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CONNECTION FOR A THERMOPLASTIC PIPE, ASSEMBLY AND 

METHOD 

FIELD 

The present invention relates to a connection for a pipe and, in particular, to a 

coupling for a thermoplastic pipe and pipe systems and methods including the 

connection.  

BACKGROUND 

Pipe couplings may be employed to connect adjacent ends of pipe to create 

longer lengths thereof or to connect the pipe to an end fitting. Pipe couplings 

should be reliable and relatively straight forward to install.  

Any discussion of documents, acts, materials, devices, articles or the like which 

has been included in the present specification is not to be taken as an admission 

that any or all of these matters form part of the prior art base or were common 

general knowledge in the field relevant to the present disclosure as it existed 

before the priority date of each claim of this application.  

SUMMARY 

Throughout this specification the word "comprise", or variations such as 
"comprises" or "comprising", will be understood to imply the inclusion of a stated 

element, integer or step, or group of elements, integers or steps, but not the 

exclusion of any other element, integer or step, or group of elements, integers or 

steps.  

A pipe coupling has been invented for forming pipe connections. A system and a 

method employing the coupling have also been invented.  

In accordance with one aspect of the present invention, there is provided a pipe 

coupling for forming a pipe connection, the pipe coupling comprising: a wall
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formed as a tube having open ends and an axis extending between the open 

ends and having a tubular laminate construction including a liner with an inner 

surface defining an inner diameter, a reinforcement layer outwardly of the liner, 

the reinforcement layer including at least one axially extending ply of reinforcing 

fibers with reinforcing fibers extending at an angle of less than 200 off the axis 

and at least one hoop wound ply of fibers with reinforcing fibers extending at an 

angle of greater than 700 relative to the axis and an outer jacket encircling the 

reinforcement layer and defining an outer surface of the pipe coupling; an 

electrical conductor supported by the liner and extending about a circumference 

of the coupling; and a pair of contacts exposed on the outer surface and 

electrically in contact with the electrical conductor for connecting an electrical 

power source to the electrical conductor, wherein the at least one axially 

extending ply of reinforcing fibers and the hoop wound ply of reinforcing fibers 

each are formed from a tape with the reinforcing fibers extending along a length 

of the tape.  

In accordance with another broad aspect of the present invention, there is 

provided a flexible pipe connection system comprising: a pipe having a wall 

including an inner surface defining an inner diameter of the pipe, an open end 

through which the inner diameter is accessed, and a thermoplastic outer jacket 

exposed on an outer surface of the pipe adjacent the open end; and a connection 

for connecting to the open end of the pipe, the connection including a coupling 

and an insert, the coupling including an inner wall surface, an outer wall surface 

and a wall thickness between the inner wall surface and the outer wall surface, 

the wall thickness having a tubular laminate construction including a liner, a 

reinforcement layer outwardly of the liner, the reinforcement layer including at 

least one ply of reinforcing fibers and a jacket encircling the reinforcement layer, 

an electrical conductor supported by the wall thickness and extending about a 

circumference of the coupling, a pair of contacts exposed on the outer wall 

surface and electrically in contact with the electrical conductor for connecting an 

electrical power source to the electrical conductor and the insert configured as a 

tube separate from the coupling, the insert including an outer tubular surface and
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having a rigidity greater than that of the coupling, the system including the insert 

installed within the inner diameter to internally support the pipe and the coupling 

installed over the pipe with the electrical conductor overlapping the thermoplastic 

outer jacket and the inner wall surface fused to the thermoplastic outer jacket by 

thermoplastic melting of the thermoplastic outer jacket by the electrical 

conductor.  

In accordance with another broad aspect of the present invention, there is 

provided a method for connecting a first pipe to a second pipe, the first pipe and 

the second pipe each having a wall including an inner surface defining an inner 

diameter, an open end through which the inner diameter is accessed, and a 

thermoplastic outer jacket exposed on an outer surface of the wall adjacent the 

open end, the method comprising: inserting an end of the first pipe into a 

coupling formed as a tube having open ends and an axis extending between the 

open ends and having a tubular laminate construction and including a liner with 

an inner wall surface defining an inner diameter between the open ends 

configured to accommodate the first pipe and the second pipe positioned end to 

end, a reinforcement layer outwardly of the liner, the reinforcement layer 

including at least one axially extending ply of reinforcing fibers with fibers 

extending at an angle of less than 200 off the axis and a hoop wound ply of fibers 

with fibers extending at an angle of greater than 700 relative to the axis and an 

outer jacket encircling the reinforcement layer and defining an outer wall surface, 

an electrical conductor supported by the liner of the coupling and extending 

about a circumference of the coupling, a pair of contacts exposed on the outer 

wall surface and electrically in contact with the electrical conductor for connecting 

an electrical power source to the electrical conductor, positioning the coupling 

with the electrical conductor overlapping the thermoplastic outer jacket of the first 

pipe, placing a tubular insert within the inner diameter of the first pipe, the tubular 

insert separate from the coupling and including an outer tubular surface and the 

tubular insert being hollow and having a rigidity greater than that of the coupling, 

the tubular insert configured to internally support the first pipe and to fit within the
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inner diameter of the coupling with an annular gap between the inner surface and 

the outer tubular surface in which the first pipe resides, generating an electrical 

current through the electrical conductor to melt the thermoplastic outer jacket and 

to fuse the first pipe to the coupling, inserting an end of the second pipe into the 

annular gap between the coupling and the tubular insert and positioning the 

second pipe with a gap between the end of the first pipe and the end of the 

second pipe and with the electrical conductor overlapping the thermoplastic outer 

jacket of the second pipe, and generating an electrical current through the 

electrical conductor to melt the thermoplastic outer jacket and to fuse the second 

pipe to the coupling the tubular insert having an axial length along the outer 

tubular surface sufficient to underlap both the electrical conductor and the gap 

between the ends of the first pipe and the second pipe.  

In accordance with a further broad aspect of the present invention, there is 

provided a flexible pipe connection system comprising: a pipe having a wall 

including an inner surface defining an inner diameter of the pipe, an open end 

through which the inner diameter is accessed, and a thermoplastic outer jacket 

exposed on an outer surface of the pipe adjacent the open end; and a connection 

for connecting to the open end of the pipe, the connection including a coupling 

and an insert, the coupling including an inner wall surface, an outer wall surface 

and a wall thickness between the inner wall surface and the outer wall surface, 

the wall thickness having a tubular laminate construction including a liner with an 

inner surface defining the inner wall surface, a reinforcement layer outwardly of 

the liner, the reinforcement layer including at least one axially extending ply of 

reinforcing fibers with fibers extending at an angle of less than 200 off the axis 

and a hoop wound ply of reinforcing fibers with fibers extending at an angle of 

greater than 700 relative to the axis and an outer jacket encircling the 

reinforcement layer and defining the outer wall surface; and the electrical 

conductor is embedded in the liner, an electrical conductor supported by the wall 

thickness and extending about a circumference of the coupling, a pair of contacts 

exposed on the outer wall surface and electrically in contact with the electrical 

conductor for connecting an electrical power source to the electrical conductor
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and the insert configured as a tube separate from the coupling, the insert 

including an outer tubular surface and having a rigidity greater than that of the 

coupling, the system including the insert installed within the inner diameter to 

internally support the pipe and the coupling installed over the pipe with the 

electrical conductor overlapping the thermoplastic outer jacket and the inner wall 

surface fused to the thermoplastic outer jacket by thermoplastic melting of the 

thermoplastic outer jacket by the electrical conductor.  

In accordance with yet another broad aspect of the present invention, there is 

provided a pipe connection assembly for connecting an end of a first pipe to an 

end of a second pipe, the connection comprising: a coupling including a wall 

configured as a tube having open ends and an axis extending between the open 

ends and having a tubular laminate construction including a liner with an inner 

surface defining an inner diameter between the open ends, a reinforcement layer 

outwardly of the liner, the reinforcement layer including at least one axially 

extending ply of reinforcing fibers with fibers extending at an angle of less than 

200 off the axis and a hoop wound ply of fibers with fibers extending at an angle 

of greater than 700 relative to the axis and an outer jacket encircling the 

reinforcement layer and defining an outer wall surface, an electrical conductor 

supported by the liner and extending about a circumference of the coupling, a 

pair of contacts exposed on the outer wall surface and electrically in contact with 

the electrical conductor for connecting an electrical power source to the electrical 

conductor, the coupling configured to accommodate the first pipe and the second 

pipe positioned end to end in the inner diameter; and a tubular insert separate 

from the coupling and including an outer tubular surface and the tubular insert 

being hollow and having a rigidity greater than that of the coupling, the tubular 

insert configured to fit within the inner diameter of the coupling with an annular 

gap between the inner surface and the outer tubular surface and to internally 

support the first pipe, the tubular insert having an axial length along the outer 

tubular surface sufficient to underlap both the electrical conductor and a gap 

between the ends of the first pipe and the second pipe.
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It is to be understood that other aspects of the present invention will become 

readily apparent to those skilled in the art from the following detailed description, 

wherein various embodiments of the invention are shown and described by way 

of illustration. As will be realized, the invention is capable for other and different 

embodiments and its several details are capable of modification in various other 

respects, all without departing from the spirit and scope of the present invention.  

Accordingly the drawings and detailed description are to be regarded as 

illustrative in nature and not as restrictive.  

BRIEF DESCRIPTION OF THE DRAWINGS 

A further, detailed, description of the invention, briefly described above, will follow 

by reference to the following drawings of specific embodiments of the invention.  

These drawings depict only typical embodiments of the invention and are 

therefore not to be considered limiting of its scope. In the drawings: 

Figure 1 is a perspective view, partly cut away, of an embodiment of an outer 

coupling for a pipe connection.  

Figure 2 is a perspective view, partly cut away, of an embodiment of a pipe 

connection.  

Figure 3 is a perspective view, partly cut away of a reinforcing tape.  

Figures 4a and 4b are perspective views of embodiments of inserts for a pipe 

connection.  

Figure 5 is a schematic sectional view through a connection.  

Figures 6a and 6b are a perspective views, partly cut away, of an embodiment of 

a coupling and of an embodiment of a pipe connection.  

Figure 7 is a perspective view of a pipe with an end ring.
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Figure 8 is a perspective view, partly cut away in successive layers, of an 

embodiment of a pipe useful in the present invention.  

Figure 9 is a perspective view of a stage of a pipe connection process.  

DETAILED DESCRIPTION OF THE INVENTION 

The description that follows and the embodiments described therein, are 

provided by way of illustration of an example, or examples, of particular 

embodiments of the principles of various aspects of the present invention. These 

examples are provided for the purposes of explanation, and not of limitation, of 

those principles and of the invention in its various aspects. In the description, 

similar parts are marked throughout the specification and the drawings with the 

same respective reference numerals. The drawings are not necessarily to scale 

and in some instances proportions may have been exaggerated in order more 

clearly to depict certain features.  

Pipe couplings are employed to connect pipes in an end to end configuration 

and/or to connect an end fitting to a pipe. The present coupling is reasonably 

durable, reliable and relatively easy to use. The present coupling permits ready 

connection of a flexible pipe substantially without adversely affecting the 

performance of the flexible pipe and without significantly increasing the outer 

diameter of the pipe, which allows spooling of the pipe and installation with a 

plough chute, the installation known as ploughing.  

Couplings and pipe connections according to the present invention are shown in 

the Figures. While the illustrated couplings are shown joining the ends of two 

adjacent lengths of pipe, it is to be appreciated that by replacing one illustrated 

side of the connection with an end fitting, the coupling can be employed to 

connect a pipe to an end fitting.  

With reference to Figures 1 and 2, the connection includes an outer coupling 30 

for joining the adjacent ends of two lengths of pipe 8a, 8b. Each pipe to be 

connected to the coupling includes an inner surface 12a, 12b defining the inner
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diameter of the pipe and an outer jacket 20a, 20b formed of thermoplastic.  

Coupling 30 can be formed integral to one of the pipes to be connected (Figures 

6) or, as shown in Figures 1 and 2, as a separate component to be positioned 

over the ends of pipes 8a, 8b to be connected, in particular, with some overlap 

between the end of pipe 8a and outer coupling 30 and with some overlap 

between the end of pipe 8b and outer coupling 30. Coupling 30 may extend a 

length equal to about three to eight times its inner diameter ID.  

Outer coupling 30 is formed as a tube including ends 30a and 30b that are open 

to its inner diameter ID. In the connection, the pipe ends are located within the 

coupling's inner diameter, with the outer coupling encircling them.  

In this embodiment, outer coupling 30 is secured to the pipe ends by 

electrofusion, wherein heat generated by an electrically resistive conductor 34 is 

employed to melt an amount of the coupling and an amount of the jackets 20a, 

20b of the pipes and cause the jackets to bond to the liner. The coupling liner 

about the resistive conductor may be melted by the electrically resistive 

conductor, allowing the melted jacket material and the melted material of the 

coupling, which was adjacent to conductor 34, to combine and create a fused 

material that, when allowed to set, causes the pipe and the coupling to become 

integrally connected.  

The outer coupling, in this embodiment, may have a tubular laminate 

construction including for example, a liner 42, a reinforcement layer 45 including 

one or more plys of reinforcing fibers and an outer jacket 50 encircling the 

reinforcement layer.  

In one embodiment, the liner, the reinforcement layer and the outer jacket each 

contain a thermoplastic. For example, the plys of reinforcements making up 

layer 45 may include reinforcing fibers in a matrix containing thermoplastic and 

the inner liner and the outer jacket may each include at least one layer of a 

thermoplastic. The thermoplastic may have one or more of the following 

characteristics: (i) a softening temperature greater than 100 C, (ii) a brittleness
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temperature less than -600C, (iii) a melt temperature of 120 to 3000C, (iv) a 

tensile strength of 16 to 100 MPa, (v) an elongation to break of at least 50%, for 

example, of 100 to 1000%, (vi) resistance to fatigue cracking when subjected to 1 

million cycles at 1% strain, and (vii) a notched IZOD impact strength greater than 

30 J/m. In one embodiment, the inner liner, the reinforcement layer and the outer 

jacket each contain the same type or compatible types of thermoplastic and 

those thermoplastics have all of the above noted attributes (i) to (vii) and are 

capable of becoming fused together.  

The thermoplastic's low melt temperature offers a mold-ability that allows 

coupling components to be readily fused to other components, such as during 

construction of the coupling or connection of the coupling to a pipe. For 

example, by forming parts of the same type of thermoplastic, they can be fused 

together when heated above the melt temperature of that thermoplastic.  

The thermoplastic's low brittleness temperature and high elongation provide the 

outer coupling with a flexibility suitable for installation by ploughing into the 

ground and for spooling.  

The thermoplastic resistance to fatigue cracking enables the outer coupling to 

achieve fatigue performance of greater than 730,000 pressure cycles from 

atmospheric to maximum allowable pressure without leaking. Greater than 

2,000,000 cycles has been demonstrated in testing.  

The thermoplastic impact strength allows the outer coupling to withstand a 125 J 

impact at -25 C, and retain sufficient strength to satisfy a 20 year life at 

maximum operating pressure for the outer coupling.  

The thermoplastic has excellent chemical resistance, which makes the outer 

coupling suitable for conditions where it may come in contact with water, C02, 

and gaseous and liquid hydrocarbons.  

Examples of suitable thermoplastic types include polyamides (PA), polyethylene 

and polypropylene.



-10

Outer coupling may have various diameters such as of 50 to 600 mm (2 to 24 

inches) inner diameter with a maximum operating pressure of 500 bar (7250 psi).  

The more common diameters are for example 125 to 300 mm (5 to 12 inches) 

inner diameter and typical operational pressures are 50 to 103 bar (725 to 1500 

psi). Even while being formable as a large diameter, composite outer coupling, it 

retains useful properties such as being self supporting, flexible and having good 

impact resistance. Outer coupling may be formed in specified final lengths or 

may be obtained from cutting a longer pipe into the desired final lengths.  

The outer coupling may have a fully bonded construction. For example, in one 

embodiment, the reinforcement layer is fully bonded to inner liner 42 and to outer 

jacket 50 and each ply of reinforcements is bonded to any plys radially inwardly 

and radially outwardly of it. The reinforcement layer, therefore, may have a high 

inter-ply shear strength. Bonding may be achieved by thermoplastic melt fusion, 

which may include heating the materials to be contacted to a temperature above 

their melt temperature, bringing the materials into contact, and allowing the 

materials to cool at which time the contacted materials become fused together.  

In one embodiment, for example, a "thermoplastic tape placement" method may 

be employed whereby the thermoplastic tape and the substrate over which the 

tape is being applied are heated above their melting points. At the zone of 

contact, the tape is forced onto the substrate, for example, with a compaction 

roller. As a result of heat and pressure, the tape and the substrate onto which 

the tape is applied are fused together.  

Inner liner 42 is tubular having an inner surface defining inner diameter ID. The 

reinforcement layer is applied over the outer surface of the inner liner.  

The liner is selected to support conductor 34 and to provide material with which 

the pipe outer jacket may fuse. When formed of a thermoplastic material, liner 

42 supplies an amount of molten thermoplastic to fuse with the thermoplastic of 

the pipe outer jacket 20.
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As noted above, the liner may include a thermoplastic. In one embodiment, the 

liner includes a main tubular component formed of thermoplastic. Currently, 

polymers of greatest interest are polyamides, polypropylenes or polyethylenes 

such as high density polyethylene (HDPE). For petroleum operations, HDPE is 

particularly useful as it provides good chemical compatibility with many oilfield 

chemicals at a reasonable cost.  

In some embodiments, the liner or a ply thereof is filled, for example, with 

amorphous clays, chopped glass or carbon fibers. These materials can enhance 

liner stability, for example, against low temperature cracking, against polymer 

creep for long term integrity and may enhance the initial strength of the liner 

following extrusion. The fibers can be aligned or random.  

In some embodiments, the liner may be a tubular laminate including a plurality of 

tubular layers. A multi-layered liner can include, for example, more than one 

layer of the same material or of different materials. Particular layers may be 

selected to confer various performance characteristics to liner 42.  

Liner 42 supports resistive conductor 34. The resistive conductor may be 

exposed on the inner surface or embedded in the liner material. The resistive 

conductor may be a metal strip, wire, etc. that encircles the coupling's inner 

diameter. In one embodiment, the resistive conductor 34 is a wire 36 wrapped at 

least once around the coupling inner diameter and connected at each end to a 

terminal 38a, 38b. Terminals 38a, 38b are exposed for electrical communication 

to the wire. As shown, the wire may be coiled a number of times to create an 

axial length of the coupling over which the electrical conductor acts. While, a 

single conductor could be supported over a length to act on both pipe ends to be 

inserted into the coupling, the present coupling includes two conductors 34, 34a, 

each with a set of terminals 38a, 38b, 38a', 38b', respectively. The conductors 

34, 34a are spaced apart a distance sufficient such that one conductor 34 is 

positioned to act on one pipe 8a, while the other conductor 34a is positioned to 

act on the other pipe 8b. As such, each pipe can be connected independently to
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the coupling. Allowing the pipes to be connected into the coupling one at a time 

provides for greater flexibility in operations. For example, the coupling can be 

attached to one pipe and transported to the field together before being connected 

to another pipe in the field.  

Conductor 34 can include various metals such as copper, steel, aluminum, etc.  

that generate heat when an electrical current is established therein. In the 

illustrated embodiment, copper wire 36 is employed with a pitch dependent on 

the melting temperature of the material of liner 42 and jacket 20, the wire 

diameter, the desired length of the fusion zone and the internal coupling 

diameter. As shown, copper wire 36 may be wrapped a large number of times 

about the coupling's inner diameter to form conductor 34.  

Forming the jacket 20 and liner 42 of at least compatible, if not the same 

material, such as HDPE or PA, facilitates fusion and ensure that the two 

materials melt under similar conditions.  

The reinforcement layer, including the number of plys of reinforcements, the 

nature of the reinforcements and their construction, determines, for the most part, 

many of the operational parameters of the outer coupling including, for example, 

burst strength, axial pull strength, pressure holding capability, and flexibility. For 

example, the number of reinforcement plys can be selected to determine the 

axial strength and pressure class of the outer coupling, with fewer plys offering a 

coupling with lower pressure holding and/or lower axial strength characteristics.  

There are one or more plys of reinforcements in layer 42. The plys may be 

arranged axially, that is extending substantially directly from end 30a to end 30b, 

and/or may be wound circumferentially around the diameter of the coupling. In 

one embodiment, layer includes at least one ply applied with the fiber 

reinforcements extending substantially axially along the length of the coupling, at 

least one ply wound in a positive or clock-wise helical direction and at least one 

ply wound in a negative or counter-clockwise helical direction. One or more
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further plys of fiber reinforcements may be applied between the inner liner and 

the outer jacket.  

While the reinforcements can be applied in various ways, one embodiment 

applies the reinforcements in the form of a tape. The tape employed to form the 

plys can be configured in various ways. In an embodiment as shown in Figure 3, 

a tape includes a plurality of reinforcing fibers 101 in a matrix 102.  

The reinforcing tape has a length much greater than its width w and the 

reinforcing fibers extend along the length of the tape to accommodate loads 

applied along the length of the tape, regardless of the applied orientation of the 

tape. The fibers should also be resistant to degradation by chemicals, such as 

hydrocarbons and water, intended to be handled, or environmentally present, 

during use of the outer coupling. Suitable fibers include, for example, glass, 

carbon, nylon, polyester or aramid. For petroleum operations, glass fibers are of 

greatest interest due to the low cost and ability to carry the required loads.  

Elongation to failure of fiber glass is generally less than 3.0% and glass fibers 

may exhibit a filament strength greater than 1,600 MPa. Particularly useful glass 

fibers may be very straight and have low boron content, typically less than 1% by 

weight.  

The tape includes 30 to 80% reinforcement fiber by weight, with 50 to 70% by 

weight fiber content being quite useful for embodiments employing glass fiber 

reinforcements.  

The reinforcing tape includes a thermoplastic matrix. As noted above, the 

thermoplastic is selected to exhibit characteristics that ensure the flexibility and 

durability of the outer coupling. For example, the thermoplastic in one 

embodiment is HDPE. The reinforcing tape may further have a strength 

optimized by selection of the thermoplastic matrix composition. The tape's 

impact resistance may also be optimized by selection of the thermoplastic matrix 

composition.
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To enhance the bonding of the matrix to the reinforcing fibers, the matrix may 

include a coupling agent. The inclusion of a coupling agent has been shown to 

increase the shear strength and the tensile strength of the tape. The coupling 

agent also assists the fusion of the reinforcement layer to outer jacket 50 and 

liner 42. For example, the matrix of the reinforcing tape may include in excess of 

5% by weight content coupling agent, with the most useful range determined to 

be between 10 and 20% by weight. An example of a suitable coupling agent for 

use with high density polyethylene is maleic anhydride grafted polyethylene. The 

inclusion of maleic anhydride grafted polyethylene to HDPE has shown to 

improve the shear strength and tensile strength of a thermoplastic reinforcement 

tape by 20% when the coupling agent content was increased from 5% to 18% by 

weight of the matrix.  

The matrix composition tape may include additives to improve the impact 

resistance of the matrix and, therefore, the tape and the outer coupling. Specific 

to HDPE thermoplastic, impact modifier additives of particular interest include 

rubber, ethylene vinyl acetate (EVA), styrene butadiene styrene (SBS), styrene 

isoprene styrene (SIS), styrene ethylene butylene styrene (SEBS) and 

polyethylene such as medium density polyethylene. Such additives may be 

added in the range of 1 to 40% by weight of thermoplastic. SEBS, for example, 

may be added in the range of 3 to 13% by weight thermoplastic content. As 

another example, the medium density polyethylene may be added in the range 

10 to 30% by weight thermoplastic. A useful combination has been determined 

to be 7 to 10% SEBS and 16 to 18% medium density polyethylene, each by 

weight in HDPE. When compared to HDPE alone, a matrix containing 8% SEBS 

and 17% medium density polyethylene in HDPE increased the impact resistance 

of the matrix composition from 31 to 400 J/m (notched IZOD).  

An example of a suitable SEBS is Kraton G1657TM , which is a clear, linear 

triblock copolymer based on styrene and ethylene/butylene with a polystyrene 

content of about 13%. An example of a suitable medium density polyethylene is
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Nova RMs539U T M , with a density of about 0.9 g/cc and more specifically about 

0.939 g/cc.  

The thermoplastic matrix can contain both a coupling agent and an additive for 

improved impact resistance, each of which are as described above.  

In one embodiment, the thermoplastic matrix has a high melt index of, for 

example, 9 to 60. The high melt index ensures adequate impregnation of the 

matrix into the reinforcing fibers. The tape void content should be no more than 

5% and in one embodiment is no more than 3%.  

The dimensions of the reinforcing tape may vary, but in one embodiment, they 

are selected for ease of manufacture. For example, the tape can be relatively 

thick and wide, for example, having a thickness t between its upper surface 103a 

and its lower surface 103b in the range 0.6 to 1.5 mm for example, 0.7 to 1.1 

mm. The tape can have a width w of 25 to 40% or 30 to 35% of the coupling's 

outer diameter to facilitate tape placement, meaning that for most large diameter 

embodiments the tape has a width of greater than 45 mm. The large thickness 

and width of the tape allows the outer coupling to be efficiently manufactured, for 

example, using a tape placement method.  

Reinforcement layer 45 provides axial and circumferential strength to the 

coupling. In order to minimize material use and coupling diameter, which is 

important for handling by ploughing, plys of reinforcing tape are orientated in the 

primary direction of the load to be borne by the coupling. In some embodiments, 

outer coupling may be substantially isolated from circumferential loads at the 

connection and the coupling in such an embodiment tends to bear primarily axial 

loads, those forces tending to pull the pipes apart. The reinforcement layer 45 

may, therefore, include reinforcing tape plys to provide the coupling with 

significant strength in the axial direction. For example, in one embodiment, the 

reinforcement layer 45 includes one or more hoop wound plys and one or more 

plys where the reinforcement fibers extend substantially axially along the length 

of the coupling from end 30a to end 30b.
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In one embodiment, one or more reinforcing plys in layer 45 are applied at an 

angle of less than 200 off the center axis c providing strength predominantly in 

the pipe axial direction. If these plys are applied at an angle significantly off 00, 

these plys may be added in even numbers with alternating clockwise and counter 

clockwise directions to avoid a structural imbalance in the coupling. In addition, 

one or more reinforcing plys may be employed at angles greater than 700, to 

provide dimensional stability in manufacturing and handling, to absorb some 

minor circumferential stresses to minimize radial expansion under pressure, to 

minimize in-plane shear of reinforcing plys, to improve fatigue performance and 

to provide added impact resistance.  

In one embodiment, the reinforcement layer includes two plys applied at less 

than 200 providing strength predominantly in the coupling's axial direction, along 

axis c, and one ply applied at greater than 700, such as between 850 and 900, 

providing strength predominantly in the coupling's circumferential direction. In 

another embodiment, however, a plurality of plys are applied at winding angles of 

between 400 and 700, such as between 500 and 600.  

Outer jacket 50 surrounds reinforcement layer 45. While the outer coupling will 

function without the outer jacket, it acts to protect the reinforcement layer from 

damage, as by cut, abrasion, and impact.  

The outer jacket can be formed of any flexible material that can protect the 

reinforcing fibers to some degree and in this embodiment, is capable of fusing to 

the underlying layer of the outer coupling. As will be appreciated with 

consideration as to the intended use of the outer coupling, outer jacket 50 can be 

selected to be substantially resistant to degradation by environmental effects (i.e.  

ultraviolet light, weather, etc.) and by the chemicals that may come in contact 

with it. In this embodiment, as noted above, the outer jacket includes a 

thermoplastic and can be filled with reinforcements, if desired. Currently, the 

thermoplastic of greatest interest is polyethylene, for example, HDPE.
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As desired, the outer jacket can include or have attached thereto identifiers, 

paint, coloration, bar-coding, chips, etc. or materials facilitating use or installation 

such as, for example, survey locatable metal parts.  

Jacket 50 may be applied to the outer coupling in various ways. For example, 

the jacket materials can be applied as by extrusion, spraying, dipping, tape 

winding, shrink wrapping, and braiding. In one embodiment, the jacket is 

extruded onto the outer coupling. In another embodiment, a tape can be 

employed such as a HDPE tape, for example a neat (i.e. non-reinforced) or a low 

fiber content reinforced HDPE tape. The tape can be wound about the 

reinforcement layer using a tape placement method.  

In the coupling, as noted, all layers 42, 45 and 50 may be bonded together.  

Such bonding ensures that there is adequate load transfer from coupling liner 42 

and jackets 20 into reinforcement layer 45 of the coupling.  

To facilitate fusion of the coupling to the pipes, the coupling inner diameter ID 

may be selected to be substantially similar to or slightly less than the outer 

diameter of the pipes, such that a close fit is ensured.  

The thickness of the coupling may be selected to minimize the outer diameter of 

the coupling relative to the outer diameter of the pipe. As noted above, the 

thickness can in part be controlled by effective placement of the reinforcements.  

The connection may also include an insert 32 for insertion into the open inner 

diameters of the ends of pipes 8a, 8b to be connected while outer coupling 30 is 

positioned over the ends of the pipes, with some overlap between insert 32, 

pipes 8 and outer coupling 30.  

With reference also to Figure 4a, one embodiment of an insert 32 is shown.  

Insert 32 may be formed as a tubular body including an inner bore 60 defined by 

its inner surface and an outer surface 64. Pipes 8a, 8b to be connected end to 

end are installed over nipple ends 32a, 32b of the insert and inner bore 60 

provides communication between the inner diameters of the pipes. Insert 32
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protects the pipe ends against damage by shielding the ends from fluid flows and 

activities in the pipes. While an insert is shown for connection of two pipes it is to 

be understood that an insert could have a nipple end for insertion into a pipe with 

an opposite end formed as a flange for connection to a flange fitting or an 

opposite end for butting against an end of the pipe in which the nipple end is 

inserted.  

Insert 32 may act to strengthen the connection and support the pipes against 

collapse during installation of coupling 30. In particular, one of the primary 

functions of the insert is to eliminate delamination of the pipe during electrofusion 

heating. The strength and stiffness of the insert resists radial contraction of the 

pipe. The insert is more rigid than the pipes and the coupling. Insert 32 may 

therefore be formed of a durable and strong material sufficient to withstand the 

compressing force generated when installing outer coupling 30 over the ends of 

the pipes. Insert 32 may, for example, be formed of a metal, such as for example 

steel, including corrosion resistant steels, coated steels, etc. or polymers such as 

for example, thermoplastic, including reinforced thermoplastic such as, for 

example, glass reinforced HDPE or polyamides (PA) for example nylon. Care 

may be taken to select a material that is not adversely softened by the 

electrofusion process such that risk of collapse is mitigated.  

To protect against collapse and delamination of the pipe during electrofusion, the 

pipe may be internally supported. For example, in one embodiment, insert 32 

may have a length to at least underlap the location of the conductor 34 in outer 

coupling 30 where electrofusion will occur. While the insert can have a length to 

underlap both conductors 34, 34a (as shown in Figure 4b), in some embodiments 

as shown in Figure 4a, the insert need not have two elongated ends. For 

example, if the coupling is to be installed on one pipe in the manufacturing 

process (before shipment), the inner diameter of that first pipe can be supported 

by a removable means during connection of the coupling and no permanently 

installed insert is needed for support. However, an insert may be employed to 

support the connection of the second pipe at the opposite end of the coupling.
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Thus, an insert may be employed having a length sufficient to fit within the 

second pipe and to underlap the location of the conductor in the coupling. If it is 

desirable to employ a coupling that also protects the ends of the pipes, the insert 

may have a short end that is inserted in the first pipe and a long end, for example 

end 32a, that has a length sufficient to fit within the pipe and underlap the length 

of the conductor in the coupling to be installed thereover in the field (after 

shipping). In that embodiment, insert 32 may have one end that is elongated to 

extend under the entire area of electrofusion to be conducted later.  

If there is no need to support the pipe during electrofusion, the insert may be 

employed only to protect the ends of the pipes or to create a seal with the inner 

diameter of the pipes, such that the insert has no elongated ends. In another 

embodiment, the insert may take other forms for example a multipart construction 

or a more simple tubular form.  

The illustrated insert of Figures 2 and 4a, which has a shorter end 32b that 

doesn't underly the electrofused end of the coupling, can be installed to one pipe 

at this end 32b under controlled conditions by use of removable means, such as 

a removable mandrel or internal pressure to act against collapse and 

delamination of that pipe during electrofusion. However, because the insert has 

this shorter end, the amount of material required to produce the insert may be 

reduced, which may offer savings in terms of cost and weight.  

Insert 32 may also act to seal against fluid leakage at the connection from the 

inner diameter conduits of the pipes installed thereon and may accept most of 

the circumferential loads at the connection, thereby isolating the coupling from 

those loads.  

For example, seals 69 may be installed between insert 32 and the inner surfaces 

12a, 12b of the pipes. For example, one or more annular seals 69, such as 

provided by o-rings, can be installed in annular grooves 71 in the outer surface of 

the insert and in positions to be overlapped and borne upon by the pipes. For 

durability, seals 69 may be formed of a suitable material such as an elastomer,
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for example, nitrile, polyurethane or a fluoroelastomer such as Viton TM. Back-up 

(i.e. anti-extrusion) rings may be installed, if desired. Seals 69 can be positioned 

on insert such that they are close to the intended positions of the ends of pipes, 

such that they provide a balanced bi-axial stress state to as much pipe length as 

possible. Seals 69 can provide a primary seal against leakage at the connection 

relieving concerns about pressure integrity at the electrofused connections. In an 

embodiment, as shown in Figure 4a, where insert 32 has one long end 32a and 

one short end 32b, the short end is long enough to accommodate seal glands 71 

to properly position seals 69.  

In the illustrated embodiment, insert ends 32a, 32b are tapered at their inserted 

ends, as by chamfering, to form a frustoconical surface 63 at their inner 

diameters opening to bore 60 in order to minimize disruptions of fluid flow and/or 

tools, such as pigs, passing through the pipes when connected. The outer 

surfaces at the inserted ends of ends 32a, 32b may also have a frustoconically 

formed surface 67 to facilitate installation of the pipe ends over the insert.  

Insert 32 may include a shoulder 70 that extends outwardly from the outer 

surface and extends circumferentially generally orthogonally to the long axis x 

and against which the pipe ends can be butted. Shoulder 70 may be fully about 

the circumference, if desired. Shoulder 70 has an outer diameter greater than 

the ends over which the pipes are installed and creates a stop against which the 

pipes abut. Shoulder 70 may, therefore, be employed to ensure that the pipes 

are properly located on the insert, for example that the insert is inserted to the 

intended depth in the pipes and seals 69 are properly positioned adjacent the 

ends of the pipes.  

Another insert 32' is shown in Figure 4b. This insert includes serrations 65 on its 

outer surfaces 61 to engage the inner surface of the pipe to be installed 

thereover. The serrated insert provides a function in addition to the already 

disclosed insert. This function is axial/load sharing with the coupling.
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Serrations 65 are a series of profiled teeth that engage, as by embedding into, 

the inside diameter of the pipes being connected. This embedment is assisted 

by installing the insert with interference and with the permanent reduction in pipe 

diameter resulting from the application of electrofusion.  

The typical diametrical interference between the insert's outside diameter at its 

outer surface 61 and pipe inside diameter is in the range 0.0 to 0.4 mm.  

The reduction in pipe diameter resulting from electrofusion is typically in the 

range of 0.2 to 0.5% of the pipe ID.  

The serrations may be discreet, continuous circumferentially or spiralling. The 

serrations may be angled away from the inserted end 67 of the insert to act 

against forces tending to pull the pipe off the insert, once the pipe is inserted 

thereover. In one embodiment, the serrations may be formed to permit the 

material of the pipe to be forced into the valleys between adjacent teeth in the 

serrations during electrofusion. In such an embodiment, each tooth may include 

a rear tooth face between a tooth crest and tooth valley that extends substantially 

without an overhang of the crest over the valley. The valleys can be flattened, 

rounded or abrupt.  

With serrations on the insert, the best sealing position between the pipe and the 

insert may be at the ends of the insert. Such a sealing position isolates pipe 

pressure from the mating of the serrations into the pipe liner. If pressure was 

present between the serrations and the pipe liner, disengagement of the 

serrations from the pipe may occur, which may reduce the axial load capacity for 

the insert. Thus, one or more annular grooves 71 may be provided in the outer 

surface of the insert between the inserted ends 67 and serrations 65 in which 

annular seals, such as o-rings, may be installed. In this way, seals are in a 

position to be overlapped and borne upon by the pipes and isolate internal 

pressures from reaching the serrations.
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The presence of serrations allows axial load to be shared by the coupling and the 

insert by transferring shear loads to the coupling at the outside pipe diameter and 

to the insert at the inside pipe diameter. The sharing of load may allow the 

overall length of the connection to be reduced.  

To make up the connection of Figure 2, coupling 30 is slid over the end of one 

pipe. This may require application of some force, as the tolerances can be quite 

close. For a consistent connection, the pipe may have its inner diameter 

prepared, for example by machining, to closely match the outside diameter of the 

insert.  

One end of insert 32 is inserted into that pipe and another pipe is installed over 

the other end of insert 32. The pipes may be driven up to butt against shoulder 

70 to ensure that they are properly positioned on the insert.  

The coupling is positioned spanning the intersection of the pipes such that one 

conductor 34 encircles one pipe and the other conductor 34a encircles the other 

pipe. The pipe may have its outside diameter prepared, for example by 

machining, to closely match the inside diameter of the coupling.  

After the coupling is positioned, electrical connections are made at contacts 38a, 

38b and 38a', 38b'. This creates an electrofusion effect to fuse the coupling to 

the pipes. The outer surface of the pipes may be cleaned or non-thermoplastic 

jackets if any, such as any insulation layers, may be peeled back to ensure that 

the thermoplastic pipe jackets 20a, 20b are exposed for bonding to the coupling.  

As noted hereinbefore, the process may be broken into steps. For example, the 

insert and the coupling may be secured to one pipe during the manufacturing 

process in the shop, while the other pipe is installed to the connection in the field.  

To protect against distortion and delamination of the coupling during 

electrofusion, sufficient reinforcements may be incorporated to the coupling to 

resist such damage or the coupling may be externally supported.
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For example, if coupling distortion is observed to occur as a result of 

electrofusion, additional circumferential reinforcement may be added in the 

coupling reinforcement layer to increase hoop strength. This is possible, but not 

preferable, as the additional material adds cost, weight, and increases the 

coupling's outer diameter hindering ploughing.  

Another option to resist distortion of the coupling is to employ an external clamp.  

The external clamp may be applied to the exterior of the electrofusion coupling.  

The application of the clamp can be permanent or temporary. The clamp should 

be in place when the coupling is being fused to the pipe ends.  

The purpose of the clamp is to minimise the radial expansion of the coupling 

during electrofusion. Delamination of the coupling reinforcement layer is known 

to occur from the heat induced expansion during electrofusion. The clamp 

controls expansion to an extent where delamination is avoided.  

In comparison to the coupling, the clamp is stiffer in the circumferential direction.  

Suitable materials used for the construction of the external clamp are metals 

such as steel and reinforced plastics such as glass or carbon fibre reinforced 

thermosets or thermoplastics.  

In order to make the external clamp removable, it may be spit such that it is 

assembled around the coupling with fasteners as shown in the provided 

illustration.  

For example, as shown in Figure 9, a clamp 190 may be positioned about a 

coupling 130 radially outwardly of the area undergoing electrofusion. The clamp 

may be long enough to span at least one of the electrofusion sites and possibly 

all of the sites along the coupling. The clamp may be installable quickly and 

create a cylindrical support about the coupling. The clamp may be configured to 

be readily installed about and removed from the coupling. For example, the 

clamp may be formed as a plurality of long sections of a cylinder and may include 

an installation mechanism such as flanges and bolts or a strap. The inner
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diameter of the clamp substantially matches the outer diameter of the coupling 

about which it is to be used. Clamp 190 of Figure 9 includes two half cylinders 

190', 190" with flanges 192 and bolts 194 for facilitated connection of the halves.  

The clamp is long enough to span and encircle both resistive conductors in 

coupling 130 while leaving their contacts 138a, 138b, 138b" exposed for 

connection.  

In one embodiment, the connection can include a mechanism for testing the 

connection's structural and sealing integrity. The mechanism provides for non

destructive testing of the assembled connection to check integrity according to a 

method wherein an enclosed volume in a connection is accessed, the enclosed 

volume being defined between the pipe, the insert, the outer coupling encircling 

the pipe outer surface and seals including the seals between the pipe and the 

insert and the seal formed by the fused zone between the pipe and the outer 

coupling. To check the integrity, the enclosed volume is pressurized to a test 

pressure and the test pressure is monitored to observe the pressure holding 

integrity of the seals.  

For example, with reference to Figure 5, a connection includes an outer coupling 

130 and an insert 132 for joining the adjacent ends of two lengths of pipe 108a, 

108b. Each pipe includes an outer jacket 120a, 120b formed of thermoplastic.  

Insert 132 is inserted into the open inner diameters of the ends of pipes 108a, 

108b to be connected and outer coupling 130 is positioned over the ends of the 

pipes. There is radial overlap between insert 132, pipes 108 and outer coupling 

130.  

The insert supports the pipes against collapse and carries seals, such as o-rings 

169, that prevent fluid migration outwardly through the interfaces between the 

pipes and insert 132. Coupling 130 is connected to pipes 108a, 108b by 

electrofused zones 172a, 172b between the thermoplastic of the coupling's liner 

142 and that of outer jackets 120a, 120b. In the connection, therefore, a small 

annular volume 174 is created between coupling 130 inside diameter and the
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outside diameter of the insert, pipes 108a, 108b, o-rings 169 on the insert and 

the fusion zones 172a, 172b between the coupling inside diameter and the pipe 

outside diameter.  

In one embodiment, the mechanism includes a port 180 through the wall of the 

coupling in the area between where zones 172a, 172b will be formed, which, for 

example, is the length of the coupling between the intervals through which 

conductors 134a, 134b extend. Port 180 may, therefore, be positioned generally 

centrally between the ends of the coupling.  

Port 180 provides for fluid communication to volume 174 after it is formed such 

that its condition can be tested, which is indicative of the integrity of seals 169 

and zones 172a, 172b. The port size can be very small, such as 3 to 10 mm in 

diameter and, while providing fluid communication to volume 174, can be open, 

plugged, sealable, tapped, valved, etc.  

As an integrity test of the connection sealing at seals 169 and the electrofusion 

completeness at zones 172a, 172b, the annular volume may be pressurized with 

a fluid, such as air, another gas, silicone, etc. through port 180. The fluid may be 

provided from a pressure source, which may be connected and sealed to port 

180. The pressurized fluid may be maintained at a regulated pressure such as to 

1.4 to 10.3 bar.  

By this process, enclosed volume 174 may be pressurized to a test pressure 

based on the regulated pressure and the pressurized condition of volume 174 

can be monitored. In particular, after pressurizing, the pressure source can be 

isolated from volume 174, for example, via an isolating valve and the pressure in 

volume 174 can be monitored, for example, with a pressure gauge. An observed 

reduction in the pressure indicates an inadequate connection seal or incomplete 

fusion. However, if the test pressure is maintained over a period of time, the 

connection's integrity is determined to be good.
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This process can be employed reliably even in the field using a port 180 formed 

during manufacture of the coupling or installed thereafter, a pressure source and 

pressure monitoring equipment.  

The insert reduces the load being borne by the coupling. If the insert were not 

present, coupling 30 would be required to provide sealing and resist both axial 

loads and circumferential loads resulting from the internal pressure. The internal 

pressure acting on the inside diameter of the coupling determines the intensity of 

the circumferential loads. In an embodiment where the insert seals to the open 

pipe diameters, the intensity of the loads are reduced with the pressure bearing 

diameter being reduced from the coupling inside diameter to the open pipe 

diameter. The circumferential load at the connection is resisted by the pipe and 

not the coupling. The axial load at the connection is resisted by the coupling. As 

such, the insert enables the coupling to have a reduced thickness as a result of 

the reduction in coupling load. The smaller coupling diameter is a benefit for 

assembled pipe handling and ploughing.  

While the connection of Figure 2, including the use of insert 32 does provide 

certain benefits, it is to be understood that the coupling may be employed in 

other ways. For example, as shown in Figures 6a and 6b, a coupling may be 

incorporated in a bell and spigot-type pipe connection. For example, a coupling 

230 may be connected to or, as shown, formed integrally with a pipe 208a and 

the connection may be completed by inserting an end of another pipe 208b into 

the inner diameter ID' of coupling 230. Thereafter, pipe 208b may be 

electrofused into the coupling. For example, in one such embodiment, one end 

of a pipe 208a may be formed to have expanded inner and outer diameters 

forming coupling 230 as a part of pipe 208a. The inner expanded diameter 

substantially matches the outer diameter of a pipe 208b to be connected into the 

coupling. Generally, the pipes 208a, 208b may have similar outer diameters 

such that the portion of the pipe forming coupling 230 actually has an inner 

diameter ID' enlarged over the remainder of the pipe from which it is formed.  

Inner liner 210 forming the inner diameter of the portion of the pipe forming
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coupling 230 can have a heating wire 234 embedded therein. A pipe connection 

can thereby be formed when pipe 208b is inserted inside the expanded pipe 

inner diameter ID' and heating wire 234 is employed. In particular, when wire 234 

has communicated thereto an electrical current through contacts 238, the wire 

heats and melts the liner at the portion of the pipe forming coupling 230 and the 

pipe jacket exposed on the end of pipe 208b. Upon cooling, inserted pipe 208b 

and pipe 208a having the coupling formed thereon are fused. The connection is 

structural, providing resistance to pipe internal pressure. The connection also is 

continuous about the circumference of the pipes forming a seal to contain the 

pressurized fluid passing through pipes 208a, 208b.  

The connections, as described above, operate to connect one or more pipes with 

outer thermoplastic jackets to a coupling. The connection can be employed with 

various types of pipes including flexible pipe. In one embodiment, for example, 

the connection can be employed with a flexible pipe including a pipe wall 

reinforcement layer bonded to the outer jacket. For example, as shown in Figure 

2, the illustrated pipes each include an outer jacket 20a, 20b bonded to a 

reinforcement layer 15a, 15b. The pipes each also include an inner liner 1 Ca, 

1Ob.  

In such a pipe, axial loads through the fused zones are transferred from jackets 

20a, 20b into the reinforcement layers 15a, 15b. The pipe reinforcement layer 

can be constructed to effectively handle the loads.  

In some embodiments, such as the one described in Figures 6, the ends of the 

pipe may be exposed in the final connection, in such an embodiment especially 

where the pipe includes a reinforcement layer 15a, 15b, an end cap may be 

useful to provide protection to any pipe ends that are exposed. For example, 

with reference to Figure 7, a cap ring 380 may be installed at an end face 382 of 

a pipe. Cap ring 380 may protect and seal the otherwise exposed reinforcement 

layer 315 at the pipe end face. The cap ring, therefore, may be useful in 

applications where the pipe end face is exposed, such as during handling and
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transportation and in final installations such as in a pipe connection where the 

end face is exposed. If employed in final installations, cap ring 380 serves to 

isolate the reinforcement layer at the pipe end face from the pressurized liquid or 

gas.  

In one embodiment, cap ring 380 may be formed of a thermoplastic material and 

may be connected to the pipe end face by fusion to the pipe liner 210, 

reinforcement layer 315 and jacket 320. Fusing may be achieved using various 

methods such as, for example, butt fusion. The thermoplastic may be of the 

same type as that used in the pipe construction. HDPE is an example of a 

typical material.  

The cap ring outer and inner diameters may match those of the pipe. The length 

of the cap ring is variable, but is typically in the range of 10 to 50 mm in length.  

When employing a cap ring on a pipe in a connection, if desired, the cap ring 

outside diameter may be sealed to the inside diameter of the coupling, providing 

a seal from the pipe to the coupling. Where the end cap and the coupling liner 

contain thermoplastic, fusion may be employed, thereby forming a seal between 

the pipe inner liner 310, cap ring 380 and the coupling inner surface.  

While cap ring 380 is shown installed on an end of a pipe, it is to be understood 

that a similar cap ring could be installed on one or both of the coupling ends (for 

example, ends 30a, 30b of Figure 1), if desired.  

As an alternative to a cap ring, the same function can be provided by fusing a 

layer of thermoplastic material to the seal between the pipe inner liner and pipe 

outer jacket. The layer of thermoplastic is applied by spray deposition or 

extrusion. The layer is typically 1 to 2 mm thick.  

In one embodiment, for example, a pipe 8 according to Figure 8 may be utilized 

with the connection. Pipe 8 includes an inner tubular liner 10 having an inner 

surface 12 and an outer surface 14, a reinforcement layer 15 including a first ply 

16 of reinforcing tape helically wrapped about the inner liner and a second ply 18
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of reinforcing tape helically wrapped about the first ply of reinforcing tape and an 

outer jacket 20 applied outwardly of the second ply. The first ply of reinforcing 

tape is wrapped either clockwise or counterclockwise and the second ply is 

wrapped in the other of the clockwise or counterclockwise directions, when 

compared to the first ply. Thus, stated another way, it may be said that one ply is 

wrapped at a positive helical angle and the other ply is wrapped in a negative 

helical angle.  

While the pipe may include a reinforcement layer with only two plys of reinforcing 

tape, the embodiment illustrated in Figure 8 includes a reinforcement layer with a 

total of four plys including two further plys 22, 24 in addition to the first ply 16 and 

the second ply 18.  

Pipe 8 may have various diameters such as of 50 to 600 mm (2 to 24 inches) 

outer diameter with a maximum operating pressure of 500 bar (7250 psi). The 

more common diameters are for example 125 to 300 mm (5 to 12 inches) outer 

diameter and typical operational pressures are 50 to 103 bar (725 to 1500 psi).  

While being formable with large diameters, the pipe retains useful properties 

such as being self supporting and flexible with good pressure containment and 

impact resistance. Pipe 8 may be formed in discrete lengths and may be 

formable into longer lengths, as by connecting a plurality of shorter length pipes 

end to end using the above-described connections. The longer lengths may be 

spoolable for convenient handling.  

The pipe may have a fully bonded construction. For example, in one 

embodiment, the reinforcement layer is fully bonded to inner liner 10 and to outer 

jacket 20 and each ply of tape in the reinforcement layer is bonded to the plys 

radially inwardly and radially outwardly of it. The reinforcement layer, therefore, 

may have high inter-ply shear strength. Bonding may be achieved by 

thermoplastic melt fusion, which may include heating the materials to be 

contacted to a temperature above their melt temperature, bringing the materials 

into contact, and allowing the materials to cool at which time the contacted



- 30 

materials become fused together. In one embodiment, for example, a 

"thermoplastic tape placement" method may be employed.  

Inner liner 10 is tubular having an inner diameter defined by inner surface 12 that 

is open for the passage of fluids therethrough. The reinforcement layer is applied 

over outer surface 14 of the liner.  

The liner is selected to act as a leak and permeation barrier. The liner should be 

formed of the most molecularly impervious polymer that meets acceptable 

material costs, as determined by a cost benefit analysis. Generally, the liner 

should be selected to minimize diffusion of gaseous components of the fluid 

being conveyed. As will be appreciated, the liner is selected to be substantially 

resistant to degradation by the fluid to be passed therethrough.  

The liner is as thin as possible. In particular, liner 10 can be as thin as it can be 

manufactured, thus reducing weight and material cost, and improving the 

flexibility of the pipe. For example, bearing in mind that the pipe diameter may 

be relatively large, for example offered in diameters of about 6, 8, 10 or 12 

inches, the liner may be less than less than 4 mm thick and may have an outside 

diameter to wall thickness ratio of 30:1 to 50:1. When the pipe is manufactured, 

the liner can be supported by an internal steel mandrel and, therefore, the liner is 

not required to support the loads induced by application of the outer layers such 

as during the winding process of reinforcing plys and the subsequent application 

of outer jacket 20.  

As noted above, the liner includes a thermoplastic. In one embodiment, the liner 

includes a main tubular component formed of thermoplastic. Currently, polymers 

of greatest interest are polyamides, polypropylenes or polyethylenes such as 

high density polyethylene (HDPE). For petroleum operations, HDPE is 

particularly useful as it provides good chemical compatibility with many oilfield 

chemicals at a reasonable cost.
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In some embodiments, the liner or a ply thereof is filled, for example, with 

amorphous clays, chopped glass or carbon fibers. These materials can enhance 

liner stability, for example, against low temperature cracking, against polymer 

creep for long term integrity and may enhance the initial strength of the liner 

following extrusion. The fibers can be aligned or random.  

In some embodiments, the liner may be a tubular laminate including a plurality of 

tubular layers. A multi-layered liner can include, for example, more than one 

layer of the same material or of different materials. Particular layers may be 

selected to confer various performance characteristics to the liner. For example, 

one layer in a multi-layered liner may confer resistance to degradation by the 

fluid being conveyed, and another layer may confer resistance to permeation of 

gaseous components of the fluid being conveyed. In one embodiment, for 

example, to enhance resistance to gas permeation, a barrier layer may be 

employed. For example, a polymeric barrier layer of material with high 

permeation resistance to gas may be employed. Examples of permeation 

resistant materials are polyamides and ethylene vinyl alcohol. Such a material 

may be positioned adjacent inner surface 12.  

While the liner may be formed in various ways, extrusion offers a simple and 

rapid means of production. A multi-layered liner may be made, for example, by 

coextrusion of the various layers, as is known in the art.  

The reinforcement layer, including the number of plys of reinforcement tape, the 

nature of the tape and the construction, determines, for the most part, many of 

the operational parameters of the pipe including, for example, burst strength, 

pressure holding capability, flexibility, etc. For example, the number of tape plys 

can be selected to determine the pressure class of the pipe, with fewer plys 

offering a lower pressure holding pipe.  

Generally there are at least two plys of tape in the reinforcing layer of the pipe, 

the plys of reinforcing tape are configured with one ply wound in a positive or 

clock-wise helical direction and the other ply wound in a negative or counter-
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clockwise helical direction. One or more further plys of reinforcing tape may be 

applied between the inner liner and the outer jacket. Generally, as shown, 

further plys of reinforcing tape are added in pairs with one of the pair of plys 

wrapped in a positive helical direction and the other of the pair of plys wrapped in 

a negative helical direction. In a four ply pipe, as shown for example, plys 16, 18, 

22, 24 of reinforcing tape are configured with two plys wound in a positive or 

clock-wise helical direction and the other two plys wound in a negative or 

counter-clockwise helical direction. The plys generally alternate in their winding 

direction from inside to outside. A ply is one or more substantially continuous 

lengths of tape wound at the same angle and direction onto the underlying liner 

or tape ply.  

The tape employed to form the plys can be configured in various ways from pipe 

to pipe and from ply to ply. In an embodiment, a tape may be used such as that 

described above with reference to Figure 3.  

The angle of winding of each ply 16, 18 is selected to maximize strength in the 

circumferential and axial directions. Winding angles of between about 80 and 860 

can be used. In one embodiment, winding angles of between 400 and 700 are 

used, in one embodiment with winding angles of between 500 and 600. In one 

embodiment, the plys of each pair are selected to have substantially equal load 

carrying capability. For example, the first and second plys can use similar tape, 

have substantially equal but opposite winding angles and be applied in 

substantially equal quantities.  

Outer jacket 20 surrounds the reinforcement layer including plys 16 and 18, and 

in this embodiment plys 22 and 24, of tape. While the pipe will function to 

contain pressurized fluids without the outer jacket, outer jacket 20 operates with 

the couplings disclosed herein to provide pipe connections. Outer jacket 20 also 

acts to protect the reinforcement layer from damage, as by cut, abrasion, and 

impact.
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The outer jacket is formed of thermoplastic, which is flexible, protects the 

reinforcing fibers to some degree and is capable of fusing to the underlying layer 

of the pipe.  

As will be appreciated with consideration as to the intended use of the pipe, outer 

jacket 20 can be selected to be substantially resistant to degradation by 

environmental effects (i.e. ultraviolet light, weather, etc.) and by the chemicals 

that may come in contact with it. Currently, the thermoplastic of greatest interest 

is polyethylene, for example, HDPE.  

As desired, the outer jacket can include or have attached thereto identifiers such 

as, for example, paint, coloration, bar-coding, chips, etc. or materials facilitating 

use or installation such as, for example, electrically conductive wire or survey 

locatable metal parts.  

Outer jacket 20 may be coated with insulation, if desired, for thermal insulation of 

environmental temperature to conduit temperature. Insulation may include 

polymers, foaming agents, etc. If the insulation is not a thermoplastic and/or not 

bonded to the underlying layers, it should be removed from the pipe's end before 

being employed in a connection as described herein.  

Jacket 20 may be applied to the pipe in various ways. For example, the jacket 

materials can be applied as by extrusion, spraying, dipping, tape winding, shrink 

wrapping, braiding, etc. In one embodiment, the jacket is extruded onto the pipe.  

In another embodiment, a tape can be employed such as a HDPE tape, for 

example a neat (i.e. non-reinforced) or a low fiber content reinforced HDPE tape.  

The tape can be wound and bonded about the reinforcement layer using a tape 

placement method.  

It will be apparent that many other changes may be made to the illustrative 

embodiments, while falling within the scope of the invention and it is intended 

that all such changes be covered by the claims appended hereto.
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We claim: 

1. A pipe coupling for forming a pipe connection, the pipe coupling comprising: 

a wall formed as a tube having open ends and an axis extending between the 

open ends and having a tubular laminate construction including a liner with an 

inner surface defining an inner diameter, a reinforcement layer outwardly of the 

liner, the reinforcement layer including at least one axially extending ply of 

reinforcing fibers with reinforcing fibers extending at an angle of less than 200 off 

the axis and at least one hoop wound ply of fibers with reinforcing fibers 

extending at an angle of greater than 700 relative to the axis and an outer jacket 

encircling the reinforcement layer and defining an outer surface of the pipe 

coupling; an electrical conductor supported by the liner and extending about a 

circumference of the coupling; and a pair of contacts exposed on the outer 

surface and electrically in contact with the electrical conductor for connecting an 

electrical power source to the electrical conductor, wherein the at least one 

axially extending ply of reinforcing fibers and the hoop wound ply of reinforcing 

fibers each are formed from a tape with the reinforcing fibers extending along a 

length of the tape.  

2. The pipe coupling of claim 1 having an operating pressure range of from 50 

to 103 bar.  

3. The pipe coupling of claim 1 or claim 2 wherein the liner, the reinforcement 

layer and the outer jacket each contain a thermoplastic.  

4. The pipe coupling of claim 3 wherein the thermoplastic has at least one of 

the following characteristics: (i) a softening temperature greater than 1 00C, (ii) a 

brittleness temperature less than -600C, (iii) a melt temperature of 120 to 3000C, 

(iv) a tensile strength of 16 to 100 MPa, (v) an elongation to break of at least 

50%, for example, of 100 to 1000%, (vi) resistance to fatigue cracking when 

subjected to 1 million cycles at 1% strain, and (vii) a notched IZOD impact 

strength greater than 30 J/m.
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5. The pipe coupling of claim 4 wherein the thermoplastic has all of (i) to (vii) 

and the liner, the reinforcement layer and the outer jacket are fused together in 

the wall.  

6. The pipe coupling of any one of claims 3 to 5 wherein the thermoplastic is 

selected from a polyamide, a polyethylene and a polypropylene.  

7. The pipe coupling of any preceding claim wherein the electrical conductor is 

embedded in the liner.  

8. The pipe coupling of any preceding claim wherein wherein the hoop wound 

ply of reinforcing fibers has fibers extending at an angle of between 85 and 900 

relative to the axis..  

9. The pipe coupling of any preceding claim wherein the at least one ply of 

reinforcing fibers includes at least one ply wound in a positive helical direction 

and at least one ply wound in a negative helical direction.  

10. The pipe coupling of any preceding claim wherein the at least one ply of 

reinforcing fibers results from a tape with the reinforcing fibers extending along a 

length of the tape.  

11. The pipe coupling of claim 10 wherein the tape includes reinforcing fibers of 

glass in a matrix including thermoplastic.  

12. A flexible pipe connection system comprising: a pipe having a wall including 

an inner surface defining an inner diameter of the pipe, an open end through 

which the inner diameter is accessed, and a thermoplastic outer jacket exposed 

on an outer surface of the pipe adjacent the open end; and a connection for 

connecting to the open end of the pipe, the connection including a coupling and 

an insert, the coupling including an inner wall surface, an outer wall surface and 

a wall thickness between the inner wall surface and the outer wall surface, the 

wall thickness having a tubular laminate construction including a liner, a 

reinforcement layer outwardly of the liner, the reinforcement layer including at



- 36 

least one ply of reinforcing fibers and a jacket encircling the reinforcement layer, 

an electrical conductor supported by the wall thickness and extending about a 

circumference of the coupling, a pair of contacts exposed on the outer wall 

surface and electrically in contact with the electrical conductor for connecting an 

electrical power source to the electrical conductor and the insert configured as a 

tube separate from the coupling, the insert including an outer tubular surface and 

having a rigidity greater than that of the coupling, the system including the insert 

installed within the inner diameter to internally support the pipe and the coupling 

installed over the pipe with the electrical conductor overlapping the thermoplastic 

outer jacket and the inner wall surface fused to the thermoplastic outer jacket by 

thermoplastic melting of the thermoplastic outer jacket by the electrical 

conductor.  

13. The flexible pipe connection system of claim 12 wherein the connection 

system provides a maximum operating internal pressure of from 50 to 103 bar.  

14. The flexible pipe connection system of claim 12 or 13 wherein the liner, the 

reinforcement layer and the jacket each contain a thermoplastic.  

15. The flexible pipe connection system of claim 14 wherein the thermoplastic 

has at least one of the following characteristics: (i) a softening temperature 

greater than 100 C, (ii) a brittleness temperature less than -600C, (iii) a melt 

temperature of 120 to 3000C, (iv) a tensile strength of 16 to 100 MPa, (v) an 

elongation to break of at least 50%, (vi) resistance to fatigue cracking when 

subjected to 1 million cycles at 1% strain, and (vii) a notched IZOD impact 

strength greater than 30 J/m.  

16. The flexible pipe connection system of claim 15 wherein the thermoplastic 

has all of (i) to (vii) and the liner, the reinforcement layer and the jacket are fused 

together in the coupling.



- 37 

17. The flexible pipe connection system of any one of claims 14 to 16 wherein 

the thermoplastic is at least one of a polyamide, a polyethylene and a 

polypropylene.  

18. The flexible pipe connection system of any one of claims 12 to 17 wherein 

the liner supports the electrical conductor.  

19. The flexible pipe connection system of any one of claims 12 to 18 wherein 

the electrical conductor is embedded in the liner.  

20. The flexible pipe connection system of any one of claims 12 to 19 wherein 

the at least one ply of reinforcing fibers extends substantially axially and/or is 

wound circumferentially around the coupling.  

21. The flexible pipe connection system of any one of claims 12 to 20 wherein 

the at least one ply of reinforcing fibers results from a tape with the reinforcing 

fibers extending along a length of the tape.  

22. The flexible pipe connection system of claim 21 wherein the tape includes 

reinforcing fibers of glass in a matrix including thermoplastic.  

23. The flexible pipe connection system any one of claims 12 to 22 wherein the 

insert extends into the inner diameter a distance to radially underlap the electrical 

conductor.  

24. The flexible pipe connection system of any one of claims 12 to 23 further 

comprising a second pipe extending from an end of the coupling opposite the 

electrical conductor.  

25. The flexible pipe connection system of claim 24 wherein the second pipe is 

secured to the coupling with the inner wall surface fused to a thermoplastic outer 

jacket of the second pipe by an electrofusion process.  

26. A method for connecting a first pipe to a second pipe, the first pipe and the 

second pipe each having a wall including an inner surface defining an inner
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diameter, an open end through which the inner diameter is accessed, and a 

thermoplastic outer jacket exposed on an outer surface of the wall adjacent the 

open end, the method comprising: inserting an end of the first pipe into a 

coupling formed as a tube having open ends and an axis extending between the 

open ends and having a tubular laminate construction and including a liner with 

an inner wall surface defining an inner diameter between the open ends 

configured to accommodate the first pipe and the second pipe positioned end to 

end, a reinforcement layer outwardly of the liner, the reinforcement layer 

including at least one axially extending ply of reinforcing fibers with fibers 

extending at an angle of less than 200 off the axis and a hoop wound ply of fibers 

with fibers extending at an angle of greater than 700 relative to the axis and an 

outer jacket encircling the reinforcement layer and defining an outer wall surface, 

an electrical conductor supported by the liner of the coupling and extending 

about a circumference of the coupling, a pair of contacts exposed on the outer 

wall surface and electrically in contact with the electrical conductor for connecting 

an electrical power source to the electrical conductor, positioning the coupling 

with the electrical conductor overlapping the thermoplastic outer jacket of the first 

pipe, placing a tubular insert within the inner diameter of the first pipe, the tubular 

insert separate from the coupling and including an outer tubular surface and the 

tubular insert being hollow and having a rigidity greater than that of the coupling, 

the tubular insert configured to internally support the first pipe and to fit within the 

inner diameter of the coupling with an annular gap between the inner surface and 

the outer tubular surface in which the first pipe resides, generating an electrical 

current through the electrical conductor to melt the thermoplastic outer jacket and 

to fuse the first pipe to the coupling, inserting an end of the second pipe into the 

annular gap between the coupling and the tubular insert and positioning the 

second pipe with a gap between the end of the first pipe and the end of the 

second pipe and with the electrical conductor overlapping the thermoplastic outer 

jacket of the second pipe, and generating an electrical current through the 

electrical conductor to melt the thermoplastic outer jacket and to fuse the second 

pipe to the coupling the tubular insert having an axial length along the outer
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tubular surface sufficient to underlap both the electrical conductor and the gap 

between the ends of the first pipe and the second pipe.  

27. The method of claim 26 wherein generating an electrical current to fuse the 

first pipe to the coupling occurs before shipping and generating an electrical 

current to fuse the second pipe to the coupling occurs after shipping.  

28. The method of claim 26 or 27 further comprising testing the integrity of the 

connection including: accessing an enclosed volume between the first pipe, the 

insert and the coupling, the enclosed volume sealed by a first seal between the 

inner surface and the insert and a second seal between the outer surface and the 

coupling; pressurizing the enclosed volume to a test pressure; and monitoring the 

test pressure to observe the pressure holding integrity of the first seal and the 

second seal.  

29. The method of any one of claims 26 to 28 further comprising installing an 

external clamp about the coupling before generating the electrical current.  

30. A flexible pipe connection system comprising: a pipe having a wall including 

an inner surface defining an inner diameter of the pipe, an open end through 

which the inner diameter is accessed, and a thermoplastic outer jacket exposed 

on an outer surface of the pipe adjacent the open end; and a connection for 

connecting to the open end of the pipe, the connection including a coupling and 

an insert, the coupling including an inner wall surface, an outer wall surface and 

a wall thickness between the inner wall surface and the outer wall surface, the 

wall thickness having a tubular laminate construction including a liner with an 

inner surface defining the inner wall surface, a reinforcement layer outwardly of 

the liner, the reinforcement layer including at least one axially extending ply of 

reinforcing fibers with fibers extending at an angle of less than 200 off the axis 

and a hoop wound ply of reinforcing fibers with fibers extending at an angle of 

greater than 700 relative to the axis and an outer jacket encircling the 

reinforcement layer and defining the outer wall surface; and the electrical 

conductor is embedded in the liner, an electrical conductor supported by the wall
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thickness and extending about a circumference of the coupling, a pair of contacts 

exposed on the outer wall surface and electrically in contact with the electrical 

conductor for connecting an electrical power source to the electrical conductor 

and the insert configured as a tube separate from the coupling, the insert 

including an outer tubular surface and having a rigidity greater than that of the 

coupling, the system including the insert installed within the inner diameter to 

internally support the pipe and the coupling installed over the pipe with the 

electrical conductor overlapping the thermoplastic outer jacket and the inner wall 

surface fused to the thermoplastic outer jacket by thermoplastic melting of the 

thermoplastic outer jacket by the electrical conductor.  

31. The flexible pipe connection system of claim 30 wherein the at least one 

axially extending ply of reinforcing fibers and the hoop wound ply of reinforcing 

fibers each are formed from a tape with the fibers extending along a length of the 

tape and a thermoplastic matrix and the plies are fused together by fusion of the 

thermoplastic matrix.  

32. A pipe connection assembly for connecting an end of a first pipe to an end 

of a second pipe, the connection comprising: a coupling including a wall 

configured as a tube having open ends and an axis extending between the open 

ends and having a tubular laminate construction including a liner with an inner 

surface defining an inner diameter between the open ends, a reinforcement layer 

outwardly of the liner, the reinforcement layer including at least one axially 

extending ply of reinforcing fibers with fibers extending at an angle of less than 

200 off the axis and a hoop wound ply of fibers with fibers extending at an angle 

of greater than 700 relative to the axis and an outer jacket encircling the 

reinforcement layer and defining an outer wall surface, an electrical conductor 

supported by the liner and extending about a circumference of the coupling, a 

pair of contacts exposed on the outer wall surface and electrically in contact with 

the electrical conductor for connecting an electrical power source to the electrical 

conductor, the coupling configured to accommodate the first pipe and the second 

pipe positioned end to end in the inner diameter; and a tubular insert separate
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from the coupling and including an outer tubular surface and the tubular insert 

being hollow and having a rigidity greater than that of the coupling, the tubular 

insert configured to fit within the inner diameter of the coupling with an annular 

gap between the inner surface and the outer tubular surface and to internally 

support the first pipe, the tubular insert having an axial length along the outer 

tubular surface sufficient to underlap both the electrical conductor and a gap 

between the ends of the first pipe and the second pipe.  

33. The pipe connection assembly of claim 32 wherein the connection system 

provides a maximum operating internal pressure of from 50 to 103 bar.  

34. The pipe connection assembly of claim 32 or 33 wherein the liner and the 

outer jacket each contain a thermoplastic and the at least one axially extending 

ply of reinforcing fibers and the hoop wound ply of reinforcing fibers each are 

formed from a tape with the fibers extending along a length of the tape and a 

matrix containing thermoplastic and the plies, the liner and the outer jacket are 

fused together by fusion of the thermoplastic.  

35. The pipe connection assembly of claim 34 wherein the thermoplastic has: (i) 

a softening temperature greater than 1 00C, (ii) a brittleness temperature less 

than -600C, (iii) a melt temperature of 120 to 3000C, (iv) a tensile strength of 16 

to 100 MPa, (v) an elongation to break of at least 50%, (vi) resistance to fatigue 

cracking when subjected to 1 million cycles at 1% strain, and (vii) a notched 

IZOD impact strength greater than 30 J/m.  

36. The pipe connection assembly of claim 34 or 35 wherein the thermoplastic 

is at least one of a polyamide, a polyethylene and a polypropylene.  

37. The pipe connection assembly of any one of claims 32 to 36 wherein the 

hoop wound ply of reinforcing fibers has fibers extending at an angle of between 

85 and 900 relative to the axis.  

38. The pipe connection assembly of any one of claims 32 to 37 wherein the 

electrical conductor is embedded in the liner.
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39. The pipe connection assembly of any one of claims 32 to 38 wherein the 

tubular insert includes annular seals on the outer tubular surface.  

40. The pipe connection assembly of any one of claims 32 to 39 wherein the 

tubular insert includes a bore and a first end and an opposite end opening to the 

bore and wherein the ends have tapered inner diameter surfaces.  

41. The pipe connection assembly of claim 40 wherein the tubular insert 

includes an annular shoulder extending outwardly from the outer tubular surface, 

against which the ends of the first pipe and second pipe abut.  

42. The pipe connection assembly of claim 41 wherein the tubular insert has a 

first end length between the first end and the annular shoulder and a second end 

length between the opposite end and the annular shoulder and the first end 

length is shorter than the second end length.  

43. The pipe connection assembly of any one of claims 32 to 42 wherein the 

tubular insert includes surface serrations on the outer tubular surface.
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