1 A Method O Manufacturing a Conponent by Consolidating Powder

Mat eri al This invention relates to a nethod of manufacturing
an 5 aerofoil conponent using a consolidated powder material union
pi ece and articles so nanufactured. US 5, 788, 142 describes a

met hod of joining conponents using an intermedi ate part of conpacted
and formed particles. The conpacted interquiate part is fornmed of 10
constituent elenental particles which in adm xture provide a

conposi tion sim | AarM¢ihdch ©fcuaposidirangf a tdeppaEpe e iconsbiedating
internediate part is forned as a shget Aerofolls used 1n
turbi ne engi nes may be grouped i nt o=22 % “Xsenbly of sinilar
aerofoils, commonly, and 15 generally known in the industry as a
blisk. Blisks are hi%ghvajue conponfnts and are at risk from ]
sust ai ni ng danmage f HEh @ g ahd i“Ri AgREUHt 45 GRsuaRchgtingan
sust ai ni ng in sekyEcel dagagenéfoMusiggstd 0Bo@doifiaeban LRdRE! SndtHQ a1
t he engi ne or 35 erosjon or wear to the 20 aerofoils. Because of

their high val Y81PE RieCfedNPaBFEites SPaPr YAftde8dporti ons of bl ades

and di sks to returnughe, tdd, Skoi Hfc@csehdd C£ method G BRLENRY EhRlolas s
been proposed is,to deposit netal, onto the damaged area by | ocal i sed

nol ten nmetal dEPoRPti BR. 2BUgHPRAiELEhniPGEE nBY h&PEPREET acEht distr@ed

for conventionghrblanas. buhe nQRbabladlesntsmdMEeE! A5 Wi &N :680ed of
resi st higher teggeratures but are nore brittle and are danaged b

: . ) . Y .
the melting’ BERATSE- U ofTE ALt BRBF IRt sengithes Bt AfBintutfargrovide
thousands of REM:a#myosaimae sitilhel o itHeetBAboS0 &I Uet Whe EafpdiaMf s

catastrophic effects. i

t It is an object of the present invention'
to seek to provi8elBPiTRsHEv8dPAEE Hod T6FmAAAF &cEhrBtof an articl e,

or particularly repgforRfilandehi ¢hecsbie RSALEJRLEdLPOMES ped into
material. 2 a unitary assembly of similar aerofoils, commonly, and
15 generally 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 in service damage from ingestion of foreign
objects into the engine or by erosion or wear to the
20 aerofoils. Because of thHeir high wvalue it is desirable to
repair damaged portions of blades and disks to 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 meore brittle and are damaged by
the melting. Because aerofoils 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.



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 nmethod conpri sing,
providing a first workpiece and a 5 second workpi ece, providing a

uni on piece formed of partially sintered powder, the union piece

havi ng an alignment feature for aligning Ehe first workpiece wth the
second wor kpl ace, assenbling the first woirkpiece to the second

wor kpi ece via the aldgnrEnty teaturerstantpepl viengnd 0i heatt idRd there is
pressure to conso‘lriéiacle t he Iéi st _wor kBi ece, the union piece and
second wor kpi eRESCVIAES a2 pPEFRPALPY {RBUSIT YIS Tea? T oddnpiamPeseat
recess into whtehpatsirgast frpor wbokpidcd hwineaond WOEKPLEREdikpiece,

i nserted. 15Thg secopd rkpi ece may conpr.ise a second unjon piece
formed of partTsF1 JSEITR oFEP oSy MG RAVIhos ad LAFF HABKEL Tt 1kt 2
conpl ement aby becdrite aldpieot, f eptotriRiiagd whenRidh t & SRCOMrmed  of

wor kpi ece is connected to.the upion piece via the alignnment feature
and the conpl i REnt Yal SYRRBTRY 2@ WEEE ur ethe  Unippesieast y hAydng an

al i gnnment featsrggrinend Fyaentéli £ a1egRSSg afkk tMeseoNPHBIRMARY th the
alignment feature a pyram dical projection. ) Preferably a
portion of theS¥fih BPEERISCS! e‘%ii)gé@liggf deowd g tc rIdIRig&E: die bihe

machi ni ng. sedref enabitph ddie Wi sthanos ki@ thagadiraer ad¥nNafbtying
surface and_the second wor k{l)]iéece has an_aerodynam c surface and tﬁe

portion of ' he'Sfi ot Di BES T F0Ed PrERER e s deyifanierkpiraee bhe

the first workpieae gieckhendkaenadysam G sur f ace of the second
wor kpi ece. The aerod%nam' c surface of the first workpiece may be
a pressure flank orf*§GEFFBRY f FARK 2GAIPRRNAefBRBITC COMPINERS. @ 3recess

The first workpi@eeyRBdh hayeldadtayd Ngo Slohacl WHCh RBHES JbBeLULON; 5
pi ece prior to consoljdation and the second workpi ece a faying
surface whi ch Hb5iR*¢®Che union piece prior to consolidation, wherein

the thickngss of tR®eUBELEARd 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 1is removed

25 following consolidation by machining.

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

30 aerodynamic surface of the second workpiece.

The aerodynamic surface of the first workpiece may be

a pressure flank or suction flank on the aerofoil

component.



5 piece between the faying surface of the first workpiece and the

faying surface of the second workpiece is |ess than 500pm The
first workpiece may conprise part of a unitary assenbly of aerofoils.
The .second workpi ece nay be a repair patch 10 for the aerofoil
conponent . The nethod may conprise the step of allocating the
first workpiece with a plurality of standgrd zones and removing a
portion of the first workpiece corresponding to at | east one of the
standard zones to pfhovi derst fayikgets Iragatiaee, avhenging the fakkghmeah

feature of the_unjion piece conplenments the fayi | ocat i on.
Preferably theagltlgsr’\d%}?ed uzn&r?élsgg?%e HrEFgdd ﬁ?%%%qﬂ’?élf’ﬁaﬁ’i‘%gtf?d@?cﬁﬂﬁ
/or trailing edgekpifcd he awmvahagi |surfeeer dinight cermtsecomsl aspest pakce
the invention there is 20 E'provi ged a net had %b regairing an_ aer of oi |

conponent havi RG-8anegeC T2 *48F&8Y BRI 1=t FRLSET oo TalthEc APEAR

the aerofoi I5 wplbca ipdumeahi tiie of apirandardazonss thdetrer 5t Nt dikezane
in which the dggﬁgg orndef ec% r esi es renovi ng a portion_ of _the
aerofoi | in accOFddREE"hi CHETAES 28he R PSCRRT cHOF R Hefimab®e OFSHetBeER
resides to provddiena faying |ocation, providing a union piece forned
of partially sjll,nt e#ed tpowclgr .and havi ngl an alignment feature

conpl enent i ng the iy OrSRATFo R asSERbEPRPH & &hafr UPLITH 35 SERBLY
aerofoil via tbe earefojlecerhanckapal ydigp3Ochenty and Rraspdie p@tch
consol i datgot hg aer of i |, .upjon "Fi ece _and repair patch. 4

Enbodi nent $ Yof T the T PEAPE8h! WiTPORSR  be described by way of exanpl e

only, with referencee onétidacaDPatHDGedr @ Ngsep | BEWRIIGRzaEL the
depicts a blad?,vvith agan‘%?egd ortion; 5Fig. 2 i5s adecPiction of the
preferred manuf &5¢t'ur PRGPY Fort Re RMFHIpYed; standard zones and

removing a portion 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 aerofoil component having
damage or a defect comprising the step of allocating the
aercfoil with a plurality of standard =zones, determining
the zone in which the damage or defect resides, removing a
portion of the aerofcil in accordance with the zone in
25 which the damage or defect resides to provide a faying
location, providing a union piece formed of partially
sintered powder and having an alignment feature
complementing the faying 1location, assembling a repair
patch to the aerofoil wvia the union piece, and applying
30 heat and pressure to consolidate the aerofoil, union piece

and repair patch.



Fig. 3 is a perspective view of a manufactured union piece, aerofoi
portion and repair patch; Fig. 4 depicts an enbodi nent where
the repair patch is 10 bonded to a second union piece prior to
joiniing to the first union piece. Fig. 5 depicts an aerof oi
subdivided into a series of preselected zones. Fig. 6
depicts a zone in which damage has been 15 identified. Figure 1
depicts an aerofoil blade 2 having a damaged portion 4 possibly
damaged by forei gn Bhpetimesntgact CRODInomisome walhenoweas @Esdnpact by
darmage. The aergf,0il: 2. r f aJgmterial suitable for 20 use |in
the gas tur bi néigt”Pa%fti%%%aﬁrﬁ%yn%?l ’er‘?letg‘arr%%errleacse are T ePHETIRINYE NI
al | oys such asdganpwgs.d tianiwbdcht umi ni de though it will be appreciated

that the invention Ls. apprptiate, t tals and their constituent
al l oys. The danaged#%%TﬁiS%B%gggéa#%ﬁge LHF} S SPHRBS D H T PRy 25
repair is nede the 5igfatelissandepicieibnt @price derefeipee mahbAdBuring

surface finish rder . hi ...Jhe surface may be cl eaned,
. rgtlté h@o% tgt%c HH%& :}%ec-le;

preferably using a swa and HNO3 fol |l oned by an acetone
swab for a titaniunf&l oy.ighdspprepdatéseavibeantr ecassufaftured union

attachnment of a. ai . A mpul.d_or_.ot her 3-di nensi onal scan
is taken of thgl%(g?bf%elﬁ%%tgﬁgdgg’?%m&lggggn}fe eaﬁrhé’agﬁgpe of the union
pi ece required. TheFimi dn depecesi dsanfboddémbot netk:ef tacpovplerr Wdthhais

particle di,ameter pically_ bel ow 100pm and preferably bel ow 50pmin
t he range Q% t%gﬁ?)%%/n k?hea pEndd plf’réJTOE’r ani§re PWi%h W\:ejgh‘?@“%o n&Pe
chem cal conpos$itsonmfont bécaerof oil bl ade and the repair patch

Where the two conpanent ave different .chem cal. conpositions the
conposi tion of theq%“ §r 85 %F@%iﬁFﬁfghfiﬂﬁ5¥ﬁ%&g§té“T?m?t%ﬁfles of
conpositions. pré&kdlerctpawdensgsonposi tions may be used provided the
function of the reg@ired co qﬂspt IS not i i

aired. The

manuf act uri ng process of ot heRinion Pi et¥q s eplttdy @ARIGUrES. PERR

nmoul d i s tr&nsposed fieda shaped die 10 into which the powder 12 is

Inserted, conpact edEi%th:e 1 depicts an aerofoil blade 2 having a damaged
portion ¢ possibly damaged by foreign object impact (FOD)
or some other wear or impact damage.

The aercfoil 2 is formed of a material suitable for

20 wuse in the gas turbine. Particularly preferred materials
are intermetallic alloys such as gamma titanium aluminide
though it will be appreciated that the invention is
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 lpm Ra. The surface may
be cleaned, preferably using a swab etch of HF and HNO;
followed by an acetones swab for a titanium alloy. This
provides a clean recess for attachment of a repair patch.

30 A mould or other 3-dimensional scan is taken of the
aerofeil blade to determine the shape of the union piece
required. The union piece itself is formed of a powder with
a particle diameter typically below 100um and preferably

below 50um in the range 20 to 40pm. The powder preferably



10 partially sintered to formthe preforned union piece 14. The
conpacting pressure is of the order 200MPa with the sintering being
performed at a tenperature of around 600- 900C for about 15-60

m nut es. The union piece 14 is bespoke to the conponents being 15
~joined and preferably has a thickness X which between the faying
surface of the aerofoil and the faying sugface of the repair patch of
bet ween 200pm and 2000pm For the najority of aerofoil repairs, where
damage occurs woth hehd exmdienquoovingil achémigaddgespositiwe bl Adehd tasirsfoil
desi rabl e t hat h .ckn S tween, 200pm and 500pm Bl ade, at
this |ocation Rg%%é agnvé B‘élﬁé(f%@aﬁirc t%l%?v}geFr\}veeléen g%eanﬂ'%rﬁf?mpone“ggrhaave
uni on pi ece 14diSfamatti nedembedlor weapoal iignsenthd eatowpes ot i dreatodr eshe
16, 16'which w.l| si st hgnpent _of the repair patch with the
aerofoil. The %’Y%%Srrelnf %% iserg%geglgsl% =5 eslgﬁﬁpﬁé%tgbor%‘g%qf?lﬁons‘
groove i nt o>whPtlena reonplrerenpas it ipost nep lof Uske pepaidedaiteh fiudction
i nserted. Fi,gur . i rspective view of one enbodi nent
of a sintered aﬁiéol%' pri%ggég%ﬁ,&%@rooﬁglgll né)trt{‘dl?‘gﬁnaﬁd'patch 20. The
aerofoil is insertdhe nmentfiectgrmoge prnoddes upifontBE piee tipikckheis
machi ned faying_ face .of. t erotoi |, 24 abuts. a corresponding fl at
face 22 on theg%%%%dpilgcgaﬁﬁg fGhi lSHeplin%%tée etffﬁ’s\ﬁiogﬁﬁwtgeabég%%d
the aerofoil taéiail) biotte ahighmehé aowbdrna?j asningested Wircted and
consol i dat the .uni.on pi.ece With t aerofoil and repair patch. 6
The uni on g;aec%arlts"aéll é{nﬁé&%t%e?héoa PofoitMaRd® ﬂﬁm?‘gpﬁ’i‘?o’ga?i:%CGZOM'
connect ed to tTi@ asszazmﬂty.n@sig@stslu%a!iisgmferﬁhe‘ eatd e poNHe um@ronthe
pi ece. The rep%{l{ Rat h 1S nBr QY ggd W ta a recess i ch

. tering bei erior tempera e ?ates wétQOO—
the ali gnment datures in-t Re union pieck. H&®aPtgftfBHE
f eat ures enabl @ a*hefoepaiqutpateht ancthwaesof oil to be presented to each
other with correct osiu%i.gni ng.ceBefqef.i ci.al | é iE its}b ossible to ,
create alignment f@aturB3SHhhPEr altows REBRFEs™T otlbe SRWSISIED PRingd
j ust one oLbenjainean dnkierekfereldliei ngs thetichameesolk mhstakestwédsn athe
addi tional bengfit, the align features. may be sized to provide an
interference f11Y W% hsu[rr%c?eﬁg?&%ﬁataceﬁoéf’ﬂae?%‘? orf®t §2¥E0 ag‘é’éﬁﬁﬁey of
and reduce thetunbepaf ehaops dfequétvethn 1Z08mreatd onedoghoveadrt iise
desirabl e that_the .tthi ckness . .
majority of aerofoil repairs, where damage occurs to the
leading or trailing edges of the blade it is desirable that
20 the thickness 1is between 200pm and 500um. Blade at this
location have a width Y typically betwsen 2 and 8mm.

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

25 feature is at its 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 piece 14, aerofoil 2 and repair patch
20. The aerofeil is inserted into 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 pilece extends widthwise beyond the aerofoil to aid
both alignment and the joining step which consolidates the

union piece with the aerofoil and repair patch.



of the union piece 14 between the faying surface 24 of the aerofoil

and the faying surface 25 of the repair patch is kept bel ow 500pm Tt
has been found that the thicker the union piece, which does not have
the sane 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 rgpaired aerofoil. In an
alternative nethod of construction the unron piece is attached to the
aerof oi | and the alfhgnmentorf eptaree 25 Eosmma tther eha wbikbsdil hgndinkpa

piece is in si . e the patch | ade and uni on pjece are
aligned a shr o%(g‘?aljracfg?agr gg ?%nnﬁcgggd B 03‘&‘5’ tﬁés‘é‘g}gje%blvl&ﬁd the
ei t her evacuat abigmehnit| |fedtwickh ofin thaentigaspisreani mhe s@phhe bhskh ofs
oxi dation of t ey .of o] r patch. Uniform 30 pressure bet ween 25
and 100 Mpa isgg%‘glcl{egld H)U?orafn aputi f”’{dil%]i‘ %Egﬁea"fquihs géf)l i9dg gnment
| ocal |y to heafedthgeagniontpe ece.dropdebondi ng t enperature of between
850 and 1200C to b%@ fé‘ﬂ si_nt elgethe uni gn gge%& and to consolidate
a

it with the joint sUrfaces mopt teetyies, §7¢R B cERDT of? ikt and
and pressure aasmHldilambuntbef siedented poswdesachs exheddegk i oot bect
join to | eave residue_alo the edges of. . the join. The residue is

Jrem)ved duri ngg?%lglgrnég fng%gpgg%‘:]aﬂdlgﬁg wittth tl#e @?@F%Pi‘éd 5CuniFgRate
pi ece to achi evkidrimeal pastugeometicy. aEldhethec hamteato obe caanieal in
machi ni ng y be tused to rempye, t he r%si dge and, / or the union gi ece.
The conponénts’ Are ¢861 e A 42 FAYE I RBY or GRIVEAT % t SAPRE mi 2k

resi dual stressesageser asednl acahtyotal thweeiftj othe AL POStentoifRabeads
treatment nmay be used.to f%rjrther I duce.resifdual stresses.

The
repair patch niy al°sS BE%proP RGN €R A U5 CpracE hevifedbitbfedepais
Figure 4. In thishermbodierefivibotd iihe aeeabdy| a2d apshide dhepaumnbeat 6h
are provided wth separate 15 union pieces fornmed fromsintered
powder as desc‘f]iat%’&g 3885356 ) Beneficially, the union pieces are
easier to oachi ne Bamehbeoaed odisdde and ilsepiakh r oL« oAy tiHault@ikb¥ness
when these compongnts, arg LLIEd, pfpan. ot groetallle material sych, as

aerofoil 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 cf pores or other deleterious
artefacts damaging the integrity of the repaired aerofoil.

In an alternative method o¢f construction the union

piece 1g attached tc the aerofoil and the alignment feature
25 formed therein whilst the union piece 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 risk of oxidaticn of the aerofoil or patch. Uniform

30 pressure of between 25 and 100 Mpa is applied to form a
butt joint and heat is applied locally to heat the union
pliece to a bonding temperature of between 850 and 1200°C to
both fully sinter the union piece and to consolidate it

with the joint surfaces.



20 titanium ganma al um nide. As the union pieces are easier to
machine it is possible to provide better and nore el aborate alignnment
features. For exanple, in Figure 4 the alignnent feature in the first
uni on piece 14 is a pyram dical projection 26. Such alignment
features aid the butting of 25 the union pieces and consequently the
joining of the aerofoil with the repair patch. Vari ous
nodr fi cati ons may be nade w thout departing C the inventive concept.
For exanpl e, the unfwn P9 etlee mayp biscdtdonediprhiesmr iany 3edsude geNSMEC1

cube which is ed.t nal nsions.. As.,a further . |
alternative thgﬁﬁ%%ngfl %cmtt%rgh g"’?’g?ﬁgésbye";“ﬁﬁsﬁesf&"&r htgler ettin to
nmet al depositi deavher e—‘q@@\dderabcpnw‘crke iesigé e do Dritie aOSHbSTHi@.t&sﬂMﬂECIﬂs

may be the aer | adg subst rate |s heat

partially nel tg%‘%%cg At \gk\;g%s%ﬁég$ aser” 2Lohg ‘E’ﬁa[betrl"sﬁ Ry S5&dRed
forms a nel © peolen ntmexml chot hecipienweer fmabh rm‘ttedgaﬁldetfﬁﬂ_,} led. EASher
the nelt pool difies.to rowdea osit with a
hei ght. Repeat ‘g@%i}sse%rp%%%n?c%iermaoc\;lelplggtIﬁ%y dté‘?)o‘é’? alfieggve the
| ayers of pomdeecSidJld)@nldepeat grtey upﬁ.omptmteparu ally

nel t edandsol i di fi edthereby in £ sin ?e he| ht_of the

h o
deposit. Beneficially manu¥0n Ilg:.ll’l ng vicg® Y tréf%eaé’?t hie | gredsr 5°C /
partially min to minimise residual stresses generated locally to the

10 join. A post join heat treatment may be used to further
reduce residual stresses,

The repair patch may also be provided with a union
piece as depicted in Figure 4, In this embodiment both the
aercfoil 2 and the repair patch are provided with separate

15 wunion pieces formed from sintered powder as described
abcve.

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

25 the wunion pieces and consequently the joining of the
aerofoil with the repair patch.

Various modifications may be made withcut departing
from the inventive concept. '

For example, the union piece may be formed primarily

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

blade, whilst the substrate is heated and partially melted



sinters the powder, it is possible to dispense of an 10 additi onal

partial sinter step. In some circunstances it may be possible to
sinter the material without heating it to a tenperature at which it
mel ts. Simlarly, whilst the above invention has been descri bed
Wi th respect to aerofoils and repair patches 15 therefore it will be
appreci ated that the invention is equally;appropriate to other
conponents either inside the aerospace industry or outside the
aerospace i ndusgry ergverbingnéagyr i hedust ryhe | trawdidsibg appmeciaingd a

t hat the above_descrihed 20 invention provides g.,relatjvely sinple
and | ow cost s%?dlﬁctipoonoqf &P%Peﬁﬁi"??n % s é@oﬁéf‘?'?teeé 2R f‘ﬁéggd' As
conponent par tshar Bepr ovodéd otk alhegnpenierf esdlid@githe voepsidvide a

process can be,autqnated. The_ invention has. been describped wth
respect to 25 %%’volsnlﬁ uwnll(%gn ap?%%l \ﬁs'peRceipFFgg‘?l PaREi ¢ dtl?%rwfﬁ%r over

repair requbrethe Belepusit t k@abbesn Jpiyeee has bowher mraufset updatising
speci al i st equi pnent .this_can, time_consum ng, partjcularly where
t he piece neeo%P?v&dﬁg'ordB?lg‘alq‘blg‘ry naﬂﬁf%ﬁ: uré‘.”%It P%ih%sﬁﬁeﬁlbl ethgreby
have the uni onimireesingher@e30 magstbl &f asne st@sdesiitem pdherecthery
piece is a stock ifgaemthe repair %atch rrl%al so be a stock item and
pre-arranged YW EREUERT BN ‘%iaecé. 1S rowerdeffct BEE i naSSfur @3stizhly

make the uni orsipitece atisé oglowdeem tite I®Stpdskeguenttd epaspeiRASORS an
and | ocati ops .are identified. As nentioned above the nost typical
regi on expgg' e%%l%doﬂaﬂaﬁﬁri:ha]a Y GFoiT %Ps it I9HGi (g EEHASEREFAS
edges. Each edgs i sidiivildedoi Biatar Sefié 6fafri20N6S tBOut Ond8ting it
extendi ng part-way al ong the Ieng%h of, the. 5 bl ade. The zones can

overl ap Yhén CGERBGE T §TaBPEEY it MR4ERAtified in the bl ade the

zone in which it oeamisaksy,det@iimisted thlr oughveout hiient NEPECkAON. been
Material is removed fromthe blade 2 to match the profile of the
standard zone 957WAPEH it 5hs FBRRREL to aerofoils ‘and repair patches

15 therefore it will be appreciated that the invention is
equally appropriate to other components either inside the
aerospace industry or outside the aerospace industry e.q.
the energy industry.

It will be appreciated that the above described

20 invention provides a relatively simple and low-cost
soluticn for repairing complex geometries. As the component
parts are provided with alignment features the repair
process can be automated.

The invention has been described with respect to

23 having union pieces specifically designed for the repair
required. Because the union piece has to be manufactured
using specialist equipment this can be time consuming,
particularly where the plece needs to he ordered for
manufacture. It is desirable to have the union pisce, where

30 possible, as a stock item. Where the piece is a stock item
the repair patch may also be a stock item and pre-arranged
with the union piece.

As depicted in Figure 5, to make the union pilece a

stock item the most frequent repalir reasons and locations



10 Renoval of material to the standard zone can result the nuch nore

of the aerofoil being machi ned away than strictly required To SIinply
provide a surface suitable for attaching a new repair, as shown in
Figure 6 where the damage 4 occurs in zone 32 and the whol e of zone
32 is renoved. 15 A nunber of stock union pieces equivalent for each
of the zones are manufactured and supplied to the repair facility in
advance. The repair patch 20 may be pre-aSsenbled to the union piece
al l owi ng the pheeeidentbiefiteeist @d prhoioel siopkyrhd30mbetr upjwitali @e8:ibs
assenbled to th rofail fqllow ng the procedure detail ed above.

It will be app(reg%?g eglchlnﬁat 8%“9“?eol quwi g aieﬁé’%ﬁb vetfretfrdd 23¥ERS; r and
may be nmade totnastidopceddeens Bacht helgaeriaf aidbdusidgd ained aki ¥ekyes of
smal | nunber o tock.ite 25 Were danpge occurs outside a

desi gnat ed ZOI’I%OL? Swﬁlé%gane%’étsesn %t Bagg%‘[ﬂ‘yacatw ahepderprR ohi e
pi ece for tBhatbtadeg&he (0né&d atars overldp net hod of manufacturing a
netal lic aerofoil onent conpri sj first warkpiece (2) joined
to a second wor kpi g@’e@’( 5Gegy hgpr’?etdr?ggcgoh%ﬁ{%"ﬁd?lﬁijow di g B aflpr ke
wor kpi ece (2) aomk a ismecemcchorikpi eemrc20)s Bee¥idimngd atURbogh Pir8Geine
(14) forned of‘lg)arti al ly E‘ @t ere]g jpowcler, t he union pibgce havi ng an
al i gnment f eat tPP(TB O 16M2 56190615 FYI°VELI JAPHg thfe PRRRSt 2WhP kPREER
with the seconthswpkpttbe, casserbldtagdhhe Lbrst iworkaiceceid 01t heound,
second wor Bi ece viaa tth al ign nt feature, and ap%:)%%ng heat and
pressure to-conell fatat @ t RREFIIE: Hor ki edb2ndars | pRecEedmtt the
second wor kpi esgch nbreAofetheda@esridi BEihd relcdiifed, aWReT@idh sheict ]
al i gnnent feature conpri sgzwa][recess into which at |east a portion o

the second worKpTEEE] £ BProvide 3 ppiaFeactdrabhy 9 Atdrahing
or claim2 whegehnawt hepseepnswostdiinecen ( 20JuLOMBr iR ed (SRC R4 On
pi ece (14') fornmed of parti a:Hey S| ntere}g) powder and _havi ng an

al i gnnent  f eat W 5E267) 280hpl 2 fBAt R TP HEN8E aF PRfINENE St BERRIFRE -( 26)
of the uni s piece mandmvBer ENsthex sacend pheEkPi €68 v menmeet 88ch 0o
t he uni on pi ecg}via the alignnment_feature and the conplinentary )
al i gnment f eat . 2°4%5 A Hét hBERRDSPIFAg A afYPRHEREditRg dieai kepair
wherein the alfgrimanty feat WoRznged Apean-€hLad HEEESS.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 aerofoil 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 damade occurs cutside a designated =zone it will be
necessary to manufacture a specific union piece for that

damage.



5. A nmethod according to claim3, wherein the conpl enentary alignnent
feature is a pyramdical projection. 16. A nethod according to any
preceding claim wherein a portion of the union piece is renoved
foll owi ng consolidation by machining. 7. A nmethod according to claim
6, wher@aimns he first workpi ece has an aerodynani c surface and the
second wor kpi ece has an aerodynam c surface and the portion of the
uni on pi. dceethehuieahuldcanidg atniegal focreoatyineomponsntrcbmp dsind a filsewdrkpisde (2)
wor kpi dcieed © & sesorbwolpincan(20), hermetbed afmprikiegsecond wor kpi ece. 8. A
met hod raedngla gt vorkpieed (@) and abeaosi wotkhieca&0pdynani ¢ surface of the
first VRIeWgngEe unipy pigceidyiormed ofipariiallpsintersd pawdert thelunwomirsadaring a®. A
net hod aligeBerifendure 616 18l £8, 26°) (o aligsing thatirsiwerselgesanindhe pedoad wotkbiectie
first \SPRpPl@edns fystyvaskpiededa the seprndovpriiieee i 16 elignmephiseivemend 10. A
net hod 3REYHEdRARNEPreasyrele cewglidale B dishivolspiseaithe wnien RieGesandgesNYsi ece
(2) hasvoikRieRfi ng surface (24) which abuts the union piece prior to
consol i dation and the second workpi ece has a faying surface (25)

whi ch ahatmecthebadeaidsle tpriate1.pyhiessin the abignmast featire epmprgae A&gaess it which
t hi ckne¥ agka pafion giiasasprbwokRiesRie NSerRY. f ayi ng surface of the first
wor kpi ece and the faying surface of the second workpiece is |ess than
2000 ni% Adwsihqdapcording to plaiiet Rbelaimcwielein ghersscendiverkaiece @Akgogipisesfe

t hi ckn&§gonsuniaReiassi(bh) fpimeadeof parialyesintensd Ppwgaragd Saringeralignmenideatpiest
wor kpi 6€@) complanritany tﬁqa@mea&f@af@f? ERko! heciyian Ripragsdaherainths se¢asdn
50 and 668 5 ephppeted tothg bnionpiges ¥ thegynent fRpire aa¢ hrespapime iy Y
claim AU first workpiece conprises part of a unitary
assenbly of aerofoils. 13. A nethod according to any preceding

cl ai m “WAMANY q0RRIBGIR A RIBFIENIOSEIM; wheseip dleAliBnpent &gatyrg is 4 pysamidical
aer of oi'f°®¢®nponent 11 14. A method according to any preceding
claim further conprising the step of allocating the first workpiece
with aSpfareinqdaeceidingtaflaiat 3 weristhg samplemeitryplignpentfeadye éfa pyamidical
first I%9P%ce corresponding to at |east one of the standard zones
to provide a faying |location, wherein the alig_nrrent feature of the
uni on § AdetheshASERBA iR amHEesednofipimowarein A portion of ihe waioA pigcaisdemeyasy
to cl aifffowing cepzafidation by @achip®e: wor kpi ece is an aerofoil and the
standard zones are arranged al ong the |eading edge of the aerofoil.
16. A def Fsthosdacerrding de elaimes aihareinthe first vaikpieashas aeresodynemis spifacgtand
wor kpi dessacandyporkeipest s anaeiedypamis sHtasgad ssrastion el therynighuiase Zpmengd
t he tr&l9NPhireagelyeamic feiageobinsifirst worpiecaiotae Agyad¥rrMicH4ieEs fighapecond
aer of oMo PEBonent (2) having damage or a defect conprising the step
of allocating the aerofoil with a plurality of standard zones

( 30- 38P; A FCOACRITAIRY iheaiTuh & NereindAe agrofEmigsHigee o the drskwerkpiaes igas,
r enovi REFSEUTBARTK Yhthe IRl CQEWEREl i n accordance with the zone in

whi ch the damage or defect resides to provide a faying |ocation,
8. A method according to claim 7, wherein the aerodynamic surface of the first workpiece is a

suction flank on the aerofoil component.

10. A method according to any preceding claim, wherein the first workpiece (2) has a faying
surface (24) which abuts the union piece prior to consolidation 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 less than 2000 micrometres.

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
500 micrometres.

12. A method 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 is a repair patch
for the aerofoil component.



providing a union piece (14) forned of partially sintered powder and
having an alignnment feature conpl enenting the faying | ocation,
assenbling a repair patch (20) to the aerofoil via the union piece,
and applyi ng heat and pressure to consolidate the aerofoil, union

pi ece aldAmegiaadacserdin to anyepregedifstaiyy, fdiass CamAgsinaihe b of alipcatigdhetiat
t he st a¥IsRiePedRasPIdREy 8f Fiantgetzaes And feﬁé"’lnéégdiloﬁgnéﬂ figat woprgiece

aer of oiqorrespRading toaieasHORRR! MistanfardhZera iaRrevides fayingilesatien. whgsindhe
the st AEAPANtIGRMEE obihe UgiPR Riege AOHPIBRENE K faying IPfagnedge of the
aerofoil. 20. A nmethod according to any of clains 17 to 19, wherein
t he f ayliond Medeaskaceerding tyclain T4 waelesiinel fiishverkriesedh an aarofgiiagd therrtandard
def ect z@pe%prﬁggn@%isalqrtgdgq legding edge of the aerofoil.

16. A method according to claim 14 or claim 15, wherein the first workpiece is an aerofoil and the
standard zones are arranged along the trailing edge of the agrofoil.

17. A method of repairing an aerofoil compeonent (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 in which the damage or defect resides to provide a faying location,

providing a union 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 aerofail.

19. A method according to claim 17 or claim 18, wherein the standard zones are arranged along
the trailing edge of the aerofolil.

20. A method according to any of claims 17 to 19, wherein the faying location is a surface
bounding the zone in which the defect or damage was located.



