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(57) Abstract: A fastener assembly and a nut plate assembly and a method for securing a nut plate assembly may include a support
for a fastener element wherein the support has a base to be supported and/or fixed on a support surface and the base has another
surface against which the fastener element bears. The base also supports a structure for supporting the fastener element where the
structure is at least partly non-symmetrical about a plane other than a horizontal plane parallel to the base. One side of the base may be
secured to the support surface and the other side of the base may have the fastener element bearing against it when a complementary
fastener element is secured to the first fastener element.
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APPARATUS AND METHODS FOR SECURING A FASTENER

BACKGROUND

Field

This relates to fastener receivers, for example nut plates. This also
relates to fasteners, for example clip nut fasteners, nut cages and similar
assemblies, methods of forming fasteners, methods of assembling fasteners,
methods of securing panels and other components with fasteners and
assemblies using such fasteners.

Related Art

Nut plates include a base or bottom plate supporting a nut or similar
fastener element. The nut plate helps to hold components, for example
panels, together when a fastener is engaged with the nut and tightened down.
The nut receives a bolt, screw or other threaded element passed through the
hole and threaded into the nut. Nut plates may be used in automobiles,
appliances and aircraft, as well as in other applications.

In aircraft applications, the types and numbers of fasteners add
significant weight to the final assembly. Panel fasteners, for example, may
have a number of parts, most or all of which are metal. Metal is used for
strength, corrosion resistance and other factors. However, the metal parts
add appreciable weight to the final assembly. If the weight of a given part
could be reduced, because of the number of individual parts, even small
weight reductions in an individual component may add up to a significant
weight reduction overall. Additionally, some metal materials may still
experience some corrosion and may also be incompatible with surrounding

materials.

SUMMARY

Fastener assemblies can be made that are lightweight, easy to
assemble, and/or have a high load capability. A fastener assembly can also
be made such that it is easier to maintain, as well as to allow easier

maintenance of hardware secured by the fastener assembly. Fastener
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assembilies including nut plates are described that are easy to assemble,
lightweight and more corrosion resistant than many conventional nut plates.
Additionally, the fastener may be configured to be more compatible with
composite structures. The described fastener assemblies including nut plates
may also be easy to manufacture.

In one example of a fastener receiver or support for a fastener element,
the support includes a base for being supported on a support surface. The
base includes a structure for supporting a fastener element wherein the
structure is at least partly non-symmetrical about a plane other than a
horizontal plane parallel to the base. For example, the structure is non-
symmetrical about a vertical transverse plane. In another example, the
structure is symmetrical about one vertical plane and non-symmetrical about
another vertical plane, for example symmetrical about a longitudinal vertical
plane and non-symmetrical about a transverse vertical plane where the two
vertical planes are perpendicular to each other. In one configuration, the
fastener element may be movable in several directions in a plane substantially
parallel to the base, and the structure has barriers limiting movement of the
fastener element in one direction different than barriers limiting movement of
the fastener element in an opposite direction. In another configuration, the
fastener element can be inserted and removed from only one side of the
support.

In another example of a fastener receiver or support for a fastener
element, the support includes a base for being supported on a support
surface. The base can be substantially planar. One side of the base contacts
the support surface, and the other side of the base supports the fastener
element. In one example, the fastener element is inserted into and removed
from the base from only one side of the base, for example in a direction
parallel to the base. In another example, the fastener element is limited in its
ability to pivot relative to the support by opposite side walls, and in another
example the fastener element is limited in its ability to pivot relative to the
support by opposite side walls and an end wall, for example an end wall
between the opposite side walls. The opposite side walls can be substantially
mirror images of each other, and may be substantially parallel to each other.

The end wall can have one or more openings, for example to receive
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complementary projections on the fastener element. The support can have
an opening opposite the end wall for receiving the fastener element.

In a further example, a fastener receiver or support for a fastener
element can include a support element for the fastener element and a
structure on the support element for receiving the fastener element. The
structure includes an opening configured to allow insertion and removal of the
fastener element through the opening in a direction at least partly parallel to
the support element. In one configuration, the opening allows insertion and
removal in only one direction, for example from a front of the structure. A
portion of the structure opposite the opening has at least one barrier, boss,
post or bearing surface for limiting movement of the fastener element away
from the opening. The at least one limiting element, for example barrier or
bearing surface, can also limit pivoting of the fastener element relative to the
structure. In another configuration, the fastener element can include a
cylindrical element or barrel and the structure on the support element for
receiving the fastener element may include a wall extending around part of
the cylindrical element. The wall may be closed at a position on a portion of
the support element opposite the opening, so that the wall can be used to limit
movement of the fastener element away from the opening. The cylindrical
element may have a diameter and the wall extending around part of the
cylindrical element may have an opening defining a width slightly less than the
diameter so that a non-trivial force is used to pass the cylindrical element
through the opening.

In any of the foregoing examples, the fastener receiver can have a flat
surface on the base for contacting the support surface, means for securing
the fastener receiver to the support surface (for example, but not limited to
rivets, bolts, or other fasteners, adhesive, adhesive tape, double-sided
adhesive tape, sonic welding, bonding agents or other means for fixing the
fastener receiver to the support surface), a textured or non-smooth surface
facing the support surface, or other mounting structures or compounds. They
can also be configured to allow the fastener element, such as a nut, to float
and/or pivot a desired amount relative to the support. Floating can be used to
allow self-adjustment, and pivoting can be used to position the fastener
element relative to the support so as to bear against multiple bearing surfaces
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to absorb loading applied to the fastener element. They can also be
configured to allow releasable retention of the fastener element, for example
through a restricted opening in the side of the structure whereby insertion and
removal of the fastener element is accomplished through application of a non-
trivial force in a given direction. Additionally, they can be configured so that
the fastener element occupies a given surface area and a bearing structure
occupies a surface area of comparable magnitude along at least one side of
the fastener element, which may also be along opposite sides of the fastener
element, or about three or more sides of the fastener element. They may also
be configured to accommodate a fastener element having a relatively planar
support structure and an at least partially cylindrical fastening structure for
receiving a complementary fastener element wherein the cylindrical structure
is partially surrounded by a wall in the fastener receiver.

In another example, a fastener receiver is provided having a non-metal
support and fastener cage integral with each other. The support is supported
on one surface and the fastener cage is opposite the surface. The support
extends in substantially two dimensions, and in one example is substantially
planar. In another example, the support includes an opening for receiving a
shank or shaft of a fastener element to be engaged with a corresponding
fastener element in the fastener cage, and no portion of the support extends
around and reverses itself on the support to be spaced apart from the
opening. In this example, the support can be curved rather than precisely
planar, while still not curving or turning back on itself. In one example, the
non-metal support and fastener cage are molded plastic, and can be formed
from a material such as TORLON. In another example, the support can
include one or more securing portions, and in the case of plural securing
portions, a second securing portion can be on a side of the fastener cage
opposite the first securing portion. In another example, a second securing
portion can be positioned other than on an opposite side of the fastener cage
from the first securing portion. For example, first and second securing
portions can be at right angles to each other, on the same side of the fastener
cage, or otherwise.

In a further example, a fastener receiver has a non-metal support and

fastener cage integral with each other wherein the fastener cage includes an
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opening in a side of the fastener cage. The opening can be used to insert a
fastener into and remove a fastener from the fastener cage. In one example,
the side opening is the only way for inserting and removing the fastener
element. In another example, the fastener cage includes an opening in a front
of the fastener cage. The front opening can be used to insert a fastener into
and remove a fastener from the fastener cage. In this example, the front
opening may be the only way for inserting and removing the fastener element.

In an additional example of a fastener receiver having a non-metal
support and fastener cage integral will each other, the fastener cage can have
multiple surfaces against which corresponding surfaces on a fastener element
can bear when the fastener element pivots. In the example, the fastener cage
includes at least two surfaces against which corresponding surfaces on the
fastener element bear at the same time when the fastener element pivots.
The at least two surfaces can be side surfaces in the fastener cage, such as
oppositely facing side surfaces. The fastener cage can also include one or
more additional surfaces against which corresponding surfaces on the
fastener element can bear, preferably simultaneously, when the fastener
element pivots. For example, additional surfaces can be provided by a post,
column or other bearing surface, such as may be located between oppositely
facing side surfaces in the fastener cage and extend upward from a fastener
support surface. Where the fastener includes a base, such as one having an
"H" configuration, the base can include tips configured so that at least three
tips surfaces engage bearing surfaces in the fastener cage when the fastener
element pivots.

In another example of a fastener receiver, the fastener receiver
includes a support and a fastener cage on the support for receiving a fastener
element. The fastener cage includes an upper portion for receiving a portion
of a fastener element body. The cage upper portion extends substantially
parallel to the support and includes an opening through the upper portion
where the wall defining the opening extends through an angle less than 360
degrees. In one example, the wall extends in a substantially partial circle, and
in another example, the wall extends about 255 degrees. In one example, the
opening includes an entrance spacing having a width sufficiently less than an
outside dimension of the fastener element body so that some force is used to
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insert and withdraw the fastener element from the cage. In one configuration,
the entrance is positioned on a longitudinally-extending side of the fastener
receiver. In another configuration, the fastener cage can include side walls
extending from the support to the cage upper portion for providing bearing
surfaces against which a fastener element can bear when the fastener
element pivots. Additionally, a post or column can extend between the
support and the cage upper portion for providing additional bearing surfaces.

In a further example of a non-metal fastener receiver, a fastener having
a base is positioned in the fastener receiver above a support panel. The
fastener base and the support panel have approximately the same height.
Additionally, the fastener cage has a height above the support approximately
twice the base height. For example, the cage can include an upper support
panel for supporting the fastener from above, and the material thickness of
the support panel can be approximately the same as the base height.
Furthermore, side walls extending between the support and the upper support
panel can extend a height slightly greater than a height of the fastener base.
In this configuration, the support represents approximately a third of the height
of the fastener receiver, the side walls represent approximately a third of the
height of the fastener receiver, and the upper support wall thickness
represents approximately a third of the height of the fastener receiver. In one
configuration, the fastener receiver is molded to have the described
configuration.

In an additional example of a fastener receiver formed from a support,
the support includes a fastener cavity with a fastener substantially
permanently retained in the fastener cavity. In one example, the fastener
cannot be removed without substantially destroying at least a portion of the
cavity. In another example, the fastener is molded in place in the support.
The fastener can include serrations in one or more surfaces to engage
complementary surfaces in the support. In other examples, the fastener can
include multiple surfaces, such as multiple non-arcuate surfaces, for helping
to hold the fastener in place, for example against pivoting.

In any of the foregoing examples, the fastener receiver or support for a
fastener element can include a support element for the fastener element and

a structure on the support element for receiving the fastener element. At least
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two and sometimes at least three bearing or pivot-preventing surfaces are
provided and are contacted when a fastener element is supported by the
support element and pivots in one direction, and in another example when the
fastener element pivots in two different directions, such as in opposite
directions. The bearing surfaces can be walls, posts, columns, bosses, and
relatively fixed structures.

In another example of a fastener assembly, for example a nut
assembly, a nut includes a plurality of projections, any one of which make the
perimeter of the nut non-circular. The nut is supported by a nut support with
one or more surfaces to be engaged by and which may be complementary to
corresponding ones of the plurality of projections on the nut. The nut support
surfaces engaging a projection on the nut limits or prevents rotation or
pivoting of the nut relative to the support. In one configuration, the nut is
allowed to float axially of a threaded bore of the nut a selected distance
suitable for the application. The complementary surfaces on the nut support
engage corresponding surfaces on respective projections on the nut to limit
pivoting of the nut about its axis. As a result, the complementary surfaces on
the nut support bear any loading that may occur during torque of the nut. The
nut may be captured by a cage formed as part of the nut support, for example
so that the complementary surfaces limit or prevent pivoting of the nut relative
to the cage. The configuration of the cage may permit the desired float and
provide the bearing surfaces that bear the loading from torquing from the nut.

In one example, a nut assembly includes a non-metal nut support and
a plurality of engagement surfaces. A nut element has a base portion having
a plurality of surfaces configured for engaging one or more of the engagement
surfaces on the nut support. The engagement surfaces on the nut support
and the nut element are configured so that upon pivoting of the nut element,
such as under torque, the extensions engage at least four engagement
positions on the respective ones of the engagement surfaces on the nut
support. In one example, the engagement surfaces on the nut support extend
upwardly from a surface supporting the nut element, and in another example,
the engagement surfaces on the nut support are formed as perimeter walls of
the nut support, and in another example, the engagement surfaces are walls,

cavities or openings in an upper wall or surface above the nut. In a further
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example, the engagement surfaces on the nut support are walls forming
cavities or openings into or through the nut support. In other examples, the
engagement surfaces are combinations of two or more of the foregoing
examples of engagement surfaces. For example, the four positions of
engagement on the nut support may be a combination of upwardly extending
bosses and perimeter wall portions. Other combinations can be used. The
engagement surfaces on the nut support limit or prevent rotation of the nut
relative to the nut support, for example during installation and before the nut is
fully seated, or during removal after the nut is first loosened. The nut support
also includes an opening for providing access by a fastener element to the nut
element.

In one example of a nut assembly, the nut assembly may include a
non-metal nut support and a nut element. The nut support may include a
base surface complementary to one portion of the nut. For example, the base
surface may have a relatively flat portion complementary to and oppositely-
facing flat portion of the nut, against which the nut rests when pressed against
the base, for example by gravity or the tightening of a fastener. The nut
element further includes a plurality of surfaces (for example which together
define a non-planar surface), for example about a perimeter of the base of the
nut, on the base surface of the nut or locations on the nut for engaging
complementary surfaces on the nut support. The plurality of surfaces engage
bearing or opposing surfaces on the nut support to limit or prevent rotation of
the nut relative to the nut support by torque applied to the nut. The plurality of
surfaces on the nut in one example can be serrations or knurling or diamond
points, for example, on an oppositely-facing portion of the nut, one or more
radially-extending points on a perimeter of the nut, downwardly-extending
claws or points on the nut, upwardly-extending horns or points on the nut, or
combinations of these surfaces. Serrations or knurling or diamond points, for
example, provide a relatively large number of contact points, lines or planes to
accommodate the loading while the nut is under torque. Corresponding
surfaces on the nut support, for example on the base surface, may include a
smooth surface for supporting serrations or knurling, upwardly-extending
bosses, points or walls for engaging points on a perimeter of the nut (whether
radially outward, downwardly-extending or upwardly-extending points on the
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nut), cavities or holes in the base surface of the nut support for engaging
downwardly-extending points on the nut or combinations of the surfaces. The
nut assembly may also include one or more surfaces for limiting axial
movement of the nut away from the base surface of the nut support. The
axial-limiting surfaces may include a wall opposite the base surface, one or
more arms sandwiching the nut between them and the base surface or other
surfaces that might help in creating a cage for the nut element. The nut
support also includes an opening for providing access by a fastener element
to the nut element.

In the foregoing examples of a nut assembly, any of the nut assemblies
can be incorporated into and made part of a clip nut or a nut plate. In
examples of clip nuts, the clip nut can include a clip with a nut assembly
incorporated onto one part of the clip. Several examples of a clip nut include
those shown and described in US Patent No. 6,854,941, the text and
drawings of which are incorporated herein by reference for all purposes.
Conversely, any of the clip nut configurations described herein can be
reconfigured as nut assemblies, for example for use as nut plates.
Additionally, conventional nut plates can be reconfigured to incorporate any of
the nut assembly configurations described herein.

In one example of a nut assembly, for example for use with a clip nut,
nut plate or other assembly, a non-metal nut support includes a plurality of
engagement surfaces. A nut element includes a threaded, axially extending
portion and a base portion, and the base portion has a plurality of extensions
configured for engaging one or more of the engagement surfaces on the nut
support. The engagement surfaces on the nut support and the nut element
are configured so that upon pivoting of the nut element, the extensions
engage at least for points on respective ones of the nut support engagement
surfaces. In one example, the plurality of extensions on the nut are four or
more tabs or spokes or other outwardly extending projections for engaging
complementary engagement surfaces on the nut support. The nut support
engagement surfaces may be upwardly-extending bosses, perimeter edge
walls or other bearing surfaces. In another example, the plurality of
extensions are downwardly extending tabs or projections, for example four or

more in number, and the nut support engagement surfaces are cavities in or
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openings through portions of the nut support. In the example of a clip nut
assembly, openings are provided through the clip for allowing access by a
fastener element to the threaded portion of the nut. In the example of a nut
plate, an opening is provided through the plate for allowing access by a
fastener element to the threaded portion of the nut.

In an example of a clip nut, a non-metal clip includes a non-metal nut
cage for supporting a nut element. The nut cage is positioned on the clip near
an access opening for the clip. The nut cage includes a base surface for
supporting one surface of a nut element and a spaced apart mating wall
opposite the base surface for supporting a second surface of the nut element.
In one example, the base surface and the mating wall are configured to allow
a selected amount of float for the nut element. The mating wall has a part that
can flex (“flex” as used herein to mean “bend”) toward and away from the
base surface. In one example, flexing of the part of the mating wall allows
easier placement of the nut element in the cage. One example of a mating
wall has the mating wall cantilevered over the nut element. For example, the
mating wall can be supported by the clip along one width-wise extending
transition wall, with the remaining surfaces around the remaining perimeter of
the mating wall out of contact with or spaced apart from the clip. In another
example, a smaller portion of the mating wall can be cantilevered over the nut
element while having the remaining portions of the mating wall supported by
the clip. The cantilevered portion would flex toward and away from the clip,
for example to make easier the assembly of the nut with the cage. In a further
example, the nut cage can include an opening in the mating wall for receiving
and retaining a barrel of the nut element, such as the slot 26 shown in U.S.
Patent No. 6,854,941. In another example, the nut cage can have the mating
wall cantilevered over the nut element from a transition wall between the clip
and the mating wall with a plurality of openings in the transition wall for
receiving corresponding tabs or points extending outward from the nut
element. The openings in the transition wall form bearing surfaces for
receiving the loading applied through the tabs or points on the nut element
when the nut element is under torque. In a further example, the nut cage can
have bosses or other upwardly-extending bearing walls raised from the
surface of the base surface, such as a base surface formed by a portion of the

10
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clip. Such upwardly-extending bearing walls form bearing surfaces for
receiving loading applied through tabs or points on the nut element when the
nut element is under torque. In an example where the nut element has the
configuration shown in U.S. patent No. 6,854,941, such upwardly-extending
bearing walls complement openings in a transition wall on an opposite side of
the nut cage for limiting pivoting of the nut element when under torque. The
nut element can also have downwardly-extending tabs or points for engaging
cavities in or openings through the base surface of the nut cage. In any one
or more of these examples, the clip and the nut cage can be monolithic.

These and other examples are set forth more fully below in conjunction
with drawings, a brief description of which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an upper left front isometric view of a fastener receptacle and
fastener element in the form of a nut plate assembly.

FIG. 2 is a front and slightly upper isometric view of the fastener
receptacle and fastener element of FIG. 1.

FIG. 3 is a front elevation view of the fastener receptacle and fastener
element of FIG. 1.

FIG. 4 is a top plan view of a fastener element for use in the assembly
of FIG. 1.

FIG. 5 is an upper left front isometric view of the fastener receptacle of
FIG. 1.

FIG. 6 is a top plan view of the fastener receptacle of FIG. 1.

FIG. 7 is a front elevation view of the fastener receptacle of FIG. 1.

FIG. 8 is a back elevation view of the fastener receptacle of FIG. 1.

FIG. 9 is a side elevation view of the fastener receptacle of FIG. 1.

FIG. 10 is a bottom plan view of the fastener receptacle of FIG. 1.

FIG. 11 is a transverse vertical cross-section of the fastener receptacle
of FIG. 1 taken along line 11-11 of FIG. 6.

FIG. 12 is a longitudinal vertical cross-section of the fastener
receptacle of FIG. 1 taken along line 12-12 of FIG. 6.

11
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FIG. 13 is a horizontal cross-section of the fastener receptacle of FIG.
1 taken along line 13-13 of FIG. 7.

FIG. 14 is a side elevation and partial section view of a fastener
assembly in a configuration to secure structures together, for example a
structure and a panel.

FIG. 15 is an upper isometric view of a fastener and fastener
receptacle combination wherein the fastener receptacle includes a circular
support.

FIGS. 16 is a front elevation view of the combination of FIG. 15.

FIG. 17 is a right side elevation view of the combination of FIG. 15.

FIG. 18 is a lower isometric view of the combination of FIG. 15.

FIG. 19 is a horizontal section view of the combination of FIG. 15 taken
along line 19-19 of FIG. 17.

FIG. 20 is a vertical longitudinal section view of the combination of FIG.
15 taken along line 20-20.

FIG. 21 is an upper isometric view of the fastener element shown in
FIGS. 15-20.

FIG. 22 is an upper isometric view of a fastener and fastener
receptacle combination having mounting elements on a single side of a
fastener cage.

FIG. 23 is a left side elevation view of the combination of FIG. 22.

FIG. 24 is a front elevation view of the combination of FIG. 22.

FIG. 25 is a vertical sectional view of the combination of FIG. 22 taken
along line 25-25 in FIG. 24.

FIG. 26 is a horizontal section view of the combination of FIG. 22 taken
along line 26-26 of FIG. 24.

FIG. 27 is a side elevation view of an eyelet for use as part of a
mounting portion in the example shown in FIGS. 22-26, as well as any of the
other mounting portions described herein.

FIG. 28 is a horizontal section view similar to that of FIG. 26 of an
alternative combination of a fastener and fastener receptacle combination.

FIG. 29 is a left rear upper isometric view of another example of a
fastener receptacle.

FIG. 30 is a top plan view of the receptacle of FIG. 29.

12
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FIG. 31 is a lower left rear isometric view of the fastener receptacle of
FIG. 29.

FIG. 32 is an upper rear isometric view of another example of a
fastener receptacle having a curved support surface.

FIG. 33 is a rear elevation view of the fastener receptacle of FIG. 32.

FIG. 34 is a lower rear isometric view of a fastener receptacle having a
curved support surface.

FIG. 35 is an upper front right isometric view of the fastener receptacle
of FIG. 34.

FIG. 36 is a longitudinal vertical section view of the receptacle of FIG.
34.

FIG. 37 is a front elevation view of another example of a fastener
receptacle.

FIG. 38 is a top plan view of the receptacle of FIG. 37.

FIG. 39 is a rear upper isometric view of the receptacle of FIG. 37.

FIG. 40 is a horizontal section view of the receptacle of FIG. 37 taken
along line 40-40 of FIG. 41.

FIG. 41 is a left side elevation view of the receptacle of FIG. 37.

FIG. 42 is an upper left isometric view of another example of a fastener
and receptacle combination.

FIG. 43 is an example of a fastener element that can be used in the
combination of FIG. 42, or any of the other fastener receptacles described
herein.

FIG. 44 is an example of another fastener element that can be used in
the combination of FIG. 42, or any of the other fastener receptacles described
herein.

FIG. 45 is an upper left isometric view of an embedded fastener and
receptacle combination.

FIG. 46 is a lower left isometric view of the combination of FIG. 45.

FIG. 47 is a front elevation view of the combination of FIG. 45.

FIG. 48 is a horizontal section view of the combination of FIG. 45 taken
along line 48-48 of FIG. 47.

FIG. 49 is a horizontal section view of the combination of FIG. 45 taken
along line 49-49 of FIG. 47.
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FIG. 50 is a transverse vertical section view of the combination of FIG.
45 taken along line 50-50 of FIG. 47.

FIG. 51 is a lower isometric view of a fastener used in the combination
of FIGS. 45-50.

FIG. 52 is an upper left front isometric view of an embedded fastener
and receptacle combination.

FIG. 53 is a vertical longitudinal cross-section of the combination of
FIG. 52.

FIG. 54 is a side elevation view of a fastener used in the combination
of FIGS. 52-53.

FIG. 55 is a lower isometric view of the fastener used in the
combination of FIGS. 52-53.

FIG. 56 is a vertical longitudinal cross sectional view of the combination
of FIG. 52 with a covering cap over the nut element.

FIG. 57 is an upper left side isometric view of an example of a
combination fastener and support according to another example configuration.

FIG. 58 is a lower left isometric view of the combination of FIG. 57.

FIG. 59 is a front elevation view of the combination of FIG. 57.

FIG. 60 is a horizontal cross section of the combination of FIG. 57
taken along line 60-60 of FIG. 59.

FIG. 61 is a partial schematic and top plan and partial section view of
one example of a nut assembly and fastener element described herein.

FIG. 61A is a side view of the nut assembly of FIG. 61 omitting a
fastener element.

FIG. 62 is an upper rear isometric view of another example of a clip nut
assembly for use in a fastener assembly.

FIG. 63 is a lower front isometric view of the clip nut assembly of FIG.
62.

FIG. 64 is a lower front isometric view of the clip of FIG. 62.

FIG. 65 is a top plan view of the clip of FIG. 62.

FIG. 66 is a side elevation view of the clip nut assembly of FIG. 62.

FIG. 67 is a side elevation view of the clip of FIG. 62.

FIG. 68 is a longitudinal vertical section of the clip nut assembly of FIG.
62 taken along line 68-68 of FIG. 65.
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FIG. 69 is a longitudinal vertical section of the clip of FIG. 63 taken
along the same line as that of FIG. 68.

FIG. 70 is an upper isometric view of a nut element for use in the clip of
the examples of FIGS. 62-69.

FIG. 71 is a top plan view of the nut element of FIG. 70.

FIG. 72 is a side elevation view of the nut element of FIG. 70.

FIG. 73 is a rear isometric view of another example of a clip nut
assembly using a serrated nut for use in a fastener assembly.

FIG. 73A is an upper isometric view of another example of a fastener
assembly in the form of a nut plate using a hexagonal nut.

FIG. 74 is a lower isometric view of a serrated nut for use in the clip nut
of FIG. 73 or nut plate of FIG. 73A, or any of the other examples described
herein.

FIG. 75 is a lower isometric view of another example of a serrated nut
for use in a fastener assembly of any other examples described herein.

DETAILED DESCRIPTION

This specification taken in conjunction with the drawings sets forth
examples of apparatus and methods incorporating one or more aspects of the
present inventions in such a manner that any person skilled in the art can
make and use the inventions. The examples provide the best modes
contemplated for carrying out the inventions, although it should be understood
that various modifications can be accomplished within the parameters of the
present inventions.

Examples of fastener assemblies and of methods of making and using
the fastener assemblies are described. Depending on what feature or
features are incorporated in a given structure or a given method, benefits can
be achieved in the structure or the method. For example, fastener assemblies
with a nut element held in a nut receptacle or support having substantial
bearing surfaces may be easier to use and maintain. Fastener assemblies
with nut elements having simple attachment elements may be easy to install
and maintain. Additionally, some fastener assembly configurations may also

benefit from lighter-weight components, lower manufacturing cost and
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improved material compatibility and corrosion resistance. In some
configurations of fastener assemblies, improvements can be achieved also in
assembly, such as with symmetric nut elements, where insertion of the nut
element into a nut cage is easier. Additionally, nut cage configurations can
improve the integrity of the final assembly, and may reduce the possibility of
part failure.

Improvements are also provided to components with which the fastener
assemblies may be used. For example, panels using the fastener assembly
may be simplified or may be assembled more efficiently. Additionally, the
fastener assembly may be configured to permit the bolt or other mating
fastener element to be secured more easily.

These and other benefits will become more apparent with
consideration of the description of the examples herein. However, it should
be understood that not all of the benefits or features discussed with respect to
a particular example must be incorporated into a fastener assembly,
component or method in order to achieve one or more benefits contemplated
by these examples. Additionally, it should be understood that features of the
examples can be incorporated into a fastener assembly, component or
method to achieve some measure of a given benefit even though the benefit
may not be optimal compared to other possible configurations. For example,
one or more benefits may not be optimized for a given configuration in order
to achieve cost reductions, efficiencies or for other reasons known to the
person settling on a particular product configuration or method.

Examples of fastener assembly configurations and of methods of
making and using the fastener assemblies are described herein, and some
have particular benefits in being used together. However, even though these
apparatus and methods are considered together at this point, there is no
requirement that they be combined, used together, or that one component or
method be used with any other component or method, or combination.
Additionally, it will be understood that a given component or method could be
combined with other structures or methods not expressly discussed herein
while still achieving desirable results.

It should be understood that terminology used for orientation, such as
front, rear, side, left and right, upper and lower, and the like, are used herein
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merely for ease of understanding and reference, and are not used as
exclusive terms for the structures being described and illustrated.

In one example of a fastener assembly (FIGS. 1-14), a fastener
assembly in the form of a nut plate 100 (FIGS. 1-3 and 14) includes a fastener
receiver in the form of a receptacle 102 (FIGS. 1-14). The fastener receptacle
supports a fastener element, in the present example a nut element 104 (FIGS.
1-3 and 14). The nut element 104 receives a complementary fastener such
as bolt 106 (FIG. 14). The fastener assembly may or may not include the bolt
106, depending on whether or not the assembly is combined and sold with or
without the bolt 106, for example.

The plate 102 includes a base 108 having an outward facing surface
110 (FIG. 10) for being supported on a support surface 112 (FIG. 14). The
support surface 112 may be a frame structure, bulk head or other structural
support. The bolt 106 extends through a panel or other component 114 and
threads into the nut element 104 for securing the component 114 to the
structure 112. In other configurations, the nut element 104 and bolt 106 may
be otherwise configured to be secured together through means other than
threads, such as detents, pins and grooves, latches, locking elements or the
like.

The outward facing surface 110 may be formed on a mounting plate,
planar member, tab or tab combination, a plurality of wings, or other surfaces
for helping to support the nut plate on the support surface 112. In the present
examples, the outward facing surface 110 is formed on the base 108, which is
a substantially planar plate member, and the outward facing surface 110 is
substantially flat. The base 108 includes structures for mounting the base to
the support surface 112. In one example, the base 108 includes openings
116 (FIGS. 1, 6 and 10) for receiving fasteners, for example rivets, threaded
fasteners, and the like. The openings can be reinforced with respective
eyelets (not shown), which may have cylindrical walls extending into the
openings 116 and a perpendicular rim extending outward from the cylindrical
wall. In addition, or alternatively, the openings can help to hold adhesives,
films, double-stick tape or other pressure sensitive adhesives, or other
bonding elements for holding the nut plate on the support surface. In the
examples of bonding agents or adhesives that might be flowable, such
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material may extend into the openings, may extend over the upper edges of
the openings, and may also extend over part or all of the upper surfaces of
the base. Contact of the material with the adjacent surface(s) of the base
help to hold the nut plate in place. Engagement between the material and the
adjacent edges of the nut plate help to hold the nut plate in place. Eyelets
may be used in or around the openings to help resist loading forces that may
be experienced through the nut plate when held in place through the mounting
fasteners. Where adhesives, films, double-stick tape or other pressure
sensitive adhesives, or other bonding elements are used, openings can also
be omitted, with the bonding element holding the nut plate to the support
surface through an appropriate bonding surface on the nut plate.

The outward-facing surface 110 can incorporate a smooth or non-
smooth surface adjacent to the intended support surface. A non-smooth
surface can be textured, roughened, knurled, abraded, peened, inclusive of
one or more projections or depressions, or otherwise varied. This non-
smooth surface condition may improve the strength characteristics when
joined to the support surface. The improved strength characteristics relate to
the effectiveness of the attachment method of the nut plate with the intended
support surface, which can include but is not limited to, peel, push-out, torque-
out, and incidental jarring or hitting (with another object) of the attached nut
plate.

In the present example, the base 108 is a substantially planar structure
extending from a left side 118 to a right side 120. The base extends from a
front surface 122 to a rear surface 124 (FIGS. 3 and 6). In plan view (FIG.
10), the front and rear surfaces 122 and 124, respectively, are substantially
straight and parallel to each other, and the left and right sides are slightly
curved or have a radius. The base may have other profiles, however. The
sides and front and rear surfaces extend substantially perpendicular to the
outward facing surface 110. The base extends upward to an upper base
surface 126 (FIGS. 1, 5 and 11). The upper base surface 126 supports the
nut element 104. The upper base surface 126 is substantially flat and
supports a substantially flat lower surface of the nut element 104. The upper
base surface 126 allows the nut element 104 to pivot and/or float. The base

forms a substantially planar support for the nut element, and one side of the
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base contacts the support structure to which it is mounted and the other side
of the base supports the nut element. The base is substantially solid in this
example, except for the fastener opening described herein. In some
configurations, nut element rotation may made more difficult or otherwise
limited, such as by making the upper base surface textured, knurled,
roughened or otherwise non-smooth. For example, pivoting can be reduced
by such surface configurations in combination with non-smooth surfaces on
the bottom of the nut element 104. If the bottom of the nut element 104
remains smooth, the nut element pivots easier than if it was also non-smooth.

The base 108 also supports a support structure 130 (FIGS. 1, 3,7, 8
and 11). The support structure 130 also supports the nut element 104. The
support structure 130 provides bearing support surfaces that accommodate
torque loading applied when the nut is under torque. The support structure
130 also allows the nut element 104 to float a desired amount along an axis
substantially perpendicular to the base 108. The support structure 130 forms
a partial enclosure for the nut element 104 and includes side walls, left side
wall surface 132 and right side wall surface 134, and upper wall surface 136.
The side wall surfaces and the upper wall surface allow the nut element to
pivot and to float. The left and right side wall surfaces are formed in the
present examples as each having a full radius from the upper base surface
126 to the upper wall surface 136. They can also be formed each with two
half radius portions connected by a substantially straight side wall or
otherwise. The left and right side wall surfaces extend substantially straight
between and perpendicular to the front and rear surfaces 122 and 124,
respectively. The side wall surfaces and the upper wall surface along with the
upper base surface 126 form a partial enclosure for the nut element and retain
the nut element within the partial enclosure while limiting movement of the nut
element both parallel to a plane defined by the upper base surface 126 and
axially thereto.

The left and right side wall surfaces are supported by left and right side
walls 138 and 140, respectively (FIG. 11). The left and right side walls are
substantially identical mirror images of each other, and only one will be
described. Specifically, the left side wall 138 extends upwardly from the base
108 to an upper surface 142 and outward from the left side wall surface 132 to
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the left side 118. Additionally, the left side wall 138 extends from the front
surface 122 of the base 108 to the back surface 124, and has respective front
and back walls substantially co-incident with the walls of the base 108. The
upper surface 142 can extend outward substantially parallel to the lower
surface 110 of the base 108 to the left side 118, but in the present example,
the upper surface 142 slopes downward from a line 144 outboard of the left
side wall surface 132 to a curved line 146. In the present example, the lowest
point of line 146 is approximately at a midpoint in the left side wall surface 132
between the upper base wall 126 and the upper surface 136. In this
configuration, the left side wall supporting the left side wall surface 132
extends substantially from the left side wall surface 132 to the left side 118 for
supporting torque loading that may be applied by the nut element 104. In the
configuration where the openings 116 are included in the nut plate, the left
side wall extends around the respective opening.

The opening 116 is a bore having a substantially cylindrical side wall
148 extending from the outward facing surface 110 upward to a counter bore
150 (FIG. 11), though it should be understood that the counter bore 150 can
instead be a countersink, a chamfered surface, a radiused transition, a raised
boss or rim or other structure, or it can be omitted entirely. The cylindrical
side wall 148 and counter bore 150 join at approximately the level of the curve
146. Both the bore and the counter bore 150 are preferably substantially
circular. The bore and counter bore receive appropriate fasteners or other
attachment means for substantially fixing the nut plate to the support surface.
The openings in the present example are arranged on opposite sides of the
nut 104. However, they can be positioned on the same side or at an angle
relative to each other about the nut 104. Where the openings 116 are
omitted, the side walls extend from the side wall surfaces to the respective
outer sides.

The left and right side walls extend toward each other over the upper
base surface 126 and join at a bridge portion 152 (FIGS. 1, 3, 5, 8 and 11).
The left and right side walls and the bridge portion together are configured to
define a partially circular wall 154 defining an opening 156 for aligning a barrel
of the nut element, described more fully below. The opening 156 has a
reduced-width entrance 158 to allow the barrel of the nut element to be press

20



10

15

20

25

30

WO 2008/157265 PCT/US2008/066792

fit through the entrance and into the opening 156. Because of the minimum
spacing defining the entrance being somewhat smaller than the outside
diameter of the barrel, the barrel will not come out of the opening without a
similar guiding force. The minimum spacing is defined by respective opposite
walls 160 and 162 (FIGS. 1 and 12), which may be flat, pointed, rounded or
other configurations for providing an entrance while helping to keep the nut in
the opening 156. The lead in to the entrance 158 is defined by a pair of
diverging walls 164 and 166 extending outwardly from the respective sides of
the entrance to the front sides of the side walls. The diverging surfaces help
guide the nut into the opening 156.

The opening 156 is larger than but co-axial with an opening 168 in the
base 108. The opening 168 is formed by a completely circular wall through
the base. The opening 168 receives the fastener 106 for threading into the
nut element 104.

The partial enclosure for the nut element may include a boss, post,
column or rib 170. The column 170 extends upward from the upper base
surface 126, and in the present example extends upward to the surface 136
and supports the bridge portion 152. The column 170 is substantially
centered between the left and right side wall surfaces 132 and 134,
respectively, and includes similarly radiused surfaces. The upper base
surface 126, the column 170, the upper surface 136 and the left and right side
wall surfaces define between them left and right openings 172 and 174 (FIG.
8) for receiving respective projections, points or tabs on the nut element 104.
The width of the openings 172 and 174 are selected according to the desired
pivoting movement to be allowed for the nut element. The height of the
openings are selected according to the desired float for the nut element. In
the present configuration, the configurations of the side surfaces of the
column 170 and the inside wall surfaces 132 and 134 define the cross-
sectional configurations of the openings, but the opening configurations can
be different than the configurations of the side wall surfaces.

In the configuration shown in the drawings, the nut plate has at least
the portion between the lines 144 symmetric about a longitudinal vertical
plane such as that defined by the line 12-12 in FIG. 6. This configuration
shown in FIGS. 1-13 also has the entire nut plate symmetric about that plane.
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The nut plate is asymmetric about a vertical transverse plane defined by a line
11-11 in FIG. 6, because the present example does not have a front column
corresponding to the column 170, and the entrance 158 omits a bridge portion
corresponding to the bridge portion 152. Therefore, the nut plate is
asymmetric relative to a vertical transverse plane defined by the line 11-11.
The nut plate is also asymmetric relative to a horizontal plane, such as that
defined by line 13-13 in FIG. 7. The edge portions of the nut plate surfaces
may all be radiused, if desired.

When the nut element 104 is in place as shown in FIG. 1-3, the side
wall surfaces 132 and 134 and the column 170 provide limiting elements,
bearing elements, bearing surfaces or barriers limiting movement of the
fastener element. They limit pivoting movement of the nut element. When
the nut element pivots, the bearing surfaces provide at least three points of
contact or three areas of contact (104a, 104b and 104c in FIG. 13) for
receiving the torque loading applied by the nut element when the fastener is
tightened down. Depending on the angular direction in which the nut element
pivots (counterclockwise as viewed in FIG. 13), the loading is supported by
one side or the other of the column 170 and by the side walls 138 and 140
(FIGS. 11 and 13).

The nut element 104 (FIGS. 1-4) includes a base 176 supporting a
generally cylindrical internally threaded portion in the barrel 178. The barrel
extends from the base 176 to an end surface 180 defining an opening for the
barrel. The barrel may be substantially cylindrical in its inside and outside
profile, or the barrel can be crimped to increase the frictional engagement with
the fastener (for example 106). In an alternative configuration, the nut can
also be a beam locking nut, or other nut configurations.

In the present example, the base 176 of the nut has a substantially
smooth, flat bottom surface and a substantially smooth, flat upper surface.
The upper surface curves from the flat surface upward to the outer perimeter
surface of the barrel 178. The nut element 104 includes tips 180 extending
outward from the base 176. The tips 180 can take the form of projections,
pads, arms, extensions, points, cam surfaces, eccentricities or other surfaces
which keep the base from having a circular perimeter. The tips 180 are

arranged in pairs on each side of a transverse plane and each pair extends
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along a longitudinal plane. The tips 182 and 184 in the first pair extend in a
direction opposite to the tips 186 and 188 in the other pair. The tip 182, and
each tip in the example of the nut 104, includes a substantially straight wall
190 forming an inside surface of the tip 182, and an angled surface 192
forming an outside surface of the tip 182. The straight and angled surfaces
end at a transverse flat end wall 194. Depending on the configuration of the
nut support, pivoting of the nut 104 may cause the straight surface 190 to
contact a bearing surface, the angled surface 192 to contact a corresponding
bearing surface, or the respective junctions between those walls and the end
wall 194 to contact a bearing surface. Additionally, some configurations may
have the flat end wall 194 contacting a bearing surface.

The nut 104 in the present example is a conventional nut such as that
shown and described in U.S. Pat No. 6,854,941, incorporated herein by
reference. The nut in the patent is formed from metal and is symmetric about
both the transverse and longitudinal planes. Consequently, the nut can be
inserted into the receptacle in two orientations, one 180 degrees apart from
the other. The nut 104 can have the same configuration if desired.

The nut is inserted into the nut receiving area by directing one pair of
the tabs of the nut between the surfaces 164 and 166. The barrel 178 is
pressed through the opening 158. The tabs 186 and 188 are guided into the
openings 172 and 174, respectively. As the nut element moves into position
with the tabs 186 and 188 in the openings 172 and 174, the nut settles onto
the upper base surface 126. The nut element can be removed by pressing
the barrel 178 of the nut element out of the opening 158.

In the present examples, the nut support is formed from a non-metal
material. In the present examples, one material is TORLON, and other poly-
amide imides as well as other structural plastics or polymers can be used,
including but not limited to among others; Vespel or Aurum (P1), Ultem (PEI),
Victrex or Ketaspire (PEEK), Primospire (SRP), Polycarbonate, or Epoxide or
Phenolic synthetic resins. The material can also be a composite material and
may include fiber reinforcement or other strengthening materials. In these
examples, only the nut and the fasteners securing the nut plate, if fasteners
are used to secure the nut plate, are formed from a metal. Nut plates formed

from non-metal materials with these or similar characteristics provide
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relatively high strength, and long lasting components that have relatively high
resistance to corrosion. Additionally, molding of nut plates using such
materials also permits manufacture of a number of nut plate configurations
that can incorporate easily one or more of the features described herein.

The nut element is formed from metal and is symmetric about both the
transverse and longitudinal planes. Consequently, the nut can be inserted
into the nut plate in two orientations, one 180 degrees apart from the other.
Other nut element configurations can be used, with or without changes in the
nut plate configuration. For example, the nut element could be made
asymmetric as well as having other configurations.

As with any of the configurations of the nut plates described herein, the
structures supporting and retaining the nut, for example a nut receptacle, can
be configured with a number of bearing surfaces against which projections or
contact surfaces on the nut can bear when the nut is under torque, for
example bosses, cavities, openings, walls and the like. These bearing
surfaces can also include flats or other non-circular portions. Additionally, the
nut plates and the nut elements both can be configured, though they need not
be, to be at least in part complimentary with each other. For example, the nut
104 includes tabs that fit into the openings 172 and 174 of the nut support,
and side walls in the base. The tabs and the sidewalls of the nut base
substantially simultaneously bear against and are supported against further
pivoting by complimentary surfaces in the nut support. For example, if the nut
element has tabs in the form of star points, the nut support may have a
plurality of convergent surfaces or walls so that at least some of the nut
element surfaces on the star points contact respective ones of the convergent
surfaces substantially simultaneously when the nut element pivots. Where
the nut element includes a plurality of rounded tabs, for example lobes, the
nut support can include rounded bearing surfaces. If the nut element has
squared off tabs with straight side walls, the complimentary bearing surfaces
on the nut support can also have flat bearing surfaces. Other combinations
can also be used.

While any of the nut plate combinations described herein can
rotationally fix the nut in place during normal usage, it is preferred to allow
some rotational movement of the nut relative to the receptacle. Additionally, it
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is also preferred that when the nut is under torque, any projections or tabs or
other surfaces that are intended to engage bearing surfaces on the nut
support when the nut is under torque preferably contact those bearing
surfaces substantially simultaneously, or if not simultaneously, all of the
surfaces intended to engage bearing surfaces on the receptacle achieve the
intended engagement.

In one example of the nut plate 102, the height or thickness of the base
108 can occupy about one-third of the overall height of the nut plate. The
distance or spacing between the upper base surface 126 and the upper
surface 136 may occupy about another third of the overall height of the nut
plate. The thickness of the bridge portion 152 between the upper surface 136
and the surface 142 may occupy about another third of the overall height of
the nut plate. Additionally, the spacing between the walls 132 and 134 may
be between one-third and one-half the overall width of the nut plate between
the ends 118 and 120. The remainder of the width is split substantially
equally between the side walls 138 and 140.

To assemble the combination, the nut assembly 100 of FIG. 1 is
fastened to the support element 112 so that the opening 168 is substantially
coaxial with an opening in the support element. The fastener 106 is pressed
through the opening in the panel 114 and threaded into the nut 104. When
the fastener 106 first encounters the threads of the nut, the nut element is
biased away from the panel 114, until the threads of the fastener 106 engage
and advance into the nut element 104. Further threading of the fastener 106
pulls the nut against the upper surface 126 of the base 108. Further threading
of the fastener 106 also pulls the panel 114 against the support element 112
and secures all the components together.

In another example of a fastener and receptacle combination in the
form of a nut plate combination, a nut plate 200 is substantially identical to the
nut plate 100 in FIGS. 1-14 except for having a circular bearing surface for the
support and for the upper surface of the cage and side walls extending
substantially horizontally to the left and right side walls. Additionally, the nut
base is substantially square in its footprint and its cage is closed opposite the
cavity opening. Specifically, the nut plate 200 includes a base 202 having a
substantially rectangular form extending from a right side wall 204 to a left
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side wall 206. The base can be considered as terminating at an upper level
substantially co-planar with a fastener support surface 208 (FIG. 15).

The base includes a front support element 210 and a rear support
element 212 (FIG. 15). The front support element extends frontward away
from a lower most portion of the base, and the rear support extends rearward
from a lower most portion of the base. The front and rear support elements
along with the remainder of the base provide a bottom support surface 214
(FIGS. 16-18) that is used to support the fastener receptacle on an underlying
structure, to which the fastener receptacle is to be attached. In profile, the
bottom support surface 214 is circular. The bottom support surface provides
a larger surface area for supporting the nut plate on the underlying structure.
The larger surface area can be useful for holding the nut plate on the structure
more securely, such as through adhesive, or other bonding agents. In some
applications, securement of the assembly on the underlying support structure
is suitable with only an adhesive or bonding material. Larger surface areas
for the bottom support surface contribute to the securement by bonding. In
other applications, both bonding material and fasteners may be used, and in
others bonding material is omitted. The thickness or height of the front and
rear support elements may be selected as a function of the material strength
of the base, the expected loading in the part as well as the diameter of the
base.

The bottom support surface 214 in the present example includes a
plurality of spacer areas to be included for example when adhesive is used to
help hold the receptacle on the underlying structure. The spacer areas may
be selected so as to be approximately the same height as the expected
thickness of the adhesive. In the example shown in FIGS. 16-20, the bottom
support surface 214 includes first, second, third and fourth bosses 216-222,
respectively. The bosses in the present example are substantially circular
and are positioned in board from but adjacent the left and right side edges
204 and 206. They are positioned under respective corner portions of the
rectangular portion of the base. One pair is positioned on opposite sides of a
fastener opening 224 and the other pair is positioned on opposite sides of a
fastener opening 226. Additionally, each fastener opening is encircled by a
respective spacer wall 228 and 230 (FIG. 18) for supporting the portion of the
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base around the respective openings, for example when a fastener is used to
attach the nut plate to the underlying structure. Alternatively if desired, one or
more or all of the spacer areas can be omitted. Additionally, any of the
fastener receptacles described herein can include spacer areas, and any
spacer areas can take a number of forms, including bosses, raised rings,
spokes, lines, arcs, and the like.

The base 202 in the example shown in FIGS. 15-20 also includes a
spacer wall 232 around an opening 234 formed in the bottom of the base for
receiving a shank or other portion of a fastener. The spacer wall 232 serves
substantially the same function as the spacer areas previously described, and
can be omitted if desired.

The base 202 also includes a positioning element, which in the present
example takes the form of a crenellated wall 236 (FIGS. 16-18) extending
axially outward from the bottom support surface 214 and around the opening
234. The outer diameter of the wall 236 is preferably less than the outer
diameter of the spacer wall 232 so that the spacer wall 232 can bear against
the underlying structure. The wall 236 is formed sufficiently long extending
away from the bottom support surface 214 so as to engage and possibly
extend into the corresponding opening in the underlying support structure.
The wall 236 helps to position the nut plate about the opening and to maintain
its position. Any of the fastener receptacles can include a positioning
element, including a wall such as the crenellated wall 236.

The nut plate 200 includes an upper surface 238 (FIGS. 15-17) that
extends from the right side to the left side of the nut plate except for the
opening for the nut. The upper surface 238 is substantially planar, but could
be configured to slope downward as it approaches the right and left sides.
The openings 224 and 226 extend substantially vertically between the upper
surface 238 and the respective spacer walls 228 and 230.

The nut plate 200 receives and releasably supports a nut 240 (FIGS.
15-17 and 19-21) is a cavity 242. The cavity 242 is substantially identical to
that described with respect to FIGS. 1-14, with the nut support wall, the side
walls, and the upper support wall, except that the end 244 of the cavity at the
rear is closed. The right and left side walls each have a radius and the height
of the side walls is slightly greater than the height of the nut base. The rear of
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the cavity is closed by an end wall 246 extending between the base 202 and
the upper wall 238. The end wall 246 may also include a radius.

The nut 240 includes a base 248 and a body 250. The nut may be
substantially identical to the nut 104 and may be incorporated into the nut
plate in the same manner, but in the present example the base 248 has a
rectangular outline, specifically in this example a square outline. In the
configuration, when in the cavity, pivoting of the nut plate within the cavity
generally brings three corner surfaces of the nut into contact with adjacent
walls of the cavity. The adjacent walls of the cavity serve as bearing surfaces
to limit rotation or pivoting of the nut within the cavity. Therefore, the nut plate
configuration shown in FIGS. 15-21 also provides three-point contact to limit
rotation of the nut in the cavity. Additionally, the nut is configured to be
square so that any side of the nut can be inserted first into the cavity to
assemble the plate without any need to place the nut in a particular
orientation. Alternatively, in a rectangular, non-square configuration, the nut
240 can be inserted into the cavity in either of two orientations, 180 degrees
apart, of the base 248.

In a further example of a fastener and receptacle combination in the
form of a nut plate combination, nut plate 300 (FIGS. 22-27) provides a side-
load nut assembly and a single lug or mounting tab for the configuration. The
nut plate will be considered as having a configuration for receiving and
supporting a nut such as nut 104 (FIG. 5), but the nut plate can be configured
for receiving and supporting other nut configurations.

The nut plate 300 includes a base 302 supporting a nut cage 304 for
receiving and supporting a nut 104. The base 302 is configured to be
mounted on an underlying support structure, such as that described with
respect to FIG. 14. The internal structure of the nut cage 304 is substantially
the same as that described with respect to FIGS. 1-13, and the height of the
base 302, the height of the cage side walls and the height (or material
thickness) of the upper support wall are substantially the same as those
described with respect to FIGS. 1-13.

In the present example, the base 302 is substantially planar and

extends from a right end 306 to a left end 308. The base includes a bottom
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support surface 310 placed against an underlying support structure and
secured thereto. The upper surface 312 of the base supports the cage 304.

The base includes a single lug 314. Two openings 316 are formed
through the lug 314 for receiving rivets or other fasteners for mounting the nut
plate to the underlying structure. A single opening or more than two openings
can be used, as desired, and the number, size and location may be selected
as a function of the expected loading, the available space, and whether other
securing means are used, such as adhesive or bonding agents. A single lug
nut plate may be useful in limited space applications, along surface edges or
corners or interior to the edges of a structure. In the present example, both
openings are located on the same side of nut element, as opposed to on
opposite sides or at an angle relative to the nut element, which are also
possible. Each hole can include a respective eyelet 318 (FIGS. 22-24 and 26-
27) for example when significant loading is expected or when fasteners are
used formed from a material harder than the material of the lug of the nut
plate.

One or more reinforcing walls 320 can be included for supporting the
nut cage 304 relative to the base 302. In the present example, the reinforcing
walls 320 extend from the right side of the nut cage 304 to the upper surface
of the base 302, on respective sides of the openings 316. The reinforcing
walls 320 slope downwardly from the upper surface of the cage to the upper
surface of the base 302. The reinforcing walls have a substantially constant
slope downward and terminate approximately at a mid portion of the right-
most opening 316. As shown in FIG. 26, the reinforcing walls have
approximately the same material thickness as that for the nut cage side walls.
However, the thickness can be different if desired.

The access opening 322 (FIGS. 24 and 26) for the nut cage in the
present example is positioned at a side of the nut plate, rather than at a front
or rear of the plate. In the present example, the nut 104 is inserted in and
removed from the cage through only the single access opening 322, and
following a path that is substantially parallel to the upper surface of the base
302. However, locating the access opening 322 and suitable guiding of the

nut 104 may be made easier by slightly tilting the nut 104 until tabs of the nut
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contact the upper surface of the base 302 followed by insertion parallel to the
upper surface.

In the examples of the nut plates described herein, eyelets such as
eyelet 318 (FIG. 27) can be used in conjunction with securement openings in
the nut plate. The eyelets 318 shown in FIGS. 22-24 and 26-27 include a
cylindrical portion 324 extending part or all of the way into the opening 316. A
rim or flange 326 extends outwardly from an end portion of the cylindrical
portion 324, for example for overlying or protecting a portion of the upper
surface of the base 302. The rim 326 can also be recessed or set into the
upper surface so that the top surface of the rim is flush with the upper surface
of the base. Other eyelet configurations can also be used.

Other lug arrangements can be used with the side-loading nut cage.
Additionally, other nut loading configurations can be used with the single lug
securement configuration. For example, as shown in FIG. 28, an alternative
nut plate 330 with a front-loading cage 332 configuration is included on a
single lug base 334. The reinforcing walls 336 are thicker than the vertical
walls 338 and 340 of the cage 332, but the nut plate 330 can be otherwise
identical to the nut plate 300.

In another example of a fastener receptacle support, a receptacle for a
nut plate combination is shown in FIGS. 29-31. The receptacle 400 is
configured to accommodate the nut 104 described with respect to FIG. 4, but
the receptacle can be configured to accommodate a nut having other
configurations. The nut 104 is not shown with the receptacle 400, but it is
understood that the nut 104 can be inserted into and removed from the nut
cage and would be supported in the nut cage in a manner substantially the
same is that described above with respect to the nut in FIG. 4.

The receptacle 400 includes a base 402 supporting a cage 404. The
base includes a bottom support surface 406 that will be placed against and
secured to an underlying support structure. The base includes a right lug 408
and a left lug 410, each extending away from respective sides of the cage
404. The receptacle 400 is considered to have a front-loading cage 404 so
that the lug 408 is on the right side and the lug 410 is on the left side of the

cage.

30



10

15

20

25

30

WO 2008/157265 PCT/US2008/066792

Each lug includes a respective opening 412 that can be used to assist
in securing the receptacle to the underlying support structure. Each opening
412 can be considered as being centered approximately equidistant from the
external sides of the respective lug, for example the distance defined by a
radius 414 from a center of the opening to the outside of the rounded edge of
the respective lug. In the lug configuration shown in FIGS. 29-31, each lug is
directed forward toward the front of the receptacle so as to be directed at an
angle (represented by the angle formed between the line 416 in FIG. 30 and
the right side of the cage 404) from the adjacent side of the cage 404. As a
result, each opening 412 is positioned closer to the front of the cage than to
the rear of cage. Additionally, each lug includes a portion that extends
forward of the front of cage, in the present example. The receptacle can be
used to support a fastener element near a corner of a panel, for example. An
opening 418 is formed through the base for receiving an appropriate portion of
a fastener element, as is typical for nut plates.

The base 402 supports the nut cage 404. The nut cage includes a
right side wall 420 and a left side wall 422 extending upward from the upper
surface of the base 402 to an upper panel 424. The interior structural details
of the nut cage are substantially identical to those described above with
respect to the nut plates of FIGS. 1-14 and 22-28. For example, the interior of
the nut cage 404 includes a substantially planar nut support surface 426,
radiused internal side walls facing each other and extending upward to the
upper panel 424 and a boss, post, column, or rib 428. The column 428
extends from the nut support surface 426 to the upper panel surface 424 and
defines respective openings 430 and 432 for receiving and supporting
respective tabs on a nut 104.

The respective heights of the base, the internal side walls of the cage
and of the upper panel 424 (or its material thickness) are preferably
comparable to the relative dimensions of those structures described with
respect to the other cages described herein. For example, the height or
material thickness of the base 402 is approximately one-third of the overall
height of the receptacle, as is the height or material thickness of the upper
panel 424, leaving the remaining approximately third of the height taken up by
the interior of the cage.
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The side wall thicknesses of the side walls 420 and 422, namely the
material thickness between the interior wall surfaces of the side walls and the
exterior wall surfaces of the side walls can be selected to reliably support any
loading applied from the tabs of a nut 104 when under loading. In the
example shown in FIGS. 29-31, the side walls are radiused on the inside and
straight on the outside with transition radii to and from adjacent surfaces. In
an alternative configuration, the side walls can slant or slope downwardly to
join the upper surfaces of the adjacent lugs 408 and 410. In another example,
the side walls can extend sideways to the outer edge surfaces of the
respective lugs.

Forming, assembling and installing a nut plate assembly having the
receptacle 400 can be accomplished in a manner the same as or similar to
the other examples described herein.

In another example of a fastener receptacle such as a receptacle for
receiving and supporting a fastener element, a receptacle 500 (FIGS. 32-33)
is substantially identical to the receptacle 102 described with respect to FIGS.
1-14. The receptacle 500 receives and supports the nut 104 through a front-
loading configuration with the cage 502 on a support 504. In the present
example, the support 504 includes a downwardly-facing concave support
surface 506 so that the support surface 506 is not planar. The curved support
surface 506 allows the receptacle to be mounted on curved surfaces. In the
configuration of the receptacle 500 shown in FIGS. 32-33, the curvature is
with respect to a minor axis extending in the front-to-rear direction, with the
right and left sides 508 and 510, respectively, curving away from and
extending on opposite sides of the minor axis. The curvature of the support
surface 506 is substantially constant as shown in FIGS. 32 and 33. In another
example, the curvature can be concave relative to a major axis extending
between the left and right sides of the receptacle, with the front and rear
portions of the receptacle extending on opposite sides of the major axis.
Alternatively, the curvature can be varied to accommodate the particular
surface configuration of the underlying support structure.

In another example of a fastener receptacle such as a receptacle for
receiving and supporting a fastener element, a receptacle 600 (FIGS. 34-36)
is substantially identical to that described with respect to FIGS. 15-18, except
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as described with respect to this example and without the front and rear
support elements 210 and 212. Additionally, the cage configuration, and
therefore the intended nut configuration for use therewith, corresponds to the
nut 104. However, the cage and nut configuration can be incorporated similar
to that described with respect to FIGS. 15-21, or other nut configurations. In
the example of the receptacle 600, the base 602 extends front to rear and
from the right side 604 to the left side 606. The base 602 includes a convex
support surface 608 so that the support surface 608 is not planar. The curved
support surface 608 allows the receptacle to be mounted on curved surfaces
that are concave. In the configuration of the receptacle 600 shown in FIGS.
34-36, the curvature is with respect to a minor axis extending in the front-to-
rear direction, with the right and left sides 604 and 606, respectively, curving
away from and on opposite sides of the minor axis. The curvature of the
support surface 608 is substantially constant as shown in FIGS. 34 and 36. In
another example, the curvature can be convex relative to a major axis
extending between the left and right sides of the receptacle, with the front and
rear portions of the receptacle curving away from and on opposite sides of the
major axis. Alternatively, the curvature can be varied to accommodate the
particular surface configuration of the underlying support structure.

As shown in FIG. 36, the receptacle 600 can include openings 610
having central axes 612 configured so that the axes extend normal to the
support surface 608. In such a configuration, fasteners used to secure the
receptacle 600 to the underlying support structure would extend normal to the
underlying surface of the support structure adjacent the support surface 608.
As a result, the fasteners and the surrounding support structure material may
experience less side loading than if the fasteners were oriented otherwise.
Alternatively, the openings and their central axes 612 can be oriented normal
to the upper surface 614 of the receptacle 600 or at another angle.
Additionally, the receptacle 500 shown in FIGS. 32 and 33 can also have their
openings oriented normal to the underlying support surface 506 at the point
where the openings exit the support surface 506. Other configurations are
also possible.

In another example of a fastener receptacle for receiving and
supporting a fastener element, a receptacle 700 (FIGS. 37-41) can be used to
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mount a component or other structure adjacent a corner of two other
structures, for example adjacent a corner in two panels. In the present
example, the receptacle 700 includes a base 702 that includes a bottom
surface 704 forming a support surface 706 that is placed against an
underlying support structure. In this receptacle, the support surface 706 is
substantially planar to be placed against a correspondingly planar portion of a
support structure. In the present example, the base is also substantially
planar and has a uniform height or material thickness from the support
surface 706 to the plane defined by a nut support surface 708. The base has
a pentagon shape with two substantially equal-length right and left rear sides
710 and 712, respectively, and two substantially equal-length right and left
front sides 714 and 716, respectively, the latter two of which are joined by
front side 718. The right and left front sides are shorter in length than the right
and left rear sides. As with each of the fastener element receptacles or
receptacles described in these examples, the base 702 also includes an
opening 720 for receiving a shank, shaft or other fastener element to be
engaging the nut supported in the cage, described more fully below.

The receptacle 700 includes a least one, and in the present example
two, securement portions on the base for helping to secure the receptacle
relative to the support structure. In the present example, a right securement
portion 722 and a left securement portion 724 are supported by and extend
upwardly from the base 702. The right securement portion 722 extends
upwardly from the base adjacent the right rear side 710, and the left
securement portion 724 extends upwardly from the base adjacent the left rear
side 712. They extend upward to upper edges 726 and 728, respectively.
Each securement portion includes at least one, and if desired a plurality of,
openings 730 for use in securing the receptacle to a support structure. The
openings can be used to secure the receptacle in the same way that other
receptacles described herein are secured. In the example shown in FIGS. 37-
41, the right and left securement portions are substantially square with
radiused edges and corners, and they allow the receptacle to be mounted to
one or two support structures. In the case of being mounted to two support
structures, the two support structures would be adjacent each other forming
an approximate junction, such as a right angle corner. Other configurations of
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securement portions may be used, for example forming the securement
portions as other than square configurations.

Each securement portion is coupled to the base and to the adjacent
cage portion end by a reinforcement wall, such as right reinforcement wall 732
and left reinforcement wall 734. The upper portions of the reinforcement walls
slope downwardly from approximate mid points of the securement portions to
an upper portion of a fastener cage 736 (FIGS. 37-38), at an upper wall
surface 738. The thickness of the reinforcement walls can be approximately
the same as the thickness of the securement portions, as shown in the
drawings, or the thicknesses can be different.

The base 702 also supports the cage 736 that supports a nut element,
such as nut element 104. The cage extends above the nut support surface
708 and is configured to allow front loading of the nut into the cage. The
interior surfaces of the cage are substantially similar to those for the cage
described with respect to FIGS. 1-13, and include the substantially planar nut
support surface 708, right and left radiused side wall surfaces 740 and 742
(FIG. 37) and a post or column 744 (FIG. 38). The right and left side wall
surfaces and the post 744 extend upwardly from the nut support surface 708
to the upper cage wall 746, whose upper surface 738 forms the top surface of
the cage. The upper cage wall includes a partially circular opening 748 (FIG.
38) defining an axially-extending opening for receiving and supporting a
fastener element body such as the nut body 178. The opening 748 includes a
restricted entrance defined by entrance walls 750 having a structure and
function similar to that described with respect to walls 160 and 162. Approach
ramp walls 752 and 754 help to guide the nut body into the opening 748.

The post 744 and the interior side walls 740 and 742 in the cage help
to define right and left rear openings 756 and 758, respectively. The openings
receive respective tabs on the nut element 104, which bear against respective
surfaces when the nut pivots. For example, if the nut pivots in a
counterclockwise direction as viewed from the perspective of FIG. 38, one tab
will contact the post 744 and another tab will contact the left side wall surface
742. Additionally, one tab will contact the right side wall surface 740 near the
front. When the contacts occur simultaneously, there will be three bearing

surfaces limiting pivoting movement of the nut.
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The right and left interior side walls 740 and 742 of the cage 736 are
supported by support material 760 and 762, respectively, extending between
the side wall surfaces and the right and left outside surfaces 764 and 766,
respectively, of the cage. Portions of the support material are shown in a
cross-section of FIG. 40 and extend vertically substantially the distance from
the nut support surface 708 to the underside surface of the upper cage wall
746. The support material formed by the side walls form a substantial amount
of bearing support for the interior side wall surfaces of the cage. As a result,
the bearing surfaces against which corresponding surfaces of the nut bear
under torque can withstand significant loading.

In the receptacle 700, three-points of contact are provided for limiting
pivoting movement of the nut, and for releasably retaining the nut in the cage.
The relative heights or material thicknesses of the cage elements and the
base have the base forming an approximate third of the height of the base
and cage combination, the upper cage wall 746 forming an approximate third
of the height in the cavity in the cage for receiving the base of the nut forming
an approximate other third. The cage also forms a back wall for the nut body
limiting the directions in which the nut can be inserted into cage. As in all of
the examples described herein for the base, such as base 702, the base is
substantially incompressible, and in some examples inflexible, and reliably
supports the nut at approximately the same height relative to the underlying
structure under the base 702.

Any of the fastener element receptacles described herein can be
configured to accommodate more than one fastener element. As shown in
FIG. 42, fastener element receptacle 770 includes a base 772, a right side
wall 774, left side wall 776 and an upper wall 778. The front 780 includes a
first, second and third cage areas 782, 784 and 786, respectively, for
receiving corresponding fastener elements. In the present example, the
fastener elements include the nut element 104, a quarter-turn receptacle 788
(FIG. 43) and a cycle nut 790 (FIG. 44). The nut element 104 shown in FIG.
42 includes serrations on the bottom surface thereof for having multiple points
of contact between the nut element and the underlying support surface. The
other fastener elements described herein can also have non-flat bottom
surfaces as well, and may include other textured surface configurations. The
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same or different fastener elements can be incorporated into a multiple
receptacle such as shown in FIG. 42. Each cage area can be identical or can
be configured to accommodate a particular type of fastener element. The
multiple receptacle can otherwise include any of the features described herein
with respect to the other receptacles.

Fastener element and receptacles can also be configured for providing
more than three points of support for limiting pivoting movement of the
fastener element in the receptacle. In one example, additional tabs and
additional bearing surfaces can be provided in a cage beyond the four tabs on
nut 104 to produce more than three points of contact between the nut and the
cage when the nut pivots under torque.

In another example of a fastener element and receptacle supporting a
fastener element, a nut plate 800 (FIGS. 45-51) includes a receptacle 802 and
an embedded nut element 804 with more than three points of contact limiting
pivoting movement of the nut relative to the receptacle 802. The nut element
804 is molded in place in the receptacle 802.

The receptacle 802 includes a base 806 configured to be mounted on
an underlying support structure, such as that described with respect to FIG.
14. The base extends longitudinally from a right side wall 808 to a left side
wall 810 and transversely from a front wall 812 to a rear wall 814. The base
includes a right securement portion 816 and a left securement portion 818,
with respective holes 820 and 822 for receiving securement elements, which
may be fastener elements, adhesive or other bonding elements, or other
materials for securing the assembly to an underlying support structure.

In the present example, the base 806 is substantially planar and
includes a substantially planar bottom support surface 824 (FIGS. 46 and 47)
to be placed against an underlying support structure and secured thereto.
The upper surface of the base, of which surfaces 826 and 828 are a part,
supports a nut support and retaining structure 830 (FIG. 45 and 47). The
structure 830 supports and retains the nut element 804 in place. On the
bottom support surface 824, for example where adhesive is used to help
secure the nut support in place, spacer elements may be included. For
example, spacer elements 832 are placed adjacent the four external corners
of the support surface slightly in board from the adjacent edges. Additionally,
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spacer rings 834 can be placed about the lower rims around the openings 820
and 822. An additional spacer ring 836 can be included about the opening
838 extending through the base to the nut 804. Alternatively, the spacer
elements can be omitted, for example if adhesive is omitted.

The base can also include a crenellated wall 840 extending axially
outward from the bottom support surface 824 and around the opening 838.
The outer diameter of the wall 840 is preferably less than the outer diameter
of the spacer wall 836 so that the spacer wall 836 can bear against the
underlying structure. The wall 840 is formed sufficiently long extending away
from the bottom support surface 824 so as to engage and possibly extend into
the corresponding opening in the underlying support structure. The wall 840
helps to position the fastener support element about the opening and to
maintain its position on the support structure. The wall 840 can also be
omitted.

The nut support and retaining structure 830 extends substantially from
the front wall 812 to the rear wall 814 and longitudinally from a right support
wall 842 (FIG. 47) to a left support wall 844. The right and left support walls
extend upwardly from the base 806 from points adjacent the openings 820
and 822, respectively, through radius transitions, through the support walls
842 and 844, and through radius transitions to a top surface 846 of the
support structure. The top surface 846 substantially surrounds, encloses and
engages hex surfaces or flats 848 on the nut element 804 (FIG. 51). The nut
support and retaining structure 830 is shown in cross-section in FIGS. 48-49.
In FIGS. 45 and 49, the support structure is shown surrounding and engaging
the hex surfaces 848. The support structure helps to take up the loading from
and limit pivoting of the hex nut 804 when torque is applied. Other non-
circular configurations can also be used. The support structure has more than
three-point contact helping to limit pivoting of the hex nut 804.

Additional points of bearing contact to take up loading when loading is
applied to the nut element 804 can be included in the assembly 800. For
example, other non-circular surfaces can be used about the perimeter of the
nut element or on other surfaces of the nut element to engage walls or
bearing surfaces on the nut support for limiting or preventing pivoting of the

nut element relative to the nut support. The non-circular surfaces can take
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any of the configurations referenced herein. When torque is applied to the
nut, the non-circular surfaces engage the bearing surfaces to limit or prevent
pivoting.

The hex nut 804 includes a base 850 having serrations 852 on the
bottom surface thereof. The serrations provide an easy and an efficient way
to have a relatively large number of engagement positions. When the hex nut
804 engages complementary surfaces formed or molded in the nut support
802, the serrations 852 bear against the nut support, thereby resisting rotation
through the serrations, which may be considered projections, in combination
with the hex surfaces 848 for helping to limit pivoting of the nut element in the
nut support. The surfaces of the nut support contacted by the serrations are
bearing surfaces as to which the engagement positions between them and the
nut serrations limit or prevent rotation or pivoting of the nut relative to the nut
support. In this example, both the serrations and the hex surfaces help to
limit rotation or pivoting of the nut relative to the support.

In other examples, the serrations in any of the nut examples can be
substituted by knurling, diamond points or other engagement portions.
Serrations, knurling or diamond points, for example, provide a relatively large
number of contact points, lines or planes to accommodate the loading while
the nut is under torque. Such engagement portions can be placed on multiple
surfaces of the fastener element. In the nut element example 804, additional
or substitute engagement portions can be included on the outer perimeter
surface of the base 850, for example. Where substitute serrations are placed
on the outer perimeter surface of the nut element, the nut can be press-fit into
the nut support rather than molded in place. The serrations would limit
pivoting of the nut element when torque is applied. Any of the nut elements
described herein can be configured to include serrations, hex surfaces and/or
other non-circular surface portions for contacting surfaces in a receptacle.

Another example of a fastener element and receptacle supporting a
fastener element includes a nut plate 900 (FIGS. 52-55) having a receptacle
902 and an embedded nut element 904 having more than three points of
contact limiting pivoting movement of the nut relative to the receptacle 902.

The nut element 904 is molded in place in the receptacle 902.
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The receptacle 902 includes a base 906 substantially identical to the
base 806 described with respect FIGS. 45-49. The examples of the base
described with respect to the base 806 configurations apply similarly to the
base 906. Therefore, the base 906 will not be discussed further.

The base 906 includes an upper surface 908 supporting the nut
support and retaining structure 910. The nut support and retaining structure
910 supports and retains the nut element 904 in place. The structure 910 is
substantially circular in horizontal cross-section, and extends from adjacent
the front side wall of the base to adjacent the rear side wall of the base. The
structure 910 extends upwardly from the base through a radius transition to a
substantially vertical cylindrical wall portion 912, which extends upwardly to a
radius portion that turns inward to an upper surface 914. The wall portion 912
has a substantially constant wall thickness at any given vertical level, but the
thickness varies from a lower half 916 at one average thickness to an upper
half 918 at a second average thickness. The thicknesses are described as
average thicknesses because of the radially extending serrations on the nut
element 904 (described more fully below) engaging the adjacent interior wall
of the lower half 916. In any case, the thickness of the wall portion 912 is
preferably such as to reliably retain and support the nut element 904 and limit
pivoting of the nut element 904 when torque is applied. The thickness and the
configuration of the wall 912 can be adjusted as desired as a function of the
material used, the expected loading on the combination, and other operating
conditions.

The nut element includes a nut body 920 with an internally threaded
bore 922 wherein the threads extend approximately half the length of the
bore. The lower half of the bore may be smooth. The upper half of the nut
body 920 may include a substantially smooth outer surface 924 extending
from an upper rim surface 926 to a circumferential rim 928. The
circumferential rim 928 includes a substantially flat upper surface 930 turning
downward to a round circumferential surface 932, which terminates in a
bottom surface 934. In the example shown in FIGS. 52-55, the bottom
surface 934 includes a plurality of downwardly facing, radially extending
serrations 936. The serrations 936 engage the upper surface 914 of the
cylindrical wall portion 912 on the nut support. In one configuration, where the
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nut is molded in the nut support, complementary surfaces are formed in the
upper surface 914 when the nut support is molded. Alternatively, the
serrations 936 can be pressed into the upper surface 914, and/or
ultrasonically welded through, during or after the insertion process, and the
serrations 936 can be imbedded into the upper surface 914.

The serrations 936 extend radially inward in the bottom surface 934
about halfway or two-thirds of the radial distance to a recessed cylindrical wall
938. The remainder of the radial distance to the wall 938 is an upwardly-
recessed wall 940, recessed below the lower-most extent of the serrations
936. The wall 940 intersects the axially-extending cylindrical wall 938, and
wall 938 has an outside diameter less than that of the body 924 and also of
the circumferential surface 932. The wall 938 forms a recess between the
bottom surface 934 and a plurality of radially outward extending and axially
extending serrations 942. The wall 938 takes up about half the distance
between the lower surface 934 and the bottom surface 944 of the nut
element. The upper surfaces 946 of the serrations 942 are substantially flat
horizontally, while the lower edges of the serrations curve inwardly to the
lower surface 944. The serrations 942 engage the interior surface of the
lower portion 916 of the wall portion 912. In one configuration, where the nut
is molded in the nut support, complementary surfaces are formed in the wall
portion 912. Alternatively, the serrations 942 can be pressed into the interior
surfaces of the wall portion 912.

Additional or alternative points of bearing contact to take a loading
when loading is applied to the nut element 904 when torque is applied can be
included in the assembly 900. For example, other non-circular surfaces can
be used about the perimeter of the nut element or on other surfaces at various
locations on the exposed surfaces or about the outer surface of the nut
element to engage walls or bearing surfaces on the nut support for limiting or
preventing pivoting of the nut element relative to the nut support. The non-
circular surfaces can take any of the configurations referenced herein. When
torque is applied to the nut, the non-circular surfaces engage the bearing
surfaces to limit or prevent pivoting.

In another example of a fastener element and a receptacle supporting
a fastener element, a nut plate 900A (FIG. 56) includes the receptacle 902, in
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this example identical to the receptacle 902 in FIGS. 52-53, having an
embedded nut element 904, also identical in this example to the nut element
904 in FIGS. 52-53. All of the structures and functions and methods of using
the combination of FIGS. 52-55 apply to the combination 900A except as
discussed below.

In the present combination, the nut plate 900A includes a cover, cap, or
other protector, for example cap 950 in FIG. 56. The cap 950 covers the nut
element 904 with a domed body 952 then extends completely around the
circumference of the nut element and covers the top of the nut element. The
cap helps to protect the nut element and any fastener threaded into the nut
element, and helps to keep debris, fluids and other outside material from
getting to the nut element. The cap 950 in the present example includes a rim
954 with an inwardly-extending wall 956 extending into and engaging a
circumferential and outwardly-extending groove 958 in a circumferential
surface of the receptacle 902. Inter-engagement between the wall 956 and
the groove 958 helps to hold the cap in place on the receptacle 902.

The cap 950 may also include a circumferential groove 960 extending
around the inside surface of the cap and under the wall 956. A portion of the
upper half 918 of the wall portion 912 can extend into and engage the
circumferential groove 960, helping to hold the cap in place. Other cap
configurations can be included. Some examples will have the cap shape
conforming to the external shape of the receptacle. Additionally, any of the
combinations of fastener element and receptacle described as examples
herein can include a cap or other cover, such as described with respect to
FIG. 56.

The cap 950 material preferably allows slight flexibility so that the open
end of the cap can be manually placed over the receptacle body without
requiring excessive force. Example materials include rubber, rubber-like
materials and other elastomeric materials generally softer than the structural
plastics that might be used to make the cap. Example materials can include
Nitrile rubber, Teflon, Silicone or Fluorosilicone, Viton , Kalrez, Santoprene
TPEs, or other acceptable materials determined by specific applications. The
cap may also be formed so as to have discreet tabs or fingers that extend
axially of the cap to engage corresponding surfaces on the receptacle. The
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material of the cap in such examples can include plastic, including for
example a structural plastic such as TORLON, other polyamide-imides or
similar polymers can be used including, among others; Vespel or Aurum (PI),
Ultem (PEI), Victrex or Ketaspire (PEEK), Primospire (SRP), Polycarbonate,
or Epoxide or Phenolic synthetic resins, or softer plastics. The material can
also be a composite material and may include fiber reinforcement or other
strengthening materials. Other materials, including metals or elastomers or
any combination thereof may be used, but plastics are relatively easier to
manufacture.

As an alternative to a cap, the nut element could be a closed-ended nut
element. Such closed-ended nut elements could be used with any of the
examples of nut and receptacle combinations discussed herein. An example
of a closed-ended nut element is shown in phantom at 962 in FIG. 53.

A combination fastener element and support for the fastener element
includes a fastener support 1000 (FIGS. 57-60) and a fastener element 1002
supported in the fastener support. The support 1000 includes a base 1004
and a structure 1006 on the base for receiving the fastener element 1002.
The width-wise extent of the structure 1006 may vary as a function of the
desired structural support for torque loading that may be expected under
operating conditions. The base 1004 can be substantially planar and may
include a bearing support structure 1008 on the outward-facing portion of the
base 1004. Alternatively, the base can have a curved or complex shape.

On a side of the base opposite the bearing support structure 1008, the
base supports the fastener element 1002, for example on a nut support
surface 1010. The nut support surface 1010 can be substantially centered
between a right end 1012 and a left end 1014, and may extend from a front
base wall 1016 to a rear base wall 1018. Alternatively, the nut support
surface can be positioned at other locations on the base. For example, the
nut support surface can be positioned in ways similar to those shown in the
other examples described herein, as well as in other configurations. In the
present example, the fastener element 1002 is inserted into and removed
from the support from only one side of the support, for example from the front.
Also in this example, the fastener element is limited in its ability to pivot
relative to the support by oppositely-facing side walls, 1019 and 1020,
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respectively, as well as by an end wall such as that provided by a column
1021. The end wall may be provided by a post, boss, rib or other projections
extending between the nut support surface 1010 and an upper wall 1022.
Further walls or surfaces may be provided for limiting pivoting movement of
the fastener element. In the example shown in FIGS. 57-60, a boss 1024
may include one or more bearing surfaces, such as surfaces 1026 and 1028
against which corresponding surfaces on the element may bear when the nut
element pivots. In the configuration of the combination shown in FIGS. 57-60,
the nut element and the adjacent surfaces on the support can be configured
so that more than 2 or more than three surfaces together limit pivoting
movement of the fastener element.

The bearing support structure 1008 in the example shown in FIGS. 57-
60, includes a plurality of projections from a flat underside 1030. The
projections may take a number of configurations. They can have geometric
shapes, or complex shapes, and they may extend the same distance from the
surface 1030 or different distances. The projections may include cylindrical
buttons or bosses 1032, linear-extending ribs 1034, arcuate ribs 1036, bosses
1038, posts such as post 1040 and crenellated walls 1042. The projections
shown in the present example extend the same distance except for the
crenellated walls 1042. The projections may help to position the combination
on an underlying support structure, and the may also help to securely
combination in place. For example, the crenellated walls 1042 may extend
into a corresponding opening in the underlying support structure to help
register the combination relative to be corresponding opening. The post 1040
may also extend into a corresponding opening in the underlying support
structure to help register the combination. Additionally, adhesive may be
used between the flat underside 1030 and the underlying support structure to
help hold the combination in place. The bosses 1032, 1038, ribs 1034 and
1036 and the crenellated walls 1042 may help with the adhesive to more
securely hold the combination placed on the underlying support structure.
One or more of the individual projections can be omitted or other or additional
projection configurations can be used to either or both help position and/or
hold the combination in place. Additionally, where adhesive is used and
openings such as fastener opening 1044 is provided, adhesive extending into
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or through the opening may further help to hold the combination in place. The
bearing support structure in another alternative can be a smoothed surface, or
can have a textured or a multi-faceted surface.

Various structures may be used to help hold the combination in place,
including those described above. In the combination shown in FIGS. 57-60,
plural openings 1044 can be included, or they can be omitted. For example,
an additional opening can be provided where the post 1040 is positioned, in a
manner similar to the securing portions described with respect to other
examples. Eyelets can also be included. Additionally, a plurality of posts
1040 can be included or omitted. For example, a post 1040 can be used in
place of the opening 1044. Also, in any of the foregoing configurations, one
or more of the projections from the bottom surface 1030 can be omitted or
changed from the configurations shown in the example, as desired.

The structure 1006 on the base and supported by the base is a support
structure, which in turn supports the fastener element 1002. The support
structure provides bearing support surfaces that accommodate torque loading
applied when the fastener element is under torque. The support structure
1006 can be configured to accommodate any of the fastener element
configurations described herein, as well as other configurations. The support
structure also allows the fastener element to float a desired amount along an
axis substantially perpendicular to the base 1004. The support structure 1006
forms a partial enclosure for the fastener element and includes the side walls
1019 and 1020 and an upper wall surface 1048 (FIGS. 58-59). The side walls
1019 and 1020 and the upper wall surface 1048 can have configurations
substantially similar to those the structures described with respect to the other
examples, for example those for FIGS. 1-36. The support structure further
includes the column 1021 and the boss 1024. As shown in FIG. 60, the
support surface 1010 extends width-wise between the right and left side walls,
1019 and 1020, respectively, and from the front wall 1016 to the back wall
1018. The support surface 1010 extends through respective left and right
openings 1049 and 1050, respectively. The openings are defined on the
bottom by the support surface 1010 and on the top by the upper support
1022. The openings are defined on the sides by the column 1021 and by left
and right inwardly-extending side walls 1052 and 1054. The side walls 1052
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and 1054 extend inwardly toward each other and toward column 1021 from
the respective side walls 1019 and 1020, respectively. The side walls 1052
and 1054 include surfaces forming bearing surfaces against which
corresponding surfaces on the fastener element 1002 bear when the fastener
element is under torque.

The support structure for the fastener element in the example of FIGS.
57-60 can take a number of configurations, including those described in the
examples of FIGS. 1-42, or the fastener element can be embedded in a
support structure such as those described with respect to the examples of
FIGS. 45-53. Where multiple securing portions are included with openings
1044, the left and right sides of the support structure can include respective
openings 1044. The support structure shown in FIGS. 57-60 has a relatively
flat top surface for the upper surface 1022 extending between the left and
right sides, but the upper surface can take other configurations, including that
shown in the example of FIGS. 1-13.

The support structure 1006 in the configuration shown in FIGS. 57-60
includes a plurality of bearing surfaces for helping to limit pivoting of the
fastener element when the fastener element is under torque. Generally, any
of the surfaces on the support surface 1010, the side walls 1019 and 1020,
the column 1021, the boss 1024, the side walls 1052 and 1054, as well as any
surfaces that might be included depending from the upper wall 1022, that
have a portion or a component extending at least partially vertically can serve
as bearing surfaces helping to limit pivoting of the fastener element 1002,
when the fastener element is under torque about an axis of the fastener
opening 1056 (FIG. 58). The particular surface or surfaces that will be
contacted by the fastener element will depend on the configuration of the
fastener element adjacent the surfaces as well as the spacing between the
surfaces and the fastener element. One example configuration will be
described with respect to the combination of FIGS. 57-60.

The fastener element 1002 is substantially the same as the example
described with respect to FIG. 4 except for the configuration of the base.
Therefore, only the base of the fastener element 1002 will be described in
detail. In the configuration of the fastener element shown in FIGS. 57-60, the
fastener element is a nut with a base portion 1058 having a bottom surface
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and a substantially circular wall defining a hole leading into the barrel of the
nut. The base portion of the nut includes a plurality of surfaces configured for
engaging one or more engagement surfaces in or on the fastener support. In
the example shown in FIGS. 57-60, the base portion 1058 includes a plurality
of tips or tabs 1060 extending outward from the base of the nut, within the
plane of the base of the nut. The tips may take the form of points, projections,
extension surfaces or other non-circular elements for engaging corresponding
bearing surfaces in or on the nut support. They may be oriented on the base
in @ symmetric pattern, an asymmetric arrangement, with an even or uneven
number of tips, with the same or different lengths, with the same or different
surface configurations, and with the same or different shape configurations.

In the example shown in FIGS. 57-60, each of the tips 1060 and their
configurations correspond to tip configurations in a conventional "H" nut base
(see FIG. 4) extending longitudinally of the nut support (right to left in FIG. 60)
and it further includes tips corresponding to tips in a conventional "H" nut base
extending transversely of the nut support (front to back in FIG. 60). In such a
configuration, there are two pairs of four tips each, with a total of 8 in the
example. In this configuration, the nut can be loaded into the cage of the
support in any one of four configurations, corresponding to pairs of two tips
each, each extending in the same direction. The tips are arranged to be
symmetric with respect to a vertical plane extending longitudinally, and also
with respect to a vertical plane extending transversely. In other examples, the
base can have tips in other numbered arrangements, they can extend radially,
or extend in other uniformly-arranged directions, or in non-uniform
arrangements. They can also have surfaces other than flat, but it is noted that
each tip makes the base of the nut non-circular so that the tip can bear
against a bearing surface in the nut support when torque is applied to the nut.
Other configurations for the nut can be used which provide one or more non-
circular surfaces for helping to limit pivoting of the nut when the nut is under
torque.

In the nut support described with respect to FIGS. 57-60, the bearing
surfaces preferably have a size and mass to withstand, when combined with
any other bearing surfaces, expected loading from the tips when torque is
applied to the nut. In the present example, the tips on the nut and at least two
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and preferably more than three bearing surfaces on the nut support are
configured so that respective tips contact respective bearing surfaces
substantially simultaneously when torque is applied to the nut. For example,
the side walls 1019 and 1020 and tip numbers 3 and 7, respectively, make
contact substantially simultaneously when the nut pivots counterclockwise, as
viewed in FIG. 60. Similarly, the side walls 1019 and 1020 and tip numbers 2
and 6, respectively, may contact substantially simultaneously when the nut
pivots clockwise, as viewed in FIG. 60. Such arrangement provides at least
two points of contact substantially simultaneously when the nut pivots in the
nut support. Additionally, additional point contact can be provided if tip 1
contacts the adjacent surface of the column 1021 when the nut pivots
counterclockwise, and if tip 1 contacts the adjacent surface of the side wall
1052 when the nut pivots clockwise. Further point contact can be provided in
the same manner with tip 8 and its adjacent surfaces. Additional point contact
can be provided between surfaces on the boss 1024 and the adjacent
surfaces of tips 4 or 5. Therefore, multiple points of contact can be provided
as a function of the nut configuration and further as a function of both the nut
configuration and the configuration of the nut support.

It is to be understood that the phrase "point of contact" is not limited to
literal point of contact but includes line contact and surface contact. The form
of the contact and the extent of contact will depend on the configurations of
the adjacent surfaces and how the nut pivots to produce the contact. The
form of the contact may also depend on how much the nut can move laterally
within the cage of the nut support. The cage surfaces can have straight or
rounded surface configurations, or more complex surface configurations.
Likewise, the surfaces on the nut intended for making contact with adjacent
surfaces in the cage can have a number of configurations.

In the example shown in FIGS. 57-60, the top, bottom, side and end
surfaces of each tip are formed substantially flat. Depending on which tip
engages which cage surface, a side surface of the tip can engage a cage
surface, an end surface may engage a cage surface or a corner may engage
a cage surface. Additionally, surfaces on top or bottom portions of the base of
the nut can engage adjacent surfaces in the cage. If contacting surfaces are
substantially complementary to each other, loading applied through a given tip
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to an adjacent surface in the cage may be spread over more of the surface
area for the contacting surfaces, allowing the structures to more easily
support the nut element against torque. The more surfaces and surface area
taking the loading, the greater is the distribution of loading, and likelihood of
damage or failure of the part, if any, is reduced. Additionally, the dimensions
of the base, tips and cage surfaces, their positioning and relative spacing can
be selected so that pivoting of the nut results in contact between as many
engagement portions and bearing surfaces as practicable. The particular
form of the engagement position for a combination of nut surface and cage
surface will be determined by the configurations of the respective surfaces
and their relative orientation at contact. Additionally, the forms of contact
through the surfaces such as those shown in FIGS. 57-60 can be configured
to be the same for nut pivoting either clockwise or counterclockwise, though
they can be otherwise. As can be seen from the example, bearing surfaces in
the nut support can be formed from straight or radiused walls, bosses, posts
or columns, openings, cantilever walls, flanges, as well as other structures.

The nut 1002 can take a number of configurations, and the nut support
can be configured to provide the desired bearing surfaces as a function of the
nut configuration. Alternatively, the nut support can be configured and then
the nut can be designed to apply loading best suited to the nut support
designed. In the present example, the nut support is formed as a monolithic
element, and as noted herein can be formed from or molded with a non-metal
material. The support surface 1010, the side walls 1019 and 1020, end walls
1052 and 1054, column 1021 and boss 1024 and upper wall 1022 form a nut
cage for retaining the nut in the cage once inserted. The cage may be
configured to allow the nut to float axially and to pivot a certain amount, as
desired before pivoting is stopped.

A front opening 1062 is formed in the front wall 1016 of the nut support.
The width of the opening is slightly larger than the overall width of the nut
element 1002. The height of the opening is sufficient to allow the nut to be
inserted over the boss 1024 and below the upper wall 1022. In one example,
the height or material thickness of the base of the nut is about two-thirds of
the internal height of the cage between the support surface 1010 and the
underside surface of the wall 1022, and the height of the boss 1024 is about
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1/4 of the height of the cage. This allows the nut element to be inserted over
the boss 1024, and allows the nut to float while still allowing the boss 1024 to
help limit pivoting of the nut. Other configurations can also be used. The
entrance to the opening for allowing the barrel of the nut element to pass can
be substantially the same as those described with respect to the other
examples described herein.

Another example of a fastener assembly is partly represented in FIG.
61 by a nut assembly 1100 having a nut 1102 for receiving a fastener element
1104 for securing a component. The component may be a panel or other
structure where the fastener assembily is a clip nut, or a combination of a
panel and mounting element for mounting items on to the panel, typical for
clip nut applications. The component may be an element to be mounted to a
frame structure, bulkhead or other structural support, such as may be
routinely secured through a nut plate or similar fastener assembly. The
fastener element 1104 may be a bolt, screw or other threaded fastener
element threaded into the nut 1102, or the nut 1102 and fastener element
1104 may be otherwise configured to be secured together other than by
threads.

FIG. 61 is schematic to the extent that it incorporates a number of
features in a fastener assembly that may not necessarily always be used
together. Additionally, FIG. 61 is a partial section to the extent that it omits a
cantilever wall 1106 shown in FIG. 61A. The nut 1102 is supported from
below by a non-metal nut support 1108, which may be part of a clip, a plate
for a nut plate assembly, or other support structure. In the example shown in
FIGS. 61-61A, the nut support 1108 has a substantially flat surface on or
against which is supported the nut 1102, either by gravity or by the fastener
1104 pulling the nut against the nut support 1108. While the nut support 1108
is shown as having a substantially flat surface in the area supporting the nut
1102, the support surface can have a configuration complementary to the
adjacent surface of the nut 1102. The nut support also includes a wall
defining an opening (not shown) for allowing the fastener 1104 to pass
through the nut support.

The nut 1102 includes a base portion 1110 that rests on or bears
against the support surface 1108. In the configuration of the nut shown in
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FIGS. 61-61A, the base portion 1110 has a bottom surface that is
substantially flat with an opening in the bottom surface for a threaded channel
through a substantially cylindrical barrel or cylinder 1112 to an opposite end
1114 for receiving the fastener element 1104. The base portion 1110 of the
nut includes a plurality of surfaces configured for engaging one or more
engagement surfaces in or on the nut support. In the example shown in
FIGS. 61-61A, the base portion 1110 includes a plurality of tips 1116
extending substantially radially outward from the base of the nut. The tips
may take the form of points, projections, extension surfaces, or other non-
circular elements for engaging bearing surfaces in or on the nut support. The
tips may be oriented on the base in a symmetric pattern, an asymmetric
arrangement, with an odd or even number of tips, with the same or different
lengths, with the same or different surface configurations, and with the same
or different shape configurations. In the present example, the tips are
arranged symmetric about frontal and longitudinal planes through the center
of the nut. Each tip is in the shape of a converging point having flat top and
bottom surfaces, and non-parallel converging side surfaces ending at a
tangent flat surface at the outer periphery. The example shown in FIG. 61
has eight tips distributed uniformly about the perimeter of the base 1110
separated from each other by a substantially arcuate wall in the base. The
tips can also come in other numbered arrangement, extend from the base
other than radially, and can have surfaces other than flat. Each tip makes the
base of the nut non-circular so that the tip can bear against a bearing surface
in the nut support when torque is applied to the nut.

In the example shown in FIG. 61, the nut support 1108 includes a
plurality of bearing surfaces against which one or more of the tips can bear
when torque is applied to the nut. The bearing surfaces can have
configurations complementary to the surfaces on the base of the nut, in this
example complementary to the tips 1116, or they can have their own
configurations. A bearing surface preferably has a size and mass to
withstand, when combined with any other bearing surfaces, expected loading
from the tips 1116 when torque is applied to the nut. In the example shown in
FIG. 61, the nut support 1108 includes a plurality of bosses 1118 extending
upward from the support surface 1108 a distance sufficient to allow reliable
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contact by the tips 1116. Each boss 1118 includes a relatively flat side
surface 1120 opposite or adjacent a respective flat side of a tip 1116. With
the arrangement of the tips about the perimeter of the base 1110, each boss
1118 is shown as having a trapezoidal outline. Each boss can have
substantially straight sides extending vertically from the support surface, or
each boss can have a ramp configuration in the upper surface of the boss.
Other configurations can be used also.

In the example shown in FIG. 61, the side surfaces of the tips are
substantially flat and adjacent substantially flat bearing surfaces of the bosses
1118. When the nut 1102 pivots in either direction, a side surface of each tip
1116 contacts and bears against the corresponding surface of the adjacent
boss 1118. Because both the side surfaces of the tips and the side surfaces
of the bosses are substantially flat, they are complementary to each other and
the loading applied through a given tip to the adjacent boss is spread over
more of the surface area of the boss. The larger the surface area of contact,
the more the loading is spread across the surface. Additionally, for any given
torque, the more surfaces that are contacted by tips 1116 while torque is
applied the greater is the distribution of the loading, and the likelihood of
damage or failure of the part is reduced. Additionally, the dimensions of the
base 1110, the tips 1116, the bosses 1118, their positioning and relative
spacing can be selected so that pivoting of the nut results in contact between
as many engagement portions and bearing surfaces as practicable. Any
engagement position may occur (as a result of contact between a portion of
the nut and a portion of a bearing surface) at a point, along a line or edge, or
across a surface. The particular form of the engagement position for a
combination of nut surface and bearing surface will be determined by the
configurations of the respective surfaces and their relative orientation at
contact. In these examples, tips or other portions on the nut and bearing
surfaces in or on the nut support are preferably configured to function as
described whether the nut pivots clockwise or counterclockwise.

With the nut and tips 1116 configured and positioned to be supported
by the nut support 1108 and bear against the bosses 1118, when torque is
applied, the combination may be sufficient to withstand the loading. The
bosses 1118 can be distributed between each pair of tips 1116, or otherwise
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distributed as desired. The bosses can be distributed and positioned as
desired to orient the nut in the desired orientation. As shown in FIG. 61, a
pair of adjacent tips extends to one side of the support and a pair extends to
the opposite side. Likewise, a pair of adjacent tips extends to the front and a
pair extends to the back. Additionally, or instead, other bearing surfaces may
be used to receive the loading, several of which are illustrated in FIG. 61. For
example, one or more of the bosses 1118 may be used in conjunction with a
wall 1122 along a front portion of the nut assembly. The wall 1122 includes
first and second interior walls 1124 and 1126, respectively, defining openings
1128 and 1130 through the wall 1122. Respective tips 1116 extend through
the openings and will contact the interior walls 1124 and 1126 when the nut
pivots. In the example shown in FIG. 61, the openings extend substantially
parallel to a longitudinal axis of the nut assembly (from left to right in the view
shown in FIG. 61), but the walls can also be configured to conform more
closely to the profiles of the adjacent tips 1116. In this configuration, tips
1116 of the nut 1102 bear against bearing surfaces formed with a combination
of bosses 1118 and walls or cavities formed in an exterior wall 1122. Other
combinations of bearing surfaces can be used, or as with the bosses first
described, all of the bearing surfaces can be identical.

In the configuration shown in FIG. 61, pivoting of the nut moves most of
the tips into contact with an adjacent surface formed as part of the nut
support. For example, if the nut were to rotate clockwise as viewed in FIG.
61, and with the desired size and spacing of the components, each tip will
come into contact with associated bearing surface substantially
simultaneously with the others. In the example of FIG. 61, the tip 1116A will
contact the adjacent side surface of the boss 1118A, and so on for each of the
tips 1116 that has an associated boss in the direction of rotation. The tip
1116F is not shown close enough to an adjacent surface such as the wall
1122 to make contact. Additionally, the tip 1116G contacts the wall 1124 and
the tip 1116H contacts the wall 1126. In this configuration, the nut has seven
points of contact with the nut support when torque is applied. Likewise with
the counterclockwise direction. If corresponding bosses or other bearing
surface walls were placed between tips 1116F and 1116G, and between
1116H and 1116A, the nut would have eight points of contact with the nut
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support when torque is applied. Similarly, when four bosses are used with the
openings 1128 and 1130, there are six points of contact, when three bosses
are used with the openings, there are five points of contact, and so on.

The bosses can have a number of configurations, and may be round,
rectangular, square, or have other uniform shapes, including other polygon
shapes and the like. The bosses can also have non-uniform shapes. As
shown in FIG. 61, the bosses are interior to side edges, including a first side
edge 1132, a second side edge 1134 and the exterior wall 1122. Having the
bosses interior to the side edges allows them to more fully distribute the
loading applied to the boss. Distribution of loading applied to the walls 1124
and 1126 produces a different loading profile, which may not be as desirable
as loading on an interior surface.

Other bearing surfaces may also be included or substituted in the nut
assembly. In two examples shown in phantom in FIG. 61, a first wall 1136
extends upward from the support surface 1108, and to the extent that the first
wall 1136 terminates at a free surface short of the cantilever wall 1106 the first
wall 1136 can be considered a boss or other projection extending upward
from the surface of the nut support 1108 and extending along the edge 1132.
The first wall 1136 can have a substantially flat interior wall 1138 spaced
sufficiently from the adjacent tips 1116E and 1116F to allow the nut to pivot
but close enough so that the tips contact the interior wall 1138 when sufficient
torque is applied to the nut. Alternatively, the first wall 1136 can include
cavities or through walls 1140 and 1142 into or through the surface of the wall
1138. The size and spacing of the walls 1140 and 1142 are selected so that
the tips 1116E and/or 1116F bear against the associated walls when the nut
has pivoted the desired amount. Therefore, instead of or in addition to the
bosses 1118 and the wall portion 1122, a wall 1136 can serve as a bearing
surface or bearing surfaces for the nut. Perimeter wall portions can serve as
bearing surfaces for the nut. Likewise, a second wall 1144 and/or through
walls 1146 and 1148 can be used as bearing surfaces for the nut. In either or
both cases of the walls 1136 and 1144, the walls may terminate at a free
surface or may extend sufficiently to contact and/or engage the cantilever wall
1106.
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Instead of or in addition to any one of the bosses, wall 1122 and
openings 1128 and 1130, or first or second walls 1136 and 1144, the nut
support 1108 can include one or more cavities or openings 1150 extending
into or through the nut support 1108. The opening 1150 is shown in FIG. 61
as forming bearing surfaces for two tips 1116C and 1116D, but each tip can
have a respective or separate cavity or opening. Alternatively, a cavity or
opening can form bearing surfaces for more than two tips or other nut
projections. A given cavity or opening can be considered to be opposite or
obverse to a boss, and the discussion relating to the bosses also applies to
cavities or openings for providing bearing surfaces for the nut. Instead of
extending upwardly from the nut support surface 1108 like the bosses, the
cavities or openings extend downward into or through the surface of the nut
support 1108. Likewise if the nut support surface 1108 includes a cut out or
other depression for accepting the nut 1102, then the bearing surfaces would
be formed as cavities below the surface of the nut support 1108. In another
alternative, where the nut rests on the top of the nut support surface, and one
or more cavities or openings 1150 extending below the nut support surface
are used as bearing surfaces, corresponding tips 1116 can be configured to
bend downward into the corresponding cavity or opening. When the nut
pivots, tips bear against corresponding bearing surfaces in the openings
1150, which take the loading while the nut is under torque.

The nut 1102 can take any desired configuration, and the nut support
can be configured to provide the desired bearing surfaces as a function of the
nut configuration. Alternatively, the nut support can be configured and the nut
can be designed to apply loading best suited to the nut support design. In the
examples of FIGS. 61-61A, the nut support is formed as a monolithic element
and may be molded from a non-metal material. The nut support 1108, the
wall 1122 and the cantilever wall 1106 form a nut cage 1152 (FIG. 61A) for
retaining the nut in the cage once inserted. The nut support, wall and
cantilever wall may be configured to allow the nut to float axially and to pivot a
certain amount. The nut cage can include any one or more of the bearing
surfaces described herein and may have the nut support, transition wall
portion 1122 and cantilever portion 1106 in any of the configurations
described herein. For example, the cantilever portion 1106 can be a ledge or
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shelf extending from the transition wall 1122 and extending parallel to or
converging toward the nut support 1108 while still allowing flexing of the
cantilever wall 1106 toward and away from the nut support 1108. Flexing can
occur, for example, in the nut cage 1152 at or near the wall portion 1122. In
the example shown in FIG. 61A, flexing may occur at the end of the wall
portion 1122, for example in the area of the start of the wall 1106 that is
supported by the wall portion 1122. Other flexing configurations can be
included in a nut cage. The nut cage can be formed as part of a clip nut
assembly, nut plate or other component incorporating a nut cage.

In another example of a nut assembly, such as may form part of a
fastener assembly, a clip nut assembly 1600 (FIGS. 62-72) includes a clip
1602 having a nut support 1604, which supports a nut 1606 within a nut cage
1608. The clip includes a first arm 1610 joining a second arm 1612 through a
transition wall 1614. The second wall 1612 supports a third wall 1616 through
a transition wall 1618. The transition walls have substantially constant
curvature. The third wall 1616 supports the nut cage 1608. It will be
understood that the elements of the clip nut relating to the nut and the nut
support described here with respect to FIGS. 62-72 can be implemented as a
nut plate by omitting the first arm 1610, second wall 1612 and the transition
walls 1614 and 1618 and incorporating suitable fastening or securing means
such as are described in other examples of the nut plates/receptacles
described herein.

As shown in FIGS. 68-71, the nut element 1606 includes a base 1620
supporting a generally cylindrical internally threaded portion in the form of a
barrel 1622. The barrel extends from the base 1620 to an end surface 1624
defining an opening for the barrel. The barrel may be substantially cylindrical
in its inside and outside profile, or the barrel can be crimped to increase the
frictional engagement with the fastener. In an alternative configuration, the
nut can also be a beam nut, or other nut configurations. It will be understood
that the nut element 1606 can be incorporated into other nut plate assemblies
described herein by including openings or cavities such as at 1670 and 1684,
described more fully below, for providing bearing or support surfaces for the
nut element. Therefore, openings or cavities can be included in the nut
plates/receptacles 100, 200, 300, 400, 500, 600, 700, 770, 800, 900, and
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1000 to accommodate and support a nut element configured as nut element
1606.

In the present example, the base 1620 of the nut has a substantially
smooth bottom surface and a substantially smooth, flat upper surface. The
upper surface curves from the flat surface upward to the perimeter surface of
the barrel 1622. The nut element 1606 includes tips 1626 extending outward
and downward from the base 1620. The tips 1626 can take the form of
projections, pads, arms, extensions, points or other structures which keep the
base from having a circular perimeter or flat bottom surface. The tips 1626
are arranged in pairs on each side of a transverse plane, and each pair
extends along a longitudinal plane. The tips 1628 and 1630 in the first pair
extend in a direction opposite to the tips 1632 and 1634 in the other pair. The
tip 1628, and each tip in the example of the nut 1606, includes a substantially
straight wall 1636 forming an outside surface of the tip 1628, and a semi
circular surface 1638 forming an inside surface of the tip 1628. Each tip
extends downward and ends at a transverse downwardly-facing flat wall 1640.
Depending on the configuration of the nut support, pivoting of the nut 1606
may cause the straight surface on the tip 1628 to contact a bearing surface,
the straight surface on the tip 1626 to contact a bearing surface, or a
combination of surfaces contacting a bearing surface.

The nut is formed from metal and is symmetric about both the
transverse and longitudinal planes. Consequently, the nut can be inserted
into the clip in two orientations, one 180 degrees apart from the other.

The clip 1602 includes the first arm 1610 having a flat upper surface
1642 extending between a substantially semi circular free end 1644 and a
support end 1646. An interior wall 1648 extends from the upper surface
through the inside of the annular boss 1610A for receiving the shank of a
fastener such as fastener 218. The boss 1610A extends inwardly from a
substantially flat surface on the inside of the first arm 1610, and aside from
the boss 1610A, the first arm has a substantially constant thickness. The
opposite edges of the first arm and the semi circular free end 1644 have
substantially flat side walls with filets forming rounded corners between the

side walls and the upper and inside surfaces of the first arm.
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The transition wall 1614 is a 90-degree curved transition having a
substantially constant curvature extending from the support end 1646 of the
first arm and joins the first arm 1610 to a second arm 1612. The second arm
1612 is substantially straight and has substantially flat outside and inside
surfaces producing a substantially constant thickness for the second arm
1612. The second arm extends widthwise of the clip substantially the same
width as the first arm 1610. The second arm 1612 also may have filets or
rounded edges between substantially flat side walls and the outside and
inside surfaces. Additionally, the thicknesses of the first arm and the second
arm and the transition wall 1614 are substantially identical.

The transition wall 1618 is a greater than 90-degree transition wall
joining the second arm 1612 to a third or lower arm 1616. The transition wall
1618 has a substantially constant curvature, and like the transition 1614, has
a substantially constant thickness. The transition wall 1618 can include filets
or rounded edges.

The third or lower arm 1616 includes a slightly concave curving portion
1658 extending from the transition 1618 to the nut cage 1608. The concave
portion 1658 supports the nut cage and the nut element 1606 during
installation and assembly of the fastener assembly and components. The
third arm 1616 extends along the concave portion 1658 to a substantially flat
nut support portion 1660, which extends a distance approximately indicated
by 1660A (FIG. 65). The nut support portion 1660 terminates at a
substantially constant curvature transition wall 1662 (when the nut support is
part of a clip nut) curving around slightly more than 180 degrees to a
cantilever wall 1664, forming part of the nut cage 1608. The cantilever wall
1664 is substantially straight and flat, except for two tabs at the end of an
inwardly curving edge portion. The cantilever wall 1664 extends toward the
second wall 1612 and converges slightly toward the third wall 1616. The third
arm, the transition wall 1662 and the cantilever arm 1664 extend widthwise
the same width as the second and the first arms, and the peripheral edge
walls include flat surfaces joining the widthwise extending surfaces through
filets or radius edges. The thickness of the third arm 1616 and the cantilever
wall 1664 and the transition wall 1662 are substantially all the same, and
substantially the same thickness as the second and first walls.
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The nut support portion of the nut cage (when used either in a clip nut
or a nut plate) includes a substantially flat nut support surface 1660 (FIG. 67).
The nut support surface extends sufficiently widthwise to support the base of
the nut 1606, both when the nut is allowed to float and when the nut is
secured against the support surface 1660 by the fastener 218. The nut
support surface 1660 extends approximately the distance 1660A for
supporting the nut, and may include a portion extending into the transition wall
1662, described more fully below. A wall 1668 (FIG. 68) is formed in the nut
support portion for allowing the shank of the fastener 218 to access the nut
1606.

A cavity or opening 1670 extends into and in the present example
through the nut support surface 1660. The opening 1670 forms one or more
bearing surfaces against which the nut 1606 can bear while the nut is under
torque. The opening includes a first side surface 1672 (FIG. 65), a second
side surface 1674 (FIG. 65) and a transverse surface 1676 (FIG. 69), any one
or more of which surfaces the nut can bear against. The first, second and
transverse surfaces are configured so as to substantially complement the
outer surfaces of the tabs 1626 of the nut 1606. Either tab of the nut can be
positioned in the opening 1670, and where the opening is formed as two
openings, each tab would extend into a respective opening. While the
opening can take other configurations, conforming to the adjacent surfaces of
the nut provides significant bearing support. The tabs extend into the
openings approximately half their length below the lower surface of the nut
base. The tabs can extend higher or lower within the opening, but the existing
depth provides suitable support to the nut under torque in the present
configuration of the clip nut.

The opening 1670 is substantially centered widthwise of the clip and is
substantially symmetrical about the longitudinal plane of the clip. In this
configuration, there is a substantial mass of third arm material surrounding the
opening 1670, which can provide material support to the walls of the opening
when the nut is under torque. The opening is a significant distance from each
of the side edges of the clip. Additionally, the opening is a significant distance

from the opening 1668 and from the transition wall 1612.
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When the nut element 1606 is under torque, for example in the
counterclockwise direction as viewed in FIG. 65, the tab 1632 contacts the
second side surface 1674 of the opening, and the tab 1634 moves slightly
away from the opening wall 1672. In this configuration of the nut and the
opening 1670, the opening 1670 provides at least one point of contact for the
nut element.

In the example shown in FIGS. 62-72, the nut support surface 1660 is
substantially flat from the opening 1670 forward to the beginning of the
transition wall 1662, and the nut support surface 1660 has no bearing
surfaces for the base of the nut 1606 between the opening 1670 and the
transition wall 1662. Additionally, no wall portions or other peripheral edge
structures extend upwardly from the third arm 1616.

The transition wall 1662 includes at least one wall opening 1680, and
may include two, (FIG. 64) extending from the inside of the transition wall
1662 to the outside. The opening is defined by an arcuate cut through the
transition wall forming in side cross section such as shown in FIG. 68 a right-
angled opening. The opening includes oppositely facing side walls 1684 and
oppositely facing upper and lower walls 1686 defining the openings (FIGS.
63-64 and 68-69). The walls of the opening form bearing surfaces for
supporting the tabs 1628 and 1630 extending downward from the perimeter of
the base of the nut element. If the nut 1606 pivots counterclockwise as
viewed in FIG. 65, the tip 1630 will contact the side wall 1684 of the opening
and bear against the walls while the nut is under torque. In the configuration
of the present example, the bearing surfaces in the nut cage 1608 provide two
points of contact for supporting the nut while it is under torque. Similarly, two-
point contact would support the nut 1606 if it pivots in the clockwise direction
as viewed in FIG. 65. Three point contact could occur if one of the openings
was formed as two openings with respective sidewalls, and four point contact
could occur if both openings were formed as four openings total.

In the example of FIGS. 65-72, bearing surfaces are provided for the
nut through a combination of cavities or opening walls extending through the
nut support surface and the transition wall. Additional openings can be used,
additional bosses, additional support walls, cavities or other openings in the
nut support or other bearing surfaces can be provided to give additional points
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of contact or alternate bearing surface configurations. Additionally, the nut
can include additional tabs or other elements for bearing against a bearing
surface when the nut is under torque.

One or more additional walls (not shown) may be provided interior or
exterior to the transition wall 1662 for providing additional bearing support.
For example, additional first and second side wall elements outside of the
opening 1680 can add bearing support to the transition wall around the
opening 1680. The side wall elements may extend widthwise of the transition
wall 1662 a distance less than the width of the clip. The thickness of the side
wall elements may decrease as they taper toward the nut support surface
1660 or the underside of the cantilever wall 1664.

The cantilever wall 1664 is a shelf or ledge supported by the transition
wall 1662 and extending over opposite portions of the nut support surface
1660. In the clip nut example shown in FIGS. 62-72, the cantilever wall 1664
is supported only by the widthwise junction with the transition wall 1662. The
cantilever wall is not supported from the third arm 1616 at any other point.
Since the nut element 1606 is intended to be floating axially of the nut barrel
and also in short directions parallel to the nut support surface 1660, the nut
does not provide any significant support for the cantilever wall 1664 in the
present example. As a result, the cantilever wall 1664 can flex toward or
away from the rest of the clip, for example when a nut 1606 is being inserted,
or when the fastener 218 is starting to thread into the nut. Additionally,
because the cantilever wall is partly converging toward the third arm 1616, the
amount of float available to the nut is less than what it otherwise would be if
the cantilever wall was exactly parallel to the nut support surface 1660. In
other examples of nut plates using the nut element 1606, the nut element can
be supported from above by a cantilever element or by other surfaces
elements, such as those described with respect to the other nut plates herein.

The cantilever wall 1664 includes a partially circular wall 1694 (FIG. 69)
defining an opening 1696 for aligning the barrel 1622 of the nut 1606. The
opening 1696 has a reduced-width entrance 1698 (FIG. 62) for allowing the
barrel of the nut to be press fit through the entrance and into the opening

1696. Because of the minimum spacing defining the entrance being
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somewhat smaller than the outside diameter of the barrel 1622, the barrel will
not come out of the opening without a similar guiding force.

The lead in to the entrance 1698 is defined by a pair of walls 1700 and
1702 (FIG. 62) extending from each side of the entrance to a pair of
depending arms 1704 and 1706. The arms and the surfaces help guide the
nut into the nut cage. For example, the arms 1704 and 1706 help to guide the
tabs and the base of the nut under the cantilever wall 1664. The walls also
help to guide the tabs and the base. The arms 1704 and 1706 extend only
part way downward to the nut support surface 1660, and do not normally
touch the nut support surface 1660.

The nut 1606 is inserted into the nut cage by directing one pair of the
tabs of the nut between the arms 1704 and 1706 and under the walls 1700
and 1702. The barrel 1622 is pressed through the opening 1698. The tabs
1628 and 1630 are guided into the opening 1680, and the tabs 1632 and 1634
are positioned in the opening 1670. During the insertion, the cantilever wall
1664 may flex upward away from the clip to accommodate the nut element.
As the nut element moves into position with the tabs 1632 and 1634 in the
opening 1670, the nut settles onto the nut support surface 1660, and the
cantilever wall 1664 returns to or toward its relaxed state. The nut element
can be removed by tilting the nut element upward to clear the opening 1670
and pressing the barrel 1622 of the nut element out of the opening 1698.

In the present examples, the clip including the nut support of the
fastener assembly, or the nut support of a nut plate, is formed from a non-
metal material. In the present examples, one material is TORLON, and other
poly-amide imides as well as other structural plastics or polymers can be
used, including among others; Vespel or Aurum (PIl), Ultem (PEI), Victrex or
Ketaspire (PEEK), Primospire (SRP), Polycarbonate, or Epoxide or Phenolic
synthetic resins. The material can also be a composite material and may
include fiber reinforcement or other strengthening materials. In these
examples, only the nut and the bolt of the fastener assembly are formed from
a metal. Clips and nut supports formed from non-metal materials with these
or similar characteristics provide relatively high strength, and long lasting
components that have relatively high resistance to corrosion. Additionally,
molding of clips and nut supports using such materials also permits
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manufacture of a number of clip and nut plate configurations that can
incorporate easily one or more of the features described herein.

The clip of FIGS. 62-72 and the nut cages of the examples herein can
be formed both entirely of the same material or different materials, can be a
monolithic component, and they can be molded from the same material, or
molded of different materials.

In another example of a clip nut assembly, such as may form part of a
fastener assembly, a clip nut assembly 1800 (FIGS. 73-74) includes a clip
1802 supporting a nut assembly 1804. The nut assembly 1804 includes a nut
1806 supported in a nut cage 1808. The clip 1802 may take the form of any
of the clips described herein, and can be used in the same way, or the nut
1806 of this example may be supported by a nut plate having a nut support
complimentary to the nut 1806 with nut support structures as described for the
clip nut assembly 1800. The clip includes a cantilever wall 1810 having a
hexagonal opening 1812 for receiving a hexagonal segment of the nut 1806.
In the configuration shown in FIG. 73, the hexagonal segment engages
complementary walls forming a hexagonal opening in the cantilever wall 1810,
forming bearing surfaces for resisting twisting of the hex nut. In other
examples, the hexagonal opening could have a hexagonal or other non-
circular wall defining the opening (while preferably conforming to the shape of
the nut barrel), and a complimentary outer buffer area that is the same shape
as the opening, or a shape that is different from the shape of the opening. For
example, the buffer area may be round, square, other polygon or other shape.
Additionally, the buffer area may extend upward from the surface of the
cantilever wall higher and even to the top of the nut or higher, and/or the
buffer area may extend below the surface of the cantilever wall 1810.

The non-circular opening in the cantilever wall 1810 combined with a
non-circular barrel on the nut help to limit or prevent nut rotation, for example
during initial threading of the bolt into the nut, or at the end of reverse
threading of the bolt out of the nut. The non-circular opening and barrel also
help to limit or prevent rotation or pivoting of the nut at other times during bolt
rotation.

Other non-circular surfaces can be used about the perimeter of the nut
to engage walls or bearing surfaces on the clip for limiting or preventing
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pivoting between the nut and the clip. The non-circular surface can take any
of the configurations referenced herein. When the nut is under torque, the
non-circular surfaces engage the bearing surfaces to limit or prevent pivoting
between the nut and the clip.

In another example of a fastener assembly, in the form of a nut plate
assembly, a nut plate assembly 1800A (FIG. 73A) includes a nut plate 1802A
supporting a nut assembly 1804. The nut assembly 1804 includes a nut 1806
supported in and in the present example imbedded or molded into the nut
plate 1802A. The nut plate 1802A may take the form of any of the nut plates
described herein, and can be used in the same way, or with nut support
structures as described for the clip nut assembly 1800. The nut plate includes
a reinforcing or buffer wall having a hexagonal opening 1812A for receiving a
hexagonal segment of the nut 1806. In the configuration shown in FIG. 73A,
the hexagonal segment engages complementary walls forming a hexagonal
opening in the upper wall of the nut plate, forming bearing surfaces for
resisting twisting of the hex nut. In other examples, the hexagonal opening
could have a hexagonal or other non-circular wall defining the opening (while
preferably conforming to the shape of the nut barrel), and a complimentary
outer buffer area that is the same shape as the opening, or a shape that is
different from the shape of the opening. For example, the buffer area may be
round, square, other polygon or other shape. Additionally, the buffer area
may extend upward from the planar portion of the nut plate and even to the
top of the nut or higher, and/or the buffer area may extend below the under
surface of the planar portion.

The hex nut 1806 (FIG. 74) includes a base wall 1814. In this
example, the base wall 1814 includes serrations 1816 on the bottom surface
thereof. The serrations provide an easy and efficient way to have a relatively
large number of engagement positions. When the hex nut 1806 is pulled
against the third arm of the clip by the fastener, the serrations 1816 bear
against the nut support surface of the clip, thereby resisting rotation through
the serrations, which may be considered tabs or projections, in combination
with the hex surfaces. The surface of the nut support may be smooth or may
include complementary serrations or other discontinuities. The nut support
surface contacted by the serrations are bearing surfaces as to which the
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engagement positions between them and the serrations limit or prevent
rotation or pivoting of the nut relative to the nut cage 1808. The nut support
surface extending or positioned between the serrations and the panel 112 or
other external element keeps the serrations from contacting the panel and
also promotes the limitation or prevention of rotation between the nut and the
clip. In this example, both the serrations and the hex nut 1806 help to limit or
prevent rotation of the nut relative to the clip. The serrations help to limit or
prevent rotation while the serrations contact the nut support surface, and the
hex nut 1806 helps to limit or prevent rotation between the point when the nut
is secured and the point when the bolt or other fastener component is fully
disengaged from the nut. The hex nut 1806 helps to limit or prevent rotation
relative to the clip when the serrations are not in contact with the nut support
surface. The hex nut can also be incorporated into other nut plate
configurations described herein.

In another example of a nut plate assembly, any of the nut plates
described with respect to the examples of FIGS. 1-60 and any clip nut can be
used with a serrated nut 1818 (FIG. 75). The serrations 1820 engage the
underlying nut support surface to limit rotation relative to the nut support upon
application of torque. The serrations constitute tabs, projections or other
elements for bearing against a bearing surface.

In other examples, the serrations in any of the nut examples can be
substituted by knurling or diamond points or other engagement portions.
Serrations or knurling or diamond points, for example, provide a relatively
large number of contact points, lines or planes to accommodate the loading
while the nut is under torque.

The nut plates described herein can be formed from the same
materials as has been described for any of the given nut plates examples, and
they can be formed in the same manner, with variations or adjustments being
made for the given configuration. Each can include suitable mounting
configurations appropriate for the application, including by fastening such as
with rivets or other mechanical fasteners or with adhesives or other bonding
agents. They can also include if desired spacer areas for giving spacing for
an adhesive layer. Each nut support or receptacle can include multiple
bearing support surfaces against which similar or identical numbers of nut
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surfaces can bear for limiting pivoting of the nut. They can also include nut
cages that are asymmetrical, have closed sides for example with a single
access opening for insertion and removal, as well as a restricted access
opening for helping to retain the nut in the cage. Each can be molded,
allowing flexibility in selecting features to be included in the configuration, as
well as optimizing structures incorporated into the nut plate. They can also be
configured to accommodate a particular nut configuration.

The nut plate assemblies can be used in a number of applications.
They can be used for mounting components to interior portions of a panel, to
panel corners, or to panel edges. They can be used to mount components to
structures that are planar, concave, convex or to structures having complex
surface configurations. They also can be used to mount components to
multiple structures.

Having thus described several exemplary implementations, it will be
apparent that various alterations and modifications can be made without
departing from the concepts discussed herein. Such alterations and
modifications, though not expressly described above, are nonetheless
intended and implied to be within the spirit and scope of the inventions.
Accordingly, the foregoing description is intended to be illustrative only.
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WHAT IS CLAIMED IS:

1. A fastener receiver comprising:

a non-metal support and fastener cage integral with each other wherein

the non-metal support includes a support surface on a first side of the
support for being supported by a structural support when the fastener receiver
is placed against the structural support, wherein the support surface extends
in substantially two dimensions, and the non-metal support further includes at
least one securing portion for securing the fastener receiver to the structural
support surface, and the non-metal support further includes a fastener support
surface on a side of the support substantially opposite the support surface
and configured to support a facing portion of a fastener; and

the fastener cage is configured to receive and support a fastener
element having a facing portion for being supported on the fastener support
surface of the support, the fastener cage being positioned on a side of the
support substantially opposite the support surface, the fastener cage having
at least two side surfaces for limiting pivoting movement of a fastener, and the
fastener cage having a second fastener support spaced apart from the
fastener support surface of the non-metal support and including a wall
extending between and contacting at least two of the at least two side
surfaces.

2. The fastener receiver of claim 1 wherein the non-metal support
and fastener cage are molded plastic.

3. The fastener receiver of claim 2 wherein the non-metal support
and fastener cage are polyamide imide.

4. The fastener receiver of claim 2 wherein the non-metal support
and fastener cage are formed from at least one of an engineered

thermoplastic, thermoset or composite polymers.

5. The fastener receiver of claim 1 wherein the support surface on

the first side of the non-metal support is substantially planar.
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6. The fastener receiver of claim 1 wherein the wall includes a
bridge portion.

7. The fastener receiver of claim 6 wherein the at least one
securing portion is on a first side of the fastener cage and further including a
second securing portion and wherein the second securing portion is
positioned on a side of the fastener cage opposite the at least one securing

portion.

8. The fastener receiver of claim 7 wherein the fastener cage
includes a wall defining an opening facing in a direction other than toward the

at least one securing portion and the second securing portion.

9. The fastener receiver of claim 6 wherein the second securing
portion is positioned on a side of the fastener cage other than opposite the at

least one securing portion.

10.  The fastener receiver of claim 1 wherein the fastener support
surface is substantially centered on the support.

11.  The fastener receiver of claim 1 wherein the fastener cage
includes a wall defining an opening for the fastener element.

12.  The fastener receiver of claim 11 wherein the opening is a side

opening for inserting and removing the fastener element.

13.  The fastener receiver of claim 11 wherein the opening as a
fastener element opening and wherein the fastener receiver further includes a
fastener opening through the support and wherein the fastener element
opening is substantially coaxial with the fastener element opening.

14.  The fastener receiver of claim 1 wherein the support surface is

substantially circular.
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15.  The fastener receiver of claim 1 wherein the support surface is
substantially elongate.

16. The fastener receiver of claim 1 wherein the at least one
securing portion includes an eyelet.

17.  The fastener receiver of claim 1 further including a fastener
having a base and a fastener housing, and wherein the base is supported by
the fastener support surface, and wherein the fastener is positioned at least
partly within the fastener cage.

18. The fastener receiver of claim 17 wherein the fastener extends
through an opening in the fastener cage opposite the fastener support
surface.

19.  The fastener receiver of claim 17 wherein the fastener base
includes a plurality of engagement elements and the fastener cage includes a
plurality of engagement surfaces and wherein pivoting movement of the
fastener moves the fastener engagement elements into engagement with the

engagement surfaces of the fastener cage.

20. The fastener receiver of claim 19 wherein the fastener base has
a substantially H configuration.

21. The fastener receiver of claim 17 wherein the fastener is molded

in the fastener receiver.

22. The fastener receiver of claim 17 wherein the fastener receiver

is a nut plate and the fastener is a nut.

23. The fastener receiver of claim 1 wherein the at least one

securing portion includes a wall defining an opening for receiving a fastener.

24.  Afastener receiver comprising:
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a support having a support surface on a first side of the support for
being supported by a support surface when the fastener receiver is placed
against the support and at least one securing portion for securing the fastener
receiver to the support surface; and

a fastener cage on a side of the support other than that having the
support surface, the fastener cage having a fastener support surface, and a
fastener retaining surface spaced apart from the fastener support surface and
a wall in the fastener retaining surface defining an opening for receiving a
portion of a fastener, and wherein the wall defining the opening extends
through an angle greater than 180 degrees and less than 360 degrees.

25.  The fastener receiver of claim 24 wherein the fastener retaining
surface is substantially opposite the fastener support surface.

26.  The fastener receiver of claim 24 wherein the wall defining the

opening extends through an angle of approximately 255 degrees.

27. The fastener receiver of claim 24 wherein the support extends
longitudinally and has first and second longitudinal sides and wherein the
fastener retaining surface includes a fastener insertion opening facing the first

longitudinal side.

28. The fastener receiver of claim 24 wherein the fastener cage
includes walls defining a cavity between the fastener support surface and the

fastener retaining surface and wherein the walls include bearing surfaces.

29. The fastener receiver of claim 28 further including a fastener
having a portion within the fastener cage and configured so that pivoting of
the fastener relative to the fastener cage brings the fastener into contact with
at least three different bearing surfaces.

30. The fastener receiver of claim 28 further including a post
extending between the fastener support surface and the fastener retaining
surface and having a bearing surface.
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31.  The fastener receiver of claim 30 further including first and
second walls defining respective openings on respective sides of the post.

32. The fastener receiver of claim 31 wherein the fastener includes
a plurality of tips extending into respective openings in the cage.

33.  The fastener receiver of claim 28 wherein the fastener includes
a substantially planar fastener base supported by the fastener support surface
and a fastener body extending from the fastener base and through the

opening.

34. The fastener receiver of claim 24 wherein the support includes

first and second mounting portions.

35. The fastener receiver of claim 34 wherein the first and second
mounting portions are on substantially opposite sides of the opening.

36. The fastener receiver of claim 34 wherein the first and second
mounting portions are positioned other than on substantially opposite sides of

the opening.

37. The fastener receiver of claim 34 wherein the first mounting
portion extends out of a plane defined by the support.

38.  The fastener receiver of claim 34 wherein the support surface is

substantially circular.

39.  The fastener receiver of claim 24 further including a plurality of

receiver for receiving respective fastener elements.

40. A fastener receptacle comprising:
a non-metal support and fastener cage integral with each other wherein
the support has a support surface configured to be placed against a support
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structure, wherein the support has a wall defining an opening for receiving a
male fastener, the support includes a fastener support surface configured
such that the opening extends from the support surface to the fastener
support surface, and wherein the fastener cage includes at least three torque-
resisting elements extending away from the support surface and away from
the fastener support surface and configured to be contacted by respective
surfaces on a fastener base when the fastener is positioned in the fastener

cage and the fastener is pivoted relative to the fastener cage.

41. The fastener receptacle of claim 40 wherein the at least three
elements includes first and second side walls and a post positioned between
the first end second side walls.

42. The fastener receptacle of claim 41 wherein the post and the
first and second side walls defining respective sides of respective openings,
and wherein the fastener receptacle further includes a fastener element
positioned in the fastener cage, wherein the fastener element includes tabs
extending into respective ones of the openings.

43. The fastener receptacle of claim 42 wherein the fastener

element includes a fastener base having two pairs of tabs.

44. The fastener receptacle of claim 42 wherein the fastener

element is removabile.

45.  The fastener receptacle of claim 42 wherein the fastener cage
includes a wall defining an opening and wherein the fastener element includes

a fastener body extending through the opening.

46. A fastener receptacle comprising a receptacle having a support
surface configured to be placed against a support structure, and a fastener
cage on a side of the receptacle opposite the support surface, wherein the
receptacle extends longitudinally and includes a first longitudinal side on a
front of the receptacle and a second longitudinal side on a back of the
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receptacle, and wherein the fastener cage includes walls defining a front
opening configured to receive a fastener element into and allow removal of a

fastener element from the fastener cage through the front opening.

47. The receptacle of claim 46 wherein a fastener element can be

inserted into the cage only through the front opening.

48. The receptacle of claim 47 wherein the receptacle includes a
first end having a first mounting element and a second end having a second
mounting element and wherein front opening is between the first and second

ends.

49.  The receptacle of claim 46 wherein the front opening includes
an entrance wall having spaced apart sides defining an entrance width and
wherein the cage further includes an opening having a diameter for receiving
a body of a fastener element and wherein the entrance width is less than the

diameter.

50. Afastener and fastener plate combination comprising a non-
metal support and walls defining a fastener cavity integral with each other
wherein the support includes a support surface configured to be placed
against the structure and including a wall defining an opening through the
support and communicating with an interior of the fastener cavity and a
fastener element embedded in the cavity such that the fastener element
cannot be removed without at least partly destroying a wall defining part of the
cavity, and wherein at least part of the fastener element has a non-arcuate

surface engaging a complementary wall in the fastener cavity.

51.  The combination of claim 50 wherein the non-metal support and

walls defining the fastener cavity are molded plastic.

52. The combination of claim 50 wherein the fastener element

includes serrations.
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53. The combination of claim 50 wherein the fastener element
includes a first wall extending radially and a second wall extending axially and

wherein the first and second walls include serrations.

54. The combination of claim 50 wherein the fastener includes a

closed end.

55.  The combination of claim 50 further including an upper wall on a
side of the support opposite the support surface and further including a cap

positioned over the upper wall.

56. The combination of claim 55 wherein the cap fits over and

around the upper wall.

57.  Afastener receiver comprising:

a base having a first surface for being supported on a support structure
and a second surface for supporting a fastener element with an edge
extending from the first surface to the second surface; and

a structure on the base for supporting a fastener element wherein the
structure is at least partly asymmetrical about a plane other than a horizontal

plane parallel to the base.
58. The fastener receiver of claim 57 wherein the structure is
substantially asymmetrical about a vertical transverse plane through the

fastener receiver.

59.  The fastener receiver of claim 57 further including means for

securing the base to a support structure.

60. The fastener receiver of claim 57 wherein the base is

substantially planar.
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61. The fastener receiver of claim 57 wherein the base has a first
flat surface and a second flat surface, and further including a fastener element
supported on the second flat surface.

62. The fastener receiver of claim 61 wherein the fastener element
is a nut having a substantially flat base surface and a plurality of tabs in the
base surface.

63. The fastener receiver of claim 62 further including a wall defining
at least one opening for receiving a tab of the nut.

64. The fastener receiver of claim 57 wherein the fastener receiver
has a height and wherein the base has a thickness approximately equal to
one-third the height.

65. The fastener receiver of claim 57 further including walls defining
a cavity for receiving a fastener element, wherein the cavity has a height and
the base has a height substantially the same as the cavity height.

66. The fastener receiver of claim 65 wherein the cavity has a width

greater than or equal to approximately a width of the fastener receiver.

67. The fastener receiver of claim 57 wherein the receiver is non-

metal.

68. The fastener receiver of claim 67 wherein the receiver is a

polyamide.

69. A fastener and receiver combination comprising:

a fastener element having a fastener base wherein the fastener base
extends between a support surface and a base upper surface defining a base
thickness, and wherein the fastener element includes a fastener body

extending away from the base;
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a non-metal support and fastener cage combination wherein the
fastener element is received in the fastener cage and wherein the support is
approximately the same thickness as the base thickness and the fastener
cage has a height above the support approximately twice the support
thickness.

70.  The combination of claim 69 wherein the support and fastener
cage combination extend longitudinally to respective end surfaces and
wherein the fastener cage includes side walls adjacent respective sides of the
fastener base and wherein the fastener cage extends longitudinally from the
respective side walls to the respective end surfaces of the support and

fastener cage combination.

71.  The combination of claim 70 wherein the portions of the fastener
cage at the respective end surfaces have respective heights above the

support approximately the same as the base thickness.

72. The combination of claim 69 wherein the non-metal support and
fastener cage combination are molded plastic.

73.  The combination of claim 72 wherein the fastener cage includes
a plurality of walls defining respective openings, and wherein the fastener
element includes a plurality of tabs extending into respective openings in the
fastener cage.

74.  The combination of claim 69 wherein the non-metal support
includes a support surface configured to be placed against a support structure
and wherein the support surface is at least one of substantially circular and
substantially rectangular.

75. A method of securing a fastener comprising:

placing an integral non-metal support and fastener cage against a
support structure, wherein the non-metal support has a fastener support
surface and wherein the fastener cage includes at least three torque-resisting
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elements extending away from the non-metal support bearing surface and
away from the fastener support surface, and a first fastener element in the
fastener cage and having at least three surfaces for contacting respective
ones of the torque-resisting elements in the fastener cage when the fastener
pivots relative to the fastener cage;

securing the non-metal support and fastener cage to the support
structure by at least one of bonding and structural securement; and

engaging a second fastener element with the first fastener element.

76. The method of claim 75 wherein securing includes securing
using adhesive.

77. The method of claim 75 wherein securing includes securing

using a removable fastener.

78. The method of claim 75 wherein securing includes securing

using a permanent fastener.

79. A nut assembly comprising:

a non-metal nut support for supporting a nut element and a plurality of
engagement surfaces; and

a nut element having a threaded axially extending portion and a base
portion, the base portion having a plurality of extensions configured for
engaging one or more of the engagement surfaces on the nut support and
wherein the engagement surfaces on the nut support and the nut element are
configured so that upon pivoting of the nut element, the extensions engage at
least four engagement positions on respective ones of the engagement
surfaces on the nut support.

80. A method of assembling a nut assembly comprising:
positioning a nut element and a non-metal clip adjacent each other;
contacting the nut element with the clip and against a cantilever portion

so as to move the cantilever portion away from the rest of the clip; and
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pressing the nut element into a cage in the clip until the nut element is
received into a nut cage, and allowing the cantilever portion to return at least
partly to its free-state configuration.
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