FAN AND COVPRESSOR BLADE DOVETAI L RESTORATI ON PROCESS BACKGROUND OF THE

| NVENTION (1) Field of the Invention The present invention relates to a

met hod for restoring conpressor blade dovetails. More specifically, the
present invention relates to a nethod of physically depositing parent

metal onto a fretted or galled bl ade dovetail so as to restore the blade to
oper ati ng condi FaNN ANC2 CORPRESISUR @LAOE Relvarmed IARESNRATIENe reuoE S0 Fi gure
1, there is illustrated a conpressor disk and conpressor blades assenbly
known to the art. Conpressor disk 11 conprises a plurality of conpressor

di sk dovetail slots 15 into papiredkoaig oS eited yeidiod ity of  conpressor

bl ades 13. The sane assenbly is used as well with fan disks and fan bl ades.
Wth referidic&ieddricdutde2 Invisartdons illustrated in greater detail the

mat i ng surfaces, of the ompr.essar_ bl ades 13, and the c ressor. di,sk 11.
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mating surfaces 17 of fan and conpressor disk dovetail slots 15. This
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i ncl ude, htife aladaot-d ioparad ing alowdindmnar onze and copper-ni ckel or
copper-ni ckel -indium materials. However, anti-galling materials 21 often
suffer wear after extended use resulting in danage to the netallic

structure (o) pescription of Related Art

( With reference to Figure 1, there is illustrated a
compressor disk and compressor blades assembly known to the art.
Compressor disk 11 comprises a plurality of compressor disk
dovetail slots 15 into which are inserted a plurality of
compressor blades 13. The same assembly is used as well with
fan disks and fan blades. With reference to Figure 2, there is
illustrated in greater detail the mating surfaces of the
compressor blades 13, and the compressor disk 11. Fan and
compressor blade 13 dovetaill contact surfaces 19 are commonly
subject to fretting, galling or wear in service due to contact
with the mating surfaces 17 of fan and compressor disk dovetail

( slots 15. This damage frequently renders the blades 13

| unsuitable for further service.
To inhibit such damage, lubricious anti-galling materials

21 are often applied to the dovetail contact surfaces 19. Such
anti-galling materials 21 include, but are not limited to
aluminum-bronze and copper-nickel or copper-nickel-indium
materials. However, anti-galling materials 21 often suffer wear
after extended use resulting in damage to the metallic structure
of the blades 13. While it is common practice to reapply anti-
galling materials 21 in such an event, there is little that can
be done to replace or repailr damage to the metallic structure of

the blades 13. If sufficient damage has been done to the



of the blades 13. Wile it is conmmon practice to reapply anti- galling
materials 21 in such an event, there is little that can be done to repl ace
or repair danage to the netallic structure of the blades 13. If sufficient
damage has been done to the netallic structure of the blades 13, the bl ade
nmust be di sposed of in order to avoid systemfailure when in use. What is
t her ef or empegdedci staubehipedodf thesborhry bhadese181a8%hhhiti Bg e@g%g%ed
resulting fromfretting and galling to their original condition. SUMVARY OF
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dovetails to their original shape conprises the steps of renoving danaged
material PESAA2HI 58BI454EPai| at a dammge site, physically depositing a
parent netal at the danage site in an anount sufficient to replace the
renoved damaged material, and nachining the bl ade dovetail to the original
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di sk, bl ades, an | doyet ail s_of .? present invention, Flgﬂ 2 A
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i nvention to enpl oy i
fretted or galled blade dovetail so as to restore the blade to
operating condition

( In accordance with the present invention, a method for

restoring blade dovetails to their original shape comprises the
steps of removing damaged material from a bklade dovetail at a
damage site, physically depositing a parent metal at the damage
site in an amount sufficient to replace the removed damaged

material, and machining the blade dovetail to the original

shape.
BRIEF DESCRIPTION OF THE DRAWINGS
FiG. 1 A diagram of a compressor disk, blades, and blade
dovetails of the present invention.
FIG. 2 A detailed illustration of the blade dovetail

interface.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

It is a central feature of the present invention to employ
a method whereby material having near parent material chemistry
and near parent metal properties is applied to the dovetails 23
of damaged fan and/or compressor blades 13 so as restore the
blades 13 to operating condition. As used herein, “parent
material composition” refers to a material added to the
dovetails 23 that is substantially similar tco the material out
of which the dovetail 23 is constructed. “Near parent” material

refers to a metal possessing similarity to the dovetail
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a nmet hod whereby material having near parent material chemstry and near
parent netal properties is applied to the dovetails 23 of danaged fan
and/ or conpressor blades 13 so as restore the blades 13 to operating
condition. As used herein, "parent nmaterial conposition” refers to a
material added to the dovetails 23 that is substantially simlar to the

materi al edhstelicibehnikRe rdauetairki23ehs Q%nﬁEEHCEﬁ@ sthear ypanent ”
material refers to a netal possessing simlarity to the dovetail 2

const r uct F6AVAREBENAIS Obf ftihei bABdEe neet the structural requirements of the
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rest ored damag tact surfaces n&ge& dovet ai

contact sdihaeesohflane reishdpedt ddmaged darmged sat-€aicals (iof ipresent) is
renoved by _machining or grinding. Machining proceeds to a depth sufficient
to fully éPadP¥ate SurPice d@Megressovefgiidalrrtache sugprresr d§uidked to
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Pref erabl vy, chi'ni'ng contin to approximtely mils
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mat eri al is appl.ied to.the damaged dovetail contact urfac 19 at the site
of damage Bsﬁﬁg Elﬁﬁéplgéﬁﬁo&PfgéFé Fa55reSdepodVPLGR &ﬁrng@tﬁﬁﬁ %Heam
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{ Second, material having an alloy content similar to the
blade material is applied to the damaged dovetail contact
surface 19 at the site of damage using either cathodic arc vapor
deposition or electron beam physical vapor deposition (EBPVD).
In a preferred embodiment, a variant of EBPVD is utilized
wherein ion enhancement is employed to accelerate the vapor
particles and increase the bond strength of the coating. 1In a
preferred embodiment, when restoring fan blades, the alloy used
is a Ti- 6Al1-4V alloy (i.e. Ti6-4) or other alloy of lower
aluminum content. In the case c¢f alloys containing Mo or other
refractory elements, as are preferably used to restore
compressor blades, a third process, electron beam flash wvapor
deposition, may be utilized. In such an instance, a Ti-8Al1-1V-
1Mo alloy is preferably employed. In a preferred embodiment,
the alloy employed is identical to the material out of which the
dovetail is fashiloned. In another preferred embodiment, Ti6-4
can be deposited onto a substrate of a different titanium alloy.
Preferably, vapor depcsition is performed at a process
pressure of between 107 and 107® torr. More preferably, the
process pressure 1s approximately 107* torr. Preferably, the rate
of deposition is between 10 and 50 micrometers per minute. Most

preferably, the rate of deposition is approximately 20

micrometers per minute.



is a Ti- 6Al-4V alloy (i.e. Ti6-4) or other alloy of |ower alum num
content. In the case of alloys containing Mo or other refractory elenents,
as are preferably used to restore conpressor blades, a third process,

el ectron beam flash vapor deposition, may be utilized. In such an instance,
a Ti-8Al-1V- IM alloy is preferably enployed. In a preferred enbodi nent,

the alloy enpl ayedri geld8ntical nhe bBENMRESELRIeAUT Bh cWRICR G ccdovat ai
is fashioned. I'n another preferred enmbodinent, T1i6-4 can be deposited onto

a subst r agegeofraghdinkflepgnroundnitaemtaklioy orPpehedabhppevapdnydepediinigen i s

perfornmed_at a_pr.oces pressure.of between 10-3_and 10-6 _tarn r.e
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[ cracks which give rise to structural failure.

It is apparent that there has been provided in accordance
with the present invention a method of physically depositing
metal onto a distressed blade dovetail so as to restore the
blade to operating condition which fully satisfies the objects,
means, and advantages set forth previously herein. While the
present invention has been described in the context of specific
embodiments thereof, other alternatives, modifications, and
variations will become apparent to those skilled in the art
having read the foregoing description. For example, extension
of the teachings of the present invention to encompass
physically depositing metal onto any damaged machined part,
particularly parts machined of titanium alloys, is encompassed
in the present disclosure. Accordingly, it is intended to

embrace those alternatives, modifications, and variations as

fall within the broad scope of the appended claims.



It is apparent that there has been provided in accordance w th the present
invention a nethod of physically depositing netal onto a distressed bl ade
dovetail so as to restore the blade to operating condition which fully
satisfies the objects, neans, and advantages set forth previously herein.
Wil e the present invention has been described in the context of specific.
enbodi nents thereof, other alternatives, nodifications, and variations wll
beconme apparent to those skilled in the art having read the foregoing
descri pthan. iFoelaxaspl dS:extension of the teachings of the present
invention to enconpass physically depositing nmetal onto any danmaged

machi ned part, particularly parts machined of titaniumalloys, is

s andr Aone el el S-SRl PR GGPSELELORL phirk oot BREdE ehbe

t he brgaﬁpgqggggoEﬂgugﬁgggﬂﬁtxlclains. 4 What is clained is: 1. A nethod
for restoring blade dovetails to their original shape conprising the steps

of : renovi ng damaged material only froma contact surface of a bl ade

dovetail at _a damage site: i Vi t opLL.Si r ’ [

damaged mat Y cia ?‘ia}%%réf:ggl)‘lén?&fg fg?'ﬁyggégﬁ#gg?eg‘ggﬁggeggi %tress;

rest or W@gdeS BoretdMIAC:E, SArdaydysPeg f or m ng ‘vapor deposition of a netal

only at sald damage site on sald contact surface in an anount sufficient to

repl ace said, renoved damaged nmaterial; said vapor deposition perform ng step
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a depth sufficient to fully eradicate surface distress;

y e
restoring said contact surface by performing vapor deposition -
of a metal only at said damage site on said contact surface in an

amount sufficient tc replace said removed damaged material;

. saild vapor depcsition performing step comprising depositing a
metal having near parent material chemistry and near parent material

© properties; and
machining said blade dovetail to said original shape.

2. The method of claim 1 comprising the additionall steps of applying

an anti-galling material to a surface of said machined dovetail.

3. The method of claim 2 wherein said applying said anti-galling
‘material comprises applying an anti-galling material selected from
the group conéisting of aluminum-bronze, copper-nickel, and copper-

nickel-indium.

4. The method of claim qubmprising the additional step of shot

peening said blade cdovetail.



properties; and nmachining said blade dovetail to said original shape. 2. The
met hod of claim 1 conprising the additional steps of applying an
anti-galling material to a surface of said nachined dovetail. 3. The nethod
of claim2 wherein said applying said anti-galling nmaterial conprises
applying an anti-galling material selected from the group.consisting of

al um num bronze, copper-nickel, and copper- nickel-indium 4. The nethod of

claim1l1 conprising the addi ti onal step of. shot peening said blade
dovet aig. Fhes, mamoqlre@ﬁo@l@mclawhﬂeMese#ﬁ §am@v|1@andaﬁ@9e§na@§erﬁﬁ%eﬁram
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sel ect consSisting of conpressor ovetails and fan

bl ade dpwed@dlB. séledbied netbadehé ﬂkﬁhﬁﬂ tonbekeings 9ifd copmpiresorg blader
deposition conprises perforn1n8 yS|caI vapor deposition in a manner
[

sel ect elpvétaid s hendr bam bbadesarrgtaileat hodic arc vapor deposition,
el ectron beam physical vapor deposition, and el ectron beam flash vapor
deposition. 7.. The nmethod of claim 1l wherein said performng vapor

deposi tg onrid mSEhdd NBE at16 AP ¥ReTeRAYghtd Derdepasing RApdr@epositlioat ed
fromthe group con5|st|ng of Ti-6Al-4V and Ti-8Al -1V-1M.. S. The nethod of
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deposgition.

7. The method of claim 1 wherein said performing vapor deposition of
sald metal comprises physically depositing a metal selected from the
group consisting of Ti-6Al-4V and Ti-8Al1-1V-1iMo.

8. The method of claim 1 wherein said removing said damaged material
comprises the step of machining said dovetail to an approximate

depth between five und fifteen mils.

9. The method of claim 1 wherein said performing vapor deposition of
said metal comprisest physically depositing Ti-6A1-4V where said
performing vapor deposition of damaged material comprises a titanium
alloy different than Ti-6Al-4V.

10. The method of claim 6 wherein said performing said performing
vapor deposition is performed at a pressure between
107 and 10°° torr.

11. The method of claim 10 wherein said performing said performing

vapor depogition is performed at a pregsure of
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perform ng vapor deposition of damaged nmaterial conprises a titanium all oy
different than Ti-6Al1-4V. 10. The nethod of claim6 wherein said performng
said perform ng vapor deposition is perforned. at a pressure between _ 10
and to-' torr. 11- The nethod of claim 10 wherein said performng said
perform ng vapor deposition is perforned at a pressure of 6 approximtely
10-4torr. 12. The nethod of claim 1 wherein said perform ng vapor deposition
of said netal is perforned at a rate between 10 and 50 microneters per
ninute.aﬂﬁgo%yﬁaggg d of clgj-m.lZ mherein said performng vapor deposition
of said netal is pefforned at a rate of approximately 20 m croneters per

m nute. 19F. A nethod for restoring blade dovetails to their original shape
conprising the steps of: renoving danaged material only froma contact

surface of a blade dovetai| at a damage site; restoring said contact,
surfacelBy Bhef owetihas wiper addhdsiwhasneinroaldmariomingvapey depeyition
on sai d_gontagt a i anp i Ci repl id.
darragedo‘rg‘ra?étllaalm;se%%% g‘esvé’%é‘?% eposilép"lt oafll%gedr% ob(ra%%%é}étg‘g %gcﬁpsﬁfsrﬁlr%fémé/@&s
deposi tbag @inliteAl netal alloy having near parent material properties; and
machi ni ng said bl ade dovetail to said original shape. 7

13. The method of c¢laim 12 wherein said performing vapor deposition
of said metal is performed at a rate of approximately 20 micrometers

per minute.

1%. A method for restoring blade dovetails to their original shape

comprising the steps of:

removing damaged material only from a contact surface of a

blade dovetail at a damage site;
reatoring said contact surface by performing vapor deposition
of a metal only at said damage site on said contact surface in an

amount sufficient to replace said removed damaged material;

said vapor deposition performing step comprising depositing a

Ti-Al metal alloy having near parent material properties; and

machining said blade dovetail to said original shape.



