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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
connection 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.
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casing in which it runs, and the matrix is a soft steel which erodes away easily to

allow the carbide particles to fall away.

[0006] Other prior art hardfacing materials used that are harder than siliceous earth
materials are brittle and crack in a brittle manner after solidification and upon cooling
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.

[0007] 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 least 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

2
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[0010] Wear by abrasion mechanisms always has been, and still remains a main
concern in many segments of industry, including the drilling industry. However,.
there is some limitation on the types of materials that may be used due to limitations
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

[0012] In one aspect, embodiments disclosed herein relate to a method for applying a
wear reducing material to a tool used in a wellbore operation that includes welding a
hardfacing alloy to a surface of the tool, wherein the welding comprises friction

stirring the alloy into the tool’s surface.
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BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a fragmentary longitudinal sectional view of a box of a tool joint

with a raised hardband according to one embodiment.

[0017] 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.

[0019] FIG. 4 is a view similar to FIG. 1 illustrating flush hardbanding of a pin of the

tool joint according to another embodiment.

[0020] FIG. 5 is a longitudinal view of a stabilizer hardbanded according to one
embodiment.
[0021] FIGS. 6A to 6D illustrate use of a friction stir welding tool in accordance with

one embodiment.



with a raised hardband according to one enbodinent. [0017] FIG 2 is a view
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reduci ng nah&dbalditgotoamyegion of a downhole tool or component having a greater %B/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 workpieces
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
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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 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.

[0030] 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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forma weld 68. [0029] However, as shown in FIG 6A to 6D and descri bed
above in its conventional use, the friction stir welding tool is noved
al ong thewonvewdiame in such a manner that the pin or spipoaius2eb/osise2 t ool
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har dbanded nay 1 nc erro oys, such as steel, as well as iron-
ni ckel -, coppgeraturantlogo baltdiss bel usdd. ofsrthdrninuspenchdle idotlingn(vdiere castiedi ng,
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e1

nol ybdenum * nangane sili1con, carbon, boron, tungsten, alum num

titani i obi u tantal.um . i ' i [ ;
phosprBET and Pha b ChaERB(e, W) Fgtetst Hiir & HEAR plviously o
or:gis;:in be? aﬁn&aggﬂer@ Ebmnﬁeﬂri]mewalﬂurgetecbminomchs gfeatr lodgeesindsthhawéarg a

ng tenperature greater than steel. O her such high. mel1i. t
conpounds nedueing materéal seayebsraghicved) For eWBP‘Fo@Y U B Iggﬁ ??r}‘g%{jat e

donnmol -, UGS TS SRR ETORSAL AL oS ke e on
necessary), cédvenaiddad yveddyushe the Guind eviatewialh ntayrigsachievedr Fihgkeis, for an alloy
that would have a hardness ranging from 45 to 55 Rockwell C when using
conventional welding, a hardness of about 50 to 70 Rockwell C may be achieved
when using friction stirring. Such improved hardness may result from the change in
the material microstructure (i.e., through grain refinement / recrystallization to
produce fine precipitates such as carbides). Another byproduct of the friction stirring
techniques of the present disclosure may be a reduction in the surface roughness, i.e.,

reduced asperity heights, as compared to a conventional weld.

[0032] In order to weld the high melting materials used in the present disclosure,
referring back to FIG. 6A to 6D, the pin 66 and the shoulder 64 of the friction stir
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. In a
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.S.

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



particles dispersed therein. [0031] In addition to being able to weld a
greater nunber of alloys previously unwel dable by conventional welding

t echni queso 2a10ognesBer hardness of the wear reducing mat ecirais2eveypsise?

achi eved. For_ exanple, by using friction stirring a greater hardness by
about 5 to 15 Rockwell C points (when conparing a friction stir weld to a

conventi onal | d, using the sane materi al .be achieved. That is, for
an al | oy th‘é[f‘%? @s%gq,egi Q ‘Eﬁrpd??égtsa§s¥‘i‘§? d@éw A@Wr%t%g%éfcﬁ? 1A when
usi ng conve@lteir%ﬂﬁ}egy}el ding, a hardness of about 50 to 70 Rockwell C may be
achi eved when using friction stirring. Such inproved hardness may result
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coating, the s r 64 an pin 66 (which may or not be integrally
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thensel ves, rather than being coated. Tools suitable for use in the nethods
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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 properties and may be deposited in single or double

layers.

[0035] 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 cylindrical 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



wel ding is shown. As shown in FIGS. 1 and 2 a tool joint 10 for drill pipe
14 is illustrated as having a box 12 at the end of the drill pipe 14 that
i's internabl2yrinysaded at 16. Internal threads 16 of borcTAstéwmssberl y
receive a pin 18 having co-acting threads 20 to the threads 16 so that the
pi n 18 may--be-threaded into box 12. The pin 18 forns the end of a drill

pi pe, such 4, so that a strin | O .of _ DI . b ded
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layers. [00 _ rring now to Hl 4, anot her enbodi nent of a tool
joint 30 fohardbardingdmpfacidg, suwhsiol collatsl siradtaral @@mbsrss proicesgrcompones$, | oi nt

10 of FIGS. 1 and 2.exce th tanol joint 30 has a reduced cylindrical
porti _onl 4? ?'?f?‘?’r‘ﬁ‘&lr%?%é‘i%?ﬁiqs’ ?Iﬁltethf’g‘gr%val of a circunferential band of

mat eri a romthe outer cylindrical_ surfaces 42 of the box 3 nd the pin
35 or 03 7hr 1 gi nahis, Wbl ARRPRRIH SPRiSeHOR BAIRSIFOdh e DEral e g et Tang
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deposited har s substa the outer cylindrica
surface 42 ehbbdienehnardalsantiretted tpithre @ioudterhsigues byl whicht dbardfacingoalloy
appreciate Enggtbevgr]g\E}dgd ‘Iol, oscgte %lgggent%i, ngd affixed to the underlying tool surface. For
example, the hardfacing alloy may be provided in a variety of shapes and forms. One
example embodiment, shown in FIGS. 7A to 7D, may include a preformed sleeve 72
of a hardfacing alloy for use with a tubular member. A sleeve (full or split) 72 may
be slid onto a box end 74 of a joint 70 of pipe 76, where the box end 74 has a larger
outer diameter as compared to the remainder of the pipe 76. It may be located (and
temporarily affixed) at the region of joint 70 desired to have wear protection. A
friction stir welding tool 65 (having shoulder and pin components as described above)
may be brought into contact with sleeve 72. As the tool 65 rotates and is forced
normal to the surface of the sleeve 72/joint 70, frictional heating generated 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

located 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.



is desired, an anount of material simlar to the thickness of the hardband
24 shown inFIGS. 1 and 2 may be renoved fromthe tool joint 30 so that a
sim | ar twockmneas73ef hardband 44 nmay be deposited thereesoTamsdodmsichrish with
the outer surfaces 42. [0036] Referring to FIG 5, a stabilizer 50
according to the present disclosure is illustrated. Stabilizier 50 has an

el onga ylindgjcal or pjpe-like bod 2 havi in.5 box.56 f
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faci ng, sucpredsin@tidldeve Al sterials brprefounad, meNddis widthafedbyc@opanas,
abrasion resistant plates, and the like. [0037] Thus, whil he present
apﬁl i g?t i onWitg ojwiden EEp} Bay e rgsitiened opdke tool.ftrking iﬂaﬁmg%ﬂerai %eaﬁ%ﬁg o wel d
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har df aci ng alouny tivagyirdvenfpreavé dethettabulbx)c afflds, rsetlatmateialomapivd sappliedeid t o

t he underlying_ tool surface. For ex | e,. the hardf aci .al b
provi ded i n(o4 {PamPly kel yapews &’ﬁ@fﬁg&aﬁ% ng Bmggeé’ﬁ?ﬁ(fle‘ggh’%%{??%é%%v%ﬁom in
FIGS. 7A toc&tbgmeg%& n%)ﬁ%%é&ﬁﬁg\?frl hefRUE Rl 16 Q¥Eut’2 cRf RoWevef Gl dkdlledl inoy for

use with a tu sleeve (full or split) 72 may be slid onto a

box end 74 tfe artjweduld apPreofateitme seyllentoerlargehavidibs ramy alke bragsed. | hyar

outer dianmeter gs conpared to the remainder. of the, pipe 76. |t .npy

| ocated (antRe® rod’rn&eﬁ%ﬁ ?l?%(@ﬂs%nﬁfs ’P?Pé%? Sgiese %"fohjaSPDrYt W‘fS'da*‘e"%‘%q?é’&b"S’ o have
wear prot echjsBRhedd cofdpabtid\of tdpe-castind) RtHiode knbwn (haéiang shoul der and pin
conponents as descri bed above) may be brought into contact with sleeve 72.

st hem‘?f% 65 r?%&ﬁgs foaalg ai%msrefaﬁ(/é: ﬁfﬁc&ﬂé £ dulh Bleabit fRGEr Qs ohhetos], aeve

72/ oi frictiona i ng generate romthe rotation of the tool 65
sof t ens t hetatRifging akemfor hilesbleanaeber@sednd thayithet allog niaynbe srsurtedn placekinmat e

the sleeve the)deisirr]e& ﬂ)%at\l/(inc(i)tn[llé Yoo?.f UthI? p agén%grilt%q tﬁeoﬁloyGOSn’ th;[: ‘t]o%rl,etgg alil(pydéjn%j ng a
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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pl asticization and comm ngling of material fromthe sleeve 72 and joint 70
to forma hardband 78 wel ding onto the surface of joint 70. Further, while
sl eeve 72vomyiomaisecated on joint 70 sinply by sliding whe/usb@ewsssup the
desired | ocation, sleeve 72 may optionally be interference fit or
tack-wel ded to the desired | ocation.[0038] Mreover, while a sleeve is
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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 location,

including at the rig site, allowing for better rebuild service. Lower asperity heights
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tool. Thus, for exanple, for a hardband w der than an available friction
stir welding tool, multiple passes of welding 88a, 88b may be perforned,
such as swowmiovn9BBG 8. During such multiple passes, seoe/Usoiwodssents nay
change the direction of rotation of the tool while other enbodi ments may
use the sanme rotation direction between the nultiple passes. Further, one

skilled in the art, would preciate that during.,the weldin roces sonme
of the bas emﬁﬁtagf’ o8] acg’(?jv @g’n%l"]tnlgea ?Pé%(?qﬁeér ingsh, ﬁgwf%‘?‘%’rgnaé‘dala%?e ?rrrl%%/dsg)lrso be
stirred desgirfae RAlshin@\0rReindidgaddi tional material m xed therew th.[0041] A
byproduct of the welding techniques of the present disclosure may be a
reduct j Nt heygur.f i . : L e or
excarpl (951" o WA S EnleRHERRES Beer o e R oS R & R ST The
present di sehbsdimentspthioseaskdlleal inehikiare hasisigdreneit dfahighiscksucowphapgmediae a
conventi onal | pplied weld. [0042] .Further, the hardbandi of t resent
di scl osure Y}@%IS&’HEF@I%P‘}‘H}EQ%?%B‘T é.iwﬁé]ug’?‘c' i aeY &E’@rﬁ ?mttﬁg S %ﬁﬁh
conponent s Hﬁxnthﬁl ?@Bﬁ%@&i YereBE ONREdMAY) e NAESDBN N thveANG shaild fber in a
shop or in the field at the rig location.” Further, when performng a
re-coat, thbmited onlydry the¢ attached diamgs.of a new netal alloy into the used pipe
may be perfornmed on the sane or different earlier weld type. [0043]

Advant ageously, enbodi ments of the present disclosure nay provide for at

| east one of the follow ng aspects. Conventional wel ding processes present
limtations on the types of hardbanding materials that can be used in

har dbandi ng a downhol e tool e. For exanple, using welding techniques
conventionally used in hardbanding, e.g., gas netal arc welding, the

har dbandi ng material options are limted. Specifically, materials that are
casing friendly are difficult to weld, and result in cracking (despite pre-
and post-heat treatnents) due to the stresses which arise in the

m crostructure during the liquid-to-solid transition during wel ding.
Moreover, materials which are nore easily wel dabl e using conventional neans
(such as conventional tungsten carbide containing hardbands) are known to
wear down a casing string.
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[ 0044] However, using the welding nethods of the present disclosure, the
nunber of materials that may be used with the friction stir welding

t echni quesodoB 1B posses the sanme |imtations associ aPel/usRa/053642
conventional gas arc welding. By having fewer (or no) limtations on the
types of material that nmay be used, the techniques nmay be used to apply

wel ds that are either casing or open-hole friendly. Further, in addition to
havi ng broader choice in hardband piagnNgl s, the solid-state processing
principles associated with friction stir welding may |ikely reduce the

m crostructure defects, reducing the incidence of cracking. By reducing the
i nci dewdat nfclaimadki ng, the need for additional heat processing treatnents,
such as pre- and/or post-heat treatnents may be elimnated. Additionally,

t he wel di.ng,techni,gue may .be | ess hazardous, which al sp.al | ow.for the
har dbandilng®t Hleﬂg’dproé{c@ﬁ){%f’g hy gt \fgiuql%é’?aftwﬁl t|°n?:ln{‘§ i Hﬁedgfn tahg\évlrulf)ogresi te,
al | owi ng f ogphtdrCEorhpiing:d service. Lower asperity heightsmay also be
achi evabl e, giving a smoother finish, and reducing an apparent need for
surface fi nweldingga dardfadingiahhey tonnispefagehal theviept ivdiereindhg sekline sempB¥Ed wit h

respect to a linj }%ﬁpgﬂlgr?%gpggll%?ﬁh?ﬁ@&%’suhﬁ@e?e skilled in the art,

havi ng benefit o osurke, apprecl ate that other enbodi nents
can be devi sed which do not depart fromthe scope of the invention as

di scl ose@. hgeheinethoAad @linrig mherdim &ictionsarnafg ddneprisay exeriimgna doreowarddercei mi t ed
only by the attached, clains. CLAIMS What, is clainmed:. 1. A net for .

appl yi ng a aeigeand é@@,@mg@frﬁ{og.,spéwe}dglgiplpég ge%@g?’ilﬁm&a\/maf B‘%??lgg%ﬁger Bit'i on,
compr i 1 n0: oMElAhDGUGy BRY HoR ShubfhethiRhes & piidiALErcplontiant anby ahereel n
the wel ding conprises friction stirring the alloy info the tool"s surface.
2. The net hadl.of claiml, wherein friction stirring conprises exerting a
downward force onto and rotating a friction stir welding pin to generate

frictionagl at such that th Ln.enters .th and
creat es 'p&gg Me Oglé’(f cpaé@i ToPeFeIR H’Sq’ﬁf*%%}n%ﬁ%‘%% %Ogl){pr?sggatf&%usso%gdaaqﬁy'
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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tool. 3. The nethod of claim 1, wherein the hardfacing alloy conprises a
ferrous based alloy. 4. The nethod of claim 1, wherein the hardfacing alloy
conpr i seswoungatiers3car bi de particl es di spersed therein. PET/USb@9meichnd of
claim1l, wherein the wel ded wear reducing nmaterial has a hardness ranging
fromabout 50 to 70 Rockwell C. 6. A nethod for applying a wear reducing

mat eri.al _to.a tuhular r,used . in a.well bor.e operation, .conprising:
Tocati o 10 The iR cTRoE RS e e e o R Ses B R P s PR o 1 oy
concentric with an outer surface of the tubul ar nenber at a desired

| ocat i on;11aMte waltibidg cldi@ qeesinBictonetiviend onipideobteeting d dbaawardf fotdze
tubul ar nenber, wherein the wel ding conprises friction stirri ng the all oy
i nto the toBRosngdelaingafHeiion stiy WelieE PR Gencstie drigtionakheahpushdhst thepin

| ocati on of i 1 AlPE a0y gRACLE! TRARARY Reldh '\ 23} R e

| ocating comali ses interference fitting the prefornmed sleeve to the desired
| ocation of the tubular nenber. 9. The nmethod of claim®6, wherein the

wel ding c i ses at ast_one wel di.n ass. 10. The.nethod of claim?9,
Wherei o+ 1o THE PR qfsTam & Sesai e JarutRaRE AlPhraPsaR s darous paserfitBies nod
of claim®6, wherein friction stirring conprises exerting a downward force

onto and 130tak iM&had fofiddinos, Shefeinvehed hadfRiny hioYesapaie fuhpgéd endideheat
such that the pin enters the alloy and tool surface and creates a

pl asti ci zedprdiglesdisparsedhtherin.oy and the tool. 12. The method of claim 6,
wherein the hardfacing alloy conprises a ferrous based alloy. 13. The

met hod of i ! j i . r bi de
parti ol o itk Bidnot BELRUD o NbeRAk P PRt R el HAOEhAER P (03
wear reduci rghgirl fesrmabolte® ta 70 «tkest G.angi ng from about 50 to 70 Rockwel |
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 comprises at least 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 5 mm to 5 cm.
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15. A nethod for applying a wear reducing material to a tool used in a
wel | bore operation, conprising: locating a prefornmed, nalleable width of a
hi gh nel twogoteanpmssat ure hardfacing all oy on an outer secraseowfsiche t ool ;
and wel ding the preformed width to the outer surface of the tool, wherein
the wel ding conprises friction stirring the alloy into the tool's outer

surface. 16, The pethod of claim 15 erein the l.gcating conpri,se
wWr appi ng %hghﬁr@F@PheﬁdW‘d‘? Hszrvg]lfﬁﬁﬂhat\lﬁ"gdffﬁ%é’ffm%r‘?”&ﬁb CSIPp’gSfisunﬁ?%} Sﬁ%l
nmenber. 17. cothgachBh Bseri. cl ai m 15, wherein the wel ding conprises at |east

one wel di ng pass. 18. The nethod of claim 17, wherein the welding conprises
at least two weldi ng@gasses. 19. The nethod of claim 15, wherein the

| ocat i ng 28ohhe instkodc ohelaim elfs Wherale dfiplion FETHE cfompFises GKUtAS ahdarnwrd g
friction stir i .f.or n. i . T claim
19, wherei nfotr%e\é&&g Iaglg rﬁ%tg@%’gﬁlégosn ngél? Q’Yeté&algg \P@ng %}% Fﬁ%ﬁg‘%‘gfg@%g{;&%gl&”m hod
of cl ai m 20theWigkgicts theallosladd negolcurfcd aeb ciehtel @agdastitinod wegioh ngtheadlegs. 22.
The net hod of claim 15, wherein the width ranges from5 mmto 5 cm 23. The
met hod of citd WE1%L wherein the preforned width conprises a high shear
conpaction material. 24. The nethod of claim15, wherein friction stirring
CONPI | Ses)sexfRL F'QV&;W {4 JRLE8 @LURArdHEnE AIBY | RthRisty hCleiretlk Bhdetl

wel di ng Ezisnaf?%%ée?%oed?gt e fricti one{?1 heat guchn%hatslt he ‘%ﬁsn enters the all oy
and tool suallgce and creates a plasticized region in the alloy and the
tool. 25. The method of claim15, wherein the hardfacing alloy conprises a

ferrous S allo 6, . T thod of .claim 15, wh ...t i.ng
al | oy co%r ?g%énettﬁgfgﬁl%gﬁbi r%%rtﬁ? Gfigdacing Slel?ysgg&g hgersetpﬁgﬁ%egr &
nmet hod of chatiBled Gispo&d Biefkit.he wel ded wear reducing material has a

har dness rangi ng from about 50 to 70 Rockwel|l C.

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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