1 A Method O Manufacturing a Conponent by Consolidati ng Powder
Material This invention relates to a nethod of manufacturing an 5
aerof oi | conponent using a consolidated powder material union piece
and articles so manufactured. US 5,788, 142 descri bes a nethod of
joining conponents using an internediate part of conpacted and
formed particles. The conpacted internediate part is formed of 10
constituent el emBnMathpdr@f Mesufgrtviring ad@emponen proy iddasodidating
conposition simlar to the conpositggwhég ige cogponents. The
intermedi ate part is formed as a sh . i used in turbine
engi nes may be grouped into a unitary assenbly of simlar aerofoils,

commonly, and 15 generally known in the industry as a blisk. Blisks
are high val ue congaﬁépﬂgvaﬁﬁla?er%}a??%ﬂ$qlﬁﬂﬂe§&§@apﬁiWgnaéﬂﬁﬁérlng an
from handl ing and rerehi ShMg R alisORs a5 Wehko8Sda 848t FIVARS 1 Raterial
service damage fromingestion of foreign objects into the engine or

by erosion or Uld&n PéefheaRd aekbtlid 0 Beoubsetwvfedheir hi gh val ue

it is desirable to;repgigk I ons ades .and.di sks to
eturn the bl Pk s Sk, daTRAEcRonL O P%{lg{%ag%bégg“b?%p%é%mi‘%”ts
to deposit netalingontan t hientemeegkichtar ey | adfal | sechamidden aret al formed
deposition. 25 This techpni que nma aye .been acceptable for
conventional BI*4 égﬁﬁﬁf 2@1 rC8P8§8ge%sé“%§F8?ﬁé? SWHAER chh redimsd of
hi gher tenper ajowsesthyhtaeeeieheabr phtl ecbexl @ ecilamRgednbytutdeprovide
mel ti ng. Because aerofoils in turbine engines rotate at man

11 y
thousands of RPMIRYSd&rBBeStB* Ak FOi MieritdiPos3d 1o @&t GPE EaRPARTRLS
catastrophic effechserhbaiar@npfbi ecd frmkheaRr §sshted Nvention to
seek to provide an inproved nethod of manufacture of an article, or
particul arly repai RegpPfahlar tiefelositngbtonseny dazednpowder grouped into
mat eri al .

a unitary assembly of similar aerofoils, commonly, and
15 generaliy known in the industry as a blisk. Blisks are high
value components and are at risk from sustaining damage
from handling and machining . operations as well as
sustaining 1in service damage from ingestion of foreign
objects into the engine or by erosion or wear to the
20 aerofoils. Because of their high wvalue it is desirable to
repair damaged porticons of blades and disks tc return the
blisk into service.
One method that has been proposed is to deposit metal
onto the damaged area by localised molten metal deposition,
25 This technique may have been acceptable £for conventional
blades but newer blades use materials which can resist
higher temperatures but are more brittle and are damaged by
the melting. Because aercfcils in turbine engines rotate at
many thousands of RPM any damage to their internal
30 structure can have catastrophic effects.
It is an object of the present invention to seek to
provide an improved method of manufacture of an article, or
particularly repair of an article using consolidated powder

material.



2 According to a first aspect of the invention there is provided a
met hod of manufacturing an aerofoil conponent conprising a first

wor. kpi ece joined to a second workpi ece, the nethod conpri sing,
providing a first workpiece and a 5 second workpi ece, providing a
union piece formed of partially sintered,powder, the union piece
having an alignnment feature for aligning the first workpiece with

the second workpi Beeorasentd i agrihe: fadsdctivarkpiltece vertthen seeead is
wor kpi ece vi a the.glignnent f%ftU£e, ang agpl¥ing 10 heat_ and

pressure to cBReBIFTAL & tPRERIT st woRRBIEBEEUL HHE  2lnidS Ofréde Ghfgponent

second wor kpi eegpr Psei@r abkyrsbhewal kgngmnt s Jealdire GONPEiSes & F80ess,
into which at |east a portion of the second workpiece is inserted.
15 The second“W®r RSitECE MATRIGTEFFse PASeEdRE ¥ni bR 3 eterkpiredand a

partially sintergdspoydekpands havhng, @/l | GIMeRL of €3fiWe %;rmed of

conplenmentary to the alignnment feature and wherein the secon
wor kpi ece i s pénheetld tointrrashi gewdiesce tha theoml igiement Haedtur e an

and the conpl i a 'ggﬁpnt f.eature, Preferably the alignmen
feature is a %g?géﬁﬁ%%a%é receesfsoi%&lgﬁé‘%goﬁ% er%r%s% YRR i ﬁfqﬁh the
feature a pysasoddcaloxpdjeeet i aesdiiafienabtlye a fpesti o fpitsh® Ubd Orthe

pi ece is renoved éS foll ow ng consolidation by machining. Preferably
the first worRPFeL8 KWL RASSEr ddynaic 2SHPPETE ahB2thESseldfld aPplying

wor kpi ece1bashaat aghadyiaisersurfacensanddehe poet ifgrsef Jdedric@n the
pi ece renoved bl ends the aerodynam c surface of the first workpiece
to the 30 aeHBHYPART LTI UFTAEEENt HEr§BERBR- wor kpi ece. The

aerodynami ¢ surfacg . ofthe i E’ﬁlé wﬂ@mn%ﬁ%t By REe S-ESANE Ll ankess

or suction flank on the aerof ol corfponent .
into which at least a portion of the second workpiece 1is

inserted.

15 The second workpiece may comprise a second union piece
formed of partially sintered powder and having an alignment
feature complementary to the alignment feature and wherein
the second workpiece 1is connected to the union piece via
the alignment feature and the complimentary alignment

20 feature.

Preferably the alignment feature 1is a pyramidical
recess and the complementary alignment feature a
pyramidical projection.

Preferably a portion of the union piece is removed

25 following consclidation by machining.

Preferably the first workpiece has an aerodynamic
surface and the second workpiece has an aerodynamic surface
and the portion of the union piece removed bklends the
aerodynamic surface of the first workpiece to the

30 aerodynamic surface of the second workpiece.

The aerodynamic surface of the first workplece may be
a pressure flank or suction flank on the aerofoil

component.



3 The first workpiece may have a faying surface which abuts the
uni on piece prior to consolidation and the second workpiece a faying
surface which ab.uts the union piece prior to consolidation, wherein
the thickness of the union 5 piece between the faying surface of the
first workpiece and the faying surface ofy the second workpiece is

| ess than 500m The first workpi ece may conprise part of a unitary
assenbly of aerof Bhés.fiThe seodmdewer kpiveceavmya b&agingpaiur fPpatchvhich

10 for the aerpofoil conponent.. The net hod nmay conprise the step of
21 et e rEBLPE, ERO PR Ut (ot BEPE o Li St S e cond
and renovi ngwarRpiéten Of fehend i rsir raeEKPELS: CabnesSPaKt Ndntén Aiece

| east one of the standard zones to provide a faying 15 | ocation, _
wherein the aPFgRferf FEREALETRELeHe thfhiildte thisipiesremis tige unicn

fayi ng | ocati gRecBr gheqabl ytﬁ@efa%}ia{bdguqfégeeéffﬁﬁ? ag{ apgeg, al . ong. 4 he 4

| eadi ng edge and /or trailing edges of the aerofol According to a
second aspect tBf tiwyiingyesitd oire hef e the ZBqengviwiackd awst hbel dkss than
repairing an %@b@%?il conponent having damage or a defect conprising
the step of allocating the aerofoil wth a plurality of standard
zones, deternithengirtheveoheidece Wi Clrdrpe idanpget oo f def ecttaegi dessnbly
renovi ng a po%tg%}ogfiﬁge q@kpf%&! i agﬁgndance with the zone in 25h
whi ch the danBge °67 °défeét resi des ¥6 provide d 5w ng® FodaiPdrd, Pate
provi di ngla udbentpéegerd triedaripopantial |y sintered powder and
havi ng an alignment feature conplenenting the faying |ocation,
assenbl i ng a repai FPepdEHoo The SeFBFHIF W8 tHERuNPHn Apilecatiaad the

appl yi ng 30 heatsand,prgsisee §;0rigonsobidateidhecaerof didardink@hes andg
piece and repair patch. 4 Enbodinents of the invention will now be
described by removing a pertion of the first workpiece corresponding to
at least one of the standard zones to provide a faying
15 location, wherein the alignment feature of the union piece
complements the faying location.
Preferably the standard =zones are arranged along the
leading edge and /or trailing edges of the aerofoil.
According to a second aspect of the invention there is
20 provided a method of repairing an aerofeil component having
damage or a defect comprising the step of allocating the
aerofoil with a plurality c¢f standard zones, determining
the zone in which the damage or defect resides, removing a
portion of the aerofcil in accordance with the zcne in
25 which the damage or defect resides to previde a faying
lecation, providing a union piece formed of partially
sintered powder and having an alignment feature
complementing the faying location, assembling a repair
patch to the aerofoil via the union piece, and applying
30 heat and pressure to consclidate the aerofoil, union piece

and repair patch.



way of exanple only, with reference to the acconpanying draw ngs, in
which: Fig. 1 depicts a blade with a damaged portion; 5 Fig. 2 is a
depiction of the preferred manufacturing route for the union piece;
Fig. 3 is a perspective view of a manufactured union piece, aerofoi
portion and repair patch; Fig. 4 depicts agn enbodi nent where the
repair patch is 10 bonded to a second union piece prior to joining

to the first uni oimpp@teents gof Stdepictsntaimwraeriofloitows uixdi de dedi Heat oy
a series of resel ect nes. .Fig. 6.depicts a zone in which damge
has been 15 %&gnf% igggmé?%uﬁgdf’déﬁgé SQ%ﬁQE%Q%?O|P b1 Kde® SC HARAThG Y
a damaged podtrieetnndspossidbtiycidanaged by foreign object inpact (FOD)

or sone other wear _or i gct.danag .. The aerofoil 2 is forned of a
material suitable fof- gg %F??]ﬁ:%éaﬁﬁswfﬁﬁb?ﬁ%?m¢%ﬁqiﬁﬂﬂ@%FPy

preferred material sigare i ef ngbgl diLordl OYEnSUBR S BAMMRa b E 25 Wing
alumnide though it wl| be appreciated that the invention is
appropriate t&oRs€afsr ahie t el CUreSEi't uent al | oys. The damaged

portion has a rOUQbiﬁgrfBa(‘i%_ aé‘dp@&f&!&l%y vidy T&pal rmé%nﬁ?%ﬁ:%%bet%neion

surface is machined to provide a nore uniform surface
order |im Ra. pTheesuptaekohyroiia wl eadederpiefestabil;y using a swab

h of HF and H . foll f ' ' hay. .
Thi s Cprovi dos a of&dn 1 cCbekerbrth: PAEKIBNE Cor 18- Pepar 1 Bat th P40 A °

provi des a clean rec achnen
moul d or ditheboBddimensi snalecse@n wsidrakeneod bpheoraefof obinbh@dect oche
determ ne the shape of the, union piece required. The union piece
itself is forfedSof "AipoWAETCSith a particle dianmeter typically

bel ow 100m and prefegabbydepetoyww SOnmedd¥dihe s1,3060: 304t OndOPM sdhes of
powder prefer%az%e?ected Zones.

Fig. 6 depicts a zone in which damage has been

15 identified.

Pigure 1 depicts an aerofoil blade 2 having a damaged
porticn 4 possibly damaged by foreign object impact (FOD)
or some other wear or impact damage.

The aerofecil 2 is formed of a material suitable for

20 use 1in the gas turbine. Particularly preferred materials
are intermetallic alloys such as gamma titanium aluminide
though it will be appreciated that the invention 1is
appropriate to metals and their constituent alloys.

The damaged portion has a rough surface and before any

25 repair is made the surface is machined to provide a more
uniform surface finish of the order lum Ra. The surface may
be cleaned, preferably using a swab etch of HF and HNO;
followed by an acetone swab for a titanium alloy. This
provides a clean recess for attachment of a repair patch.

30 A mould or other 3-dimensicnal scan 1s taken of the
aerofoil blade to determine the shape o¢f the union piece
regquired. The union piece itself is formed of a powder with
a particle diameter typically below 100um and preferably
below 50pm in the range 20 to 40pm. The powder preferably



wi th the sane nom nal chem cal conposition of the aerofoil blade and
the repair patch. Wiere the two conponents have different chem ca
conpositions the conposition of the powder is preferably an
internediate the two conpositions. 5 O her powder conpositions may be
used provided the function of the repaired conponent is not

i npai red. The manufacturing process of the union piece is depicted

in Figure 2. #hehnobédskset nanspasedhémicalshapedsidienldd e WhirGhoil

the powder 12 is  inserted, conpacted _anpd 1 artially sintered to
formthe prefBiﬁ%ﬁ ﬁﬂgoﬁgﬁiéfgaiﬁ.pa?ﬁE'C@%ﬁE%tFﬁ@ pEs AP ONSTGE RES

order 200MPa witheidier SIHYnEdang Behpds Perdry Medeat camp&IPEI Rt UTE Ok e
around 600- 9000C for about 15-60 m nutes. The union piece 14 is

bespoke to t hBOtofponenPEeher#gly 157 | o Frigiesid tsr dfér ably R itions.
thi ckness X whigh.between ddhigodiaviong suyface,0fqt | h
fayi ng surface ofrbgie repé?ﬁxbétcﬁ of bgtmee% ﬁ% pnfgﬁgggggghﬁggf%%gn
the mgjoritycdftheroimiirakegaiponenhete wahdgwadeedrs to the

| eading or traili d bl ade it _Ls desirable that 20.the .
t hi ckness is betmggﬁg2 p&ggﬁﬁggﬁggnlSékéﬁggatofknébeI(ﬁﬁﬁqqn19%§ﬁ§ at®
w dth Y typi caébycthed weenF2gand 8mih&Fghecubdonspiteaaspdsé8 machi nedped

to forman align t., feature or features 16, 16' which will assi st
t he aIignnentdg%P?Fhén{%pgﬁ}c%afgﬁ BRYFET he? et of i “efhe AMRGRTERL and

25 featureoi spattidBlsi Bphested EECESS MO Y OOVErd iedl Whh Cbh @picce 14.
conpl enmentary_portion of the repair patch is inserted. Figure 3
depi cts a per $pecttiofeaGF el o IGiE ERbId neht LB &rsiest et W Rii vath the

piece 14, aergf{gidrh@ndelfPabtrPathdy 20. 1 Thenperf Qs bs ia&%%ge%oo—
into the groove in the union 30 piece till the nmachined faying face
of the aerof oPP0%4 fauebontcdbrespooitas -f1 at face 22 on the union

pi ece. The _uni on p.ecg, exi ends. v lf i Se. hevand o h, aerafoil e gl
both ali gnnment and t%e joining step |§ﬁ onsolida es(%%é) tnion ~€+19
pi ece withSt hgoarsof entl pndfeepaly pasch. thickness X which between the
faying surface of the aercfeil and the faying surface of
the repalr patch of between 200um and 200Cum. For the
majority of aercfoil repairs, where damage occurs to the
leading or trailing edges of the blade it is desirable that
20 the thickness is between 200um and 500um. Blade at this

location have a width Y typically between 2 and 8mm.

The union piece 14 is machined to form an alignment
feature or features 16, 1l6'which will assist the alignment
of the repair patch with the aerofoil. The alignment

25 feature is at 1its simplest a recess or groove into which a
complementary portion of the repair patch is inserted.

Figure 3 depicts a perspective view of one embodiment
of a sintered union pilece 14, aerofcil 2 and repair patch
20. The aerofoil 1s inserted intc the groove in the union

30 piece till the machined faying face of the aerofoil 24
abuts a corresponding flat face 22 on the union piece. The
union piece extends widthwise beyond the aerofoil to aid
both alignment and the joining step which consclidates the

union piece with the aerofoil and repalr patch.



6 The union piece is clanped to the aerofoil and the repair patch 20
connected to the assenbly using the alignment feature of the union

pi ece. The repair patch is provided with a recess which mates with
the alignment 5 features in the union piece. The alignnment features
enabl e the repair patch and aerofoil to be presented to each other

wi th correct positioning. Beneficially, it is possible to create

al i gnnent feat ur esTiwhi chiahl gueddee par tsatpedetassendl gdrbfodl0 EHSt the
one orientatign_thereby reducing the %hance of ~mstakes. As an

addi tional beh&Pft: the-dti % RCTFEATGFes "omay he P10 providde the
an interferenagiftent t Betbers epai thepahebnopiaeeof @hk t@paid patenh is
assenbly and reduce the nunber of clanps required. 15 As nenti oned
above it is dBEPYEBRR tHdt® tRe f%‘F%eg’g‘lCBf RHee univdihpi Bee B ignment

bet ween the fayipgrssrface 24 @knt Beac@erofoil and the faying surface
25 of the repair patch is kept below 500pm It has been found that
the thicker the uRionagileeaenihiidrtdses noratHavethhe e mapetdlal and

20 structure gs fhe. yirgin cast f il an pai atch..,20, the
greater the r?sﬁgo&%or%s or@ot%%fsreglécggt er%?ouga&grtéé%%% s ‘Harhgi g tSCt

the integritypof$ithenirepai rdnatiofaily, | nitan ast epnativee metbod cafeate

truction t i jece is attached to th foil and the
ol gnmont.  oat IFE I8 (TRt AhaP i GRLPSL CPRaStRt b bi Ry ed Ln

situ. Onceot hgupat chnebl adeeandt Lov oncid e0s anedldigned the ShiRWde of
j acket or bag is gl aced_around the,assenbll%/ and either evacuated or
filled with af*Phefes galst 8 nPARKF§8nat neeRg il of tigki bk BIeTYF fareures

aerofoi | or pabghpe Uni ol M3 niesaune ohcberuren.£5 and, 100 YA dcSair
applied to forma butt joint and heat is applied locally to heat the

uni on piece Patahbehdpragofehbetat @@ disPdtleenBERMRE IIG0OUer of
both fully si Bi%pé hleem%_pi ece and to consolidate it

15 As mentioned above it is desirable that the thickness
of the union piece 14 between the faying surface 24 of the
aercfoil and the faying surface 25 of the repair patch is
kept below 500um. It has been found that the thicker the
union piece, which does not have the same material

20 structure as the virgin cast aerofoil 2 and repair patch
20, the greater the risk of pores or other deleterious
artefacts damaging the integrity of the repaired aerofeoil.

In an alternative method of construction the union
piece 1s attached tc the aerofoil and the alignment feature

25 formed therein whilst the union pilece is in situ.

Once the patch, blade and union piece are aligned a
shroud, Jacket or bag is placed around the assembly and
either evacuated or filled with an inert gas to minimise
the zrisk of oxidation of the aerofoil or patch. Uniform

30 pressure of between 25 and 100 Mpa 1s applied tc form a
butt joint and heat is applied lccally to heat the union
piece to a bonding temperature of between 850 and 1200°C to
both fully sinter the union piece and to <¢onsolidate it

with the joint surfaces.



with the joint surfaces. 7 Due to the application of heat and
pressure a small anount of sintered powder is extruded fromthe join
to |leave a residue along the edges of the join. The residue is
renoved during the dressing stage along with the oversized 5 union
piece to achieve final part geonetry. Either chem cal or mechani cal
machi ni ng may be used to renove the residue and / or the union

pi ece. The conponehts &re ool &b dtcad livat efofhd¢die andeprb€shreman dnmall

m ni n se resi tresses_generated locally to the 0 join. A, post
joi n heat tregﬁ%zﬁg r?’g)s/ g%nu%%%dtg’of"a?fhérs ?%%cgeq e%i'fa}ﬂaltr}ﬁrég%‘és.to
The repair patehveny atstdbe graw des widbhsacBntpe jpieceras dapidied s
in Figure 4. In thiaﬁgnbodi ment Both the aerofoil 2 and the repair,
patch are provFU8ETN FHT $BParAF e MRS TR Do IR T AL FUF iEd ¥ ridif 3 Hisigqd

powder as desaribed pabeve.cBenafidal | ¥inkhe YRkON pieges are easi®ler
to machine than the aerofoil and repair patch particularly when
these conponEffEiate PHrHealdRiah i MEYFENSl My Mgt arded] Sudiereye2@he

titani um ganmacal uminige. , As- the wpibon pileces are easier to machine
it is possible to provide better and nore elaborate alignment

features. For exanphe, comp®Eigure e moodkdgatent rateavfir eheénotder 5°C /
first union pjiece. 14 i.s.a.pyranm.di rojection 26 uch al.i.gnnent
?ﬁg Bétplﬁlﬁlggzgg%gaﬁgq.S&Eeéses gene eﬁ'%ﬁﬁ@&ﬁqughghe

features aid ing O € Uuni on pleces’an Eoiise

j oi ning oftCt hgoimer &f gidstwi tbit heerepaincapatah. mdgr imususedi frocationer
may be made w t hout degaéti ngs& fromtale inventive concept. For

exanpl e, the GRFBHS pf By B $°5Ffed primarily 30 as a generic

cube which is machthed repakits fdeal w4} menssops. AB I therh 2 union
alternative the union piece may be fornmed by a process of direct
net al deposit PeRCRhaFedppihgeed in Figure 4. In this embodiment both the

aercfoll 2 and the repair patch are provided with separate
15 unicn pieces formed from sintered powder as described
above.

Beneficially, the union pieces are easier to machine
than the aerofoil and repair patch particularly when these
components are formed of an intermetallic material such as

20 titanium gamma aluminide. As the unien pieces are easier to
machine it is possible to provide better and more elaborate
alignment features. For example, in Figure 4 the zlignment
feature 1in the first union piece 14 1is a pyramidical
projection 26. Such alignment features aid the butting of

25 the union pieces and conseguently the Jjoining o©of the
aercfoil with the repair patch.

Various modifications may be made without departing
from the inventive concept.

Fcr exXample, the union piece may be formed primarily

30 as a generic cube which is machined to 1its final
dimensions. As a further alternative the union piece may be
formed by a process of direct metal depositicn where powder
or wire is fed onto a substrate, which may be the aercfoil

blade, whilst the substrate is heated and partially melted



or wire is fed onto a substrate, which may be the aerofoil bl ade,
whi |l st the substrate is heated and partially nelted 8 by a
traversing | aser beam The traversing beamforns a nelt pool into
which the powder is directed and nelted. As the nelt pool cools the
powder solidifies to provide a deposit w,th a height. Repeated

passes of the |aser over 5 the deposit enables | ayers of powder to be
repeatedly pspvidetdiapardirgl | yzs@t t BdaandThel itdisficedihheralyn forms a
i ncreasing the ?ei ht. of the de 03|t Beneficially nanufacturlng Vi a

this route, a%th ?%%e?nﬁ%rT?h CNEi RS e Porgerd ippd @elted. As

possi bl e to dispense tof pan 1aoadsl tirenapopddt | ab1 slDt £&s SLRP. phdy SAUTE,
circunstances it may be possible to sinter the material w thout

heating it t e%P%%%péF%?uFehﬁlWWHcﬁkﬂﬁaﬁ€?t§a3§ﬁmIQ%I&MGMAFP§¥ PHer
above inveptipn. hag heen gﬁ§51é§’edla‘§4etr@ rgsp teg agr,of 0l 'Sre%%%tedly

repair patches 15 therefore it will "be apprecia that t
invention is Emm&ﬂdqdéuuwnﬁﬂﬁxﬁhiyto meheedcon@@@entspkﬂdﬂﬁmEd nsitthereby

t he aer ospace, inhdustry or, out he rospace |ndus
ener gy |ndustrycr??51m¥l Ee apg}e Péted%fhaﬁg?he EGLNLE des§¥%ﬁg&Cl§ély

i nvention pr Cl\lardﬁfSa(ﬂ:LrﬁJrﬁjl weiJay shipl erande) OW&@OSﬁhe soldddron faf-ially
repairing co t he conponent. parts are§£rovided

eonetries.
with alignmentt %? ethgowgﬁﬁir:“brééesgo%%ﬁi%% &Gt offaFRENSTheet an

i nventi onlhaSa@@m&mcrw@@la/m thiespested 0 25 RawkeNGiWRLEBLRHBEES it
specifically deshgned for the repair required. Because the union
pi ece has to BeY nBRAuPaEFLPed TOsiSngtepeli sl Petesdatl pieinonhi §eghhnpelt

tinme consum ng, . padfd égggyyeya@hgﬁgcgkgk[%é%%% needs to be ordered for
manuf acture. It 1Is deS|rab e to have the union piece, where 30

possi bl e, as a stotknilamy, Wierleltde pilece &'30¢e st bokentesn thes been
repair patch pry. 50, 0¢;3,StRE,ddEM AN, PISFATANAGd  1opair patches
15 therefore it will be appreciated that the invention 1is
equally appropriate to other components either inside the
aerospace industry or outside the aerospace industry e.g.
the energy industry.
It will be appreciated that the above described
20 invention (provides a relatively simple and low-cost
solution for repairing complex geometries. As the component
parts are provided with alignment features the repair
process can be automated.
The invention has Dbeen described with respect to
25 having union pileces specifically designed for the repair
required. Because the union piece has to be manufactured
using speclialist equipment this c¢an be time consuming,
particulariy where the pliece needs to be ordered for
manufacture. It is desirable to have the union piece, where
30 possible, as a stock item. Where the piece 1is a stock item
the repair patch may also be a stock item and pre-arranged
with the union piece.
As depicted in Figure 5, tc make the union piece a

stock item the most frequent repalr reasons and locations



with the union piece. As depicted in Figure 5, to nmake the union

piece a stock itemthe nost frequent repair reasons and | ocations 9
are identified. As nentioned above the nost typical region
experiencing damage in a aerofoil is its leading and trailing edges.
Each edge is subdivided into a series of jzones 30 to 38 extending
part-way along the length of the 5 blade. The zones can overlap Wen
damage or a deftectidestifieadi fAedmentidreed|ated hthe 20 i typiiach ddgion

occurs i s determ ned throuq? routine ins ecé;gﬁ Mat er i al is renoved
from the bl ads”Bet b Hat’'€h LIS of Pl 2 of *F 47 Stlanddr d2 2 dnel $3F WA c R

it is found. toaRepmyakdekstatachaledse tihe simndar@dazone can kesubt of
the nuch nore of the aeraofoil being machi ned away than strictly

required to sFApEY pPovde fa WG BIs RPEADNRY  BEOBE L ABRI AGNSANNER the

repair, assshgwggen fﬂéugéhég\@Q%r%vgggaganage 4 occurs in zone 32
and the whole of zone 32 is renpved. 15 A nunber of stock union

pi eces equi val ent W%@ne%RWﬁQﬁ ox e dedRes aﬁelﬁambiéxﬂdwxnjQﬁﬁjblade the
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A nethod of nppyfastarings afpae W AiilieCaMROReRte suitable for attaching
a new repailr, as shown in Figure 6 where the damage 4
occurs in zone 32 and the whole of zone 32 is removed.

15 A number of stock union pieces equivalent for each of
the zones are manuiactured and supplied to the repair
facility in advance. The repair patch 20 may be pre-
assembled to the union piece allowing the piece to be
tested prior to supply.

20 The union piece is assembled to the asrofoil following
the procedure detailed above.

It will be appreciated that by following the above
method a repair may be made to most locations on the
aerofoil using a relatively small number of stock items.

25 Where damage occurs outside a designated zone it will be
necessary to manufacture a specific union piece for that

damage.



conprising a first workpiece (2) joined to a second 5 workpiece
(20), the nethod conprising, providing a first workpiece (2) and a
second wor kpi ece (20), providing a union piece (14) forned of
partially sintered powder, the union piece having an alignment 10
feature (16, 16', 26, 26')for aligning thﬁkfirst wor kpi ece with the
second wor kpi ece, assenbling the first workpiece to the second

wor kpi ece vi gLamdgsS al i gnnent feature, and applyi ng heat and pressure
to consolidate the first 15 workpiece, the union piece and second
wor kpi ece. 2. A nethod according to claim1l, wherein the alignnent

feature conprisesaa meeess i MO WiHlfaalureagt anpordd@rc0fl th@ponent
second workpiece is inserted. 3. A nmethod according to claim1 or
clai m 2 wher eFAMPRES D skconid Shor KPiFéEeSF20) (tbnprésead a tsecend second

union pieceg (fdripid&d jof par tieahby §é§5f¥§y$g90mder and having an
alignment feature (26') conplenentary to the alignnent feature (26)
and wherein the seRet pi ddasits wegkneeted(2b 3t ansarondivwedpieas
t he alignnent(ﬁggture and the conplinentary 25 alignnment feature. 4.
A net hod according to any preceding claim wherein the alignnment
feature is a pyramdicialinecessunbonA mistdeod (ddg¢or dbongetio «f aipmr3iaily
wherein the o ‘Iﬂe ntaorvydezi}_jig ment feature.is a %ran‘i di cal __30 ‘
projection. 6 A Tethod accordi ng -t o "4ny  prBLEDT ngrp YHim dtherfeilgrgent
portion oflot hecarnion pigcelés, reapved’ fold awiingireonsel i datdtonddkpisce
machining. 11 7. A nethod according to claim®6, wherein the first

wor kpi ece hasVhh? aetoRARART "S5<PaEESand the second workpi ece has an

aerodynam ¢ surf acgs adih1tihgy RQﬁJiEQQSQfWBP@piece to the second workpiece
via the alignment feature, and
applying heat and pressure to consolidate the first
15 workpiece, the union plece and second workpiece.
2. A method according te claim 1, wherein the alignment
feature comprises a recess into which at least a portion of
the second workpiece is inserted.
3. A method according to claim 1 or claim 2 wherein the
20 second workpiece (20) comprises a second union piece (147)
formed of partially sintered powder and having an alignment
feature (26') complementary to the alignment feature (26)
and wherein the second workpiece is connected to the union
piece wvia the alignment feature and the complimentary
25 alignment feature.
4. A method according to any preceding claim, wherein the
alignment feature is a pyramidical recess.
5. A  metheod according to claim 3, wherein Ehe
complementary alignment feature is a pyramidical
30 projection.
6. A method according to any preceding claim, wherein a
portion of  the union piece is removed following

consolidation by machining.



uni on piece renoved bl ends the aerodynam c surface of the 5 first

wor kpi ece to the aerodynam c surface of the second workpiece. 8. A
nmet hod according to claim7, wherein the aerodynam c surface of the
first workpiece is a pressure flank on the aerofoil conmponent. 10 9.
A met hod according to claim?7, wherein tq%taerodynanic surface of

the first workpiece is a suction flank on"the aerofoil conponent.

10. A net hod accox dimgrtal arycpracadi ngo cldiaim waer ekRetden fiHsSt First
wor kpi ece (2) has a faying surface (24) which abuts 15 the union

pi ece pri or tﬁpgkﬁﬁﬁﬁ?da?g%n dhd TRE WOrKpiPECe RS a thgyi mgceond

surface (25) wbiehieditisad hen WHQRiynR@EesF F ke tohEONROlddlaticdNof the
wherein the thickness of the union piece between the faying surface
of the first YwtkpPetecan8mPHedf BYFRYS siffagereflyhhelicesprdace of the
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10, wherein the thickness of the union pifece between the fa
surface of theofkpstce workpi ece and the faying surface of the second

wor kpi ece is gbet o) . t hod accor.di ng to, any.
precedi ng cl af m &ﬁﬁﬁgﬁ%“fﬁgxxgﬁﬁgk %gr%%?é@évgdﬁ%?§%%% %%ﬁté%ﬁ0%¥na +e
unitary assenbhyfafe abrohei fsSrst3woAkpee¢twdiaceopdngute d@nynk on the
precedi ng claim %he ein the _second workpiece is a repair patch for
the aerofoil “30° ?ﬁéxﬁﬁﬁﬁqn k- A method according to any preceding
claim furbhes. conprésidg dhwrstien eb ahhoeat] nghéheidinsd MVIRINGEE
with a plurality of standard zones and renoving a portion of the
first workpi eErEd7? eSportdiend 6 CatvLERdLCBne Sofa t Hecubon sEhpkr gn the
zones to provide,fofRyddigpdrRgation, wherein the alignment feature of
t he uni on piece conplenents the faying

10. A method according to any preceding claim, wherein the

first workpiece (2} has a faying surface (24} which abuts

15 the union piece pricr to consclidation and the second
workpiece has a faying surface {(25) which abuts the union
piece prior to consolidation, wherein the thickness of the
union piece between the faying surface of the first
workpiece and the faying surface of the second workpiece is

20 less than 2000pm.

11. A method &according to claim 10, wherein the thickness
of the union piece between the faying surface of the first
workpiece and the faying surface of the second workpiece is
between 50 and 500um.

25 12. A methed according to any preceding claim, wherein the
first workpiece comprises part of a unitary assembly of
aerofoils.

13. A method according to any preceding claim, wherein the
second workpiece 1s & repair patch for the aerofoil

30 component.

14. A method according to any preceding claim, = further
comprising the step of allocating the first workpiece with
a plurality of standard zones and removing a portion of the

first workpiece corresponding to at least one of the



| ocation. 15. A nethod according to claim 14, wherein the standard zones

are arranged along the | eading edge of the aerofoil. 16. A nethod
according to claim14 or claim 15, wherein the standard zones are arranged
along the trailing edge of the aerofoil, 17. A nethod of repairing an

aerofoil conmponent (2) having danmage orl4a def ect conprising the step of

al l ocating the,,aerQf %hgﬁg E:t% f%goé;roaé iéyf%@ aa@@g@iéggg%h@%ﬁ&the .

determ ning the zone in anmage or ect resi renmovi ng
portion of théigenefbifeatuzeodr ddrcaniiohhptihee zonglémenhs cthé heagiampge or
def ect resid?s to.provide a faying location, providing a union piece (14)
formed of pa PF%H@”‘ sintered powder and having an alignnent feature

conpl enent i ngst heaf agthgd! aeabr@ing asserbhing 13, r epride ipate (20QndHrd he
aerofoil via the wunion piece, and agglying heat and pressure to
consol i dat e ERBES aRFDIDTIANARA G OpPekBe ahth Hidphigdgsatch thegaenofei hod

accordi ng to gl ai erel ne.standar zones., a r e t he
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to 18, wherethe thenflayingohesatronarsarggesurdlacey bowendi meg ltivey zaiye | of whi ch

t he defect or, damage_was | ocated. 20. A gas turbine engine incorporating an

aer of oi | coﬁB%n%% Of&uf act ur ed according to any of the preceding clains.
17

A method of repairing an aerofoil component (2) having
damage or a defect comprising the step of allocating the
aerofoil with a plurality of standard zones (30-38),
determining the zone in which the damage or defect resides,
removing a portion of the aerofoil in accordance with the
zone 1in which the damage or defect resides to provide a
faying location,

providing a wunion piece (14) formed of partially
sintered powder and having an alignment feature
complementing the faying location,

assembling a repair patch (20) to the aerofoil via the
union piece, and

applying heat and pressure to consolidate the
aerofoil, union piece and repair patch.
18. A method according to claim 17, wherein the standard
zones are arranged along the leading edge of the aerofoil.
19. A method accorcing to any of claims 17 to 18, wherein
the faying location is a surface bounding the zone in which
the defect or damage was located.
20. A gas turbine engine incorporating an aerofoil

component manufactured according to any of the preceding

claims.



