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25 30 35 The present invention relates generally to an apparatus for
applying and/or repairing field joints on plastic-coated pipelines and,
more specifically, to a device and system for thermally fusing a layer of
plastic to the plastic pipe coating so as to cover and cathodically and
mechanically protect the area of the weld joint of a pipeline in the field.
Still more particularly, the present invention comprises a circumferential
compression clamp provided with circumferentially arrayed electrical leads
and a corresponding field joint layer provided with circumferentially
arrayed leads. It is typical for pipelines to be provided with some type of
protective coating for anticorrosion and mechanical purposes. Common types
of coating include coal tar and asphalt enamel. A concrete coating or
sheath can be applied to individual lengths of pipe in a coating yard,
before the pipes are shipped to the location of the pipeline for placement
in the ground. Alternatively, the coatings can be applied to the pipe "over
the ditch" after it is welded and immediately before it is placed in the
ground. Yard-applied coatings are preferred in many instances because a
superior coating job can be performed under the controlled conditions of a
coating plant. One problem with a yard-applied coating, however, is the
need to coat the portion of the pipe on either side of the weld joint once
two pipe sections have been joined together. This portion is typically less
than about three feet long. There are two known techniques for coating the
weld joint area in the field. The first entails wrapping the weld joint
area with a protective tape that overlaps the yard-applied coating at
either end. The protective tape is not welded or fused to the yard-applied
coating and therefore depends on adhesive bond it to the yard-applied
coating. One of the primary disadvantages of this technique is that it is
not possible to achieve a hermetic seal of great integrity. Because
yard-applied coatings generally seal the pipe along its coated length, if
tape is utilized in the area of the weld joint, the seal in that area will
not be of the same quality as on the remainder of the pipe. One reason for
this is that whenever tape is utilized to wrap the weld joint, the layers
of tape will have their side edges exposed. The exposed 1     21 October
2002 WO 99I55120 PCT/US99/08230 adhesive will deteriorate and provide an
area where moisture can eventually enter beneath the coating. Another
common technique for coating the area of the weld joint area of pipe in the
field is to utilize a field mold that is fitted around the pipe. The mold
forms an annular space 5 around the weld joint, into which space is poured
a coating material that is compatible with 



the coating on the remainder of the pipe. While this process does result in
the seal to the pipe surface in the area of the weld joint being of
generally the same integrity as the coating on the remainder of the pipe,
it lacks good adhesion to the plant-applied coating at the interface, as it
may be difficult to achieve a good bond between the plant-applied coating
and the field 10 applied coating. In addition, the process is very time
consuming and therefore expensive. In recent years new types of pipe
coatings have been developed utilizing extruded thermoplastic materials.
Coatings of this type provide a hermetic seal of high integrity along the
length of the pipe but are not well suited to either of the techniques
described above for coating the weld joint areas of a pipeline in the
field. 15 It is therefore desired to provide a method and apparatus for
sealing the weld joint area of pipe coated with a similar or compatible
thermoplastic corrosion protective coating material that is capable of
bonding to the yard-applied material. It is further desired to provide a
system and device that allows the area of the weld joint to be coated in a
manner that provides a seal of the same quality and physical integrity as
the coating on the remainder 20 of the pipeline. It is further desired to
provide a method and article for sealing the area of the weld joint of a
pipeline that is easy to use and that is not highly dependent upon the
skill of manual labor for uniformity of results. It is further desired to
provide a method for patching damaged or otherwise uncoated portions of
plastic coated pipe. SUMMARY OF THE INVENTION 25 The present invention
provides a system and device for quickly and easily sealing the weld joint
area of a pipe coated with thermoplastic corrosion protective coating
material. A joint sealed according to the present invention provides a seal
of the same quality and physical integrity as the coating on the remainder
of the pipeline. Use of the present system and device is easy to use and is
not highly dependent upon the skill of manual labor for 30 uniformity of
results. According to the present invention, the weld joint area of a
plastic-coated pipe is fitted with a joint-sealing piece of compatible
plastic that is large enough to span the distance between the opposite ends
of the pipe coating and overlap the ends slightly. The present invention
comprises a compression collar that can be slipped around the pipe so that
it bears 2 SUBSTITUTE SHEET (RULE 2b)   21 October 2002 WO 99I55120
PCTNS99/08230 on the side edges of the joint-sealing piece where they
overlap the pipe coating layer, The compression collar also bears on the
overlapped ends of the joint-sealing piece. When the compression collar is
latched, it applies a compressive force on each plastic interface that
needs to be sealed. S The joint-sealing piece preferably includes a
heat-generating trace that is configured to correspond to the regions of
overlap at the sides and ends of the joint-sealing piece. When supplied
with power, the heat-generating trace melts the plastic at the two mating
surfaces in the immediate vicinity of the trace, causing it to fuse. The
compression collar of the present invention preferably includes a plurality
of conductive leads that are electrically connected to 10 a power supply
lead and adapted to contact the heat-generating trace at a plurality of
points. The points at which the heat-generating trace contacts the
joint-sealing piece are preferably spaced apart so as to cause a relatively
even heating of the heat generating trace. According to another embodiment,
the joint-sealing piece includes a thermochromic component in the vicinity
of the heat-generating trace. The thermochromic component 15 preferably
changes color at approximately the fusion temperature of the plastic that
forms the pipe coating or the joint-sealing piece, so that completeness of
fusion can be verified by visual inspection. The present invention has
applicability in both land- and marine-based pipeline construction
operations. The procedure can also be used on concrete coated pipes, where
a :20 polymeric coating is inside the concrete coating. The present
invention can also be used to apply a patch to a damaged portion of a
polymeric pipe coating. BRIEF DESCRIPTION OF THE DRAWINGS For a more
detailed description of the present invention) reference will now be made
to the accompanying Figures, wherein: 25 Figure 1 is a perspective view
illustrating a weld joint in a plastic-coated pipeline; Figure 2 is a
perspective view illustrating the manner in which a joint-covering piece 



is wrapped around the weld joint; Figure 3 is a perspective view of a
compression collar in accordance with the present invention; 30 Figure 4 is
a perspective view of the compression collar of Figure 3 positioned over
the joint-covering piece of Figure 2; Figure 5 is an enlarged view of an
alternative embodiment of a heat generating trace on the present joint
covering piece; and 3 SUBSTTTUTE SKEET (RULE 26)   21 October 2002 WO
99I55120 pGT/(JS99/08230 Figure 6 is a perspective view of a an alternative
embodiment of a compression collar in accordance with the present
invention. DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT Referring
initially to Figures 1 and 2, two lengths of plastic coated pipe 10 are 5
covered with a coating of thermoplastic material 12. The coating 12
terminates short of the end of each length of pipe. The ends of the pipes
10 are welded together to form a weld joint 14. An area 16 spanning from
about 0.5 to about 1.5 feet on either side of weld joint 14 remains
uncoated and therefore susceptible to corrosion. In a typical application,
coating 12 is not less than about 25 mils in thickness and is preferably
within the range of at least 40 to 10 75 mils thick. Referring particularly
to Figure 2) a preformed joint-sealing piece 18 is wrapped around area 16
and overlap the ends of coating layers 12. Joint-sealing piece 18 is formed
of a suitable thermoplastic material such as polyethylene and may include
an under layer of 10 to 20 mils of butyl rubber or similar corrosion
protection materials. Joint-sealing piece 18 15 preferably comprises a
layer of thermoplastic material that is cut to a width that is somewhat
greater than the distance between the ends of the coating material 12 on
pipe 10. Jointsealing piece 18 is preferably at least about 25 mils thick
and preferably in the range of 40 to 75 mils thick. The thermoplastic
material of which piece 18 is made is preferably the same as or compatible
with the layer of thermoplastic material 12 and is capable of being bonded
to 20 material 12 by thermal fusion. According to one embodiment, it is
sometimes desirable to provide a corrosion preventive product as filler
panel 22 on one face of joint-sealing piece 18. Panel 22 is preferably
formed from butyl rubber, bitumastic, or rubberized bitumen and is of a
width corresponding to the width of weld joint area 16. The thickness of
panel 22 should be equal to 25 the distance from the outside of the pipe to
the outside of coating layer 12. Thus, if coating 12 comprises a
thermoplastic resinous material with an adhesive undercoat, the thickness
of panel 22 will equal the combined thickness of the adhesive plus layer
12. In most cases this will result in panel 22 having a thickness of no
less than 35 mils and up to 100 mils. In other embodiments, filler panel 22
can be replaced with a wrapped layer of tape or fusion bonded 30 epoxy,
which serves the same purpose. Still referring to Figure 2, a conductive
heat-generating trace 30 is affixed to the edges of joint-sealing piece 18.
Heat-generating trace 30 is preferably in the form of a strip or strips of
wire mesh 24a-c. Strips 24a and 24b extend along each side of piece 18,
while strip 24c extends across one end of piece 18. According to a
preferred embodiment, strips 24a-c are 4 SUBSTITUTE SKEET (RULE 26)   



21 October 2002  WO 99/55120 PCTNS99/08230 formed from a single length of
mesh that is folded into 90 turns at the corners. Also according to a
preferred embodiment, a plurality of conductive leads 26 are electrically
connected to strips 24 and extend beyond the perimeter of piece 18.
Preferably, a lead 26 is positioned at least at each end of strip 24c.
Leads 26 are preferably formed of a low 5 resistance material such as
copper. Each portion of each strip 24a, 24b between adjacent leads 26 forms
a resistance heating element 27. When piece 18 is placed around weld area
16 of pipe 10 as shown, adhesive panel 22 fills area 16 and piece 18
overlies the thermoplastic coating 12 on the pipe. Side strips 24a and 24b
are sandwiched between coating 12 and piece 18. At the same time, the third
strip 10 24c is sandwiched between the two overlapping ends of piece 18.
Once the joint-covering piece is positioned in this manner, electrical
power can be applied though leads 26. For this reason, it is desirable to
space leads 26 evenly around the circumference of the pipe, so that the
current flow in each resistance heating section 27 is the same. This
results in uniform heating of the thermoplastic material in the vicinity of
each heating section. It is also 15 desirable to select the resistance
value for strip 24c such that the heat output from this strip will be equal
to the heat output from lengths 24. The conducting material used to form
strips 24a-c is selected to have sufficient resistance when electrically
energized to produce enough heat to melt the thermoplastic materials) of
which 12 and 18 are made. A preferred resistance wire comprises an alloy of
20 sixty percent nickel, twenty-four percent iron, sixteen percent chromium
and 0.1 percent carbon and sold under the trademark "NICHROME" by the
Driver-Hams Co. The Nichrome wire is preferably formed into a relatively
fine wire mesh. There are particular advantages to using a heat-generating
trace in the form of a mesh. The wire mesh heats evenly and tends to stay
near the surface of the thermoplastic layer to 25 which it is attached,
even when stored for a long period of time. The mesh also offers a certain
amount of structural strength to the fused interface and prevents the
energized wire from cutting through material 20 or coating 12 during
fusion. Additional details regarding fusing of the joint-covering piece 18
to the pipe coating are disclosed in U.S. Patent No. 4,096,017, which is
incorporated herein in its entirety. 30 According to one preferred
embodiment, the material forming heat generating trace 30 is stitched onto
piece 18. Stitching provides a flexible, durable and uniform connection of
the metal mesh strips to the polymeric piece. A suitable thread for this
stitching comprises non-conducting thread, such as nylon monofilament. In
another embodiment, the strips of material are replaced with at least one
row of two-thread stitching 28 in which one thread 28a 5 SU13STTTUTE SHEET
(RULE 26)   21 October 2002 WO 99J55120 PCTNS99/08230 is non-conducting and
the other thread 28b is conducting. As will be understood by those skilled
in the art, the conducting thread 28b lies along the inner face 19 of piece
18 and contacts coating 12. In this embodiment, stitching 28 itself forms
the heat-generating trace 30 so that no additional conductor is needed. S
Referring now to Figures 3 and 4, a compression collar 50 constructed
according to the present invention comprises a pair of compression bands
52, 54 connected by a cross member 56. A plurality of power leads 58 are
spaced about the compression bands 52, 54 and extend beyond the side edges
thereof. Additional leads 58 extend from cross member 56. Leads 58 are
collected in parallel to a power supply (not shown) via a power cable. The
10 number and positioning of power leads 58 preferably corresponds to the
number and positioning of leads 26 on strips 24) so that when collar 50 is
positioned around the weld joint, power leads 58 align with and can be
easily connected to leads 26, such as by means of alligator clips or the
like. Leads 58 are preferably releasably clipped to leads 26 by means of
alligator clips or other suitable attachment devices such as are known in
the art. 15 While the wires connecting each lead to the power source are
shown loosely overlying the device in Figure 3 for ease of understanding,
it is preferred that they be bundled and affixed to the device, as shown in
Figure 4, so as to facilitate handling of the device and prevent objects
from becoming entangled in the wires. It is preferred that there be an even
number of power leads) and that they alternate polarity around the
circumference of the pipe. 20 In this preferred configuration, resistance
heating sections 27 are also in parallel and current flows in opposite
directions in adjacent resistance heating sections 2? when power is
supplied to the leads. Also, the current flowing in each resistance heating
section 27 will be one-half the current in leads 58, 26. It is further
preferred that there be at least four, and more preferably at least six
leads at each circumferential interface and at least four leads along the 



25 longitudinal interface under crosspiece 56, so as to ensure even heating
and thus better sealing results. As will be understood by those skilled in
the art, the resistance of the various foregoing components and the voltage
supplied across them can be varied so as to achieve the desired heating
effect. Similarly, the length of time for which voltage is supplied to a
given joint can be varied to produce a desired effect. 30 Compression bands
52, 54 each preferably fasten around the pipe with a quick-release type
latch 60 that allows bands 52, 54 to be tensioned prior to latching.
Tensioning of bands 52) 54 applies a radial compression force to the
outside of the pipe. The inside surfaces of bands 52, 54 and cross member
56 are preferably provided with a resilient lining (not shown) that helps
to evenly distribute the compression force over the interface area and
reduces 6 SUBSTITUTE SHEET (RULE 26)   21 October 2002 WO 99/55120
!'CT1US99108230 damage to the plastic piece 18. In a preferred embodiment)
an additional circumferential strap (not shown) encircles the device
between straps 52, 54 and applies a compressive force to crosspiece 56 when
tightened. In another preferred embodiment, panel 22 is omitted from the
inner surface of piece 5 18 and the annulus between the inner surface of
piece 18 and the pipe is filled instead in an alternative manner, or is
left unfilled. Specifically, in one embodiment, the weld joint area is
wrapped with a resilient material, such as mastic tape, prior to
positioning of piece 18. In another embodiment, the annulus is left empty
until after the ends and sides of piece 18 are fused and the annular space
is thereby sealed. Once the seal is formed, a liquid sealant, such 10 as a
fast-setting polymer, can be injected into the annular space through a
small hole. Alternatively, a fast-setting foaming polymeric composition can
be used to fill the annulus, or, for some thermal insulation applications,
foam pieces that are preformed to fill the annulus can be placed around the
weld joint area before the cover is applied. If foam is used in the
annulus, it may be desirable to adjust the density of the foam depending on
the pressure 15 environment in which the pipeline will be placed. In still
another preferred embodiment, the material of piece 18 is made
temperaturesensitive, so that the elevation of the temperature of piece 18
to a predetermined temperature is indicated by a visible change in color.
The predetermined temperature is preferably approximately the fusion
temperature for the polymeric materials. , .20 Referring now to Figure 6,
in an alternative embodiment, the leads on piece 18 and compression collar
50 are configured such that the electrical connection therebetween is made
automatically when collar 50 is clamped around the field joint. This can be
accomplished by bending each lead 26 back so that it lies against the outer
surface of piece 18. When collar 50 is clamped around the field joint,
electrical contacts 58 on its inner 25 surface (shown in phantom) contact
the leads without requiring any additional connecting steps. In another
embodiment, leads 58 can be mechanically biased so that when collar 50 is
clamped around the field joint leads 58 bear on leads 26 and maintain
electrical contact therewith. These configurations for achieving automatic
electrical contact are merely illustrative and the various methods for
achieving this result can each be used alone or in 30 combination with
other methods. These devices eliminate the need for an additional
connection step and thereby save time and money. It is preferred that the
inner surface of collar 50 comprise a material to which the polymer of the
pipe coating and the field joint will not adhere when melted. This will
allow collar 50 to be easily removed from the field joint, even when the
portion of the polymer that 7 SUBSTITUTE SHEET (RULE 26)   21 October 2002
WO 99J55120 PCT/US99J08230 lies against the inner surface of the collar
melts during fusion. Preferred materials having this characteristic include
silicone and fluorine-containing synthetic resins. 



For most typical thermoplastic coating materials, and for a typical
resistance wire, a current of between 30 and 200 amps will be required to
achieve the necessary bonding in a 5 reasonable amount of time. Generally,
a current of between 30 and 200 amps that is applied for between thirty
seconds and five minutes is adequate to achieve integral fusion of the two
thermoplastic layers. The present device and method can be used on concrete
coated pipes, where a polymeric coating is inside the concrete coating, or
on foam coated pipes, and can be used in 10 conjunction with injected or
preformed foamed coatings. The present invention can also be used to apply
a patch to a damaged portion of a polymeric pipe coating. While preferred
embodiments of this invention have been shown and described, modifications
thereof can be made by one skilled in the art without the departing from
the spirit or teaching of this invention. The embodiments described herein
are exemplary only 15 and are not limiting. Many variations and
modifications of the system and apparatus are possible and are within the
scope of the invention. Accordingly, the scope of the protection is not
limited to the embodiments described herein, but is only limited by the
claims which follow, the scope of which shall include a11 equivalents of
the subject matter of the claims. 8 SUBSTITUTE SHEET (RULE 26)   21 October
2002 WO 99/55120 CLAIMS What is claimed is: PCTNS99108230 1. An apparatus
for sealing a cover onto an uncoated portion of a plastic-coated pipe, the
cover contacting the plastic coating at an interface and including a
heat-generating trace in 5 the vicinity of the interface and said
heat-generating trace including a plurality of trace leads extending
therefrom, comprising: a releasable clamp for applying a compression force
to the interface, said clamp including a pair of compression bands
connected by a cross member, each of said compression bands including a
releasable tensioning latch; 10 a plurality of electrical power leads
positioned on said clamp so as to correspond to the trace leads such that
when power is supplied to said power leads, sufficient heat is generated in
said trace to fuse the cover to the coating at the interface. 2. The
apparatus according to claim 1 wherein said clamp includes a resilient
lining on 1 S its inner surface. 3. The apparatus according to claim 1
wherein said clamp includes a tensioning latch. 4. The apparatus according
to claim 1 wherein each said compression band supports at least four power
leads. 5. The apparatus according to claim 1 wherein each said compression
band supports at 20 least six power leads. 6. The apparatus according to
claim 1 wherein each compression band supports an even number of power
leads and adjacent power leads on a compression band are of opposite
polarity. 7. The apparatus according to claim 1, further including at least
a pair of leads for 25 supplying power to a portion of the interface that
is under said cross member. 



8. The apparatus according to claim 1 wherein electrical connection between
the trace leads and said power leads is effected by clamping said clamp so
as to apply pressure at the interface. 9. An apparatus for sealing a cover
onto a pipe, the cover having ends that overlap when 30 the cover is
wrapped aound the pipe, the ends overlapping at an interface and including
a heat-generating trace in the vicinity of the interface and said
heat-generating trace including a plurality of trace leads extending
therefrom, comprising: a releasable clamp for applying a compression force
to the interface; 9 SUBSTITUTE SHEET (RULE 2G)   21 October 2002 WO
99/5S120 PCTNS99/08230 a plurality of electrical power leads positioned on
said clamp so as to correspond to the trace leads such that when power is
supplied to said power leads, sufficient heat is generated in said trace to
fuse the cover to the coating at the interface. 5 10. A system for sealing
an uncoated portion of a length of plastic-coated pipe, comprising' a
thermoplastic piece shaped to conform to the uncoated portion and overlap
the pipe coating at an interface surrounding the uncoated portion, said
piece including a heal-generating trace adjacent its edges, said
heat-generating trace including a 10 plurality of trace leads extending
therefrom; and a clamp for applying pressure to said interface. 11. The
system according to claim 10 wherein said clamp includes at least two
compression bands and a cross member, each of said compression bands
including a plurality of power leads, each of said power leads
corresponding to one of said trace leads. 15 12. The system according to
claim 10 wherein said heat generating trace is affixed to said piece by
means of stitching. 13. The system according to claim 10 wherein said heat
generating trace comprises a line of conductive stitching on said piece.
14. The system according to claim 13 wherein said line of conductive
stitching comprises 20 one non-conductive thread and one conductive thread.
15. The system according to claim 10 wherein each of said compression bands
supports an even number of power leads and adjacent power leads on a
compression band are of opposite polarity. 16. The system according to
claim 10 wherein each of said compression bands supports at 25 least four
power leads. 17. The system according to claim 10 wherein said clamp has an
outer surface and an inner surface and includes on said inner surface
electrical power contacts that electrically contact said trace leads
automatically when said clamp applies pressure to said interface. 18. The
system according to claim 10 wherein said clamp is fastened with a
releasable 30 latch. 



19. The system according to claim 10 wherein said piece comprises a piece
of polymeric sheeting having a length greater than the circumference of the
pipe and wherein said clamp applies a radially compressive force to said
interface when latched. 10 SUBSTITUTE SHEET (RULE 26)   21 October 2002 WO
99/55120 PCTNS99108230 20. The system according to claim 10 wherein said
piece includes a temperature sensitive compound that indicates when said
piece has been heated to approximately its fusion temperature. 11
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