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Description
BACKGROUND OF THE INVENTION

[0001] Field of the Invention. The invention disclosed
and taught herein relates generally to tools for reaming
subterranean wellbores; and more specifically relates to
reamer tools having a combination of rolling and fixed
cutters and related methods.

Description of the Related Art.

[0002] Drill bits used in drilling of subterranean well-
bores typically comprise fixed cutter bits or rolling cutter
bits. Rolling cutter bits typically include a body having
legs extending downward and a head bearing extending
from the leg towards the axis of the bit body. Frusto-
conically shaped rolling cutters are rotatably mounted on
each of these journals and are included with cutting teeth
on the outer surface of these cones. As the bit rotates,
the cones rotate to cause the cutting elements to disin-
tegrate the earth formation.

[0003] Insome situations, a pilotreamer drilling system
is employed where two or more bits are combined on a
single drill string. Here, the lowermost bit, commonly re-
ferred to as a pilot bit, creates a pilot hole and an upper
earth boring bit enlarges the pilot hole diameter. The bit
enlarging the hole diameter is referred to as a reamer.
Typically, the pilot bit comprises a conventional bit, i.e.,
either a rolling cutter bit or a fixed cutter bit. The reamer
bit usually employs rolling cutters as cutting members
that are attached to the reamer body. Pilot reamer drilling
systems are used to drill large diameter boreholes that
may require enhanced stabilization. For example, U.S.
Pat. No. 6,386,302 to Beaton discloses a "reamer for
drilling a hole having a diameter larger than a pass
through diameter [and] in one aspect includes a body
having reaming blades affixed at azimuthally spaced
apart locations." As another example, U.S. Pat. No.
7,416,036 to Forstner et al., discloses a "BHA com-
pris[ing] a pilot bit and a reamer above it that is larger in
diameter than the suspended liner." As other examples,
U.S. Pat. Appl. Pub. No. 2009/0218140 to Pessier et al.
discloses a reamer bit comprising "four cutter mounts
[with] rolling cutters on each mount" and U.S. Pat. Appl.
Pub. No. 2009/0166093 to Pessier et al. discloses a
reamer bit having rolling cutters and stabilizer pads on
the body. Another example of hybrid reamer can be found
in the document DE 1301784 which is also considered
as the closest prior art. Although each of these bits may
be workable for certain limited applications, an improved
hybrid reamer with enhanced reaming performance is
desirable.

[0004] The application disclosed and taught herein is
directed to an improved tool having a hybrid reaming sec-
tion for reaming a wellbore and to methods of making
and using the improved tool.
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BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides a hole opener
as claimed in claim 1.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0006]

FIG. 1 illustrates one of many embodiments of a hy-
brid reamer having a fixed blade and a rolling cutter
and utilizing certain aspects of the present applica-
tion.

FIG. 2 illustrates another view of the hybrid reamer
shown in FIG. 1.

FIG. 3illustrates a cross-sectional view of the hybrid
reamer shown in FIGS. 1 and 2.

FIG. 4 illustrates one of many embodiments of a hy-
brid reamer having a contoured fixed blade and a
rolling cutter and utilizing certain aspects of the
present application.

FIG. 5 illustrates one of many cutting profiles of a
rolling cutter and an associated fixed blade utilizing
certain aspects of the present application.

FIG. 6 illustrates one of many cutting profiles of a
plurality of rolling cutters and fixed blades utilizing
certain aspects of the present application.

FIG. 7 illustrates one of many cutting profiles of a
hybrid reamer having backup cutting elements and
utilizing certain aspects of the present application.
FIGS. 8A, 8B and 8C illustrate one of many different
embodiments of a hybrid reamer having a rolling cut-
ter cutting the gage and utilizing certain aspects of
the present application.

FIGS. 8D, 8E and 8F illustrate one of many different
embodiments of a hybrid reamer having a fixed blade
cutting the gage and utilizing certain aspects of the
present application.

FIGS. 8G and 8H illustrate one of many different em-
bodiments of a hybrid reamer having a fixed blade
and arolling cutter cutting the gage and utilizing cer-
tain aspects of the present application.

FIG. 9A illustrates one of many embodiments of a
hybrid reamer having a rolling cutter having a limited
effective projection and utilizing certain aspects of
the present application.

FIG. 9B illustrates one of many embodiments of a
hybrid reamer having a rolling cutter having a full
effective projection and utilizing certain aspects of
the present application.

FIG. 10 illustrates one of many embodiments of a
hybrid reamer having a pilot bit and utilizing certain
aspects of the present application.

FIG. 11 illustrates one of many embodiments of a
hybrid reamer having an asymmetrical cutter and uti-
lizing certain aspects of the present application.
FIG. 12 illustrates one of many embodiments of a
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hybrid reamer in contact with a cutting surface and
utilizing certain aspects of the present application.

DETAILED DESCRIPTION

[0007] The Figures described above and the written
description of specific structures and functions below are
not presented to limit the scope of what Applicants have
invented or the scope of the appended claims. Rather,
the Figures and written description are provided to teach
any person skilled in the art to make and use the invention
for which patent protection is sought. Those skilled in the
art will appreciate that not all features of a commercial
embodiment of the invention is described or shown for
the sake of clarity and understanding. Persons of skill in
this art will also appreciate that the development of an
actual commercial embodiment incorporating aspects of
the present invention will require numerous implementa-
tion-specific decisions to achieve the developer’s ulti-
mate goal for the commercial embodiment. Such imple-
mentation-specific decisions may include, and likely are
not limited to, compliance with system-related, business-
related, government-related and other constraints, which
may vary by specific implementation, location and from
time totime. While adeveloper’s efforts might be complex
and time-consuming in an absolute sense, such efforts
would be, nevertheless, a routine undertaking for those
of skill in the art having the benefits of this disclosure. It
must be understood that the invention disclosed and
taught herein is susceptible to numerous and various
modifications and alternative forms. Lastly, the use of a
singular term, such as, but not limited to, "a," is not in-
tended as limiting of the number of items. Also, the use
of relational terms, such as, but not limited to, "top," "bot-
tom," "left," "right," "upper," "lower," "down," "up," "side,"
and the like are used in the written description for clarity
in specific reference to the Figures and are not intended
to limit the scope of the invention orthe appended claims.
The terms "couple," "coupled," "coupling," "coupler," and
like terms are used broadly herein and can include any
method or device for securing, binding, bonding, fasten-
ing, attaching, joining, inserting therein, forming thereon
or therein, communicating, or otherwise associating, for
example, mechanically, magnetically, electrically, chem-
ically, operably, directly or indirectly with intermediate el-
ements, one or more pieces of members together, re-
movably or otherwise, and can further include without
limitation integrally forming one functional member with
another in a unity fashion. The coupling can occur in any
direction, including rotationally.

[0008] Applicants have created a reamer tool assem-
bly having a hybrid reaming section and methods of mak-
ing and using the reamer. The hybrid hole opener, or
hybrid reamer, may include a combination of rolling cut-
ters and fixed blade cutters (or "fixed blades") coupled
to a stem for supporting one or more components of the
reamer. The term "rolling cutter" as used herein includes,
but is not limited to, devices commonly referred to in the
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art as "roller cones." The reamer may comprise a reamer
body, such as a generally cylindrically shaped body, hav-
ing one or more rolling cutter mounts (e.g., a bit leg) cou-
pled to its outer radial periphery. A rolling cutter may be
coupled to each mount, wherein the rolling cutter may
have cutting elements disposed in the downhole or lateral
(gage) directions, for example, so that they may contact
the formation to cut swaths or kerfs or grooves (herein-
after referred to as "path(s)") on the associated cutting
surface while the reamer is rotating downhole. The rolling
cutter cutting elements may hereinafter be referred to as
"teeth," without limitation, and only for purposes of ex-
planation in differentiating between rolling cutter cutting
elements and other cutting elements. The reamer may
further comprise one or more fixed blade cutters, or fixed
blades, coupled to the body, wherein one or more of the
fixed blades may be coupled adjacent one or morerolling
cutter mounts. Each fixed blade may include cutting el-
ements coupled thereto, each of which may, but need
not, cutits own unique pathin the cutting surface, inwhole
or in part. In at least one embodiment, which is but one
of many, one or more fixed blade paths may be aligned
or otherwise associated with one or more rolling cutter
paths.

[0009] One or more of the many embodiments of the
present application will now be described in more detail
with reference to the Figures.

FIG. 1 illustrates one of many embodiments of a hybrid
reamer 100 having a fixed blade and a rolling cutter and
utilizing certain aspects of the present application. FIG.
2 illustrates a side view of the hybrid reamer 100 of FIG.
1. FIG. 3 illustrates a cross-sectional view of the hybrid
reamer of FIGS. 1 and 2. FIGS. 1-3 will be described in
conjunction with one another. Reamer 100 may comprise
a core for supporting reaming equipment. The core may
include a stem 102 and a reamer body 103 and may, but
need not, be generally cylindrical. Stem 102 may be at
least partially tubular, such as to allow fluid to flow at least
partially therethrough. Reamer 100 may include one or
more cutting structures, such as a fixed blade 106 or
rolling cutter mount 108, which may, but need not, be
coupled to its outer radial periphery. Each mount 108
may include a roller shaft 109 generally angled toward a
central longitudinal axis A of reamer 100. Cutters, such
as rolling cutters 110, may be rotatably coupled on each
roller shaft 109, directly or indirectly. In at least one ex-
emplary embodiment, such as the embodiment of FIG.
1, four fixed blades 106 and four rolling cutters 110 may
preferably be coupled radially around the periphery of
body 103 in an alternating fashion, but they need not be.
[0010] Alternatively, the various types of reaming com-
ponents may be coupled in any order and in any number.
While the fixed blades 106 and rolling cutters 110 of FIG.
1 are illustrated as having central radial axes that pass
through axis A of reamer 100, they need not. For exam-
ple, one or more rolling cutters 110 or fixed blades 106
may be "off-axis" as required by a particular application,
such as, for example, where the component has one or
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more axes, such as a central axis, that does not pass
through axis A (i.e. the axis of rotation) of reamer 100.
[0011] Each fixed blade 106 may include a plurality of
cutting elements 116, which may, but need not, be tung-
sten carbide inserts, polycrystalline diamond compact
("PDC") cutting elements, or as another example, inte-
grally formed cutting elements. Cutting elements 116
may be coupled anywhere on blade 106, such as on the
downhole or bottomhole portion of blade 106 or, as an-
other example, on the radially outermost or gage surface
of blade 106, such as where cutting elements 202 are
shown in FIG. 2. Each rolling cutter 110 may include one
or more teeth 120 coupled thereto. Teeth 120 may be
inserts, such as tungsten carbide inserts, steel teeth
formed integrally with each rolling cutter 110, such as by
milling, or any other type of teeth required by a particular
application. Fixed blades 106 and rolling cutters 110 may
define one or more cutting or reaming paths, separately
or in combination, and may, but need not, be associated
with one another. For example, one or more particular
fixed blade cutting elements 116 may cut in the same
path as a particular tooth 120 or row of rolling cutter teeth
120, or their paths may be adjacent, in whole or in part.
For purposes of the disclosure herein, directly adjacent
paths are paths that reside next to one another with no
other path there between. Each rolling cutter 110 or fixed
blade 106 may have a unique cutting profile defined at
least partially by the cutting elements coupled thereto. In
at least one embodiment, for example, at least a portion
of the cutting profile of one or more fixed blades 106 may
be curved or rounded and the cutting profile of one or
more rolling cutters 110, such as an associated trailing
rolling cutter 110, may match the curved cutting profile
of the fixed blade 106, in whole or in part, as will be further
described below. Alternatively, the fixed blade cutting
profile may match the rolling cutter cutting profile, in
whole or in part, or as another example, each cutting
profile on reamer 100 may be unique. The term "match"
as used herein means cutting in the same path during
reaming, which may occurin whole or in partand between
any two or more cutters or cutting elements. Reamer 100
may have any gage dimension, such as a diameter of,
for example, 558,8-711,2mm (22-28 inches), as required
by a particular application. The gage may be cut by any
cutting profile or combination of cutting profiles, as re-
quired by a particular application and further described
below.

As shown in FIG. 2, each blade 106 may include one or
more cutting elements 116, 202 coupled to, for example,
a portion of the blade 106 that may contact the wellbore,
such as leading edge 204 or gage portion 210. One of
ordinary skillin the art will understand that the placement
of each cutting element 116, 202 may change from blade
to blade, or as between embodiments of reamer 100.
Each cutting element 116, 202 may or may not contact
the wellbore in a particular application and if a particular
cutting element 116, 202 contacts the wellbore, the cut-
ting element may do so constantly or from time to time
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as reamer 100 spins downhole. Each blade 106, leading
edge 204, or gage portion 210 may define any cutting
profile required by a particular application, as will be fur-
ther described below. A blade 106 may preferably form,
in at least one embodiment, a smooth, rounded and du-
rable profile, such as the exemplary profiles of each blade
106 shown in FIG. 2 and other FIGS. described herein.
Fixed blade cutting elements 116, 202 may be brazed,
welded or otherwise coupled to recesses or pockets on
each blade 106, for example, so that the peripheral or
cutting edge on each cutting face may be presented to
the formation.

[0012] With further reference to FIGS. 2 and 3, each
rolling cutter 110 may include one or more rolling cutter
teeth 120. Each tooth 120 may be formed from any ma-
terial and may be formed integrally with or coupled to
rolling cutter 110 at any location required by a particular
application. In at least one embodiment, rolling cutter
mounts 108 may include updrill features, such as cutting
elements or, as another example, hardfaced pads, cou-
pled to their gage surfaces or on their upper portions,
such as to updrill or ream in the uphole direction, as re-
quired by a particular application. A rolling cutter 110 may
be mounted on a bearing 112 coupled to each support
108, such as sealed or unsealed journal bearings, roller-
element bearings, or other bearings required by a par-
ticular application. Each bearing 112 may, but need not,
be coupled to a roller shaft 109, which may be fixed, for
example, so that rolling cutter 110 spins about shaft 109.
The rotational axis of each rolling cutter 110 may, but
need not, intersect the central longitudinal axis A of ream-
er 100. The radially outermost cutting portion of each
rolling cutter 110, as well as that of each mount 108, may
be "off gage" or spaced inwardly from the gage diameter
of reamer 100, which may, but need not, be defined by
fixed blades 106. In at least one alternative embodiment,
the radially outermost or gage row of one or more rolling
cutters 110 may define the gage diameter of the wellbore
and the fixed blades 106 may be off gage, for example,
which may protect the fixed blades 106 and associated
cutting elements 116. In at least one other embodiment,
the gage diameters defined by the fixed blades 106 and
rolling cutters 110 may be equal, for example, so that the
fixed blades 106 and rolling cutters 110 ream the gage
diameter simultaneously. The lowermost or bottomhole
cutting profiles and the gage cutting profiles of each fixed
blade 106 or rolling cutter 110 may be formed independ-
ently or, alternatively, with reference to at least one as-
sociated cutting profile on reamer 100, as will be further
described below. For example, the cutting profile of a
particular fixed blade 106 may be associated with the
cutting profile of a particular rolling cutter, which may, but
need not, be an adjacent rolling cutter 110. At least one
and preferably a plurality of teeth 120 may be coupled to
each rolling cutter 110 in one or more generally circum-
ferential rows. Each row may, but need not, create a
unique path on the cutting surface coinciding with the
row’s particular disposition on a particular rolling cutter
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110. Each individual row of teeth 120 on a rolling cutter
110 may cut a unique path having a radius different from
the radii of paths cut by any other row of teeth on reamer
100. Alternatively, the paths of two or more rows may
correspond as between rolling cutters in one or more
embodiments, in whole or in part, as required by a par-
ticular application. The rolling cutter paths may be gen-
erally curvilinear and concentric with one another, but
need not be. Teeth 120 may be arranged such that each
tooth 120 is radially offset from axis A of reamer 100 (see
FIG. 3). The offset distance may vary for each row of
teeth 120 according to the application and reamer size,
and may vary from rolling cutter to rolling cutter, and/or
tooth to tooth. In at least one embodiment, for example,
stem 102 may, but need not, be about 234,95 mm (9-1/4
inches) indiameter. In such an embodiment, forexample,
the innermost cutting diameter of reamer 100 may be,
for example, about 311,15 mm (12.25") about longitudi-
nal axis A for a 558,8 mm (22") reamer, 374,65 mm
(14.75") for a 609,6 mm (24") reamer, 406,4 mm (16")
for a 660,4 mm (26") reamer or, as another example,
450,85 mm (17.75") fora 711,2 mm (28") reamer. These
examples are approximate and are used only for illustra-
tive purposes. One of ordinary skill will understand that
stem 102 may have any diameter and that any number
of cutting elements or of rows of teeth may be located
between stem 102 and the gage of reamer 100, at any
distance from one another or from stem 102, as required
by a particular application. Teeth 120 need not be ar-
ranged in rows, but instead may be "randomly" placed
on each rolling cutter 110.

Moreover, teeth 120 may take the form of one or more
discs or "kerf-rings," which also fall within the meaning
of the terms rolling cutter cutting elements or teeth as
used herein. While teeth 120 are shown in FIGS. 1-3 to
be inserts, such as tungsten carbide inserts coupled by
interference fit into bores or apertures in rolling cutters
110, they need not be and may alternatively include teeth
integrally formed with each rolling cutter 110, such as
milled- or steel-teeth (see, e.g., FIG. 8A). Reamer 100
may include inserts and integral teeth separately, or in
combination. The inserts or cutting elements may be
chisel-shaped, as shown, conical, round, ovoid, or other
shapes and combinations of shapes depending upon the
application. Teeth 120 may, but need not, be hardfaced
or, as other examples, formed of, or coated with, supera-
brasive or super-hard materials such as polycrystalline
diamond, cubic boron nitride, and the like.

[0013] Stem 102 is tubular to allow fluid to travel at
least partially there through. Stem 102 may preferably
be formed from high strength steel, but may be made
from any material, such as a composite matrix or sintered
carbide. Reamer 100 may include one or more couplers,
such as coupler 104 or coupler 114, for coupling reamer
100 within a drill string, for example, which may include
pipe, the bottom hole assembly ("BHA"), and/or other
downhole equipment. Each coupler 104, 114 may be
formed integrally with stem 102 or formed separately and
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coupled thereto, in whole or in part. In the exemplary
embodiment of FIG. 1, which is but one of many, coupler
104 is shown to include a pin connection and coupler 114
is shown to include a box connection, such as American
Petroleum Institute ("API") connections, on the uphole
and downhole ends of stem 102, respectively. However,
one of ordinary skill will understand that couplers 104,
114 may be any type of coupler required by a particular
application. Reamer body 103 may be formed integrally
with stem 102 or separately therefrom and coupled there-
to, in whole or in part. Stem 102 includes one or more
fluid orifices 118, for example, jets or ports, for allowing
drilling fluid to flow

[0014] from the interior to the exterior of stem 102.
Reamer 100 may, but need not, include a pilot bit (see
FIG. 10), such as for opening a hole to a first diameter,
for example, a diameter less than the gage diameter of
reamer 100. One of ordinary skill will understand that the
pilot bit may be any type of bit required by a particular
application, such as a hybrid bit, drag bit, rolling cutter
bit, or other bit. The pilot bit may be coupled to the down-
hole end of reamer 100, such as to stem 102 or coupler
114, including being formed integrally therewith, in whole
or in part. In at least one embodiment, such as the one
shown in FIG. 1, which is but one of many, the pilot bit
may be absent and coupler 114 may be used for any
purpose required by a particular application, such as for
coupling reamer 100 in a drill string or to another piece
of downhole equipment, for example, to a plug or stabi-
lizer.

[0015] Reamer 100 may include one or more junk slots
212, such as one between each side of adjacent reaming
components, for allowing material, such as cuttings or
fluid, to escape during reaming. For example, reamer
100 may include a junk slot between the trailing side of
arolling cutter 110 and the leading side of the fixed blade
106 that follows the cone 110 during reaming. Junk slots
212 will be further described below and may provide a
generally unobstructed area or volume for clearance of
cuttings and drilling fluid from the central portion of ream-
er 100 to its periphery, such as for return of these mate-
rials to the surface. The volume of one or more junk slots
212 may, but need not, exceed the open volume of other
areas of the reamer, particularly in the angular dimen-
sion, such as between the trailing side of each blade 106
and the leading side of the following rolling cutter 110.
The increased volume of junk slots 212 may be at least
partially accomplished by providing arecess in the trailing
side of each fixed blade 106, as will be further described
below (see FIG. 4), for example, so that the rolling cutters
110 may be positioned closer to the trailing side of each
fixed blade 106 than would be permitted without the clear-
ance provided by the recess. Reamer 100 may include
any number of junk slots 212 and may preferably include
eight junk slots 212 in embodiments having four rolling
cutters 110 and four fixed blades 106, such as the em-
bodimentillustrated in FIGS. 1-3. The junk slots 212 may
be in any location on reamer 100, as required by a par-
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ticular application, such as between a rolling cutter 110
and a blade 106, a blade 106 and a rolling cutter 110, or
elsewhere, singularly or in combination.

[0016] Reamer 100 includes one or more orifices 118
(see FIG. 3) for fluid passage, such as jets or nozzles,
which may be circumferentially located about stem 102
for directing fluid to a desired location. For example, the
orifices may be used for jetting cuttings, cleaning or cool-
ing. One or more orifices 118 may be disposed in recep-
tacles in stem 102, for example, for allowing fluid to pass
from central fluid passageway 304 to the exterior of stem
102. Each orifice 118 may be coupled, for example, prox-
imate to a junk slot 212, for removing formation material
therefrom. Each orifice may be located and configured,
to direct a stream of fluid, such as drilling fluid, from the
interior of stem 102 to a location proximate (and prefer-
ably forward of to avoid unnecessary wear on elements
116 and the material surrounding and retaining them) at
leasta portion of the leading edge 204 of each fixed blade
106 or the fixed blade cutting elements 116 coupled
thereto, or one or more orifices 118 may be located and
configured to direct a stream of drilling fluid to a location
at least proximate the trailing side of each rolling cutter
110 or rolling cutter teeth 120. The streams of drilling
fluid may cool one or more portions of reamer 100 or, as
another example, may remove cuttings from blades 106
or rolling cutters 110 and their respective cutting ele-
ments 116, 120. Orifices 118 may be, for example, con-
ventional cylinders of tungsten carbide or similar hard
metal and may have circular apertures of any selected
dimension. Orifices 118 may be formed in any manner,
such as integrally with wall 302 of stem 102, as modifi-
cations thereto or, as another example, they may be man-
ufactured separately and otherwise coupled to reamer
100, in whole or in part.

[0017] With reference to FIG. 2, a plurality of backup
cutting elements 214 may be coupled to each fixed blade
106, but need not be. For example, one or more backup
cutting elements 214 may be coupled between the lead-
ing and trailing edges of each blade 106, such as, but
not necessarily, in a row that may be generally parallel
with or otherwise formed relative to leading edge 204 of
blade 106. Backup cutting elements 214 may be similar
in configuration to fixed blade cutting elements 116, but
need not be, and may be any size. For example, backup
cutting elements 214 may preferably be smaller in diam-
eter and/or more recessed in one or more fixed blades
106, such as to provide a reduced exposure to the for-
mation as compared to the primary fixed blade cutting
elements 116 on the leading edge 204. In at least one
embodiment of reamer 100, backup cutting elements 214
may comprise BRUTE™ cutting elements, as offered by
the assignee of the present invention through its Hughes
Christensen operating unit, such cutters and their use
being disclosed in U.S. Pat. No. 6,408,958. As another
exemplary alternative, rather than being active cutting
elements similar to fixed blade cutting elements 116,
backup cutting elements 214 may be passive elements,
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such as round or ovoid tungsten carbide or superabrasive
elements, which may, but need not, lack edges (although
still referred to as backup cutters or cutting elements).
Such passive elements may serve, for example, to pro-
tect the lower surface of each blade 106 from wear. In at
least one embodiment, which is but one of many, backup
cutting elements 214 may preferably be radially spaced
along each blade 106 to concentrate their effects in the
apex, shoulder, and gage sections (as described further
below). Backup cutting elements 214 may, but need not,
be arranged on blades 106 to match the fixed blade cut-
ting elements 116, for example, so that backup cutting
elements 214 cut in the same path made by the primary
cutting elements 116, in whole or in part. Alternatively,
backup cutting elements 214 may be arranged to be ra-
dially offset from the fixed blade cutting elements 116 on
one or more blades 106, so that they cut between the
paths made by cutting elements 116. Backup cutting el-
ements 214 may add cutting elements to the cutting pro-
file and increase cutter "coverage" in terms of redundan-
cy at each radial position (relative to the axial center of
the wellbore or axis A of reamer 100) or path on the bot-
tom of the borehole. Whether active or passive, backup
cutting elements 214 may help reduce wear of and dam-
age to cutting elements 116, and may help reduce the
potential for damage to or wear of fixed blades 106. Back-
up cutting elements 214 may, but need not, create addi-
tional points of engagement between reamer 100 and
the formation being reamed, which may enhance reamer
stability, for example.

[0018] Reamer 100 may include a plurality of wear-
resistant gage elements, such as cutting elements 202,
coupled to the gage surface. For example, one or more
gage elements 202 may be coupled to the outermost
periphery of each blade 106 or mount 108. Each element
202 may be, for example, a flat-topped or round-topped
tungsten-carbide or other hard-metal insert coupled to
apertures, for example, by interference fit. Alternatively,
or additionally, the inserts 202 may be integrally formed
on the gage or one or more wear pads 203 may be cou-
pled to the gage surface of reamer 100. Each element
202 or wear pad may, but need not, be hardfaced. The
primary function of elements 202 may be passive, such
as to resist wear of blades 106 or mounts 108. Alterna-
tively, itmay be desirable to place active cutting elements
on the gage of one or more blades 106, such as super-
hard (e.g., polycrystalline diamond) flat-topped elements
or other elements having, for example, beveled edges
for shearing or cutting the sidewall of the borehole being
reamed. Wear-resistant elements or pads may be cou-
pled to the gage of one or more blades 106, supports
108 or elsewhere on reamer 100, separately or in com-
bination.

[0019] Each component of reamer 100 may be formed
from any material required by a particular application,
such as a metal, alloy, composite or another material,
separately orin combination. For example, stem 102 may
preferably be formed from high strength steel, such as
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4145H or another steel, and body 103 may preferably be
formed from 1018 steel, for example. The materials used
to form these components, and others, may depend on
any number of factors required by a particular application,
such as strength, availability, costs, or other factors, as
will be understood by one of ordinary skill in the art. Each
component of reamer 100, such as those described
above, may be coupled to stem 102 permanently, remov-
ably, or otherwise. For example, fixed blades 106 and
rolling cutter mounts 108 may be permanently welded to
stem 102, or they may be removable, such as using pins,
screws, bolts, or the like. The components may be re-
placeable, interchangeable, orreusable and may be cou-
pled to stem 102 in any order, such as, for example, in
an alternating fashion. Reamer 100 may include other
components useful for reaming a wellbore, wherein
reaming may occur in any direction, including uphole,
downhole or laterally.

[0020] FIG. 4 illustrates one of many embodiments of
a hybrid reamer 100 having a contoured fixed blade 106
and an associated rolling cutter 110 and utilizing certain
aspects of the present invention. The bottom surface 402
of a particular blade 106 may, but need not, be in, or
substantially in, the same plane as the bottom surface
404 of an associated rolling cutter 110, which may, but
need not, be an adjacent rolling cutter 110. In at least
one exemplary embodiment, the sides of blade 106, such
as trailing side 406, may, but need not, be contoured.
For example, trailing side 406, or a portion thereof, may
be any shape required by a particular application, such
as concave or cupped, which may allow at least a portion
of rolling cutter 110 to be disposed in front of at least a
portion of trailing edge 408 of fixed blade 106. In such
an embodiment, for example, the angular distance about
the central axis of reamer 100 between leading fixed
blade 106 and trailing rolling cutter 110 may, but need
not, be less than the angular distance between the rolling
cutter 110 and a cutter that follows (not shown) rolling
cutter 110 during reaming. This may allow, for example,
a greater volume of space to exist on the trailing side of
rolling cutter 110, which may be desirable in one or more
particular applications, such as to provide a junk slot for
allowing formation material or fluid to escape during
reaming. The leading side or face of blade 106 may have
the same or a different shape than the trialing side, in
whole or in part.

[0021] FIG. 5illustrates one of many cutting profiles of
a rolling cutter 110 and an associated fixed blade 106
utilizing certain aspects of the present invention.

[0022] FIG. 6 illustrates one of many cutting profiles of
a plurality of rolling cutters 110 and fixed blades 106 uti-
lizing certain aspects of the present invention.

[0023] FIG. 7 illustrates one of many cutting profiles of
hybrid reamer 100 having backup cutting elements 760
and utilizing certain aspects of the present invention.
FIGS. 5-7 will be described in conjunction with one an-
other. The shape of a particular rolling cutter 110 or fixed
blade 106, in conjunction with other features, such as the
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arrangement of cutting elements thereon, defines the
shape or profile that particular reaming component
makes in the formation. A cutting profile is a schematic
representation of the shape a particular cutter, or plurality
of cutters, makes in a formation during reaming. FIG. 5
illustrates a cutting profile formed by combining the cut-
ting profiles of a single fixed blade 106 and its associated
rolling cutter 110 in a single radial plane through the cen-
tral longitudinal axis of reamer 100. FIG. 6 illustrates a
cutting profile formed by combining the cutting profiles
of each of a plurality of fixed blades 106 and rolling cutters
110 on one of many embodiments of reamer 100 in a
single radial plane through the central longitudinal axis
of reamer 100, thereby illustrating one of many overall
reamer cutting profiles in accordance with the present
invention. A combined reamer cutting profile may be at
least partially defined by the relationship between fixed
blade cutting elements 116 and the teeth 120 of an as-
sociated roiling cutter 110. In a particular cutting profile,
the profile of teeth 120 of a rolling cutter 110 may, but
need not, match, in whole or in part, the profile of cutting
elements 116 on an associated blade 106. In atleastone
embodiment, for example as shown in FIG. 5, the cutting
profile of one rolling cutter 110 may overlap or match at
least a portion of the cutting profile of an associated blade
106, which may be any blade 106. The cutting profiles
of an associated pair of cutters need not match, however,
and one or more cutters may have an entirely unique
cutting profile. Each cutting element 116, 120 may be
centered or offset within their respective paths and may
have any depth of cut required by a particular application.
The axially lowest (i.e., furthest downhole) points on the
cutting profile of a particular fixed blade 106 or rolling
cutter 110 may be planar with or lower than the lowest
points on the profile of an associated cutter on a particular
reamer 100, as required by a particular application, and
as further described below. In at least one embodiment,
which is but one of many, the lowest points on the profile
of a particular blade 106 may advantageously be higher
than the apex of a particular rolling cutter 110, such as
an associated rolling cutter 110. Similarly, any of ele-
ments 116, 120 may be axially spaced apart, such as,
for example, by as much as 3,175 mm (0.125 inch) or
more, when in their distal most (i.e. lowest) positions. In
atleast one embodiment, for example, rolling cutter teeth
120 may extend beyond (e.g., by approximately
1,524-3,175 mm/0.060-0.125 inch) the distal most posi-
tion of the fixed blades 106 and fixed blade cutting ele-
ments 116, in whole or in part. The cutting structure of
reamer 100 as a whole, including one or more cutting
profiles, may be varied by adjusting the position of each
rolling cutter 110 and blade 106, or portions thereof, rel-
ative to the reamer longitudinal axis, or to one another,
and may be varied according to any factor required by a
particular application, such as, for example, costs, ma-
terials, wellbore or formation characteristics, depth of cut
(DOC) or weight on bit (WOB) considerations, efficiency,
or other factors, such as aggressiveness.
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As shown in FIGS. 5 and 6, the rolling cutter teeth 120
and the fixed blade cutting elements 116 in combination
may define a cutting profile that extends from the radially
innermost reaming portion 502 of reamer 100, which
may, but need not, be an outer surface of stem 102 (see,
e.g., FIG. 1), through a cone section 602 and a shoulder
section 606, to a radially outermost, or gage, portion 504.
Cone section 602 may include cutting elements that ex-
tend radially inwardly to stem 102 of reamer 100, but
need not, and may alternatively include an innermost cut-
ting element that is radially spaced apart from an outer
surface of stem 102, such as being in line with a pilot
hole. The axially lowermost edge along the cutting profile
may be referred to as a contour, or profile, line. As shown
in FIG. 5, for example, the cutting elements 116, 120 of
an associated pair of cutters 106, 110 in combination cut
three congruent, or substantially congruent, paths in the
formation. One or more other cutters 106, 110 or pairs
of cutters may cut additional paths in the formation, such
as between the paths cut by the pair of cutters shown in
FIG. 5, which may thereby define the reamer cutting pro-
file for a particular embodiment of reamer 100, for exam-
ple, as shown in FIG. 6. One or more cutting elements
may be disposed in the apex of the cutting plane of ream-
er 100, represented in FIG. 5 by plane X. The apex of a
particular cutting profile of reamer 100 may include one
or more fixed blade cutting elements 116, one or more
teeth 120, or both. The profiles of a particular fixed blade
106 and the associated rolling cutter 110 may, but need
not, be aligned at the gage 504, for example, so that both
cutters cut on gage during reaming. Alternatively, for ex-
ample, either the fixed blade profile or the rolling cutter
profile may alone extend to the gage ofreamer 100. Cone
section 602 may form an angle o with the horizontal,
which may be any angle, such as an angle between about
0 and 45 degrees, and which may preferably be between
about 10 and 30 degrees. Shoulder section 606 may have
a single radius or a compound radius, and the combined
cutting profile of reamer 100 may, but need not, be tan-
gent to gage portion 504 of reamer 100. The combined
cutting profile may be linear or curved, and may, but need
not, include multiple compound radii. The apex of aream-
er cutting profile may be particularly highly loaded when
reaming through transitions, for example, from soft to
hard rock, such as when the entire reamer load can be
concentrated on this relatively small portion of the bore-
hole. The shoulder section 606, on the other hand, may
have to absorb high lateral forces, which can be caused
by dynamic dysfunctioning such as bit whirl or stick-slip.
With reference to FIG. 7, one or morefixed blades 106
may include one or more backup cutting elements 702
coupled behind cutting elements 116. Each backup cut-
ting element 702 may, but need not, cut in the same path
as a leading fixed blade cutting element 116, or an as-
sociated rolling cutter tooth 120, in whole or in part. Within
a particular path, each backup cutting element 702 may
be located either on or off the center of a cutting element
116 located in front of the backup cutting element 702
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associated therewith. Each backup cutting element 702
may have the same or less exposure of cut as one or
more cutting elements 116, 120 and may have the same
or a smaller diameter than a cutting element 116. As will
be understood by one of ordinary skill in the art having
the benefits of this disclosure, the orientations of cutting
elements 116, 120, 702 and their cutting profiles may be
infinite and may arranged in any manner required by a
particular application.

[0024] Turning now to another aspect of the present
invention, the aggressiveness of reamer 100 will now be
described. The aggressiveness may, but need not, be
defined as a function of penetration rate of the reamer
during reaming to weight on bit during reaming, and may
be adjusted in at least one way, as further described be-
low. Adjusting the angular spacing between each rolling
cutter 110 and fixed blade 106 may be one way in which
to adjust the cutting aggressiveness, or aggressiveness,
of reamer 100. The closer arolling cutter 110 is to a fixed
blade 106 in the angular dimension about the central axis
of reamer 100, the more so the rolling cutter 110 may act
as the primary cutter of the pair, with the fixed blade 106
cutting the lesser of the pair. That is, spacing a rolling
cutter 110 closer to a fixed blade 106 of a pair of cutters
on reamer 100 may cause rolling cutter 110 to have the
more dominate (or "driving") cutting action of the pair of
cutters, thereby causing reamer 100 to cut relatively less
aggressively. On the other hand, for example, spacing a
rolling cutter 110 further away from a fixed blade 106 of
a pair of cutters on reamer 100 may, but need not, allow
or cause the cutting elements of the fixed blade 106 to
dominate the cutting action of the pair of cutters, which
may increase the overall cutting aggressiveness or ag-
gressiveness of reamer 100. Another way of altering the
cutting aggressiveness of reamer 100 may include ad-
justing the axial position of each reaming component,
including each rolling cutter, fixed blade, and/or their re-
spective cutting elements. An axially "leading" structure
is one which contacts the cutting surface before an as-
sociated axially "trailing" cutting structure. Any type or
number of cutting elements on reamer 100 may axially
lead or trail any other type or number of cutting elements
thereon, in whole or in part, as required by a particular
application. For example, a rolling cutter 110 may lead a
trailing fixed blade 106 of an associated pair of cutters
(the pair including one of each type of cutter) or, as an-
other example, a fixed blade 106 may lead a trailing roll-
ing cutter 110 of an associated pair of cutters. Generally,
the more a fixed blade 106 leads a rolling cutter 110 of
a pair of cutters of hybrid reamer 100, the more aggres-
sively reamer 100 may cut, which may include cutting
more like a fixed blade bit or reamer, such as a polycrys-
talline diamond (PDC) bit or reamer. On the other hand,
when arolling cutter 110 leads a fixed blade 106 of a pair
of cutters of hybrid reamer 100, the aggressiveness may
decrease, which may include the hybrid reamer 100 hav-
ing aggressiveness more akin to that of a pure rolling
cutter (e.g., roller cone) bit orreamer. Therefore, the axial
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positions of one or more cutting structures of a particular
embodiment of reamer 100 may be adjusted relative to
the cutting surface, or to one another, to meet the ag-
gressiveness requirements of a particular application, as
will be understood by one of ordinary skill in the art having
the benefits of this disclosure.

[0025] FIGS. 8A, 8B and 8C illustrate one of many dif-
ferent embodiments of reamer 100 having a rolling cutter
110 cutting the gage and utilizing certain aspects of the
present invention. FIGS. 8D, 8E and 8F illustrate one of
many different embodiments of reamer 100 having a
fixed blade 106’ cutting the gage and utilizing certain as-
pects of the presentinvention. FIGS. 8G and 8H illustrate
one of many differentembodiments of reamer 100 having
afixed blade 106 and a rolling cutter 110 cutting the gage
and utilizing certain aspects of the present invention.
FIGS. 8A-8G will be described in conjunction with one
another, wherein paths 802 are indicated by phantom
lines in FIGS. 8A and 8D. Within a particular path 802
cut into a new portion of formation, a first portion may be
removed by one or more leading cutting elements and a
remaining portion within that path 802 may be removed
by one or more trailing cutting elements. The leading and
trailing cutting elements may be rolling cutter teeth or
fixed blade cutting elements, which may, but need not,
be coupled to an adjacent pair of cutters, as required by
a particular application. The leading cutting elements
may, but need not, be the driving cutting elements, or
those elements that dominate the cutting characteristics
of reamer 100 as a whole. In at least one embodiment,
for example, at least one trailing cutting element 116 on
fixed blade 106 may cut in the same path 802 (see FIG.
8A), in whole or in part, as one or more of the leading
teeth 120 on rolling cutter 110. Similarly, at least a portion
of one of the trailing teeth 120’ on rolling cutter 110’ may
cut in the same path 802 (see FIG. 8D) as one or more
leading cutting elements 116’ on fixed blade 106’. Gen-
erally, when a reamer 100 is rolling cutter driven, such
as where a rolling cutter leads a trailing fixed blade cutter,
cutting aggressiveness or aggressiveness of hybrid
reamer 100 may be decreased. Conversely, when afixed
blade cutter drives the reamer 100, such as where a fixed
blade leads a trailing rolling cutter, the cutting aggres-
siveness, or aggressiveness, of hybrid reamer 100 may
be increased. Alternatively, with reference to FIGS 8G
and 8H, the separate cutting profiles of each cutter of an
associated pair of cutters, such as one fixed blade 106
and one rolling cutter 110, may match, in whole orin part.
For example, one or more fixed blade cutting elements
116 on a particular fixed blade 106 match the tooth 120
orrow of teeth 120 on the particular rolling cutter 110 that
is associated with the fixed blade 106 if the cutting ele-
ment(s) 116 and tooth (teeth) 120 cut in the same path
during reaming. Matching cutting elements may, but
need not, be present and may, but need not, be disposed
on adjacent cutters.

[0026] Asmentioned previously herein, any type of cut-
ter (rolling or fixed blade) may cut the gage ofthe borehole
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(i.e., may define the gage diameter of reamer 100). With
further reference to FIGS. 8A-8G, a plurality of exemplary
embodiments of reamer 100 having different gage cutting
structures are described. In at least one embodiment of
reamer 100, such as the one shown in FIGS. 8A-8C, only
the rolling cutters 110 may cut the gage of the borehole,
and the fixed blades 106 may be off gage. In at least one
other embodiment of reamer 100, such as the one shown
in FIGS. 8D-8F, only the fixed blades 106’ may cut the
gage of the borehole, and the rolling cutters 110’ may be
off gage. In at least one other embodiment of reamer
100, such as the one shown in FIGS. 8G-8H, the rolling
cutters 110 and fixed blades 106 may cut the gage si-
multaneously. The off-gage distance, for example, dis-
tance d in FIG. 8D, may be any distance required by a
particular application and may be defined by the position,
size or shape of any particular cutter(s) or cutting ele-
ment(s). The gage section of the cutting profile of a par-
ticular embodiment of reamer 100 may, but need not, be
formed independently from the remaining sections of the
profile, as will be understood by one of ordinary skill hav-
ing the benefits of the present disclosure.

[0027] In at least one embodiment, such as where
there are an equal number of fixed blades 106 and rolling
cutters 110, each fixed blade 106 may be associated with
a rolling cutter 110, for example, which may include cut-
ting elements on the paired cutters cutting in the same
paths 802, or matching, when reaming a formation. Any
two cutters may be associated as required by a particular
application, notwithstanding their position on the reamer
tool. Generally speaking, for example, all rolling cutters
may lead all fixed blade cutters, making a relatively less
aggressive bit or, as another example, all fixed blade
cutters may lead all rolling cutters, making a relatively
more aggressive bit. At least one embodiment of reamer
100 may have threerolling cutters and three fixed blades,
wherein one or more of the cutting elements of a partic-
ular rolling cutter may cut in the same path as one or
more of the cutting elements on an associated fixed
blade, wherein the associated rolling cutter and fixed
blade oppose one another about the central axis of ream-
er 100. As other examples, atleast one embodiment may
include one or more sets of cutting elements that match,
in whole or in part, and one or more sets of cutting ele-
ments that do not match. A particular embodiment of
reamer 100 may include any or all of the above, in any
combination, as required by a particular application. For
example, in softer formations (such as soft and medium
hard), itis believed that the more aggressive "fixed blade
leading" hybrid reamer configurations may result in the
best penetration rate. In any event, according to the pre-
ferred embodiment of the present invention, the aggres-
siveness of a particular embodiment of reamer 100 may
be tailored or varied to the particular reaming and forma-
tion conditions encountered using the teachings herein.
[0028] With further reference to FIGS. 8A-8C, still an-
other way to adjust or vary the aggressiveness of hybrid
reamer 100 may be to couple the cutting elements 120
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on the rolling cutters 110 so that they project deeper into
the formation being reamed than the cutting elements
116 on fixed blades 106. One way to do this may be to
adjust the projection of some or all of the cutting elements
120 on the rolling cutters 110 from the surface of each
rolling cutter 110 so that they projectin the axial direction
(parallel to the central axis of reamer 100) further than
some or all of the cutting elements 116 on fixed blades
106. In theory, the extra axial projection of the teeth 120
on the roller cutters 110 may cause each tooth to bear
more load than an associated cutting element 116 on a
fixed blade cutter 106, which may protect the fixed blade
106. In practice, it may be a combination of factors, such
as the projection of each tooth 120 from the surface of
the rolling cutter 110 or the angular spacing (pitch) be-
tween adjacent teeth, that governs whether the teeth 120
of a rolling cutter 110 actually bear more of the cutting
load than an associated cutting element 116 on a fixed
blade cutter 106. This concept may include what is re-
ferred to herein as "effective projection," which is de-
scribed below with reference to FIGS. 9A and 9B.
[0029] FIG. 9A illustrates one of many embodiments
of a reamer having a rolling cutter having a limited effec-
tive projection and utilizing certain aspects of the present
invention. FIG. 9B illustrates one of many embodiments
of a reamer having a rolling cutter having a full effective
projection and utilizing certain aspects of the present in-
vention. FIGS. 9A and 9B will be described in conjunction
with one another. As shown in FIG. 9A, the effective pro-
jection A of a given cutting element of a rolling cutter, or
that projection of the cutting element available to pene-
trate into earthen formation, may be limited by the pro-
jection of each adjacent cutting element and the angular
distance or pitch C between each cutting element. FIG.
9B illustrates "full" effective projection B in that the pitch
may be selected so that the adjacent cutting elements
on either side of a given cutting element permit penetra-
tion of the given cutting element to a depth equal to its
full projection from the surface of the rolling cutter. Typ-
ically, the greater the effective projection, the greater the
aggressiveness of the rolling cutter may be.

[0030] From one or more of the exemplary embodi-
ments described above, a method for designing a hybrid
earth reaming bit of the present invention may permit or
allow the cutting aggressiveness of the hybrid reamer to
be varied. For example, the aggressiveness may be ad-
justed or selected based on the relationship between an
associated pair of cutters, which may be any pair of cut-
ters, such as a fixed blade cutter and a rolling cutter, or
a plurality of fixed blade cutters and rolling cutters, and
which may be in any direction. The relationship may in-
clude, for example, either axially, angularly, or otherwise,
a fixed blade cutter leading a rolling cutter in a pair of
cutters, a rolling cutter leading a fixed blade cutter in a
pair of cutters or, as another example, a rolling cutter
being located opposite a fixed blade cutter in a pair of
cutters on the reamer. The relationship may, but need
not, also include the angular relationship of a fixed blade
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cutter and a rolling cutter of a pair of cutters, which may
give respect to, for example, the angular leading or trail-
ing distance between two associated cutters. The cutting
aggressiveness of a hybrid reamer of the present inven-
tion may be achieved by defining a cutting aggressive-
ness of a hybrid reamer in accordance with a particular
application and the various combinations of pairs of fixed
blade cutters and rolling cutters, when compared to each
other and to different types of reamers or drill bits, such
as those having all rolling cutters or all fixed blades. A
comparison may include, for example, considerations
such as the ratio of torque to WOB or the ratio of pene-
tration rate to WOB, as required by a particular applica-
tion and as will be appreciated by one of ordinary skill.
The design of the cutting aggressiveness for a hybrid
reamer of the present invention my involve any number
of factors or steps, such as, for example, adjusting the
angular distance between two associated cutters, adjust-
ing the effective projection of one or more cutting ele-
ments on a cutter, fixed, rolling or otherwise, disposing
one or more cutting elements in a particular path or, as
another example, arranging a pair of cutters or reaming
elements in one or more of a leading, trailing or opposing
configuration. One or more embodiments of the present
invention may be tailored to a particular application, as
will be understood by one of ordinary skill in the art, for
example, where a designer desires to increase or de-
crease the aggressiveness of the reamer based on any
number of factors, such as torque, slip-stick, formation
type, or other factors required by a particular application.
[0031] FIG. 10 illustrates one of many embodiments
of reamer 100 having a pilot bit 1000 and utilizing certain
aspects of the present invention. As described above,
reamer 100 may have a coupler 114 (FIG. 1) coupled to
or formed on the downhole end of stem 102 for coupling
reamer 100 to another piece of downhole equipment. For
example, a plurality of reamers 100 may be coupled along
a drill string, wherein each reamer 100 may have the
same or different gage diameters, such as, for example,
diameters that progressively increase in the uphole di-
rection. As another example, the embodiment of FIG. 10,
which is but one of many, shows a pilot bit 1000 integrally
formed on the downhole end of reamer 100. While pilot
bit 1000 is shown to be a tri-cone bit integrally formed on
reamer 100, one of ordinary skill will understand that pilot
bit 1000 may be any type of bit in accordance with a
particular application, for example, a drag bit or hybrid
bit, and, alternatively, may be formed separately from
reamer 100 and coupled thereto using a coupler 114
(FIG. 1), inwhole orin part. Pilot bit 1000 may be coupled
to reamer 100 in any manner required by a particular
application, such as threadingly, integrally, removably or
otherwise, as will be understood by one of ordinary skill
in the art. Pilot bit 1000 may be any size relative to a
reaming dimension of reamer 100 and may preferably
cutapilothole diameter that is less than the gage reaming
diameter of reamer 100. The inner most reaming diam-
eter of reamer 100 may, but need not, be less than or
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equal to the gage diameter of pilot bit 1000.

[0032] With further reference to FIG. 10, an embodi-
ment of reamer 100 having a pilot bit 1000, such as the
embodiment shown in FIG 10, may be advantageous in
one or more reaming applications. For example, in some
applications requiring pilot bits, such as PDC bits, slip-
stick may occur, such as when pilot bit 1000 is allowed
to dig too deeply into the formation. One or more reamers
100, which may, but need not, be less aggressive than
the pilot bit 1000 (as described above), may be coupled
uphole from pilot bit 1000. A reamer 100 may at least
partially counteract the aggressiveness of the pilot bit
1000, which may accomplish, for example, smoother
overall drilling. For example, a relatively more aggressive
pilot bit 1000 may tend to want to drill faster than an as-
sociated reamer 100, which may result in the transfer of
drilling weight to one or more reamers 100 from pilot bit
1000. The one or more reamers 100, for example, may
drill better under increased weight and/or may not exhibit
slip-stick during operations, which may resultin smoother
operations. Other applications may not include the use
of a pilot bit 1000. For example, the wellbore, or pilot
hole, may be an existing drilled hole, such as a wellbore,
mine, or other hole, wherein a pilot bit may not be nec-
essary. For example, in a mine raising application, a pilot
hole may already be present from one level to another
in a mine. One or more reamers 100 may be coupled to
the drill string at a lower level, for example, and drilling
may occur in an uphole direction. The present invention
may be advantageous in reducing or eliminating the need
for drilling fluid to evacuate cuttings, reducing bottom hole
pressure problems or, as another example, allowing
gravity to keep the drilling surface clean.

[0033] The embodiments of reamer 100 shown and
described herein are shown for exemplary purposes and
one of ordinary skill willunderstand that a particular ream-
er 100 may be of any form required by a particular appli-
cation, including one or more of those described herein,
separately or in combination. Each reamer 100 utilized
in a particular application may be coupled to, or proximate
to, a pilot bit (FIG. 10), the BHA, or elsewhere in the drill
string. In the exemplary embodiment of FIG. 10, for ex-
ample, reamer 100 may include four fixed blades 106
and four rolling cutters 110 disposed radially around the
central axis of reamer 100, for example, in an alternating
fashion. Alternatively, reamer 100 may include any
number of fixed blades 106 and rolling cutters 110, in
any combination, as required by a particular application.
As other examples, fixed blades 106 may include stabi-
lizers or gage pads, which may or may not include cutting
elements coupled thereto. Also, while some of the em-
bodiments described herein, such as those shown in
FIGS. 8A, 8B and 10, illustrate fixed blades 106 having
cutting elements 116 that stop short (in the radially inward
direction) of cutting tangentially to the outer surface of
stem 102, other embodiments may include cutting ele-
ments 116 disposed substantially tangent to the outer
surface of stem 102. As other examples, one or more
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embodiments may include cutting elements 116, 120 dis-
posed on reamer 100 relative to the diameter of the pilot
hole or the pilot bit that the reamer 100 may follow, on
the outermost gage surfaces or disposed in any position
therebetween, singularly or in combination, as required
by a particular application.

[0034] Reamer 100 may include any number of fixed
blades 106 and rolling cutters 110 arranged in any order
required by a particular application. For example, reamer
100 may include two, four, or six of each type of cutter
(fixed blade and rolling), which may, but need not, be
coupledtobody 103 inan alternating fashion. Eachrolling
cutter 110 and fixed blade 106 may be coupled to reamer
100 symmetrically or asymmetrically about the reamer
axis of rotation. Where the cutters 106, 110 are coupled
symmetrically, or are symmetric, the angular distances
between each pair of adjacent cutters (e.g., between the
centerlines of the cutters) are equal or substantially
equal. For example, in a symmetrical embodiment of
reamer 100 having four fixed blades 106 and four rolling
cutters 110, which is but one of many, the angle formed
about the reamer axis of rotation between each pair of
adjacent cutters is 45 degrees or substantially 45 de-
grees. As another example, in a symmetrical embodi-
ment of reamer 100 having three fixed blades 106 and
three rolling cutters 110, which is but one of many, the
angle formed about the reamer axis of rotation between
each pair of adjacent cutters is 60 degrees or substan-
tially 60 degrees. Alternatively, in at least one embodi-
ment of reamer 100, such as the embodiment described
below with respect to FIG. 11, one or more cutters 106,
110 may be coupled asymmetrically to reamer 100.
Where a cutter is coupled asymmetrically to reamer 100,
the angular distance between the asymmetric cutter and
an adjacent cutter may be more or less than the angular
distance would be in a symmetrical arrangement and the
asymmetrical orientation may be enough to at least par-
tially reduce harmful dynamics that may occur during
reaming operations. For example, an asymmetric cutter
may be coupled to reamer 100 so that its angular position
about the reamer axis of rotation is different from its sym-
metrical position, which may include reference to cutters
of the same type, a different type, or both.

[0035] FIG. 11 illustrates one of many embodiments
of reamer 100 having an asymmetrical cutter and utilizing
certain aspects of the present invention. In the particular
embodiment of FIG. 11, but one of many, teeth 120 are
shown to be inserts, but may be integral teeth as previ-
ously described herein, or any combination thereof. For
convenience of explanation, the collective rolling cutters
110 are referred to herein separately as rolling cutters
110a-110d, while the collective fixed blades 106 are re-
ferred to separately as 106a-106d. Each rolling cutter
110 may include one or more rows of teeth 120 circum-
ferentially disposed on its surface, which may be any
number of rows required by a particular application. Roll-
ing cutters 110a and 110c, and 110b and 110d, are sub-
stantially oppositely disposed from one another, as are
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fixed blades 106a and 106c¢, and 106b and 106d, respec-
tively. For purposes of FIG. 11, the phrase "oppositely
disposed" refers to cutters of the same type (i.e. rolling
or fixed) that are separated by at least one cutter of the
same type, whether or not separated by a cutter of a
different type. For the purposes of reference and con-
venience, FIG. 11 includes a coordinate axis superim-
posed over reamer 100. The coordinate axis comprises
an ordinate line O intersecting the reamer axis Ax and
an abscissa line ABS intersecting the ordinate line O at
the reamer axis Ax. In atleast one embodiment of reamer
100, each cutter may be coupled symmetrically about
axis Ax, as described above. In at least one other em-
bodiment of reamer 100, such as the embodiment of FIG.
11, which is but one of many, at least one cutter may be
coupled asymmetrically about axis Ax. As shown in FIG.
11, for example, the axes of rolling cutters 110b-d are
substantially aligned with either the ordinate line O or the
abscissa ABS. However, rolling cutter 110a is coupled
such thatits axis, shown aligned with line L, is not aligned
with either the abscissa ABS or ordinate line O. Thus,
rolling cutter 110a is one example of a cutter asymmet-
rically coupled to body 103 about axis Ax. FIG. 11 is one
of many examples of an asymmetric embodiment of
reamer 100, which may reduce harmful dynamics that
may occur during reaming operations. Although a single
rolling cutter 110 is shown in FIG. 11 in an asymmetric
orientation, any number of additional rolling cutters 110
orfixed blades 106 may, but need not, be asymmetrically
disposed at any angle required by a particular applica-
tion.

[0036] FIG. 12 illustrates one of many embodiments
of reamer 100 in contact with a cutting surface 58 and
utilizing certain aspects of the present invention. Fixed
blades 106a-106c have been omitted from FIG. 12 only
for purposes of clarity and explanation. As illustrated in
the embodiment of FIG. 12, which is but one of many,
the cutting surface 58 includes a series of concentrically
arranged imaginary circles representing paths that may
be formed by the rows of cutting elements 116, 120 in
the cutting surface 58 during reaming. The paths shown
in the particular embodiment of FIG. 12 are for illustrative
purposes only and it should be understood that the paths
may vary from application to application. In one example
of the many uses of the embodiments and methods here-
in described, a sequence of rows may be correlated with
corresponding or associated paths. For purposes of ref-
erence, the paths of FIG. 12 are referred to as the out-
ermost gage diameter 70, the first outermost path 60, the
second outermost path 61, the third outermost path 62,
the fourth outermost path 63, the fifth outermost path 64,
the sixth outermost path 65, the seventh outermost path
66, the eighth outermost outmost path 67, the ninth out-
ermost outmost path 68 and the tenth outermost path 69.
As shown in FIG. 11, each rolling cutter 110a-110d is
identified by a reference numeral. In the example illus-
trated in FIG. 12, path 60 is formed by the heel rows 44,
47, 51, 54 of rolling cutters 110a, 110b, 110c and 110d,
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respectively. Path 61 is formed by the first inner row 55
of rolling cutter 110d. Path 62 is formed by the first inner
row 48 on rolling cutter 110b. Path 63 is formed by the
first inner row 52 on one 110c. Path 64 is formed by the
firstinner row 45 on rolling cutter 110a. Path 65 is formed
by the second inner row 49 on rolling cutter 110b. Path
66 is formed by the second inner row 56 on rolling cutter
110d. Path 67 is formed by the second inner row 53 on
rolling cutter 110c. Path 68 is formed by the second inner
row 46 on rolling cutter 110a. Path 69 is formed by the
third inner row 50 on rolling cutter 110b. As can be seen
from this example, which is but one of many, adjacent
paths are associated with rows from oppositely disposed
rolling cutters 110. However, one of ordinary skill will un-
derstand that this need not always be the case and that
any number of combinations of rows, teeth, rolling cutters
and paths is possible, as required by a particular appli-
cation and contemplated by the present disclosure. One
of ordinary skill willunderstand that any number of cutting
elements 116 may be coupled to fixed blades 106a-106¢
(not shown) and 106d, one or more of which may be
disposed in any one of the paths, as required by a par-
ticular application. Alternatively, cutting elements 116
may define the paths described with respect to FIG. 11
and each row of teeth 120 may follow therein (e.g., a
fixed blade leading configuration).

[0037] With further reference to FIG. 12, other aspects
of the present invention will be discussed. In the embod-
iment of FIG. 12, the outermost portions of heel rows 44,
47, 51, 54 of rolling cutters 1 10a, 1 10b, 1 10c and 1
10d, respectively, define the outermost gage diameter
70. In this particular example, the outermost fixed blade
cutting elements 1 16 and gage surfaces of fixed blades
106 do not reach the gage diameter 70 and therefore
may not cut the gage surface. This configuration of ream-
er 100, which is but one of many, may protect the fixed
blades 106 from wear or breakage, for example, in ap-
plications where the rolling cutters 1 10 are more suitable
for cutting the gage surface of the wellbore. Another em-
bodiment having this configuration is shown in FIG. 8H,
wherein the rolling cutters 1 10 cut the gage surface and
are otherwise formed to match the rounded or curved
cutting profiles of the fixed blades 106. As another ex-
ample, FIG. 8C shows an embodiment of reamer 100
wherein the rolling cutters 110 cut the gage surface and
are otherwise formed to match the substantially linear
cutting profiles of the fixed blades 106. One of ordinary
skillwillunderstand that this need not always be the case.
For example, FIGS. 5-7 show embodiments wherein the
gage section of the cutting profiles of the fixed blades
106 and rolling cutters 110 match so that the fixed blades
and rolling cutters cut the gage surface simultaneously.
In one or more other embodiments, such as shown in
FIG. 4, the gage diameter of the rolling cutters 110 may
be less than that of the fixed blades 106 so that only the
fixed blades 106 cut the gage diameter of the wellbore,
as required by a particular application.

[0038] Other and further embodiments utilizing one or
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more aspects of the invention described above can be
devised without departing from the scope of the inven-
tion. For example, the rolling cutters or fixed blades may
be coupled to a reamer body that is coupled to the stem
so that it may be removed after use and/or replaced such
that the stem may be reused downhole or elsewhere. In
addition, while the reamer tools were described herein
as having fixed diameters, the components associated
therewith may be moveable or expandable, such as
through the use of drilling fluid or mechanical devices.
[0039] Further, the various methods and embodiments
of the pilot reamer can be included in combination with
each other to produce variations of the disclosed meth-
ods and embodiments. Discussion of singular elements
can include plural elements and vice-versa.

[0040] The order of steps can occur in a variety of se-
quences unless otherwise specifically limited. The vari-
ous steps described herein can be combined with other
steps, interlineated with the stated steps, and/or split into
multiple steps. Similarly, elements have been described
functionally and can be embodied as separate compo-
nents or can be combined into components having mul-
tiple functions. The invention has been described in the
context of preferred and other embodiments and not eve-
ry embodiment of the invention has been described. Ob-
vious modifications and alterations to the described em-
bodiments are available to those of ordinary skill in the
art. The disclosed and undisclosed embodiments are not
intended to limit or restrict the scope or applicability of
the invention, but rather, in conformity with the patent
laws, we intend to fully protect all such modifications and
improvements that come within the scope of the following
claims.

Claims

1. Ahole opener (100) having a hybrid reaming section
for downhole earth boring operations comprising:

a tubular reamer body (103) having a central
longitudinal axis and upper and lower ends;at
least one rolling cutter mount (108) coupled to
the reamer body (103);

a rolling cutter (110) rotatably coupled to the at
least one rolling cutter mount (108); and

at least one fixed blade cutter (106) coupled to
the reamer body (103) adjacent the at least one
rolling cutter mount (108);

the hole opener (100) characterized by:

atubular stem (102) having upper and lower
ends, wherein the tubular stem (102) ex-
tends through the

reamer body (103) and the reamer
body (103) is coupled to the tubular
stem (102) between the stem upper
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and lower ends so that the stem (102)
extends beyond the reamer body lower
end, the at least one rolling cutter (110)
and the at at least one fixed blade cutter
(106);

wherein the tubular stem (102) further com-
prises orifices (118), each orifice (118) be-
ing adapted to

allow fluid to flow from the interior of the
tubular stem (102) to the exterior of the
tubular stem (102) proximate the space
between the at least one fixed blade
cutter (106) and the rolling cutter (110)
todirecta stream of drilling fluid laterally
from the interior (304) of the tubular
stem (102) to a location proximate ei-
ther a portion of a fixed blade cutter
(106) or proximate a trailing side of a
rolling cutter (110) mounted to the at
least one rolling cutter mount (108).

2. Thehole opener of claim 1, further comprising a cou-
pler coupled (114) to the reamer body lower end.

3. The hole opener of claim 1, wherein:

the at least one rolling cutter mount (108) com-
prises a plurality of rolling cutter mounts (108)
coupled to the reamer body (103), each rolling
cutter mount (108) having a rolling cutter (110)
coupled thereto; and

the atleast one fixed blade cutter (106) compris-
es a plurality of fixed blade cutters (106) coupled
to the reamer body (103), wherein each fixed
blade cutter (106) is coupled to the reamer body
(103) between adjacent rolling cutter mounts
(108).

4. The hole opener of claim 3, wherein the plurality of
rolling cutter mounts (108) and the plurality of fixed
blade cutters (106) are symmetrically arranged
about the central longitudinal axis.

5. The hole opener of claim 3, wherein at least one of
the plurality of rolling cutter mounts (108) or the plu-
rality of fixed blade cutters (106) is asymmetrically
arranged about the central longitudinal axis.

6. The hole opener of claim 1, further comprising:

a plurality of cutting elements (120) coupled to
the at least one rolling cutter (110), thereby de-
fining a rolling cutter cutting profile; and

a plurality of cutting elements (116) coupled to
the at least one fixed blade cutter (106), thereby
defining a fixed blade cutter cutting profile;
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wherein the rolling cutter cutting profile and the
fixed blade cutter cutting profile collectively de-
fine a reamer cutting profile having a cone sec-
tion (602), a shoulder section (606), and a gage
section (504).

The hole opener of claim 6, wherein at least a portion
of the rolling cutter cutting profile matches at least a
portion of the fixed blade cutter cutting profile.

The hole opener of claim 6, wherein either the fixed
blade cutter cutting profile or the rolling cutter cutting
profile defines the gage section (504) of the reamer
cutting profile.

The hole opener of claim 6, wherein at least a portion
of the fixed blade cutter cutting profile is congruent
with at least a portion of the rolling cutter cutting pro-
file.

The hole opener of claim 1, further comprising a pilot
bit (1000) coupled to the stem lower end.

The hole opener of claim 10, wherein the pilot bit
(1000) comprises a bit selected from the group con-
sisting of arolling cutter bit, a drag bit and a hybrid bit.

The hole opener of claim 1, wherein the reamer body
(103) is substantially cylindrical and has at least one
pocket formed on an outer periphery thereof, the at
least one pocket being adapted to receive a portion
of the at least one fixed blade cutter (106) or the at
least one rolling cutter mount (108).

The hole opener of claim 1, further comprising updrill
features (203) coupled to the at least one rolling cut-
ter mount or the at least one fixed blade cutter.

The hole opener of claim 3, wherein at least one of
the plurality of rolling cutter mounts (106) and atleast
one of the plurality of fixed blade cutters (106) is
asymmetrically arranged about the central longitu-
dinal axis.

The hole opener of claim 1, wherein the at least one
rolling cutter (110) and the at least one fixed blade
cutter (106) collectively define an at least partially
arcuate cutting profile.

Patentanspriiche

1.

Lochéffner (100) mit einem hybriden Rdumabschnitt
fur Bohrloch-Erdbohrungsvorgénge, umfassend:

einen rohrférmigen Raumerkdrper (103) mit ei-
ner zentralen Langsachse und einem oberen
und unteren Ende; mindestens eine Rollen-
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schneiderbefestigung (108), die mit dem R&u-
merkorper (103) gekoppelt ist;

einen Rollenschneider (110), der drehbar mit
der mindestens eine Rollenschneiderbefesti-
gung (108) gekoppelt ist; und

mindestens einen fixierten Klingenschneider
(106), der mitdem Raumerkérper (103) benach-
bart der mindestens eine Rollenschneiderbe-
festigung (108) gekoppelt ist;

wobei der Lochéffner (100) gekennzeichnet ist
durch:

einen rohrférmigen Stamm (102) mit einem
oberen und unteren Ende, wobei sich der
rohrférmige Stamm (102) durch den Rau-
merkorper (103) erstreckt, und der Rdumer-
kérper (103) mit dem rohrférmigen Stamm
(102) zwischen dem oberen und unteren
Ende des Stamms derart gekoppelt ist,
dass sich der Stamm (102) Gber das untere
Ende des Raumerkdrpers, den mindestens
einen Rollenschneider (110) und den min-
destens einen fixierten Klingenschneider
(106) hinaus erstreckt;

wobei der rohrférmige Stamm (102) weiter
Offnungen (118) umfasst, wobei jede Off-
nung (118) eingerichtet ist,

Fluid vom Inneren des rohrférmigen
Stamms (102) zur AuBRenseite des rohrfor-
migen Stamms (102) in der Nahe des Zwi-
schenraums zwischen dem mindestens ei-
nen fixierten Klingenschneider (106) und
dem Rollenschneider (110) flieRen zu las-
sen, um einen Strom von Bohrfluid lateral
vom Inneren (304) des rohrférmigen
Stamms (102) zu einem Ort entweder nahe
bei einem Abschnitt eines fixierten Klingen-
schneiders (106) oder nahe bei einer Hin-
terseite eines Rollenschneiders (110), der
an der mindestens einen Rollenschneider-
befestigung (108) befestigt ist, zu leiten.

Lochoffner nach Anspruch 1, weiter umfassend ei-
nen Koppler (114), der mit dem unteren Ende des
Raumerkorpers gekoppelt ist.

Lochoffner nach Anspruch 1, wobei:

die mindestens eine Rollenschneiderbefesti-
gung (108) eine Vielzahl von Rollenschneider-
befestigungen (108) umfasst, die mit dem Rau-
merkdrper (103) gekoppelt sind, wobei jede Rol-
lenschneiderbefestigung (108) einen damit ge-
koppelten Rollenschneider (110) aufweist; und
der mindestens ein fixierter Klingenschneider
(106) eine Vielzahl von fixierten Klingenschnei-
dern (106) umfasst, die mit dem Raumerkdrper
(103) gekoppelt sind, wobei jeder fixierte Klin-
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genschneider (106) mit dem Raumerkdrper
(103) zwischen benachbarten Rollenschneider-
befestigungen (108) gekoppelt ist.

Lochoffner nach Anspruch 3, wobei die Vielzahl von
Rollenschneiderbefestigungen (108) und die Viel-
zahl von fixierten Klingenschneidern (106) symme-
trisch um die zentrale Ladngsachse angeordnet sind.

Lochoffner nach Anspruch 3, wobei mindestens eine
der Vielzahl von Rollenschneiderbefestigungen
(108) oder einer der Vielzahl von fixierten Klingen-
schneidern (106) asymmetrisch um die zentrale
Langsachse angeordnet ist.

Lochoffner nach Anspruch 1, weiter umfassend:

eine Vielzahl von Schneidelementen (120), die
mit dem mindestens einen Rollenschneider
(110) gekoppelt sind, wodurch ein Schneidprofil
des Rollenschneiders definiert wird; und

eine Vielzahl von Schneidelementen (116), die
mit dem mindestens einen fixierten Klingen-
schneider (106) gekoppelt sind, wodurch ein
Schneidprofil des fixierten Klingenschneiders
definiert wird;

wobei das Schneidprofil des Rollenschneiders
und das Schneidprofil des fixierten Klingen-
schneiders kollektiv ein Raumerschneidprofil
mit einer Kegelsektion (602), einer Schultersek-
tion (606) und einer Kalibersektion (504) defi-
nieren.

Lochoffner nach Anspruch 6, wobei mindestens ein
Abschnitt des Schneidprofils des Rollenschneiders
mit mindestens einem Abschnitt des Schneidprofils
des fixierten Klingenschneiders Gbereinstimmt.

Lochoffner nach Anspruch 6, wobei entweder das
Schneidprofil des fixierten Klingenschneiders oder
das Schneidprofil des Rollenschneiders die Kaliber-
sektion (504) des Raumerschneidprofils definiert.

Lochoffner nach Anspruch 6, wobei mindestens ein
Abschnitt des Schneidprofils des fixierten Klingen-
schneiders mit mindestens einem Abschnitt des
Schneidprofils des Rollenschneiders kongruent ist.

Lochoffner nach Anspruch 1, weiter umfassend ei-
nen Fuhrungsbohrer (1000), der mit dem unteren
Ende des Stamms gekoppelt ist.

Lochéffner nach Anspruch 10, wobei der Fiihrungs-
bohrer (1000) einen Bohrer umfasst, der ausgewahlt
ist aus der Gruppe bestehend aus einem Rollen-
schneiderbohrer, einem Bohrmeiel und einem Hy-
bridbohrer.
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Lochoffner nach Anspruch 1, wobei der Rdumerkor-
per (103) im Wesentlichen zylindrisch ist und min-
destens eine Tasche aufweist, die an einem Aul3en-
umfang davon gebildet ist, wobei die mindestens ei-
ne Tasche geeignet ist, einen Abschnitt des mindes-
tens eines fixierten Klingenschneiders (106) oder
der mindestens eine Rollenschneiderbefestigung
(108) aufzunehmen.

Lochoffner nach Anspruch 1, weiter umfassend
Bohrmerkmale (203), die mit der mindestens eine
Rollenschneiderbefestigung oder dem mindestens
einen fixierten Klingenschneider gekoppelt sind.

Lochoffner nach Anspruch 3, wobei mindestens eine
der Vielzahl von Rollenschneiderbefestigungen
(106) und mindestens einer der Vielzahl von fixierten
Klingenschneidern (106) asymmetrisch um die zen-
trale Langsachse angeordnet sind.

Lochoéffner nach Anspruch 1, wobei der mindestens
einen Rollenschneider (110) und der mindestens ein
fixierter Klingenschneider (106) kollektiv ein mindes-
tens teilweise bogenférmiges Schneidprofil definie-
ren.

Revendications

1.

Elargisseur (100) possédant un trongon d’alésage
hybride pour des opérations de forage du sol en fond
de trou, comprenant :

un corps de dispositif d’alésage tubulaire (103)
possédant un axe longitudinal central et des ex-
trémités supérieure et inférieure ;

au moins un support d’organe coupant roulant
(108) couplé au corps de dispositif d’alésage
(103) ;

un organe coupant roulant (110) couplé en ro-
tation audit au moins un support d’organe cou-
pant roulant (108) ; et

au moins un organe coupant fixe a lame (106)
couplé au corps de dispositif d’alésage (103),
en position adjacente audit au moins un support
d’organe coupant roulant (108) ;

I'élargisseur (100) étant caractérisé par :

une tige tubulaire (102) possédant des extrémi-
tés supérieure et inférieure, la tige tubulaire
(102) s’étendant a travers le corps de dispositif
d’alésage (103) et le corps de dispositif d’alésa-
ge (103) étant couplé a la tige tubulaire (102)
entre les extrémités supérieure et inférieure de
tige d’'une manieére telle que la tige (102) s’étend
au-dela de I'extrémité inférieure du corps de dis-
positif d’alésage, dudit au moins un organe cou-
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pant roulant (110) et dudit au moins un organe
coupant fixe a lame (106) ;

dans lequel la tige tubulaire (102) comprend
également des orifices (118), chaque orifice
(118) étant congu pour permettre un écoulement
de fluide depuis l'intérieur de la tige tubulaire
(102) jusqu’al'extérieur de la tige tubulaire (102)
a proximité de I'espace entre ledit au moins un
organe coupant fixe a lame (106) et I'organe
coupantroulant (110) pour diriger un courant de
fluide de forage en direction latérale par rapport
a l'intérieur (304) de la tige tubulaire (102) jus-
qu’a un endroit, soit proche d’'une portion d’'un
organe coupant fixe a lame (106), soit proche
d'un c6té arriere d’'un organe coupant roulant
(110) monté sur ledit au moins un support d’or-
gane coupant roulant (108).

Elargisseur selon larevendication 1, comprenant en
outre un coupleur couplé (114) al'extrémité inférieu-
re du corps de dispositif d’alésage.

Elargisseur selon la revendication 1, dans lequel
ledit au moins un support d’'organe coupant roulant
(108) comprend une pluralité de supports d’organes
coupants roulants (108) couplés au corps de dispo-
sitifd’alésage (103), un organe coupantroulant (110)
étantcouplé a chaque supportd’organe coupantrou-
lant (108) ; et

ledit au moins un organe coupant fixe a lame (106)
comprend une pluralité d’organes coupants fixes a
lames (106) couplé au corps de dispositif d’alésage
(103), chaque organe coupantfixe alame (106) étant
couplé au corps de dispositif d’alésage (103) entre
des supports d’organes coupants roulants adjacents
(108).

Elargisseur selon la revendication 3, dans lequel la
pluralité de supports d’organes coupants roulants
(108) etla pluralité d’'organes coupants fixes a lames
(106) sont disposés de maniére symeétrique autour
de I'axe longitudinal central.

Elargisseur selon la revendication 3, dans lequel la
pluralité de supports d’organes coupants roulants
(108) ou la pluralité d’organes coupants fixes a la-
mes (106) est disposée de maniére asymétrique
autour de I'axe longitudinal central.

Elargisseur selon larevendication 1, comprenant en
outre :

une pluralité d’éléments de coupe (120) couplés
audit au moins un organe coupantroulant (110),
pour ainsi définir un profil de coupe de I'organe
coupant roulant ; et

une pluralité d’éléments de coupe (116) couplés
audit au moins un organe coupant fixe a lame
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(106), pour ainsi définir un profil de coupe de
I'organe coupant fixe a lame ;

dans lequel le profil de coupe de I'organe cou-
pantroulant et le profil de coupe de I'organe cou-
pant fixe a lame définissent de maniére collec-
tive un profil de coupe du dispositif d’alésage
possédant un trongon en forme de céne (602),
un trongon faisant office d’épaulement (606) et
un trongon faisant office de gabarit (504).

Elargisseur selon la revendication 6, dans laquelle
au moins une portion du profil de coupe de I'organe
coupant roulant correspond a au moins une portion
du profil de coupe de I'organe coupant fixe a lame.

Elargisseur selon la revendication 6, dans laquelle
le profil de coupe de I'organe coupant fixe a lame ou
le profil de coupe de I'organe coupant roulant définit
le trongon faisant office de gabarit (504) du profil de
coupe du dispositif d’alésage.

Elargisseur selon la revendication 6, dans laquelle
au moins une portion du profil de coupe de I'organe
coupant fixe a lame coincide avec au moins une por-
tion du profil de coupe de I'organe coupant roulant.

Elargisseur selon larevendication 1, comprenant en
outre un trépan pilote (1000) couplé a I'extrémité in-
férieure de la tige.

Elargisseur selon larevendication 10, dans lequel le
trépan pilote (1000) comprend un trépan choisi parmi
le groupe constitué par un trépan de coupe par rou-
lement, un trépan a lames et un trépan hybride.

Elargisseur selon la revendication 1, dans lequel le
corps de dispositif d’alésage (103) est sensiblement
cylindrique et posséde au moins une poche formée
sur sa périphérie externe, ladite au moins une poche
étant congue pour recevoir une portion dudit au
moins un organe coupant fixe a lame (106) ou dudit
au moins un support d’organe coupant roulant (108).

Elargisseur selon larevendication 1, comprenant en
outre des éléments de forage vers le haut (203) cou-
plés audit au moins un support d’organe coupant
roulant ou audit au moins un organe coupant fixe a
lame.

Elargisseur selon la revendication 3, dans lequel au
moins un de la pluralité de supports d’organes cou-
pants roulants (106) et au moins un de la pluralité
d’organes coupants fixes a lames (106) sont dispo-
sés de maniére asymétrique autour de I'axe longitu-
dinal central.

Elargisseur selon la revendication 1, dans lequel le-
dit au moins un organe coupant roulant (110) et ledit
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au moins un organe coupant fixe a lame (106) défi-
nissent de maniere collective un profil de coupe au
moins partiellement arqué.
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