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 bl ade dovetails. Mre specifically, the
present inve deoosrtrno par ent
metal onto a : e bl ade
to operating condltlon (2) Descrlptlon of Related Art VVth reference to
Figure 1, there is illustrated a ressor di sk and conpressor bl ades

assenbly known to the art. BAQ%E&QQ%% F dilgk INVEGUNSIN ses a plurality of
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further r mage, lubricious anti-galling materials

are tl?‘fgegniga&lg(gd&@&%#n% &f&iaﬁ %ont act surfaces 19. gSuch °

antl-galllng naterlals 21 include, but are not limted to al um num bronze
and cop-er-nickel or co--er-nrckel-rndrunt mat eri al s. However,

anti - gakd f#i%er wear after extended use resulting

in damage tOWi@@ P@f@%éﬁ@esﬁéuﬁféﬁfb 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 dovetail 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
2l 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 repair damage to the metallic structure of

the blades 13. If sufficient damage has been done to the
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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 danmage to the netallic structure of the blades 13.
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netal onto a frétted Or galled ade dovetail So as ore the bl ade
to opepaivhgatoadndibhonn accordance with the present invention, a nethod
for restoring blade dovetails to their original shape conprises the

steps of renoving damaged material froma bl ade dovetail at a damage
site, physically depositingfﬁH@ﬁﬁéhKHhﬁmﬂ INMVENTG Olamage site in an
anmount suffiglent to Eepla e.the rem gngﬁ ed material, and nachining
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dovetails of the present invention A detailed illustration of the
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ENBODIN§B£Q§{ih5 Egnaiggghral feature of the present invention to enpl oy

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 blade 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 ¢f the present invention.
FIG. 2 A detailed illustration of the blade dovetail

interface.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S3)

It is a central feature of the present invention to employ
a method whereby material having near parent material chemistry
and near parent metal preperties ig 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 to 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
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di nensignally restored damaged contact surfaces 19 is as follows. First,
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depth sufficient to fu | cate surface ypi ca t he
depth magbinédgt oraghirdénguchMaechincagi procsedet ween dpptioxsubfetiyenti ve

and ten_m s, ., Preferabl machi ni ng, conti nues_t o, roximately two mls
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19 at the site of damage using either cathodic arc vapor deposition or
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npl oye 0 acceléerate the vapor® particles and i ncrease the bond strength
of the coati Bgcohd, amapeelialr rdveénbodhnebloywhenteest oimhafanobtades, the
al I oy ug?gde 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 embcdiment, 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- 6Al-4V alloy (i.e. Ti®-4) or other alloy of lower
aluminum content. In the case of alloys containing Mo or other
refractory elements, as are preferably used to restore
compresscor blades, a third process, electron beam flash vapor
deposition, may be utilized. In such an instance, a Ti=8Rl1=1V=-
1Mo alloy is preferably employed. In a preferred embodiment,
the alloy employed is identical to the material out of which the
dovetail is fashioned. In another preferred embodiment, Ti6-4
can be deposited onto a substrate of a different titanium alloy.
Preferably, vapor deposition is performed at a process

pressure of between 1072 and 10°° torr. More preferably, the
process pressure is 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 T - 6A-4V alloy (i.e. Ti6-4) or other alloy of |ower alum num
content. In the case of alloys containing Mo or other refractory
el enents, as are preferably used to restore conpressor blades, a third
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an instance, a Ti-8Al - alloy is preferably enployed. In a preferred

enmbodi méRe, mat:henaqil oy @ﬁ@\ll@gieﬂm shedenpréainadb sihepemat edinl coat imgs whi ch

0 SO shool 20hL oty 8, et e ShETLEd nbodl DL TR gan be

vapor depesntaoa dSVPEEiDrHEd aPrafPravESs aMtLSGALEinG hetyeen 40swdc@nd
10-s torr. Eb referablé the process pressure is approximtely 10-4
torr. PR&fEREBPyreFhESHAR Ov%faﬂ%pﬁgpiﬁ%ﬂ te Pt wekrda odanet &bl % cromet ers

per mnute. NpgL, PBSfﬁﬁgQ ¥?lt@§p59t§e? ﬁ98§ bioBels AROrQxLately 20

m croneters per mnute eposi t een perforned, contact
sur f acepetformed, nabhldedebalgraanmayobehehotopegmadl sﬁape pdayicgat$ ngs,

required b prent, manufacturer are a ied to  the bl ade
Goet ar . B5ehB8PRPEERY mEME} PEERTS nouRtR biY oF oS hoRSSGS: { ABSESHEL, 2bd
above athﬂDﬁb&@dltg tbelﬁbage dovet ahbssufthes &beapha§gegloM§@@£
deposition process has been perforned, the dovetail 23 may be shot

peened. S8hBt TEEEAF A F@Paatﬁﬁﬂhéﬁsuhéﬁeby fAefarrbeadsd e8GLARFy saver
beads, ﬁhgﬁéggreg thQ'QBIY§Lg05kytL8 Papggglmﬂéﬁ £Qersg%gecg OF 8.t arget
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|ncreascmgckbewabchlgyvefrihe dcvetahbtﬁ@alofaesu3é surface cracks which

give rise toI%tEgcggggkeL%Ingg 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 ocbjects,
means, and advantages set forth previcusly 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 wth the
present invention a nethod of physically depositing netal onto a

di stressed bl ade dovetail so as to restore the blade to operating
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IS CLAIMED I S: 1. ampnnthadffomleEStbmlngpbéadesdb@eremmﬁedodAMQgedor|glnaI
shape conprising the steps of:. renoving damaged material froma bl ade
dovetail at a danid g erigfs. apflysical ly depositing a netal at said damage

site in an ﬁﬁ@ﬂﬂhlﬁﬁféhﬁdeﬂla&@ H6PL 05 €1 Seb ds s aOY Ly Qﬁaﬁggﬁa guterial ;
and machi ning said blade dovetail to said original shape T%e nmet hod of

claim1l conprising the additional steps of applying an antl-galling
naterlab.to @héuﬁ&@ﬁgdogfséigiﬂafh&gﬁgrigfxgt@hé'additional 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 consisting of aluminum-bronze, copper-

nickel, and copper-nickel-indium.

4. The method of claim 1 comprising the additional step of

shot peening said blade dovetail.

5, The method of claim 1 wherein said removing damaged
material from said blade dovetail comprises removing material
from a blade dovetail selected from the group consisting of

compressor blade dovetails and fan blade dovetails.

6. The method of claim 1 wherein said physically depositing
said metal comprises performing physical deposition in a manner
selected from the group consisting of vapor deposition, electron
beam physical vapor deposition, and electron beam flash vapor

deposition.



3. The method of claim2 wherein said applying said anti- galling materi al
conprises applying an anti-galling material selected fromthe group

consi sting of al um num bronze, copper- nickel, and copper-nickel -indium
4- The t ho f C S t t_Dbeeni ng
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bl ade dd%%ﬁ%ﬁl%?%ﬁﬁf?%ﬂﬂiﬂ t%yl%y e TRt of claim | wherein
said physically depositing said netal conprises perform ng physi cal
deposition in a manner selected fromthe group consisting of vapor
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fromt heaplgf@wpna:msiépﬁﬁmgaéﬁwéﬁn Ake 4B fedPAmils.| Mo. 8. The net hod
of claim1l wherein said renoving said danaged naterial conprises the stop
of machining said dovetail to an approxi mate depth between five and
fifteengmls o] C e I, d: C ting
sai d ne?al cgﬂgr?gggogﬁ§glgggi$ %Z%g%%??ﬁg£%+@6§§?%%£€%f$ & ¥%Q@g§ ged
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6Al-4V.

10. The method of claim 6 wherein said performing said physical

deposition is performed at a pressure between 107 and 10°°® torr.

11. The method of claim 10 wherein said performing said

physical deposition is performed at a pressure of approximately

107* torr.

12. The method of c¢laim 1 wherein said physically depositing
said metal is performed at a rate between 10 and 50 micrometers

per minute.

13. The method of claim 12 wherein said physically depositing
said metal is performed at a rate of approximately 20

micrometers per minute.

14, The method of claim 1 wherein said physically depositing

said metal comprises depositing a parent metal composition.

15. The method of claim 1 wherein said physically depositing

said metal comprises depositing a near parent metal.



11. The method of claim 10 wherein said performng said physical
deposition is perforned at a pressure of approximately 10-4 torr. 12. The
nmet hod of claim 1 wherein said physically depositing said netal is
per f or neg_ at pa b The

met hod o? clglﬂ?%gsahg%ﬁ?ﬁggggﬁﬁgﬂygg%ggfégga%géftE%SEh§%?q£Pl%E% 2}

per f or nelane aomaresmﬁQappeoatﬁnse¢§ 20 nlcroneters per m nute. 14 The
met hod of cIa|n11 wher,ein said ph siﬁa£ de |t| id metal conprises
depositing a pg?gﬁPgn%?g?gﬁg %E??f% %m %%H“% BRPEF i herein
sai d physical |y dapmagti Bgtesai d net al conprlses dep05|t|ng a near parent
metal. 6 16. A nethod for restoring machined parts to their original

shape conprlEFMQlFHélgtGﬁﬁoéitlﬁ@n@vmﬁgahaWhg%@ﬂ%BQ@m$@¢ $ 1o Bai ah

machi ned part al gmofARge sy LeenPYS! £abl ¥-dePopL L 0fo folBhGY L ALy Sai d
damage site in an anount su |C|en eplace said renpve %ed
material ; and nachahénga$aidnﬂach|ned part to said original shape. 7

machining said machined part to said original shape.





