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PIPE GROOVING DEVICE

Cross Reference to Related Applications

This application is an International application of and claims benefit
of priority of U.S. patent application No. 17/030,418, filed on September

24, 2020, the contents of which are incorporated by reference herein.
Field of the Invention

This invention concerns devices for cold working pipe elements.
Background

Cold working of pipe elements, for example, impressing a
circumferential groove in a pipe element to accept a mechanical pipe
coupling, is advantageously accomplished using roll grooving machines
having an inner roller which engages an inside surface of the pipe
element and an outer roller which simultaneously engages an outside
surface of the pipe element opposite to the inner roller. As the pipe is
rotated about its longitudinal axis, often by driving the inner roller, the
outer roller is progressively forced toward the inner roller. The rollers
have surface profiles which are impressed onto the pipe element

circumference as it rotates, thereby forming a circumferential groove.

There are various challenges which this technique faces if it is to
cold work pipe elements with the required tolerances to the necessary
precision. Most pressing are the difficulties associated with producing a
groove of the desired radius (measured from the center of the pipe
element bore to the floor of the groove) within a desired tolerance range
at a desired distance from the end of the pipe element. These
considerations have resulted in complicated prior art devices which, for
example, require actuators for forcing the rollers into engagement with
the pipe element and the ability for the operator to adjust the roller travel
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to achieve the desired groove radius. Additionally, prior art roll grooving
machines have low production rates, often requiring many revolutions of
the pipe element to achieve a finished circumferential groove. There is
clearly a need for devices, for example, those using cams, to cold work
pipe elements which are simple yet produce results more quickly with less
operator involvement.

Summary

The invention concerns a device for cold working a pipe element. In
an example embodiment the device comprises a housing. A plurality of
cam gears are mounted within the housing. Each one of the cam gears is
rotatable about a respective one of a plurality of first axes of rotation. The
first axes of rotation are parallel to one another. The cam gears are
positioned about a central space for receiving the pipe element. A
plurality of cam bodies are mounted such that each one is on a respective
one of the cam gears. A plurality of cam surfaces are mounted such that,
each one of the cam surfaces extending around a respective one of the
cam bodies and is engageable with the pipe element received within the
central space. In this example each one of the cam surfaces comprises a
region of increasing radius and a discontinuity of the cam surface. Each
one of the radii is measured from a respective one of the first axes of
rotation.

A traction surface extends around at least one of the cam bodies.
The traction surface comprises a plurality of projections extending
outwardly from the at least one cam body in this example. The traction
surface has a gap therein. The gap is aligned axially with the discontinuity
of the one cam surface surrounding the at least one cam body. An
engagement assembly is positioned within the central space. The pipe
element contacts the engagement assembly upon insertion of the pipe
element into the central space. A plurality of synchronization gears are

mounted within the housing. Each one of the synchronization gears is
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rotatable about a respective one of a plurality of second axes of rotation.
The second axes of rotation are parallel to the first axes of rotation. Each
one of the synchronization gears meshes with two of the cam gears in this
example. By way of example each radius of each cam surface is measured
from the respective first axis of rotation of a respective the cam gear. In
an example embodiment the number of synchronization gears is one less
than the number of cam gears. An example embodiment may comprise at
most five of the cam gears. Further by way of example, a device
according to the invention may comprise at most four of the
synchronization gears.

In an example embodiment, the engagement assembly comprises a
cup. The cup surrounds a central axis and defines an opening for
receiving the pipe element upon insertion of the pipe element into the
central space. Further by way of example the cup comprises an inner
surface having a first diameter at the opening and a second diameter
distal to the opening. The first diameter is greater than the second
diameter in this example. In a specific example the inner surface is
conical. An example device according to invention may further comprise a
pipe stop body positioned within the cup. The pipe stop body is movable
along the central axis relatively to the cup. The cup is movable along the
central axis relatively to the cam bodies in this example.

An example device may further comprise a ring mounted on the
pipe stop body concentric with the central axis. A first cam stop surface
projects from one of the cam bodies. The pipe stop body is movable
relatively to the cam bodies between a first position, wherein the ring is
engageable with the first cam stop surface thereby limiting rotation of the
cam bodies, and a second position, wherein the ring is not engageable
with the first cam stop surface, thereby permitting rotation of the cam
bodies. In an example embodiment the first cam stop surface is
positioned adjacent to the discontinuity of the cam surface on the one
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cam body. An example device may further comprise a rib projecting from
the one cam body. The rib is positioned adjacent to the cam surface on
the one cam body and extends around a portion of the one cam body. The
first cam stop surface is positioned on a first end of the rib in this

example.

An example device may further comprise a second cam stop surface
positioned on a second end of the rib. The second cam stop surface
projects from the one cam body. The second cam stop surface is
positioned in spaced relation to the first cam stop surface. In an example
embodiment at least one of the first and second cam stop surfaces has a
concave curvature. Further by way of example, a stop spring may act on
the pipe stop body for biasing the pipe stop body toward the opening of
the cup. Also by way of example, a cup spring acting on the cup for
biasing the cup toward the pipe stop body. In an example embodiment
the pipe stop body comprises a plate engageable with the pipe element
received within the central space. A plurality of legs project from the
plate. The ring is attached to the legs. The ring is arranged coaxially with
the central axis. The cup comprises a plurality of slots extending axially
along the central axis. The legs extend through the slots in this example.

An example embodiment may further comprise a shaft positioned
coaxially with the central axis. The cup and the pipe stop body surround
the shaft. Further by way of example, each of the cam surfaces may
comprise a region of constant radius positioned adjacent to a respective
one of the discontinuities. An example embodiment may comprise a
plurality of the traction surfaces. Each one of the traction surfaces
extends around a respective one of the cam bodies. An example
embodiment may further comprise a plurality of the first cam stop
surfaces. Each one of the first cam stop surfaces is positioned adjacent to
a respective one of the discontinuities of one of the cam surfaces on each
one of the cam bodies. An example embodiment may further comprise a
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plurality of ribs. Each rib projects from a respective one of the cam
bodies. The ribs extend around a portion of the cam bodies. Each first
stop surface is positioned on an end of each of the ribs. By way of
example the traction surface is positioned on the one cam body in spaced
relation to the cam surface extending around the one cam body. In an
example embodiment the traction surface has a constant radius measured
from the first axis of rotation of the one cam body. Further by way of
example the cam surface on the one cam body is positioned between the
gear and the traction surface on the one cam body. In another example
the cam surface on the one cam body is positioned proximate to the
traction surface on the one cam body. Further by way of example the first
cam stop surface is positioned between the cam surface and the gear on

the one cam body.

An example embodiment of the device according to the invention
may further comprise a first action surface positioned on a first one of the
cam bodies of the plurality of cam bodies. The first action surface is offset
from a first one of the first axes of rotation about which the first one of
the cam bodies rotates. An actuator is movably mounted on the housing.
The actuator is movable into engagement with the first action surface for
rotating the first one of the cam bodies about the first one of the first
axes of rotation. In an example embodiment the actuator comprises a
first lever pivotably mounted on the housing. The first lever has a drive
surface engageable with the first action surface for rotating the first one
of the cam bodies about the first one of the axes. A second action surface
may be positioned on a second one of the cam bodies of the plurality of
cam bodies. The second action surface is offset from a second one of the
first axes of rotation about which the second one of the cam bodies
rotates. An over travel stop is movably mounted on the housing. The over
travel stop is movable into engagement with the second action surface for
halting rotation the second one of the cam bodies about the second one of

the first axes of rotation. In an example embodiment the over travel stop
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comprises a second lever mounted on the housing for pivoting motion
about a pivot axis. A hook is mounted on the second lever and positioned
on one side of the pivot axis. The hook is engageable with the second
action surface. A spur is mounted on the second lever on an opposite side
of the pivot axis. The first lever is movable into engagement with the spur
for pivoting the second lever to move the hook out of engagement with
the second action surface upon movement of the first lever into
engagement with the first action surface. A return spring acts between
the housing and the second lever for biasing the hook into engagement
with the second action surface.

An example embodiment further comprises a chuck for receiving the
pipe element. The chuck is rotatable about a chuck axis. The chuck axis is
arranged coaxially with the central axis. The housing is pivotably and
axially slidably mounted adjacent to the chuck. A motor is engaged with
the chuck for rotating the chuck about the chuck axis in this example.

The invention further encompasses an example device for cold
working a pipe element comprising a housing. A plurality of cam gears are
mounted within the housing. Each one of the cam gears is rotatable about
a respective one of a plurality of first axes of rotation. The first axes of
rotation are parallel to one another. The cam gears are positioned about a
central axis surrounded by a central space for receiving the pipe element.
The example comprises a plurality of cam bodies, each mounted on a
respective one of the cam gears. A plurality of cam surfaces each extend
around a respective one of the cam bodies and are engageable with the
pipe element received within the central space. Each one of the cam
surfaces comprises a region of increasing radius and a discontinuity of the
cam surface. A first cam stop surface projects from one of the cam
bodies. A pipe stop body is positioned within the central space. The pipe
stop body is engageable with the pipe element received within the central
space. The pipe stop body is movable along the central axis relatively to
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the cam bodies between a first position engageable with the first cam
stop surface, thereby limiting rotation of the cam bodies, and a second
position, not engageable with the first cam stop surface, thereby

permitting rotation of the cam bodies.

In an example embodiment, the radius of each cam surface is
measured from the respective first axis of rotation of a respective the cam
gear. Further by way of example, the pipe stop body comprises a ring
arranged coaxially with the central axis. The ring is engageable with the
first cam stop surface and thereby limits rotation of the cam bodies when
the pipe stop body is in the first position. The ring is not engageable with
the first cam stop surface when the pipe stop body is in the second
position, thereby permitting rotation of the cam bodies. By way of
example the first cam stop surface is positioned adjacent to the
discontinuity of the cam surface on the one cam body. An example
embodiment further comprises a rib projecting from the one cam body.
The rib is positioned adjacent to the cam surface on the one cam body
and extends around a portion of the one cam body. The first cam stop
surface is positioned on a first end of the rib.

An example embodiment may further comprise a second cam stop
surface positioned on a second end of the rib. The second cam stop
surface projects from the one cam body. The second cam stop surface is
positioned in spaced relation to the first cam stop surface. By way of
example, at least one of the first and second cam stop surfaces has a
concave curvature. An example embodiment further comprises a cup
surrounding the central axis and defining an opening for receiving the
pipe element upon insertion of the pipe element into the central space.
The pipe stop body is positioned within the cup. The cup is movable along
the central axis relatively to the cam bodies. In an example embodiment
the cup comprises an inner surface having a first diameter at the opening
and a second diameter distal to the opening. The first diameter is greater
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than the second diameter in this example. In a further example the inner
surface is conical. A stop spring acts on the pipe stop body for biasing the
pipe stop body toward the opening of the cup. In a further example a cup
spring acts on the cup for biasing the cup toward the pipe stop body. In
an example embodiment the pipe stop body comprises a plate engageable
with the pipe element received within the central space. A plurality of legs
project from the plate in this example. A ring is being attached to the
legs. The ring is arranged coaxially with the central axis. The cup
comprises a plurality of slots extending axially along the central axis. The
legs extend through the slots. The ring is engageable with the first cam
stop surface and thereby limits rotation of the cam bodies when the pipe
stop body is in the first position. The ring is not engageable with the first
cam stop surface when the pipe stop body is in the second position,
thereby permitting rotation of the cam bodies. An example embodiment
further comprises a shaft positioned coaxially with the central axis. The
cup and the pipe stop body surround the shaft.

An example embodiment may further comprise a plurality of
synchronization gears mounted within the housing. Each one of the
synchronization gears is rotatable about a respective one of a plurality of
second axes of rotation. The second axes of rotation are parallel to the
first axes of rotation wherein each one of the synchronization gears
meshes with two of the cam gears. In an example embodiment, the
number of synchronization gears is one less than the number of cam
gears. By way of example, a device may comprise at most five of the cam
gears and at most four of the synchronization gears. In an example
embodiment each of the cam surfaces may further comprise a region of
constant radius positioned adjacent to a respective one of the
discontinuities. An example embodiment may further comprise a plurality
of the traction surfaces. Each one of the traction surfaces extends around
a respective one of the cam bodies. A further embodiment comprises a

plurality of the first cam stop surfaces. Each one of the first cam stop
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surfaces is positioned adjacent to a respective one of the discontinuities of
one of the cam surfaces on each one of the cam bodies.

An example embodiment may further comprises a plurality of ribs.
Each rib projects from a respective one of the cam bodies. The ribs
extend around a portion of the cam bodies. Each first stop surface is
positioned on an end of each of the ribs. By way of example the traction
surface overlies one of the cam surfaces. The traction surface may be
positioned on the one cam body in spaced relation to the cam surface
extending around the one cam body. In an example embodiment the
traction surface has a constant radius measured from the first axis of
rotation of the one cam body. Inj an example embodiment the cam
surface on the one cam body is positioned between the gear and the
traction surface on the one cam body. The cam surface on the one cam
body is positioned proximate to the traction surface on the one cam body
in an example embodiment. By way of further example, the first cam
stop surface is positioned between the cam surface and the gear on the

one cam body.

An example embodiment may further comprise a first action surface
positioned on a first one of the cam bodies of the plurality of cam bodies.
The first action surface is offset from a first one of the first axes of
rotation about which the first one of the cam bodies rotates. An actuator
may be movably mounted on the housing. The actuator is movable into
engagement with the first action surface for rotating the first one of the
cam bodies about the first one of the first axes of rotation. In an example
embodiment the actuator comprises a first lever pivotably mounted on
the housing. The first lever has a drive surface engageable with the first
action surface for rotating the first one of the cam bodies about the first
one of the axes. A second action surface is positioned on a second one of
the cam bodies of the plurality of cam bodies. The second action surface
is offset from a second one of the first axes of rotation about which the
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second one of the cam bodies rotates. An over travel stop is movably
mounted on the housing. The over travel stop is movable into
engagement with the second action surface for halting rotation the second
one of the cam bodies about the second one of the first axes of rotation.
In an example embodiment the over travel stop comprises a second lever
mounted on the housing for pivoting motion about a pivot axis. A hook is
mounted on the second lever and positioned on one side of the pivot axis.
The hook is engageable with the second action surface. A spur is mounted
on the second lever on an opposite side of the pivot axis. The first lever is
movable into engagement with the spur for pivoting the second lever to
move the hook out of engagement with the second action surface upon
movement of the first lever into engagement with the first action surface.
A return spring acts between the housing and the second lever for biasing
the hook into engagement with the second action surface.

An example device may further comprise a chuck for receiving the
pipe element. The chuck is rotatable about a chuck axis. The chuck axis is
arranged coaxially with the central axis. In an example embodiment the
housing is pivotably and axially slidably mounted adjacent to the chuck.
The example embodiment may further comprise a motor engaged with

the chuck for rotating the chuck about the chuck axis.
Brief Description of the Drawings

Figure 1 is an isometric view of an example device according to the

invention mounted on a power chuck;

Figure 2 is an exploded isometric view of the example device shown

in Figure 1;

Figure 3 is a axial view of a cam body component used in the device
according to the invention;

10



10

15

20

25

WO 2022/066401 PCT/US2021/049222

Figure 4 is an side view of the cam body component shown in
Figure 3;

Figure 5 is a cross sectional view taken at line 5-5 of Figure 1;

Figure 6 is an isometric view of a pipe element engagement

assembly used in the device shown in Figure 1;

Figures 7 and 8 are isometric views of a portion of the device shown

in Figure 1 illustrating an aspect of device operation;

Figures 9-11 are partial cut-away isometric views illustrating

operation of the device shown in Figure 1; and

Figure 12 is a partial sectional view of the pipe element engagement
assembly of Figure 6.

Detailed Description

Figure 1 shows an example device 10 for cold working a pipe
element 12, for example, forming a circumferential groove in the pipe
element’s outer surface. Device 10 is shown mounted on a rotating
power chuck 14. Such chucks are well known, an example being the
Ridgid 300 Power Drive marketed by Ridgid of Elyria, Ohio. Chuck 14
receives and turns the pipe element 12 as described below.

As shown in Figure 2, device 10 comprises a housing 16. A plurality
of cam gears, in this example five cam gears 18, 20, 22, 24 and 26 are
mounted within the housing 16. Each one of the cam gears is rotatable
about a respective axis of rotation 18a, 20a, 22a, 24a and 26a. These
first axes of rotation 18a, 20a, 22a, 24a and 26a are oriented
substantially parallel to one another and substantially parallel to the
longitudinal axis 12a of pipe element 12. In a practical design the cam
gears 18, 20, 22, 24 and 26 are mounted on respective shafts 28. The
shafts 28 extend between front and rear housing portions 30 and 32, and

11
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each cam gear rotates on a bearing 34 coaxially mounted on the shaft 28.
The cam gears 18, 20, 22, 24 and 26 are positioned about a central space
36 for receiving the pipe element 12.

Device 10 further comprises a plurality of cam bodies, in this
example five cam bodies 38, 40, 42, 44, and 46. Each cam body is
mounted on a respective one of the cam gears 18, 20, 22, 24, 26 and 28.
As shown by way of example for cam body 38 on cam gear 18, each cam
body comprises a cam surface 50. Each cam surface 50 extends around a
respective one of the cam bodies and is engageable with the pipe element
12 when received within the central space 36. As shown in Figure 3 using
cam body 38 by way of example, each one of the cam surfaces 50
comprises a region of increasing radius 52 and a discontinuity 54 of the
cam surface 50. The radius 56 of each cam surface is measured from a
respective one of the axes of rotation 18a, 20a, 22a, 24a, 26a and 28a; in
the example shown the radius 56 is measured from axis 18a. Each cam
surface 50 may also comprise a region of constant radius 58, the constant
radius being designated by reference numeral 60. In a practical design
the region of constant radius 58 for each cam surface 50 may
advantageously be positioned adjacent to a respective one of the
discontinuities 54 of the cam surfaces 50.

As shown in Figures 3 and 4, a traction surface 62 extends around
at least one of the cam bodies, in this example cam body 38. The traction
surface 62 comprises a plurality of projections 64 extending outwardly
from the cam body 38. The projections may be formed by knurling and
provide mechanical engagement and purchase between the cam body 38
and the pipe element 12 upon engagement. Unlike the cam surface 50,
the traction surface 62 may have a constant radius measured from the
axis of rotation 18a of the cam gear 18. The traction surface 62 also has a
gap 66 therein. Gap 66 is aligned axially with the discontinuity 54 of the
cam surface 50. As shown in Figure 4, it is considered advantageous to

12
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position the cam surface 50 between the cam gear 18 and the traction
surface 62 with the cam surface being positioned proximate to the
traction surface. The example embodiment of device 10 shown in Figure
2 comprises a plurality of traction surfaces 62 on respective cam bodies
38, 40, 42, 44, and 46.

As shown in Figure 5, device 10 further comprises a plurality of
synchronization gears, in this example four synchronization gears 68, 70,
72 and 74 mounted within the housing 16. Each synchronization gear is
rotatable about a respective axis of rotation 68a, 70a, 72a and 74a.
These second axes of rotation are substantially parallel to the first axes of
rotation 18a, 20a, 22a, 24a, 26a and 28a of the cam gears. Each one of
the synchronization gears 68, 70, 72 and 74 meshes with two of the cam
gears to ensure that all of the cam gears and their associated cam bodies
rotate together and also remain aligned relatively to one another when
both rotating and stationary for proper operation of device 10 as
described below. Cam gear synchronization requires one less
synchronization gear than the number of cam gears. Thus in the example
device 10 comprising at most five of the cam gears only four

synchronization gears are required.

As shown in Figure 2, device 10 further comprises an engagement
assembly 76 positioned within the central space 36. Pipe element 12
contacts the engagement assembly upon insertion of the pipe element
into the central space as described below. As shown in Figure 6,
engagement assembly 76 comprises a cup 78. Cup 78 surrounds a central
axis 80 arranged coaxially with the central space 36. Cup 78 defines an
opening 82 for receiving the pipe element 12 upon insertion of the pipe
element into the central space 36. In this example embodiment the cup
78 comprises an inner surface 84 having a first diameter 86 at opening 82
and a second diameter 88 distal to the opening. The first diameter is
greater than the second diameter. It is furthermore thought

13
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advantageous that inner surface 84 be substantially conical to
accommodate a range of pipe diameter tolerances. As shown in Figures 2
and 12 cup 78 is mounted coaxially with a shaft 90 which is mounted
within a tubular projection 91 attached to the rear housing portion 32.
Shaft 90 is arranged coaxially with the central axis 80. Cup 78 is movable
along central axis 80 relative to the shaft 90 and the cam bodies. As
shown in Figures 2 and 12, a cup spring 92 acts between the cup 78 and
the rear housing portion 32 for biasing the cup away therefrom. It is
advantageous to position a thrust bearing 94 between the rear housing
portion 32 and the cup spring 92 to protect the cup spring should the cup
spring and cup rotate together during device operation. Cup spring 92 in
this example embodiment is a conical spring to permit a maximum range
of axial motion to the cup 78.

As further shown in Figures 2, 6 and 12, the engagement assembly
76 also comprises a pipe stop body 96 positioned within the cup 78. Pipe
stop body 96 is mounted on shaft 90 and is movable relatively to the
shaft, the cup and the cam bodies along the central axis 80. A stop spring
98 acts between the tubular projection 91 and the pipe stop body 96 for
biasing the pipe stop body toward the opening 82 defined by cup 78. It is
advantageous to interpose a thrust bearing 93 between the tubular
projection 91 and both the stop spring 98 and the pipe stop body 96. In
the example embodiment shown, the pipe stop body 96 comprises a plate
100 engageable with the pipe element 12 when it is received within the
central space 36. A plurality of legs 102 project from plate 100 and a ring
104 is attached to the legs. Ring 104 is arranged coaxially with the
central axis 80. Cup 78 defines a plurality of slots 106 which extend in a
direction axially along the central axis 80. The slots 106 accommodate
the legs 102 which extend through said slots, thereby permitting relative
motion along the central axis 80 between the pipe stop body 96 and the
cup 78.

14
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As shown in Figures 6 and 7, mounting the ring 104 on legs 102
permits the ring to have a larger diameter than the cup 78 for engaging a
first cam stop surface 108 projecting from one of the cam bodies 38 (see
also Figure 4). As shown by a comparison of Figures 7 and 8, because the
pipe stop body 96 is movable axially along central axis 80, the ring 104 is
movable relatively to the cam body 38 between a first position (Figure 7)
wherein the ring 104 is engageable with or engages the first cam stop
surface 108, thereby limiting rotation of the cam body 38, and a second
position (Figure 8), wherein the ring 104 is not engageable with the first
cam stop surface 108, thereby permitting rotation of the cam body 38.
Note that due to the action of synchronization gears 68, 70, 72, and 74
(see Figure 5), if any one cam body such as cam body 38 is limited in

rotation then all of the cam bodies are similarly limited in rotation.

As shown in Figure 4, the first cam stop surface 108 is
advantageously positioned adjacent to the discontinuity 54 of the cam
surface 50 on the cam body 38. It is convenient to position the first cam
stop surface 108 on a first end 110 of a rib 112 projecting from cam body
38. In this example embodiment the rib 112 is positioned adjacent to the
cam surface 50 on the cam body 38 and extends around a portion of it. It
is further considered advantageous to position a second cam stop surface
114 on a second end 116 of rib 112. The second cam stop surface 114
also projects from the cam body 38, and is positioned in spaced relation
to the first cam stop surface 108. Use of first and second cam stop
surfaces 108 and 114 limits rotation of the cam bodies in either direction
when the pipe stop body 96 is in the first position (Figure 7), wherein ring
104 is engaged with or engageable with either cam stop surface. It is
thought advantageous if the first and second cam stop surfaces 108 and
114 each has a concave curvature, which can be matched to the
curvature of the ring 104.

15
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Although a practical design of device 10 may have first and second
cam stop surfaces positioned at the end of a rib on one cam body, it is
also feasible to employ a plurality of first and second cam stop surfaces
108 and 114 positioned on a plurality of ribs 112 on a plurality of cam
bodies as shown in Figure 2.

Operation of the device 10 is enhanced through the use of an
actuator 118 movably mounted on the housing 16 as shown in Figures 2
and 5. In this example embodiment the actuator 118 comprises a first
lever 120 pivotably mounted on the housing 16. First lever 120 has a
drive surface 122 engageable with a first action surface 124 positioned on
a first one of the cam bodies, cam body 40 in this example. The first
action surface 124 is offset from the axis 20a about which the cam body
40 rotates. It is convenient to use a pin 126 mounted on the cam body
40 to form the action surface 124. The first lever 120 is pivotable so that
its drive surface 122 engages the first action surface 124. As the first
action surface is offset from the axis of rotation 20a, engagement
between the drive surface and the action surface applies a torque to the
cam body 40 rotating it about its axis of rotation. The actuator 118 is
used to initiate engagement between the pipe element 12 and the traction
surface or surfaces 62 so that the cam surfaces cold work the pipe
element as described below.

It is further advantageous to include an over travel stop 128 on the
device 10. As further shown in Figures 2 and 5, an example over travel
stop 128 comprises a second lever 130 mounted on the housing 16 for
pivoting motion about a pivot axis 132. A hook 134 is mounted on the
second lever 130 and is positioned on one side of the pivot axis 132.
Hook 134 is engageable with a second action surface 136 positioned on a
second one of the cam bodies, in this example cam body 38. The second
action surface 136 is also offset from the axis of rotation 18a about which
the second cam body 38 rotates, thus allowing the hook 134 to exert a

16
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torque on the second cam body to halt its rotation. It is convenient to use
a second pin 138 mounted on the second cam body 38 to define the
second action surface 136. Over travel stop 128 further comprises a spur
140 mounted on the second lever 130. Spur 140 is positioned on an
opposite side of the pivot axis 132 from hook 134. The first lever 120 is
movable into engagement with the spur 140 for pivoting the second lever
130 to move the hook 134 out of engagement with the second action
surface 136. This engagement between lever 120 and spur 140 occurs
upon movement of the first lever placing its drive surface 122 into
engagement with the first action surface 124 to initiate motion of the cam
bodies. A return spring 142 acts between the housing 16 and the second
lever 130 for biasing the hook 134 into engagement with the second

action surface 136.

Operation of device 10 begins, as shown in Figure 1, with the pipe
element 12 inserted into the power chuck 14. Pipe element 12 is
positioned so that its end extends from the front of the power chuck in
proximity to device 10, whereupon the chuck grips the pipe element.
Device 10 is in the configuration as shown in Figure 5. The cam bodies
38, 40, 42, 44 and 46 are oriented such that the discontinuities 54 of the
cam surfaces 50 and the gaps 66 of the traction surface or surfaces 62 all
face the central axis 80. This configuration of the cam bodies provides
clearance which allows the pipe element 12 to be received within the
central space 36. The cam bodies are maintained in this configuration
through limits on their position established by a combination of features
including: 1) the ring 104 potentially engaging one or both of the first and
second cam stop surfaces 108 and 114 (not shown) on one or more of the
cam bodies; 2) hook 134 potentially engaging the second action surface
136 and 3) the synchronization gears 68, 70, 72 and 74. As shown in
Figure 9, both the cup 78 and the pipe stop body 96 are biased into their
furthest position away from the rear housing portion 32 by their

respective cup spring 92 and stop spring 98. As shown in Figure 5 the
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first lever 120 of the actuator 118 is positioned with its drive surface 122
ready to engage the first action surface 124 on cam body 40. As shown
in Figure 1, device 10 is positioned on the power chuck 14 such that the
pipe’s longitudinal axis 12a is aligned with the device’s central axis 80.

As shown in Figure 10, device 10 is then moved into engagement
with the end of pipe element 12 by sliding the housing 16 along mounting
rails 144 (see Figure 1) so that the pipe element is received within the
central space 36 through an opening 146 in the front housing portion 30.
Upon further motion of device 10 the pipe element 12 is received within
the cup 78. Depending upon where its diameter falls within the tolerance
range the pipe element will engage the cup’s inner surface 84 somewhere
between the cup opening 82 and the pipe stop body 96. Engagement
between the pipe 12 and the cup 78 functions to mitigate pipe end flare
and also limits the tendency of the pipe element to go “out of round”
during the cold working process.

Further motion of the device 10 relatively to the pipe element 12
moves cup 78 relatively to the housing 16, compressing the cup spring 92
and allowing the pipe element to engage the plate 100 of pipe stop body
96. Continued motion of the pipe element 12 moves the pipe stop body
96 relatively to housing 16 until, as shown in Figures 11 and 12, the plate
100 engages the thrust bearing 93 which surrounds the shaft 90 and
abuts the tubular projection 91 extending from rear housing portion 32
(Figure 12). Thrust bearing 148 is positioned so as to position the pipe
element 12 relative to the cam surfaces 50 so that, when the plate 100
and thrust bearing 148 engage, a circumferential groove 150 will be
formed in the pipe element at a desired distance from the end of the pipe
element when the device 10 is actuated. Displacement of the pipe stop
body 96 against the thrust bearing 148 also moves the ring 104 from the
position shown in Figure 7, wherein the ring engages or is engageable
with the first cam stop surface or surfaces 108, to the position shown in
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Figure 8 where the ring 104 cannot engage the cam stop surface or

surfaces.

Actuation of device 10 occurs by using a motor 152 (see Figure 1)
to rotate the power chuck 14, thereby rotating the pipe element 12. Pipe
element 12 may be rotated as soon as it is gripped by chuck 14, or
rotation may be started after the pipe element is engaged with the device
10. As the pipe element rotates the actuator’s first lever 120 is pushed.
This action has two effects: 1) the first lever 120 engages the spur 140 of
the second lever 130 (see Figure 5) thereby pivoting the second lever
such that the hook 134 disengages from the second action surface 136,
allowing the cam bodies to rotate; and 2) moving the lever’s drive surface
122 into engagement with the first action surface 124 of cam body 40,
causing all of the cam bodies 38, 40, 42, 44, and 46 to rotate through a
small angular displacement by the action of the synchronizing gears 68,
70, 72 and 74. This rotation of the cam bodies engages the one or more
traction surfaces 62 with the pipe element 12, which is rotating under
power from the chuck 14. Rotation of the pipe element 12 acting on the
traction surface or surfaces thus drives rotation of the cam bodies, which
kept synchronized in rotation by the synchronization gears 68, 70, 72 and
74. Synchronized rotation of the cam bodies engages the cam surfaces
50 with the pipe element 12, and the circumferential groove 150 is
formed as the outer surface of the pipe element 12 is traversed by the
regions of increasing radius 56 and regions of constant radius 58 of the
cam surfaces 50 (see Figure 3). As shown in Figure 11, groove 150 is fully
formed after one rotation of the cam bodies 38, 40, 42, 44, and 46.
Because they are synchronized by synchronization gears 68, 70, 72 and
74 the cam bodies stop when the discontinuities 54 of the cam surfaces
and the gap or gaps 66 of the traction surface or surfaces 62 again face
the central axis 80 as shown in Figure 5. In this position the pipe element
12 is clear of the traction surface or surfaces 62 and the cam surfaces 50

and thus rotation of the pipe element will no longer rotate the cam
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bodies. Note that upon release of the first lever 120 of the actuator 118
the second lever will be free to pivot so that hook 134 of the over travel
stop 128, biased by its return spring 142, may again engage the second
action surface 136 of cam body 38 to ensure that the cam bodies stop
and the traction surface or surfaces 62 cannot again engage the pipe
element 12. At this point the chuck 14 may be halted and the device 10
disengaged from the pipe element 12, and the pipe element, now having

a circumferential groove 150, may be removed from the chuck.

It is expected that devices 10 for cold working pipe elements will
permit the formation of circumferential grooves in the pipe elements at
the desired distance from the end of the pipe element over a range of
pipe diameter tolerances while reducing pipe end flare and maintaining
the roundness of the pipe element.
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What is claimed is:

1. A device for cold working a pipe element, said device

comprising:

a housing;

a plurality of cam gears mounted within said housing, each
one of said cam gears being rotatable about a respective one of a plurality
of first axes of rotation, said first axes of rotation being parallel to one
another, said cam gears being positioned about a central space for
receiving said pipe element;

a plurality of cam bodies, each said cam body mounted on a

respective one of said cam gears;

a plurality of cam surfaces, each one of said cam surfaces
extending around a respective one of said cam bodies and being
engageable with said pipe element received within said central space,
each one of said cam surfaces comprising a region of increasing radius
and a discontinuity of said cam surface, each one of said radii being

measured from a respective one of said first axes of rotation;

a traction surface extending around at least one of said cam
bodies, said traction surface comprising a plurality of projections
extending outwardly from said at least one cam body, said traction
surface having a gap therein, said gap being aligned axially with said
discontinuity of said one cam surface surrounding said at least one cam

body;

an engagement assembly positioned within said central space,
said pipe element contacting said engagement assembly upon insertion of
said pipe element into said central space;
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a plurality of synchronization gears mounted within said
housing, each one of said synchronization gears being rotatable about a
respective one of a plurality of second axes of rotation, said second axes
of rotation being parallel to said first axes of rotation; wherein

each one of said synchronization gears meshes with two of
said cam gears.

2. The device according to claim 1, wherein each said radius of
each said cam surface is measured from said respective first axis of

rotation of a respective said cam gear.

3. The device according to claim 1, wherein the number of

synchronization gears is one less than the number of cam gears.

4. The device according to claim 1, comprising at most five of said

cam gears.

5. The device according to claim 4, comprising at most four of said

synchronization gears.

6. The device according to claim 1, wherein said engagement
assembly comprises a cup, said cup surrounding a central axis and
defining an opening for receiving said pipe element upon insertion of said
pipe element into said central space.

7. The device according to claim 6, wherein said cup comprises an
inner surface having a first diameter at said opening and a second
diameter distal to said opening, said first diameter being greater than said
second diameter.

8. The device according to claim 7, wherein said inner surface is

conical.
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9. The device according to claim 7, further comprising a pipe stop
body positioned within said cup, said pipe stop body being movable along
said central axis relatively to said cup, said cup being movable along said

central axis relatively to said cam bodies.
10. The device according to claim 9, further comprising:

a ring mounted on said pipe stop body concentric with said

central axis;

a first cam stop surface projecting from one of said cam
bodies; wherein

said pipe stop body is movable relatively to said cam bodies
between a first position, wherein said ring is engageable with said first
cam stop surface thereby limiting rotation of said cam bodies, and a
second position, wherein said ring is not engageable with said first cam

stop surface, thereby permitting rotation of said cam bodies.

11. The device according to claim 10, wherein said first cam stop
surface is positioned adjacent to said discontinuity of said cam surface on
said one cam body.

12. The device according to claim 10, further comprising a rib
projecting from said one cam body, said rib positioned adjacent to said
cam surface on said one cam body and extending around a portion of said
one cam body, said first cam stop surface being positioned on a first end

of said rib.

13. The device according to claim 12, further comprising a second
cam stop surface positioned on a second end of said rib, said second cam
stop surface projecting from said one cam body, said second cam stop
surface being positioned in spaced relation to said first cam stop surface.
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14. The device according to claim 13, wherein at least one of said

first and second cam stop surfaces has a concave curvature.

15. The device according to claim 10, further comprising a stop
spring acting on said pipe stop body for biasing said pipe stop body

toward said opening of said cup.

16. The device according to claim 15, further comprising a cup

spring acting on said cup for biasing said cup toward said pipe stop body.
17. The device according to claim 10, wherein:

said pipe stop body comprises a plate engageable with said
pipe element received within said central space, a plurality of legs
projecting from said plate, said ring being attached to said legs, said ring

being arranged coaxially with said central axis;

said cup comprises a plurality of slots extending axially along
said central axis, said legs extending through said slots.

18. The device according to claim 9, further comprising a shaft
positioned coaxially with said central axis, said cup and said pipe stop

body surrounding said shaft.

19. The device according to claim 1, wherein each of said cam
surfaces further comprises a region of constant radius positioned adjacent

to a respective one of said discontinuities.

20. The device according to claim 1, further comprising a plurality
of said traction surfaces, each one of said traction surfaces extending

around a respective one of said cam bodies.

21. The device according to claim 10, further comprising a plurality
of said first cam stop surfaces, each one of said first cam stop surfaces
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being positioned adjacent to a respective one of said discontinuities of one
of said cam surfaces on each one of said cam bodies.

22. The device according to claim 21, further comprising a plurality
of ribs, each said rib projecting from a respective one of said cam bodies,
said ribs extending around a portion of said cam bodies, each said first
stop surface being positioned on an end of each of said ribs.

23. The device according to claim 1, wherein said traction surface
is positioned on said one cam body in spaced relation to said cam surface

extending around said one cam body.

24. The device according to claim 1, wherein said traction surface
has a constant radius measured from said first axis of rotation of said one
cam body.

25. The device according to claim 1, wherein said cam surface on
said one cam body is positioned between said gear and said traction
surface on said one cam body.

26. The device according to claim 25, wherein said cam surface on
said one cam body is positioned proximate to said traction surface on said
one cam body.

27. The device according to claim 25, wherein said first cam stop
surface is positioned between said cam surface and said gear on said one

cam body.
28. The device according to claim 1, further comprising:

a first action surface positioned on a first one of said cam
bodies of said plurality of cam bodies, said first action surface being offset
from a first one of said first axes of rotation about which said first one of

said cam bodies rotates;
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an actuator movably mounted on said housing, said actuator
being movable into engagement with said first action surface for rotating
said first one of said cam bodies about said first one of said first axes of
rotation.

29. The device according to claim 28, wherein said actuator
comprises a first lever pivotably mounted on said housing, said first lever
having a drive surface engageable with said first action surface for

rotating said first one of said cam bodies about said first one of said axes.

30. The device according to claim 29, further comprising:

a second action surface positioned on a second one of said
cam bodies of said plurality of cam bodies, said second action surface
being offset from a second one of said first axes of rotation about which

said second one of said cam bodies rotates;

an over travel stop movably mounted on said housing, said
over travel stop being movable into engagement with said second action
surface for halting rotation said second one of said cam bodies about said
second one of said first axes of rotation.

31. The device according to claim 30, wherein said over travel stop

comprises:

a second lever mounted on said housing for pivoting motion
about a pivot axis, a hook mounted on said second lever and positioned
on one side of said pivot axis, said hook being engageable with said

second action surface;

a spur mounted on said second lever on an opposite side of
said pivot axis, said first lever being movable into engagement with said
spur for pivoting said second lever to move said hook out of engagement
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with said second action surface upon movement of said first lever into
engagement with said first action surface;

a return spring acting between said housing and said second
lever for biasing said hook into engagement with said second action

surface.

32. The device according to claim 1, further comprising a chuck for
receiving said pipe element, said chuck being rotatable about a chuck
axis, said chuck axis being arranged coaxially with said central axis.

33. The device according to claim 32, wherein said housing is

pivotably and axially slidably mounted adjacent to said chuck.

34. The device according to claim 1, further comprising a motor
engaged with said chuck for rotating said chuck about said chuck axis.

35. A device for cold working a pipe element, said device
comprising:

a housing;

a plurality of cam gears mounted within said housing, each
one of said cam gears being rotatable about a respective one of a plurality
of first axes of rotation, said first axes of rotation being parallel to one
another, said cam gears being positioned about a central axis surrounded

by a central space for receiving said pipe element;

a plurality of cam bodies, each said cam body mounted on a
respective one of said cam gears;

a plurality of cam surfaces, each one of said cam surfaces
extending around a respective one of said cam bodies and being
engageable with said pipe element received within said central space,
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each one of said cam surfaces comprising a region of increasing radius

and a discontinuity of said cam surface;

a first cam stop surface projecting from one of said cam
bodies;

a pipe stop body positioned within said central space, said
pipe stop body being engageable with said pipe element received within
said central space, said pipe stop body being movable along said central
axis relatively to said cam bodies between a first position engageable with
said first cam stop surface, thereby limiting rotation of said cam bodies,
and a second position, not engageable with said first cam stop surface,
thereby permitting rotation of said cam bodies.

36. The device according to claim 35, wherein each said radius of
each said cam surface is measured from said respective first axis of

rotation of a respective said cam gear.

37. The device according to claim 35, wherein said pipe stop body
comprises a ring arranged coaxially with said central axis, said ring being
engageable with said first cam stop surface and thereby limiting rotation
of said cam bodies when said pipe stop body is in said first position, and
wherein said ring is not engageable with said first cam stop surface when
said pipe stop body is in said second position, thereby permitting rotation
of said cam bodies.

38. The device according to claim 35, wherein said first cam stop
surface is positioned adjacent to said discontinuity of said cam surface on
said one cam body.

39. The device according to claim 35, further comprising a rib
projecting from said one cam body, said rib positioned adjacent to said

cam surface on said one cam body and extending around a portion of said
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one cam body, said first cam stop surface being positioned on a first end
of said rib.

40. The device according to claim 39, further comprising a second
cam stop surface positioned on a second end of said rib, said second cam
stop surface projecting from said one cam body, said second cam stop
surface being positioned in spaced relation to said first cam stop surface.

41. The device according to claim 40, wherein at least one of said

first and second cam stop surfaces has a concave curvature.

42. The device according to claim 35, further comprising a cup
surrounding said central axis and defining an opening for receiving said
pipe element upon insertion of said pipe element into said central space,
said pipe stop body being positioned within said cup, said cup being
movable along said central axis relatively to said cam bodies.

43. The device according to claim 42, wherein said cup comprises
an inner surface having a first diameter at said opening and a second
diameter distal to said opening, said first diameter being greater than said
second diameter.

44, The device according to claim 43, wherein said inner surface is

conical.

45. The device according to claim 42, further comprising a stop
spring acting on said pipe stop body for biasing said pipe stop body
toward said opening of said cup.

46. The device according to claim 45, further comprising a cup
spring acting on said cup for biasing said cup toward said pipe stop body.

47. The device according to claim 42, wherein:
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said pipe stop body comprises a plate engageable with said
pipe element received within said central space, a plurality of legs
projecting from said plate, a ring being attached to said legs, said ring

being arranged coaxially with said central axis;

said cup comprises a plurality of slots extending axially along
said central axis, said legs extending through said slots; wherein

said ring is engageable with said first cam stop surface and
thereby limits rotation of said cam bodies when said pipe stop body is in
said first position, and wherein said ring is not engageable with said first
cam stop surface when said pipe stop body is in said second position,
thereby permitting rotation of said cam bodies.

48. The device according to claim 42, further comprising a shaft
positioned coaxially with said central axis, said cup and said pipe stop

body surrounding said shaft.

49, The device according to claim 35, further comprising a plurality
of synchronization gears mounted within said housing, each one of said
synchronization gears being rotatable about a respective one of a plurality
of second axes of rotation, said second axes of rotation being parallel to
said first axes of rotation wherein each one of said synchronization gears
meshes with two of said cam gears.

50. The device according to claim 49, wherein the number of

synchronization gears is one less than the number of cam gears.

51. The device according to claim 49, comprising at most five of

said cam gears.

52. The device according to claim 51, comprising at most four of

said synchronization gears.
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53. The device according to claim 35, wherein each of said cam
surfaces further comprises a region of constant radius positioned adjacent
to a respective one of said discontinuities.

54. The device according to claim 35, further comprising a plurality
of said traction surfaces, each one of said traction surfaces extending
around a respective one of said cam bodies.

55. The device according to claim 35, further comprising a plurality
of said first cam stop surfaces, each one of said first cam stop surfaces
being positioned adjacent to a respective one of said discontinuities of one
of said cam surfaces on each one of said cam bodies.

56. The device according to claim 55, further comprising a plurality
of ribs, each said rib projecting from a respective one of said cam bodies,
said ribs extending around a portion of said cam bodies, each said first

stop surface being positioned on an end of each of said ribs.

57. The device according to claim 35, wherein said traction surface

overlies one of said cam surfaces.

58. The device according to claim 35, wherein said traction surface
is positioned on said one cam body in spaced relation to said cam surface

extending around said one cam body.

59. The device according to claim 35, wherein said traction surface
has a constant radius measured from said first axis of rotation of said one
cam body.

60. The device according to claim 35, wherein said cam surface on
said one cam body is positioned between said gear and said traction

surface on said one cam body.
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61. The device according to claim 60, wherein said cam surface on
said one cam body is positioned proximate to said traction surface on said
one cam body.

62. The device according to claim 60, wherein said first cam stop
surface is positioned between said cam surface and said gear on said one
cam body.

63. The device according to claim 35, further comprising:

a first action surface positioned on a first one of said cam
bodies of said plurality of cam bodies, said first action surface being offset
from a first one of said first axes of rotation about which said first one of

said cam bodies rotates;

an actuator movably mounted on said housing, said actuator
being movable into engagement with said first action surface for rotating
said first one of said cam bodies about said first one of said first axes of

rotation.

64. The device according to claim 63, wherein said actuator
comprises a first lever pivotably mounted on said housing, said first lever
having a drive surface engageable with said first action surface for
rotating said first one of said cam bodies about said first one of said axes.

65. The device according to claim 64, further comprising:

a second action surface positioned on a second one of said
cam bodies of said plurality of cam bodies, said second action surface
being offset from a second one of said first axes of rotation about which
said second one of said cam bodies rotates;

an over travel stop movably mounted on said housing, said

over travel stop being movable into engagement with said second action
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surface for halting rotation said second one of said cam bodies about said
second one of said first axes of rotation.

66. The device according to claim 65, wherein said over travel stop

comprises:

a second lever mounted on said housing for pivoting motion
about a pivot axis, a hook mounted on said second lever and positioned
on one side of said pivot axis, said hook being engageable with said
second action surface;

a spur mounted on said second lever on an opposite side of
said pivot axis, said first lever being movable into engagement with said
spur for pivoting said second lever to move said hook out of engagement
with said second action surface upon movement of said first lever into

engagement with said first action surface;

a return spring acting between said housing and said second
lever for biasing said hook into engagement with said second action

surface.

67. The device according to claim 35, further comprising a chuck
for receiving said pipe element, said chuck being rotatable about a chuck
axis, said chuck axis being arranged coaxially with said central axis.

68. The device according to claim 67, wherein said housing is

pivotably and axially slidably mounted adjacent to said chuck.

69. The device according to claim 35, further comprising a motor
engaged with said chuck for rotating said chuck about said chuck axis.
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