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11 and a threaded member 17, the N 43
threaded member 17 being a nut to A0 Ao b ,44 34
overlie an outer sleeve 19 and an inner //////’////////, * \ “ 45
sleeve 28 unitary with the body 11. ,lﬂ}r)"‘»)‘,}}}}i}.};‘.‘l})‘_\ 2]
These two sleeves define therebetween - 35; — P33 14
an annular groove 37 to receive the end 16

of the tube. The method of tightening 5p 57 54 53 ’,.:‘

the nut 12 onto the body 11 provides A S s _u
that a generally conical cam surface 41 5 "I\);“_\

on the nut interacts with a shallower = KL AL /lf 37

taper conical cam follower surface 47 4( Flg 4
on the outer sleeve to force this cam l\/é

follower surface radially inwardly and
longitudinally inwardly forming annular
radially inwardly extending bulges on
the outer and inner sleeves and on the
tube trapped therebetween. This
interlocks the tube with the coupling,
and provides a fluid seal at three
different places, the inner wall of the
tube, the outer wall of the tube, and the
end of the tube at the bottom of the
groove.
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1

SPECIFICATION
Heavy duty tube coupling

5 Couplings to connect to a flared end of a tube have often been a two-part fitting of a body and a nut.
However, this requires flaring the end of the tubing, and in many cases this is inconvenient or difficult.
Accordingly, attempts have also been made to secure, straight tubing or non-flared tubing to a coupling,
and two-part couplings have been utilised, as in U.S. Patent No. 927388, and on small diameter tubes, as
in U.S. Patent No. 3375026. Three-part tube couplings for non-flared tubes have been more common,

10 including those disclosed in U.S. Patents Nos. 3025086; 3454290; 3834743 and 4162802. Also, The Weath-
erhead Company has disclosed a three-part flareless tube fitting in its 2600 series of tube fittings. Four-
part tube fittings have also been disclosed, as in U.S. Patents Nos. 3493250 and 3685860.

These tube fittings have met with differing degrees of success, usually for low and medium pressure,
because at high pressure it was difficult to make certain that the tube did not blow out of the tube cou-

15 pling.

In air conditioning, refrigeration and heat pump units which are stationary units, there is still the prob-
lem of vibration and a desire to seal the refrigerant without any leakage. In such a case, the typical con-
nection for the refrigerant tubing was to use some form of hermetic seal rather than a threaded coupling
seal. Such hermetic seals included inert gas brazing or silver solder rather than relying on a threaded

20 coupling which might fail after a long period of use and require a service call, which was usually quite
expensive for the manufacturer or installer. The rather slight vibration caused by the running of the com-
pressor could cause metal fatigue and failure of threaded couplings; hence, these were generally
avoided.

Automotive air conditioning added additional problems to attempts to obtain a leak-free tubing con-

25 nection, namely: the wide temperature range from below 0°F to above 100°F under the hood of a modern
automobile, the vibration of the automobile engine; and the road shocks as the automobile hit chuck
holes, etc.

Cryogenic air conditioning apparatus utilised in industry and medical applications created possibly
even worse ambient conditions, with temperatures varying widely from ordinary room temperature of

30 70°F down to —80°F, or even —120°F, together with the vibration from the compressor. As a result, in
such automotive and cryogenic air conditioning applications, the practice almost universally has been to
utilise some form of hermetic seal on the tubing connections rather than to trust to any form of a
threaded connection.

Nevertheless, failures have occurred out in the field, where it was up to the service man to make a

35 repair joint without access to any production equipment as found in the usual manufacturing facility, e.g.,
without benefit of any inert gas brazing equipment. -

A difficulty with the two-part hose couplings disclosed in the prior art U.S. Patent 927388 was that the
external sleeve thereon was slotted longitudinally to permit the sleeve to be compressed radially in-
wardly, and thus this effectively cut in half the length of the leakage path, which could be satisfactory for

40 a low pressure hose but unsatisfactorily for a high pressure tube connection. The two-part tube coupling
of the prior art U.S. Patent 3375026 was only for use with very small diameter tubing, e.g. 1/16 inch
outside diameter, and the force required to longitudinally move the compression sleeve would be ex-
tremely high in larger sizes of tubing. Also, such coupling could be one where vibration would vibrate
loose such compression sleeve.

45 The difficulty with the three-piece tube couplings employing a separate external sleeve was that upon
turning the nut, the friction between the external sleeve and the nut tended to rotate the sleeve, which
tended to twist the tube, and if the tube were of soft material, the tube could be twisted off before a tight
seal was made. Further, with aluminium tubing, a small score mark, as an annular score around the tube,
weakened the tube sufficiently so that subsequent vibration could cause metal fatigue and breakage of

50 the tube at such annular score line.

The four-part tube couplings of the prior art were intended for use with plastic tubing, which had little
compressive strength in a radially inward direction and required the insertion of an inner sleeve, yet this
created an additional junction whereat leakage could occur rather than minimising the locations where
leakage could occur.

55 It is an object of the invention therefore, to achieve a threaded connection in a flareless tube coupling
which can readily be made out in the field with the use of simple tools, such as open end wrenches, and
yet which will seal high fluid pressure up to the bursting strength of the tube, withstand large tempera-
ture shocks, vibration, and physical shocks.

According to one aspect of the invention, there is provided a tube coupling consisting of only two

60 pieces: a body and a threaded member; inter-engageable threads on said body and said threaded mem-
ber, said body having an aperture for fluid under pressure, a unitary inner sleeve and a unitary outer
sleeve on said body each substantially coaxially surrounding said aperture and defining a metal tube-
receiving annular groove therebetween extending into said body from a first end thereof, said threaded
member adapted to have an annular inner surface overlying said outer sleeve of said body and to have a

65 first end adjacent said first end of said body in the assembled condition, an annular cam surface on the
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2 GB2144192 A

inner surface of said threaded member reducing in cross-sectional area toward said first end of said
threaded member, an annular cam follower outer surface on said outer sleeve of said body reducing to
smaller diameter toward said first end of said body, and whereby with a tube in place in said annular
groove the threaded member may be tightened on the body to have said cam surface and cam follower

g surface interact and the unitary outer sleeve crushed inwardly onto the outer surface of the tube to form
a fluid pressure-tight seal of at least several atmospheres between the body and the tube.

According to another aspect of the invention, there is provided tube coupling having a body with
threads and a threaded member threadably connectable thereto, an inner sleeve and an outer sleeve on
said body defining an annular groove therebetween to receive the end of a metal tube, a cam on said

16 threaded member and a cam follower on said outer sleeve radially inwardly compressible by the cam to
engage the outer surface of the tube for a fluidtight seal, the provision of said inner and outer sleeves
being unitary with said body for a long fluid leakage path, and said cam and cam follower having relative
rotation during threaded tightening of the threaded member with absence of rotation among the tube
and inner and outer sleeves.

15 According to yet another aspect of the invention, there is provided a method of obtaining a fluidtight
seal in a tube coupling having only a body and an inter-engaging threaded member, the body having
unitary inner and outer sleeves defining an annular tube-receiving groove therebetween extending inio a
first end of the body, and a cam follower on the outer sleeve engageable by a cam on the threaded
member, said method comprising the steps of inserting an end of a tube longitudinally into the annular

20 groove, and tightening the threaded member to engage the cam with the cam follower and the corre-
sponding annular portion of the outer sleeve compressing in a radially inward direction and engaging the
outer surface of the tube to make a fluidtight seal between the inner sleeve and the inner surface of the
tube, with relative rotation between the cam and follower and an absence of rotation among the tube
and inner and outer sleeves.

25 Embodiments of the invention are described below with reference to the accompanying drawings, in
which:-

Figure 1 is a longitudinal view, partly in section, of the body of a tube coupling embodying the inven-
tion;

Figure 2 is an end view of the body of Figure 1;

30 Figure 3 is a longitudinal view, partly in section, of a nut used with the body of Figure 1;

Figure 4 is a longitudinal view, partly in section, of a modified tube coupling showing partly assembled
and assembled conditions; and

Figure 5 is a longitudinal view, partially in section, of a still further embodiment of the invention.

Figures 1 and 2 illustrate a body 11 which, together with a nut 12 shown in Figure 3 may be threadably

35 assembled to form a tube coupling 13. This tubing coupling 13 is shown in a partly assembled condition
in the upper half of Figure 4 and in a tightened condition in the lower half of Figure 4.

Figure 1 illustrates that the body 11 has a longitudinal axis 14, with a central aperture 15 therein
adapted to contain a fluid under pressure. The body 11 has a first end 16 and a second end 17. The
second end of the body 11 is adapted to have an enlarged aperture 18 to receive the outside diameter of

40 a tube, such as a copper tube (not shown), by means of a brazed or silver-soldered connection. As such,
the body 11 of Figures 1 and 2 is adapted to be used as a transition fitting for a transition between such
copper tube and aluminum tube 21, as shown in Figure 4. To this end, the body 11 may be made of
brass to be compatible with both the copper tube and the aluminum tube. In Figure 4, a body 11A is
disclosed and the difference from Figures 1 and 2 is that at the second end of this body a taper thread

45 connection 22 is utilized in order to provide connection to some other unit, for example, a manifold. In
Figure 5, a body 11B is disclosed, which is a double-ended body and which may be utilized as a splice
connection between two tubes, such as two aluminum tubes, or between tubes of different materials,
e.g., aluminum and copper.

Each of the bodies 11, 11A and 11B utilizes a hexagonal wrench pad 25 for engagement by a suitable

50 tool, e.g., an open-end wrench. The bodies 11, 11A and 11B are all identical at the first end 16 thereof, so
the enlarged view of Figure 4 will be primarily utilized to describe the construction which is applicable to
all of the embodiments. The body 11 is a one-piece body having a unitary inner sleeve 28 and a unitary
outer sleeve 29, each substantially coaxial and spaced apart so that an outer surface 30 of the inner
sleeve 28 and an inner surface 31 of the outer sleeve 29 are substantially cylindrical and define a cylindri-

55 cal annular groove 32 extending into the body 11 from the first end 16. This is an annular groove to
receive a metal tube 21, which has an inner surface 33 and an outer surface 34, and an end 35 adapted to
be inserted until it strikes the bottom 36 of the groove 32. Preferably, one or the other of the inner and
outer sleeves 28 and 29 is longer than the other, to aid insertion of the tube end 35 into the groove 32, in
case the end of the tube is not perfectly cylindrical. In the preferred embodiment, the inner sleeve 28 is

60 made longer than the outer sleeve and has a slight chamfer 37, also to aid insertion of the tube.

The nut 12 is a threaded member which is adapted to threadably engage the body 11. It may have
male threads or female threads and, as shown, it is a nut having female threads 40 on an inner surface
thereof which encircles the outer sleeve 29. Those threads 40 engage male threads 39 on the body 11.
The nut 12 carries a cam surface 41, which is an annular surface for coaction with an annular cam fol-

65 lower surface 42 on the outer sleeve 29. In the preferred embodiment, this cam surface 41 is a rather
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3 GB2144192 A

steep cone of about a 45-degree angle to cooperate with preferably a conical cam follower 42 of a lesser
conical angle, e.g., 14 degrees, each relative to the axis 14. A substantially cylindrical extension 43 is
provided on the outer sleeve 29 outboard of the cam follower surface 42, and has an outer end 44. The
nut 12 has a slightly conical, tapered aperture 45 at the first end 46 thereof adapted to overlie this cylin-

g drical extension 43. In the assembled and tightened condition of the tube coupling 13, the first end 46 of
the nut is adapted to be adjacent to the first end 16 of the body 11, as better shown in the lower half of
Figure 4. The nut 12 is adapted to accommodate a tool, and to this end may have a hexagonal wrench
pad 49, e.g., for engagement by an open-end wrench.

In operation, the tube coupling 13 may be utilized in many different ways. It may be used as a repair

10 joint for a break in a tube, in which case the body 11B of Figure 5 could be utilized. It may be used as a
connection to a manifold having threaded apertures, in which case the body 11A of Figure 4 would be
used. It may be used as a transition joint for connection to another tube of the same or different material,
e.g., by inert gas brazing or silver solder, in which case the body 11 of Figure 1 could be used. In all
cases, only two simple open-end wrenches are required to tighten the tube coupling to its tightened and

15 fluid-sealed condition.

The tube 21 is cut off perpendicular to the axis thereof, as by a rotatable hand-operated tube cutter. To
avoid having the tube cutter indent the tube so much that the inside surface 33 thereof was deformed to
a smaller diameter at the end 35, such tube cutter may merely score the outer surface part way into the
wall thickness and then the tube repeatedly bent at the score line to snap it off. This is satisfactory with

20 aluminum tubing, and also with copper tubing. The nut 12 is slipped over the end of the tube 21 and the
end 35 of the tube 21 is then inserted into the annular groove 32 until the tube end strikes the bottom 36
of this groove. The tube inner and outer surfaces are generally closely received in the surfaces defining
the groove, but owing to different wall thicknesses on commercially available tubing, there is usually
some radial clearance both on the inside and the outside.

25 The nut is then brought up and threaded onto the body 11. The upper half of Figure 4 illustrates the
nut 12 when it has been tightened fingertight, and it becomes fingertight when the conical aperture 45
frictionally engages the outer end of the cylindrical extension 43 on the outer sleeve 29. Usually, this is
about three or four turns from the fully tightened condition shown in the lower half of Figure 4. About
onhe or two more turns of the nut 12 with a wrench may easily be made until the cam surface 41 on the

30 nut actually begins to engage the cam follower surface 42 on the outer sleeve 29. At this point, the nut
12 becomes progressively harder to turn because metal, primarily that of the cam follower surface 42, is
being physically displaced. The annular volume 51 of metal in the double cross-hatched area on the up-
per half of Figure 4 is generally that which is displaced (compare the upper and lower halves of Figure 4).
The lower half of Figure 4 shows the fully tightened condition of the nut 12, whereat the cam 41 has had

35 the inner corner 52 generally rounded, due to the compression and friction. The annular volume 51 of
metal immediately inwardly of the cam follower 42 has been displaced generally radially inwardly, but
also somewhat longitudinally, away from the first end 16 of the body 12. This longitudinal displacement
of the tube 21 jams the end 35 of the tube against the bottom 36 of the groove and expands the wall
thickness of the end of the tube so that it completely fills the groove 32. This has been found to be true

40 even though the wall thickness is at the thin end of the range of thicknesses of commercially available
tubing. This metal is now displaced inwardly to cause an inward annular bulge 563 on the inner surface 31
of the outer sleeve 29. This bulge takes up any radial clearance between the outer sleeve and the tube 21
and compresses the tube sufficiently so that an inward annular bulge 54 of somewhat larger radius is
provided on the inner surface 33 of the tube 21. This bulge 54, in turn, takes up any radial clearance

45 between the inner tube wall and the outer sleeve 29, and causes a corresponding annular bulge 55, again
of somewhat larger radius, on the inner surface forming the central aperture 15.

These bulges 53, 54 and 55 accomplish two things: a physical interlocking of the tube 21 and tube
coupling 13, and a fluidtight seal at three different locations. The physical interlocking of the tube and
coupling occurs because the bulges 53 and 54 are in the form of an annular inward deformation of the

50 tube wall, so that it effectively interlocks with the body 11. Even if the nut 12 is subsequently unthreaded,
the tube 21 cannot be pulled out by hand, or even with any reasonable force.

When the nut 12 has been tightened as shown in the lower half of Figure 4, the outer end 46 of the
outer sleeve 29 is visible and generally flush with the first end 46 of the nut 12. This will vary slightly in
accordance with the actual thickness of the tube wall. For 3/8 inch tube, which is the outside diameter

55 thereof, the tube wall will vary in commercially available tubes from .028 inch to .035 inch in thickness.
When tubing of the thicker wall, such as .035 inch, is used, the first end 44 does not usually come out
quite to the first end 46 of the nut. The action of the tightening and sealing moves the bulge 53 radially
inwardly, but also has a longitudinally inward component which moves the tube 21 longitudinally in-
wardly to force the tube end 35 tightly against the bottom of the groove 36 to make a seal thereagainst.

60 Where a thinner wall tube, such as .028 inch wall thickness, is utilized, it will be appreciated that the nut
12 will turn onto the body further in displacing enough volume of metal to create the bulges 53, 54 and
55 and hence usually part of the end of the cylindrical extension 43 is observed past the first end 46 of
the nut 12.

This cylindrical extension 43 is no longer cylindrical, but is forced into a conical shape, as shown in the

65 lower half of Figure 4, and is forced tightly against the outer surface 34 of the tube 21. The purpose of
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4 GB 2144192 A

this is to preclude entrance of moisture between the extension 43 and the conical aperture 45, and be-
tween the extension 43 and the outer tube wall 34. By so precluding entrance of moisture, this moisture
cannot freeze, creating ice to possibly damage the tubing 21 or nut 12 in case the coupling 13 is used in
air conditioning or the like applications.

5 The fluidtight seal is an especially valuable feature of the present invention because it has been deter-
mined that the fluidtight seal occurs at not only one place but at actually three different [ocations. It has
been determined through tests that the first seal is at the buige 54, the second seal is at the end of the
tube 35, and the third seal is at the bulge 53.

To test to determine that there is a seal at the bulge 54 between the inner surface 33 of the tube and

10 the outer surface 30 of the inner sleeve 28, the tube 21 is inserted the full depth and then pulled back a
short distance, e.g., .025 inch. The nut 12 is then tightened down in the usual manner, about until the
outer end 44 of the outer sieeve 29 is visible and generally flush with the first end 46 of the nut 12.

With the nut 12 tightened, then for test purposes, an arcuate slot 58 is cut with a circular cutter through
the nut 12 at one peripheral location and through a part of the outer sleeve 29, as shown in Figure 5, to

15 provide access to the bottom 36 of the groove 32. Then by using a helium sniffer connected to a helium
mass spectrometer and pressurizing the tubing 21 and coupling 13 with helium at up to 1000 psi, it can
be determined that there are no leaks. This establishes the fact that there is a first seal at the bulge 54
between the tube inner surface 33 and the inner sleeve outer surface 30.

Next, to demonstrate the establishment of the second seal between the tube end 35 and the bottom of

20 the groove 36, a deep, longitudinal score line is scratched into the inner surface 33 of the tube wall for
the length on one tube diameter. This score line must be deep, e.g. .020 inch. Otherwise, the coining of
the metal during the tightening can seal a lesser scratch, e.g., one of only .010 inch deep. The tube 21 is
bottomed against the bottom of the groove 36 for this test, and the nut tightened as before. Then the
arcuate test slot 53 is again cut through a part of the nut 12 and the outer sleeve 35 just until the outer

25 surface 34 of the tube 21 is encountered. This deep longitudinal scribe line has established that the first
seal at the bulge 54 is ruined. Again, the tube 21 and coupling 13 are pressurized at up to 1000 psi with
helium and the sniffer on the helium mass spectrometer has again assured in several tests that there is
an annular seal established at the tube end 35 and bottom 36 of the groove to withstand high fluid pres-
sures.

30 The third test to establish the fluidtight seal at the bulge 53 is similar in that the inside wall 33 of the
tubing is again longitudinally scored deeply, e.g., .020 inch, the tube is inserted the full depth and then
moved back a short distance, e.g., .025 inch, and the nut 12 tightened as before. The deep longitudinal
score line has assured that the first seal is not effective, and the retraction of the tube .025 inch has
assured that the second seal is not effective. Thus, the only place where there is an effective seal is at the

35 bulge 53. Repeated tests sniffing at the first end of the nut 46 with the sniffer connected to the helium
mass spectrometer and the tubing 21 and coupling 13 pressurized at up to 1000 psi with helium have
demonstrated the effectiveness of such third fluid seal.

The tube couplings constructed in accordance with this invention have successfully passed three suc-
cessive tests for thermal shock, pressure testing, and vibration, according to the following test proce-

40 dure:

Test procedure for aluminium mechanical joint
Vacuum and sniffing with helium mass spectrometer. Sensitivity on vacuum to be 1 x 10", sniffing to
be done at 1 x 1078 on expanded scale of lower 1/3. No evidence of leak permissible.

45 1. Thermal shock consisting of 600 psi, helium, and:

A. Six immersions in liquid nitrogen and boiling water in rapid succession from —320.4°F to +212°F
B. One test with joint sniffed at ~320.4°F
C. One test with joint sniffed at +210°F.

2. Pressure test at 1200 psi helium and joint heated to 550°F for one-half hour.

50 3. Pressure test to 3500 psi hydraulic, tubing bursting (.050 wall} with no evidence of joint yield, tub-
ing repaired and flushed out thoroughly and pressure-tested at 1200 psi helium. Therma! shock test re-
peated.

4. Pulsating, hydraulic shock at 450 psi for one million cycles, retest at 1200 psi helium and repeat
thermal shock.

65 b. Twisting torsional test with ends held two inches away from the joint and two full turns made. Test
at 1200 psi helium and repeat thermal shock.

6. Vibration test, 1/4" deflection at 1750 rpm until tubing yields. Test at 1200 psi helium and repeat
thermal shock.
Test concluded. Sequence of test can be altered.

60 The drawing of Figure 4 is enlarged, but is approximately to scale according to a 3/8 inch diameter

tubing 21 and fitting 13, which have been actually constructed and tested. For such 3/8 inch diameter

10

15

20

25

30

35

40

45

50

55

60



5 GB2144192 A

5

tubing, the dimensions of the parts are in accordance with Tabie A:

TABLE A
5 Outside diameter of tube 21 .375"
Wall thickness of tube 21 .028" to .035"
Inside diameter of aperture 15 .260"
Outside diameter of inner sleeve 28 302"
Inside diameter of outer sleeve 29 .382"
10 Outside diameter of extension 43 418"
Outside diameter of cam follower 43 .488"
Angle of cam 41 45°
Angle of follower 42 14°
Depth of groove 32 375"
15 Inside diameter of cam 41 4207
Inside diameter of nut at end 46 400"

From the above description, it will be apparent that the cam surface 41 and the cam follower surface
42 are annular surfaces reducing in diameter toward the first end of the nut 46 or body 11. The interac-

20 tion of these two surfaces establishes that the outer sleeve 29 is crushed or compressed generally radi-
ally inwardly and also somewhat longitudinally away from the first end of the body 11 in effecting the
fluidtight seals at the three different locations of bulges 53, 54, and groove bottom 36. The bulges 53, 54
and 55 are intermediate the length of the outer sleeve 29 to aid in the physical interlocking of the tube 21
and coupling 13.

256 The fact that the inner sleeve 28 and outer sleeve 29 are unitary with the body 11 achieves the desira-
ble result of a very long fluid leakage path which is the length of the inner sleeve 28 plus the length of
the outer sleeve 29. There are three different annular seals achieved along this long fluid leakage path,
and this undoubtedly is the reason that the coupling is successful at sealing fluid pressures high enough
to burst the tubing, and despite high vibration and thermal shocks. The slight longitudinal movement of

30 the volume of metal 51 is thought to dig into the outer surface of the metal tube and cause that metal
tube tomove longitudinally also. As a test for this longitudinal movement of the tube 21, in the 3/8 O.D.
size of tubing 21, the nut 12 has been initially tightened only until the cam 41 begins to engage the cam
foliower 42. If a scribe line is placed on the outer surface 34 of the tubing 21 at the first end 46 of the nut,
and then the nut 12 is tightened down until the end 44 of the cylindrical extension 43 is visible, indicating

35 the fully tightened condition, and the distance to the end of the nut to the scribe line is measured, it was
found that this distance might be .040 inch as an example. This is about one complete rotation of the nut
for 24 threads-per-inch of the threads 39 or 40.

Another fitting 13 is prepared with this same tubing wall thickness and, in this case, after the nut has
been tightened enough so that the cam 41 just engages the cam follower 42, then a first scribe mark is

40 made on the outer surface 34 of the tube at the nut first end 46. The tube 21 is then pulled out a short
distance, e.g., .012 inch. The nut is then again tightened one full revolution so that it is in the fully tight-
ened condition, with the end 44 of extension 43 visible at the nut first end 46. One would then expect the
scribe line to be .040 + .012 inch, or .052 inch away from the first end 46, yet upon actual testing it has
been found that the scribe line is only .040 inch away from the first end 46, indicating that the tube 21

45 has been moved inwardly .012 inch during the tightening as caused by the longitudinal displacement of
the metal forming the bulges 53, 54 and b5.

The unitary inner and outer sieeves 28 and 29 not only provide the long fluid leakage paths, but also
establish that during tightening of the nut 12, there will be an absence of rotation among the tube and
inner and outer sleeves. This is quite important in many cases. Where a soft aluminum tube is utilized,

50 this tube was often twisted by the prior art three-piece fittings because the friction between the nut and
the separate outer sleeve tended to rotate the outer sleeve and to frictionally rotate the tubing as the nut
was tightened. This could twist off the tubing, or at least weaken it sufficiently so that it would be totally
unsuitable for use with refrigeration or air conditioning equipment. In the present invention, the relative
rotation is only between the cam 41 and cam follower 42, and there is no rotation between the outer

55 sleeve 29 and tube 21, nor between tube 21 and the inner sleeve 28. The coupling 13 may be used with
any tube of malleable material, including plastic, stainless steel, and even titanium. So long as it is malle-
able, it will not develop any cracks, even hairline cracks, which could cause leaks.

The present invention provides a highly novel method of obtaining a fluidtight seal in a tube coupling
by utilising only a two-part coupling with a unitary inner and outer sleeve. The tube is inserted into the
60 groove defined between these two sleeves and the tightening of the nut achieves the compression of the
outer sleeve in a generally radially inward direction to achieve the fluidtight seal and the unitary inner
and outer sieeve assure that these two sleeves and tube will remain stationary, i.e., non-rotating, during

the tightening process.

The two-part tube coupling described, for a flareless tube, is easily applied in the field with only two

65 open-end wrenches.
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Furthermore the two-part tube coupling has a long leakage path to minimise the possibility of leakage.

The two-part tube coupling described actually seals at three different areas to minimise the possibility
of leakage.

The present disclosure includes that contained in the appended claims, as well as that of the foregoing

5 description. Although this invention has been described in its preferred from with a certain degree of

particularity, it is understood that the present disclosure of the preferred form has been made only by
way of example and that numerous changes in the details of construction and the combination and ar-
rangement of parts may be resorted to without departing from the spirit and the scope of the invention
as hereinafter claimed.

10
CLAIMS

1. A tube coupling consisting of only two pieces:

a body and a threaded member;

15 interengageable threads on said body and said threaded member;

said body having an aperture for fluid under pressure;

a unitary inner sleeve and a unitary outer sleeve on said body each substantially coaxially surrounding
said aperture and defining a metal tube-receiving annular groove therebetween extending into said body
from a first end thereof;

20 said threaded member adapted to have an annular inner surface overlying said outer sleeve of said
body and to have a first end adjacent said first end of said body in the assembled condition;

an annular cam surface on the inner surface of said threaded member reducing in cross-sectional area
toward said first end of said threaded member;

an annular cam follower outer surface on said outer sleeve of said body reducing to a smaller diameter

25 toward said first end of said body; and

whereby with a tube in place in said annular groove the threaded member may be tightened on the
body to have said cam surface and cam follower surface interact and the unitary outer sleeve crushed
inwardly onto the outer surface of the tube to form a fluid pressure-tight seal of at least several atmos-
pheres between the body and the tube.

30 2. A tube coupling as set forth in claim 1, wherein said threaded member is a nut having female
threads interengageable with male threads on said body.

3. A tube coupling as set forth in claim 1, wherein one of said cam and cam follower surfaces is
conical.

4. A tube coupling as set forth in claim 1, wherein each of said cam and cam follower surfaces is

35 conical, with the cone of the cam surface having a larger conical angle than that of said cam follower
surface.

5. A tube coupling as set forth in claim 1, wherein one of said inner and outer sleeves is longer than
the other to aid in insertion of a tube end into said groove.

6. A tube coupling as set forth in claim 1, wherein said inner sleeve is longer than said outer sleeve to

40 aid in insertion of a tube end into said groove.

7. A tube coupling as set forth in claim 1, including a substantially cylindrical extension on said outer
sleeve at said first end of said body to be visible at said first end of said threaded member upon tighten-
ing of said threaded member and body.

8. A tube coupling as set forth in claim 7, including an aperture in said threaded member to overlie

45 said substantially cylindrical extension in the tightened condition of the coupling.

9. A tube coupling as set forth in claim 8, wherein said aperture in said threaded member has a slight
conical angle reducing in size toward said first end of said threaded member to radially inwardly squeeze
said outer sleeve substantially cylindrical extension onto the tube in the tightened condition of the cou-
pling to substantially preclude admission of moisture into the annular spaces among the tube, extension,

50 and threaded member.

10. A tube coupling as set forth in claim 1, wherein said tightening establishes a fluidtight seal at
three places, between the tube inner wall and said inner sleeve, between the tube outer wall and said
outer sleeve, and between the end of the tube and the bottom of said groove.

11. A tube coupling as set forth in claim 1, wherein said inwardly crushed outer sleeve is at an area

55 substantially radially inwardly of said cam follower surface and is an annular area.

12. A tube coupling as set forth in claim 11, wherein said inwardly crushed area is intermediate that
portion of the tube in said annular groove.

13. In a tube coupling having a body with threads and a threaded member threadably connectable
thereto, an inner sleeve and an outer sleeve on said body defining an annular groove therebetween to

60 receive the end of a metal tube, a cam on said threaded member and a cam follower on said outer
sleeve radially inwardly compressible by the cam to engage the outer surface of the tube for a fluidtight
seal,

the provision of said inner and outer sleeves being unitary with said body for a long fluid leakage path,
and said cam and cam follower having relative rotation during threaded tightening of the threaded mem-

65 ber with absence of rotation among the tube and inner and outer sleeves.
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14. A tube coupling as set forth in claim 13, wherein said tube coupling consists of only two parts, the
body and the threaded member.
15. A tube coupling as set forth in claim 13, wherein said cam is an annular cone on said threaded
member and encircling said outer sleeve to compress a cam follower portion of said outer sleeve sub-
§ stantially radially inwardly to deform a corresponding portion of the tube radially inwardly against the
inner sleeve.
16. A tube coupling as set forth in claim 15, wherein the inwardly deformed portion of the tube de-
forms radially inwardly a corresponding portion of said inner sleeve.
17. A tube coupling as set forth in claim 15, wherein the cam has a greater included angle than said
10 cam follower to develop a component of force forcing the longitudinal end of the tube against the bot-

tom of the groove.
18. A tube coupling as set forth in claim 13, wherein the cam follower is a substantially conical por-

tion on said outer sleeve.

19. A tube coupling as set forth in claim 18, including a substantially cylindrical extension on said

15 conical cam follower and the end of which is visible external to said threaded member in the tightened
condition of the tube coupling.

20. A tube coupling as set forth in claim 19, including a slightly conical taper on an aperture in said
threaded member encircling said cylindrical extension and forcing it into substantially moisture-tight en-
gagement with the outer surface of the tube in the tightened condition of the tube coupling.

20 21. The method of obtaining a fluidtight seal in a tube coupling having only a body and an interen-
gaging threaded member, the body having unitary inner and outer sleeves defining an annular tube-re-
ceiving groove therebetween extending into a first end of the body, and a cam follower on the outer
sleeve engageable by a cam on the threaded member, said method comprising the steps of:

inserting and end of a tube longitudinally into the annular groove until the end of the tube engages the

25 bottom of the groove; and

tightening the threaded member to engage the cam with the cam follower and the corresponding an-
nular portion of the outer sleeve compressing in a radially inward direction and engaging the outer sur-
face of the tube to make a fluidtight seal between the inner sleeve and the inner surface of the tube, with
relative rotation between the cam and follower and an absence of rotation among the tube and inner and

30 outer sleeves.

22. The method as set forth in claim 21, including compressing the annular cam follower generally
radially inwardly and forming a fluidtight seal between the outer sleeve and the outer surface of the tube.

23. The method as set forth in claim 21, including forming the cam with a larger included angle than
that of the cam follower and generating a component of force from the cam compressing the end of the

35 tube longitudinally against the bottom of the groove forming a fluidtight seal therebetween.

24. A tube coupling according to claim 1 or claim 13 and substantially as hereinbefore described with
reference to, and as shown in, Figures 1 to 3 of the accompanying drawings.

25. A tube coupling according to claim 1 or claim 13 and substantially as hereinbefore described with
reference to, and as shown in, Figure 4 of the accompanying drawings.

40 26. A tube coupling according to claim 1 or claim 13 and substantially as hereinbefore described with
reference to, as as shown in, Figure 5 of the accompanying drawings.

27. A method according to claim 21 and substantially as hereinbefore described with reference to Fig-
ures 1 to 5 of the accompanying drawings.

28. Any novel feature of combination of features described herein.

45
Amendments to the claims have been filed, and have the following effect:-

(a) Claims 1, 13, 21 above have been deleted or textually amended.

CLAIMS
50
1. A tube coupling consisting of only two pieces;
a body and a threaded member;
interengageabie threads on said body and said threaded member;
said body having an aperture for fluid under pressure;

55 a unitary inner sleeve and a unitary outer sleeve on said body each substantially coaxially surrounding
said aperture and defining a metal tube-receiving annular groove therebetween extending into said body
from a first end thereof;

said threaded member adapted to have an annular inner surface overlying said outer sleeve of said
body and to have a first end adjacent said first end of said body in the assembled condition;

g0 an annular cam surface on the inner surface of said threaded member reducing in cross-sectional area
toward said first end of said threaded member;

an annular cam follower outer surface intermediate the longitudinal ends of said outer sleeve of said
body reducing to a smaller diameter toward said first end of said body; and
whereby with a tube in place in said annular groove the threaded member may be tightened on the
g5 body to have said cam surface and cam follower surface interact and the unitary outer sleeve crushed
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inwardly in an annular area intermediate the longitudinal ends thereof onto the outer surface of the tube
to form a fluid pressure-tight seal of at least several atmospheres between the body and the tube.

13. In a tube coupling having a body with threads and a threaded member threadably connectable
thereto, an inner sleeve and an outer sleeve on said body defining an annular groove therebetween to

5 receive the end of a metal tube, a cam on said threaded member and a cam follower on said outer
sleeve radially inwardly compressible by the cam to engage the outer surface of the tube for a fluidtight
seal,

the provision of said inner and outer sleeves being unitary with said body for a long fluid leakage path,
and said cam and cam follower having relative rotation during threaded tightening of the threaded mem-

10 ber with absence of rotation among the tube and inner and outer sleeves, and said cam follower being
intermediate the longitudinal ends of said outer sleeve.

21. The method of obtaining a fluidtight seal in a tube coupling having only a body and an interen-
gaging threaded member, the body having unitary inner and outer sleeves defining an annular tube-re-
ceiving groove therebetween extending into a first end of the body, and an annular cam follower

15 intermediate the ends of the outer sleeve engageable by a cam on the threaded member, said method
comprising the steps of:

inserting an end of a tube longitudinally into the annular groove until the end of the tube engages the
bottom of the groove; and

tightening the threaded member to engage the cam with the cam follower and causing the correspond-

20 ing intermediate annular portion of the outer sleeve to be compressed in a radially inward direction and
engaging the outer surface of the tube make a fluidtight seal between the inner sleeve and the inner
surface of the tube, with relative rotation between the cam and follower and an absence of rotation
among the tube and inner and outer sleeves.
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