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(57) ABSTRACT

An example seal for use with a laminated window is
described. The seal includes a first end formed from a first
material and a second end formed from the first material,
with the first material being compressible when a pressure
force is applied to the first material. The seal also includes
a connection portion positioned between the first end and the
second end. At least some of the connection portion is
formed from a second material having a greater indentation
hardness than an indentation hardness of the first material.
An example method for installing a seal is also described.
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between the inner surface and a frame when the inner
surface of the window is pressed outwards. Likewise, if an
outer surface of a window is expected to experience larger
pressure forces than an inner surface of the window, the seal
bead that is configured to abut the outer surface may have a
larger diameter than the other seal bead.

Further, the connection portion 106 includes a first corner
116 and a second corner 118. In one example, the first corner
116 may be configured to abut an inner edge portion of a
window, and the second corner 118 may be configured to
abut an outer edge portion of the window. Alternatively, in
other example, the first corner 116 may be configured to abut
an outer edge portion of a window, and the second corner
118 may be configured to abut an inner edge portion of the
window.

The first corner 116 includes a first section 120 that is
connected to the first end 102, and the second corner 118
includes a second section 122 that is connected to the second
end 104. The first section 120 has a thickness T3 and the
second section 122 has a thickness T4. As shown in FIG. 2,
the thickness T3 is smaller than the diameter D1 of the first
seal bead 108, and the thickness T4 is smaller than the
diameter D2 of the second seal bead 112. This arrangement
enables the seal 100 to maintain sealing functionality in
relaxed conditions (e.g., when the atmospheric pressure on
each side of the window is about the same).

The thickness T4 of the second section 122 may be sized
to limit compression of the second seal bead 112 to between
about 20% to about 30%. For instance, the thickness T4 of
the second section 122 may be about 70% to about 80% of
the diameter D2. In one example, after the second seal bead
112 is compressed such that the diameter D2 is reduced by
20-30%, the thickness T4 of the second section 122 may
prevent or limit further compression of the second seal bead
112. With this arrangement, the thickness T4 of the second
section 122 may allow the second seal bead 112 to be
compressed to some extent (e.g., 0-20%) to provide a
sufficient seal. Additionally, with this arrangement, the
thickness T4 of the second section 122 may prevent the
second seal bead 112 from compressing to a point where the
second seal bead 112 is at risk of being permanently
deformed.

Similarly, the thickness T3 of the first section 120 may be
sized to limit compression of the first seal bead 108 to
between about 20% to about 30% when a pressure force is
applied.

In one example, the thickness T3 of the first section 120
may be the same as the thickness T4 of the second section
122. Such an arrangement may be appropriate if the seal 100
is designed to seal a window that is expected to experience
roughly the same amount of pressure forces on each side of
the window. Alternatively, in other examples, thickness T3
of the first section 120 may be different from (e.g., larger or
smaller than) the thickness T4 of the second section 122. For
instance, if an inner surface of a window is expected to
experience larger pressure forces than an outer surface of the
window, the thickness of the section that is configured to
abut the outer surface of the window may be larger than the
thickness of the other section, such that the thicker section
prevents over -compression of the seal bead that is config-
ured to abut the outer surface of the window. Likewise, if an
outer surface of a window is expected to experience larger
pressure forces than an inner surface of the window, the
section that is configured to abut the inner surface of the
window may have a larger thickness than the other section.

FIG. 3 illustrates a partial cross-sectional view of an
example window system 300 in which the seal 100 is

T
installed. And FIG. 4 illustrates a different partial cross-
sectional view of the example window system 300 of FIG.
3. The window system 300 may be a window system for a
vehicle (not shown), such as a window system for a space -

5 craft for example. Alternatively, the window system 300
may be a window system for another type of aerial vehicle,
or a window system for a marine or terrestrial vehicle.

As shown in FIGS. 3 and 4, the window system 300
includes a frame 302 that is configured to hold a window

io 304. The frame 302 includes a first leg 306 and a second leg
308, with the first leg 306 and the second leg 308 defining
a channel 309 therebetween. The window 304 may be any
type of window, such as a laminated window for example.
The window 304 includes an inner surface 310, an outer

15 surface 312, and a side surface 314. The inner surface 310
is exposed to an interior of a vehicle, and the outer surface
312 is exposed to an exterior of a vehicle. The side surface
314 connects the inner surface 310 and the outer surface
312.

20 As shown in FIGS. 3 and 4, an edge portion 316 of the
window 304 is positioned within the channel. The edge
portion 316 includes an inner edge portion 318 and an outer
edge portion 320. The inner edge portion 318 includes part
of the inner surface 310 and part of the side surface 314. The

25 outer edge portion 320 includes part of the outer surface 312
and part of the side surface 314.

As further shown in FIGS. 3 and 4, the seal 100 is
positioned in an inner gap 322 defined between the inner
surface 310 and the first leg 306 and in an outer gap 324

3o defined between the outer surface 312 and the second leg
308. With such an arrangement, the first corner 116 of the
seal 100 abuts the inner edge portion 318 of the window 304,
and the second corner 118 of the connection portion 106
abuts the outer edge portion 320 of the window 304.

35 In line with the discussion above, the seal 100 is config-
ured to maintain sealing functionality between the frame 302
and the window 304. More specifically, the seal 100 is
configured to maintain sealing functionality on the inner
surface 310 and the outer surface 312 of the window 304,

40 when a pressure force is not applied to either one of the inner
surface 310 and the outer surface 312 and when a pressure
force is applied to either one of the inner surface 310 and the
outer surface 312.

For instance, when the first leg 306 and the second leg 308
45 are secured together, the first seal bead 108 may be com-

pressed between the first leg 306 and the inner surface 310,
and the second seal bead 112 may be compressed between
the second leg 308 and the outer surface 312. Such com-
pression of the first seal bead 108 and the second seal bead

50 112 provides a seal between the first leg 306 and the inner
surface 310 as well as between the second leg 308 and the
outer surface 312.

Further, when a pressure force is applied to the inner
surface 310, the thickness of the second corner 118 of the

55 seal 100 may limit over -compression of the second seal bead
112. Limiting over -compression of the second seal bead 112
may help to prevent the second seal bead 112 from being
permanently deformed due to over -compression, for
example. Limiting over -compression of the second seal bead

60 112 may also limit movement of the window 304 outwards
(i.e. to the left in FIG. 3) such that the first seal bead 108
does not disengage from the from the first leg 306 or the
inner surface 310, for example. Similarly, when a pressure
force is applied to the outer surface 312, the thickness of the

65 first corner 116 of the seal 100 may limit over -compression
of the first seal bead 108 and/or movement of the window
304 inwards (i.e. to the right in FIG. 3).
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FIG. 5 illustrates a partial cross-sectional view of another
seal 500. Like the example seal 100 of FIGS. 1-4, the seal
500 includes a first end 502 and a second end 504, with a
connection portion 506 extending between the first end 502
and the second end 504. In line with the discussion above,
the first end 502 and the second end 504 may be formed of
a first material. However, unlike the seal 100 of FIGS. 1-4,
only a portion of the connection portion 506 is formed from
a second material having an indentation hardness that is
greater than in indentation hardness of the first material.

Specifically, with reference to FIG. 5, a first portion 508
of the connection portion 506 that is connected to the first
end 502 may be formed of the first material, while a second
portion 510 of the connection portion extending between the
first portion 508 and the second end 504 may be formed of
the second material. The first portion 508 includes a first
corner 512 that is configured to abut a first edge portion of
a window. And the second portion 510 includes a second
corner 514 that is configured to abut a second edge portion
of a window. For instance, in one example, the first corner
512 may be configured to abut an inner edge portion of a
window, and the second corner 514 may be configured to
abut an outer edge portion of the window. Alternatively, in
other example, the first corner 512 may be configured to abut
an outer edge portion of a window, and the second corner
514 may be configured to abut an inner edge portion of the
window. Thus, depending on an example application, a
length of the second portion 510 may comprise less than half
a length of the seal 500 as shown in FIG. 5. The seal 100 in
the window system 300 (shown in FIGS. 3 and 4) can be
replaced with the seal 500, depending on the application of
the window system 300. When the seal 500 is used with the
window system 300, the seal 500 functions similarly to the
seal 100.

FIG. 6 shows a flowchart of an example method 600 for
installing a seal, such as the seal 100 (shown in FIGS. 1-4)
or the seal 500 (shown in FIG. 5), for a laminated window,
such as the window 304 (shown in FIGS. 3 and 4). Method
600 shown in FIG. 6 presents an embodiment of a method
that, for example, could be carried out by an operator and/or
a robotic device. For instance, the method could be carried
out while assembling or repairing a vehicle. Further, the seal
that is installed could be any of the seals 100 and/or 500
described herein. For instance, the seal includes a first end
formed from a first material, a second end formed from the
first material, and a connection portion positioned between
the first end and the second end, with at least some of the
connection portion being formed from a second material
having a greater indentation hardness than an indentation
hardness of the first material.

It should be understood that for this and other processes
and methods disclosed herein, flowcharts show functionality
and operation of one possible implementation of present
embodiments. Alternative implementations are included
within the scope of the example embodiments of the present
disclosure in which functions may be executed out of order
from that shown or discussed, including substantially con-
current or in reverse order, depending on the functionality
involved, as would be understood by those reasonably
skilled in the art.

Referring to FIGS. 3-6, at block 602, the method 600
includes positioning the seal 100, 500 around an edge
portion 316 of the window 304 such that the first end 102,
502 abuts an inner surface 310 of the laminated window 304
and the second end 104, 504 abuts an outer surface 312 of
the laminated window 304. And at block 604, the method
600 includes, after positioning the seal 100, 500 around the

8
edge portion 316 of the laminated window 304, securing the
laminated window 304 within a channel 309 of a frame 302.

In line with the discussion above, the seal 100, 500 may
include a first corner that is configured to abut an inner edge

5 portion of the laminated window and a second corner that is
configured to abut an outer edge portion of the laminated
window. Accordingly, positioning the seal 100, 500 around
the edge portion of the window may involve positioning the
seal such that the first corner abuts the inner edge portion of

10 the laminated window and the second corner abuts the outer
edge portion of the laminated window.

In one example, positioning the seal 100, 500 around the
edge portion of the window may involve fitting part of the

15 seal around part of a perimeter of the laminated window, and
then temporarily stretching another part of the seal in order
to fit the rest of the seal around the perimeter of the window.
In some examples, the first material and the second material
may be at least partially resilient, such that once the seal is

20 positioned around the edge portion of the laminated window,
the seal adheres to the laminated window without use of any
type of adhesive or restraining mechanism.

FIG. 7 shows a flowchart of another example method for
use with the method 600 shown in FIG. 6. In particular, FIG.

25 7 shows a flowchart of an example method that can be
carried out for a seal, such as the seal 100 (shown in FIGS.
1-4) or the seal 500 (shown in FIG. 5), having a connection
portion with a particular corner that is configured to abut an
outer edge portion of the laminated window.

30 Referring to FIGS. 3-7, at block 702, FIG. 7 includes
identifying a particular corner 118, 514 of the connection
portion 106, 506 that is configured to abut an outer edge
portion 320 of the laminated window 304. And at block 704,
FIG. 7 includes positioning the seal 100, 500 around the

35 edge portion 316 of the laminated window such that the
particular corner 118, 514 abuts the outer edge portion 320
of the laminated window 304.

In one example, identifying the particular corner 118, 514
may involve identifying a distinctive marking on the par -

40 ticular corner of the seal, such as a distinctive color or a
distinctive label. In another example, identifying the par-
ticular corner 118, 514 may involve identifying a thickest
corner of two corners of the connection portion, or identi-
fying a thinnest corner of the two corners of the connection

45 portion. Further, in another example, identifying the particu-
lar corner 118, 514 may involve identifying a seal bead
having a largest (or smallest) diameter and then identifying
the corner closest to the seal bead having the largest (or
smallest) diameter.

50 The description of the different advantageous arrange-
ments has been presented for purposes of illustration and
description, and is not intended to be exhaustive or limited
to the examples in the form disclosed. After reviewing and
understanding the foregoing disclosure, many modifications

55 and variations will be apparent to those of ordinary skill in
the art. Further, different examples may provide different
advantages as compared to other examples. The example or
examples selected are chosen and described in order to best
explain the principles, the practical application, and to

60 enable others of ordinary skill in the art to understand the
disclosure for various examples with various modifications
as are suited to the particular use contemplated.

What is claimed is:
65 1. A seal for use with a window, the seal comprising:

a first end comprising a first seal bead and a first transition
portion projecting from the first seal bead;
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a second end comprising a second seal bead and a second

transition portion projecting from the second seal bead;
and

a connection portion joining the first transition portion
and the second transition portion, the connection por- 5

tion comprising:
a first corner comprising a first section, wherein the first

section has a thickness that is smaller than a diameter
of the first seal bead, and wherein the first section is
connected to and parallel to the first transition por- 10

tion, and
a second corner comprising a second section, wherein

the second section has a thickness that is smaller than
a diameter of the second seal bead, and wherein the 15
second section is connected to and parallel to the
second transition portion,

wherein the second end is formed from a first rubber that
is compressible when a pressure force is applied, and

wherein the second corner is formed from a second rubber 20
that is separate from and joined to the first rubber, the
second rubber having a greater indentation hardness
than an indentation hardness of the first rubber.

2. The seal of claim 1, wherein the first corner is config-
ured to abut an inner edge portion of the window and the 25
second corner is configured to abut an outer edge portion of
the window.

3. The seal of claim 2, wherein the first corner and the
second corner of the connection portion are formed from the
second rubber. 30

4. The seal of claim 2:
wherein the second section is thicker than the first section.
5. The seal of claim 4, wherein the diameter of the first

seal bead is larger than the diameter of the second seal bead.
6. The seal of claim 1: 35

wherein the first transition portion has a thickness that is
smaller than the diameter of the first seal bead, and

wherein the second transition portion has a thickness that
is smaller than the diameter of the second seal bead.

7. The seal of claim 6, wherein the first section is parallel 40
to the second section.

8. The seal of claim 7, wherein the thickness of the second
transition portion is smaller than the thickness of the second
section.

9. The seal of claim 7, wherein the connection portion 45
further comprises a center portion between the first corner
and the second corner, and wherein the first section and the
second section are orthogonal to the center portion.

10. The seal of claim 1, wherein the thickness of the first
section and the thickness of the second section limit com- 50
pression of the first seal bead and the second seal bead,
respectively, to between about 20% to about 30% when the
pressure force is applied.

11. The seal of claim 1, wherein the second rubber has a
Shore hardness of about 80 A. 55

12. The seal of claim 1, wherein the seal is a single-piece
seal formed by co-processing the first rubber and the second
rubber.

13. A window system comprising:
a frame having a first leg and a second leg, the first leg and 60

the second leg defining a channel therebetween;
a window having an edge portion positioned in the

channel; and
a seal positioned between the edge portion of the window

and the channel, the seal comprising: 65

a first end comprising a first seal bead and a first
transition portion projecting from the first seal bead,

10
a second end comprising a second seal bead and a

second transition portion projecting from the second
seal bead, and

a connection portion joining the first transition portion
and the second transition portion, the connection
portion comprising:
a first corner comprising a first section, wherein the

first section has a thickness that is smaller than a
diameter of the first seal bead, and wherein the
first section is connected to and parallel to the first
transition portion, and

a second corner comprising a second section,
wherein the second section has a thickness that is
smaller than a diameter of the second seal bead,
and wherein the second section is connected to
and parallel to the second transition portion,

wherein the second end is formed from a first rubber
that is compressible when a pressure force is applied,
and

wherein the second corner is formed from a second
rubber that is separate from and joined to the first
rubber, the second rubber having a greater indenta-
tion hardness than an indentation hardness of the first
rubber.

14. The window system of claim 13:
wherein the window has an inner surface and an outer

surface, and
wherein the seal is positioned in an inner gap defined
between the inner surface and the first leg and in an
outer gap defined between the outer surface and the
second leg.

15. The window system of claim 14, wherein the seal is
configured to maintain sealing functionality on the inner
surface and the outer surface of the window when the
pressure force is not applied and when the pressure force is
applied.
16. The window system of claim 13, wherein the first

corner is configured to abut an inner edge portion of the
window and the second corner is configured to abut an outer
edge portion of the window.

17. The window system of claim 16, wherein the first
corner and the second corner of the connection portion are
formed from the second rubber.

18. The window system of claim 13, wherein the frame is
part of a spacecraft.

19. A method for installing a seal for a window, wherein
the seal comprises a first end comprising a first seal bead and
a first transition portion projecting from the first seal bead,
a second end comprising a second seal bead and a second
transition portion projecting from the second seal bead, and
a connection portion joining the first transition portion and
the second transition portion, the connection portion com-
prising (i) a first corner comprising a first section, wherein
the first section has a thickness that is smaller than a
diameter of the first seal bead, and wherein the first section
is connected to and parallel to the first transition portion, and
(ii) a second corner comprising a second section, wherein
the second section has a thickness that is smaller than a
diameter of the second seal bead, and wherein the second
section is connected to and parallel to the second transition
portion, wherein the second end is formed from a first rubber
that is compressible when a pressure force is applied, and
wherein the second corner is formed from a second rubber
that is separate from and j oined to the first rubber, the second
rubber having a greater indentation hardness than an inden-
tation hardness of the first rubber, the method comprising:
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positioning the seal around an edge portion of the window
such that the first end abuts an inner surface of the
window and the second end abuts an outer surface of
the window; and

after positioning the seal around the edge portion of the s
window, securing the window within a channel of a
frame.

20. The method of claim 19, wherein the second corner is
configured to abut an outer edge portion of the window, the
method further comprising: io

identifying the second corner of the connection portion of
the seal, wherein positioning the seal around the edge
portion of the window comprises positioning the seal
around the edge portion of the window such that the
second corner abuts the outer edge portion of the 15

window.
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