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(57) Abstract: A crimp fitting comprises a
metal tube wall that forms both a cylindrical
tube portion and an adjacent annular O-ring
channel portion. The tube wall has a first wall
thickness along the cylindrical tube portion

FIG. 1(a) and a second wall thickness along at least part
of the O-ring channel portion. The second
wall thickness is less than the first wall thick
ness. The cylindrical tube portion and O-ring
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circle a cylindrical end portion of a tube when
such end portion of the tube is inserted into
the fitting.
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BACKGROUND OF THE INVENTION

Field of the Invention

[0004] The present invention pertains to fittings for attaching line sets to

indoor and outdoor HVAC units and joining refrigeration components. More

specifically, the present invention pertains to crimp fittings that can be used to

attach two conventional tube ends to each other. The crimp fittings are

specifically adapted and configured to sealably connect tubes that are under

significant pressure (such as tubes in HVAC and other high pressure



refrigerant systems).

General Background

[0005] It is common practice to utilize copper, aluminum, or other appreciably

malleable tube in refrigeration systems. While conventional soldering

techniques can be used to join some of such tubes (copper tubes in

particular), soldering or brazing can have disadvantages. For example,

soldering/brazing typically involves the use of a torch, which creates an

inherent fire risk. This can be problematic or prohibited in situations where

high pressure tubes need to be joined in buildings while such buildings are

open to the public. Additionally, soldering/brazing aluminum, while possible,

is difficult and is generally considered not practical for joining refrigeration and

HVAC lines. Moreover, heat from the brazing/soldering operation often

causes oxidation on the inside surfaces of such tubes, unless the installer

takes additional steps to avoid such oxidation (for example, by flowing a

purging gas such as nitrogen through the tube while applying heat).

[0006] The use of crimp fittings to join tube ends is a known alterative to

soldering/brazing in low pressure applications. While many crimping

techniques have been used to join various types of tubes in various

circumstances, the relatively high pressures associated with refrigeration and

HVAC lines make it difficult to achieve leakless connections. Moreover, in

many high pressure connections, such crimp fittings must carry axial tension

loads induced by the pressure. Such axial loads and internal pressures can

cause the tube ends to deform and separate from the crimp fitting. Such



separation is particularly difficult to prevent when the tubes are appreciably

malleable.

SUMMARY OF THE INVENTION

[0007] The crimp fittings in accordance with the present invention include

sleeve fittings that slide over the opposing end margins of two tubes being

joined. In general, each sleeve fitting comprises a pair of internal O-ring

channels that are spaced from the ends of the fitting. The O-ring channels

are each adapted and configured to receive an elastic O-ring that deforms

against the end margin of respective one of the two tubes to form a high

pressure seal. Each sleeve may also comprise an internal protrusion that is

formed centrally between the ends of the fitting. The internal protrusion

serves as a "stop" that limits how far the end margin of a tube can be inserted

into the fitting. The end margins of the fitting outboard of the O-rings are

configured and adapted to be crimped radially inward to thereby deform along

with the tubes inserted into the fitting. This deformation creates interlocking

geometry between the fitting and the tubes that prevents the tubes from

pulling out of the fitting. The pullout strength of a connection made using a

fitting of the invention can be increased by crimping the fitting in a manner that

causes additional plastic deformation in the crimp regions of the fitting. The

plastic deformation work hardens the crimped regions of the fitting and

thereby makes such regions of the fitting less malleable after crimping. If

desired, several crimping bands can be formed during the crimping operation

on the end of the fitting to increase the extent of interlocking geometry.



[0008] Additionally, a crimp fitting in accordance with the invention can be

formed out of the end of a tube in a manner such that the fitting is an integral

and monolithic portion of the tube that is adapted to receive the end of

another tube.

[0009] Further features of the invention are set forth in the following detailed

description and in the drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figures 1(a), 1(b), and 1(c) depict cross-sectional views (parallel to

the center axis) of various stages of the formation of one embodiment of a

crimp fitting in accordance with the invention.

[0011] Figures 2(a), 2(b), 2(c), and 2(d) depict cross-sectional views, similar

to those of Figures 1(a), 1(b), and 1(c), of another embodiment of a crimp

fitting in accordance with the invention.

[0012] Figures 3(a) and 3(b) depict axial and cross-sectional views of a

method of crimping the fitting shown in Figure 1(c).

[0013] Figures 4(a) and 4(b) depict axial and cross-sectional views of

another method of crimping the fitting shown in Figure 1(c).

[0014] Figures 5(a) and 5(b) depict cross-sectional views of yet another

method of crimping the fitting shown in Figure 1(c).

[0015] Figure 6 depicts a perspective view of a tube joint in accordance with

the invention.

[0016] Figure 7 depicts a two-jaw crimping tool that can be used to crimp

fittings in accordance with the invention.



[0017] Figure 8 depicts a detailed view of the jaws of a crimping tool that has

grooves that are configured to increase work hardening of the crimped region

of a fitting.

[0018] Figure 9 depicts a two-jaw crimping tool being used to crimp a fitting

in accordance with the invention.

[0019] Figure 10 depicts a detailed view of the jaws of a crimping tool that is

devoid of grooves.

[0020] Figure 11 depicts a perspective view of tube joint in accordance with

the invention formed using the crimping tool shown in Figure 10.

[0021] Figure 2 depicts a cross-sectional view of another embodiment of a

crimp fitting in accordance with the invention, after the crimping has been

performed.

[0022] Figure 13 depicts a cross-sectional view of a crimp fitting in

accordance with the invention after crimping, wherein the fitting is crimped via

an alternative crimping style that creates a double crimp on each of the

opposite ends of the fitting.

[0023] Figure 4 depicts a cross-sectional view of yet another crimp fitting in

accordance with the invention, wherein the wall of fitting has a non-uniform

wall thickness.

[0024] Figure 5 depicts a cross-sectional view of a crimped tube joint

assembly that comprises the fitting depicted in Figure 14.

[0025] Figure 16 depicts a cross-sectional view of a fitting that is identical to

the fitting shown in Figure 14, except that the fitting shown in Figure 6 has

multiple O-rings channel portions on each end of the fitting.



[0026] Figure 7 depicts a front view of yet another embodiment crimp fitting

in accordance with the invention, wherein the wall of fitting has a non-uniform

wall thickness and the ends of the crimp fitting flare outward.

[0027] Figure 18 depicts a top view of the fitting depicted in Figure 7 .

[0028] Figure 19 depicts a cross-sectional view of the fitting depicted in

Figures 17 and 18, taken about the line 19-19 shown in Figure 18 .

[0029] Figure 20 depicts a right view of the fitting depicted in Figures 17-19.

[0030] Figure 2 1 depicts and perspective view of the fitting shown in Figures

17-20, and shows the front, top, and right sides thereof.

[0031] Reference numerals in the written specification and in the drawing

figures indicate corresponding items.

DETAILED DESCRIPTION

[0032] An embodiment of a crimp fitting in accordance with the invention is

shown in Figure 1(c). The crimp fitting 20 is preferably formed from a straight

section of tube 22, as shown in Figure 1(a). Two interior O-ring channels 24

are preferably hydroformed into the tube section 20 intermediate the opposite

ends 26 of the tube section. This also creates two annular protrusions 28 on

the exterior of the tube section 22. An annular indentation 30 is also

preferably hydroformed into the exterior of the tube section 20 centrally

between the opposite ends 26 of the tube section and the O-ring channels 24.

This creates an interior annular protrusion 3 1. Elastic O-rings 32 are fitted

into the O-ring channels 24 and protrude radially inward from the main interior

surface 34 of the tube section 22. Preferably the O-rings are formed of a



polymeric material that is chemically compatible with the particular fluid in the

system that the crimp fitting will be used. In lieu of the O-rings 32, a gasket

could be molded into the fitting (for example, via thermoplastic or other curing

materials). The main interior surface 34 of the tube section 22 preferably has

diameter that is equal to or only slightly greater than the outer diameter of the

tubes that the crimp fitting 20 is configured to join. For joining one-half inch

( 1 .27 cm) tube having a wall thickness of .032 inches (0.81 mm), the tube

section 22 preferably has a wall thickness of approximately 0.060 inches

( 1 .524 mm). The wall thickness of the portion of the crimp fitting 20 that lies

between the two annular protrusions 28 could be thinner than the wall

thickness of the portions of the crimp fitting outboard the two annular

protrusions, to thereby conserve material without negatively impacting the

performance of the crimp fitting 20.

[0033] Another embodiment of a crimp fitting in accordance with the

invention is shown in Figure 2(d). This crimp fitting 20' is also preferably

hydroformed. The crimp fitting 20' is preferably formed from a straight section

of tube 22' as shown in Figure 2(a), which has a diameter slightly less than

the diameter of the tubes in which it is configured to join. As shown in figure

2(b), the opposite end margins 36 of the tube section 22' are flared radially

outwards so as to have an interior diameter that is equal to only slightly

greater than the outer diameter of the tubes that the crimp fitting 20' is

configured to join. The central portion 38 of the tube section 22' is not flared

and is left at its original diameter. As shown in Figure 2(c), two interior O-ring

channels 24' are preferably formed into the tube section 20' intermediate the



opposite ends 26' of the tube section. As with the other embodiment

described above, this also creates two annular protrusions 28' on the exterior

of the tube section 22'. As shown in Figure 2(d), elastic O-rings 32' are fitted

into the O-ring channels 24' and protrude radially inward from the end margins

36 of the tube section 22', completing the formation of the crimp fitting 20'.

Preferably the O-rings are formed of a polymeric material. And again, in lieu

of the O-rings 32', gaskets could be molded into the fitting.

[0034] Rather than hydroforming the fittings, alternatively, the crimp fittings

could be turned for tube sizes larger than ½" ( 1 .27 cm) and, due to difficulties

associated with internally roll forming small diameter tube, the smaller crimp

fittings could be formed using upset forging for tube sizes smaller than "

( 1 .27 cm) (of course the larger diameter tube could also be upset forged and,

although difficult, small diameter tube could be roll formed).

[0035] Both embodiments of the crimp fittings 20, 20' described above are

utilized in a similar manner. As such, only the use of the first described crimp

fitting 20 is herein described. However, it should be appreciated that the

central portion 38 of the second described crimp fitting 20' serves the same

purpose as the interior annular protrusion 3 1 of the first described crimp fitting

20.

[0036] The crimp fitting 20 is used to join tubes by initially inserting at least

one of the tubes 40 being joined into the crimp fitting. Each tube 40 is limited

as to how far it can be inserted into the crimp fitting 20 by the interior annular

protrusion 3 1 , which has a smaller diameter than the tube. This ensures that

the midpoint between the two tubes 40 is not offset to either side of the crimp



fitting 20. This also causes the O-rings 32 to compress radially outward and

exert annular compressive pressure on the outer surface of the tube 40 and

on the O-ring channels 24, thereby creating a pressure seal. The crimp fitting

20 can then be crimped to the tube 40 using any of a variety of crimping tools

and methods. One method is schematically represented in Figure 3(a). This

method involves a crimping tool that presses at least three dies 42 radially

inward on the exterior of the crimp fitting 20 adjacent the respective end 26 of

the crimp fitting and out board of the annular protrusion 28. Gaps 44 between

the dies 42 provide a place for the material from the crimp fitting 20 to flow

into as the crimp fitting 20 locally deforms under the pressure exerted on it by

the dies (see Figures 3(a) and 3(b)). The portion of the crimping fitting 20

being crimped plastically deforms radially inward in a manner that also causes

the tube 40 between the dies 42 to plastically deform uniformly and radially

inward. A uniform compression around the circumference of the crimping

fitting 20 prevents the inserted tube from collapsing or folding which could

create a leak path. As such, an external indentation 46 is formed in the tube

40 that is interlocked with the crimp fitting 20. This prevents the tube 40 from

being axially separated from the crimp fitting 20 when a tension load is

exerted therebetween. By providing the gaps 44 for the material from the

crimp fitting 20 to flow into as the crimp fitting 20 is deforming, more localized

deformation of the crimp fitting occurs than would otherwise occur. The

greater deformation causes more work hardening to occur and thereby

provides crimp fitting 20 with superior pullout strength. Once both sides of the



crimp fitting 20 have been attached to a tube 40, the crimped joint 48 (see

Figure 6) is complete and can be put into service.

[0037] Another method of crimping the crimp fitting 20 utilizes a two-jaw

crimping tool 50 (shown in Figure 7) that is similar in operation to a compound

bolt cutter. As shown in Figure 8, the jaws 52 of the two-jaw crimper 50 can

be provided with undulating protrusions 54 and recesses 56. The recesses

56 act much like the gaps 44 between the dies 42 in the crimping method

described above. Alternatively, as shown in Figures 4(a), 4(b), and 9- , the

jaws 52' of a two-jaw crimping tool 50' can be smooth such that, after

crimping, the deformed portion of the crimp fitting 20 forms almost a complete

annular ring.

[0038] Still other types of crimping methods can be used to crimp the crimp

fitting 20. For example, as shown in Figure 5(a), the two jaws 52" of a two-jaw

crimping tool 50" could be contoured so as to straddle either one of the

annular protrusions 28 of the crimp fitting 20. The portion of the jaws 52" that

straddle the annular protrusions 28 can be configured to contact and crimp

the annular protrusion 28, albeit preferably not as much as it does the main

crimp outboard of the protrusion. This can further compress the respective

O-ring 32 providing for greater pressure sealing capability. Additionally, by

straddling the annular protrusion 28, the annular protrusion can serve as a

locating mechanism to ensure that the crimping tool is properly positioned on

the crimp fitting 20 during the crimping process. The contour of the jaws 52"

may also comprise an annular indentation 58 immediately adjacent the portion

of the jaws that are configured and adapted to straddle the annular protrusion



28 of the crimp fitting 20. As shown in Figure 5(b), this creates an annular

gap 60 to ensure that appreciable interlocking annular step 62 is still formed in

the crimp fitting 20 and the respective tube 40 inserted therein, and thereby

ensures that the joint will still have a high pullout strength.

[0039] Yet another embodiment of a crimp joint is depicted in Figure 12.

Rather than being a separate component used to attach two tubes, the crimp

fitting 70 of this joint is formed on the end of a first tube 72 or on a stub-out

that is connected to a refrigeration or HVAC component. The first tube 72

may have a diameter and thickness equal to that of the second tube 74 that

forms the joint. As such, the first tube 72 may be flared (as shown) to form

the crimp fitting. However, the first tube 72 could also simply have inner

diameter that is just slightly larger than the outer diameter of the second tube

74. Obviously, this crimp fitting 70 would require only one crimp 76 since it is

formed integrally with the first tube 72. Like the other crimp fittings discussed

above, this crimp fitting 70 also comprises an annular protrusion 78 resulting

from the formation of an O-ring channel that provides a space from an O-ring

80. The crimp 76 itself can be formed by any of the methods discussed

above. Additionally and as shown, the crimp fitting 70 could be formed such

that the crimp fitting 70 has a wall thickness that is larger than the wall

thickness of the remainder of the first tube 72.

[0040] Figure 3 depicts a joint having a fitting 82 similar to the fitting shown

in Figure 1 that has been crimped using an alternative method that creates

two spaced-apart annular indentations 84 on each of the opposite ends of the

fitting. The pair of indentations 84 on any given end of the fitting 82 can be



created separately by using a crimping tool twice. Alternatively, the pair of

indentations on any given end of the fitting can be formed simultaneously via

a single crimping tool configured and adapted to form two annular

indentations rather than one. This method creates additional undulations in

the interlocking geometry between crimp fitting 82 and the tubes 86 being

joined by the crimp fitting. In some cases, these additional undulations

increase the maximum tension that can be transferred from one of the tubes

86 to the other through the joint. Of course, such double annular indentations

could also be formed into any of the crimp fittings disclosed herein during the

joining process.

[0041] Figure 1 depicts yet another fitting 90. That fitting 90 has a tube wall

92 that varies in thickness. The tube wall 92 forms a cylindrical tube portion

94 and an adjacent annular O-ring channel portion 96 on each of its opposite

end portions. Each cylindrical tube portion 94 is configured to be crimped

(described below). The tube wall 92 has a first thickness along the cylindrical

tube portions 94, and a second thinner wall thickness along the O-ring

channel portions 96 (the thicknesses being average wall thicknesses of such

regions). The second wall thickness is preferably less than 82% of the first

wall thickness. Each O-ring channel portion 96 of the fitting 90 protrudes

radially outward relative to the adjacent cylindrical tube portion 94. The tube

wall 92 also forms annular positioning protrusions 98 that are each adjacent a

respective one of the cylindrical tube portions 94 opposite the respective O-

ring channel portion 96. Preferably the positioning protrusions 98 are located

at the opposite terminal ends of the fitting 90. The tube wall 92 further forms



an annular insertion stop 00 that protrudes radially inward relative to the

cylindrical tube portions 94. The annular insertion stop 100 is preferably

centrally positioned between the opposite ends of the fitting 90 and, as

explained below, serves to prevent a tube from being over or under inserted

into either end of the fitting. The tube wall 92 is preferably formed of copper

using any of the techniques described above. After the tube wall 92 of the

fitting 90 is fabricated, it is preferably annealed to a grain size in the range of

0.005 to 0.070 millimeters, and more preferably to grain size in the range of

0.015 to 0.035 millimeters.

[0042] Prior to using the fitting 90 to join two tubes, an elastic O-ring 102 is

positioned in each of the O-ring channel portions 96. With the O-rings 102 in

place, the fitting 90 can be joined to a tube 104 by inserting an end portion of

the tube into one end of the fitting until the end of the tube engages the

insertion stop 100, which prevents further insertion of the tube into the fitting

and ensures that the end of tube 104 has been inserted through the

respective O-ring. The insertion of the end portion of the tube 04 into the

fitting 90 compresses the respective O-ring 102 radially between the tube and

the O-ring channel portion 96 of the fitting. The assembly can then be

crimped, preferably by using a crimper that creates multiple annular

deformations 106 radially into the assembly (as shown in Figure 15).

Preferably, the crimper is dimensioned to fit snuggly between the annular

protrusion created by the O-ring channel portion 96 of the fitting 90 and the

respective positioning protrusion 98 such that proper positioning of the

annular deformations 106 is ensured. The annular deformations 106



plastically/non-resiliently deform annular bands of the cylindrical tube portion

94 of the fitting 90 and adjacent annular bands of the tube 104 radially inward,

thereby creating interlocking geometry between the two components. The

interlocking geometry prevents the tube 104 from disengaging the fitting 90

when there is a tension load between the two components. The crimping

work hardens the copper of the fitting 90 and the tube 104 at the annular

deformations 106, and thereby increases the strength of the interlocking

geometry. Due to the decreased thickness of the O-ring channel portion 96 of

the tube wall 92 relative to the thickness of the cylindrical tube portion 94 of

the tube wall, the crimping process also causes the O-ring channel portion of

the tube wall to plastically deform radially inward, albeit not as drastically as

the annular deformations 106. This causes further radial compression of the

O-ring 102 between the fitting 90 and the tube 104 inserted therein. This

process can then be repeated to attach another tube 104 to the opposite end

of the fitting 90. Upon internally pressurizing the assembly, the fitting 90 will

most often be under axial tension, which, due to decreased thickness of the

fitting 90 along the O-ring channel portions 96 of the tube wall 92, can cause

the O-ring channel portions to slightly elongate in the area of the thinner wall

in the O-ring channel portions 96, which in turn causes the area at the apex of

the O-ring channel portions 96 to partially radially collapse. This still further

compresses the O-rings 102 between the fitting 92 and the end of the tubes

104 inserted therein, and thereby increases their ability to hold pressure. It

should be appreciated that the annealed condition of the fitting 90 impacts the

degree to which this occurs.



[0043] Figure 16 depicts a fitting 90' that is identical to the fitting 90 shown in

Figure 14 except that its tube wall 92' comprises multiple O-ring channel

portions 96' on each end of the fitting. As such, this fitting 90' is configured to

receive multiple O-rings in each end of the fitting. Unlike the outboard O-ring

channel portions 96', the inboard O-ring channel portions will not plastically

deform during the crimping process. However, like the outboard O-ring

channel portions 96', the inboard O-ring channel portions 96' are thinner than

the adjacent portions of the fitting 90' and will partially collapse as the fitting

tries to axially expand under pressure.

[0044] It should be appreciated that the configuration of one half of the fitting

90 shown in Figure 14 or the fitting 90' shown in Figure 16 could be formed as

an integral portion of a long tube or stub-out that is connected to a

refrigeration, HVAC, or other fluid component. Thus, the aspects of the fitting

described above need not be limited to fittings that are configured to receive

two separate tubes.

[0045] Yet another crimp fitting in accordance with the invention is shown in

Figures 17-21 . This crimp fitting 10 is identical in form and function to the

fitting 90 shown in Figure 14, with only a few exceptions. Unlike the crimp

fitting shown in Figure 14, the crimp fitting shown in figures 17-21 , comprises

flared portions 12 adjacent its opposite ends rather than annular positioning

protrusions 98. Additionally, the fitting 110 shown in Figures 7-2 1 comprises

dimple insertion stops 114, rather than the annular insertion stop 100 of the

fitting 90 depicted in Figure 14. The flared portions 2 of the fitting 110

preferably flare outward at an angle between thirty and forty degrees from the



centerline of the fitting, and more preferably at an angle of approximately

thirty-seven degrees. Like with the annular positioning protrusions 98 of the

fitting 90 depicted in Figure 14, the flared portions 112 of the fitting 10 are

positioned such that that the crimper will fit snuggly between the annular

protrusion created by the O-ring channel portion 116 of the fitting 110 and the

respective flared portion 112 to ensure that fitting will be crimped at the proper

locations. The flared portions 112 also serve to protect the fitting 1 0 from

damage in the event the fitting is dropped. If the fitting 110 is dropped, the

flared portions 112 will likely take the brunt of the impact and may deform as a

result, but without adversely affecting the functionality of the fitting. Still

further, the flared portions 112 of the fitting 110 also facilitate the insertion of a

tube end into the fitting. The dimple insertion stops 114 of the fitting 110

serve the same purpose as the annular insertion stop 100 of the fitting 90

depicted in Figure 14, but have been found to be easier to form into the fitting.

Preferably there are two dimple insertion stops 114 spaced one hundred

eighty degrees apart, but any number, including just one, would also suffice.

Like the crimp fitting 90 depicted in figure 14, the crimp fitting 110 shown in

Figures 7-2 1 is preferably formed of annealed copper and work hardens

locally when crimped. The crimp fitting can be crimped to one or more tubes

as described above in reference to the various other fittings described herein.

[0046] With any of the fittings described above, a sealant such as Loctite®

567 can be applied to the interior surface of the fitting, prior to inserting a tube

or tubes thereinto. As a tube end is inserted into a fitting having sealant, the

sealant is forced axially outward toward the axial end of the fitting when the



tube end radially compresses the O-ring. The sealant is forced still further

outward when the fitting is crimped. The sealant further improves the sealing

capability of the fitting-to-tube joint.

[0047] A corrosion resistant coating ( e.g., tin, nickel, paint, polymer) can

also be applied to any of the fittings described above to help prevent

dissimilar metal corrosion (particularly in situations where a copper fitting is

attached to a non-copper tube, such as an aluminum tube).

[0048] In view of the foregoing, it should be appreciated that the present

invention overcomes various disadvantages associated with prior art methods

of joining tubes in refrigeration line sets. Crimp fittings in accordance with the

present invention and the methods utilized with the same are capable of

forming joints that can withstand internal pressures in excess of 2,100 pounds

per square inch (14.5 MPa).

[0049] As various modifications could be made in the constructions and

methods herein described and illustrated without departing from the scope of

the invention, it is intended that all matter contained in the foregoing

description or shown in the accompanying drawings shall be interpreted as

illustrative rather than limiting. For example, although some of the methods

described above form a single primary crimp around an annular portion

adjacent each end of the crimp fitting, multiple crimps can be formed around

multiple spaced-apart annular portions adjacent each end of the crimp fitting

to provide additional interlocking geometry between the crimp fitting and the

tubes to thereby improve the pullout strength of the joint. This can be done in

one action using a two-jaw crimping tool configured to form a plurality of



crimps simultaneously. Additionally, it should be appreciated that, although

the fittings described herein are configured to join two tubes in a coaxial

manner, a fitting in accordance with the invention could have an elbow or

bend so as to be configured to join tubes at various other angles such as

forty-five degrees or ninety degrees. Similarly, a fitting in accordance with the

invention could be a Tee fitting and/or a reducer. Still further, while crimp

fittings in accordance with the invention are preferably formed in an annealed

condition, they need not be. Thus, the breadth and scope of the present

invention should not be limited by any of the above-described exemplary

embodiments, but should be defined only in accordance with the following

claims appended hereto and their equivalents.

[0050] It should also be understood that when introducing elements of the

present invention in the claims or in the above description of exemplary

embodiments of the invention, the terms "comprising," "including," and

"having" are intended to be open-ended and mean that there may be

additional elements other than the listed elements. Additionally, the term

"portion" should be construed as meaning some or all of the item or element

that it qualifies. Moreover, use of identifiers such as first, second, and third

should not be construed in a manner imposing any relative position or time

sequence between limitations. Still further, the order in which the steps of any

method claim that follows are presented should not be construed in a manner

limiting the order in which such steps must be performed.



What is claimed is :

. A fitting comprising a metal tube wall that forms both a cylindrical tube

portion and an adjacent annular O-ring channel portion, the tube wall having a

first wall thickness along the cylindrical tube portion and a second wall

thickness along at least part of the O-ring channel portion, the second wall

thickness being less than the first wall thickness, the cylindrical tube portion

and O-ring channel being configured and adapted to encircle a cylindrical end

portion of a tube when such end portion of the tube is inserted into the fitting.

2 . A fitting in accordance with claim 1 wherein the tube wall comprises

copper.

3. A fitting in accordance with claim 2 wherein the tube wall is annealed to

a grain size in the range of 0.005 to 0.070 millimeters.

4 . A fitting in accordance with claim 3 wherein the tube wall is annealed to

a grain size in the range of 0.015 to 0.035 millimeters.

5. A fitting in accordance with claim 1 wherein the second wall thickness

is less than 82% of the first wall thickness.

6 . A fitting in accordance with claim 1 wherein the tube wall further forms

a flared portion that protrudes radially outward relative to the cylindrical tube

portion and that is adjacent the cylindrical tube portion opposite the O-ring

channel portion, and the tube wall protrudes radially outward at the O-ring

channel portion relative to the adjacent cylindrical tube portion, the tube wall



thereby forming a locating cradle for positioning a crimping tool at a proper

location on the cylindrical tube portion.

7 . A fitting in accordance with claim 1 further comprising an elastic O-ring

that is engaged with and encircled by the O-ring channel portion of the tube

wall.

8. A fitting in accordance with claim 1 further comprising a molded gasket

formed in the O-ring channel portion of the tube wall.

9 . A fitting in accordance with claim 1 wherein the tube wall further forms

an insertion stop that protrudes radially inward relative to the cylindrical tube

portion, and the O-ring channel portion of the tube wall is between the

insertion stop and the cylindrical tube portion.

10. A fitting in accordance with claim 1 wherein the tube wall is formed out

of copper and is annealed to a grain size in the range of 0.005 to 0.070

millimeters, the second wall thickness is less than 82% of the first wall

thickness, the tube wall further forms an insertion stop that protrudes radially

inward relative to the cylindrical tube portion, and the O-ring channel portion

of the tube wall is between the insertion stop and the cylindrical tube portion,

the tube wall protrudes radially outward at the O-ring channel portion relative

to the adjacent cylindrical tube portion, and the tube wall further forms a flared

portion that protrudes radially outward relative to the cylindrical tube portion

and that is adjacent the cylindrical tube portion opposite the O-ring channel

portion.



11. A fitting in accordance with claim 1 wherein the cylindrical tube portion

and the O-ring channel portion are formed on a first axial half of the fitting and

the fitting comprises a second axial half formed by the tube wall that is a

mirror image of the first axial half.

12. A fitting in accordance with claim wherein the tube wall further forms

an insertion stop that protrudes radially inward relative to the cylindrical tube

portion and that is positioned centrally between the first and second axial

halves of the fitting.

3 . A fitting in accordance with claim 1 wherein the tube wall comprises

copper and has a corrosion resistant coating.

14. A method of forming a fitting as described in claim 1 wherein the tube

portion comprises copper.

15. A method comprising forming the fitting as set forth in claim 14 and

thereafter annealing the tube wall to a grain size in the range of 0.005 to

0.070 millimeters.

6 . A method comprising forming the fitting as set forth in claim 14 and

thereafter annealing the tube wall to a grain size in the range of 0.015 to

0.035 millimeters.

17. A method of forming a tube connection, the method comprising:

inserting a metal length of tube into a fitting, the fitting comprising a

metal tube wall that forms both a cylindrical tube portion and an adjacent



annular O-ring channel portion, the tube wall having a first wall thickness

along the cylindrical tube portion and a second wall thickness along at least

part of the O-ring channel portion, the second wall thickness being less than

the first wall thickness, the fitting further comprising an elastic O-ring that is

engaged with and encircled by the O-ring channel portion of the tube wall, the

length of tube having a cylindrical end portion, the insertion of the length of

tube into the fitting occurring in a manner such that the cylindrical tube portion

and O-ring channel of the fitting encircle the cylindrical end portion of the

length of tube with the O-ring being radially compressed between the

cylindrical end portion of the length of tube and the O-ring channel of the

fitting;

thereafter crimping the cylindrical tube portion of the fitting radially

inward in a manner that non-resiliently deforms the cylindrical tube portion of

the fitting and the cylindrical end portion of the length of tube such that the

fitting and the length of tube become interlocked, the crimping also causing

the O-ring channel of the fitting to non-resiliently deform in a manner further

compressing the O-ring between the cylindrical end portion of the length of

tube and the O-ring channel of the fitting.

18. A method in accordance with claim 7 wherein the tube wall of the

fitting further forms an insertion stop that protrudes radially inward relative to

the cylindrical tube portion, the O-ring channel portion of the tube wall is

between the insertion stop and the cylindrical tube portion of the fitting, and

the insertion of the length of tube into the fitting comprises progressively



inserting the length of tube into the fitting until the insertion stop of the fitting

prevents further insertion of the length of tube into the fitting.

19. A method in accordance with claim 7 wherein the tube wall further

forms a flared portion that protrudes radially outward relative to the cylindrical

tube portion and that is adjacent the cylindrical tube portion opposite the O-

ring channel portion, the tube wall protrudes radially outward at the O-ring

channel portion relative to the adjacent cylindrical tube portion, and the

crimping is performed using a crimping tool that is placed axially between the

O-ring channel and the flared portion during the crimping.

20. A method in accordance with claim 19 wherein the tube wall of the

fitting further forms an insertion stop that protrudes radially inward relative to

the cylindrical tube portion, the O-ring channel portion of the tube wall is

between the insertion stop and the cylindrical tube portion of the fitting, and

the insertion of the length of tube into the fitting comprises progressively

inserting the length of tube into the fitting until the insertion stop of the fitting

prevents further insertion of the length of tube into the fitting.

2 1. A method in accordance with claim 17 wherein the crimping creates at

least two annular radial indentations in both the cylindrical tube portion of the

fitting and the cylindrical end portion of the length of tube.

22. A method in accordance with claim 17 further comprising placing a

curable liquid sealant on the interior of the metal tube wall of the fitting prior to

inserting the length of tube into the fitting.



23. A method in accordance with claim 17 wherein the crimping non-

resiliently radially deforms the cylindrical tube portion of the fitting more than it

does the O-ring channel.
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