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Window Frame For Aircraft

This application claims the benefit of the filing date of United States
Provisional Patent Application No. [60/600,100] filed August 9, 2004 and of
the German Patent Application No. 10 2004 025 376.5 filed May 24, 2004,

the disclosure. of which is hereby incorporated herein by reference.

The invention relates to a window frame for installation in the exterior shell of
an aircraft, comprising at least one outer flange, one inner flange, and a
vertical flange arranged perpendicular to and between these flanges, wherein
the connection with the aircraft structure takes place via the outer flange, and
wherein on the inner flange, a window element to be held is attached, which
is held via the vertical flange. Further, the invention relates to a method for

manufacturing such a window frame.

in most of the aircraft manufactured and in operation today, window frames
made of aluminum are used, which comprise a part which is made by forging
and truing. The component is organized into a total of three regions: an outer
flange, an inner flange, and a vertical flange arranged perpendicular to and
between these two flanges. The window frames are typically connected with
two rows of rivets over the outer flange with the aircraft structure or with the
exterior shell of the aircraft. A window element rests on the inner flange,
which, in turn, usually comprises two panes and a sealing arranged
therebetween and which is held in its position via a downholder, which is
connected with the vertical flange.

In addition to fixing the window element, such a window frame also has the
function of absorbing the strain increase, which occurs bn the edge of the
comparably large cut-out for the window mounted in the load-transferring
exterior shell. The outer flange of the window frame thereby serves, on the
one hand, for reinforcement of this cut-out and on the other hand, via the

outer flange, the frame and the exterior shell are connected to one another
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by means of rivets. Since the manufacture of the known aluminum window
frame typically takes place by means of forging, it is not possible to achieve a
cross-sectional distribution of the frame profile that is favorable for the rivet
force distribution, since the slant of the flange may amount to a maximum of
approximately two angular degrees, in order to enable a simple riveting.

The inner flange serves to receive the window element, wherein here a
slanting of the mounting of the window is simplified. Simultaneously, the
existing load from the interior pressure, which prevails in the passenger

cabin, is transferred via this inner flange to the exterior shell of the aircraft.

The vertical flange serves exclusively as a reinforcement rib on the frame, in
order to minimize the tension in the exterior shell with the least possible
weight. On this vertical flange, also the eye bolts are attached, with which,
typicauy, the downholder or retainer for the window elements are held in their
position. Simultaneously, the vertical flange also forms the guide upon
mounting of the window element.

An object of the present invention is to provide a window frame of the above-
described type, which makes possible a considerable weight savings
compared to the window frames uéed today for this application.
Simultaneously, the costs for the manufacture of such a window frame
should be as low as possible. In addition, by means of the present invention,

a simple and cost-effectively performed method for manufacturing such a
“ window frame should be provided.

The invention solves the first object, in that it cbntemplates that such a
window frame comprises a fiber-reinforced thermoplastic material. The
solution of the further object takes place by means of a method, in which a
semifinished part made from webbing and thermoplastic material is made as
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a quasi-isotropic sheet material and is transformed in a deep-drawing
process.

The invention makes possibie thé use of a window frame, which is made in
fiber-composition construction, and which yields a weight savings of
approximately 20 percent relative to the aluminum window frames used up to
now. In spite of this great weight sévings potential, the costs for such a
component, compared to a window frame made from an aluminum forged
part, do not rise.

At the same time, it is possible to make the fiber window frame according to
the present invention with a tolerance of only approximately 0.5 mm with an
average wall thickness of 5 mm, which corresponds to a manufacturing
tolerance of approximately 10 percent. With aluminum forged frames, in
contrast, depending on the manufacturing method, tolerances of
approximately 1.5 mm are accepted, which corresponds to a manufacturing
tolerance of approximately 30 percent with the same will thickness.
Therefore, by means of the present invention, not only the weight fluctuations
between the individual window frames are substantially reduced, but also, at
the same time, the installation of the frame in an aircraft or the mounting of
the window element in the frame is simplified considefably. Finally, further
advantages are increased safety as well as a greatly improved thermal
insulation of the window frame according to the invention.

Next, the invention will be described in greater detail with reference to one

embodiment shown in the accompanying figures. In the figures:

Fig. 1 shows a window frame in perspective view;
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Fig. 2 shows a detail section through the installation position of a window
frame according to Fig. 1,

Fig. 3 shows the structure of the window frame of Fig. 1 in an exploded view;
Fig. 4 shows a detail section through a window frame according to Fig. 1;

Fig. 5 shows a representation of the main directions with a window frame

according to Fig. 1; and

Fig. 6 shows a detail representation of the region in Fig. 5 designated with
VIII.

The window frame 1 shown in Fig. 1 is made with a fiber construction and,
like the known aluminum forged frames, also has an outer flange 2, an inner
flange 3, as well as a vertical flange 4 arranged between these two flanges.
In contrast to common aluminurﬁ window frames, the outer flange 1 in this
case, however, has a uniform circumferential edge, which, again in contrast

to the aluminum forged part, has a constant thickness. Fig. 2 shows in a

detail section the installation position of such a window frame 1 in the exterior

shell 5 of an aircraft. Indicated in this figure are also the rivet positions 6 for
the connection of the frame with the exterior shell 5, as well as two window

panes 7 and 8, which together with the sealing 9 form the window element.

The fiber window frame 1 is manufactured by means of the so-called
thermoplastic, deep-drawing technology. With this technology, first, as a
primary material, a semifinished part is made from reinforcing webbing and
thermoplastic, which is deep-drawn subsequently as a quasi-isotropic sheet
material. The semifinished part 10 itself is made in the shape of individual
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substructural elements 16 to 19, as are shown in the exploded representation
in Fig. 3, whereas in Fig. 4, the structure of the complete thermoplastic
window frame 1 with the individual substructures 16 to 19 is shown in a
sectional representation. The substructures 16 and 19 are, respectively,
deep-drawn from a thin plate, whereas the substructure 18 is developed from
a thick plate and is machine finished. These three substructures have a
quasi-isotropic layer structure, with reference to a fixed coordinate system
shown in Fig. 5. The substructure 17, in contrast, is a unidirectional
substructure, in which reinforcement fibers run in the circumferential direction
of the frame.

The direction of the individual fiber layers is critical for the weight savings
achievable with the window frame described here. The principle layer
direction with the main direction 0° and 90° is shown in Fig. 5. In this regard,
the 0° direction represents the lateral direction and the 90° direction
represents the elevation direction of the frame 1. For the 0°-wound
semifinished part, that is, the substructure 17, the circumferential direction is
critical, shown by the arrow in Fig. 6. The assembly of the individual
substructures takes place in the sequence originating from the exploded view
of Fig. 5 with thermoplastic welding.

The window frame 1 manufactured in this manner has-an approximately 20
percent weight savings with approximately the same manufacturing costs
compared to the common aluminum window frames. Its tolerances are
essentially lower than the tolerances of the corresponding aluminum
components. At the same time, the frame offers higher safety and better
thermal insulation than the common aluminum window frame.
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Patent Claims

- Window frame for installation in the exterior shell of an aircraft,

comprisihg at least one outer flange, at least one inner flange, and at
least one vertical flange arranged perpendicular to and between the at
least one outer flange and the at least one inner flange, wherein the
connection with the aircraft structure is realized via the at least one
outer flange and wherein on the at least one inner flange, a window
element to be held is attached, which is held via the at least one
vertical flange, characterized in that the window frame (1) comprises a
fiber-reinforced thermoplastic material.

Window frame of claim 1, characterized in that the window frame (1)

comprises multiple substructures (16;1 9) welded to one another.

Window frame of claim 1 or 2, characterized in that the window frame
(1) has a core (17) comprising a unidirectional-running webbing.

Method for manufacturing a window frame of any one of claims 1 to 3,
characterized in that a semifinished part comprising webbing and
thermoplastic material is manufactured as a quasi-isotropic sheet
material and is transformed in a deep-draw process.

- Method of claim 4, characterized in that first by deep-drawing, multiple
substructures (16-19) are manufactured and these are subsequently

combined by means of thermoplastic welding.
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