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FLUID CONDUITS WITH INTEGRAL END FITTINGS AND
ASSOCIATED METHODS OF MANUFACTURE AND USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No. 11/969,844
filed January 4, 2008, entitled FLUID CONDUITS WITH INTEGRAL END FITTINGS

AND ASSOCIATED METHODS OF MANUFACTURE AND USE, and to U.S. Patent
Application No. 12/137,442 filed June 11, 2008, entitled FLUID CONDUITS WITH

INTEGRAL END FITTINGS AND ASSOCIATED METHODS OF MANUFACTURE
AND USE, each of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The following disclosure relates generally to end fittings for copper

tubing and other types of fluid conduits.

BACKGROUND

[0003] Conduits are used in many different applications to supply and distribute
various liquids and gases. Potable water, for example, typically flows through
copper tubing installed throughout residential and commercial buildings. When
Installing copper tubing for such applications, it is typically necessary to join a
number of individual tubes together. One common method of joining copper tubes
iInvolves installing a separate end fitting between adjacent tubes. The end fitting
receives an end portion of a first tube and an end portion of a second tube to form a

sealed connection therebetween.

[0004] One well-known method of joining end fittings to copper tubes includes
soldering the respective tube ends to opposing ends of the fitting. Soldering the
tubes to the fitting, however, can be a time consuming process. Moreover, modern
plumbing codes have restricted the types of solder and flux that can be used for
making these soldered connections. For example, lead free solder and water

soluble flux is typically encouraged, rather than lead based solder and acid based
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flux. However, lead free solder and water soluble flux may not be as effective Iin

connecting the fitting to the tubes as lead based solder and acid based flux.

[0005] Another method of joining a first conduit to a second conduit involves
using a press fitting between the two conduits. A typical press fitting receives an

end portion of each conduit and is crimped around the end portions to mechanically
engage them and form a sealed connection therebetween. A press fitting can also

include an adhesive, such as an epoxy or glue, to facilitate the connection. Similar
to the soldered end fitting method described above, however, the press fitting has its
drawbacks. For example, the press fitting is a separate component that must be
crimped to each of the adjacent conduits. Accordingly, joining a number of tubes

together can be a time consuming process.

[0006] Conduits in the drilling industry have also been joined together to form
extended drill pipes. Metal drill pipes, such as steel drill pipes, for example, are
frequently assembled by joining multiple lengths of pipe together. To join the pipes,
the end portions are upset and threaded. Upsetting the end portions increases the
wall thickness and diameter to facilitate threading and provide a stronger connection
between the pipes. In some instances, the thickened end portions can also be

welded to enhance the connection between the pipes.

SUMMARY

[0007] The following summary is provided for the benefit of the reader only, and

IS not intended to limit the disclosure as set forth by the claims in any way.

[0008] The present disclosure is directed generally to fluid conduits having
integral end fittings. A fluid conduit configured in accordance with one aspect of the

disclosure includes a copper tube having an end portion formed into a fitting. The
copper tube includes a body portion adjacent to the end portion. The body portion
has a first wall thickness and the end portion has a second wall thickness that is
equal to or greater than the first wall thickness. The end portion also has an inner

diameter that is greater than an outer diameter of the body portion. In other

embodiments, the inner diameter of the end portion can be equal to or greater than
the outer diameter of the body portion. The copper tube can further include a

resilient seal disposed in an annular groove formed in an interior surface of the end
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portion. During assembly of the copper tube to another copper tube, an end portion
of the second copper tube can be inserted into the end portion of the first tube, and

the end portion of the first tube can be compressed around the other tube to form a

fluid tight connection therebetween.

[0009] A fluid conduit configured in accordance with another aspect of the
disclosure includes a tube having an end portion formed into a fitting. The end
portion has an inner diameter that is greater than an outer diameter of a body
portion of the tube. In other embodiments, the inner diameter of the end portion can
be equal to or greater than the outer diameter of the body portion. The fluid conduit
can further include a sleeve that is coaxially disposed over the end portion of the

tube. The end portion of the tube and the sleeve have a combined first wall

thickness that is greater than a second wall thickness of the body portion of the tube.

The fluid conduit can also include a seal positioned in an annular groove formed In
an interior surface of the end portion of the tube. During assembly of the first tube to
a second tube, the end portion of the second tube can be inserted into the end

portion of the first tube, and the end portion of the first tube and the sleeve can be

compressed around the second tube to form a fluid tight connection therebetween.

[0010] A method of mechanically joining a first copper tube to a second copper
tube according to another embodiment of the disclosure includes inserting a first end
portion of the first copper tube into a second end portion of the second copper tube.

The first end portion has a first wall thickness, and the second end portion has a

second wall thickness that is greater that the first wall thickness. The method can

further include compressing the second end portion around the first end portion to

join the first copper tube to the second copper tube.

[0011] Another embodiment of the disclosure is directed to a method of formin-g
an end portion of a copper tube into a fitting. The method includes increasing an
iInner diameter of the end portion from a first inner diameter to a second inner
diameter. The method also includes increasing a wall thickness of the end portion
from a first wall thickness to a second wall thickness. An upset forging process can

be used to increase the first inner diameter and the first wall thickness of the end

portion. The method can also include disposing a seal in a circular groove formed in
an interior surface of the end portion. '
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[0012] A method of forming a fluid conduit in accordance with another
embodiment of the disclosure includes providing a cOpper tube having a first inner
diameter and a first wall thickness. The method can further include heat treating an
end portion of the copper tube to a predetermined hardness. In one embodiment,
heat treating the end portion of the copper tube can include annealing the end
portion of the copper tube to reduce the hardness. The method can also include

increasing the wall thickness of the end portion from the first wall thickness to a
second wall thickness, and increasing the inner diameter of the end portion from the
first inner diameter to a second inner diameter. The method can further include

forming a circular groove in an interior surface of the end portion.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figures 1A and 1B are cross-sectional side views of a fluid conduit

assembly configured in accordance with an embodiment of the disclosure.

[0014] Figures 2A-2D are cross-sectional side views illustrating steps of forming

a fluid conduit in accordance with an embodiment of the disclosure.

[0015] Figures 3A-3C are cross-sectional side views illustrating steps of forming

a fluid conduit in accordance with another embodiment of the disclosure.

[0016] Figure 4 is a cross-sectional side view of a fluid conduit assembly

configured in accordance with an embodiment of the disclosure.

[0017] Figure 5 Is a cross-sectional side view of a fluid conduit assembly

configured in accordance with another embodiment of the disclosure.

[0018] Figure 6 is a cross-sectional side view of a fluid conduit configured in

accordance with a further embodiment of the disclosure.

[0019] Figures /A and 7B are flow diagrams of processes for forming a fluid

conduit in accordance with further embodiments of the disclosure.

DETAILED DESCRIPTION

[0020] The following disclosure describes copper tubes and other types of fIUid
conduits having integral end fittings, and methods of making and using such fluid

conduits. Certain details are set forth in the following description and in Figures 1-

4-
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7B to provide a thorough understanding of various embodiments of the disclosure.
Other details describing well-known structures and components often associated
with copper tubing and other fluid conduits, however, are not set forth below to avoid
unnecessarily obscuring the description of the various embodiments of the

disclosure.

10021] Many of the details and features shown in the Figures are merely
llustrative of particular embodiments of the disclosure. Accordingly, other
embodiments can have other details and features without departing from the spirit
and scope of the present disclosure. In addition, those of ordinary skill in the art will

understand that further embodiments can be practiced without several of the details
described below. Various embodiments of the disclosure can include structures

other than those illustrated in the Figures and are expressly not limited to the

structures shown in the Figures.

[0022] In the Figures, identical reference numbers identify identical or at least
generally similar elements. To facilitate the discussion of any particular element, the
most significant digit or digits of any reference number refer to the Figure in which
that element is first introduced. For example, element 110 is first introduced and

discussed with reference to Figure 1. Moreover, the various elements and features

illustrated in the Figures may not be drawn to scale.

[0023] Figures 1A and 1B are a cross-sectional side views of a fluid conduit
assembly 100 configured in accordance with an embodiment of the disclosure.
Some of the features illustrated in Figure 1A and beyond may not be drawn to scale
for purposes of clarity. Referring first to Figure 1A, the fluid conduit assembly 100

includes a first fluid conduit 101 that is configured to be joined (e.g., mechanically
joined) to a second fluid conduit 121. The first conduit 101 has a first end portion
104 integrally formed into a flare type press-fitting 105. The first conduit 101 also
iIncludes a body portion 102 adjacent to the first end portion 104. The body portion
102 has a first wall thickness T4, a first inner diameter ID4, and a first outer diameter
OD;+. In the illustrated embodiment, the first end portion 104 has a second wall
thickness T> that is equal to or greater than the first wall thickness T4. The first end
portion 104 also has a flared portion with a second inner diameter ID, and a second

outer diameter OD,. The second inner diameter ID. is greater than the first outer
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diameter OD; of the body portion 102. In other embodiments, however, the second

inner diameter ID, can be equal to or greater than the first outer diameter OD;.

[0024] The first end portion 104 also includes an annular channel or groove 106
formed in an interior surface 107. A seal, such as a circular o-ring type seal 108, is

positioned in the groove 106. The seal 108 has a third inner diameter |D3 that is less

than the first outer diameter OD, of the body portion 102. The seal 108 can be
formed from a resilient and/or deformable material and can include an o-ring, gasket
or other type of suitable seal for use with liquid and/or gas conduits. In one
embodiment, for example, the o-ring can be formed from an elastomeric and/or

rubber material, silicone, Teflon, etc. In the illustrated embodiment, the seal 108 is
an o-ring type seal with a generally circular cross-section. The seal 108 has a single

piece construction that extends completely around the annular groove 106. In other

embodiments, however, the seal 108 can include multiple segments, can have other

cross-sectional shapes, including, for example, square, rectangular, oval and/or
other shapes, and/or can be formed from different materials including tapes,
adhesives, etc. Accordingly, the present disclosure is not limited to the particular
type of seal illustrated in Figure 1A.

[0025] The first conduit 101 can be of virtually any commercially available or
commercially desirable length Li. For example, in one embodiment, the first conduit
101 can have a total length L, of about 20 feet, which is a typical standard length of
copper tube. The first conduit 101 includes a second end portion 103 opposite the

first end portion 104. In the illustrated embodiment, the second end portion 103 is

straight and generally similar to the body portion 102. However, in another

embodiment, the second end portion 103 can be at least generally similar to the first
end portion 104. Moreover, although the illustrated body portion 102 is generally
straight in Figure 1A, in other embodiments the body portion 102 can include bent or
curved portions to accommodate particular applications.

[0026] The first end portion 104 is configured to receive a second end portion
124 of the second conduit 121. The second conduit 121 can be of virtually any

length, including, for example, the same length as the first conduit 101. Indeed, in
one embodiment the second conduit 121 can be the same as the first conduit 101.

In another embodiment, the second conduit 121 can have a generally uniform inner

diameter, outer diameter, and wall thickness. For example, in the embodiment

-B-
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illustrated in Figure 1A, the second conduit 121 includes an outer diameter and an
inner diameter that can be approximately equal to the outer diameter OD, and the
inner diameter ID; of the body portion 102 of the first conduit 101. The illustrated

second conduit 121 can also include a wall thickness that is approximately equal to

the wall thickness T4 of the body portion 102.

[0027] Figure 1B is a cross-sectional side view of the fluid conduit assembly
100 with the second end portion 124 inserted into the first end portion 104. When
the second end portion 124 is inserted into the first end portion 104, the seal 108

contacts an outer surface 109 of the second end portion 124. After insertion of the
second end portion 124, the first end portion 104 can be crimped, compressed, or
otherwise deformed to mechanically join the end portions of the first and second

conduits 101, 121 and form a sealed connection therebetween. Compressing the

first end portion 104 around the second end portion 124 places the first end portion
104 In circumferential tension and the second end portion 124 in circumferential

compression to thereby clamp the two end portions together and form a mechanical
bond therebetween. Suitable crimping tools (e.g., hydroelectric, electromechanical,
etc. crimping tools) for compressing the first end portion 104 and putting the first end
portion 104 in circumferential compression are known in the art. The increased
second wall thickness T, of the first end portion 104 develops sufficient mechanical
strength during the compression to meet required industry standards for different
applications of the conduit. For example, conduits containing pressurized gas may

be required to form a tighter seal than conduits containing water.

[0028] The conduits described herein can be used with various types of liquids,
gases, and other fluids. For example, these conduits can be used with potable
water in buildings and houses, oils, chemicals, air conditioning and refrigeration
systems, sprinkler systems, compressed gas systems, fuel distribution systems, etc.
In one embodiment, for example, the first conduit 101 can be formed from copper or
copper alloy tubing having wall thicknesses in accordance with standards
promulgated by the American Society of Mechanical Engineers ("ASME"). For
example, copper tubing is generally available in at least three different standardized

ASME types: thin-walled type M tubing, medium-walled type L tubing and thick-
walled type K tubing. Each type of copper tubing (e.g., L, M and K) has a

standardized wall thickness for a corresponding nominal diameter. As used herein,

_7-
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a nominal diameter is a designation used to specify a size of tubing, and it is not
necessarily equal to the exact outer diameter of the tubing. For example, type L
copper tube having a 2.0 inch nominal diameter typically has an actual outer
diameter of about 2.125 inches and a wall thickness of about 0.070 inch. Similarly,
thicker walled type K copper tube having a 2.0 inch nominal diameter typically has
an actual outer diameter of about 2.125 inches but a wall thickness of about
0.083 inch. Table 1 lists several representative examples of ASME standardized

dimensions for different types of copper tubing used with water. Although Table 1
lists several representative dimensions of copper tubing that can be used to form the

first and second conduits 101, 121, Table 1 is not intended to be exhaustive.
Accordingly, the embodiments disclosed herein can include dimensions that are

greater than or less than the dimensions shown in Table 1, and are not Iimited to
copper tubing having the dimensions shown in Table 1 below.

Nominal Actual Wall Thickness
% | ows | oo | oo | oo
~55 om0 |- [ oor | oo

| oers | oom | oo | ooss
[ s | oows | ooso | ooss

11/4 1.375 0.042
11/2 1.625 0.049
2 2.125 0.058

2 1/2 2.625

3 3.125
31/2 3.625
4.125
5.125
6.125

0.060
0.070

0.080
0.090

0.072
0.083

0.072
0.083 0.120
0.110 0.134
0.108 0.125 0.160

0.122 0.140 0.192

Table 1: Wall thicknesses in inches of different types
of copper tubing according to ASME standards

[0029] Conduits configured in accordance with embodiments of the disclosure
can be formed from standardized copper tubing. For example, the first wall

thickness T, of the body portion 102 can correspond to the wall thickness of a

-8-
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standard size copper tube having a certain nominal diameter. The second wall
thickness T, of the first end portion 104, however, is greater than the standard wall
thickness of the body portion 102. In one embodiment, for example, the first wall
thickness T4 can be equal to the wall thickness of a type L copper tube of a certain
nominal diameter, and the second wall thickness T can be equal to or less than the
wall thickness of a type K copper tube of the same nominal diameter. In other
embodiments, however, the second wall thickness T, can be greater than that of the
type K copper tube of the same nominal diameter. In still further embodiments, the
conduits described herein can be made from materials other than copper, including
metallic, non-metallic, and/or other suitable materials, in other sizes.

[0030] The fluid conduit assembly 100 illustrated in Figures 1A and 1B provides
several advantages over conventional fittings for joining separate conduits. The
illustrated first conduit 101, for example, can be joined to the second conduit 121
without a separate fitting between the conduits. Rather, the first end portion 104
forms a fitting that is integral with the body portion 102 of the first conduit 101. This
IS unlike existing conduit fitting assemblies that require a separate end fitting
between adjacent conduits. The first conduit 101 prevents a user from having to
stock, carry and position separate end fittings for each joint between conduits. This
can dramatically reduce the assembly time for applications utilizing an extensive
amount of conduit, such as in a commercial building for example. For example, the
embodiments disclosed herein reduce the number of steps required to join two

separate conduits. A conventional end fitting must be soldered, crimped, or

otherwise joined to each of the conduits inserted into the fitting. The illustrated first

conduit 101, however, only requires compressing the first end portion 104 around
the second end portion 124, thus reducing the assembly steps. Moreover, because
the fittings disclosed herein are integral with the corresponding conduits, they are
less likely to leak compared to conventional separate end fittings because the

disclosed integral fittings require less connections.

[0031] The embodiments of the present disclosure can also reduce the loss or
theft associated with conventional separate end fittings. For example, as the price
of copper increases, the value of copper fittings correspondingly increases.
Because conventional end fittings are relatively small, they can be easily concealed,

stolen, and/or otherwise misplaced. However, conduits of the present disclosure

9-
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with integral end fittings would likely be more difficult to steal or misplace. For
example, concealing and/or stealing a twenty foot copper tube with an integral end
fitting would likely be more difficult than stealing an easily concealable separate end

fitting.

[0032] Figures 2A-2D are cross-sectional side views Iillustrating various stages
of forming a fluid conduit 201 in accordance with an embodiment of the disclosure.
The conduit 201 illustrated in Figures 2A-2D includes several features that are at
least generally similar in structure and function to those of the first conduit 101

discussed above with reference to Figures 1A and 1B. At the stage illustrated in
Figure 2A, the conduit 201 has a total length L; with a generally uniform first wall

thickness T4, and a generally uniform first inner diameter |ID4 and first outer diameter
OD;. In one embodiment, for example, the total length L4 can be about 20 feet, the
first wall thickness T4 can be about 0.05 inch, the inner diameter ID1 can be about
1.51 inches, and the outer diameter ODy can be about 1.62 inches. In other

embodiments, these dimensions can differ, and can include, for example, the
standardized dimensions described above with reference to Table 1. The conduit
201 includes a body portion 202 adjacent to an end portion 204. At stage illustrated
in Figure 2A, however, the end portion 204 has the same first wall thickness T, first
inner diameter ID4, and first outer diameter OD, as the body portion 202.

[0033] Referring next to Figure 2B, the wall thickness of the end portion 204 is
increased to a second wall thickness T; (e.g., about 0.07 inch in one embodiment)
that is greater than the first wall thickness T, of the body portion 202. The second

wall thickness T, extends for a second length L, from an end 209 of the conduit 201.
In one embodiment, for example, the second length L2 can about 2.0 inches. In
other embodiments, however, the second length L, can be any other length that is
suitable for forming a press fitting when a corresponding conduit is inserted into the
end portion 204. At this stage, the end portion 204 still has the same first inner
diameter |ID4 as the body portion 202, however, the outer diameter of the end portion

204 is increased to a second outer diameter OD, by virtue of the second wall
thickness T».

(0034) In certain embodiments, the second wall thickness T2 can be increased
through an upset forging process. The upset forging process can utilize cool forging
or hot forging techniques, and a series of dies can be used to control the thickness

-10-
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and corresponding inner and outer diameters of the end portion 204. In one
embodiment, for example, the end portion 204 can be heated and supported in a
first die, and then a second die can be driven into the end portion 204 to increase
the wall thickness and/or enlarge the diameter of the end portion 204. Although the
end portion 204 illustrated in Figure 2B includes an externally upset second wall
thickness T,, in other embodiments the end portion 204 can be internally upset or
both externally and internally upset to increase the second wall thickness T,. As

described in more detail below, in further embodiments other manufacturing

processes, methods and/or components can be used to increase the wall thickness
of the end portion 204.

[0035] As illustrated in Figure 2C, a segment of the end portion 204 i1s flared or

enlarged to allow the end portion 204 to receive a separate conduit having the same,
or at least approximately the same, first outer diameter OD; of the body portion 202.
More specifically, a third length L3 of the end portion 204 can be enlarged to have a
second inner diameter |ID, and a third outer diameter OD3;. In one embodiment, for
example, the third length L3 can be about 1.5 inches, the second inner diameter 1D,

can be about 1.65 inches, and the third outer diameter OD3; can be about 1.79
inches. The second inner diameter ID, and the third outer diameter OD5; can be

formed during the upset forging process described above.

[0036] Turning next to Figure 2D, an annular groove 206 is formed in an interior
surface 207 of the end portion 204, and a seal 208 is disposed in the annular

groove 206. The annular groove 206 is formed in the enlarged region of the end

portion 204 (e.g., inset a fourth length L4 from the end 209). In one embodiment, the

fourth length L4 can be about 0.5 inch, and the annular groove 206 can be formed

on the interior surface 207 to receive the seal 208. The annular groove 206 can be

formed by a rolling process or other suitable manufacturing process known in the art.

[0037] The seal 208 has a third inner diameter |D3 that is smaller than the first

Inner diameter |D¢ of the body portion 202. For example, in one embodiment the

third inner diameter can be about 1.60 inches, and the seal 208 can have a cross-
sectional diameter of about 0.14 inch. When another conduit having the same first

outer diameter OD, as the body portion 202 is inserted into the end portion 204, the
seal 208 contacts the outer surface of the other conduit. In certain embodiments,

-11-
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the wall thickness of the annular groove 206 can be approximately the same as the

second wall thickness T, of the end portion 204.

[0038] Although the wall thickness of the end portion can be increased with the
upset forging techniques described above, Figures 3A-3C illustrate an alternative

method of increasing the wall thickness of the end portion. More specifically,
Figures 3A-3C are cross-sectional side views illustrating various stages of a method
of forming a fluid conduit 301 having a sleeve 312 in accordance with an
embodiment of the disclosure. Referring to Figure 3A, the sleeve 312 is coaxially

disposed over an end portion 304 of the conduit 301 to achieve an increased second
wall thickness T,. As a result, the second wall thickness T, includes the combination
of the end portion 304 and the sleeve 312, which is equal to or greater than a first
wall thickness T4 of a body portion 302. In one embodiment, the sleeve 312 has

approximately the same thickness as the end portion 304. In other embodiments,
however, the sleeve can have a different thickness than the end portion 304.
Moreover, the sleeve 312 can be made from the same material as the fluid conduit

301. For example, in one embodiment the fluid conduit 301 and the sleeve 312 can

be a copper. In other embodiments, however, the sleeve 312 can be made from
metallic, non-metallic, and/or other suitable materials. The sleeve 312 can be
attached to the end portion 304 with an adhesive, by a press fit, or by welding,
soldering, cool forming and/or by other suitable methods known in the art. For
example, in certain embodiments the sleeve 312 is non-removably attached to the
end portion 304. Although the sleeve 312 is positioned over the end portion 304 Iin
the illustrated embodiment, in other embodiments the sleeve 312 can be positioned

against an interior surface of the end portion 304.

10039] In Figure 3B, the inner diameter of the end portion 304 and attached
sleeve 312 are enlarged as described above with reference to Figure 2C (e.g., by an

upset forging process) to allow the end portion 304 to receive a corresponding end
portion of another conduit. In Figure 3C, an annular groove 306 is formed on the
interior surface of the end portion 304, and an adjacent portion of the sleeve 312. A

seal 308 is positioned in the annular groove 306 to facilitate a fluid-tight seal in the
end portion 304 when it is joined with another conduit. At that time, the end portion

304 and the sleeve 312 can be compressed or otherwise deformed to squeeze the

Inserted end portion of the other conduit. The sleeve 312 provides the end portion
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304 with an increased wall thickness to strengthen the press fitting of the conduit

301 around the adjoining conduit.

[0040] Figure 4 is a cross-sectional side view of a fluid conduit assembly 400
configured in accordance with another embodiment of the disclosure. The fluid
conduit assembly 400 includes a first fluid conduit 401 that is configured to be
mechanically joined to a second fluid conduit 421. In the illustrated embodiment, the
first fluid conduit 401 is at least generally similar in structure and function to the fluid
conduits 101, 201, and 301 described above. For example, the first fluid conduit
401 includes an enlarged first end portion 404 adjacent to a first body portion 402.
The first end portion 404 includes an increased wall thickness relative to the first
body portion 402. The first end portion 404 also includes a seal 408 positioned in an
annular groove 406. In this embodiment, however, the second conduit 421 includes

an enlarged second end portion 424 to be inserted into the first end portion 404.

[0041] More specifically, the second fluid cohduit 421 includes a second body
portion 422 having the same outer diameter (i.e., the first outer diameter OD,) as the
first body portion 402 of the first fluid conduit 401. The second end portion 424,
however, includes an enlarged fifth outer diameter ODs that is greater than the first
outer diameter OD¢. The first end portion 404 includes an enlarged fourth inner
diameter 1D, that is sized to receive the enlarged second end portion 424. The
diameters of the first end portion 404 and the second end portion 424 can be
enlarged according to the upset forging processes described above. Once the
second end portion 424 has been inserted into the first end portion 404 (not shown

iIn Figure 4), the first end portion 404 can be compressed or otherwise deformed to
mechanically join the first fluid conduit 401 and the second fluid conduit 421.

[0042] The enlarged first end portion 404 and the enlarged second end portion
424 provide adequate mechanical interference during the compression to join the
first conduit 401 to the second conduit 421 with a sufficient crimping force suitable
for various applications of the conduit assembly 400. Moreover, the enlarged first
and second end portions 404, 424 can provide the sufficient compression force
without constricting the flow of a liquid or gas through the conduit assembly 400. For
example, when the first end portion 404 is compressed around the second end

portion 424, the fifth outer diameter ODs can be compressed to be generally
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equivalent to the size of the first outer diameter OD4 without impeding or constricting

the flow of a fluid through the conduit assembly 400.

[0043] Figure 5 is a cross-sectional side view of a fluid conduit assembly 500
configured in accordance with a further embodiment of the disclosure. The fluid
conduit assembly 500 includes a first fluid conduit 501 configured to be mechanically
joined to a second fluid conduit 531. The first conduit 501 is at least generally
similar in structure and function to the fluid conduits 101, 201, 301, and 401

described above. For example, the first conduit 501 includes an enlarged first end
portion 504 adjacent to a first body portion 502. The first end portion 504 includes

an increased wall thickness relative to the first body portion 502. In the illustrated

embodiment, however, first end portion 504 does not include an annular groove or
seal. Rather, the second conduit 531 includes an annular groove 536 formed on an

exterior surface 537 of a second end portion 534. A seal 538 is positioned in the
groove 536 to contact the interior surface of the first end portion 504 when the
second end portion 534 is inserted into the first end portion 504. The illustrated
second fluid conduit 531 also includes a second body portion 532 adjacent to the
second end portion 534. The second body portion 532 has the same outer diameter
(e.g., the first outer diameter OD;) as the first body portion 502. In other
embodiments, however, the diameters of the first body portion 502 and the second

body portion 532 can be different. To mechanically join the first and second
conduits 501, 531, the first end portion 504 can be compressed or otherwise

deformed around the second end portion 534. When compressed, the seal 538 at

least partially deforms against the interior surface of the first end portion 504 to form
a fluid tight seal therebetween.

[0044] Figure 6 is a cross-sectional side view of a fluid conduit 600 configured
in accordance with another embodiment of the disclosure. The fluid conduit 600
iIncludes an end portion 604 adjacent to a body portion 602. The end portion 604
Includes the increased wall thickness and enlarged diameter generally similar to the
embodiments described above. In this embodiment, however, the end portion has
two seals 608a, 608b disposed therein. More specifically, the end portion 604
includes a first annular groove 606a formed on an interior surface 607 of the end
portion 604, and a second annular groove 606b formed on the interior surface 607

and spaced apart from the first annular groove 606a. The first seal 608a is
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positioned in the first annular groove 606a, and the second seal 608b is positioned
in the second annular groove 606b. Accordingly, when the end portion 604 is

compressed or otherwise deformed around another inserted fluid conduit (not shown
in Figure 6), each of the first and second seals 608a, 608b contacts the other

conduit to form a fluid tight connection therebetween. Similar to the seals in the
embodiments described above, the illustrated first and second seals 608a, 608b
have generally circular cross-sections. In other embodiments, however, they can

have other shapes and configurations suitable for forming the connection.

Moreover, the first seal 608a can be formed from a different material and/or have a

different shape than the second seal 608b.

[0045] Figure 7A i1s a flow diagram of a process 701 for forming a fluid conduit
in accordance with an embodiment of the disclosure. In the illustrated embodiment,
the process 701 includes providing a tube (e.g., a copper tube) having a first inner
diameter and a first wall thickness (block 705). By way of example, in certain
embodiments the copper tube can include dimensions generally conforming to
ASME standards as described above. The process 701 can further include cutting
or otherwise forming the copper tube to a first length (block 710). In certain
embodiments, the first length can include a finished length of the copper tube plus

an additional incremental length to account for any shortening of the copper tube

that may result from the subsequent processing steps described below. For
example, in one embodiment, the copper tube can be cut to a first length that is
slightly greater than about 20 feet such that the finished length of the copper tube is

about 20 feet after completing all of the processing steps. In other embodiments,

however, the first length can be greater than or less than about 20 feet depending

on various factors such as desired finished length, changes in length that occurs

during processing, etc.

[0046] The process 701 also includes heat treating an end portion of the copper
tube to a predetermined hardness (block 715). In one embodiment, the heat

treatment can include annealing (e.g., induction annealing) the end portion with the
application of heat to reduce the hardness of the end portion to facilitate forming.

For example, in one embodiment the heat treatment can include annealing the end

portion to a hardness of approximately 30-50 in a Rockwell Hardness 15T scale. In

other embodiments, however, the heat treatment can include annealing the end

-15-



CA 02711155 2010-06-29
WO 2009/088526 PCT/US2008/067115

portion to a hardness of approximately 30-40 in a Rockwell Hardness 15T scale, or
35-40 in a Rockwell Hardness 15T scale. In still further embodiments, the ena
portion can be heat treated to other hardnesses, such as hardnesses that are

greater than or less than approximately 30-50 in a Rockwell Hardness 15T scale, or

other suitable scale used for measuring hardness.

[0047] In one aspect of these embodiments, the hardness along the heat

treated end portion may vary due to the method of heat treating. For example,
induction annealing the end portion with a heating coil can cause the hardness of
the end portion to slightly increase near the end of the heating coil. In one
embodiment, for example, a copper tube having a nominal diameter of about 1.125
inches can have a heat treated end portion with a length of about 3.5 inches. The

majority of the end portion (e.g., up to about 3.0 inches) may have a hardness of
about 32-36 in a Rockwell Hardness 15T scale. Near the end of the heating coll

however, the end portion of the tube (e.g., from about 3.0 to 3.5 inches) may have a
hardness that increases from about 36-50 in a Rockwell Hardness 15T scale. In
other embodiments, however, the hardness of the end portion can be generally

constant or vary by different values than those described above. According to

another aspect of these embodiments, the hardness of the tube Increases In a

transition zone extending from the heat treated end portion to the non-heat treated

portion of the tube. In one embodiment, for example, the transition zone can have a
length of about 0.125 to 0.25 inch, and the hardness of the tube can increase in the

transition zone from the heat treated hardness (e.g., about 30-50 in a Rockwell

Hardness 15T scale) to the full hardness (e.g., about 80 in a Rockwell Hardness 15T
scale) of the non-heat treated tube. In other embodiments, however, the length of
the transition zone can be greater or less than about 0.125 to 0.25 inch. In yet other

embodiments, heat treatment of the end portion can be omitted.

[0048] After heat treating the end portion, the process 701 further includes
cooling the end portion of the copper tube (block 720). In one embodiment, for
example, the end portion can be rapidly cooled by quenching the end portion In
water, oil, air, and/or any other suitable quenching medium. In other embodiments,

however, the end portion can be cooled at a slower rate following the annealing

process.
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[0049] The process 701 continues by increasing the first inner diameter of the
end portion to a second inner diameter, and increasing the first wall thickness to a
second wall thickness (block 725). In one embodiment, increasing the inner
diameter and wall thickness of the end portion can be accomplished as described
above with reference to Figures 1A-6. For example, one or more dies can be used

to increase the inner diameter and wall thickness in a forging process, e.g., an upset
forging process. In other embodiments, other suitable manufacturing processes can

be used for increasing the inner diameter and wall thickness dimensions of the end
portion. The process 701 further includes forming (e.g., rolling) an annular or
circumferential groove in an interior surface of the end portion (block 730). After
forming the circumferential groove in the end portion, the process 701 can include
cooling the end portion (block 735) and positioning a seal (e.g., an o-ring) in the
circumferential groove (block 740).

[0050] Figure 7B is a flow diagram of a process 702 for forming a fluid conduit
In accordance with another embodiment of the disclosure. In the illustrated
embodiment, several steps of the process 702 are generally similar to corresponding
steps of the process 701 described above with reference to Figure 7A. For example,
the process 702 can include providing a tube (e.g., a copper tube) (block 7095),
cutting the copper tube to a first length (block 710), and heat treating an end portion

of the copper tube (block 715). In one embodiment, heat treating an end portion of
the copper tube can include annealing (e.g., induction annealing) the end portion to

reduce the hardness. In one aspect of this embodiment, however, the proceSé‘?OZ
does not include cooling the end portion following the heat treatment. Rather, the

process 702 includes increasing the first inner diameter of the heated first end
portion to a second inner diameter, and increasing the first wall thickness of the

heated end portion to a second wall thickness (block 727). By way of example, in
certain embodiments increasing these dimensions of the heated end portion can be
accomplished by hot forging the end portion. In other embodiments, however, the

process 702 can include other suitable manufacturing processes for increasing
these dimensions of the heated end portion. Following these steps, the process 702
can further include forming a groove in the end portion (block 730), cooling the end

portion (block 735), and positioning a seal in the groove (block 740) in a manner
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generally similar to that described above with reference to the process 701 shown in
Figure 7A. '

[0051] Although the processes 701 and 702 described above can be used to
form integral end fittings on copper or copper alloy tubing, the present disclosure is
not limited to these materials. In other embodiments, it is contemplated that these
processes or variations thereof can be used with other suitable conduit materials
including, for example, other suitable metals and metal alloys that may include iron,

bronze, etc.

[0052] From the foregoing, it will be appreciated that specific embodiments of

the disclosure have been described herein for purposes of illustration, but that
various modifications may be made without deviating from the spirit and scope of the
various embodiments of the disclosure. For example, fluid conduit assemblies can
include adhesives and/or other components to facilitate joining the conduits.
Further, while various advantages and features associated with cértain
embodiments of the disclosure have been described above in the context of those
embodiments, other embodiments may also exhibit such advantages and/or
features, and not all embodiments need necessarily exhibit such advantages and/or
features to fall within the scope of the disclosure. Accordingly, the disclosure is not

limited, except as by the appended claims.
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CLAIMS

I/ We claim:

1. A plumbing conduit, comprising:
a copper tube having an end portion adjacent to a body portion, wherein

the body portion has a first wall thickness and the end portion has
a second wall thickness that is greater than the first wall

thickness, wherein the body portion has an outer diameter and
the end portion has an inner diameter that is greater than or equal
to the outer diameter, and wherein the end portion further
Includes an annular groove formed in an interior surface thereof;

and

a resilient seal disposed in the annular groove of the end portion.

2. The plumbing conduit of claim 1 wherein the end portion is a first
end portion, and wherein the copper tube further includes a second end portion
opposite the first end portion, wherein the second end portion has approximately the

same outer diameter as the body portion.

3. The plumbing conduit of claim 1 wherein the end portion is an
upset forged portion of the copper tube.

4. The plumbing conduit of claim 1 wherein the inner diameter of the

end portion is a first inner diameter, and the seal includes a second inner diameter

that is less than the outer diameter of the body portion.

5. The plumbing conduit of claim 1 wherein the copper tube is a type
L copper tube.
6. A fluid conduit, comprising:

a tube having an end portion adjacent to a body portion, wherein the

body portion has a first wall thickness and the end portion has a
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second wall thickness that is greater than the first wall thickness,
and wherein the end portion further includes an annular groove

formed in an interior surface thereof, and
a seal positioned in the annular groove of the end portion.

7. The fluid conduit of claim 6 wherein the end portion has an inner

diameter that is greater than an outer diameter of the body portion.

8. The fluid conduit of claim 6 wherein the annular groove is a first

annular groove, the seal is a first seal, and the end portion is a first end portion,

wherein the tube further includes a second end portion opposite the first end portion,

wherein the second end portion has a second annular groove formed in an interior
surface thereof, and wherein the fluid conduit further comprises a second seal

positioned In the second annular groove of the second end portion.

9. The fluid conduit of claim 8 wherein the second end portion has a
third wall thickness that is at least generally equivalent to the second wall thickness.

10.  The fluid conduit of claim 6 wherein the annular groove is a first
annular groove and the seal is a first seal, wherein the end portion further includes a
second annular groove formed in the interior surface thereof and spaced apart from

the first annular groove, and wherein the fluid conduit further includes a second seal

positioned in the second annular groove.

11. A plumbing conduit, comprising:

a tube having an end portion adjacent to a body portion, wherein the
body portion has an outer diameter and the end portion has an
iInner diameter that is equal to or greater than the outer diameter,

and wherein the end portion further includes an annular groove

formed in an interior surface thereof;
a sleeve coaxially disposed over the end portion; and
a seal positioned in the annular groove of the end portion.
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12. The plumbing conduit of claim 11 wherein the body portion has a
first wall thickness and the end portion and the sleeve have a combined second wall

thickness that is greater than the first wall thickness.

13. The plumbing conduit of claim 11 wherein the sleeve is fixedly
attached to the end portion.

14. The plumbing conduit of claim 11 wherein the end portion is an
upset forged portion of the tube.

15. A fluid conduit assembly, comprising:

a first tube having a first end portion adjacent to a first body portion,
wherein the first body portion has a first wall thickness and the
first end portion has a second wall thickness that is greater than

the first wall thickness, wherein the first body portion has an outer
diameter and the first end portion has an inner diameter that is

equal to or greater than the outer diameter, and wherein the first
end portion includes an annular groove formed in an interior
surface thereof;

a seal positioned in the annular groove; and

a second tube having a second end portion received by the first end
portion of the first tube.

16. The fluid conduit assembly of claim 15 wherein the second end
portion extends inside the first end portion, and wherein the first end portion is at

least partially deformed around the second end portion

17.  The fluid conduit assembly of claim 15 further comprising a third
tube with a third end portion, wherein the first tube has a second end portion

opposite the first end portion that is received within the third end portion of the third

tube.
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18.  The fluid conduit assembly of claim 15:

wherein the outer diameter of the body portion is a first outer diameter
and the inner diameter of the first end portion is a first inner
diameter; and

wherein the second tube further includes a second body portion adjacent
to the second end portion, wherein the second end portion has a
second inner diameter that is greater than the first outer diameter
of the first body portion, and a second outer diameter that is equal

to or less than the first inner diameter of the first end portion.

19. A method of mechanically joining a first copper tube to a second
copper tube, the method comprising:

providing a first copper tube having a first end portion with a first wall
thickness;

providing a second copper tube having a second end portion with a
second wall thickness that is greater then the first wall thickness;

inserting the first end portion of the first copper tube into the second end
portion of the second copper tube; and

compressing the second end portion around the first end portion to join

the first copper tube to the second copper tube.

20. The method of claim 19: _

wherein providing the first copper tube includes providing the first end
portion with a first outer diameter; and

wherein providing the second copper tube includes providing the second
copper tube with a body portion adjacent to the second end
portion, wherein the body portion has a second outer diameter

that is at least approximately equivalent to the first outer diameter
of the first end portion.

21. The method of claim 19 wherein compressing the second end
portion includes compressing a seal between the first and second end portions.
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22. The method of claim 19 wherein compressing the second end
portion includes at least partially deforming the second end portion and putting the

second end portion in circumferential tension around the first end portion.

23. The method of claim 19:

wherein providing the second copper tube includes providing a seal
disposed in an annular groove formed in an interior surface of the
second end portion; and

wherein compressing the second end portion includes pressing at least a

portion of the seal against an outer surface of the first end portion.

24. The method of claim 19, further comprising positioning a sleeve
around the second end portion, wherein compressing the second end portion
iIncludes compressing the sleeve and the second end portion around the first end
portion.

25. A method of forming an end portion of a copper tube into a fitting,
the copper tube having a first inner diameter and a first wall thickness, the method
comprising:

increasing the wall thickness of the end portion of the copper tube from

the first wall thickness to a second wall thickness;

increasing the inner diameter of the end portion of the copper tube from

the first inner diameter to a second inner diameter; and
forming a circular groove in an interior surface of the end portion of the

copper tube.

26. The method of claim 25 wherein the copper tube has a generally

constant wall thickness prior to forming.

27. The method of claim 25, further comprising positioning a seal in
the circular groove of the end portion.
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28. The method of claim 25 wherein increasing the wall thickness of

the end portion includes upset forging the end portion of the copper tube.

29. The method of claim 25 wherein increasing the inner diameter of
the end portion includes upset forging the end portion of the copper tube.

30. The method of claim 25 wherein increasing the wall thickness of
the end portion includes coaxially disposing a copper sleeve over the end portion of

the copper tube.

31. A method of manufacturing a plumbing conduit, the method
comprising:
providing a copper tube having a generally uniform cross-section with an
outer diameter and a wall thickness;

upsetting an end portion of the copper tube to provide the end portion

with an inner diameter that is equal to or greater than the outer
diameter:;
forming a circumferential groove in an interior surface of the end portion;

and

disposing a resilient seal in the circumferential groove.

32. The method of claim 31 wherein the wall thickness of the copper
tube is a first wall thickness, wherein upsetting the end portion of the copper tube

Includes increasing the wall thickness of the end portion from the first wall thickness

to a second wall thickness.

33. The method of claim 32 wherein upsetting the end portion of the
copper tube includes upset forging the end portion of the copper tube, wherein upset
forging the end portion includes at least increasing the temperature of the end

portion, positioning the end portion In first die, and inserting a second die into the

end portion.
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34. A method of forming a fluid conduit, the method comprising:

providing a copper tube having a first inner diameter and a first wall
thickness:

heat treating an end portion of the copper tube;

increasing the wall thickness of the end portion from the first wall

thickness to a second wall thickness;
increasing the inner diameter of the end portion from the first inner

diameter to a second inner diameter; and

forming a circular groove in an interior surface of the end portion.

35. The method of claim 34 wherein heat treating the end portion of
the copper tube includes reducing the hardness of the end portion from a first
hardness to a second predetermined hardness that is less than the first hardness.

36. The method of claim 34 wherein heat treating the end portion of

the copper tube includes annealing the end portion to reduce the hardness.

37. The method of claim 34 wherein heat treating the end portion
Includes annealing the end portion to a hardness in the range of approximately 30-

40 in a Rockwell Hardness 15T scale.

38. The method of claim 34, further comprising cooling the end

portion after heat treating the end portion and before increasing the wall thickness

and the inner diameter of the end portion.

39. The method of claim 38 wherein cooling the end portion includes

quenching the end portion.

40. The method of claim 34 wherein at least one of increasing the
wall thickness of the end portion and increasing the inner diameter of the end portion

Includes upset forging the end portion of the copper tube.
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41. The method of claim 34 wherein at least one of increasing the
wall thickness of the end portion and increasing the inner diameter of the end portion

includes hot forging the end portion of the copper tube.

42. The method of claim 34, further comprising positioning a seal In

the circular groove in the end portion of the copper tube.

43. A method of manufacturing a plumbing conduit, the method
comprising:

providing a copper tube having a generally uniform cross-section with an
outer diameter and a wall thickness;

annealing an end portion of the copper tube;

upset forging the end portion to provide an inner diameter of the end
portion that is equal to or greater than the outer diameter of the
copper tube;

forming a circumferential groove in an interior surface of the end portion;
and

disposing a resilient seal in the circumferential groove.

44. The method of claim 43, further comprising quenching the end
portion of the copper tube after annealing the end portion.

45. The method of claim 43 wherein upset forging the end portion of

the copper tube Includes positioning the end portion in a first die and inserting a

second die into the end portion.

46. The method of claim 43 wherein annealing the end portion of the

copper tube includes induction annealing the end portion.

47. The method of claim 43 wherein annealing the end portion of the
copper tube includes annealing the end portion to have a hardness of approximately
30-40 in the Rockwell Hardness 15T scale.
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48. The method of claim 43 wherein the wall thickness of the copper
tube is a first wall thickness, and wherein upset forging the end portion of the copper
tube includes increasing the wall thickness of the end portion from the first wall

thickness to a second wall thickness.

43. A method of manufacturing a plumbing conduit, the method
comprising:
providing a copper tube having a generally uniform cross-section with an
outer diameter and a first wall thickness;
heat treating an end portion of the copper tube to a predetermined
hardness;

while the end portion of the copper tube is at an elevated temperature
from the heat treating, upsetting the heated end portion to provide

the end portion with a second wall thickness that is greater than
the first wall thickness;

forming a circular groove in an interior surface of the end portion; and

positioning a seal in the circular groove.

50. The method of claim 49 wherein upsetting the heated end portion

of the copper tube includes hot forging the end portion.

51. The method of claim 49 wherein upsetting the heated end portion
of the copper tube includes increasing an inner diameter of the end portion to be
equal to or greater than the outer diameter of the copper tube.

52. The method of claim 49 wherein heat treating the end portion of
the copper tube to a predetermined hardness includes annealing the end portion to

have a hardness of approximately 30-40 in the Rockwell Hardness 15T scale.
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Provide a copper tube having a first
inner diameter and a first wall thickness

Cut the copper tube to a first length

Heat treat an end portion of the copper
tube to a predetermined hardness

Cool the end portion of the copper tube

Increase the first inner diameter of the
end portion to a second inner diameter,
and increase the first wall thickness of

the end portion to a second wall
thickness

Form a circumferential groove in an
interior surface of the end portion
Cool the end portion of the copper tube
Position a seal in the circumferential
groove in the end portion

FIG. 74
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Provide a copper tube having a first
inner diameter and a first wall thickness
Cut the copper tube to a first length

Heat treat an end portion of the copper
tube to a predetermined hardness

Increase the first inner diameter of the
heated first end portion to a second
inner diameter, and increase the first
wall thickness of the heated end portion
to a second wall thickness

Form a circumferential groove in an
interior surface of the end portion
Cool the end portion of the copper tube
Position a seal in the circumferential
groove in the end portion

FIG. 7B
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