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(57) Abstract: The invention provides a method of manufacturing a hollow fiber reinforced structural member, in particular for
& air vehicles, comprising the steps of providing a first circular braiding layer, positioning a flat strengthening body comprising at
O\ Jeast one fabric layer having warp fibers and a woof fiber against a part of the surface of the first braiding layer, providing a second
braiding layer around the first braiding layer and the strengthening body, positioning the combination of the first braiding layer, the
strengthening body and the second braiding layer in a mould, impregnating the combination with resin, removing the combination

as impregnated with a resin from the mould.
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Method for the manufacturing of a holiow fiber reinforced structural

member.

DESCRIPTION

The present invention relates to a hollow fiber reinforced structural
member, in particular for use with air vehicles, for example as (part of) landing
gears, blades for propellers and blades for helicopters. Structural members for air
vehicles like struts and braces for aircraft landing gears, used to transfer mostly
unidirectional loads, are traditionally made in metals such as steel, aluminum, or
titanium. Considerable weight reduction can be achieved by using fiber reinforced
plastic material. An example of such a material is epoxy resin matrix with
reinforcement by carbon fibers. These materials are traditionally used in aerospace
in thin-walled, slender constructions such as the wings or the empennage.

One of the problems of application of these materials in the landing
gear, are the highly concentrated loads in the landing gear, requiring very large wall
thicknesses in relation to their width. These large wall thicknesses can only be
manufactured in laminated composites by stacking a very large number of relatively
thin layers on each other, making this process very labor intensive and therefore
costly. In the past there have been efforts to manufacture these types of
components in traditional prepreg composites, but these have never been
successful due to the high cost of material and labor.

One of the methods to reduce cost is to use liquid molding
technologies such as RTM (Resin Transfer Molding). With these methods the fiber
reinforcements are first completely assembled into a preform, after which this
preform is injected with the liquid resin in a negative mold. Although this can mean
an improvement with respect to cost, the amount of labor involved in making the
preform is still very high.

Several methods for mechanizing the manufacture of the preform
have developed in the past, such as 2D and 3D braiding, 3D weaving, non-crimp
fabrics and stitched fabrics. All of these methods suffer specific limitations in the
geometry and lay-up they can manufacture. With braiding for example only a limited
number of lengthwise fibers can be implemented, whereas with weaving and fabrics
only flat or semi-flat shapes can be manufactured. All of these methods are not
suitable for the beam type components typical for aircraft landing gear components.
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The present invention on the one hand aims at reducing costs for
the manufacturing of hollow fiber reinforced structural members and on the other
hand improving the quality thereof. Therefore the method according to the invention
comprises the steps of
- providing a first circular braiding layer,

- positioning a flat strengthening body comprising at least one fabric
layer having warp fibers and a woof fiber against a part of the
surface of the first braiding layer,

- providing a second braiding layer around the first braiding layer and
the strengthening body,

- positioning the combination of the first braiding layer, the
strengthening body and the second braiding layer in a mould,

- impregnating the combination with resin,

- removing the combination as impregnated with a resin from the
mould.

Structural members which are manufactured according to the invention have the
important advantage that they can be loaded from more directions, for example for
offering resistance against lateral forces and brake forces during use of the hollow
structural members, since the warp fibers and woof fibers contribute to the strength
and rigidness of the structural member in question. Without use of a strengthening
body like with the present invention, in comparison more braiding layers should be
used causing the thickness of the wall to increase.

The strengthening advantage is in particular achieved when,
according to a further preferred embodiment, the strengthening body comprises a
stack of fabric layers.

A good connection between the braiding layers and the
strengthening body can be realized by injecting at elevated pressure and elevated
temperature a resin, preferably a thermo-setting resin, the flat strengthening body
and the at least one braiding layer in the mould.

Preferably the braiding fiber, warp fibers and/or woof fiber is a glass
fiber, a carbon fiber, an aramide fiber (Kevlar) or a polyamide fiber which fibers have
good strengthening properties for the structural member in question.

The present invention finally also relates to a hollow fiber reinforced
structural member manufactured according to the previously described method
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according to the present invention.

In general the object of the invention is to reduce cost while
improving quality of composite braces compared to prior art. This can be achieved
by combining a conventional (manual) but optimized method of placing fiber
reinforcements in the preform, with a fully automated method of placing cross ply
layers in the preform. More specifically the main number of layers can be
mechanically cut from a preformed stack of fabric, resulting in a net-size stack of
layers in the correct orientation and with the right dimensions for the preform. These
stacks are placed in the correct location and orientation on a mandrel. Before and
after the placement of the pre-cut stacks, a layer of fabric is braided onto the
mandrel assembly. This can be performed on a so called over braiding machine,
consisting of a braiding machine with a mechanism to move the mandrel and
preform in longitudinal direction along the rotation centerline of the machine. By
moving the mandrel while braiding, a woven layer is created on the mandrel. On top
of this layer pre-cut stacks can be placed in specific positions again, and the
process is repeated again with braiding another layer.

One of the variables in this over braiding process is the relation
between rotational speed of the braiding bobbins and longitudinal speed of the
mandrel, as well as the circumference of the mandrel with already present layers,
since these both determine the angle of the fibers and thickness of the layer on each
cross-section. By varying these parameters either the thickness of the layers or the
angle of the braiding fibers can be varied.

Next the invention will be elucidated referring to the description of a
preferred embodiment of the present invention and to the following schematic
figures:

Figure 1 shows a cross section of a structural member during
manufacturing thereof using the method according to the invention; and

Figure 2 shows a perspective view of the structural member during
an earlier stage of the manufacturing thereof.

Figure 1 shows a mandrel 1 having a rectangular cross section with
rounded corners. Mandrel 1 is located at the location of the final internal part of a
hollow fiber reinforced structural member which has been manufactured according
to a first preferred embodiment of the method according to the invention. A

circumferential first braiding layer 2 is braided around the mandrel 1. For sake of
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clarity a certain distance is present in Figure 1 between the mandrel 1 and the first
braiding layer 2, which distance actually does not exist.

The braiding of the first braiding layer (as well as the second
braiding layer 3 and third braiding layer 4 yet to be discussed) is performed by
supplying braiding fiber from a supply point 5 according to dotted line 8 towards
mandrel 1 during simultaneous rotation of mandrel 1 around centre line 6 according
to arrow 7. Simultaneously the mandrel 1 is moved to and from perpendicular to the
plane of the drawing causing the fibers to define in side view a V-shape having a
apex angle for example of 90 degrees or 120 degrees dependent on on the one
hand the rotational speed of mandrel 1 and on the other hand the speed with which
mandrel 1 is moved to and from perpendicular to the plane of the drawing. As an
alternative it is also possible that the supply point 5 rotates about (the center line 6
of) mandrel 1 in the direction of arrow 9 and/or that the supply point 5 (in stead of
mandrel 1 or possibly even simultaneously with mandrel 1) moves to and from
perpendicular to the phase of the drawing. The relative motion between fiber 8 and
mandrel 1 is relevant in that respect. If wanted a part of fiber 8 which has just been
winded can during braiding be pressed against with pressure rolls.

Once the first braiding layer 2 has reached a desired thickness the
braiding, or in other words the relative motion between supply point 5 and mandrel 1
as well as the supply of fiber 8 via supply point 5, is interrupted after which a flat
strengthening body 10 is provided at the short opposite sites of mandrel 1 on the
outer side of the first braiding layer 2 by positioning these strengthening bodies 10
either by hand or mechanically, for example with the aid of a pick and place robot,
against the parts in question on the outer side of the first braiding layer 2, and the
fixation at that location for example with the aid of binding aid, mechanical pins or
other fixation means.

Each strengthening body is constituted by a number of fabric layers
having warp fibers and woof fibers which layers are stacked on each other. During
an earlier stage the fabric layers have been interconnected with the use of for
example a thermoplastic binder at elevated pressure and temperature.

Next the braiding process is continued causing a second braiding
layer 3 to start developing which second braiding layer 3 presses the strengthening
bodies 10 against the first braiding layer 2. Figure 2 relates to this situation. Next

further strengthening bodies like strengthening bodies 11 in Figure 1 and further
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braiding layers like the third braiding layer 4 in Figure 1 can be made in a similar way
also dependent on the strength and rigidness which is required.

As soon as the desired amount of braiding layers and strengthening
bodies is provided, in a next step the entirety including mandrel 1 is placed in a hard
mould which surrounds the entirety completely after which the braiding layers 2, 3, 4
and the strengthening bodies 10, 11 are injected with a resin, for example a thermo-
hardening resin like epoxy resin, at elevated temperature and elevated pressure.
After hardening of the resin the outer mould is opened and the mandrel 1 is being
removed resulting in a hollow fiber reinforced structural member which mechanicaily
can be processed for example by machining, drilling or cutting. Such a product may
be applied for instance as part of a landing gear, as blade for a propeller or as blade
for a helicopter.

Although the strengthening bodies 10, 11 in the above described
preferred embodiments are provided at flat sides, it is also possible within the frame
work of the present invention that the strengthening bodies 10, 11 are provided at

rounded locations, for example at the location of the rounded corners of mandrel 1.
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CLAIMS

1. Method of manufacturing a hollow fiber reinforced structural

member, in particular for air vehicles, comprising the steps of

- providing a first circular braiding layer,

- positioning a flat strengthening body comprising at least one fabric
layer having warp fibers and a woof fiber against a part of the
surface of the first braiding layer,

- providing a second braiding layer around the first braiding layer and
the strengthening body,

- positioning the combination of the first braiding layer, the
strengthening body and the second braiding layer in a mould,

- impregnating the combination with resin,

- removing the combination as impregnated with a resin from the
mould.

2. Method according to claim 1, characterized in that, the

strengthening body comprises a stack of fabric layers.

3. Method according to claim 1 or claim 2, characterized by injecting

the flat strengthening body and the at least one braiding layer in the mould at

elevated pressure and elevated temperature with a resin, preferably being a thermo-
setting resin.

4, Method according to claims 1, 2 or 3, characterized in that the

braiding fiber, warp fibers and/or woof fiber is a glass fiber, a carbon fiber, an

aramide fiber or a polyamide fiber.

B. Hollow fiber reinforced structural member manufactured by a

method according to one of the claims 1- 4.
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