WO 2019/125855 PCT/US2018/065136

10

15

20

25

Pipe Grooving Device
Cross Reference to Related Applications

This application is based upon and claims benefit of priority to US Provisional
Application No. 62/607,340, filed December 19, 2017, and US Provisional Application No.
62/717,086, filed August 10, 2018, both of these applications being hereby incorporated by

reference herein.
Field of the Invention

This invention relates to machines using cams to cold work pipe elements.

Background

Cold working of pipe elements, for example, impressing a circumferential groove in
a pipe clement 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 simultancously 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.
Additionally, impressing a circumferential groove near the end of a pipe element often causes
the end region of the pipe element to expand in diameter, a phenomenon known as “flare™.
Flare and pipe element tolerances must be accounted for in the design of mechanical
couplings and seals and this complicates their design and manufacture. These considerations

have resulted in complicated prior art devices which, for example, require actuators for
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forcing the rollers into engagement with the pipe element and the need for the operator to
adjust the roller travel to achieve the desired groove radius. Additionally, prior art roll
grooving machines apply significant torque to the pipe element and 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
accurately cold work pipe elements which are simple yet produce faster results with less

operator involvement.

Summary

The invention concerns a device for forming a circumferential groove in a pipe
element. In one example embodiment the device comprises a pinion fixed against rotation
about a pinion axis arranged coaxially with the pinion. An expanding die is positioned
adjacent to the pinion and concentric with the pinion axis. The expanding dic has a plurality
of die segments movable radially toward and away from the pinion axis. Each die segment
has a die face facing away from the pinion axis and engageable with an inner surface of the
pipe element when moved away therefrom. An actuator is coupled to the expanding die for
moving the die segments toward and away from the pinion axis. A carriage surrounds the
expanding die. The carriage is rotatable about the pinion axis. The carriage defines an
opening arranged coaxially with the pinion axis for receiving the pipe element. A plurality of
gears are mounted on the carriage. Each gear is rotatable relatively to the carriage about a
respective gear axis. Each gear engages with the pinion. One of a plurality of cam bodies are
each mounted on a respective one of the gears. One of a plurality of first cam surfaces extend
around a respective one of the cam bodies. Each one of the first cam surfaces comprises a
region of increasing radius and a discontinuity. The pipe element is positioned between the

die faces and the first cam surfaces when the pipe element is received within the opening.

In an example embodiment the actuator comprises a draw bar positioned coaxially
with the expanding die and movable along the pinion axis. Motion of the draw bar moves the
die segments toward and away from the pinion axis. A cylinder has a piston coupled to the

draw bar for moving the draw bar along the pinion axis.
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By way of example, each the gear may have a same pitch circle diameter. At least
one traction surface may extend around one of the cam bodies. The at least one traction
surface is engageable with the pipe element. Further by way of example the pinion may have

a pitch circle diameter equal to an outer diameter of the pipe element.

In an example embodiment, at least one traction surface extends around one of the
cam bodies. The at least one traction surface is engageable with the pipe element. The at least
one traction surface has a pitch circle diameter equal to a pitch circle diameter of one of the

gears.

In an example, each one of the first cam surfaces further comprises a region of

constant radius positioned adjacent to a respective one of the discontinuities.

By way of example, the at least one traction surface has a gap therein, the gap being
aligned axially with the discontinuity of the first cam surface surrounding the one cam body.
Additionally by example, the at least one traction surface has a gap therein, the gap being

aligned axially with the discontinuity of the first cam surface surrounding the one cam body.

An example embodiment further comprises a plurality of the traction surfaces. Each
one of the traction surfaces extends around a respective one of the cam bodies. Each one of
the traction surfaces has a gap therein. Each gap is aligned axially with a respective one of the
discontinuities of the first cam surfaces on each one of the cam bodies. In an example, the at
least one traction surface is positioned on the one cam body in spaced relation to the first cam
surface extending around the one cam body. In a further example, the at least one traction
surface is positioned on the one cam body in spaced relation to the first cam surface

extending around the one cam body.

An example embodiment may comprise at least three gears. Another example
embodiment may comprise at least four gears. Further by way of example, one of the first
cam surfaces is positioned between the gear and the at least one traction surface. In another
example, one of the first cam surfaces is positioned proximate to the at least one traction
surface. In an example embodiment, the at least one traction surface comprises a plurality of

projections extending outwardly therefrom.



10

15

20

25

WO 2019/125855 PCT/US2018/065136

An example embodiment further comprises a plurality of second cam surfaces. Each
one of the second cam surfaces extends around a respective one of the cam bodies and is
positioned in spaced relation to a respective one of the first cam surfaces. Each one of the
second cam surfaces may comprise a region of increasing radius and a discontinuity. Each
discontinuity of the second cam surfaces is aligned with a respective one of the
discontinuities of the first cam surfaces. Further by way of example, ecach one of the second
cam surfaces may comprise a region of constant radius positioned adjacent to a respective
one of the discontinuities of the second cam surfaces. In another example embodiment, each

one of the second cam surfaces has a constant radius.

An example embodiment further comprises at least one traction surface extending
around one of the cam bodies. The at least one traction surface has a gap therein. The gap is
aligned axially with the discontinuity of the first cam surface surrounding the one cam body.
In a further example, the at least one traction surface comprises a plurality of projections
extending outwardly therefrom. In an example embodiment the first cam surface surrounding
the one cam body is positioned between the at least one traction surface and the second cam

surface surrounding the one cam body.

In an example embodiment, the first and the second cam surfaces surrounding the
one cam body are positioned between the at least one traction surface and one of the gears on
which the one cam body is mounted. In a further example, the first cam surface surrounding
the first cam body is positioned proximate to the at least one traction surface. The at least one
traction surface may have a pitch circle diameter equal to a pitch circle diameter of one of the
gears. An example further comprises a plurality of traction surfaces. Each one of the traction
surfaces extends around a respective one of the cam bodies. Each one of the traction surfaces
has a gap therein. Each gap is aligned axially with a respective one of the discontinuities of
the first cam surfaces on each one of the cam bodies. Each one of the traction surfaces may

comprise a plurality of projections extending outwardly therefrom.

In another example embodiment, each one of the first cam surfaces is positioned
between a respective one of the traction surfaces and a respective one of the second cam

surfaces on each cam body. The first and second cam surfaces may be positioned between the
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traction surface and the gear on each the cam body. The first cam surface may be positioned

proximate to the traction surface on each cam body.

The invention encompasses another example device for forming a circumferential
groove in a pipe element. In this example the device comprises a pinion fixed against rotation
about a pinion axis arranged coaxially with the pinion. A carriage surrounds the pinion. The
carriage is rotatable about the pinion axis and defines an opening arranged coaxially with the
pinion axis for receiving the pipe element. A plurality of gears are mounted on the carriage.
Each gear is rotatable relatively to the carriage about a respective gear axis. Each gear
engages with the pinion. A plurality of cam bodies, of which each cam body is mounted on a
respective one of the gears, include a plurality of first cam surfaces. Each one of the first cam
surfaces extend around a respective one of the cam bodies and is engageable with the pipe
element received within the opening. Each one of the first cam surfaces comprises a region of
increasing radius. Each one of the first cam surfaces comprises a first discontinuity of the first
cam surface. In an example, each gear has a same pitch circle diameter. An example
embodiment may further comprise a plurality of second cam surfaces. Each one of the second
cam surfaces extends around a respective one of the cam bodies and is positioned in spaced

relation to one of the first cam surfaces.

In an example embodiment, each one of the second cam surfaces comprises a second
region of increasing radius. Each one of the second cam surfaces comprises a second
discontinuity of the second cam surface. The second discontinuity is aligned with the first
discontinuity on each cam body. By way of example, each one of the first cam surfaces
comprises a region of constant radius positioned adjacent to a respective one of the first
discontinuities. In a further example, each one of the second cam surfaces comprises a region
of constant radius positioned adjacent to a respective one of the second discontinuities. Each
one of the second cam surfaces may have a constant radius. An example embodiment further
comprises at least one traction surface extending around one of the cam bodies. The at least
one traction surface has a gap therein. The gap is aligned axially with the first discontinuity of

the first cam surface surrounding the one cam body.
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In an example embodiment, the at least one traction surface may comprise a plurality
of projections extending outwardly therefrom. Further by way of example, the at least one
traction surface may be positioned proximate to the first cam surface surrounding the one
cam body. In another example, the pinion has a pitch circle diameter equal to an outer
diameter of the pipe element. In a further example, the at least one traction surface may have

a pitch circle diameter equal to a pitch circle diameter of one of the gears.

An example embodiment may further comprise a plurality of traction surfaces. Each
one of the traction surfaces extend around a respective one of the cam bodies. Each one of the
traction surfaces has a gap therein. Each gap is aligned axially with a respective one of the
discontinuities of the first cam surfaces on each one of the cam bodies. Each one of the
traction surfaces has a pitch circle diameter equal to the pitch circle diameters of the gears.
By way of example, at least one traction surface extends around one of the cam bodies. The at
least one traction surface has a gap therein. The gap is aligned axially with the first
discontinuity of the first cam surface surrounding the one cam body. By way of example, the
pinion has a pitch circle diameter equal to an outer diameter of the pipe element. Also in an
example, the at least one traction surface may have a pitch circle diameter equal to a pitch
circle diameter of one of the gears. In an example embodiment, the first cam surface may be
positioned between the at least one traction surface and the second cam surface surrounding
the one cam body. Further by way of example, the first and second cam surfaces may be
positioned between the at least one traction surface and the gear on which the one cam body

1s mounted.

Another example embodiment further comprises a plurality of the traction surfaces.
Each one of the traction surfaces extends around a respective one of the cam bodies. Each one
of the traction surfaces has a gap therein. Each gap is aligned axially with a respective one of
the discontinuities of the first cam surfaces on each one of the cam bodies. Each one of the
traction surfaces has a pitch circle diameter equal to the pitch circle diameters of the gears.
By way of example, each one of the first cam surfaces may be positioned between a
respective one of the traction surfaces and a respective one of the second cam surfaces on
cach the cam body. In a further example, each one of the first and second cam surfaces may

be positioned between the respective one of the traction surface and a respective one of the
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gears on each the cam body. Also by way of example, each one of the first cam surfaces may

positioned proximate to a respective one of the traction surfaces on each the cam body.

An example embodiment may comprise at least three gears. An example embodiment
may comprise at least four gears. An example embodiment may further comprise a cup

positioned adjacent to the pinion and facing the opening. The pipe element abuts the cup.

The invention also encompasses a plurality of cams for cold working a pipe element.
The cams are rotated circumferentially about the pipe element. By way of example, each cam
comprises a cam body having an axis of rotation. A first cam surface extends around the cam
body. The first cam surface comprises a first region of increasing radius and a first
discontinuity of the first cam surface. A second cam surface extends around the cam body
and is positioned in spaced relation along the axis of rotation to the first cam surface. By way
of example, the second cam surface may comprise a second region of increasing radius and a
second discontinuity of the second cam surface. The second discontinuity is aligned with the
first discontinuity. The first cam surface may have a region of constant radius positioned
adjacent to the first discontinuity. The second cam surface may have a region of constant
radius positioned adjacent to the second discontinuity. In an example embodiment, the
second cam surface may have a constant radius.

An example embodiment may further comprise a traction surface extending around
the cam body. The traction surface has a gap therein. The gap is aligned axially with the first
discontinuity. In an example, the traction surface comprises a plurality of projections
extending outwardly therefrom. By way of example, the first cam surface may be positioned
between the traction surface and the second cam surface. Another example embodiment
comprises a gear mounted on the cam body. The gear is arranged coaxially with the axis of
rotation. In an example embodiment, the first and second cam surfaces may be positioned

between the traction surface and the gear.
Brief Description of the Drawings

Figure 1 is a longitudinal sectional view of an example device for forming

circumferential grooves in pipe elements;
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Figure 1A is a longitudinal sectional view on an enlarged scale of a portion of the

device shown in Figure 1;

Figure 2 is a longitudinal sectional view of the device shown in Figure 1 forming a

circumferential groove in a pipe element;

5 Figure 2A is a longitudinal sectional view on an enlarged scale of a portion of the

device shown in Figure 2;

Figures 3 and 3A are exploded isometric views of selected components of the device

shown in Figure 1;

Figure 4 is an isometric view of an example cam used in the device shown in Figure

10 1 on an enlarged scale;

Figure 5 is an end view of an example cam used in the device shown in Figure 1 on

an enlarged scale;

Figure 6 is a side view of an example cam used in the device shown in Figure 1 on an

enlarged scale;

15 Figure 7 is an isometric view of a gear reduction assembly used in the device shown

in Figure 1;
Figure 8 is an end view of selected components used in the device shown in Figure 1;

Figure 9 is a longitudinal sectional view of an example device for forming

circumferential grooves in pipe elements;

20 Figure 9A is a longitudinal sectional view on an enlarged scale of a portion of the

device shown in Figure 9;

Figure 10 is a longitudinal sectional view of the device shown in Figure 9 forming a

circumferential groove in a pipe element;
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Figure 10A is a longitudinal sectional view on an enlarged scale of a portion of the

device shown in Figure 10,

Figure 11 is an exploded isometric view of selected components of the device shown

in Figure 9;

Figure 12 is a side view of an example cam used in the device shown in Figure 9 on

an enlarged scale;

Figure 13 is an end view of an example cam used in the device shown in Figure 9 on

an enlarged scale; and

Figure 14 is an end view of selected components used in the device shown in Figure

Detailed Description

Figures 1 and 1A show an example device 10 for forming a circumferential groove in
a pipe element. Device 10 is advantageous for grooving pipe elements having nominal
diameters of 1.25 inches or greater. Device 10 comprises a pinion 12 mounted on an
intermediate shaft 14 (see also Figure 3). Pinion 12 and intermediate shaft 14 are fixedly
mounted against rotation about a pinion axis 16 arranged coaxially with the pinion and shaft.
Rotational fixity of the pinion 12 is accomplished using a key 18 between the pinion and the
intermediate shaft 14 as well as engaging a portion 14a of the intermediate shaft 14 with a
fixing mount 20. The fixing mount 20 is fixedly mounted on a base 22. Portion 14a of
intermediate shaft 14 has a polygonal cross section which engages an opening 24 which
extends through the fixing mount 20. The shape of opening 24 is matched to that of portion
14a of the intermediate shaft 14 and will thus prevent rotation of the shaft about the pinion
axis 16 but allow axial motion of the shaft. In this example embodiment, portion 14a has a

square cross section and opening 24 has a substantially matching square shape.

A carriage 26 surrounds the pinion 12. Carriage 26 is mounted on the flange 28 of an
outer shaft 30. Outer shaft 30 is hollow, surrounds and is coaxial with the intermediate shaft

14. Bearings 32 positioned between the outer shaft 30 and the intermediate shaft 14 permit
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the outer shaft, and hence the carriage 26 attached thereto, to rotate about the pinion axis 16
relatively to intermediate shaft 14. The carriage 26 defines an opening 34 for receiving a pipe
element in which a groove is to be formed. Opening 34 is arranged coaxially with the pinion
axis 16. A stop plate 36 is mounted on the intermediate shaft 14 via the pinion 12. Stop plate
36 is movable axially along pinion axis 16 with the intermediate shaft 14 and the pinion 12.
The stop plate 36, intermediate shaft 14 and pinion 12 are biased toward the opening 34 by
springs 38 acting between the pinion and the outer shaft 30 via the shaft flange 28. Because
intermediate shaft 14 is fixed in rotation relatively to the base 22, thrust bearings 40 may be
used between pinion 12 and springs 40 to protect the springs 38 which rotate with the flange
28 and the outer shaft 30, and reduce friction between the pinion 12 and the flange 28. The
stop plate 36 cooperates with pinion 12 and thrust bearings 40 to provide a positive stop

which locates the pipe element for proper positioning of the groove.

A plurality of gears 42 are mounted on the carriage 26. In the example embodiment
shown in Figures 1, 2 and 3, the carriage has 4 gears spaced at angles of 90° from one
another. Each gear 42 is rotatable about a respective gear axis 44. In a practical
embodiment, each gear is mounted on a gear shaft 46 fixed between front and rear plates 48
and 50 comprising the carriage 26. Bearings 52 positioned between each gear 42 and its
respective shaft 46 provide for low friction rotation of the gears within the carriage 26. Each

gear 42 engages with the pinion 12.

As shown in Figure 4, a cam body 54 is mounted on each gear 42. A first cam
surface 56 extends around each cam body 54. First cam surfaces 56 are engageable with the
pipe element received through the opening 34. As shown in Figure 5, first cam surface 56
comprises a region of increasing radius 58 and a discontinuity 60 of the cam surface.
Discontinuity 60 is a position on the cam body 54 where the cam surface 56 does not contact
the pipe element. It is further advantageous to include, as part of each first cam surface 56, a
region of constant radius 62 positioned adjacent to the discontinuity 60. At least one traction
surface 64 may extend around one of the cam bodies 54. In the example shown in Figure 3, a
respective traction surface 64 extends around each cam body 54. The traction surfaces 64 are
also engageable with a pipe element received within the carriage 26, but each traction surface

has a gap 66 aligned axially (i.e., in a direction along the gear axis 44) with the discontinuity

10
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60 in the first cam surface 56 on each cam body 54. As shown in Figure 4, the traction
surface 64 may comprise a plurality of projections 68 extending outwardly therefrom. The
projections provide purchase between the pipe element and the traction surface 64 during
device operation and may be formed, for example, by knurling the traction surface. The
traction surface has pitch circle with a diameter 128. When projections 68 are present on
traction surface 64, pitch diameter 128 of the traction surface will be determined by the
interaction of projections 68 with pipe element 79, including the impression made by the
projections 68 upon pipe element 79. If projections 68 are not present, the pitch circle
diameter 127 of the traction surface 64 will equal that of the traction surface. As further
shown in Figure 4, the first cam surface 56 is positioned between the gear 42 and the traction
surface 64, in spaced relation to the traction surface but proximate to it as compared with the

gear.

As shown in Figures | and 4, a second cam surface 70 is also positioned on the cam
body 54 and extends there around. Second cam surface 70 is a controlled flare surface. Flare
is the radial expansion of the pipe element’s end which tends to occur when a circumferential
groove is formed near that end. The second cam surface 70 (controlled flare surface) is
positioned adjacent to the gear 42 so that it contacts the pipe element near its end where flare
would be most pronounced as a result of groove formation. As shown in Figures 4 and 6,
except for its discontinuity 70a, the second cam surface 70 has a constant radius 72 sized to
engage the pipe element to control the flare and, for example, maintain its end at the pipe
element’s original nominal diameter during and after groove formation. Discontinuity 70a is
aligned with the discontinuity 60 in the first cam surface 56 and is a position on the cam body
54 where the cam surface 70 does not contact the pipe element. In alternate embodiments,
the second cam surface 70 may have a region of increasing radius and a finishing region of
constant radius, or second cam surface 70 may have an increasing radius over its entire arc

length.

As shown in Figures 1, 3 and 3A, device 10 further comprises an expanding die 74
positioned adjacent to the pinion 12. In this example die 74 comprises four segments 76
radially slidably mounted on pinion 12 and coupled to an actuator. In this example, the

actuator comprises a draw bar 78 which extends through a hollow bore 80 of the intermediate

11
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shaft 14. The draw bar 78 has a tapered, faceted end 82 which engages mating facet surfaces
84 on each die segment 76. Draw bar 78 is movable axially within bore 80 relatively to the
intermediate shaft 14 and die segments 76 are movable radially toward and away from the
pinion axis 16 relatively to the pinion 12. Radial motion of the die segments 76 is effected by
axial motion of the draw bar 78. Figures 1 and 1A illustrate the draw bar 78 and die
segments 76 in the retracted position and Figures 2 and 2A illustrate the draw bar and die
segments in the expanded position. When the draw bar 78 is extended toward the opening 34
of carriage 26 (Figures 1, 1A) the die segments 76 are positioned on the smaller part of the
tapered end 82 of the draw bar 78 and the die segments are in their retracted position. Die 74
further comprises circular springs 86 (see Figure 3A) which surround and bias the die
segments 76 into the retracted position. When the draw bar 78 is drawn away from the
opening 34 of carriage 26 (Figures 2, 2A) the die segments 76, being axially fixed on pinion
12, are forced radially outwardly through interaction between the facet surfaces 84 on each
segment 76 and the tapered, faceted end 82 of the draw bar 78. When the draw bar 78 is
returned toward the opening 34 of carriage 26, the die segments 76 travel radially inwardly

under the influence of circular springs 86 and return to the retracted position.

As further shown in Figures 1A and 3A, each die segment 76 has a die face 88 which
faces radially away from the pinion axis 16 so as to engage the inner surface of a pipe
element received within the carriage 26. Die faces 88 have a profile shape which is
coordinated with the shape of the first cam surfaces 56 on the cam bodies 54. As described
below, the first cam surfaces 56 and the die faces 88 cooperate to form a circumferential
groove of a desired shape in the pipe element (see Figures 2, 2A). For pipe elements having a
nominal diameter of 1.25 inches or greater it may beadvantageous to use the die 74 in
conjunction with first cam surfaces 56 to more precisely control the final groove shape and
dimensions of the pipe element. Use of the die 74 is expected to produce better defined
circumferential grooves than is possible using cam surfaces alone. Note that die faces 88 have
a tapered surface 88a (Figures 1A, 2A and 3A) which provides free space for the second
(controlled flare) cam surfaces 70 to form the end of the pipe element when it is greater than
nominal diameter. Surfaces 88a are also useful when controlled flare surfaces 70 are used to

reduce the outer diameter of the pipe element.

12
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As shown in Figures | and 2, the actuator which moves draw bar 78 axially to expand
and retract die 74 further comprises a cylinder and piston 90. In this example embodiment,
cylinder and piston 90 comprises a double acting pneumatic cylinder 92 having a piston 94
coupled to the draw bar 78. Pneumatic cylinder 92 is mounted on a frame 96 which is
attached to the intermediate shaft 14 and is movable relatively to the base 22. Thus, the
pneumatic cylinder 92 moves axially with the intermediate shaft 14 but its piston 94 can
move the draw bar 78 relatively to the intermediate shaft 14. A position sensor 98 is used to
detect the position of the assembly which includes the draw bar 78, the die 74, the pinion 12,
the intermediate shaft 14 and the pneumatic cylinder 92 and its frame 96. The position sensor
98 may for example, comprise a proximity sensor or a micro switch. A pressure sensor 100 is
used to detect the pressure status of the pneumatic cylinder 92. Both the position sensor 98
and the pressure sensor 100 are in communication with a controller 102, which may
comprise, for example a programmable logic controller or other microprocessor. The
controller 102 uses information from the position sensor 98 and the pressure sensor 100 to

control operation of the device 10 as described below.

As shown in Figures 1 and 7, a reducing gear train 104 is used to rotate the outer
shaft 30 about the pinion axis 16. In this example embodiment the reducing gear train 104
comprises a worm screw 106 driven by a servo motor (not shown) controlled by controller
102. The servo motor acts as an indexing drive and has an encoder which provides precise
information as to the position of the motor shaft, thereby allowing precise control of the

rotation of the worm screw 106.

Worm screw 106 meshes with a worm wheel 108. As shown in Figures 1 and 7 the
worm wheel 108 is mounted on an output shaft 110 supported for rotation about the pinion
axis 16 on bearings 112 between the output shaft 110 and a gearbox 114, which is fixed to the
base 22. Output shaft 110 is coupled to the outer shaft 30 by a key 116, thus ensuring
rotation of the outer shaft 30 when the output shaft 110 is rotated by the worm screw 106 and

worm wheel 108.

Operation of device 10 begins with the cam bodies 54 positioned as shown in Figure

8, with the discontinuities 60 and 70a in their respective first and second cam surfaces 56 and

13
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70 (not visible) facing the pinion axis 16 and the gaps 66 in their respective traction surfaces
64 (when present) also facing pinion axis 16. This orientation of the cam bodies 54 is
established upon assembly of the gears 42 with the pinion 12 in the carriage 26 and is set as
the start position by the controller 102 (Figure 1) and the servo motor (not shown) acting
through the worm screw 106 and worm wheel 108. Die segments 76 are in their retracted

position (Figure 1A).

As shown in Figures 1 and 1A, with the cam bodies 54 in the start position and the
die segments 76 retracted, a pipe element 118 to be grooved is inserted through opening 34 in
carriage 26 and against the stop plate 36. The alignment of the gaps 66 in the traction
surfaces 64 (when present) and the respective discontinuities 60, 70a in the first and second
cam surfaces 56, 70 as well as the retracted position of the die segments 76 provide clearance
for pipe insertion. The pipe element 118 is further pressed against stop plate 36, compressing
the springs 38 and moving the assembly comprising the die 74, the pinion 12, the draw bar
78, thrust bearing 40 and the pneumatic cylinder 92 axially relatively to the base 22 and the
fixing mount 20 attached thereto, thereby reaching the positive stop state when thrust bearing
40 abuts flange 28. The position of the assembly is sensed by the position sensor 98 which
sends a signal indicative of the assembly position to the controller 102. Upon receipt of the
position signal, controller 102 commands the pneumatic cylinder 92 to pull the draw bar 78
away from the opening 34 of the carriage 26. This causes the die segments 76 to move
radially outward into an expanded position (Figures 2, 2A) and thereby engage the die faces
88 with the inner surface 120 of the pipe element 118. The expanded position of the die
segments 76 will vary depending upon the inner diameter of the pipe element. Pneumatic
cylinder 92 maintains force on draw bar 78, thereby locking the dies 76 against the pipe
element inner surface. When the pressure sensor 100 senses a threshold lower pressure on
the retract side of the pneumatic cylinder 92 indicating that the draw bar 78 has been pulled,
it sends a signal to the controller 102 indicative of the status of the die segments 76 as
expanded. Upon receipt of the die status signal from the pressure sensor 100 the controller
102 commands the servo motor to turn the worm screw 106, which turns the worm wheel
108. In this example rotation of the worm wheel 108 rotates the output shaft 110
counterclockwise (when viewed in Figure 8) which causes the outer shaft 30 to which it is

keyed (key 116, see Figure 2A) to rotate. Rotation of outer shaft 30 rotates carriage 26
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counterclockwise about the pinion axis 16. (The direction of rotation of carriage 26 is
predetermined by the arrangement of the first cam surfaces 56 on the cam bodies 54.) This
causes the gears 42 and their associated cam bodies 54 to orbit about the pinion axis 16.
However, the pinion 12 is fixed against rotation because the intermediate shaft 14 is locked to
fixing mount 20 by the interaction between intermediate shaft portion 14a and opening 24 of
the fixing mount. Because the gears 42 engage the (fixed) pinion 12, relative rotation of the
carriage 26 about the pinion axis 16 causes the gears 42, and their associated cam bodies 54,
to rotate about their respective gear axes 44 (see Figures 2, 2A and 8). Rotation of the cam
bodies 54 brings traction surfaces 64 and first cam surfaces 56 into contact with the outer
surface 124 of the pipe element 118. The traction surfaces 64 grip the pipe element while the
first cam surfaces 56 impress a groove into the pipe element outer surface 124 as the region
of increasing radius 58 and the region of constant radius 62 of each first cam surface 56
traverse the pipe element 118. The die segments 76 are engaged and support the inner
surface 120 of the pipe element 118 and the die faces 88 cooperate with the first cam surfaces

56 to form the circumferential groove.

The location of the first cam surfaces 56 and the second (controlled flare) cam
surfaces 70 on the cam bodes 54 are coordinated with the position of the pipe element 118
received within the carriage 26 so that the groove is formed at the desired distance from the
end of the pipe element 118 and the flare at the end of the pipe element is controlled, i.¢.,
limited or reduced to approximately its nominal diameter or smaller. The controller 102
rotates the carriage 26 through as many revolutions as necessary (depending upon the gear
ratio between the gears 42 and the pinion 12) to form a circumferential groove of
substantially constant depth for pipe elements having uniform wall thickness. In this example
embodiment only one revolution of the carriage is necessary to form a complete
circumferential groove of constant depth. Upon completion of groove formation the
controller 102, acting though the servo motor and gear train 104 returns the carriage 26 to a
position where gaps 66 in the traction surfaces 64 and the discontinuities 60 and 70a in the
first and second cam surfaces 56 and 70 again face the pinion axis 16 (Figure 8). The
controller 102 then commands the pneumatic cylinder 92 to move the draw bar 78 toward the
opening 34 and allow the die segments 76 to move radially inward to their retracted position

and disengage from the pipe element 118 under the biasing force of the circular springs 86
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(Figure 1 and 3A). This position of the cam bodies 54 and die 74 allows the pipe element
118 to be withdrawn from the carriage 26. As the pipe element 118 is withdrawn, springs 38
push the assembly comprising the draw bar 78, pinion 12, thrust bearing 40, intermediate
shaft 14, pneumatic cylinder 92 and die 74 back to its initial position and device 10 is again

ready to groove another pipe element.

Significant advantage is achieved with the device 10 because it applics minimal
torque to the pipe element during the grooving process while forming a groove to a fixed
diameter. As shown in Figures 8 and 5, this condition is achieved when: 1) the pitch circle
diameter 126 of pinion 12 is substantially equal to the outer diameter of the pipe element
(Figure 8); and, 2) the pitch circle diameter 128 of the traction surfaces 64 is substantially
equal to the pitch circle diameter 130 of the gears 42 (Figure 5). When these two conditions
are met, the traction surfaces 64 are constrained to traverse the outer surface of the pipe
element with little or no tendency to cause the pipe to rotate, and thus apply only minimal
torque to the pipe element. The terms “equal” and “substantially equal” as used herein to
refer to the relationship between the pitch circle diameters of pinions, gears and the traction
surfaces and the outer diameter of the pipe element means that the pitch circle diameter of the
pinion is close enough to the outer diameter of the pipe element and the pitch circle diameter
of the traction surface is close enough to the pitch circle diameter of the gears such that
minimal torque is applied to the pipe element. The pitch circle diameter of the pinion may be
considered “equal to” or “substantially equal to” the outer diameter of the pipe element for
practical purposes if the difference between these values is on the order of hundredths of an
inch. Because practical pipes have significant diametral tolerances from nominal, it is
expected that the relationship between the pitch circle diameter of the traction surfaces and
the outer diameter of the pipe element may be affected by pipe diameter deviation such that
torque will be applied to the pipe element, thereby making the use of an external clamp
advantageous in those cases. In device 10, die 74 may act as a clamp as it is mounted on the

pinion 12, which is fixed in rotation.

In a practical example design, a device 10 suitable for grooving pipe elements having
anominal pipe size of 2.5 inches uses four gears 42 and cam bodies 54 as shown. The outer

diameter of 2.5 inch nominal pipe is 2.875 inches. A pinion 12 having 36 teeth and a pitch
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circle diameter of 72 mm (2.835 inches) is close enough (a difference of 0.040 inches) such
that minimal torque is applied when the pitch circle diameters of the gears and the pitch circle
diameter of the traction surfaces are also substantially equal to one another. This example
embodiment uses gears 42 having 36 teeth with a pitch circle diameter of 72 mm (2.835
inches). The traction surfaces 64, when knurled or otherwise prepared, although not a gear,
have a substantially equivalent pitch diameter (i.c., the diameter of a cylinder which gives the
same motion as an actual gear), which is impressed into the pipe as it is traversed by the
traction surface. Differences between the pitch circle diameter of the traction surfaces and
the pitch circle diameter of the gears on the order of hundredths of an inch fulfill this
definition of “equal” or “equivalent” in practical applications. Considering the gear ratio
between the pinion 12 and the gears 42 are equal in this example, it is clear that the carriage
26 will make one revolution to form a complete circumferential groove about the pipe

clement.

In another example design suitable for 4 inch nominal size pipe having an outer
diameter of 4.5 inches, a pinion having 72 teeth with a pitch circle diameter of 4.5 inches is
feasible. This design uses 4 gears, each gear having 72 teeth and a pitch circle diameter of
4.5 inches. The 1:1 ratio between pinion and gear indicate a single carriage revolution is
required to form a complete groove. Other ratios between pinion and gear will result in

multiple or partial carriage revolutions to form a complete groove.

Device 10 is designed such that the carriage 26 and its associated gears 42, cam
bodies 54, pinion 12, outer shaft 30, intermediate shaft 14 and die 74 along with other related
components constitute an assembly 132 interchangeable with the gear train 104 to permit the
device to be readily adapted to groove a range of pipes having different diameters and wall
thicknesses. Interchangeability is afforded by the use of a removable clip 134 to secure the
outer shaft 30 to the gear box 114 and the key 116 between the outer shaft 30 and the output
shaft 110 of worm wheel 108 as well as attaching the intermediate shaft 14 to the frame 96 of
the pneumatic cylinder 92 by engaging the frame with slots 136 in the intermediate shaft and
attaching the piston 94 to the draw bar 78 also using mutually engaging slots and shoulders
138. The assembly 132 can be removed by lifting the pneumatic cylinder 92 so that the frame
96 disengages from the intermediate shaft 14 and the piston 94 disengages from the draw bar
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78, and then removing the retaining clip 34 (thereby allowing the outer shaft 30 to disengage
from the worm wheel 108) and sliding the assembly along the pinion axis 16. A different

carriage assembly, suitable for grooving a different pipe element, may then be substituted.

Devices 10 according to the invention are expected to increase the efficiency of pipe
grooving operations because they will operate rapidly and accurately on a wide range of pipe
element sizes and schedules without the need for stands to both support the pipe element and
accommodate its rotation and ensure alignment. Device 10 will also permit bent pipe
elements and pipe assemblies having elbow joints to be grooved without concern for rotation

of the transverse pipe element’s motion.

Figure 9 shows another device 11 for forming a circumferential groove in a pipe
element. Device 11 comprises a pinion 13 fixedly mounted against rotation about a pinion
axis 15 arranged coaxially with the pinion. Rotational fixity of the pinion 13 is accomplished
by mounting it on one end 17 of a pinion shaft 19, the opposite end 21 of the pinion shaft
being fixed to a post 23 by a key 25. The post is mounted on a base 27.

A carriage 29 surrounds the pinion 13. Carriage 29 is mounted on the flange 31 of a
drive shaft 33. Drive shaft 33 is hollow, surrounds and is coaxial with the pinion shaft 19.
Bearings 35 positioned between the drive shaft 33 and the pinion shaft 19 permit the drive
shaft, and hence the carriage 29 attached thereto, to rotate about the pinion axis 15. The
carriage 29 defines an opening 37 for receiving a pipe element in which a groove is to be
formed. Opening 37 is arranged coaxially with the pinion axis 15. As shown in Figures 9
and 11, a cup 39 is mounted coaxially with the pinion 13. The pipe element abuts the cup 39,
and in this example is mounted on a cup shaft 41 which extends coaxially through a bore 43
in the hollow pinion shaft 19. Cup shaft 41 is movable axially along pinion axis 15 and is
biased toward the opening 37 by a spring 45 acting between the pinion shaft 19 and the cup
39. The end 47 of the cup shaft 41 opposite to cup 39 is used in conjunction with a switch 49
mounted adjacent to the post 23 to activate the device as described below. In this example
embodiment the switch comprises a proximity sensor, but could also be a contact switch,

such as a micro-switch.
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A plurality of gears 51 are mounted on the carriage 29. In the example embodiment
shown in Figures 9 and 11, the carriage has 3 gears 51 spaced at angles of 120° from one
another. Each gear 51 is rotatable about a respective gear axis 53. In a practical
embodiment, each gear is mounted on a gear shaft 55 fixed between front and rear plates 57
and 59 comprising the carriage 29. Bearings 61 positioned between each gear 51 and its
respective shaft 55 provide for low friction rotation of the gears within the carriage 29. Each

gear 51 engages with the pinion 13.

As shown in Figure 12, a respective cam body 63 is mounted on each gear 51. A
respective cam surface 65 extends around each cam body 63. Cam surfaces 65 are
engageable with the pipe element received through the opening 37 and abutting the cup 39.
As shown in Figure 13, each cam surface 65 comprises a region of increasing radius 67 and a
discontinuity 69 of the cam surface. Discontinuity 69 is a position on the cam body 63 where
the cam surface 65 does not contact the pipe element. It is further advantageous to include, as
part of each cam surface 65, a region of constant radius 71 positioned adjacent to the
discontinuity 69. A traction surface 73 (see Figure 12) extends around at least one of the cam
bodies 63. In the example shown in Figure 11, a respective traction surface 73 extends
around each cam body 63. The traction surfaces 73 are also engageable with a pipe element
received within the carriage 29, but each traction surface has a gap 75 aligned axially (i.e., in
a direction along the gear axis 53) with the discontinuity 69 in the cam surface 65 on each
cam body 63. As shown in Figure 12, the traction surface 73 may comprise a plurality of
projections 77 extending outwardly therefrom. The projections provide additional purchase
between the pipe element and the traction surface 73 during device operation and may be
formed, for example, by knurling the traction surface. The traction surface has pitch circle
with a diameter 87. When projections 68 are present on traction surface 64, pitch diameter 87
of the traction surface will be determined by the interaction of projections 87 with pipe
element 79, including the impression made by the projections 87 upon pipe element 79. If
projections 68 are not present, the pitch circle diameter 87 of the traction surface 64 will
equal that of the traction surface. As further shown in Figure 12, the cam surface 65 is
positioned between the gear 51 and the traction surface 73, in spaced relation to the traction

surface but proximate to it as compared with the gear.
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As shown in Figures 9 and 7, a reducing gear train 104 is used to rotate the drive
shaft 33 about the pinion axis 15. In this example embodiment the reducing gear train 104
comprises a worm screw 106 driven by a servo motor (not shown) controlled by a
microprocessor, such as a programmable logic controller (not shown). The servo motor acts
as an indexing drive and has an encoder which provides precise information as to the position

of the motor shaft, thereby allowing precise control of the rotation of the worm screw 106.

Worm screw 106 meshes with a worm wheel 108. The worm wheel 108 is mounted
on a hollow output shaft 110 supported for rotation about the pinion axis 15 on bearings 112
between the output shaft 110 and a gearbox 114. Output shaft 110 is coupled to the drive
shaft 33 by a key 95, thus ensuring rotation of the drive shaft 33 when the output shaft 110 is

rotated by the worm screw 106 and worm wheel 108.

Operation of device 11 begins with the cam bodies 63 positioned as shown in Figure
14 with the discontinuities 69 in their respective cam surfaces 65 facing the pinion axis 15
and the gaps 75 (see Figure 11) in their respective traction surfaces 73 also facing pinion axis
15. This orientation of the cam bodies 63 is established upon assembly of the gears 51 with
the pinion 13 in the carriage 29 and is set as the start position by the control system and the

servo motor (not shown) acting through the worm screw 106 and worm wheel 108.

With the cam bodies 63 in the start position shown in Figure 14 a pipe element 79 to
be grooved is inserted through opening 37 in carriage 29 and abutting the cup 39 (see Figure
9). The alignment of the gaps 75 in the traction surfaces 73 and the discontinuitics 69 in the
cam surfaces 63 (see Figure 11) provide clearance for pipe insertion. The pipe element is
further pressed against cup 39, compressing the spring 45 and moving the cup 39 against a
positive stop (the face of the pinion shaft 19 in this example) such that an end 47 of the cup
shaft 41 interacts with the switch 49, in this example, a proximity switch. Closing switch 49
sends a signal to the control system which commands the servo motor to turn the worm screw
106, which turns the worm wheel 108. In this example rotation of the worm wheel 108
rotates the output shaft 110 counterclockwise (when viewed in Figure 14) which causes the
drive shaft 33 to which it is keyed (key 95) to rotate. Rotation of drive shaft 33 rotates

carriage 29 counterclockwise about the pinion axis 15. (The direction of rotation of carriage

20



WO 2019/125855 PCT/US2018/065136

10

15

20

25

30

29 is determined by the arrangement of the cam surfaces 65 on the cam bodies 63.) This
causes the gears 51 and their associated cam bodies 63 to orbit about the pinion axis 15.
However, the pinion 13 is fixed against rotation because the pinion shaft 19 is keyed to post
23 by key 25. Because the gears 51 engage pinion 13 the relative rotation of the carriage 29
about the pinion axis 15 causes the gears 51, and their associated cam bodies 63, to rotate
about their respective gear axes 53. Rotation of the cam bodies 63 brings traction surfaces 73
and cam surfaces 65 into contact with the outer surface 83 of the pipe element 79. The
traction surfaces 73 grip the pipe element 79 while the cam surfaces 65 impress a groove into
its outer surface 83 as the region of increasing radius 67 and the region of constant radius 71
of each cam surface 65 traverse the pipe element. The location of the cam surfaces 65 on the
cam bodes 63 is coordinated with the position of the pipe element when it is inserted enough
so as to reach a positive stop and trip the switch 49 so that the groove is formed at the desired
distance from the end of the pipe element. The controller rotates the carriage 29 through as
many revolutions as necessary (depending upon the gear ratio between the gears 51 and the
pinion 13) to form a circumferential groove of substantially constant depth in the pipe
element. Upon completion of groove formation the controller returns the carriage 29 to a
position where gaps 75 in the traction surfaces 73 and the discontinuities 69 in the cam
surfaces 65 again face the pinion axis 15 (see Figure 14). This position of the cam bodies 63
allows the pipe element 79 to be withdrawn from the carriage 29, and device 11 is ready to

groove another pipe element.

Significant advantage is achieved with the device 11 because it applies minimal
torque to the pipe element during the grooving process while forming a groove to a fixed
diameter. This condition is achieved when: 1) the pitch circle diameter 85 of pinion 13
(Figure 11) is equal to the outer diameter of the pipe element 79; and 2) the pitch circle
diameter 87 of the traction surfaces 73 is equal to the pitch circle diameter 89 of the gears 51
(Figure 12). When these two conditions are met, the traction surfaces 73 are constrained to
traverse the outer surface of the pipe element with little or no tendency to cause the pipe to
rotate, and thus apply only minimal torque to the pipe element. The term “equal” as used
herein to refer to the relationship between the pitch circle diameter of the pinion and the outer
diameter of the pipe means that the pitch circle diameter is close enough to the outer diameter

such that minimal torque is applied to the pipe element. Differences between the pitch circle
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diameter and the outer diameter of the pipe element on the order of hundredths of an inch
fulfill this definition of “equal” in practical applications. Because practical pipe elements
have significant diametral tolerances from nominal, it is expected that the relationship
between the pitch circle diameter of the traction surface and the outer diameter of the pipe
element may be affected by pipe diameter deviation such that torque will be applied to the
pipe element, thereby making the use of an external clamp 99 advantageous (see Figure 9) in

these cases.

In a practical example design, a device 11 suitable for grooving 1 inch nominal
diameter pipe uses three gears 51 and cam bodies 63 as shown. The outer diameter of 1 inch
nominal pipe is 1.315 inches. A pinion 13 having 21 teeth and a pitch circle diameter of 1
5/16 inches (1.3125 inches) is close enough (a difference of 0.0025 inches) such that minimal
torque is applied when the pitch circle diameters of the gears and the traction surfaces are
also equal to one another. This example embodiment uses gears 51 having 42 teeth with a
pitch circle diameter of 2 5/8 inches. The traction surfaces 73, when knurled or otherwise
prepared, although not a gear, have an equivalent pitch diameter (i.¢., the diameter of a
cylinder which gives the same motion as an actual gear), which is impressed into the pipe as
it is traversed by the traction surface. Differences between the pitch circle diameter of the
traction surfaces and the pitch circle diameter of the gears on the order of hundredths of an
inch fulfill this definition of “equal” or “equivalent” in practical applications. Considering the
gear ratio between the pinion 13 and the gears 51 in this example, it is clear that the carriage
29 will make two revolutions to form a complete circumferential groove about the pipe

element.

In another example design suitable for 2 inch nominal pipe having an outer diameter
of 2 3/8 inches (2.375 inches), a pinion having 30 teeth with a pitch circle diameter of 2.362
inches is feasible (a difference of 0.013 inches). This design uses 5 gears, each gear having
30 teeth and a pitch circle diameter of 2.362 inches. The 1:1 ratio between pinion and gear
indicate a single carriage revolution is required to form a complete groove. Designs with
more than three gears are advantageous when pipe elements having thin walls or larger
diameters are being grooved because such pipes have a tendency to bulge elastically over

regions between the cams when compressed between three cam surfaces 120° apart from one

22



10

15

20

25

WO 2019/125855 PCT/US2018/065136

another. This elastic behavior leads to greater spring back of the pipe elements to their
nominal shape and inhibits groove formation. However, more gears mean more cams
applying force at more points around the pipe element to better support the pipe element and
therefore significantly reduce elastic bulging. More constraints more closely spaced around
the pipe element force the deformation largely into the plastic regime where spring back is

reduced and compensated for.

Another example design uses 4 gears and cams for pipe elements of 1.25 and 1.5 inch

nominal diameter. Gear to pinion ratios of 1.5:1 and 1:1 are also feasible for this design.

Device 11 is designed such that the carriage 29 and its associated gears 51, cam
bodies 63, pinion 13, cup shaft 41, cup 39, spring 45, drive shaft 33 and pinion shaft 19
constitute an assembly 91 interchangeable with the gear train 104 to permit the device to be
readily adapted to groove a range of pipes having different diameters and wall thicknesses.
Interchangeability is afforded by the use of key 25 between the pinion shaft 19 and the post
23, and the key 95 between the drive shaft 33 and the output shaft 110, coupled with a
retaining nut 97 threaded with the drive shaft 33 and acting against the output shaft 110. The
assembly 91 can be removed by sliding it along the pinion axis 15 when the retaining nut 97
is out of threaded engagement with drive shaft 33. A different carriage assembly, suitable for

grooving a different pipe element, may then be substituted.

Devices 11 according to the invention are expected to increase the efficiency of pipe
grooving operations because they will operate rapidly, accurately and safely on a wide range
of pipe element sizes and schedules without the need for stands to support the pipe element
and accommodate its rotation and ensure alignment. Device 11 will also permit pipe
assemblies having elbow joints to be grooved without concern for rotation of the transverse

pipe element’s motion.
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