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(54) BUCKLE

(57) The buckle (424) includes a body (434) having a
top face (436), abottom face (438), a first longitudinal end
(440) and a second longitudinal end (442). The first
longitudinal end (440) has a first transverse width and
the second longitudinal end (442) has a second trans-
verse width greater than the first transverse width. The
buckle further includes a first opening (444) through the

body (434), a second opening (446) through the body
(434), andabar (448)between the first opening (444)and
the second opening (446). The buckle (424) may further
include a vertical wall (480) and/or a retainer (458) to
secure a flexible length to the buckle (424) once con-
nected to the buckle (424).
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Description

BACKGROUND

[0001] Buckles are frequently used to releasably con-
nect the end portions of flexible lengths such as straps,
bands, cords, ropes, cables and the like. In some circum-
stances, a buckle may be used to releasably connect the
end portions of a single flexible length so as to form a
loop, such as for a waist belt, a harness or the like. In
somecircumstances, a bucklemaybeused to releasably
connect the end portions of different flexible lengths to
form a longer overall flexible length. Many buckles are
designed with objectives that may work against one
another. On one hand, it is desirable for the buckle to
quickly and easily attach anddetach the end portions.On
the other hand, the buckle should reliably and securely
connect the end portions with little chance of accidental
disconnection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002]

Figure 1 is a top view illustrating portions of an
example connection system in a disconnected state.

Figure 2 is a sectional view of the connection system
of Figure 1 during connection.

Figure 3 is a sectional view of the connection system
of Figure 1 later during connection.

Figure 4 is a top view illustrating portions of the
connection system of Figure 1 in a connected state.

Figure 5 is a sectional view of the connection system
of Figure 4 in the connected state.

Figure 6 is a top view illustrating portions of an
example connection system in a disconnected state.

Figure 7 is a sectional view of the connection system
of Figure 6 during connection.

Figure 8 is a sectional view of the connection system
of Figure 6 later during connection.

Figure 9 is a top view illustrating portions of the
connection system of Figure 6 in a connected state.

Figure 10 is a sectional view of the connection sys-
tem of Figure 4 in the connected state.

Figure 11 is a cross-sectional view of the connection
system of Figure 6 in the connected state.

Figure 12 is a top view illustrating portions of an

example connection system in a disconnected state.

Figure 13 is a sectional view of the connection sys-
tem of Figure 1 during connection.

Figure 14 is a sectional view of the connection sys-
tem of Figure 12 later during connection.

Figure 15 is a top view illustrating portions of the
connection system of Figure 12 in the connected
state.

Figure 16 is a sectional view of the connection sys-
tem of Figure 15 taken along line 16‑16 and in the
connected state.

Figure 17 is a sectional view of the connection sys-
tem of Figure 15 taken along line 17‑17 and in the
connected state.

Figure 18 is a top view illustrating portions of an
example connection system in a disconnected state.

Figure 19 is a sectional view of the connection sys-
tem of Figure 18 during connection.

Figure 20 is a sectional view of the connection sys-
tem of Figure 18 later during connection.

Figure 21 is a top view illustrating portions of the
connection systemof Figure 18 in a connected state.

Figure 22 is a cross-sectional view of the connection
system of Figure 21 in the connected state.

Figure23 isaperspectiveviewofanexamplebuckle.

Figure 24 is a front view of the example buckle of
Figure 23.

Figure 25 is a rear view of the example buckle of
Figure 23.

Figure 26 is a top view of the example buckle of
Figure 23.

Figure 27 is a bottom view of the example buckle of
Figure 23.

Figure 28 is a right side viewof the example buckle of
Figure 23.

Figure 29 is a left side view of the example buckle of
Figure 23.

Figure 30 is a top view illustrating portions of an
example connection system including the example
buckle of Figure 23 and in a disconnected state.
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Figure 31 is a top view of the example connection
system of Figure 30 during connection.

Figure 32 is a side view of the example connection
system of Figure 31 during connection.

Figure 33 is a top view of the example connection
system of Figure 30 in a connected state.

Figure 34 is a side view of the example connection
system of Figure 33 in the connected state.

Figure 35 is a front perspective view illustrating por-
tions of an example harness including the example
connection systems of Figure 33.

Figure 36 is a front perspective view illustrating por-
tions of an example harness including the example
connection systems of Figure 33.

[0003] Throughout the drawings, identical reference
numbers designate similar, but not necessarily identical,
elements. The figures are not necessarily to scale, and
the size of some parts may be exaggerated to more
clearly illustrate theexample shown.Moreover, the draw-
ings provide examples and/or implementations consis-
tent with the description; however, the description is not
limited to the examples and/or implementations provided
in the drawings.

DETAILED DESCRIPTION OF EXAMPLES

[0004] Disclosed are various example buckles that
address the competing objectives of (1) providing a
quick, easy and intuitive connection and disconnection
and (2) providing a secure and robust connection less
susceptible to accidental disconnection. The example
bucklesachieve theseobjectiveswithaone-piece, single
unit buckle that may be formed from a single integral
unitary body or that may be formed from multiple body
parts joined to one another, wherein reliance upon addi-
tional separate components for secure connection is
optional. The example buckles may be used in various
applications such as harnesses, belts and the like.
[0005] The example buckles comprise a body having a
top face, a bottom face, a first longitudinal end and a
second longitudinal end. Two openings are formed in the
body with a bar separating and extending between the
two openings. The bar is configured for use in a connec-
tion system, wherein the bar is to be connected to an end
portion of a flexible length. For purposes of this disclo-
sure, a "flexible length"may refer to a flexible strap, band,
cord, cable or other flexible line. In some implementa-
tions, the end portion of the flexible lengthmay bewound
or wrapped about the bar and secured to itself by stitch-
ing, fusing, adhesives or the like. In some implementa-
tions, the end portion of the flexible lengthmay include an
additional connection component such as a hook that

releasably connects to the bar or a fastener that is
crimped about the bar or otherwise connected to the
bar. The flexible length extends from the bar (or from
its connector) along a bottom face of the buckle towards
and then away from the first longitudinal end of the
buckle.
[0006] The connection systems in which the buckles
are to be used further include a flexible length having a
flexible loop. The flexible loop is sized such that an
entirety of the bucklemay pass through the loop. In some
implementations, passing of the buckle through the loop
may involve progressive stepwise bending or deforma-
tion of different portions of the loop as it is receiving the
buckle. In some implementations, the loop may be elas-
tic, wherein the loop may be resiliently stretched during
reception of the buckle. The relative shapes and sizes of
the buckle and the loop are such that once the buckle has
been passed through the loop, the buckle and the loop
are connected to one another and resist inadvertent
withdrawal anddisconnectionof thebuckle from the loop,
especially when under tension. In some implementa-
tions, the flexible length having the flexible loop is the
same flexible length connected to the bar of buckle. In
other implementations, a first flexible length provides a
flexible loop and a separate distinct flexible length is
connected to the bar of the buckle.
[0007] In some implementations, the first longitudinal
end has a first transverse width, and the second long-
itudinal end has a second transverse width greater than
the first transverse width. In some implementations, the
sides of the buckle may linearly taper from the wider
second longitudinal end to the narrower first longitudinal
end. In some implementations, the first longitudinal end
may be pointed. In some implementations, the first long-
itudinal end may be rounded. In some implementations,
the second longitudinal end may be flat or straight, par-
allel with the bar. In some implementations, the second
longitudinal end may be convex, a polygon or concave.
[0008] The narrower width of the first longitudinal end
facilitates easier slipping of the loop over the first long-
itudinal end, making connection and disconnection ea-
sier. In addition, thenarrowerwidth of the first longitudinal
end provides a visual intuitive cue as to which end of the
buckle the loop is to initially receive. The wider width of
the second longitudinal end overlaps the underlying con-
nected loop to a greater extent than the narrower first
longitudinal end, reducing likelihood of the buckle inad-
vertently passing through the loop and becoming discon-
nected from the loop.
[0009] In some implementations, thebuckle comprises
a retainer in the form of retention arms on the bottom or
underside of the buckle (the same bottom face of the
buckle along which the end portion of the flexible length
extends from thebar). The retentionarmsare locatedand
sized so as to form an intermediate open channel into
which the flexible loop and/or portions of the flexible
length providing the flexible loop may be positioned.
Once the flexible loop or portions of the associated
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flexible length have been inserted into the channel
formed by the retention arms, the retention arms engage
the loop and/or flexible length to retain the loop or flexible
length within the channel, inhibiting withdrawal from the
channel. As result, the flexible loop and size or portions of
the associate flexible length are held within the channel
against the bottom face of the buckle to resist movement
of the loop away from the buckle and to resist inadvertent
passing of the buckle back through the loop. The reten-
tion arms further inhibit inadvertent rotation of the loop
relative to the buckle (such as when the buckle and the
loop are not in tension) to maintain the closed end of the
loop along the first longitudinal end and about the buckle.
[0010] In some implementations, the retention arms
may comprise a pair of bars longitudinally extending on
both transverse sides of the bottom face of the buckle. In
some implementations, the retention arms are located at
the second longitudinal end of the buckle. In other im-
plementations, the retention arms extend along a major-
ity if not all of the longitudinal length of the buckle along
the bottom face of the buckle, forming a longitudinal
channel receiving and retaining portions of the flexible
loop. In some implementations, the retention arms com-
prise inwardly extending portions forming catches or
hooks that form a bottom of the channel, wherein the
bottom faceof thebodyopposite thehooks from the topof
the channel and extends along a top face of the loop and
wherein thehooksextendalongabottom faceof the loop.
[0011] In some implementations, the retainermaybe in
the form of a single side-ways facing clip. The clip ex-
tends downwardly across an underside of the body of the
buckle. The clip may be resiliently flexible. In such im-
plementations, the loop and/or flexible length associated
with the loop may be slid into the channel formed by the
clip.
[0012] In some implementations, the body of the
buckle is flat or planar. In some implementations, the
body of the buckle is shaped such that the bottom face of
the buckle is concave. The concave shape of the under-
side of the bucklemayextend from the first opening to the
second longitudinal end. The concave shapemay form a
transversely extending cavity that may receive portions
of the loop to further assist in maintaining connection of
the loop to the buckle.
[0013] In some implementations, thebottomsideof the
buckle may include a pair of retention rails or guide rails.
The rail forming vertical channel into which the loop and
such or flexible length may be received. The rails may
inhibit inadvertent separation of the loop from the buckle.
[0014] In some implementations, the first longitudinal
end of the buckle comprises a vertical wall downwardly
extending from the bottom face of the buckle. The vertical
wall provides a vertical surface facing the second long-
itudinal end of the buckle. In some implementations, the
vertical wall may be perpendicular to the plane of the
buckle or the top face of the flexible length. In other
implementations, the vertical wall may be downwardly
angled or oblique to the plane of the buckle of the top face

of the flexible length. In some implementations, the ver-
tical wall may extend from a first transverse side or edge
to a second transverse side or edge. In some implemen-
tations, the vertical wall may extend along only a portion
of the total transverse width of the buckle.
[0015] The vertical wall assists in inhibiting movement
of the flexible loop towards and beyond the first long-
itudinal end of the buckle to assist in retention of the loop
about the buckle. After the buckle as an passed through
the loop, the closed end the loop may be sandwiched
betweena top face of the endportion of the flexible length
connected to the bar and an underside or bottom face of
the buckle, with the closed end of the loop further sand-
wiched between upwardly bending portions of the top
face of the end portion of flexible length connected to the
bar and the vertical wall. The vertical wall may further
assist in thesecurementof the loopover, aroundandonto
the buckle by serving as a forward hook about which the
closed end of the loop may be initially secured.
[0016] For purposes of this disclosure, the term
"coupled" shall mean the joining of twomembers directly
or indirectly to one another. Such joining may be sta-
tionary in nature or movable in nature. Such joining may
be achieved with the two members, or the two members
and any additional intermediate members being inte-
grally formed as a single unitary body with one another
or with the two members or the two members and any
additional intermediate member being attached to one
another. Such joining may be permanent in nature or
alternatively may be removable or releasable in nature.
[0017] For purposes of this disclosure, the phrase
"configured to" denotes an actual state of configuration
that fundamentally ties the stated function/use to the
physical characteristics of the feature proceeding the
phrase "configured to".
[0018] For purposes of this disclosure, the term "re-
leasably" or "removably"with respect to an attachment or
coupling of two structures means that the two structures
may be repeatedly connected and disconnected to and
fromoneanotherwithoutmaterial damage to either of the
two structures or their functioning.
[0019] Figures 1‑5 illustrate an example connection
system 20 comprising an example buckle 24, a first
end portion 26 of a flexible length 28 and a second end
portion 30 of flexible length 28 or a different flexible
length, the second end portion 30 comprising a loop
32. Figure 1 illustrates connection system 20 in a dis-
connected state. Figures 2and3 illustrate the connection
of end portions 26 and 30 through the manipulation of
buckle 24 and loop 32. Figures 4 and 5 illustrate connec-
tion system 20 in a connected state.
[0020] As shown by Figure 1, buckle 24 comprises a
body 34 having a top face 36, a bottom face 38 (shown in
Figure 5), a first longitudinal end 40 and a second long-
itudinal end42.Twoopenings44and46are formed in the
body 34 with a bar 48 separating and extending between
the two openings. The bar 48 is connected to end portion
26 of a flexible length 28. In the example illustrated, end
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portion 26 of flexible lengths 28 wraps or winds about bar
48 before being connected back to itself by stitching,
adhesives or the like. In other implementations, the
end portion 26 of the flexible length 28 may include an
additional connection component such as a hook that
releasably connects to the bar 48 or a fastener that is
crimped about the bar 48 or otherwise connected to the
bar 48. The flexible length 28 extends from the bar 48 (or
from its connector) along the bottom face 38 of the buckle
24 towards and then away from the first longitudinal end
40 of the buckle 24.
[0021] Flexible loop 32 is sized such that an entirety of
the buckle 24 may pass through the loop 32. In some
implementations, passing of the buckle 24 through the
loop 32 may involve progressive stepwise bending or
deformation of different portions of the loop as it is re-
ceiving the buckle 24. In some implementations, the loop
32 may be elastic, wherein the loop 32 may be resiliently
stretched during reception of the buckle. As shown by
Figures 4 and 5, the relative shapes and sizes of the
buckle 24 and the loop 32 are such that once the buckle
24 has been passed through the loop 32, the buckle 24
and the loop 32 are connected to one another and resist
inadvertent withdrawal and disconnection of the buckle
24 from the loop 32, especially when under tension. In
some implementations, the flexible length having the
flexible loop 32 is the same flexible length connected
to the bar of buckle 24. In other implementations, a first
flexible length providing flexible loop 32 is separate dis-
tinct from theflexible length28 that is connected to thebar
48 of the buckle 24.
[0022] As shown by Figure 1, the first longitudinal end
40 has a first transverse width W1 and the second long-
itudinal end42hasasecond transversewidthW2greater
than the first transverse width W1. In the illustrated ex-
ample, the sides of the buckle 24 linearly taper from the
wider second longitudinal end 42 to the narrower first
longitudinal end 40. In other implementations, the first
longitudinal end 40may be pointed. In other implementa-
tions, the first longitudinal end 40may be rounded. In the
illustrated example, the second longitudinal end 42 is flat
or straight, parallel with the bar 48. In other implementa-
tions, the second longitudinal end 42 may be convex, a
polygon or concave.
[0023] The narrower width of the first longitudinal end
40 facilitates easier slipping of the loop 32 over the first
longitudinal end 40, making connection and disconnec-
tion easier. In addition, the narrower width of the first
longitudinal end 40 provides a visual intuitive cue as to
which end of the buckle 24 the loop 32 is to initially
receive. The wider width of the second longitudinal end
42overlaps theunderlyingconnected loop32 toagreater
extent than the narrower first longitudinal end 40, redu-
cing likelihood of the buckle inadvertently passing
through the loop 32 and becoming disconnected from
the loop 32.
[0024] Figures 2‑5 illustrate the connection of the loop
32 to the buckle 24. As shownby Figure 2, the closed end

49of loop32 isbrought over topof end40 (as indicatedby
arrow 54). As shown by Figure 3, once the end 40 has
passed through the opening 56 of loop 32, the loop 32
maybemoved in a direction away fromendportion 40, as
indicated by arrow 57, and end portion 42 may be lifted
through opening 56 as indicated by arrow 58. As should
be appreciated, the relativemovements of buckle 24 and
loop 32 may be done in various different manners. As
result, buckle 24 is completely passed through opening
56 into the connected state shown in Figure 4 and 5.
[0025] As shown by Figures 4 and 5, in the connected
state, loop 32 is entirely below buckle 24. As shown by
Figure 5, the closed end 49 of loop 32 is sandwiched
between a top face of the end portion 26 of flexible length
28 and an underside or bottom face 38 of buckle 24. To
actuate system 20 to a disconnected state, the closed
end 49 is moved forwardly (to the left in Figure 4) and
shaped such that the closed end 49 of loop 32 may be
lifted over end portion 40 to permit buckle 24 to bemoved
to the left (as seen in Figure 4), withdrawing buckle 24
from opening 56 of loop 32 (generally the reverse of what
is shown in Figures 2 and 3).
[0026] In the example illustrated, buckle 24 is integrally
formed as part of a single unitary body. For example,
buckle 24 may be molded as a single piece or part from
one ormore polymers,metals, fiber compositematerials,
ceramics or combinations thereof without any fasteners,
welds, bonds or other mechanical or chemical connec-
tions. In other implementations, buckle 24maybe formed
frommultiple pieces which are joined to one another. For
example, buckle 24 may be molded or otherwise formed
asa single piecebut for bar 48,wherein bar 48 comprises
a separate rod or other piece held in place and secured to
the molded body of buckle 24. In other implementations,
the outer profile of buckle 24 may have other shapes
other than the illustrated trapezoid.
[0027] Figures 6‑11 illustrate portions of an example
connection system 120 comprising an example buckle
124, a first end portion 26 of flexible length 28 and a
second end portion 30 of flexible length 28 or a different
flexible length, the second end portion comprising loop
32. Figure 6 illustrates connection system 120 in a dis-
connected state. Figures 7 and 8 illustrate connection of
end portions 26 and 30 through the manipulation of
buckle 124 and loop 32. Figures 9‑11 illustrate connec-
tion system 120 in a connected state.
[0028] Buckle 124 is similar to buckle 24 except that
end portion 140 of buckle 24 is not narrower than end
portion 142. In addition, buckle 124 further comprises
retainer 158.Those remaining components of buckle 124
which correspond to components of buckle 24 are num-
bered similarly. In other implementations, end portion
140 may alternatively be narrower than end portion
142 for the benefits described above with respect to
buckle 24. Buckle 124 may have the shape shown in
Figure 1.
[0029] Retainer 158 is configured to extend at least
partially along a bottom face of loop 32 and/or the portion
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of the flexible length associated with loop 32 so as to
retain loop 32 in place, secured to buckle 124. In the
example illustrated, retainer 158 comprises a pair of
opposing retention arms 160‑1 and 160‑ 2 (collectively
referred to as arms 160). Retention arms 160 project
downwardly from bottom face 38 of buckle 124 and are
configured to contact or engage loop 32 to inhibit trans-
verse outwardmovement of portions of loop 32 relative to
buckle 24. In the example illustrated, retention arms 160
are in the form of inwardly projecting tabs or hooks that
further inhibit movement of loop 32 in a direction down-
ward away from the bottom face 38 of buckle 124. As
shown by Figure 11, retention arm 160‑1 extends on a
first transverse side of the body 134 at the second long-
itudinal end 142, the first retention arm 160‑1 extending
downwardly and inwardly towards a second transverse
side of the body. Retention arm 160‑2 extends on the
second transverse side of the body 134 at the second
longitudinal end 142, the second retention arm 160‑2
extending downwardly and inwardly towards the first
transverse side of the body.
[0030] As shown by Figure 7 and 8, movement of loop
32andbuckle 124 to the connected state shown inFigure
9‑11 is similar to the movement shown in Figure 2 and 3
except that actuation to the connected state may further
involve the movement shown in Figure 8. As shown by
Figure 8, once the body 134 of buckle 124 has passed
through opening 56 of loop 32, the loop 32 and/or con-
nected portions of flexible length 28 are lifted (as indi-
cated by arrow 163) and inwardly moved or bent so as to
position portions of loop 32 and/or flexible length 28
within the bottom opened channel 166 formed by the
bottom face 38 of buckle 124 and retention arms 160,
inhibiting withdrawal from the channel 166. As result, the
flexible loop and/or portions of the associate flexible
length are heldwithin the channel 166 against the bottom
face 38 of the buckle 124 to resist movement of the loop
32 away from the buckle 124 and to resist inadvertent
passing of the buckle 124 back through the loop 32. The
retention arms 160 further inhibit inadvertent rotation of
the loop 32 relative to the buckle 124 (such as when the
buckle 124 and the loop 32 are not in tension) tomaintain
theclosedend49of the loop32along thefirst longitudinal
end 140 and about the buckle 124. The inwardly extend-
ing projections 170 of arms 160 form catches or hooks
that formabottomof thechannel 166,wherein thebottom
face38of the body134opposite the hooks form the topof
the channel 166 andwherein the hooks or inward projec-
tions 170 extends along a bottom face of the loop 32 and
form a bottom of the channel 166. In some implementa-
tions, the inwardly extending projections 170 may be
omitted.
[0031] Figures 12‑17 illustrates portions of an example
connection system 220. Figure 12 illustrates connection
system 220 in a disconnected state. Figures 13 and 14
illustrate the connection of end portions 26 and 30
through the manipulation of buckle 224 and loop 32.
Figures 14‑17 illustrate connection system 120 in a con-

nected state. System 220 is similar to system 120 de-
scribed above except that system 220 comprises a
buckle 224 having a differently shaped body 234 and
additionally comprising retention rails 262‑1, 262‑2, in
addition to retention arms 160‑1 and 160‑2 described
above. Those remaining components of system 220
which correspond to components of system 120 are
numbered similarly.
[0032] Similar to body 34 of buckle 24, body 234 of
buckle 224 comprises a narrower end portion 240 and a
wider longitudinal end portion 242. End portion 240 be-
comes narrower (in the transverse direction) by being
rounded or curved, having a convex front edge facing
away from end portion 242.
[0033] Endportion 242 has a concave rear edge facing
away from end portion 240. The pair of convex and
concave front and rear edges provided visual cue as to
which end of body 234 that the opening 56 of loop 32
should be initially placed over for connection. In other
implementations, end portion 242 may have a straight or
convex edge. In other implementations, the curvature
(radii) of end portion 240, 242 may be larger or smaller
than that shown. In yet other implementations, body 234
mayhaveashapesimilar to that shown in figure1or other
shapes as described above with respect to body 34.
[0034] Retention rails 262 project downwardly, away
from lower or bottom surface 38 of body 234 adjacent to
or proximate to the two opposite transverse sides of body
234. In the example illustrated, rails 262 each project
away from bottom face 38 by distance greater than or
equal to the thickness of the strap or other line forming
loop 32. Retention rails 262 are configured to form a
longitudinal channel for containing loop 32 when loop
32 is secured to buckle 224. Retention rails 262 assist in
maintaining loop 32 in the connected state by preventing
transverse movement of loop 32 when connected.
Although each of retention rails 262 is illustrated as a
single elongate downwardly projecting bar extending
across a majority, if not all of the longitudinal length of
body 234, in other implementations, retention rails 262
may have a shorter length or may be composed of multi-
ple spaced individual segments extending in a row.
Although each of retention rails 262 is illustrated as
having a uniform height along the length, in other imple-
mentations, such retention rails 262 and have a varying
height along its length. For example, each of retention
arm to see may have a greater height proximate to end
portion 240. In some other implementations, each of
retention rails 262 may have a greater height proximate
to end portion 242. As should be appreciated, retention
rails 262 may likewise be added to any of the other
example buckles described above or hereafter. In some
implementations, retention rails 262 may be omitted.
[0035] As shown by Figure 13 and 14, movement of
loop 32 and buckle 224 to the connected state shown in
Figure14‑17 is similar to themovement shown inFigure2
and 3 except that actuation to the connected state may
further involve the movement shown in Figure 14. As
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shownbyFigure 14, once the body 234of buckle 224 has
passed through opening 56 of loop 32, the loop 32 and/or
connected portions of flexible length 28 are positioned
between retention rails 262and further lifted (as indicated
by arrow 263) and inwardly moved or bent so as to
position portions of loop 32 and/or flexible length 28
within the bottomopenchannel 166 formedby thebottom
face 38 of buckle 124 and retention arms 160, inhibiting
withdrawal from the channel 166. As result, the flexible
loop and/or portions of the associated flexible length are
held within the channel 166 against the bottom face 38 of
the buckle 124 to resist movement of the loop 32 away
from the buckle 124 and to resist inadvertent passing of
the buckle 224 back through the loop 32. The retention
arms 160 and rails 262 further inhibit inadvertent rotation
of the loop32 relative to thebuckle 124 (suchaswhen the
buckle 124 and the loop 32 are not in tension) tomaintain
theclosedend49of the loop32along thefirst longitudinal
end 140 and about the buckle 224. The inwardly extend-
ing projections 170 of arms 160 form catches or hooks
that formabottomof thechannel 166,wherein thebottom
face38of the body134opposite the hooks form the topof
the channel 166 andwherein the hooks or inward projec-
tions 170 extends along a bottom face of the loop 32 and
form a bottom of the channel 166. In some implementa-
tions, the inwardly extending projections 170 may be
omitted.
[0036] Figures 18‑22 illustrates portions of an example
connection system 320. Figure 18 illustrates connection
system 320 in a disconnected state. Figures 19 and 20
illustrate connection of end portions 26 and 30 through
the manipulation of buckle 324 and loop 32. Figures
20‑22 illustrate connection system 320 in a connected
state. System 320 is similar to system 120 described
above except that system 320 comprises a buckle 324
having a differently shaped body 334 and comprises a
retainer 358 in place of retainer 158. Those remaining
components of system 320 which correspond to compo-
nents of system 120 are numbered similarly.
[0037] Body is similar to body 134 of buckle 124 de-
scribed above except that body 234 is widest at a long-
itudinalmidpoint andnarrowat both opposite longitudinal
ends. In the example illustrated, body 334 has a shape of
a diamond. The two pointed ends of body 334 facilitate
easier disconnection of loop 32 from buckle 324 from
either end. The wider midportion assists in inhibiting
accidental withdrawal of buckle 324 from loop 32. In
the example illustrated, retainer 358 is located near the
widest portion of body 334, near or at the longitudinal
midpoint of body 334 to enhance securement and reten-
tion of loop 32 once positioned about and below body
334.
[0038] In contrast to retainer 158 which comprises a
pair of inwardly extending prongs or tabs that form the
channel 166, retainer 358 is in the formof a single clip 360
suspended from the bottom face 38 of body 334. In the
example illustrated, the clip serving as retainer 158 ex-
tends from one transverse side and across substantially

the entirety of body 334 so as to underlie both sides (on
opposite sides of the opening 56) of the loop 32. In other
implementations, the clip 360 serving as retainer 158
may have a shorter length.
[0039] As shown by Figure 22, in the example illu-
strated, clip 360 forms a channel 366 that has a single
sideways facing mouth 367. In the example illustrated,
clip 360 further comprises an upwardly extending catch
or lip 369along themouth to assist in retaining the loop32
within channel 366. In some implementations, the clip
360 is dimensioned and formed from amaterial such that
clip 360 is resiliently flexible or bendable at its connection
end 373 and/or along the length of the arm 375 forming
clip 360 to further facilitate opening of mouth 367 and
insertion of loop 32. Although clip 360 is illustrated as
beingcentrally locatedbetween the two longitudinal ends
of body 334, thewidest of body 334, in other implementa-
tions, clip 360 may be provided at other locations along
body334.Additionally, retainer 358maybeused in lieu of
retainer 158 in any of the above-described implementa-
tions or as a retainer in the implementation described
below with respect to Figures 23‑36. In such implemen-
tations, retainer 358 may extend across the respective
body at or near the widest point along the longitudinal
length of the respective body. For example, retainer 358
(clip 360) may be provided on the underside or bottom
face thebuckleat or near the longitudinal end142of each
of the above-described buckles 24, 124 and 224.
[0040] As shown by Figures 19 and 20, loop 32 is
secured to buckle 324 in a fashion similar to that de-
scribed above with respect to buckle 124. As described
above, once buckle 324 is passed through opening 56 of
loop 32 (as shown in Figure 19), portions of the loop 32
and/or the associated flexible length 28 are lifted (as
indicated by arrow 363) and manipulated (at once or in
a progressive stepwise manner, the left side of flexible
length being inserted followed by insertion of the right
side of the flexible length) to position loop 32 and/or
associated portions of the flexible length within the chan-
nel 166 formed by the clip 360.
[0041] Figures 23‑29 illustrate an example buckle 424
for use as part of an example connection system 420
(shown in Figure 30‑36). Buckle 424 comprises a body
434 having a top face 436 (shown in Figure 27), a bottom
face 438 (shown in Figure 26), a first longitudinal end 440
and a second longitudinal end 42. Two openings 444 and
446 are formed in the body 434with a bar 448 separating
and extending between the two openings. As shown in
Figure 32, the bar 448 is connected to end portion 26 of a
flexible length 28. In the example illustrated, end portion
26 of flexible length 28 wraps or winds about bar 48
before being connected back to itself by stitching, adhe-
sivesor the like. Inother implementations, theendportion
26 of the flexible length 28 may include an additional
connection component such as a hook that releasably
connects to thebar448ora fastener that is crimpedabout
the bar 448 or otherwise connected to the bar 48. The
flexible length 28 extends from the bar 448 (or from its
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connector) along the bottom face 438 of the buckle 424
towards and then away from the first longitudinal end 440
of the buckle 424.
[0042] Flexible loop 32 of connection system 420 is
similar to that of connection systems 20, 120, 220, and
320, described above. Flexible loop 32 is sized such that
an entirety of the buckle 424 may pass through the loop
32. In some implementations, passing of the buckle 424
through the loop 32 may involve progressive stepwise
bending or deformation of different portions of the loop as
it is receiving the buckle 424. In some implementations,
the loop 32 may be elastic, wherein the loop 32 may be
resiliently stretched during reception of the buckle. As
shown by Figure 33, the relative shapes and sizes of the
buckle 424 and the loop 32 are such that once the buckle
424has beenpassed through the loop 32, the buckle 424
and the loop 32 are connected to one another and resist
inadvertent withdrawal and disconnection of the buckle
424 from the loop 32, especially when under tension. In
some implementations, the flexible length having the
flexible loop 32 is the same flexible length connected
to the bar 448 of buckle 424. In other implementations, a
first flexible length providing flexible loop 32 is separate
anddistinct from theflexible length28 that is connected to
the bar 448 of the buckle 424.
[0043] As shownbyFigure 26, the first longitudinal end
440 has a first transverse width W1 and the second
longitudinal end 442 has a second transverse width
W2 greater than the first transverse width W1. In the
illustrated example, the sides of the buckle 424 linearly
taper from the wider second longitudinal end 442 to the
narrower first longitudinal end 440. In other implementa-
tions, the first longitudinal end 440 may be pointed. In
other implementations, the first longitudinal end 440may
be rounded. In the illustrated example, the second long-
itudinal end442 is flat or straight, parallelwith thebar448.
In other implementations, the second longitudinal end
442 may be convex, a polygon or concave.
[0044] The narrower width of the first longitudinal end
440 facilitates easier slipping of the loop 32 over the first
longitudinal end, making connection and disconnection
easier. In addition, the narrower width of the first long-
itudinal end 40 provides a visual intuitive cue as to which
endof thebuckle424 the loop32 is to initially receive. The
wider width of the second longitudinal end 442 overlaps
the underlying connected loop 32 to a greater extent than
the narrower first longitudinal end 440, reducing like-
lihood of the buckle inadvertently passing through the
loop 32 and becoming disconnected from the loop 32.
[0045] As shown by Figures 23 and 26, buckle 124
further comprises retainer 458. Retainer 458 is config-
ured to extend at least partially along a bottom face of
loop32and/or theportionof theflexible lengthassociated
with loop 32 so as to retain loop 32 in place, secured to
buckle 424. In the example illustrated, retainer 458 com-
prises a pair of opposing retention arms 460‑1 and 460‑ 2
(collectively referred toasarms460).Retentionarms460
project downwardly from bottom face 438 of buckle 424

and are configured to contact or engage loop 32 to inhibit
transverse outward movement of portions of loop 32
relative to buckle 24. In the example illustrated, retention
arms 460 are in the form of inwardly projecting tabs or
hooks that further inhibit movement of loop 32 in a direc-
tion downward away from the bottom face 38 of buckle
124. As shown by Figure 23 and 25, retention arm 460‑1
extends on a first transverse side of the body 434 at the
second longitudinal end 442, the first retention arm460‑1
extending downwardly and inwardly towards a second
transverse sideof thebody.Retentionarm460‑2extends
on the second transverse side of the body 434 at the
second longitudinal end 442, the second retention arm
460‑2 extending downwardly and inwardly towards the
first transverse side of the body. As indicated above, in
some implementations, the retainer 458 formed by re-
tention arms 460may be replacedwith a single clip, such
as the clip 360 described above with respect to buckle
324.
[0046] As shown by Figures 28 and 29, the body of the
buckle is shaped such that the bottom face 438 of the
buckle is concave. The concave shape of the underside
of the bucklemay extend from the first opening 444 to the
second longitudinal end 442. The concave shape may
form a transversely extending cavity that may receive
portions of the loop 32 to further assist in maintaining
connection of the loop 32 to the buckle 424.
[0047] As shown by Figures 25 and 27, the first long-
itudinal end 440 of the buckle 424 comprises a vertical
wall 480 downwardly extending from the bottom face 438
of the buckle424. The verticalwall 480providesa vertical
surface facing the second longitudinal end 442 of the
buckle. In some implementations, the vertical wall 480
maybeperpendicular to theplaneof thebuckle424or the
top face of the flexible length 28. In other implementa-
tions, the vertical wall 480 may be downwardly angled or
oblique to the plane of the buckle of the top face of the
flexible length. As shown by Figure 7, vertical wall 480
may be concave, having a radius similar to or corre-
sponding to the radius of the closed end 49 of loop 32,
the concave profile facing rearwardly towards longitudi-
nal end 442. In some implementations, the vertical wall
480 may extend from a first transverse side or edge to a
second transverse side or edge. In some implementa-
tions, vertical wall 480may extend along only a portion of
the total transverse width of the buckle 424. The vertical
wall 480assists in inhibitingmovement of theflexible loop
32 towards and beyond the first longitudinal end 440 of
the buckle to assist in retention of the loop 32 about the
buckle 424. After the buckle 424 as an passed through
the loop 32, the closed end 49 of the loop 32 may be
sandwiched between a top face of the end portion of the
flexible length 28 connected to the bar 448 and an under-
side or bottom face 438 of the buckle 424, with the closed
end 49 of the loop 32 further sandwiched between up-
wardly bending portions of the top face of the end portion
of flexible length 28 connected to the bar 448 and the
vertical wall 480. The vertical wall 480 may further assist
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in the securement of the loop32over aroundandonto the
buckle 424 by serving as a forward hook about which the
closed end 49 of the loop 32 may be initially secured.
[0048] In the example illustrated, buckle 424 is inte-
grally formed as part of a single unitary body. For exam-
ple, buckle 424 may be molded as a single piece or part
from one or more polymers (such as thermoplastics),
metals (such as aluminum), ceramics, composite mate-
rials and/or fiber compositematerials. In other implemen-
tations, the buckle 424 may be formed without any fas-
teners, welds, bonds or other mechanical or chemical
connections. In other implementations, buckle 424 may
be formed from multiple pieces which are joined to one
another. For example, buckle 424 may be molded or
otherwise formed as a single piece but for bar 448,
wherein bar 448 comprise a separate rod or other piece
held in place and secured to the molded body of buckle
424. In other implementations, the outer profile of buckle
424 may have other shapes other than the illustrated
trapezoid.
[0049] Figures 30‑34 illustrate the movement of loop
32 and buckle 424 to the connected state shown in
Figures 33 and 34. As shown by Figure 30, the closed
end 49 of loop 32 is brought over top of end 440 (as
indicated by arrow 454). As shown by Figure 3, once the
end 440 has passed through the opening 56 of loop 32,
the loop 32 may be moved in a direction away from end
440 (as indicated by arrow 456), and end portion 42 may
be lifted through opening 56 (or loop 32 may be lowered
over and past end 442). As should be appreciated, the
relative movements of buckle 24 and loop 32 may be
done in various different manners. As result, buckle 424
is completely passed through opening 56 into the con-
nected state shown in Figure 32.
[0050] As shownbyFigures 32, in the connected state,
loop 32 is entirely belowbuckle 424. The closed end49of
loop 32 is sandwiched between a top face of the end
portion 26 of flexible length 28 and an underside or
bottom face 438 of buckle 424. To actuate system 22 a
disconnected state, the closedend49 ismoved forwardly
(to the left in Figure 33) and shaped such that the closed
end 49 of loop 32 may be lifted over end 440 to permit
buckle 424 tobemoved to the right (as seen inFigure31),
withdrawing buckle 424 from opening 56 of loop 32
(generally the reverse of what is shown in Figures 31
and 32).
[0051] As shown by Figures 33 and 34, once the body
434 of buckle 424 has passed through opening 56 of loop
32, the loop 32 and/or connected portions of flexible
length 28 are lifted and inwardly moved or bent so as
to position portions of loop 32 and/or flexible length 28
through the opening 467 (shown in Figure 26) between
arms460and into channel 466 formedby thebottom face
438 of buckle 424 and retention arms 460, inhibiting
withdrawal from the channel 466. As result, the flexible
loop and/or portions of the associated flexible length are
captured and held within the channel 466 against the
bottom face 438 of the buckle 424 to resist movement of

the loop 32 away from the buckle 424 and to resist
inadvertent passing of the buckle 424 back through the
loop32.The retentionarms460 further inhibit inadvertent
rotation of the loop 32 relative to the buckle 424 (such as
when the buckle 424 and the loop 32 are not in tension) to
maintain the closed end 49 of the loop 32 along the first
longitudinal end 440 and about the buckle 424. The
inwardly extending projections 470 of arms 460 form
catches or hooks that form a bottom of the channel
166,wherein the bottom face 38 of the body 434 opposite
thehooks form the topof thechannel 466andwherein the
hooks or inward projections 470 extends along a bottom
face of the loop 32 and form a bottom of the channel 166.
In some implementations, the inwardly extending projec-
tions 470 may be omitted.
[0052] Figure 35 and Figure 36 illustrate two different
examples of a harness 520 having connection systems
420.Eachof theexampleharnesses520,520’ comprises
three primary components: a waist belt 524 (sometimes
referred toasa "swami") andapair of leg loops526-Rand
526-L (collectively referred to as leg loops 526). In some
implementations, harness 520 may comprise additional
primary components that encircle or wrap about the
shoulders and/or chest of the person wearing harness
520.Waist belt 524 is configured to support leg loops 526
from the waist of a person wearing harness 520. Waist
belt 524 is further configured to be attached to a tether,
rope, cable or other flexible line fromwhichwaist belt 524
may be suspended from an upper support to limit an
extent to which waist belt 524 and the person wearing
harness 520 may fall from the upper support. Waist belt
524 comprises wide band portion 530, narrow extension
portions 532‑1, 532‑2 (collectively referred to as narrow
extension portions 532), connector 534, tether support
line connectors 536 and gear loops 538).
[0053] Wide band portion 530 comprises an elongate
band configured to wrap about the waist of the person
wearing harness 520.Wide band portion 530 has awidth
so as to distribute forces along a larger surface area (as
compared to a single straight line) to providing enhanced
comfort to the person wearing harness 520. Wide band
portion530hasanonuniformwidthalong its length, being
wider along a rear portion 539 and narrower along front-
end portions 540‑1, 540‑2. In some implementations,
wide band portion 530 is configured to rest upon the iliac
crest of a person’s hip bones. In such implementations,
wide band portion 530 may have a curved configuration
similar to that of a banana.
[0054] Narrow extension portions 532‑1 and 532‑2
extend from frontendportions540‑1,540‑2, respectively,
of wide band portion 530. Narrow extension portions 532
eachhaveawidth less than thatof rearportion539and, in
theexample illustrated, less thanat least portionsof front-
end portions 540. In the example illustrated, narrow ex-
tensionportions532 comprise straps that areeach joined
to connector 534. In the example illustrated in which
connector 534 comprises a buckle or pair rungs, wherein
at least one of narrow extension portions 532 is config-
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ured to thread through the rungs or the buckle to provide
an adjustable length for waist belt 524.
[0055] Connector 534 releasably connects narrow ex-
tension portions 532 to secure waist belt 524 about the
waist of the person wearing harness 520. In the example
illustrated, connector 534 comprises a quick disconnect
connector in the form of a side release buckle. In the
example illustrated, the side release buckle is joined to
narrow extension portions 532‑1 to provide narrow ex-
tension portions 532‑1 with an adjustable length extend-
ing between front-end portions 540‑1 and connector 534.
In other implementations, narrow extension portions
532‑1 may be joined to connector 534 with a fixed length
between end portions 540‑1 and connector 534. In yet
other implementations, connector 534 may comprise
other forms of a connector.
[0056] Tether support line connector 536, sometimes
referred to as a belay loop such as shown in Figure 35,
providesaconnectionpoint for a tether support line, in the
form of a rope, cable, strap or the like configured to be
suspended from an upper support. Referring to Figure
36, tether support line connector 536 comprises the two
loops formed by upper end portions of the narrow exten-
sion portions 556 of the leg loops 526, wherein the tether
support line is "tied into" the two loops. In some imple-
mentations, such loops may be formed from materials
such as nylon, polyester, ultra-high molecular weight
yarns, liquid crystal polymers such as VECTRAN ™, or
other fibers.
[0057] Gear loops 538 comprise loops extending from
wide band portion 30. Gear loops 538 are configured to
be attached to various pieces of gear that may be hung
from waist belt 524. In some implementations, waist belt
524 may include additional gear loops 538.
[0058] Leg loops 526-Rand526-L extend fromandare
suspended from the right and left front sides, respec-
tively, of waist belt 524. Leg loops 526-R and 526-L are
configured to be wrapped about the right and left thighs,
respectively, of the person wearing harness 520. Leg
loops 526 are substantially identical to one another.
Leg loops 526 each comprise wide band portion 550,
narrow extension portion 552, connection system 420,
narrow extension portion 556 and leg loop riser 558.
[0059] Wide band portion 550 comprises a wide band
configured to underlie a person’s thighs while spreading
or distributing forces across a wider surface area to
provide enhanced comfort to the thighs of the person
wearing harness 520. Wide band portion 550 has a
nonuniform width along its length, tapering as it ap-
proaches each of narrow extension portions 552 and
556. In such implementations, wide band portion 550
may have a curved configuration similar to that of a
banana. Wide band portion has a minimum widest width
of 43mmwhenusedaspart of awaist belt andaminimum
widest width of 43 mm when employed as part of a leg
loop.
[0060] Narrow extension portion 552 extends from
wide band portion 550 so as to extend along an inner

thigh of the person wearing harness 520. Narrow exten-
sion portion 552 provides a length that may be more
flexible, bendable or twistable as compared to wide band
portion 50. In the example illustrated, narrow extension
portion 552 has a maximum transverse width that is no
greater than 75% to of the maximum transverse width of
wide band portion 550.
[0061] Buckle 424 of connection system 420 releasa-
bly connects an end of wide band portion 550 to narrow
extension portion 556 so as to complete the loop about
the person’s thigh.
[0062] Narrow extension portion 556 extends from
wide band portion 550 and is joined or connected towaist
belt 524. Narrow extension portions 556 of leg loops 526
are joined to one another (or are part of a single integral
strap, band, cord or the like) that passes through tether
support line connector 536 (belay loop 536). Referring to
Figure 36, each of narrow extension portions 556 can be
further interconnected by a cross piece 537 to form a tie-
in point or loop 559. In other implementations, narrow
extension portion 556 is connected to waist belt 524 in
other fashions.
[0063] Leg loop risers 558 comprises straps, cords or
the like which each have a first end connected to an
underside of respective leg loops 526 (the underside of
wide band portion 550), and a secondend connected to a
rear of waist belt 524 (rear portion 539 of wide band
portion 530). Leg loop risers 538 assist in supporting
and suspending leg loops 526 from waist belt 524.
[0064] Figure 36 is a perspective view harness 520’, a
variation upon the harness 520 shown in Figure 35.
Harness 520’ is similar to harness 520except that narrow
extension portions 556 of leg loops 526 are joined to one
another (or are part of a single integral strap, band, cord
or the like) that passes through tether support line con-
nector 536 (belay loop 536). Each of narrow extension
portions 556 is further interconnected by a cross piece5
37 to form a tie-in point or loop 559. Those remaining
components of harness 520’ that correspond to similar
components of harness 520 are numbered similarly.
[0065] Although the present disclosure has been de-
scribed with reference to example implementations,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the scope of the claimed subject matter. For example,
although different example implementations may have
been described as including features providing benefits,
it is contemplated that the described features may be
interchanged with one another or alternatively be com-
bined with one another in the described example imple-
mentations or in other alternative implementations. Be-
cause the technology of the present disclosure is rela-
tively complex, not all changes in the technology are
foreseeable. The present disclosure described with re-
ference to the example implementations and set forth in
the following claims ismanifestly intended to be as broad
as possible. For example, unless specifically otherwise
noted, the claims reciting a single particular element also
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encompass a plurality of such particular elements. The
terms "first", "second", "third" and so on in the claims
merely distinguish different elements and, unless other-
wise stated, are not to be specifically associated with a
particular order or particular numberingof elements in the
disclosure.

Claims

1. A buckle (24, 124, 224, 324, 424) comprising:

- a body (34, 134, 234, 334, 434) having a top
face (36, 436) a bottom face (38, 438) a first
longitudinal end (40, 140, 240, 440) and a sec-
ond longitudinal end (42, 142, 242), the first
longitudinal end (40, 140, 440) having a first
transverse width and the second longitudinal
end (42, 142, 442) having a second transverse
width greater than the first transverse width,
characterized in that
the buckle comprises
- a first opening (44, 444) through the body (34,
134, 234, 334, 434);
- a second opening (46, 446) through the body
(34, 134, 234, 334, 434);
- a bar (48, 448) between the first opening (44,
444) and the second opening (46, 446).

2. The buckle (24, 124, 224, 324, 424) of claim 1,
wherein the bottom face (38, 438) is concave at least
from the first opening (44, 444) to the second long-
itudinal end (42, 142, 242).

3. The buckle (24, 124, 224, 324, 424) of claim 2,
wherein the body (34, 134, 234, 334, 434) comprises
a verticalwall (480) extending downwardly at the first
longitudinal end (40, 140, 440).

4. The buckle (24, 124, 224, 324, 424) of claim 3,
wherein the body (34, 134, 234, 334, 434) com-
prises:

a first retention arm (160‑1, 460‑1) on a first
transverse side of the body (34, 134, 234,
334, 434) at the second longitudinal end (42,
142, 442), the first retention arm (160‑1, 460‑1)
extending downwardly and inwardly towards a
second transverse side of the body (34, 134,
234, 334, 434); and
a second retention arm (160‑2, 460‑2) on the
second transverse side of the body (34, 134,
234, 334, 434) at the second longitudinal end
(42, 142, 242), the second retention arm (160‑2,
460‑2) extending downwardly and inwardly to-
wards the first transverse side of the body (34,
134, 234, 334, 434).

5. The buckle (24, 124, 224, 324, 424) of claim1 further
comprising a clip (360) on a bottom face (38, 438) of
the body (34, 134, 234, 334, 434).

6. The buckle (24, 124, 224, 324, 424) of claim 1,
wherein the body (34, 134, 234, 334, 434) is inte-
grally formed as a single unitary body (34, 134, 234,
334, 434).

7. The buckle (24, 124, 224, 324, 424) of claim 1,
wherein a first longitudinal end (40, 140, 440) of a
flexible length extending along the bottom face (38,
438) of the buckle (24, 124, 224, 324, 424) and
secured to the bar (48, 448); and
a second longitudinal end (42, 142, 442) of the
flexible length or a different flexible length, the sec-
ond longitudinal end (42, 142, 442) having a loop
(32), receiving the buckle (24, 124, 224, 324, 424)
and wrapping about the first longitudinal end (40,
140, 440) below the buckle (24, 124, 224, 324, 424).

8. The buckle (24, 124, 224, 324, 424) of claim 7,
wherein, wherein the flexible length comprises the
second longitudinal end (42, 142, 242).

9. The buckle (24, 124, 224, 324, 424) of claim 8,
wherein the bottom face (38, 438) is concave at least
from the first opening (44, 444) to the second long-
itudinal end (42, 142, 242).

10. The buckle (24, 124, 224, 324, 424) of claim 9,
wherein the body (34, 134, 234, 334, 434) comprises
a verticalwall (480) extending downwardly at the first
longitudinal end (40, 140, 440).

11. The buckle (24, 124, 224, 324, 424) of claim 10,
wherein the body comprises:

a first retention arm (160‑1, 460‑1) on a first
transverse side of the body (34, 134, 234,
334, 434) at the second longitudinal end (42,
142, 242), the first retention arm (160‑1, 460‑1)
extending downwardly and inwardly towards a
second transverse side of the body (34, 134,
234, 334, 434); and
a second retention arm (160‑2, 460‑2) on the
second transverse side of the body (34, 134,
234, 334, 434) at the second longitudinal end
(42, 142, 242), the second retention arm (160‑2,
460‑2) extending downwardly and inwardly to-
wards the first transverse side of the body (34,
134, 234, 334, 434).

12. The buckle (24, 124, 224, 324, 424) of claim 9,
wherein the body comprises:

a first retention arm (160‑1, 460‑1) on a first
transverse side of the body (34, 134, 234,
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334, 434) at the second longitudinal end (42,
142, 242), the first retention arm (160‑1, 460‑1)
extending downwardly and inwardly towards a
second transverse side of the body (34, 134,
234, 334, 434); and
a second retention arm (160‑2, 460‑2) on the
second transverse side of the body (34, 134,
234, 334, 434) at the second longitudinal end
(42, 142, 242), the second retention arm (160‑2,
460‑2) extending downwardly and inwardly to-
wards the first transverse side of the body (34,
134, 234, 334, 434).

13. The buckle (24, 124, 224, 324, 424) of claim 8,
wherein the body (34, 134, 234, 334, 434) is inte-
grally formed as a single unitary body (34, 134, 234,
334, 434).

14. The buckle (24, 124, 224, 324, 424) of claim 12,
wherein the flexible length comprises the second
longitudinal end (42, 142, 242).
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