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(57) ABSTRACT

A window frame system, comprising a window frame hav-
ing an aperture there-through and circumferentially arranged
window frame through-holes in a first window frame portion
and a second window frame portion, and a stringer coupling
with stringer coupling through-holes in a first stringer cou-
pling portion and a second stringer coupling portion. In an
overlapping arrangement, the first window frame portion
and the first stringer coupling portion are adapted to overlap
with their through-holes coaxially, wherein the respective
through-holes of the two first portions have different diam-
eters.



Patent Application Publication Jan. 4,2018 Sheet 1 of 4 US 2018/0001989 A1




Patent Application Publication Jan. 4,2018 Sheet 2 of 4 US 2018/0001989 A1

1078




Patent Application Publication Jan. 4,2018 Sheet 3 of 4 US 2018/0001989 A1

+
=
i haasf

.
e
o

{'i‘.(lf e ¥ S ..




Patent Application Publication Jan. 4,2018 Sheet 4 of 4 US 2018/0001989 A1

~-111




US 2018/0001989 Al

WINDOW FRAME SYSTEM, WINDOW
FRAME ATTACHMENT SYSTEM AND
VEHICLE HULL WINDOW FRAME
ATTACHMENT SYSTEM

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the European
patent application No. 16 177 213.2 filed on Jun. 30, 2016,
the entire disclosures of which are incorporated herein by
way of reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates to a window frame system,
window frame attachment system and vehicle hull window
frame attachment system, as well as to a use of such systems.
[0003] Conventional window frames in a vehicle, such as
an airplane, are riveted to the hull and/or to stringers along
the hull.

[0004] US 2006/0060705 A1 teaches the provision of an
airplane window frame, being attached to a strap. This strap
is attached to a skin with a plurality of fasteners. A plurality
of fittings are positioned on the strap. A plurality of fasteners
extending through the fittings attaches the fittings to the
underlying structures to form a structural load path.

SUMMARY OF THE INVENTION

[0005] A problem to be solved by the present invention is
to provide a window frame system which allows to make
optimum use of the available space without changing the
primary structure arrangement of the vehicle.

[0006] A window frame system comprises a window
frame with an aperture there-through and circumferentially
arranged window frame through-holes in a first window
frame portion and a second window frame portion, and a
stringer coupling with stringer coupling through-holes in a
first stringer coupling portion and a second stringer coupling
portion, wherein, in an overlapping arrangement, the first
portions are adapted to overlap with their through-holes
coaxially, wherein the respective through-holes of the first
portions have different diameters. Thereby a decoupling
arrangement between the window frame and the stringer
coupling is achieved, such that a shearing force in a plane of
the window frame or the first window frame portion is not
transmitter from the window frame to the stringer coupling
in an attached overlapping arrangement. Also, the overlap-
ping arrangement saves space, because the first portion
through-holes can not only be used for attaching the window
frame and the stringer coupling in their overlapping arrange-
ment but for attaching both to other elements.

[0007] The first stringer coupling through-holes may have
a larger diameter than the first window frame through-holes.
Thereby existing windows frame concepts can be used,
while suitable stringer couplings are manufactured, which is
generally cheaper. Also, existing window frame concepts
can be easily upgraded to the above decoupling arrange-
ment.

[0008] The first window frame portion may be, preferably
symmetrically, arranged on opposite outer sides of the
second window frame portion. Thereby handling of the
window frame and achieving the overlapping arrangement is
simplified. Also, for a symmetrical arrangement, forces are
uniformly absorbed by the window frame.
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[0009] The aperture may be a circular or an elongated
hole, and/or the window frame through-holes may be
arranged equidistantly from the aperture in at least one
portion surrounding the aperture, wherein, in the overlap-
ping arrangement, the first stringer coupling through-holes
overlap with the first window frame through holes compris-
ing window frame through holes in the outermost portion or
portions from the aperture. Thereby the portion(s) already
provided in the window frame for attaching the window
frame to other elements can be used, which increases the
possible window frame dimensions and, thus, increases the
possible window frame aperture.

[0010] The second window frame portion may surround
the aperture uniformly, while the first window frame portion
extends tangentially to the second window frame portion,
preferably the first window frame portion being rectangular
with, preferably rounded, edges. Thereby a rearrangement
and/or increase of the first window frame through-holes can
be provided in order to achieve correspondence with the first
stringer coupling through-holes, which may have a certain
pitch requirement.

[0011] The window frame through-holes may be arranged
in at least one, preferably two, portions surrounding the
aperture, wherein at least two portions are at different
heights in a stepped down cross-section at, and preferably
towards, the outer edge of the window frame. Thereby
positioning of the stringer coupling and the window frame in
their overlapping arrangement is simplified, because the
stringer coupling can be abutted against a step in the window
frame.

[0012] The stringer coupling may be adapted to extend,
preferably in its longitudinal direction, beyond the window
frame, in the overlapping arrangement. Thereby the stringer
coupling can be attached to other elements.

[0013] The first stringer coupling through-holes may have
a larger diameter than the second stringer coupling through-
holes. Thereby the stringer coupling may be tightly coupled
to other elements, while decoupled from the window frame.

[0014] The length of the stringer coupling may correspond
at least to the width of the window frame, preferably the
length of the stringer coupling being longer than the width
of the window frame, preferably the stringer coupling being
Z-, V-, W- or II-shaped.

[0015] Thereby the above coupling to other elements can
further be simplified, because of the increased length of the
stringer coupling. While the stringer coupling presented here
is Z-shaped, other shapes may be used as well. For example,
a V-shape may resemble the II-shape with a flat base and
inclined sides. Moreover, the sides or inclined sides of each
of these shapes may have appendices extending at their free
ends at an angle away from the respective shape, preferably
along a common line. Of course, the same applies to the
W-shape, which is already similar to the V-shape.

[0016] The stringer coupling may have a recess or an
indentation adapted to receive the first window frame por-
tion, preferably the recess or the indentation having a depth
equal to or greater than the thickness of the first window
frame portion, preferably the first window frame portion
having the same material thickness as the second stringer
coupling portion. Thereby positioning of the stringer cou-
pling and the window frame in their overlapping arrange-
ment is simplified, because the first portion of the window
frame can be placed inside the recess or indentation.
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[0017] A window frame attachment system may have at
least one of the above window frame systems and at least
one stringer, wherein the first window frame portion is
configured to fit in a space cutout from a stringer, in the
overlapping arrangement, preferably the space being longer
than a length of the first window frame portion in a main
extension direction of the first window frame portion, pref-
erably the space being as long as the sum of the length of the
first window frame portion in its main extension direction
and the diameter difference between the first through-holes
of the first portions. Thereby the decoupling arrangement is
further improved, because a shearing force is not capable of
causing abutment between the window frame and the
stringer in a shearing force direction.

[0018] The stringer coupling may resemble the shape of
the stringer, preferably corresponding to the shape of the
stringer. Thereby the manufacturing and maintenance of the
stringer coupling and the stringer becomes more cost effi-
cient, because both can be cut to length as desired.

[0019] A vehicle hull window frame attachment system
may have at least one of the above window frame attachment
systems and a vehicle hull, wherein the window frame is
enclosed by the space cutout from the stringer, wherein at
least one of the two stringers comprises the space. Thereby
attachment of the stringer coupling to the window frame can
further include the attachment to a vehicle hull through the
same first through-holes.

[0020] The through-holes may be rivet holes by means of
which the first stringer coupling portion, the first window
frame portion and the vehicle hull are riveted to each other,
and/or the second stringer coupling portion, the stringer and
the vehicle hull are riveted to each other, and/or the stringer
coupling and the stringer are riveted to each other. Thereby
the respective elements can be tightly held in one direction,
while allowing the above mentioned decoupling arrange-
ment in another direction orthogonal to the one direction. Of
course, instead of a rivet, another fastening member, such as
bolts or screws, may be provided.

[0021] The above systems may be used in a vehicle,
preferably in an aircraft, more preferably in an airplane.
Thereby the strict requirements for aircraft and airplanes can
be fulfilled, while the above decoupling arrangement is
integrated, which in this case not only improves the struc-
tural integrity of the window frame during use and forces
acting on the stringer coupling or stringer, but also allows
the provision of larger window frames and, thus, window
frame apertures. Of course, the same applies to other types
of vehicles and aircraft, such as ships and helicopters,
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The invention will be further described under ref-
erence to the enclosed schematic drawings, wherein similar
elements have similar reference signs. In these drawings,
[0023] FIG. 1 shows a conventional airplane window
frame, in a perspective view;

[0024] FIG. 2 shows a fuselage of an airplane with parallel
stringers and an elongated hole-shaped aperture for the
window frame of FIG. 1, in a perspective view from the
inside of the airplane;

[0025] FIG. 3 shows the window frame of FIG. 1 attached
to the aperture of FIG. 2, in a perspective view from the
inside of the airplane;
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[0026] FIG. 4 shows an alternative airplane window frame
with symmetrically arranged extensions, in a perspective
view;

[0027] FIG. 5 shows a fuselage of an airplane with parallel
stringers and the alternative window frame of FIG. 4 placed
in an elongated aperture with its extensions in respective
cutout spaces of the stringers, in a perspective view from the
inside of the airplane;

[0028] FIG. 6 shows the fuselage of FIG. 5 with stringer
couplings placed over the extensions and the stringers, in a
perspective view from the inside of the airplane;

[0029] FIG. 7 shows cross-section A-A of FIG. 6 through
the center of the alternative window frame and enlarged
portions thereof; and

[0030] FIG. 8 shows cross-section B-B of FIG. 6 through
an edge portion parallel to the center of the alternative
window frame and an enlarged portion thereof.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0031] FIG. 1 shows a symmetrical window frame 1 with
an aperture 3 there-through shaped as an elongated hole. The
window frame 1 comprises two portions 5, 7 surrounding the
aperture 3. These portions 5, 7 have different heights/
thicknesses, such that they form a step between them,
wherein the outer first portion 7 has a smaller height/
thickness compared to the inner second portion 5. Hence, a
stepped down cross-section of the window frame 1 towards
its outer edge is formed. Through-holes 54, 56 and 7a, 7b are
arranged equidistantly from the aperture 3 in the respective
portions 5 and 7. A tangential portion of the first portion 7
having the through-holes 7a is referred to as the first window
frame portion 15. The remainder of the window frame 1
together with through-holes 5a, 55, 75 is referred to as the
second window frame portion 17.

[0032] FIG. 2 shows a fuselage with parallel Z-shaped
stringers 9 attached to a hull 11. In between the stringers 9
an elongated hull aperture 13 extends orthogonally towards
the stringers 9. Naturally, the hull 11 has through-holes
around the elongated hull aperture 13 which correspond to
the through-holes 5a, 56 and 7a, 7b of the window frame 1.
[0033] FIG. 3 shows a state in which the window frame 1
of FIG. 1 is attached to the hull 11 of FIG. 2 via fastening
members, such as rivets, extending through the through-
holes of the hull 11 and the corresponding through-holes Sa,
5b and 7a, 7b of the window frame 1, such that the window
frame 1 is indirectly connected to the stringers 9 only via the
hull 11.

[0034] FIG. 4 shows an alternative window frame 100
with an aperture 103 and two portions 105, 107 having
respective through-holes 1054, 1055 and 107a, 1075, similar
to the window frame 1 shown in FIG. 1. However, the
alternative window frame 100 differs in that through-holes
107a are arranged along a tangential line in an extension 115
of the first portion 107. This extension 115 is also referred
to as the first window frame portion 115, which is rectan-
gular with rounded edges. The remainder of the window
frame 1 together with through-holes 105a, 1056, 1075 is
referred to as the second window frame portion 117.
[0035] FIG. 5 shows a fuselage with parallel Z-shaped
stringers 109 attached to a hull 111 with an elongated hull
aperture 130 in between the stringers 109, similar to FIGS.
2 and 3. However, the stringers 109 differ in that they have
a cutout 110, which is longer than a length of the first
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window frame portion 115 in a main extension direction X.
Such an assembly allows the increase of the hull aperture
113 and, thus, the window frame aperture 103. Hence, only
one cutout 110 in one of the stringers 109 already achieves
this to a certain extent.

[0036] FIG. 6 shows the fuselage assembly of FIG. 5 with
the additional provision of a stringer coupling 119. The
stringer coupling 119 has a length corresponding to the
width of the window frame 100, is Z-shaped and placed over
the stringer 109 and the first window frame portions 115 in
order to act as a bridge between the two parts of the stringers
109 separated by the cutout 110. The stringer coupling 119
is described in greater detail with reference to FIGS. 7 and
8.

[0037] FIG. 7 shows cross-section A-A through the fuse-
lage of FIG. 6, in particular through a center plane extending
in the longitudinal direction Y of the window frame 100.
Enlarged views on the right of FIG. 7 show an overlapping
arrangement of a first stringer coupling portion 120a, an
adjustment shim 121, the first window frame portion 115 and
the hull 111. These have coaxial through-holes 119a, 121a,
107a and 111aq, respectively. While the through-holes 121a,
107a and 111a have equal diameters, e.g., 5.6 mm, the first
stringer coupling portion through-holes 1194 have a larger
diameter, e.g., 5.8 mm, in particular a larger diameter than
the first window frame through-holes 107a, in order to
achieve the decoupling effect. The adjustment shim 121 is
optional, as it increases the height/thickness of the first
window frame portion 115 to the height/thickness of the
stringer 109. The adjustment shim 121 could be omitted, if
the height/thickness of the first window frame portion 115 is
equal to the height/thickness of the stringer 109, for
example.

[0038] FIG. 8 shows cross-section B-B through the fuse-
lage of FIG. 6, in particular through a plane extending in the
longitudinal direction Y of the window frame 100 and being
parallel to the center plane of FIG. 7, such that an edge
portion of the window frame 100 is crossed. In this, the
attachment of the stringer coupling 119 to the stringer 109 is
achieved by two sets of through-holes being orthogonal to
each other. The first set comprises coaxial, equal diameter
through-holes 11956, 1095 and 1116 through a second
stringer coupling portion 1205, the stringer 109 and the hull
111, respectively. The second set comprises coaxial, equal
diameter through holes 119¢ and 109¢ through the second
stringer coupling portion 1205 and the stringer 109, respec-
tively. The second stringer coupling portion 1205 extends on
opposite sides from the first stringer coupling portion 120a
in the extension direction X of the first stringer coupling
portion 1205, such that, in an overlapping arrangement, it
remains exposed from the window frame 100. In this case,
the first stringer coupling through-holes 119a have a larger
diameter than the second stringer coupling through-holes
1195.

[0039] Here, the stringer 109 and the stringer coupling 119
are similarly shaped, i.e., resemble each other’s shape, with
only the stringer 109 having an orthogonal reinforcement
nose 109a and having a shortened middle section compared
to the stringer coupling 119. Of course, both, the stringer 109
and the stringer coupling 119, may be equally shaped, i.e.,
have a corresponding shape, such that both look like the
stringer coupling 119.

[0040] While the window frame 1 of FIG. 1 lacks an
extension of the first portion 7, such as the alternative

Jan. 4, 2018

window frame 100 of FIG. 4, it can be still be used for the
decoupling arrangement described with reference to FIGS. 4
to 8. In order to do so, only the stringer coupling 119 will be
adapted appropriately. For example, the stringer coupling
119 may have a recess or an indentation adapted to receive
the first window frame portion 15. Such a recess or inden-
tation could advantageously have a depth equal to or greater
than the thickness of the first window frame portion 15.
[0041] Of course, instead of providing separate stringer
109 and stringer couplings 119, the stringer coupling 119
may be adapted to serve as a stringer 109 with a recess or
indentation therein, as described above. This modification
can be applied to both, the conventional window frame 1 and
the alternative window frame 100.

[0042] While at least one exemplary embodiment of the
present invention(s) is disclosed herein, it should be under-
stood that modifications, substitutions and alternatives may
be apparent to one of ordinary skill in the art and can be
made without departing from the scope of this disclosure.
This disclosure is intended to cover any adaptations or
variations of the exemplary embodiment(s). In addition, in
this disclosure, the terms “comprise” or “comprising” do not
exclude other elements or steps, the terms “a” or “one” do
not exclude a plural number, and the term “or” means either
or both. Furthermore, characteristics or steps which have
been described may also be used in combination with other
characteristics or steps and in any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which it claims benefit or priority.

1. A window frame system, comprising

a window frame having an aperture there-through and
circumferentially arranged window frame through-
holes in a first window frame portion and a second
window frame portion, and

a stringer coupling with stringer coupling through-holes

in a first stringer coupling portion and a second stringer
coupling portion,

wherein, in an overlapping arrangement, the first portion

window frame portion and the first stringer coupling
portion are adapted to overlap with their through-holes
coaxially,

wherein the respective through-holes of the first portion

window frame portion and the first stringer coupling
portion have different diameters.

2. The window frame system according to claim 1,
wherein the first stringer coupling through-holes have a
larger diameter than the first window frame through-holes.

3. The window frame system according to claim 1,
wherein the first window frame portion is symmetrically
arranged on opposite outer sides of the second window
frame portion.

4. The window frame system according to claim 1,
wherein the aperture is a circular or an elongated hole.

5. The window frame system according to claim 1,

wherein the window frame through-holes are arranged

equidistantly from the aperture in at least one portion
surrounding the aperture, and

wherein, in the overlapping arrangement, the first stringer

coupling through-holes overlap with the first window
frame through holes comprising window frame through
holes in the outermost portion or portions from the
aperture.
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6. The window frame system according to claim 1,
wherein the second window frame portion surrounds the
aperture uniformly, while the first window frame portion
extends tangentially to the second window frame portion,

7. The window frame system according to claim 6,
wherein the first window frame portion is rectangular.

8. The window frame system according to claim 7,
wherein the first window frame portion has rounded edges.

9. The window frame system according to claim 1,
wherein

the window frame through-holes are arranged in at least

two portions surrounding the aperture, and

at least two portions are at different heights in a stepped

down cross-section at, and towards, an outer edge of
the window frame.

10. The window frame system according to claim 1,
wherein the stringer coupling is configured to extend in a
longitudinal direction beyond the window frame in the
overlapping arrangement.

11. The window frame system according to claim 1,
wherein the first stringer coupling through-holes have a
larger diameter than the second stringer coupling through-
holes.

12. The window frame system according to claim 1,
wherein

a length of the stringer coupling is longer than a width of

the window frame, and the stringer coupling being one
of Z-, V-, W- or II-shaped.

13. The window frame system according to claim 1,
wherein the stringer coupling has a recess or an indentation
adapted to receive the first window frame portion, the recess
or the indentation having a depth equal to or greater than a
thickness of the first window frame portion, and the first
window frame portion having the same material thickness as
the second stringer coupling portion.
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14. A window frame attachment system with a window
frame system according to claim 1, and at least one stringer,
wherein

the first window frame portion is configured to fit in a

space cut out from a stringer, in the overlapping
arrangement,

the space being longer than a length of the first window

frame portion in a main extension direction of the first
window frame portion,

the space being as long as the sum of the length of the first

window frame portion in its main extension direction
and a diameter difference between the first through-
holes of the first portions.

15. The window frame attachment system according to
claim 14, wherein

the stringer coupling corresponds to the shape of the

stringer.

16. A vehicle hull window frame attachment system with
a window frame attachment system according to claim 14,
and a vehicle hull, wherein the window frame is enclosed by
the space cut out from the stringer, and at least one of the two
stringers has the cut out space.

17. The vehicle hull window frame attachment system
according to claim 16, wherein the first stringer coupling
portion, the first window frame portion and the vehicle hull
are riveted to each other.

18. The vehicle hull window frame arrangement system
according to claim 16, wherein the second stringer coupling
portion, the stringer and the vehicle hull are riveted to each
other.

19. The vehicle hull window frame arrangement system
according to claim 16, wherein the stringer coupling and the
stringer are riveted to each other.

20. An aircraft incorporating a vehicle frame system
according to claim 1.
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