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CROSS-REFERENCE TO RELATED APPLICATIONS

[6001] - This application claims priority, under.35 U.S.C. § 119(e), to U.S. Patent
Application No. 61/088,856, filed on August 14, 2008, the contents of which are

herein incorporated by reference in its entirety.

' BACKGROUND OF INVENTION
Fieid of the Invention

{00021 Embodiments disclosed herein relate generally to improved tool joints or other
wear surfaces used in wellbore operations. In particular, embodiments disclosed
herein relate generally to methods of applying wear resistant materials to and

otherwise improving the properties of tool joints or other wear surfaces.

Background Art

[0003] Drilling wells for hydrocarbon recovery involves the use of drill pipes, to
which at one end, a drill bit is connected for drilling through the formation.
Rotational movement of the pipe ensures progression of the drilling. Typical pipes
may come in sections of about 30 feet in length, and thus, these sections are
connected to one another by a tool joint. Tool joints are the connecting members
between sections of drill pipe — one member (the box) has an internal thread and the
mating member (the pin) has an external thread, by which means they are assembled
into a continuous unit with the drill pipe to form a drill string. Often, these tool joints
have a diameter significantly larger than the body of the pipes, thus requiring
protection against wear, particularly when drilling through highly abrasive, highly
siliceous earth formations. In particular, as drilling proceeds, the tool joints rub
against the drilled hole and/or drilled hole lining (i.e., casing). The strength of the
comnection is engineered around the wall thickness and heat-treated properties of the
box above the thread. During drilling, the wall thickness above the thread thins as it
rubs against the wall or casing. Thus, the life of the pipe is predicated upon the

remaining strength of the tool joint.



[0003]Drilling wells for hydrocarbon recovery involves the use of drill pipes, to which at one end, a drill
bit is connected for drilling through the formation. Rotational movement of the pipe ensures

progression Qf4he;gkilng Typical pipes may come in sections of about 3 feqtdnighgih,,and thus,
these sections are connected to one another by a tool joint. Tool joints are the connecting members

between sections of drill pipe - one member (the box) has an internal thread and the mating member

(the pin) has an external thread, by which me nsﬁhge]y are assembled intg a ontir%you unit with the
drill pipe 18%8#h a drilBarange creatrsine Sbs o FhtRA0R! AL AP LIRS YGer than the body

of the pipes, thusireguing:gIpke atiofraginstWenprp@ctioel ddyifutiep aiidingrthlaldygHighiy abrasive,
highly siliceous earth formatians. In particular, as drilli roc the tqoljjai ul Inst the
drilled hole andf8pm1ﬁfd?]rof’ fhing i_g%%%g}%ﬁ?ﬁ%ﬁ&%%%@ﬁ%%ﬁ%{ %%ﬁﬁgc%tl%%i enﬁg%%(laered around
the wall thickneaardbahtieatitreatiety pod partiesisf hhecbbseabessd the thpbaduCiuriveHrifAg Ehe wall

thickness above the thread thins .as, it £Ubsa0aiRst | hys; ARe lidesaf thehipe is
predicated uporﬁ%&”faglrsng’iﬁ?ﬁ%Sét‘#le%%%rgg'f t%eﬁtlo’%glg%%ggﬂ “;:/tjvzhg‘{T 2&:(?%%? 733PCT/§SS200 1053642
[0004]Because imereakimgihETie @lasmpadursimed asiraph FRAN kY pesr Atmerititgtempts to

provide weld a H@é‘é&t%ﬁﬂ%dfﬁ&i&&s%!oxrgf Sladdiegtqiths, tegliniskiar atherweantptanesurfaces

such as a stabilizer or drill collar) to form a hardband. A variety, of methods have bee ed to apply

such wear-redugifgiefis&idier € fSHREDIR QUL AN BRI A8HAdee WA IRF BT AR (S as
tungsten arc wejging). RTAdblassa WrRasiareedrare)s anthireAThEflins dencfbmne thelpling)a These

welding processes are characterized by establishing an arc between.an electrode (eithereonsumable
or non-consumabfeysfd Bytd?J‘T"}B?n?%)ﬁéeeﬁgf@;aq%%rcgqh%%%? efs%églizéﬁgd? wft(;g#ls@é Eggt forms a
plasma. The gasethpérdanmsotrcpiiama is fiueriskedfoy fehdsgokak eviornad gabighahdheedient from

a tubular wire. The temperature of t lasma js.in XGES OJf]tQ Q0Q degrees Kelvin and is highest at
the center of thec%%?a,o gﬁlg gg@éaa%%gegfg%sﬁstﬁieg %(ﬁﬁ of the Wel%. [0005]Historically, and in practice,

tool joints iy been copteduy HgsIEnFRbIe igdepislinpabrasian oldee rack aarain the dri

hole on t joint. However, tungsten carbide 1s expénsive, it can act as a cuttin%toql fo cut the well

casing in which itatbivk;, eneeiss thatrbxrasionsef Sreapehhiartewals SRlyrelsRr B aIlss 4% karbide
particles to fall ayay.[200GIOther argrats hasifasing malsrialsasectiag atehardet thamwsiliceous

earth materials are brittle ang crack in a brittle manner after solid[j[ficisetti n and upon coolip?gtdue to the
in

brittle nature of ie8singdR TEEH R AP AR XS AU S R LR L SR RARbN Shrinkage

stresses and typigally @b SpensuRnResgioUpdRwsgcking as well as causing considerable casing wear
as previously stated. These hardfacing materials are alloys which belong to a well-known group of

"high Cr-ingg@iégnd theiphighpaioragiveardising asatsritdsivediftben aiehsrder e iﬁiﬁﬁ@mi@%@tructure of
narciness of aboTSOABATET TR A gy e Hin P L7 WA SEH BRRLHGHFS Ok =
due to the brittle nature of its structure and the inability of the structure to withstand
solidification shrinkage stresses and typically emit sound energy upon cracking as
well as causing considerable casing wear as previously stated. These hardfacing
materials are alloys which belong to a well-known group of “high Cr-irons” and their
high abrasive resistance is derived from the presence in the microstructure of the Cr-

carbides of the eutectic and/or hypereutectic type.

[0067] Siliceous earth particles have a hardness of about 800 Brinell hardness number
(BHN). In U.S. Pat. No. 5,244,559 the hardfacing material used is of the group of
high Cr-irons that contains primary carbides which have a hardness of about 1700 Hv
in a matrix of a hardness of at Jeast 300 BHN to 600 Hv. These primary carbides at
this high hardness are brittle, have little tensile strength and hence pull apart on
cooling from molten state at a frequency that depends on the relative quantity of the

primary carbides in the mix of metal and carbide. Thus, this type of hardfacing
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(81-IN). In U.S. Pat. No. 5,244,559 the hardfacing material used is of the group of high Cr-irons that
contains primary carbides which have a hardness of about 1700 Hy in a matrix of a hardness of at
least 300 BFIN to 600 HY. These primary carbides at this high hardness are brittle, have little tensile
strength and hence pull apart on cooling from molten state at a frequency that depends on the relative
guantity of the primary carbides in the mix of metal and carbide. Thus, this type of hardfacing material,
which is harder than siliceous earth materials, when applied by welding or with bulk welding, form
shrinkage cracks asiestithehidlds beatts This siadesial has beasrapylicexiensivaly artisigccessfully-
during many years forim%t rdb dm% of tol%l. ints and hardfamrlgec%gé% er industrial pro ucts.

[00081Although these Materials iate bétome esﬁfﬁ%l?% Wf&é?yt et Yaae dsers

expressed a desiradoradmargiydieding tociyoipt alldystorebifiilg casing-friengliyess with the capability
of being welded frggr%‘a%r'gtle cfrff\colisoir}l Srdec{}tlo Hyé@ilrrpizoef a%rcglﬁggr%ﬁ 011:0 I?C%Qanical failure risks.
Indeed, in most industries Hﬁéiu mdt eol anargas |r‘ﬁ3|us?rys useo nhole drilling equipment) the

metal compgpggfs which make pdRe.STLEIR And-coupMment PLAOINENRIAN MushRAVS integrity,

which means beln%;ree of any %ﬁd of cracks, because such cracks might progress through the piece
and destroy the pake TadnoersSeipEsKd 261875: 965 Hasrkadiag wibyHavmlps eambetsgic-austenitic

microstructure whichiis; Rrehafirdsbeierenwelding o he ndustiglroductanskegolad gown after

welding. Alloys of this structural type can be deposited crack-free (further aided by the pre- and

post-treatments aRE0SFCHATAEES A PR el thdelivre 85 Brop@tred-alid W brittleness.
[00101Wear by alirasianNeehamshas @hvays fins beennandstil (RMaNdawaieonEarmn many
segments of industry, including the drilling industry. Howeyer, there is some limitation on the types of
materials that maf%‘é‘mgﬁr&qcfﬂg B R AR B R HLBAR RN G EAE BHAR B9UPRY eEAW, as
well as limitations pgithe pipesafsiaterialeyhichdechothagnihe casing J00LLIATeendigly, there is
a continuing need fog gleveéog@ergggl rﬂgthog_s ofﬂi}mopr thlﬁg theeproggrti{:-_s of a tool joint or other wear
surfaces by applyineg Hresiment technigued arvaior matetiar infordefto iere: sewtlggr&omponent's
service life. gggg) U.S. Pat. No. 6,375,865 describes an alloy having a martensitic-austenitic
microstructure which is preheated before welding to the industrial product and

cooled down after welding, Alloys of this structural type can be deposited crack-

free (further aided by the pre- and post-treatments and are characterized by

excellent metal to metal wear properties and low briftleness.

[6016] Wear by abrasion mechanisms always has been, and still remains a main
concertt in many segments of industry, mcluding the drilling industry. However,
there is some limitation on the types of materials that may be used due to
hmitations of their use with GMAW, GTAW, PTA, and FCAW, as well as

limitations on the types of materials which do not harm the casing.

[0011] Accordingly, there is a continuing need for developments in methods of
improving the properties of a tool joint or other wear surfaces by applying
treatment techniques and/or material in order to increase the component’s service

life.



SUMMARY OF INVENTION [00121According to a first aspect of the present invention, there is
provided a method for applying a wear reducing material to a tool used in a wellbore operation,
comprising: depositing a hardfacing alloy onto a surface of the tool; and welding the hardfacing alloy to
the surface of the tool, wherein the welding comprises friction stirring the alloy into the tool's surface.
[0013]According to a second aspect of the present invention, there is provided a method for applying a
wear reducing material to a tubular member used in a wellbore operation, comprising: locating a
preformed sleeve of a high melting tgmpgarpiuse naidfacig &t pQncentric with an outer surface of
the tubular member at a desired location; and welding the preformed sleeve to the outer surface of the
tubular member, in the welding.¢ [ ict] irgl [ ol ter surface.
100141AccordingV\%?)G§?t ird aspﬁ%%@pﬁiﬁ%\%%ﬁl,gtﬂgleggieg%gr%}\{}i é%régﬁrﬁggth%%?%rg applying a
wear reducing matSasidet atoutheddon eprlaing e Bperaadicies mpisial itoednnl vsptdidmmed,
malleable width ofgehighdnpkingdeniBeiaune:hatdicing alloyenanouiss suirseafibe spol; and
welding the preformed width to the outer surface of the tool, wherein the welding comprises friction

stirring the alloy intetRetodd Baldngihatadisisdineiodsctdanehlvaitelgederindinvention will
be apparent from theidallovingdaesaription @ndibe.appended ¢akds:s surface.
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BRIEF DESCRIPTION OF DRAWINGS 10016]FIG. 1 is a fragmentary longitudinal sectional view of a
box of a tool joint with a raised hardband according to one embodiment. [00171FIG. 2 is a view similar
to FIG. 1 illustrating a pin of the tool joint with a raised hardband according to one embodiment.
[00181FIG. 3 is a view similar to FIG. 1 illustrating flush hardbanding of a box of the tool joint
according to another embodiment. 10019]FIG. 4 is a view similar to FIG. 1 illustrating flush
hardbanding of a pin of the tool joint according to another embodiment. [00201FIG. 5 is a longitudinal

view of a stgliilizpr hardbapsslediAceordiReoial QRFEMMIALNRRENt invention, there is provided a
method for applying a wear reducing material to a tubular member used in a
wellbore operation, comprising: locating a preformed sleeve of a high melting
temperature hardfacing alloy concentric with an outer surface of the tubular
member at a desired location; and welding the preformed sleeve to the outer
surface of the tubular member, wherein the welding comprises friction stirring the

alloy into the tool’s outer surface.

[0014] According to a third aspect of the present invention, there is provided a
method for applying a wear reducing material to a tool used in a wellbore
operation, comprising: locating a preformed, malleable width of a high melting
temperature hardfacing alloy on an outer surface of the tool; and welding the
preformed width to the outer surface of the tool, wherein the welding comprises

friction stirring the alloy into the tool’s outer surface.

[6015] Other aspects and advantages of the invention will be apparent from the

following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

10016] FIG. 1 is a fragmentary longitudinal sectional view of a box of a tool joint

with a raised hardband according to one embodiment.

[0617} FIG. 2 is a view similar to FIG. 1 illustrating a pin of the tool joint with a

raised hardband according to one embodiment.

[0018] FIG. 3 is a view similar to FIG. 1 illustrating flush hardbanding of a box

of the tool joint according to another embodiment.

[0619] FIG. 4 is a view similar to FIG. 1 illustrating flush hardbanding of a pin of

the tool joint according to another embodiment.

(6620} FIG. 5 is a longitudinal view of a stabilizer hardbanded according to one
embodiment.
(06621} FIGS. 6A to 6D illustrate use of a friction stir welding tool in accordance

with one embodiment.



[00211FIGS. 6A to 6D illustrate use of a friction stir welding tool in accordance with one embodiment.
WO 2010/019733PCT/US2009/053642 [0022]FIGS. 7A to 713 illustrate formation of a weld in

accordance yif,pne gmodiment. [0023]FIG. 8 is a schematic of one empegi
: lipasbQf rdband
weld. DETAILED DESCRIPTION [0024]In one aspect, embodiments disclosed hereirs%éli}:te to

formation.of hardbands an the surface a tool used in a wellbore operation. In particular, embodiments

s g e ot s gkl (Y= AR0s E S v

an
embodiment.
[0023] FIG. 8 is a schematic of one embodiment of a hardband weld.
DETAILED DESCRIPTION
[0024] In one aspect, embodiments disclosed herein relate to formation of hardbands

on the surface a tool used in a wellbore operation. In particular, embodiments

disclosed herein relate to formation of a hardband weld using friction stir welding.

{0025} The methods of the present disclosure may be used to form a hardband or
layer of wear reducing material on any type of tool used in a wellbore operations,
However, particular embodiments may relate to use of friction stir welding to apply
hardbanding to a region of a downhole tool or component having a greater OD than
other adjacent components, thus necessitating wear protection for the component. For
example, components having a greater OD than other adjacent downhole components
may include drill pipe joints, drill collars, stabilizers, etc. However, one skilled in the
art would appreciate that the methods of the present disclosure are not so limited, and
friction stir welding may instead be used to apply a wear reducing material to any

downhole component.

[0026] Friction stir welding uses a combination of rotational and orbital motion
applied to the interface between the two objects to weld two pieces together. A
rotating member is conventionally applied to the interface (joint) and is moved in an
orbital fashion until a plasticized state of the material is achieved. The rotating
member is moved along the interface to create a bonded seam between the two

objects.

[0027] Thus, the friction stir welding process generally involves engaging the
material of two adjoining workpieces on either side of a joint by a rotating stir pin or
spindle. Force is exerted to urge the spindle and the workpieces together, and
frictional heating caused by the interaction between the spindle and the workpicces
results in plasticization of the material on both sides of the joint. The spindle is

traversed along the joint, plasticizing the material at the joint as it advances, and the



layer of wear reducing material on any type of tool used in a wellbore operations. However, particular
embodiments may relate to use of friction stir welding to apply hardbanding to a region of a downhole

tool or comp%g&%\@q%a greater OD than other adjacent components, %J&%&@?&E@Wg wear

protection for the component. For example, components having a greater OD than other adjacent
downhole components may include drill pipe joints, drill collars, stabilizers, etc. However, one skilled in

the art would appreciate that the, methods of the ent disclosure are not.so limit nd friction stir
welding may insﬂaﬁﬁcﬂ?g% Qe f(l)aiar%p yl nacg\ﬁvee gvra%(eeagu%gg% ar%‘é%%?’i%ﬁ t%pﬁl%i‘ﬁ& gv?/ﬁ;ha&én%(g}%i;% rslcé%t.
[0026]Friction stisrweldiriiluses a combination of rotational and orbital motion applied to the interface

between the two objects to weld two pieces together. A rotating member is conventionally applied to
the interfd882§int) an®ie moverldwparadiditaf faSitenutit seplamitiobth shareroitEGPatdrid is

achieved. The rgigting. memRshiEMOKRckalend dhe agAcRdoLieale dhondcdrea Bgpyeen the
two objects. [0027]Thus, the friction stir welding processéﬁ%enerczlf%/ involves enga(%éng the material of
Firkg

two adjoining werkcplisaed o brhedesaobihe jhivrkpieess Phitp despriaes. legitstidxerted to

urge the spindlepapddhe-vprkpissasdagatheraans frictinpabheatingieaisses! oy Hie idlesaation between
the spindle and the workpieces results in plasticizatign of the _matgrial on aoth Si sfof th%'oint. The

spindle is traver8&Faibnditie Bt A e vS G E R h R ST IR BT EE 4 ERVAHE LB d the WO
2016/019733PGih#dR20891 05361 plasiigizecl eatariabolefhinthe waketofttie thevatecing $@indle cools

and solidifies to form a weld. [0028]0One le a tion of a.friction. stir welding tqol.| own in
FIGS. 6A to 6D_b'g\gw§%vv\v/ﬂr [ﬁ?&s. A o(gé%oeﬁ%ﬁ%rgillesc@éc e.é??ovfgrrk%?é(\,‘?‘re@ %%an%%%%(g{;) are
aligned so that esijesvofkiiecesofkpiendsBazaantionth tbliserviaidaciodethier erdrhik mrigiett contact
along interface 2, A icon, i weldig Jopl 5 A Aahe Wi fal idisial sopansaelding pin

66 extending dotwnward cent ally from the shoulder 64. As the rotating tool 65 is brought into contact

with the interfacehegléwtifcandvabikpiscasksnéts iierbon, (e hrrBradnte & spfst dmaaidimh the

material of both mﬂé%%]&i&@@ SNCaR008SShRWRTine Jotadi enalib 8inied Girdheindatatial produces
a large amount of frictional heating of both the welding tool pin 66 and s o,ulder(@gﬁ?@g%sgthe

workpiece interfaddastinigationy foraineinrab TR RS B deWEKBisees b in the

vicinity of the rotgfipoaRiRI8Ggthereby inducing a plasticization and commingling of material from the
two workpieces 60a and 60b to form a weld 68.

10629] However, as shown in FIG. 6A to 6D and described above in its conventional
use, the friction stir welding tool is moved along the interface in such a manner that
the pin or spindle of the tool presses into the interface at an orientation that is co-
planar with the interface / seam between the two objects. One skilled in the art would
appreciate that when applying a wear resistant layer onto an outer surface of a tool,
such as a sleeve being welded onto a tubular, the pin or spindle of the friction stir
welding tool is oriented perpendicular to the interface or seam plane. Depending on
the component being hardbanded and its configuration, one skilled in the art would

appreciate that either orientation of the tool may be used.

[0036] The types of material that may be hardbanded in accordance with the
embodiments disclosed herein may depend on the desired material properties for the
particular application, such as hardness, toughness, casing-friendly wear resistance,
etc., as well as the type of wellbore in which the tool is being used (cased or open
hole). However, in particular embodiments, the hardfacing alloy being hardbanded
may include ferrous alloys, such as steel, as well as iron- nickel-, copper-, and cobalt-
based alloys. In using friction stir welding, alloys previously unweldable by

conventional welding techniques may be welded using friction stirring.  Additional
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[0029]However, as shown in FIG. 6A to 6D and described above in its conventional use, the friction stir
welding tool is moved along the interface in such a manner that the pin or spindle of the tool presses
into the inter@%eﬂﬂglﬁ)%ggentation that is coplanar with the interface / seap Retwgen the two objects.
One skilled in the art would appreciate that when applying a wear resistant layer onto an outer surface
of a tool, such as a sleeve being welded onto a tubular, the pin or spindle of the friction stir welding
tool is orierted perpendicular to the interface qr seam plane,De ing.on th ] ent being
hardbanded angl?fg%ﬁﬁﬁ tig’r{egn%%s%%gﬁa?ﬁ t %né't%\‘/]v%ﬁg é%%gggg%ttr%% egi?%%%e&n%ﬁon of the
tool may be usedi-¢a036] Tinelpplesunt, matepaidsat siayrbechdatbabriet iasserd e@WHR: the

embodiments disgigss ReislhmawdeRenchamilig dasilad piRralRiARGHISHIRpABR pakeular
aran

application, suchas ess, toughness, casing-friendly wear resistance, etc., as well as the type of

wellbore in whichsisroolSetheinf thseel tage deadojehadhandimgwederbisartbshre m&liments, the
hardfacing aIon%%TQQB% %ﬁgﬁ@ggﬂm@ﬁﬁ@y% ferrpialiowissehmgisieemasrielt aseliien- nickel-,
alt-base

copper-, and co alloys. In using friction stir welding, alloys previously unw Id%ble by

conventional wah#ingsth REGE SRRy B TRIIRREL SIE A0 SIRRY B iEor] ase
2010/0197 33P Gl 10 2808{05584 onipprriis trifie typesiohmmlerialddeing wielded indtige, but are
not limited to, chromium, molybdenum, manganese,, silicon, carbon, boron.. tu , aluminum,
titanium, niobiuﬁ?ﬂ%ﬁ%ﬁﬁ“ﬁﬁéﬁﬁyﬂiﬁcﬁ?&sggbgﬁ%ing;llfu?'ﬁ?%ﬁglisépﬂ%%}é%m%%e%%. . Some of
these alloys useddndiardbandingmayckeaesclibedlag Hryhbmetiniglednypdrdtumesicorapbisisds, " or
compounds havir%gl. mﬁltineqste%g)erature greater than steel. Other such high melting temperature

0

compounds ma? lrglﬁhésgase material of the tool components being used downhole. However, lower

melting L% T a'igyéﬂﬁ}ﬁ‘é{na't%o&%ﬁsﬁﬁe%ﬁ@%{d"a ?%ﬁ%rﬂwﬁn&(mw@ gasiagsfiendliness
ece

IS not as ary), the alloy may be provided with tungsten carbide particles dispersed therein.

[0031]In additiommeddahls dhiecenyraidons)ramiding, AERRGIRN Gy ST MRS W dB6I B

convetional Wi AhAIGHE S e HRINRIRSE ALK AIBAERGUR G materin meycberachicved.
For example, by using Triction stirrin%1 aé%%eater hardnes about 5 to 15 R%ckw?ll C pcpgnts (when

comparing a frickirnssp WeRaant & Kohv S Ve RP IS R RIS B S chidved. That
is, for an alloy thaf\wauishReve1a, hereness sangingttiul) 4&gobbadRisledellBanisefousinglieonventional

welding, a hardness of a}%ec});ﬂttﬂSO to 70 Rockwell C m§%ge3§ igv%j ﬁg%ﬁin@ frigtign xiliiﬁg'ng- Such

improved hardn ¥ rdm n@ﬁ%nrﬁxel%%l%he matefial microstructure (i.e., throughgrain
refinement / reciystadlizationwelfimg ucadidecpsenipitatesSéutsh Hs Baekivdb C Anothes sfeserlict of the

friction stirring t(f)%ﬂnic&%?gga .tctgl% e g,reln%‘d@gt%s%%rg@}{ he anreduction inthfostifRcadqsghness, ie.,
S,

reduced asperit S compared to a conventional weld. [0032]In order to weld the high melting
materials used ifitherptessntdiscissture fierrintissek BEIG IGREEH, tHEFHTEEIZHPIh Y shoulder

64 of the frction gffelding ool Mawe PRI Hilk:p suRssRPEINRELTIRL fnocos simbadiment
polycrystalline cibic boron Hitrid (PCBN) may be used as a super,ab%’asw?fcoatlrlg%on a substrate

material being st SRS ERSEBUS IO MAGPEIAFIERIGR 1 Me e N bodiment, rather than

a coating, the shouider G¢.and ReRis, @6 lwiiaheanay coimaytioatbedidtegrally formed with the
shoulder) are formed of polycrystalline cubic boron nitride themselves, rather than being coated. Tools

suitable fqpgsgjin the metheds of thadmsantiliseibsiyenmenyaischicd todks gimilenttdishisereliscussed
in U.S. Patent Nos, 7,124,929, T13Z02R 1415 Wi phag iR Rla At 62 0P BI00RZRHP i
welding tool may be coated with a superabrasive material. In one embodiment,
polycrystalline cubic boron nitride (PCBN) may be used as a superabrasive coating on
a substrate material being used for the shoulder 64 with the integral pin 66. Ina
preferred embodiment, rather than a coating, the shoulder 64 and the pin 66 (which
may or may not be integrally formed with the shoulder) are formed of polycrystalline
cubic boron nitride themselves, rather than being coated. Tools suitable for use in the
methods of the present disclosure may include tools similar to those discussed in U.5.

Patent Nos. 7,124,929, 7,270,257, and U.S. Patent Publication No. 2005/0082342,



WO 2010/019733PCT/US20119/053642 which are assigned to the present assignee and herein
incorporated by reference in their entirety. [0033]Referring now to FIGS. 1 and 2, one example of a

downhole tog] mzdoarticular, a drill pipe joint that has been provided with qp%lg'%ggxériction stir
147is illustra

welding is sh‘g\%n. RSN in FIGS. 1 and 2 a tool joint 10 for drill pipe ed as having a

box 12 at the énd of thedrill pipe 14 that is internally threaded at 16. Internal threads 16 of box 12
threadedly receive a pin 18 having co-acting threads 20 to the threads 16 so, that the pin 18 may be
threaded into bR aRessignes %rm% THESERIGASTLENgR I PPIhRCTSI IREYROFatsd A EELHASE B joints of
pipe may be thrgadeghrsgcured together and disconnected for drilling oil, gas, and other wells.
[0034]The box 12 and the pin 18 are enlarged and have outer cylindrical surfaces 22 having an outer

diameter @38 than fheeatiigr siameserigshe daitkipedué antmplickl hardivaniiihg @4lis ideposited. In
such an embodiment, the outer diameter of the coupling at.the hardband 24 is greater than the outer
cylindrical surfaB%‘??‘E%u%ﬁy aPW]Cejﬁlarﬁdtg%gaBre ee?rle%%gf@/e%ovﬁlt%agt%r f%g%dg%h |?%§ﬁ°$%§smg when
the tool joint is emplioye ishevdrillstrihgw®ne Ekiligdlirtde2ant woluldisppbeiintdrithainghbhiselecting

the outer diamee, of ng hatchapd o4 G3'% Shewld Bedakem i cousicRialianas i ihagorehol

diameter in whic rill string eing used to reduce adverse effects on annular flow of drilling

fluids through tre Bbrefeisre thecadsheoffrekaisradedlerentih esidilthNHaFafigemay range
from about abou, 3432 59 M%@%&Q&W%%t%&ggem tadhealiey-nEanaries.and may pa deposited

in single or double layers. [0035]Referring now to S. 3 and 4, another embodiment of g tool joint 30

for drill pipe 34 isSshstnh tegadahe SOLERRiSHR 1D AA AR BAEREST IUNG 9 R RFhSF tool joint

30 has a reducegheylisgljical Rentiop-Aefanaasdnaihed theasimavail of-a, cinduniferestlal band of
material from the outer cylindrical surfaces 42 of the box 32 and the pin 38 or was originally formed

with thesgggsigiced diametpssentipdstaZpianid tire barpahatidha iswweldéoidnchiswpemse 2 that the
surface of the weld.deposited hardfacing is substantially flush.with, the outer gyjindrical;syuface 42 of
the box 32 and t%é’% bt ﬁié% | ee%: rir%}f gegr%%v%é%lg ébl;t)%rlpe@fé\ﬂt%etéat when a JI[?JS hardbanding is
desired, an amowhichfirmatendirgiiilas dopbetedickn ssehanthmbriidrabdlzoghs Wismeteye the

2010/019733PC&4}L}J}§%&) 91;9 (ﬁ? ﬁgﬁli%and 24 is greater than the outer cylindrical surfaces 22 such that
the hardband preferentially contacts the borehall wall or casing when the tool joint is
employed in a drill string. One skilled in the art would appreciate that when selecting
the outer diameter of the hardband 24, care should be taken, with consideration as to
the borehole diameter in which the drill string is being used to reduce adverse effects
on annular flow of drilling fluids through the borehole to the surface. For example,
such thickness of the hardbanding may range from about about 3/32 to 1/4 inch thick
without detriment to the alloy pfoperties and may be deposited in single or double

layers.

[0033] Referring now to FIGS. 3 and 4, another embodiment of a tool joint 30 for
drill pipe 34 is shown. Tool joint 30 is similar to tool joint 10 of FIGS. 1 and 2 except
that tool joint 30 has a reduced eylindrical portion 46 formed by either the removal of
a circumferential band of material from the outer cylindrical surfaces 42 of the box 32
and the pin 38 or was originally formed with these reduced diameter sections 32, and
the hardbanding 44 is welded in this space so that the surface of the weld deposited
hardfacing is substantially flush with the outer cylindrical surface 42 of the box 32
and the pin 38. One skilled in the art would appreciate that when a flush hardbanding

is desired, an amount of material similar to the thickness of the hardband 24 shown in -~



FIGS. 1 and 2 may be removed from the tool joint 30 so that a similar thickness of hardband 44 may
be deposited thereon and be flush with the outer surfaces 42. [0036]Referring to FIG. 5, a stabilizer 50
according to ng pre 0en,Jt,:gisc:Iosure is illustrated. Stabilizier 50 has an elon atU%Z%Xg/ngricgl or pipe-like
body 52 having a pin 57%5nd box 56 for connection in a string of drill pipe [’r%g:[ S owngz.ﬁﬁ%e stabilizer
50 possesses stabilizer ribs 58 extending outwardly from body 52 for stabilizing the drill pipe in a well
bore (not shown). Hardbanding alloy 54 is welded to stabilizer ribs 58. Further, while the methods of

the present disdidSSrel igsbAiaany m@@oﬁ%rgﬁaﬁain@%cﬁ(}dﬁt@%‘irﬂj%%ﬁ?ﬁﬁg be applied

to any surface ragidbing bardbape g Qitkacinge st ehdas drlkicaliarshebustuatmampers, process
components, abrasion resistant plates, and the like. [0037]Thus, while the present application is
directed tU3s peneralResenobdrietidncstis welding tawetd adrdifacioglallpysterthdistitensuiface of a
downhole tool, specific empodiments are also directed to the vayious. techniques hich a hardfacing
alloy may be pré@?&ga%g’, Igéaagtig%l ?Elga ivgst(%l:1 aen%flé#lexeay 8]%5:%{#&&1 ?r%]{ Fo%?s r%c%vggrgexample,
the hardfacing ghoysinaydtmepfovidedonmectianétyacfishgpé s giferinst Showekatisieteriizetiment,
shown in FIGS. 50%%’35%@3@%5&%(%@%&3%?09 A plsrve d dahardipsig.Alagioimeauih a

tubular member. A'sleeve 72 may be slid onto a box end 74 of a joint 70 ggéﬁlpe 76, where
1

the box end 74 Heill @ik dercued: iem{aetshevesmprebaoding riaffuis Seigrd prpgardliseimay be
located (and terpporayilyaffiedhAlidhR'RRIBNRIIPIAL FRdaritedfohave wearpiaiestien. o friction stir

welding tool 65 gé@/ing shoulder and pin components as described above) may be brought into
contact with sle®gElbanding froldaims Fafattadlizarss hray RbREIEY #9e28 AEE S TRE"SiBBve 72/joint
70, frictional heafinthgiengsatechéiom dhen ratationcoflthe tookhb:sokenis:tieroatesiababthersiceve 72
and joint 70 (in %I}qe area pr,oxima&e the séeivi}gZ) in the vicinity of the rotating tool 65, thereby inducing
a plasticization 2REFUEATTISIIRE B AREHET 18fh the sleeve 72 and joint 70 to form a hardband 78
welding o e surface of joint 70. Further, while sleeve. 72, 0 [Pt £Q simply by
sliding the[btsqgt@/e to thi%dles’sjf’r"ég%%% |f)er§?rggg liéc;}'%or%gy&étgﬁ%ﬁiﬁyﬁﬁéﬁ%@%ﬂé@@f %gr}lt}aéc -welded to
the desired locatiehling/© 2@iD018788RE AlloS 2008¢0B864M R8s ofesudploHild. srsiedve is

generally considygda arielatlvaly s mes int (alardlydoferragbisehnadiedgsilinging of the
alloy on the tool), other embodiments may use a non-rigid, malleable material that may be somewhat

deformed duringrie hsasiodndg oresatedissasivatie sy afibrdaisianidssiung eLHFEHhEl sleeve of
material, a preformagmalleakigavidinedaliay Gorrxamale, Wi wilensiiphmayrhe mrsitioned on
the tool, taking the general shape-foim of the togl surface (i.e., for, a fubular memb rya wirg,or strip of
alloy may be wr&bHEEla ARPRIREI AR ALE Sf the Qub AP TRELIE S %?%Fseﬁ?éay e supplied
in (or formed to hayeay@kems widihforrasgivighfeormbstirerehibilimateksete Sellesakpbttifhaeters, for

example, from apouy, 5 mm tq abou However, one skilled,in t rt wo Ci hat
smaller or Iargenﬁ%%iﬁé’%‘éﬁ%?&oeﬁé%ggg 2 135\; §eé§é)ﬁ%?nl§gg’o\r¥}f g%ﬁg&%ﬁg%ﬁiﬁ%ﬁa r%tge{ae formed

such as by wire-ciisaidignontdyakiginghest tothpaotiemdor o4 tke qapeilg) Harrodeskaertatitrrde art.
[0039]Further, tq aid, I (EIALYEBIACERANLAk ol RalleapIadAIeIaIAAR daplpRiadisilying agent or
a

adhesive may be ué’gaagoythat)t{h oy may be accCurately placed in the desired location of the tool.

Upon placementfioétine stiloyddingdoeldis thednephaviis andainrap e sl de desgdiebrbefliar to as
described abovqnggigg frigton shfoelsing Atisuiaiechn. it iaise withis thaaeorgdftie-giesent

disclosure that such a malleable material is continuously fed onto (or wrapped arou(?%) a t%ol ahead of
the friction stir wakirRY {8cheBiREe6MRPtHES et RIBH ifte oyl hePHRE ReRfRgeC from the

rotation of the tool 65 softens the material of the sleeve 72 and joint 70 (in the area
proximate the sleeve 72) in the vicinity of the rotating tool 65, thereby inducing a

plasticization and commingling of material from the sleeve 72 and joint 70 to form a

hardband 78 welding onto the surface of joint 70. Further, while sleeve 72 may be
Jocated on joint 70 simply by sliding the sleeve to the desired location, sleeve 72 may

optionally be interference fit or tack-welded to the desired location.



[0040]Moreover, it is also within the scope of the present disclosure that during the welding process,
welding the entire hardband region may be accomplished in one or more passes, depending, for
example, on the width of the material to be welded to the tool. Thus, for examé%le, for a hardband wider

than an availablé tHeton atir welding tool, multiple passes of welding 88a,"’?§ér r‘?%%‘}%@%ﬁformed, such

as shown in FIG. 8. During such multiple passes, some embodiments may change the direction of
rotation of the tool while other embgdiments may use the same ratation direction between the multiple
passes. RERRRE, one SMRES TR HERHR QDRI FEGE AR TIFRG the TRERRY piedeBaletde of the
base material agjacesidile dresitechble néwiyfofmesbwatdinaioalge: balstined despitd)patihaving an
additional material. mixed ttherewith. WO 20}0/0 973ﬁP%T/US%OO /0tg3t642- 0(%41]SA bé/\%oguct of the
welding techniqﬁ@goo 't 5ré’§%t%g|%c?o§1&%rh%y Be%aFeatictiGi i the Sufface r%ug(f'nrﬁess?i.e.,

reduced aspe_ritgldﬂaigxlatsdﬁdnigﬂmmobéﬁdminge)‘ém@eﬂm@mt,tmhandbeﬂmd apligd, dsﬁt&g_:dhe“ methoqls of
the presen! discisUImIAYAIaYe R iedhead aaparhnhe allisageupaicd i gopyeRtiggaly applied

weld. [0042]Furﬁ1%r,r'fﬁ bartding of the present disclosure is generally repairab us, in
particular, the dwivaisslessmpopereyrapestiesdaadhe ieebdddngitheraabshaedomy e either in a
shop or in the figld %ﬁ%ﬂ&l@@%pr&ﬁ%hﬁmmbeﬁrmmgrasﬁﬁpc&egns@e;ﬁa@tm@@iphijsIding of a

new metal alloy into the used pipe may be performed on the same or different earlier weld type.
[0043]Advantag&6uasy tensieamiesnsd PiBs TERED disEb sy ARG )RR IS oSt TRBREShE of the

following aspecig: GenpyantioNmd welding B GsrRIsse SrRIssRN HiRitatiens onith éxpesefbasdbanding
materials that can be useddi‘g hardba&ndi g a%%owrgole tooé%Fog example, usin Wegg techniques
conventionally FERHTFRERASRSEEP E: dTOTR ML A PER (R ARiTHY ? (B h AFIB &Y NG FRAtER A Bptions are
limited. Specifically amatetirls4fatdneccasingninibadly daepdiffieidtiio mwatdalamdbeessdtin Elasking
(despite pre- and post:-heat treatments) due to the stresses which grise.in the microstru during the
liquid-to-solid tr§ﬁ§| ?éﬁnéuor?ntgg%vselﬁﬁhgl.)e 63r813\a/§esrfna a?oé:rii SW igﬁ%résr% r‘glreeas%/&%éﬁbggusing

conventional mddgissisuchaspeotive foioiapt kass metbid dnomaimihe #thrdbands) are known to wear

down a casing string. [0044]However, using the welding methods of the present disclosure, the
number of3039] Further, to aid in relative placement of such malleable materials on a tool, a

tackifying agent or adhesive may be used so that the alloy may be accurately placed in
the desired location of the tool. Upon placement of the alloy on thg tool, the alloy and
tool part may be welded together, similar to as described above, using friction stir
welding. Alternatively, it is also within the scope of the present disclosure that such
a malleable material is continuously fed onto (or wrapped around) a tool ahead of the

friction stir welding tool moving along the metal-tool interface yet to be welded.

[0040] Moreover, it is also within the scope of the present disclosure that during the
welding process, welding the entire hardband region may be accomplished in one or
more passes, depending, for example, on the width of the material to be welded to the
tool. Thus, for example, for a hardband wider than an available friction stir welding
tool, multiple passes of welding 88a, 88b may be performed, such as shown in FIG. 8.
During such multiple passes, some embodiments may change the direction of rotation
of the tool while other embodiments may use the same rotation direction between the
multiple passes.  Further, one skilled in the art would appreciate that during the
welding process, some of the base material adjacent the desired or newly formed weld

may also be stirred despite not having an additional material mixed therewith.
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r_na_teri_als that may be used with the friction stir welding techniques does not posses the same
limitations associated with conventional gas arc welding. By having fewer (or no) limitations on the

types of mat ri@l Bh be used, the techniques may be used to apply e either casin
2 R : &Wg 9
or open-hole%?,rlend@?) urther, in addition to having broader choice in hardigan Sr%}a érﬁfg éS the

sqlid-SItate processing principles associated with friction stir welding may likely reduce the
microstructure defects, reducing the incidence of cracking. By reducing the incidence o%:racking, the

need for Hbnal hedt Prorediihglibsreiiies aerias ol 4he/ PRt HEEP TSR MENEE Ray be
eliminated. Additienalbn ewelding iechnigus naydadesaspaiartdeighisvitichesaypddsm aliew for the

hardbanding to be placed at iven location, includin the rig site, allowing for better rebuild
service. Lower & é’?ﬁ??fgig?‘la(]g%\%@ @@?5@9%5&%‘?/&%%@@%%4?%%? a%gl%semgcﬁllaes(/able,
giving a smoothiervEniskiuad agetuicjniop phicge pangrdred adkforsurftoratinispitigoweknding. [0045]While
the invention has been described with respect to a limited number of embodiments, those skilled in the
art, havin®&tefit of tiisdisc|Osuisrdilinsiine cof e thatsoth cHenoswginfe seagalbecpavbld which do

not depart from . SqpRg.afie: MMErHOnADAISHIRsERher alay Accriiagliy the.seepaaihe vention
should be limited only by the attached claims.  CLAIMS What is claimed: 1."A method for applying a

wear reducing rherdhiaciosaleser. e thariina ShAD Srelb His Atdh 2 SR SHS REAT RS oEHTHTa WhFBfacing alloy
onto a surface oft6Q8k 2 coat, the friction stir welding of a new metal alloy into the used pipe

may be performed on the same or different earlier weld typé.

[6043] .Advantageousiy, embodiments of the present disclosure may provide for at
least one of the following as-pe_:cts. Conventional welding processes present
limitations on the types of hardbanding materials that can be used in hardbanding a
downhole toole. For example, using welding techniques conventionally used in
hardbanding, e.g, gas metal arc welding, the hardbanding material options are
limited. Specificaily, materials that are casing friendly are difficult to weld, and resuit
in cracking (despite pre- and post-heat treatments) due to the stresses which arise in
the microstructure during the liquid-to-solid transition during welding. Moreover,
materials which are more easily weldable using conventional means (such as
conventional tungsten carbide containing hardbands) are known to wear down a

casing string.

[0044] However, using the welding methods of the present disclosure, the number of
materials that may be used with the friction stir welding techniques does not posses
the same limitations associated with conventional gas arc welding. By having fewer
{or no) limitations on the types of material that may be used, the techniques may be
used to apply welds that are either casing or open-hole friendly. Further, in addition
to having broader choice in hardband materials, the solid-state processing principles
associated with friction stir welding may likely reduce the microstructure defects,
reducing the incidence of cracking, By reducing the incidence of cracking, the need
for additional heat processing treatments, such as pre- and/or post-heat treatments
may be eliminated. Additionally, the welding technique may be less hazardous,
which may also allow for the hardbanding to be placed at any given focation,

including at the rig site, allowing for better rebuild service. Lower asperity heights
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welding the hardfacing alloy to the surface of the tool, wherein the welding comprises friction stirring
the alloy into the tool's surface. 2. The method of claim 1, wherein friction stirring comprises exerting a
downward fo&;& z%rfé 1@9% rotating a friction stir Weldi.n.g pin to gen_erate fri%%gﬂi@ﬁsiﬂ that the pin
enters the alloy and tool surface and creates a plasticized region in the alloy and the tool. 3. The
method of claim 1, wherein the hardfacing alloy comprises a ferrous based alloy. 4. The method of

claim.1, wherein the hardfacip v%? comprises tungsten. carbide particles dispersed therein. 5. The
method of clainf E)\it&r ?nﬁﬁEé%v geﬁ%%%@r%%%%% f%né%ﬁ%? 5@%%%&%%’5?%%%65%0%% about 50
to 70 Rockwell &irfacdfimattiog dogdpiihdng a wear reducing material to a tubular member used in a

wellbore operation, comprising: locating a preformed sleeve of a high melting temperature hardfacing
alloy conf@4ft with aWbiltethslifemsiort s hdsoldeserebadevith zesheskéel oliaied; mumebaedding the

preformed slee\t o o5 aHiah S TaAR.g R YRURG MERbhER hete e Wldng sampises ficton

stirring the alloy Into the tool's outer surface. 7. The méthod of claim 6, wherein the locating comprises

tack-welding thébgreirmenadisvents e bedlpaistdcalish dptretidpratr gmbe scope of the

invention as disclosed herein. Accordingly, the scope of the invention should be

limited only by the attached claims.
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8. The method of claim 6, wherein the locating comprises interference fitting the prefomied sleeve to
the desired location of the tubular member. 9. The method of claim 6, wherein the welding comprises
at least one welding pass. 10. The method of claim 9, wherein the welding comprises at least two
welding passes, 11. The method of claim 6, Wﬁ?‘(rg friction stirring comprises exerting a downward
force onto and rotating a friction stir welding p lgté/igrate frictional heat such that the pin enters the
alloy and tool surface and creates a plasticized region in the alloy and the tool. 12. The method of
claim 6, winereinie fardfacing alloy comprises a ferrous based alloy. 13. The method of claim 6,
wherein the hardfacing alloy comprises tungsten carbide particles dispersed therein. 14. The method

of claim 6, vs{hekeln ttﬁz g/ ded W?axrlredu\(%;gg meaéerial has a h r?nessE raln%isr) _fgom abont)(g,g to 70

met I a requcine material 10 8 1o na .
Rockwell C.'15. ATméthod Tor é’ﬁ’p&n‘?’g 4 Wear reduciiy matenal to & tool used in a wellbore operation,

comprising: locapngtapreforpasthgnalleable width of a high melting temperature hardfacing alloy on an

outer surface of, the tool; and welding the preformed width,to the outer surface of the tool, wherein the
welding comprigggo?%%?%??@%ﬁ#galﬁg%%gﬁ ?E?oatﬁué%gl%%%?é[?@d%@e.

welding the hardfacing alloy to the surface of the tool, wherein the welding

comprises friction stirring the alloy into the tool’s surface.

2. The method of claim 1, wherein friction stirring comprises exerting a downward force
~ onto and rotating a friction stir welding.pi_n to generate frictional heat such that the pin
enters the alldy"and tool surface and creates a plasticized region in the alloy and the

tool.
3. The method of claim 1, wherein the hardfacing alloy comprises a ferrous based alloy.

4. The method of claim 1, wherein the hardfacing alloy comprises tungsten carbide

particles dispersed therein.

5. The method of claim 1, wherein the welded wear reducing material has a hardness

ranging from about 50 to 70 Rockwell C.

6. A method for applying a wear reducing material to a tubular member used in a
wellbore operation, comprising:
locating a preformed sleeve of a high melting temperature hardfacing alloy concentric
with an outer surface of the tubular member at a desired location; and
welding the preformed sleeve to the outer surface of the tubular member, wherein the

welding comprises friction stirring the alloy into the tool’s outer surface.

7. The method of claim 6, wherein the locating comprises tack-welding the preformed

sleeve to the desired location of the tubular member.

8. The method of claim 6, wherein the locating comprises interference fitting the

preformed sleeve to the desired location of the tubular member.

9. The method of claim 6, wherein the welding comprises at least one welding pass.
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16. The method of claim 15, wherein the locating comprises wrapping the preformed width around an
outer surface of a tubular tool member. 17. The method of claim 15, wherein the welding comprises at

least one welginaspaes38. The method of claim 17, wherein the welding gemplisessatdeast two
welding passes. 19. The method of claim 15, wherein the locating comprises concurrently feeding the
preformed width ahead of a friction stir welding tool performing the welding. 20. The method of claim

19, wherein the yelding &PBrRIBESAWRASIONE WEIHIRG: PRssisedat IBGMGIN0L Bf £'ine20, wherein the
e

welding comprises at least two welding passes. 22. The method of claim 15, wherein the width ranges
from 5 mmt .2 Tcpe ethad of claim. 15, wherein the preformed,width comprises a high shear
compaction LRSI FLHRER Gt 3 ST N AT SRS AP E S P iR o
downward forceamniauahehicoiagiadratdotstn stidugldingopiaro ge fidcate drictionatindat gugi:that the pin
enters the alloy and tqol surface and cr lasticized region in the. alloy and the toql..25. The
method of dlam L VapS e e e o S R [0S B ARy I e

tool.

12. The method of claim 6, wherein the hardfacing alloy comprises a ferrous based alloy.

13. The method of claim 6, wherein the hardfacing alloy comprises tungsten carbide
particles dispersed therein.

14. The method of claim 6, wherein the welded wear reducing material has a hardness

ranging from about 50 to 70 Rockwell C.

15. A method for applying a wear reducing material to a tool used in a wellbore
operation, comprising: |
| locating a preformed, malleable width of a high melting temperature hardfacing alloy
on an outer surface of the tool; and
welding the preformed width to the outer surface of the tool, wherein the welding

comprises friction stirring the alloy into the tool’s outer surface.

16. The method of claim 15, wherein the locating comprises wrapping the preformed

width around an outer surface of a tubular tool member.
17. The method of claim 15, wherein the welding comprises at least one welding pass.
18. The method of claim 17, wherein the welding comprises at least two welding passes.

19. The method of claim 15, wherein the locating comprises concurrently feeding the

preformed width ahead of a friction stir welding tool performing the welding.
20. The method of claim 19, wherein the welding comi}rises at Jeast one welding pass.
21. The method of claim 20, wherein the welding comprises at least two welding passes.

22. The method of claim 15, wherein the width ranges from S mm to 5 cm.
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26. The method of claim 15, wherein the hardfacing alloy comprises tungsten carbide particies
dispersed therein. 27. The method of claim 15, wherein the welded wear reducing material has a

hardness ranging from about 50 to 70 Rockwell C. _
0 2010/019733 POT/US2009/653642

23. The method of claim 15, wherein the preformed width comprises a high shear

compaction material.

24. The method of claim 15, wherein friction stirring comprises exerting a downward
force onto and rotating a friction stir welding pin to generate frictional heat such that
the pin enters the alloy and tool surface and creates a plasticized region in the alloy

and the tool.

25. The method of claim 15, wherein the hardfacing alloy comprises a ferrous based

alloy.

26, The method of claim 15, wherein the hardfacing alloy comprises tungsten carbide
particles dispersed therein.

27. The method of claim 15, wherein the welded wear reducing material has a hardness

ranging from about 50 to 70 Rockwell C.
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