METHOD AND SYSTEM FOR JOINING PIPE

CROSS-REFERENCE TO OTHER APPLICATIONS

[0001] The disclosure claims priority from US Provisional Application No. 63/704,089
filed October 7, 2024 which is hereby incorporated by reference.

FIELD OF THE DISCLOSURE

[0002] The disclosure is generally directed at metalworking and, more specifically, at a

method and system for joining pipe.
BACKGROUND OF THE DISCLOSURE

[0003] In the prior art, an outer diameter of a thin-walled pipe may be covered by a
composite material, in order to provide structural strength. The thin-walled pipe may be axially

joined to another thin-walled pipe by a coupler device.

[0004] The prior art coupler device is usually secured inside the pipe at an end of the pipe,

by conventional welding methods.

[0005] However, the conventional welded connection between the coupler and the thin-
walled pipe is prone to failure. In particular, where the coupler is welded to the pipe using
conventional methods, then a heat-affected zone ("HAZ") is created, which is weaker than the

material surrounding it.

[0006] Conventional welds tend to create protrusions extending past the design inner
diameter, which reduce drift size. In a pipe with a relatively small inner diameter, the reduction
can be significant. Also, where fluid is to flow through the pipe, protrusions from conventional

welding result in turbulent flow.

[0007] In addition, the known coupler devices are usually formed to fit inside the inner
diameter of the pipe, i.e., the conventional coupler's inner diameter is smaller than the pipe's inner
diameter. This arrangement is undesirable because non-alignment of the inner diameter of the
coupler with the inner diameter of the pipe creates turbulent flow in a fluid moving through the

pipe and/or restricts drift diameter.

[0008] Therefore, there is provided a novel method and system for joining pipe.



SUMMARY OF THE DISCLOSURE

[0009] For the foregoing reasons, there is a need for a method and system for joining pipe

that overcomes or mitigates one or more of the defects or deficiencies of current practice.

[0010] In its broad aspect, the disclosure provides a method of joining pipe in which a
coupler has a body with a main portion and an engagement portion that is formed to fit over an
end portion of the pipe. In some embodiments, the body includes a number of fins positioned on,
integrated with or part of the engagement portion for at least partial engagement with the end
portion. One or more heating elements are provided, for heating a first heated part of the
engagement portion to a first hot working temperature and for heating a second heated part of
the end portion to a second hot working temperature. When they are at their respective hot

working temperatures, the first and second heated parts are plastically deformable.

[0011] The coupler and the end portion are covered with an inert atmosphere, and the
heating elements are energized, to heat the first and second heated parts to their respective hot

working temperatures.

[0012] One or both of the coupler and the pipe are subjected to a translocation motion, to
move the engagement portion onto the end portion. Also, one or both of the coupler and the pipe
are subjected to an engagement motion, in which one or both of the coupler and the pipe are
moved radially relative to the other. The coupler is urged against the end portion, to join the

coupler with the pipe.

[0013] In one aspect of the disclosure, there is provided a method including providing at
least one pipe, said at least one pipe including an end portion at an end of said at least one pipe;
providing a coupler including a body, the body including a main portion; and an engagement
portion formed to fit over the end portion, the body including a plurality of fins positioned on the
engagement portion; providing an inert atmosphere covering the coupler and the end portion;
energizing at least one heating element to heat a first heated part of the engagement portion to a
first hot working temperature and at least one second heated part to a second hot working
temperature; subjecting one or both of the coupler and said at least one pipe to a translocation
motion, to move the engagement portion onto the end portion; subjecting one or both of the
coupler and said at least one pipe to an engagement motion, in which one or both of the coupler
and said at least one pipe move radially relative to the other; and urging the coupler against the

end portion, to join the coupler to said at least one pipe.



[0014] In another aspect of the disclosure, there is provided a method including heating
a coupler heated part of a coupler to a first hot working temperature in an inert atmosphere;
heating a pipe heated part of a pipe to a second hot working temperature in the inert atmosphere;
and subjecting one or both of the coupler and the pipe to a translocation motion and an
engagement motion to engage the coupler heated part of the coupler and the pipe heated part of

the pipe.

[0015] In another aspect, heating a coupler heated part of a coupler to a first hot working
temperature in an inert atmosphere includes heating a set of fins to the first hot working
temperature in the inert atmosphere. In a further aspect, heating a coupler heated part of a
coupler to a first hot working temperature in an inert atmosphere includes heating an intermediate
component to the first hot working temperature in the inert atmosphere. In yet another aspect,

the engagement motion includes a rotational motion.

[0016] In another aspect of the disclosure, there is provided a coupler for use in joining
pipe including a main body portion; and an engagement portion wherein the engagement portion
includes a coupler heated part which is heated to a first hot working temperature for engaging the

engagement portion with the pipe.

[0017] In another aspect, the engagement portion includes a set of fins. In yet another

aspect, the engagement portion further includes an intermediate component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The disclosure will be better understood with reference to the attached drawings,
in which:

[0019] Fig. 1 is a longitudinal cross-section of an embodiment of a coupler and a cladded
pipe;

[0020] Fig. 2 is a longitudinal cross-section of the coupler of Fig. 1 with a portion of the

cladding on the pipe removed, to expose an end portion of the pipe;

[0021] Fig. 3 is a longitudinal section of the coupler and the pipe of Fig. 2 in which an

engagement portion of the coupler is engaged with the end portion of the pipe;



[0022] Fig. 4 is a longitudinal section of an alternative embodiment of a coupler,

positioned for engagement with respective end portions of first and second pipes;

[0023] Fig. 5 is a longitudinal section of the coupler and the first and second pipes of Fig.

4 in which the coupler is engaged with the respective end portions of the first and second pipes;

[0024] Fig. 6 is a longitudinal section of another alternative embodiment of a coupler,

positioned for engagement with respective end portions of first and second pipes;

[0025] Fig. 7 is a longitudinal section of the coupler and the first and second pipes of Fig.

6 in which the coupler is engaged with the respective end portions of the first and second pipes;

[0026] Fig. 8 is a longitudinal section of another alternative embodiment of a coupler,

positioned for engagement with respective end portions of first and second pipes;

[0027] Fig. 9 is a longitudinal section of the coupler and the first and second pipes of Fig.

8 in which the coupler is engaged with the respective end portions of the first and second pipes;

[0028] Fig. 10 is a longitudinal section of first and second pipes and an intermediate pipe
positioned therebetween and couplers positioned for engagement with the first and second pipes

and the intermediate pipe, drawn at a smaller scale;

[0029] Fig. 11 is a longitudinal section of the first and second pipes and the intermediate

pipe of Fig. 10, engaged with each other and with the couplers;

[0030] Fig. 12 is a longitudinal section of a pre-formed junction element and couplers for

joining pipes to the junction element;

[0031] Fig. 13 is a longitudinal section of the pre-formed junction element and couplers of

Fig. 12, engaged with each other;

[0032] Fig. 14 is a part of a longitudinal section of first and second pipes showing another

embodiment of the coupler joining the pipes, drawn at a larger scale;

[0033] Fig. 15 is a part of a longitudinal section of another embodiment of a coupler

positioned to be engaged with an end portion of a pipe; and



[0034] Fig. 16 is a part of a longitudinal section of yet another embodiment of a coupler

positioned to be engaged with an end portion of a pipe.
DETAILED DESCRIPTION

[0035] In the attached drawings, like reference numerals designate corresponding
elements throughout. Reference is first made to Figs. 1-3 to describe an embodiment of a method

and system of the disclosure.

[0036] As will be described, in one embodiment, as shown in Fig. 1, which is a longitudinal
cross-section of an embodiment of a coupler and a cladded pipe, the method of the disclosure is
for joining a coupler 20 to a pipe 22. The pipe 22 has an end portion 24 located at an end 26 of
the pipe 22. The pipe 22 defines an axis "X" thereof. As can be seen in Fig. 1, the coupler 20 is
initially positioned so that it is coaxial with the pipe 22 to facilitate engagement between the

coupler 20 and the pipe 22.

[0037] It will be understood that the pipe 22 and the coupler 20 of Fig. 1 are round in

cross-section, however, other shaped pipes and couplers may be contemplated.

[0038] In one embodiment, the coupler 20 includes a body 28 with a main portion 30 and
an engagement portion 32 formed to fit over the end portion 24 (as schematically shown in Fig.
2). The engagement portion 32 includes a wall segment 33 and a set or number of fins 34
positioned on the wall segment 33. As will be described below, the set of fins 34 are used for at
least partial engagement of the coupler 20 with the end portion 24 of the pipe 22. In one
embodiment, the set of fins 34 are made of the same material as the coupler and may be cut out

from coupler 20.

[0039] Those skilled in the art would appreciate that, in Fig. 1, the pipe 22 is shown
covered on its outer surface 35 (as labelled in Fig. 2) by a composite material 36. As can be seen
in Figs. 1 and 2, in one embodiment, a part 38 (Fig. 1) of the composite material 36 is removed
(Fig. 2), in order that the outer surface 35 of the end portion 24 may be free of the composite
material, so that the coupler 20 may be joined to the pipe 22 at the end portion 24. For clarity of
illustration, the part 38 of the composite material 36 that is to be removed is partly shown in

dashed outline in Fig. 1.



[0040] Alternatively, when manufacturing the pipe 22, the composite material 36 may be
formed on the pipe's outer surface 35 so that the outer surface 35 of the end portion 24 is exposed

without needing to remove the composite material 36 post-manufacture.

[0041] As can be seen in Figs. 2 and 3, one or more heating elements 40 are provided
for heating a part or portion 42, which may be seen as a coupler heated part or first heated part,
of the engagement portion 32 to a first hot working temperature such as when the coupler 20 is
in contact with the pipe 22. In other embodiments, the one or more heating elements 40 may
heat the first heated part just prior to contact between the coupler 20 and the pipe 22. The one
or more heating elements 40 are also used for heating a part or portion 44, which may be seen
as a pipe heated part or a second heated part, of the end portion 24 to a second hot working
temperature. In some embodiments, the heating element(s) are configured for heating the first 42
and second 44 heated parts by induction. In the current disclosure, the hot working temperatures
are below the melting temperature of the metal that is heated, and sheared (as will be described),
and because of this, a heat-affected zone ("HAZ") is reduced or avoided entirely. As will be
described, when the metal is at the hot working temperature, the metal is subject to plastic

deformation.

[0042] It will be understood that, as illustrated in Fig. 2, the thicknesses of the first and

second heated parts 42, 44 are exaggerated, for clarity of illustration.

[0043] During heating, an inert atmosphere (not shown) is provided, which covers the
engagement portion 32 of the coupler 20 and the end portion 24 of the pipe 22. Those skilled in
the art would be aware of suitable gases which may be used as the inert atmosphere, and also
of suitable devices for containing the inert atmosphere. For clarity of illustration, the inert

atmosphere and devices for containing the inert atmosphere are omitted from the drawings.

[0044] When the coupler 20 is located coaxially relative to the pipe 22, an inner surface
45 of the main portion 30 of the coupler 20 is aligned with an interior surface 47 of the end portion
24 of the pipe 22 (Fig. 3).

[0045] In one embodiment, once the coupler 20 is so located relative to the end portion
24, the one or more heating elements 40 are energized, for heating the first and second heated
parts 42, 44 to the first and second hot working temperatures respectively. In one embodiment,
the coupler 20 and the pipe 22 are made of the same metal and the first and second hot working

temperatures are the same, or substantially the same, temperature. However, in an alternative



embodiment, the coupler 20 and the pipe 22 may be made of different metals, and the first and

second hot working temperatures may be different.

[0046] As schematically illustrated in Fig. 2, the heating element(s) 40 may be formed to
fit around an outer diameter of the end portion 24, to heat the second heated part 44. It will be
understood that, for clarity of illustration, only one heating element 40 is illustrated in Figs. 2 and
3. In the situation illustrated in Fig. 2, if convenient, a second heating element (not shown in Fig.
2) may be positioned inside the coupler 20, so that the heating element, when energized, will heat
the first heated part 42 of the engagement portion 32. Along with the first heated part, the heating
elements 40 may also heat the fins 34 to their hot working temperature. In other embodiments,
a heating element intended for heating the first heated part 42 may be positioned outside the

coupler 20, i.e., proximal to an outer surface 56 of the coupler 20.

[0047] Those skilled in the art would appreciate that locating a heating element 40 inside
the coupler 20 may not be practicable, for example, if removal of the heating element 40 after the

coupler 20 and the pipe 22 are heated, engaged or joined is difficult.

[0048] As can be seen in Fig. 2, the second heated part 44 extends from the exterior
surface 35 of the end portion 24 inwardly, i.e., toward the interior surface 47. Accordingly, the first
heated part 42 is formed so that it engages the second heated part 44, when the engagement

portion 32 of the coupler 20 is engaged with the end portion 24 of the pipe 22.

[0049] In Fig. 2, it can be seen that the heating elements 40 that are positioned for heating
the second heated part 44 are located outside the end portion 24. In practice, the heating
elements 40 that are positioned outside the end portion 24 may be provided in one or more
segments that are assembled around the end portion 24 so that they may substantially uniformly
heat the second heated part 44. Once the coupler 20 and the end portion 24 are joined, the

segments of the heating element(s) may then be disassembled, for removal thereof.

[0050] In one embodiment, once the first and second heated parts 42, 44 are at their
respective hot working temperatures, one or both of the coupler 20 and the pipe 22 are subjected
to a translocation motion, to move the engagement portion 32 onto the end portion 24. For
instance, if only the coupler 20 is subjected to the translocation motion, then the coupler 20 is
moved in the direction indicated by arrow "A" in Figs. 2 and 3. In some embodiments, the first 42

and second 44 heated parts may also be in contact prior to heating and depending on their



respective locations, there may not be a need for a translation motion for a low level of

translocation motion. This is described in more detail below.

[0051] While one or both of the coupler 20 and the pipe 22 are subjected to the
translocation motion, one or both of the coupler 20 and the pipe 22 are also subjected to an
engagement motion, in which one or both of the coupler 20 and the pipe 22 are moved radially
(i.e., about the axis "X") relative to the other. In one embodiment, the engagement motion
commences upon engagement of the first heated part 42 with the second heated part 44. For
convenience, the direction of the engagement motion is schematically indicated by arrow "B" in
Fig. 3. The translocation motion may continue until the engagement portion 32 engages the
composite material 36. In one embodiment, after the engagement portion 32 engages the
composite material 36, the coupler 20 is no longer urged in the direction indicated by arrow "A",
and the coupler 20 is subjected to the engagement motion, until the first 42 and second 44 heated

parts are joined together.

[0052] It will be understood that various arrangements may be suitable. For example, the
engagement motion may commence prior to the translocation motion. Alternatively, the

engagement motion and the translocation motion may commence at substantially the same time.

[0053] In one embodiment, the first and second heated parts are at their respective hot
working temperatures when the translocation motion and/or the engagement motion begin. While
the first and second heated parts 42, 44 are at the first and second hot working temperatures
respectively, they are softened relative to their hardness and rigidity at ambient temperature.
When the first and second heated parts 42, 44 are at the first and second hot working

temperatures, they are plastically deformable.

[0054] Depending on the positions and/or structure of the heating elements 40, they may
remain in position, and continue to heat the first 42 and/or second 44 heated parts, after the first
and second heated parts are engaged. However, those skilled in the art would appreciate that it

may be more convenient to remove one or all of the heating elements shortly before engagement.

[0055] As noted above, the first and second heated parts 42, 44 are subjected to the
engagement motion when they are engaged. It is believed that the microstructure of the first and
second heated parts is sheared due to the engagement of the first and second heated parts while

at the first and second hot working temperatures respectively. Due to shearing, a reworked, fine-



grained microstructure is formed in the first and second heated parts joining or bonding the first

42 and second 44 heated parts together.

[0056] The shearing results from the engagement motion experienced while the first and
second heated parts 42, 44 are at their respective hot working temperatures, and engaged. It will
be understood that the temperatures of the first and second heated parts 42, 44 rapidly decrease
to temperatures below their respective hot working temperatures after engagement (if the heating
elements are removed shortly prior to engagement). Once the temperatures of the first and
second heated parts 42, 44 are below their respective hot working temperatures, the engagement
motion ceases, and the coupler 20 is no longer urged (translocation motion) in the direction
indicated by arrow "A". In some embodiments, the engagement motion ceases when the force

(torque) required to cause the engagement motion rapidly increases.

[0057] It can be seen in Fig. 2 that the main portion 30 includes a main portion mating
face 46 and the engagement portion 32 includes an engagement portion face 48. As can be seen
in Figs. 2 and 3, when the engagement portion 32 is fully engaged with the end portion 24, the
main portion mating face 46 abuts an end face 50 of the end portion 24 of the pipe 22. The
engagement portion face 48 preferably does not engage a composite material end face 52 that
partially defines the end portion 24, but instead is spaced apart therefrom, when the engagement

portion 32 and the end portion 24 are engaged with each other.

[0058] As noted above, the set of fins 34 are positioned proximate the first heated part 42
or cut out from the coupler 20. When the engagement portion 32 is heated, the fins 34 are heated
to their hot working temperature thereof so that they are plastically deformable. When the
engagement portion 32 is engaged with the end portion 24, the fins 34 are generally bent away
from the direction of travel of the coupler 20 (i.e., they are generally bent away from the direction
indicated by arrow "A") and are squeezed substantially flat between the wall segment 33 and the
end portion 24 (Fig. 3).

[0059] It will be understood that, as illustrated in Fig. 3, a gap "G" that is shown between
the wall segment 33 and the outer surface 350f the end portion 24 is exaggerated, for clarity of
illustration. Also, only a small number of fins 34 of exaggerated size are shown in Figs. 2 and 3,
to simplify the illustrations. It is understood that the set of fins 34 may include more or less fins

than shown.



[0060] The engagement portion 32 is formed so that, once the first and second heated
parts 42, 44 are engaged, the wall segment 33 and the outer surface 35 of the end portion 24
define the predetermined gap "G" therebetween. In other words, the engagement portion 32 and
the end portion 24 are formed to cooperate, when engaged, to define the gap "G" so that it will be
sufficiently large to receive the set of fins 34, when the fins are deformed as schematically
illustrated in Fig. 3. As will be described, it is preferred that the set of fins 34, once deformed, will
substantially fill the gap "G". It will be understood the lengths of the engagement portions and the

end portion 46 and 50 also form a bond and seal

[0061] Furthermore, the fins 34, once positioned between the wall segment 33 and the
end portion 24, will also at least partly fill any openings that may form between the main portion
mating face 46 and the end face 50 of the pipe, when the coupler 20 and the pipe 22 are brought
together.

[0062] In some embodiments, once the engagement portion 32 is engaged with the end
portion 24 of the pipe 22, the heating element(s) continue to heat the first and second heated
parts 42, 44, i.e., while the coupler 20 is urged in the direction indicated by arrow "A" (translocation
motion), and while the engagement motion continues, until the coupler 20 and the end portion 24
are joined together. When the first and second heated parts 42, 44 are securely joined together,
the engagement motion ceases, and the heating element(s) are de-energized and/or removed. In
practice, when the force required to move one or both of the first and second heated parts 42, 44
relative to the other rapidly increases, the engagement motion ceases and the pressure urging

the coupler 20 in the direction indicated by arrow "A" is removed.
[0063] Subsequently, the remaining heating elements can then be removed.

[0064] Once the coupler 20 and the pipe 22 are securely joined together, a fluid-tight joint
is provided therebetween (Fig. 3). Also, the inner diameters of the coupler 20 and the pipe 22 are
preferably aligned, as shown in Fig. 3 to reduce the likelihood or prevent the turbulent flow of
liquid within the pipe. Those skilled in the art would appreciate that it is preferred that the main
portion mating face 46 and the end face 50 fit together so as to leave no spaces, or substantially
no spaces, therebetween, to be fluid-tight, or substantially fluid-tight. In some embodiments, the
main portion mating face 46 and the end face 50 may not cooperate to form a fluid-tight seal

therebetween, however, the deformed set of fins 34 provide a fluid-tight seal between the end

10



portion's outer surface 35 and the wall segment 33. The fins 34 also provide stability to the

connection between the coupler and the pipe.

[0065] In an alternative embodiment as schematically illustrated in Fig. 15, some of the
fins in the set of fins 34 that are proximal to the main portion mating face 46 may be somewhat
longer than the other fins in the set of fins 34. In the specific embodiment of Fig. 15, two fins that
are proximal to the main portion mating face 46 are identified for convenience by reference

characters 34A and 34B as being longer than the other fins in the set of fins.

[0066] In Fig. 15, the coupler 20 and the pipe 22 are shown shortly before the main portion
mating face 46 of the coupler 20 and the end face 50 of the pipe 22 are engaged.

[0067] As can be understood from Fig. 15, when the coupler 20 and the pipe 22 are
engaged, the fins 34A, 34B are pushed against the main portion mating face 46 and the wall
segment 33, and are also squeezed between the main portion mating face 46 and the end face
50. When heated to the their hot working temperature, the somewhat longer fins 34A, 34B are
plastically deformed, and fill any openings between the main portion mating face 46 and the end

face 50, when the coupler 20 is engaged with the end portion 24 of the pipe 22.

[0068] In some embodiments, as shown in Figure 16, the coupler 20 may include a pocket
or notch 60 proximate the main portion mating face 46. When engaged, a slope 62 of the pocket
60 or main portion mating face 46 urges the end face 50 of the pipe 22 to curve into the coupler
thereby reducing flash proximate the connection between the coupler 20 and the pipe 22. This

may also provide an additional seal between the coupler 20 and the pipe 22.

[0069] Flash, or flash material, is usually considered excess material (or metal) that has
to be cleaned and/or removed after welding. In some scenarios, the flash remains proximate the
weld site. However, in the current disclosure, by pushing the end portion 50 into the sloped pocket
60 and then into a cavity, the flash material can provide extra hold for the weld or engagement
between the coupler 20 and the pipe 22. Due to the use of induction heating of the first and
second heated parts to their respective hot working temperatures, and the subsequent shearing
(twisting) action, the curled end portion 50 will nest into the cavity and form to the shape of the
cavity or pocket 60. As taught above, this may also provide additional protection against leakage
and a stronger hold between the coupler 20 and the pipe 22. This may be seen as a complement
to the fins 34 in providing a tighter seal. The slope 62 is used to encourage the end portion 50 of

the pipe 22 to flare and curl into and towards the cavity, thereby reducing flash at the inside of the

11



pipe 22. The cavity weld provides further protection after separation of the coupler and pipe after
engagement and may provide an additional barrier against fluid entering the pipe 22. This is more

important when there is corrosive material within the pipe.

[0070] In another embodiment, as illustrated in Figs. 4 and 5, a coupler 120 includes a
wall segment 133 with a set or number of fins 134 mounted to or part of the wall segment 133. In
the current embodiment, the coupler 120 is intended to join two pipes 122A, 122B with composite
material 136A, 136B secured thereon respectively. The pipes 122A, 122B are positioned
coaxially with respect to each other, and the pipes 122A, 122B define an axis "2X" thereof. In
the current embodiment, the coupler 120 is also positioned coaxially relative to the pipes 122A,
122B.

[0071] The composite material 136A, 136B on the pipes 122A, 122B may be formed in
any suitable manner, so that exterior surfaces 154A, 154B of a portion of the pipes 122A, 122B,
such as the respective end portions 124A, 124B are exposed (Fig. 4). As outlined above, the end
portions 124A, 124B may initially be covered by composite material 136A, 136B that is
subsequently removed from the end portions 124A, 124B to expose the end portions 124A and
124B, or alternatively, the composite material may have been formed on the pipes 122A, 122B
so as to leave the exterior surfaces 154A, 154B of the end portions 124A, 124B exposed. As can
be seen in Fig. 4, the composite material 136A on the pipe 124A has an end face 152A thereof,
and the composite material 136B on the pipe 124B has an end face 152B thereof.

[0072] The heating element(s) 140 may be positioned inside or outside the coupler 120
and/or inside or outside the pipes 122A, 122B, depending on the most practical solution. For
instance, if practicable, one heating element (not shown in Figs. 4, 5) may be located inside the
coupler 120, for heating a portion, seen as a coupled heated part or a first heated part 142, of the
coupler directly such as, but not limited to by induction. The heating elements are also used to
heat a portion, seen as a pipe heated part or a second heated part 144A, 144B, of the pipes 122A,
122B. Depending on the positions of the heating elements, they may remain in position and
continue to heat the first and second heating parts, before or after the first and second heating

parts are engaged.

[0073] Alternatively, as can be seen in Fig. 4, the first heated part 142 of the coupler 120
may be heated by a heating element 140 that is positioned proximal to an outer surface 156 of

the coupler 120. In the current embodiment, the first heated part 142 includes a set of fins 134.
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As can be seen in Figs. 4 and 5, positioning a heating element outside the coupler 120 has the
advantage that the heating element 140 may be easily removed, after the pipes 122A and 122B

and the coupler 120 have been joined.

[0074] It will be understood that, for clarity of illustration, not all of the heating elements

for heating the first and/or second heated parts 144A, 144B are shown in Figs. 4 and 5.

[0075] Those skilled in the art would appreciate that, where the heating elements are
positioned proximal to the outer surface 156 of the coupler 120 and/or the exterior surfaces 154A,
154B of the pipes 122A, 122B, the heating elements 140 may be provided in segments that each
define a portion of a circle. In one example, the heating elements 140 may be provided
substantially in semi-circular shapes, so that they may conveniently be put into position proximal
to the outer surface 156 and/or the exterior surfaces 154A, 154B prior to heating, and

subsequently easily removed after heating.

[0076] It will be understood that, in some embodiments, the one or more heating elements
140 are positioned so that, when energized, the heating elements 140 heat the first heated part
142 of the coupler 120 and second heated parts 144A, 144B of the respective pipes 122A, 122B,
both before and after the coupler 120 and the end portions 124A, 124B are engaged.

[0077] In one embodiment, as schematically shown in Fig. 4, the first heated part 142 of
the coupler 120 is heated by the one or more heating elements 140 before the coupler 120 is
engaged with one or both of the end portions 124A, 124B. Once the first heated part 142
(including the set of fins 134) is at the first hot working temperature, the first heated part 142 is

plastically deformable.

[0078] The second heated parts 144A, 144B are also heated to their hot working
temperatures by energized heating elements (not shown in Fig. 4). As noted above, if feasible,
the heating elements for heating the second heated parts 144A, 144B to their hot working

temperatures are positioned outside the end portions 124A, 124B.

[0079] During heating of the first 142 and second heated parts 144A, 144B to their
respective hot working temperatures, the first heated part 142 and the second heated parts 144A,
144B are covered by a suitable inert atmosphere (not shown) in any suitable manner, and
immediately thereafter. Those skilled in the art would be aware of suitable gases that can be used

to provide or create the inert atmosphere, and of suitable devices for containing the inert
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atmosphere. Devices for containing the inert atmosphere are omitted from the drawings for clarity

of illustration.

[0080] Once the first heated part 142 and the second heated parts 144A, 144B are at the
first and second hot working temperatures respectively, one or both of the pipes 124A, 124B are
subjected to a translocation motion towards the coupler 120, to engage the second heated parts
144A, 144B of the pipes 122A, 122B with the first heated part 142 of the coupler 120.

[0081] As can be seen in Fig. 5, once the first heated part 142 is fully engaged with the
respective second heated parts 144A, 144B, the coupler's mating faces 146A, 146B do not
engage the respective composite material end faces 152A, 152B (Fig. 4), but are spaced apart

therefrom.

[0082] The translocation motion of the pipes 122A, 122B is schematically represented by
arrows "2A¢" and "2A." in Fig. 4. Either before or after engagement of the first 142 and second
144A, 144B heated parts, one or all of the coupler 120 and the pipes 122A, 122B are subjected
to engagement motions, in which one or all of the coupler 120 and the pipes 122A, 122B are
moved relative to each other. For example, when the coupler 120 is subjected to an engagement
motion, it may rotate or oscillate about the axis "2X" after the coupler 120 and the pipes 122A,
122B are engaged. Such motion may also take place before or during the translocation motion.

The direction of the engagement motion is schematically indicated by arrow "2B" in Fig. 5.

[0083] Once engagement has commenced, the pipes 122A, 122B are urged in the
directions indicated by arrows "2A:", "2A>" respectively. It will be understood that the first heated
part 142 and the second heated parts 144A, 144B are heated both before and after engagement,

if feasible, depending on how the heating elements are positioned.

[0084] The microstructures of the first heated part 142 and second heated parts 144A.
144B are sheared due to the engagement of the first and second heated parts while at the first
and second hot working temperatures respectively, and subjected to the engagement motion.
After shearing, a reworked, fine-grained microstructure is formed in the first heated part 142 and
the second heated parts 144A, 144B, securely joining or bonding the first heated part 142 with
the respective second heated parts 144A, 144B.

[0085] When the fins 134 (after being heated to their hot working temperature) are
engaged by the first and second end portions 124A, 124B, the fins 134 are plastically deformed.
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In one embodiment, as shown in Fig. 5, the fins 134 are bent, and squeezed between the wall
segment 133 (of the coupler 120) and the exterior surfaces 154A, 154B of the end portions 124A,
124B such that the plastically deformed fins 134 provide a fluid-tight seal between the wall
segment 133 and the exterior surfaces 154A, 154B of the end portions 124A, 124B.

[0086] As schematically shown in Fig. 5, the respective end faces 150A, 150B of the end
portions 124A, 124B of the pipes 122A, 122B are engaged with each other once the pipes 122A,
122B and the coupler 120 are engaged. Those skilled in the art would appreciate that the end
faces 150A, 150B, once pressed together, may not provide a fluid-tight seal. However, in the
event that a fluid-tight seal is not created when the end faces 150A, 150B are pressed together
(Fig. 5), the fluid-tight seal is provided by the fins 134 that are squeezed against the exterior
surfaces 154A, 154B.

[0087] As can be seen in Fig. 5, once the pipes 122A, 122B are secured together by the
coupler 120, respective interior surfaces 147A, 147B of the pipes 122A, 122B are aligned, or

substantially aligned in order to improve fluid flow within the pipes.

[0088] Another embodiment of a coupler 220 is schematically illustrated in Figs. 6 and 7.
In this embodiment, the coupler 220 includes an intermediate element 260 that projects from a
wall segment 233 of the coupler 220. In the current embodiment, the intermediate element 260
is located at a point that is approximately midway between the mating faces 246A, 246B of the
coupler 220. As can be seen in Fig. 6, the coupler 220 is initially positioned between pipes 222A,
222B, for engagement of the coupler 220 with the pipes 222A, 222B. The pipes 222A, 222B have

a common axis "3X".

[0089] As can be seen in Fig. 6, the coupler 220 also includes a set or number of fins 234
that are mounted to the wall segment 233 or part of the wall segment 233. The wall segment 233
includes an area, which can be seen as a coupler or first heated part 242, which is heated to a
hot working temperature by heating elements. End portions 224A, 224B of the pipes 222A, 222B
include areas, which can be seen as a pipe or second heated part 244A, 244B, that are heated

to a hot working temperature by heating elements. This is described in more detail below.

[0090] In use, a first heated part 242 of the coupler 220 and second heated parts 244A,
244B of end portions 224A, 224B of pipes 222A, 222B respectively are heated to their hot working
temperatures. In order to heat the heated parts, one or more heating elements 240 are positioned
for heating the first heated part 242 and the second heated parts 244A, 244B, in an inert
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atmosphere, to their respective hot working temperatures. It will be understood that only one of
the heating elements 240 is schematically represented in Figs. 6 and 7 for clarity of illustration
and that the one or more heating elements 240 may be positioned as described above with
respect to the other embodiments or examples. In the current embodiment, the first heated part
242 includes the set of fins 234, the intermediate element 260, and a portion of the wall segment
233.

[0091] It will also be understood that the heating element(s) 240 may also be positioned
inside the coupler 220 and/or outside the pipes 222A, 222B, or outside one or all of the coupler
220 and the pipes 222A, 222B, depending on whether positioning the heating element(s) 240

inside or outside is practicable.

[0092] In the same manner as described above in connection with other embodiments,
the heating elements are energized, to heat (such as, but not limited to, by induction) the first 242

and second heated parts 244A, 244B to their respective hot working temperature(s).

[0093] Once the first heated part 242 and the second heated parts 244A, 244B are at their
respective hot working temperatures, the coupler 220 and/or the pipes 222A, 222B are subjected
to translocation motions to bring the coupler 220 into engagement with the end portions 224A,
224B of the pipes 222A, 222B and, on or before engagement, they are also subjected to
engagement motions. The directions of the translocation motions of the pipes 222A, 222B are
indicated by arrows "3A+", "3Ax" in Fig. 6.

[0094] When the coupler 220 and the end portions 224A, 224B are engaged, the coupler
220 is positioned substantially coaxially relative to the pipes 222A, 222B. The direction of the
engagement motion is generally indicated by arrow "3B" (Fig. 7). As an example of an
engagement motion, the coupler 220 may, when engaged, be rotated or oscillated (at least

partially) about the axis "3X".

[0095] In the embodiment illustrated in Figs. 6 and 7, in addition to the set of fins 234
being plastically deformed by engagement with the exterior surfaces 254A, 254B (when at their
hot working temperature) and squeezed between the wall segment 233 and the respective
exterior surfaces 254A, 254B of the end portions 224A, 224B, the intermediate element 260 is
also plastically deformed, so that the intermediate element 260 at least partially fills any small gap
(not shown) that may remain between the end faces 250A, 250B of the pipes 222A, 222B after
the end faces 250A, 250B are engaged with each other.
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[0096] In some embodiments, the mating faces 246A, 246B of the coupler 220 do not
engage respective composite material end faces 252A, 252B of the composite material 236A,
236B (Fig. 6), once the end faces 250A, 250B are engaged.

[0097] In the same manner as described above, the microstructures of the first 242 and
second 244A, 244B heated parts are sheared due to the engagement of the first and second
heated parts while they are at their respective hot working temperatures. Due to shearing, a
reworked, fine-grained microstructure is formed in the first heated part 242 and the second heated
parts 244A, 244B, joining or bonding the first heated part 242 with the respective second heated
parts 244A, 244B.

[0098] As can be seen in Fig. 7, once the pipes 222A, 222B are secured together by the
coupler 220, respective interior surfaces 247A, 247B of the pipes 222A, 222B preferably are

aligned, or substantially aligned.

[0099] In an alternative embodiment as illustrated in Fig. 14, fins that are proximal to the
intermediate element 260 may be somewhat longer than the other fins. In Fig. 14, the somewhat
longer fins that are proximal to the intermediate element 260 are identified for convenience by
reference characters 234A and 234B. It is understood that there may be more or less than two
somewhat longer fins based on the size and shape of the coupler 220 and pipes 222A, 222B. It
will be understood that the width of the intermediate element 260 is exaggerated in Fig. 14, for

clarity of illustration.

[0100] In Fig. 14, the pipes 222A, 222B are shown shortly before the end faces 250A,

250B are engaged with each other and/or the intermediate element 260.

[0101] As can be seen in Fig. 14, when the pipes 222A, 222B are pushed together (in
response to the translocation motion, the fins 234A, 234B are pushed against the intermediate
element 260 resulting in the fins 234A, 234B and the intermediate element 260 being squeezed
between the end faces 250A, 250B of the respective pipes 222A, 222B, to reduce the likelihood
of or prevent a presence of openings between the end faces 250A, 250B after the pipes are

pushed together.

[0102] Another alternative embodiment of the disclosure is illustrated in Figs. 8 and 9. In
this embodiment, a coupler 320 includes an intermediate element 360 mounted to a wall segment

333. Unlike previous embodiments, in the current embodiment, the coupler 320 does not include
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fins. As can be seen in Fig. 9, when the coupler 320 is engaged with end portions 324A, 324B of
pipes 322A, 322B, the coupler 320 and the pipes 322A, 322B are positioned coaxially relative to
each other. The axis is identified in Fig. 8 by reference character "4X". Composite material 336A,
336B is positioned on outer surfaces 335A, 335B of the respective pipes 322A, 322B.

[0103] One or more heating elements 340 are provided, to heat a first heated part 342 of
the coupler 320 and second heated parts 344A, 344B of the pipes 322A, 322B to their respective
hot working temperatures at which the first heated part 342 and the second heated parts 344A,
344B are plastically deformable. As can be seen in Fig. 8, the first heated part 342 includes the

intermediate element 360.

[0104] Although not shown, there may be other heating elements for heating the first
heated part 342, and the second heated parts 344A, 344B beyond the single heating element 340
shown in Figs. 8 and 9. It will be understood that only one heating element is shown in Figs. 8

and 9 for clarity of illustration.

[0105] While the first heated part 342 and the second heated parts 344A, 344B are at
their respective hot working temperatures, one or both of the pipes 322A, 322B preferably are
may be subjected to a translocation motion, as indicated by arrows "4A+" and "4Ay" towards the
coupler 320. The pipes 322A, 322B have end faces 350A, 350B that are engaged, abutting each
other, when the first heated part 342 and the second heated parts 344A, 344B are engaged since
the intermediate element 360 is plastically deformed when heated to its hot working temperature.
The intermediate element 360, while at its hot working temperature and therefore subject to plastic
deformation, is pushed into any openings between the end faces 350A, 350B that are engaged
with each other when the first heated part 342 is engaged with the second heated parts 342A,
324B.

[0106] Once the first heated part 342 and the second heated parts 344A, 344B are at
their respective hot working temperatures, the second heated parts 322A, 322B are engaged with
the first heated part 342, due to the translocation motion. Before or after engagement, the coupler
320 and/or the pipe 322A, and the coupler 320 and/or the pipe 322B, are moved relative to each
other, in one or more engagement motions. The engagement motion is schematically

represented in Fig. 9 by arrows "4B".
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[0107] In some embodiments, while one or all of the coupler 320 and the first and second
pipes 322A, 322B are subjected to the engagement motion, the pipes 322A, 322B are urged in

the directions indicated by arrows "4A:", "4Ay" respectively.

[0108] As described above, the microstructures of the first 342 and second heated parts
344A, 344B are sheared due to the engagement of the first and second heated parts while they
are at the first and second hot working temperatures respectively. Due to shearing, a reworked,
fine-grained microstructure is formed in the first heated part 342 and the second heated parts
344A, 344B, joining or bonding the first heated part 342 with the respective second heated parts
344A, 344B.

[0109] As can be seen in Fig. 9, once the pipes 322A, 322B are secured together by the
coupler 320, respective interior surfaces 347A, 347B of the pipes 322A, 322B

are aligned or substantially aligned.

[0110] As can be seen in Figs. 10 and 11, in another embodiment, couplers 420A and
420B are utilized to join pipes 422A, 422B that have different diameters. In the example illustrated
in Figs. 10 and 11, the pipes 422A, 422B have different diameters (inner and outer). In order to
join pipes with different diameters, an intermediate pipe 423 is positioned between the pipes
422A, 422B. As schematically shown in Fig. 10, the pipes 422A, 422B, 423 are initially positioned

coaxially, relative to an axis "5X", and spaced apart.

[0111] It will be understood that the couplers 420A, 420B may include fins and/or
intermediate elements (although they are not shown in Figs. 10 and 11). It will also be understood
that, in the same manner as described above, each of the pipes 422A, 422B, 423 include areas,
seen as pipe heated parts or second heated parts, that are heated by energized heating elements
(not shown) in Figs. 10 and 11 to hot working temperatures, in inert atmospheres. Similarly,
respective areas, seen as first heated parts or coupler heated parts, (not shown in Figs. 10 and

11) of the couplers 420A, 420B are heated to hot working temperatures, in inert atmospheres.

[0112] It will also be understood that, prior to engagement, the couplers are positioned
coaxial or substantially coaxial, to the pipes adjacent thereto. In Fig. 10, the couplers are shown
radially spaced apart from the pipes to which they are adjacent by exaggerated distances, for

clarity of illustration.
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[0113] Once the heated parts of coupler 420A and pipes 422A, 423 are heated to their
respective hot working temperatures, one or both of the pipes 422A, 423 are moved to push
against each other (i.e., they are subjected to a translocation motion), and the heated part of the
coupler 420A is engaged with the heated parts of the pipes 422A, 423. In Fig. 10, for example,
the pipe 422A may be moved (i.e., subjected to a translocation motion) in the direction indicated
by arrow "5A+" to engage the intermediate pipe 423. Once engaged, the coupler 420A and/or the
pipes 422A, 423 are subjected to an engagement motion, e.g., rotation or oscillation, at least

partly around the axis "5X" (Fig. 10).

[0114] Similarly, once the heated parts of coupler 420B and pipes 422B, 423 are heated
to their respective hot working temperatures, one or both of the pipes 422B, 423 are moved to
push against each other (i.e., they are subjected to a translocation motion), and the coupler 420B
is engaged with the pipes 422B, 423. Once engaged the coupler 420B and/or the pipes 422B,
423 are subject to an engagement motion, e.g., rotation or oscillation, at least partly around the
axis "5X". Similarly, the pipe 422B may be moved in the direction indicated by arrow "5A," to

engage the intermediate pipe 423.

[0115] In the same manner as described above, as schematically shown in Fig. 11, the
result is that the coupler 420A is joined with, and secures together, the pipes 422A, 423 and the
coupler 420B is joined with, and secures together, the pipes 422B, 423.

[0116] Another embodiment of the disclosure is illustrated in Figs. 12 and 13, in which a
preformed tee fitting 562 is positioned for engagement with pipes 522A, 522B, and 522C
positioned to be joined therewith. As illustrated in Fig. 12, the fitting 562 defines a first axis "6X1"

and a second axis "6X2".

[0117] The pipes 522A, 522B are positioned coaxial with the first axis "6X+", and the pipe

522C is positioned coaxial with the second axis "6X,".

[0118] Although not shown, couplers 520A, 520B, 520C may include fins and/or
intermediate elements. It will also be understood that, in the same manner as described above,

predetermined pipe or second heated parts or areas of the pipes 522A, 522B, 522C, and
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predetermined fitting heated parts or areas of the fitting 562, are heated by energized heating
elements (not shown) to their hot working temperatures, in inert atmospheres. Similarly,
predetermined first or coupler heated parts or areas of the couplers 520A, 520B, 520C are heated

to their hot working temperatures, in inert atmospheres.

[0119] Once the heated parts of couplers 520A, 520B, pipes 522A, 522B and the parts of
tee 562 engaging with pipes 522A, 522B are heated to their hot working temperatures, the pipes
522A, 522B are moved to push or engage against the fitting 562 (i.e., they are subjected to a
translocation motion), and the couplers 520A, 520B are engaged with the pipes 522A, 522B, and
the respective parts of the fitting 562 with which the pipes 522A, 522B are engaged. Preferably,
the couplers 520A, 520B are also subjected to an engagement motion, e.g., rotation or oscillation,

at least partly around the axis "6X" (Fig. 12).

[0120] Similarly, once the heated parts of the coupler 520C, the pipe 522C and the portion
of the tee 562 engaging with pipe 522C are heated to their hot working temperatures, the pipe
522C is moved to push against the fitting 562 (i.e., the pipe 522C is subjected to a translocation
motion), and the coupler 520C is engaged with the pipe 522C and the part of the fitting 562 with
which the pipe 522C is engaged. Preferably, the coupler 520C is also subjected to an

engagement motion, e.g., rotation or oscillation, at least partly around the axis "6Xz" (Fig. 12).

[0121] In the same manner as described above, as schematically shown in Fig. 13, the
result is that the coupler 520A is joined with, and secures together, the pipe 522A and the fitting
562, the coupler 520B is joined with, and secures together, the pipe 522B and the fitting 562 and
the coupler 522C is joined with, and secures together, the pipe 522C and the fitting 562.

[0122] It will be appreciated by those skilled in the art that the invention can take many
forms, and that such forms are within the scope of the invention as claimed. The scope of the
claims should not be limited by the preferred embodiments set forth in the examples, but should

be given the broadest interpretation consistent with the description as a whole.
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We claim:

1. A method comprising:

providing at least one pipe, said at least one pipe including an end portion at an

end of said at least one pipe;
providing a coupler including a body, the body including:
a main portion; and

an engagement portion formed to fit over the end portion, the body

including a plurality of fins positioned on the engagement portion;
providing an inert atmosphere covering the coupler and the end portion;

energizing at least one heating element to heat a first heated part of the
engagement portion to a first hot working temperature and at least one second

heated part to a second hot working temperature;

subjecting one or both of the coupler and said at least one pipe to a translocation

motion, to move the engagement portion onto the end portion;

subjecting one or both of the coupler and said at least one pipe to an engagement
motion, in which one or both of the coupler and said at least one pipe move radially

relative to the other; and

urging the coupler against the end portion, to join the coupler to said at least one

pipe.

A method comprising:

heating a coupler heated part of a coupler to a first hot working temperature in an inert

atmosphere;

heating a pipe heated part of a pipe to a second hot working temperature in the inert

atmosphere; and
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subjecting one or both of the coupler and the pipe to a translocation motion and an
engagement motion to engage the coupler heated part of the coupler and the pipe heated

part of the pipe.

The method of Claim 2 wherein heating a coupler heated part of a coupler to a first hot

working temperature in an inert atmosphere comprises:
heating a set of fins to the first hot working temperature in the inert atmosphere.

The method of Claim 2 wherein heating a coupler heated part of a coupler to a first hot

working temperature in an inert atmosphere comprises:

heating an intermediate component to the first hot working temperature in the inert

atmosphere.

The method of Claim 2 wherein the engagement motion comprises a rotational motion.
A coupler for use in joining pipe comprising:

a main body portion; and

an engagement portion;

wherein the engagement portion includes a coupler heated part which is heated to a first

hot working temperature for engaging the engagement portion with the pipe.
The coupler of Claim 6 wherein the engagement portion further comprises a set of fins.

The coupler of Claim 6 wherein the engagement portion further comprises an intermediate

component.
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