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When the body is pressed over the base, the base passes into the aperture and contacts the annular lock, expanding the lock out -
wardly around the base. The base continues moving though the aperture in the body until the lock retracts into a groove in base,
thereby releasaby locking the body to the base.
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SEATBELT ANCHOR SYSTEMS FOR AIRCRAFT AND OTHER VEHICLES

TECHNICAL FIELD

[0001] The following disclosure relates to seatbelts and, more specifically, to

apparatuses for attaching seatbelts to adjacent structures in aircraft and other

vehicles.
BACKGROUND
[0002] Seatbelts in commercial jets and other aircraft are typically attached to

anchor points on opposite sides of the seat frame. A conventional system for
attaching seatbelts to anchor points uses a shackle and hook assembly. In this
system, a shackle is bolted to each side of the seat frame, and a hook is attached to
each end of the seatbelt by a loop of web. The seatbelt is then attached to the seat
frame by clipping each of the hooks to one of the shackles, and inserting a cotter pin
through a locking element on each of the hooks to prevent the hooks from

inadvertently disengaging from the shackles in use.

[0003] The commercial aviation industry is constantly striving to reduce aircraft
weight and increase fuel economy. A typical shackle and hook assembly weighs
approximately 65-70 grams, which results in a total weight of 130-140 grams for the
two assemblies required per seat. The negative impact of this weight on fuel
economy increases with the number of passenger seats. The commercial aviation
industry also tends to replace and refurbish seatbelts on a regular basis. To replace
or refurbish a conventional seatbelt attached with a shackle and hook assembly, the
cotter pin must first be removed from the hook before the belt can be unclipped from

the shackle.

[0004] Accordingly, it would be advantageous to provide an apparatus for
attaching seatbelts to anchor points that weighed less than conventional shackle and
hook systems, and required less time and effort to replace or refurbish than

conventional shackle and hook systems.



WO 2015/187242 PCT/US2015/023656

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1A is isometric view of an interior portion of a commercial aircraft
passenger cabin having a seatbelt attachment apparatus configured in accordance
with an embodiment of the present technology, and Figure 1B is an enlarged

isometric view of the seatbelt attachment apparatus of Figure 1A.

[0006] Figure 2A is an enlarged isometric view, and Figure 2B is an enlarged,

exploded isometric view, of the seatbelt attachment apparatus of Figures 1A and 1B.

[0007] Figure 3 is an enlarged cross-sectional view of the seatbelt attachment

apparatus of Figures 1A-2B taken along line 3-3 in Figure 2A.

[0008] Figure 4A is a cross-sectional view similar to Figure 3, illustrating
operation of a tool for removing a seatbelt from an anchor point in accordance with
an embodiment of the present technology, and Figure 4B is a similar cross-sectional
view illustrating a method for attaching a seatbelt to an anchor point in accordance

with an embodiment of the present technology.
DETAILED DESCRIPTION

[0009] The following disclosure describes various embodiments of apparatuses,
systems and methods for attaching seatbelts to seat frames or other anchoring
structures in aircraft and other vehicles. In one embodiment, for example, an
apparatus configured in accordance with the present technology for attaching a
seatbelt to an anchor point includes a modular, lightweight connector that can be
quickly installed and removed for seatbelt service, replacement, etc. In some
embodiments, the connector includes a body attached to a web of the seatbelt, and
a cylindrical hub that forms a base fixedly anchored to a seat frame or other anchor
point. In this embodiment, the connector body carries a resilient locking device
positioned around a circular opening in the body. To install the connector body onto
the hub, the circular opening in the body is centered over the hub, and the body is
then pressed onto the hub to insert the hub through the opening. As the hub
presses through the opening in the connector body, it contacts the annular locking
device and forces it to expand diametrically outward around the end of the hub
before snapping into a groove in the hub to securely lock the connector body to the

hub. To remove the connector body from the hub for servicing or replacement of the
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seatbelt, a service person simply inserts a circular edge of a cylindrical tool into the
annular opening between the connector body and the hub. The tool contacts the
locking device and expands it out of the groove in the hub and into an adjacent
groove in the connector body. With the locking device removed from the groove in

the hub, the connector body can easily be lifted off of the hub together with the tool.

[0010] Certain details are set forth in the following description and in Figures
1A-4B to provide to a thorough understanding of various embodiments of the present
technology. In some instance, well-known structures, materials, operations and/or
systems often associated with seatbelts, aircraft seats, aircraft seatbelt systems, etc.
are not shown or described in detail in the following disclosure to avoid unnecessarily
obscuring the description of the various embodiment of the technology. Those of
ordinary skill in the art will recognize, however, that the present technology can be
practiced without one or more of the details set forth herein or with other structures,

components, methods and so forth.

[0011] The terminology used below is to be interpreted in its broadest
reasonable manner, even though it is being used in conjunction with a detailed
description of certain examples of embodiments of the technology. Indeed, certain
terms may even be emphasized below; however, any terminology intended to be
interpreted in any restricted manner will be overtly and specifically defined as such in

this Detailed Description section.

[0012] The accompanying Figures depict embodiments of the present
technology and are not intended to be limiting of its scope. The sizes of various
depicted elements are not necessarily drawn to scale, and these various elements
may be arbitrarily enlarged to improve legibility. Component details may be
abstracted in the Figures to exclude details such as position of components and
certain precise connections between such components when such details are

unnecessary for a complete understanding of how to make and use the invention.

[0013] Many of the details, dimensions, angles and other features shown in the
Figures are merely illustrative of particular embodiments of the disclosure.
Accordingly, other embodiments can have other details, dimensions, angles and

features without departing from the spirit or scope of the present invention. In
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addition, those of ordinary skill in the art will appreciate that further embodiments of

the invention can be practiced without several of the details described below.

[0014] In the Figures, identical reference numbers identify identical, or at least
generally similar, elements. To facilitate the discussion of any particular element, the
most significant digit or digits of any reference number refers to the Figure in which
that element is first introduced. For example, element 110 is first introduced and

discussed with reference to Figure 1A.

[0015] Figure 1A is isometric view of an interior portion of an aircraft passenger
cabin having a plurality seats 100 (identified individually as seats 100a-100n) with
corresponding seatbelts 102, and Figure 1B is an enlarged isometric view taken from
Figure 1A illustrating an apparatus 110 for removably attaching the seatbelts 102 to
seat frames 120 in accordance with an embodiment of the present technology.
Referring first to Figure 1A, each of the seatbelts 102 includes a first web 104a and a
second web 104b. A connector tongue 106a is attached to a distal end portion of the
first web 104a, and a corresponding buckle 106b is attached to a distal end portion
of the second web 104b. The first and second webs 104 can be releasably joined
together for use in a conventional manner by inserting the connector tongue 106a
into the buckle 106b. As described in greater detail below, the proximal end portions
of each of the webs 104 are securely attached to corresponding anchor points on
opposite sides of the seat 100 by means of the apparatus 110. As shown in Figure
1B, for example, the apparatus 110 is securely anchored to the seat frame 120 by a
suitable fastener 130, such as a bolt or other threaded fastener, and the proximal
end portion of the web 104b is securely attached to the apparatus 110 by a loop of

web that extends through an aperture 112.

[0016] Figure 2A is an enlarged isometric view of the apparatus 110 configured
in accordance with an embodiment of the present technology, and Figure 2B is an
exploded isometric view of the apparatus 110. Referring to Figures 2A and 2B
together, in the illustrated embodiment, the apparatus 110 can be referred to as
connector having a body 240, a base 250, and an annular locking device 260. In this
embodiment, the web aperture 112 extends through the body 240 and is configured
to receive the proximal end portion of the seatbelt web 104a, b (Figures 1A and 1B)
for attachment thereto. In other embodiments, the seatbelt web 104a, b can be

fixedly to the body 240 using other suitable structures and methods known in the art,

-
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such as fasteners, couplings, etc. In addition to the web aperture 112, the body 240
also includes a circular or cylindrical mounting aperture 242 that extends through the
body 240 and forms an opening or socket configured to receive the base 250. An
annular groove or cavity 244 extends circumferentially around the aperture 242 in

the body 240 and is configured to receive the annular locking device 260.

[0017] In the illustrated embodiment, the base 250 is a cylindrical member that
can be referred to as an “arbor” or “hub.” The base 250 includes an annular groove
252 formed in an outer surface thereof between an inner flange 256 and an outer
flange 258. As described in greater detail below, the groove 252 is configured to
cooperate with the cavity 244 in the body 240 to retain the annular locking device
260 and securely attach the body 240 to the base 250, while enabling the body 240
to rotate about the base 250. The base 250 also includes a central through-hole
254. The fastener 130 (Figure 1B) extends through the hole 254 and threadibly or
otherwise engages the seat frame 120 to fixedly attach the base 250 to the seat
frame 120. By way of example, the base 250 can have an outer diameter of from
about .38 inch to about 1 inch or more, or about .625 inch. In other embodiments,
connector base portions configured in accordance with the present technology can

have other dimensions and features without departing from the present disclosure.

[0018] In the illustrated embodiment, the locking device 260 includes a plurality
of locking elements 264 movably contained within a resilient support structure 262.
In some embodiments, the individual locking elements 264 can be spherical
elements (e.g., ball bearings, such as steel ball bearings), and the support structure
262 can be a resilient coil or helical spring (e.g., an interlocking garter spring having
a toroid or torus shape) that forms a flexible and resilient cage or containment
structure around the locking elements 264. As described in greater detail below, the
resilient support structure 262 enables the annular locking device 260 to expand
around the base 250 and contract into a groove 252 to operably couple the body 240

to the base 250 during use of the apparatus 110.

[0019] Figure 3 is a cross-sectional view taken along line 3-3 in Figure 2A
illustrating attachment of the body 240 to the base 250 in accordance with an
embodiment of the present technology. A nut 370 or other suitable locking device
engages the distal end portion of the fastener 130 to securely attach the base 250 to

the seat frame 120. In this embodiment, the annular locking device 260 has
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resiliently contracted into the groove 252 in the base 250, and tension in the resilient
support structure 262 maintains an inward compression or bias against the groove
252. However, an outer annular portion 366 of the locking device 260 protrudes
radially outward from the groove 252 and extends into the adjacent cavity 244 in the
body 240. This configuration prevents the body 240 from moving away from the
base 250 in an axial direction indicated by arrow A, because the aperture 242 in the
body 240 is too small to pass over the protruding annular portion 366 of the locking
device 260. This configuration also prevents the body 240 from disengaging from
the base 250 when the seatbelt web 104b is pulled in a radial direction indicated by
arrow R. As noted above, however, the locking device 260 does not prevent the
body 240 from rotating about the axis of the base 250. In other embodiments of the
locking device 260, it is contemplated that the locking elements 264 can be omitted,
and the resilient support structure 262 can be sized to provide the structural and
mechanical means for coupling the body 240 to the base 250 in the manner
described above. For example, if the resilient support structure 262 is a helical
spring as in the illustrated embodiment, the spring can be formed of a steel or other
suitable metal of sufficient gauge and strength to resist substantial deformation and
lock the body 240 to the base 250.

[0020] Figure 4A is a cross-sectional view similar to Figure 3 for the purpose of
illustrating a method of operably coupling the body 240 to the base 250, and Figure
4B is a similar cross-sectional view illustrating the use of a tool 480 to uncouple the
body 240 from the base 250, in accordance with embodiments of the present
technology. Referring first to Figure 4A, to install the body 240 onto the base 250,
the aperture 242 in the body 240 is first generally aligned (e.g., coaxially aligned)
with the base 250. The body 240 is then pressed toward the base 250 in the
direction of arrow I. In one aspect of this embodiment, the inner diameter of the
locking device 260 when the resilient support structure 262 is in the relaxed state (as
shown in Figure 4A) is smaller than the outer diameter of the flange 258 on the base
250, and in some embodiments this inner diameter may also be slightly smaller than
the outer diameter of the base of the groove 252. As a result, pressing the body 240
over the base 250 causes a generally circular or annular inner portion 460 of the
locking device 260 to circumferentially contact the flange 258. This contact drives

the locking elements 264 radially outward in the directions of arrows D,
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circumferentially stretching the resilient support structure 262 and expanding the
locking device 260 into the adjacent cavity 244 defined by an inner wall 446 of the
body 240. As the body 240 continues moving over the base 250, the locking device
260 resiliently snaps (e.g., contracts) into the groove 252, thereby locking the body
240 to the base 250. Residual tension in the resilient support structure 262 can act
to compress the locking device against the groove 252 and retain the locking device
in the groove 252. Accordingly, embodiments of the attachment apparatus 110
described herein enable the body 240 (and a corresponding seatbelt) to be easily
and quickly attached to the base 250 (and the corresponding seat frame) without the

use of special tools.

[0021] Turning next to Figure 4B, the tool 480 includes a central opening 481
defined by a cylindrical flange 482. In the illustrated embodiment, the cylindrical
flange 482 is relatively thin and includes an outer wall 488 sized to fit within the
aperture 242 in the body 240, an inner wall 486 sized to fit over at least the outer
flange 258 of the base 250, and a leading edge 484 that may be tapered or
outwardly chamfered. To use the tool 480 and remove the body 240 from the base
250, the leading edge 484 is inserted into the annular gap between the outer flange
258 of the base 250 and the opposing edge of the aperture 242 in the body 240. As
the leading edge 484 approaches and contacts the locking device 260, it expands
the locking device 260 radially outward to increase the diameter of the locking device
260 from a first diameter as shown in, e.g., Figure 3, to a larger second diameter as
shown in Figure 4B. As the leading edge 484 continues to be inserted between the
base 250 and the body 240, it eventually contacts with the inner flange 256 of the
base 250. In this position, the cylindrical flange 482 contains the locking elements
264 in the body cavity 244, enabling the body 240 to be lifted off of the base 250 in
the direction of the arrow A. As the body 240 moves away from the base 250, it
eventually contacts the head of the tool 480 and the tool 480 and the body 240 can
be removed from the base 250 as a unit. In other embodiment, it is also
contemplated that the body 240 can be installed onto the base 250 by first inserting
the tool 480 through the aperture 242 to expand the locking device 260 when the
body 240 is as shown in Figure 4A, and then sliding the tool 480 over the base 250
as shown in Figure 4B. Once the body 240 is in place around the base 250, the tool



WO 2015/187242 PCT/US2015/023656

480 can be removed to allow the locking device 460 to resiliently contract into the
groove 252 and lock the body 240 to the base 250.

[0022] The apparatus 110 can be manufactured from various materials using
various methods known in the art. In some embodiments, the body 240 and the
base 250 can be manufactured from suitable metals, such as metals that are cast,
machined, forged or otherwise formed to shape. For example, the body 240 can be
forged from aluminum, and the base 250 can be machined from aluminum. In other
embodiments, it is contemplated that the body 240 and the base 250 can be
manufactured by suitable non-metallic materials, such as suitable high strength
composite materials, such as graphite/epoxy materials and the like. In some
embodiments, the resilient support structure 262 can be a helical coil spring formed
from a suitable steel, such as steel music wire or stainless steel of suitable gauge
(e.g., .024 inch diameter) and heat treat. The plurality of locking elements 264 can
be spherical elements formed of a suitably hard material, such as, for example,

stainless steel.

[0023] Various embodiments of the attachment apparatus 110 described in
detail above can have certain advantages over conventional seatbelt attachment
devices, such as a conventional shackle and hook assemblies. For example, while
conventional shackle and hook assemblies can weigh approximately 65-70 grams,
embodiments of the attachment apparatus 110 described above can weigh
approximately 20 grams, resulting in a weight savings of approximately 100 grams
per seatbelt installation having two attachment apparatuses 110 (e.g., one on each
side of the seat). A further advantage of some embodiments is the ease with which
a seatbelt can be refurbished or replaced. For example, rather than remove a cotter
pin as required by conventional shackle and hook assemblies, embodiments of the
attachment apparatus 110 described herein can be removed from an anchor point by
simply inserting a tool (e.g., the tool 480 described above with reference to Figure
4A) into an aperture in the apparatus 110. Similarly, a refurbished or new seatbelt
can be quickly installed by simply pressing the connector body 240 onto the

connector base 250.

[0024] Although embodiments of the attachment apparatus 110 have been
described above in the context of use in aircraft, those of ordinary skill in the art will

readily understand that the apparatus 110 and/or various components and teachings

8-
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thereof can also be used in other vehicles, such as land vehicles, water vehicles, etc.
Furthermore, the described features, advantages, and characteristics of the present
technology may be combined in any suitable manner in one or more embodiments.
One skilled in the relevant art will recognize that the present technology can be
practiced without one or more of the specific features or advantages of a particular
embodiment. In other instances, additional features and advantages may be
recognized in certain embodiments that may not be present in all embodiments of
the present technology. The teachings of the invention provided herein can be
applied to other systems, not necessarily the system described above. The elements
and acts of the various examples described above can be combined to provide
further implementations of the invention. Some alternative implementations of the
invention may include not only additional elements to those implementations noted
above, but also may include fewer elements. Further any specific numbers noted
herein are only examples: alternative implementations may employ differing values

or ranges.

[0025] References throughout the foregoing description to features,
advantages, or similar language do not imply that all of the features and advantages
that may be realized with the present technology should be or are in any single
embodiment of the invention. Rather, language referring to the features and
advantages is understood to mean that a specific feature, advantage, or
characteristic described in connection with an embodiment is included in at least one
embodiment of the present technology. Thus, discussion of the features and
advantages, and similar language, throughout this specification may, but do not

necessarily, refer to the same embodiment.

[0026] Unless the context clearly requires otherwise, throughout the description

” oW

and the claims, the words “comprise,” “comprising,” and the like are to be construed
in an inclusive sense, as opposed to an exclusive or exhaustive sense; that is to say,
in the sense of “including, but not limited to.” As used herein, the terms "connected,"
"coupled," or any variant thereof means any connection or coupling, either direct or
indirect, between two or more elements, unless the context clearly requires

”

otherwise. Additionally, the words “herein,” “above,” "below,"” and words of similar
import, when used in this application, refer to this application as a whole and not to

any particular portions of this application. Where the context permits, words in the

-O-
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above Detailed Description using the singular or plural number may also include the
plural or singular number respectively. The word "or," in reference to a list of two or
more items, covers all of the following interpretations of the word: any of the items in

the list, all of the items in the list, and any combination of the items in the list.

[0027] While the above description describes various embodiments of the
invention and the best mode contemplated, regardless how detailed the above text,
the invention can be practiced in many ways. Details of the system may vary
considerably in its specific implementation, while still being encompassed by the
present disclosure. As noted above, particular terminology used when describing
certain features or aspects of the invention should not be taken to imply that the
terminology is being redefined herein to be restricted to any specific characteristics,
features, or aspects of the invention with which that terminology is associated. In
general, the terms used in the following claims should not be construed to limit the
invention to the specific examples disclosed in the specification, unless the above
Detailed Description section explicitly defines such terms. Accordingly, the actual
scope of the invention encompasses not only the disclosed examples, but also all

equivalent ways of practicing or implementing the invention under the claims.

[0028] From the foregoing, it will be appreciated that specific embodiments of
the invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the various
embodiments of the invention. Further, while various advantages associated with
certain embodiments of the invention have been described above in the context of
those embodiments, other embodiments may also exhibit such advantages, and not
all embodiments need necessarily exhibit such advantages to fall within the scope of
the invention. Accordingly, the invention is not limited, except as by the appended
claims. Moreover, although certain aspects of the invention are presented below in
certain claim forms, the applicant contemplates the various aspects of the invention
in any number of claim forms. Accordingly, the applicant reserves the right to pursue
additional claims after filing this application to pursue such additional claim forms, in

either this application or in a continuing application.
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CLAIMS
I/We claim:
1. An apparatus for attaching a seatbelt to a structure, the apparatus
comprising:

a base configured to be attached to the structure;

a body configured to be attached to the seatbelt, the body having an aperture
configured to removably receive the base; and

an annular locking portion operably disposed between the body and the base,
wherein the annular locking portion is movable from a first configuration
having a first diameter to a second configuration having a second
diameter, wherein the annular locking portion prevents disengagement
of the body from the base when the annular locking portion is in the
first configuration, and wherein the annular locking portion permits the
body to disengage from the base when the annular locking portion is in

the second configuration.

2. The apparatus of claim 1 wherein the annular locking portion is
resiliently expandable from the first configuration to the second configuration, and

wherein the second diameter is larger than the first diameter.

3. The apparatus of claim 1 wherein the annular locking portion includes a

plurality of spherical elements in a circular arrangement.

4, The apparatus of claim 1 wherein the annular locking member includes

a coil spring having a toroid shape.

5. The apparatus of claim 1 wherein the annular locking portion includes:
a plurality of spherical elements; and
a support member resiliently supporting the spherical elements in a circular

arrangement.

41-
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6. The apparatus of claim 1 wherein the annular locking portion includes:
a helical spring; and

a plurality of balls contained within the helical spring.

7. The apparatus of claim 1 wherein the base includes an annular groove,
and wherein the annular locking portion is operably disposed in the annular groove
when the annular locking portion is in the first configuration and the body is engaged
with the base.

8. The apparatus of claim 1 wherein the body includes a cavity, and
wherein the annular locking portion is carried in the cavity when annular locking

portion is expanded to the second configuration.

9. The apparatus of claim 1 wherein the base includes an annular groove
and the body includes an annular cavity sized to surround the annular groove, and
wherein the annular locking portion is partially disposed in the annular groove and
partially disposed in the annular cavity when the annular locking portion is in the first

configuration and the body is engaged with the base.

10.  The apparatus of claim 1 wherein the base has a cylindrical shape and
a central through-hole configured to receive a fastener that attaches the base to the
structure, and wherein the body is rotatable about the fastener when the annular

locking portion is in the first configuration.

11.  The apparatus of claim 1 wherein the body includes a web aperture

configured to receive a web of the seatbelt to attach the seatbelt to the body.

12. A seatbelt assembly for use in an aircraft, the seatbelt assembly
comprising:
a connector, wherein the connector includes --
a connector body having a mounting aperture;
a cylindrical hub operably disposed in the mounting aperture of the

connector body; and

A2
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a locking device annularly disposed around the cylindrical hub between
the cylindrical hub and the connector body, wherein the locking
device is expandable from a first configuration in which the
connector body is operably coupled to the cylindrical hub to a
second configuration in which the connector body is removable
from the cylindrical hub;

a seatbelt having a web securely coupled to the connector body; and

a fastener fixedly attaching the cylindrical hub to a structure in the aircraft.

13.  The seatbelt assembly of claim 12 wherein the connector body further
includes a web aperture, and wherein the seatbelt web is securely coupled to the

connector body via the web aperture.

14.  The seatbelt assembly of claim 12 wherein the cylindrical hub further
includes a central hole, and wherein the fastener extends through the central hole to

fixedly attach the cylindrical hub to the structure in the aircraft.

15.  The seatbelt assembly of claim 12 wherein the locking device includes

a helical spring having a torus shape.

16.  The seatbelt assembly of claim 12 wherein the locking device includes:
resilient support structure; and

a plurality of locking elements contained by the support structure.

17.  The seatbelt assembly of claim 12 wherein the locking device includes:
a helical spring having a torus shape; and

a plurality of spherical elements contained in the helical spring.

18.  The seatbelt assembly of claim 12:

wherein the cylindrical hub includes an annular groove;

wherein the connector body includes a cavity adjacent the mounting aperture;
wherein the locking device includes a plurality of metal balls contained within

an helical spring formed in ring; and

-13-
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wherein the metal balls couple the connector body to the cylindrical hub when

the locking device is in the first configuration.

19. A method for providing seatbelts on an aircraft, the method comprising:
providing an attachment apparatus, the attachment apparatus including --
a mounting member;
a connector body having a mounting aperture configured to receive the
mounting member; and
a resilient locking device carried by the connector body adjacent to the
mounting aperture;
attaching a web of a seatbelt to the connector body;
attaching the mounting member to a seatbelt anchor point in the aircraft; and
pressing the connector body over the mounting member to operably couple

the seatbelt to the anchor point.

20. The method of claim 19 wherein pressing the connector body over the
mounting member includes expanding the resilient locking device around the
mounting member to engage the locking device with the mounting member and

couple the connector body to the mounting member.

21. The method of claim 19 wherein the mounting member includes a
cylindrical hub having an annular groove on an outer surface thereof, wherein the
resilient locking device includes a helical spring having an annular shape, and
wherein pressing the connector body over the mounting member includes disposing
the helical spring in the annular groove to engage the locking device with the

mounting member and couple the connector body to the mounting member.

22.  The method of claim 19, further comprising:
removing the seatbelt from the anchor point by --
inserting a tool between the mounting member and the connector body
to expand the locking device away from the mounting member;
and

removing the connector body from the mounting member.
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