SUPPORT COLLAR GEOMETRY FOR LINEAR FRICTION WELDING This invention was made
with government support under Contract No. F33657-03-D-0016-0010 awarded by the United States Air
Force. The Government 5has certain rights in this invention. BACKGROUND This disclosure relates

generally to turbomaghire-airiais pat AeraRatieulrt 0 KeDeig RSTRERYNG YIRS using linear
friction welding techniques. 10 As known, gas turbine engines, and other turbomachines, include multiple

sections, such as a fan section, a compressor section, a combustor section, a turbine section, and an
exhaust section. The cohiprieseoti @eciias amadethei thirpboveraeeho nsipphrteinddoilCamags Maunted for

rotation about aenging Aol eHHall AgaY ALY pledndidal afaled g pifpies) that extend
radially from a mounting 15 platform to an airfoit tip. The blade arrays and mounting platform may form a
one piece, iBtegREpEBladatDRtton B DSt alisk/blisk.  Air moves into the engine through the fan
section. Rotating the airfoil arrays in the compressor section compresses the air. The compressed air is
then mixed with fuel and combusted in the combustor section. The products of combustion are 20
expanded to rotatably drive airfoil arrays in thBASBIFR S BN, Rotating the airfoil arrays in the turbine

section drives rotation Dhithediat @ costpee sganesadtiotns. Witioitadhi tbe gesitarking emgiee may become
damaged Replacing t amaged airfoils in a conventionally.bladed rotor is relatively simple. Replacing
B e e D e S R A e 2

the damaged airfoils In an’integra { T 1S often sl _ _ [
feasible) ald@ expensivAsKONMMAGRY turbipng enginap| e aiet bf katarshingsaiealivisi| Tl iidntegrally

bladed rotor inclyges plaging & SURRAELEOH2S thaprastRIdiBRSIIaMMREILALIGRS RiiGRding edge 30

and trailing edge of an airfoil stub to be repaired in an integrally bladed rotor. The suppart collar and the
airfoil stub togetfTiREyEY gAML B Rsitibhe SBRRIGERN SRHo8igdidRer I BE EiRaces of the
airfoil stub whenitorick piplit ealigs imdorifed fiorstaligidmpassionn Ehgimeetied prefaiifod lineges friction welding

o oo BB B pge TR SEHa AR ATR, or
15 platform to an airfoil tip. The blade arrays and mounting platform may form a one
piece, integrally bladed rotor or bladed disk/blisk.

Air moves into the engine through the fan section. Rotating the airfoil arrays
in the compressor section compresses the air. The compressed air is then mixed with
fuel and combusted in the combustor section. The products of combustion are

20 expanded to rotatably drive airfoil arrays in the turbine section. Rotating the airfoil
arrays in the turbine section drives rotation of the fan and compressor sections.
Airfoils in the gas turbine engine may become damaged. Replacing the damaged
airfoils in a conventionally bladed rotor is relatively smple. Replacing the damaged
airfoils in an integrally bladed rotor is often significantly more difficult (sometimes

25 not feasible) and expensive.

SUMMARY
An example method of attaching an airfoil for an integrally bladed rotor
includes placing a support collar in an installed position around at least a leading edge
30 and trailing edge of an airfoil stub to be repaired in an integrally bladed rotor. The
support collar and the airfoil stub together have a midline that is positioned between

opposing, lateraly outer surfaces of the airfoil stub when the support collar is in the



5 and a trailing edge of an airfoil stub to be repaired in an integrally bladed rotor. The support collar and
the airfoil stub together have a midline that does not extend laterally past a laterally outer surface of the
blade stub. The method includes performing linear friction welding to add an airfoil to the airfoil stub. An

example integra|sRlagasb&@ien. Nt AREad BETONHY I RRe AritisAlK éhfn%%%lééliﬁﬁ amsngngeradially

outwardly of the rotor hup. At least one of the blades is attached by a linear friction welding operation. The
blade includes afl5fHoiStub portion that was associated with the rotor hub prior to the attachment and an
airfoil portion that has Beethéneanipictioetirel dé ditactiheyainfeilHsiuboasrpategiathebbdtiadroient. A collar
supported the ai lb % ' inear,friction ; i 5] 'n&gi.f The collar
includes a consJ']r;r?!a q% Iog#lﬂ%gﬂ%g Qgﬁcﬁé%%he%qﬁ%%ﬁﬁg%ﬂég@%%%rlv%%%}f{nlg a%%ﬁsumable

portion and fhe Isribie tsalling adeedhar pEcthetist bermeralres/i b sHdBiAY AychtaiR® (Atr sUfces of the

blade stub during i AineAarigtiPmaeioing- sub (Jdese Ao rideatunios blaendiselpseA examples can
be best understood 20from the following specification and drawings, the following of which is a brief

description. BRIEEEEIRG B | dRahE HIE BIIRES Biytlade hibws TecHEMHidRRAEST an example
gas turbine engiperfabiriguieezr showes auel thtegedtyd ziadeiitatahesafudisaibtooling fixture from the Figure 1

engine. Figure 3 schematically. shows. a view of an airfoil stub ready for a lineay friction welding
operation. Figure 4 sho'&]vﬁseéé%ﬁ rs%{_ﬁ:{%ﬁlrgﬁ |ek\)tvpa§?(#hr§{ Eriglﬁiﬁlau if orll?l{g{uﬁ%éﬁgﬁl%%?ﬁ%v?ﬁs a close up
view of a triflinghtaige extanduierodally autiier dhgokrdhe neieantfictid \eestinng op&ratdaesitfure 6 shows a

section view at lige,§\Qf FjouGreaviicaBaiiing operation. The blade includes an airfoil stub
portion that was associated with the rotor hub prior to the attachment and an airfoil
portion that has been linear friction welded to the airfoil stub as part of the
attachment. A collar supported the airfoil stub during the linear friction welding and
15 isthen machined away. The collar includes a consumable portion that is consumed
during the linear friction welding. The consumable portion and the blade stub have a
midline that is bounded by opposing laterally outer surfaces of the blade stub during
the linear friction welding.
These and other features of the disclosed examples can be best understood
20 from the following specification and drawings, the following of which is a brief

description.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows a schematic view of an example gas turbine engine.
25 Figure 2 shows an integrally bladed rotor in a repair tooling fixture from the
Figure 1 engine.
Figure 3 schematically shows a top view of an airfoil stub ready for a linear
friction welding operation.
Figure 4 shows a perspective view of the Figure 3 airfoil stub.
30 Figure 5 shows a close up view of a trailing edge of an airfoil stub in the
Figure 3 linear friction welding operation.

Figure 6 shows a section view at line 6 of Figure 5 with an airfoil.



Figure 7 shows the Figure 6 section view after partially linear friction welding the airfoil to an airfoil stub.
Figure 8 shows the Figure 6 section view after linear friction welding the airfoil to an airfoil stub. 5Figure 9
shows the Figure 6 section view after machining away excess material. DETAILED DESCRIPTION Figure

1 schematically illustratgg pexRMPIAAg I BisRRRONa [P gartling LiRedinherial flaw s¢mmunication)
a fan 14, a low pressure compressor 18, a high pressure compressor 22, a combustor 26, a high pressure

turbine 30, and & BA IRELRBPAHHiIFE%4. The gas turbine engine 10 is circumferentially disposed about
an engine axis X. The gagie®is@waghecHigae éxsattjpe tenoafiaeHinear Otittgnopediignhair is pulled into

the gas turbine eaﬂ%ﬂ%glg‘%@ﬁﬁ? 14, 15 pressurized by the compressors 18 and 22, mixed with fuel,
and burned in the combustor 26. The turbines 30 and 34 extract energy from the hot combustion gases

flowing fromPthe combUrs@ore28. AVEVBS Fodirgetigectipe High presssrchinsis eseyuslieess the extracted
energy from the Rglggmbustion gases to power the high pressure compressor 22 through a high speed
shaft 38. The low pressure turbine 34 20 utilizes the extracted energy from the hot combustion gases to
power the low pressure compressor 18 and the fan 14 through a low speed shaft 42. The examples
described in this disclosure are not limit@EtoAheEOESOR IEMYDR architecture described and may be

used in other architectures, s .single spool axial design, a three-spool axial design, and still other
architectures. That is, _%@H':aergj %??ag'\%‘a‘%r%%ng tﬁlgje&s?%?se%ng?ﬁ(g%&p%n ot[H@%Sr n@r‘ﬂgaﬁfr'\%{uﬁlﬁg can benefit
from the exdimplés @RsicloSkew heaimuni caRs)efritay térigurys Pressvith esnpiesspig F8farenge to Figure 1, an

example integrally-hladed rtaief insludesapiwality of aifrilsed pxtrpging s8diglly Ay from a rotor
hub. The example integrally bladed rotor 50 includes a damaged airfoil _

pressuré turbine 34. The gas turbine engine 10 is cifcumferentially disposed about an

engine axis X. The gas turbine engine is an example turbomachine.

During operation, air is pulled into the gas turbine engine 10 by the fan 14,

15 pressurized by the compressors 18 and 22, mixed with fuel, and burned in the
combustor 26. The turbines 30 and 34 extract energy from the hot combustion gases
flowing from the combustor 26. In a two-spool design, the high pressure turbine 30
utilizes the extracted energy from the hot combustion gases to power the high
pressure compressor 22 through a high speed shaft 38. The low pressure turbine 34

20  tilizes the extracted energy from the hot combustion gases to power the low pressure
compressor 18 and the fan 14 through a low speed shaft 42.

The examples described in this disclosure are not limited to the two-spool
engine architecture described and may be used in other architectures, such as a single
spool axial design, a three-spool axial design, and still other architectures. That is,

25 there are various types of engines, and other turbomachines, that can benefit from the
examples disclosed herein.

Referring to Figures 2-5 with continuing reference to Figure 1, an example
integrally bladed rotor 50 includes a plurality of airfoils 52 extending radially away
from a rotor hub. The example integrally bladed rotor 50 includes a damaged airfoil

30 stub 56. During operation, the integrally bladed rotor 50 typically forms part of the
low pressure compressor 18 and/or high pressure compressor 22 of the gas turbine
engine 10. Theintegrally bladed rotor 50 is made of atitanium alloy, in this example,

but may be made of nickel alloy or other materials.
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30 stub 56. During operation, the integrally bladed rotor 50 typically forms part of the low pressure
compressor 18 and/or high pressure compressor 22 of the gas turbine engine 10. The integrally bladed
rotor 50 is made of a titanium alloy, in this example, but may be made of nickel alloy or other materials.
The damaged airfoil sthbgaindgeReirenptes-J8UERE KeRaNiae ITagriherdad ietegadis mounted
within a linear friction Weldir%(machine incorporating a fixture 54. The airfoil stub 56 is supported by a

collar assembly GHEG RS B SHARENEEVEEN A2 BRPTh RIS LEHG B LURAAGUth a leading
edge 40 of the afrkuur®54tuthb6Gi efoidl siubLEE Colaioa eisiap aiedt ar \asterablyaildogl rdgje ddrople airfoil stub
56. The sub-coll ingl 1] I ' 6. The
consumable porﬁ?nc%%?g %?rl?%ﬁrﬁn&% d%#gg) 'ﬁ%%%éﬁ#o%ﬁ%ﬁ&?@%éﬁ ?f"\%ﬁé%ﬁle describes
replacing a 8amaigedainsiisstub-catat®8rasseatatsie Wit arieiline ataeching sheairfoll dtithebinitial assembly
of the rotor 50. g exaiRRi&ai5H 63 eBcRGHRCHIS DRCHAYRN B SUFHRBNSIARH & @i concave (or

pressure) side 78. The consumable portion 86 is defined by a surface 75 that is typically aligned with the

portl ya: . :
convex side 74, $hd 3G AL HPIR RIS SAEREPRiHTAS BnHac) Jieios Wadnsumable
portion 86 of theAd i @eo8thsehassailaie raplpehigeatbiahagatcheiths e enusitey exanpidrfoil stub 56.
15A midline 82 of the cponsu le portig nd the portion, of t irfoil stub 56 within the sub-collar 68
is centered betwnééw{ﬁgj g%r@%ﬁ |§goa1a1n%rfﬁg%lj?wagégﬁ}§ attl%f (gi}t%g%éﬁ(\?gﬁ chord position X, the distance
D1 betweeh®he surfac&hsf ekamhefebdorsstdh énellwleseagmoiy ek d FasHetign)tissielistanred ®2 between the
surface of the coppRMRFiGRUEREFsHR 280 the SRR phrtibisce 18 DkpiRed B HdIABSA IS 20

positioned between (or bounded by) the surface 74 and the surface 78. During the linear friction

welding processt e THREAhABIINSHIYH EB8 CHBRX TS s ASHIRCE fBIHBh 8RS, A person
having skill in theliaficafvinie eicftotienewridiTg), Thed sheuvebleffiopd dhisalis thesursconaugs thderstand how
material is consumed during the linear friction welding. 25The sub-collagrs 64 and 68 are the same
material as the ;ﬁr oﬁqéjiﬁrgpﬁéoﬁﬁ%{ﬁ er?g{ﬁf'aege{}]rﬁgne?gl% ilc%i‘qr?l ﬁ?@ g)%lg%%le. In another example, one or
both of the Bub-collars B4 ihe 83k thiffenrsumaklecpiitionadtterddheqibsiab Gothehafeilscément airfoil 94,

or both. ReferringsnguniR Y 4iBS:&18 BN SERtBUNBLRELS A%E dRaIQUTS anftRE JpRIdcesent airfoil 94 is

positioned against the airfoil stub 56 and the consumable portion 86 of the sub-collar 64 at an interface
96. During the lif&8k {FefliRgIpiet €88 rROFdsR et distaaredd o Beinsrss tha kg ©rién a weld
direction D that isuganerslbhpansliaidoma ehesdhefdreeaisioib shistrke. D2 bByean virgtifesepacement airfoil
94 and the airfoi% stub 56 rapidly relative to h other t js huilt up, and will weld the two together. The
linear friction we then%o?é:%% %(Seesfg‘?lgﬁ%vj\;/‘%.ang%e mllafairfel’gaf1 R this exgmpr(]a, the mlceﬂlne%% IS

20 positioned between (or bounded by) the surface 74 and the surface 78.

During the linear friction welding process, the consumable portion 86 is
consumed while the base portion 90 remains. A person having skill in the art of linear
friction welding, and the benefit of this disclosure, would understand how material is
consumed during the linear friction welding.

25 The sub-collars 64 and 68 are the same material as the airfoil stub 56 and the
replacement airfoil 94 in this example. In another example, one or both of the sub-
collars 64 and 68 is adifferent material than the airfoil stub 56, the replacement airfoil
94, or both.

Referring now to Figures 6-9 with continuing reference to Figure 5, a

30 replacement airfoil 94 is positioned against the airfoil stub 56 and the consumable
portion 86 of the sub-collar 64 at an interface 96. During the linear welding process,
the replacement airfoil 94 oscillates back and forth in a weld direction D that is
generally parallél to achord of the airfoil stub 56.
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In this example, the consumable portion 86 and a portion of the airfoil stub 56 5 are consumed during the
linear friction welding. Again, the consumable portion 86 is sized such that the midline 82 is positioned
between the surface 74 and the surface 78. This arrangement causes material in the consumable portion

86 to flow away from, ra{hebihRuiewaedherrisfati FoauRE RS AhMinaler s IRplbs caaswmable portion 86

is consumed. As can be apprecijated, the midline js radjally extending relative to the 10engine axis X, in
this example. eaﬁ{‘tﬂ@eéxgﬁ%@ BRI Ry AR e e R R TR @%E%ﬁfergﬂﬁ (&1 YPthe section of

the consumable \pediogt8handetiskhbade stub 56. That is, the midline is centered between the surface 74

and the surface 78, an %?S%Q%répf éﬁ%n é(?ﬂ%?'%%ﬂgr%gﬁ%% %63%1?51% b%;ﬁrfgﬁl%? tR.geﬁlaﬁ &BB%%mable portion

86 includes substantially the sam _ [ O al (withir , for example) oneither side of the
midline. ¥ oBiecencmplediiring thedingar 82cisonaYding: réddBrieanBENsalenasting 8histhe surface 78.

However, in such gxagmiplesa the mtd(esstl saaronel sxinash RS aaaldReRsRfRe 780" the surface

78. Thus, it is possible that the distance D1 is not the same as the distance D2 After securing the airfoll

94 to the airfoil st 56 A96MRE! SaUsEH AR AHBRIEA 8 RE POHAHERIR 1haMiBNAE € hachined away
along with a portiaheptiibe treyat eheaint air toulbSEb an theonaeed thetledrtoissimbobbportiofr8atigres of the
disclosed examples.inclyde,later %%@ﬁancin the amaunt of cansumable material during a linear friction
weld to avoid poﬁﬁrf!srlfa? (_a'si'rAe%IC\ia\'/j';al s ﬁ%&méﬁgr@@ﬁ% wou 5%¥h%%rilgén er%(g??bve IL{eOd fom the resultant
linear frictid® 25 engiloejaxit X ni bl pexsngte. the consumable portion may contain more material on the

concave side than on theriveiside R Vieh neEreiRifcantcmerf snaiei alanope péthe sides could

cause material intended for expulsion from the consumable portion to flow back toward the airfoil stub
during the linearREE8PIWERIFRISURFRIS COHFBIRRS RS SHOLPEnd Ak IS BB S5 NS surface of the
consumable portienepédhetachaniie sarsectwihditie silfledaTalcinesivithsthacpoile abdbetiadrfoil to provide

inimate structurgl sugoar duina wslding. The sige,of 106 Aial 5 ed g deipring, log size of the
convex side of the collar and the siZé of thé concave side of the collar resufting the flow of material away
from the aidfail damngntiaé Matesieh(oiibimekdiogexamplEhenmiguedirg déberipdoneis exemplary rather than

limiting in nature. Variq“qﬁﬁ@@dﬂsggjqﬁg%a%tgg disslosatheyHBRIes, MRhesme ghparent to those

the surface 78. However, in such examples, the midline still does not extend laterally
past the surface 74 or the surface 78. Thus, it is possible that the distance D1 is not
the same as the distance D2 After securing the airfoil 94 to the airfoil stub 56 and the

20 consumable portion 86, the consumable portion 86 is machined away along with a
portion of the replacement airfoil 94 and some of the airfoil stub 56.

Features of the disclosed examples include laterally balancing the amount of
consumable material during a linear friction weld to avoid polluting desired welds
with the material that would otherwise be expelled from the resultant linear friction

25 weldjoint. Inthe prior art, the consumable portion may contain more material on the
concave side than on the convex side, or vice versa. Significantly more material on
one of the sides could cause material intended for expulsion from the consumable
portion to flow back toward the airfoil stub during the linear friction welding, which
can pollute or otherwise foul the weld bond.

30 The surface of the consumable portion of the collar in contact with the airfoil
matches with the profile of the airfoil to provide intimate structural support during

welding. The size of the airfoil is used to determine the size of the convex side of the



5 skilled in the art that do not necessarily depart from the essence of this disclosure. Thus, the scope of
legal protection given to this disclosure can only be determined by studying the following claims. CLAIMS
1. A method of attaching an airfoil for an integrally bladed rotor comprising: placing a support collar in an

installed positiongaui #ideasl deacinenfsls 8ot HsNEN Heo e instahaf g integrally

bladed rotor, a consumable portion of the support collar and the airfoil stub together having a midline that
is positioned beMWSﬁHE%ﬁr%‘f'l%%?ﬁl‘W%t&fcgﬁﬁ 4% the airfoil stub when the support collar is in the
installed position; and pagopracedi figedestrigtion vie|diecnpbeadd aineaitfeh toi thié rajriol atilrel0 2. The

method of claim,}, i i ilati icfoi i irfoi ' i irection during the
linear friction We}%ﬁﬁ%{.}%g %ﬁ%‘tﬁ%% oﬁggﬁr% g H\/’ﬁ/}é%%?r% %@%ﬁ%&%@&é@? d%& t%gtﬁ%%rcu mferential
15center of & sedfit adomtiiee ah diatnem ROp Begessainy dreai foMstim esprner: efidh 3alkeatosihy a plane that
is perpendicularfg e sialicerion dokbedmginet ol baraempiaihnaiial sinaispentered
between a first outer edge of the airfoil stub and an opposing, second outer edge of the airfoil stub. 5.
The method of cEAY P9 ALIAMNESHAIE side of the consumable portion is circumferentially spaced from
the midline a first distance, and a concave side of the consumable portion is circumferentially spaced from
the midline a second distance that is the same as the first distance.



6. The method of claim 1, wherein the midline extends radially. 7. The method of claim 1, including
machining away the collar after the linear friction welding is complete. 8. The method of claim 1, including
consuming the consumable portion of the support collar during the linear friction welding. 9. The method
of claim 1, wherein the support collar and the airfpil giia re formed of the same material. 10. The
method of claim 9, wherein the same material is a titanium material. S 11. The method of claim 1,
wherein the method comprises a repair operation. 12. A method of attaching an airfoil for an integrally
bladed rotor coniprising: poigBasiaphi ogtatdl &ioi hf anaimstetesl| y bkitlenrataicochpti fast a leading edge 10
and a trailing edge of irfoil st @ ipt I r I@ﬁ% airfoil stub
together haying a midﬁrrgg% t’hgtéd%é dﬁo?ﬂ@emﬁra 3‘%%%%%;8@%&%@] %ﬂ%‘s@%ﬁr ace of t % airfoil stub;
and performing IR aierticg erorefding (PhsdiRfraatontesraly Riprse setey, 2asassriableeeibenof claim 12,

including machinjpgayppdhecsirned aellaraifetipediearr FieHiRnavRiding that is positioned
between opposing, laterally outer surfaces of the airfoil stub when the support collar is
in the installed position; and
performing linear friction welding to add an airfoil to the airfoil stub.
10
2. The method of claim 1, including oscillating the airfoil relative to the airfoil

stub in afirst direction during the linear friction welding.

3. The method of claim 2, wherein the midline corresponds to the circumferential
15 center of a section of the consumable portion and the airfoil stub, the section taken

along a plane that is perpendicular to the first direction.

4. The method of claim 1, wherein the airfoil stub is centered between a first
outer edge of the airfoil stub and an opposing, second outer edge of the airfoil stub.
20
5. The method of claim 1, wherein a convex side of the consumable portion is
circumferentially spaced from the midline a first distance, and a concave side of the
consumable portion is circumferentially spaced from the midline a second distance
that is the same as the first distance.
25

6. The method of claim 1, wherein the midline extends radially.

7. The method of claim 1, including machining away the collar after the linear
friction welding is complete.

30
8. The method of claim 1, including consuming the consumable portion of the

support collar during the linear friction welding.



14.The method of claim 12, wherein the linear friction welding occurs generally in a direction between the
leading edge and the trailing edge of the airfoil stub. 20 15. The method of claim 12, wherein the airfoll
stub and the collar are formed of different materials. 16. The method of claim 12, wherein the support

collar is formed of a firsthaubedac el FRNIoWIRAIR BwPRYBdReckRFiIRsHadaiftineal ik stub and a
second sub-collar conf:(%ured to support the trailing edge of the airfoil stub, and with unsupported

positions betwedA'RFAFETANGLAY the second sub-collar. 17. The method of claim 12, including
consuming a first amount of material from 30a first lateral side of the midline during the linear friction

welding; and onsurrﬂg}g&gg%ﬁg%wm%% mﬂéegtgﬂefmm g%%@?ﬁ]%ﬁ@& iL%].side of the support

collar during the]hhear iction welding, the amount of material s the same as the second
amount of nfaterial. 8 18. An integrally bladed rotor comprising: a rotor hub; and a plurality of blades

extending radiall outwaidly@hdheretgraEhahiaashenephihsbladss bsiagrarured to the rotor hub

by a linear friction welding Soperation, the at least one blade including an airfoil stub portion that was
associated with the rotor hub prior to the attachment, and
12. A method of attaching an airfoil for an integrally bladed rotor comprising:

placing a support collar in an installed position around at least a leading edge

10 and atrailing edge of an airfoil stub in an integrally bladed rotor, the support collar

and the airfoil stub together having a midline that does not extend laterally past a
laterally outer surface of the airfoil stub; and

performing linear friction welding to add an airfoil to the airfoil stub.

15 13. Themethod of claim 12, including machining away the support collar after the

linear friction welding.

14. The method of claim 12, wherein the linear friction welding occurs generaly
in a direction between the leading edge and the trailing edge of the airfoil stub.

20
15.  The method of claim 12, wherein the airfoil stub and the collar are formed of

different materials.

16.  The method of claim 12, wherein the support collar is formed of a first sub-
25 collar configured to support the leading edge of the airfoil stub and a second sub-
collar configured to support the trailing edge of the airfoil stub, and with unsupported

positions between the first sub-collar and the second sub-collar.

17.  The method of claim 12, including consuming afirst amount of material from

30 afirstlatera side of the midline during the linear friction welding; and
consuming a second amount of material from an opposing, second side of the
support collar during the linear friction welding, the first amount of materia

substantially the same as the second amount of material.

8



an airfoil portion that has been linear friction welded to the airfoil stub, wherein a collar supported the
airfoil stub during the linear friction welding and is then machined away, the collar includes a consumable
portion that is consumed 10 during the linear friction welding, and the consumable portion and the blade

stub have a midlge thatisheyadee Ri@rnestdethRigryly outer surfaces of the blade stub during the
linear friction welding. 19. The integrally bladed rotor of claim 18, wherein the integrally bladed rotor is

15formed of a titaniumaarl%?f. hyB e integrally bladed rotor of claim 18, wherein the collar is formed of a
titanium alloy. 2021.Thephiettaly bk dxtetdirof rathaty Biwdneisedh tiveravve gubllywitkeateéebsotor is formed of
a nickel alloy. one of the blades being secured to the rotor hub by a linear friction welding
5 operation, the at least one blade including an airfoil stub portion that was associated
with the rotor hub prior to the attachment, and
an airfoil portion that has been linear friction welded to the airfoil stub,
wherein a collar supported the airfoil stub during the linear friction welding
and is then machined away, the collar includes a consumable portion that is consumed
10  during the linear friction welding, and the consumable portion and the blade stub have
amidline that is bounded by opposing laterally outer surfaces of the blade stub during

the linear friction welding.

19. Theintegrally bladed rotor of claim 18, wherein the integrally bladed rotor is
15 formed of atitanium alloy.

20.  The integrally bladed rotor of claim 18, wherein the collar is formed of a

titanium aloy.

20 21. Theintegraly bladed rotor of claim 18, wherein the integrally bladed rotor is
formed of anickel aloy.



