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(57) ABSTRACT

A bonding fastener having two components which electri-
cally bonds metallic surfaces through serrated metal teeth on
the underside of the head of the first component and on the
inside surface of the second component which embed into
each metal surface as a fastener is tightened. In one embodi-
ment, the fastener is a nut and bolt combination, and in
another embodiment the fastener is a two-part rivet. A sealing
material circumferentially outward from the teeth on both the
first component and second component creates an air-tight
and water-tight seal around the teeth, protecting the bonding
location from air and water infiltration from the outside. The
second component also has an internal seal, sealing around
the shank of the first component to prevent axial infiltration of
air or water along the shank and protecting the bonding loca-
tions from corrosion from contaminants entering along that

route.
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BONDING FASTENER WITH
ENVIRONMENTAL SEALS

REFERENCE TO RELATED APPLICATIONS

[0001] This is a continuation-in-part of co-pending parent
patent application Ser. No. 13/608,540, entitled “Air-Tight
and Water-Tight Electrical Bonding Device”, filed Sep. 10,
2012. The aforementioned application is hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Theinvention pertains to the field of electrical bond-
ing devices. More particularly, the invention pertains to elec-
trical bonding fasteners having seals against corrosion
induced by air and water.

[0004] 2. Description of Related Art

[0005] Bonding devices are commonly used for bonding
electrical assemblies, such as frames for solar panel supports
or the like. These are often in the form of external tooth lock
washers, which have a flat central section and twisted teeth
around the perimeter of the washer. The device is placed
between the frames, and a fastener such as a bolt or screw
passes through the frames and the center of the washer. When
the fastener is tightened, the twisted teeth bite into the facing
surfaces of the frames to penetrate any surface corrosion or
coating and create a good electrical connection.

[0006] A problem with the prior art is that air and water are
free to pass around the teeth of the washer. Over time the
washer, or the surfaces of the frames into which the teeth are
biting, can corrode by exposure to air and water. This allows
the electrical connection between the frames to degrade.
[0007] Wiley Electronics of Saugerties, N.Y., sells a line of
bonding devices called WEEB (Washer, Electrical Equip-
ment Bonding) connectors, which are used in assembling and
grounding outdoor electrical equipment such as photovoltaic
solar panel arrays and the like. The metal teeth of the WEEB
clip deform during installation to provide the bonding and
some degree of self-sealing, so it is a single-use item and
cannot be reused.

[0008] U.S. Pat. No. 2,895,524, entitled “Twisted tooth
lock washer having anti-skid body section™, is a toothed
washer having a resilient o-ring around its inner diameter
which is intended to keep the washer from rotating as the bolt
is tightened. To the extent that the o-ring provides a seal, it is
only on one side and only around the bolt. Water and air are
free to infiltrate around the outside of the teeth.

[0009] U.S. Pat. Nos. 3,588,787 and 3,626,357, entitled
“Electrical Connecting Washer” show a flat washer with
o-rings on one side. A circular row of teeth is provided on one
side of the washer, roughly midway between the central screw
hole and the outer perimeter of the washer, and two o-rings
radially inward and outward from the teeth provide a seal, but
on one side only. This design does not bond two items, rather
is intended to enhance the bond between a screw and the wall
to which it is screwed. A wire could be trapped under the
screw head, but the electrical connection between wire and
screw, or screw and washer, remains open to corrosion.
[0010] British published application GB2360076, entitled
“A fastener having cutting surfaces and seals” has teeth on the
underside of the bolt head, with both inner and outer seals
radially inward and outward from the teeth. Similarly, U.S.
Pat. No. 3,389,734, entitled “Locking and sealing Screw”
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patent is a bolt with teeth on the underside ofthe bolthead and
seal area formed from the bolt material radially outside of the
teeth. Both of these publications are designed to screw into a
threaded hole or fitting on a surface, not to interface with a
nut. There is no concern about leakage along the threads,
since the inside of a car is dry, and the bolt is not grounding
there.

[0011] U.S. Pat. No. 6,244,807, entitled “Double seal nut”,
is a nut with an outer O-ring to prevent radial leakage between
the nut and the surface against which it is tightened and a
Teflon inner thread seal to prevent leakage axially along the
threads. The nut has no teeth for electrical conduction.

SUMMARY OF THE INVENTION

[0012] The bonding fastener of the invention is a combina-
tion of two components which electrically bonds metallic
surfaces through serrated metal teeth on the underside of the
head of the first component and on the inside surface of the
second component which embed into each metal surface as a
fastener is tightened. In one embodiment, the fastener is a nut
and bolt combination, and in another embodiment the fas-
tener is a two-part rivet. A sealing material circumferentially
outward from the teeth on both the first component and sec-
ond component creates an air-tight and water-tight seal
around the teeth, protecting the bonding location from air and
water infiltration from the outside. The second component
also has an internal seal, sealing around the shank of the first
component to prevent axial infiltration of air or water along
the shank and protecting the bonding locations from corro-
sion from contaminants entering along that route.

BRIEF DESCRIPTION OF THE DRAWING

[0013] FIG. 1 shows a perspective view of the fastener of
the invention, in a nut-and-bolt embodiment.

[0014] FIG. 2 shows a side view of the fastener of the
embodiment of FIG. 1.

[0015] FIG. 3 shows an embodiment of the second compo-
nent of the fastener in a nut embodiment, with the thread seal
on the outside face of the threads.

[0016] FIG. 4 shows an alternate embodiment ofthe second
component of the fastener, with the thread seal along the
threads of the nut, and also with an inner O-ring seal.

[0017] FIG. 5 shows an alternate embodiment ofthe second
component of the fastener, with the thread seal on the inside
face of the nut.

[0018] FIG. 6 shows a cut-through drawing of the fastener
of the invention in use.

[0019] FIG. 7 shows a cut-through drawing of the fastener
of'the invention in use, combined with the air- and water-tight
electrical bonding washer of the parent application.

[0020] FIG. 8 shows the air- and water-tight electrical
bonding washer of the parent application.

[0021] FIG. 9 shows a perspective view of a variation on the
embodiment of FIG. 1, in which the fastener lacks flanges on
the bolt head and nut.

[0022] FIG. 10 shows a perspective view of the fastener of
the invention, in an embodiment as a rivet and retaining ring.
[0023] FIG. 11 shows a perspective view of the rivet of the
embodiment of FIG. 10, shown inverted from FIG. 10.
[0024] FIG. 12 shows a perspective view of the retaining
ring of the embodiment of FIG. 10.

[0025] FIG. 13 shows a side view of the fastener in the
embodiment of FIG. 10.
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[0026] FIG. 14 shows a cut-through drawing of the retain-
ing ring of the embodiment of FIG. 10.

[0027] FIG. 15 shows a perspective view of the fastener of
the invention, in an embodiment as a blind rivet and retaining
ring.

[0028] FIG. 16 shows a perspective view of the retaining

ring of the embodiment of FIG. 15.

[0029] FIG. 17 shows a perspective view of an open-end
version of the blind rivet of the embodiment of FIG. 15,
shown inverted from FIG. 15 and without the mandrel.
[0030] FIG. 18 shows a perspective view of a closed-end
version of the blind rivet of the embodiment of FIG. 15,
shown inverted from FIG. 15 and without the mandrel.
[0031] FIG. 19 shows a cut-through drawing of the retain-
ing ring of the embodiment of FIG. 15.

[0032] FIG. 20 shows a cut-through drawing of the blind
rivet of the embodiment of FIG. 17.

[0033] FIG. 21 shows a cut-through drawing of the blind
rivet of the embodiment of FIG. 18.

[0034] FIG. 22 shows a cut-through drawing of the fastener,
using the open-end blind rivet of FIG. 17.

[0035] FIG. 23 shows a cut-through drawing of the fastener,
using the closed-end blind rivet of FIG. 18.

[0036] FIG. 24 shows a cut-through drawing ofthe embodi-
ment of the fastener of FIG. 15, in use.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The bonding fastener of the invention is a combina-
tion of two components which electrically bonds metallic
surfaces through serrated metal teeth on the underside of the
head of the first component and on the inside surface of the
second component which embed into each metal surface as a
fastener is tightened. In one embodiment, the fastener is a nut
and bolt combination, and in another embodiment the fas-
tener is a two-part rivet.

[0038] FIGS. 1 to 6 show the nut-and-bolt embodiment of
the bonding fastener. In this embodiment, the first component
is a bolt 1 with a head 8 having a conventional design for
turning by a wrench, an optional flange 2 and a threaded
shank 7.

[0039] The second component is a mating nut 9 which
similarly has a portion 6 for turning by a wrench, an optional
flange 5, and a central bore 30 which is threaded to mate with
the threaded shank 7 of the bolt 1.

[0040] The facing lower surface 11 ofthe head 8 or optional
flange 2 on bolt 1 and upper surface 35 of flange 5 onnut 9 are
formed with serrated bonding teeth 60 and 4, respectively.
Teeth 60 protrude axially outward from the lower surface 11
of flange 2 on bolt 1, and teeth 4 protrude axially outward
from the upper surface 35 of flange 5 on nut 9. It will be
understood that the terms “lower surface of flange 2” and
“upper surface 35 of flange 5” are not meant to convey any
particular vertical or horizontal orientation, but rather are
intended to mean the surface of the flange on the bolt or nut
which will contact the surfaces of the parts which the bonding
fastener is to bond.

[0041] The teeth 4 can be any shape or pattern of shapes
which will pierce and or cut the surface of the adjacent mate-
rial, for example the bent or serrated tecth shown in the
figures, or cones, points, squares, a cut or punched pattern into
the surface of the flange, or other designs known to the art.
[0042] The bolt 1 and nut 9 can be made of any rigid metal
or other conductive material, as is known for use in prior art
fasteners. The particular metal used can depend on the nature
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of the metal surfaces to be bonded—it will be understood by
one known to the art that it can be desirable to avoid contact
between certain dissimilar metals due to the possibility of
galvanic corrosion or RF noise effects. The metal can be
coated or plated with a conductive coating or metal layer.
[0043] Outer seal 10 is located on the lower surface 11 of
flange 2 on bolt 1, radially outside of the teeth 60. Similarly,
outer seal 3 is located on the upper surface 35 of flange 5 on
nut 9, radially outside of the teeth 4. Seals 10 and 3 limit
infiltration of air, water or other environmental contaminants
radially inward from the environment into the bonding teeth.
The outer seals 10 and 3 are made of resilient sealing material,
such as synthetic or natural rubber, silicone, neoprene or other
material known to the art which can withstand outdoor expo-
sure and compressive forces. Since the seals are resilient and
the bolt and nut of the fastener do not deform during use, the
fastener should be able to be re-used multiple times without
losing its ability to seal against environmental contamination.
[0044] The nut 9 has an inner seal to limit infiltration of air,
water or other environmental contaminants axially between
the threads 7 of the bolt 1 and the threads of the threaded
central bore 30 of the nut. This prevents these contaminants
from entering from the environment into interior of the bond
and corroding the bonding teeth.

[0045] FIG. 9 shows an alternative version of the nut-and-
bolt embodiment, in which there are no optional flanges, and
the head 8 of the bolt 1 and body 6 of the nut 9 have the teeth
60 and 4 and outer seals 10 and 3, respectively.

[0046] FIGS. 3-5 show three different locations for the
inner seal. As shown in FIG. 3, the seal 31 can be adjacent to
the lower surface 34 of the nut 9, closest to the outside, such
that contaminants cannot penetrate into the threaded area 30
at all. FIG. 4 shows an alternative embodiment in which the
seal 32 is inside the nut 9, in this example midway between
the upper surface 35 and lower surface 34 of the nut 9. FIG. 5
shows another alternative embodiment in which the seal 33 is
at the upper surface 35 of the nut 9. It will be understood that
in the embodiments of FIGS. 4 and 5, contaminants may be
able to penetrate at least some distance along the threaded
area 30, but will still be stopped by seal 32 or 33 before
entering the inside of the bonded area.

[0047] FIG. 4 also shows an additional inner seal 36,
located radially inward of the teeth 4 on the nut 9. This
optional seal, which can be an O-ring as shown, provides
additional protection for the teeth 4 from water or other envi-
ronmental contaminants from the inside of the nut.

[0048] FIG. 6 shows the fastener in use fastening two
frames 61 and 62 which are to be electrically bonded. The bolt
1 is passed through hole 63 in frames 61 and 62, and nut 9 is
threaded onto the bolt 1.

[0049] As the fastener is tightened by rotating bolt 1 or nut
9, or both, teeth 60 of the bolt 1 and teeth 4 of the nut 9 embed
into the outer surfaces of frames 61 and 62 at a bonding
location around the fastener, creating an electrical bond from
frame 61 to frame 62 through the fastener. At the same time,
the outer seal 10 on flange 2 of bolt 1 is compressed to create
an air-tight and water-tight seal between the outer surface of
the frame 61 and the lower surface 11 of flange 2, radially
outside of the teeth 60. Similarly, the outer seal 3 on flange 5
of nut 9 is compressed to create an air-tight and water-tight
seal between the outer surface of the frame 62 and the upper
surface 35 of flange 5, radially outside of the teeth 4. Inner
seals 33 on nut 9 conform to and seal the threads of the
threaded portion 7 of the bolt 1, creating an air-tight and
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water-tight seal along the interface between the bolt 1 threads
7 and the threaded portion 30 of nut 9.

[0050] These air-tight and water-tight seals radially out-
ward from the teeth on both the upper surface and lower
surface of the fastener, and the inner seals along the threads
protect the bonding location from corrosion or other deterio-
ration induced by air or water or other fluids which might
surround the bond.

[0051] FIG. 7 shows the fastener in use in combination with
the “Air-Tight and Water-Tight Electrical Bonding Device”
disclosed and claimed in the parent application to this con-
tinuation-in-part, Ser. No. 13/608,540, which is incorporated
herein by reference.

[0052] FIG. 8 shows one embodiment of the bonding
device from the parent application. As can be seen in this
figure, the bonding device has a generally circular metallic
body 70 with an outer perimeter 74 and an inner perimeter 75
surrounding a central hole 76 through which a fastener may
pass. A plurality of serrated metal teeth 73 are provided
between the inner perimeter 75 and outer perimeter 74. These
teeth 73 protrude axially outward from the upper surface 77
and lower surface 78 of the body 70.

[0053] The teeth 73 can be any shape or pattern of shapes
which will pierce and or cut the surface of the adjacent mate-
rial, for example the bent or serrated tecth shown in the
figures, or cones, points, squares, a cut or punched pattern into
the surface of the body 70, or other designs known to the art.
[0054] The metallic body 70 can be made of any rigid metal
or other conductive material, as is known for use in prior art
toothed washers. The particular metal used can depend on the
nature of the metal surfaces to be bonded—it will be under-
stood by one known to the art that it can be desirable to avoid
contact between certain dissimilar metals due to the possibil-
ity of galvanic corrosion or RF noise effects. The metal can be
coated or plated with a conductive coating or metal layer.
[0055] Outer seals 71 are located on the upper surface 77
and lower surface 78 of the device, circumferentially between
the outer perimeter 74 and the teeth 73. Also, inner seals 72
are located on the upper surface 77 and lower surface 78,
circumferentially between the inner perimeter 75 and the
teeth 73. The inner seals 72 and outer seals 71 are preferably
made of resilient sealing material, such as synthetic or natural
rubber, silicone, neoprene or other material known to the art
which can withstand outdoor exposure and compressive
forces.

[0056] These air-tight and water-tight seals 71 and 72 both
radially inward and radially outward from the teeth 73 and on
both the upper surface 77 and lower surface 78 of the device
protect the bonding location from corrosion or other deterio-
ration induced by air or water or other fluids which might
surround the bond.

[0057] As can be seen in FIG. 7, the bonding device can be
used in combination with the fastener, where it is desirable to
provide a better electrical bond between two frames 61 and
62. The bonding device is placed between the frames 61 and
62, with the central hole 76 aligned with hole 63 in the frames
61 and 62. The bolt 1 is passed through hole 63 and central
hole 76, and nut 9 is threaded onto the bolt 1.

[0058] As the fastener is tightened by rotating bolt 1 or nut
9, or both, teeth 60 of the bolt 1 and teeth 72 of the bonding
device , teeth 4 of the nut 9 embed into the outer surfaces of
frames 61 and 62 at a bonding location around the fastener,
creating an electrical bond from frame 61 to frame 62 through
the fastener. Being compressed between the frames 61 and 62,
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the teeth 72 of the body 70 of the bonding device embed into
the inner surfaces of frames 61 and 62 at a bonding location
around the device, creating a further electrical bond from
frame 61 to frame 62 through the device.

[0059] Atthe same time, the outer seal 10 on flange 2 of bolt
1 is compressed to create an air-tight and water-tight seal
between the outer surface of the frame 61 and the lower
surface 11 of flange 2, radially outside of the teeth 60. Simi-
larly, the outer seal 3 on flange 5 of nut 9 is compressed to
create an air-tight and water-tight seal between the outer
surface of the frame 62 and the upper surface 35 of flange 5,
radially outside of the teeth 4. Inner seals 33 on nut 9 conform
to and seal the threads of the threaded portion 7 of the bolt 1,
creating an air-tight and water-tight seal along the interface
between the bolt 1 threads 7 and the threaded portion 30 of nut
9. These air-tight and water-tight seals radially outward from
the teeth on both the upper surface and lower surface of the
fastener, and the inner seals along the threads protect the
bonding location from corrosion or other deterioration
induced by air or water or other fluids which might surround
the bond.

[0060] Also,the innerseal 72 and outer seal 71 on the upper
surface 77 and lower surface 78 of the body 70 of the device
are compressed to create an air-tight and water-tight seal
around the teeth 73 between the upper surface 77 of the body
70 and the lower surface upper frame 61 and between the
lower surface 78 of the body 70 and the upper surface of lower
frame 62. These air-tight and water-tight seals both radially
inward and radially outward from the teeth and on both the
upper surface and lower surface of the device protect the
bonding location from corrosion or other deterioration
induced by air or water or other fluids which might surround
the bond.

[0061] FIGS. 10 to 14 show the the bonding fastener in a
two-piece rivet embodiment. In this embodiment, the first
component is arivet 101 with ahead 108 and a shank 107. The
second component is a mating retaining ring 109 which has a
central bore 130 which is sized to press-fit upon shank 107 of
the rivet 101.

[0062] Thefacinglower surface 111 of thehead 108 of rivet
101 and upper surface 135 of retaining ring 109 are formed
with serrated bonding teeth 160 and 104, respectively. Teeth
160 protrude axially outward from the lower surface 111 of
rivet 101, and teeth 104 protrude axially outward from the
upper surface 135 of retaining ring 109. It will be understood
that the terms “lower surface” and “upper surface” are not
meant to convey any particular vertical or horizontal orienta-
tion, but rather are intended to mean the surface of the head of
the rivet 101 or retaining ring 109 which will contact the
surfaces of the parts which the bonding fastener is to bond.
[0063] The teeth 104 and 160 can be any shape or pattern of
shapes which will pierce and or cut the surface of the adjacent
material, for example the bent or serrated teeth shown in the
figures, or cones, points, squares, a cut or punched pattern into
the surface of the flange, or other designs known to the art.
[0064] The rivet 101 and retaining ring 109 can be made of
any rigid metal or other conductive material, as is known for
use in prior art fasteners. The particular metal used can
depend on the nature of the metal surfaces to be bonded—it
will be understood by one known to the art that it can be
desirable to avoid contact between certain dissimilar metals
due to the possibility of galvanic corrosion or RF noise
effects. The metal can be coated or plated with a conductive
coating or metal layer.
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[0065] Outer seal 110 is located on the lower surface 111 of
rivet 101, radially outside of the teeth 160. Similarly, outer
seal 103 is located on the upper surface 135 of retaining ring
109, radially outside of the teeth 104. Seals 110 and 103 limit
infiltration of air, water or other environmental contaminants
radially inward from the environment into the bonding teeth.
The outer seals 110 and 103 are made of resilient sealing
material, such as synthetic or natural rubber, silicone, neo-
prene or other material known to the art which can withstand
outdoor exposure and compressive forces.

[0066] The retaining ring 109 has inner seal 132 to limit
infiltration of air, water or other environmental contaminants
axially between the shank 107 of the rivet 101 and the central
bore 130 of the retaining ring 109. This prevents these con-
taminants from entering from the environment into interior of
the bond and corroding the bonding teeth. As shown in FIGS.
3-5 in the first embodiment, the inner seal 132 could be
located centrally, as shown in FIG. 14, or adjacent the upper
or lower surfaces of the retaining ring 109.

[0067] As shown in FIGS. 11 and 12, the rivet 101 and
retaining ring 109 can also have additional inner seals 166 and
136, located radially inward of the teeth 160 and 104, respec-
tively. This optional seal, which can be an O-ring as shown,
provides additional protection for the teeth 106 and 104 from
water or other environmental contaminants from the inside of
the bond.

[0068] In this embodiment, the fastener is tightened by
pressing the retaining ring 109 on the shank 107 of the rivet
101, as is known in prior art two-part rivets. In the same way
as explained with respect to the nut-and-bolt embodiment of
FIGS. 1-9, above, a the fastener is tightened, the teeth 160 of
the rivet 101 and the teeth 104 of the retaining ring 109 embed
into the outer surfaces of the bonding location around the
fastener, creating an electrical bond through the fastener. At
the same time, the outer seal 110 ofrivet 101 is compressed to
create an air-tight and water-tight seal radially outside of the
teeth 160 and outer seal 103 of retaining ring 109 is com-
pressed to create an air-tight and water-tight seal radially
outside of the teeth 104. Inner seal 132 on retaining ring 109
conforms to and seals the shank of the rivet 101, creating an
air-tight and water-tight seal along the interface between the
rivet 101 shank 107 and the central bore 130 of retaining ring
109.

[0069] These air-tight and water-tight seals radially out-
ward from the teeth on both the upper surface and lower
surface of the fastener, and the inner seals along the shank
protect the bonding location from corrosion or other deterio-
ration induced by air or water or other fluids which might
surround the bond.

[0070] FIGS. 15 to 24 show the the bonding fastener in a
blind rivet embodiment. In this embodiment, the first compo-
nent is a blind rivet 201 with a head 208 and a shank 207.
[0071] A blind rivet, often called a “Pop Rivet” (POP® is a
registered trademark of Newfrey LLC, Newark, Del.), is a
rivet 201 having a hollow shank 207. A mandrel 270 passes
through the center bore 288 of the shank 207, having an
enlarged head 271 in one end of the shank 207 , and a free end
272 protruding from the head 208 of the rivet 201. The length
of the mandrel 270 adjacent to the free end 272 can be pro-
vided with grooves 273 or some other roughening which
allows a blind rivet tool to grasp the mandrel 270 at the free
end 272 and pull the enlarged head 271 of the mandrel 270
into the hollow shank 207. This causes the hollow shank 207
to deform, so that the blind rivet 201 is pulled tight against a
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frame through which the rivet was passed. The fact that the
rivet can thus be used from only one side of the frame (i.e. in
a “blind hole”) is the reason such rivets are called “blind”
rivets.

[0072] The second component in this embodiment is a mat-
ing retaining ring 209 which has a central bore 230 which is
sized large enough to allow the retaining ring 209 to slide
upon shank 207 of the rivet 201, but small enough that when
the mandrel 270 is pulled into the shank 207 by the rivet tool,
the area 281 of the shank 207 which is deformed by the
enlarged head 271 cannot pass through the central bore 230,
and drawing the mandrel 270 further pushes the retaining ring
209. This will be seen and discussed below with respect to
FIG. 24.

[0073] Thefacing lower surface 211 of the head 208 of rivet
201 and upper surface 235 of retaining ring 209 are formed
with serrated bonding teeth 260 and 204, respectively. Teeth
260 protrude axially outward from the lower surface 211 of
rivet 201, and teeth 204 protrude axially outward from the
upper surface 235 of retaining ring 209. It will be understood
that the terms “lower surface” and “upper surface” are not
meant to convey any particular vertical or horizontal orienta-
tion, but rather are intended to mean the surface of the head of
the rivet 201 or retaining ring 209 which will contact the
surfaces of the parts which the bonding fastener is to bond.

[0074] The teeth 204 and 260 can be any shape or pattern of
shapes which will pierce and or cut the surface of the adjacent
material, for example the bent or serrated teeth shown in the
figures, or cones, points, squares, a cut or punched pattern into
the surface of the flange, or other designs known to the art.

[0075] The rivet 201 and retaining ring 209 can be made of
any rigid metal or other conductive material, as is known for
use in prior art fasteners. The particular metal used can
depend on the nature of the metal surfaces to be bonded—it
will be understood by one known to the art that it can be
desirable to avoid contact between certain dissimilar metals
due to the possibility of galvanic corrosion or RF noise
effects. The metal can be coated or plated with a conductive
coating or metal layer.

[0076] Outer seal 210 is located on the lower surface 211 of
rivet 201, radially outside of the teeth 260. Similarly, outer
seal 203 is located on the upper surface 235 of retaining ring
209, radially outside of the teeth 204. Seals 210 and 203 limit
infiltration of air, water or other environmental contaminants
radially inward from the environment into the bonding teeth.
The outer seals 210 and 203 are made of resilient sealing
material, such as synthetic or natural rubber, silicone, neo-
prene or other material known to the art which can withstand
outdoor exposure and compressive forces.

[0077] The retaining ring 209 has inner seal 232 to limit
infiltration of air, water or other environmental contaminants
axially between the shank 207 of the rivet 201 and the central
bore 230 of the retaining ring 209. This prevents these con-
taminants from entering from the environment into interior of
the bond and corroding the bonding teeth. As shown in FIGS.
3-5 in the first embodiment, the inner seal 232 could be
located centrally as shown in FIG. 19 or adjacent the upper or
lower surfaces of the retaining ring 209.

[0078] AsshowninFIGS.15-18, the rivet 201 and retaining
ring 209 can also have additional inner seals 266 and 236,
located radially inward of the teeth 260 and 204, respectively.
This optional seal, which can be an O-ring as shown, provides
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additional protection for the teeth 260 and 204 from water or
other environmental contaminants from the inside of the
bond.

[0079] Ascanbeseeninthe paired FIGS. 17-18, 20-21, and
22-23, the blind rivet 201 can be formed in two versions—
with an open end 275, as in FIGS. 17, 20 and 22, or with a
closed end 276 enclosing the enlarged head 271 of the man-
drel 270, as in FIGS. 18, 21 and 23. In the open-end embodi-
ments, a mandrel seal 277 can be provided in the center bore
288 of the shank 207, which can seal against the mandrel 270
and limit environmental leakage through the shank 207.
[0080] In this blind rivet embodiment, the fastener is tight-
ened by putting the rivet tool (not shown) over the free end
272 of the mandrel 270, and pulling the enlarged end 271 of
the mandrel 270 down into the shank 207.

[0081] FIG. 24 shows the fastener in this blind-rivet
embodiment in use to bond two frames 261 and 262 together.
The shank 207 of blind rivet 201 is passed through a hole 263
in the two frames 261 and 262, and the central bore 230 of
retaining ring 209 is placed over the shank 207 of the rivet 201
and slid downward to contact the upper surface of frame 261.
[0082] Next, ablind rivet tool (not shown) is placed over the
free end 271 of the mandrel 270, and the tool is actuated to
grasp the mandrel 270 at the free end 272 and pull the
enlarged head 271 of the mandrel 270 into the hollow shank
207. This deforms the end 280 of the shank 207, pressing the
retaining ring 209 downward on the shank 207 of the rivet
201, which tightens the fastener on the frames 261 and 262.
[0083] In the same way as explained with respect to the
other rivet embodiment of FIGS. 10-14, above, a the fastener
is tightened, the teeth 260 of the rivet 201 and the teeth 204 of
the retaining ring 209 embed into the outer surfaces of the
frames 261 and 262 at the bonding location around the fas-
tener, creating an electrical bond through the fastener. At the
same time, the outer seal 210 of rivet 201 is compressed to
create an air-tight and water-tight seal against frame 261
radially outside of the teeth 260, and outer seal 203 of retain-
ing ring 209 is compressed to create an air-tight and water-
tight seal against frame 262 radially outside of the teeth 204.
Inner seal 232 on retaining ring 209 conforms to and seals the
shank of the rivet 201, creating an air-tight and water-tight
seal along the interface between the rivet 201 shank 207 and
the central bore 230 of retaining ring 209.

[0084] It will be understood that while the terms “upper”
and “lower”, “outer” and “inner” are used in this explanation
with respect to frames and surfaces for ease of discussion, no
actual directionality is to be implied—the frames and fastener
could be horizontal as shown, or vertical, or at any angle.
Therefore, for the purposes of this explanation the “upper
surface” of the first component, second component or frame
and the “lower surface” of the first component, second com-
ponent or frame are merely designations for the opposing
faces, whether they are actually upper or lower, left or right, or
whatever. On the first component, the “lower surface” means
the surface in contact with the frame, and on the second
component the “upper surface” is in contact with the frame.
Withrespect to the frames “inner surface” is taken to mean the
surface in contact with the other frame, and “outer surface”
means the surface facing away from the other frame.

[0085] It will also be understood that while only one of the
embodiments of the bonding device will be shown and
described in this application as it might be used with the
fastener of the invention, the other embodiments from the
parent application are equally applicable and useful.
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[0086] Although the term “frames” is used in this descrip-
tion, and flat plates are shown in the figures for simplicity, it
will be understood that this term is intended to cover any
conductive elements which need to be electrically bonded,
including bonding mounts or straps to beams or surfaces of
structures, and any other application. Similarly, the term
“hole” is meant to encompass not just through-holes in flat
frames as shown in the figures, but anything through which a
fastener may pass, for example a threaded bore into a solid
piece of metal, or the opening created by driving in a self-
tapping screw or rivet.

[0087] Accordingly, it is to be understood that the embodi-
ments of the invention herein described are merely illustrative
of'the application of the principles of the invention. Reference
herein to details of the illustrated embodiments is not
intended to limit the scope of the claims, which themselves
recite those features regarded as essential to the invention.

What is claimed is:

1. An electrically conducting fastener comprising:

a) a first component comprising a shank having two ends,
with a head at one end, said head having an inner perim-
eter around the shank, an outer perimeter, and a facing
surface with a plurality of teeth extending axially
between the inner perimeter and outer perimeter; an
inner resilient seal on the facing surface of the head,
located radially inward of the teeth and an outer resilient
seal on the facing of the body, located between the teeth
and the outer perimeter of the head; and

b) a second component comprising a metallic body, a cen-
tral bore mating with the shank of the first component,
and a surface having an inner perimeter around the cen-
tral bore, an outer perimeter, and a plurality of teeth
extending axially between the inner perimeter and outer
perimeter; an outer resilient seal on the surface of the
body, located between the teeth and the outer perimeter
of the flange and a resilient thread seal in the inner
perimeter for sealing around the shank of the first com-
ponent.

2. The fastener of claim 1, further comprising a bonding

device comprising:

ametallic body having an upper surface, a lower surface, an
inner perimeter surrounding a hole through which the
threaded shank of the first component passes, an outer
perimeter, and a plurality ofteeth extending axially from
the upper surface and the lower surface between the
inner perimeter and the outer perimeter;

an inner seal on the upper surface of the body, located
radially inward of the teeth;

an inner seal on the lower surface of the body, located
radially inward of the teeth;

an outer seal on the upper surface of the body, located
between the teeth and the outer perimeter of the body;
and

an outer seal on the lower surface of the body, located
between the teeth and the outer perimeter of the body.

3. The fastener of claim 1, in which the second component

further comprises an inner seal on the surface of the body,
located radially inward of the teeth.

4. The fastener of claim 1, in which the outer seal ofthe first

component is an o-ring.

5. The fastener of claim 1, in which the outer seal of the

second component is an o-ring.

6. The fastener of claim 1, in which the first component is

abolt, and the second component is a nut, the shank of the first
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component having a plurality of threads and the barrel of the
second component being threaded to mate with the threads on
the shank of the first component.

7. The fastener of claim 1, in which the fastener is a two-
part rivet, the first component is the rivet and the second
component is a retaining ring, in which a central bore of the
retaining ring is a press-fit on the shank of the rivet.

8. The fastener of claim 1, in which the fastener is a blind
rivet set, in which:

the first component is the blind rivet, in which the shank is

hollow, having a central bore;

the second component is a retaining ring, in which a central

bore of the retaining ring is a sliding fit on the shank of
the blind rivet; and

the first component further comprises a mandrel slideably

received within the central bore of the shank, having an
enlarged end adjacent the end of the shank which is
opposite the head, a free end, and a length therebetween
passing through the head of the blind rivet, such that
when a rivet tool pulls on the free end of the mandrel, the
enlarged end of the mandrel deforms the shank, thus
tightening the fastener.
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9. The fastener of claim 8, in which the end of the shank
which is opposite the head is open, and the enlarged end of the
mandrel is outside the blind rivet.

10. The fastener of claim 9, further comprising a shank seal
inside the central bore of the hollow shank, sealing against the
length of the mandrel.

11. The fastener of claim 8, in which the end of the shank
which is opposite the head is closed, enclosing the enlarged
end of the mandrel inside the shank of the blind rivet.

12. The fastener of claim 1, in which the second component
further comprises an inner seal on the surface, radially inward
from the teeth and radially outward from the inner perimeter.

13. The fastener of claim 1, in which the first component
further comprises an inner seal on the surface, radially inward
from the teeth and radially outward from the inner perimeter.

14. The fastener of claim 1, in which the first component
further comprises a flange around the head.

15. The fastener of claim 1, in which the second component
further comprises a flange around the head.
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