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(54) Title: CRASH RESISTANT TRIP FOR A PIPE FOR A MACHINING APPARATUS

(57) Abstract: A pipe machining apparatus includes
a frame, a tool support, an advancement device, and
an advancement member. The tool support is
coupled to and movable relative to the frame. The
tool support is adapted to support a tool and move
the tool in a direction toward a pipe at an increment.
The advancement device includes an advancement
projection fixedly attached to the frame. The ad-
vancement projection includes a contact-surface. The
advancement member is coupled to the tool support.
Upon the advancement member contacting the con-
tact- surtace of the advancement projection the ad-
vancement member is adapted to advance the tool to-
wards the pipe at the increment. The contact-surface
of the advancement projection is shaped to always be
in a non-perpendicular contact position with the ad-
vancement member.



CRASH RESISTANT TRIP FOR A PIPE MACHINING APPARATUS

FIELD OF THE INVENTION

[001] The present disclosure generally relates to crash resistant trips for pipe
machining apparatuses and, more particularly, to crash resistant trips for pipe

machining apparatuses for machining large diameter pipes.

BACKGROUND

[002] A variety of different types of pipe machining apparatuses exist to perform
various machining processes on pipes. One such process includes cutting pipes.
Large diameter pipes may be cut with a split frame pipe machining apparatus, which
includes two frame halves that surround the pipe from respective sides and are
coupled together around the pipe. Such a pipe cutter includes a tool or cutting device
that encircles the pipe and moves toward the pipe in small increments during the
cutting process in order to slowly cut into the pipe. Eventually, after many small

increments of adjustment toward the pipe, the pipe will be completely cut.
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[003] During the incrementing process, a trip device may be used to increment the
tool or the cutting device. This trip device may sometimes crash due to the heavy
forces involved which can lead to substantial expense, increased maintenance,
increased repair, and increased time delays.

[004] It would therefore be beneficial to provide a trip device which is crash

resistant.

SUMMARY

[005] The present disclosure is defined by the following claims, and nothing in this
section should be taken as a limitation on those claims.

[006] In one aspect, a pipe machining apparatus is disclosed. The pipe machining
apparatus includes a frame, a tool support, an advancement device, and an
advancement member. The tool support is coupled to and movable relative to the
frame. The tool support is adapted to support a tool and move the tool in a direction
toward a pipe at an increment. The advancement device includes an advancement
projection fixedly attached to the frame. The advancement projection includes a
contact-surface. The advancement member is coupled to the tool support. Upon
the advancement member contacting the contact-surface of the advancement
projection the advancement member is adapted to advance the tool towards the pipe
at the increment. The contact-surface of the advancement projection is shaped to
always be in a non-perpendicular contact position with the advancement member.
[007] In another aspect, a pipe machining apparatus is disclosed. The pipe

machining apparatus includes a frame, a tool support, a worm gear, a drive gear, a



feed screw, an advancement device, and an advancement member. The tool support
is coupled to and movable relative to the frame. The tool support is adapted to
support a tool and move the tool in a direction toward a pipe at an increment. The
drive gear is coupled to the worm gear. The feed screw is coupled to the drive gear.
The advancement device includes an advancement projection fixedly attached to the
frame. The advancement projection includes a linear contact-surface. The
advancement member is coupled to the tool support and to the worm gear. Upon
the advancement member contacting the linear contact-surface of the advancement
projection the advancement member is adapted to rotate causing the worm gear, the
drive gear, and the feed screw to rotate thereby advancing the tool towards the pipe
at the increment. The linear contact-surface of the advancement projection is shaped
to always be in a non-perpendicular contact position with the advancement member.
[008] 1In a further aspect, a method of operating a pipe machining apparatus is
disclosed. In one step, a frame of the pipe machining apparatus is fixedly coupled
to a pipe. In another step, a tool support is moved relative to the frame, wherein the
tool support is moveably coupled to the frame. In yet another step, a tool coupled
to the tool support is advanced toward the pipe at an increment due to an
advancement member, coupled to the tool support, contacting a contact-surface of
an advancement projection fixedly attached to the frame, wherein the contact-
surface of the advancement projection is shaped so that it always contacts the
advancement member at a non-perpendicular contact position.

[008A] In another aspect, a pipe machining apparatus including a frame; a tool
support coupled to and movable relative to the frame. The tool support is adapted to
support a tool and move the tool in a direction toward a pipe at an increment; an
advancement device having a plurality of advancement projections fixedly attached to
the frame, each of the plurality of advancement projections including a respective
linear contact-surface; and an advancement member coupled to the tool support. Upon

the advancement member contacting the contact-surface of the advancement projection
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the advancement member is adapted to advance the tool towards the pipe at the
increment. The plurality of the advancement projections are adjustably moveable into
and out of a path of the advancement member.

[008B] In an aspect, a pipe machining apparatus having a frame; a tool support
coupled to and movable relative to the frame, wherein the tool support is adapted to
support a tool and move the tool in a direction toward a pipe at an increment; a worm
gear; a drive gear coupled to the worm gear; a feed screw coupled to the drive gear; an
advancement device including a plurality of advancement projections fixedly attached
to the frame, each of the plurality of advancement projections having a respective
contact-surface; and an advancement member coupled to the tool support and to the
worm gear. Upon the advancement member contacting the respective contact-surface
of each of the plurality of advancement projections the advancement member is
adapted to rotate causing the worm gear, the drive gear, and the feed screw to rotate
thereby advancing the tool towards the pipe at the increment. The plurality of the
advancement projections are adjustably moveable into and out of a path of the
advancement member.

[008C] In another aspect, a method of operating a pipe machining apparatus, the
method includes fixedly coupling a frame of the pipe machining apparatus to a pipe;
moving a tool support relative to the frame. The tool support is moveably coupled to
the frame; advancing a tool coupled to the tool support toward the pipe at an increment
due to an advancement member, coupled to the tool support, contacting a first linear
contact-surface of a first advancement projection fixedly attached to the frame; and
advancing the tool coupled to the tool support toward the pipe at the increment due to
the advancement member contacting a second linear contact-surface of a second
advancement projection fixedly attached to the frame.

[008D] An aspect of the present invention provides for method of operating a pipe
machining apparatus, the method including fixedly coupling a frame of the pipe

machining apparatus to a pipe; moving a tool support relative to the frame, wherein the
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tool support is moveably coupled to the frame; advancing a tool coupled to the tool
support toward the pipe at an increment due to an advancement member, coupled to the
tool support, contacting a linear contact-surface of an advancement projection fixedly
attached to the frame; and the linear contact-surface of the advancement projection
causing the contact of the advancement member with it to be crash-resistant.

[008E] Another aspect of the present invention provides for a method of operating a
pipe machining apparatus, the method including fixedly coupling a frame of the pipe
machining apparatus to a pipe; moving a tool support relative to the frame. The tool
support is moveably coupled to the frame; the method also includes advancing a tool
coupled to the tool support toward the pipe at an increment due to an advancement
member, coupled to the tool support, contacting a linear contact-surface of and
advancement projection fixedly attached to the frame; and moving the advancement

projection into and out of a path of the advancement member.

Brier DescripTioN OF THE DrRAWINGS

[009] The disclosure can be better understood with reference to the following
drawings and description. The components in the figures are not necessarily to
scale, emphasis instead being placed upon illustrating the principles of the
disclosure.

[010] Fig. 1 is a top front perspective view of an exemplary pipe machining
apparatus coupled to a pipe, in accordance with one embodiment.

[011] Fig. 2 is a bottom rear perspective view of the pipe machining apparatus
illustrated in Fig. 1, in accordance with one embodiment.

[012] Fig. 3 is a front view of the pipe machining apparatus illustrated in Fig. 1 with
a portion thereof broken away to show internal components of the pipe machining

apparatus, in accordance with one embodiment.
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[013] TFig. 4 is an enlarged front view of an exemplary tool support of the pipe
machining apparatus shown in Fig. | with the tool support illustrated in an engaged
position, in accordance with one embodiment.

[014] Fig. 5is an exploded view of the tool support of the pipe machining apparatus
shown in Fig. 4, in accordance with one embodiment.

[015] Fig. 6 is a perspective view of an exemplary worm gear assembly and an
exemplary drive coupling of the pipe machining apparatus shown in Fig. 4, in

accordance with one embodiment.

4a
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[0016] Fig. 7 is a cross-sectional view taken along line 7—7 in Fig. 4 showing the
tool support of the pipe machining apparatus in an engaged position, in accordance

with one embodiment.

[0017] Fig. 8 is an enlarged front view of the tool support of the pipe machining
apparatus shown in Fig. 1 with the tool support illustrated in a disengaged position,

in accordance with one embodiment.

[0018] Fig. 9 is a cross-sectional view taken along line 9—9 in Fig. 8 showing the
tool support of the pipe machining apparatus in a disengaged position, in accordance

with one embodiment.

[0019] Fig. 10 1llustrates a perspective view of an embodiment of a projection
device which may be substituted for a projection device shown in the embodiment

of Figs. 1-9.

[0020] Fig. 11 illustrates a front view of the projection device of the embodiment of

Fig. 10 with advancement projections disposed in one set of positions.

[0021] Fig. 12 illustrates a front view of the projection device of the embodiment of

Fig. 10 with advancement projections disposed in another set of positions.

[0022] Fig. 13 illustrates a partial perspective view of the projection device of the
embodiment of Fig. 10 disposed in a fixed position attached to a fixed frame of the
embodiment of Figs. 1-9 with a tool support aligned directly above the projection

device and an advancement member of the tool support contacting a contact-surface
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of an advancement projection which is oriented 1n its upward position as shown in

Fig 12.

[0023] Fig. 14 illustrates a cross-sectional view through line 14-14 of the
embodiment of Fig. 13 with the advancement member of the tool support first
coming into contact with a fixed-in-position contact-surface of one of the

advancement projections at a severe angle.

[0024] Fig. 15 illustrates the cross-sectional view of the embodiment of Fig. 14 with
the advancement member of the tool support having advanced further than its
position of Fig. 14 to ride up a slot of the fixed-in-position contact-surface of one of

the advancement projections.

[0025] Fig. 16 illustrates the cross-sectional view of the embodiment of Fig. 15 with
the advancement member of the tool support having advanced further than its
position of Fig. 15 to ride up the slot of the fixed-in-position contact-surface of one

of the advancement projections.

[0026] Fig. 17 illustrates the cross-sectional view of the embodiment of Fig. 14 with
the advancement member of the tool support having advanced further than its
position of Fig. 16 to begin to ride out of the slot of the fixed-in-position contact-

surface of one of the advancement projections.

[0027] Fig. 18 illustrates the cross-sectional view of the embodiment of Fig. 14 with

the advancement member of the tool support having advanced further than its
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position of Fig. 17 to continue to ride out of the slot of the fixed-in-position contact-

surface of one of the advancement projections.

[0028] Fig. 19 illustrates the cross-sectional view of the embodiment of Fig. 14 with
the advancement member of the tool support having advanced further than its
position of Fig. 18 to move completely out of the slot of the fixed-in-position
contact-surface of one of the advancement projections thereby completing one feed

cycle of a tool deeper into a pipe.

DETAILED DESCRIPTION

[0029] Methods and devices consistent with the present disclosure overcome the
disadvantages of conventional pipe machining apparatuses by providing, among
other things, a tool support that can rapidly retract a tool upon completion of
machining a pipe.

[0030] With reference to Figs. 1-3, there 1s shown one exemplary embodiment of a
pipe machining apparatus 20 adapted to machine pipes P of varying diameters. In
some exemplary embodiments, the apparatus 20 completely cuts through pipes P.
In other exemplary embodiments, the apparatus 20 prepares an end of a pipe P for
coupling to another pipe. In still other exemplary embodiments, the apparatus 20
both completely cuts and prepares a pipe P for coupling to another pipe.

[0031] In the illustrated exemplary embodiment, pipe machining apparatus 20 is
formed of two joined-together semicircular sections 24A, 24B and includes a frame

28 and a tool carrier 32. The two sections 24A, 24B together comprise the frame
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28 and the tool carrier 32 such that a first portion of the frame 28 and a first portion
of the tool carrier 32 is included in one section 24A and a second portion of the
frame 28 and a second portion of the tool carrier 32 is included in the other section
24B. The frame 28 has a column 36 extending outwardly of the two semicircular
sections 24A, 24B and houses a pinion gear 40 adapted to couple with a suitable
drive motor 44, such as an air motor with suitable gear reduction means. The frame
28 is adapted to couple and be fixed relative to a pipe P, and the tool carrier 32 1s
rotatable relative to the fixed frame 28 and the pipe P. The air motor 44 is adapted
to rotate the tool carrier 32 relative to the frame 28 through a gear train in the column
36. The tool carrier 32 has a circular gear rack 56 for meshing with the pinion gear
40 rotatably mounted in column 36. The pinion gear 40 has an opening 60 provided
with a polygonal perimeter for receiving a complementary shaped drive head 64 of
drive motor 44. Therefore, it can be seen that drive motor 44 is adapted to rotate
tool carrier 32 relative to the frame 28 through a gear train provided by pinion gear
40 1n column 36 and circular gear rack 56 on the tool carrier 32.

[0032] The rotatable tool carrier 32 includes one or more tool supports 48 (two tool
supports shown 1n the illustrated exemplary embodiment), which support tools 52
for performing a cutting or machining operation on the pipe P as the tools 52 rotate
circumferentially about the pipe P. The machining operation performed by the
tool(s) 52 may form a straight edge perpendicular to a longitudinal extent of the pipe

P, a bevel on an end of the pipe P that is transverse to the longitudinal extend of the
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pipe P and at an angle other than ninety degrees, or an edge of a pipe P having any
angle.

[0033] The apparatus 20 further includes four adjustable clamp members or
coupling members 68 engageable with an exterior of the pipe P and having suitable
adjustability to couple and concentrically locate the apparatus 20 to the pipe P.
[0034] As best seen in Fig, 3, tool carrier 32 is rotatably mounted on and supported
by frame 28 by a plurality of roller bearings 72. The roller bearings 72 ride in a
circular bearing race 76 on the interior of tool carrier 32.

[0035] A plurality of projections 80 of a projection device 81 are adjustably movable
into and out of a path of an advancement member 84 coupled to each tool support
48 to advance the tool 52 toward the pipe P. In the illustrated exemplary
embodiment, the projections 80 are circular and the apparatus 20 includes a total of
two projections 80 for engaging the advancement member 84, which is star-shaped,
of each tool support 48. However, the apparatus 20 may include any number of
projections 80 in varying shapes, sizes, configurations, and quantities, and similarly
the advancement member 84 may be in varying shapes, sizes, configurations, and
quantities. Each projection 80 is coupled to a lever 88 that may be actuated by a
user to selectively move the projection 80 into and out of the path of the
advancement member 84 of each tool support 48.

[0036] With continued reference to Figs. 1 and 3, and further reference to Figs. 4-7,
a tool support 48 of the tool carrier 32 is illustrated in more detail. The tool support

48 mcludes a base 92, a feed screw 96 rotatably coupled to the base 92, a tool clamp
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100 adapted to support a tool 52 and movable along the feed screw 96, a worm gear
housing 104 coupled to the base 92, a worm gear assembly 108 supported by and at
least partially positioned within the worm gear housing 104, a drive coupling 112
engageable with the worm gear assembly 108, and the advancement member 84
coupled to the drive coupling 112,

[0037] The tool support 48 is coupled to the tool carrier 32 by one or more coupling
members 116 (two shown in the exemplary illustrated embodiment) and is
adjustable relative to the pipe P to bring an arcuate edge 120 of the base 92 into
contact with or in close proximity to an outer periphery of the pipe P. The tool
clamp 100 1s adapted to support a tool 52 and is movable along the feed screw 96
toward and away from the pipe P (depending on the direction of feed screw
rotation). The feed screw 96 can have a variety of different tooth shapes, sizes,
pitches, and configurations in order to provide a desired amount of tool movement
during use of the apparatus 20. A drive gear 124 is coupled to the feed screw 96
and is engageable with the worm gear assembly 108 to transfer rotation of the worm
gear assembly 108 to the feed screw 96. A tool coupling 128 such as, for example,
a nut, is coupled to an end of the feed screw 96, thereby providing a location where
a tool may couple to and rotate the feed screw 96 as desired.

[0038] The worm gear housing 104 defines a cavity 132 therein for receiving at least
a portion of the worm gear assembly 108, the drive coupling 112, and the
advancement member 84. The worm gear assembly 108 includes a shaft 136, a

knob 140, a set screw 144, a housing 148, a first washer 152, a urethane washer 154,
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two thrust bearings 156, two bushings 160, a worm gear 164, and a key element
168. The worm gear 164 1s fixed to the shaft 136 and, in some embodiments, the
worm gear 164 may be unitarily formed as one-piece with the shaft 136. The worm
gear 164 is coupled or interlaced with the drive gear 124, thereby causing the feed
screw 96 to rotate when the worm gear assembly 108 rotates. The knob 140 is
coupled to one end of the shaft 136 and the key element 168 is defined in a second
end of the shaft 136. The key element 168 is adapted to engage with a similarly
configured key feature 172 in the drive coupling 112, which is coupled to the
advancement member 84. The key element 168 and complementary key feature 172
in the drive coupling 112 may have a wide variety of configurations. In the
illustrated exemplary embodiment, the key element 168 includes a pair of
projections 176 extending from an end surface of the worm gear 164. One
projection 176 extends from the end surface on one side of the shaft 136 and a
second projection 176 extends from the end surface on an opposite side of the shaft
136. The key feature 172 in the drive coupling 112 is comprised of a complementary
shaped slot defined in an end of the drive coupling 112. The slot 172 is adapted to
receive the key element 168 in an appropriate orientation and cause the worm gear
assembly 108 and the drive coupling 112 to rotate together. In this manner, rotation
of the advancement member 84 of each tool support 48 causes the worm gear
assembly 108 to rotate.

[0039] Tool support 48 further includes rollers 180 engageable with a flange 184 of

the worm gear assembly housing 148 and springs 188 engaging and applying
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constant force to the rollers 180. A pair of keeper plates 192 are coupled to the
worm gear housing 104 to secure the rollers 180 and springs 188 in place, and each
keeper plate 192 defines an aperture in which the associated roller 180 is positioned
and retained. The worm gear assembly housing 148 is adapted to engage and roll
over the rollers 180, with the rollers 180 applying a force to the flange 184. The
flange 184 includes a pair of indentations 194 therein for receiving the rollers 180
when the worm gear assembly 108 is in the engaged position.

[0040] During operation of the apparatus 20, the motor 44 rotates the pinion gear
40, which, through engagement with the gear rack 56, causes the tool carrier 32 to
rotate relative to the frame 28 and the pipe P. During tool carrier rotation, the
advancement member 84 of the tool support 48 contacts the advancement
projections 80 (each time the advancement member 84 of the tool support 48 rotates
around the pipe P into engagement with the fixed-in-position advancement
projections 80) and the advancement member 84 rotates as a result of this contact,
thereby rotating the worm gear assembly 108 due to the engagement between the
key element 168 and key feature 172. Rotation of the worm gear 164 causes the
drive gear 124 to rotate, which rotates the feed screw 96 to ultimately move the tool
clamp 100 and tool 52 toward the pipe P to perform deeper machining into the pipe
P. The tool 52 advances until the pipe P is machined to a desired extent (e.g., until
the pipe is completely cut or parted).

[0041] Fig. 10 illustrates a perspective view of another embodiment of a projection

device 102 which may be substituted for the projection device 81 of the embodiment
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of Figs. 1-9. The projection device 102 comprises a housing 105, movement devices
106, advancement projections 107, and a position control member 110. The
movement devices 106, comprising movement devices 106a and 106b, are
configured to separately control the position of their respective advancement
projections 107 comprising advancement projections 107a and 107b. When the
movement devices 106, comprising movement devices 106a and 106b, are moved
downward in direction 113 their respective connected advancement projections 107,
comprising advancement projections 107a and 107b, move downward in direction
113 so that they are disposed within the housing 105. When the movement devices
106, comprising movement devices 106a and 106b, are moved upward in direction
114, their respective connected advancement projections 107, comprising
advancement projections 107a and 107b, move upward in direction 114 so that they
are disposed out of and above the housing 105. The advancement projections 107a
and 107b comprise slotted semi-circles having slots 109a and 109b rather than full
circles as in the embodiment of Figs. 1-9. The slots 109a and 109b comprise
respective contact-surfaces 111a and 111b which are shaped to always be in a non-
perpendicular contact position with the advancement member 84 (discussed and
shown in Figs. 13-19). The contact-surface 111a and 111b are linear. In other
embodiments, the advancement projections 107a and 107b and contact-surfaces 11a
and 111b may vary in shape, configuration, size, and quantity.

[0042] The position control member 110 comprises a stem 110a comprising a

plurality of spaced-apart holes 110b. The spaced-apart holes 110b allow for the
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position of the position control member 110 to be changed relative to the fixed frame
28 (shown in Figure 3) to which it is attached by moving the position control
member 110 relative to the fixed frame 28 into the desired position and then
attaching one or more fasteners (not shown) into the appropriate spaced-apart hole
110b to keep the position control member 110 in the desired position relative to the
fixed frame 28.

[0043] Fig. 11 illustrates a front view of the projection device 102 of the
embodiment of Fig. 10 with the advancement projections 107 disposed in one set of
positions. As shown in Fig. 11, movement device 106a has been moved upward in
direction 114 thereby moving its connected advancement projection 107a upward
in direction 114 to be disposed out of and above the housing 105. Movement device
106b has been moved downward in direction 113 thereby moving its connected
advancement projection 107b downward in direction 113 to be disposed within the
housing 105. It 1s noted that with only one advancement projection 107a disposed
in the up position, that the advancement member 84 of the tool support 48 (as
discussed with respect to the embodiment of Figs. 1-9) will only make contact with
the one advancement projection 107a and will therefore only feed the tool 52 into
the pipe P (as discussed with respect to the embodiment of Figs. 1-9) the amount
the one advancement projection 107a moves the advancement member 84.

[0044] Fig. 12 illustrates a front view of the projection device 102 of the
embodiment of Fig. 10 with the advancement projections 107 disposed in another

set of positions. As shown in Fig. 12, movement device 106a has been moved
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upward in direction 114 thereby moving its connected advancement projection 107a
upward in direction 114 to be disposed out of and above the housing 105.
Movement device 106b has been moved upward in direction 114 thereby moving
its connected advancement projection 107b upward in direction 114 to be disposed
out of and above the housing 105. It is noted that with both advancement projections
107a and 107b disposed in the up positions, that the advancement member 84 of the
tool support 48 (as discussed with respect to the embodiment of Figs. 1-9) will
makes contact with both advancement projections 107a and 107b and will therefore
feed the tool 52 into the pipe P (as discussed with respect to the embodiment of Figs.
1-9) the amounts both advancement projections 107a and 107b move the
advancement member 84. In further embodiments, additional movement devices
106 can be added to the projection device 102 with respective additional
advancement projections 107 to further control how far the tool 52 is fed into the
pipe P during each rotation of the tool support 48 around the pipe P (as discussed
with respect to the embodiment of Figs. 1-9).

[0045] Fig. 13 illustrates a partial perspective view of the projection device 102 of
the embodiment of Fig. 10 disposed in a fixed position attached to the fixed frame
28 of the embodiment of Figs. 1-9 with the tool support 48 aligned directly above
the projection device 102 and the advancement member 84 of the tool support 48
contacting the contact-surface 111b of the advancement projection 107b which is
oriented in its upward position as shown in Fig. 12. As discussed previously with

respect to the embodiment of Figs. 1-9, during operation of the apparatus 20, the



CA 02995245 2018-02-08

WO 2017/027776 PCT/US2016/046690

motor 44 rotates the pinion gear 40, which, through engagement with the gear rack
56, causes the tool carrier 32 to rotate relative to the frame 28 and the pipe P. During
tool carrier rotation, the advancement member 84 of the tool support 48 contacts the
contact-surfaces 111a and 111b of the advancement projections 107a and 107b
(each time the advancement member 84 of the tool support 48 rotates around the
pipe P into engagement with the fixed-in-position contact-surfaces 111a and 111b
of the advancement projections 107a and 107b) and the advancement member 84
rotates as a result of this contact, thereby rotating the worm gear assembly 108 due
to the engagement between the key element 168 and key feature 172 (as discussed
previously in Figs. 1-9). Rotation of the worm gear 164 causes the drive gear 124
to rotate, which rotates the feed screw 96 to ultimately move the tool clamp 100 and
tool 52 toward the pipe P to perform deeper machining into the pipe P (as discussed
previously in Figs. 1-9). The tool 52 advances until the pipe P is machined to a
desired extent (e.g., until the pipe is completely cut or parted).

[0046] The semi-circular, slotted shape of the advancement projections 107a and
107b, comprising the slotted semi-circles having slots 109a and 109b rather than
full circles as in the embodiment of Figs. 1-9, makes the contact of the advancement
member 84 of the tool support 48 with the contact-surfaces 111a and 111b of the
advancement projections 107a and 107b crash resistant. This is due to the contact-
surfaces 111a and 111b of the advancement projections 107a and 107b preventing
the advancement member 84 of the tool support 48 from contacting the

advancement projections 107a and 107b at right angles (as it would if the contact-
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surfaces 111a and 111b of the advancement projections 107a and 107b comprised
full circles as in the embodiment of Figs. 1-9) thereby preventing a hard impact
crash.

[0047] Fig. 14 illustrates a cross-sectional view through line 14-14 of the
embodiment of Fig. 13 with the advancement member 84 of the tool support 48 first
coming into contact with the fixed-in-position contact-surface 111b of the
advancement projection 107b at a severe angle. It is noted that the semi-circular
shape of the fixed-in-position contact-surface 111b of the advancement projection
107b prevents a crash condition which may have occurred if the fixed-in-positon
contact-surface 111b of the advancement projection 107b had comprised a full
circle.

[0048] Fig. 15 illustrates the cross-sectional view of the embodiment of Fig. 14 with
the advancement member 84 of the tool support 48 having advanced further than its
position of Fig. 14 (as the tool support 48 and its advancement member 84 continue
to rotate around the pipe P [discussed in Figs. 1-9] relative to the fixed-in-position
contact-surface 111b of the advancement projection 107b) to ride up the slot 109b
of the fixed-in-position contact-surface 111b of the advancement projection 107b.
[0049] Fig. 16 illustrates the cross-sectional view of the embodiment of Fig. 15 with
the advancement member 84 of the tool support 48 having advanced further than its
position of Fig. 15 (as the tool support 48 and its advancement member 84 continue

to rotate around the pipe P [discussed in Figs. 1-9] relative to the fixed-in-position
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contact-surface 111b of the advancement projection 107b) to ride up the slot 109b
of the fixed-in-position contact-surface 111b of the advancement projection 107b.
[0050] Fig. 17 illustrates the cross-sectional view of the embodiment of Fig. 14 with
the advancement member 84 of the tool support 48 having advanced further than its
position of Fig. 16 (as the tool support 48 and its advancement member 84 continue
to rotate around the pipe P [discussed in Figs. 1-9] relative to the fixed-in-position
contact-surface 111b of the advancement projection 107b) to begin to ride out of the
slot 109b of the fixed-in-position contact-surface 111b of the advancement
projection 107b.

[0051] Fig. 18 illustrates the cross-sectional view of the embodiment of Fig. 14 with
the advancement member 84 of the tool support 48 having advanced further than its
position of Fig. 17 (as the tool support 48 and its advancement member 84 continue
to rotate around the pipe P [discussed in Figs. 1-9] relative to the fixed-in-position
contact-surface 111b of the advancement projection 107b) to continue to ride out of
the slot 109b of the fixed-in-position contact-surface 111b of the advancement
projection 107b.

[0052] Fig. 19 illustrates the cross-sectional view of the embodiment of Fig. 14 with
the advancement member 84 of the tool support 48 having advanced further than its
position of Fig. 18 (as the tool support 48 and its advancement member 84 continue
to rotate around the pipe P [discussed in Figs. 1-9] relative to the fixed-in-position
contact-surface 111b of the advancement projection 107b) to move completely out

of the slot 109b of the fixed-in-position contact-surface 111b of the advancement
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projection 107b thereby completing one feed cycle of the tool 52 deeper into the
pipe P (discussed in Figs. 1-9).

[0053] In other embodiments, the projection device 81/102 and its components may
be further varied in shape, size, number, orientation, configuration, location, and
function in order to provide crash resistance of the advancement member 84 of the
tool support 48 when it contacts the contact-surface(s) 111b of the advancement
projection(s) 107 of the projection device 81/102.

[0054] In another embodiment, a method of operating a pipe machining apparatus
1s disclosed. The method may utilize any of the embodiments of the pipe machining
apparatus disclosed herein. In other embodiments, the method may utilize varying
machining apparatus. In one step, a frame of the pipe machining apparatus is fixedly
coupled to a pipe. In another step, a tool support, moveably coupled to the frame,
1s moved relative to the frame. In yet another step, a tool coupled to the tool support
i1s advanced toward the pipe at an increment due to an advancement member,
coupled to the tool support, contacting a contact-surface of an advancement
projection fixedly attached to the frame. The contact-surface of the advancement
projection is shaped so that it always contacts the advancement member at a non-
perpendicular contact position.

[0055] In one embodiment of the method, the advancement member contacting the
contact-surface of the advancement projection comprises the advancement member
contacting a linear contact-surface. In another embodiment of the method, the

advancement member contacting the contact-surface of the advancement projection
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comprises a star contacting a linear contact-surface. In still another embodiment of
the method, the advancement member contacting the contact-surface of the
advancement projection comprises a star contacting a linear contact-surface of a
semi-circle. In yet another embodiment of the method, the shape of the contact-
surface makes the contact of the advancement member with the contact-surface
crash-resistant. In other embodiments of the method, one or more steps of the
method may be modified in substance or in order, one or more steps of the method
may not be followed, or one or more additional steps may be added.

[0056] The Abstract of the disclosure 1s provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It 1s submitted with the
understanding that it will not be used to interpret or limit the scope or meaning of
the claims. In addition, in the foregoing Detailed Description, it can be seen that
various features are grouped together in various embodiments for the purpose of
streamlining the disclosure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed embodiments require more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive
subject matter lies in less than all features of a single disclosed embodiment. Thus,
the following claims are hereby incorporated into the Detailed Description, with
each claim standing on its own as a separately claimed subject matter.

[0057] While various embodiments of the disclosure have been described, it will be
apparent to those of ordinary skill in the art that other embodiments and

implementations are possible within the scope of the disclosure. Accordingly, the
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disclosure 1s not to be restricted except in light of the attached claims and their

equivalents.
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CLAIMS
What is claimed is:
1. A pipe machining apparatus comprising:

a frame;

a tool support coupled to and movable relative to the frame, wherein
the tool support is adapted to support a tool and move the tool in a direction toward a
pipe at an increment;

an advancement device comprising a plurality of advancement
projections fixedly attached to the frame, each of the plurality of advancement
projections comprising a respective linear contact-surface; and

an advancement member coupled to the tool support, wherein upon
the advancement member contacting the contact-surface of the advancement projection
the advancement member is adapted to advance the tool towards the pipe at the
increment;

wherein the plurality of the advancement projections are adjustably
moveable into and out of a path of the advancement member.

2. The pipe machining apparatus of claim I, wherein the advancement
projection comprises a semi-circle.

3. The pipe machining apparatus of claim I, wherein the advancement
member comprises a star.

4. The pipe machining apparatus of claim 1, wherein the plurality of
advancement projections each comprise a respective semi-circle and the advancement
member comprises a star.

5. The pipe machining apparatus of claim 1 further comprising a drive
gear coupled to a worm gear.

6. The pipe machining apparatus of claim 5 further comprising a feed

screw coupled to the drive gear.
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7. The pipe machining apparatus of claim 6, wherein the advancement
member is coupled to the worm gear.

8. The pipe machining apparatus of claim 7, wherein upon the
advancement member contacting the respective linear contact-surface of cach of the
plurality of advancement projections the advancement member is adapted to rotate
causing the worm gear, the drive gear, and the feed screw to rotate thereby advancing
the tool towards the pipe at the increment.

9. A pipe machining apparatus comprising:

a frame;

a tool support coupled to and movable relative to the frame, wherein
the tool support is adapted to support a tool and move the tool in a direction toward a
pipe at an increment;

a worm gear;

a drive gear coupled to the worm gear;

a feed screw coupled to the drive gear;

an advancement device comprising a plurality of advancement
projections fixedly attached to the frame, each of the plurality of advancement
projections comprising a respective contact-surface; and

an advancement member coupled to the tool support and to the worm
gear, wherein upon the advancement member contacting the respective contact-surface
of each of the plurality of advancement projections the advancement member is
adapted to rotate causing the worm gear, the drive gear, and the feed screw to rotate
thereby advancing the tool towards the pipe at the increment;

wherein the plurality of the advancement projections are adjustably

moveable into and out of a path of the advancement member.
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10. The pipe machining apparatus of claim 9, wherein each of the
plurality of the advancement projections comprise a semi-circle.

1. The pipe machining apparatus of claim 9, wherein the advancement
member comprises a star.

12. The pipe machining apparatus of claim 9, wherein each of the
plurality of advancement projections comprise a semi-circle and the advancement
member comprises a star.

13. A method of operating a pipe machining apparatus, the method
comprising:

fixedly coupling a frame of the pipe machining apparatus to a pipe;

moving a tool support relative to the frame, wherein the tool support is
moveably coupled to the frame;

advancing a tool coupled to the tool support toward the pipe at an increment
due to an advancement member, coupled to the tool support, contacting a first linear
contact-surface of a first advancement projection fixedly attached to the frame; and

advancing the tool coupled to the tool support toward the pipe at the increment
due to the advancement member contacting a second linear contact-surface of a second
advancement projection fixedly attached to the frame.

14, The method of claim 13, further comprising moving the first and
second advancement projections into and out of a path of the advancement member,

15. The method of claim 13, wherein the advancement member
comprises a star.

16. The method of claim 13, wherein the advancement member
comprises a star and the first and second advancement projections each respectively

comprise a semi-circle.
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17. The method of claim 13 further comprising the advancement member
rotating upon contact with the first linear contact-surface of the first advancement
projection and upon contact with the second linear contact-surface of the second
advancement project.

18. The method of claim 17 further comprising the rotation of the
advancement member causing a worm gear, a drive gear, and a feed screw to rotate
thereby advancing the tool towards the pipe at the increment.

19. A method of operating a pipe machining apparatus, the method
comprising:

fixedly coupling a frame of the pipe machining apparatus to a pipe;

moving a tool support relative to the frame, wherein the tool support is
moveably coupled to the frame;

advancing a too] coupled to the tool support toward the pipe at an increment
due to an advancement member, coupled to the tool support, contacting a linear
contact-surface of an advancement projection fixedly attached to the frame; and

moving the advancement projection into and out of a path of the advancement
member.

20. The method of claim 19, wherein the advancement member
comprises a star.

21. The method of claim 19, wherein the advancement member
comprises a star and the advancement projection comprises a semi-circle.

22, The method of claim 19 further comprising the advancement member
rotating upon contact with the linear contact-surface of the advancement projection.

23. The method of claim 22, wherein the advancement member rotating
upon contact with the linear contact-surface of the advancement projection causes a
worm gear, a drive gear, and a feed screw to rotate thereby advancing the tool towards

the pipe at the increment.
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