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FIG. 8

(57) Abstract: A single action push to connect fitting for conduit such as tube or pipe. The fitting includes a first fitting component
and a second fitting component that are joined or assembled together to form a fitting assembly. The fitting assembly includes a con-
duit seal device and a conduit retaining device. A conduit may be manually or otherwise inserted into the assembled fitting assembly
with a single axial movement and be retained and sealed without need for further action or movement of the fitting components.
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SINGLE ACTION PUSH TO CONNECT CONDUIT FITTING
Related Application

[0001] The present application claims the benefit of pending United States Provisional Patent
Application Serial No. 61/895,043 filed on October 24, 2013 for SINGLE ACTION PUSH
TO CONNECT CONDIT FITTING, the entire disclosure of which is fully incorporated

herein by reference.
Technical Field of the Disclosure

[0002] The inventions relate generally to fittings for conduits such as tube and pipe. More
particularly, the inventions relate to fittings that provide single action push to connect

operation.
Brief Description of the Drawings

[0003] Fig. 1 is an isometric end view of an exemplary embodiment of a fitting assembly

with a conduit fully inserted,
[0004] Fig. 2 is the fitting assembly of claim 1 in longitudinal section,
[0005] Fig. 3 is an exploded isometric of the fitting assembly of Fig. 1 including the conduit,

[0006] Fig. 4 is an embodiment of a first fitting component subassembly that may be used in

the embodiment of Figs. 1-3 in longitudinal section,

[0007] Fig. 5 is an embodiment of a second fitting component subassembly that may be used

in the embodiment of Figs. 1-3 in longitudinal section,

[0008] Fig. 6 is the fitting assembly of Fig. 2 shown in longitudinal section prior to insertion
of the conduit C into the fitting assembly,

[0009] Fig. 7 is the fitting assembly of Fig. 2 shown in longitudinal section with partial

insertion of the conduit C into the fitting assembly,

[0010] Fig. 8 is another embodiment of a fitting assembly in longitudinal section,
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[0011] Fig. 9 is an exploded isometric of the fitting assembly of Fig. 8 including the conduit.
Summary of the Exemplary Embodiments

[0012] A first inventive concept described herein is a fitting assembly for conduit, for
example tube or pipe, in which a single action on the conduit can be used to achieve a fluid
tight seal and retention of the conduit without need for subsequent action or motion. In an
embodiment, a conduit can optionally be hand held or otherwise inserted into a first end of
the fitting assembly so as to engage a seal device and a conduit gripping member with a
single action on the conduit to achieve a fluid tight seal and retention of the conduit by the
conduit gripping member. No subsequent action is needed such as rotation, tightening or
clamping of the fitting components. This embodiment may also be referred to herein as a

single action push to connect fitting. Additional embodiments are described herein.

[0013] A second inventive concept described herein is a fitting assembly for conduit such as
tube or pipe in which a single action on the conduit can be used to achieve a fluid tight seal
and retention of the conduit without need for subsequent action or motion. In an
embodiment, the fitting assembly may include a first fitting component or subassembly and a
second fitting component or subassembly. The first fitting component and the second fitting
component can be joined or assembled together to form a fitting assembly, and the assembled
fitting allows for a single action on the conduit to be used to achieve a fluid tight seal and

retention of the conduit. Additional embodiments are described herein.

[0014] In another embodiment, a first fitting component or subassembly comprises a seal
device that can be used to seal the first fitting component and the conduit against fluid
pressure. A second fitting component or subassembly comprises a retainer that grips the
conduit, for example, against fluid pressure, when the conduit is inserted into the second
fitting component subassembly. The first fitting component and the second fitting
component are adapted to be joined together to form a single action push to connect fitting

assembly. Additional embodiments are described herein.

[0015] In another embodiment, a first fitting component or subassembly comprises a seal
device that can be used to seal the first fitting component and the conduit against fluid
pressure. A second fitting component or subassembly comprises a retainer that grips the
conduit against fluid pressure when the conduit is inserted into the second fitting component

subassembly. The first fitting component and the second fitting component are adapted to be
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joined together to form a single action push to connect fitting assembly, wherein fluid
pressure in the conduit increases gripping force applied by the retainer against the conduit.

Additional embodiments are described herein.

[0016] These and additional aspects and embodiments of the inventions will be understood
by those skilled in the art from the following detailed description of the exemplary

embodiments in view of the accompanying drawings.
Detailed Description of Exemplary Embodiments

[0017] Herein, the terms fitting and fitting assembly are used interchangeably. In various
exemplary embodiments, a fitting assembly structure as taught herein is separately claimed as
an invention without requiring the conduit to be part of the fitting assembly, and further
without requiring that the various parts be in a fully assembled condition (such as may be the
case, for example, of the assembly parts being shipped from a manufacturer or distributor.)
In at least one embodiment, a fitting assembly includes a first fitting component or
subassembly having a seal device and a second fitting component or subassembly having a
retainer. In any of the embodiments described herein, the conduit does not require treatment
or modification from stock condition, although optionally such may be done if needed in
particular applications. For example, it is common for the conduit end to be cut substantially
perpendicular to the conduit longitudinal axis and deburred as neceded, but even these
common steps are optional and not required to achieve conduit grip and fluid tight seal. By
stock condition is meant that the conduit may be a conventional hollow right cylinder having
a cylindrical inner surface that may be exposed to fluid (for example, liquid, gas or other
flowable material) contained by the conduit, and a cylindrical outer surface, with a wall
thickness defined as the difference between the inner diameter and the outer diameter of the
conduit. The conduit may be made of any material, is preferably metal, and more preferably
is a stainless steel alloy, but the inventions are not limited to these exemplary materials and
other alternative materials may be used as needed for particular applications. Although
traditional hollow cylindrical conduits are preferred, other conduit shapes and geometry may
alternatively be used for either the outer wall or inner wall or both walls of the conduit. The
word conduit herein refers to traditional tube and pipe but also includes other hollow fluid

carrying structures that might be referred to by another word other than tube or pipe.
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[0018] With reference to Figs. 1-3, an embodiment of a fitting assembly 10 is represented.
The fitting assembly 10 provides for or allows single action push to connect operation. By
single action is meant that a conduit C, and in particular the end portion C1 of the conduit end
C, can be inserted into the fitting assembly 10 with a single dimensional or directional
movement or action, and when fully inserted the conduit C is sealed against fluid pressure
and is retained in position. The axial insertion may be performed manually or by a tool or
machine. By push to connect is meant that the single action may be a simple axial movement
or push along the longitudinal axis of the conduit C and that this single action is the only
action needed to complete the mechanical connection between the conduit C and the fitting
assembly 10. No subsequent or additional motion or action is needed to complete the
mechanical connection and fluid tight seal. In an exemplary embodiment, the single
directional action or movement is an axial movement along a longitudinal axis of the conduit
C. No other or additional or subsequent manual or tool action or movement of the fitting
assembly 10 components is needed to achieve conduit seal and retention. Thus, a single
action push to connect fitting is distinguished from a traditional fitting assembly that typically
is pulled-up or tightened to effect conduit grip and seal by relative movement of the fitting
assembly components after insertion of the conduit; for example, a body and a nut that are
joined by a threaded mechanical connection and pulled-up by relative rotation of the body

and nut, or by being clamped together without a threaded mechanical connection.

[0019] Herein, the terms axis or axial and derivative forms thereof refer to a longitudinal axis
X along which a conduit C will be inserted and retained. Reference to radial and radial
direction and derivative terms also are relative to the X axis unless otherwise noted. In the
illustrated embodiments, the axis X may be the central longitudinal axis of the conduit C
which also may but need not correspond with or be coaxial with the central longitudinal axis
of the fitting assembly 10. The conduit C may be any conduit that defines a flow path FP for
system fluid that is contained by the conduit C and the fitting 10. The inventions and
embodiments described herein are particularly suitable for metal conduit such as metal pipe
or tube, however, non-metal conduits may also be used as needed. The conduit C may have
any range of diameter size, for example, 1/16th inch or less to 3 inches or greater in diameter
and may be in metric or fractional sizes. The conduit C may also have any range of wall

thickness that allows for an axial insertion into the fitting assembly 10.
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[0020] The fitting assembly 10 may include two discrete sections or subassemblies. In an
embodiment, the fitting assembly 10 may include a first fitting component or subassembly 12
and a second or fitting component or subassembly 14. The first fitting component 12 and the
second fitting component 14 may be joinable or mate together in any manner suitable for the
application or use of the fitting assembly 10. For example, the first fitting component 12 and
the second fitting component 14 may be joinable together using a threaded mechanical
connection 16 (Fig. 2.) Many other mechanical connections may alternatively be used,
including but not limited to a clamped connection or bolted connection or crimped
connection, to name three examples, or non-mechanical connections may be used, for

example, a weldment.

[0021] Note that although the conduit C is shown in Fig. 3, the conduit C is not considered to

be part of the second fitting component 14.

[0022] Figs. 1-3 illustrate the fitting assembly 10 in a fully assembled condition, and further
with the conduit C fully inserted or seated in the fitting assembly 10. In this position, the
conduit C is sealed and retained in position, especially against fluid pressure, although the

fitting assembly 10 may be used in low or zero or negative pressure applications.

[0023] With additional reference to Figs. 4 and 5, the first fitting component 12 may be
realized as a body subassembly. The first fitting component may include a body 18 that is
adapted to receive the conduit end C1. Although it is common to call the conduit receiving
fitting component a body in fitting terminology, the first fitting component 12 may use a
fitting component other than what might be considered a fitting body. Also, the body 18 need
not be a standalone component, but alternatively may be formed as a cavity in a block, for
example a manifold or a valve body to name a couple of examples. Such body embodiments

are commonly known in the art as a port or a ported fitting.

[0024] The second fitting component 14 may be realized as a nut subassembly. The second
fitting component 14 may include a nut 20 through which the conduit end C1 passes into the
body 18. Although it is common to call the mating second fitting component 14 a nut in
fitting terminology, the second fitting component 14 may be a fitting component other than

what might be considered a fitting nut.

[0025] Although the exemplary embodiment illustrates a male threaded nut 20 having male

threads 22 and a female threaded body 18 having mating female threads 24, an alternative
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would be to have the nut 20 be female threaded and the body 18 be male threaded. And as
noted above, the body 18 and the nut 20 may be joinable by many different techniques,
including a mechanical connection other than a threaded mechanical connection 16.
Moreover, the body 18 and the nut 20 may be made of any suitable material, for example
stainless steel or other metal, or may be made of non-metals, for example plastics or
polymers or composite materials or other suitable materials, as needed. For embodiments in
which the conduit C is stainless steel or other metal, the body 12 and the nut 14 are preferably
made of metal and more preferably stainless steel alloy. Also, in additional embodiments, the

body 12 and the nut 14 are preferably all metal.

[0026] The nut 20 may include two or more pin holes 26 that can be used to receive a tool
that is used to drive the nut 20 into the body 18, for example by rotation of the nut 20 relative
to the body 18 about the axis X. It will be noted that the axial dimension of the nut 20 may
be selected so that the outboard end 20a of the nut 20 appears flush with the outboard end
surface 18a of the body 18, when the nut 20 is fully tightened, but this flush arrangement is
optional. The nut 20 may also include a flange 28 having an end surface 30 that engages a
first counterbore surface 32 in the body 18. This engagement between the nut end surface 30
and the body first counterbore surface 32 provides a positive stop to further tightening of the
nut 20 relative to the body 18 thereby preventing over-tightening. As best viewed in Fig. 1,
the body 18 may include wrench flats 34, for example hex flats, to assist in tightening the

body 18 and the nut 20 together when a threaded mechanical connection is used.

[0027] The body 18 may include an optional second counterbore or socket 36 that is adapted
to receive the conduit end C1. The second counterbore 36 of the body 18 may be used as a
positive stop during insertion of the conduit C into the fitting assembly 10 so that the
assembler can sense that the conduit C is preferably fully inserted and seated against the
counterbore 36 shoulder (see Fig. 2.) However, many other techniques may alternatively be
used to control or delimit the axial distance that the conduit C is inserted into the fitting
assembly 10. The body 18 may include a flow passage or bore 38 for fluid that passes
through the conduit C and the fitting assembly 10. Alternatively, the body 18 may be formed

as a cap or plug with the flow passage 38 omitted.

[0028] The body 18 retains a seal device 40 that establishes a fluid tight seal against fluid
pressure for the outer surface of the conduit C and also to seal the body 18. The body 18 may

include a third counterbore 42 that delimits a socket that receives the seal device 40, and as



CA 02928522 2016-04-22

WO 2015/061404 PCT/US2014/061704

such the body 18 and the seal device 40 form the first fitting component 12. The third
counterbore 42 helps to retain the seal device 40 in position when the conduit C is inserted
into the fitting assembly 10. The seal device 40 may comprise a single seal member or
alternatively multiple seal members as shown in Figs. 2, 3 and 4. For example, the seal
device 40 may include a primary seal member 44 such as, for example, an elastomeric o-ring
style seal. Many different primary seal member designs and materials may alternatively be
used, including but not limited to a halogen polymer (for example, PTFE), carbon (for
example, expanded graphite), soft metal (for example, silver), spring metal (for example,
X750, 17-4PH.) The seal device 40 may further include one or more optional backing rings
46, 48 which may be used as needed to help reduce extrusion of the softer primary seal 44
under pressure. The backing rings 46, 48 may be made of a harder plastic material, for
example PTFE or PEEK as compared to the primary seal member 44. An optional gland 50,
which may be metal or other suitable material as needed, may be used to reduce or prevent
damage to the seal device 40 due to contact with a retainer (described below) and also to help
retain the seal device 40 in position as part of the first fitting component 12. The primary
seal member 44 provides a fluid tight seal for the fitting 10 by being compressed against the
outer surface of the conduit C and one or more surfaces of the third counterbore 42 or socket
in which the seal member 44 is disposed within the body 18. The seal device 44 therefore
provides a primary body seal to contain fluid within the fitting 10 so as to prevent fluid that is
in the conduit C from escaping to the ambient or surrounding environment. The body seal
and the conduit seal are effected when the conduit C has been inserted axially into the body

12 sufficiently so as to pass through the primary seal member 44.

[0029] The second fitting component 14 as noted may include the nut 20, and also a retainer
52. The retainer 52 operates to grip and lock or otherwise retain the conduit C with the nut
20 when the conduit C has been sufficiently inserted axially into the fitting assembly 10 so as
to engage the retainer 52. It will be noted from the following description that the retainer 52
can grip and retain the conduit C with the nut 20 at an axial position that is less than a full
insertion used to achieve conduit seal by the seal device 40. The conduit C can optionally

even be retained with the nut 20 when the nut 20 has not been assembled to the body 18.

[0030] In an embodiment (see Fig. 5,) the retainer 52 may be a subassembly comprising a
ball cage 54, a conduit gripping member 56 and a biasing member 58. Although the ball cage

54 and the conduit gripping member 56 are shown as two distinct parts, alternatively other
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retainer designs may be used that would integrate this functionality into a single part, further
optionally including the functionality of the biasing member 58. The conduit gripping
member 56 may be realized in the form of one or more preferably spherical balls 56, although
other conduit gripping member designs may alternatively be used as needed. In Fig. 5 the
conduit gripping member 56 appears to be displaced out of contact with the ball cage 54 even
though there is no conduit it Fig. 5. This is done for clarity and understanding of the
structure. Those skilled in the art will readily understand that when the conduit C is not
positioned in the retainer 52 the balls 56 drop partially into the ball cavities (64) as explained
further below.

[0031] Figs. 4 and 5 thus illustrate an embodiment in which the first fitting component 12 is a
standalone subassembly and the second fitting component 14 is also a standalone
subassembly. The first fitting component 12 and the second fitting component 14 when
assembled or joined together thus provide or form the fitting assembly 10. The fitting
assembly 10 therefore is a simple two part assembly which can simplify assembly and use in
the field. The first fitting component 12 and the second fitting component 14 may be
assembled together at the manufacturer, a distributor or by the end user. After the first fitting
component 12 and the second fitting component 14 have been assembled together, the fitting
assembly 10 provides a complete single action push to connect fitting by which all that is
needed to make a mechanical connection with a conduit end, as well as seal the conduit end
against fluid pressure, is to push the conduit end into the fitting assembly 10 until the conduit
end preferably bottoms against the second counterbore 36 or alternatively is axially inserted
into the fitting assembly so that the seal device 40 engages with the outer surface of the
conduit C. The conduit C may be inserted manually or alternatively by use of a tool or a
machine or other convenient means. Insertion of the conduit C into the fitting assembly 10
makes the mechanical connection and the fluid tight seal between the conduit C and the

fitting assembly 10 without any required subsequent or further or additional action or motion.

[0032] The ball cage 54 may be adapted to move or shift axially within a central bore 60 of
the nut 20. The ball cage 54 includes a through bore 62 that preferably is at least cylindrical
partially admits insertion of the conduit C into the fitting assembly 10 (Fig. 2) with a
preferably close fit. An inward end portion 54b of the ball cage 54 includes one or more ball
cavities 64 that position or trap the balls 56 within a preferably tapered wall cavity 66 of the
nut 20. The tapered wall cavity 66 of the nut 20 is delimited by a tapered wall 66a that
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preferably is frusto-conical, but alternatively other geometric shapes and forms may be used
as needed. Note that in Fig. 5 as well as Figs. 2 and & for clarity we only show one ball 56,
but in practice there may be a ball 56 in each ball cavity 64 or fewer balls 56 may be used,
although preferably there will be at least three balls used. Each ball cavity 64 may include a
beveled or shaped ball cavity wall or surface 68 that may be sized and beveled or shaped to
prevent the associated ball 56 from falling through the ball cavity 64. However, each ball
cavity 64 is preferably sized so that at least a portion of each ball 56 protrudes through the
associated ball cavity 64 so as to make contact with the conduit C outer surface (see Figs. 2

and 6).

[0033] The balls 56 may be made of any suitable material as needed, preferably made of
metal especially when used with a metal conduit C, and more preferably made of stainless

steel.

[0034] The central bore 60 of the nut 20 may include a radially inward projecting rib 70 and
the outboard end 54a of the ball cage 54 may include a radially outwardly projecting flange
72 that presents an inner surface 72a that faces towards the rib 70. The flange 72 and the rib
70 along with the central bore 60 of the nut 20 define a slot 74 that receives the biasing
member 58. The biasing member 58 may be realized in the form of a coiled spring as shown,
however, many other types of biasing members may alternatively be used. The spring or
biasing member 58 is compressed in the slot 74 so as to apply an outwardly directed axial
force on the ball cage 54. By outwardly is meant in an axial direction away from the conduit
end C1. The ball cage 54 is able to move or shift axially although the movement or shift may
be slight and perhaps imperceptible by visual or tactile feedback. The axial bias produced by
the spring 58 pulls the balls 56 that sit in the ball cavities 64 in towards the radially narrower
portion of the tapered wall cavity 66 such that the balls 56 engage the tapered wall 66a and
are trapped against the tapered wall 66a because of the limited radial movement permitted by
the ball cavities 64. The trapped balls 56 thus also prevent the spring 58 from pushing the
ball cage 54 out through the nut central bore 60.

[0035] It will be noted that the amount of axial movement or shift of the ball cage 54 will be
a function of a number of design factors including the size of the balls 56 relative to the size
of the tapered wall cavity 66. The biasing member 58 thus serves to maintain the retainer 52
with the nut 20 as a complete subassembly of the second fitting component 14. Also note

that in Fig. 2 (as well Fig. 8) the spherical ball 56 is shown centered in the respective ball
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cavity 64, but this is an artifact of the drawing model. In practice, the biasing member 58
axially biases the ball cage 54 outwardly so as to wedge the balls 56 between the tapered wall
66a and the outer surface of the conduit C. The balls 56 therefore would be in contact with
the forward or inward portion of the ball cavity wall or surface 68 that delimits the ball cavity

64.

[0036] With reference to Figs. 6 and 7, as the conduit C is inserted into the fitting assembly
10, the conduit end C1 will contact or engage the balls 56 which partially protrude through
the ball cavities 64. The initial contact of the conduit end C1 with the balls 56 is shown in
Fig. 7. As the conduit end C1 is further inserted, the balls 56 and the ball cage 54 are moved
or shifted axially inward against the force of the spring 58 so that the balls 56 can be radially
displaced further (by a rolling action of the balls 56 on the outer surface of the conduit C) into
the ball cavities 64 and the tapered wall cavity 66 so as to allow the conduit end C1 to be
fully inserted into the second counterbore 36 of the body 18. This movement occurs due to
frictional engagement between the balls 56 and the conduit end C1 outer surface. This same
frictional engagement helps to prevent the conduit C from simply being pulled out once it has
engaged with the balls 56. The conduit end C1 may include a chamfer (84 in Fig. 2) to
facilitate initial contact with the balls 56. The amount of axial and radial shift or movement
of the balls 56 may typically be rather small and just enough so as to allow the conduit end to
be inserted fully. All that is needed is enough movement to release load of the balls 56
against the conduit so that the conduit freely slides into the fitting 10. Conduit insertion may
be done by any convenient means or technique, including but not limited to hand-held

manual insertion, use of a tool to assist with manual insertion or machine insertion.

[0037] When the conduit C has been fully inserted into the second counterbore 36 of the
body 18 as represented in Fig. 2, the retainer 52 has an axial position within the nut 14 such
that the balls 56 are in contact with the conduit C and the tapered wall 66a due to the bias of
the spring 58. We refer to this axial position of the retainer 52 to be the first axial position
within or relative to the fitting assembly 10 and that is the axial position for gripping and
retaining the conduit C in the fitting assembly 10 to constrain the conduit C from axial
withdrawal from the conduit fitting 10. Thus, the balls 56 are wedged and trapped and cannot
move radially or axially, thereby exerting a retaining force and tight grip on the conduit C.
The biasing member 58 maintains the balls 56 in contact with the tapered wall 66a and the

conduit C outer surface, thereby applying a retaining force or load against the conduit C to

10
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resist axial withdrawal of the conduit C from the fitting 10. The balls 56 resist axial
withdrawal of the conduit C from the ball cage 54 and the more force that is applied to the
conduit C to pull it out the stronger is the gripping force and retention due to the wedging
action of the balls 56 trapped between the conduit C outer surface and the tapered wall 66a.
The friction and radial load between the balls 56 and the conduit outer surface prevents axial
movement of the conduit back out of the fitting 10 and this load will increase if an axial force
is applied to the conduit C to try to pull the conduit C back out of the fitting 10. Note that the
conduit C is trapped in this position in the ball cage 54 even if the nut 14 is not installed in
the body 18 (although in that circumstance the conduit can be pushed forward but not pulled
rearward, and the spring 58 will prevent the conduit C and the ball cage 54 from falling
apart.)

[0038] Note also that fluid pressure, from system or working fluid in the conduit C, acting on
the seal device 40 (with or without the optional gland 50) and/or an end face of the conduit
end C1 will tend to increase axial forces against either the ball cage 54 or the conduit C or
both towards the reduced sized portion of the tapered wall cavity 66. These axial forces due
to fluid pressure will tend to further increase the compression of the balls 56 against the
tapered wall 66a, thus also increasing the grip and retention of the conduit C by the balls 56.
It is contemplated that the balls 56 may comprise a harder material than the conduit C so that
the balls 56 may actually indent into the outer surface of the conduit C, further increasing

resistance to the conduit C being axially withdrawn or forced out of the fitting 10.

[0039] However, the conduit C can be easily withdrawn or pulled out of the retainer 52, for
example the ball cage 54, by simply applying an axially inward force against the ball cage 54
and the biasing force of the spring 58, for example, by pushing against the flange 72 such as
by applying a force against the outboard end 54a of the ball cage. By pushing on the ball
cage 54 against the force of the spring 58, the ball cage 54 can be moved or shifted axially
forward (as viewed in Fig. 2) to another axial position within the fitting assembly 10 at which
the compression on the trapped balls 56 against the conduit C is reduced enough so that the
conduit C can be axially withdrawn or removed from the fitting assembly 10. We refer to
this axial position of the retainer 52, that is sufficient to reduce the compression on the
trapped balls 56 to allow withdrawal of the conduit C, as the second axial position of the
retainer 52 within the fitting assembly 10. Again, this movement or shift of the retainer 52

may be slight so as to release the stress on the balls 56. Thus, the retaining force of the balls
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56 against the conduit C is lessened and the conduit C will easily slide back out of the fitting
assembly 10. The fitting 10 design also allows of repeated re-use, also known as remake, of

the fitting, either with the same conduit or a different conduit.

[0040] An axially inward force may be applied against the flange 72 of the ball cage 54 either
manually such as with fingers or optionally with a tool (not shown.) From Fig. 2 it will be
noted that an embodiment of the ball cage 54 has the outboard end 54a axially recessed in the
nut 20. If the recess is deep, a tool might be used to push on the ball cage 54. Alternatively,
the recess may be shallow enough that fingers or a tool could be used to push on the outboard
end 54a. As another alternative, the ball cage 54 may be axially sized so as to position the
outboard end 54a either flush, about flush or slightly outside of the nut 20, in any case
making it easier to contact the ball cage 54 with a tool or fingers to displace the ball cage 54
so that the conduit C can be withdrawn. Preferably, fluid pressure will be reduced to ambient

pressure before the retainer 52 is acted on to allow the conduit C to be withdrawn.

[0041] Note further that although preferably the conduit gripping member 56, whether in the
form of one or more spherical balls or other form, becomes wedged or trapped between the
conduit C outer surface and a preferably tapered surface 66a, other surface geometries or
additional components may be used that compress the conduit gripping device 56 against the
conduit C to constrain axial withdrawal of the conduit C. It is preferred, whatever technique
or structure is used to constrain the conduit C in the fitting assembly 10, that there be a first
position and a second position, that can be selected from outside the assembled fitting 10 (for
example in the exemplary embodiment pushing the retainer 52 to the second axial position),
to release the conduit C for withdrawal from the fitting assembly 10, without necessarily
having to loosen or separate the first fitting component 12 and the second fitting component
14.

[0042] Note from Fig. 2 that when the ball cage 54 is pushed inward against the force of the
spring 58, the distal end of the ball cage 54 could contact the optional gland 50, so that gland

50 helps protect against damage to the seal device 40 in such an event.

[0043] An outwardly extending portion 76 of the ball cage 54 inner diameter through bore 62
optionally may be outwardly tapered so as not to apply stress to the conduit C (which can
cause fretting) when possible system vibration may impart rotary flex or oscillation of the

conduit C. The taper angle o and the length of the tapered portion 76 need only be large
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enough to reduce or prevent stress being applied to the conduit C by the ball cage 54. This
will cause the stress from conduit oscillation or vibration to be concentrated more at the balls

56.

[0044] The ball cavities 64 and the balls 56 may be evenly spaced circumferentially from
cach other in the ball cage 54 so as to further reduce potential damage to the conduit caused
by vibration and oscillation of the conduit. An even or uneven number of balls 56 may be
used. A benefit of an uneven number of balls 56 is that no two balls will be diametrically

opposed to each other when the balls 56 are in position in the ball cage 54.

[0045] With reference to Figs. 2 and 5, the body 18 includes a partially threaded cylindrical
bore 78 in which the female threads 24 (Fig. 4) may be formed. This bore 78 may include a
fourth counterbore 80 with a tapered shoulder 82. This tapered shoulder 82 may be used to
provide additional space for movement of the balls 56 when the ball cage 54 is axially shifted
to allow a retained conduit C to be removed. Note also that the conduit end C1 may include
the chamfer 84 to reduce or prevent damage to the seal device 40 when the conduit C is

inserted into the fitting assembly 10.

[0046] Further note that preferably but not necessarily the seal device 40 is axially disposed
between the conduit end C1, which is the fluid pressure head, and the retainer 52, with the
conduit C being inserted from the retainer side of the fitting assembly 10. In other words,
during assembly the conduit C is inserted into the fitting assembly 10 preferably from the
axially outward side or end of the retainer 52 (from the left as viewed in Figs. 2, 6 and 7) and
passes through the axially opposite side or end of the retainer 52 before the conduit end C1
engages with or passes through the seal device 40. The conduit therefore is inserted into the
fitting assembly 10 preferably from the biasing member side of the retainer 52. This allows
casier assembly and retention of the seal device 40 with the fitting body 18 as a subassembly
and also helps reduce or prevent system fluid wetting of the retainer 52, for example, the

spring 58.

[0047] Figs. 8 and 9 illustrate another embodiment of a single action push to connect conduit
fitting 10'. In this embodiment, most of the components and parts of the fitting 10" may be
but need not be the same as the embodiment of Figs. 1-7 above. Therefore, like reference

numerals are used for like parts and the description of the parts need not be repeated. Note
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again that although the conduit C is shown in Fig. 9, the conduit C is not considered to be

part of the second fitting component 14.

[0048] The embodiment of Figs. 8 and 9 differs from the embodiments described above in
the design of the retainer 90. In an embodiment, the retainer 90 may be a subassembly
comprising a ball cage 92, a conduit gripping member 94 and the biasing member 58.
Although the ball cage 92 and the conduit gripping member 94 are shown as two distinct
parts, alternatively other retainer designs may be used that would integrate this functionality
into a single part, further optionally including the functionality of the biasing member 58.
The conduit gripping member 94 may be realized in the form of a first set of one or more
preferably spherical balls 94, although other conduit gripping member designs may
alternatively be used as needed. The ball cage 92 may be adapted to move or shift axially
within a central bore 60 of the nut 20. The ball cage 92 includes a through bore 96 that
admits insertion of the conduit C into the fitting assembly 10'. An inward end portion 92b of
the ball cage 92 includes one or more ball cavities 98 that position or trap the balls 94 within
a preferably tapered wall cavity 66 of the nut 20. Note that in Fig. 8 and 9 for clarity we only
show one conduit gripping member or ball 94, but in practice there may be a ball 94 in each
ball cavity 98 or fewer balls 94 may be used, although preferably there will be at least three
balls used. Each ball cavity 98 may include a beveled or shaped ball cavity wall 100 that
may be sized and beveled or shaped to prevent the associated ball 94 from falling through the
ball cavity 98. However, each ball cavity 98 is preferably sized so that at least a portion of
cach ball 94 protrudes through the associated ball cavity 98 so as to make contact with the

conduit C outer surface.

[0049] The central bore 60 of the nut 20 may include a radially inward projecting rib 70 and
the outboard end 92a of the ball cage 92 may include a radially outwardly projecting flange
102 that presents an inner surface 102a that faces towards the rib 70. The flange 102 and the
rib 70 along with the central bore 60 of the nut 20 define a slot 74 that receives the biasing
member 58. The biasing member 58 may be realized in the form of a coiled spring as shown,
however, many other types of biasing members may alternatively be used. The spring or
biasing member 58 is compressed in the slot 74 so as to apply an outwardly directed axial
force on the ball cage 92. By outwardly is meant in an axial direction away from the conduit
end C1. The ball cage 92 is able to move or shift axially although the movement or shift may
be slight and perhaps imperceptible by visual or tactile feedback. The axial bias produced by
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the spring 58 pulls the balls 94 that sit in the ball cavities 98 in towards the radially narrower
portion of the tapered wall cavity 66 such that the balls 94 engage the tapered wall 66a and
are trapped against the tapered wall 66a because of the limited radial movement permitted by
the ball cavities 98. The trapped balls 94 thus also prevent the spring 58 from pushing the
ball cage 92 out through the nut central bore 60.

[0050] It will be noted that the amount of axial movement or shift of the ball cage 92 will be
a function of a number of design factors including the size of the balls 94 relative to the size
of the tapered wall cavity 66. The biasing member 58 thus serves to maintain the retainer 90

with the nut 20 as a complete subassembly of the second fitting component 14.

[0051] The retainer 90 further includes a second set of preferably spherical balls 104
although other shapes may be used as needed. The second set of spherical balls 104 are
preferably smaller in size than the first set of spherical balls 94. The ball cage 92 further
includes a second set of ball cavities 106. The second set of ball cavities 106 and the balls
104 may be evenly spaced circumferentially from each other in the ball cage 92 so as to
reduce potential damage to the conduit C caused by vibration and oscillation of the conduit.
As with the first set of balls 94 that are used for the conduit gripping device, an even or
uneven number of balls 104 may be used. A benefit of an uneven number of balls 104 is that
no two balls will be diametrically opposed to each other when the balls 104 are in position in

the ball cage 92.

[0052] The second set of balls 104 are preferably spaced axially outwardly from the first set
of balls 94. The idea is to have the second set of balls 104 also be trapped between the
tapered wall 66a and the conduit C so as to add rigidity and stiffness to the support of the
conduit C, somewhat akin to using two bearings spaced apart to support a rotating shaft. By
having the second ball set 104 smaller in diameter than the first ball set 94, the same tapered
wall 66 cavity may be used to retain the ball sets and still have the second ball set 104 axially
spaced from the first ball set 94. An alternative embodiment may use two discontinuous
tapered surfaces for the two ball sets, or other structures by which the second ball set 104 is
trapped between the nut 20 and the conduit C.

[0053] The amount of axial separation provided between the first ball set 94 and the second
ball set 104 will be based on various factors including but not limited to the loads that are

expected on the conduit C and the amount of flex and vibration to which the conduit C may
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be exposed in use. The second ball set 104 is preferably axially spaced outwardly from the
first ball set 94, in a direction away from the conduit end C1. Thus, the second ball set 104
helps to isolate the conduit gripping first ball set 94 from conduit vibration and rotary flex
and other environmental stresses that the conduit C may experience during use. In order to
help assure that the second ball set 104 makes contact with the tapered wall 66a and the
conduit C when the first ball set 94 does the same, the tolerances may be chosen so that
during assembly and under the biasing influence of the biasing member 58 on the ball cage
92, the first ball set 94 contacts the tapered wall 66a first or before the second ball set 104
would make such contact. The first ball set 94 indents slightly into the outer surface of the
conduit C, which produces enough axial shift of the ball cage 92 to allow the second ball set

104 to also make contact with the tapered wall 66a.

[0054] As an example, for conduit C, nut 20 and balls 94 made of 316L stainless steel, and
quarter-inch nominal outer diameter conduit and nominal wall thickness of .035 in., the first
ball set 94 may indent into the conduit surface in the range of approximately .003 in to .004
in and up to approximately .008 in. These numbers and ranges are exemplary of course
because the actual numbers will be adjusted based on materials used for the retainer parts and
the conduit, conduit wall thickness, diameters and so on. The conduit gripping member 56 in
the first embodiment (Figs. 1-7) and the conduit gripping member 94 of the second
embodiment (Figs. 8 and 9) may use this indentation feature into the conduit C outer surface
to enhance the ability of the retainer 52/90 to grip and hold the conduit C over and above the
friction forces that also work to retain the conduit C, advantageously when the conduit C is
under pressure. For embodiments that use two ball sets, the second ball set 104 may also
contribute to conduit grip by also indenting into the conduit C outer surface, although this is
more likely to be the case under elevated pressures. Conduit grip by the second ball set 104
may be a benefit realized in some designs and applications, but the first ball set 94 preferably
is designed to provide sufficient and primary conduit grip and retention, while the second ball
set 104 preferably is designed to provide isolation of conduit vibration and flex from the first

ball set 94.

[0055] From Fig. 9 it will be noted that each ball cavity 98 may include an axially extending
relief or groove 108. During assembly of the retainer 90 into the nut 20, due to the limited
axial movement of the ball cage 92 resulting from the flange 72 contacting the rib 70, it may

be in some cases that the ball cage 92 can only extend just far enough to partially expose the
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ball cavities 98 to allow the balls 94 to be positioned into the ball cavities 98. The relief or
groove 108 allows sufficient room or gap between the tapered wall 66a and the ball cage 92
to allow the second ball set 104 to be assembled into the ball cage 92.

[0056] Assembly and operation of the single action push to connect fitting 10" of the
alternative embodiment of Figs. 8 and 9 may be though need not be the same as the first

fitting 10 embodiment of Figs. 1-7 and therefore the description need not be repeated.

[0057] The inventive aspects and concepts have been described with reference to the
exemplary embodiments. Modification 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 appended claims or the equivalents

thereof.
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CLAIMS
1. A fitting assembly for conduit with the conduit having a longitudinal axis, comprising:
a fitting body that is adapted to receive a conduit end,

a seal device disposed in said fitting body that seals said fitting body and an outer surface

of a conduit when the conduit is inserted into said fitting body,
a fitting nut that is adapted to be joined to said fitting body,

a retainer at least partially disposed within said fitting nut and adapted to move axially

relative to said fitting nut,

a biasing member that biases said retainer in a first axial direction relative to said fitting

nut,

said retainer comprising a conduit gripping member, said conduit gripping member being
in contact with an outer surface of the conduit and a surface of said fitting nut after the conduit is
inserted into said fitting assembly and when said retainer is in a first axial position, said conduit
gripping member constrains the conduit against axial withdrawal from the fitting assembly when
said retainer is in said first axial position, said retainer releasing the conduit when said retainer is

in a second axial position that is different from said first axial position,

wherein the retainer is engageable with the seal device, such that under fluid pressure the
seal device applies a fluid pressure driven axial force against the retainer toward gripping

engagement with the conduit.
2. The fitting assembly of claim 1, wherein said seal device comprises elastomeric material.

3. The fitting assembly of claim 1, wherein said conduit gripping member comprises one or

more spheres or balls.

4, The fitting assembly of claim 3, wherein said retainer comprises a ball cage that positions

said conduit gripping member in said fitting nut.

S. The fitting assembly of claim 4, wherein said ball cage comprises a cylindrical through

bore that admits insertion of the conduit.
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6. The fitting assembly of claim 5, wherein said cylindrical through bore is delimited by a

wall comprising a cylindrical portion and a tapered portion.

7. The fitting assembly of claim 1, wherein said biasing member comprises a coil spring, a

wave spring, or a Belleville spring.

8. The fitting assembly of claim 1, wherein said fitting nut comprises a tapered surface that

engages said conduit gripping member when said retainer is in said first axial position.

9. The fitting assembly of claim 1, wherein said retainer comprises a cylindrical through

bore that admits insertion of the conduit.

10.  The fitting assembly of claim 9, wherein said cylindrical through bore is delimited by a

wall comprising a cylindrical portion and a tapered portion.

11.  The fitting assembly of claim 1, wherein said retainer applies a retaining force to the
conduit to constrain axial movement of the conduit, wherein when the fitting assembly is under

fluid pressure said retaining force increases.

12.  The fitting assembly of claim 1, wherein said seal device is axially positioned at a first
side of said retainer that is axially opposite a second side of said retainer, wherein the conduit is

inserted into the fitting assembly through said second side of said retainer.

13.  The fitting assembly of claim 1, wherein said conduit gripping device comprises a first
set of one or more spheres and a second set of one or more spheres, said each sphere of said first
set of spheres having a first diameter and each sphere of said second set of spheres having a

second diameter, said first set of spheres and said second set of spheres being axially separated

from each other.

14. The fitting assembly of claim 1, wherein the seal device comprises a gland that contacts
the retainer at least when the fitting assembly is assembled with the conduit and under fluid

pressurc.
15. A fitting assembly for conduit with a longitudinal axis, comprising:

a first fitting component that is adapted to receive a conduit end,
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a seal device disposed in said first fitting component that seals said first fitting
component and an outer surface of a conduit when the conduit is inserted into said first fitting

component,
a second fitting component that is adapted to be joined to said first fitting component,

said second fitting component comprising a retainer for gripping the conduit when the

conduit is inserted into said second fitting component,

said retainer applies a retaining force to an outer surface of the conduit when said retainer
is in a first axial position in said fitting assembly, said retainer releasing said retaining force
when said retainer is in a second axial position in said fitting assembly that is different from said

first axial position,

wherein the retainer is engageable with the seal device, such that under fluid pressure the
seal device applies a fluid pressure driven axial force against the retainer toward gripping

engagement with the conduit.

16. The fitting assembly of claim 15, wherein said retainer comprises a ball cage and one or

more conduit gripping balls and said seal device comprises an o-ring.

17.  The fitting assembly of claim 16, wherein said retainer further comprises a biasing

member that applies a biasing force to said ball cage.

18. The fitting assembly of claim 17, wherein said biasing member comprises a coil spring, a

wave spring, or a Belleville spring.

19. The fitting assembly of claim 15, wherein said seal device comprises elastomeric

material.

20, The fitting assembly of claim 15, wherein said retainer comprises a conduit gripping

member.

21.  The fitting assembly of claim 20, wherein said conduit gripping member comprises one

or more spheres or balls.

22, The fitting assembly of claim 20, wherein said retainer comprises a ball cage that

positions said conduit gripping member in said second fitting component.
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23.  The fitting assembly of claim 16, wherein said second fitting component comprises a
tapered surface that engages said conduit gripping device when said retainer is in said first axial

position,

24.  The fitting assembly of claim 15, wherein said retainer comprises a cylindrical through

bore that admits insertion of the conduit.

25.  The fitting assembly of claim 24, wherein said cylindrical through bore is delimited by a

wall comprising a cylindrical portion and a tapered portion.

26.  The fitting assembly of claim 15, wherein said conduit gripping device comprises a first
set of one or more spheres and a second set of one or more spheres, said each sphere of said first
set of spheres having a first diameter and each sphere of said second set of spheres having a
second diameter, said first set of spheres and said second set of spheres being axially separated

from each other.

27.  The fitting assembly of claim 15, wherein the seal device comprises a gland that contacts
the retainer at least when the fitting assembly is assembled with the conduit and under fluid

pressure.
28. A fitting assembly having a longitudinal axis, comprising:
a first fitting component that is adapted to receive a conduit end,

a seal device disposed in said first fitting component and that will seal against an outer

surface of the conduit when the conduit is inserted into the fitting assembly,
a second fitting component that is adapted to be joined to said first fitting component,
a retainer at least partially disposed within said second fitting component,

said retainer comprising a conduit gripping member that will grip an outer surface of the
conduit when said retainer is in a first axial position in said fitting assembly, said conduit
gripping member will release grip of the conduit when said retainer is in a second axial position

in said fitting assembly that is different from said first axial position,

wherein said conduit gripping device comprises a first set of one or more spheres and a

second set of one or more spheres, said each sphere of said first set of spheres having a first
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diameter and each sphere of said second set of spheres having a second diameter, said first set of

spheres and said second set of spheres being axially separated from each other.

29.  The fitting assembly of claim 28, wherein said retainer further comprises a ball cage that
positions said first and second sets of spheres in said second fitting component, and said seal
device comprises an o-ring.

30. The fitting assembly of claim 29, wherein said retainer further comprises a biasing

member that applies a biasing force to said ball cage.

31 The fitting assembly of claim 30, wherein said biasing member comprises a coil spring, a

wave spring, or a Belleville spring.

32. The fitting assembly of claim 28, wherein said second fitting component comprises a
tapered surface that engages said conduit gripping device when said retainer is in said first axial

position.

33. The fitting assembly of claim 28, wherein said retainer comprises a cylindrical through

bore that admits insertion of the conduit.

34.  The fitting assembly of claim 33, wherein said cylindrical through bore is delimited by a

wall comprising a cylindrical portion and a tapered portion.

35.  The fitting assembly of claim 28, wherein said seal device comprises elastomeric
material.
36. A fitting assembly for conduit with the conduit having a longitudinal axis, comprising:

a fitting body that is adapted to receive a conduit end,
a fitting nut that is adapted to be joined to said fitting body,

a retainer at least partially disposed within said fitting nut and adapted to move axially

relative to said fitting nut,

said retainer comprising a conduit gripping member, said conduit gripping member being
in contact with an outer surface of the conduit and a surface of said fitting nut after the conduit is
inserted into said fitting assembly and when said retainer is in a first axial position, said conduit

gripping member constrains the conduit against axial withdrawal from the fitting assembly when
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said retainer is in said first axial position, said retainer releasing the conduit when said retainer is

in a second axial position that is different from said first axial position,

said conduit gripping device comprising a first set of one or more spheres and a second
set of one or more spheres, said each sphere of said first set of spheres having a first diameter
and each sphere of said second set of spheres having a second diameter, said first set of spheres

and said second set of spheres being axially separated from each other.

37.  The fitting assembly of claim 36, wherein said first diameter is greater than said second

diameter.

38. The fitting assembly of claim 36, wherein said surface of said fitting nut is a tapered

surface.
39.  The fitting assembly of claim 38, wherein said tapered surface is frusto-conical.

40.  The fitting assembly of claim 36, comprising a seal device disposed in said fitting body
that seals said fitting body and an outer surface of a conduit when the conduit is inserted into said

fitting body.

41. A fitting assembly for conduit with the conduit having a longitudinal axis, comprising:
a fitting body that is adapted to receive a conduit end,
a seal device disposed in said fitting body,
a fitting nut that is adapted to be joined to said fitting body,

a retainer at least partially disposed within said fitting nut and adapted to move axially

relative to said fitting nut,

said retainer comprising a conduit gripping member, said conduit gripping member
constrains the conduit against axial withdrawal from the fitting assembly when said retainer is in
said first axial position, said retainer releasing the conduit when said retainer is in a second axial

position that is different from said first axial position,

wherein the retainer is engageable with the seal device, such that under fluid pressure the
seal device applies a fluid pressure driven axial force against the retainer toward gripping

engagement with the conduit.
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42.  The fitting assembly of claim 41, wherein the seal device comprises a gland that contacts
the retainer at least when the fitting assembly is assembled with the conduit and under fluid

pressure.
43. A fitting assembly for conduit with the conduit having a longitudinal axis, comprising:
a fitting body that is adapted to receive a conduit end,;

a seal device disposed in said fitting body that seals against an outer surface of a conduit

when the conduit is inserted into said fitting body;
a fitting nut that is adapted to be joined to said fitting bédy;

a retainer at least partially disposed within said fitting nut, the retainer including an
outboard end portion and an inward end portion, wherein said retainer comprising a conduit
gripping member that grips an outer surface of the conduit when said retainer is in a first axial
position in said fitting assembly, said conduit gripping member releasing grip of the conduit when
said retainer is in a second axial position in said fitting assembly that is different from said first

axial position; and

a biasing member that applies an outward biasing force to the outboard end portion of the

retainer;

wherein the inward end portion of the retainer is engageable with the seal device, such that
under fluid pressure the seal device applies an axial force against the inward end portion of the

retainer toward gripping engagement with the conduit.
44. The fitting assembly of claim 43, wherein said seal device comprises elastomeric material.

45. The fitting assembly of claim 43, wherein said conduit gripping member comprises one or

more spheres or balls.

46.  The fitting assembly of claim 45, wherein said retainer comprises a ball cage that positions

said conduit gripping member in said fitting nut.

47.  The fitting assembly of claim 43, wherein said biasing member comprises a coil spring, a

wave spring, or a Belleville spring.

48.  The fitting assembly of claim 43, wherein said fitting nut comprises a tapered surface that

engages said conduit gripping member when said retainer is in said first axial position.
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49.  The fitting assembly of claim 43, wherein said retainer comprises a cylindrical through

bore that admits insertion of the conduit.

50.  The fitting assembly of claim 49, wherein said cylindrical through bore is delimited by a

wall comprising a cylindrical portion and a tapered portion.

51.  The fitting assembly of claim 43, wherein said retainer applies a retaining force to the
conduit to constrain axial movement of the conduit, wherein when the fitting assembly is under

fluid pressure said retaining force increases.

52, The fitting assembly of claim 43, wherein said seal device is axially positioned at a first
side of said retainer that is axially opposite a second side of said retainer, wherein the conduit is

inserted into the fitting assembly through said second side of said retainer.
53. A fitting assembly for conduit with a longitudinal axis, comprising:
a first fitting component that is adapted to recetve a conduit end,;

a seal device disposed in said first fitting component that seals against an outer surface of

a conduit when the conduit is inserted into the first fitting component;

a second fitting component that is adapted to be joined to said first fitting component, the
second fitting component comprising a retainer for gripping the conduit when the conduit is
inserted into said second fitting component, the retainer including an outboard end portion and an

inward end portion; and

a biasing member that applies an outward biasing force to the outboard end portion of the

retainer

wherein said retainer applies a retaining force to an outer surface of the conduit when said
retainer is in a first axial position in said fitting assembly, said retainer releasing said retaining
force when said retainer is in a second axial position in said fitting assembly that is different from

said first axial position;

wherein the inward end portion of the retainer is engageable with the seal device, such that
under fluid pressure the seal device applies a fluid pressure driven axial force against the inward

end portion of the retainer toward gripping engagement with the conduit.
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54, The fitting assembly of claim 53, wherein said retainer comprises a ball cage and one or

more conduit gripping balls and said seal device comprises an o-ring.

55.  The fitting assembly of claim 53, wherein said seal device comprises elastomeric material.
56.  The fitting assembly of claim 53, wherein said retainer comprises a conduit gripping
member.

57. The fitting assembly of claim 56, wherein said conduit gripping member comprises one or

more spheres or balls.

58.  The fitting assembly of claim 56, wherein said retainer comprises a ball cage that positions

said conduit gripping member in said second fitting component.

59.  The fitting assembly of claim 53, wherein said biasing member comprises a coil spring, a

wave spring, or a Belleville spring.

60.  The fitting assembly of claim 56, wherein said second fitting component comprises a
tapered surface that engages said conduit gripping member when said retainer is in said first axial

position.

61.  The fitting assembly of claim 53, wherein said retainer comprises a cylindrical through

bore that admits insertion of the conduit.

62. The fitting assembly of claim 61, wherein said cylindrical through bore is delimited by a

wall comprising a cylindrical portion and a tapered portion.
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