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FASTENERS WITH DUAL SKIN DEPTH WASHERS

Cross-Reference to Related Application

This application relates to and claims the benefit of commonly owned, co-

pending U.S. Provisional Application No. 62/051 ,693 entitled "FASTENERS WITH

DUAL SKIN DEPTH WASHERS," filed on September 7, 2014, the entirety of which is

incorporated herein by reference.

Technical Field of the Invention

The present invention relates to fasteners and, more particularly, to fasteners

having dual skin depth washers.

Background of the Prior Art

Continuous fiber reinforced composites (CFRPs) are extensively used in both

primary and secondary aircraft components for a variety of applications where light

weight, higher strength, and corrosion resistance are primary concerns. Composites are

typically composed of fine carbon fibers that are oriented at certain directions and

surrounded in a supportive polymer matrix. Since the plies of the composite material

are arranged at a variety of angles, and depending upon the direction of major loading,

the resultant structure is typically a stacked laminated structure which is highly

anisotropic and heterogeneous. A significant portion of the composite structure is

fabricated as near net-shape, but is drilled in order to facilitate joining of components

using mechanical fasteners. Drilling fastener holes in composite does not compare to



the unifornnity of aluminum or steel, since individual carbon fibers fracture at irregular

angles and form microscopic voids between the fastener and the hole. As the cutting

tool wears, there is an increase of surface chipping and an increase in the amount of

uncut fibers or resin and delamination. The composite microstructure containing such

defects is referred to as "machining-induced micro texture."

In addition to their machining challenges, composite structures in aircrafts are

more susceptible to lightning damage compared to metallic structures. Metallic

materials, such as aluminum, are very conductive and are able to dissipate the high

currents resulting from a lightning strike. Carbon fibers are 100 times more resistive

than aluminum to the flow of current. Similarly epoxy, which is often used as a matrix in

conjunction with carbon fibers, is 1 million times more resistive than aluminum. The

composite structural sections of an aircraft often behave like anisotropic electrical

conductors. Consequently, lightning protection of a composite structure is more

complex due to the intrinsic high resistance of carbon fibers and epoxy, the multi-layer

construction, and the anisotropic nature of the structure. Some estimates indicate that,

on average, each commercial aircraft in service is struck by lightning at least once per

year. Aircraft flying in and around thunderstorms are often subjected to direct lightning

strikes as well as to nearby lightning strikes, which may produce corona and streamer

formations on the aircraft. In such cases, the lightning discharge typically originates at

the aircraft and extends outward from the aircraft. While the discharge is occurring, the

point of attachment moves from the nose of the aircraft and into the various panels that

compromise the skin of the aircraft. The discharge usually leaves the aircraft structure

through the empennage.



The protection of aircraft fuel systems against fuel vapor ignition due to lightning

is even more critical. Since commercial aircraft contain relatively large amounts of fuel

and also include very sensitive electronic equipment, they are required to comply with a

specific set of requirements related to lightning strike protection in order to be certified

for operation. Fasteners are often the primary pathways for the conduction of the

lightning currents from skin of the aircraft to supporting structures such as spars or ribs,

and poor electrical contact between the fastener body and the parts of the structure can

lead to detrimental fastener-composite effects such as arcing, sparking, internal plasma

formation, high surface temperatures, thermionic electron emission, and large vapor

pressures.

To avoid these detrimental lightning initiated effects at the fastener-composite

structure interface, some aircrafts use fasteners which are in intimate contact with the

fastener and CFRP hole. Intimate contact between a bare metallic fastener and the

hole in the composite structure has been known to improve electrical current

dissipation. One approach to achieve fastener-to-composite hole intimacy is to use a

sleeved fastener. This approach involves first inserting a close fitting sleeve into the

hole. An interference-fit pin is then pulled into the sleeve, which expands the sleeve to

bring it in intimate contact with the CFRP hole surfaces in the composite structure.

Although sleeved fasteners substantially reduce the gap between the fastener and

composite structure, it cannot eliminate the small gaps created due to presence of

drilling induced micro texture on the inner hole surfaces. Machining induced texture

also entraps excess fuel tank sealant, an insulating dielectric material, inhibiting intimate

contact between the sleeve and hole. This situation becomes worse as the cutting tool



wears resulting in more surface irregularities and larger machining induced surface

defects. In addition, these larger sized holes need to be drilled to accommodate

additional sleeve thickness, thus resulting in heavier structures.

In order to mitigate these types of lightning induced conditions, the high

amplitude transient currents must be distributed throughout the carbon fiber structure

and copper mesh embedded on the surface, with the majority of current flow occurring

perpendicular to the fastener hole due to the anisotropy of the CFRP resistivity. If the

fastener is not in intimate contact with the inside of the hole, the Joule heating energy

contained within the frequency dependent skin depth regions will result in melting of

metal surface layers and adjoining sealant layer, thus producing high vapor pressure

regions. A typical lightning discharge can deliver 10-1 00 Coulombs of charge, which

results in large voltage differentials across dielectric layers and gap regions. These high

electric fields result in voltage breakdown phenomenon which is accelerated by

increased vapor pressure (higher particle density) and results in arcing and spark

formation. These effects are the catalyst for the formation of internal plasma (ionized

gas) which reaches high temperatures and internal pressures within the volume

between the fastener and hole. The intrinsic high conductivity of metallic fasteners and

the large number of fasteners used in aircraft construction combine to create a condition

of high probability of lightning attachment to fasteners and the formation of these

effects.

In the development of new aircraft and changes in regulation requirements

regarding lightning protection, it has become imperative that fastener designs are

needed for aircraft structural areas which are unable to accommodate a sleeved



fastener system. In many situations, the size of holes and proximity of fasteners is

restricted due to mechanical limitations and thus alternative fastener designs are

essential for lightning strike protection. The distribution of lightning current is highly

dependent on establishing a good electrical contact between the fastener and CFRP. In

the majority of composite systems, an interference-fit between the fastener and hole

during installation results in additional breaking of carbon fibers and large shear forces

that results in delamination and failure mechanisms (cracking) within composite layers.

Disclosure of the Invention

In an embodiment, a fastener, comprising a pin member including an elongated

shank having a first end, a second end opposite the first end, a cylindrical shank portion

having an outer surface, a head located at the first end of the elongated shank, the

head including a bearing surface located on the underside of the head, and a threaded

portion located at the second end of the elongated shank; and a washer installed on the

pin member against the bearing surface of the head of the pin member, the washer

includes an outer surface and at least one dielectric gasket layer located on the outer

surface of the washer. In an embodiment, the washer is made of metal. In an

embodiment, the washer is made of copper. In an embodiment, the washer is made of

silver. In an embodiment, the at least one dielectric gasket layer of the washer includes

a first coating. In an embodiment, the first coating includes a conductive metal coating.

In an embodiment, the at least one dielectric gasket layer includes a plurality of

dielectric gasket layers.



In an embodiment, the bearing surface of the head of the pin member is coated

with a second coating. In an embodiment, the second coating is selected from the

group consisting of tungsten, molybdenum, copper, and a refractory ceramic. In an

embodiment, the outer surface of cylindrical shank portion of the pin member is coated

with the second coating. In an embodiment, the threaded portion of the pin member is

coated with a third coating. In an embodiment, the second coating is TEFLON® PTFE.

In an embodiment, the washer includes a textured outer surface.

In an embodiment, a fastener adapted to be installed within a hole of a structure

includes a pin member and a washer installed on the underside of a head of the pin

member. In an embodiment, the fastener includes a locking member. In an

embodiment, the locking member is a nut. In an embodiment, the pin member is a bolt.

In an embodiment, the structure includes a composite structure. In another

embodiment, the structure includes a metal structure. In another embodiment, the

structure includes a fiber metal laminate structure.

In an embodiment, the washer is a dual, skin-depth metal washer. In an

embodiment, the washer is a low-resistivity metal washer (e.g., in a range of about 10 6

to about 10 8 * m) having a thin dielectric layer. In another embodiment, the washer is

a low-resistivity metal washer having no dielectric layer. In an embodiment, a thickness

of the washer is so chosen so as to optimize skin depth for increased current flow along

the fastener and into the carbon fiber composite layers of the structure in which the

fastener is installed. In certain embodiments, the thickness of the coating of the washer

is in a range from about 10 microns to about 250 microns. In an embodiment,

separation between the washer surface and the underside of the head of the pin



member by the dielectric layer of the washer enables parallel skin depth current

conduction channels that effectively reduce the electrical input impedance of the

fastener. In an embodiment, the washer is a soft metal washer that deforms under

installation, which makes intimate contact with the carbon fibers and small voids of the

composite structure.

In an embodiment, to achieve excellent electrical contact between selected areas

of the fastener-composite interfaces and to mitigate damage to the holes of the

structure, the fastener uses the electromagnetic properties of the fastener-composite

system in conjunction with special material coatings to achieve high current flow and

reduce Joule heating of surfaces. In an embodiment, low resistivity metals and alloys in

the range of about 10 6 - 10 8 * m having melting temperatures above 2000 °C are

used as multi-layered coatings on the fastener to improve charge transfer between

surfaces and improve skin depth thickness through selective control of eddy current

formation. In other embodiments, the low resistivity metals and alloys can have a

resistivity greater than the aforesaid 10 6 - 10 8 *m range. In an embodiment, high-

voltage isolation features are incorporated through application of special dielectric

coatings having low leakage, flashover protection, and tracking resistance.

Brief Description of the Drawings

FIG. 1 shows an embodiment of a pin member coated with a first material;

FIG. 2 shows an embodiment of a pin member coated with a first material and a

second material;

FIG. 3 is a perspective view of an embodiment of a washer;



FIG. 4 is a perspective view of the pin member and the washer shown in FIGS. 1

and 3, respectively, assembled with one another; and

FIGS. 5A and 5B are diagrams showing the dual skin depth features of the

washer.

Best Mode For Carrying Out The Invention

Referring to FIGS. 1 through 4, in an embodiment, a fastener 10 includes a pin

member 12 and a washer 14 installed on the pin member 12. In an embodiment, the

pin member 12 includes an elongated shank 16 having a smooth cylindrical shank

portion 18, a head 20 at one end of the smooth cylindrical shank portion 18, and a

threaded portion 22 at an opposite end of the smooth cylindrical shank portion 18. In an

embodiment, the head 20 is a countersunk head. In an embodiment, the head 20

includes a bearing surface 24 located on the underside of the head 20. In an

embodiment, the pin member 12 is made of titanium. In an embodiment, the outer

surfaces of the head 20, including the bearing surface 24 of the head 20 and the

smooth cylindrical shank portion 18 are coated with a coating 2 . In an embodiment,

the coating 26 is tungsten. In another embodiment, the coating 2 is molybdenum. In

another embodiment, the coating 26 is a refractory metal, such as titanium, tantalum,

and niobium. In another embodiment, the coating 26 is a refractory ceramic, such as

alumina (AI2O3), aluminosilicate (e.g. AI2S1O5, silica (S1O2) or other metal oxides, and

materials made from magnesite, dolomite, or chrome ore. In another embodiment, only

the outer surfaces of the head 20 are coated with the coating 26. In another

embodiment, only the outer surface of the smooth cylindrical shank portion 18 is coated



with the coating 26. Referring to FIG. 2, in an embodiment, the smooth cylindrical

shank portion 18 is coated with a first coating while the threaded portion is coated with a

second coating that is different from the first coating in an embodiment, the smooth

cylindrical shank portion 18 is coated with tungsten, while the threaded portion 22 is

coated with TEFLON© PTFE. n some embodiments, the smooth cylindrical shank

portion 18 has a TEFLON® coat covering all other coatings. In other embodiments, the

threaded portion 22 can be coated with other coatings, such as a polymer matrix

coating or any other coatings that meet the requirements of NAS 4006.

Referring to FIGS. 2 through 4, in an embodiment, the washer 14 is installed on

the pin member 12. In an embodiment, the washer 14 is installed against the bearing

surface 24 of the head 18 of the pin member 12, as shown in FIGS. 2 and 4 . In an

embodiment, the washer 14 is frusto-conicai in shape. In an embodiment, the washer

14 is made of metal. In an embodiment, the washer 14 is made of copper. n another

embodiment, the washer 14 is made of silver. In an embodiment, the washer 14 is

includes an outer surface and at least one dielectric gasket layer located on the outer

surface, which provides a dual skin depth feature. In an embodiment, the dielectric

gasket layer is created using plasma deposition techniques, electro-deposition, or other

coating techniques. n another embodiment, the washer 14 is a dielectric washer

having a conductive metal coating, such as silver, gold, tungsten, aluminum, and

titanium. In an embodiment, the washer 14 is made from a metal that is galvanicaiiy

compatible with titanium (e.g., mitigation of galvanic corrosion). In certain

embodiments, the thickness of the coating 26 of the washer 14 is in a range from about

0 microns to about 250 microns, based on frequency dependent skin depth to achieve



an optimal current flow-to-weight ratio. n another embodiment, the washer 14 includes

a textured surface. In an embodiment, the textured surface and metal malleability of the

washer 14 provides improved electrical contact between the fastener and carbon fibers

in a structure. In an embodiment, the structure includes the composite structure. In

another embodiment, the structure includes a metal structure. In another embodiment,

the structure includes a fiber metal laminate structure.

FIGS. 5A and 5B show an embodiment of the dual skin depth feature of the

washer 14. The skin depth layer of the washer 14 is denoted as δ . As shown in FIGS.

5A and 5B, a bare metal washer contains induced eddy currents cancel core currents

and results in surface current flow that is concentrated within the skin depth layer δ

below the surface. In an embodiment, the surface of the washer 14 is coated with a

highly insulating oxide layer having a thickness approximately equal to δ / 10 . In turn,

then oxide layer is coated with a highly conductive layer, such as tungsten. As shown in

F!GS. 5A and 5B, the highly conductive layer prevents eddy currents from forming as

well as uncoupled flow. Thus, the edge current flow within the skin depth layer δ is

isolated from the highly conductive layer.

n an embodiment, a method of installing a fastener is as follows:

1) Provide a pin member having a head. In an embodiment, the pin member is

a bolt.

(2) Insert a dielectric washer under the head of the pin member.

(3) Insert a second, metal washer over the dielectric washer.

(4) Install the pin member and washers in a hole of a composite structure.

In another embodiment, a method of installing a fastener is as follows:



1) Provide a pin member having a head. In an embodiment, the pin member is

a bolt.

(2) Insert a metal washer under the head of the pin member.

(3) Install the pin member and washer in a hole of a composite structure.

In an embodiment, the fastener 10 is adapted to prevent formation of shear

forces during installation that normally result in severe damage of carbon fiber

composite panels with an interference-fit. In an embodiment, the fastener 10 provides

lightning current flow from the fastener 10 to the surrounding carbon fiber composite

through the electrically isolated washer 14 that reduces current density in the skin depth

regulated surface layers on the bearing surface 24 of the head 18. In an embodiment,

the gasket layer of the washer has a minimal voltage differential preventing dielectric

breakdown while minimizing eddy current formation. In an embodiment, the electrical

characteristics of the fastener 10 mitigates formation of plasma from arcing

phenomenon due to the presence of multiple low impedance skin depth conduction

regions for current distribution. In an embodiment, the washer 14, which is made of soft

metal and in direct contact with the fastener 10, provides a large improvement of the

skin depth and improves current flow. In an embodiment, separation between the

washer 14 surface and the bearing surface 24 of the head 20 of the pin member 12 by

the dielectric layer of the washer 14 enables parallel skin depth current conduction

channels that effectively reduce the electrical input impedance of the fastener 10 by

50% or greater. In another embodiment, with no dielectric layer of the washer 14, the

parallel skin depth current conduction channels can effectively reduce the electrical

input impedance of the fastener 10 by 40% or greater.



In an embodiment, the malleable characteristics of the washer 14 enable intimate

contact with the carbon fibers of the composite structure. The term "intimate contact" as

used herein means that the outer surface of the washer 14 is deformed into all or

substantially all of voids between the washer 14 and the composite structure. The

washer 14 reduces charge buildup and increases current flow along top surface of

fastener edges into the copper mesh and underneath the head 20. Sharp corners and

bends present regions of high resistance and therefore multi-channel conduction paths

are essential in regulating the formation of high-temperature Joule heating hot spots.

The dielectric washer system enables the presence of dual conduction channels which

not only reduces the current load but in the event of compromised electrical contact with

the copper mesh ensures that at least another conduction path is available.

It should be understood that the embodiments described herein are merely

exemplary and that a person skilled in the art may make many variations and

modifications without departing from the spirit and scope of the invention. All such

variations and modifications are intended to be included within the scope of the

invention.



CLAIMS

What is claimed is:

1. A fastener, comprising:

a pin member including an elongated shank having a first end, a second end

opposite the first end, a cylindrical shank portion having an outer surface, a head

located at the first end of the elongated shank, the head including a bearing surface

located on the underside of the head, and a threaded portion located at the second end

of the elongated shank; and

a washer installed on the pin member against the bearing surface of the head of

the pin member, wherein the washer includes an outer surface and at least one

dielectric gasket layer located on the outer surface of the washer.

2 . The fastener of Claim 1, wherein the washer is made of metal.

3 . The fastener of Claim 2, wherein the washer is made of copper.

4 . The fastener of Claim 2, wherein the washer is made of silver.

5 . The fastener of Claim 2, wherein the at least one dielectric gasket layer of

the washer includes a first coating.

6 . The fastener of Claim 5, wherein the first coating includes a conductive

metal coating.

7 . The fastener of Claim 6, wherein the at least one dielectric gasket layer

includes a plurality of dielectric gasket layers.

8 . The fastener of Claim 6, wherein the bearing surface of the head of the pin

member is coated with a second coating.



9 . The fastener of Clainn 8, wherein the second coating is selected from the

group consisting of tungsten, molybdenum, copper, and a refractory ceramic.

10 . The fastener of Claim 8, wherein the outer surface of cylindrical shank

portion of the pin member is coated with the second coating.

11. The fastener of Claim 10, wherein the threaded portion of the pin member

is coated with a third coating.

12 . The fastener of Claim 11, wherein the second coating is TEFLON® PTFE.

13 . The fastener of Claim 2, wherein the washer includes a textured outer

surface.
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