A SURFACE TREATMENT DEVI CE The present invention relates to a surface
treatnent device. In particular it relates to a surface treatnent device
whi ch usewohkotdmoesizabr asi ve nedi a and a chem cal accel epamere@opadsdsh a
surface. The surfaces of conponents, such as blades, within a gas turbine
engi ne have to be finished to within a high degree of accuracy to attain

t he necessary aerodynam c perfornmance. Polishing of these conplex surfaces
is difficult and a nunber of different techni ques are used. These include
the use of abrasive nedia in the formof clothes or wheels, ultrasonic

oscillation, electro-chems&gduRPACETREATMENTOEVIOEasti ng. A further
pol i shing techni que which TS widelTy used on conpl ex aerospace conponents is

chem cal vibro-polishing. Wth this polishing technique a chemcal
accelerant is used in conbination with a nechanical interaction to achieve
the desired surface finish. One way in which this can be achieved is to

pl ace t1ie pRIEADRIVentidn dcRISCRSS sDHatéeatnbht daviedr iasparticuraditaekanss to ar at e
it. The abrasive particles gently abrade the surface of the conponent

wi t hputsustasettegatmant genieeovhich yserdati apaatsasive mediaAnchd chBEHSRr ant i s
introdu.bcc%glér?ﬂ{ {og‘ljjcglgpfé)gm.f?gg changes the state of the surface resulting in
ge rnthe coerficient o

a chan f friction such that the surface becones nore
susceptible to abrasive wear. Difficulties with this technique are that the
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finished to within a high degree of accuracy to attain the necessary aerodynamic

10 performance. Polishing of these complex surfaces is difficult and a number of different

techniques are used. These include the use of abrasive media in the form of clothes or

wheels, ultrasonic oscillation, electro-chemical polishing and vapour blasting.

A further polishing technique which is widely used on complex aerospace components
15 is chemical vibro-polishing. With this polishing technique a chemical accelerant is used
in combination with a mechanical interaction to achieve the desired surface finish. One
way in which this can be achieved is to place the component in a processing tank with
an abrasive media and vibrate it. The abrasive particles gently abrade the surface of
the component without substantially deforming the component. A chemical accelerant
20 is introduced in liquid form and changes the state of the surface resulting in a change in
the coefficient of friction such that the surface becomes more susceptible to abrasive

wear.

Difficulties with this technique are that the component must be removed from an

25 assembly and the surface of the whole component is abraded. Polishing of the whole
surface may lead to thinning in key locations such as the leading edge of an aerofoil of
a blade. This process is therefore unsuitable if the component has delicate surfaces
that could be damaged by either the abrasive of the chemical accelerant. As the whole

component is treated large amounts of both the abrasive media and the chemical



surface may lead to thinning in key |ocations such as the | eadi ng edge of
an aerofoil of a blade. This process is therefore unsuitable if the
conponentwbasiodehgigat e surfaces that coul d be danaged byceireben/obdss7
abrasive of the chem cal accel erant. t he whol e conponent is treated

| arge anounts of both the abrasive nedfa and the chem cal accel erant are
required. As well as the increased cost there are environnental issues
around the handling and di sposal of the chem cal accel erant so excessive
use of chem cal accelerants is to be avoi ded. The present invention seeks

to pr OVécQ:@Iér‘aﬁPérfeaf‘é%uiré@aAMIl SSMCRcHitseld dbse Hatartretdivirahaie@isswered
probl ens and whi ch enabl es an abrasive and a chem cal accelerant to be

pr ef er earolad thye hpptiingiand dispasal of the camicabaccalemint sPRXCESHYE USRI 3y
treatme ccor di n o. th S i nvention a surface treatnment device
conpri ch;benéﬁa %ciﬁe&%r%pfés 'SHOW%\EO'gﬁa'abrasi ve is |located, the enclosure has
an openi ng which engages with at |east one surface of a corrponent so t hat
the abrasive is in contact with the surface, neans are, provided
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adj acen openi ng e encl osure revent egress of the

Pr ef er adicgldrhet fd be Prafessitiafly appliedto pads @m«al cmup@merﬂ requiniegi & polishing| er ant
whi ch assists in the abrasion of the surface of the conmponent. The chem cal
accel ert@dtM@tects the surface of the conponent to that the surface becones
more susceptible to abrasive wear. The chem cal accelerant nmay be a nitric
acid solution which breaks

10 According to the present invention a surface treatment device comprises an enclosure

in which an abrasive is located, the enclosure has an opening which engages with at
least one surface of a component so that the abrasive is in contact with the surface,
means are provided to oscillate the abrasive characterised in that fluid means are also
provided to direct a flow of fluid through the enclosure and a seal is provided adjacent

15 the opening in the enclosure to prevent egress of the fluid.

Preferably the fluid passing through the enclosure is a chemical accelerant which

assists in the abrasion of the surface of the component. The chemical accelerant

affects the surface of the component to that the surface becomes more susceptible to
20 abrasive wear. The chemical accelerant may be a nitric acid solution which breaks

down oxides on the surface to allow etching.

In the preferred embodiment of the present invention the seal is resilient so that in
operation the enclosure is held in sealing relationship with at least one surface of the

25 component. The resilient seal may be made from an elastomer based compound and
may be solid or hollow. The hollow seal may be inflatable. An advantage of an

inflatable seal is that it can conform more accurately to the surface on which it seals.

In one embodiment of the present invention the enclosure is designed to fit around an

30 edge of the component and seals against two surfaces adjacent the edge.



down oxides on the surface to allow etching. In the preferred enbodi nent of
the present invention the seal is resilient so that in operation the

encl osur ewoofvalogsin sealing relationship with at | east ponapasmwfoams7 of the
conponent. The resilient seal may be nade from an el astoner based conpound
and may be solid or hollow The hollowseal may be inflatable. An advantage
of an inflatable seal is that it can conformnore accurately to the surface
on which it seals. In one enbodi nent of the present invention the enclosure
is designed to fit around an edge of the conponent and seal s agai nst two

sur f acesreéliaBRehe 4818s0E98 iR Rirmbhbrisies a6 @itedn Batks whkinfthem of
bristles nmounted on tracks within the encl osure. The tracks and the -

bri st | eanatesuresThe tracks andrtbe dristlas manosgibateps|retale aithimthesenelpsee. may
have a further abrasive nedia applied to them and may be of different
| engt hs and have different stiffness. The arrangenent, contour and pattern

of the Tid BfitRss Sy HaveadfritRg dbvasine nesdia @pplied té teernamebmeaytbeaniddifieldnt
depend upon the specific polishing_application. A probe nmay al so ?‘eﬁ
pr ové ddangihstand have diferesststiéiness nbhe agangrmebgorseut ad pafter eSthg ¢ i n

h .0 )
the encﬂr%?l%rcbaﬁ% gfr'j]aért%g tgﬁéé%ggtcglprp’qf?E%Qtag{d&‘ﬁeﬁ%ﬁa%ll %PEHS u?.%’i‘fﬁﬂ@e”t

Utrasonic v the cassette to assist the

vi br o- epdcifit pyishimrcasslicaliba. present invention will now be described with
reference to the acconpanying figures in which; Figure 1 is a schematic
view of a surface treatnent device in accordance with

A probe may also be provided within the enclosure to monitor the wear of the bristles

10  within the enclosure and/or the surface finish on the surface of the component.

Ultrasonic vibration may also be applied to the cassette to assist the vibro-polishing

process.

15 The present invention will now be described with reference to the accompanying

figures in which;

Figure 1 is a schematic view of a surface treatment device in accordance with
one embodiment of the present invention and is shown in use on the leading edge of
20 an aerofoil.

Figure 2 is an exploded view of the surface treatment device shown in figure 1,

and

25 Figure 3 is a cross-sectional view of a surface treatment device having an “O”

ring seal arrangement; and

Figure 4 is a cross-sectional view of a surface treatment device having which
utilizes a different seal arrangement; and
30



one enbodi ment of the present invention and is shown in use on the |eading
edge of an aerofoil. Figure 2 is an expl oded view of the surface treatnent
devi ce shwonoiomsisigure 1; and Figure 3 is a cross-secti eoalerre@w®@E7 a
surface treatnent device having an "CT4ring seal arrangenent; and Figure 4
is a cross-sectional view of a surface treatnent device having which
utilizes a different seal arrangenent; andFigure 5 is cross-sectional view
of a surface treatnent device in accordance with a second enbodi nent of the
present invention; and Figure 6 is a schematic view of one arrangenent of
bristles useﬂguﬂe 5 &@é@. ddciBhaPNbws §@%addtraseRsstalsiceNnt dodohgamee atht

I nventi on; gure Is a sectional view of a hollow bristle; and

Fi guresa sacwchemb@demsnmf thefaresemttinventian; @ngr r angenents. 1 n accor dance
with the present invention a surface treatnent device 16 is designed to
engage with at | east one surface of a conponent 12. The conponent 12,

figure 1, isFignr 6fis a seHehRIticofieVa®f oheidrearigaméstcbfdtistiediusedif sufface
aerofoils 12 are an integral part of the disc 10 and the device 16 is

noun edresimant sgyisesan apcmﬁi@ns@rvwﬂbthe presenthiBveptioni@d r eat nent devi ce 16
conpri ses an encl osure 18 which has an opening 20 through which an edge 14
of the aerofoil 12 passes. A plurality of bristles 22, shown in figure 6,
are nount ed Eigurea? lisa2éctionalaiew lo aaalbwbtistley anide encl osure 18. Seal i ng

Figures 8a-d are views of different bristle arrangements.

10
In accordance with the present invention a surface treatment device 16 is designed to
engage with at least one surface of a component 12. The component 12, figure 1, is
one of a number of aerofoils mounted on a disc 10. The aerofoils 12 are an integral
part of the disc 10 and the device 16 is mounted on an edge 14 of the aerofoil 12.

15

The surface treatment device 16 comprises an enclosure 18 which has an opening 20
through which an edge 14 of the aerofoil 12 passes. A plurality of bristles 22, shown in
figure 6, are mounted on rails 24 and are located within the enclosure 18. Sealing
elements 26, shown in figures 3-5, are provided on the enclosure 18 to seal the device

20 16 to the surfaces 11 and 13 adjacent the edge 14 of the aerofoil 12 that is to be
treated.

Within the enclosure 18, figure 2, are a fluid processing head 28 and anchoring
features 30 for location of the rails 24 holding the bristles 22. Two fluid inlets 32 are
25 also provided in the enclosure 18, shown in figures 3 and 4, through which a chemical

accelerant can be pumped.

In operation the enclosure 18 is oscillated relative to the component 12 so that the
bristles abrade material at edge 14 and from the adjacent surfaces 11 and 13. Whilst



el ements 26, shown in figures 3-5, are provided on the enclosure 18 to seal
the device 16 to the surfaces 11 and 13 adjacent the edge 14 of the
aerof oi | W®dwtvabigis to be treated. Wthin the encl osur eprt®EPRoigooms2, are a
fluid processing head 28 and anchoring.features 30 for |ocation of the
rails 24 holding the bristles 22. Two Tluid inlets 32 are al so provi ded in
the encl osure 18, shown in figures 3 and 4, through which a chem cal

accel erant can be punped. In operation the enclosure 18 is oscillated
relative to the conponent 12 so that the bristles abrade material at edge

14 and the @RcidstirédiBas atillated 2eRemidal addelbPantbisimukAfe Y pempediBrdugh

oscillated a chem cal accelerant is sinmultaneously Burrped through it. The
cheni cdt. Thecehamigat agealerant passes)through theifldidiinleds 823pastihstartayeofrisdesof

bristl 22 ,and through the.processin . | .osur: '
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abr aded 1mah@n Badll theadpepe fiaih) aidreomtaii®d ameabrelcdsmaterikd ddir baekhabstetll ui d
outlets 34 under negative pressure. A further enbodi nent of the present

i nvent ifeamitke enelasure 18itigughghe flyid putetssdoandeimegativedieseidigre 18 is
designed to abrade material on a single surface 11. Pressure is applied via
a ginbled or ball joint (not shown) to ensure that the bristles 22 remain
i n contMeirtivértembbdinsant foftise piessmt ifveinsiohds browndafigdre Fhin thés/embodibnest
once again sealed to the surface 11 to ensure that any spent fluid and
abr adedhf@nelasiire 1848 designsgda a %&%%Eggli%ame%\éaﬁgtﬂoﬁ FBHHER | osure
18. It widi ' i | | hb8stistiBs 9ereMidintimat a
vari et yélﬁCEJlehng% gﬁbgh%?éc%@galpﬁblrﬂRHB?Qhé\kﬁﬁobéfnélﬂé tR4l theashisties o2eredhdin i

10 contact with the surface 11 which is to be treated. The device 16 is once again sealed

to the surface 11 to ensure that any spent fluid and abraded material passes though

the processing head and out of the enclosure 18.

It will be appreciated by appreciated by one skilled in the art that a variety of different

15 seals and abrasives may be used within the enclosure.

The seals on the enclosure 18 must however be sufficiently resilient so that they can
compensate for the oscillation of the enclosure 18 and for any variations in the profile
of the surfaces 11 and 13 against which they seal. In the embodiment shown in figure 3
20 the sealing element 26 is shown as an “0” rings located within the opening 20 of the
enclosure 18. However in figure 4 an elastomeric seal is held in place by a bellows
clips. The bellows clip extends outwards from the opening 20 in the enclosure and is
sufficiently flexible that it can extend around more complex geometries. These
elastomeric seals are solid however hollow seals may be used which can be inflated.
25 Inflatable seals offer the further advantage that they are more compliant and can

conform more accurately to complex surface profiles.

It is further envisaged that different abrasives may be used depending on the particular

application of the device 16. The abrasive media may also be fixed within the enclosure



seal s and abrasives may be used within the enclosure. The seals on the

encl osure 18 nmust however be sufficiently resilient so that they can
conpensatwof2oro/dlg20sci | | ati on of the encl osure 18 and fPor/ERpy10Me063At | ONS
in the profile of the surfaces 11 and_ A3 agai nst which they seal. In the
enbodi mrent shown in figure 3 the sealing element 26 is shown as an "o"
rings | ocated within the opening 20 of the enclosure 18. However in figure
4 an el astoneric seal is held in place by a bellows clips. The bellows clip
extends outwards fromthe opening 20 in the enclosure and is sufficiently

f1 exi bl £8 bhaHay hoo@dr atate) folativ fothatsreclesurel 188 Mewmént efthe Bbeasive media
el astoneric seals are solid however holl ow seals nay be used which can be
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can either be bonded to the tips of the bristles 22 or is carried in the

f or n® of warkstherabyasive paedia agginstthe surfase 2 remneve acamelledamquitpof material.

The bristles 22 could be manufactured from glass fibre and have rounded ends.

Ceramic particles, harder than the substrate yet chemically inert with both the substrate

of the component 12 and the chemical accelerant, could be embedded in the bristles or
15 entrained throughout. For example ceramic patticles of silica, zirconia, alumina or yttria

for example are suitable and could be used.

Different arrangements, contours and patterns of bristles 22 can be used depending on
the contour of the component 12 to be treated. The bristles 22 may have different |

20 lengths and vary in stiffness and this can be achieved in a variety of different ways. For
example the diameter of the bristles may change with respect to length, figure 8a. The
bristles may be internally reinforced either by the use of a second material 21, figures
8b or by changing the density of the material forming the bristle, figure 8c.
Supplemental support structures 23 located adjacent to the bristles 22 could be used

25 figure 8d or the bristles could be bundled, twisted or clustered and made into helical or
strip brushes. The fibres could also be hollow as shown in figure 7 to grade their

flexibility or to deliver a liquid media to the treatment area.



wor k the abrasive nedia against the surface to renove a controlled anount
of material. The bristles 22 could be manufactured fromglass fibre and
have rourwlecdosndssi2Cer am ¢ particles, harder than the sebItEradie/ oyms7
chemcally inert with both the substrate of the conponent 12 and the
chem cal accel erant, could be enbedded in the bristles or entrained

t hroughout. For exanple ceramc particles of silica, zirconia, alumna or
yttria for exanple are suitable and could be used. Different arrangenents,
contours and patterns of bristles 22 can be used dependi ng on the contour
of the Chempivatatcdlérdams Baitabledbedse Tthdpiesehemvaatiomard aedl laioWreardthe

| engths and vary in stiffness and this can be achjeved in variety.. of
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into herﬁ;bFé‘*ria‘B‘ie frfr Budh 48 R8%/drdkigef i bres could also be hollow as shown in

figure to grade their flexi'bility or to deliver aliquid nedia to the
treatment area. Chem cal accelerants suitable for use in the present

i nventiqgn are. well .known and the accel erant, used wl]|. e on .t -
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on the surface to all ow etching. However the chem cal accel erant does not
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conver tt?r%tlteg 75 or the surface finish on the component 12 or both.

A surface treatment device 16 in accordance with the present invention offers the
advantage that the abrasive media and the chemical accelerant required in vibro-

15 polishing can be applied preferentially to the areas of the component 12 requiring
treatment. In this way a local area can be treated without damaging adjacent surfaces.
This is particularly beneficial when an original component 12 is repaired and polishing
is only required in the vicinity of the repair. The sealed enclosure 18 also ensures that a
controlled amount of the abrasive and of the chemical accelerant can be applied to the

20 area requiring treatment avoiding the use of excessive amounts of either. Use of such
a device 16 ensures that vibro-polishing is carried out in a controlled environment and
allows the chemical accelerant to be recirculated minimising any hazard to the operator

and the environment.



nore friable formsuch as a hydroxide. Utrasonic vibration may be applied
to the cassette to assist with the vibro-polishing and a probe (not shown)
may al so we 20neirgaer ated within the enclosure 18. The prolEpresopo@ber ably a
depth probe and is used to nonitor either the anmount of wear on the
bristles 22 or the surface finish on the conponent 12 or both. A surface
treatnent device 16 in accordance wth the present invention offers the
advant age that the abrasive nmedia and the chem cal accelerant required in
vi bropol i shing can be applied preferentially to the areas of the conponent
12 requiring treatnment. In this way gUMmE area can be treated w thout
damagi ng adj acent surfaces. This is partrcul arly beneficial when an
original component 12 is repaired and polishing is only required in the
vicinity of the repair. The seal ed enclosure 18 al so ensures that a
controll ed anount of the abrasive and of the chem cal accel erant can be

appl i edy t o theufhea tictimeht A8vits ¢R6YEsthpAsiAgEIMgndlbsures@8pin whivksai ve
anounts of either. Use of such a device 16 ensures that vibro-polishing is

carrfed out abrasivedae) isiIpeatednihe enclertreals) Arvie@sAn AReRINGHRBhWhiE el er ant
evi ronmont 1906 THRaCleastdn8maBexif, 19 onEihpRbaL ()3citiEt the
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surface (1ol tBRAfERt 810WoPfiGY tHRSLghthe enclosure (18), a seal (26) being

10 provided adjacent the opening (20) in the enclosure (18) to prevent egress of the
fluid.

2 A surface treatment device (16) as claimed in claim 1 characterised in that the
fluid is a chemical accelerant which assists in the abrasion of the surface (11,

15 13) of the component (12).

3 A surface treatment device (16) as claimed in claim 1 or claim 2 characterised in
that the seal (26) is solid.

20 4 A surface treatment device (16) as claimed in claim 1 or claim 2 characterised in
that the seal (26) is hollow.

5 A surface treatment device (16) as claimed in claim 4 characterised in that the

hollow seal (26) is inflatable.

25
6 A surface treatment device (16) as claimed in any preceding claim characterised
in that the enclosure (18) fits over an edge (14) of a component (12) and seals
on the surfaces (11, 13) adjacent that edge (14).
30 7 A surface treatment device (16) as claimed in any preceding claim characterised

in that the abrasive is in the form of bristles (22).



oscillate the abrasive (22) characterised in that fluid neans (32, 34) are
provided to direct a flow of fluid through the enclosure (18), a seal (26)
bei ng pr ovodetym®i§iacent the opening (20) in the encl osurer(eP8)10t0006p7 €VeENt
egress of the fluid. 2 A surface treatgent device (16) as clained in claim
1 characterised in that the fluid is a%chem cal accel erant which assists in
the abrasion of the surface ( 11, 13) of the conponent (12). 3 A surface
treatnment device ( 16) as clained in claiml1l or claim2 characterised in
that the seal (26) is solid. 4 A surface treatnment device (16) as cl ained
in claign 1 of sghatEtrRatMBRRabRELI86) 48 cllifbdlif@lakfat chaidbtdrselah! Rt the A
surface treatnent device (16) as clained in claim4 characterised in that

t he hol | ow dhrigtiesZ82) are mouintedhbh ¢ailss(24) swhich oscillateaemiotatedelstive to18e as
clainmed in an recii'rg claimcharacterised in that the encl osure ( 18)
fits over EHPQ&H%&"? ?'of a component (12) and seals on the surfaces ( 1 1,
13) adjacent that edge (14). 7 A surface treatnent device (16) as clained

in anyeérecedi ng claimcharacterised in that the abrasive is in the form of
bristl e& (22A surResreatment deyiqes(H6) @swilaimqdip)claisn &lasichimn 8 gharagtatised
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10 A surface treatment device (16) as claimed in any of claims 7-9 characterised in

that the bristles (22) vary in stiffness.

10
11 A surface treatment device (16) as claimed in claim 10 characterised in that the
stiffness of the bristles (22) vary with length.
12 A surface treatment device (16) as claimed in claim 11 characterised in that the
15 bristles (22) are reinforced.

13 A surface treatment device (16) as claimed in claim 12 characterised in that the

reinforcement is provided internally of the bristles (22).

20 14 A surface treatment device (16) as claimed in any of claims 7-13 characterised

in that the bristles (22) are hollow.

15 A surface treatment device (16) as claimed in claim 14 characterised in that
means are provided to pass a fluid through the hollow bristles (22).
25
16 A surface treatment device (16) as claimed in claim 15 characterised in that the

fluid passing through the hollow bristles (22) is a chemical accelerant.

17 A surface treatment device (16) as claimed in any preceding claim characterised
30 in that it includes a depth probe.



9 A surface treatnent device ( 16) as claimed in claim7 or claim38
characterised in that the bristles (22) vary in length. 10 A surface

t r eat nentwoevioo®1£1216) as clained in any of clainms 7-9 etameedenimed i n
that the bristles (22) vary in stiffnegs. 11 A surface treatnent device
(16) as clainmed in claim10 characterised in that the stiffness of the
bristles (22) vary with length. 12 A surface treatnent device (16) as
claimed in claim11l characterised in that the bristles (22) are reinforced.
13 A surface treatnent device (16) as clained in claim1l2 characterised in
that t heg rei Alsaraedt@athmenbPdevicd¢re) &8 elairabl in ahy iohecdding claim dréithactetided
surface treatnment device ( 16) as clainmed in any of clains 7-1 3 |

char act er i sd@l that means @xe previded ésthepenclaswerg Areduce gltiasonia Wbeatiansat ment
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treatnent device ( 16) as clainmed in claim15 characterised in that the
fluid passing through the hollow bristles (22) is a chem cal accelerant. 17
A su?face treatment device ( 16) as clained in any preceding claim
characterised in that it includes a depth probe. A surface treatnent device
( 16) as clained in any preceding claimcharacterised in that neans are
provided in the enclosure to produce ultrasonic vibrations which assist in
t he abrasion of the surface ( 11, 13) of the conponent (12).



