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Description

BACKGROUND

[0001] The present disclosure relates to multilateral
wells in the oil and gas industry and, more particularly,
to improved torque supports for mill and whipstock as-
semblies used to drill multilateral wells.
[0002] Hydrocarbons can be produced through rela-
tively complex wellbores traversing a subterranean for-
mation. Some wellbores can be a multilateral wellbore,
which includes one or more lateral wellbores that extend
from a parent or main wellbore. Multilateral wellbores typ-
ically include one or more windows or casing exits defined
in the casing that lines the wellbore to allow correspond-
ing lateral wellbores to be formed. More specifically, a
casing exit for a multilateral wellbore can be formed by
positioning a whipstock in a casing string at a desired
location in the main wellbore. The whipstock is often de-
signed to deflect one or more mills laterally (or in an al-
ternative orientation) relative to the casing string. The
deflected mill(s) machines away and eventually pene-
trates part of the casing to form the casing exit through
the casing string. Drill bits can be subsequently inserted
through the casing exit in order to cut the lateral or sec-
ondary wellbore.
[0003] Single-trip whipstock designs allow a well op-
erator to run the whipstock and the mills downhole in a
single run, which greatly reduces the time and expense
of completing a multilateral wellbore. Some conventional
single-trip whipstock designs anchor a lead mill to the
whipstock using a combination of a shear bolt and a
torque lug. The shear bolt is designed to shear upon as-
suming a particular set down weight when a well operator
desires to free the mills from the whipstock. The shear
bolt is typically not designed to shear in torque. The
torque lug, on the other hand, provides rotational torque
support that helps prevent the shear bolt from fatiguing
prematurely or otherwise shearing in torque as the whip-
stock is run into the main wellbore. The lead mill provides
a slot that the torque lug fits into to prevent the lead mill
from rotating about its central axis. In this configuration,
however, the lead mill may nonetheless be able to pivot
on the torque lug and one of its blades contacting the
ramped surface of the whipstock, which creates a lift force
that puts the shear bolt in tensile and torsional stress.
This can fatigue the shear bolt and causes it to shear
prematurely, thereby prematurely freeing the lead mill
from whipstock.
[0004] US 2002/0195243 A1 discloses a whipstock as-
sembly for use in a wellbore to form a lateral wellbore
therefrom. A whipstock is attached to a cutting tool by a
shearable connection whereby the whipstock and cutting
tool assembly may be run into the wellbore simultane-
ously. A retractable finger provides additional shear
strength in tension. However, US 2002/0195243 A1 does
not disclose a torque key movable between an extended
position, where the torque key is partially positioned with-

in both the slot and the longitudinal groove, and a retract-
ed position, where the torque key retracts into the slot,
wherein, when in the extended position, the torque key
prevents the lead mill from rotating with respect to the
whipstock.
[0005] EP 0 916 014 A1 discloses a milling apparatus
which comprises a mill, and a starter bar which depends
from said mill, characterized in that said starter bar is
detachably connected to said mill.
[0006] GB 2 360 538 A discloses a rotational lock sys-
tem to secure a mill to a whipstock.

SUMMARY

[0007] In one aspect of the present invention, there is
disclosed a whipstock assembly according to Claim 1.
[0008] In a second aspect of the present invention,
there is disclosed a method according to Claim 6.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The following figures are included to illustrate,
by way of example, certain aspects of the present dis-
closure, and should not be viewed as exclusive embod-
iments. The subject matter disclosed is capable of con-
siderable modifications, alterations, combinations, and
equivalents in form and function, without departing from
the scope of this disclosure.

FIG. 1 is a schematic diagram of a well system that
may employ the principles of the present disclosure.
FIGS. 2A and 2B are isometric and cross-sectional
side views, respectively, of an exemplary whipstock
assembly.
FIGS. 3A-3C are views of an exemplary whipstock
assembly.
FIGS. 4A-4C are various views of another exemplary
whipstock assembly.
FIGS. 5A-5C are various views of another exemplary
whipstock assembly.

DETAILED DESCRIPTION

[0010] The present disclosure relates to multilateral
wells in the oil and gas industry and, more particularly,
to an improved torque support between a mill and a whip-
stock assembly used to drill a multilateral well.
[0011] The embodiments described herein provide ex-
emplary whipstock assemblies that allow more torque to
be transmitted from a lead mill to a whipstock without
risking failure of a shear bolt used to couple the lead mill
to the whipstock. As a result, the whipstock may be able
to assume rotational as well as axial thrust loads without
risking premature failure of the shear bolt and premature
detachment of the lead mill within a wellbore. In one em-
bodiment, for example, an exemplary whipstock assem-
bly may include a bearing support arranged within a lon-
gitudinal groove defined in the whipstock. The bearing
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support provides a slot to receive a blade of the lead mill
and thereby prevent the lead mill from rotating with re-
spect to the whipstock and potentially prematurely shear-
ing the shear bolt. Moreover, the bearing support may
prevent the lead mill from engaging the longitudinal
groove during milling operations and may be made of an
easily millable material, such as aluminum, such that the
lead mill is able to mill through the bearing support as it
advances up the whipstock.
[0012] In a second embodiment, another exemplary
whipstock assembly may include a torque key movably
situated within a slot defined in the lead mill. The torque
key is movable between an extended position and a re-
tracted position. In the extended position, the torque key
is partially positioned within the slot and the longitudinal
groove defined in the whipstock, and thereby able to pre-
vent the lead mill from rotating with respect to the whip-
stock. In the retracted position, the torque key is retracted
out of the longitudinal groove and wholly situated in the
slot. In some cases, the torque key may be spring-loaded
to move to the retracted configuration. With the torque
key retracted into the slot, the lead mill is able to operate
without being obstructed by the torque key.
[0013] Referring to FIG. 1, illustrated is an exemplary
well system 100 that may employ the principles of the
present disclosure, according to one or more embodi-
ments. As illustrated, the well system 100 may include
an offshore oil and gas platform 102 centered over a sub-
merged subterranean formation 104 located below the
sea floor 106. While the well system 100 is described in
conjunction with the offshore oil and gas platform 102, it
will be appreciated that the embodiments described here-
in are equally well suited for use with other types of oil
and gas rigs, such as land-based rigs or drilling rigs lo-
cated at any other geographical site. The platform 102
may be a semi-submersible drilling rig, and a subsea
conduit 108 may extend from the deck 110 of the platform
102 to a wellhead installation 112 that includes one or
more blowout preventers 114. The platform 102 has a
hoisting apparatus 116 and a derrick 118 for raising and
lowering pipe strings, such as a drill string 120, within the
subsea conduit 108.
[0014] As depicted, a main wellbore 122 has been
drilled through the various earth strata, including the for-
mation 104. The terms "parent" and "main" wellbore are
used herein to designate a wellbore from which another
wellbore is drilled. It is to be noted, however, that a parent
or main wellbore is not required to extend directly to the
earth’s surface, but could instead be a branch of another
wellbore. A string of casing 124 is at least partially ce-
mented within the main wellbore 122. The term "casing"
is used herein to designate a tubular member or conduit
used to line a wellbore. The casing 124 may actually be
of the type known to those skilled in the art as "liner" and
may be segmented or continuous, such as coiled tubing.
[0015] In some embodiments, a casing joint 126 may
be interconnected between elongate upper and lower
lengths or sections of the casing 124 and positioned at

a desired location within the wellbore 122 where a branch
or lateral wellbore 128 is to be drilled. The terms "branch"
and "lateral" wellbore are used herein to designate a well-
bore that is drilled outwardly from an intersection with
another wellbore, such as a parent or main wellbore.
Moreover, a branch or lateral wellbore may have another
branch or lateral wellbore drilled outwardly therefrom at
some point. A whipstock assembly 130 may be posi-
tioned within the casing 124 and secured and otherwise
anchored therein at an anchor assembly 134 arranged
or near the casing joint 126. The whipstock assembly
130 may operate to deflect one or more cutting tools (i.e.,
mills) into the inner wall of the casing joint 126 such that
a casing exit 132 can be formed therethrough at a desired
circumferential location. The casing exit 132 provides a
"window" in the casing joint 126 through which one or
more other cutting tools (i.e., drill bits) may be inserted
to drill and otherwise form the lateral wellbore 128.
[0016] It will be appreciated by those skilled in the art
that even though FIG. 1 depicts a vertical section of the
main wellbore 122, the embodiments described in the
present disclosure are equally applicable for use in well-
bores having other directional configurations including
horizontal wellbores, deviated wellbores, or slanted well-
bores. Moreover, use of directional terms such as above,
below, upper, lower, upward, downward, uphole, down-
hole, and the like are used in relation to the illustrative
embodiments as they are depicted in the figures, the up-
hole direction being toward the surface of the well and
the downhole direction being toward the toe of the well.
[0017] Referring now to FIGS. 2A and 2B, with contin-
ued reference to FIG. 1, illustrated is are views of an
exemplary whipstock assembly 200. More particularly,
FIG. 2A depicts an isometric view of the whipstock as-
sembly 200, and FIG. 2B depicts a cross-sectional side
view of the whipstock assembly 200. The whipstock as-
sembly 200 may be similar to or the same as the whip-
stock assembly 130 of FIG. 1 and, therefore, may be able
to be lowered into the wellbore 122 and secured therein
to help facilitate the creation of the casing exit 132 in the
casing 124.
[0018] As illustrated, the whipstock assembly 200 may
include a deflector or whipstock 202 and one or more
mills 204. The mills 204 may include a lead mill 206 con-
figured to be coupled or otherwise secured to the whip-
stock 202. More particularly, the lead mill 206 may be
secured to the whipstock 202 using at least a shear bolt
208 (FIG. 2B) and a torque lug 210. The shear bolt 208
may be configured to shear or otherwise fail upon as-
suming a predetermined axial load provided to the lead
mill 206, and the torque lug 210 may provide the lead
mill 206 with rotational torque resistance that helps pre-
vent the shear bolt 208 from fatiguing prematurely in
torque as the whipstock assembly 200 is run downhole.
[0019] As best seen in FIG. 2B, in some embodiments,
the shear bolt 208 may extend through and be threaded
into a threaded aperture 212 defined through the under-
side of the whipstock 202. The shear bolt 208 may further
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extend into a shear bolt aperture 214 defined in the lead
mill 206, where the threaded aperture 212 and the shear
bolt aperture 214 are configured to axially align to coop-
eratively receive the shear bolt 208 therein. The shear
bolt 208 may be secured within the lead mill 206 with a
retaining bolt 216 that is extendable into a retaining bolt
aperture 218 defined in the lead mill 206. As illustrated,
the retaining bolt aperture 218 may be aligned with and
otherwise form a contiguous portion of the shear bolt ap-
erture 214. The retaining bolt 216 may be threadably se-
cured to the shear bolt 208 at a threaded cavity 220 de-
fined in the end of the shear bolt 208, and the head of
the retaining bolt 216 may rest on a shoulder 221 defined
in the retaining bolt aperture 218. With the shear bolt 208
threadably secured to the whipstock 202 and the retain-
ing bolt 216 threadably secured to the shear bolt 208 at
the threaded cavity 220, the lead mill 206 (and any other
mills 204) may thereby be securely coupled to the whip-
stock 202.
[0020] The torque lug 210 may be a solid metal block
made of, for example, aluminum or another easily milla-
ble material. The torque lug 210 may be arranged within
a longitudinal groove 222 defined in a ramped surface
223 of the whipstock 202. The torque lug 210 may be
arranged within the longitudinal groove 222 along with
one or more bumper members 224 (two shown) and a
whipstock plate 226. More particularly, the bumper mem-
bers 224 may be made of a pliable or flexible material,
such as rubber or an elastomer, and the whipstock plate
226 may be configured to bias the bumper members 224
against the torque lug 210 so that the torque lug 210 is
correspondingly urged against an axial end wall 228 of
the longitudinal groove 222. The torque lug 210 may fur-
ther be configured to be inserted or otherwise extended
into a slot 230 defined in the lead mill 206. As arranged
within the slot 230, the torque lug 210 may be configured
to prevent the lead mill 206 (or the mills 204 generally)
from rotating about a central axis 232.
[0021] In exemplary operation, and with continued ref-
erence to FIG. 1, the whipstock assembly 200 may be
lowered downhole within the wellbore 122 with the mills
204 secured to the whipstock 202 as generally described
above. Upon reaching a location in the wellbore 122
where the casing exit 132 is to be formed, the whipstock
assembly 200 may be latched into the anchor assembly
134 (FIG. 1) previously arranged within the wellbore 122.
Latching in the whipstock assembly 200 may include ex-
tending the whipstock assembly into the anchor assem-
bly 134 and then rotating the whipstock assembly 200
as the whipstock assembly 200 is pulled back uphole or
toward the surface. Once the whipstock assembly 200
is properly latched into the anchor assembly 134, weight
is set down on the whipstock assembly 200 from a sur-
face location. Placing weight on the whipstock assembly
200 may provide an axial load to the lead mill 206, which
may transfer a predetermined axial load to the shear bolt
208. Upon assuming the predetermined axial load, the
shear bolt 208 may shear or otherwise fail, and thereby

free the mills 204 from axial engagement with the whip-
stock 202.
[0022] With the weight still applied on the lead mill 206,
the torque lug 210 may be forced against the bumper
members 224 in the downhole direction (i.e., to the right
in FIG. 2B), and the bumper members 224 may provide
an opposing biasing resistance to the torque lug 210 in
the uphole direction (i.e., to the left in FIG. 2B). The mills
204 (including the lead mill 206) may then be pulled back
in the uphole direction a short distance, and the bumper
members 224 may then urge the torque lug 210 back
against the axial end wall 228. Once free from the whip-
stock 202, the mills 204 may then be rotated about the
central axis 232 and simultaneously advanced in the
downhole direction. As the mills 204 advance downhole,
they ride up the ramped surface 223 of the whipstock
202 until engaging and milling the inner wall of the casing
124 to form the casing exit 132.
[0023] As illustrated, the lead mill 206 may include one
or more blades 234 (four shown) and a plurality of cutters
236 secured to each blade 234. In the above-described
configuration, the lead mill 206 may pivot on the torque
lug 210 upon assuming a torsional load. Such torsional
loads may be generated while latching in the whipstock
assembly 200, as described above, or while lowering the
whipstock assembly 200 downhole through portions of
the wellbore 122 (FIG. 1) that require the whipstock as-
sembly 200 to be rotated. Torsional loads applied to the
whipstock assembly 200 may result in the lead mill 206
pivoting on the torque lug 210 and one of the blades 234
that contacts the ramped surface 223 of the whipstock
202. As a result, a lift force may be generated that places
tensile and/or torsional loading on the shear bolt 208,
which, if not properly mitigated, could fatigue the shear
bolt 208 and otherwise causes it to fail prematurely.
[0024] According to the present disclosure, embodi-
ments of improved whipstock assemblies may allow
more torque to be transmitted from the lead mill 206 to
the whipstock 202 without shearing or otherwise com-
promising the structural integrity of the shear bolt 208.
As described herein, such improved whipstock assem-
blies may be configured to lock the lead mill 206 to the
whipstock 202 in torque, and thereby prevent the shear
bolt 206 from fatigue or premature shearing in torque.
Moreover, the presently described embodiments allow
for an easy and quick assembly of the lead mill 206 to
the whipstock 202 in a vertical direction.
[0025] Referring now to FIGS. 3A-3C, with continued
reference to FIGS. 2A-2B, illustrated are various views
of an exemplary whipstock assembly 300, according to
one or more embodiments of the present disclosure.
More particularly, FIG. 3A depicts an isometric view of
the whipstock assembly 300, FIG. 3B depicts a cross-
sectional side view of the whipstock assembly 300, and
FIG. 3C depicts a cross-sectional end view of the whip-
stock assembly 300. The whipstock assembly 300 may
be similar in some respects to the whipstock assembly
200 of FIG. 2 and therefore may be best understood with
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reference thereto, where like numerals indicate like ele-
ments or components not described again in detail. Sim-
ilar to the whipstock assembly 200 of FIG. 2, for example,
the whipstock assembly 300 may include the whipstock
202, the mills 204 (including the lead mill 206), the shear
bolt 208 used to secure the lead mill 206 to the whipstock
202, and the retaining bolt 216 used to secure the shear
bolt 208 to the lead mill 206. Moreover, the lead mill 206
may include the blades 234 (four shown) and the plurality
of cutters 236 secured to each blade 234, as generally
described above. As will be appreciated, more or less
than four blades 234 may be provided on the lead mill
206, without departing from the scope of the disclosure.
[0026] Unlike the whipstock assembly 200 of FIG. 2,
however, the torque lug 210 (FIG. 2) may be omitted from
the whipstock assembly 300. In its place to help stabilize
the lead mill 206 in torque as coupled to the whipstock
202, the whipstock assembly 300 may further include a
torque bearing assembly 302. The torque bearing as-
sembly 302 may be generally arranged within the longi-
tudinal groove 222 defined in the ramped surface 223 of
the whipstock 202, and may include the one or more
bumper members 224 (two shown), the whipstock plate
226, and a bearing support 306. The bearing support 306
may be secured within the longitudinal groove 222 using
the bumper members 224 and the whipstock plate 226.
More particularly, the bumper members 224 may be con-
figured to biasingly engage the end of the bearing support
306 and thereby urge the bearing support 306 against
the axial end wall 228 of the longitudinal groove 222.
[0027] As best seen in FIG. 3C, the bearing support
306 may be a generally U-shaped structure that defines
a slot 308 having opposing sidewalls 310a and 310b.
The sidewalls 310a,b may extend upwardly out of the
longitudinal groove 222 and transition into opposing side
extensions 312a and 312b that rest on the ramped sur-
face 223 of the whipstock 202 and otherwise extend a
short distance in opposing directions away from the slot
308. The bearing support 306 may be made of an easily
millable material such as, but not limited to, aluminum,
bronze, cast or mild steel, free machining steel, fiber-
glass, or the like.
[0028] According to the present embodiment, one of
the blades 234 (shown and labeled as blade 234a) of the
lead mill 206 may be extended at least partially into the
slot 308 to prevent the lead mill 206 (or the mills 204
generally) from rotating about the central axis 232 with
respect to the whipstock 202. More particularly, when
torque is applied to the lead mill 206, the blade 234a may
drop further down into the slot 308, which prevents it from
pivoting on the ramped surface 223 of the whipstock 202.
As more torque is applied, the blade 234a may be forced
into engagement with one or both of the sidewalls 310a,b,
which may catch the blade 234a and thereby resist any
further rotation. Upon engaging the sidewall(s) 310a,b,
the torque load assumed by the lead mill 206 may then
be transferred to the whipstock 202 for rotation as intend-
ed.

[0029] In some embodiments, engaging the blade
234a on the sidewalls 310a,b may effectively bind the
blade 234a within the slot 308, and thereby prevent its
removal therefrom by pivoting movement or motion. In
other words, the blade 234a becomes trapped in the slot
308, which prevents the blade 234a from disengaging
from the whipstock 202 before the shear bolt 208 is
sheared. As opposed to the torque lug 210 of FIGS. 2A-
2B, which would provide a point loading pivot on the lead
mill 206, the slot 308 provides the blade 234a with an
increased surface area to make contact with, which al-
lows increased surface loading to be assumed by the
bearing support 306 in helping prevent the lead mill 206
from pivoting out of engagement with the whipstock 202.
[0030] In at least one embodiment, a slot bumper 314
(FIG. 3C) may be arranged within the slot 308 and may
be made of a similar material as the bumper members
224. The slot bumper 314 may be configured to vertically
support the blade 234a as it is extended into the slot 308
and otherwise prevent the blade 234a from deflecting too
far into slot 308, which could result in too much potential
movement in the lead mill 206. The slot bumper 314 may
prove especially advantageous when the lead mill 206
assumes a torsional load that forces the blade 234a
downward into the slot 308. In some embodiments, the
blade 234a may be in vertical contact with the slot bumper
314 when the lead mill 206 is secured to the whipstock
202. In other embodiments, the blade 234a may contact
the slot bumper 314 only when the lead mill 206 assumes
a torsional load that forces the blade 234a downward into
the slot 308.
[0031] With continued reference to FIGS. 3A-3C and
reference again to FIG. 1, exemplary operation of the
whipstock assembly 300 is now provided. The whipstock
assembly 300 may be similar to or the same as the whip-
stock assembly 130 of FIG. 1 and, therefore, may be able
to be lowered into the wellbore 122 and secured therein
to help facilitate the creation of the casing exit 132 in the
casing 124. Accordingly, the whipstock assembly 300
may be lowered downhole within the wellbore 122 with
the mills 204 secured to the whipstock 202. Upon reach-
ing a location in the wellbore 122 where the casing exit
132 is to be formed, the whipstock assembly 300 may
be latched into an anchor assembly 134 previously ar-
ranged within the wellbore 122, as generally described
above.
[0032] As the whipstock assembly 300 is conveyed
downhole and subsequently latched into the anchor as-
sembly 134, the blade 234a of the lead mill 206 may be
extended into the slot 308 of the bearing support 306. As
a result, any torsional loads generated while latching in
the whipstock assembly 300 or while rotating the whip-
stock assembly 300 to bypass tight portions of the well-
bore 122 (FIG. 1) may be assumed by the bearing support
306 through contact between the blade 234a and the
sidewalls 310a,b of the bearing support 306. Without urg-
ing the lead mill 206 to pivot and thereby place torsional
stress on the shear bolt 208, the bearing support 306
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may transfer the torsional load to the whipstock 202 for
intended rotation thereof. Accordingly, the whipstock as-
sembly 300 may allow more torque to be transmitted from
the lead mill 206 to the whipstock 202 without shearing
or otherwise compromising the structural integrity of the
shear bolt 208.
[0033] Once the whipstock assembly 300 is properly
latched into the anchor assembly 134, weight is set down
on the whipstock assembly 300 from a surface location,
which provides an axial load to the lead mill 206 and
transfers a predetermined axial load to the shear bolt
208. Upon assuming the predetermined axial load, the
shear bolt 208 may shear or otherwise fail, and thereby
free the mills 204 from engagement with the whipstock
202.
[0034] With the shear bolt 208 severed and the weight
still applied on the lead mill 206 from the surface location,
the bearing support 306 may be forced against the bump-
er members 224 in the downhole direction (i.e., to the
right in FIG. 3B). In response, the bumper members 224
may provide an opposing biasing resistance against the
bearing support 306 in the uphole direction (i.e., to the
left in FIG. 3B). The mills 204 (including the lead mill 206)
may then be pulled back in the uphole direction a short
distance, and the pliant bumper members 224 may then
urge the bearing support 206 back against the axial end
wall 228. Once free from the whipstock 202, the mills 204
may then be rotated about the central axis 232 and si-
multaneously advanced in the downhole direction. As the
mills 204 advance downhole, they ride up the ramped
surface 223 of the whipstock 202 until engaging and mill-
ing the inner wall of the casing 124 to form the casing
exit 132.
[0035] As will be appreciated, allowing the bumper
members 224 to move the bearing support 206 back
against the axial end wall 228 may prove advantageous
in preventing the lead mill 206 from milling into the side
walls of the longitudinal groove 222, which could result
in damage to the blades 234 and/or the cutters 236. Rath-
er, with the bearing support 206 moved back against the
axial end wall 228, the lead mill 206 may instead engage
and mill the side extensions 312a,b of the bearing support
206. Whereas the whipstock 202 and the side walls of
the longitudinal groove 222 may be made of steel or an-
other hard and durable material, the side extensions
312a,b of the bearing support 206 are made of a more
easily millable material, such as aluminum. As a result,
the lead mill 206 may be able to mill away portions of the
bearing support 306 instead of the longitudinal groove
222 as the mills 204 advance up the ramped surface 223
of the whipstock 202.
[0036] Referring now to FIGS. 4A-4C, illustrated are
views of another exemplary whipstock assembly 400, ac-
cording to one or more additional embodiments of the
present disclosure. More particularly, FIG. 4A depicts a
cross-sectional side view of the whipstock assembly 400
in an extended configuration, FIG. 4B depicts a cross-
sectional end view of the whipstock assembly 400 in the

extended configuration, and FIG. 4C depicts a cross-sec-
tional side view of the whipstock assembly 400 in a re-
tracted configuration. The whipstock assembly 400 may
be similar in some respects to the whipstock assembly
200 of FIG. 2 and therefore may be best understood with
reference thereto, where like numerals indicate like ele-
ments or components not described again in detail. Sim-
ilar to the whipstock assembly 200 of FIG. 2, for example,
the whipstock assembly 400 may include the whipstock
202, the mills 204 (including the lead mill 206), the shear
bolt 208 used to secure the lead mill 206 to the whipstock
202, and the retaining bolt 216 used to secure the shear
bolt 208 to the lead mill 206. Moreover, the lead mill 206
may include the blades 234 and the plurality of cutters
236 secured to each blade 234, as generally described
above.
[0037] Unlike the whipstock assembly 200 of FIG. 2,
however, the whipstock assembly 400 may include a
torque key 402 used to help stabilize the lead mill 206 in
torque as coupled to the whipstock 202. The torque key
402 may be movably arranged within a slot 404 defined
in the lead mill 206. More particularly, the torque key 402
may be movable between a first or extended position, as
shown in FIGS. 4A and 4B, to a second or retracted po-
sition, as shown in FIG. 4C. In the extended position, the
torque key 402 may be partially positioned within both
the slot 404 and the longitudinal groove 222 defined in
the ramped surface 223 of the whipstock 202. One or
more retaining pins 406 (one shown) may extend axially
from the axial end wall 228 of the longitudinal groove 222
and may be configured to secure the torque key 402 in
the extended position and otherwise as extended into
the longitudinal groove 222. In some embodiments, as
illustrated, the retaining pin 406 may be configured to be
received within a corresponding pin aperture 408 defined
in the torque key 402. In at least one embodiment, the
retaining pin 406 may extend from the axial end wall 228
of the longitudinal groove 222, but could alternatively ex-
tend from any portion of the whipstock 202, without de-
parting from the scope of the disclosure.
[0038] As best seen in FIG. 4A, the bumper members
224 may biasingly engage and otherwise urge the torque
key 402 against the axial end wall 228 of the longitudinal
groove 222 when the torque key 402 is in the extended
position. As arranged within both the slot 404 and the
longitudinal groove 222, the torque key 402 may be con-
figured to prevent the lead mill 206 (or the mills 204 gen-
erally) from rotating about the central axis 232. More par-
ticularly, and as best seen in FIG. 4B, when a torsional
load is applied to the lead mill 206, the torque key 402
may assume the torsional load via slot sidewalls 410 pro-
vided by the slot 404 and transfer the torsional load to
groove sidewalls 412 provided by the longitudinal groove
222. Transferring the torsional load to the groove side-
walls 412 of the longitudinal groove 222 may effectively
transfer the torsional load to the whipstock 202 for rota-
tion. As will be appreciated, embedding the torque key
402 into the lead mill 206 allows the torque key 402 to
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operate as soon as a torque load is applied to the lead
mill 206, thus minimizing the torsional load on the shear
bolt 208.
[0039] With continued reference to FIGS. 4A-4C, and
reference again to FIG. 1, exemplary operation of the
whipstock assembly 400 is now provided. The whipstock
assembly 400 may be similar to or the same as the whip-
stock assembly 130 of FIG. 1 and, therefore, may be able
to be lowered into the wellbore 122 and secured therein
to help facilitate the creation of the casing exit 132 in the
casing 124. Accordingly, the whipstock assembly 400
may be lowered downhole within the wellbore 122 with
the mills 204 secured to the whipstock 202, and upon
reaching a location in the wellbore 122 where the casing
exit 132 is to be formed, the whipstock assembly 400
may be latched into the anchor assembly 134, as gen-
erally described above.
[0040] As the whipstock assembly 400 is conveyed
downhole and latched into the anchor assembly 134, the
whipstock 400 assembly may be in the extended config-
uration where the torque key 402 is positioned in the ex-
tended position and held in place within both the slot 404
and the longitudinal groove 222 with the retaining pin(s)
406. As a result, any torsional loads generated while
latching in the whipstock assembly 400, or while rotating
the whipstock assembly 400 to bypass tight portions of
the wellbore 122 (FIG. 1), may be assumed by the torque
key 402 through contact between the torque key 402 and
the slot and groove sidewalls 410, 412. Without urging
the lead mill 206 to pivot and thereby place torsional
stress on the shear bolt 208, the torque key 402 may
instead transfer the torsional load to the whipstock 202
for intended rotation thereof. Accordingly, the whipstock
assembly 400 may allow more torque to be transmitted
from the lead mill 206 to the whipstock 202 without shear-
ing or otherwise compromising the structural integrity of
the shear bolt 208.
[0041] Once the whipstock assembly 400 is properly
latched into the anchor assembly 134, weight may be set
down on the whipstock assembly 400 from a surface lo-
cation, which provides an axial load to the lead mill 206
and transfers a predetermined axial load to the shear bolt
208. Upon assuming the predetermined axial load, the
shear bolt 208 may shear or otherwise fail, as seen in
FIG. 4C, and thereby free the mills 204 from engagement
with the whipstock 202.
[0042] With the shear bolt 208 severed and the weight
still applied on the lead mill 206 from the surface location,
the lead mill 206 may move in the downhole direction
(i.e., to the right in FIG. 4A) and correspondingly force
the torque key 402 against the bumper members 224.
Moving the torque key 402 in the downhole direction com-
presses the bumper members 224 and removes the re-
taining pin 406 from insertion within the pin aperture 408.
Once the retaining pin 406 becomes disengaged with the
torque key 402, the torque key 402 may then be able to
move or otherwise retract to its retracted position, as
shown in FIG. 4C.

[0043] In some embodiments, an actuation device 414
may be used to move or urge the torque key 402 to the
retracted position. In the illustrated embodiment, for in-
stance, the actuation device 414 is depicted as a coil
extension spring coupled to both the torque key 402 and
an inner surface of the slot 404. Upon releasing the torque
key 402 from engagement with the retaining pin 406, the
spring force built up in the coil extension spring may urge
the torque key 402 to retract vertically into the slot 404.
In other embodiments, however, the actuation device 414
may be any device or mechanism that is able to retract
the torque key 402 into the slot 404 upon the torque key
402 being disengaged from the retaining pin 406. For
instance, the actuation device 414 may alternatively be,
but is not limited to, a mechanical actuator, an electro-
mechanical actuator, an electric actuator, a pneumatic
actuator, a hydraulic actuator, and any combination
thereof, without departing from the scope of the disclo-
sure.
[0044] Forcing the lead mill 206 and torque key 402
against the bumper members 224 may cause the bumper
members 224 to compress and build an opposing biasing
resistance against the torque key 402 in the uphole di-
rection (i.e., to the left in FIG. 3B). The mills 204 (including
the lead mill 206) may then be pulled back in the uphole
direction a short distance, and the bumper members 224
may be configured to expand into a relaxed state and
generally fill the longitudinal groove 222 until engaging
the axial end wall 228. With the mills 204 free from the
whipstock 202, the mills 204 may then be rotated about
the central axis 232 and simultaneously advanced in the
downhole direction. As the mills 204 advance in the
downhole direction, they ride up the ramped surface 223
of the whipstock 202 until engaging and milling the inner
wall of the casing 124 to form the casing exit 132. With
the torque key 402 in the retracted position and otherwise
retracted into the slot 404, the mills 204 may proceed
downhole past the longitudinal groove 222 and the bump-
er members 224 unobstructed. Moreover, since the
torque key 402 is retracted into the slot 404, the mills 204
may proceed without having to mill through the torque
key 402. As a result, the torque key 402 may be made
of a more robust material, such as stainless steel, alloy
steel or any high strength material.
[0045] Referring now to FIGS. 5A-5C, illustrated are
views of another exemplary whipstock assembly 500, ac-
cording to one or more additional embodiments of the
present disclosure. More particularly, FIG. 5A depicts a
cross-sectional side view of the whipstock assembly 500
in an extended configuration, FIG. 5B depicts a cross-
sectional end view of the whipstock assembly 500 in the
extended configuration, and FIG. 5C depicts a cross-sec-
tional side view of the whipstock assembly 500 in a re-
tracted configuration. The whipstock assembly 500 may
be similar in some respects to the whipstock assembly
400 of FIG. 4 and therefore may be best understood with
reference thereto, where like numerals indicate like ele-
ments or components not described again in detail. Sim-
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ilar to the whipstock assembly 400 of FIG. 4, for example,
the whipstock assembly 500 may include the whipstock
202, the mills 204 (including the lead mill 206), the shear
bolt 208 used to secure the lead mill 206 to the whipstock
202, the retaining bolt 216 used to secure the shear bolt
208 to the lead mill 206, the blades 234 and the plurality
of cutters 236 secured to each blade 234, as generally
described above.
[0046] Moreover, similar to the torque key 402 of FIGS.
4A-4C, the whipstock assembly 500 may also include a
torque key 502 used to help stabilize the lead mill 206 in
torque as coupled to the whipstock 202. The torque key
502 may be movably arranged within the slot 404 defined
in the lead mill 206 and otherwise movable between a
first or extended position, as shown in FIGS. 5A and 5B,
to a second or retracted position, as shown in FIG. 5C.
In the extended position, the torque key 502 may be par-
tially positioned within both the slot 404 and the longitu-
dinal groove 222 defined in the ramped surface 223 of
the whipstock 202. Moreover, in the extended position,
the torque key 502 may prevent the lead mill 206 (or the
mills 204 generally) from rotating about the central axis
232. More particularly, and as best seen in FIG. 5B, when
a torsional load is applied to the lead mill 206, the torque
key 502 assumes the torsional load via the slot sidewalls
410 and transfers the torsional load to the groove side-
walls 412. Transferring the torsional load to the groove
sidewalls 412 may effectively transfer the torsional load
to the whipstock 202 for rotation. Embedding the torque
key 502 into the lead mill 206 allows the torque key 502
to operate as soon as a torque load is applied to the lead
mill 206, thus minimizing the torsional load on the shear
bolt 208.
[0047] A wedge support 504 may be positioned within
the longitudinal groove 222 and extend axially from the
whipstock plate 226 toward the axial end wall 228 of the
longitudinal groove 222. In at least one embodiment, one
or more bumper members 224 may be arranged between
the wedge support 504 and the axial end wall 228. In
other embodiments, however, the bumper members 224
may be omitted from the whipstock assembly 500, with-
out departing from the scope of the present disclosure.
[0048] As illustrated, the wedge support 504 may pro-
vide or otherwise define a wedge angled surface 506 that
transitions into the ramped surface 223 of the whipstock
202. As described in greater detail below, the wedge an-
gled surface 506 may slidingly engage a corresponding
key angled surface 508 of the torque key 502 in moving
the torque key 502 to the retracted position. When the
torque key 502 is in the extended position, however, as
shown in FIGS. 5A and 5B, the key angled surface 508
may be in contact with the wedge angled surface 506.
[0049] The whipstock assembly 500 may further in-
clude one or more dogs 510 (one shown) configured to
secure the torque key 502 in the retracted position. More
particularly, the dog(s) 510 may be spring-loaded and
configured to be received within corresponding dog ap-
ertures 512 (one shown) defined in the torque key 502

as the torque key 502 moves to the retracted configura-
tion. As illustrated, the dog(s) 510 may be provided on
the lead mill 206 and otherwise able to extend axially
therefrom upon locating the corresponding dog aper-
ture(s) 512 of the torque key 502.
[0050] With continued reference to FIGS. 5A-5C, and
reference again to FIG. 1, exemplary operation of the
whipstock assembly 500 is now provided. The whipstock
assembly 500 may be similar to or the same as the whip-
stock assembly 130 of FIG. 1 and, therefore, may be able
to be lowered into the wellbore 122 and secured therein
to help facilitate the creation of the casing exit 132 in the
casing 124. As the whipstock assembly 500 is conveyed
downhole and latched into the anchor assembly 134, the
whipstock 500 assembly may be in the extended config-
uration where the torque key 502 is in the extended po-
sition and the key angled surface 508 of the torque key
502 is in contact with the wedge angled surface 506 of
the wedge support 504. Any torsional loads generated
while latching in the whipstock assembly 500, or while
rotating the whipstock assembly 500 to bypass tight por-
tions of the wellbore 122 (FIG. 1), may be assumed by
the torque key 502 through contact between the torque
key 502 and the slot and groove sidewalls 410, 412. The
torque key 502 transfers the torsional load to the whip-
stock 202 for intended rotation thereof. Accordingly, the
whipstock assembly 500 may allow more torque to be
transmitted from the lead mill 206 to the whipstock 202
without shearing or otherwise compromising the struc-
tural integrity of the shear bolt 208.
[0051] Once the whipstock assembly 500 is properly
latched into the anchor assembly 134, weight may be set
down on the whipstock assembly 500 from a surface lo-
cation, which provides an axial load to the lead mill 206
and transfers a predetermined axial load to the shear bolt
208. Upon assuming the predetermined axial load, the
shear bolt 208 may shear or otherwise fail, as seen in
FIG. 5C, and thereby free the mills 204 from engagement
with the whipstock 202.
[0052] With the shear bolt 208 severed and the weight
still applied on the lead mill 206 from the surface location,
the lead mill 206 may move in the downhole direction
(i.e., to the right in FIG. 5A) with respect to the whipstock
202. As the lead mill 206 moves in the downhole direction,
the key angled surface 508 of the torque key 502 may
slidingly engage the wedge angled surface 506 of the
wedge support 504, and thereby move or urge the torque
key 502 vertically into the slot 404 and otherwise to its
retracted position. In the retracted position, the spring-
loaded dog(s) 510 may locate the corresponding dog ap-
erture(s) 512 to secure the torque key 502 in the retracted
position.
[0053] With the mills 204 free from the whipstock 202,
the mills 204 (including the lead mill 206) may then be
pulled back in the uphole direction a short distance, ro-
tated about the central axis 232, and simultaneously ad-
vanced in the downhole direction. As the mills 204 ad-
vance in the downhole direction, they ride up the ramped

13 14 



EP 3 143 234 B1

9

5

10

15

20

25

30

35

40

45

50

55

surface 223 of the whipstock 202 until engaging and mill-
ing the inner wall of the casing 124 to form the casing
exit 132. With the torque key 502 in the retracted position
and otherwise retracted into the slot 404, the mills 204
may proceed downhole past the longitudinal groove 222
unobstructed. Moreover, since the torque key 502 is re-
tracted into the slot 404, the mills 204 may proceed with-
out having to mill through the torque key 502. As a result,
the torque key 502 may be made of a more robust ma-
terial, such as stainless steel, alloy steel or any high
strength material.
[0054] Embodiments disclosed herein include:

A. A whipstock assembly that includes a whipstock
providing a ramped surface and a longitudinal
groove defined in the ramped surface, a lead mill
coupled to the whipstock with a shear bolt and having
a slot defined therein, and a torque key movable be-
tween an extended position, where the torque key
is partially positioned within both the slot and the
longitudinal groove, and a retracted position, where
the torque key retracts into the slot, wherein, when
in the extended position, the torque key prevents the
lead mill from rotating with respect to the whipstock.
B. A well system that includes an anchor assembly
arranged within a wellbore, a whipstock assembly
extendable within the wellbore to be secured to the
anchor assembly, the whipstock assembly including
a whipstock that provides a ramped surface and a
longitudinal groove defined in the ramped surface,
and a lead mill coupled to the whipstock with a shear
bolt and having a slot defined therein, and a torque
key movable between an extended position, where
the torque key is partially positioned within both the
slot and the longitudinal groove, and a retracted po-
sition, where the torque key retracts into the slot,
wherein, when in the extended position, the torque
key prevents the lead mill from rotating with respect
to the whipstock.
C. A method that includes extending a whipstock as-
sembly into a wellbore, the whipstock assembly in-
cluding a whipstock that provides a ramped surface
and a longitudinal groove defined in the ramped sur-
face, and a lead mill coupled to the whipstock with
a shear bolt and having a slot defined therein, ap-
plying a torsional load to the whipstock assembly,
assuming the torsional load with a torque key dis-
posed in an extended position where the torque key
is partially positioned within both the slot and the
longitudinal groove, and preventing the lead mill from
rotating with respect to the whipstock with the torque
key.

[0055] Each of embodiments A, B, and C may have
one or more of the following additional elements in any
combination: Element 1: wherein the slot provides op-
posing slot sidewalls and the longitudinal groove pro-
vides opposing groove sidewalls, and wherein, when the

torque key is in the extended position, torsional loads
applied on the lead mill are assumed by the torque key
via the opposing slot sidewalls and transferred from the
torque key to the opposing groove sidewalls, whereby
the torsional loads are transferred to the whipstock. El-
ement 2: further comprising a retaining pin extending
from an axial end wall of the longitudinal groove and se-
curing the torque key in the extended position, and a pin
aperture defined in the torque key to receive the retaining
pin and thereby secure the torque key in the extended
position. Element 3: further comprising an actuation de-
vice arranged between the torque key and the slot to
move the torque key to the retracted position. Element
4: wherein the actuation device comprises at least one
of a coil extension spring, a mechanical actuator, an elec-
tromechanical actuator, an electric actuator, a pneumatic
actuator, a hydraulic actuator, and any combination
thereof. Element 5: further comprising a wedge support
positioned within the longitudinal groove and defining a
wedge angled surface, and a key angled surface defined
on the torque key, the key angled surface being slidingly
engageable with the wedge angled surface to move the
torque key to the retracted position. Element 6: further
comprising one or more spring-loaded dogs provided on
the lead mill, and one or more dog apertures defined in
the torque key to receive the one or more spring-loaded
dogs and thereby secure the torque key in the retracted
position.
[0056] Element 7: wherein the slot provides opposing
slot sidewalls and the longitudinal groove provides op-
posing groove sidewalls, and wherein, when the torque
key is in the extended position, torsional loads applied
on the lead mill are assumed by the torque key via the
opposing slot sidewalls and transferred from the torque
key to the opposing groove sidewalls, whereby the tor-
sional loads are transferred to the whipstock. Element 8:
further comprising a retaining pin extending from an axial
end wall of the longitudinal groove and securing the
torque key in the extended position, and a pin aperture
defined in the torque key to receive the retaining pin and
thereby secure the torque key in the extended position.
Element 9: further comprising an actuation device ar-
ranged between the torque key and the slot to move the
torque key to the retracted position, wherein the actuation
device is selected from the group consisting of a coil ex-
tension spring, a mechanical actuator, an electrome-
chanical actuator, an electric actuator, a pneumatic ac-
tuator, a hydraulic actuator, and any combination thereof.
Element 10: further comprising a wedge support posi-
tioned within the longitudinal groove and defining a
wedge angled surface, and a key angled surface defined
on the torque key, the key angled surface being slidingly
engageable with the wedge angled surface to move the
torque key to the retracted position. Element 11: further
comprising one or more spring-loaded dogs provided on
the lead mill, and one or more dog apertures defined in
the torque key to receive the one or more spring-loaded
dogs and thereby secure the torque key in the retracted
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position.
[0057] Element 12: wherein applying the torsional load
to the whipstock assembly comprises rotating the whip-
stock assembly to latch into an anchor assembly ar-
ranged in the wellbore. Element 13: wherein applying the
torsional load to the whipstock assembly comprises ro-
tating the whipstock assembly to bypass a portion of the
wellbore. Element 14: wherein the slot provides opposing
slot sidewalls and the longitudinal groove provides op-
posing groove sidewalls, and wherein assuming the tor-
sional load with the torque key comprises assuming the
torsional load with the torque key via engagement with
the opposing slot sidewalls, and transferring the torsional
load from the torque key to the opposing groove sidewalls
and thereby transferring the torsional load to the whip-
stock. Element 15: further comprising securing the torque
key in the extended position with a retaining pin that ex-
tends from an axial end wall of the longitudinal groove
and into a pin aperture defined in the torque key, latching
the whipstock assembly into an anchor assembly ar-
ranged in the wellbore, providing an axial load to the lead
mill and shearing the shear bolt upon assuming a prede-
termined axial load, disengaging the retaining pin from
the torque key as the lead mill and the torque key are
moved in a downhole direction with respect to the whip-
stock, and retracting the torque key into the slot when
the retaining pin disengages from the pin aperture. Ele-
ment 16: wherein retracting the torque key into the slot
comprises moving the torque key into the slot with an
actuation device selected from the group consisting of a
coil extension spring, a mechanical actuator, an electro-
mechanical actuator, an electric actuator, a pneumatic
actuator, a hydraulic actuator, and any combination
thereof. Element 17: wherein a wedge support is posi-
tioned within the longitudinal groove and defines a wedge
angled surface, the method further comprising latching
the whipstock assembly into an anchor assembly ar-
ranged in the wellbore, providing an axial load to the lead
mill and shearing the shear bolt upon assuming a prede-
termined axial load, slidingly engaging a key angled sur-
face defined on the torque key with the wedge angled
surface as the lead mill moves in a downhole direction
with respect to the whipstock, and retracting the torque
key into the slot as the key angled surface slidingly en-
gages the wedge angled surface. Element 18: further
comprising locating one or more dog apertures defined
in the torque key with one or more spring-loaded dogs
provided on the lead mill as the torque key is retracted
into the slot, and securing the torque key in the slot with
the one or more spring-loaded dogs.
[0058] Therefore, the disclosed systems and methods
are well adapted to attain the ends and advantages men-
tioned as well as those that are inherent therein. The
particular embodiments disclosed above are illustrative
only, as the teachings of the present disclosure may be
modified and practiced in different but equivalent man-
ners apparent to those skilled in the art having the benefit
of the teachings herein. Furthermore, no limitations are

intended to the details of construction or design herein
shown, other than as described in the claims below. It is
therefore evident that the particular illustrative embodi-
ments disclosed above may be altered, combined, or
modified and all such variations are considered within
the scope of the present disclosure. The systems and
methods illustratively disclosed herein may suitably be
practiced in the absence of any element that is not spe-
cifically disclosed herein and/or any optional element dis-
closed herein. While compositions and methods are de-
scribed in terms of "comprising," "containing," or "includ-
ing" various components or steps, the compositions and
methods can also "consist essentially of" or "consist of"
the various components and steps. All numbers and
ranges disclosed above may vary by some amount.
Whenever a numerical range with a lower limit and an
upper limit is disclosed, any number and any included
range falling within the range is specifically disclosed. In
particular, every range of values (of the form, "from about
a to about b," or, equivalently, "from approximately a to
b," or, equivalently, "from approximately a-b") disclosed
herein is to be understood to set forth every number and
range encompassed within the broader range of values.
Also, the terms in the claims have their plain, ordinary
meaning unless otherwise explicitly and clearly defined
by the patentee. Moreover, the indefinite articles "a" or
"an," as used in the claims, are defined herein to mean
one or more than one of the element that it introduces.
If there is any conflict in the usages of a word or term in
this specification and one or more patent or other docu-
ments that may be referenced herein, the definitions that
are consistent with this specification should be adopted.
[0059] As used herein, the phrase "at least one of" pre-
ceding a series of items, with the terms "and" or "or" to
separate any of the items, modifies the list as a whole,
rather than each member of the list (i.e., each item). The
phrase "at least one of" allows a meaning that includes
at least one of any one of the items, and/or at least one
of any combination of the items, and/or at least one of
each of the items. By way of example, the phrases "at
least one of A, B, and C" or "at least one of A, B, or C"
each refer to only A, only B, or only C; any combination
of A, B, and C; and/or at least one of each of A, B, and C.

Claims

1. A whipstock assembly (400, 500), comprising:

a whipstock (202) providing a ramped surface
(223) and a longitudinal groove (222) defined in
the ramped surface;
a lead mill (206) coupled to the whipstock with
a shear bolt (208) and having a slot (404) defined
therein; and
a torque key (402) movable between an extend-
ed position, where the torque key is partially po-
sitioned within both the slot and the longitudinal
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groove, and a retracted position, where the
torque key retracts into the slot, wherein, when
in the extended position, the torque key prevents
the lead mill from rotating with respect to the
whipstock.

2. The whipstock assembly of claim 1, wherein the slot
provides opposing slot sidewalls (410) and the lon-
gitudinal groove provides opposing groove sidewalls
(412), and wherein, when the torque key is in the
extended position, torsional loads applied on the
lead mill are assumed by the torque key via the op-
posing slot sidewalls and transferred from the torque
key to the opposing groove sidewalls, whereby the
torsional loads are transferred to the whipstock.

3. The whipstock assembly of claim 1, further compris-
ing:

a retaining pin (406) extending from an axial end
wall (228) of the longitudinal groove and secur-
ing the torque key in the extended position; and
a pin aperture (408) defined in the torque key to
receive the retaining pin and thereby secure the
torque key in the extended position,
and optionally further comprising an actuation
device (414) arranged between the torque key
and the slot to move the torque key to the re-
tracted position, further optionally wherein the
actuation device comprises at least one of a coil
extension spring, a mechanical actuator, an
electromechanical actuator, an electric actua-
tor, a pneumatic actuator, a hydraulic actuator,
and any combination thereof.

4. The whipstock assembly of claim 1, 2 or 3, further
comprising:

a wedge support (504) positioned within the lon-
gitudinal groove and defining a wedge angled
surface (506); and
a key angled surface (508) defined on the torque
key, the key angled surface being slidingly en-
gageable with the wedge angled surface to
move the torque key to the retracted position,
and optionally further comprising:

one or more spring-loaded dogs (510) pro-
vided on the lead mill; and
one or more dog apertures (512) defined in
the torque key to receive the one or more
spring-loaded dogs and thereby secure the
torque key in the retracted position.

5. A well system, comprising:

an anchor assembly arranged within a wellbore;
a whipstock assembly according to any of claims

1 to 4, the whipstock assembly extendable within
the wellbore to be secured to the anchor assem-
bly.

6. A method, comprising:

extending a whipstock assembly into a wellbore,
the whipstock assembly including a whipstock
that provides a ramped surface and a longitudi-
nal groove defined in the ramped surface, and
a lead mill coupled to the whipstock with a shear
bolt and having a slot defined therein;
applying a torsional load to the whipstock as-
sembly;
assuming the torsional load with a torque key
disposed in an extended position where the
torque key is partially positioned within both the
slot and the longitudinal groove; and
preventing the lead mill from rotating with re-
spect to the whipstock with the torque key.

7. The method of claim 6, wherein applying the torsion-
al load to the whipstock assembly comprises rotating
the whipstock assembly to latch into an anchor as-
sembly arranged in the wellbore.

8. The method of claim 6 or 7, wherein applying the
torsional load to the whipstock assembly comprises
rotating the whipstock assembly to bypass a portion
of the wellbore.

9. The method of claim 6, 7 or 8, wherein the slot pro-
vides opposing slot sidewalls and the longitudinal
groove provides opposing groove sidewalls, and
wherein assuming the torsional load with the torque
key comprises:

assuming the torsional load with the torque key
via engagement with the opposing slot side-
walls; and
transferring the torsional load from the torque
key to the opposing groove sidewalls and there-
by transferring the torsional load to the whip-
stock.

10. The method of claim 9, further comprising:

securing the torque key in the extended position
with a retaining pin that extends from an axial
end wall of the longitudinal groove and into a pin
aperture defined in the torque key;
latching the whipstock assembly into an anchor
assembly arranged in the wellbore;
providing an axial load to the lead mill and shear-
ing the shear bolt upon assuming a predeter-
mined axial load;
disengaging the retaining pin from the torque
key as the lead mill and the torque key are
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moved in a downhole direction with respect to
the whipstock; and
retracting the torque key into the slot when the
retaining pin disengages from the pin aperture,
optionally wherein retracting the torque key into
the slot comprises moving the torque key into
the slot with an actuation device selected from
the group consisting of a coil extension spring,
a mechanical actuator, an electromechanical
actuator, an electric actuator, a pneumatic ac-
tuator, a hydraulic actuator, and any combina-
tion thereof.

11. The method of claim 9, wherein a wedge support is
positioned within the longitudinal groove and defines
a wedge angled surface, the method further com-
prising:

latching the whipstock assembly into an anchor
assembly arranged in the wellbore;
providing an axial load to the lead mill and shear-
ing the shear bolt upon assuming a predeter-
mined axial load;
slidingly engaging a key angled surface defined
on the torque key with the wedge angled surface
as the lead mill moves in a downhole direction
with respect to the whipstock; and
retracting the torque key into the slot as the key
angled surface slidingly engages the wedge an-
gled surface,
and optionally further comprising:

locating one or more dog apertures defined
in the torque key with one or more spring-
loaded dogs provided on the lead mill as the
torque key is retracted into the slot; and
securing the torque key in the slot with the
one or more spring-loaded dogs.

Patentansprüche

1. Ablenkkeilbaugruppe (400, 500), umfassend:

einen Ablenkkeil (202), der eine ansteigende
Fläche (223) und eine längliche Nut (222) be-
reitstellt, die in der ansteigenden Fläche defi-
niert ist;
eine über einen Scherbolzen (208) mit dem Ab-
lenkkeil verbundene Führungswalze (206), die
ein darin definiertes Längsloch (404) aufweist;
und
eine Passfeder (402), die verschiebbar ist zwi-
schen einer ausgefahrenen Position, in der die
Passfeder zum Teil sowohl innerhalb des
Längslochs als auch der länglichen Nut positio-
niert ist, und einer eingezogenen Position, in der
die Passfeder in das Längsloch eingezogen

wird, wobei die Passfeder in der ausgefahrenen
Position die Führungswalze am Drehen in Be-
zug auf den Ablenkkeil hindert.

2. Ablenkkeilbaugruppe aus Anspruch 1, wobei das
Längsloch gegenüberliegende Längslochseiten-
wände (410) bereitstellt und die längliche Nut ge-
genüberliegende Nutseitenwände (412) bereitstellt,
und wobei, wenn sich die Passfeder in der ausge-
fahrenen Position befindet, Torsionsbelastungen,
die auf die Führungswalze wirken, von der Passfeder
über die gegenüberliegenden Längslochseitenwän-
de aufgenommen und von der Passfeder auf die ge-
genüberliegenden Nutseitenwände übertragen wer-
den, wobei die Torsionsbelastungen an den Ablenk-
keil übertragen werden.

3. Ablenkkeilbaugruppe aus Anspruch 1, ferner umfas-
send:

einen Haltestift (406), der sich von einer axialen
Stirnwand (228) der länglichen Nut erstreckt und
die Passfeder in der ausgefahrenen Position si-
chert; und
eine in der Passfeder definierte Stiftöffnung
(408), um den Haltestift aufzunehmen und da-
durch die Passfeder in der ausgefahrenen Po-
sition zu sichern,
und optional ferner umfassend eine Auslösee-
inrichtung (414), die zwischen der Passfeder
und dem Längsloch angeordnet ist, um die
Passfeder in die eingezogene Position zu be-
wegen, wobei ferner die Auslöseeinrichtung op-
tional mindestens eines von einer Spiralverlän-
gerungsfeder, einem mechanischen Stellan-
trieb, einem elektromechanischen Stellantrieb,
einem elektrischen Stellantrieb, einem pneuma-
tischen Stellantrieb, einem hydraulischen Stell-
antrieb und einer beliebigen Kombination davon
umfasst.

4. Ablenkkeilbaugruppe aus Anspruch 1, 2 oder 3, fer-
ner umfassend:

ein in der länglichen Nut positioniertes Keilauf-
lager (504), das eine gewinkelte Keilfläche (506)
definiert; und
eine an dem Drehmomentschlüssel definierte
gewinkelte Schlüsselfläche (508), wobei die ge-
winkelte Schlüsselfläche mit der gewinkelten
Keilfläche gleitend in Eingriff bringbar ist, um die
Passfeder in die eingezogene Position zu be-
wegen, und ferner optional umfassend:

eine oder mehrere federbelastete Mitneh-
mer (510), die an der Führungswalze be-
reitgestellt sind;
und
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eine oder mehrere in der Passfeder defi-
nierte Mitnehmeröffnungen (512) zum Auf-
nehmen des einen oder der mehreren fe-
derbelasteten Mitnehmer und dadurch zur
Sicherung der Passfeder in der eingezoge-
nen Position.

5. Brunnenanlage, umfassend:

eine innerhalb eines Bohrlochs angeordnete
Ankerbaugruppe;
eine Ablenkkeilbaugruppe nach einem der An-
sprüche 1 bis 4, wobei die Ablenkkeilbaugruppe
innerhalb des Bohrlochs ausfahrbar ist, um an
der Ankerbaugruppe gesichert zu werden.

6. Verfahren, umfassend:

Ausfahren einer Ablenkkeilbaugruppe in ein
Bohrloch, wobei die Ablenkkeilbaugruppe einen
Ablenkkeil, der eine ansteigende Fläche bereit-
stellt, und eine in der ansteigenden Fläche de-
finierte längliche Nut beinhaltet, sowie eine über
einen Scherbolzen mit dem Ablenkkeil verbun-
dene Führungswalze, die ein darin definiertes
Längsloch aufweist;
Anwenden einer Torsionsbelastung auf die Ab-
lenkkeilbaugruppe;
Aufnehmen der Torsionsbelastung mit einer
Passfeder, die sich in einer ausgefahrenen Po-
sition befindet, in der sich die Passfeder teilwei-
se sowohl in dem Längsloch als auch in der läng-
lichen Nut befindet; und
Verhindern einer Drehung der Führungswalze
in Bezug auf den Ablenkkeildurch die Passfe-
der.

7. Verfahren nach Anspruch 6, wobei das Anwenden
der Torsionsbelastung auf die Ablenkkeilbaugruppe
das Drehen der Ablenkkeilbaugruppe umfasst, da-
mit sie in eine im Bohrloch angeordnete Ankerbau-
gruppe einrastet.

8. Verfahren nach Anspruch 6 oder 7, wobei das An-
wenden der Torsionsbelastung auf die Ablenkkeil-
baugruppe das Drehen der Ablenkkeilbaugruppe
umfasst, damit sie einen Teil des Bohrlochs umgeht.

9. Verfahren nach Anspruch 6, 7 oder 8, wobei das
Längsloch gegenüberliegende Längslochseiten-
wände bereitstellt und die längliche Nut gegenüber-
liegende Nutseitenwände bereitstellt, und wobei das
Aufnehmen der Torsionsbelastung mit der Passfe-
der Folgendes umfasst:

Aufnehmen der Torsionsbelastung mit der
Passfeder durch Eingreifen in die gegenüberlie-
genden Längslochseitenwände; und

Übertragen der Torsionsbelastung von der
Passfeder auf die gegenüberliegenden Nutsei-
tenwände und dadurch Übertragen der Torsi-
onsbelastung auf den Ablenkkeil.

10. Verfahren nach Anspruch 9, ferner umfassend:

Sichern der Passfeder in der ausgefahrenen Po-
sition mit einem Haltestift, der sich von einer axi-
alen Stirnwand der länglichen Nut und in eine in
der Passfeder definierte Stiftöffnung erstreckt;
Einrasten der Ablenkkeilbaugruppe in eine im
Bohrloch angeordnete Ankerbaugruppe;
Bereitstellen einer Axialbelastung an die Füh-
rungswalze und Abscheren des Scherbolzens
bei Aufnehmen einer vorbestimmten Axialbe-
lastung;
Lösen des Haltestifts von der Passfeder, wenn
die Führungswalze und die Passfeder in Bezug
auf den Ablenkkeil in einer Bohrlochabwärts-
richtung bewegt werden; und
Einziehen der Passfeder in das Längsloch,
wenn sich der Haltestift von der Stiftöffnung löst,
wobei optional das Einziehen der Passfeder in
das Längsloch umfasst, dass die Passfeder mit
einer Auslöseeinrichtung in das Längsloch be-
wegt wird, ausgewählt aus der Gruppe, die aus
einer Spiralverlängerungsfeder, einem mecha-
nischen Stellantrieb, einem elektromechani-
schen Stellantrieb, einem elektrischen Stellan-
trieb, einem pneumatischen Stellantrieb, einem
hydraulischen Stellantrieb und einer beliebigen
Kombination davon besteht.

11. Verfahren nach Anspruch 9, wobei ein Keilauflager
innerhalb der länglichen Nut positioniert ist und eine
gewinkelte Keilfläche definiert, wobei das Verfahren
ferner Folgendes umfasst:

Einrasten der Ablenkkeilbaugruppe in eine im
Bohrloch angeordnete Ankerbaugruppe;
Bereitstellen einer Axialbelastung an die Füh-
rungswalze und Abscheren des Scherbolzens
bei der Aufnahme einer vorbestimmten Axialbe-
lastung;
gleitendes Ineingriffnehmen einer an der Pass-
feder definierten gewinkelten Schlüsselfläche
mit der gewinkelten Keilfläche, wenn sich die
Führungswalze in Bezug auf den Ablenkkeil in
einer Bohrlochabwärtsrichtung bewegt; und
Einziehen der Passfeder in das Längsloch,
wenn die gewinkelte Schlüsselfläche die gewin-
kelte Keilfläche gleitend in Eingriff nimmt,
und optional ferner umfassend:

Lokalisieren einer oder mehrerer in der
Passfeder definierten Mitnehmeröffnungen
mit einem oder mehreren an der Führungs-
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walze bereitgestellten federbelasteten Mit-
nehmern, wenn die Passfeder in das Längs-
loch eingezogen wird; und
Sichern der Passfeder in dem Längsloch
mit dem einem oder den mehreren feder-
belasteten Mitnehmern.

Revendications

1. Ensemble sifflet déviateur (400, 500), comprenant :

un sifflet déviateur (202) fournissant une surface
inclinée (223) et une gorge longitudinale (222)
définie dans la surface inclinée ;
un broyeur principal (206) accouplé au sifflet dé-
viateur avec un boulon de cisaillement (208) et
ayant une rainure (404) définie à l’intérieur ; et
une clé dynamométrique (402) mobile entre une
position étendue, où la clé dynamométrique est
positionnée partiellement au sein à la fois de la
rainure et de la gorge longitudinale, et une po-
sition rétractée, où la clé dynamométrique se
rétracte dans la rainure, dans lequel, lorsqu’elle
est dans la position étendue, la clé dynamomé-
trique empêche le broyeur principal de tourner
par rapport au sifflet déviateur.

2. Ensemble sifflet déviateur selon la revendication 1,
dans lequel la rainure fournit des parois latérales de
rainure opposées (410) et la gorge longitudinale
fournit des parois latérales de gorge opposées (412),
et dans lequel, lorsque la clé dynamométrique est
dans la position étendue, des charges de torsion ap-
pliquées sur le broyeur principal sont adoptées par
la clé dynamométrique via les parois latérales de
rainure opposées et transférées de la clé dynamo-
métrique aux parois latérales de gorge opposées,
moyennant quoi les charges de torsion sont trans-
férées au sifflet déviateur.

3. Ensemble sifflet déviateur selon la revendication 1,
comprenant en outre :

une goupille de retenue (406) s’étendant depuis
une paroi d’extrémité axiale (228) de la gorge
longitudinale et assujettissant la clé dynamomé-
trique dans la position étendue ; et
un orifice de goupille (408) défini dans la clé dy-
namométrique pour recevoir la goupille de rete-
nue et assujettir ainsi la clé dynamométrique
dans la position étendue,
et comprenant en outre facultativement un dis-
positif d’actionnement (414) agencé entre la clé
dynamométrique et la rainure pour déplacer la
clé dynamométrique vers la position rétractée,
dans lequel facultativement en outre le dispositif
d’actionnement comprend au moins l’un d’un

ressort d’extension hélicoïdal, d’un actionneur
mécanique, d’un actionneur électromécanique,
d’un actionneur électrique, d’un actionneur
pneumatique, d’un actionneur hydraulique, et
toute combinaison de ceux-ci.

4. Ensemble sifflet déviateur selon la revendication 1,
2 ou 3, comprenant en outre :

un support de coin (504) positionné au sein de
la gorge longitudinale et définissant une surface
coudée de coin (506) ; et
une surface coudée de clé (508) définie sur la
clé dynamométrique, la surface coudée de clé
pouvant s’enclencher en coulissement avec la
surface coudée de coin pour déplacer la clé dy-
namométrique vers la position rétractée,
et comprenant en outre facultativement :

un ou plusieurs crabots à ressort (510) pré-
vus sur le broyeur principal ; et
un ou plusieurs orifices de crabot (512) dé-
finis dans la clé dynamométrique pour re-
cevoir les un ou plusieurs crabots à ressort
et assujettir ainsi la clé dynamométrique
dans la position rétractée.

5. Système de puits, comprenant :

un ensemble d’ancrage agencé au sein d’un
puits de forage ;
un ensemble sifflet déviateur selon l’une quel-
conque des revendications 1 à 4, l’ensemble sif-
flet déviateur pouvant s’étendre au sein du puits
de forage pour être arrimé à l’ensemble d’an-
crage.

6. Procédé, comprenant :

l’extension d’un ensemble sifflet déviateur dans
un puits de forage, l’ensemble sifflet déviateur
incluant un sifflet déviateur qui fournit une sur-
face inclinée et une gorge longitudinale définie
dans la surface inclinée, et un broyeur principal
accouplé au sifflet déviateur avec un boulon de
cisaillement et ayant une rainure définie à
l’intérieur ;
l’application d’une charge de torsion à l’ensem-
ble sifflet déviateur ;
l’adoption de la charge de torsion avec une clé
dynamométrique disposée dans une position
étendue où la clé dynamométrique est position-
née partiellement au sein à la fois de la rainure
et de la gorge longitudinale ; et
le fait d’empêcher le broyeur principal de tourner
par rapport au sifflet déviateur avec la clé dyna-
mométrique.
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7. Procédé selon la revendication 6, dans lequel l’ap-
plication de la charge de torsion à l’ensemble sifflet
déviateur comprend la rotation de l’ensemble sifflet
déviateur pour le verrouiller dans un ensemble d’an-
crage agencé dans le puits de forage.

8. Procédé selon la revendication 6 ou 7, dans lequel
l’application de la charge de torsion à l’ensemble sif-
flet déviateur comprend la rotation de l’ensemble sif-
flet déviateur pour dévier une portion du puits de
forage.

9. Procédé selon la revendication 6, 7 ou 8, dans lequel
la rainure fournit des parois latérales de rainure op-
posées et la gorge longitudinale fournit des parois
latérales de gorge opposées, et dans lequel l’adop-
tion de la charge de torsion avec la clé dynamomé-
trique comprend :

l’adoption de la charge de torsion avec la clé
dynamométrique via un enclenchement avec
les parois latérales de rainure opposées ; et
le transfert de la charge de torsion de la clé dy-
namométrique aux parois latérales de rainure
opposées et le transfert ainsi de la charge de
torsion au sifflet déviateur.

10. Procédé selon la revendication 9, comprenant en
outre :

l’assujettissement de la clé dynamométrique
dans la position étendue avec une goupille de
retenue qui s’étend depuis une paroi d’extrémité
axiale de la gorge longitudinale et dans un orifice
de goupille défini dans la clé dynamométrique ;
le verrouillage de l’ensemble sifflet déviateur
dans un ensemble d’ancrage agencé dans le
puits de forage ;
la fourniture d’une charge axiale au broyeur prin-
cipal et le cisaillement du boulon de cisaillement
lors de l’adoption d’une charge axiale
prédéterminée ;
le désenclenchement de la goupille de retenue
depuis la clé dynamométrique à mesure que le
broyeur principal et la clé dynamométrique sont
déplacés dans une direction de fond de puits
par rapport au sifflet déviateur ; et
la rétraction de la clé dynamométrique dans la
rainure lorsque la goupille de retenue se désen-
clenche de l’orifice de goupille,
dans lequel facultativement la rétraction de la
clé dynamométrique dans la rainure comprend
le déplacement de la clé dynamométrique dans
la rainure avec un dispositif d’actionnement
choisi dans le groupe consistant en un ressort
d’extension hélicoïdal, un actionneur mécani-
que, un actionneur électromécanique, un ac-
tionneur électrique, un actionneur pneumatique,

un actionneur hydraulique, et toute combinaison
de ceux-ci.

11. Procédé selon la revendication 9, dans lequel une
surface de coin est positionnée au sein de la gorge
longitudinale et définit une surface coudée de coin,
le procédé comprenant en outre :

le verrouillage de l’ensemble sifflet déviateur
dans un ensemble d’ancrage agencé dans le
puits de forage ;
la fourniture d’une charge axiale au broyeur prin-
cipal et le cisaillement du boulon de cisaillement
lors de l’adoption d’une charge axiale
prédéterminée ;
l’enclenchement en coulissement d’une surface
coudée de clé définie sur la clé dynamométrique
avec la surface coudée de coin à mesure que
le broyeur principal se déplace dans une direc-
tion de fond de puits par rapport au sifflet
déviateur ;
et
la rétraction de la clé dynamométrique dans la
rainure à mesure que la surface coudée de clé
s’enclenche en coulissement avec la surface
coudée de coin,
et comprenant en outre facultativement :

le positionnement d’un ou de plusieurs ori-
fices de crabot définis dans la clé dynamo-
métrique avec un ou plusieurs crabots à res-
sort prévus sur le broyeur principal à mesu-
re que la clé dynamométrique est rétractée
dans la rainure ; et
l’assujettissement de la clé dynamométri-
que dans la rainure avec les un ou plusieurs
crabots à ressort.
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