PROTECTI VE POLI SHI NG MASK BACKGROUND Mbi | Thi s disclosure rel ates
generally to polishing a conponent and, nore particularly, to
protecting sel ected areas of a conmponent during polishing. (00021Many
conponents are polished, including used conmponents and

new y- manuf act ured conponents. As an exanpl e, used gas turbine engine
airfoils are often polished to restore their aerodynam c efficiency.

Pol i shi ng the conponent SPR@P@@?IV@%OLH%HI%F@?OB?SW thin the gas
cl ude

turbi ne engine. Polishing operations may in and or nmachi ne
bl endi ng, tunbling, or vibratory polishing. [00031Material isrenoved
from conponents during polishing. Renoving material from sone areas
of conponents is undesirable. F®AEXaROIJNEXcessive renoval of
material froman airfoil |eading edge or an airfoil trailing edge may
render the toemponenthisidicidsald eelbies genetablgrtousdishSigvivikBinc@ay 4Ad, more
conponent polishing nmethod according to an exenpl ary aspect of the
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conponent, andprotecting at |east a portion of a conponent during the
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mask is renoved during the polishing.” [00051In a further non-limting
embodi menly-ahartufecthese ganponeaspasentexaalplshised gmttndsinetengine airfoils are
sacrificial mask may conprise wax.
often polished to restore their aerodynamic efficiency. Polishing the components
enhance their performance within the gas turbine engine. Polishing operations may

include hand or machine blending, tumbling, or vibratory polishing.

[0003] Material isremoved from components during polishing. Removing
material from some areas of components is undesirable. For example, excessive removal
of material from an airfoil leading edge or an airfoil trailing edge may render the

component unsuitable for further use.

SUMMARY
[0004] A component polishing method according to an exemplary aspect of
the present disclosure includes, among other things, polishing a component,
andprotecting at least a portion of a component during the polishing using a sacrificial

mask. At least some of the sacrificial mask is removed during the polishing.

[0005] In a further non-limiting embodiment of the foregoing component

polishing method, the sacrificial mask may comprise wax.

[0006] In a further non-limiting embodiment of either of the foregoing
component polishing methods, the sacrificial mask may be secured directly to the

portion of the component.



1000611 n a further non-limting enbodi nrent of either of the foregoing
conponent polishing nmethods, the sacrificial nmask may be secured
directly to the portion of the conponent. Noonln a further
non-limting enbodi mrent of any of the foregoi ng conponent polishing
met hods, the sacrificial mask may be renoved entirely fromthe
conmponent during the polishing. [0008]In a further non-limting
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of the sacrlm;icial mask may rem;lin secured to the porti})(ﬂ)rﬁ;of thg 8
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enbodi ment of any of the foregoi ng conponent polishing nmethods, the
conponeompmagnbéurdng dhe pdidhimpnd t he portion may conprise a | eadi ng
edge or a trailing edge of the airfoil. loon]In a further
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met hods, the polishing may conprise vibratory po e conporent
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met hods, the nethod may include di pping the portion of the conponent
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component polishing methods, the component may be an airfoil and the portion may

comprise a leading edge or a trailing edge of the airfoil.

[0010] In a further non-limiting embodiment of any of the foregoing
component polishing methods, the polishing may comprise vibratory polishing the
component using a media, and the sacrificial mask may limit contact between the media

and the portion of the component.

[0011] In a further non-limiting embodiment of any of the foregoing
component polishing methods, the method may include dipping the portion of the
component in a liquid before the polishing. The liquid may harden to form the

sacrificial mask.

[0012] In a further non-limiting embodiment of any of the foregoing

component polishing methods, the liquid may comprise a paraffin wax.

[0013] In a further non-limiting embodiment of any of the foregoing
component polishing methods, the method may include removing the portions of the

sacrificial mask using media during a vibratory polishing of the component.

[0014] A protective maskaccording to an exemplary aspect of the present

disclosure includes, among other things, a sacrificial mask secured directly to a portion



100121l n a further non-limting enbodi mrent of any of the foregoing
conponent polishing nmethods, the liquid may conprise a paraffin wax.
100131In a further non-limting enbodi nent of any of the foregoing
conponent polishing nmethods, the method may include renoving the
portions of the sacrificial mask using nedia during a vibratory
pol i shing of the conmponent. 100141A protective maskaccording to an

exenpl gfYa Sénét. %epgﬁéﬁ%aldhﬁgkog%tgctg NGHeUPBRtioRWRh Pdihing the

things, a sacrificial mask secured directly to a portion of a

conponebipohlegt.sacrificial mask protects the portion when polishing

t he conponent. fools]in a further non-limting enbodi mrent of the

f oregoi ng pr ctive mask. the sacrificla sk ,ma onprise a .
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protective masks, the component may be an airfoil of aturbomachine.

[0017] In a further non-limiting embodiment of any of the foregoing
protective masks, the portion may comprise a leading-edge or a trailing edge of a

turbomachineairfoil.

[0018] In a further non-limiting embodiment of any of the foregoing
protective masks, some of the sacrificial mask may be configured to remain secured to

the component after polishing.

[0019] A polished component according to another exemplary aspect of the
present disclosure includes, among other things,a component having first surfaces and
second surfaces. The first surfaces were directly contacted by media during a polishing,

and the second surfaces were protected during the polishing by a sacrificial mask.

[0020] In a further non-limiting embodiment of the foregoing polished
component, the component may be a turbomachine blade and the second surfaces may

comprise a leading edge of the blade.

[0021] In a further non-limiting embodiment of either of the foregoing
polished components, the second surfaces may be contacted by media during the

polishing after removal of the sacrificial mask.



protective nmasks, the portion nmay conprise a | eadi ng-edge or a
trailing edge of a turbomachineairfoil. Fools]ln a further
non-limting enbodi nent of any of the foregoing protective nmasks,

sonme of the sacrificial mask may be configured to remain secured to

t he conponent after polishing. [00191A polished conponent according
to anot her exenpl ary aspect of the present disclosure includes, anong
ot her things,a conponent having first surfaces and second surfaces.
The first surfaces were directly contacted by nmedia during a
pol i shing, and the seconDESCRECEEOWeOF PHYE ¢¢GAdRESri ng t he

polishing by a sacrificial mask. [0020]In a further non-limting
enbodi ment @h211he fidregaiiogs fratinekethd adparitegds, of tee dojpead rixampyesbeill
a turbomachi ne bl ade and the second surfaces nmay conprise a | eading
edge ofbecorae pippdecnt[todhode skilled in tthearinbam the détaded desatiption Toke figures
either of the foregoing polished conponents, the second surfaces may
be contﬂa%ttaéﬂo@}mﬂiég’ilead‘?féﬂ?qim&e%%@“&@l qagtherkyieft dscriberbaafolloms he
sacrificial mask. DESCRIPTION OF THE FI GURES [00221The vari ous
features angozlvantiges of sidies di pelgretdvexdon! o6 an kxaiprod®mponent of
apparent to those skilled in the art fromthe detailed description.
The fi gtudbsntachineagitbinpapylittheg fistwel ed description can be briefly
descri bed as foll ows:

[0024] Figure 2 shows the component of Figure 1 having a sacrificial mask.

[0025) Figure 3 shows the component and the polishing fixture of Figure 1

within a vibratory polisher.

[0026] Figure 4 shows a media suitable for use with the vibratory polishing
fixture of Figure 3.

[0027] Figure 5 shows a section view at line 5-5 in Figure 2 prior to polishing.

[0028) Figure 6shows a section view at line 5-5 in Figure 2 after vibratory

polishing some of the component.

[0029] Figure 7 shows a highly schematic view of the sacrificial mask being

applied to the component of Figure 2.

DETAILED DESCRIPTION
[0030] Referring to Figures 1-7,a fixture50 holds an example component6(
during a polishing operation. As shown, the fixture 50may hold other components in

addition to the component 60.



100231Figure 1 shows a perspective view of an exanpl e conponent of
aturbomachine within a polishing fixture. 10024] Figure 2 shows the
conponent of Figure 1 having a sacrificial nmask. [0025)Fi gure 3 shows
t he conponent and the polishing fixture of Figure 1 within a

vi bratory polisher. [0026] Figure 4 shows a nedia suitable for use
with the vibratory polishing fixture of Figure 3. 10021Fi gure 5 shows

a section vigyyat |Ihnﬁns5'e§a1hi}1é:'tﬁb”c%n2p&{én@§ 6@%1’@0$1k@ﬂbn9uch as blades or
| oonj Fi gure 6shows a sectionview at line 5-5 in Figure 2 afte

Vi br at eayepofroghihiplspreesiate thapeappoRet .gak 002k gtgiae 7o§h.:ﬂ¥@ Bpe
hi ghly schematic view of the sacrl ficial mask bei ng appl led to the
conponémtboniackirguThe Zixtbie BAIrh&Ph8ESEREPHipEMof components in other examples.

[0032] During operation of the gas turbine engine, surfaces of the
component60may becomeworn and rough. The component 60is periodically removed
from the gas turbine engine and polished to smooth these surfaces. The component 60 is
then reinstalled into the gas turbine engine.A polished component may perform more

efficiently than a worn and rough component as is known.

[0033] Vibratory polishing is one technique used to polish the components.

Other polishing techniques are used in other examples.

[0034] During polishing, the fixture50, together with the component60, is held
within a bin 68 of a vibratory polishing machine 72. The bin 68 is filled with media 76.
The vibratory polishing machine 72 is then vibrated rapidly to move the media 76
againstsurfaces of the component 60. The fixture50 and the component 60may be
submerged beneath the media 76 during some or all of the polishing. Contact between

surfaces of the component 60 and the media 76 polishes those surfaces.

[0035] In this example, the media 76 is a ceramic material. The example media
76 includes four distinct sizes. Other examples may exclusively use media having a
relatively consistent size. Other examples may use other types of media, and other
examples, may be in solid or paste form. That is, the embodiments of this disclosure

may be utilized with any type of media.

[0036] A sacrificial mask 80 is secured to some portions of the component 60.
During the polishing, the sacrificial mask 80 protects those portions by limiting contact
between the media 76 and the surfaces of those portions. The sacrificial mask 80 is thus

a protective mask. In some examples, the sacrificial mask 80 reduces the time that the
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10030] Referring to Figures 1-7,a fixture50 hol ds an exanpl e
conponent 60 during a polishing operation. As shown, the fixture 50may
hol d ot her conponents in addition to the conponent 60. [0031]In this
exanpl e, the conponents 60 are airfoils, such as bl ades or vanes,
from ahi gh- pressure conpressor of a gas turbine engine or other type
of turbomachi ne. The fixture 50 may hold other types of conponents in
ot her Wb@%onh@%@%b&léﬁﬂﬁce%ﬁ{rﬁ{g @R lishﬁm%. GRS tHAHREAPIEN N Wacrificial
surfaces of the conponent 60may becomewom and rough. The cConponent
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snoot h these surfaces. The conmponent 60 is then reinstalled into the
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than a worn rougn conponent as IS Known.
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pol i shing techniques are used 1n other exanples
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within a bin 68 of a vibratory polishing machine 72. The ‘bin 68 is

filledcuiiponeedicdthis. hélis voltral erbethal itkdigagriffeiahimeask/ 80 svill hdlowsome

vibrated rapidly to nove the nedia 76 agai nstsurfaces of the

conpongelislgg of kode sxirfaces0r nogolisleng aiplorsersurBoesss skown{fEuged5 and 6)

beneath the nedia 76 during some or all of the polishing. Contact

bet ween thigknagsds obthe saerifigiaporaek 80guicard polishimgds grepsemtbian shibicknhsgsste of

sur faces. [Oi%‘?é%ll n %hi s exanpl e, _tﬁ_e nmedia 76 is a ceramc material .
%1 &ap

The ex&ip$ 80péien aegemolishiigst i nct si zes. Qther exanpl es may
exclusively use nedia having a relatively consistent size. Oher

exanpl es nmayosse otThehist axaasplof theewdicrificiahthaok 186ris exadpliess enmyglbpribn to

solid or paste form That is, the enbodinents of this disclosure may

be uti ipolshingisptthatgortippe obthenssdiificial mask 80 remain secured to the component 60
after the polishing.In these examples, the portions initially covered by the sacrificial
mask 80 are not exposed to any media 76 during polishing because at least some of the
sacrificial mask 80 covers those portions throughout polishing. The sacrificial mask 80

remaining after the polishing may be removed using a burn-out process, applying a

solvent, etc.

[0039] In other examples, the sacrificial mask 80 is made thin enough so that
the sacrificial mask 80 is removed entirely from the component 60 during the polishing.
In such examples, the media 76 may briefly polish the areas initially covered by the

sacrificial mask 80.

[0040] After the polishing, the component 60, which is now a polished
component, is removed from the fixture 50. The component 60 now includes first
surfaces 90 that were directly contacted by the media 76 during the polishing more than

second surfaces 94.



[ 0036] A sacrificial mask 80 is secured to sone portions of the
conponent 60. During the polishing, the sacrificial nmask 80 protects
those portions by limting contact between the nedia 76 and the
surfaces of those portions. The sacrificial mask 80 is thus a
protective mask. In sonme exanples, the sacrificial nask 80 reduces
the time that the nedia 76 contacts those surfaces during the

pol i shing. gt herripxadm@hassuddte 9464 iaf icalidly BBSK BONHEMRhSERIY 60 this
prevents the media 76 from contacting those surfaces. [0037] Sone of

t he saekamiptd. 3herasdnBéhrimy Jenseany ®d adwiling etipe pol i shing due to
contact with the nedia 76, which reduces the thickness of the
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surfaces or no polishing of thdse surfaces. As shown gur

a thi clapeftrer tekaipld, HRe R€dih 6Chnakt WRals B0apEhsadk@icRIrh$dN SWaktsr some of
greater than a thickness t2 of the sacrifi'cial nask 80 after sone

pol i shipatishing0Rdidinalldws thexaerilE£76 lishcthi fseeoiral surisdes 8@ fhiSsorme @mount
t hi ck enough prior to polishing so that portions of the sacrificial
mask 80ftiexmi n secured to the conponent 60 after the polishing.In

t hese exanples, the portions initially covered by the sacrificial

mask 80 areqgygf exw@xﬁpg_{%amia RasBUBH NG QOEAﬁMQWQﬁCQHéﬁh?g the

| east some of the sacrific mask 80 covers those portions

t hr ouglQathpRobdcsifictg nikek S@ES tid Iéading'@@%e 8P tHeermhpbhchtadtiwFolv &L dipping
pol i shing may be renoved using a burn-out process, applying a
sol ventheledding[ 66089]ihto diduad eseanBheDepehdirgnan fthei sdquimresk tlidkness, the
made thin enough so that the sacrificial nmask 80 is renoved entirely
f rom t semponpohethmagtbaidipped ankerepad ieshinmdfiple tinsesc Ahetigmpd emx G4haicks to
nmedia 76 may briefly polish the areas initially covered by the
sacri f ithe epmpaREntey andomadengte dprm ke sasrifisial myiskBle conponent 60,
which is now a polished

[0044] In some examples, once the liquid wax 84 hardens on the leading edge,

a template tool 88 is moved radially along the leading edge of the component 60 to wipe
off excess hardened wax and shape the sacrificial mask 80 into a desired thickness. The
template tool 88 has corners 92 that contact an area of the component 60 that does not
have the sacrificial mask 80. An inner contour 96 of the template tool 88 extends from
the corners 92. The inner contour 96 represents the desired thicknesses of the sacrificial
mask 80 built up on the leading edge. The template tool 88 removes wax thicker than

the desired thicknesses.

[0045] In another example, the sacrificial mask 80 is a thermoset material that

cures when exposed to ultraviolet light.

[0046] Features of the disclosed examples include a sacrificial mask suitable
for controlling material removal from selected areas of a component. The sacrificial

mask is particularly useful for masking relatively complex areas, such as end-bend
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conmponent, is renmoved fromthe fixture 50. The component 60 now
includes first surfaces 90 that were directly contacted by the nedia
76 during the polishing nore than second surfaces 94. [0041] The
second surface 94 is a | eading edge of the conponent 60 this exanple.
The second surface 94 may also be a trailing edge. [0042]In this
exanple, the sacrificial mask 80 covers the second surfaces 94

t hr oughoysil EAgePMd Slliphidal l\éfﬂdiiﬁ% é&{%!é%‘%?ade@?%@eﬂ{cﬁhgﬁfeﬁlﬁﬁ@o? PR ﬁf‘sﬂo@&d

t hose areas. Tn another exanp e nmedia 76 nmust wears away the

sacr i f iegi@bld¥is kh8Opaiftions FaRe satrifd@hl S50 Gemwhied aftbt @vS pbihiNB&hay be
76 to polish the second surfaces 94 for sone anount of tine.

[ 0043] Termocexd fone tleaarn poredra moresjai 8y tlsarahgraly abfiisacnifoial Beskst i ng t he
exanpl e sacrificial mask 80 to the | eading edge of the conponent

60i nvol ves dippi NQ I |29 € i i QL di - :
t he requiregh?ﬁickHggi}ﬁ?ﬂgﬂg%n%%%gﬁpbgoE%gﬁkﬂgﬂﬁﬁbgéﬁmgﬁgﬁgk%@%g%% m
mul ti plh@tireBSiatibA8 ahtGHbdifitaNodttSthleGliscldRdl HBnGAEPRAG HecHBle @PParent to
hardensto formthe sacrificial mask 80. [0044]1n sonme exanpl es, once
the |i qubsd weiKe@4irhaheeqs that tdie rictatédegsaeitgederurt grrhatie: Rhc8%fl this
noved radially along the | eading edge of the conponent 60 to w pe off
excess dimtaane@Thugxttendcopirapk légad matactibn cgigbn nasthi8@liscddamra desonlgdbe
thi ckness. The tenplate tool 88 has corners 92 that contact an area

of t he detsrpunehby 6bidyiag thivledopdng plaiest he sacrificial mask 80. An

i nner contour 96 of the tenplate tool 88 extends fromthe corners 92.
The i nner contour 96 represents the desired thicknesses of the
sacrificial nmask 80 built up on the | eading edge. The tenpl ate tool

88 renoves wax thicker than the desired thicknesses. [0045]1n another
exanple, the sacrificial mask 80 is a thernoset material that cures
when exposed to ultraviolet light. [0046] Features of the disclosed
exanpl es include a sacrificial mask suitable



for controlling material renoval from sel ected areas of a conponent.
The sacrificial mask is particularly useful for masking relatively
conpl ex areas, such as end-bend airfoil edges and elliptical |eading
edges of bl ades. Yet another feature of the disclosed exanples is
that portions of the sacrificial mask remaining after the polishing
may be renoved fromthe conponent nore quickly than hard,
non-sacrificial masks. [00471The precgging description is exenplary
rather than limting in nature.Variations and nodifications to the

di scl ogethigmxanpl es may becone apparent to those skilled in the art
that do not necessarily depart fromthe essence of this

di scl osure. Thus, the scope of legal protection given to this

di scl osure can only be determ ned by studying the follow ng clains.
CLAI M5 11 Aolomipranent polisloogmoetbod, qohps$ingg net hod, conpri si ng:
pol i shing a conponent; and protecting at |east a portion of the
conponent d@OlsYNERecOFPIEREMusi ng a sacrificial mask, wherein at

| east some of the sacrificial nmask is renoved during the poljshing.

2. The conp&RstURHDIat RSP MOTHRY chfﬂg'lél TP AnenETE tﬁﬁé’é‘éiﬂﬂgf Heing| a

mask conprises : . o . .
A mAs , wherein at least some of the sacrificial mask is removed during the

polishing.

2. The component polishing method of claim 1, wherein the sacrificial mask comprises

wax.

3. The component polishing method of claim 1, wherein the sacrificial mask is secured

directly to the portion of the component.

4. The component polishing method of claim 1, wherein the sacrificial mask is removed

entirely from the component during the polishing.

5. The component polishing method of claim 1, wherein some of the sacrificial mask

remains secured to the portion of the component after the polishing.

6. The component polishing method of claim 1, wherein the component is an airfoil and

the portion comprises a leading edge or a trailing edge of the airfoil.

7. The component polishing method of claim 1, wherein the polishing comprises
vibratory polishing the component using a media, and the sacrificial mask limits contact

between the media and the portion of the component.
-9-



3. The conmponent polishing nethod of claim1l1l, wherein the sacrificial
mask is secured directly to the portion of the conponent. 4. The
conponent polishing nethod of claim1, wherein the sacrificial mask
is renoved entirely fromthe conponent during the polishing. 5. The
conponent polishing method of claim1l1, wherein sone of the
sacrificial mask renmains secured to the portion of the conponent
after hanRUongHhiht pdishiNpemeeHIROBE BlaiA0l, |8 BkAeh STtk Qhe YRt bf th
wherein the conponeng)is g%?airfoil and the portﬁgﬁlggﬁ%ris s a of the
| eadi ngogafgment irfa ligaid be@redgepolisiihg thk fliq;mii(ﬂ hardenirl$l€o E6P Gestcrificial
polishing nmethod of claim1, wherein the polishing conprises
vi br at angskpol i shi ng t he conponent using a nmedia, and the sacrificial
mask limts contact between the nmedia and the portion of the
conponent . 8. The component polishing nmethod of claim11, including
dippin% the portion of the conponent, in a liquid before the ]
pol i shinghe CHRMPONEL; Bl Aiekod ot flaims, ndesan the lignid compRses mparpffan
conponent polishing method of claim@8, wherein the liquid conprises a
par af f i"f®vax. 10. The conponent polishing method of claimi,
i ncludi ng renmoving sone of the sacrificial nmask using nedia during a
vi bratory polishing of the conponent. 11. A protective nask,
conpri §hney LEdnel al d4 dj . -POrti f
o Compagenre PG aAtRUl R m DY, SEEUIR L CIHARERY, KRl hnf of the
pol i shisR&ifidisl HRSPRAREImedid durihB® AbAIEH) %Mﬁ,hm?lsf @ GhfidRehl
wherein the sacrificial nmask conprises a paraffin wax. 13. The
protective mask of claim 11, wherein the conponent is an airfoil of a
t ur borrachi ne.

11. A protective mask, comprising:

a sacrificial mask secured directly to a portion of a component, wherein the

sacrificial mask protects the portion when polishing the component.

12. The protective mask of claim 11, wherein the sacrificial mask comprises a paraffin

wax.

13. The protective mask of claim 11, wherein the component is an airfoil of a

turbomachine.

14. The protective mask of claim 11, wherein the portion comprises a leading-edge or a

trailing edge of a turbomachineairfoil.

15. The protective mask of claim 11, wherein some of the sacrificial mask is configured

to remain secured to the component after polishing.
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14. The protective mask of claim 11, wherein the portion conprises a

| eadi ng-edge or a trailing edge of a turbomachineairfoil. 15. The
protective mask of claim 11, wherein sone of the sacrificial nmask is
configured to renmain secured to the conponent after polishing. 16.
A pol i shed conponent, conpri sing: a conponent having first

surfaces and second surfaces, wherein the first surfaces were
directly contacted by nedia during a polishing, and the second
surfaces were protected during the polishing by a sacrificial nask.
17. The polished conponent of claim 16, wherein the conponent is a

t ur bonaehAnwlished eoaponétteceaapaisihgsur f aces conprise a | eadi ng edge of
the blade. 18. The polished conponent of claim 16, wherein the
second sur f acespuereat bevingdiredsiyyacee dnd seeomidngurfdves, pehérehi thg fakt @rrfaces
renoval of the sacrificial mask.

were directly contacted by media during a polishing, and the second surfaces were

protected during the polishing by a sacrificial mask.

17. The polished component of claim 16, wherein the component is a turbomachine

blade and the second surfaces comprise a leading edge of the blade.

18. The polished component of claim 16, wherein the second surfaces were contacted by

media during the polishing after removal of the sacrificial mask.
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