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CORROSION RESISTANT ELECTRICAL CONDUIT SYSTEM

FIELD OF THE INVENTION

[0001] This application claims priority from U.S. provisional application Serial No.

62/115,715, filed on February 13, 2015, which is incorporated herein in its entirety.

[0002] The present invention is a corrosion resistant electrical conduit system. In

particular, the present invention relates to an electrical conduit system that includes metal

conduits and fittings with polymeric interior and exterior layers that is continuously electrically

grounded.

BACKGROUND OF INVENTION

[0003] The heavy-duty corrosion-resistant electrical conduit systems presently being used

are typically comprised of coated metal electrical conduits and fittings. Present corrosion-

resistant electrical conduit is generally fabricated by coating a standard pipe (the terms "pipe"

and "conduit" are referred to interchangeably herein) with polymeric materials. The interior

coating of the pipe is applied using a long spraying wand inserted inside the conduit. This

method takes a significant amount of time and the resultant thickness of the polymer coating is

inconsistent and, hence, requires more material than might otherwise be necessary to ensure

adequate coverage. Additionally, the varying thickness of the interior coating reduces the

conduit cross-sectional area and increases pulling force requirements for wires and cables.

[0004] The surfaces of the corrosion resistant conduit include two polymeric coats. The

first and innermost surface coating is applied in a manner similar to the interior coating, while



the second and outermost coating is applied by dipping the pipe into a heated organosol bath,

then rotating the pipe until coated. For end product use, the finished conduits are then connected

and fastened with other components in the conduit system using threaded ends or via non-

threaded methods. Fittings, such as couplers and conduit bodies, are basic metal components,

which also achieve corrosion resistance through polymeric coatings using an application process

similar to the process used to coat the conduit. Connecting corrosion-resistant conduit and

conduit fittings is subsequently a careful and time-consuming process, due to the tedious nature

of maintaining the coatings through the mechanical actions of the conduit system assembly.

[0005] In certain environments, corrosion resistance is a significant limiting factor in

determining the lifetime of electrical supply infrastructure. Currently, corrosion-resistant conduit

systems include PVC-only conduit, fiberglass composite or traditional rigid metallic conduit

over-coated with polymeric coatings. Plastic coatings prevent salts, cleaning products, and/or

process chemicals, etc., from oxidizing the metallic components of the conduit system that would

in turn lead to exposure of the conductor cables, connectors and associated components. This

degree of corrosion also adversely affects electrical safety due to reduced electrical continuity of

the electrical system, including grounding, and also may allow foreign objects to enter the

conduit and directly impact conductors, which also increases the likelihood of faults.

[0006] The National Electrical Code® (NEC®) recognizes several types of conductors that

are permitted to be used as equipment grounding conductors, including rigid metal conduit (such

as steel, copper and aluminum). For example, steel (or aluminum) conduit used in secondary

power distribution systems is designed in such a way that the steel conduit does not carry any

appreciable electric current under normal operating conditions. However, under certain fault



conditions, the metallic conduit, acting as an equipment grounding conductor, will carry most of

the return fault current, or, in some cases, the conduit will be the only return path of the fault

current to the source. NEC® Article 250 requires that the metal parts in an electrical system must

form an effective low impedance path to ground in order to safely conduct any fault current and

facilitate the operation of overcurrent devices protecting the enclosed circuit conductors. UL

514c describes non-metallic conduit, for different applications.

[0007] While threaded joints are preferred for rigid metal conduit ("RMC") and

intermediate metal conduit ("IMC")—thick wall types of conduits—for thin walled conduit, such

as electrical metallic tubing ("EMT"), there exists set screw and compression types of

connections. Traditionally, the joints that formed the interfaces between conduit sections and

between conduits terminated in conduit bodies or boxes were both electrical and mechanical.

That is, for set-screw connected EMT, the set-screw provided both the electrical continuity and

the mechanical fixation of the conduit system components. With thinner polymer coated conduit,

there is not an acceptable method for electrical and mechanical assembly of the system

components, as the thin walled metallic tube cannot be effectively threaded. However, the outer

polymeric layer of the coated conduit may be dimensionally controlled such that a mechanical

connection method may be utilized on the outer surface of the conduit. An ability to create an

outer polymer layer that is stiffer or more abrasion resistant also allows the outer polymer layer to

be used as a mechanical connection possibility.

[0008] The field installation of electrical conduit requires conduit that is capable of being

field bent to form a curved path for cables and conductors. In addition, coated conduit does not

crack or split and maintains surface protection against corrosion. For example, UL 6 specifically



requires that the conduit exterior coating should not detach from its metal substrate after a

straight conduit is bent into a 90 degree curvature. The use of prior art corrosion resistant

conduit systems involves significant material and labor costs due to the complexity of the process

of making conduit coated on the interior and exterior surfaces, as well as maintaining the

corrosion resistant properties during field modification of the conduit (including conduit bending

and fitting installation specific to each installation). The conduit coatings that are presently used

on the exterior of corrosion resistant conduits are formulated to be applied in a bath, and also to

be removed during the threading process. Due to limitations of available coating compounds, the

resultant conduit outer coating is compliant, and prone to abrasion.

[0009] One difficulty with prior art coated conduits and fittings stems from threading

each end of the conduit. This is the conventional corrosion resistant conduit-connection method

and it increases field-labor over other conduit systems due to additional steps required to

maintain corrosion resistance at this critical interface. During the cutting and threading of coated

conduits, special attention is required in order to maintain the integrity of the polymer coating.

This increase the installation time and the cost of the coated conduit system over that of a

standard uncoated conduit system. Furthermore, tightening of the connections imparts forces on

the conduit, fittings, and/or conduit bodies, which can damage the coatings. Accordingly, there

is a need for a corrosion resistant electrical conduit system that can use push-fit connectors,

which reduces (if not eliminates) torsional moments and stresses to the polymer coatings, with

the added benefit of reduced installation time and efforts and increased reliability of the overall

electrical distribution system.

[0010] Other corrosion resistant conduit systems of nonmetallic materials such as PVC



and fiberglass do not offer the strength, stiffness and impact resistance of metallic based conduit

systems. These systems also require hot boxes to effectively fabricate required custom bends

during field installation. During field bending of the non-metallic conduit system, the section of

conduit being modified requires heating to the point where the conduit may be easily bent, and

then the conduit held in that position until the conduit sufficiently cools. As such, significant

time is required to fabricate even the simplest field bend of PVC or fiberglass type conduits.

[001 1] In order for metallic conduit to perform effectively as equipment grounding

conductors, it is crucial that it is installed properly with tight joints. If a fault occurs, proper

installation ensures a continuous, low impedance path back to the overcurrent protective device.

If joints are not made up tightly or if there is a break in the ground fault current path under fault

conditions, there is a possibility of electric shock for anyone (or anything) who comes in contact

with the conduit system. Therefore, the NEC® requires all metal enclosures for conductors to be

metallically joined together into a continuous electrical conductor connected to all boxes, fittings,

and cabinets so as to provide effective electrical continuity. Polymer coated electrical conduit

systems must comply with the same requirements as uncoated steel conduit systems and provide

electrical continuity between coated conduits and coated conduit fittings. Accordingly, there is a

need for a coated conduit system that can be easily constructed and forms a continuous electrical

conductor system.

SUMMARY OF THE INVENTION

[0012] In accordance with the present invention, a corrosion resistant conduit system is provided

that protects against corrosion and against electrical shortage. The corrosion resistant conduit

system includes a multilayer conduit, a conduit fitting, and means for conductively coupling the



metallic layer of the multilayer tube to the electrically conductive component of the fitting. The

multilayer conduit has a first end, a second end and a hollow region extending therebetween and

includes a metallic layer disposed between an exterior polymeric layer and the hollow region.

The multilayer conduit can also include an interior polymeric layer disposed between the metallic

layer and the hollow region. The conduit fitting includes an electrically conductive component, a

polymeric outer layer, an interior and first and second openings for receiving multilayer conduits

and providing access to the interior. The conduit fitting can also include an inner layer of

polymeric material disposed between the metallic layer and the interior. The means for

conductively coupling the metallic layer of the multilayer tube to the electrically conductive

component of the fitting provides a corrosion resistant conduit system with a continuous

electrical path throughout.

[0013] The polymer materials of the interior and exterior layers of the multilayer conduit and the

inner and outer layers of the conduit fitting include multiple layers of polymer materials, or

cross-linked polymers, or polyethylene and/or polypropylene. The metallic layer of the conduit

and the electrically conductive component of the conduit fitting can be fabricated from any

conductive metallic material, preferably steel, aluminum, copper, titanium or magnesium. The

electrically conductive component of the conduit fitting can be a metallic body, a ground bar,

grounding terminal, threaded metallic boss, a threaded metallic stud, an electrically conductive

screw, a grounding ring, or a metallic layer disposed between the polymeric outer layer and the

interior. The grounding ring can include: a substantially flat annular base having an exterior

perimeter and an interior perimeter that defines an opening; a continuous perimetrical side wall

extending from the exterior perimeter of the annular base; and one or more legs extending from

the perimetrical side wall to distal ends, each leg having one or more teeth extending inwardly.



The teeth penetrate the exterior polymeric layer of the multilayer conduit pipe and electrically

contact the metallic layer, while the annular base contacts the metallic component of a conduit or

fitting to provide an electrical path through the grounding ring.

[0014] In another embodiment, the conduit fitting includes a body made from a polymeric

material and the electrically conductive component can be a ground bar. In other embodiments,

the conduit fitting can be a push-fit, snap-fit, quarter-turn or releasable connector. In one

embodiment, the conduit fitting includes a plurality of teeth located between the first opening and

the interior and between the second opening and the interior. The teeth engage the polymeric

exterior layer of the multilayer conduits and secure the multilayer conduits in the fitting.

[0015] In a preferred embodiment, the conduit fitting includes a passage extending between the

first and second openings. The passage has at least one conduit stop to limit the insertion of a

conduit into the fitting and the electrically conductive component is an annular grounding band

for electrically connecting the two multilayer conduits. Preferably, the conduit fitting also

includes one or more apertures filled with a clear plastic material and located intermediate the

first and second openings. The apertures allow the user to view the interior of the fitting to

confirm that there is electrical continuity between the conduits and that the wires or cables are

properly installed in the conduits.

BRIEF DESCRIPTION OF THE FIGURES

[0016] The preferred embodiments of the corrosion resistant electrical conduit system of

the present invention, as well as other objects, features and advantages of this invention, will be

apparent from the accompanying drawings wherein:



[0017] FIG. 1 is a cut-away view of a corrosion resistant conduit and a conduit fitting of

the present invention.

[0018] FIG. 2 is an end view of the conduit and fitting shown in FIG. 1 with the teeth of

the fitting penetrating the exterior polymeric layer of the conduit.

[0019] FIG. 3 is a peripheral view of a conduit of the present invention with interior and

exterior polymeric layers with a section of the conduit wall removed.

[0020] FIG. 4 is a sectional side view of a conduit fitting of the present invention with a

grounding ring installed in the interior

[0021] FIG. 5 is a sectional side view of a conduit fitting shown in FIG. 4 with a conduit

installed in the fitting.

[0022] FIG. 6 is a first embodiment of a grounding ring used in the corrosion resistant

conduit of the present invention.

[0023] FIG. 7 is a second embodiment of a grounding ring used in the corrosion resistant

conduit of the present invention.

[0024] FIG. 8 is a cross-sectional view of a two-way conduit fitting of the present

invention made from a polymeric material with threaded metallic connections.

[0025] FIG. 9 is a cross-sectional view of a three-way conduit fitting of the present

invention with interior and exterior polymeric layers.



[0026] FIG. 10 is a first embodiment of a spring grounding ring used in the corrosion

resistant conduit of the present invention.

[0027] FIG. 11 is a second embodiment of a spring grounding ring used in the corrosion

resistant conduit of the present invention.

[0028] FIG. 12 is a peripheral side view of a conduit polymeric layer removal tool prior

to insertion of a conduit with interior and exterior polymeric layers.

[0029] FIG. 13 is a peripheral side view of the conduit polymeric layer removal tool

shown in FIG. 12 after the conduit with interior and exterior polymeric layers is inserted.

[0030] FIG. 14 is a peripheral side view of the conduit polymeric layer removal tool

shown in FIG. 12 after the conduit with interior and exterior polymeric layers is removed.

[0031] FIG. 15 is a side view of a conduit fitting with a viewing window that connects

two conduits.

[0032] FIG. 16 is a sectional side view of the conduit fitting shown in FIG. 15 with two

conduits installed in the fitting.

[0033] FIG. 17 is an end view of the conduit fitting shown in FIG. 15.

[0034] FIG. 18 is a peripheral side view of the conduit fitting shown in FIG. 15.

[0035] FIG. 19 is a side view of a conduit fitting with metallic threaded inserts

overmolded or insert molded in the conduit body.



[0036] FIG. 20 is a top peripheral view of the conduit body show in FIG. 19 with the

cover removed.

[0037] FIG. 2 1 is a peripheral side view of a conduit pipe with axial ridges that engage

sealing or toothed elements on the fittings.

[0038] FIG. 22 is a peripheral end view of the conduit pipe in FIG. 21.

[0039] FIG. 23 is a peripheral side view of an oval-shaped conduit that accommodates a

single phase or DC circuit of two conductors.

[0040] FIG. 24 is an end view of the oval-shaped conduit in FIG. 23.

[0041] FIG. 25 is a peripheral side view of a triangularly- shaped conduit that

accommodates a three phase circuit.

[0042] FIG. 26 is an end view of the triangularly- shaped conduit in FIG. 25.

[0043] FIG. 27 is a peripheral view of a non-metallic box with set screw type electrical

connections for conduit entry points.

[0044] FIG. 28 is side view of a conduit coupler with compression connections and

integral grounding bar connected on both ends to polymer coated conduits.

[0045] FIG. 29 is a peripheral view of a coupler push-fit connections and integral

grounding bar connected on both ends to polymer coated conduits.



DETAILED DESCRIPTION OF THE INVENTION

[0046] The present invention is a corrosion resistant electrical conduit system that is

principally used for electrical conduits and associated systems for the protection of electrical

supply conductors and other wiring networks. The conduit system typically connects a number

of electrical junction boxes or conduit bodies and provides flexibility in wiring within the

electrical conduit system, allowing a minimal number of joints between discrete conductors

along the electrical network. The wiring can be individual or multiple solid or stranded wires

with a polymer sheath or a cable. As used herein, the term "cable" refers to one or more

electrical conductors or wires, some of which may be insulated or uninsulated; one or more

optical fibers, filaments, cables or waveguides; one or more electrical signal transmitting cables,

such as shielded or coaxial cables; and/or any suitable combination of the foregoing. In some

examples, the "cable" may include an electrical cable that includes a plurality of electrical

conductors or wires, of which some may be insulated and some may be uninsulated, with the

plurality of electrical conductors of the electrical cable being, in some examples, encased within

an insulated sheath. However, the invention is not limited by the types and sizes of the wires or

cables that may be installed in the conduit system.

[0047] The corrosion resistant electrical conduit system protects against corrosion and

against electrical shortage. In a first embodiment, the electrical conduit system includes a

conduit, a conduit fitting and a means for electrically conductively coupling throughout each

conduit member. The corrosion resistant conduit includes a metal pipe having an internal non-

metallic layer and an external non-metallic layer. The conduit fitting has a metal core and an

internal non-metallic layer and an external non-metallic layer. The non-metallic layers for the

conduit and conduit fitting include a polymer material that provides protection to the metal pipe



against corrosion and electrical shortage. The means for conductively coupling, preferably an

electrically conductive grounding ring, electrically connects the metal pipe of the conduit to the

metal core of the conduit fitting to provide a continuous electrical ground throughout the conduit

system.

[0048] In a second embodiment, the corrosion resistant conduit system includes a

multilayer tube having a hollow region extending therethrough. The multilayer tube includes a

metallic layer disposed between first and second polymeric layers. The first polymeric layer has

a first inner surface and a first outer surface, wherein the hollow region extends within a region

bounded by the first inner surface. The metallic layer extends around the first outer surface of

the first polymeric layer and has a second outer surface. The metallic layer can include a metallic

sheet wrapped around the first outer surface. Preferably, the metallic layer has a second inner

surface and the second inner surface is substantially completely in contact with the first outer

surface of the first polymeric layer. The metallic layer can have a longitudinally extending seam

that can include a welded joint. The second polymeric layer is extruded over the second outer

surface of the metallic layer. Preferably, the second polymeric layer has a third inner surface and

the third inner surface is substantially completely in contact with the second outer surface of the

metallic layer. In a preferred construction, the first inner and outer surfaces, the second inner and

outer surfaces, and the third inner surface are substantially cylindrical.

[0049] The multilayer tube is adapted so that at least one cable can extend within the

hollow region of the multilayer tube, preferably the at least one cable includes at least one

electrical conductor that can be insulated or uninsulated. The hollow region of the multilayer

tube can also accommodate at least one insulated electrical conductor and at least one



uninsulated electrical conductor.

[0050] The corrosion resistant conduit system can include at least one fitting engaged

with an end of the multilayer tube that includes at least one electrically conductive member

configured to engage the metallic layer and form an electrically conductive path between the

metallic layer and the at least one fitting. The at least one conductive member can be configured

to pierce at least one of the first and second polymeric layers and engage the corresponding at

least one of the second inner surface and the second outer surface of the metallic layer.

[0051] The polymer materials of the internal and external layer of the conduit can be

extruded, preferably coextruded, onto the interior and/or exterior surfaces of the metal pipe. The

polymer materials of the internal and external layers of the conduit and conduit fitting can

include polyethylene and/or polypropylene or can be cross-linked polymers. In preferred

embodiments, the internal and external layers of the conduit and conduit fitting include multiple

layers of polymer materials. Polytetrafluoroethylene (PTFE) can be co-polymerized into the

internal polymeric layer to reduce the surface friction, thus making it easier to pull cable through

the conduit. The multilayer polymers are typically two or more polymer layers that can contain

different additives, such as colorants, flame retardants, antioxidants, plasticizers, conductive

fillers, extenders, and crosslinking agents.

[0052] The metal pipe of the conduit and the metal core of the conduit fitting can be

fabricated from carbon steel, stainless steel, aluminum, copper, titanium or magnesium. The

conduit fitting can be a push-fit, snap-fit, quarter-turn or releasable connector type of fixation.

The means for conductively coupling, e.g., the grounding ring, can be fabricated from copper or

aluminum.



[0053] As used herein, the term "fitting" or "conduit fitting" refers to any device that can

be connected to an electrical conduit and includes all types of electrical boxes and enclosures as

well as all types of couplings and connectors, including but not limited to push-fit, snap-fit,

quarter-turn, or releasable connectors.

[0054] The conduit system includes a multilayer polymer-metal-polymer composite

electrical conduit and a fitting with polymeric external and optionally internal surface layers.

The conduit's inner and outer polymeric layers provide corrosion resistance and electrical

insulation, as well as a somewhat compliant outer layer so that fittings can be fixed to the outer

wall of the conduit. The inner metal wall allows for rigidity as well as ductility, based on choice

of material and thickness thereof. The fittings are constructed to allow easy-fit assembly of the

conduit into the fitting. An easy fit method can be push-fit, snap-fit, quarter-turn, or releasable.

[0055] A preferred fabrication method of the conduit can be the extrusion molding of an

interior and/or exterior layer on the conduit or the extrusion of multiple interior and/or exterior

layers simultaneously (coextrusion) on the interior and/or exterior surfaces of the conduit. In this

way, the invention's fabrication method departs from the present method of manufacturing rigid,

corrosion-resistant conduit. In the current state of the art, polymer coatings are applied to rigid

steel conduit on both the inner diameter (ID) and outer diameters (OD), with the outer diameter

having a larger wall thickness so that the conduit is both abrasion- and corrosion-resistant. The

inner wall of the current corrosion resistant metallic conduit is also coated manually using a

spray nozzle attached to the end of a boom, or a swab, which is inserted from both ends to coat

the interior wall of the conduit.

[0056] In standard extrusion, solid plastic pellets are gravity fed into a forming



mechanism, where jacketed compression screws melt and feed the materials into a die. In

contrast, coextrusion involves multiple extruders forming layered or encapsulated parts.

Sometimes five or more materials are used in a single cycle, with each extruder delivering the

precise amount of molten plastic needed for the operation. Unlike ordinary plastic mixing, each

individual plastic retains its original properties, but is combined into a compound-material part.

If mixed prior to extrusion, the characteristics of the individual materials may be altered, but the

end result is a homogeneous product.

[0057] Not all plastics are suitable for coextrusion because some polymers will not

adhere to others, although introducing an intermediate layer that adheres to both of the adjoining

polymers can often solve this problem. Plastics with drastically different melting temperatures

are also unsuitable for the process, as degradation will occur in the lower melting material. In

order for materials to be coextruded, they must have similar melting temperatures.

[0058] The polymeric fitting can be fabricated using injection molding, over-molding or

insert molding. Various molding methods and materials produce corrosion resistance, low

materials costs, low fabrication costs, as well as the ability to create a quick and easy fit type

connection. Thus, an installer can simply connect a length of conduit into the fitting, which

would then prevent any degree of extraction. The interface between fitting and conduit can also

be constructed in such a way that the barbs of the fitting allow for extraction of the conduit, with

a helical arrangement of the barbs (common arrangement is axial rows of barbs). The fitting

design can have an overmolded metallic core or skeleton, such that electrical conductivity

between adjacent conduit sections is obtained. Methods for providing electrical continuity can

include barbed metallic protrusions in the fitting which pierce the outer layer of the polymer



coating, set screws that may or may not pierce the outer conduit coating, and washer-like

connectors that contact the perimetrical edge of the conduit.

[0059] The prior art fittings and conduit bodies are fabricated from traditional metallic

conduit materials (e.g., aluminum or steel) and consist of coatings of polymeric materials, which

are applied through a dipping or spraying process. These coating processes do not produce a

uniform coating thickness and the thickness of the polymeric material can vary, which limits the

use of a push-fit type connectors for coupling adjacent conduits. The corrosion resistant conduits

in the prior art are also susceptible to adhesive failure of the outer polymer layer to the metallic

conduit core, which prevents the outer polymer layer of the conduit from being used for

mechanical fixation. Fittings for the conduit system can be releasable nature or non-releasable,

i.e. they cannot be removed without damaging the fitting and/or the conduit. Non-releasable

fittings are preferably used in applications in which reconfiguration of the system is not

anticipated, while non-releasable fittings are used in applications that are expected to last an

extended period of time, such as buried conduit systems.

[0060] In the current market, corrosion-resistant water pipe most similarly resembles the

envisioned rigid conduit in both construction and corrosion-resistant features by utilizing

polymeric coatings. Electrical conduit and conduit bodies, however, are utilized for discrete

conductors throughout their inner diameters (IDs), and, therefore, have markedly different design

requirements than the water piping. Design differences for the conduit include desired UV-

resistance, larger allowable bending radii, and the necessity for substantially smooth conduit IDs.

Furthermore, electrical grounding is not expected for the water piping system, but is standard for

electrical metallic conduits. Thus, corrosion resistant water pipe would not be suitable for use as



an electrical conduit.

[0061] In a preferred embodiment, the conduit has a metal core (also referred to herein as

a metal tube or metallic layer) formed by a metallic conduit pipe that has a polymeric layer on the

exterior surface and, optionally, on the exterior surface. The thicknesses of the metal core and

polymeric layers on the two surfaces are selected to provide the desired strength and protection

from corrosion. The dimensions of the coated conduits and fittings comply with existing

standards for electrical conduits of metallic constructions. Variations in the geometries of the

conduits and fittings are envisioned. The sizes and/or dimensions of the conduit systems and

fitting listed herein are for illustrative purposes only and are not intended to limit the scope of the

invention in any way. Thus, thicker and thinner walls of larger and smaller diameters are not

excluded from being utilized with the construction. For the RMC types of geometries, Table A

may be found below. The thickness of the metal tube for a RMC construction is from 0.9 mm to

5 mm. The preferred thickness of the polymer layer on the interior surface, if present, is from

0.127 mm to 1.27 mm and the preferred thickness of the polymer layer on the exterior surface is

from 0.25 mm to 2.5 mm. Common conduit lengths offered presently are 10 feet and 20 feet.

For long conduit runs, this short conduit length results in significant installation time due to the

number of joints, and an increased ground resistance, due to the contact resistance present at each

joint. The ability to increase the length of each conduit segment would allow for reduction in

joint fabrication time, which would be preferred in certain applications (e.g. bridges).



TABLE A

* The lengths listed are for illustrative purposes only and do not reflect the lengths of the
commercial products.

[0062] The multilayer corrosion resistant conduit of the present invention may be used to

form Electrical Metallic Tubing (EMT) or thin-wall conduit. Likewise, the corrosion resistant

conduit may be used to form Intermediate Metal Conduit (IMC) having tubing heavier than

EMT. Examples of EMT and IMC wall thicknesses for the corrosion resistant conduit formed in

accordance with the present invention are set forth below in Table B. The information in

Table B is presented for illustrative purposes and the invention is not intended to be limited in

any way by the dimensions set forth in Table B.



TABLE B

[0063] Referring now to the figures, FIG. 1 is a side sectional view of a multi-layer

conduit 10 with a metal core layer 12 disposed between an interior polymeric layer 14 and an

exterior polymeric layer 16 inserted into a fitting 18. FIG. 2 is an end view of the fitting 18

shown in FIG. 1. FIGs. 1 and 2 illustrate a preferred embodiment of the multipurpose interface

between conduit 10 and fitting 18 and are not intended to limit the scope of the invention in any

manner.

[0064] FIG. 1 shows a conduit system 10 that includes a multilayer conduit 12 having a

metal core layer 14, an interior polymeric layer 16 and an exterior polymeric layer 18 inserted

into a fitting 20. In this embodiment, the polymeric teeth 22 of the fitting 20 (also shown in

FIG. 2) grasp the outer polymeric layer 18 of the multilayer conduit 12. An end stop feature can

be located in the middle of the fitting 20 to prevent the conduit 12 from being pushed through the



length of the fitting 20. Preferably, metallic teeth 22 are incorporated longitudinally onto both

sides of the end stop, and serve to pierce the outer polymeric layer 18 of the conduit 12 to

provide electrical continuity between adjacent conduit sections and the fitting. The penetration

of the polymeric layer 18 by the metallic teeth 22 can be clearly viewed in FIG. 2 . Both metallic

and polymeric teeth can be used for mechanically engaging the exterior surface of the conduit.

The metallic teeth are used when it is desired to form an electrical path between the multilayer

conduit 12 and the fitting 20.

[0065] The advantages of the conduit system include the following: low fabrication cost,

easily manufactured, high fabrication speed (continuous fabrication method), flexibility of

conduit fabrication (e.g., polymer and metal wall thicknesses so that various rigidities of conduit

may be obtained—thick metal walls for rigid straight pieces and thinner metal walls for

elbows—with same external look) compared to current conduit offering that is limited in wall

thickness and polymer layer types, precision of conduit geometry, significant current variation in

polymer coating wall thickness, lightweight conduit versus present metal conduit that is steel

based, durable conduit (potential use of cross linked polymers) versus presently used

thermoplastics, and ease of conduit system assembly (with potential easy-fit method) whereas

present corrosion resistant conduit connections are threaded.

EXAMPLES

[0066] The examples set forth below serve to provide further appreciation of the

invention but are not meant in any way to restrict the scope of the invention.



Example 1

[0067] FIGs. 3-5 show examples of the components in one embodiment of the conduit

system 10. FIG. 3 shows a cutaway view of a cylindrically shaped section of the multilayer

conduit 12 formed from a core metallic layer 14 disposed between an inner polymeric layer 16

and an outer polymeric layer 18. Typically, the core metallic layer 14 is a pipe or a tube and can

be made of an aluminum alloy, carbon steel, copper, magnesium, titanium or an alloy thereof.

The polymeric layers 16, 18 can be a plastic material, preferably polyethylene and polypropylene

to provide general resistance against corrosion. The internal layer 16 can also include a

polytetrafluoroethylene (TEFLON ®) or similar compound to provide additional low friction

characteristics to facilitate pulling wires/cables through the conduit. FIG. 4 shows a fitting 120

that is used in an embodiment of the conduit system 110. As shown in FIG. 4, the fitting 120

includes a sealing ring 124, a grounding ring 126, a fastening nut 128, a gland nut 130, a fitting

body 132, and an opening 134 for receiving a conduit. The conduit body can alternatively be

made of stainless steel, thus eliminating the need of additional corrosion protection layers but

increasing the cost.

[0068] FIG. 5 shows a preferred embodiment of the conduit system 110 wherein a

multilayer conduit pipe 112 having a core metallic layer 114 disposed between an inner and out

polymeric layer 116, 118, respectively, is inserted into the fitting 120 until the end of the conduit

contacts the grounding ring 126 to create an electrical path between the conduit 112 and the

fitting 120. The sealing ring 124 seals the fitting 120 around the external polymeric layer 118 of

the conduit 112 when the gland nut 130 is fastened and then locked in place by the fastening

nut 128. The sealing ring 124 also presses the grounding ring 126 against the fitting body 132.



As shown in FIGs. 6 and 7, the grounding ring 126 has a substantially flat annular base 135 with

an interior perimeter 136 and an exterior perimeter 138 and a perimetrical side wall 140

extending from the exterior perimeter 138 of the base 135. One or more legs 142 extend from

the perimetrical side wall 140 to distal ends 144 that turn inwardly and have teeth 146. The

teeth 146 of the grounding ring 126 penetrate the exterior polymeric layer 118 of the conduit pipe

112 and contact the metallic layer 114 of the conduit pipe 112. The contact between the metallic

grounding ring 126 and the metallic layer 114 provides the electrical grounding path for the

conduit system 110. The grounding ring 126 can be designed with various types and numbers of

teeth 146, as shown in FIGs. 6 and 7 .

[0069] FIGs. 8 and 9 show embodiments wherein the fitting is a conduit body. FIG. 8

shows a fitting 220 having a conduit body 222 formed of a non-metallic, preferably polymeric,

material and having metallic inserts with two threaded connections 224, 226 molded into the

body 222. The metallic inserts 224, 226 are electrically connected to provide a continuous

electrical ground path through the fitting 220. The conduit body 222 can also be made from

metal or a metal/polymer combination. FIG. 9 shows a fitting 320 with a metallic conduit

body 322 having external 324 and internal 326 surfaces over-molded or covered with a polymeric

layer. The fitting 320 has three conduit connections 328, 330, 332 and a metallic conduit body

322 that provides electrical grounding. Additional devices may be used in with the fittings and

conduits for specific applications, such as sealing rings and various connectors. The features

shown in FIGs. 8 and 9 for the conduit body can be applied to a 2-outlet conduit body design

(FIG. 8), a 3-outlet conduit body design (FIG. 9), and a 4-outlet conduit body design (FIG. 27).

The concepts also apply to conduit bodies with outlets axes configured at various angles,

including 90°, 135° and 180°.



Example 2

[0070] Additional embodiments of the grounding rings 126 and 136 shown in FIGs. 4

and 5-7 are shown in FIGs. 10 and 11, wherein spring grounding rings 426, 526, respectively, are

shown installed onto the metal tube 414, 514 of a multi-layer conduit pipe 412, 512 after the

outer polymeric layer near the end of the multi-layer conduit pipe 412, 512 is removed. The

grounding rings 426, 526 use different spring designs 427, 527 to provide pressurized contact

between the rings 426, 526 and the metal tube 414, 514 of the conduit pipe 412, 512, thus

providing a good electrical grounding path.

Example 3

Conduit external polymeric layer removing tool

[0071] A conduit polymeric layer removing tool 50 can be used to remove a portion of

the external polymeric layer 18 of a conduit 12 before installing a fitting 20 onto the conduit 12.

FIGs. 12-14 show an embodiment of the conduit polymeric layer remover 50, which includes a

body 52, an opening 54 for receiving the conduit 12 and a blade 56. The conduit polymeric layer

remover 50 works in a manner similar to a manual pencil sharpener. The conduit 12 with a

polymeric exterior layer 18 is inserted into the opening 54 in the body 52 of the remover 50 and

the conduit 12 is secured while the remover 50 is rotated by hand or with a wrench. The blade 56

removes the polymeric outer layer 18 to expose the metallic layer 14 of the conduit 12. The

exposed surface may then be provided with a fitting having a metallic surface that contacts the

metallic layer 14 of the conduit 12 to establish an electrical connection for grounding the conduit

system. Optionally, a grounding ring can be used for electrically connecting the conduit and

fitting.



[0072] FIGs. 15-18 show a conduit fitting in the form of a coupler 620 with two

connections 622, 624 for connecting two multilayer conduits 612, 613. The coupler 620 has a

conduit stop 626 to limit the distance the conduits 612, 613 can be inserted and one or more

viewing windows or apertures 628, which are overmolded with clear polymer so that the user

may view the inserted ends of the conduits 612, 613 to confirm proper installation of the conduits

612, 613 in the coupler 620, as well as a visual inspection of the wires/cables installed in the

conduits 612, 613. FIG. 16 is a sectional side view of the conduit fitting 620 and it shows how

the conduit stops 626 position the conduits 612, 613 in the coupling 620 and how the

apertures 628 provide a view of the position of the ends of the conduits 612, 613. FIG. 16 also

shows a grounding band 630 that electrically connects the metallic layers of the conduits 612,

612. The grounding bands 630 can have teeth 632 on either side that penetrate the outer coatings

of the conduit 612, 613 to electrically contact the metallic layer. FIG. 17 is an end view of the

coupler 620 with a conduit 612 installed and it shows the plurality of conduit stops 626 in the

middle of the coupler 620. FIG. 18 shows the stepped construction of the internal surface of the

coupler 620 that can be used for sealing rings, barbed inserts, or other sealing and fixation

features.

[0073] FIGs. 19 and 20 show a non-metallic, preferably polymeric, conduit fitting 720

having two conduit connections 724, 726 with metallic threaded inserts 728, 730 overmolded or

insert molded in the conduit body 722. Grounding tails 732, 734 from wires or cables in

conduits connected to the fitting 720 can be connected to a grounding terminal 736 to connect the

equipment grounding conductor to the conduit grounding system. In one embodiment, the

metallic inserts 728, 730 are inserted after molding. The grounding tails 732, 734 may be

overmolded, or alternatively, the grounding tails 732, 734 may be welded to the grounding rings



and then field connected to the grounding terminal 736 in the conduit body 722. The conduit can

be secured by gland nuts (not shown) tightened around the overmolded insert.

[0074] FIGs. 2 1 and 22 show a multilayer conduit pipe 12 having a metallic layer 14

disposed between a polymeric interior layer 16 and a polymeric outer layer 18 with a plurality of

ridges 15 in the exterior layer 18 that extend around the circumference of the conduit pipe 12 and

engage the sealing or toothed elements on the fittings 20.

[0075] FIGs. 23 and 24 show an oval-shaped conduit 812 with a two-layer construction

formed by a metallic inner layer 814 covered by an exterior polymeric layer 818. The conduit

812 can accommodate a single phase or DC circuit of two conductors 890, 892 and has a smaller

cross-sectional area than a circular conduit.

[0076] FIGs. 25 and 26 show a triangularly- shaped conduit 912 with a two-layer

construction formed by a metallic inner layer 914 covered by an exterior polymeric layer 918.

The conduit 912 can accommodate a three phase circuit having three conductors 990, 992, 994.

[0077] FIG. 27 shows a non-metallic, preferably polymeric, electrical box 1020 with the

cover removed. The electrical box 1020 has a back wall 1022 and four conduit connections

1024, 1026, 1028, 1030. The box 1020 has a bushing 1032 with an aperture 1034 for a

grounding continuity screw (not shown) on the exterior for one conduit connection 1024 and a

second bushing 1036 with an aperture 1038 for a grounding continuity screw (not shown) on the

interior for another conduit connection 1028. The box 1020 also has a threaded boss 1040

extending from the back wall 1022 that is used for a grounding connection to ground the conduits

connected to the box 1020. Although the box shown in FIG. 27 is a non-metallic box, the



conduit systems of the present invention are not limited to non-metallic boxes and boxes made

partly or entirely of metal and metal boxes coated internally and/or externally with a polymeric

material are within the scope of the present invention.

[0078] FIG. 28 shows a non-metallic (preferably a polymeric material) conduit

fitting 1120 that is a compression type connector for mechanical fixation of two conduits 1112,

1113. The fitting 1120 has a body 1122 with first and second ends 1124, 1126 that receive the

ends of the two conduits 1112, 1113. An integral grounding bar 1132 with apertures for two

grounding screws 1134, 1136 extends intermediate the first and second ends 1124, 1126.

Preferably, the grounding bar 1132 is molded into the body 1122. Before the conduits 1112.

1113 are installed in the fitting 1120, compression caps 1128, 1130 are fitted over the ends of the

conduits 1112, 1113 and then compression fit or snap-fit onto the ends 1124, 1126 of the

body 1122. The polymeric coatings 1118, 1119 on the ends of the conduits 1112, 1113 do not

have to be removed before installation. After the conduits 1112, 1113 are installed, the

grounding screws 1134, 1136 are tightened so that they pierce the outer polymeric coatings 1118,

1119 of the conduits 1112, 1113 and electrically connect the conduits 1112, 1113 via the integral

grounding bar 1132 to provide electrical continuity in the conduit system 1110. This type of

fitting is reversible, similar to compression connectors for EMT conduit. The fitting shown in

FIG. 28 has molded feet for mounting to a flat surface.

[0079] FIG. 29 shows a non-metallic (preferably a polymeric material) conduit

fitting 1210 that is a push fit type connector for mechanical fixation of two conduits 1212, 1213.

The fitting 1220 has a body 1222 with first and second ends 1224, 1226 and a plurality of semi-

flexible teeth (not shown—see FIG. 2) on either end that extend from the interior wall of the



fitting 1220 at an angle in the direction of the mid-point of the fitting (i.e., the same direction a

conduit being installed in the fitting 1220 moves). The teeth are pushed inwardly when the

conduits 1212, 1213 are inserted into the fitting 1220 but engage the outer polymeric layers 1218,

1219 of the conduits 1212, 1213 to prevent removal of the conduits 1212, 1213 once they are

installed. An integral grounding bar 1232 with apertures for two grounding screws 1234, 1236

extends intermediate the first and second ends 1224, 1226. Preferably, the grounding bar 1232 is

molded into the body 1222. The conduits 1212, 1213 are installed in the fitting 1220 by pushing

the ends of the conduits 1212, 1213 onto the ends 1224, 1226 of the body 1222. The polymeric

coatings 1218, 1219 on the ends of the conduits 1212, 1213 do not have to be removed before

installation. After the conduits 1212, 1213 are installed, the grounding screws 1234, 1236 are

tightened so that they pierce the outer polymeric coatings 1218, 1219 of the conduits 1212, 1213

and electrically connect the conduits 1212, 1213 via the integral grounding bar 1232 to provide

electrical continuity in the conduit system 1210. This type of fitting is non-reversible and cannot

be removed without damaging the fitting 1220 and/or the conduits 1112, 1113.

[0080] Thus, while there have been described the preferred embodiments of the present

invention, those skilled in the art will realize that other embodiments can be made without

departing from the spirit of the invention, and it is intended to include all such further

modifications and changes as come within the true scope of the claims set forth herein.



We claim:

1. A corrosion resistant conduit system comprising:

a multilayer conduit having a first end, a second end and a hollow region extending

therebetween and comprising a metallic layer disposed between an exterior polymeric layer and

the hollow region;

a conduit fitting comprising an electrically conductive component, a polymeric outer

layer, an interior and first and second openings for receiving multilayer conduits and providing

access to the interior;

means for conductively coupling the metallic layer of the multilayer conduit to the

electrically conductive component of the fitting; and

wherein a continuous electrical path is formed throughout the corrosion resistant conduit

system.

2 . The corrosion resistant conduit system according to claim 1, wherein the

multilayer conduit further comprises an interior polymeric layer disposed between the metallic

layer and the hollow region.

3 . The corrosion resistant conduit system according to claim 1, wherein the

electrically conductive component of the conduit fitting is a metallic layer disposed between the

polymeric outer layer and the interior.

4 . The corrosion resistant conduit system according to claim 3, wherein the conduit

further comprises an inner layer of polymeric material disposed between the metallic layer



and the interior.

5 . The corrosion resistant conduit system according to claim 4, wherein the

multilayer conduit further comprises an interior polymeric layer disposed between the metallic

layer and the hollow region.

6 . The corrosion resistant conduit system according to claim 5, wherein the polymer

materials of the interior and exterior layers of the multilayer conduit and the inner and outer

layers of the conduit fitting include multiple layers of polymer materials or cross-linked polymers

or comprise polyethylene and/or polypropylene.

7 . The corrosion resistant conduit system according to claim 1, wherein the metallic

layer of the conduit and the electrically conductive component of the conduit fitting are

fabricated from steel or aluminum or copper or titanium or magnesium.

8. The corrosion resistant conduit system according to claim 1, wherein the

electrically conductive component of the conduit fitting is a metallic body, a ground bar or an

electrically conductive screw or a grounding ring.

9 . The corrosion resistant conduit system according to claim 1, wherein the

electrically conductive component of the conduit fitting is a grounding ring comprising:

a substantially flat annular base having an exterior perimeter and an interior perimeter

that defines an opening;



a continuous perimetrical side wall extending from the exterior perimeter of the annular

base; and

one or more legs extending from the perimetrical side wall to distal ends, each leg having

one or more teeth extending inwardly, wherein the teeth penetrate the exterior polymeric layer of

the multilayer conduit pipe and electrically contact the metallic layer.

10. The corrosion resistant conduit system according to claim 1, wherein the conduit

fitting has a body made from a polymeric material and the electrically conductive component is a

ground bar, a grounding terminal, a threaded metallic stud, or a threaded metallic boss.

11. The corrosion resistant conduit system according to claim 1, wherein the conduit

fitting is a push-fit, snap-fit, quarter-turn or releasable connector.

12. The corrosion resistant conduit system according to claim 1, wherein the conduit

fitting further comprises a passage extending between the first and second openings, wherein the

passage has at least one conduit stop to limit the insertion of a conduit into the fitting.

13. The corrosion resistant conduit system according to claim 1, wherein the

electrically conductive component is an annular grounding band for electrically connecting the

multilayer conduits.

14. The corrosion resistant conduit system according to claim 1, wherein the conduit

fitting further comprises one or more apertures filled with a clear plastic material and located



intermediate the first and second openings, wherein the apertures provide a view of the interior.

15. The corrosion resistant conduit system according to claim 1, wherein the conduit

fitting further comprises a plurality of teeth located between the first opening and the interior and

between the second opening and the interior, wherein the plurality of teeth engage the polymeric

exterior layer of the multilayer conduit and secure the multilayer conduit in the fitting.
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