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A well bore reamer has an elongated body for coupling between members of a well string, a first set of cutting elements on the
body at a fixed position, a second set of cutting elements on a sleeve closing around a sleeve carrying portion of the elongated
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(57) Abrege(suite)/Abstract(continued):

body. The sleeve Is slidable along a longitudinal axis of the body and rotatable thereabout. A lower clutch mechanism operates
between the sleeve and the elongated body at a bottom end of the body's sleeve carrying portion to block rotation of the sleeve

relative to the elongated body In a predetermined direction about the longitudinal axis under sliding of the sleeve Into a lowered
position adjacent sald bottom end of the sleeve carrying portion.
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ABSTRACT

A well bore reamer has an elongated body for coupling between
members of a well string, a first set of cutting elements on the body at a fixed
position, a second set of cutting elements on a sleeve closing around a sleeve
carrying portion of the elongated body. The sleeve is slidable along a longitudinal
axis of the body and rotatable thereabout. A lower clutch mechanism operates
between the sleeve and the elongated body at a bottom end of the body's sleeve
carrying portion to block rotation of the sleeve relative to the elongated body in a
predetermined direction about the longitudinal axis under sliding of the sleeve into a

lowered position adjacent said bottom end of the sleeve carrying portion.
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WELL BORE REAMER

FIELD OF THE INVENTION

The present invention relates generally to well bore reamers for
enlarging portions of a drilled hole, and more particularly to a well bore reamer

having a first set of cutting elements at a fixed position along its body and a second
set of cutting elements on a sliding sleeve that rotates with the body when slid into
engagement with clutch elements thereon.

BACKGROUND OF THE INVENTION

T TRV PSR-

In the oil and gas industry, the purpose of a reamer is to size the well
bore to a specific diameter. Reamers have been around probably as long as oil wells
have been drilled. Standard reamers have fixed blades or rollers (roller reamers),
with blades of certain lengths and number of sets of blades or rollers. Key seat wiper
reamers are used to back ream a key seat that is created when a well deviates and
the pipe wears into a softer formation.

Reamers used in horizontal wells size the well's diameter over a

certain course length. Solid fixed reamers can be any number of blades, In any

number of sets of blades a certain distance apart. Trouble with fixed reamers Is
when they are lowered into a deviated well bore with too much force, they tend to
have elevated over pull to remove it from the dogleg. If the force applied is too great
and the reamer does not go through the dogleg it may become stuck. When pulling
up, the two and three fixed blade reamers have more over pull because all the

blades have to be freed from their stuck positions at the same time.
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Applicant has developed an improved reamer that provides multiple

sets of cutting elements along its length, but arranges them in a unique configuration

of fixed and movable sets to allow for easier removal in the above scenario.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a well bore

reamer comprising:

an elbngated body having a longitudinal axis and adapted at opposing
upper and lower ends therealong for coupling between members of a well string for
rotation and displacement therewith within a well bore;

a first set of cutting elements provided on the elongated body at a fixed
position along the longitudinal axis thereof and presenting a first set of cutting edges;

a seéond set of cutting elements provided on a sleeve closing around a
sleeve carrying portion of the elongated body that is disposed between the lower
end of the elongated body and the fixed position of the first set of cutting elements
thereon, the sieeve being slidable along the longitudinal axis and rotatable
thereabout on the sleeve carrying portion of the elongated body and each set of
cutting elements presenting cutting edges radially outward from the elongated body;
and

a lower clutch mechanism operable between the sleeve and the
elongated body at a bottom end of the sleeve carrying portion of the elongated body

to block rotation of the sleeve relative to the elongated body in at least one direction

about the longitudinal axis under sliding of the sleeve into a lowered position

adjacent said bottom end of the sleeve carrying portion;
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wherein a length of the sleeve carrying portion along the longitudinal axis is at least

as great as a combined length of a span of the first cutting elements along the
longitudinal axis and a span of the second cutting elements along the longitudinal
axis, whereby pulling of the reamer from a dogleg in which the reamer has been

sufficiently forced to lodge the first and second sets of cutting elements in respective

~stuck positions will initially pull only the first set of cutting elements from the

respective stuck position due to relative sliding between the sleeve and the
elongated body, until the elongated body is pulled far enough to engage the lower
clutch mechanism against the sleeve and thus begin also pulling the second set of

cutting elements from the respective stuck position.
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Preferably there is provided an upper clutch mechanism operable

between the sleeve and the elongated body at a top end of the sleeve carrying
porticn of the elongated body to block rotation of the sleeve relative to the elongated
body in the at least one direction about the longitudinal axis under sliding of the
sleeve into a raised position adjacent said top end of the sleeve carrying portion.

In one embodiment, each clutch mechanism is arranged to block
rotation of the sleeve relative to the elongated body in only the one direction about
the longitudinal axis.

Preferably the first set of cutting elements comprises a first set of ribs
spaced apart from one another around a circumference of the elongated body,
projecting cutward therefrom and extending therealong.

Preferably the first set of ribs extend along the elongated body on

helical paths about the circumference thereof.

Preferably the second set of cutting elements comprises a second set
of ribs spaced apart from one another around a circumference of the sleeve,
projecting outward therefrom and extending therealong.

Preferably the second set of ribs extend along the sleeve on helical
paths about the circumference thereof.

Preferably each cutting element twists downwardly along and around

about the longitudinal axis in a direction opposite the predetermined direction of
rotation of the sleeve and body together when the lower clutch mechanism is

engaged.
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Preferably the clutch is arranged to stop relative rotation of the sleeve

around the elongated body at an angular position in which the second set of cutting
elements on the sleeve and the first set of cutting elements on the elongated body
are staggered thereabout.

Preferably a length of the sleeve carrying portion along the longitudinal
axis is at least as great as a combined length of a span of the first cutting elements
along the longitudinal axis and a span of the second cutting elements along the
longitudinal axis.

Preferably the length of the sleeve carrying portion along the
longitudinal axis exceeds the combined length of the span of the first cutting
elements along the longitudinal axis and the span of the second cutting elements
along the longitudinal axis.

Preferably the first set of cutting elements are spaced a distance along
the longitudinal axis from the sleeve carrying portion of the elongated body.

Preferably the distance exceeds a length spanned by the first set of

cutting elements along the longitudinal axis.

Preferably a miling area of the reamer, measured along the

longitudinal axis from a bottom end of the second set of cutting elements on the
sleeve, when the sleeve is engaged at the lower clutch mechanism, to a top end of

the first set of cutting elements has a length of at least 33.5-inches, and preferably

between 33.5 and 35-inches long, for example 34.5-inches.
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The number of blades in each set may be between 4 and 6 blades for

some embodiments, but may also have blades numbering less or greater than this

range.

Preferably the ribs defining the second set of cutting elements include
at least one rib extending fully to the bottom end of the sleeve at a respective lower
clutch jaw of the sleeve.

Preferably the ribs of the second set of cutting elements include at
least one rib extending fully to the top end of the sleeve at a respective jaw of the
upper clutch mechanism.

Preferably the ribs of the second set of cutting elements include ribs
extending fully to the top and bottom ends of the sleeve at respective jaws of the
upper and lower clutch mechanisms.

Preferably the ribs of the second set of cutting elements include one or
more first ribs extending fully to the top end of the sleeve at one or more respective
upper clutch jaws of the sleeve and one or more second ribs extending fully to the
bottom end of the sleeve at one or more respective lower clutch jaws of the sleeve.

Preferably at least one of the ribs has an end portion that located

adjacent the top or bottom end of the sleeve and is thicker than an intermediate
portion of the rib.

Preferably there is provided a tungsten carbide coating applied to the
intermediate portion of the rib, the tungsten carbide coating reaching further outward

from the sleeve than the thicker end portion of the rib.
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Surface treatment may be applied to the elongated body at a

circumferential surface of one of more ciutch jaws thereon to define additional
cutting edges at said surface.

According 10 a second aspect of the invention there is provided a
wellbore reamer comprising:

a well bore reamer comprising:

an elongated body having a longitudinal axis and adapted at opposing
upper and lower ends therealong for coupling between members of a well string for
rotation and displacement therewith within a well bore;

a set of cutting elements provided on a sleeve closing around a sleeve
carrying portion of the elongated body that is disposed between the lower end of the
elongated body, the sleeve being slidable along the longitudinal axis and rotatable
thereabout on the sleeve carrying portion of the elongated body and each set of
cutting elements presenting cutting edges radially outward from the elongated body;
and

at least one clutch mechanism operable between the sleeve and the
elongated body at an end of the sleeve carrying portion of the elongated body to
block rotation of the sleeve relative to the elongated body in a predetermined
direction about the longitudinal axis under sliding of the sleeve into a paosition
adjacent said respective end of the sleeve carrying portion, said clutch mechanism
comprising one or more first stop faces on the elongated body and one or more
second stop faces on the sleeve, the first and second stop faces being arranged {o

abut against one another to block said rotation of the sieeve relative to the
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elongated body under rotation of the elongated body with the sieeve into the position

adjacent the respective end of the sleeve carrying portion;

wherein the sleeve is thicker at each second stop face than at areas of
the sleeve between the cutting elements.

Preferably a greatest thickness of the sleeve exists at the one or more
second stop faces.

Preferably the set of cutling elements comprises ribs that are spaced
apart from one another around a circumference of the sleeve and project outward
therefrom and extend therealong, and the one or more second stop faces exists at

one or more of the ribs.

BRIEF DESCRIPTION OF THE DRAWINGS

In  the accompanying drawings, which illustrate exemplary
embodiments of the present invention:

Figure 1 is a perspective view of a well bore reamer of the present
Invention.

Figure 2 i1s a side elevational view of the well bore reamer of Figure 1.

Figure 3 is a close up view of a sliding sleeve of the well bore reamer

of Figure 2.

Figure 4 is a partially cut away side elevational view of a body of
another well bore reamer of the present invention.

Figure 5 is a side elevational view of the sliding sleeve of the well bore

reamer of Figure 4.
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Figure 6 is a side view of a sliding sleeve similar to that of Figure 3, but

having longer cutting blades extending fully to the ends of the sleeve.
Figure 7 is a partial side elevational view of well bore reamer featuring
tungsten carbide abrading pieces applied to blades of the sleeve.

5 DETAILED DESCRIPTION

Figures 1 to 3 illustrate a reamer 1 according t¢ one embodiment of the

present invention.
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The reamer 1 features an elongated centrally bored body or mandrel

10, which may be one piece of metal, having at its upper end a conventional
threaded box 11 for engaging and holding the pin end of a drill pipe or stem (not
shown), and having at its lower end a conventional threaded pin 12 for engaging and
holding a box of a drill pipe or stem (not shown).

The purpose of the céntral bore 13 through the body 10, is to allow
circulation of fluid through the drill pipe and the device. The body 10 has a sleeve-
carrying portion 14 of reduced diameter intermediate its ends. leaving at the upper
and lower ends, respectively, of the body 10 two end portion 16 and 18 of larger
outer diameter. The lower end of the sleeve-carrying portion 14 has a gripping
shoulder 17, slightly larger circumferentially than the lower end portion 18, and
ending with a beveled edge 17A transitioning to the respective smaller diameter end
portion 18. The top face of the shoulder 17 has two depending guide faces 19 and
19A winding left-handedly around and downwardly along the sleeve-carrying portion
14, perpendicular thereto, and ending abruptly at their lower ends in two vertical
faces 20 (only one of which is visible in the drawings) that are parallel to the
longitudinal axis of the body and that each interconnect the bottom end of one guide
face to the top end of the other, thereby forming two upwardly projecting ratchet-type
jaws 22 (only one of which is visible in the drawings), for the purposes more fully
explained hereinbelow.

A longitudinal tubular sleeve 24, with its outer periphery equal to the

periphery of the shoulder 17, has a bore slightly larger than the outer periphery of
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the sleeve-carrying portion 14, and has a length less than the length of the sleeve-

carrying portion 14, and is slidably mounted thereon.

The lower end of the sleeve 24 has two upwardly projecting cuts or
guide faces 27 and 28 through the wall of the sleeve 24 and that wind left-handedly
around and upwardly along the sleeve-carrying portion 14, perpendicular thereto.

These end abruptly at their upper ends in two oppositely disposed vertical faces 29

that are parallel to the longitudinal axis of the body and each interconnect the bottom

end of one guide face to the top end of the other, thereby forming a pair of
oppositely disposed downwardly projecting ratchet-type jaws 31 (only one of which
Is visible in the drawings) for co-acting with the jaws 22 to rotate the sleeve 24 with
the body 10 as the body 10 is rotated to the right (i.e. clockwise as viewed from
above). One face 29 s seen in Fig. 1, cut through the wall of the sleeve 24 to define
one of the downwardly projecting ratchet-type jaws 31 for positive engagement with
one of the jaws 22 on the body at the lower end of the sleeve-carrying portion 14.
The guide faces on the sleeve and body conform to the same winding path around
the sleeve-carrying portion 14 of the body so as to fit flush together when the Jaws
are engaged for engagement of the longitudinal faces of the jaws together over their
full height along the longitudinal axis. The sleeve 24 may be placed on the sleeve-
carrying portion 14 by cutting it longitudinally (not shown) in two or more places, and
welding or otherwise reattaching the cuts together, forming one integral unit after the
sleeve 24 is slidably in place on the sleeve-carrying portion 14.

A selected number of spaced-apart ribs 32 are formed on the periphery

of the sleeve 24 and project outwardly therefrom a selected distance to present
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cutling edges radially outward from all parts of the body 10, thus defining a set of

cutting blades. The configuration of each illustrated rib 32 is such that it has a cross-

section of substantially uniform width as it projects outward from the wall of the
sleeve 24 and ends in a substantially flat or slightly convex face. The ribs 32 are
helically formed or wound on the sleeve on left-hand helical paths therearound. thus
sloping downward on the sleeve in a direction opposite the rotation of the sleeve
with the body when the jaws on the sleeve and body are engaged together. This

opposing twist of the blades allows the blades to float on an under-gauge well bore

ribs 32 may be formed as integral parts of the sleeve through machining processes,
or be formed separately from the sleeve 24 and welded thereto (not shown) if
desired. The ribs 32 may be hardened or otherwise treated to prevent excessive
wear. For example, tungsten carbide surface treatment may be applied to the ribs
32.

The upper ends of the sleeve-carrying portion 14 and sleeve 24 are
configured similarly to their bottom ends to likewise form mating ratchet jaws that
engage when the sleeve slides to the upper end of the sleeve-carrying portion 14 to
form a clutch that will rotate the sleeve with the body together under right-handed
rotation of the string in which the body is Incorporated. Accordingly, the upper end
of the sleeve-carrying portion 14 has its own gripping shoulder 34, of slightly larger
circumferentially than the upper end portion 16, and ending with a beveled edge 34A

transitioning to the respective smaller diameter end portion 16. The bottom face of
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the shoulder 34 has two rising guide faces 38 and 38A winding right-handedly

around and upwardly along the sleeve-carrying portion 14, perpendicular thereto,
and ending abruptly at their upper ends in two vertical faces 40 that are parallel to
the longitudinal axis of the body in a radial plane thereof (only one of which is visible
in the drawings) and that each interconnect the top end of one guide face to the
bottom end of the other, thereby forming two upwardly projecting ratchet-type jaws
44 (only one of which is visible in the drawings), as seen in Figs. 1 and 2.

The upper end of the sleeve 24 has two downwardly projecting éuts or
guide faces 54 and 56 through the wall of the sleeve 24 that right-handedly wind
around and upwardly along the sleeve-carrying portion 14, perpendicular thereto.
These end abruptly at their lower ends in two oppositely disposed vertical faces 58
(only one of which is visible in the drawings) forming a pair of oppositely disposed
downwardly projecting ratchet-type jaws 62 (only one of which is visible in the
drawings) for co-acting with the jaws 44 to rotate the sleeve 24 with the body 10 as
the body 10 is rotated to the right (i.e. clockwise as viewed from above). One face 58
s seen in Fig. 1, cut through the wall of the sleeve 24 defining one of the
downwardly projecting ratchet-type jaws 62 for positive engagement with one of the
Jaws 44.  The cutting blades on the sleeve may extend fully between the clutch
defining jaw-like ends, and even extend onto these Jaw-forming end portions of the
sleeve, for example as shown in the embodiment of Figure 6.

On the upper end portion 16 of the body 10, at a distance spaced

above the shoulder 34 between this portion and the sleeve-carrying portion 14

slidably carrying the sleeve 24 a set of stationary blades 70 are rigidly fixed to the
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body 10. The blades themselves 70 may have generally the same structure and

configuration as the rib-defined blades 32 on the sleeve 24, but are not movable
relative to the body due to their rigid mounting thereto, unlike the sleeve'’s blade’s 32
than can slide along the body with the sleeve and rotate relative to the body on the
sleeve (except for when the jaws of the clutch mechanisfn are engaged at the top or
bottom of the sleeve carrying portion 14 are engaged to block rotation of the sleeve
In a left-hand direction (counterclockwise from above) relative to the body 10).

The angular positions of stop faces 29. 58 on the clutch jaws 31, 62 of
the sleeve 24 about the longitudinal axis thereof relative to the angular positions of
the ribs or blades 32 about that axis is such that when any of these stop faces 29 58
abuts against one of the stop faces 20, 40 on the clutch Jaws 22, 44 on the body 10,
the blades 32 on the sleeve are staggered relative to the fixed blades 70 on the
body. For example, using the top end of each blade as a marker of its angular
position about the reamer's longitudinal axis at any given point in time, when a pair
of sleeve and body clutch Jaws are engaged to rotate the sleeve with the body, the

{op of each sleeve-carried blade 32 generally aligns around the axis with the top end

~ of a corresponding gap between two adjacent blades 70 of the fixed blade set further

up the body. Looking down the reamer from the box end, the blades of the sleeve
are in view from the slots of the top fixed blades, so when the reamer is lowered into
the well bore, there is very little or no area that is not touched by the blades. This is
only important when raising or lowering the reamer without rotation. not during the
actual reaming process. The blade length and twist are selected to provide this full-

circumference coverage of the blades around the tool body.
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The above reamer incorporates elements from elements from sliding-

sleeve key seat wipers, such as those disclosed in U.S. Patent Numbers 2,717,764
and 2,790,623, and combines them in a unique manner with a fixed set of blades
further up' a shared tool body to provide functional advantages over conventional
reamer designs in situations where the reamer is forced into a dogleg with excessive
force and has the potential of excessive over pull being required for removal. With
the present invention, when over pull is exerted, the fixed reamer blades 70 are
pulled free first, with the movable set of blades 32 remaining stuck due to the relative
sliding allowed between the sleeve and mandrel. Once the bottom of the SIeeve-
carrying portion of the mandrel reaches the bottom of the sleeve under continued
pulling of the string, the sleeve-carried blades 32 are then withdrawn as well. This
relative sliding of the lower blade set in this situation means that only one set of
stuck blades is being pulled out a time, and thus the over pull force requ'ired to
dislodge the stuck reamer is reduced compared to trying to pull out two stuck sets of
fixed blades on a prior art multi-blade reamer. For exampie, in the case of a reamer

with two blade sets of approximately the same size and configuration, the required

maximum over pull force required to free the reamer would be expected to be about
haif in the case of an upper fixed blade set and a lower slidable blade set compared
o a reamer with two sets of fixed blades. Testing of a prototype with fixed and
sliding blade sets of similar size found this to be the case. In two test cases where
very excessive downward force was used when running the reamer into the well
bore by running it in too fast and applying too much of the weight of the pipe above

the reamer, thus tending to push the reamer around a dogleg and causing it to get
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stuck, the reamer was pulled free in less than an hour without the use of spotting oil,

‘acid or shooting off to install bumper subs and jars. This presents the potenﬁal for
Incredible cost savings in retrieving a stuck reamer.

With an upper clutch mechanism provided by the matable Jaws at the

> top ends of the sleeve and the mandrel’s sleeve carrying portion and a lower clutch

mechanism provided by the matable jaws at the bottom ends of the sleeve and the

mandrel's sleeve carrying portion, the sleeve-carried blades can be driven for

rotation during lowering or raising of the string when an obstruction or deviation

blocks movement of the sleeve therepast, and thus slides the sleeve relatively along

10 the sleeve-carrying mandrel portion to a respective end thereof. The reamer thus

benefits from the functionality of two blade sets without the difficulty of trying to
simultaneously dislodge both blade sets to free the reamer should it become stuck.

In the illustrated embodiments, the clutch engages ohly n one

predetermined direction of relative rotation between the sieeve and the tool body, by

I>  employing a clutch of similar configuration to that disclosed in U.S. Patent No

2,790,623. In other embodiments, the clutch may be engagable in both directions of

rotation, for example in a configuration like that shown in U.S. Patent No. 2,717,764,

Engaging the sleeve in only one direction to allow free relative rotation between the

sleeve and tool body in the other direction can be advantageous in preventing the

20 potential for loosening or decoupling of connections in the string under trapped-

torque conditions. However, a single-direction clutch may be problematic in other

situations, for example where the reamer needs to be backed off, setting reverse

torque nto the string of pipe and firing an explosive charge at a depth where the
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pipe is free, the sleeve-carried reamer blades will not engage Iin this reverse

direction of rotation. Accordingly, a dual-direction clutch may be used in other
embodiments to accommodate such situations. However, the design of the too| with
both fixed and sliding blades reduces the likelihood of the tool becoming stuck, so
that such a procedure would not be required, thus avoiding the need for engag'ement
of the clutch in the second direction. Also. if the reamer does become stuck, the
stuck condition of the fixed blades could hold the reverse torque for backing off of
the reamer.

Figures 4 and 5 show a reamer of another embodiment similar to that
described above, but with some differences, including the helical configuration of the
surfaces winding around the sleeve-carrying portion 14, the spacing of the jaws
around each end of the sleeve 24 and sleeve-carrying portion 14, the smaller pitch
of the blades relative to the longitudinal axis of the mandre!, and the sleeve being of
greater outer diameter at the top end than at the bottom.

Figure 6 shows the sliding sleeve of another embodiment which IS,
similar to that of Figure 1, except that in addition to a respective one of the four
blade’s 32’ being present at each stop face 29’ at the top-end of the sleeve (like in
the first embodiment), another respective one of the four blade’s is present at each
stop face 58’ at the bottom end of the sleeve. The portion of the respective lower

clutch jaw 62’ defining each stop face 58’ at the bottom of the sleeve is thus of
greater thickness in the third embodiment than in the first embodiment due to the
presence ot a blade 32’ at this stop face 58. The longer blade length reaching fully

to the bottom end of the sleeve not only increases the cutting capacity of the tool o)
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increasing the overall length of cutting edges on the tool, but also increases the

strength of the lower clutch jaws on the sleeve by this thickening of the sleeve’s
lower clutch jaws to widen the contact faces where the sleeve’s lower clutch jaws

abut against the lower clutch jaws of the tool body.

Due to the helical path of the blades arouna and along the sleeve, this
presence of blades at the stop faces of the clutch jaws means that the third
embodiment also differs from the first in that the position of each stop face at the top
end of the sleeve is offset around the sleeve axis from a respective stop face at the
bottom of the sleeve. That is, the diametrically opposite stop faces at the top end of
the sleeve are angularly offset around the sleeve axis from the diametrically opposite
stop faces at the bottom of the sleeve in order to situate each stop face at a
respective bladed portion of the sleeve’s circumference. The sleeve of Figure 6
features four blades, each of which defines one respective stop face of the sleeve.
Thus, the bottom end of one blade defines a stop face at the bottom end of the
sleeve, but not at the top end of the sleeve, while the next blade around the sleeve’s

circumference is of the opposite configuration, defining a stop face at the top end of

the sleeve but not at the bottom end thereof. The sleeve of Figure 6 features a

stepped-down blade thickness 32a approaching the top end of the sleeve, where the
blade still provides a clutch jaw thickness greater than the sleeve wall thickness

between the blade, but with the reduced thickness 323 upper end portion of the
blade being of smaller thickness than the uniform-thickness remainder of the blade.

Figure 7 illustrates a reamer with another sleeve design, where like the

Figure 6 embodiment, the blades 32" extend fully to both ends of the sleeve, except
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that each blade increases in thickness at the upper end 32b thereof. Tungsten

carbide pieces, schematically shown at 80, are fixed on the blades to span the full

width and a substantial length a uniform-thickness remainder 32¢ of the bladé 32"

below the thicker upper end 32b thereof. The combined effective thickness of the

> uniform-thickness blade portion and the tungsten carbide treatment applied thereon

slightly exceeds the thickness of the untreated upper blade portion 32b. The thicker

upper blade portions 32b thus increase the sleeve thickness at the contact faces 29”

of the upper clutch jaws for improved clutch strength, without projecting radially

outward beyond the working, cutting or abrading surfaces provided by the carbide.

10 The uniform thickness portion 32c of each blade continues past the lower end of its

carbide-treated area to fully reach the lower end of the sleeve, thus providihg greater

~ sleeve thickness at the contact faces 58” of the lower clufoh jaws compared to the
un-bladed portions of the sleeve for improved clutch strength.

The Figure 7 embodiment also illustrates that application of tungsten

I5  carbide or other surface treatment may be applied to the circumferential, radially

outward facing surface of one or more of the clutch jaws, for example as shown by

tungsten carbide treatment 82 at the upper clutch jaws 44. Although not necessarily

apparent from the Figure, the radial extent reached by the carbide 82 on the clutch

jaws 44 is equal or close to that of the carbide 80 on the blades 32”. That 1S, the jaw

20 carbide 82 reach.es radially outward past the radial extent reached by the thickened

upper end 32b of each b‘lade. As shown at 32d, each blade may each taper down in

thickness from the thicker blade portion 32b to the top end of this blade. On the

blades located at the upper clutch jaws, the length of the taper is less than the height
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of the contact face 29” of the clutch jaw so that the majority of the contact face

benefits from the added width provided by the thick portion 32 of the blade.
It will be appreciated that directional terms such top, bottom, upper,
lower, upward, downward. depending, rising are used in terms of the illustrated
> vertical or sloped orientation of the reamer in the figures, and are not intended to
limit use of the reamer or the scope of the claims to a particular orientation, but
rather are used as positional terms to differential different ends of the reamer or
directions therealong from one another. Accordingly, the terms bottom and lower
are used In relation to a part or feature disposed further into a wellbore from the
10 surface, i.e. from the end of the wellbore from which the string enters the wellbore,
compared to a top or upper part or feature nearer the surface, regardless of whether
the bottom or lower part or feature is actually at a lower elevation than the upper part

or feature at the reamers actual position or orientation at a particular moment.
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CLAIMS:

1. A well bore reamer comprising:

an elongated body having a longitudinal axis and adapted at opposing
upper and lower ends therealong for coupling between members of a well string for
rotation and displacement therewith within a well bore:

a first set of cutting elements provided on the elongated body at a fixed
position along the longitudinal axis thereof and presenting a first set of cutting edges;

a second set of cutting elements provided on a sleeve closing around a
sleeve carrying portion of the elongated body that is disposed between the lower
end. of the elongated body and the fixed position of the first set of cutting elements
thereon, the sleeve being slidable along the longitudinal axis and rotatable
thereabout on the sleeve carrying .portion of the elongated body and each set of
cutting elements presenting cutting edges radially outward from the elongated body:;
and

a lower clutch mechanism operable between the sleeve and the
elongated body at a bottom end of the sleeve carrying portion of the elongated body
to block rotation of the sleeve relative to the elongated body in a predetermined
direction about the longitudinal axis under sliding of the sleeve into a lowered
position adjacent said bottom end of the sleeve carrying portion

wherein a length of the sleeve carrying portion along the longitudinal
axis is at least as great as a combined length of a span of the first cutting elements
along the longitudinal axis and a span of the second cutting elements along the

Iongitud‘inal axis, whereby pulling of the reamer from a dogleg in which the reamer
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has been sufficiently forced to lodge the first and second sets of cutting elements in

respective stuck positions will initially pull only the first set of cutting elements from
the respective stuck position due to relative sliding between the sleeve and the

elongated body, until the elongated body is pulled far enough to engage the lower

clutch mechanism against the sleeve and thus begin also pulling the second set of
cutting elements from the respective stuck position.

2. The well bore reamer of claim 1 comprising an upper clutch
mechanism operable between the sleeve and the elongated body at a top end of the
sleeve carrying portion of the elongated body to block rotation of the sleeve relative
to the elongated body in the predetermined direction about the longitudinal axis
under sliding of the sleeve into a raised position adjacent said top end of the sleeve
carrying portion.

3. - The well bore reamer of claim 1 or 2 wherein the first set of
cutting elements comprises ribs spaced apart from one another around a
circumference of the elongated body, projecting outward therefrom and extending
therealong.

4, The reamer of claim 3 wherein the ribs extend along the
elongated body on helical paths about the circumference thereof.

S. The well bore reamer of any one of cléims 1 to 4 wherein the
second set of cutting elements comprises ribs spaced apart from one another
around a circumference of the sleeve, projecting outward therefrom and extending

therealong.
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6.  The reamer of claim 5 wherein the ribs extend along the sleeve

on helical paths about the circumference thereof.

/. The reamer of. any one of claims 1 to 6 wherein each cutting

element twists downwardly along and around about the longitudinal axis in a
direction opposite the predetermined direction of rotation for which the lower clutch
mechanism is arranged to rotate the sleeve and body together.

8. The reamer of claim 4 or 6 wherein each helical path twists
downwardly along and around about the longitudinal axis in a direction opposite the
predetermined direction of rotation for which the lower clutch mechanism is arranged
to rotate the sieeve and body together.

9.  The reamer of any one of claims 1 to 8 wherein the clutch is
arranged to stop relative rotation of the sleeve éround the elongated body at an
angular position in which the second set of cutting elements on the sleeve and the
first set of cutting elements on the elongated body are staggered thereabout.

10.  The reamer of any one of claims 1 to 9 wherein the length of the
sleeve carrying pdrtion along the longitudinal axis exceeds the combined length of
the span of the first cutting elements along the longitudinal axis and the span of the
second cutting elements along the longitudinal axis.

11.  The reamer of any one of claims 1 to 10 wherein the first set of
cutting elements are spaced a distance along the longitudinal axis from the sleeve

carrying portion of the elongated body.

12.  The reamer of claim 11 wherein the distance exceeds a length

spanned by the first set of cutting elements along the longitudinal axis.
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13.  The reamer of claim 5 or 6 wherein ribs defining the second set

of cutting elements include at least one rib extending fuilly to the bottom end of the

sleeve at a respective lower clutch jaw of the sleeve.

14. . The reamer of claim 2 wherein the second set of cutting
elements comprises ribs spaced apart from one another around a circumference of
the sleeve, projecting outward therefrom and extending therealong, including at least
one rib extending fully to the top end of the sleeve at a respective jaw of the upper
clutch mechanism.

15. - The reamer of claim 2 wherein the second set of cutting
elements comprises ribs spaced apart from one another around a.circumference of
the sleeve, including ribs extending fully to the top and bottom ends of the sleeve at
respective jaws of the upper and lower clutch mechanisms.

16. The reamer of claim 2 wherein the second set of cutting
elements oomprisés ribs spaced apart from one another around a circumference of
the sleeve, including one or more first ribs extending fully to the top end of the
sleeve at one or more respective upper clutch jaws of the sleeve and one or more
second ribs extending fully to the bottom end of the sleeve at one or more respective
lower clutch jaws of the sleeve.

17. The reamer of any one of claims 5, 6 and 13 to 16 wherein at
least one of the ribs has an end portion that located adjacent the top or bottom end

of the sleeve and is thicker than an intermediate portion of the rib.
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18.  The reamer of claim 17 comprising a tungsten carbide coating

applied to the intermediate portion of the rib, the tungsten carbide coating reaching

further outward from the sleeve than the thicker end portion of the rib.

19. The reamer of any one of claims '1 to 18 comprising'surface
treatment applied to the elongated body at a circumferential surface of one of more
clutch jaws thereon to define additional cutting edges at said surface.

20. A method of pulling free a wellbore reamer that has become
stuck in a wellbore dogleg with first and second sets of cutting elements of said
reamer respectively stuck In first and second stuck positions in said dogleg, the
method comprising:

pulling on an elongated body of the reamer While the first and second
sets of cutting eléments of sald reamer are stuck in the first and second stuck
positions in the dogleg, the first set of cutting elements being provided at a fixed
position along a Iongitudinal' axis of said elongated body and the second set of
cutting elements being provided on a sleeve that closes around a sleeve carrying
portion of the elongated pody that is disposed between a lower end of the elongated
body and the fixed position of the first set of cutting elements thereon, the sleeve
being slidable along the longitudinal axis and rotatable thereabout on the sleeve
carrying portion of the elongated body and each set of cutting elements presenting
cutting edges radially outward from the elongated body;

wherein said pulling of the elongated body comprises:

(i) initially pulling the first set of cutting elements out of the first

stuck position in the dogleg while relative sliding between the elongated body and
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sleeve leaves the second set of cutting elements in the second stuck position in the

dogleg; and

(i) having freed the first set of cutting elements from the first
stuck position, and with the second set of cutting elements still in the second stuck
pesition, pulling the elongated body far enough to bring a clutch feature on the
elongated body at a lower end of the sleeve carrying portion thereof up against a
corresponding clutch feature on the sleeve at a bottom end thereof: and

(1) having brought the clutch feature of the elongated body up
against the corresponding clutch feature at the bottom end of the sleeve, pulling the
elongated body further and thereby pulling the second set of cutting elements out of
the second stuck position.

27. A wellbore reamer comprising:

an elongated body having a longitudinal axis and adapted at opposing
upper and lower ends therealong for coupling between members of a well string for
rotation and displacement therewith within a well bore:

a set of cutting elements provided on a sleeve closing around a sleeve
carrying portion of the elongated body that is disposed between the lower end of the
elongated body, the sleeve being slidable along the longitudinal axis and rotatable
thereabout on the sleeve carrying portion of the elongated body and the set of
cutting elements presenting cutting edges radially outward from the elongated body;

and
a clutch mechanism operable between the sleeve and the elongated

body at an end of the sleeve carrying portion of the elongated body to block rotation
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of the sleeve relative to the elongated body in a predetermined direction about the

longitudinal axis under sliding of the sleeve into a position adjacent said end of the
sleeve carrying portion, said clutch mechanism comprising one or more first stop
faces on the elongated body and one or more second stop faces on the sleeve, the
first and second stop faces being arranged to abut against one another to block said
rotation of the sleeve relative to the elongated body under rotation of the elongated
body with the sleeve into the position adjacent the end of the sleeve carrying portion;

wherein the sleeve is thicker at each second stop face than at areas of
the sleeve between the cutting elements.

22.  The well bore reamer of claim 21 wherein a greatest thickness
of the sleeve exists at the one or more second stop faces.

23. The well bore reamer of claim 21 or 22 wherein the set of
cutting elements comprises ribs that are spaced apart from one anocther around a
circumference of the sleeve and project outward therefrom and extend therealong,

and the one or more second stop faces exist at one or more of the ribs.
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