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(57) Abrégée/Abstract:

An apparatus (10) for cutting a pipe Includes a housing with a central aperture (12) for holding the pipe In a fixed position. A
rotatable collar (16) iIs mounted on the outer surface of the fixed housing, with a cutting head (14) attached to the collar (16). The
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(57) Abrege(suite)/Abstract(continued):

cutting head (14) I1s configured to translate forward and backward such that the combination of the rotational movement of the
collar and the translational movement of the cutting head Is capable of performing complex cuts without ever moving the pipe. A
number of different cutting tools (laser, plasma, etc.) may be attached to the cutting head, and a variety of different tasks may be

performed Including cutting completely through the entire pipe, Inscribing on the pipe surface, forming through-holes along the
pipe, and the like.
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(57) Abstract: An apparatus (10) for cutting a pipe includes a housing with a central aperture (12) for holding the pipe in a fixed
position. A rotatable collar (16) is mounted on the outer surface of the fixed housing, with a cutting head (14) attached to the collar
(16). The cutting head (14) is configured to translate forward and backward such that the combination of the rotational movement of
the collar and the translational movement of the cutting head is capable of performing complex cuts without ever moving the pipe.
A number of different cutting tools (laser, plasma, etc.) may be attached to the cutting head, and a variety of different tasks may
be performed including cutting completely through the entire pipe, inscribing on the pipe surface, forming through-holes along the

pipe, and the like.
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IMPROVED PIPE CUTTING APPARATUS AND METHOD OF USING THE
SAME

Technical Field

The present invention related to pipe cutting apparatus and, more particularly, to
a cutting apparatus which holds the pipe in a fixed manner such that a cutting head
moves radially and laterally about the pipe, the head being processor-controlled to
perform any desired complex/compound cut, through-hole and/or inscription on the
surface thereof.

Background of the Invention

Generally, when 1t is desired to cut a pipe, 1t 1s mounted in and gripped by a
chuck of a lathe and rotated while a non-rotating cutting tool is moved laterally into the
rotating pipe. The cutting is accomplished in several successive turns of the pipe as the
tool bit 1s moved gradually into the rotating pipe. The lathe requires a heavy bed which
is fixed and contained in a permanent location, such as a machine shop. Additionally,
the tool bit requires rigid, yet movable, holding supports. Heavy-duty power equipment
is also required to operate the various components of the pipe cutting arrangement.

In the past, the lack of portable pipe cutting equipment required that all pipes be
precut before transporting to an installation location. In many instances, however, the
precise lengths of pipe needed for a particular installation are not known until the pipe
is being installed on a section-by-section basis. When the lathe system is used, frequent
trips to the machine shop are necessitated to cut the pipe into the required lengths.

Moreover, when using a fixed lathe, the pipe must be moved axially into the
chuck before being clamped therein. This procedure requires sufficient space extending
from the chuck to permit maneuverability of the pipe prior to insertion into the chuck.

All of the above necessities naturally resulted in cumbersome and costly
procedures and equipment. One prior art cutting tool that addressed some of these

concerns is disclosed in US Patent 3,985,051 1ssued to Charles K. Brown on October

12, 1976, entitled "Apparatus for Cutting and Grooving a Pipe ". In the Brown device, a
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portable frame is used to support a cutting mechanism which is held within an arcuate
member. The pipe is held in a fixed position, and the cutting mechanism moved along
the arcuate member to perform an initial cut. The pipe is then manually rotated, re-fixed
in position, and a second arcuate cut performed. This process continues until the
complete circumference of the pipe has been cut.

While an improvement over the prior art in terms of providing a portable cutting
tool, the arrangement of Brown remains relatively inefficient and unable to perform
complex cuts. US Patent 6,981,437 issued to G. Ogawa on January 3, 2006 discloses a
different type of portable pipe cutting machine, where in this case the pipe is held fixed
within a clamping device. A rotating, disc-like cutting blade 1s attached to a revolving
member that moves axially about the pipe to perform the cutting motion. Again,
however, the ability to create compound cuts (e.g., beveled edges and the like) 1S !imited.

The need to form complex cuts or other designs is an important factor in site-
based pipe cutting projects. Indeed, to weld two pieces of pipe together at a joint

requires that the cuts on the two pieces be uniform. For example, when the pipe is cut at
90° to its longitudinal axis, bevels at a constant angle must be formed on each pipe.

However, when the pipe is cut at an angle to form a mitered joint of, for example, 45°,
the angle at which the bevel is cut must vary, since the mitered cut follows an elliptical
path over the surface of the pipe. The manner in which this bevel varies is defined by a
complicated set of trigonometric equations.

There are also devices in the prior art for cutting pipes and the like at the desired
angle of cut and at different angles with selected bevels. For example, US Patents
4,143,862 and 4,216,945 both show an apparatus for automatically creating a mitered cut
at a varying angle of bevel by rotating a torch and driving mechanism around the pipe.
A combination of two servo motors position the cutting torch at a selected point on the
surface of the pipe while an additional pair of servo motors set the angle that the torch
makes with the surface of the pipe. A profile of the desired cut is then attached to the
pipe. An optical sensing device is used to trace the outline of the profile. The
mathematical equations defining the bevel angle are translated onto this profile in the
form of a curve. This is considered to be a tedious process since each pipe needs a
separate profile and, in addition, the profile must be applied to the surface of the pipe

with due care.
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Various other hand tools may be used to form complicated pipe cuts, but are
often considered to be too slow, inaccurate and/or inefficient to utilize in any installation
or production facility that requires multiple complex cuts to be performed.

Thus, a need remains in the art for a pipe cutting apparatus that is relatively
simple to use, yet is able to repeatedly form complex/compound cuts in an environment

where the cut requirements are changeable at a moments notice.

Summary of the Invention

The need remaining in the art is addressed by the present invention, which relates
to pipe cutting apparatus and, more particularly, to an apparatus which holds the pipe ina
fixed manner such that the cutting head moves radially and laterally about the pipe, the
head being processor-controlled to perform any desired complex/compound cut, through-
hole and/or an inscription on the surface thereof.

In accordance with the present invention, a processor (e.g., computer or other

suitable processing device) is used to determine the cutting movements, both axial

(defined for the purposes of the present invention as *z-axis) and rotational (defined for

the purposes of the present invention as £6 degrees), required to provide the desired cut.
The wall thickness of the pipe (inner and outer diameter values), the composition of the
pipe, and the specific tool utilized for cutting the pipe are all taken into consideration as
part of the analysis. In one embodiment, the processor may include a monitor to allow
for the user to “view” the cut before it is made, providing a visual confirmation that the
desired cut pattern will be achieved.

It is an advantage of the apparatus of the present invention that it may be formed
as a relatively small and compact unit, allowing for the apparatus to be portable and
easily transported to any location where pipe cutting needs to be performed.

Various cutting tools may be used within the cutting head of the present
invention, such as a laser-based cutting tool, a hydro-based cutting tool, plasma-arc
torch, etc. These particular cutting tools are most useful in providing cuts through
metallic pipe. Other cutting tools may be used to cut through pipes formed of other
material (such as, but not limited to, glass or plastic-based pipe).

Another feature of the present invention is the ability to control the depth of cut

so as to allow for inscriptions to be written into the surface of the pipe without cutting all
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the way through the thickness of the pipe. For example, markings associated with the
pipe manufacturer, vendor, purchaser, etc. may be made by proper programming of the
processor-driven cutting head of the present invention. A different set of cutting tools
may be used to perform inscription/marking on a pipe surface, where these tools can also
be used with the cutting head on the apparatus of the present invention.

It 1s an advantage of the present invention that a reference position may be
defined on the apparatus so that an initial cut location may be registered with respect to
the reference position to provide the desired orientation of the cut with respect to the
pipe. This is particularly advantageous when forming cuts on opposite ends of a pipe
and require a defined orientation of one cut with respect to the other (for example, a first
end cut may be rotated 30° with respect to a second, opposing end cut so as to fit
between other associated pipe sections).

Further, the use of the processor-based cutting arrangement allows for various cut
profiles to be “saved”, so that if a number of cuts of the same profile need to be
performed time and again, there is no need to re-enter the input data associated with the
specific pipe parameters or re-calculate the movements of the cutting head.

In another embodiment of the present invention, a multiple number of axes
(beyond translational and rotational) may be incorporated into the processor-controlled
cutting operation to allow for pipes having non-cylindrical geometries (e.g., square,
rectangular, oval, hexagonal, etc.) to be cut and/or for a sequential number of through-
holes/inscriptions to be made along a length of pipe without resetting the pipe in the tool.

Other and further advantages and embodiments of the present invention will
become apparent during the course 6f the following discussion and by reference to the

accompanying drawings.

Brief Description of the Drawings

Referring now to the drawings,

FIG. 1 illustrates an exemplary computer-controlled pipe cutting tool formed in
accordance with the present invention: and

FIGs. 2 — 6 show various positions of the cutting head of the tool of FIG. 1, as

used to create a saddle-shaped cut across a pipe.

Detailed Description
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In accordance with the present invention, the inventive cutting arrangement
comprises a processor-controlled cutting apparatus 10, as shown in FIG, 1. Referning to
FIG. 1, apparatus 10 includes a central aperture 12 that is used to fixedly hold a pipe (not
shown) in place while the cut is being made. While the description of the present
invention refers to cutting a “pipe”, it is to be understood that this term also refers to a
tube, rod or any other element (of any material) in which a cut, through-hole or
inscription is desired to be made. As further discussed below, while the particular
embodiment of the present invention as shown in FIG. 1 1s well-suited for cutting a
cylindrical pipe, the apparatus of the present invention may utilize information about
multiple axevs (beyond translational and rotational) to perform cuts within and along
“pipes” of various non-cylindrical geometries.

Referring back to FIG. 1, cutting apparatus 10 further comprises a cutting head

14 that is attached to a rotatable collar 16 so as to move about the fixed pipe in both 1z

and %0 directions (i.e., translational and rotational motions), as shown by the arrows in
FIG. 1. Collar 16 is coupled to apparatus 10 in a manner that allows for rotaticnal
movement to occur, as controlled by a rotational motorized element 17 (shown 1n
phantom, located behind collar 16). Rotational motorized element 17 is operated, in
accordance with the present invention, under the control of an associated processor as
discussed below. Cutting head 14 is attached to collar 16 in a manner that also allows
for translational movement to occur, as controlled by a translational motorized element
19 (shown in phantom, located behind cutting head 14). Again, translational motorized
element 19 is operated under the control of the associated processor. Indeed, a processor
20 is shown in FIG. 1 as coupled to both rotational motorized element 17 and
translational motorized element 19. Processor 20 may be formed as an integral element
within apparatus 10 or, alternatively, as a separate element coupled to apparatus 10 via
the electrical connections to motorized elements 17 and 19. Motorized elements 17 and
19 may comprise stepper motors, servo motors, or any other suitable type of processor-
controlled motor capable of providing the degree of movement resolution required for
the particular pipe cutting application.

In accordance with the present invention, input data including, but not limited to,
the type of cut, composition of the pipe, wall thickness of the pipe, and the like are
entered in processor 20 (via, for example, a keyboard 22) and then used by processor 20

to calculate the movements of motorized elements 17 and 19 that are required to define
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the cut profile. For example, the wall thickness (in terms of the inner diameter and outer
diameter of the pipe) may be used to generate a cut profile that transitions the cutting
head movement between mating an outer edge of a cut pipe to an inner edge so as to
form a better fit between a pair of pipes being joined together. The output from
computer processor 20 is a series of commands used to control the motions (either
simultaneous or sequential, as need be) of motorized elements 17 and 19, as cutting head
14 rotates about the fixed pipe.

A “‘registration”/home position 24 may be included on apparatus 10 to define a
permanent, fixed location from which to define the starting location for each cutting
operation. For example, it may be desired to form a through-hole at a location 45° from
registration position 24. Therefore, prior to beginning the cut, cutting head 14 will first
rotate 45° from registration position 24, and then initiate the cutting process. In many
circumstances, there is a need to form complex cuts at opposing ends of a section of pipe
(for example, when using the pipe as a conduit between another pair of pipes). The use
of the fixed home location 24 in accordance with the present invention allows for the
starting position of the opposing cuts to be controlled so as to provide, in repeatable
fashion, the desired orientation between the two cuts.

The holding of a pipe in a fixed position while rotating/translating cutting head
14 through a processor-controlled series of motions is considered to be a significant
advance in the state of the art. Moreover, by holding the pipe fixed during the cutting,
the apparatus of the present invention allows for bent tubing to be cut in a relatively
quick, efficient and safe manner.

As mentioned above, various types of actual cutting tools may be attached to the
Inventive cutting apparatus and used to perform the cut. For example, plasma-arc cutting
devices, laser-based devices, hydro-based cutting tools and the like may be attached to
cutting head 14 and utilized to cut through (or into) a pipe, particularly a metal pipe.
Other pipe compositions, such as glass or plastic material, may utilize a different type of
cutting tool (e.g., air-based, abrasive, etch-based, etc.). Performing surface marking or
inscription on a pipe may utilize yet a different type of tool, including but not limited to,
a printing head, engraving tool, etc. Indeed, the type of cutting too! is irrelevant to the

operation of the apparatus of the present invention and can be of any type desired by the

user of the apparatus.
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When performing cuts in metallic pipe, the cutting action may result in some of
the removed material being re-incorporated on the opposing side of the pipe. In order to
avoid this problem a “sacrificial rod” may be inserted within the pipe being cut, where
the material being removed will land on this rod, protecting the pipe from contamination.

FIGs. 2-6 illustrate an exemplary process of forming a 90° saddle cut using the
cutting apparatus of the present invention. It is to be understood that this particular cut is
exemplary only and virtually any desired design/shape of cut may be formed using the
tool of the present invention. FIG. 2 illustrates the cutting apparatus 10 with a cutting
tool 30 attached to cutting head 14. In this illustration, cutting head 14 is disposed in 1ts
initial “registration”/home position, where subsequent rotation of collar 16 (through the
use of rotational motorized element 17) will move cutting head 14 in a counter-clockwise
motion (counter-clockwise movement being exemplary). A pipe 40 is illustrated as held
within aperture 12 of apparatus 10.

FIG. 3 illustrates the same set-up as in FIG. 2, in this case with cutting head 14
having rotated counter-clockwise to a -90° position. It is further to be noted that the
linear movement of translational motorized element 19 has moved cutting head 14 out
from its previous position. Further counter-clockwise rotational movement of cutting
head 14, via activation of rotational motorized element 17, thereafter positions head 14 at
-180° from its initial position, as shown in FIG. 4. It is to be understood that the cutting
is taking place as cutting head 14 is rotating, while also providing in this case continual
linear movement to generate the desired saddle-type cut, also providing the desired
transition between having the outer edge as the joining surface to having the inner edge
as the joining surface. FIG. 5 illustrates a further step in the cutting process, as head 14
has rotated to the -270° position. It is to be noted that the cutting device as depicted in
FIG. S is now in the same linear position as in FIG. 3 (and further out from the position
of FIG. 4), in order to make the desired symmetric saddle cut. FIG. 6 illustrates the
completion of the process, where cutting head 14 has returned to its initial position.

Possible variations of the cutting process of the present invention may utilize a
“lead in” at the beginning of the cutting process (i.e., a predetermined 1initial cut),
followed by a return to the “lead in” portion at the completion of the cutting cycle to
achieve a final cut with little evidence of “start” and “stop™ locations. Other features
include the incorporation of a visible display 100 with processor 20 (see FIG. 1) to show

the “shape” of the cut prior to initiating the cutting process, allowing the user to modify
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the cut as needed to achieve the desired results. The processor may also include a
memory 25 (see FIG. 1) for storing a "history" of various cuts that have been made,
such that set-up time is reduced when a cut 1s to be duplicated. Multiple axes may be
added beyond the initial rotational and translational movements to allow for types of
non-cylindrical pipes (e.g., square pipes, oval pipes, hexagonal, etc.) to be cut by the
apparatus of the present invention. Modifications of the various parameters such as
rotational/translational speed, referencing to a "home" position, type of tube being cut,
etc., are all considered to fall within the scope of the present invention. Further, it 1s
possible to easily "reverse" the cutting pattern to achieve symmetrical cuts inasmuch as
the cutting operation is processor-controlled and a calculation can be made of the
"reverse" parameters.

It is to be understood that the present invention and its advantages will be
understood from the foregoing description and it will be apparent that various changes
may be made thereto without departing from the scope of the invention, or sacrificing
all of its material advantages, the form hereinbetore described being merely a preferred
or exemplary embodiment thereof. The scope of the claims should not be limited by
particular embodiments set forth herein, but should be construed 1n a manner consistent

with the specification as a whole.
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CLAIMS:

1. A pipe cutting apparatus for creating complex cuts, said apparatus comprising

a housing assembly including a central aperture for supporting a section of pipe to be
cut in a fixed position;

a rotatable collar attached to an outer surface of the housing assembly so as to encircle
the central aperture 1n a manner that the pipe to be cut is exposed through the rotatable collar;

a cutting head attached to the rotatable collar;

a first motorized element coupled to both the rotatable collar and the cutting head for
imparting rotational motion to the rotatable collar in a manner such that the cutting head
performs an axial cut around said pipe to be cut;

a second motorized element coupled to the cutting head for moving the cutting head in
a lateral direction with respect to the housing such that the cutting head performs a
translational cut along said pipe to be cut; and

a processor coupled to the first and second motorized elements and responsive to a
plurality of input signals defining the pipe dimensions, material and desired cut profile, the
processor for calculating the required combined rotational and lateral movements of the first
and second motorized elements required to perform the desired cut and transmitting the cut

control commands thereto.

2. The pipe cutting apparatus as defined in claim 1 wherein the processor further includes
a memory element for maintaining a record of first and second motonzed element rotational

and lateral movements, respectively, required to perform a plurality of different, complex

cuts.
3. The pipe cutting apparatus as defined in claim 1 wherein the cutting apparatus further
COMPrises

a cutting tool coupled to the cutting head such that the termination of the cutting tool

is disposed to provide the desired cutting of a section of pipe.
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4. The pipe cutting apparatus as defined in claim 1 wherein the components are

integrated sufficient to form a portable pipe cutting apparatus.

5. The pipe cutting apparatus as defined in claim 1 wherein the processor further
comprises a visual display for tllustrating a diagram of a desired cut prior to performing the

cutting operation.

6. The pipe cutting apparatus as defined in claim 1 wherein the processor generates a cut
profile transferring from an inner pipe edge to an outer pipe edge to form a complex cut for

joining to a cylindrical second pipe.

7. The pipe cutting apparatus as defined in claim 1 wherein the apparatus further

comprises a registration position from which an initial cut location can be defined.

8. The pipe cutting apparatus as defined in claim 7 wherein the processor further utilizes
the registration position to provide a predetermined orientation between a first cut at one

location and a second cut at a separate location

9. The pipe cutting apparatus as defined 1n claim 1 wherein the processor is further
capable of receiving input data for a plurality of axes, generating complex cut information for

cylindrical and non-cylindrical pipe geometnies.

10. A method of performing complex pipe cutting, the method comprising the steps of:
attaching a pipe 1n a fixed position within a cutting apparatus comprising a housing
assembly including a central aperture for supporting a section of a pipe to be cut in a fixed
position, a rotatable collar attached to an outer surface of the housing assembly so as to
encircle the central aperture in a manner that the pipe to be cut 1s exposed through the

rotatable collar, a cutting head attached to the rotatable collar, a first motorized element

10
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coupled to both the rotatable collar and the cutting head for imparting rotational motion to the
rotatable collar in a manner such that the cutting head performs an axial cut around said pipe
to be cut, a second motorized element coupled to the cutting head for moving the cutting head
in a lateral direction with respect to the housing such that the cutting head performs a
translational cut along said pipe to be cut, and a processor coupled to the first and second
motorized elements and responsive to a plurality of input signals defining the pipe
dimensions, material and desired cut profile, the processor for calculating the required
combined rotational and lateral movements of the first and second motorized elements
required to perform the desired cut and transmitting the cut control commands thereto;

inputting the plurality of input signals to the processor;

determining the translational and rotational movements required to generate the
desired cut; and

moving the cutting head through translational and rotational movements as
commanded by the processor using the first and second motorized elements; and

cutting the pipe to generate the desired cut profile.

11.  The method as defined in claim 10 wherein the method further comprises the step of
storing the determined translational and rotational movements associated with the

desired cut within a memory component of the processor.

12.  The method as defined in claim 10 wherein prior to performing the cut, the method
includes the step of:

displaying, on a visual display unit, an intended cut profile, based on the determined

translational and rotational movements.

13.  The method as defined in claim 10 wherein the method 1s used to perform at least two

separate cuts along a section of pipe with a predetermined orientation therebetween, the
method including the further steps of:

defining a registration position on the housing assembly;

11
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initiating a first cutting operation at a first location with respect to the registration
position; and

initiating a second cutting operation at a second location with respect to the
registration position, wherein the first and second locations are selected to provide the desired

predetermined orientation.

12
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