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(54) Title: PHASE-CONTROLLED SEQUENTIAL-GRIPPING TUBE FITTING

(57) Abstract

A phase—controlled, sequential-gripping tube fitting includes a main fitting body (10) having a tube end receiving opening (24) with
a tapered camming mouth (28) forming the entry to the opening. A front ferrule (36) with a tapered forward nose surface (44) is engaged
with the camming mouth (28) and includes a rear surface (46) with a conically tapered recess extending forwardly toward the nose surface
(44). Extending into the conically tapered recess (46) of the front ferrule (36) is a rear ferrule (38) having a rear force receiving surface (60).
A coupling nut (14) is threadedly connected to the main body (10) and has a force applying face (62) engaged with the rear force receiving
surface (60) of the rear ferrule (38). An arrangement is provided to control outward buckling of the rear ferrule (38). The arrangement
includes a central body (54) located between the nose portion (52) and the rear force receiving surface (60) of the rear ferrule (38). A
cylindrical flange (66) extends rearwardly from the front ferrule (36) at a location radially outwardly of the rear recess (46). The flange
(66) has a cylindrical interior surface (68) that closely surrounds the central body (54) of the rear ferrule (38). The central body (54) is of
a length such that engagement between the coupling nut (14) and the axial end face (66a) of the cylindrical flange of the front ferrule (36)
is not possible at any point during make-up.
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PHASE CONTROLLED SEQUENTIAL GRIPPING TUBE FITTING

Technical Field

The subject invention is directed toward the art of
tube fittings and more particularly, to an improved phase-
controlled, sequential-gripping tube fitting.

Background of the Invention

The general form of tube fitting with which this
invention , is concerned 1is described and claimed 1in the
following series of U.S. patents which are incorporated herein
by reference: 2,484,815 issued October 18, 1949, 3,075,793
issued June 29, 1963, 3,103,373 issued September 10, 1963,

4,826,218 issued May 2, 1989 and 4,915,427 issued April 10,
1990.

U.S. Patent No. 4,915,427 discloses and claims a
phase-controlled, sequential-gripping tube fitting
particularly suitable for use on heavy-walled tubes. The
arrangement of the patent obtains proper pull-up and action in
a two ferrule fitting for heavy-walled tubes by using ferrules
having a relatively heavy and substantial construction
including heavily flanged rear end'portions. In addition, the
coupling nut portion surrounding the ferrules is arranged to
closely enclose the flanged rear end portions of the ferrules.

While the described arrangement works very
satisfactorily, it would be more desirable to obtain
equivalent functioning with lighter weight ferrules without
relying on the heavy rear flange design.

The subject invention provides an arrangement which
overcomes the above-discussed disadvantage of the prior design
and allows relatively 1light weight ferrules to perform
satisfactorily with heavy walled tubing by controlling and
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containing the ferrule swaging action in a manner which prevents undesirable

ferrule deformation. The design prevents excessive “bear claw” deformation of the

rear ferrule and assures that the rear ferrule transmits the necessary driving forces

to the front ferrule prior to full engagement of the rear ferrule with the tube.
SUMMARY OF THE INVENTION

In accordance with one aspect of the invention there is provided a
phase-controlled, sequential-gripping tube fitting including: a main body having a
cylindrical tube end receiving opening with a tapered camming mouth forming the
entry to said opening; a front ferrule having a tapered forward nose surface in
engagement in the camming mouth and a rear surface forming a conically tapered
recess extending forwardly toward the nose surface; a rear ferrule having a
conically tapered nose extending into the conically tapered recess of the front
ferrule, a rear force receiving surface and a cylindrical central body on the rear
ferrule, the central body located between the nose portion and the rear force
receiving surface; a coupling nut threadedly connected to the main body and
having a force applying face engaged with the rear force receiving surface of the
rear ferrule to drive the rear ferrule axially forward into the conically tapered rear
surface of the front ferrule and produce radially inward movement of the nose
portion of said rear ferrule; and a cylindrical flange extending axially and
rearwardly from the front ferrule at a location radially outwardly of the rear recess,
the flange having a cylindrical interior surface that closely surrounds the cylindrical
central body of the rear ferrule and an axial end face that is facing toward and
axially spaced from the force applying face of the coupling nut.

In another aspect of the invention there is provided a phase-controlled,
sequential-gripping tube fitting including: a main body having a tube end receiving
opening with a tapered camming mouth; a front ferrule having a tapered forward
nose for engagement in the body camming mouth; a rear ferrule having a tapered
nose extending into a tapered rear recess of the front ferrule, a rear force receiving
surface and a cylindrical central body on the rear ferrule, the cylindrical central
body located between the rear ferrule nose portion and the rear force receiving
surface; a coupling element operable with the main body to pull-up the fitting, and
having a force-applying face engaged with the rear force-receiving surface of the
rear ferrule to drive the rear ferrule axially forward into the rear recess of the front

ferrule and produce radial inward movement of the rear ferrule nose portion; and a

29/11/00,jb10621.np,2
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rear portion of the front ferrule extends rearwardly from the front ferrule at a
location radially outward of the rear recess of the front ferrule, the rear portion of
the front ferrule having a surface that reduces radial outward movement of the rear
ferrule as the fitting is pulled-up.

Still other advantages and benefits of the invention will become
apparent to those skilled in the art upon a reading and understanding of the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take physical form in certain parts and arrangements
of parts, a preferred embodiment and method of which will be described in detail in
this specification and illustrated in the accompanying drawings which form a part
hereof, and wherein: '

FIGURE 1 is a partial side elevational view in cross-section of a
coupling device which employs a female coupling nut and with no associated tube

member being shown;

29/11/00,jb10621.np,3
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FIGURE 2 is a view similar to FIGURE 1 with a tube
member inserted into the coupling and the coupling components
made up to a finger-type relationship;

FIGURE 3 1is a view like FIGURE 1 but showing the
fitting in its made up condition with the ferrules in their
tube gripping positions; and,

FIGURE 4 1is a greatly enlarged view of the circled
portion of FIGURE 1.

Detailed Description of the Preferred Embodiment

Referring now to the drawings wherein the showings
are for the purposes of illustrating the preferred embodiment
of the invention only and not for purposes of limiting same,
the FIGURES 2 and 3 generally show a coupling body 10 with a

tubular member 12 associated therewith and received therein.

Suitable gripping and sealing engagement between the body 10
and the tube member 12 1is achieved through the use of a

coupling nut 14 and a ferrule arrangement 16.

In the subject arrangement, the coupling body 10 has

a first end 20 and an associated second end (not shown). It

should be understood that the coupling body 10 could be
associated with any type of second end or associated structure
and could be formed directly on a fluid flow device, such as a
valve or the 1like. As can be appreciated, however, the

coupling body 10 includes an internal flow passage 22 that
joins with a cylindrical bore 24 extending axially inward of
the first end 20. The bore 24 is preferably coaxial with the
internal flow passage 22 and the juncture between bore 24 and
flow passage 22 provides a radial end wall or shoulder 26.
The diameter of counterbore 24 is, as can be seen from FIGURES

2 and 3, sized so as to closely but slidably receive the end

of the tube 12. The shoulder 26 provides an inward limit stop
for the tube 12 and locates the tube end relative to the
ferrule arrangement 16. An outer counterbore 28 extends from

counterbore 24 to the outer end of the fitting body and has a
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generally conical shape expanding radially outwardly to define

a tapered, conical camming mouth 28 about the bore 24.
The coupling nut 14 1is preferably of hex-shaped

exterior configuration and has a central bore that is threaded

as illustrated at 30 and cooperates with external threads 32
formed about the exterior of the body 10 on the first end 20.
The coupling nut 14 acts to drive the ferrule arrangement 16

into its sealed and gripping relationship in a manner
subsequently to be described. For the present, it should be

noted that the axial outer end of the coupling nut 14 includes
a central bore 34 that is sized so as to closely encircle the

exterior of the tube 12.

Referring in particular to FIGURES 1 and 4, the
details and preferred construction for the ferrule arrangement

16 can best be understood. In particular, the assembly
includes a front ferrule 36 and a rear ferrule 38. The front
ferrule 36 has a central through opening 40 which 1is

cylindrical in shape and sized so as to closely but slidably

receive the tube 12. The exterior of the ferrule 36 1is of
tapered configuration as shown and tapers at an angle « only
slightly less than the taper angle of the camming mouth 28.
Preferably the angle a is in the range of 10 to 30 degrees.
The corresponding angle of the camming mouth 28 1is generally
slightly greater, as shown. The tapered outer surface 42

extends substantially the length of the ferrule from the nose

44 to adjacent the rear surface of the ferrule. The rear
surface of the front ferrule 36 includes a conically tapered
rear force receiving surface 46 that is inclined or tapered at

an angle in the range of about 40 to 50 degrees generally, as
shown.

Cooperating with the front ferrule 36 is the second
or rear ferrule 38 which has a central through opening 50 that

generally corresponds in diameter to the central through

opening 40 of the front ferrule 36. This opening 40 is also
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arranged so as to closely but slidably receive the tube 12.
The forward or axial inner end of the rear ferrule 38 1is

tapered so as to generally correspond to the taper of the

force receiving recess 46 of the front ferrule 36. Axially
rearward of the inner or nose end 52 of ferrule 38 1is a
central bédy section 54 of cylindrical configuration. The
axial outermost or right-hand end of the ferrule 38 is of
slightly greater diameter as seen at 56 to define a radially

extending end flange having a cylindrical radial outer side

face 57. A counterbore 58 within the coupling nut 14 is sized

and arranged so as to totally enclose the flange defined by

portion 56 of ferrule 38. In addition, a slightly tapered or
inclined end wall 60 on ferrule 38 is arranged to correspond
with the angled inner shoulder 62 of the nut 14 and act as a
force receiving surface when the nut 14 is tightened to body
10 to move the ferrules to their tube gripping and sealing
position shown in FIGURE 3.

Of particular importance to the invention 1s the

relationship between the rear of the front ferrule 36 and the
forward, cylindrical body portion 54 of the rear ferrule 38.
In particular, it will be seen that the front ferrule 36

includes an axially rearwardly extending cylindrical flange

portion 66 that defines a cylindrical bore 68 leading to the
force receiving inclined surface 46. This cylindrical bore 68

is of a 1length to extend preferably approximately half way

along the <cylindrical body portion 654 and functions ¢to
radially constrain this portion of the rear ferrule 38.

Additionally, it should be noted that there is within the nut

member 14 a second counterbore 70 that is sized and arranged

so as to closely enclose the rear end diameter of the front

ferrule 36 and constrain its radial outward movement during
the tightening of the nut member 14 to the tube gripping
position. In this way, both the front ferrule 36 and the rear

ferrule 38 are radially constrained by the nut member 14 while



the nose portion of the rear ferrule 38 is further constrained and guided by the
counterbore 68 in the rear of the front ferrule 36. By so guiding and constraining
the rear ferrule at both the axial inner and outer ends, it is caused to move
progressively inward while it drives the front ferrule 36 into its gripping position.
5  This controlled movement prevents torsional twisting and constrains the gripping
movement to avoid “bear clawing” or the over deflection or rolling of the nose
portion 52 of the rear ferrule 38. In addition, by so moving the force receiving
surface of the front ferrule 36 inwardly of the rear face, there appears to be a

better ability of the rear ferrule 38 to constrain and control the forces applied

10  thereto.
el FIGURE 3 shows the components after the nut member 14 has been moved

sess  from the finger tight position of FIGURE 2 to the “made-up”, fully engaged tube

«* ‘rear ferrule 38 is related to the counterbore 58 of the coupling nut 14 and the

3 '.cylindrical bore 68 so as to prevent any possibility of engagement between the end

. '°:gripping position. It is important to note that the length of central section 54 of

face 66a of flange portion 66 and end face 70a of second counterbore 70 (see

FIGURE 4). This assures that gap “G” is maintained at all times, even after makeup

««* cof the fitting as seen in FIGURE 3. By maintaining gap “G”, a spring action is

‘ss® tretained by the ferrules. This assures a seal is maintained throughout thermal

M) cycling and vibration. Also, it permits subsequent remake of a fitting.

The invention has been described with reference to the preferred

embodiment. Obviously, modifications and alterations will occur to others upon a

. °°reading and understanding of this specification. It is intended to include all such

« “+*modifications and alterations insofar as they come within the scope of the
25 appended claims or the equivalents thereof.

Where the terms “comprise”, “comprises”, “comprised” or “comprising” are
used in this specification, they are to be interpreted as specifying the presence of
the stated features, integers, steps or components referred to, but not to preclude
the presence or addition of one or more other feature, integer, step, component or

30 group thereof.
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The claims defining the invention are as follows:-

1. A phase-controlled, sequential-gripping tube fitting including: a
main body having a cylindrical tube end receiving opening with a tapered camming
mouth forming the entry to said opening; a front ferrule having a tapered forward
nose surface in engagement in the camming mouth and a rear surface forming a
conically tapered recess extending forwardly toward the nose surface; a rear
ferrule having a conically tapered nose extending into the conically tapered recess
of the front ferrule, a rear force receiving surface and a cylindrical central body on
the rear ferrule, the central body located between the nose portion and the rear
force receiving surface; a coupling nut threadedly connected to the main body and
having a force applying face engaged with the rear force receiving surface of the
rear ferrule to drive the rear ferrule axially forward into the conically tapered rear
surface of the front ferrule and produce radially inward movement of the nose
portion of said rear ferrule; and a cylindrical flange extending axially and
rearwardly from the front ferrule at a location radially outwardly of the rear recess,
the flange having a cylindrical interior surface that closely surrounds the cylindrical
central body of the rear ferrule and an axial end face that is facing toward and
axially spaced from the force applying face of the coupling nut.

2. The fitting as defined in Claim 1 wherein the axial length of the
flange is no more than about one-half the axial length of the cylindrical central
body of the rear ferrule.

3. The fitting as defined in Claim 1 wherein the rear ferrule
includes a radially outward extending flange portion between the cylindrical central
body and the rear force receiving surface.

4. The fitting as defined in Claim 3 wherein the coupling nut
includes a first cylindrical interior wall that closely surrounds the flange portion of
the rear ferrule.

5. The fitting as defined in Claim 4 wherein the coupling nut further
includes a second cylindrical interior wall axially spaced from the said first
cylindrical interior wall, said second cylindrical interior wall closely surrounding and
radially containing the rear of the front ferrule.

6. The fitting as defined in Claim 1 wherein the length of the
central body on the rear ferrule is sufficiently great to eliminate the possibility of

29/11/00,jb10621.np,8
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engagement between the coupling nut and the said axial end face at any time
during make-up of the tube fitting.
7. The fitting as defined in Claim 6 wherein the rear ferrule has a
radially extending flange that forms the rear force receiving surface, the said
5 flange of the rear ferrule including a cylindrical radial outer side face that is in

engagement with a counterbore within said coupling nut.
8. A phase-controlled, sequential-gripping tube fitting including: a main
body having a tube end receiving opening with a tapered camming mouth; a front
ferrule having a tapered forward nose for engagement in the body camming

10  mouth; a rear ferrule having a tapered nose extending into a tapered rear recess
of the front ferrule, a rear force receiving surface and a cylindrical central body on
the rear ferrule, the cylindrical central body located between the rear ferrule nose
portion and the rear force receiving surface; a coupling element operable with the
main body to pull-up the fitting, and having a force-applying face engaged with the

15  rear force-receiving surface of the rear ferrule to drive the rear ferrule axially
forward into the rear recess of the front ferrule and produce radial inward
movement of the rear ferrule nose portion; and a rear portion of the front ferrule
extends rearwardly from the front ferrule at a location radially outward of the rear
recess of the front ferrule, the rear portion of the front ferrule having a surface that

20 reduces radial outward movement of the rear ferrule as the fitting is pulled-up.

DATED this 29" day of November, 2000
SWAGELOK COMPANY

25 By their Patent Attorneys:
CALLINAN LAWRIE

29/11/00,jb10621.np,9
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