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Cutting tool integrated in a driilstring
Description

Technical Fleld

{0001} The invention relates to cutting tools which can be used in drilling oil, gas
and deep water wells and mining operations. In particular it is disclosed a
cutting tool integrated in a drillstring.

Background Art

[0002] Drill bits used to drill wellbores through earth formations typically have a
nominal diameter, that is, the diameter that will be created when the drilibit
is rotated and impressed axially onto the formation. Frequently it is
desirable to enlarge the diameter of the borehole beyond the nominal
diameter of the drillbit for several purposes. it is well known that in the
process of drilling a deep well for oil and gas production; under reaming of
a borehole, it is necessary to treat the borghole wall so as 1o prevent
reduced predetermined diameter of the borehole and also o enlarge the
diameter of the borehole drilled by the main bit in front of the drillstring.

[0003] Numerous attemp& have been made to provide proper tools for enlarging
a borehole particularly in the oil wells. One of the known prior art is using
specialized drill bits, known as bi-centre bits. Bi-centre bits have been
developed to create boreholes with drilied diameter greater than the
diameter of the opening through which such bits will pass when they are
not rotated. U.S Patents 6340064; 6394200; 5092548; 5678644 are
examples. Rather than employing a one-piece drilling structure, such as
an sccentric bit or a bi-centre bit to enlarge a borehole, it is known that
reamers including reamer wings typically are assembled to a drilistring at
an axial position behind the drillbit. Underreamers have basically two
operating states, a closed or collapsed state which enables them to pass
through the narrowest section of the borehole and an open or partly
expanded state where one or more arms with cutters extend radially
outward from the rotational centre of the tool body. When the reamer
rotates, the cutting elements on the extended arms anfarge the boreholes.
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U.S Patents 4589504, 5368114; 5060738, 4431065 are examples of hole-
openers with solid expandable arms.

itis also known in prior art that roller side cutters are used instead of the
solid cutter blades o ream and enlarge a borehole examples of roller side
cutters are found in the patent documents U.S Patent Nos. 2,122,763;
2,172,762, 2,189,033, 2,189,037, 2,199,693, 2,260,3686; 2,306,492,
3,306,381, 3,627,068; 3,907,048; 4,182,425; 4,398,610; 4,036,314. U. 8
Patents numbers 6,378,632; and 3,917,011 are special cases using rotary
roller cones to increase the borehole diameter.

Moreover it is known from US 2004/0134687 A1 an expandable reamer’
apparatus and methods for reaming a borehole, wherein a laterally
movable blade carried by a tubular body may be selectively positioned at
an inward position and an expanded position. The movable blade, heid
inwardly by blade-biasing elements, may be forced outwardly by drilling
fluid selectively allowed to communicate therewith by way of an actuation
sleeve disposed within the tubular body.

The publication US 8,378,632 B1 discloses an underreamer that opens a
borehole below a restriction that is larger than the restriction itseif. The
underreamer includes cutters which engage the formation by traversing
outward and upward. The force pushing the cufters o the extended
position is supplied by a piston built into each cutter support. Pressure
acting on these pistons comes from the pressure differential between the
annulus and drill string during circulation of drilling fluid.

GB1208127 relates to well reamers and more particularly to well reamers
having a single-roller-cutter used for enlarging well bores.

Qther examples of reamers can be found in WO 02/064939 A1, US
6,378,632 B1 and US 2009/0294173 A1

Enlarging the borehole diameter with cutting blades or with passive rollers
is associated with increased drillstring torque. In addition, due to
operational limitation such as vibration, the enlarged diameter is limited
when using passive cutters. Use of the active rotary cutters is favourable
with respect to the torque and wili also enable fo drill larger borehole than
what is possibie foday.
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{00101 According to the present invention it is an object to provide a tool which
overcomes the drawbacks of increased drillstring torque and vibration as
known from prior art.

Disclosurs of Invention

[0011] In the present invention, a new reamer with special side cuiters with self
rotating ability is presented. Employing self driven rotational side cutters
instead of passive blade and roller cutters for enlarging the borehole is a
focused area according to the present invention. Use of the active rotary
cutters is favourable with respect to the torque and will also enable to drill
larger borehole than what is possible today.

[0012] In particular the object of the invention is met by a cutting tool integrated in
a drillstring where the cutting tool at least comprises one or more side
cutters arranged along the longitudinal axis of said drilistring in a reamer
housing, where the side cutters are adapted fo be rotated independent of
the reamer housing around an axis that that is not parallel with the axis of
rotation of said drillstring..

[0013] According to one émbadiment of the invention the cutting tool is specified
in that the side cutters are adapted to be rotated by individual driving
means.

[0014] According to one embodiment of the invention the cutiing tool is specified
in that the dome shaped self driven rofational side cutters extends radially
outward from the body of the reamer by means of an actuating system.
The rotational side cutters extends radially outward from the body of the
reamer relative to the tool housing to a greater extent than the borehole
diameter and thereby dig into the borehole sidewalls and remove the
material in a milling process. The housing may include at least one
actuator for actuating the at least one mill between an extended operating
position and a retracted position, in particular to be able to retract the mill
or mills during running in or retrieval of the drilistring. The actuating
mechanism may according to one aspect of this embodiment comprise
one of drilling mud pressure or mechanical means.

{0015] in another embodiment the cutting tool is specified in that the dome
shaped self driven rotational side cutters have non circular cross section.
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These non circular side cutters can according to one aspect of this
embodiment can be rotated without extending radiaily outward from the
housing body where they don't protrude cut of the reamer housing in the
passive state, and in rotating state the non circular cone, will limp and
protrude out of the reamer housing to a greater extent than the borehole
diameter and thereby dig into the borehole sidewalls. The crank shaped
rotational side cones can have any non circular cross section with aspect
ratios larger than one (1.00}, where an aspect ratic is defined as the ratio
of a length to a width of the cross section shape. So, for example, as
defined herein, a circle has an aspect ratio of one, and an ellipse has an
aspect ratio greater than one since its major axis (length) is larger then its
minor axis (width).

[0016] According fo this embodiment the apparatus may include different sizes of
crank shaped rotational side cones with non-circular cross section to
enlarge a borehole stepwise, where the smallest side cutter is arranged
closest to the drillbit and provide the first stage of the enlargement.

(00171 In both ambodimants, by simultaneous rotation of the tool housing and the
side cutters the bore hole can be enlarged to a grater diameter than the
original. In addition, both embodiments according to the present invention
provide a cutting tool where the driving means can be any of: a mud
motor, a hydro motor, a hydraulic motor or an electric motor. Further, a
gear transmission system may be arranged to transfer rotational motion
from the driving means to the side cutters. The individual driving means
can be one of: a hydro motor or an electric motor with direct drive of the
side cutters, The invention focus on using active self driven rotational side
cutters to enlarge the borehole while in the traditional reamers, passive
wings / blades / rollers are used.

[0018] OCther features and advantages according to the present invention will be
apparent from the dependent claims.

Brief Description of Drawings
[0019] To make the invention readily understandable it will now be described with
reference to the drawings in which,
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[0020] FIG. 1 shows a schematic view of the reamer with three active rotational
side cutters placed in one direction,

[0021] Figure 2 shows direction and axis of the rofations in the reamer with
rotational side cones,

{0022} Figure 3 shows a schematic view of a side cone with non-circular cross
section covered by the cutting elements,

[0023] Figure 4 shows a schemalic view of a side cone while rotating (left) and in
non activated position (right),

[0024] Figure 5 shows cutting area of a reamer with three active rotational side
cutiers,

{0025] Figure 6 shows a schematics view of one driving system according to one
aspect of the invention using hydraulic mud motor and bevel gears,

[0026] Figure 7 shows a cross sectional view of individual driving systems for
each three cones, and

[0027] Figure 8 shows a schematic view of the rotary side cone stopped at
neutral position

[0028] Figure 9 shows a schematic view of a reamer housing with rotary
expandable side cutter (middle) in non-active position (left)} and radial
expanded position {right),

Detailad description of the invention

[0029] The invention will now be described with support from the drawings in
which identical reference numbers indicates similar features. The drawings
are included for illustrative purposes so as to make the principle of the
invention readily understandable; it shall be appreciated that the person
skilled in the art will realize other embodiments than those illustrated by
the drawings.

[DD30} In the following the following definition applies; cutters shall be understood
as any cutting tools arranged along the drilistring/reamer behind a drill bit
with the purpose of drilling bore hole walls. Also, side cutters and canes
are used interchangeably and shall be included in the definition of cutters.

[0031] The basic idea behind the invention is to provide reamers which include
one or more cutters arranged behind a drillbit, where at least one of the
cutters are rotated by a means different than that of the drillbit.
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Firstly a general embodiment utilizing self powered cutters will be

described; thereafter exemplary embodiments will be disclosed.

The new borehole reamer according to the present invention has a

cylindrical housing, placed as a part of the drillstring. It consists of at least

one rotational cone on the side of the drillstring, almost vertical o the axis
of the borehole. The side cones can be rotated by using hydraulic
driven/mud motor system placed inside the main housing. However many
other means of driving systems can be utilized, it is the individualization of
powering the cones/cutters that is important in. this context. An internal
hydraulic driving system can be placed either, axial to the side cones or

axial to the direction of drillstring and to rotate the side cones by using a

gearftransmission system or by direct drive. Also the driving means can be

electric motors with gear transmission drive or by direct drive.

According o the present invention two alternative designs of the rotational

side cutters are disclosed.

* In the first design, the rotational side cones will exiend radially outward
relative to the ool housing to a greater extent than the borehole
diameter. The radial extension of the side cones may be provided by
drilling mud pressure or by use of other mechanical systems, including
electrical powered systems.

= In the second alternative the side cones have special non-centric
design. The cones with non-circular cross section will be rotated
without extending out of body of the reamer by mechanical, hydraulic
and even electric mechanisms, ref figs 2, 4 and 5.

in both alternatives, the cutting elements mounted on the side cones will

rotate around the axis of the cone while the axis of the cone itself will

rotate with the drillstring rotation. Use of this concept leads o create new
cutting path of the cutting elements which will reduce the drillstring torque.

In addition, employing this concept will enable use of the hydraulic energy

of the circulating mud for the borehole enlargement process for higher

drilling efficiency. By implementing several side cones with different sizes
in one tool, it will be possible to achieve a larger borehole compared with
the traditional reamers.
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FIG. 1 shows a schematic view of a reamer assembly 11 in accordance
with one embodiment of the invention. The reamer 11 has three side
cones/cutters 12, 13, 14 placed on the side of the reamer housing 11. The
cones/cutters 12, 13, 14 are shown in openings of the reamer housing 11,
whereas the drilibit 15 which is in front of the drillstring will rotate with the
main reamer housing. The side cones/cutters 12, 13, 14 can rotate around
their axis vertical to the drillstring axis. For better understanding of the tool
the side cutters are shown at one side of the reamer body 11 but they may
be placed with a mutual angle between each other, consideration of
vibration shall however be taken into account when the side cones/cutters
12, 13, 14 are arranged. In this example where three cones are used, the
cones may be arranged at three different sides of the tool body with
each120 ° spacing. The tool can as indicated also be designed with
different number of rotational side cutters depending on particular
applications. |

The direction and axis of the rotations is explained in Fig. 2, in which a
circle 22 perpendicular o the drillstring circle 21 shows the cutting path of
a cutter element while rotating around the side cone axis. Rotation of the
reamer housing is shown by the circle 21 and the arrow indicates the
barehole axis.

Schematic of a typical non centric side cutter 32 is shown in Fig. 3. As
shown in the figure the side cone 32 according fo this aiternative design
has non cenfric shape covered with cutting elements 36. ‘
Figure 4 indicates a view of a non centric cone 42 when it staris to rotate
on the left, the cutting elements in the non centric part of the cone will
cover a larger diameter than the reamer housing 41. The reamer housing
41 will be a part of the rotary drillstring and therefore will rotate around the
axis of the borehole. In operational conditions, the side cones will rotate
while the reamer housing 41 is also rotating and therefore the side cones
will cover a larger area than the reamer housing and enlarge the borghole.
The right side of the fig. 4 indicates a cone in a passive state, it can readily
be seen that the cone 42 does not extend beyond the perimeter of the
reamer 41 itself in this state.
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FIG. 5 shows examples of culting areas of a three active cones reamer in
accordance with the invention. The cones 52, 53, 54 are placed at different
sides of the housing (120 ° spacing) and the smallest cone 54 is placed
near the drilibit 55. Cutting path of the cones is shown by appropriate
circles. Consequently, the borehole will be enlarged in three steps while
the main borehole has been made by the driilbit 55. However it shall be
appreciated that in principle any number of cutters can be arranged in the
housing of the reamer, the smallest will be arranged closest fo the drillbit
§5, whereas the largest will be arranged at the most remote position
relative to the drill bit 55.

Side cones can be rotated by internal mud motors and thereby use the
hydraulic energy of circulating mud. However, drillstring mechanical
energy or electric motors can also be used for driving the side cones.
FIGS. 6 and 7 shows examples of use of internal mud motor(s) including a
proper gear transmission system 67, 77 for driving the side cones 62, 72,
73, 74. Any suitable gear type can be utilized. Different gear types such as
worm or bevel can be used depending on the tool design. In addition, high
torque hydro-motors can also be employed without gear system, the same
applies to electric motors.

Each side cone has individual driving system and can be rotated
independent of the other side cones. FIG. 7 shows schematics of a reamer
cross section 71 with individual driving system 78.

In the particular presented apparatus, the smallest side cutier must be
derived first to enlarge the borehole needed fo start rotation of the medium
cutter. Consequently, the biggest side cutter must be rotated at the final
stage where the borehole has been enlarged by the medium cutter. When
the three side cones, according to this exemplary embodiment, rotate
while the drilistring rotates, the borehole will be fully enlarged. Proper
centralizer mechanism may be employed in the entire body of the reamer
to centre the tool in the borehole.

When tripping the tool in and out of the borehole, especially in the casing
section or where the enlarged borehole is not needed, side cutters will

fiom: 14.08.2012 13-40:03 - 14.08.2012 13:53.26. This page 12 of AMENDED SHEET 5515753438
B:eived at the EPO on Aug 14, 2012 13:53:26. Page 12 of 36 14/08/2012



re

Printed: 16/08/2012

[0045]

[0046]

2012/08/14DESCPAMD 13 /36 NO20110002238

9111

stop rotating and be placed in the initial neutral positions as shown in Fig.
8, hence the side cutters 82 will be hided by the body of the reamer 81,
FIG. 9 shows schematic view of a reamer in accordance with another
embodiment of the invention. The reamer 91 has at least one circular
dome shaped side cutter 92 adapted to rotate and expand radially outward
relative to the tool housing 91 to a greater extent than the borehole
diameter shown in left side, The radial extension of the side cones may be
provided by drilling mud prassure or by use of other mechanical systems,
including electrical powered systems.

It shall be appreciated that any combination of rotational side cones with
non-circular and/or circular cross section which extends radially outward
from the body of the reamer with an actuating mechanism can be utilized
according to the present invention. Also the cone with non-circular cross
sectional design illustrated in figures 3, 4 and 8, are only examples of non-
circular shapes, other non-circular designs will be readily understood by
the person skilled in the art.
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Claims

1.

A cutting tool integrated in a drillstring, where the cutting tool at least
comprises:

one or more side cutters arranged along the longitudinal axis of said drillsiring
in a reamer housing, where the side cutters are adapted to be rotated
independent of the reamer housing around an axis that is not parallel with the
axis of rotation of said drilistring.

A cutting tool according to claim 1,

characterised in that the side cutters are adapted to be rotated by
individual driving means.

A cutting tool according to claim 1,

characterised in that the rotational side cutters extends radially

outward from the tool body of the reamer by means of an actuating system.

. A cutting tool according to claim 3,

characterised in that an actuating mechanism is provided by one
of; drilling mud pressure or mechanical means.

A cutting tool according to claim 1,

characterised inthatthe side cutters have non circuiar cross section.
A cutting ool according to claim 5,

characterised in that the side cutlers are disposed in openings of
the reamer, and is shaped so as in passive state not to protrude out of the
diameter defined by the reamer housing, and in rotating state the cutters
extreme ends will define a diameter which extends beyond the diameter
defined by the rotating reamer housing.

A cutting tool according to claim 5 or 6,

characterised in thatthe side cutters have different sizes of non-
circular rotational side cones to enlarge a borehole stepwise, where the

smallest side cutter is arranged closest to a drilibit.
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8. A cutting tool according to any of the claims 1 - 7,
characterised in thatthe driving means can be any of: a mud motor,
a hydro motor, a hydraulic motor or an electric motor.

9. A cutting tool according to claim 8,
characterised in thata geartransmission system is arranged to
transfer rotational mdtion from the driving means to the side cutters.

10. A cutting tool according to claim 1, 8 or 9,
characterised in thatthe individual driving means are one of: a
hydro motor, an electric motor or mechanical system with direct drive of the
side cutters.

11. A cutting tool according to claim 1, 9 or 10,
characterised in thatthe borehole is enlarged stepwise using

different sizes of active rotational side cones with non-circular cross section.



