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casing to form the desired window in the casing. The whipstock redirects the cutting tool against the
casing to cuttingly engage the wall of the casing. After the window is cut in the casing, the cutting
tool is withdrawn from the wellbore and drilling tools are run into the wellbore and directed through
the window by the whipstock which may remain in place until the completion of the subject lateral
wellbore.

SUMMARY

[0002] In an embodiment, an oilfield downhole cutting tool is disclosed. The cutting tool
comprises a tool body that comprises a non-cutting stabilizing section. The cutting tool further
comprises a plurality of first cutters coupled to the tool body forward of the non-cutting stabilizing
section of the tool body, wherein a maximum cutting diameter defined by the first cutters is less than
1.1 times a diameter defined by the non-cutting stabilization section of the tool body. In an
embodiment, the cutting tool further comprises a cutting rate limiting component coupled to the tool
body. In an embodiment, the maximum cutting diameter defined by the first cutters is less than 1.02
times the diameter defined by the non-cutting stabilizing section of the tool body. In an
embodiment, the tool body comprises a helical flute. In an embodiment, the tool body comprises
two helical flutes. In an embodiment, the first cutters are removeably coupled to the tool body. In
an embodiment, the cutting tool further comprises a plurality of second cutters located aft of the
non-cutting stabilizing section of the tool body. In an embodiment, the first cutters comprise a spade
cutter removeably coupled to the tool body surmounting a forward end of the tool body. In an
embodiment, the first cutters are comprised of tungsten carbide. In an embodiment, the first cutters
comprise a plurality of backup cutters. In an embodiment, the cutting tool further comprises a
plurality of bearing pads removeably coupled to the non-cutting stabilizing section of the tool body.
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1.1 times a dianmeter defined by the non-cutting stabilization section of
the tool body. In an enbodi nent, the cutting tool further conprises a
cutting reibeolvaesésBng conponent coupled to the tool bodycTius2@/oenbddi ment ,
the maxi num cutting dianmeter defined by the first cutters is |less than 1.02
times the dianeter defined by the non-cutting stabilizing section of the
tool body. In an enbodi nent, the tool body conprises a heIicaI flute. In an
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car bi demnlumicafing WaddingEnteriot B&vifyl I B a€ @hdbBdisnent, the tool body further defines ports
proximate to a cutting edge of each of the first cutters, the ports communicating with the interior
cavity. In an embodiment, the cutting tool defines a step cutter. In an embodiment, the non-cutting
stabilizing section of the tool body radially stabilizes the cutting tool in 360 degrees.
[0003] In another embodiment, an oilfield downhole cutting tool system is disclosed. The
cutting tool system comprises a cutting tool comprising a tool body comprising a non-cutting
stabilizing section and a plurality of cutters coupled to the tool body. The cutting tool system further
comprises a bushing defining a cavity into which at least a portion of the cutting tool is received in a
run-in state of the system. In an embodiment, the bushing defines a cutting trajectory of the cutting
tool. In an embodiment, the bushing radially stabilizes the cutting tool in 360 degrees during initial
cutting operation. In an embodiment, the bushing radially stabilizes the cutting tool via contact with
the non-cutting stabilizing section of the cutting tool. In an embodiment, the cutting tool partially
cuts out the bushing during cutting operation. In an embodiment, the bushing is coupled to the
cutting tool by one of a shear pin and a retainer engaged in corresponding retainer recesses in each
of the cutting tool and the bushing during run-in. In an embodiment, the bushing serves to guide
tools through a window cut by the cutting tool in a casing of a wellbore, after removal of the cutting
tool from the wellbore. In an embodiment, the bushing comprises a plurality of embedded tungsten
carbide pads outside of the cutting trajectory of the cutting tool. In an embodiment, the bushing
defines a slot to receive at least some of the cutters when decoupling the cutting tool from the
bushing.
[0004] In another embodiment, a method of cutting a hole in a wellbore casing is disclosed. The
method comprises running a cutting tool system into a wellbore, the cutting tool system comprising
a cutting tool coupled to a bushing, the cutting tool received by a cavity defined by the bushing. The
method also comprises rotating the cutting tool to cut through the busing and to cut the hole through
the casing, the cutting following a trajectory determined by the cavity. In an embodiment, the
method further comprises detaching a cutter of the cutting tool, one or rotating and flipping the

cutter, and reattaching the cutter to the cutting tool. In an embodiment, the method further
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conprise a plurality of backup cutters. In an enbodi nent, the cutting too
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[0010] FIG. 2B illustrates a side view of a cutter position according to an embodiment of the
disclosure.
[0011] FIG. 2C illustrates a cutting edge of a cutter according to an embodiment of the
disclosure.
[0012] FIG. 2D illustrates a top view of a cutter position according to an embodiment of the

disclosure.
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no way be limited to the illustrative implementations, drawings, and techniques illustrated below,
but may be modified within the scope of the appended claims along with their full scope of
equivalents.
[0018] Prior art tool systems for cutting windows in wellbore casing may have several
shortcomings. A representative cutting tool comprises a metallic body having helical flutes to
promote evacuation of cuttings. Cutter elements may be braised on high points or lands of the
cutting tool by craftsmen. The cutter elements typically are not precisely positioned and hence are
not optimally oriented for cutting efficiently. The braising process is time consuming and hence
relatively expensive. The process for refurbishing a worn cutting tool, similarly, is time consuming
and relatively expensive. Typically, refurbishment of the worn cutting tool takes place in a shop
where specialized tools are available for carrying out the refurbishment procedures. For example,
the process may include melting off the worn cutter elements and braising on new cutter elements.
[0019] The process for operating the representative cutting tool to cut a window in wellbore
casing may involve setting a whipstock in the casing at the appropriate location and running-in the
cutting tool on the end of a work string, such as a string of pipe joints. While turning the cutting
tool, the weight of the work string drives the cutting tool into the whipstock which partially redirects
the force on the cutting tool against the wall of the casing. The cutting tool cuts the casing but also

cuts the whipstock undesirably. The undesired cutting into the whipstock prematurely wears the

cutters braised onto the cutting tool. The prior art whipstock may not adequately stabilize the cutting
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enbodi ment of the disclosure. [0009]FIG 2A illustrates a first view of a
cutting tool according to an enbodi nent of the disclosure. [0010]FIG 2B
i1l ustratwe 2a114i08@3vi ew of a cutter position accordi ng PoTas2@0eddnent of
the disclosure. [0011]FIG 2C illustrates a cutting edge of a cutter
according to an enbodi nent of the disclosure. [0012]FIG 2D illustrates a
top view of a cutter position according to an enbodi nent of the disclosure.

tool, and consequently the cutting tool may rotate and walk uncontrolled in the wellbore, subjecting
the cutters to a variety of undesirable forces such as impact forces and non-compression forces that
may damage the cutters. The lack of stabilization of the cutting tool also may result in less efficient
cutting and hence more time consumed by the operation of cutting the window in the casing.
Additionally, the inadequately stabilized cutting typically results in an irregularly shaped window in
the casing, for example a banana shaped window, which makes subsequent run-in of tools through
the window to work in the lateral wellbore more difficult.

[0020] The cutting tool system taught by the present disclosure addresses some of the
shortcomings of the prior art. In an embodiment, a cutting tool system comprising a bushing and a
cutting tool that is at least partially enclosed by a cavity defined by the bushing is run into the
wellbore and set in the casing string at a desirable location. The work string bears down on the
cutting tool with force to shear a shear pin or a retainer coupling the cutting tool to the bushing to
maintain proper alignment between the cutting tool and the bushing during run-in. The cutting tool
is then turned by the work string to first cut through the bushing and then through the casing to
create the desired regularly shaped window. In an embodiment, the cavity defined by the bushing
may impart a desired cutting trajectory to the cutting tool that the cutting tool continues to follow as
it cuts through the bushing, through the casing string to form the window, and into a formation
proximate to the window. While the cutting tool is cutting through the bushing, the cutting tool is
stabilized by the bushing. Initially the cutting tool is stabilized and radially supported in 360 degrees
by the bushing. As the cutting tool cuts through the bushing and into the casing wall, some of the
radially supporting area of the bushing is cut away, but still much radial supporting area of the
bushing remains. Additionally, as the cutting tool cuts through the bushing, the casing, and the
formation, the supporting area of the bushing may be considered to be replaced by supporting area
of first the casing and later the formation. Additionally, a non-cutting stabilization section of the
cutting tool stabilizes the cutting tool and discourages deviation of the cutting tool from its trajectory
during cutting operation, for example by engaging with the bushing, the casing, and the formation.
After the bushing has been cut out and the window in the casing has been completed, the bushing
remains in the wellbore to guide and to direct tools subsequently run-in through the window to work
in the lateral. When the lateral is completed, the bushing may be removed.

[0021] In an embodiment, a tool body of the cutting tool may have at least one helical flute for

evacuation of cuttings and circulation fluid. In another embodiment, the tool body of the cutting tool
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WO 2011/ 008633PCT/ US2010/ 041407 [0013]FIG 2E illustrates a second vi ew of
the cutting tool according to an enbodi nent of the disclosure. [0014] FI G
3A i |l ustwetes/®ms8d3Br st view of a bushing according to amCemdsediomersv7 of the
di sclosure. [0015]FIG 3B illustrates a second view of the bushing
according to an enbodi ment of the disclosure. [0016]FIG 4 illustrates a
nmet hod of cutting a wwndow in a casing wall according to an enbodi nent of
the d in?agll 1921%[6] EV%O' hgflEc-!a_ﬁhllﬁgsD foPE\%gc::ﬁLtliDo-ll_ll oct]\clzuttings and circulation fluid. In another embodiment,
however, the tool body of the cutting tool may have at least one straight flute for evacuation of
cuttings and circulation fluid. In another embodiment, the tool body of the cutting tool may not have
a flute. In an embodiment, the cutters of the cutting tool are replaceably coupled to the cutting tool
within recesses in the tool body at defined angles to promote efficient cutting of the casing.
Alternatively, in another embodiment, the cutters of the cutting tool may be braised or welded to the
tool body, making the cutters non-removable or not easily removable. In an embodiment, a cutting
rate limiting component and/or feature may be provided to limit the cutting of the cutting tool to a
rate effective to maintain the chip load on the cutters below a predefined load limit.
[0022] In an embodiment, the cutting tool defines an interior cavity and one or more ports, the
interior cavity having communication with the ports. In an embodiment, the ports are located
proximate to the cutting edges of each of the cutters wherethrough circulation fluid is distributed
under pressure from the interior cavity of the cutting tool to both cool the cutting edge and promote
breaking off cutting chips in a size effective to promote ready evacuation of cuttings first up the
helical flutes and then up the wellbore to the surface. In an embodiment, when worn, the cutters
may be first removed, rotated or flipped to present a fresh, unworn cutting edge, and then reattached
to the cutting tool. In an embodiment, when all available cutting edges are worn beyond
serviceability, the cutters may be retired from service and replaced. In an embodiment, the
maintenance of cutters is a process that may be performed quickly by unskilled and/or semi-skilled
workers in the field or in the shop. Similarly, in an embodiment, the bearing pads are easily and
quickly replaced in the field or in the shop.
[0023] Turning now to FIG. 1A and FIG. 1B, an embodiment of a cutting tool system 100 is
described. The cutting tool system 100 comprises a cutting tool 102 and a bushing 104. In an
embodiment, the cutting tool 102 comprises a tool body 101 that defines a first helical flute 106-a
and a second helical flute 106-b. In another embodiment, however, the tool body 101 may define
only one helical flute 106 or greater than two helical flutes 106. In yet another embodiment, the tool
body 101 may define one or more straight flutes. In yet another embodiment, the tool body 101 may
not define a flute. A middle portion of the tool body 101 comprises a non-cutting stabilizing portion
107, which may also be referred to in some contexts as a non-cutting lateral supporting portion. The

tool body 101 may further comprise a coupling 108 for coupling to a work string, for example a

threaded portion. The bushing 102 defines a first cavity 120 that receives the cutting tool 102. In an
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the cutting tool cuts through the bushi ng, the casing, and the formation,
the supporting area of the bushing may’be considered to be replaced by
supporting area of first the casing and later the formation. Additionally,
a non-cutting stabilization section of the cutting tool stabilizes the
cutting tool and discourages deviation of the cutting tool fromits
trajectory during cutting operation, for exanple by engaging with the
bushi ng, the casing, and the formation. After the bushing has been cut out
and the mnndOM/ln the ca5|ng has been conpleted the bushing remains in the
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evacuation of cuttings and circulation fluid. In another enbodi ment, the
tool body of the cutting tool WO 2011/008633PCT/ US2010/ 041407 may have two
hel i cal fwotesl/foe¢33evacuati on of cuttings and circul ati eaTfusadd/o41407 anot her
enbodi nent, however, the tool body of the cutting tool may have at | east
one straight flute for evacuation of cuttings and circulation fluid. In
anot her enbodi nent, the tool body of the cutting tool may not have a flute.
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workers in the field or in the shop. Simlarly, in an enbodinent,
bear i wyttivadecldPe easily and quickly replaced in the field or in the shop
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conprises a tool body 101 that defines a first helical flute 106-a and a
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flutes ano her errbo he t oo i ne one or
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defi ne flute. m ddl e partjon the t 0 01 conprises a
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further conprise a coupling or coupling to a work string, for exanple
a t hr eadedimpp bt idoHed dlteo buslﬂlth@pﬁbﬁEHdQE magsniag hisqedre camet at thiz@osihan. In an
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that are countersunk on the faces of the first cutters 152. In an embodiment, the cutting face of the
first cutters 152 has a generally rectangular shape with distinctly rounded corners. In an
embodiment, the first cutters 152 may have a tungsten carbide composition, but in other
embodiments the first cutters 152 may be composed of some other rugged and durable material
suitable to cutting operations. In an embodiment, the cutting face of the first cutters 152 may have
irregularities that promote predictable breaking off or chipping of the cutting as the cutting tool 102
works, where the chip size has a size effective to promote ready evacuation of the cuttings from the

cutting interface by circulation fluid.



enbodi nent, in run-in condition, the cutting tool 102 is coupled to the
bushi ng 104 and secured in proper alignnment with the bushing 104 by a shear
pin 122. woanowiess enbodi ment, in the run-in conditionpCrhis2ausisng t ool
102 is coupled to the bushing 104 and secured in proper alignment with the
bushi ng 104 by one or nore retainers engaged by correspondi ng retainer
recesses in each of the tool body 101 and the bushing 104. |In another
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spade reqgsscept ananghaiip foec partlie g1  hakieah divedtiopf tigsclias dhe etne ol 103 werks.

exanpl i e I t r In an
ermboai epicled Fe e prbeich S s hisBlr KRR St LEFATRY BRLRane. L e
in thgoeshde Withtreferchb®ndhad FEG.@B; oLt @nlsodidicranhd figt @xtesr Isalmdyaegmsitioned

Al ternatjvely, in another ﬁnbodinent, t he spade cutter 150 ma

. y be .
non- r SAdleRBERnek eersHRade meke Arangel vibdye pogitudipyl agik sfficeutting teyld§é- Nith er
150 L.sed et ool n r agd
onovalie R AR PRCFI A0 it B0 ep BBt chl e N0k STy AR b0 polfiondity e |
may meaathinkd tecessaotoatuttofglyt dneagaiddpecs cgongpedpents3 nwelerb éhedivftingedpte 15hd ondyya

need to be rformed jn,a s nvi r onme re ecialized i nt is
Roor woren it RSIRded Radt 80 IR AR e e MGE r B ran e E a8 L e by e
and t Qnibo@iviie (Be FHe i@l 15%@% b&itloAed SPAREmBIih&S rebeQedMr dnngh ofcy tiiftD

[ he spade cutter 150 naﬁ@have a tungsten

operations. In an enbodi nent, ( - a
car bi despedripediterabsectigiuef the cefting took bt lrensaarcheingpa ddicelidirastion Dramey) ahe

oper athoiging gao4A otk SRAEGRRRE BE STl Pacdl bPRvint GlibiiRie.,

150 maye @t hodRvI® 12 f@ SQYEIQIbYObIE br inidre Wl 7uYor Pyvakids rEmevabld ettadibichng
edge to pronote predictable breaking off or chipping of the cutting and/or
mat er ikgrdwasgplpeanothes gnbpdinsns hpwgverote frseutiensilad mayre ranercmer el effached
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enbodi ment, the spade cutter .150 is readily renoved and replaced in the
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enbodi nent, a different cutter may surnount the cutting tool 102. [0027]In
an enbodi nent, the cutting tool 102 fuPther conprises a pair of first
cutters 152-a and



152-b, |l ocated opposite each other across the |ongitudinal axis of the tool
body 101. The cutters 152 may be supported in nachined recesses in the face
of the towb2bodysedd1 and nay be renoveably attached to rhe/useab/obrady 101,
for exanple using screws, bolts, or other renovable attachment hardware. In
anot her enbodi nent, however, the cutters 152 may be non-renoveably attached
to the tool body 101, for exanple, braised to and/or spot wel ded the tool

body 101 and non-repovable or not eaS|I |l e, fromthe tool body 101
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edge, and then reattached to the tool body 101 by attachnent hardware by
unskill ed and/or sem -skilled workers in the field or in the shop. In an
enbodi nent, when all cutting edges are worn beyond serviceability, the
first cutters 152 may be retired fromMervice and replaced by unskill ed
and/ or sem -skilled workers in the field or in the shop. Alternatively, in
an enbodi ment, the first cutters 152 may be WD 2011/ 008633PCT/ US2010/ 041407
braised to the tool body 101 and may be renoved and replaced in a shop

envi ronnment where appropriate refurbishing tooling is avail abl e.



[0032] Wth reference now again to FIG 2A, in an enbodi nent, the cutting
tool 102 further conprises a second pair of cutters 154 and a third pair of
cutters M§O 20hAS@Be substantially simlar to the firstPCutuseos/04687 w th
the exception that the cutting dianmeter defined by the second cutters 154
is larger than the cutting dianeter defined by the first cutters 152, and
t he cutting di aneter defined by the third cutters 156 is larger than the
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The backup cutters 158 may be said to cuttingly engage along substantially
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cutters 158 are designed to assune the cutting | oad when the cutti ng. edges
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tool bBAg¥:r HRALHAZLARLE cﬁt@ertc}&ﬁlp%ﬂéﬁté.ngfor example, a cutting tool 102 having the same

maximum cutting diameter but a greater number of cutting steps may potentially be operated at a
higher cutting rate while not exceeding a desired cutting load on the cutters, because the greater
cutting load may be distributed over a larger number of cutters.

[0037] In an embodiment, the cutting tool 102 may further comprise a plurality of bearing pads
160. In an embodiment, the bearing pads 160 are supported within machined recesses with drilled
out corners and are removeably attached to the tool body 101, for example using screws, bolts, or
other removable attachment hardware. In an embodiment, the bearing pads 160 are secured by
attachment hardware at holes in the bearing pads 160 that are countersunk on the external face of the
bearing pads 160. Alternatively, in another embodiment, the bearing pads 160 may be non-

removeably attached to the tool body 101. When secured in place, the bearing pads 160 protrude
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edges of the second cutters 154, two ports are defined by the tool body 101
proximate to the third cutters 156, and two ports are defined by the tool
body 101 wooriwms@3to the cutting edges of the first baekiSecubierss7 158 and
have commruni cation with the interior cavity of the tool body 101. The ports
provide circulation fluid under pressure during cutting operation to both
cool the cutting edges of the second cutters 154, the third cutters 156,
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and atfichthiaimgpinadld By nadkilNedl and/drscmisitined werkeedbyremiovidd) €lippatige ot raratingnand
cutters 168 may be non-renoveably attached to the toal body 101, for
exanplleAtipplng gf by| Ry nggrPRengr gn@e%aﬁilﬁw- bé?tﬁliné‘il i Gnpiigr ?@épdl%‘agf thg1
WO 20X/ SR Qshldk y ehi '

speci g#@ﬁ%%ﬁﬂﬂggnt i% avai ﬁlgl;]?%%g\a vﬁxgﬁlgﬁeeﬁslﬁga?%@%%ﬁ%ﬁ@% %mgﬁlﬁeedd by
t he t dolthebiodly bddyl1dloandcmayplbe mgfutthshedun tai shgp tvdwke §@Riatized frpiipmerk is tvailable.

[ 0052] Jurhi.ng now to. FlI . further tails of the i 104 a

Goscr hedmhe e ishol: fisidisnel StSiolte: BeDud clPEi i hleouies h 8 s
the bushina@udQd 150 ah@aRitNRd AR PTIHBE bd BRI GWCHBE 8 stbfButtck68 from i npact
forces during shearing of the shear pin 122 and/or retainer. In an
embodil0®49 | | pae embbdionddt, iy patatod kgl limHmeoruttowsf & mantlsr pravidsddh lamit the

| eat her, .plastic. or e t aner rovj,ded between th utti togl 102
and + o i B SF 35 SR TR R RSN GR do CRRARE wid Sl b 18 s,
shear ifimgshinghcidfere R dimBohe cohexduaki g LO#AINFRYIteBNIS flylde Riferral iot ¥ Rite
hard pads 124 located just Qutside the cutting trajectory of the cutting

t ool lippting ﬁmaaor@mﬁodﬁpﬁeme, limpfmnenentigrspifsmap ssylp thawattiagtlowhet b faurwgde
conposi Lion k1 i heg h 124 OLRO: of
comp. Sthas 16 Bibe fil b S TR BR ey CaHE pRE ik TR 198 LERRARE
dur i ngo had ar fibntwel(vitb respaairtl ithigdiegeaom@ bt anaionAffttls cittigg wioh d02vwihsn engagediirt he

casing wall by the cutting tool nd the cutting t 102 i.s renove a
wor k scmnﬂg)pﬁéyogi;@g JUdvHy Gutisss i@% e e 3}5@1‘111% O ﬁg%\ﬁfﬁ‘t %Ft\b&Plk?‘?Hwh?I%E

| ateral well bore, for exanple to drill out the lateral wellbore. This
extended rotating of the work string a$ the lateral wellbore is worked, for
exanple a work string at |least partially treated with "~hardbanding,' may
wear down the netal of the bushing 104. Wen the netal of the bushing 104
is worn down far enough, the work string may begin to contact the hard pads
124 which are designed to withstand the wearing effect of the rotating work
string. [0053] Turning nowto FIG 3B, further details of the bushing 104
are described. After the



cutting tool 102 has cut through the bushing 104, through the casing, and
into the formation proximate to the window in the casing, a portion of the
upper endwof2otimesdsashi ng 104 will have been renoved, | ea&¢irng2ele4rserai nder
of the bushing 104 | ooking substantially as depicted in FIG 3B. In an
enbodi ment, after having served the function of providing enhanced
stabilization and/or radial support to the cutting tool 102 during cutting

operations,. the_ drilled.qut bushi 04 of FIG 3B.may remajn in the
Wbt 1 bOSEREg oD ehE Faies S TP b QIS SRR oo RV g feNied. rate
embodiiygfiion ! Mehd Rét" Backalisiadcel ErAABbARCH RS RURR Alxikfn TaMinR! FPoLASs a

mechani sm for renoving the bushing 104 fromthe wellbore after conpletion
of opeHawidderingonciali wtasioalof wed ¢uargtoof 00%4When thafninong tcattdes GH6 4yt & the
met hod 200 of .using.the cutting tool tem 100,.i.Ss describe Al ock 202,
the cqeermytedBr ot df BoMnORe hiimER 18k R Ee L alahag torh g pfiind
stri n@utt&b%we&%g@gé and Sliéasiofg \thd butanydcOoby eheVamiikighy coftert UbElaal r6@fd AGthknown
to those skilled In the art. %n an enbodi ment, the well bore may be cased

wi t h &Hfingfuniahibe ceting ol 1 wuphvenetherut e (API) L-80 steel WO

2oL SR SR g SIS AL s 0%

st eel ng, an er-tu he cutting too

bushi Rgragdd aburdedsdrediy ohdeotstimarudhi & drikZroaitioa aflaudistiulal Wtabfvagh e mptinsinil 22.

I n anot her enb%dinenl,-the cuttin ,to?l 102 may be coupled to the bushing
i alasy

104 byUBRSIHEr NREXAGANIUR CHISES B thnroftirb dicicoplars erkiesaprs Figid
mechan) &l ibﬁ‘tgthé)fliﬁglﬁng Otbyerd N1 BH3ReABodAtal nSERUIARNE BultlEd | B0fEy % sG 94! L g

to the ca n an” enbodi nent, t shi'ng 104 nmay be secure one o
| at ch foouphd figshiag pattdcerl H6 dybotistnrsef 10 amuanciter (0.(40Y irchhderdogdwnitiog uipd | ng

mechani sns. [ 0055] At hl ock 206, f e s lied dir d into the wellpore
byt hM ORI Pl T et ool Se SSroct 80 o Sl GReO Sheste v ¢
shear ,thd ARfigPHoA EEOKRLINBY at TR LVSILLSG @ MindOZRPIOMKIshEmRHRRAI Becdddfds to a
Because no rotational notion is inparted to the work string during this

pr oc edegxénuintcuitiigapie o€ psart & dnchhaperafinete. ithenothvs ambadimeht theuateilimgiting outte1:02

w | e al,on h Xl .the first vity..120 w t hout, subst ant, al.

ot at | SRS SVEREAR R hedini iR DY 4 digtGor WherRy o AP b mens. o

| ongeranbthcl @RJiHitiap domMPdncax flaibk ugdsini of e rag lﬁlfliﬁﬁ% ttterA §E I Fortek ¥aplg,
rotational force and/or force directed out of the wellbore (upwards) may be
appl i @ésheyderut basgox ywther pmtiugion aryubs eoupled te at d¢figd by dhe tpeldhadyHO 1 Haetedhg

shoar oo BeRonr e flifhe GBS B LOR 8L kB Elthid il PRt ey 86, oM 1 1o
bushi rembdOdncnhky gitnlimitmgabmpehdn adthylpniphiee hmghtem garhidd and nalyivgredsddao the

receive %% | east one of the cutters 166, 168 thereby sparing the cutters
166, 18 bedp i ubst ant i al i npact forces and possi bl e danage. In an

embodiipgi, buf §e Emﬂ@diﬁl%h@%h@ﬁ% Bt P rs2RROGRY b Mo HRIEHI RAchiTRY :gé‘esﬁ%!s?ced

bet ween the cutting tool 102 and the bushing 104 to absorb and/or dissipate
i npactmdyobe gositipARis 6y Ahe mhazbloe@ Iidcessdseatcart tinglg to awstard @Btting, rod ataydedch bt
out 1 rallg'\so(c::1lé|1%e-dovlﬂ7lltth asllpgltrt’de%lge(f: Bl}'g tl{ehtroglulzgolgiyt 1'6? and communicating with the interior cavity of
the tool body 101 that provides circulation fluid under pressure. In an embodiment, the rate limiting
cutters 168 may be similar in composition and in shape to the first cutters 152 and may be attached
to the tool body 101 similarly to the first cutters 152. In an embodiment, the rate limiting cutters
168, similarly to the first cutters 152, may be field maintainable by unskilled and/or semi-skilled
workers by removing, flipping or rotating, and reattaching or by removing, replacing, and attaching.
Alternatively, in another embodiment, the rate limiting cutters 168 may be non-removeably attached

to the tool body 101, for example the rate limiting cutters 168 may be braised to the tool body 101
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bushi ng according to a trajectory defined by and/or determ ned by the first
cavity 120, to cut through the casing wall form ng a w ndow t heret hrough,
and to cuwoi2nt1i0843@ f ornmati on proxi mate the casing. ThePeaRAISUI0¢4DT | Ng
rate of the cutting tool 102 is limted by the rate limting cutters 168,
for exanple limted to a maxi num cutting of about 20 thousandths (0.020) of
an inch per revolution. At block 212, the bushing 104 provides substanti al

stabili atl a i.al rt to. he cutting.tool 102 .in 360 degre as
L 2 opend P SRt O b B ORGS sbiiA SHimiE i RANE AnEreads g e
[0057hﬂytt5’erdehhé‘dw{h€%1'b§d§3}’(§lfoFE&HﬁB HREuEAR 0@ V2t thetifk Gkl ng tool 102
is renoved fromthhe well bore while the bushing 104 may be left "in the

wel | deQﬁZ] Theteafngenowttoof 6. fik, wothki defaily of tke basherg |l 04veird osceibeducln as a

Fun- 1 PR, oRe pRope terb S diRsgRcd hetnhaind B et ianTo 38 e ana

wor K icittérde 66 ey ﬁbmvﬂﬁﬂabpfcﬁce@'&tﬁrlﬂg csﬁeﬁﬁlg i the rsh@a@rmi ab? and/ef raih. | I dhe
lateral wellbore, the bushi ng 104 be renoved
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wi t hdrawn. Yet g; er nmet hods for renoving UShln%8104 fromthe
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may be mai nt ai ned removi ng and repl aci ng unskil'l ed” or sem -skilled

wor kemgngavosd Watkemtt ternsal| vodd oo forsikampladd Idbliroelt the laterahwshiogre. Thisagatended
enbodi_nent tter 0, 152 6, 162 .168.and/ or, bearin

mmybaS P 0B SR o TG s 5 Fordter el SRR d o SR s
socketpafRad srcatb® W8@] ‘hirdbsndet rﬁmspbvaéﬁdw&nhaé i of tetbublging 004. Steh €D heal
taught by the present disclosure can provide nore rapid and efficient

cut ti o thedusking 3R is werp dewarfiy @ough. tthen‘gorg SHANRIBHY bm‘b@gﬁnﬁwb‘@g hirg gt 124 o
f t d radial
oo AL PORo ARKEL R RRSy oFRE AU 5B, 0, 1213,

and t je033pn- ci]trtnmggn@;tz adoiFIIGzaBJ fimthpo déthidnofl hé ‘tm‘shlhgel(mcmé dbadipped. O Afteathe

enabl e nore preC| e and su tially inproved alignment of, cutting edges
to t h&Uting; tag! \Mé% as PHe thrﬂ*fﬁjb%dbeb{ne HY shisvelydbe B3sighend jintq His tosgption

syste ?r&%amf t&ewﬁa&m ! MsiRPRY REHG @ﬁhwﬁ&r i bf g bmm&gm WireRgegxtra

har d such 3% chrome”’st'eel tubing an /or API 0 steel tubing.
Fur t heemotddeleading dwtnemlagldsrt efith¢ bushing Krlbolong ilﬂaitaoﬁalt}frw ctepmtedbo(HG:Lm In

t t bstanti al | d |at tt
cont i AatgirbirheaT hEHas St e eBre oviRe b0 s et Sl Wi ow
int h%uf{@)% B9hd\@ltling HBE1 02duingleu®i@g bperafiodsae ideifitd B& Hu@ﬁng b4 bE . 88 may

system 100 are anticipated to be |Iéss than those of the prior art cutting
t ool s rémanUn |tlnfgwek1hqre tes pt@rvaiesté@l cusyornre ﬁl@@ionmfchbegpst@daf i nenmbedimehe the t he

ease ?hlr({m atvﬁy 6@ fgl’he e tﬁ'e }Iltg:_lr(sg n%a%?pl[ro 1U?% r OVSde SI J[(he%au 1]{1%?&4

savi ngs W ior 68 rs

br ai Se“ﬂ)rﬁ&etVMIbeﬂeb&ﬂﬂpl&mﬁf%bﬁm1n&m5@}a\f\blellsoﬁevel’a| enbodl ments have

been prOV|ded in the present disclosure, it should be
[0054] Turning now to FIG. 4, a method 200 of using the cutting tool system 100 is described.

At block 202, the cutting tool system 100 is run into a wellbore coupled to a work string. The
wellbore is cased with any of a variety of tubular casing known to those skilled in the art. In an

embodiment, the wellbore may be cased with any of American Petroleum Institute (API) L-80 steel
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understood that the disclosed systens and net hods nmay be enbodi ed i n many
ot her specific forns without departing fromthe spirit or scope of the
present dwechuws@3 The present exanples are to be consPAEMSANIQD41407
illustrative and not restrictive, and the intention is not to be limted to
the details given WD 2011/ 008633PCT/ US2010/ 041407 herein. For exanple, the
various el enents or conponents may be conbined or integrated in another

*chnithies, %g e el 58t o AR ehotte. bkebreRPand e o BbCAT

the vagdyouts adh ﬁﬁr’ﬁu§hlﬁ 10 SCI&S: By e ﬁf% iat122 BRY pRRaIROFPLINGH RS 122. In
|ntegrated MA h ot her sys ens, nDduF ni ques, or net hods mﬁthout

depar mheigerf enomdithentstbe pestiog tooh&0mes bm t:ouml@db cﬂmjw@hm@tl A¢ by anether ra¢vbamsor

di d t) | ed h y b
It r a0 Ty S S i Rop ETRPBEGH, St gReEr PASEITEE LT sBpea
I nt er iR dicBb&e 69 @B@lﬁl@tto th@ﬂﬁhﬁ%r Iredreghiddeaédtythe BRI @&h&}ybe Reuel Beowe 6€.

Q her exanples of changes, stitutions, and alterations are ascertainable
by ond akh Fouling 2 paskcrai Potigwel st ek, e aiiknavD couBaMScheNif Mo M t he

Spiri t[()@%ﬁi SCRP glogﬁ §6é, ?&r%glsmﬁﬁﬁédqdlrec}ég 1%9 Jtﬂ‘g \991%060%3 EWG%Q %&fn@%ﬁ%@e cutting

tool 102 to cause the shear pin 122 to shear, thereby decoupling the cutting tool 102 from the
bushing 104. Because no rotational motion is imparted to the work string during this procedure, it is
anticipated that after the shearing the cutting tool 102 will move along the axis of the first cavity 120
without substantial rotational movement. In some embodiments, the work string may be a mile or
longer in length and may exhibit distinct spring effects. Alternatively, rotational force and/or force
directed out of the wellbore (upwards) may be applied to cutting tool 102 to decouple the cutting
tool from the bushing 104. At block 208, the inward motion of the cutting tool 102 freed from the
shear pin 122 is arrested at a shoulder of the cutting tool 102 by the bushing 104, wherein a slot
defined by the bushing 104 is aligned to receive at least one of the cutters 166, 168 thereby sparing
the cutters 166, 168 from substantial impact forces and possible damage. In an embodiment, buffer
material and/or impact absorption material may be placed between the cutting tool 102 and the
bushing 104 to absorb and/or dissipate impact forces.

[0056] At block 210, the cutting tool 102 is rotated to cut out the cut-out slot, to cut through the
bushing according to a trajectory defined by and/or determined by the first cavity 120, to cut through
the casing wall forming a window therethrough, and to cut into the formation proximate the casing.
The maximum cutting rate of the cutting tool 102 is limited by the rate limiting cutters 168, for
example limited to a maximum cutting of about 20 thousandths (0.020) of an inch per revolution. At
block 212, the bushing 104 provides substantial stabilization and radial support to the cutting tool
102 in 360 degrees as it operates cutting through the bushing 104 and through the casing wall.

[0057] After the window is cut through the casing wall, the cutting tool 102 is removed from the
wellbore while the bushing 104 may be left in the wellbore. Thereafter, tools for working in the
lateral wellbore, such as a drill bit, may be attached to the work string, the work string may be run-
in, the tool may be directed through the window by the bushing 104, and work in the lateral wellbore

may proceed. After completion of work in the lateral wellbore, the bushing 104 may be removed by
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CLAIMS What is clainmed is: 1. An oilfield downhole cutting tool,
conprising: a tool body conprising a non-cutting stabilizing section; a

pl ural i t ywof2ofi/aosé33cutters coupled to the tool body forwarasSedionnor?
non-cutting stabilizing section, wherein a maxi num cutting di aneter defined
by the first cutters is less than 1.1 tinmes a dianeter defined by the
non-cutting stabilizing section; and a cutting rate limting conponent

coupl ed t.o the.tool body. 2. he oilfield dowhole cutting .tool o [.ai m
O ety ST AL A5 T e S o S prd the PEsicg Gt 1@ pushi
| ess t108And e@2hlobPRRarliNErcdhiRABS Blasdsihd, REGrR tﬁenﬁlsg@gl-lgmﬁ thB GashicA A kdpzhig

section. 3. The oilfield downhole cutting tool of claim1, wherein the
first beuhtcedsl ate the thondeediity Béupidethet oushing tMoivithddyn. ¥ct Fther oictifadelfdr

downhol e cutt. ool,gf.claim1,, further. conprisin | urali of, second
Cut t ergnpangdisaoush oo il S el GRiaE v of Ao adid bt f ¥ phak. SFf

oi | fi eksmplewnmeble skt tnbdyee hRhin€d irkd A bushindhBY4LioNrebéiGe fal Hodk t6ULikIRISw the
conprise a spade cutter renoveably coupled to the tool body surnounting a

f or warbystengi1@¥. t he tool body.
[0058] Outside the wellbore, the cutting tool 102 may be maintained by removing one or more

cutters 150, 152, 154, 156, 162, 166 and replacing and/or repositioning to expose an unworn cutting
edge. The maintenance may be performed by unskilled or semi-skilled workers proximate to the
location of a wellbore or at a shop. The bearing pads 160 may be maintained by removing and
replacing by unskilled or semi-skilled workers proximate to the location of a wellbore or at a shop.
In an embodiment, cutters 150, 152, 154, 156, 162, 168 and/or bearing pads 160 may be removed
using a commonly available torque wrench and appropriate socket heads.

[0059] It is contemplated that the cutting tool system 100 taught by the present disclosure can
provide more rapid and efficient cutting operations, for example cutting a window through a casing
wall to promote drilling of a lateral wellbore. The high stabilization and radial support provided by
the mating of the first cavity 120 of the bushing 104 and the non-cutting stabilization portion 107 of
the tool body 101 may enable more precise and substantially improved alignment of cutting edges to
the casing wall. The improved cutting provided by the cutting tool system 100 may be especially
appreciated when cutting windows through extra hard steel, such as 13% chrome steel tubing and/or
API P-110 steel tubing. Further, the non-cutting stabilizing portion 107 of the tool body 101
continues to provide substantially improved lateral stability as cutting continues outside of the casing
into the formation proximate to the window in the casing wall. The initial costs of fabricating the
cutting tool system 100 are anticipated to be less than those of the prior art cutting tools featuring
cutters braised to the tool body by craftsmen. Further, the ease of maintenance of the cutting tool
102 may provide significant cost savings with reference to the prior art cutting tools featuring cutters
braised to the tool body by craftsmen.

[0060] While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods may be embodied in many other specific forms
without departing from the spirit or scope of the present disclosure. The present examples are to be

considered as illustrative and not restrictive, and the intention is not to be limited to the details given
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6. The oilfield downhole cutting tool of claim1, wherein the first cutters
are conprised of tungsten carbide. 7. The oilfield dowhole cutting tool

of cl ai mwP 204108638 the first cutters are coupled to thecraskoloodyo? n

machi ned recesses. 8. The oilfield downhole cutting tool of claim1,
further conprising a plurality of bearing pads renoveably coupled to the
non-cutting stabilizing section of the tool body. 9. An oilfield downhol e

cutting to system conprising: a cutting tool conpyising a too]. bod
corpr ity EPrRSHEEE, PG b AT GO SeEAIoh THh 4° SOBPaRAPY Fipebrcpatier
coupl ggstéM of B&GtAiPRlatPQdiay B¥hidc®UShItRApRaTchRENG a cavity into which at

| east a portion of the cutting tool is received in a run-in state of the

syst ed9@idl defisni agheiquest tsysigms, rabeysteonsy and méthodsudastmledt awl illusttged Tinghe

oilfield downhol.e cuttin ool systemof, claiim9, wherein,th shin

nai anPyoly SEPRISRE o s Bh s THAERT R bscts b el MieF Ry W ARG S8 ng
oper atmh@ules, thdhnidiles, & théthedscwienwh BedaetimpUrdra Mg §c0pt o thstRdBeftf disdiddurs. 10ther
wherein the bushing radially stabilizes the cutting tool via contact with
t he ndsmeshevngr disawised 25 digecsle coprlpd of cormugigetingnyith gagh other may be indirectly

coupled or communicating through some interface, device, or intermediate component, whether
electrically, mechanically, or otherwise. Other examples of changes, substitutions, and alterations
are ascertainable by one skilled in the art and could be made without departing from the spirit and

scope disclosed herein.
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WO 2011/ 008633PCT/ US2010/ 041407 12. The oilfield downhole cutting tool
systemof claim9, wherein the cutting tool partially cuts out the bushing
during cuwoOiog/ogesati on. 13. The oilfield downhol e curCirng2a100k148yst em of
claim9, wherein the bushing serves to guide tools through a wi ndow cut by
the cutting tool in a casing of a wellbore, after renoval of the cutting
tool fromthe wellbore. 14. A nmethod of cutting a hole in a well bore
casing, conprising: running a cutting é Xk gysten1into a wel | bore, the
cutting tool systemconprising a cutti ﬁ Msi coupled to a bushing, the
cutting toolndiec@hived iby a cavity defined by the bushing; and rotating the
cutting tool to cut through the bushing and to cut the hole through the
casi ngd, Arhelfeld doweholotutiovg togl, compmgiext ory determnined by the cavity. 15.
The et hod 3f];yttin a_.hol e int9 m@ILBore c§sing of claim 14, further
conpri si ng *de oY SYMRISIE ¢ Bpn-gytipgabifippE SLUPRI “one of rotating and

F1'i pping t heplgtatityest finddutt@alcb@stéd v tHehBoCbddyeforkardt dethe uﬂohicngingq,@dbﬂiziﬁ@.
The nethod of cutting a hole in a wellbore casin claim 14, further

of
conpri si ng the Begnnyherad ampyimoypiting ﬂﬁgletehéegftﬂdthw@e fis Icufitgrs Beessdbyy ees
during at |east an.iniftjs ' fothe cutting.. .17 thod of claim
14, wherein thelé<g%§%%@§E%%?%gg%8P ém%ﬁgﬂﬁﬁék%%%n%?ﬁ%ﬁygu’fﬂ%g stabilizing
portion of atdiainguhteilingtii@admpohehtedaplctanthalmlibo®0 t housandt hs of an inch
(0.02Q inches) in a run-in state of the cutting tool system 18. The
met hod- o?he&@ﬁ% doyvnhple e tee)iph cladm dg Whasincie Masgnym sitting dismeatsr dsfingd by

i m tiRgaLh& e ALiS 108 thah T Tob Bighds M ARt PE LS Bﬂl B non-cutting stabilizing section.

3. The oilfield downhole cutting tool of claim 1, wherein the first cutters are removeably coupled to
the tool body.
4. The oilfield downhole cutting tool of claim 1, further comprising a plurality of second cutters
located aft of the non-cutting stabilizing section.
5. The oilfield downhole cutting tool of claim 1, wherein the first cutters comprise a spade cutter
removeably coupled to the tool body surmounting a forward end of the tool body.
6. The oilfield downhole cutting tool of claim 1, wherein the first cutters are comprised of tungsten
carbide.
7. The oilfield downhole cutting tool of claim 1, wherein the first cutters are coupled to the tool
body in machined recesses.
8. The oilfield downhole cutting tool of claim 1, further comprising a plurality of bearing pads
removeably coupled to the non-cutting stabilizing section of the tool body.
9. An oilfield downhole cutting tool system, comprising;:

a cutting tool comprising a tool body comprising a non-cutting stabilizing section and a

plurality of cutters coupled to the tool body; and
a bushing defining a cavity into which at least a portion of the cutting tool is received in a
run-in state of the system and defining a cutting trajectory of the cutting tool.

10. The oilfield downhole cutting tool system of claim 9, wherein the bushing radially stabilizes the
cutting tool in 360 degrees during initial cutting operation.
11. The oilfield downhole cutting tool system of claim 10, wherein the bushing radially stabilizes

the cutting tool via contact with the non-cutting stabilizing section of the cutting tool.
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19. The method of claim 14, further conprising: renoving the cutting tool
fromthe well bore while |eaving the bushing in the wellbore; and the

bushi ng gaodbnigposs3sonpl eti on tool through the hole in tireTmisRétbosoTasi ng.
20. The nethod of claim 14, wherein the cutting tool cuts with both a
drilling action and a mlling action.

12. The oilfield downhole cutting tool system of claim 9, wherein the cutting tool partially cuts out
the bushing during cutting operation.
13. The oilfield downhole cutting tool system of claim 9, wherein the bushing serves to guide tools
through a window cut by the cutting tool in a casing of a wellbore, after removal of the cutting tool
from the wellbore.
14. A method of cutting a hole in a wellbore casing, comprising:
running a cutting tool system into a wellbore, the cutting tool system comprising a cutting
tool coupled to a bushing, the cutting tool received by a cavity defined by the
bushing; and
rotating the cutting tool to cut through the bushing and to cut the hole through the casing, the
cutting following a trajectory determined by the cavity.
15. The method of cutting a hole in a wellbore casing of claim 14, further comprising detaching a
cutter of the cutting tool, one of rotating and flipping the cutter, and reattaching the cutter to the
cutting tool.
16. The method of cutting a hole in a wellbore casing of claim 14, further comprising the bushing
radially stabilizing the cutting tool in 360 degrees during at least an initial portion of the cutting.
17. The method of claim 14, wherein the clearance between the bushing and a non-cutting
stabilizing portion of the cutting tool is less than about 20 thousandths of an inch (0.020 inches) in a
run-in state of the cutting tool system.
18. The method of claim 14, further comprising the cutting tool automatically limiting the rate of
cutting through the bushing.
19. The method of claim 14, further comprising;:
removing the cutting tool from the wellbore while leaving the bushing in the wellbore; and
the bushing guiding a completion tool through the hole in the wellbore casing.
20. The method of claim 14, wherein the cutting tool cuts with both a drilling action and a milling

action.
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