5. The targets are
attached by adhesive. An exemplary pair of such targets is labelled 9,10 in Figure 1, and
shown in detail in Figures 6a and 6b. The target 9 is a non-coded target with a photo-
reflective circle 9a printed on a contrasting black background 9b. The target 10 is a coded
target with a set of photo-reflective markers 10a printed on a contrasting black background
10b. The number and positions of the markers 10a can be read to provide a code which is
unique to the target 10, in a similar manner to a two-dimensional barcode. Suitable targets

are avatlable as part of the V-STARS™ gystem provided by Geodetic Systems, Inc. of
Melbourne FL, U.S.A.

As shown 1n Figure 1, coded and non-coded targets are applied at selected datum locations
along the two sides of the mould tool 1. Although the coded targets are shown presenting
the same code in Figure 1, in practice the coded targets will each present a different code.

Calibration bars 11,12 are also mounted on the mould tool and one of the beams 4. Each

22396384.] 5
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calibration bar 11,12 carries a pair of non-coded targets, the gap between the targets being

accurately known to provide a datum length.,

As shown in Figures 3-35, non-coded targets 30a-30c¢ are also applied to the pressure

transmitters 23a-23c¢ to provide measurement points for the photogrammetry system.

After the beams 4 are locked in place, the tool 1 1s wheeled into an autoclave chamber 40
(shown in Figure 7) on wheels 13 (shown in Figures 1 and 2). The lay-up 3 is then infused
and cured whilst heating the chamber 40 as described below with reference to Figure 8
using a heating system 47. The pressure in the autoclave can be increased by introducing
Nitrogen into the chamber, to compress the lay-up hydrostatically. A vacuum system 41 is
also provided to evacuate one side of the vacuum bag. Additional pressure can also be
applied in the discrete interface regions 8 by the array of intensifiers 6. Resin is injected

into the lay-up during the cure cycle by a resin injection system 48.

A photogrammetry system shown in Figure 7 1s used to measure the relative position
between the mould tool 1 and the intensitfiers 6 during the cure cycle. The photogrammetry
system may be for example the V-STARS™ system provided by Geodetic Systems, Inc. of
Melbourne FL, U.S.A. See http://www.geodetic.com/v-stars/info.asp?whatis for a detailed

description of the principles of operation of the system.

The photogrammetry system comprises a set of photogrammetry cameras mounted in the
autoclave chamber 40, and a photogrammetry control system 45 outside the chamber 40.
One of such cameras is shown at 42 in Figure 7, and additional cameras will be provided
along the length of the chamber 40. Each camera 42 is mounted inside a sealed and
insulated chamber 43 to protect the camera from the effects of heat and temperature. Each
camera 42 includes a flash light (not shown) which can be actuated by the control system
45 to illuminate a field of view with white light. The field of view of the camera 42 is
shown by dashed lines 44 in Figure 7. Each camera 42 takes a photographic image of its

respective field of view, and the images arc transmitted to the control system 45 for

processing.

22596384.1 7
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The system 45 identifies images of the photogrammetry targets on the mould tool 1 and the
intensitiers 6, and due to the different viewing angles of the cameras the control system 45
can deduce by a process of triangulation the XYZ coordinates of the targets on the
intensitfiers relative to datum positions defined by the targets on the mould tool. Once the
relative positions of the targets are known, the spacing between the mould tool 1 and each
intensifier 6 can be deduced to generate a feedback signal for each intensifier. The control
system 45 uses the codes on the coded targets 10 to identify the targets in each camera’s
field of view, and uses the calibration bars 11,12 to provide scale to the images. The
feedback signals are then fed to an actuator control system 46 which 1s configured to
independently move each intensifier as shown in Figure 8 in response to a change in its
respective feedback signal, so as to accurately control the thickness of the skin in the
interface regions 8. In other words, each intensifier 1s moved up if the feedback signal
indicates that the spacing is too small (compared to a desired spacing), and moves each

intensifier down if the spacing is too large.

Figure 8 is a plot of autoclave temperature (T) versus time (t). During an initial heating
phase 50 the chamber 1s heated up to an infusion temperature 51, and air i1s removed from
the dry fabric by the vacuum system 41. During the initial heating phase 50, the
intensifiers 6 are in a retracted position shown in Figure 8 in which there is a gap 58

between the pressure transmitter and the vacuum bag.

During an infusion phase 52, the intensifiers remain in their retracted positions, and epoxy
resin 1s injected between the mould tool and the vacuum bag by the resin injection system
48. 'The resin 1s injected by the resin injection system 48 from one side of the mould tool 1
and drawn from the other by the vacuum system 41. By keeping the intensifiers in their

retracted positions during infusion, the resin can flow without being impeded. At the end

53 of the infusion phase 52, infusion of the lay-up is complete and the intensifiers are

driven down to apply pressure as shown at 59.

During a second heating phase 54 the chamber 1s heated up to a cure temperature 55 of
approximately 180°C. During the second heating phase 54 and curing phase 56 the

feedback signals from photogrammetry control system 45 are fed to the actuator control

22396384, ] Q
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system 46, which moves each infensifier up and/or down as shown at 60 to maintain a
desired spacing between the mould tool and the intensifier (and hence control the thickness

of the part in a respective interface region 8).

During a cool-down phase 57 the intensifiers may be held in place, or retracted as shown at

0l.

After curing, the skin is used in the assembly of a wingbox: a pair of such skins forming
upper and lower surfaces of the wingbox, and a series of ribs running chordwise across the
wingbox and attached to the upper and lower skins by rib feet. In the mould tool shown in
Figures 1 and 2, the interface regions 8 are relatively small regions of the skin which
interface with the rib feet. However, similar pressure intensifiers may also be used to
control the thickness of other key interface regions which may be larger, such as the
interface with a gear rib near the root end of the wingbox. The thickness of the skin

between the interface regions 1s less critical, so there is no need for 1t to be so fightly

controlled.

In the embodiment described above, a single continuous vacuum bag 1s laid between the
pressure transmitters and the lay-up, so the pressure transmitters do not engage the lay-up
directly. This 1s not considered to present a problem, because the thickness of the vacuum
bag can be controlled relatively accurately. In an alternative embodiment (not shown) the
vacuum bag may have an array of holes, each scaling around the edge of a respective
pressure transmitter. In this case, the pressure transmitters will engage the lay-up directly.
In a further alternative (not shown) the vacuum bag may be laid over the beams after they

have been lowered. Again, in this case the pressure transmitters will engage the lay-up

directly.

In the embodiment described above, the lay-up 3 consists of a stack of dry fibre layers
only. In an alternative embodiment, the dry fibre layers may be interleaved with semi-solid
epoxy resin films which melt and flow into the air-free fabric layers when the infusion

temperature 1s reached. This ensures that no resin-free voids are present after infusion.

225963841 Q



CA 02667725 2014-09-11

Agent Ref: 74724/00006
CA Patent Application No, 2,667,725

Where resin films are provided in the lay-up, additional resin may or may not be mnjected

during the infusion phase.

Although the photogrammetry control system 45 and actuator control system 46 are
tllustrated 1n Figure 7 as separate hardware units, it will be appreciated that the functions of

the two systems may be implemented in software by a single unit.

Although the invention has been described above with reference to one or more preferred
embodiments, 1t will be appreciated that various changes or modifications may be made

without departing from the scope of the invention as defined in the appended claims.

22596384.1 10
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CLAIMS

1. A method of controlling the geometry of a composite component, the method
comprising applying pressure to the component with a pressure transmitter, and

during said application of pressure:
S heating the component;

measuring the position of the pressure transmitter to produce a feedback

signal; and

moving the pressure transmitter in response to a change in the feedback

signal.

10 2. The method of claim 1 further comprising engaging the component with a mould

tool; and measuring the relative position between the mould tool and the pressure

transmitter to produce the feedback signal.

3. The method of claim 1 or 2 wherein the feedback signal is produced by taking

photographic images of the pressure transmitter from two or more different angles,

15 and processing the images.
4. The method of claim 3 wherein the processing step includes identifying images of
one or more targets on the pressure transmitter.
>. The method of claim 4 further comprising applying the targets to the pressure
transmuitter.
20 6. The method of claim 1 comprising simultaneously applying pressure to the

component with two or more pressure transmitters, and during said application of

pressure:

heating the component;

22596384.1 11
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measuring the position of each pressure transmitter to produce two or more

feedback signals, each associated with a respective pressure transmitter; and

moving two or more of the pressure transmitters in response to a change 1n

their respective feedback signals.

7. The method of claim 1 further comprising laying a vacuum bag onto the

component, and evacuating one side of the vacuum bag.

8. The method of claim 1 wherein the pressure transmitter 1s moved by heating the

pressure transmitter.

9. The method of claim 1 wherein the pressure transmitter is rotated in response to a

change 1n the feedback signal.

10. The method of claim 1 wherein the pressure transmitter 1S moved along a

substantially straight path in response to a change 1in the feedback signal.

11. The method of claim 1 wherein the component is a thermosetting component.

12. The method of claim 1 wherein the component is a f{ibre-reinforced composite

component.

13. The method of claim | wherein the component 1s an aircraft skin panel.

14. The method of claim 1 wherein the component comprises a stack of layers of

reinforcement material.

15. The method of claim 1 further comprising injecting the component with a hiquid

matrix during an infusion phase.

16. The method of claim 13 wherein the pressure transmitter 1s retracted during the

infusion phase.

17. Apparatus for controlling the geometry of a composite component, the apparatus

comprising a pressure transmitter; a sensor system configured to measure a position

22596384 1 19
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of the pressure transmitter to produce a feedback signal; and an actuator coupled to

the sensor system and configured to move the pressure transmitter i response to a

change in the feedback signal.

18. The apparatus of claim 17 wherein the pressure transmitter has an interface surface

5 with a central portion and a pair of peripheral portions which have lower stiffness

compared with the central portion.

19. The apparatus of claim 17 or 18 wherein the sensor system comprises one or more
cameras; and a processor configured to receive photographic images from the

camera(s) and process the images to produce the feedback signal.

10 20. The apparatus of any of claims 17 to 19 comprising two or more pressure
transmitters, wherein the sensor system is configured to measure a position of each
pressure transmitter and produce two or more feedback signals each associated with
a respective pressure transmitter; and two or more actuators each coupled to the
sensor system and configured to move a respective pressure fransmitter in response

15 to a change 1n 1ts respective feedback signal.

21. The apparatus of any of claims 17 to 20 further comprising a vacuum bag: and a

vacuum system for evacuating one side of the vacuum bag.

22. The apparatus of any of claims 17 to 21 wherein the actuator comprises a heating

element.

20 23. The apparatus of claim 22 wherein the actuator comprises a thermal insulation laver

which 1s configured to thermally insulate the pressure transmitter from the heating

element.

24. 'The apparatus of any of claims 17 to 23 wherein the actuator 1s configured to rotate

pressure transmitter in response 1o a change 1n the feedback signal.

22596384.1 13
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25. The apparatus of any of claims 17 to 24 wherein the actuator 1s configured to move
the pressure transmitter along a substantially straight path in response to a change

in the feedback signal.

26. The apparatus of any of claims 17 to 25, wherein the sensor system is configured to

measure the relative position between a mould tool and the pressure transmitter.

22596384.1 14
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