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(57) Abrégé/Abstract:

The invention relates to an apparatus and a method of conforming a blank (15) onto forming surface sections (5) of a forming tool
(/) by drawing a first vacuum against an elastic forming medium (1) for transmitting forming forces from the elastic forming medium
(1) to the blank (15), the method includes the steps of evacuating the elastic forming medium (1) with the first vacuum for allowing
the elastic forming medium (1) to stretch and conform the blank (15) to the forming surface sections (5). The elastic forming
medium (1) comprises at least one void (3), and a step of applying a second vacuum to the void (3) Is performed for achieving a
stiffened section (4) of the elastic forming medium (1) corresponding with the location of the void (3) and corresponding with, when
the elastic forming medium (1) after the completion lies against the forming tool (/) having the blank (15) in between, a forming
surface section (5) of the forming tool (7) where the blank (15) requires a forming force (F) being larger than that of surrounding
sections (17) of the elastic forming medium (1).
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(57) Abstract: The invention relates to an apparatus and a method of conforming a blank (15) onto forming surface sections (5) of
a forming tool (7) by drawing a first vacuum against an elastic forming medium (1) for transmitting forming forces from the elastic
forming medium (1) to the blank (15), the method includes the steps of evacuating the elastic forming medium (1) with the first
vacuum for allowing the elastic forming medium (1) to stretch and conform the blank (15) to the forming surface sections (5). The
clastic forming medium (1) comprises at least one void (3), and a step of applying a second vacuum to the void (3) 1s performed
for achieving a stiffened section (4) of the elastic forming medium (1) corresponding with the location of the void (3) and corre-
sponding with, when the elastic forming medium (1) atter the completion lies against the forming tool (7) having the blank (15)

between, a 1o

that of surrounding sections (17) of the elastic forming medium (1).

'ming surface section (5) of the forming tool (7) where the blank (15) requires a forming force (F) being larger than
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Hot drape forming by means of a stiffness controlled vacuum bag

TECHNICAL FIELD

The present invention relates to a method of conforming a blank onto forming
surtace sections according to the pre-characterising part of claim 1 and to an
apparatus according to the pre-characterising part of claim 8.

The article to be formed can be made of a thermo setting plastic, such as

resin composite, epoxy resins or of a thermoplastic, polyester resin,
fibreglass or carbon fibre reinforced plastic elc.

The present invention relates generally to aircraft industry, but is not limited
o that.

BACKGROUND ART

The production of composite articles requires the use of pressure onto the
blank for forming the blank against the forming surface sections. The elastic
forming medium, such as a vacuum bag, is used to achieve said pressure
such that wrinkles and trapped air in the blank can be forced out under
vacuum pressure. The elastic forming medium can be used for curing the
resin of the blank in an autoclave or in an oven at elevated temperature and
pressure. After curing, the elastic forming medium is removed from the
forming tool. The blank can be made of a so called “prepreg” material (layers

or plies of fibre material previously impregnated with resin, such as
thermosetting resin).

It is desirable that the formation of wrinkles, at the location of beveis or other

projections of the article, is eliminated in the blank during the forming
Process.
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One way to eliminate such wrinkles is described in US 2004/0115299 A1
disclosing a reusable vacuum bag. Herein is described that the vacuum bag
can be made thinner within the area of a forming surface having small male
or female radii to allow the reusable vacuum bag to more readily streich and
conform the blank to the forming surface.

The applicant of the present patent application has earlier filed a European
patent application, not yet published, disclosing a method of conforming a
blank onio a forming tool's forming surface sections by drawing vacuum
against an elastic vacuum bag for transmitling forming forces to the blank.
The elastic vacuum bag compriseé permanently at least one elongated bag
section having a different stifiness than other bag sections, wherein the
location of the elongated bag section corresponds, when the elastic vacuum
bag after the completion of the forming lies against the forming surface
sections having the blank in between, with an elongated forming surface
section of the forming tool where the blank requires a forming force being
larger than that of the surrounding bag sections.

This earlier method described by the applicant is working satisfactory for
directing the shearing process between the plies (or within the blank materiai)

when formed over the forming tool.

However, there is still a need for controlling the shearing process and the
forces onto the blank during the forming process per se in a flexible manner.
There is also a need for providing an apparatus for conforming a blank onto a
forming tool, wherein the apparatus is designed to exert variable forces and
directions onto the blank depending upon the actual reguired forming forces
to the blank must have for a specific phase during the forming process. There
is also a need for providing one individual elastic forming medium that can be
used for different forming tools having various forming surface sections.
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There exists thus still a need o control the shearing process during the
actual forming procedure between the plies of the blank being formed over
the forming tool, for eliminating the risk that wrinkles appear within the plies
or in the blank at the location of a bevel or other projections of the article.
Other projections can be a step wise thickening of the article, wherein the
steps project towards the forming surface keeping the outer surface even.

The object of the present invention is to overcome the drawbacks of known
techniques and to develop the method and apparatus being disclosed in sald
earlier application of the present applicant.

SUMMARY OF THE INVENTION

This has been solved by a method being initially described in the
introduction, which method is characterised by the characterising features of

claim 1.

In this way a predetermined stiffness of one section of the elastic forming
medium can be selected for an individua!l application. The stiffness of this
section, being a larger stiffness than that of the surrounding sections of the
elastic forming medium, means that a larger forming force will be generated
by the elastic forming medium during the stretch within this section. By
applying the second vacuum, or negative pressure of different amount in
different forming stages, io the void, the guantity of the forming force can be
controlled during the forming process. If more than two voids are comprised
in the elastic forming medium, different negative pressures (defined as
vacuum) can be applied for different voids thereby creating different forming
forces for different forming surface sections of the forming tool. Also a
plurality of voids can be used for creating an elongated stiffened section in a
certain direction for controlling the direction of the forming force. Each void
can be controliable with different negative pressure (vacuum) for achieving

this.
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Thus the quantity of the forming force can thus be controlied during the
forming process in a flexible manner. By creating the elongated stiffened
section, by means of controlling the appiication of the second vacuum, in &
preferred direction relatively the article to be formed, both the direction and
the guantity of the forming force can be controlled in an optimal way for
forming the blank over the forming surface section of the forming fool. The
forming surface comprises for example a bevel. At the same time there is
achieved that a starting point for forming the biank over the bevel can be
predetermined in an optimal way. This is made by providing one end of the
elongated stiffened section essentially corresponding with the bevel's (the
bevel of the forming ool can also be called elongated forming surface
section) starting point of the forming tool, seen in a direction from the centre
line when forming the blank over the forming surface sections of the forming
tool. By deciding the stifiness of the elongated stiffened section, the speed
that the elongated stiffened section will conform onto the elongated forming
surface section can be controlled. It has been observed that the quantity and
the direction of the forming force are of most importance in the beginning of
the forming procedure, i.e. when the shearing between layers or plies starts.
The elongated forming surface section of the forming tool, seen in a cross
section, can be concave or convex.

By controlling the stiffness and the direction by means of the second vacuum,
the elongated stiffened section will have a specific stiffening feature (making
this section stiffener than surrounding sections of the elastic forming
medium), and the direction of the forming force and the quantity of the
forming force can be controlled in an optimal manner by the application of the
second vacuum. The forming force generated by the siiffened elongated
section is larger than the forming forces of the surrounding sections of the
elastic forming medium. When the forming of the blank onto the forming
surface section of the forming tool is finished, -where the blank requires a
forming force, generated by the elastic forming medium, being larger than
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that of surrounding sections of the elastic forming medium-, the second
vacuum is not any longer needed, whereby the elastic forming medium as a
whole, without any stiffened section, will finish the forming procedure. This
procedure is called a two-step forming.

Preferably, the step of applying the second vacuum to said void precedes the
step of evacuating the elastic forming medium with the first vacuum.

In this way a stiffness of one section of the elastic forming medium is larger
than that of the surrounding sections of the elastic forming medium in an
initial phase of the forming procedure, meaning that a larger forming force
can be generated for forming the blank over a forming surface section of the
forming tool where the blank requires a forming force being larger than that of
surrounding sections of the elastic forming medium even in the beginning of

the forming procedure.

Suitably, the elastic forming medium comprises an upper elastic membrane
and a lower elastic membrane being separable from each other creating the
void for enclosing at least one vacuum conveyor being connected to a
vacuum source creating the second vacuum.

Thereby the vacuum conveyor in the void between the upper elastic
membrane and the lower elastic membrane easily can be exchangeable and
thereby the elastic forming medium can be controlied to be of diiferent
stiffness. The vacuum conveyor can also, before the forming procedure
starts, be rearranged to a different position between the membranes, wherein
the direction and the quantity of the forming force can be controlled. Thereby
the using of only one forming media is achieved for different applications of
forming. Also the quantity of vacuum {negative pressure) can be regulated for
controlling the direction and the quantity of the forming force.

Preferably, the vacuum conveyor is elongated.
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Thereby the direction of the forming force can be controlled by arranging the
vacuum conveyor in a certain direction corresponding with the prolongation
of the elongated forming surface section of the forming tool.

Suitably, the upper elastic membrane Is siiffer than the jower elastic
membrane.

In such way the lower elastic membrane, having less stiffness than the upper
elastic membrane, can be used for the final forming procedure, as a second
forming step, of the blank when the second vacuum is not any longer applied
to the vacuum conveyor in the void. This Is advantageously, since the less
stiff lower elastic membrane better can form the blank onto the forming tool
without any counter force from the upper membrane.

Preferably, the step of evacuating the elastic forming medium is preceded by
a step of heating the blank for increasing the viscosity of the blank.

Thereby the blank more easily can be formed over the forming tool. The

heating of the blank can be made till a determined temperature for increasing
the viscosity, but not so high that the blank will cure. The viscosity and the
friction between plies of the blank are parameters involved with the forming
procedure, and by increasing the viscosity, the forming of the blank can also
be made with simplicity reducing forming manufacture costs.

Suitably, the forming tool comprises at least one supporting wall arranged for
supporting the elastic forming medium such that the elastic forming medium

is held a distance from the forming surface section of the forming tool before
the step of evacuating the elastic forming medium.

Hereby the beforehand stretching of the elastic forming medium can be made
without any mechanical equipment having moving parts. Preferably, the
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supporting wall surrounds the forming surface sections of the forming tool for
providing a lift up of the entire elastic forming medium from the forming
surface sections. Thereby several stiffened elongated sections (by means of

the second vacuum) can act on the biank in any desired area of the forming
surface sections. If the blank must be formed over an even more complex

forming surface requiring a further forming force, the supporting wall is thus
arranged higher than the forming surface section of the forming tool and the

elastic forming medium will be stretched even more Initially and additional
shear forces will be generated onto the biank of that specific complex forming

surface.

This has also been solved by an apparatus being initially described in the
intfroduction, which apparatus is characterised by the characterising features

of claim 6.

In this way an apparatus is achieved having an elastic forming medium which
is adapted for different forming surface sections of a forming tool. The

forming tool is preferably exchangeabie in the apparatus to another forming

fool having a different forming surface section. One elastic forming medium
can thus be used for the apparatus, which is cost effective. By application of
a second vacuum in different stages of the forming procedure and even to
different voids of the elastic forming medium a flexibility is achieved regarding
variable quantities of forces and directions of forces generated by the elastic
forming medium for forming the blank over the forming tool. in this way the
apparatus is designed for controlling the shearing process of the blank during
the forming process in a flexible manner. The apparatus is designed to exert
variable forces and directions onto the bilank depending upon the actual
required forming force onto the blank for a specific phase during the forming
orocess. A control unit is preferably connected to a vacuum source
generating the second vacuum for controiling the quaniity of negative
pressure {vacuum) and is preferably adapted to select the void matching with

the location of the forming surface section of the forming fool.
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Preferably, the elastic forming medium comprises an upper elastic
membrane and a lower elastic membrane being separable from each other
creating the void for enclosing at least one vacuum conveyor being

connected to a vacuum source creating the second vacuum.

Thereby the vacuum conveyor in the void between the upper elastic
membrane and the lower elastic membrane can be exchangeable and
thereby the elastic forming medium can be easily rearranged to be of
different stiffness in different sections. Also, a thicker vacuum conveyor will
be stiffer than a thinner vacuum conveyor during the application of the
second vacuum. The vacuum conveyor can also, before the forming
procedure starts, be rearranged to a different position between the
membranes, wherein the direction and the quantity of the forming force can

be controlled.
Suitably, the vacuum conveyor is elongated.

Thereby the direction of the forming force can be controlled by arranging the
vacuum conveyor in a certain direction corresponding with the prolongation
of the elongated forming surface section of the forming iool.

Preferably, the upper elastic membrane is stiffer than the lower elastic

membrane.

Suitably, the forming tool comprises at least one supporting wall arranged for
supporting the elastic forming medium such that the elastic forming medium
is held a distance from the forming surface section before the step of

evacuating the elastic forming medium.

BRIEF DESCRIPTION OF THE DRAWINGS
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The present invention will now be described by way of examples with
reference to the accompanying schematic drawings, of which:

FIG. 1a illustrates from above an elastic forming medium without any

stiffened sections,

FIG. 1b illustrates from above a elastic forming medium comprising a

stiffened elongated section achieved by a second vacuum;

FIG. 2a illustrates in a side view a forming surface of a forming tool;

FIG. 2b illustrates from above an elastic forming medium adapted for forming

a blank over the forming tool in FIG. 23;

FIG. 2c¢ illustrates in a perspective view an article formed by the elastic

forming medium in FIG. 2b;

FiG. 3 illustrates the principle of drawing vacuum in a void of an elastic
forming medium according to a first embodiment of the invention;

FIGs. 4a and 4c illustrate an elastic forming medium according to a second

embodiment including vacuum conveyors for a first application;

F1Gs. 4b and 4d illustrate the elastic forming medium in FIG. 4a for a second

application;

FIG. 5a illustrates an apparatus comprising a forming tool and an elastic

forming medium;

FiG. 5b illustrates the elastic forming medium in FIG. 5a from above;

FIG. 5c¢ illustrates an article being formed by the apparatus in FIG. 5a;
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FIG. 6a illustrates an elastic forming medium comprising four controliable
voids stiffened by means of a second vacuum;

FIG. 6b illustrates a cross-section A-A of the elastic forming medium in FiG.
6a;

FIG. B¢ iliustrates the cross-section A-A in FIG. 6b when the second vacuum
s applied;

FiG. 6d illustrates a forming tool used with the elastic forming medium in FIG.
6a;

FIG. 7a illustrates an elastic forming medium having a plurality of controliable

voids according to a third embodiment of the invention;

FIG. 7b illustrates a cross-section A-A of the elastic forming medium in FIG.
7a;

FIG. 7c illustrates the elastic forming medium in FIG. 7a controlied for a first

application; and

FIG. 7d illustrates the elastic forming medium in FiIG. 7a controlled for a
second application.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present invention will be described in detall
with reference to the accompanying drawings, wherein for the sake of clarity
and understanding of the invention some detaiis of no importance are deleted

from the drawings.
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FIG. 1a schematically illustrates the principle for an elastic forming medium
10 according to known technique. When the elastic forming medium 10 is
stretched by a vacuum during the forming procedure, forming forces F are
created which act on the blank (not shown) to be formed. Since the elastic
forming medium 10 has a uniform stiffness, the forming forces F’ will be the
same all over the area of the elastic forming medium 10. FIG. 1b
schematically iliustrates the principle of the use of an elastic forming medium
1 according to an embodiment of the invention having a stiffened elongatea
section 4 created by a second vacuum in an elongated void 3. The forming
force F is larger than the forming forces F’ of the surrounding sections of the
elastic forming medium 1. The force F, being larger than forces F', is
produced by the fact that the forming force is a function of the stretch (strain)
of the elastic forming medium 1, wherein the streich is dependent of the
stiffness of the elastic forming medium. A larger stiffness of the stiffened
elongated section 4 of the elastic forming medium 1 results in that a larger
forming force F will be generated by the elastic forming medium 1 during the
stretching process within this section.

FIG. 2a illustrates schematically in a side view a forming surface section 5 of
a forming ool 7. The forming surface section 5 comprises a vertical bevel 9
and an inclined bevel 97, both provided for a flange 11 of an articie 19 to be
formed as can be seen in Fig. 2c¢. FIG. 2¢ lllustrates in a perspective view an
article formed by the elastic forming medium 1 in FIG. 2b. FIG. 2b illustrates
from above an apparatus 13 comprising a forming tool 7, an elastic forming
medium 1 for conforming a blank 15 onto forming surface sections 5 of the
forming tool 7 by drawing a first vacuum against the elastic forming meaium 1
for transmitting forming forces from the elastic forming medium 1 to the blank

15. The elastic forming medium 1 comprises sex elongated voids 3, 3, 3.
The voids 3’, 3” are subject for (applied with) a second vacuum for achieving
stiffened sections 4 of the elastic forming medium 1 corresponding with the
locations of the voids 3, 3" and corresponding with, when the elastic forming
medium 1 after the completion lies against the forming tool 7 having the
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blank 15 in between, forming surface sections 5 of the forming tool 7 where
the blank 15 requires a forming force F being larger than that of the
surrounding sections 17 of the elastic forming medium 1. For forming the
blank 15 over the forming tool 7, the two elongated void sections 3'. 3" are
thus stiffened by the application of the second vacuum. The second vacuum
is applied before the application of the first vacuum. During the forming
process the elastic forming medium 1 is stretched by the first vacuum and the
elongated stiffened void sections 3, 3" start at the starting point P {o form the
blank 15 in a direction of the bevelled portions 9, 9°. When the forming is
finished over the bevelled portions 9, 9” and the forming has to continue for
forming the rest of the biank 15 by means of the elastic forming medium 1,
the second vacuum is closed wherein the stiffened elongated sections 4 will
be essentially of the same elasticity as the surrounding sections 17. Thus the
elastic forming medium 1 can be used for the final forming procedure, as a
second forming step, of the blank 15 when the second vacuum is not any

longer applied to the void.

FIG. 3 illustrates the principle of drawing vacuum from a void 3 comprising &
vacuum conveyor 21 of an elastic forming medium 1. The forming medium 1
comprises a single elastic rubber sheet and the void section Is illustrated in a

cross-section. The void section comprises two elastic rubber sheets being
joined together so that a space is provided between said both elastic rubber
sheets. When the second vacuum is applied for drawing air from the void 3,
the both elastic rubber sheets of the void 3 will be pressed to each other and
thereby creating a stiffened section. The both sheets will be pressed to each
other and a high friction is created between them, thereby creating the
stiffening feature. The stiffened section 4 is stiffer than surrounding sections

17 of the elastic forming medium 1.

FIG. 4a illustrates from above an elastic forming medium 1 for a first
application and FIG. 4b illustrates the same elastic medium 1 adapted for a

second application. FIG. 4c illustrates schematically the elastic forming
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medium 1 of FIG. 4a in a cross-sectional view. In FIG. 4¢ is shown that the
elastic forming medium 1 comprises an upper elastic membrane 23 and a
lower elastic membrane 25 being separabie from each other creating the void
3 for enclosing at least one vacuum conveyor 21 being connected to a
vacuum source {(not shown) creating the second vacuum. The vacuum
source is the same as being used for producing the first vacuum. The
vacuum conveyor 21 is a breather film arranged partially within the void 3.
The vacuum conveyor 21 in the void 3 between the upper elastic membrane
23 and the lower elastic membrane 25 in FIG. 4a is exchanged to a thicker
vacuum conveyor 21’ shown in FIG. 4b. Thereby the elastic forming medium
1 can be achieved to have different stiffened sections. The vacuum conveyor
21" can also, as can be seen in FIG. 4b relatively FIG. 4a, before the forming
procedure starts, be rearranged to a different position between the
membranes 23, 25 {i.e. in the void 3), wherein the direction and the quantity
of the forming force can be controlied. Thereby the using of only one elastic
forming medium 1 is achieved for different applications of forming. By
applying the four vacuum conveyors 21 in FIG. 4a a directed forming force of
each vacuum conveyor is achieved when applying the second vacuum,
wherein the forming force direction corresponds with the prolongation of the
specific vacuum conveyor 21. By applying the two thicker vacuum conveyors
21, shown in FIG. 4b, a different forming force, having another direction and
being of decreasing quaniity, will be achieved. The vacuum conveyors 21,
21" are connected to a vacuum source (not shown) via a main vacuum

conveyor 24.

FIG. 5a illustrates schematically an apparatus 13 comprising a forming tool 7
and an elastic forming medium 1. Between the forming tool 7 and the blank
15 is a release film (not shown) for easy separating the article from the
forming tool 7. The forming tool 7 further comprises a supporting wall 27

arranged for supporting the elastic forming medium 1 such that the elastic
forming medium 1 is held a distance from the forming surface section 5 of the

forming tool 7 before the step of evacuating the elastic forming medium 1.
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The procedure is that the blank 15 firstly is applied onto the forming tool 7.
The flanges 29 can be supported by a support device (not shown), such as a
support film or lamellas before the forming starts. Thereafter the elastic
forming medium 1 is mounted onto the supporting wail 27 enciosing the blank
15 within the elastic forming medium 1.

The elastic forming medium 1 comprises the upper elastic membrane 23 and
the lower elastic membrane 25 being separable from each other creating the
void 3 for enclosing one vacuum conveyor 21 being connected to a vacuum
source {not shown) creating the second vacuum.

Firstly the second vacuum is applied fo the vacuum conveyor 21 for
achieving a stiffened section 4 (see FIG. 5b) of the elastic forming medium 1
corresponding with, when the elastic forming medium 1 after the completion
lies against the forming tool 7 having the blank 15 in between, a forming
surface section 5 of the forming tool 7 where the blank 15 requires a forming
force being larger than that of surrounding sections 17 of the elastic forming

medium 1.

Thereafter the forming procedure starts, - as the vacuum conveyor 21 now
has a stiffened portion of the elastic forming medium 1 necessary for crealing
the desired forming force regarding forming force direction and quantity -, by
applying the first vacuum to a vacuum port 31 leading to the interior 33 of the
apparatus 13. The first vacuum draws the elastic forming medium 1 towards
the forming tool 7. The upper elastic membrane 23 and the iower eiastic
membrane 25 are hold together by the second vacuum and the vacuum
conveyor creates the stiffened section 4. The elastic forming medium 1
meets the blank 15 and the stiffened section 4 meets the initial part 35 of the
forming surface section 5 (here a concave area C) requiring a larger forming
force. The elastic forming medium 1 will stretch initially before reaching the
blank 15 at the position of the centre line CL and fixing the blank 15 along the
centre line CL by pressing it towards the forming tool 7. Thereby the elastic
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forming medium 1 initially will be stretched before conforming the blank 15 to
the elongated forming surface section 9.

The blank 15 is thus conformed onto forming surface sections 5 of the
forming fool 7 by drawing the first vacuum against the elastic forming medium
1 for transmitting forming forces from the elastic forming medium 1 to the
blank 15.

The upper elastic membrane 23 and the I'ower elastic membrane 25 will
stretch and conform the blank 15 to the forming surface sections 5. When the
biank 15 has been fully formed over the concave area of the forming fool 7,
the second vacuum is closed whereby the upper elastic membrane 23 and
the lower elastic membrane 25 are separated from each other. The lower
elastic membrane 25, having less stiffness (and being thinner) than the upper
elastic membrane 23, is thus used for the final forming procedure {as a
second forming step) of the blank 15 when the second vacuum is not any
longer applied to the vacuum conveyor 21 in the void 3. This is
advantageously, since the less stiff lower elastic membrane 25 betier can
form the blank 15 onto the remaining forming sections of the forming tool 7

without any counter force from the upper membrane 23.

When the forming procedure is finished, the formed blank 15, constituting an
article 19, is removed from the forming tool 7 after completion of the
evacuation. This is made by closing the first vacuum and removing the elastic
forming medium 1 from the apparatus 13 exposing the article 19 (see FIG.
5¢). A female radii r at the transition between flange surface section and an
elongated indentation of the article 19 thus requires a larger forming force for
eliminating wrinkies during the forming process and therefore the stiffness of
the elongated stiffened section 4 is larger than the surrounding sections 17 of
the elastic forming medium 1. The forming force F and the direction of the
forming force can be controlled by providing, by means of the first vacuum,
the elongated stiffened section 4, since the forming force F is a function of
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the strain of the elastic forming medium. A higher forming force is achieved
by the application of the first vacuum in the void (either a void limited by
infernal joining sections, as being shown in FIG. 3, or a void comprising a
vacuum conveyor defining the limitation of the stiffened section, as being

shown in FIG 5b). The vacuum conveyor is connected to the vacuum source

via a port arranged in the frame of the forming medium 1.

Shear forces within the blank 15 are dependent on the stiffness of the elastic
forming medium 1 in different sections and are also dependent on the
geometry of the supporting wall 27 of the forming tool 7, shown in FIG. 5a. If
the blank 15 must be formed over an even more complex forming surface
requiring further forming forces, a part of the supporting wall 27 Is arranged
higher than other parts of the supporting wall and thus the elastic forming
medium 1 will be streiched even maore Initially and additional shear forces will
be generated onto the blank 15 of that specific complex forming surface

seclion 5.

The shear forces will make the plies of the blank 15 to slide relatively each
other and the blank 15 wiil be conformed onto the elongated forming surface
section 5 of the forming tool 7. Before applying vacuum onto the elastic
forming medium 1 the blank 15 is heated for increasing the viscosity of the

blank material, wherein the plies can slide more easily relative each other.

FIG. 6a illustrates an elastic forming medium 1 comprising four controliable
voids 3 for stiffening be means of a second vacuum. Each void 3 is
connected to a separate vacuum source creating different negative pressures
for each void 3. In this way different stiffness can be achieved for the forming
of different complex forming sections of the blank 15 being formed over the
forming tool 7 illustrated in FIG. 6d. FIG. 6b illustrates a cross-section A-A of
the elastic forming medium 1 in FIG. 6a when no second vacuum is applied.
FIG. 6c¢ illustrates the cross-section in FIG. 6b when the second vacuum is
applied creating two stiffened sections 4, 4",
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FIG. 7a illustrates an elastic forming medium 1 made of an elastomeric
material having a plurality of controllable voids 3. Each void 3 is connected to
a negative pressure (all connections are not illustraied for sake of clarity).
Each void 3 has an upper elaslic membrane 23 and a lower elastic
membrane25 as is shown in FIG. 7b. They will be pressed against each other
when applying the first vacuum (negative pressure) creating, by the high

friction, a stiffened portion of the forming medium 1. FIG. 7c illustrates the
elastic forming medium 1 in FIG. 7a controlled for a first application, wherein
is provided an inclined stiffened section 4 of the elastic forming medium 1.
Thereby the direction of forming forces can be controlied by a controi unit
(not shown) controlling the negative pressures for each void 3. This Is a
different way of controlling the desired quantity and direction of the forming
forces than the way shown in FIGs. 4a and 4b where the forming force
directions are controlled by exchanging the vacuum conveyors 21 in the
elastic forming medium 1. FiG. 7d illustrates the elastic forming medium 1 in
FIG. 7a controlled for a second application, wherein an isolated point 39 Is
stiffened for the forming of a specific complex forming surface section 5 of

the forming tool 7.

The present invention is of course not in any way restricted to the preferred
embodiments described above, but many possibilities to modifications, or

combinations of the described embodiments, thereof should be apparent to a
person with ordinary skill in the art without departing from the basic idea of
the invention as defined in the appended claims. The elongated forming
surface section of all embodiments can be concave, convex, or be of other
bevelled curvatures having a profrusion or cavity in a plane forming surface
section of the forming tool. The blank being formed is comprised of a resin
impregnaied lay-up of a plurality of plies having reinforcing fibres (not
shown). The plies are made of so called pre-preg tape and can be produced
by using an ATL-machine (automatic tape lying machine). This also will add
cost-effectiveness for the method. The present invention can be employed for
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manufactiure of beams, panels, bulkheads etc. in air craft industry. Of course,
the formed blank can be removed from the forming surface sections before
curing the blank. The curing can be performed later together with another

arficle or even after a post forming proceagure.
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CLAIMS

1. A method of conforming a blank (15) onto forming surface sections (5) of a
forming tool (7) by drawing a first vacuum against an elastic forming medium
(1) for transmitting forming forces from the elastic forming medium (1) to the
blank (15), the method includes the steps of:

-applying the blank (15) to the forming tool (7);

-enclosing the blank (15) within the elastic forming medium (1),

~evacuating the elastic forming medium (1) with the first vacuum for allowing
the elastic forming medium (1) to stretch and conform the blank (15) to the
forming surface sections (5),

-removing the formed blank (15), constituting an article (19), from the forming
tool (7) after completion of the evacuation, the method is characterised in
that the elastic forming medium (1) comprises at least one void (3), and a
step of applying a second vacuum to the void (3) is performed for achieving a
stiffened section (4) of the elastic forming medium (1) corresponding with the
location of the void (3) and corresponding with, when the elastic forming
medium (1) after the completion lies against the forming tool (7) having the
blank (15) in between, a forming surface section (5) of the forming tool (7)
where the blank (15) requires a forming force (F) being larger than that of
surrounding sections (17) of the elastic forming medium (1).

2. The method according to claim 1, wherein the step of applying the second
vacuum to said void precedes the step of evacuating the elastic forming

medium (1) with the first vacuum.

3. The method according to claim 1 or 2, wherein the elastic forming medium
(1) comprises an upper elastic membrane (23) and a lower elastic membrane
(25) being separable from each other creating the void (3) for enclosing at
least one vacuum conveyor (21) being connecied to a vacuum source
creating the second vacuum.



CA 02741171 2011-04-19

WO 2010/050860 PCT/SE2008/0512235

10

15

20

25

30

20

4. The method according to claim 3, wherein the vacuum conveyor (21) is
elongated.

5. The method according to claim 3 or 4, wherein the upper elastic
membrane (23) is stiffener than the lower elastic membrane (25).

6. The method according to any of the preceding claims, wherein the step of
evacuating the elastic forming medium (1) is preceded by a step of heating
the blank (15) for increasing the viscosity of the blank (15).

7, The method according 1o any of the preceding claims, wherein the forming
tool (7) comprises at least one supporting wall (27) arranged for supporting
the elastic forming medium (1) such that the eilastic forming medium (1) is
held a distance from the forming surface section (5) before the step of
evacuating the elastic forming medium (1).

8. An apparatus comprising a forming tool (7), an elastic forming medium (1)
for conforming a blank (15) onto forming surface sections (5) of the forming
too! (7) by drawing a first vacuum against the elastic forming medium (1) for
transmitting forming forces from the elastic forming medium (1) to the blank
(15), characterised by that the elastic forming medium (1) comprises at
least one void (3), the void (3) is arranged for application of a second vacuum
o the void (3) for achieving a stiffened section (4) of the elastic forming
medium 81) corresponding with the location of the void (3} and
corresponding with, when the elastic forming medium (1) after the completion
lies against the forming tool (7) having the blank (15) in between, a forming
surface section (5) of the forming tool (7) where the blank (15) requires a
forming force (F) being larger than that of surrounding sections (17) of the

elastic forming medium (1).

9. The apparatus according to claim 8, wherein the elastic forming medium
(1) comprises an upper elastic membrane (23) and a lower elastic membrane
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(25) being separable from each other creating the void (3) for enclosing at
least one vacuum conveyor (21) being connected to a vacuum source

creating the second vacuum.

5  10. The apparatus according to claim 9, wherein the vacuum conveyor (21) is

elongated.

11. The apparatus according to claim 9 or 10, wherein the upper elastic
membrane (23) is stiffener than the lower elastic membrane (25).

10
12. The apparatus according to any of claims 8 to 11, wherein the forming
tool (7) comprises at least one supporting wall (27) arranged for supporting
the elastic forming medium (1) such that the elastic forming medium (1) is
held a distance from the forming surface section (5) before the step of

15 evacuating the elastic forming medium (1).
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