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INSTALLING ONE OR MORE FASTENERS INTO ONE OR MORE CORRESPONDING 157

FASTENER HOLES FORMED IN A COMPOSITE STRUCTUKE, EACUH FADTENER |
COMPRISING: AN ELONGATED SHAFT HAVING A FIRST END WITH A HEAD
PORTION, A SECOND END WITH A THREADED PORTION, AND A SHAFT BODY |
DISPOSED THEREBETWEEN; AT LEAST ONE INNER FEED CHANNEL EXTENDING §
FROM AN OPENING IN THE HEAD PORTION, THROUGH THE HEAD PORTION AND |
THE SHAFT BODY, AND TERMINATING PROXIMAL TO THE THREADED PORTION; |
A PLURALITY OF FLUTES FORMED ALONG AND CIRCUMPFERENTIALLY SPACED |
ARQUND AN QUTER SURFACE OF THE SHAFT BODY AND AN OUTER SURFACE |
OF THE HEAD PORTION; AND ONE OR MORE LATERAL FEED CHANNELS
FORMED RADIALLY THROUGH THE SHAFT BODY AND CONNECTING THE INNER |
FEED CHANNEL TO AT LEAST TWO OPPOGING FLUTES ON THE OUTER f
SURFACE OF THE SHAFT BODY

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

TORGUING THE ONE OR MORE FASTENERS IN PLACE IN THE ONE OR 454
MORE CORRESPONDING FASTENER HOLES é

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
-

INJECTING, UNDER PRESSURE, A CONDUCTIVE FLUID INTO THE OPENING |

N THE HEAD PORTION OF EACH FASTENER, AND THROUGH THE AT LEAST | 196
ONE INNER FEED CHANNEL AND THE ONE OR MORE LATERAL FEED |

CHANNELS

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

DEPQSWi?\EG Tk CONDUGCTIVE FLUID TO ONE OR MORE AREAS EETWEEN n 158
AN OGUTER SURFACE OF EACH FASTENER AND AN INNER SURFACE OF -
EACH CORRESPONDING FASTENER HOLE OF THE COMPOSITE STRUCTURE |

r
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

GURING THE COMPOSITE STRUCGTURE WiTH THE ONE OR MORE FASTENERS | ,
INSTALLED IN THE COMPOSITE STRUCTURE 60

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

PROVIDING ELECTRICAL CONTACT BETWEEN CARBON FIBERS OF THE |
COMPOSITE STRUCTURE AND EACH FASTENER INSTALLED IN EACH - 162
CORRESPONDING FASTENER HOLE, TO OBTAIN ELECTRICAL %
CONDUCTIVITY AND DISSIPATION OF CURRENT ENERGY, RESULTING FROM
LIGHTNING STRIKES TO THE AIRCRAFT

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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1

CONFORMAL CLEARANCE FIT FASTENER,
FASTENER SYSTEM, AND METHOD FOR
COMPOSITE STRUCTURES

BACKGROUND

1) Field of the Disclosure

The disclosure relates generally to fasteners and fastener
systems and methods for composite structures, and more
particularly, to conformal clearance fit fasteners and fastener
systems and methods that provide electrical contact and
conductivity with composite structures, such as carbon fiber
reinforced plastic (CFRP) structures, such as for use in
aircrait.

2) Description of Related Art

Composite structures, such as carbon fiber remnforced
plastic (CFRP) structures, may be used 1n a wide varniety of
applications, including 1n the manufacture of aircratt, space-
craft, rotorcraft, watercraft, automobiles, trucks, and other
vehicles and structures, due to their high strength-to-weight
ratios, corrosion resistance, and other favorable properties.
The composite structures, such as CFRP structures, are
typically made of a composite material comprising a matrix
material, such as a resin, reinforced with fiber material, such
as carbon fiber. The resin 1s not generally electrically con-
ductive, 1n contrast to the fiber material.

Good electrical contact between composite aircraft wings,
tuselage, or other aircraft structures, and metal fasteners,
1.e., metal bolts, used to secure parts of such structures
together, 1s important to provide electrical conductivity and
static dissipation, such as in the event of a lightning strike or
other electromagnetic effects and electrical event, in order
for the current energy from the lightning strike to be
dissipated and conducted to ground through the surface of
the composite structure. If electrical contact between the
metal fasteners and such composite aircrait structures, for
example, composite wing skins, 1s madequate, the current
energy from the lightning strike may not dissipate, may
remain in the vicinity of the struck fasteners, and may be
conducted 1nto the substructure and possibly a fuel tank 1n
the wing, where unwanted discharge or sparking may occur
as the result of electrical arching, and/or hot plasma particles
¢jected from joints due to decomposition of material sys-
tems, leading to a potential 1gnition source.

Known systems and methods exist to prevent or mitigate
discharge and eflects from lightning strikes in aircrait com-
posite wing fuel tanks and other aircrait composite struc-
tures. Such known systems and methods include the appli-
cation of electrically insulating sealants and the use of
fastener cap seals to cover metal fasteners in the aircraft
composite wing fuel tanks, to contain the discharge 1n the
fastened joint and direct it away from the fuel tank or other
aircralt composite structures.

However, such known electrically imnsulating sealants may
be heavy, and such known {fastener seal caps may be
numerous in number, and both may add weight to the
aircraft, which may result 1n reduced performance and
increased fuel consumption, and, 1n turn, may result 1n
increased fuel costs. Moreover, such known electrically
insulating sealants and fastener seal caps may be time
consuming and labor intensive to apply or mstall and inspect
in the aircraft composite wings and fuel tanks, or other
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2

aircrait structures, which, in turn, may result 1n increased
manufacturing and inspection time and increased labor

COsts.

In addition, known fasteners and fastener systems exist
that achieve good electrical contact between composite
aircraft structures, such as composite wing skins, and the
metal fasteners used to secure such structures, and that
reduce the potential for unwanted discharge or sparking in
aircraft composite wing fuel tanks. Such known fasteners
and fastener systems include the use of interference f{it
fasteners that employ a corrosion resistant steel (CRES)
sleeve through which a tapered titanium bolt 1s inserted, 1.e.,
sleeved interference fit fasteners. When torque 1s applied to
a collar of the bolt, the sleeve expands, making contact with
composite layers of the composite wing skin.

However, such sleeved interference {it fasteners may be
expensive and diflicult to install. Moreover, the CRES
sleeves for the interference {it fasteners may add weight to
the fastened joints, which may result 1n increased fuel
consumption, and, in turn, may result in increased fuel costs.
Further, due to the expansion of the fastener sleeve when
torque 1s applied to the bolt collar, any exposed high
conductivity carbon fiber tip in drilled holes, 1n which the
fasteners are inserted, may be crushed, damaged, or possibly
broken. This may limit the overall electrical connection and
may also promote micro-cracks in the fastened joints of the
composite structure.

Accordingly, there 1s a need in the art for an improved
fastener, fastener system, and method that 1s mexpensive,
simple to install and use, weight saving, and reliable, and
that provide advantages over known fastener devices, sys-
tems and methods.

SUMMARY

Example implementations of this disclosure provide an
improved fastener, fastener system, and method for com-
posite structures, such as carbon fiber reinforced plastic
(CFRP) structures, and CFRP structures attached to metallic
structures. As discussed 1n the below detailed description,
embodiments of the improved fastener, fastener system, and
method may provide significant advantages over known
fastener devices, systems, and methods.

In one embodiment there 1s provided a fastener. The
fastener comprises an elongated shaft having a first end, a
second end, and a shait body disposed between the first end
and the second end. The fastener further comprises a head
portion disposed at the first end. The fastener further com-
prises a threaded portion disposed at the second end.

The fastener further comprises at least one inner feed
channel extending from an opening in the head portion,
through the head portion and the shait body, along a longi-
tudinal central axis of the elongated shaft, and terminating
proximal to the threaded portion. The fastener further com-
prises a plurality of flutes formed along and circumieren-
tially spaced around an outer surface of the shaft body and
an outer surface of the head portion. Each flute has a first end
extending from a first location proximal to the threaded
portion, along the outer surface of the shaft body, and
radially outward along the outer surface of the head portion.

The fastener further comprises one or more lateral feed
channels formed laterally through the shait body. Each
lateral feed channel connects the inner feed channel to at
least two opposing flutes on the outer surface of the shaft
body.

In another embodiment there 1s provided a fastener sys-
tem for providing improved electrical contact with a com-
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posite structure. The fastener system comprises one or more
fasteners configured for installation 1n one or more corre-
sponding fastener holes formed 1n the composite structure.

Each fastener comprises an elongated shait having a first
end with a head portion, a second end with a threaded
portion, and a shaft body disposed between the first end and
the second end. Each fastener further comprises at least one
inner central feed channel extending from an opening in the
head portion, through the head portion and the shait body,
along a longitudinal central axis of the elongated shaft, and
terminating proximal to the threaded portion.

Each fastener further comprises a plurality of flutes
tformed along and circumiferentially spaced around an outer
surface of the shaft body and an outer surface of the head
portion. Each flute extends from a first location proximal to
the threaded portion, along the outer surface of the shaft
body, and radially outward along the outer surface of the
head portion.

Each fastener further comprises one or more lateral feed
channels formed laterally through the shaft body. Each
lateral feed channel connects the inner central feed channel
to at least two opposing flutes on the outer surface of the
shaft body.

The fastener system further comprises an injection tool
assembly configured for coupling to each of the one or more
tasteners installed 1n the one or more corresponding fastener
holes. The fastener system further comprises a conductive
fluid 1mjected via the injection tool assembly into each
tastener 1nstalled 1n the composite structure. The conductive
fluid 1s transported and deposited via the at least one 1nner
central feed channel, the one or more lateral feed channels,
and the plurality of flutes of each fastener, to one or more
areas between an outer surface of the fastener and an inner
surface of a corresponding fastener hole of the composite
structure.

The conductive fluid provides electrical contact between
carbon fibers of the composite structure and the one or more
fasteners installed in the one or more corresponding fastener
holes of the composite structure. This results 1n the fastener
system providing electrical contact with the composite struc-
ture.

In another embodiment there 1s provided a method for
providing to a composite structure of an aircraft improved
clectrical conductivity and dissipation of current energy
resulting from lightning strikes to the aircraft. The method
comprises the step of installing one or more fasteners into
one or more corresponding fastener holes formed in the
composite structure.

Each fastener comprises an elongated shait having a first
end with a head portion, a second end with a threaded
portion, and a shait body disposed therebetween. Each
fastener further comprises at least one inner feed channel
extending from an opening 1n the head portion, through the
head portion and the shait body, along a longitudinal central
axis of the elongated shait, and terminating proximal to the
threaded portion.

Each fastener further comprises a plurality of flutes
formed along and circumiferentially spaced around an outer
surface of the shaft body and an outer surface of the head
portion. Each flute extends from a {first location proximal to
the threaded portion, along the outer surface of the shaft
body, and radially outward along the outer surface of the
head portion.

Each fastener further comprises one or more lateral feed
channels formed laterally through the shaft body. Fach
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lateral feed channel connects the inner feed channel to at
least two opposing flutes on the outer surface of the shatt
body.

The method further comprises the step of torquing the one
or more fasteners 1n place 1n the one or more corresponding
fastener holes. The method further comprises the step of
injecting, under pressure, a conductive fluid into the opening
in the head portion of each fastener, and through the at least
one mner feed channel and the one or more lateral feed
channels.

The method further comprises the step of depositing the
conductive flud to one or more areas between an outer
surface of each {fastener and an inner surface of each
corresponding fastener hole of the composite structure. The
method further comprises the step of curing the composite
structure with the one or more fasteners installed in the
composite structure.

The method further comprises the step of providing
clectrical contact between carbon fibers of the composite
structure and each fastener installed in each corresponding,
tastener hole, to obtain electrical conductivity and dissipa-
tion of current energy, resulting from lightning strikes to the
aircraft.

The features, tunctions, and advantages that have been
discussed can be achieved independently 1n various embodi-

ments of the disclosure or may be combined in yet other
embodiments further details of which can be seen with

reference to the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be better understood with reference to
the following detailed description taken 1n conjunction with
the accompanying drawings which illustrate exemplary
embodiments, but which are not necessarily drawn to scale,
wherein:

FIG. 1A 1s an illustration of a side perspective view of an
exemplary embodiment of a fastener of the disclosure;

FIG. 1B 1s an 1illustration of a cutaway side perspective
view of the fastener of FIG. 1A;

FIG. 1C 1s an illustration of a cross-sectional view of the
fastener of FIG. 1A, taken along lines 1C-1C of FIG. 1A;

FIG. 1D 1s an illustration of a top view of the fastener of
FIG. 1A;

FIG. 1E 1s an 1llustration of a bottom view of the fastener
of FIG. 1A;

FIG. 2A 1s an 1illustration of a side perspective view of
another exemplary embodiment of a fastener of the disclo-
sure;

FIG. 2B 1s an illustration of a cutaway side perspective
view of the fastener of FIG. 2A;

FIG. 2C 1s an illustration of a cross-sectional view of the
fastener of FIG. 2A, taken along lines 2C-2C of FIG. 2A;

FIG. 2D 1s an 1llustration of a top view of the fastener of
FIG. 2A;

FIG. 2FE 1s an illustration of a bottom view of the fastener
of FIG. 2A;

FIG. 3A1s an 1llustration of a side perspective view of yet
another exemplary embodiment of a fastener of the disclo-
SUre;

FIG. 3B i1s an illustration of a cutaway side perspective
view of the fastener of FIG. 3A;

FIG. 3C 1s an 1llustration of a top view of the fastener of
FIG. 3A;

FIG. 3D 1s an illustration of a bottom view of the fastener

of FIG. 3A;
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FIGS. 4A-4G are illustrations of cross-sectional views of
lateral feed channel configurations that may be used in

embodiments of the fastener of the disclosure;

FIG. 5A 1s an 1llustration of a cutaway side perspective
view of an embodiment of a fastener system of the disclo-
Sure;

FIG. 5B 1s an 1llustration of a side perspective view of the
fastener system of FIG. SA;

FIG. 6 1s an illustration of a cutaway side perspective
view of another embodiment of a fastener system of the
disclosure:

FIG. 7A 1s a schematic diagram of a partial sectional view
of an embodiment of a fastener system of the disclosure
showing the fastener installed 1n a composite structure
having a corresponding fastener hole with a rough surface
and conductive fluid imjected 1nto the fastener;

FIG. 7B 1s a schematic diagram of a partial sectional view
of the fastener system of FIG. 7A showing the fastener after
conductive fluid mjection and after cure;

FIG. 8 1s a flow diagram showing an exemplary embodi-
ment of a method of the disclosure;

FIG. 9 1s an 1llustration of a perspective view of an aircraft
that may incorporate composite structures having one or
more embodiments of a fastener of the disclosure;

FIG. 10 1s a flow diagram of an aircrait manufacturing and
service method; and,

FIG. 11 1s a block diagram of an aircraft.

Each figure shown 1n this disclosure shows a variation of
an aspect ol the embodiments presented, and only difler-
ences will be discussed 1n detail.

DETAILED DESCRIPTION

Disclosed embodiments will now be described more fully
hereinafter with reference to the accompanying drawings, in
which some, but not all of the disclosed embodiments are
shown. Indeed, several diflerent embodiments may be pro-
vided and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and fully
convey the scope of the disclosure to those skilled in the art.

Now referring to the Figures, 1n one embodiment there 1s
provided a fastener 10 as shown in FIGS. 1A-1E. FIG. 1A
1s an 1llustration of a side perspective view of an exemplary
embodiment of the fastener 10, such as in the form of
tastener 10a, of the disclosure. Preferably the fastener 10
(see FIG. 1A), such as in the form of fastener 10a (see FIG.
1A), comprises a conformal clearance fit fastener 12 (see
FIG. 1A) that 1s sleeveless, 1.e., does not require a metal
sleeve.

FIG. 1B 1s an 1llustration of a cutaway side perspective
view of the fastener 10, such as in the form of fastener 104,
of FIG. 1A. FIG. 1C 1s an 1illustration of a cross-sectional
view of the fastener 10, such as in the form of fastener 104,
of FIG. 1A, taken along lines 1C-1C of FIG. 1A.

As shown 1n FIGS. 1A-1C, the fastener 10, such as 1n the
form of fastener 10a, comprises an elongated shaft 14
having a first end 16, a second end 18, and a shait body 20
disposed between the first end 16 and the second end 18. As
further shown 1n FIGS. 1A-1C, the fastener 10, such as 1n the
form of fastener 10q, has a head portion 22 disposed at the
first end 16. The head portion 22 (see FIG. 1A) preferably
has a frusto-conical shape 24 (see FIG. 1A). However, the
head portion 22 (see FIG. 1A) may have another suitable
shape as well. As shown 1n FIG. 1B, the head portion 22 has
a top end 26, a bottom end 28, and a central portion 30 with
an outer surface 32 (see also FIG. 1A) and an interior 34.
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FIG. 1D 1s an 1llustration of a top view of the fastener 10,
such as 1n the form of fastener 10a, of FIG. 1A. FIG. 1D

shows the top end 26 of the head portion 22 having a top
surface 36, which 1s flat or substantially flat. As shown 1n
FIG. 1D, the top end 26 of the head portion 22 has an outer

periphery 38 (see also FIG. 1A) or perimeter and has an
opening 40. Preferably, the opening 40 (see FIGS. 1A-1D)
1s a central opening 40a (see FIGS. 1A-1D).

As shown in FIGS. 1A-1C, the fastener 10, such as in the

form of fastener 10a, has a threaded portion 42 disposed at
the second end 18 of the elongated shaft 14. As shown in

FIG. 1B, the threaded portion 42 has a top end 44, a bottom

end 46, and a central portion 48 with an outer surface 50
comprised of a plurality of threads 52. As shown 1n FIG. 1B,
the threaded portion 42 has an interior 54, which 1s prefer-
ably solid and has no openmings or voids.

FIG. 1E 1s an illustration of a bottom view of the fastener

10, such as 1n the form of fastener 10a, of FIG. 1A. FIG. 1E
shows the bottom end 46 of the threaded portion 42 having
a bottom surface 56, which 1s flat or substantially flat.

As shown 1 FIG. 1B, the shait body 20 of the elongated
shaft 14 has a first end 38 integrally joined or connected to
the top end 44 of the threaded portion 42, has a second end
60 integrally joined or connected to the bottom end 28 of the
head portion 22, and has a central portion 62 disposed
between the first end 58 and the second end 60. The shaft
body 20 (see FIGS. 1A-1B) has an outer surface 64 (see
FIGS. 1A-1B) with an outer profile 66 (see FIGS. 1A-1B).
In one embodiment, as shown 1n FIGS. 1A-1B, the shaft
body 20 may have a substantially straight outer profile 66a.
In another embodiment, as shown 1n FIG. 2A, discussed
below, the shait body 20 may have a tapered outer profile
665. As shown 1n FIG. 1B, the central portion 62 of the shait
body 20 has an interior 68.

As shown 1n FIGS. 1B-1C, the fastener 10, such as 1n the

form of fastener 10q, further comprises at least one 1nner
feed channel 70. As shown in FIG. 1B, the inner feed

channel 70 may be in the form of an inner central feed
channel 70a. As further shown in FIG. 1B, the inner feed
channel 70, such as 1n the form of inner central feed channel
70a, has a first end 72 and a second end 74. As further shown
in FIG. 1B, the inner feed channel 70, such as in the form
of 1nner central feed channel 70a, extends at the first end 72
from the opening 40 in the head portion 22, through the
interior 34 of the head portion 22 and through the interior 68
of the shaft body 20, and terminates at the second end 74 at
a location 76 proximal to or near the threaded portion 42. As
further shown in FIG. 1B, the inner feed channel 70, such as
in the form of mnner central feed channel 70a, extends along
a longitudinal central axis 78 of the elongated shait 14 and
preferably has a hollow interior 79.

As shown in FIGS. 1A-1C, the fastener 10, such as in the
form of fastener 10a, further comprises a plurality of tlutes
80 formed along and circumierentially spaced around the
outer surface 64 of the shait body 20, and formed along and
circumierentially spaced around the outer surtace 32 of the
head portion 22. As further shown 1n FIG. 1A, each flute 80
has a first end 82 extending from a first location 84 proximal
to the threaded portion 42, along the outer surface 64 of the
shaft body 20, and radially outward along the outer surface
32 of the head portion 22. Preferably, the tlutes 80 (see FIG.
1A) are elongated and spaced apart from each other, and
preferably each flute 80 (see FIG. 1A) runs continuously
along the outer surface 64 (see FIG. 1A) of the shait body
20 (see FIG. 1A) and the outer surface 32 (see FIG. 1A) of
the head portion 22 (see FIG. 1A).
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As shown 1n FIG. 1A, each flute 80 may extend radially
outward along the outer surface 32 of the head portion 22
and terminate at a second end 86. In one embodiment, as
shown 1n FIG. 1A, the second end 86 comprises a second
location 86a proximal to the outer periphery 38 of the head
portion 22. In another embodiment, as shown 1n FIG. 3A,
discussed below, the second end 86 comprises a periphery
opening 865 at the outer periphery 38 of the head portion 22.
As shown 1 FIG. 1A, each flute 80 may preferably be
tformed as a longitudinal groove 87 having a shallow, curved
interior surface 88.

As shown i FIG. 1E, the plurality of flutes 80 are
preferably circumierentially spaced an equal distance d apart
from each other. As further shown in FIG. 1E, the number
of flutes 80 1s eight (8). However, another suitable number
of flutes 80 (see FIGS. 1A, 1E) may also be formed on the
fastener 10 (see FIG. 1A).

As shown 1n FIGS. 1B-1C, the fastener 10, such as in the
form of fastener 10q, further comprises one or more lateral

feed channels 90 or mner cross channels formed laterally
through the interior 68 of the shaft body 20. As shown in

FIGS. 1B-1C, each lateral feed channel 90 connects the
inner feed channel 70, such as in the form of 1nner central
teed channel 70a, to at least two opposing flutes 80 on the
outer surface 64 of the shait body 20. Each lateral feed
channel 90 (see FIG. 1C) may preferably comprise lateral

teed channel portions 91 (see FIG. 1C), such as two lateral
teed channel portions 91 (see FIG. 1C).

Preferably, the shait body 20, as shown 1n FIG. 1C, has at
least two sets 90a, 906 of the one or more lateral feed
channels 90 formed laterally through the shait body 20. As
shown 1n FIG. 1C, one set 90a of lateral feed channels 90
and the other set 905 of lateral feed channels 90 are spaced
apart from each other a suitable distance. Preferably, the two
sets 90a, 906 (see FIG. 1C) of the one or more lateral feed
channels 90 (see FIG. 1C) are each spaced a different
distance from the top end 26 (see FIG. 1C) of the head
portion 22 (see FIG. 1C). For example, as shown 1n FIG. 1C,
set 90a of lateral feed channels 90 may be formed laterally
through the shaft body 20 at a first distance 92a from the top
end 26 of the head portion 22, and set 9056 of lateral teed
channels 90 may be formed laterally through the shaft body
20 at a second distance 9256 from the top end 26 of the head
portion 22. The shait body 20 (see FIGS. 1B-1C) may also
have more than two sets of the lateral feed channels 90 or
may have just one set of lateral feed channels 90.

As shown 1n FIG. 1C, the lateral feed channel 90 of the
set 90a and the lateral feed channel 90 of the set 90b
preferably each have a first end 94a that opens into or
connects with tlute 80a, preferably each have a second end
94H that opens into or connects with flute 805, which 1is
opposite to flute 80a, and preferably each have a central
interior 95 that intersects or connects with the mner feed
channel 70, such as 1n the form of inner central feed channel
70a. For each set of the lateral feed channels 90 (see FIGS.
1B-1C), the number of lateral feed channels 90 (see FIGS.
1B-1C) that may be formed in each set may be the same or
may be different. Each flute 80 (see FIG. 1A) shows open-
ings 96 (see FIG. 1A) formed by the lateral feed channels 90
(see FIG. 1B) intersecting with the flutes 80 (see FIG. 1A).

Exemplary lateral feed channel configurations 98 that

may be formed in embodiments of the fastener 10 of the
disclosure are shown 1n FIGS. 4A-4G, and are discussed in

more detail below.

Now referring to FIGS. 2A-2E, another exemplary
embodiment of the fastener 10, such as in the form of
fastener 1054, 1s shown. FIG. 2A i1s an 1llustration of a side
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perspective view of the exemplary embodiment of the
fastener 10, such as 1n the form of fastener 105, of the
disclosure. As shown 1n FIG. 2A, 1in this embodiment of the
fastener 10, such as 1n the form of fastener 1056, the shaft
body 20 has a tapered outer profile 665, and not all of the
flutes 80 have openings 96 formed by the lateral feed
channels 90 intersecting with the flutes 80. Preferably the
tastener 10 (see FI1G. 2A), such as in the form of fastener 105
(see FIG. 2A), comprises a conformal clearance fit fastener
12 (see FIG. 2A) that 15 sleeveless.

FIG. 2B 1s an illustration of a cutaway side perspective
view of the fastener 10, such as in the form of fastener 105,
of FIG. 2A. FIG. 2C 1s an 1illustration of a cross-sectional
view of the fastener 10, such as in the form of fastener 105,
of FIG. 2A, taken along lines 2C-2C of FIG. 2A.

As shown 1n FIGS. 2A-2C, the fastener 10, such as in the
form of fastener 105, comprises the clongated shait 14
having the first end 16, the second end 18, and the shaft body
20 disposed between the first end 16 and the second end 18.
As further shown 1n FIGS. 2A-2C, the fastener 10, such as
in the form of fastener 105, has the head portion 22 disposed
at the first end 16. As shown 1n FIG. 2A, the head portion 22
preferably has the frusto-conical shape 24. As shown in FIG.
2B, the head portion 22 has the top end 26, the bottom end
28, and the central portion 30 with the outer surface 32 (see
also FIG. 2A) and the interior 34.

FIG. 2D 1s an 1illustration of a top view of the fastener 10,
such as 1n the form of fastener 105, of FIG. 2A. FIG. 2D
shows the top end 26 of the head portion 22 having the top
surface 36, which 1s flat or substantially flat. As shown 1n
FIG. 2D, the top end 26 of the head portion 22 has the outer
periphery 38 (see also FIG. 2A) or perimeter and has the
opening 40. Preferably, the opening 40 (see FIGS. 2A-2D)
1s the central opening 40a (see FIGS. 2A-2D).

As shown 1n FIGS. 2A-2C, the fastener 10, such as in the
form of fastener 105, has the threaded portion 42 disposed
at the second end 18 of the elongated shaft 14. As shown 1n
FIG. 2B, the threaded portion 42 has the top end 44, the
bottom end 46, and the central portion 48 with the outer
surface 50 comprised of the plurality of threads 52. As
further shown 1n FIG. 2B, the threaded portion 42 has an
interior 54 which 1s preferably solid and has no openings or
voids.

FIG. 2E 1s an 1llustration of a bottom view of the threaded
portion 42 of the fastener 10, such as in the form of fastener
105, of FIG. 2A. FIG. 2E shows the bottom end 46 of the
threaded portion 42 having the bottom surface 56, which 1s
flat or substantially flat.

As shown 1 FIG. 2B, the shait body 20 of the elongated
shaft 14 has the first end 38 integrally joined or connected
to the top end 44 of the threaded portion 42, has the second
end 60 integrally joined or connected to the bottom end 28
of the head portion 22, and has the central portion 62
disposed between the first end 38 and the second end 60. As
shown 1in FIGS. 2A-2B, the shaft body 20 has the outer
surface 64 with the outer profile 66 1n the form of the tapered
outer profile 665. As shown 1n FIG. 2B, the central portion
62 of the shaft body 20 has the interior 68.

As shown 1n FIGS. 2B-2C, the fastener 10, such as in the
form of fastener 105, further comprises at least one 1nner
feed channel 70, such as in the form of inner central feed
channel 70a. As shown 1n FIG. 2B, the inner feed channel
70, such as 1n the form of inner central feed channel 70q, has
the first end 72 and the second end 74. As shown 1n FIG. 2B,
the inner feed channel 70, such as in the form of inner central
teed channel 70a, extends at the first end 72 from the
opening 40 1n the head portion 22, through the interior 34 of
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the head portion 22 and through the interior 68 of the shaft
body 20, and terminates at the second end 74 at a location
76 proximal to or near the threaded portion 42. As further
shown 1n FIG. 2B, the inner feed channel 70, such as in the
form of iner central feed channel 70q, extends along the
longitudinal central axis 78 of the elongated shait 14 and
preferably has the hollow interior 79.

As shown 1n FIGS. 2A-2C, the fastener 10, such as in the
form of fastener 105, further comprises the plurality of tlutes
80 formed along and circumierentially spaced around the
outer surface 64 of the shaft body 20, and formed along and
circumierentially spaced around the outer surface 32 of the
head portion 22. As further shown 1n FIG. 2A, each flute 80
has the first end 82 extending from the first location 84
proximal to the threaded portion 42, along the outer surface
64 of the shaft body 20, and radially outward along the outer
surface 32 of the head portion 22. Preferably, the flutes 80
(see FIG. 2A) are elongated and spaced apart from each
other, and preferably each flute 80 (see FIG. 2A) runs
continuously along the outer surface 64 (see FIG. 2A) of the
shaft body 20 (see FIG. 2A) and the outer surface 32 (see
FIG. 2A) of the head portion 22 (see FIG. 2A).

As shown 1n FIG. 2A, each flute 80 may extend radially
outward along the outer surface 32 of the head portion 22
and terminate at the second end 86. As shown 1n FIG. 2A,
the second end 86 comprises the second location 86a
proximal to the outer periphery 38 of the head portion 22. As
shown 1n FIG. 2A, each flute 80 may preferably be formed
as a longitudinal groove 87 having a shallow, curved interior
surface 88.

As shown i FIG. 2E, the plurality of flutes 80 are
preferably circumierentially spaced an equal distance d apart
from each other. As further shown 1in FIG. 2E, the number
of tlutes 80 1s eight (8). However, another suitable number
of tlutes 80 (see FIGS. 2A, 2FE) may also be formed on the
tastener 10 (see FIG. 2A).

As shown 1n FIGS. 2B-2C, the fastener 10, such as in the
form of fastener 105, further comprises one or more lateral
teed channels 90 formed laterally through the interior 68 of
the shatt body 20. As shown in FIGS. 2B-2C, each lateral
feed channel 90 connects the 1inner feed channel 70, such as
in the form of iner central feed channel 70qa, to at least two
opposing flutes 80 on the outer surface 64 of the shaft body
20. Each lateral feed channel 90 (see FIG. 2C) may prefer-
ably comprise lateral feed channel portions 91 (see FIG.
2C), such as two lateral feed channel portions 91 (see FIG.
2C).

Preferably, the shaft body 20, as shown 1n FIG. 2B, has at
least two sets 90a, 9056 of the one or more lateral feed
channels 90. As shown 1n FIG. 2B, one set 904 of lateral teed
channels 90 and the other set 905 of lateral feed channels 90
are spaced apart from each other a suitable distance. Pret-
erably, each set 90a, 905 of the one or more lateral feed
channels 90 1s spaced a different distance from the top end
26 of the head portion 22. For example, set 90a (see FIG.
2B) of lateral feed channels 90 (see FIG. 2B) may be formed
laterally through the interior 68 (see FIG. 2B) of the shaft
body 20 (see FIG. 2B) at a first distance 92a (see FIG. 1C)
from the top end 26 (see FIGS. 1C, 2B) of the head portion
22 (see FIGS. 1C, 2B), and set 906 (see FIG. 2B) of lateral
feed channels 90 (see FIG. 2B) may be formed laterally
through the interior 68 (see FIG. 2B) of the shaft body 20
(see FI1G. 2B) at a second distance 926 (see FIG. 1C) from
the top end 26 (see FIGS. 1C, 2B) of the head portion 22 (see
FIGS. 1C, 2B). The shatt body 20 (see FIG. 2B) may also
have more than two sets of the lateral feed channels 90 or
may have just one set of lateral feed channels 90.
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As shown 1n FIG. 2B, the lateral feed channels 90 of set
90a and of set 905 may each have the first end 944 that opens
into or connects with flute 80a, and may each have the
second end 945 that opens into or connects with flute 805,
which 1s opposite to flute 80aq, and preferably have the
central interior 95 that intersects or connects with the inner
feed channel 70, such as in the form of inner central feed
channel 70a. For each set of the lateral feed channels 90 (see
FIG. 2B), the number of lateral feed channels 90 (see FIG.
2B) that may be formed in each set may be the same or may
be different. As shown 1n FIG. 2A, for example, tlutes 80a,
805, 80c, each have openings 96 formed by the lateral feed
channels 90 (see FIG. 2B) intersecting with the flutes 80a,
805, 80c.

Now referring to FIGS. 3A-3D, another exemplary
embodiment of the fastener 10, such as in the form of
fastener 10c¢, 1s shown. FIG. 3A 1s an 1illustration of a side
perspective view of the exemplary embodiment of the
fastener 10, such as i1n the form of fastener 10c¢, of the
disclosure. In this embodiment, as shown in FIG. 3A, the
fastener 10, such as in the form of fastener 10¢, 1n addition
to the inner teed channel 70, such as in the form of inner
central feed channel 70a, has the plurality of flutes 80 each
having a second end 86 comprising a periphery opening 865
at the outer periphery 38 of the head portion 22. Thus, the
periphery openings 86 (see FIG. 3A) and the plurality of
flutes 80 (see FIG. 3A) function as radial feed channels 89
(see FIGS. 3A, 3D) 1n addition to the mnner feed channel 70
(see FIG. 3B), such as in the form of inner central feed
channel 70a (see FIG. 3B). Preferably the fastener 10 (see
FIG. 3A), such as 1n the form of fastener 10c¢ (see FIG. 3A),
comprises a conformal clearance {it fastener 12 (see FIG.
3A) that 1s sleeveless.

FIG. 3B i1s an illustration of a cutaway side perspective
view o1 the fastener 10, such as 1n the form of fastener 10c,
of FIG. 3A. FIG. 3C 1s an 1illustration of a top view of the
fastener 10, such as in the form of fastener 10¢, of FIG. 3A.
FI1G. 3D 1s an 1llustration of a bottom view of the fastener 10,
such as in the form of fastener 10c, of FIG. 3A.

As shown 1in FIGS. 3A-3B, the fastener 10, such as in the
form of fastener 10c, comprises the elongated shaft 14
having the first end 16, the second end 18, and the shaft body
20 disposed between the first end 16 and the second end 18.
As shown 1n FIG. 3A, the fastener 10, such as in the form
of fastener 10¢, has the head portion 22, preferably with the
frusto-conical shape 24, disposed at the first end 16. As
shown 1n FIG. 3B, the head portion 22 has the top end 26,
the bottom end 28, and the central portion 30 with the outer
surface 32 (see also FIG. 3A) and the interior 34.

FIG. 3C 1s an 1llustration of a top view of the fastener 10,
such as in the form of fastener 10c¢, of FIG. 3A. FIG. 3C
shows the top end 26 of the head portion 22 having the top
surface 36, which 1s flat or substantially flat. As shown 1n
FIG. 3C, the top end 26 of the head portion 22 has the outer
periphery 38 (see also FIG. 3A), or pernimeter, having the
periphery openings 865. As shown i FIG. 3C, there are
eight (8) periphery openings 865 that correspond to the eight
(8) flutes 80. However, there may be another suitable
number of periphery openings 86b. The top end 26 (see
FIGS. 3B-3C) of the head portion 22 (see FIGS. 3A-3B) has
the opening 40 (see FIGS. 3A-3C), such as in the form of
central opening 40a (see FIGS. 3A-3C).

As shown 1in FIGS. 3A-3B, the fastener 10, such as in the
form of fastener 10c¢, has the threaded portion 42 disposed
at the second end 18 of the elongated shaft 14. As shown 1n
FIG. 3B, the threaded portion 42 has the top end 44, the

bottom end 46, and the central portion 48 with the outer
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surface 50 comprised of the plurality of threads 52. As
turther shown i FIG. 3B, the threaded portion 42 has
interior 54, which is preferably solid and has no openings or
voids.

FI1G. 3D 1s an illustration of a bottom view of the fastener
10, such as 1n the form of fastener 10¢, of FIG. 3A. FIG. 3D
shows the bottom end 46 of the threaded portion 42 having
the bottom surface 56, which 1s flat or substantially flat.

As shown 1n FIG. 3B, the shaft body 20 of the elongated
shaft 14 has the first end 38 integrally joined or connected
to the top end 44 of the threaded portion 42, has the second
end 60 integrally joined or connected to the bottom end 28
of the head portion 22, and has the central portion 62
disposed between the first end 58 and the second end 60. As
shown 1n FIGS. 3A-3B, the shaift body 20 has the outer
surface 64 with the outer profile 66 1n the form of the
substantially straight outer profile 66a. As shown 1n FI1G. 3B,
the central portion 62 of the shaft body 20 has the interior 68.

As shown 1n FIG. 3B, the fastener 10, such as 1n the form
of fastener 10c¢, further comprises at least one inner feed
channel 70, such as 1n the form of inner central feed channel
70a, having the first end 72 and the second end 74. As further
shown 1n FIG. 3B, the inner feed channel 70, such as in the
form of inner central feed channel 70q, extends at the first
end 72 from the opening 40 1n the head portion 22, through
the interior 34 of the head portion 22 and through the interior
68 of the shaft body 20, and terminates at the second end 74
at a location 76 proximal to or near the threaded portion 42.
As further shown 1n FIG. 3B, the inner feed channel 70, such
as 1n the form of inner central feed channel 70q, extends
along the longitudinal central axis 78 of the elongated shaft
14 and preferably has the hollow interior 79.

As shown 1in FIGS. 3A-3B, the fastener 10, such as in the
form of fastener 10¢, further comprises the plurality of tlutes
80 formed along and circumierentially spaced around the
outer surface 64 of the shait body 20, and continuously
tformed along and circumierentially spaced around the outer
surface 32 of the head portion 22. As further shown 1n FIG.
3 A, each flute 80 has the first end 82 extending from the first
location 84 proximal to the threaded portion 42, along the
outer surface 64 of the shaft body 20, and radially outward
along the outer surface 32 of the head portion 22. Preferably,
the flutes 80 (see FIG. 3A) are elongated and spaced apart
from each other, and pretferably each flute 80 (see FIG. 3A)
runs continuously along the outer surface 64 (see FIG. 3A)
of the shaft body 20 (see FIG. 3A) and the outer surface 32
(see FIG. 3A) of the head portion 22 (see FIG. 3A).

As shown 1n FIG. 3A, each flute 80 may extend radially
outward along the outer surface 32 of the head portion 22
and terminate at the second end 86. As shown 1n FIG. 3A,
the second end 86 comprises the periphery opeming 865 at
the outer periphery 38 of the head portion 22. As shown in
FIG. 3A, each flute 80 may preferably be formed as
longitudinal groove 87 having a shallow, curved 111ter10r
surface 88.

As shown in FIG. 3D, the plurality of flutes 80 are
preferably circumierentially spaced an equal distance d apart
from each other. As further shown in FIG. 3D, the number
of flutes 80 1s eight (8). However, another suitable number
of flutes 80 (see FIGS. 3A, 3D) may also be formed on the
tastener 10 (see FIG. 3A).

As shown 1n FIG. 3B, the fastener 10, such as 1n the form
of fastener 10¢, further comprises one or more lateral feed
channels 90 formed laterally through the interior 68 of the
shaft body 20. As shown in FIG. 3B, each lateral feed
channel 90 connects the inner feed channel 70, such as in the

form of inner central feed channel 70aq, to at least two
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opposing tlutes 80 on the outer surface 64 of the shaft body
20. Each lateral feed channel 90 (see FIG. 3B) may prefer-
ably comprise lateral feed channel portions 91 (see FIG.
3B), such as two lateral feed channel portions 91 (see FIG.
3B).

Preferably, the shaft body 20, as shown 1n FIG. 3B, has at
least two sets 90a, 9056 of the one or more lateral feed
channels 90. As shown 1n FIG. 3B, one set 90q of lateral feed
channels 90 and the other set 905 of lateral feed channels 90
are preferably spaced apart from each other a suitable
distance. Preferably, each set 90a, 906 (see FIG. 3B) of the
one or more lateral feed channels 90 (see FIG. 3B) 1s spaced
a different distance from the top end 26 (see FIG. 3B) of the
head portion 22 (see FIG. 3B). For example, set 90a (see
FIG. 3B) of lateral feed channels 90 (see FIG. 3B) may be
formed laterally through the interior 68 of the shait body 20
(see FIG. 3B) at a first distance 92a (see FIG. 1C) from the
top end 26 (see FIGS. 1C, 3B) of the head portion 22 (see
FIGS. 1C, 3B), and set 905 (see FIG. 3B) of lateral feed
channels 90 (see FIG. 3B) may be formed laterally through
the interior 68 (see FIG. 3B) of the shaft body 20 (see FIG.
3B) at a second distance 926 (see FIG. 1C) from the top end
26 (see FIGS. 1C, 3B) of the head portion 22 (see FIGS. 1C,
3B). The shait body 20 (see FIG. 3B) may also have more
than two sets of the lateral feed channels 90 or may have just
one set of lateral feed channels 90.

As shown 1n FIG. 3B, the lateral feed channel 90 of set
90a and the lateral feed channel 90 of set 905 preferably
cach have a first end 944 that opens into or connects with
flute 80a, preferably each have a second end 945 that opens
into or connects with flute 805, which 1s opposite to flute
80a, and preferably each have the central interior 95 that
intersects or connects with the inner feed channel 70, such
as 1n the form of mner central feed channel 70a. For each set
of the lateral feed channels 90, the number of lateral feed
channels 90 that may be formed 1n each set may be the same
or may be different. As shown in FIG. 3A, each flute 80
shows openings 96 formed by the lateral feed channels 90
(see FIG. 3B) intersecting with the flutes 80.

For the fastener 10 (see FIGS. 1A, 2A, 3A), the number
of flutes 80 (see FIGS. 1A, 2A, 3A) formed on the fastener
10 (see FIGS. 1A, 2A, 3A), or chosen 1n the manufacture of
the fastener 10 (see FIGS. 1A, 2A, 3A), may depend on such
factors as the size of the fastener, the dimensions of the flute,
the size of the corresponding fastener hole 11 (see FIG. 7A)
that the fastener 1s mserted into, the type of imjection tool
assembly 110 (see FIGS. 5A, 6, 7A) used and the type of
injection method used for injecting a conductive tfluid 120
(see FIGS. 5A, 6, 7TA) mto the {fastener, the type and
viscosity/rheology of the conductive fluid 120 (see FIGS.
5A, 6, 7TA) used to 1inject 1into the fastener, or other materials
or manufacturing factors. Preferably, the fastener 10 (see
FIGS. 1A, 2A, 3A) has at least two (2) flutes 80 (see FIGS.
1A, 2A, 3A), preferably opposed to each other, and more

preferably, has more than two (2) flutes 80. As shown in
FIGS. 1E, 2E, 3D, the number of flutes 80 on the fastener 10

(see FIGS 1A, 2A, 3A) 1s ecight (8). However, another

suitable number of flutes 80 may also be formed on the
tastener 10.

For the fastener 10 (see FIGS. 1A, 2A, 3A), the number
of lateral feed channels 90 (see FIGS. 1B, 2B, 3B) formed
in the fastener 10 (see FIGS. 1A, 2A, 3A), or chosen 1n the
manufacture of the fastener 10 (see FIGS. 1A, 2A, 3A), may
also depend on such factors as the size of the fastener, the
dimensions of the lateral feed channel, the size of the
corresponding fastener hole 11 (see FIG. 7A) that the
fastener 1s inserted into, the type of injection tool assembly
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110 (see FIGS. 5A, 6, 7A) used and the type of imjection
method used for injecting the conductive fluid 120 (see

FIGS. 5A, 6, 7TA) into the fastener, the type and viscosity/

rheology of the conductive tluid 120 (see FIGS. 5A, 6, 7A)
used to mject into the fastener, or other materials or manu-
facturing factors. The purpose of the lateral feed channels 90
(see FIGS. 1B, 2B, 3B), or cross channels, 1s to facilitate the
flow of the conductive fluid 120 (see FIGS. 5A, 6, 7A) 1n
longer fasteners. The lateral feed channels 90 (see FIGS. 1B,

2B, 3B), or cross channels, may be designed to connect with
all of the flutes 80, or selected flutes 80, at the various sets

or levels depending on the length of the fastener. Preferably,
the fastener 10 (see FIGS. 1A, 2A, 3A) has one or more
lateral feed channels 90 (see FIGS. 1B, 2B, 3B), and one or
more sets or levels of lateral feed channels 90 spaced apart
from each other along the shaft body 20 (see FIGS. 1B, 2B,
3B) of the fastener 10 (see FIGS. 1B, 2B, 3B). As shown 1n

FIGS. 1C, 2B, 3B, two (2) sets 90a, 905 or levels of lateral

feed channels 90 are shown. However, another suitable
number of sets or levels of lateral feed channels 90 may be

formed 1n the fastener 10.

The fastener 10 (see FIGS. 1A, 2A, 3A) 1s a securement
item designed to secure two or more items or structures
together, and 1s preferably 1n the form of a bolt, a screw, a
pin, or another suitable like fastener. The fastener 10 (see
FIGS. 1A, 2A, 3A) 1s preferably constructed of carbon steel,
titanium alloy, stainless steel, or another suitable hard metal
or metal alloy material. Preferably, the fastener 10 (see
FIGS. 1A, 2A, 3A) 1s of a one-piece, unitary, or monolithic
configuration or construction. However, the fastener 10 may
also be made or formed of one or more separate pieces or
structures, 1.e., separate head portion, separate shaft body,

and/or separate threaded portion.
Now referring to FIGS. 4A-4G, FIGS. 4A-4G are 1llus-

trations of cross-sectional views of various lateral feed
channel configurations 98 that may be used 1n embodiments
of the fastener 10 (see FIGS. 1A, 2A, 3A) of the disclosure.
FIG. 4A shows a cross-sectional view of a first lateral feed
channel configuration 98a in the shaft body 20, having one
lateral feed channel 90 that connects the inner feed channel
70, such as 1n the form of inner central feed channel 70a, to
two opposing flutes 80 on the shaft body 20. FIG. 4B shows
a cross-sectional view of a second lateral feed channel
configuration 985 1n the shaft body 20, having one lateral
feed channel 90 that connects the inner feed channel 70,
such as 1n the form of inner central feed channel 704, to two
opposing flutes 80 on the shait body 20. The two opposing
flutes 80 (see FIG. 4B) connected in the second lateral feed
channel configuration 985 (see F1G. 4B) are diflerent tlutes
80 (see FIG. 4B) than the two opposing tlutes 80 (see FIG.
4A) connected 1n the first lateral feed channel configuration
98a (see FIG. 4A).

FIG. 4C shows a cross-sectional view of a third lateral
feed channel cross-shaped configuration 98¢ in the shaft
body 20, having two lateral feed channels 90 that each
connect the inner feed channel 70, such as 1n the form of
inner central feed channel 70qa, to two opposing flutes 80 on
the shaft body 20. FIG. 4D shows a cross-sectional view of
a Tourth lateral feed channel X-shaped configuration 984 1n
the shaft body 20, having two lateral feed channels 90 that
each connect the inner feed channel 70, such as in the form
of 1nner central feed channel 70a, to two opposing flutes 80
on the shaft body 20. The two sets of opposing flutes 80 (see
FIG. 4D) connected in the fourth lateral feed channel
X-shaped configuration 984 (see FIG. 4D) are diflerent
flutes 80 (see FIG. 4D) than the two sets of opposing tlutes
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80 (see FIG. 4C) connected 1n the third lateral feed channel
cross-shaped configuration 98¢ (see FIG. 4C).

FIG. 4E shows a cross-sectional view of a fifth lateral feed
channel configuration 98¢ 1n the shaft body 20, having three
lateral feed channels 90 that each connect the inner feed
channel 70, such as 1n the form of inner central feed channel
70a, to two opposing flutes 80 on the shaft body 20. FIG. 4F
shows a cross-sectional view of a sixth lateral feed channel
configuration 98/ 1n the shait body 20, having three lateral
feed channels 90 that each connect the inner feed channel
70, such as 1n the form of inner central feed channel 70a, to
two opposing flutes 80 on the shaft body 20. The three sets
ol opposing flutes 80 (see FIG. 4F) connected in the sixth
lateral feed channel configuration 98f (see FIG. 4F) and the
three sets of opposing flutes 80 (see FIG. 4E) connected 1n
the fifth lateral feed channel configuration 98e (see FIG. 4E)
differ by one set of opposing tlutes 80.

FIG. 4G shows a cross-sectional view of a seventh lateral
feed channel configuration 98¢ in the shaft body 20, having
four lateral feed channels 90 that each connect the inner feed
channel 70, such as 1n the form of inner central feed channel
70a, to two opposing flutes 80 on the shait body 20. The
various lateral feed channel configurations 98 (see FIGS.
4A-4(G) may each be used in the first set 90q (see FIGS. 1C,
2B, 3B) and/or the second set 905 (see FIGS. 1C, 2B, 3B),
or additional sets of lateral feed channels 90 formed in the

shaft body 20. In addition, various combinations of the
lateral feed channel configurations 98 (see FIGS. 4A-4G)

may be used in the first set 90a (see FIGS. 1C, 2B, 3B)
and/or the second set 905 (see FIGS. 1C, 2B, 3B), or
additional sets of lateral feed channels 90 formed 1n the shaft
body 20.

For example, for a fastener 10 (see FIGS. 1A, 1B, 1C)
having eight (8) flutes 80 (see FIGS. 1E, 2E, and 3D), 11 1t
1s desired that each of the plurality of tlutes 80 (see FIGS.
1C, 2B, 3B) be intersected at least once by a lateral feed
channel 90, then a combination of the third lateral feed
channel cross-shaped conﬁguratlon 98¢ (see FIG. 4C) for
the first set 90a or level in the fastener 10, and the fourth
lateral feed channel X-shaped configuration 984 (see FIG.
4D) for the second set 905 or level 1n the fastener 10, would
be an optional design to use. Alternatively, other combina-
tions of the lateral feed channel configurations 98 (see FIGS.
4A-4G) could be used.

Now referring to FIGS. SA-5B and FIG. 6, in another
embodiment, there 1s provided a fastener system 100 (see
FIG. 5A, 6) including one or more fasteners 10 (see FIGS.
1A, 2A, 3A, SA, 6), as discussed 1n detail above, installed 1n
a composite structure 102 (see FIGS. 5A, 6), such as a
carbon fiber reinforced plastic (CFRP) structure 102a (see
FIGS. SA, 6) and filled with a conductive fluid 120 (see
FIGS. 5A, 6, 7A). The fastener system 100 (see FIGS. 5A,
6) provides electrical contact and electrical conductivity
between the one or more fasteners 10 (see FIGS. 1A, 2A,
3A, SA, 6) and the composite structure 102 (see FIGS. 5A,
6), such as the carbon fiber reinforced plastic (CFRP)
structure 102a (see FIGS. 5A, 6), may provide improved or
enhanced electrical contact and improved or enhanced elec-
trical conductivity.

As used herein, “carbon fiber reinforced plastic (CFRP)”
means a composite material made of a matrix material 104
(see FIGS. SA, 6, 7TA), such as a resin matrix 104a (see
FIGS. 5A, 6, 7A) reinforced with a plurality of fibers 105
(see FIGS. 5A, 6, 7A), such as carbon fibers 105a (see FIGS.
5, 6, 7TA), or a combination of carbon fibers 105a and other
reinforcing fibers, such as glass fibers, aramid fibers, graph-
ite fibers, aromatic polyamide fiber, fiberglass, aluminum
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fibers, or other suitable reinforcing fibers. The matrix mate-
rial 104 (see FIGS. 5A, 6, 7A), such as the resin matrix 1044

(see FIGS. 5A, 6, 7TA) of the CFRP preferably comprises a
polymer resin comprising thermoset polymer resins or ther-
moplastic polymer resins. Exemplary thermoset polymer
resins that may be used include epoxy resins, polyester
resins, phenolic resins, vinyl ester resins, allyl resins, bis-
maleimide (BMI) resins, polyurethane (PUR) resins,
cyanate ester resins, polyimide resins, or other suitable
thermoset polymer resins or resin systems. Exemplary ther-
moplastic polymer resins that may be used include polyeth-
ylene (PE) resins, vinyl resins, polyproplyene (PP) resins,
polyamide resins including nylon resins, polycarbonate res-
ins, polyethylene terephthalate (PET) resins, polyetherether-
ketone polymer (PEEK) resins, polyetherketoneketone poly-
mer (PEKK) resins, polyethersulione (PES) resins,
polysulfone (PSU) resins, polyphenylene sulfide (PPS) res-
ins, polytetrafluoroethylene (PTFE) resins, or other suitable
thermoplastic polymer resins or resin systems. The compos-
ite structure 102 may also include one or more metallic
structures 103¢ (see FIG. 5A), for example, made out of
aluminum or another suitable metal material, and fastened or
attached to the composite structure 102.

FIG. 5A 1s an 1llustration of a cutaway side perspective
view of an embodiment of the fastener system 100, such as
in the form of fastener system 100a, of the disclosure. FIG.
5B 1s an 1llustration of a side perspective view of the fastener
system 100, such as 1n the form of fastener system 100a, of
FIG. SA. FIG. 6 1s an 1illustration of a cutaway side per-
spective view of another embodiment of the fastener system
100, such as in the form of fastener system 1006, of the
disclosure.

As shown 1 FIGS. 5A and 6, the fastener system 100
comprises one or more fasteners 10 configured for installa-
tion 1n one or more corresponding fastener holes 11 formed
in the composite structure 102. FIGS. 5A-5B and 6 show the
tastener 10 inserted into the composite structure 102, such as
in the form of the carbon fiber reinforced plastic (GRP)
structure 102a.

As shown 1n FIGS. 5A-5B and 6, the composite structure
102 comprises a first part 103aq and a second part 1035. As
shown 1 FIGS. 5A and 6, the first part 103¢ may be
constructed of composite material, including the matrix
material 104, such as the resin matrix 104q, and the plurality
of fibers 105, such as carbon fibers 105q. It 1s noted that the
matrix materlal 104, such as the resin matrix 104q, and the
plurality of fibers 105 such as the carbon fibers 105a are
only schematically represented in FIGS. 5A, 6, and 7A-B.
The plurality of fibers 105 (see FIGS. 5A, 6, 7TA-7B) extend
through the matrix material 104 (see FIGS. 5A, 6, TA-7B)
and are positioned throughout the composite structure 102
(see FIGS. SA, 6, 7TA-7TB), extending 1n a length direction,
a width direction, or a combination of these directions, such
as 0, 90,+/-45 degree orientations, and layered 1n a thickness
direction of the composite structure 102. The second part
10356 (see FIGS. 5A, 6) may comprise a metallic structure
103¢ (see FIGS. 5A, 6) made of a metal matenial, such as
aluminum, or another suitable metal material, and fastened
or attached to the first part 103a (see FIG. 5A) of the
composite structure 102 (see FIG. 5A). Alternatively, the
first part 103a (see FIG. 5SA) may comprise a metallic
structure made of a metal material, and the second part 1035
(see FIG. SA) may comprise a composite material.

The first part 103a (see FIGS. 5A, 6) has an interior
opening 106a (see FIGS. SA, 6) through which the fastener
10 (see FIGS. 5A, 6) 1s mserted, and the second part 1035
(see FIGS. 5A, 6) has an interior opening 1065 (see FIGS.
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5A, 6) through which the fastener 10 (see FIGS. SA, 6) 1s
also 1nserted. The fastener 10 (see FIGS. 5A, 6) attaches or
jo1ns the first part 103a (see FIGS. 5A-5B, 6) to the second
part 1035 (see FIGS. SA-5B, 6) to form a composite joint
107 (see FIGS. SA-5B, 6).

Each fastener 10 (see FIGS. 5A, 6) of the fastener system
100 (see FIGS. 5A, 6) comprises, as discussed above, an
clongated shatt 14 (see FIGS. 1A, 2A, 3A) having a {irst end
16 (see FIGS. 1A, 2A, 3A) with the head portion 22 (see
FIGS. 1A, 2A, 3A, 5A, 6), a second end 18 (see FIGS. 1A,
2A, 3A) with the threaded portion 42 (see FIGS. 1A, 2A, 3A,
5A, 6), and the shaft body 20 (see FIGS. 1A, 2A, 3A, 5A,
6) disposed therebetween. Each fastener 10 (see FIGS. 5A,
6) further comprises, as discussed above, at least one 1nner
feed channel 70, such as in the form of inner central feed
channel 70a (see FIGS. 5A, 6), extending from an opening

40 (see FIGS. SA, 6) in the head portion 22 (see FIGS. 5A,
6), through the head portion 22 (see FIGS. 5A, 6) and the
shaft body 20 (see FIGS. 5A, 6), along a longitudinal central
axis 78 (see FIGS. 1A, 2A, 3A) of the clongated shait 14
(see FIGS. 1A, 2A, 3A), and terminating proximal to the
threaded portion 42 (see FIGS. 5A, 6).

Each fastener 10 (see FIGS. 1A, 2A, 3A, 5A, 6) further
comprises, as discussed above, a plurality of flutes 80 (see
FIGS. 1A, 2A, 3A, 5A, 6) formed along and circumieren-
tially spaced around the outer surface 64 (see FIGS. 1A, 2A,
3A) of the shatt body 20 (see FIGS. 1A, 2A, 3A, 5A, 6), and
continuously formed along and circumierentially spaced
around the outer surface 32 (see FIGS. 1A, 2A, 3A) of the
head portion 22 (see FIGS. 1A, 2A, 3A, 5A, 6). Each flute
80 (see FIGS. 1A, 2A, 3A, 5A, 6) extends from a first
location 84 (see FIGS. 1A, 2A, 3A) proximal to the threaded
portion 42 (see FIGS. 1A, 2A, 3A, 5A, 6), along the outer
surface 64 (see FIGS. 1A, 2A, 3A) of the shait body 20 (see
FIGS. 1A, 2A, 3A, 5A, 6), and radially outward along the
outer surface 32 (see FIGS. 1A, 2A, 3A) of the head portion
22 (see FIGS. 1A, 2A, 3A, 5A, 6). Each fastener 10 (see
FIGS. 1A, 2A, 3A, 5A, 6) further comprises, as discussed
above, one or more lateral feed channels 90 (see FIGS. 1A,
2A, 3A, 5A, 6), or cross channels, formed laterally through
the shatt body 20 (see FIGS. 1A, 2A, 3A, 5A, 6). Each
lateral feed channel 90 (see FIGS. 1A, 2A, 3A, SA, 6)
connects the mner feed channel 70 (see FIGS. 1B, 1C, 2B,
2C, 3B, 5A, 6, 7TA-7B), such as 1n the form of inner central
feed channel 70a (see FIGS. 1B, 1C, 2B, 2C, 3B, 5A, 6,
7A-TB), to at least two opposing flutes 80 (see FIGS. 1A,
2A, 3A, SA, 6) on the outer surface 64 (see FIGS. 1A, 2A,
3A) of the shaft body 20 (see FIGS. 1A, 2A, 3A, 5A, 6).

As further shown 1n FIGS. 5A and 6, the fastener 10 may
be tightened into place within the composite structure 102
with a threaded collar 108 threaded around the threaded
portion 42 of the fastener 10 and adjacent the composite
structure 102, such as the second part 1035 of the composite
structure 102. As shown 1n FIG. SA, the threaded collar 108
has a first end 109q that 1s disposed against the second part
1035 of the composite structure 102, and has a second end

1095.

As shown 1n FIGS. 5A-5B and 6, the fastener system 100
further comprises an 1njection tool assembly 110 configured
for coupling to each of the one or more fasteners 10 installed
in the one or more corresponding fastener holes 11. As
shown 1 FIGS. 5A-5B and 6, the injection tool assembly
110 1s coupled to the top surface 36 of the head portion 22
(see FIG. SA) of the fastener 10 and 1s also coupled to a top
surface 112 of the first part 103a of the composite structure
102. The mjection tool assembly 110 (see FIGS. 5A-3B, 6)

comprises one or more attachment elements 114 (see FIGS.
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5A-3B, 6), such as 1n the form of suction cups 114a (see
FIGS. SA-5B, 6) for attachment to the top surface 112 (see

FIGS. 5A-5B, 6). As shown 1 FIGS. 5A-5B and 6, the
injection tool assembly 110 comprises two attachment ele-
ments 114, such as in the form of two suction cups 114a.
Each attachment element 114 (see FIGS. SA-5B, 6) may be
coupled to a vacuum connection portion 116 (see FIGS.

5A-5B, 6) for providing air for vacuum suction by the
attachment elements 114 (see FIGS. 5A-5B, 6), such as 1n

the form of suction cups 114a (see FIGS. 5A-3B, 6).

The fastener system 100 (see FIGS. SA, 6) further com-
prises the conductive fluid 120 (see FIGS. 5A, 6, 7TA)
injected via the injection tool assembly 110 (see FIGS. 5A,
6) 1into each fastener 10 (see FIGS. 5A, 6) installed 1n the
composite structure 102 (see FIGS. 5A, 6). As turther shown
in FIGS. 5A-5B and 6, the injection tool assembly 110
comprises a vacuum and injection control handle 118

coupled to a vessel 122 that preferably contains the conduc-
tive fluid 120 (see FIGS. 5A, 6, 7A) for injection nto the

inner feed channel 70 (see FIGS. 5A, 6), such as 1n the form
of mner central feed channel 70a (see FIGS. SA, 6), of the
tastener 10 (see FIGS. 5A, 6). The vessel 122 (see FIGS. 5A,
6) 1s configured for coupling to the fastener 10 (see FIGS.
5A, 6).

The conductive fluid 120 (see FIGS. SA, 6, 7TA) 1s
preferably 1n the form of a fluid, such as a liquid, having a
low viscosity, 1.e., a thin liguid that moves quickly with low
or little resistance. The low viscosity of the conductive fluid
120 (see FIGS. 5A, 6, 7A) tacilitates tlow of the conductive
fluid 120 (see FIGS. 5A, 6, 7A) through the inner feed
channel 70 (see FIGS. 1B, 2B, 3B), such as in the form of
inner central feed channel 70a (see FIGS. 1B, 2B, 3B), and
through the one or more lateral feed channels 90 (see FIGS.
1B, 2B, 3B) of the fastener 10 (see FIGS. 1B, 2B, 3B).

The conductive fluid 120 (see FIGS. 5A, 6, 7TA) preferably
comprises a resin material 121 (see FIG. 7A), such as a
binding resin material or resin system, mixed with, filled
with, or containing a conductive material 123 (see FIG. 7A),
such as a conductive additive or filler, that 1s electrically
conductive. The resin material 121 (see FIG. 7A) may
comprise a polymer resin comprising thermoset polymer
resins or thermoplastic polymer resins. Exemplary thermo-
set polymer resins that may be used include epoxy resins,
polyester resins, phenolic resins, vinyl ester resins, allyl
resins, bismaleimide (BMI) resins, polyurethane (PUR) res-
ins, cyanate ester resins, polyimide resins, or other suitable
thermoset polymer resins or resin systems. Exemplary ther-
moplastic polymer resins that may be used include polyeth-
ylene (PE) resins, vinyl resins, polyproplyene (PP) resins,
polyamide resins including nylon resins, polycarbonate res-
ins, polyethylene terephthalate (PET) resins, polyetherether-
ketone polymer (PEEK) resins, polyetherketoneketone poly-
mer (PEKK) resins, polyethersulione (PES) resins,
polysulfone (PSU) resins, polyphenylene sulfide (PPS) res-
ins, polytetratluoroethylene (PTFE) resins, or other suitable
thermoplastic polymer resins or resin systems. Exemplary
resin materials 121 (see FIG. 7A), or binding resin materials
or resin systems, for the conductive fluid 120 (see FIGS. 5A,
6, 7A) comprise epoxy resins, bismaleimide (BMI) resins,
phenolic resins, and cyanate ester resins.

The conductive material 123 (see FIG. 7A) may comprise,
for example, chopped carbon fibers; carbon nanotubes;
carbon nanofibers; carbon black; metallic fibers; metallic
particles including silver particles, nickel particles, copper
particles, and aluminum particles; graphite; graphene; gra-
phene nanofillers; or other suitable conductive matenals.
Additionally, the conductive material 123 (see FIG. 7A) may
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comprise conductive polymers, such as poly(3,4-ethylene-
dioxythiophene) polystyrene sulionate (PEDOT/PSS),
polyaniline, polypyrrole, polyacetylene, polythiophene, or
other suitable conductive polymers. As used herein, “con-
ductive polymer”, also referred to as “intrinsically conduct-
ing polymer”, means an organic polymer capable of con-
ducting electricity. Exemplary conductive materials 123 (see
FIG. 7A) for the conductive tluid 120 (see FIGS. SA, 6, 7A)
comprise carbon nanotubes, chopped carbon fibers, silver
particles, and the conductive polymer poly(3,4-ethylenedi-
oxythiophene) polystyrene sulfonate (PEDOT/PSS).

Exemplary conductive fluids 120 (see FIGS. SA, 6, 7TA)
comprise an epoxy resin doped with silver particles; a
bismaleimide (BMI) resin doped with silver particles; a
phenolic resin doped with silver particles; a cyanate ester
resin doped with silver particles; an epoxy resin doped with
carbon nanotubes; a bismaleimide (BMI) resin doped with
carbon nanotubes; a phenolic resin doped with carbon
nanotubes; a cyanate ester resin doped with carbon nano-
tubes; an epoxy resin with chopped carbon fibers; a bisma-
leimide (BMI) resin with chopped carbon fibers; a phenolic
resin with chopped carbon fibers; a cyanate ester resin with
chopped carbon fibers; and a resin with poly(3,4-ethylene-
dioxythiophene) polystyrene sulfonate (PEDOT/PSS). As
used herein, “doped” means mixed with, filled with, or
containing, 1.e., the resin 1s mixed with, filled with, or
contains conductive material or additives, such as silver
particles, carbon nanotubes, or chopped carbon fibers, to
provide conductivity, such as electrical conductivity.

Preferably, the resin material 121 (see FIG. 7A), or resin
system, of the conductive fluid 120 (see FIGS. SA, 6, 7TA)
has similar chemical properties, structural properties, and
expansion characteristics as the matrix material 104 (see
FIGS. 5A, 6, 7A), such as the resin matrix 104a (see FIGS.
5A, 6, TA) of the composite structure 102 (see FIGS. 5A, 6),
such as the carbon fiber reinforced plastic (CFRP) structure
102a (see FIGS. 5A, 6).

Preferably, the conductive fluid 120 (see FIGS. 5A, 6, TA)
has a conductivity, such as an electrical conductivity, of
approximately 1x10* S/m (siemens per meter) or greater. As
used herein, “conductivity” and “electrical conductivity™
mean the conductive fluid’s or conductive material’s ability
to conduct an electric current. Preferably, the conductivity,
such as the electrical conductivity, of the conductive tluid
120 (see FIGS. 5A, 6, 7A) approaches the conductivity, such
as the electrical conductivity, of the composite material of
the composite structure 102 (see FIGS. 5A, 6, 7A), along the
direction of the carbon fibers 105a (see FIG. 7A) of the
composite material comprising the composite structure 102
(see FIG. 7TA).

Preferably, the conductive fluid 120 (see FIGS. 5A, 6, TA)
1s selected so that a coeflicient of thermal expansion (CTE)
of the conductive fluid 120 (see FIGS. 5A, 6, 7TA) substan-
tially matches or matches a coeflicient of thermal expansion
(CTE) of the composite structure 102 (see FIGS. 5A, 6, 7A),
such as the CTE of the carbon fiber reinforced plastic
(CFRP) structure 102a (see FIGS. 5A, 6, 7A), in contact
with the conductive fluid 120 (see FIGS. 5A, 6, 7A). As used
herein, the “coeflicient of thermal expansion (CTE)” means
a change 1n length or volume (e.g., linear thermal expansion
in inches) of a material for a unit change in temperature (e.g.,
per degree Fahrenheit or Celsius), and 1s used to determine
the rate at which a material expands as a function of
temperature, and may be used to determine 11 thermal stress
issues may occur. Polymeric plastics tend to expand and
contract anywhere from six (6) to nine (9) times more than
metals, and differences in CTE between adjacent materials
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may lead to internal stresses and stress concentrations in the
polymer, which may cause premature micro-cracking to
occur. Thus, the conductive fluid 120 (see FIGS. 5A, 6, 7A)
1s preferably selected so that the CTE of the conductive fluid
120 (see FIGS. 5A, 6, 7A) substantially matches or matches
the CTE of the composite structure 102 (see FIGS. 5A, 6,
7A), such as the carbon fiber remforced plastic (CFRP)
structure 102a (see FIGS. SA, 6, 7A), so that internal stress
1s not generated 1n the typical ground to altitude temperature
variations that are typically experienced in aircrait 200a (see
FIG. 9) and that could lead to micro-cracks in fastened
composite joints.

As shown 1 FIGS. 5A and 6, the injection tool assembly
110 further comprises a pressure 1njector 126 coupled to the
vessel 122 and configured to couple to the opening 40 1n the
head portion 22 of the fastener 10. The pressure injector 126
(see FIGS. 5A, 6) 1s preferably configured to imject the
conductive fluid 120 (see FIGS. SA, 6), under pressure, into
the fastener 10 (see FIGS. 5A, 6).

As shown in FIGS. SA-5B and 6, the vessel 122 1s
coupled to the pressure injector 126, which 1s coupled to a
pressurized conductive fluid connection 124 to provide
pressure and power for mjection of the conductive fluid 120
into the fastener 10. As shown in FIGS. 5A and 6, the
pressure mjector 126 preferably comprises a hollow 1njec-
tion tube 128 having a first end 130a with a first end opening
132a configured for injection of the conductive fluid 120
into the hollow 1njection tube 128, and having a second end
1306 with a second end opening 1325 configured for align-
ment with and coupling to the opening 40 1n the head portion
22 of the fastener 10 and configured for injection of the
conductive fluid 120, under pressure, into the opening 40 of
the fastener 10.

In one embodiment, as shown i FIG. 5A, the imjection
tool assembly 110, such as in the form of imjection tool
assembly 110qa, injects or pumps the conductive fluid 120
into the 1nner feed channel 70, such as in the form of inner
central feed channel 70aq, of the fastener 10. In another
embodiment, as shown 1n FIG. 6, the injection tool assembly
110, such as in the form of injection tool assembly 1105,
injects or pumps the conductive fluid 120 into both the inner
feed channel 70, such as in the form of inner central feed
channel 70a, and the radial feed channels 89 formed by the
periphery openings 865 (see FIG. 3A) at the outer periphery
38 (see FIG. 3A) of the head portion 22 and the flutes 80 of
the fastener 10.

As further shown 1n FIGS. SA and 6, the pressure injector
126 may have one or more seal elements 134, such as in the
form of O-ring pressure seals 134q, attached at an 1njection
end portion 136 of the pressure injector 126. The seal
clements 134 (see FIGS. 5A, 6), such as in the form of
O-ring pressure seals 134a (see FIGS. 5A, 6), preferably
pressure seal the injection end portion 136 (see FIGS. SA, 6)
of the pressure injector 126 (see FIGS. 5A, 6) against the top
surface 36 (see FIGS. 5A, 6) of the head portion 22 (see
FIGS. 5A, 6) of the fastener 10 (see FIGS. SA, 6).

In one embodiment, as shown in FIGS. 5A-5B, the
injection end portion 136 comprises a small diameter 1njec-
tion end portion 136a configured to cover the opening 40
(see FIG. 5A) to the mner feed channel 70 (see FIG. 5A),
such as 1n the form of mnner central feed channel 70a (see
FIG. 5A), of the fastener 10 (see FIG. 5A). The small
diameter imjection end portion 136a (see FIGS. SA-5B)
preferably has a diameter that 1s less than, or smaller than,
a diameter of the top surface 36 (see FIGS. SA-5B) of the
head portion 22 (see FIG. 5A) of the fastener 10 (see FIG.

5A). The small diameter injection end portion 136a (see
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FIGS. SA-5B) preferably has an outer periphery 138q that 1s
less than or smaller than the outer periphery 38 (see FIGS.
5A-5B) of the top surface 36 (see FIGS. 5A-5B) of the head
portion 22 (see FIG. SA). As shown 1n FIG. SA, the small
diameter injection end portion 136a of the pressure mjector
126 of the imjection tool assembly 110 covers only the
opening 40 and a small portion surrounding the opening 40

on the top surface 36 (see FIGS. 3C, 5A) of the head portion
22 of the fastener 10. As shown 1n FIGS. 5A-5B, the small
diameter 1mjection end portion 136a and does not cover the
entire arca of the top surface 36 (see FIGS. 3C, 5A) of the
fastener 10.

In another embodiment, as shown 1n FIG. 6, the injection
end portion 136 comprises a large diameter injection end
portion 1365 configured to cover the opening 40 to the inner
feed channel 70, such as i1n the form of mner central feed
channel 70a, and configured to cover the radial feed chan-
nels 89 comprising the periphery openings 865 (see FIG.
3A) to the flutes 80 (see FIGS. 3A, 6). The large diameter
injection end portion 1365 (see FIG. 6) preferably has a
diameter that 1s larger, or greater than, a diameter of the top
surface 36 (see FIGS. 3C, 6) of the head portion 22 (see FIG.
6) of the fastener 10 (see FIG. 6). The large diameter
injection end portion 1365 (see FIG. 6) preferably has an

outer periphery 1385 that 1s greater than or larger than the
outer periphery 38 (see FIGS. 3C, 5B) of the top surface 36

(see FIGS. 3C, 5B, 6) of the head portion 22 (see FIG. 6).
As shown 1n FIG. 6, the large diameter 1njection end portion
1366 of the pressure mjector 126 of the injection tool
assembly 110 covers the entire area of the top surface 36 (see
also FIGS. 3C, 5B) of the head portion 22 of the fastener 10.

Now referring to FI1G. 7A, FIG. 7A 1s a schematic diagram
of a partial sectional view of the fastener 10 to further
illustrate the fastener system 100, such as the fastener
system 100a, of FIG. 5A of the disclosure. FIG. 7A shows
the fastener 10 installed 1n a composite structure 102, such
as a carbon fiber reinforced plastic (CHI)) structure 102a,
having a corresponding fastener hole 11 with a rough
surface, and shows the conductive fluid 120 1mnjected nto the
tastener 10 to fill the area 144 between the fastener 10 and
inner surface 142 of the corresponding fastener hole 11 of
the composite structure 102, to provide suilicient electrical
conductivity across this fastener-to-composite structure
interface.

Betore the fastener 10 (see FIG. 7A) 1s installed 1n the
corresponding fastener hole 11 (see FIG. 7A), the corre-
sponding fastener hole 11 (see FIG. 7A), such as in the form
of a discrete through-hole, 1s preferably formed, such as by
drilling or another suitable forming process, mto the com-
posite structure 102 (see FIG. 7A) with a known forming
device, such as a drill or other suitable hole forming device.
With the formation of the corresponding fastener hole 11
(see FIG. 7A) through the composite structure 102 (see FIG.
7A), the corresponding fastener hole 11 (see FIG. 7A)
engages some of the total of the plurality of fibers 105, such
as the carbon fibers 1035a, which are positioned throughout
the composite structure 102 (see FIG. 7A), and may produce
exposed tips 10556 (see FIG. 7A) of the carbon fibers 105q
(see FIG. 7A) at an iner surface 142 (see FIG. 7A), which
may be rough, of the corresponding fastener hole 11 (see
FIG. 7A) of the composite structure 102 (see FIG. 7A). In
FIG. 7A, some of the exposed tips 1055 (see FIG. 7TA) of the
carbon fibers 105a (see FIG. 7A) are schematically shown
positioned at and along the inner surface 142 (see FI1G. 7A)
of the corresponding fastener hole 11 (see FIG. 7A).

Betore the fastener 10 (see FIG. 7A) 1s installed 1n the

corresponding fastener hole 11 (see FIG. 7A), which has
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been formed, the corresponding fastener hole 11 (see FIG.
7A) may be cleaned or prepared, it needed or desired, with
a suitable cleaning or preparation device, cleaning or prepa-
ration agent, and/or cleaning or preparation method known
in the art.

Once the corresponding fastener hole 11 (see FIG. 7A)
has been suiliciently cleaned or prepared, the fastener 10
(see FIG. 7TA) 1s inserted or 1nstalled into the corresponding
tastener hole 11 (see FIG. 7A). The fastener 10 (see FIG.
7A) 1s preferably torqued or turned to fit mn place in the
corresponding fastener hole 11 (see FIG. 7A).

As shown 1 FIG. 7A, a threaded collar 108 may prefer-
ably be coupled to the threaded portion 42 of the fastener 10
to help hold the fastener 10 1n place within the correspond-
ing fastener hole 11 in the composite structure 102. As
further shown 1n FIG. 7A, the threaded collar 108 has a first
end 109q adjacent the lower end of the composite structure
102 and has a second end 109b.

After the threaded collar 108 (see FIG. 7A) 1s coupled or
attached to the fastener 10 (see FIG. 7A), and the fastener 10
(see FIG. 7A) 1s secured in place in the corresponding
tastener hole 11 (see FIG. 7A), the conductive fluid 120 (see
FIG. 7A) 1s preferably injected or deposited into the fastener
10 (see FIG. 7A) with the 1injection tool assembly 110 (see
FIG. 7A).

As shown 1n FIG. 7A, the fastener system 100, such as 1n
the form of fastener system 100a, comprises the 1njection
tool assembly 110 having a pressure injector 126 coupled to
a vessel 122 containing the conductive fluid 120. As dis-
cussed above, the conductive flmd 120 (see FIG. 7A)
comprises a resin material 121 (see FIG. 7A) mixed with,
contaiming, or filled with a conductive maternial 123 (see
FIG. 7A) that 1s electrically conductive.

The 1mjection tool assembly 110 (see FIG. 7A) may be
provided with pressure and power by the pressurized con-
ductive fluid connection 124, as shown in FIG. 5A, or
another suitable power and pressure source or device. The
pressure 1mnjector 126 (see FIG. 7A) and the vessel 122 (see
FIG. 7A) may comprise similar components and a similar
construction to the pressure mjector 126 (see FIG. 5A) and
the vessel 122 (see FIG. 5A) shown 1n FIG. 5A, or may
comprise other suitable known pressure 1njector and vessel
components used i known fluid pressure injection pro-
CEeSSes.

FIG. 7A shows arrows indicating one or more flow paths
140 of the conductive fluid 120 into the fastener 10. The flow
path 140 (see FIG. 7A) of the conductive fluid 120 (see FIG.
7A) 1nto the fastener 10 (see FIG. 7A) 1s first started by
injection or msertion of the conductive fluid 120 (see FIG.
7A) through the opening 40 (see FIG. 7A) of the head
portion 22 (see FIG. 7A) at the top of the fastener 10 (see
FIG. 7A), and proceeds to flow down into and through the
inner feed channel 70 (see FIG. 7A), such as 1n the form of
inner central feed channel 70a (see FIG. 7A). As shown 1n
FIG. 7A, the flow paths 140 of the conductive tluid 120 then
either continue down the inner feed channel 70, such as in
the form of 1mner central feed channel 70a, or diverge to the
right and leit sides through the lateral feed channels 90, and
out to the opposing flutes 80 on the outer surface 64 of the
shaft body 20 and extending along the outer surface 32 of the
head portion 22.

As shown 1n FIG. 7A, the conductive fluid 120 1s trans-
ported and deposited via the at least one 1nner feed channel
70, such as 1in the form of inner central feed channel 70a, the
one or more lateral feed channels 90, and the plurality of
flutes 80 of the fastener 10, to one or more areas 144, or
gaps, between the outer surface 64 of the fastener 10 and the
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inner surface 142 of the corresponding fastener hole 11 of
the composite structure 102. When the conductive tluid 120
(see FIG. 7A) tflows to and 1s deposited in the areas 144, or
gaps, the conductive fluid 120 (see FIG. 7A) conforms to the
shape of the areas 144, or gaps, and functions as a conform-

ing conductive fluid 120q (see FIG. 7A). As shown 1n FIG.
7A, when the conductive fluid 120 i1s injected into the
fastener 10 and the areas 144, the fastener 10 has a confor-
mal clearance fit 146 within the composite structure 102.
The conductive fluid 120 (see FIGS. 5A, 6, 7A) preferably
flows around the exposed tips 1056 (see FIG. 7A) of the
carbon fibers 105a (see FIG. 7A) of the composite material
in the corresponding fastener hole 11 (see FIG. 7A) of the
composite structure 102 (see FIG. 7A), to provide suilicient
clectrical connection with the composite structure 102 (see

FIG. 7A) without crushing, breaking, or damaging the
exposed tips 1036 (see FIG. 7A) of the carbon fibers 105a

(see FIG. 7TA).

Once a suflicient amount of the conductive tluid 120 (see
FIG. 7A) 1s injected or inserted into the fastener 10 (see FIG.
7A) and 1nto the areas 144 (see F1G. 7A), or gaps, around the
shaft body 20 (see FIG. 7A) and the head portion 22 (see
FIG. 7A) of the fastener 10, the fastener 10 (see FIG. 7A)
with the ijected conductive fluid 120 (see FIG. 7A) 1s
preferably cured. The curing may be performed using a
known curing process, such as an autoclave curing process,
a vacuum bag curing process, a combination autoclave and
vacuum bagging curing process, a compression mold curing
process, a resin transier molding process, a room tempera-
ture curing process, or another suitable curing process. The
curing may take place at an elevated, effective temperature
or eflective heat and/or eflective pressure for an eflective
period of time, as required per material specifications to
cllectively cure a chosen conductive fluid 120 (see FIGS.
5A, 6, 7TA). During curing, the conductive fluid 120 (see
FIGS. SA, 6, 7A) hardens, where deposited, in and around
the fastener 10 (see FIGS. 5A, 6, 7A). The curing tempera-
ture or heat and/or pressure needed depends on the type of
conductive fluid 120 (see FIG. 7A) chosen to be injected nto
the fastener 10 (see FIG. 7A), and may thus vary. As used
herein, “curing” means*“curing” means undergoing a full or
partial hardening process, with or without heat, and includes

precuring or precured resins.
The fastener 10 (see FIGS. 1A, 2A, 3A) comprises a

conformal clearance fit fastener 12 (see FIGS. 1A, 2A, 3A),
that when used with the conductive fluid 120 (see FIGS. SA,
6, 7A), provides electrical conductivity and good electrical
contact with composite joints 107 (see FIGS. SA, 6) of the
composite structure 102 (see FIGS. 5A, 6, 7A), such as
aircraft composite structures 1025 (see FI1G. 9) of the aircrait
200a (see FIG. 9). The conductive fluid 120 (see FIG. 7A)
preferably provides electrical contact, and may provide
improved or enhanced electrical contact between carbon
fibers 105a (see FIG. 7A) of the composite structure 102
(see FIG. 7A) and the fastener 10 (see FIG. 7A) installed 1n
the corresponding fastener hole 11 (see FIG. 7A) of the
composite structure 102 (see FIG. 7A). This preferably
results 1n the fastener system 100 (see FIG. 7A) providing
clectrical contact with the composite structure 102 (see FIG.
7A), and, 1n turn, preferably provides electrical conductivity,
and may provide improved electrical conductivity, and dis-
sipation of current energy 218 (see FIG. 9), which can result
from or can be caused by lightning strikes 220 (see FIG. 9)
to an aircrait 200a (see FIG. 9) having the composite
structure 102 (see FIGS. 7A, 9), such as an aircrait com-
posite structure 1026 (see FIG. 9).
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Now referring to FIG. 7B, FIG. 7B 1s a schematic diagram
ol a partial sectional view of the fastener system 100, such
as 1n the form of fastener system 100a, of FIG. 7A. FIG. 7B
shows the fastener 10 installed 1n the composite structure
102, such as the carbon fiber remnforced plastic (CFRP)
structure 102q, after injection of the conductive flud 120
into the fastener 10 and into the areas 144, and after cure.
FIG. 7B shows the threaded portion 42 of the fastener 10
with the attached threaded collar 108 having the first end
109q adjacent the lower end of the composite structure 102
and having the second end 1095.

As shown 1n FIG. 7B, the conductive fluid 120 comprises
a cured conforming conductive flmid 12056 filling the areas
144, or gaps, between the outer surface 64 of the shait body
20 and the 1nner surface 142 of the corresponding fastener
hole 11, and between the outer surface 32 of the head portion
22 and the inner surface 142 of the corresponding fastener
hole 11, and filling the mnner feed channel 70, such as in the
form of mner central feed channel 70aq, the lateral feed
channels 90, and the plurality of flutes 80. As shown 1n FIG.
7B, after conductive fluid 120 injection and cure, the fas-
tener 10 preferably has or approaches an effective interfer-
ence fit 148 within the composite structure 102. The opening
40 (see FIG. 7B) of the fastener 10 (see FIG. 7B) may be
plugged, sealed, or closed with a known plug element (not
shown) or other suitable sealing element or device after
injection of the conductive fluid 120 (see FIG. 7B), and
either prior to, or after, cure.

The net electrical effect of the fastener system 100 (see
FIGS. SA, 6, 7TA) 1s the equivalent of a conformal clearance
fit 146 (see FIG. 7A) that preferably meets or exceeds an
cllective interference fit 148 (see FIG. 7B) of an interference
fit fastener at a reduced cost. Preferably, the one or more
tasteners 10 (see FIGS. 1A, 2A, 3A) each comprise a
conformal clearance fit fastener 12 (see FIGS. 1A, 2A, 3A)
that 1s sleeveless, and that when used with the conductive
fluid 120 (see FIGS. SA, 6, 7A), provides or approaches an
cllective iterference fit 148 (see FIG. 7B) with equal or
greater electrical conductivity. The conductive tluid 120 (see
FIG. 7A) that 1s pumped or injected into the areas 144 (see
FIG. 7A), or gaps, creates the conformal clearance fit 146
(see FIG. 7A) that provides or approaches the effective
interference fit 148 (see FIG. 7B), without crushing, break-
ing, or damaging the exposed tips 1055 (see F1G. 7A) of the
carbon fibers 105a (see FIG. 7A) in the corresponding
fastener hole 11 (see FIG. 7A) of the composite structure
102 (see FIG. 7A).

Now referring to FIG. 8, 1n another embodiment there 1s
provided a method 150 for providing to a composite struc-
ture 102 (see FIGS. 5A, 6, TA-7B, 9) of an aircrait 2004 (see
FIG. 9) improved electrical conductivity and dissipation of
current energy 218 (see FIG. 9) resulting from lightning
strikes 220 (see FIG. 9) to the aircrait 200a (see FIG. 9).
FIG. 8 1s a flow diagram showing an exemplary embodiment
of the method 150 of the disclosure.

As shown 1n FIG. 8, the method 150 comprises step 152
of installing one or more fasteners 10 (see FIGS. 1A, 2A,

3A, 5A, 6, 7TA-7B) 1nto one or more corresponding fastener
holes 11 (see FIGS. SA, 6, 7A) formed 1n the composite

structure 102 (see FIGS. 5A, 6, 7A, 9).

As discussed 1n detail above, each fastener 10 (see FIGS.
1A, 2A, 3A) comprises, as discussed above, an elongated
shaft 14 (see FIGS. 1A, 2A, 3A) having a first end 16 (see
FIGS. 1A, 2A, 3A) with a head portion 22 (see FIGS. 1A,
2A, 3A), a second end 18 (see FIGS. 1A, 2A, 3A) with a
threaded portion 42 (see FIGS. 1A, 2A, 3A), and a shatt
body 20 (see FIGS. 1A, 2A, 3A) disposed therebetween.
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In one embodiment, the step 152 (see FIG. 8) of installing
the one or more fasteners 10 (see FIGS. 1A, 3A) may
comprise installing the one or more fasteners 10 (see FIGS.
1A, 3A), each with the shaft body 20 (see FIGS. 1A, 3A)
having a substantially straight outer profile 66a (see FIGS.
1A, 3A). In another embodiment, the step 152 (see FIG. 8)
of installing the one or more fasteners 10 (see FIG. 2A) may

comprise installing the one or more fasteners 10 (see FIG.
2A), each with the shait body 20 (see FIG. 2B) having a

tapered outer profile 665 (see FIG. 2B).

Each fastener 10 (see FIGS. 1A, 2A, 3A) further com-
prises, as discussed above, at least one inner feed channel 70
(see FIG. 1B, 2B, 3B, such as in the form of inner central
teed channel 70a (see FIGS. 1B, 2B, 3B), having a first end
72 (see FIGS. 1B, 2B, 3B) and a second end 74 (see FIGS.
1B, 2B, 3B). The mner feed channel 70 (see FIGS. 1B, 2B,
3B), such as 1n the form of inner central feed channel 70q
(see FIGS. 1B, 2B, 3B), extends at the first end 72 (see
FIGS. 1B, 2B, 3B) from the opening 40 (see FIGS. 1B, 2B,
3B) in the head portion 22 (see FIGS. 1B, 2B, 3B), through
the head portion 22 and the shaft body 20 (see FIGS. 1B, 2B,
3B), along the longitudinal central axis 78 (see FIGS. 1B,
2B, 3B) of the elongated shaft 14 (see FIGS. 1B, 2B, 3B),
and terminates at the second end 74 (see FIGS. 1B, 2B, 3B)
at the location 76 (see FIGS. 1B, 2B, 3B) proximal to or near
the threaded portion 42 (see FIGS. 1B, 2B, 3B).

Each fastener 10 (see FIGS. 1A, 2A, 3A) further com-
prises, as discussed above, a plurality of flutes 80 (see FIGS.

1A, 2A, 3A) formed along and circumierentially spaced
around the outer surface 64 (see FIGS. 1A, 2A, 3A) of the

shaft body 20 (see FIGS. 1A, 2A, 3A) and formed along and
circumierentially spaced around the outer surface 32 (see
FIGS. 1A, 2A, 3A) of the head portion 22 (see FIGS. 1A,
2A, 3A). As further shown 1 FIGS. 1A, 2A, 3A, each flute
80 has the first end 82 extending from a first location 84
proximal to the threaded portion 42, along the outer surface
64 of the shait body 20, and radially outward along the outer
surface 32 of the head portion 22.

Each fastener 10 (see FIGS. 1B, 2B, 3B) further com-
prises, as discussed above, one or more lateral feed channels
90 (see FIGS. 1B, 2B, 3B), or cross channels, formed
laterally through the shait body 20 (see FIGS. 1B, 2B, 3B).
Each lateral feed channel 90 (see FIGS. 1B, 2B, 3B)
connects the inner feed channel 70 (see FIGS. 1B, 2B, 3B),
such as 1n the form of mnner central feed channel 70a (see
FIGS. 1B, 2B, 3B), to at least two opposing flutes 80, such
as flutes 80a, 806 (see FIGS. 1B, 2B, 3B), on the outer
surface 64 (see FIGS. 1B, 2B, 3B) of the shaft body 20 (see
FIGS. 1B, 2B, 3B).

As shown 1 FIG. 8, the method 150 further comprises
step 154 of torquing the one or more fasteners 10 (see FIGS.
1A, 2A, 3A, SA, 6, 7TA) i place in the one or more
corresponding fastener holes 11 (see FIGS. 5A, 6, 7TA). A
threaded collar 108 (see FIG. 7A) may preferably be coupled
to the threaded portion 42 (see FIG. 7A) of the fastener 10
(see FIG. 7A) to help hold the fastener 10 (see FIG. 7A) 1n
place within the corresponding fastener hole 11 (see FIG.
7A) 1n the composite structure 102 (see FIG. 7A).

As shown 1 FIG. 8, the method 150 further comprises
step 156 of 1njecting, under pressure, a conductive fluid 120
(see FIGS. 5A, 6A, 7TA) into the opening 40 (see FIG. 7TA)
in the head portion 22 (see FIG. 7A) of the fastener 10 (see
FIG. 7A), and through the at least one iner feed channel 70
(see FIG. 7TA), such as in the form of inner central feed
channel 70a (see FIG. 7A), and through the one or more
lateral feed channels 90 (see FI1G. 7A) out to the plurality of
flutes 80 (see FIG. 7TA).
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The step 156 (see FIG. 8) of injecting, under pressure, the
conductive fluid 120 (see FIGS. 5A, 6) preferably comprises
using an injection tool assembly 110 (see FIGS. SA, 6) to
inject the conductive fluid 120 (see FIGS. SA, 6) into the
tastener 10 (see FIGS. 5A, 6). As shown in FIGS. SA and 6,
the injection tool assembly 110 comprises a vessel 122
containing the conductive fluid 120. The vessel 122 (see
FIGS. 5A, 6) 1s preferably configured for coupling to the
tastener 10 (see FIGS. 1A, 2A, 3A, SA, 6). As shown 1n
FIGS. 5A, 6, the injection tool assembly 110 further com-
prises a pressure injector 126 coupled to the vessel 122, and
the pressure njector 126 1s preferably configured to couple
to the opening 40 in the head portion 22 of the fastener 10.
The vessel 122 (see FIG. 7A) may also be configured to
couple to the opeming 40 (see FIG. 7A). The pressure
injector 126 (see FIGS. SA, 6, 7A) 1s preferably configured
to 1nject the conductive fluid 120 (see FIGS. 5A, 6, 7A),
under pressure, mto the fastener 10 (see FIGS. 5A, 6, 7A).

The step 156 (see FIG. 8) of injecting, under pressure, the
conductive fluid 120 (see FIGS. SA, 6, 7A), further com-
prises 1njecting the conductive flmd 120 (see FIGS. 5A, 6,
7A) comprising a resin material 121 (see FIG. 7A) mixed
with a conductive material 123 (see FIG. 7A) that 1s elec-
trically conductive. As discussed above, exemplary resin
materials 121 (see FIG. 7A), or binding resin materials or
resin systems, for the conductive fluid 120 (see FIGS. SA, 6,
7A) comprise epoxy resins, bismaleimide (BMI) resins,
phenolic resins, and cyanate ester resins, and exemplary
conductive materials 123 (see FIG. 7A) for the conductive
fluid 120 (see FIGS. 5A, 6, 7A) comprise carbon nanotubes,
chopped carbon fibers, silver particles, and the conductive
polymer poly(3,4-ethylenedioxythiophene) polystyrene sul-
tonate (PEDOT/PSS). Exemplary conductive fluids 120 (see
FIGS. 5A, 6, 7TA) comprise an epoxy resin doped with silver
particles; a bismaleimide (BMI) resin doped with silver
particles; a phenolic resin doped with silver particles; a
cyanate ester resin doped with silver particles; an epoxy
resin doped with carbon nanotubes; a bismaleimide (BMI)
resin doped with carbon nanotubes; a phenolic resin doped
with carbon nanotubes; a cyanate ester resin doped with
carbon nanotubes; an epoxy resin with chopped carbon
fibers; a bismaleimide (BMI) resin with chopped carbon
fibers; a phenolic resin with chopped carbon fibers; a
cyanate ester resin with chopped carbon fibers; and a resin
with poly(3,4-ethylenedioxythiophene) polystyrene sul-
tonate (PEDOT/PSS).

The step 156 (see FIG. 8) of injecting, under pressure, the
conductive fluid 120 (see FIGS. SA, 6, 7A), further com-
prises selecting the conductive fluid 120 (see FIGS. 5A, 6,
7A), so that a coellicient of thermal expansion (CTE) of the
conductive fluid 120 (see FIGS. SA, 6, 7A) substantially
matches a coellicient of thermal expansion (CTE) of the
composite structure 102 (see FIGS. 5A, 6, 7A) in contact
with the conductive fluid 120 (see FIGS. 5A, 6, 7A). Further,
in addition to similar CTEs and expansion characteristics,
preferably, the resin material 121 (see FIG. 7A), or binding
resin material or resin system, of the conductive fluid 120
(see FIGS. 5A, 6, 7A) has similar chemical properties and
similar structural properties as the matrix material 104 (see
FIGS. 5A, 6, 7A), such as the resin matrix 104a (see FIGS.
5A, 6, 7TA) of the composite structure 102 (see FIGS. 5A, 6),
such as the carbon fiber reinforced plastic (CFRP) structure
102a (see FIGS. 5A, 6).

In one embodiment, as shown in FIG. 5A, the step 152
(see FIG. 8) of installing the one or more fasteners 10 further
comprises installing one or more fasteners 10 each with the
plurality of flutes 80 terminating at a second location 864
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(see FIG. 1A) proximal to the outer periphery 38 (see also
FIG. 1A) of the head portion 22, and wherein the step 156

(see FIG. 8) of injecting, under pressure, the conductive fluid
120, further comprises mjecting the conductive fluid 120
through the opening 40 of the fastener 10, having the
plurality of flutes 80 terminating at the second location 86a
(see FIG. 1A) proximal to the outer periphery 38 (see also
FIG. 1A) of the head portion 22, and into the mnner feed
channel 70 (see FIG. 1B), such as 1n the form of inner central
teed channel 70a (see FIG. 1B), of the fastener 10.

In another embodiment, as shown 1n FIG. 6, the step 152
(see FIG. 8) of installing the one or more fasteners 10
comprises installing one or more fasteners 10 each with the
plurality of flutes 80 terminating at periphery openings 8656
(see FIG. 3A) at the outer periphery 38 (see also FIG. 3A)
of the head portion 22, 1.¢., radial feed channels 89 (see also
FIG. 3A), and wherein the step 156 (see FIG. 8) of injecting,

under pressure, the conductive fluid 120, further comprises
injecting the conductive tfluid 120 through each periphery
openings 865 (see FIG. 3A) and along the plurality of tlutes
80. Thus, 1n addition to transporting the conductive fluid 120
(see FIG. 6) through the opeming 40 (see FIG. 6) of the
tastener 10 (see FIG. 6) and into the mner feed channel 70
(see FIG. 6), such as 1n the form of inner central feed channel
70a (see FIG. 6), of the fastener 10 (see FIG. 6), this
embodiment also transports the conductive fluid 120 (see
FIG. 6) through the radial feed channel 89 (see FIGS. 3A, 6)
formed by the periphery openings 866 (see FIGS. 3A) and
the plurality of flutes 80 (see FIGS. 3A, 6).

As shown 1 FIG. 8, the method 150 further comprises
step 158 of depositing or transporting the conductive fluid
120 (see FIG. 7A) to one or more arcas 144 (see FIG. 7TA)
or gaps between an outer surface 64 (see FIG. 7A) of the
tastener 10 (see FIG. 7A) and an mner surface 142 (see FIG.
7A) of the corresponding fastener hole 11 (see FIG. 7A) of
the composite structure 102 (see FIG. 7A). When the con-
ductive fluid 120 (see FIG. 7TA) flows to and 1s deposited to
and 1n the areas 144, the conductive fluid 120 (see FI1G. 7A)
conforms to the shape of the areas 144 and functions as a
conforming conductive fluid 120a (see FIG. 7A), and the
fastener 10 (see FIG. 7A) has a conformal clearance fit 146
(see FIG. 7TA) within the composite structure 102 (see FIG.
TA).

As shown 1 FIG. 8, the method 150 further comprises
step 160 of curing the composite structure 102 (see FIG. 7B)
with the one or more fasteners 10 (see FIG. 7B) installed 1n
the composite structure 102 (see FIG. 7B) to obtain a cured
conforming conductive fluid 1205 (see FIG. 7B). The curing
step 160 (see FIG. 8) may be performed using a known
curing process, such as an autoclave curing process, a
vacuum bag curing process, a combination autoclave and
vacuum bagging curing process, a compression mold curing
process, a resin transier molding process, a room tempera-
ture curing process, or another suitable curing process. As
discussed above, the curing may take place at an elevated,
cllective temperature or eflective heat and/or eflective pres-
sure for an eflective period of time, as required per material
specifications to eflectively cure a chosen conductive fluid
120 (see FIGS. 5A, 6, 7TA). The curing temperature or heat
and/or pressure needed depends on the type of conductive
fluud 120 (see FIG. 7A) chosen to be injected into the
tastener 10 (see FI1G. 7A), and may thus vary.

After 1njection and cure of the conductive fluid 120 (see
FIG. 7B), the fastener 10 (see FIG. 7B) preferably has an
cllective interference fit 148 (see FIG. 7B) within the
composite structure 102 (see FIG. 7B).
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As shown 1 FIG. 8, the method 150 further comprises
step 162 of providing electrical contact, and may provide

improved or enhanced electrical contact, between carbon
fibers 105a (see FIG. 7A) of the composite structure 102
(see FIG. 7A) and the fastener 10 (see FIG. 7A) installed 1n

the corresponding fastener hole 11 (see FIG. 7A), to obtain
clectrical conductivity and dissipation of current energy 218
(see FIG. 9), resulting from lightning strikes 220 (see FIG.
9) to the aircrait 200a (see FIG. 9). Preferably, the one or
more fasteners 10 (see FIGS. 1A, 2A, 3A) each comprise a
conformal clearance fit fastener 12 (see FIGS. 1A, 2A, 3A)
used with the conductive tluid 120 (see FIGS. 5A, 6, 7TA), to
obtain an eflective interference fit 148 (see FIG. 7B) with an
equal or greater electrical conductivity than a standard
interference fit fastener.

Now referring to FIG. 9, FIG. 9 1s an 1illustration of a
perspective view of an air vehicle 200, such as an aircraft
200a, that may incorporate one or more composite structures
102, such as, for example, one or more aircraft composite
structures 10256, having embodiments of the fasteners 10
(see FIGS. 1A, 2A, 3A) of the disclosure. Preferably, the
composite structures 102 (see FIG. 9) comprise carbon fiber
reinforced plastic (CFRP) structures 102a (see FIGS. 5A, 6,
7A). As shown in FIG. 9, the aircrait 200a comprises such
components as a fuselage 202, a nose 204, a tlight deck 206,
wings 208, one or more propulsion units 210 or engines, and
a tail 212 comprising a vertical stabilizer 214 and horizontal
stabilizers 216.

Although the air vehicle 200, such as aircrait 200a, shown
in FIG. 9 1s generally representative of a commercial pas-
senger aircraft having one or more composite structures 102,
the teachings of the disclosed embodiments may be applied
to other passenger aircrait. For example, the teachings of the
disclosed embodiments may be applied to cargo aircraft,
military aircraft, rotorcraft, and other types of aircraft or
aerial vehicles, as well as aerospace vehicles, satellites,
space launch vehicles, rockets, and other aerospace vehicles.

Now referring to FIGS. 10-11, FIG. 10 1s a flow diagram
ol an aircraft manufacturing and service method 300. FIG.
11 1s a block diagram of an aircraft 320. Referring to FIGS.
10-11, embodiments of the disclosure may be described 1n
the context of the aircraft manufacturing and service method
300 as shown 1n FIG. 10, and the aircraft 320 as shown 1n
FIG. 11.

As shown 1n FIG. 10, during pre-production, exemplary
aircraft manufacturing and service method 300 may include
specification and design 302 of the aircrait 320 (see FIG. 11)
and material procurement 304. During manufacturing, com-
ponent and subassembly manufacturing 306 (see FIG. 10)
and system integration 308 (see FIG. 10) of the aircrait 320
(see FIG. 11) takes place. Thereafter, the aircrait 320 (see
FIG. 11) may go through certification and delivery 310 (see
FIG. 10) 1n order to be placed 1n service 312 (see FIG. 10).
While 1n service 312 (see FIG. 10) by a customer, the aircrait
320 (see FI1G. 11) may be scheduled for routine maintenance
and service 314 (see FIG. 10) which may also include
modification, reconfiguration, refurbishment, and other suit-
able services.

Each of the processes of the aircraft manufacturing and
service method 300 (see FIG. 10) may be performed or
carried out by a system integrator, a third party, and/or an
operator (e.g., a customer). For the purposes of this descrip-
tion, a system integrator may include, without limitation,
any number ol aircrait manufacturers and major-system
subcontractors. A third party may include, without limaita-
tion, any number of vendors, subcontractors, and suppliers.
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An operator may include an airline, leasing company, mili-
tary entity, service organization, and other suitable opera-
tors.

As shown in FIG. 11, the aircraft 320 produced by the
exemplary aircrait manufacturing and service method 300
(see FIG. 10) may include an airframe 322 with a plurality
of systems 324 and an interior 326. As further shown 1n FIG.
11, examples of the plurality of systems 324 may include
one or more of a propulsion system 328, an electrical system
330, a hydraulic system 332, and an environmental system
334. Any number of other systems may be included.
Although an aerospace example 1s shown, the principles of
the disclosure may be applied to other industries, such as the
automotive mndustry.

Methods and systems embodied herein may be employed
during any one or more of the stages of the aircraft manu-
facturing and service method 300 (see FIG. 10). For
example, components or subassemblies corresponding to
component and subassembly manufacturing 306 (see FIG.
10) may be fabricated or manufactured 1n a manner similar
to components or subassemblies produced while the aircraft
320 (see FIG. 11) 1s 1 service 312 (see FIG. 10). Also, one
or more apparatus embodiments, method embodiments, or a
combination thereof, may be utilized during component and
subassembly manufacturing 306 (see FIG. 10) and system
integration 308 (see FIG. 10), for example, by substantially
expediting assembly of or reducing the cost of the aircraft
320 (see FIG. 11). Similarly, one or more ol apparatus
embodiments, method embodiments, or a combination
thereof, may be utilized while the aircrait 320 (see FIG. 11)
1s 1n service 312 (see FIG. 10), for example and without

limitation, to maintenance and service 314 (see FIG. 10).
Disclosed embodiments of the fastener 10 (see FIGS. 1A,

2A, 3A), the fastener system 100 (see FIGS. SA, 6, 7A), and
the method 150 (see FIG. 8) provide a conformal clearance
fit fastener 12 (see FIGS. 1A, 2A, 3A) having an inner feed
channel 70 (see FIGS. 1B, 2B, 3B), such as 1n the form of
inner central feed channel 70a (see FIGS. 1B, 2B, 3B), one
or more lateral feed channels 90 (see FIGS. 1B, 2B, 3B), and
a plurality of flutes 80 (see FIGS. 1A, 2A, 3A), configured
to deposit a conductive fluid 120 (see FIGS. SA, 6, 7A)
between the fastener 10 and the inner surface 142 (see FIG.
7A) of the corresponding fastener hole 11 (see FIG. 7A). The
features of the inner feed channel 70 (see FIGS. 1B, 2B, 3B),
such as 1n the form of mnner central feed channel 70a (see
FIGS. 1B, 2B, 3B), the one or more lateral feed channels 90
(see FIGS. 1B, 2B, 3B), and the plurality of flutes 80 (see
FIGS. 1A, 2A, 3A) provide flow paths 140 (see FIG. 7B) for
injecting and depositing the conductive flud 120 (see FIGS.
5A, 6, 7TA) 1n and to the one or more areas 144 (see FIG. 7A),
or gaps, and surfaces surrounding the fastener 10 (see FIGS.
5A, 6, 7TA), for the purpose of improving the current carrying
capacity of the fastener 10 (see FIGS. SA, 6, 7TA), 1n lieu of
sleeved interference fit fasteners and sleeves for interference
fit fasteners. The structural characteristics of the novel and
nonobvious fastener 10 (see FIGS. 1A, 2A, 3A) allow for the
resin material 121 (see FIG. 7A) and conductive material
123 (see F1G. 7A) of the conductive tluid 120 (see FIGS. 5A,
6, 7A) to be mnserted or injected within the fastener 10 (see
FIGS. 1A, 2A, 3A), as well as the surrounding areas 144 (see
FIG. 7A), or gaps, and surfaces around the fastener 10 (see
FIG. 7A), to provide additional structural support, as well as
conductivity, between the fastener (see FIG. 7A) and the
composite structure 102 (see FIG. 7A). The plurality of
flutes 80 (see FIGS. 1A, 2A, 3A) and the mner feed channel
70 (see FIGS. 1B, 2B, 3B), such as 1n the form of inner
central feed channel 70a (see FIGS. 1B, 2B, 3B), allow the
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tastener 10 (see FIGS. 1A, 2A, 3A) to be easily mserted into
a corresponding fastener hole 11 (see FIGS. 5A, 6, 7A), such
as a clearance fit hole, 1n a composite structure 102 (see
FIGS. 5A, 6, 7A), and subsequently filled with the conduc-
tive fluid 120 (see FIG. 7A) to achieve enhanced electrical
conductivity in the areas 144 (see FIGS. 7TA-7B) between the
tastener 10 (see FIGS. 7A-7B) and the mnner surface 142 (see
FIGS. 7A-7TB) of the corresponding fastener hole 11 (see
FIGS. 7A-7TB) of the composite structure 102 (see FIGS.
7A-7TB), for example, a fastener-to-composite structure
interface.

In addition, disclosed embodiments of the fastener 10 (see
FIGS. 1A, 2A, 3A), the fastener system 100 (see FIGS. 5A,
6, 7A), and the method 150 (see FIG. 8) provide for an
inexpensive, fluted, sleeveless, contformal clearance fit fas-
tener 12 (see FIGS. 1A, 2A, 3A) that 1s used 1n conjunction
with the conductive fluid 120 (see FIGS. 5A, 6, 7A) to yield
the equivalent, or better, electrical conductivity than that of
known interference fit fasteners. The easy to install fasteners
10 (see FIGS. 1A, 2A, 3A) provide good electrical contact
and good electrical conductivity with the composite struc-
tures 102 (see FIGS. 5A, 6, 7A) the fasteners 10 (see FIGS.
1A, 2A, 3A) are mserted within, for example, aircraft
composite wing skins. This, 1n turn, may reduce substructure
current, may reduce the possibility of discharge or sparking
in aircrait fuel tanks, and may reduce the time, labor, and
expense to apply electrically insulating sealants and to
install fastener cap seals currently employed to ameliorate

these unwanted eflects.
Moreover, the fastener 10 (see FIGS. 1A, 2A, 3A), the

tastener system 100 (see FIGS. 5A, 6, 7TA), and the method
150 (see FIG. 8) may provide for a reduced overall weight
of an air vehicle 200 (see FIG. 9), such as an aircrait 200aq
(see FIG. 9), by eliminating or minimizing the use of heavy
clectrically msulating sealants on the fasteners, for example,
as used 1n aircrait fuel tanks, for protection against lightning
strikes 220 (see FIG. 9), by eliminating or minimizing the
use of sleeved fasteners, such as interference fit fasteners
with sleeves that may add weight, and by eliminating or
mimmizing the use ol numerous fastener cap seals on

fasteners that may add weight. Further, the fastener 10 (see
FIGS. 1A, 2A, 3A), the fastener system 100 (see FIGS. 5A,

6, 7A), and the method 150 (see FIG. 8), may reduce the cost
of lightming mitigation on composite structures 102 (see
FIG. 9) of aircrait 200a (see FI1G. 9) by employing the less
expensive fasteners 10 (see FIGS. 1A, 2A, 3A) disclosed
herein that provide equivalent or better electrical connection
to composite structures 102 (see FIGS. SA, 6, 7TA), such as
aircraft composite wing skins. The cost of secondary seal-
ants and fastener cap seals may also be reduced with the
disclosed fasteners 10 (see FIGS. 1A, 2A, 3A) and fastener
system 100 (see FIGS. 5A, 6, 7A).

Further, disclosed embodiments of the fastener 10 (see
FIGS. 1A, 2A, 3A), the fastener system 100 (see FIGS. 5A,
6, 7A), and the method 150 (see FIG. 8), may also facilitate
and enhance the reliability of reworked joints 107 (see FIGS.
5A, 6), since any damaged fasteners may be removed and
replaced with new fasteners 10 (see FIGS. 1A, 2A, 3A) of
the same size and configuration, without the need for re-
drilling oversized fastener holes to accommodate interfer-
ence it installation of larger diameter fasteners.

Many modifications and other embodiments of the dis-
closure will come to mind to one skilled in the art to which
this disclosure pertains having the benefit of the teachings
presented in the foregoing descriptions and the associated
drawings. The embodiments described herein are meant to
be illustrative and are not intended to be limiting or exhaus-
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tive. Although specific terms are employed herein, they are
used 1n a generic and descriptive sense only and not for
purposes of limitation.

What 1s claimed 1s:

1. A fastener comprising:

an elongated shait having a first end, a second end, and a
shaft body disposed between the first end and the
second end:

a head portion disposed at the first end;

a threaded portion disposed at the second end;

at least one 1mnner feed channel extending from an opening,
in the head portion, through the head portion and the
shaft body, along a longitudinal central axis of the
clongated shaft, and terminating proximal to the
threaded portion;

a plurality of flutes formed along and circumierentially
spaced around an outer surface of the shaft body and an
outer surface of the head portion, each flute having a
first end extending from a {irst location proximal to the
threaded portion, along the outer surface of the shaft
body, and radially outward along the outer surface of
the head portion; and

one or more lateral feed channels formed laterally through
the shaft body, each lateral feed channel connecting the
inner feed channel to at least two opposing tlutes on the
outer surface of the shaft body.

2. The fastener of claim 1 wherein the shait body has a

substantially straight outer profile.

3. The fastener of claim 1 wherein the shaft body has a
tapered outer profile.

4. The fastener of claim 1 wherein when the fastener 1s
installed 1nto a corresponding fastener hole, the at least one
imner feed channel, the one or more lateral feed channels,
and the plurality of flutes are configured to transport and
deposit a conductive tluid mnjected 1nto the fastener, to one
or more areas between an outer surface of the fastener and
inner surtface of the corresponding fastener hole.

5. The fastener of claim 1 wherein the elongated shatt has
at least two sets of the one or more lateral feed channels
formed laterally through the shait body, the at least two sets
being spaced apart from each other.

6. The fastener of claim 1 wherein each flute extends
radially outward along the outer surface of the head portion
and terminates at a second end, the second end comprising
one of a second location proximal to an outer periphery of
the head portion, and a periphery opening at the outer
periphery of the head portion.

7. A fastener system for providing improved electrical
contact with a composite structure, the fastener system
comprising;

one or more fasteners configured for installation in one or
more corresponding fastener holes formed in the com-
posite structure, each fastener comprising;:
an eclongated shaft having a first end with a head

portion, a second end with a threaded portion, and a
shaft body disposed between the first end and the
second end;

at least one mnner central feed channel extending from
an opening in the head portion, through the head
portion and the shait body, along a longitudinal
central axis of the elongated shaft, and terminating
proximal to the threaded portion;

a plurality of tlutes formed along and circumierentially
spaced around an outer surface of the shaft body and
an outer surface of the head portion, each flute
extending from a f{first location proximal to the
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threaded portion, along the outer surface of the shaft
body, and radially outward along the outer surface of
the head portion; and

one or more lateral feed channels formed laterally
through the shaft body, each lateral feed channel
connecting the mner central feed channel to at least

two opposing flutes on the outer surface of the shaftt
body;
an 1jection tool assembly configured for coupling to each

ol the one or more fasteners installed 1n the one or more

corresponding fastener holes; and
a conductive fluid 1njected via the 1njection tool assembly

into each fastener installed 1n the composite structure,
the conductive fluid transported and deposited via the at
least one 1nner central feed channel, the one or more
lateral feed channels, and the plurality of flutes of each
fastener, to one or more areas between an outer surface
of the fastener and an inner surface of a corresponding
fastener hole of the composite structure,

wherein the conductive fluid provides electrical contact

between carbon fibers of the composite structure and
the one or more fasteners nstalled in the one or more
corresponding fastener holes of the composite struc-
ture, resulting 1n the fastener system providing electri-
cal contact with the composite structure.

8. The system of claim 7 wherein the shaft body has an
outer profile, the outer profile comprising one of a substan-
tially straight outer profile, and a tapered outer profile.

9. The system of claim 7 wherein the injection tool
assembly comprises a vessel containing the conductive tluid,
the vessel configured for coupling to the opening 1n the head
portion of the fastener, and wherein the injection tool
assembly further comprises a pressure injector coupled to
the vessel and to the opening in the head portion of the
tastener, the pressure 1njector configured to 1nject the con-
ductive fluid, under pressure, into the fastener.

10. The system of claim 7 wherein the conductive fluid
comprises a resin material mixed with a conductive material
that 1s electrically conductive.

11. The system of claim 7 wherein the conductive fluid 1s
selected so that a coeflicient of thermal expansion of the
conductive fluid substantially matches a coellicient of ther-
mal expansion of the composite structure in contact with the
conductive fluid.

12. The system of claim 7 wherein each flute extends
radially outward along the outer surface of the head portion
and terminates at a second end, the second end comprising
one of a second location proximal to an outer periphery of
the head portion, and a periphery opening at the outer
periphery of the head portion.

13. The system of claim 7 wherein the composite structure
comprises an aircrait composite structure, and wherein each
of the one or more fasteners comprises a conformal clear-
ance fit fastener, that when used with the conductive fluid,
provides electrical contact with composite joints of the
aircralt composite structure.

14. A method for providing to a composite structure of an
aircraft improved electrical conductivity and dissipation of
current energy resulting from lightning strikes to the aircraft,
the method comprising the steps of:

installing one or more fasteners nto one or more corre-

sponding fastener holes formed in the composite struc-

ture, each fastener comprising:

an elongated shaft having a first end with a head
portion, a second end with a threaded portion, and a
shaft body disposed therebetween;
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at least one inner feed channel extending from an
opening 1n the head portion, through the head portion
and the shaft body, along a longitudinal central axis
of the elongated shaft, and terminating proximal to
the threaded portion;

a plurality of flutes formed along and circumierentially
spaced around an outer surface of the shait body and
an outer surface of the head portion, each flute
extending from a f{first location proximal to the
threaded portion, along the outer surface of the shaft
body, and radially outward along the outer surface of
the head portion; and

one or more lateral feed channels formed laterally
through the shaft body, each lateral feed channel
connecting the inner feed channel to at least two
opposing flutes on the outer surface of the shaft
body;

torquing the one or more fasteners in place 1n the one or

more corresponding fastener holes;

injecting, under pressure, a conductive fluid into the

opening in the head portion of each fastener, and

through the at least one inner feed channel and through
at least one of the one or more lateral feed channels:

depositing the conductive fluid to one or more areas
between an outer surface of each fastener and an inner
surface of each corresponding fastener hole of the
composite structure;

curing the composite structure with the one or more

fasteners installed 1n the composite structure; and

providing electrical contact between carbon fibers of the
composite structure and each fastener installed 1n each
corresponding fastener hole, to obtain electrical con-
ductivity and dissipation of current energy, resulting
from lightning strikes to the aircrafit.

15. The method of claim 14 wherein the mstalling the one
or more lfasteners comprises installing the one or more
fasteners, each with the shaft body having a substantially
straight outer profile.

16. The method of claim 14 wherein the mstalling the one
or more lasteners comprises installing the one or more
fasteners, each with the shaft body having a tapered outer
profile.

17. The method of claim 14 wherein the 1nstalling the one
or more Tasteners comprises installing one or more fasteners,
cach with the plurality of flutes each terminating at a
periphery opening at an outer periphery of the head portion,
and wherein the injecting, under pressure, the conductive
fluud turther comprises imjecting the conductive fluid
through each periphery opening and along the plurality of
flutes.

18. The method of claim 14 wherein the injecting, under
pressure, the conductive tluid comprises using an injection
tool assembly to 1nject the conductive tluid into the fastener,
the 1njection tool assembly comprising a vessel containing
the conductive fluid, the vessel configured for coupling to
the fastener, and wherein the injection tool assembly further
comprises a pressure injector coupled to the vessel and
configured to couple to the opening 1n the head portion of the
fastener, the pressure 1njector configured to 1nject the con-
ductive fluid, under pressure, into the fastener.

19. The method of claim 14 wherein the mnjecting, under
pressure, the conductive fluid comprises ijecting the con-
ductive fluid comprising a resin material mixed with a
conductive material that 1s electrically conductive.

20. The method of claim 14 wherein the injecting, under
pressure, the conductive flud comprises selecting the con-
ductive tluid so that a coeflicient of thermal expansion of the
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conductive fluid substantially matches a coellicient of ther-
mal expansion of the composite structure in contact with the
conductive fluid.
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