- 1 - APPLI CATI ON OF TREATMENT FLU DS TO COVPONENTS The present

I nvention relates to inprovenents in the application of treatnent
fluids to 5 conponents. Myre particularly, the present invention
provi des apparatus, processes and syst 1ms for the application of a
treatnment fluid to a target region of "a tonponent. Such a treatnent
fluid may for exanple include a chem cal etchant. Background 10
Chem cal etching is a commonly used techni que for renoving one or

nore surface | aygppLICATION Ot IREATNMENLFEMDSATO TOMPANERTSC!
ot her chem cal etchant ffTurd is applied to a conponent 1or a period

of time and di ssolves a surface | ayer of the conponent. Pre treatnent
of the surface to be etched is required, using a suitable 15scale
conditioning fluid, follow ng which the surface nust be washed in
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typically Linear Friction Wl ded onto the disc to avoid the excess

wei ght associated with Fir Tree Roots and non permanent fi xings.
Durirm]gggﬁgyouﬂaeration, bl i sks are susceptible to damage and may
require repair or refurbishnment operations to prolong their useable
lifile. 25Necessary repairs are often localised, for exanple only a
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operations may include direct netal deposition and are [ikely to be
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stress c%frnﬁor}leenE € a {reafbr‘ner?t oa}th rface 120 be etched is required, using a suitable

15  scale conditioning fluid, following which the surface must be washed in preparation for

the etching process. A further wash of the component surface is required once the
etching process is complete. Chemical etching is widely used in the aerospace industry

for the surface treatment of large components.

20  Aerospace engines commonly incorporate fan blades or aerofoils into their supporting
discs to form a unitary component known as a blisk. The aerofoils are typically Linear
Friction Welded onto the disc to avoid the excess weight associated with Fir Tree Roots
and non permanent fixings. During normal operation, blisks are susceptible to damage
and may require repair or refurbishment operations to prolong their useable life.

25 Necessary repairs are often localised, for example only a very small number of blades
on a blisk may require repair. Indeed, damage may be limited to only a particular
region, such as for example the leading edge region, of a single blade on a blisk.
Repair operations may include direct metal deposition and are likely to be followed by

some form of localised heat treatment to relieve the stress of the repair. A localised



| ayer of al pha-case nmay be forned on the surface of the conponent
during the course of these processes and nust be renoved before the
conponent is returned to service, as its presence can affect the
fatigue life of the conponent. Chemical etching is the preferred

met hod for renoval of |ocalised al pha-chse | ayers on repaired blisks.
5 Conventional chem cal etching of blisks is acconplished using | arge
processi ng tanks, or etch tanks, within which an entire conponent may
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treat cycle. 25 It may be possible to nask the parts of a

conponent that do not require treatnment, but this involves additional
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process removes surface material in areas of the component where such removal is
unnecessary and may be detrimental to component performance. Additional finishing
20 processes are required to return the entire component to an acceptable surface finish
as opposed to just the small area that actually required treatment. In addition, complex
features that have been machined to close tolerances will be adversely affected,
meaning a component may not fit and interact as precisely with its adjacent
components following a global etchant treatment cycle.
25
It may be possible to mask the parts of a component that do not require treatment, but
this involves additional process stages for the application and removal of the mask,
adding time and cost to the process. Mask removai typically also requires the use of a
solvent (which may be an organic chemical) and this introduces HS&E issues

30 concerning handling, emissions and disposal.



tenperature within the range 10 to 40C. A large tank is slow to react
to external tenperature controls as well as to exothermc effects of
the etchant reaction itself. 5 Tenperature fluctuations over a
treatment cycle and between treatnent %gcles | ead to i nconsistencies
in surface material renoval. Such inconsistencies also arise in scale
conditioning pre treatnents that nust also be accurately controlled
at considerably higher tenperatures. 10The |arge quantity of etchant
fluidr il . eused
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i dea of average material renoval over the entire conponent surface.

Post t rugherdampenatyes.s may 20 cone too late if an excess of materi al
has al ready been renoved, or may indicate that costly retreatnent is
required. Wth such chal I engi ng conditions and |l ack of real tine
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256  With respect to the inefficiencies inherent in the use of etch tanks, it will be understood
that the large quantities of chemicals required, the significant surface areas necessary
to accommodate processing tanks and the associated equipment for tank cleaning and
for transferral of components between tanks all carry high costs in capital expenditure,

maintenance and daily running. Temperature control of large fluid tanks invalves high



nmust be purchased and mmintained, as well as the sealing off of
significant areas assigned to their use and the training of

mai nt enance and support staff. The uncontai ned nature of etch tanks
al so places linmtations on the manner in which certain 15 processing
chem cal s may be used. For exanple, t et opti mal operating
tenperatures for scale conditioning fluids may be associated with
heal th and saf ety ri sks that are unacceptable in the open environnent
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environnmental (HS&E) concérns. 10Speci al i sed fixing net hods are

r equi r éer sealecpoditioaingrluitomey heuasspcigied witbvealtrand safety risks that are

unacceptable in the open environment of an etch tank facility.

In an effort to address some of the disadvantages noted above with respect to etch

20 tanks, apparatus for targeted surface treatment has been developed as disclosed for
example in US2008/0035179. According fo this targeted method, etchant paste is
delivered to a region of a component via a cassette which is clamped onto the
component. While this may address some of the issues associated with efch tanks, it
also carries disadvantages. Sealing of the cassette around areas of curvature on a

25 component is problematic; it is difficult to produce a reliable leak proof seal on aerofoils

of complex geometry.

The known local etchant cassette is also subject to the build up of hydrogen which is
evolved in the form of bubbles as a by-product of the etchant chemical reaction.

30 Hydrogen bubble formation during the known efch tank process is normally removed



the renoval of air pockets during filling of the cassette with the
requi red wash, scale conditioning and etchant fluids. The |ocal etch
cassette still suffers fromissues of accuracy ow ng to inadequate
etchant 15m xing. A build up of titaniumions between the etchant
fluid and the conponent surface can case the etchant reaction to end
prematurely, leading to insufficient surface material renoval and:
retreatnment, and al so making inefficient use of etchant fluid, adding
to the fxP® f ' ' gﬁgEm r; ;

I neffici enc@?%PC%%WEFR%@%%%%cd%ﬁEFAth%bgg\p’ar nt E?rllﬁt%ﬁrenel lgg‘?ng?s
pr oces seEsiskqroblensf de thawsdiok toltkasurigcantitheetrapenergmand blbEk etthianbfrom

th tte, d. t dt i f il i tchant fl uid.
he | adfierastiny Wi 0 BaTed SR irotin: ThisPERlen beCh it Mntsptent
appl i cagitrR a@as@@ﬁé tOl\l\)‘{ﬁg 2] W%Qlle%r}@ﬁ?@f él%héﬁﬁﬂlﬂﬂ anbli the Magitdd ve

pressure to agitate the fluid for i'cient etching. Pressurisi n% a
hi ghl y pasisthiltiestfenaas to eseane fregahd emcios ug o HySsgR b khle fermadionhwithin

Casset t8e K SEoRaRReufy Lder RN 6030 rbBs R Pt bae ™"

et chantcopsdinipgngateriandiginfsestiecompoadsits pfachamddiliondlycthe f | ow
over the conponent surface, causing undesirable cosnetic defects and

i ncr eagiongradation; afibyerogan bubblep epaes A rskmfaxplagiam systen bersesreid
fluid '|o fs i r.ovi g § i j | ui d
to'a e RpuRn FH BrREELPAL ST S8R F Al M AreAt RSP AR S ns
unwoel Bpedaigedrfixing metmodyearemeygairedto aliae dort loydrogenmbaidaiue renidval &ed for
cassette and the necessary .cl anpjn ui pnent to, seal the cassette to
t he coﬁ%ﬁ%ﬁpvahﬂ@%@%@&t¥ gliriad FyBE of dhe Casatienvith e gﬁqtmedtwéb e
of a 5% Phlchaht Buigse, the tight spacing between bl ades on
a bli sk%ogra!gﬁpgﬁﬁg J[scl rru}tlzji’neous treatnent of several bl ades.
The local etch cassette still suffers from issues of accuracy owing to inadequate etchant
15  mixing. A build up of titanium ions between the etchant fluid and the component
surface can cause the etchant reaction to end prematurely, leading to insufficient
surface material removal and retreatment, and also making inefficient use of etchant
fluid, adding to the expense of the process and increasing the HS&E burden.
Inefficiencies of time and resources are also apparent in the lack of processes for
20 effectively cleaning and removing spent fluid from the cassette and the need to dispose

of still active etchant fluid.

The local etch cassette introduces fluid into the cassette under the application of
positive pressure, and also relies on this positive pressure to agitate the fluid for

25 efficient etching. Pressurising a highly acidic etchant is not regarded as good HS&E
practice as the positive pressure places an increased burden on the sealing between
cassette and component surface, leading to an increased risk of etchant escaping from
the cassette. Escaped etchant fluid can flow over the component surface, causing
undesirable cosmetic defects and increasing the risk of direct operator contact with the

30 etchant fluid.



The present invention seeks to address sone or all of the above noted
di sadvant ages with known techni ques for the application of a
treatnent fluid to a conponent. 10 Summary of |nvention According to
the present invention, there is provided a process for treating a
target region of a conponent surface wi®h a treatnment fluid,
conprising: l1l5a)determ ning an anount of treatnment fluid required to
treat the target region; b) feeding the determ ned anpunt of
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10
Summary of Invention
According to the present invention, there is provided a process for treating a target
region of a component surface with a treatment fluid, comprising:

15 a) determining an amount of treatment fluid required to treat the target region;
b) feeding the determined amount of treatment fluid to a treatment device;
C) continuously circulating the treatment fluid through an applicator of the

treatment device whilst applying the applicator to the target region; and
d) discarding the treatment fluid once the target region of the component surface

20 has been treated.

Step (c) may further comprise mixing the treatment fluid as it is circulated.

The process may further comprise disposing of the treatment fluid once the target

25  region of the component surface has been treated.

The treatment fluid may be a material removal fluid and may for exampie be a chemical
etchant fluid.

30 Step (a) may comprise calculating a theoretical amount of treatment fluid required and

adjusting the theoretical amount to allow for imperfect application conditions.



M xing the treatnment fluid may conprise agitating the fluid before
and after each pass through the applicator of the treatnment device.
10 Crculating the treatnent fluid may conprise circulating the
treatnment fluid between a fluid reservoir and the treatnent device.
Step (d) may further conprise neutralising the treatment fluid prior
to discarding the 15treatnment fluid. The process may further conprise
nmonitoring the progress of the treatnent while circulating the
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regi on of the conponent with a pre treatnent fluid at the target
tenperature. The treatnent device nmay be a device as disclosed in the
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Circulating the treatment fluid may comprise circulating the treatment fluid between a

fluid reservoir and the treatment device.

Step (d) may further comprise neutralising the treatment fluid prior to discarding the

15  t{reatment fluid.

The process may further comprise monitoring the progress of the treatment while

circulating the treatment fluid and supplying progress data to a process control unit.

20 The treatment fluid may be delivered at a target temperature. The process may further
comprise pre-treating the target region of the component with a pre treatment fluid at

the target temperature.

The treatment device may be a device as disclosed in the present specification.
25
According to another aspect of the present invention, there is provided a system for
treating a target region of a component surface with a treatment fluid, comprising:
a treatment fluid reservoir;
a treatment device, operable to receive treatment fluid from the treatment fluid

30 reservoir and to apply treatment fluid to the component;



The system may further conprise a plurality of treatnent fluid
reservoirs, each operable to receive a different treatnent fluid. The
or each treatnent fluid reservoir may conprise heating and/or cooling
el enents. The system nmay further conprise mxing el enents, positioned
bet ween the or each fluid treatnent reservoir and the treatnent
device. The fluid reservoirs may al so include agitation elenents to
agitate the contents of the reservoir and ensure, for exanple, that
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speci fication The system may further conprise at |east one punp,
operable to punp treatnment fluid 25 around the system The punp may

be & rediceatpraergslyiemaymemprisega matadalrenmaviagflvidans maydgr examplese a
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is provided a device for 5 applying a treatnent fluid to a target

regi on of a conponent, the device conprising;: an application chanber
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i nfl ow i Q ;on of the application chanber; and a
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at 1an interface, in use, fluid being delivered fromthe distribution
chanber_to the application chanber via the 10interface acrqss the
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interface may extend laterally across the full extent of the inflow
regi on of the application chanber. 15 The interface conprises a
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mani f o resérvolir and the treatment device.
15
The fluid reservoirs may also include agitation elements to agitate the contents of the
reservoir and ensure, for example, that inorganic viscosity enhancing media do not fall
out of the fluid under gravity while the fluid is travelling at low velocity. Such agitation
may also aid mixing within the reservoirs.
20

The system may further comprise a plurality of treatment devices. The or each

treatment device may be a device as disclosed in the present specification

The system may further comprise at least one pump, operable to pump treatment fluid

25 around the system.

The pump may be a reduced pressure pump.

The system may further comprise a global wash facility positioned within the enclosure
30 and operable to wash the interior and contents of the enclosure.



The interface may conprise a distribution elenment. 20 The device may
further conprise neans for application of pressure at the outflow
regi on of the application chanber that is | ess than anbi ent pressure.
The resulting reduced pressure operation enables the device to be
self sealing and avoids the need for adif ti onal cl anpi ng appar at us.
Reduced pressure operation also renders the device 25inherently safe,
w thout the risks associated with pressurisation of treatnent fl uids
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conprise a flurd inlet opening into the distribution charber a

def i ni ryrefatablé sanhieow path. The inlet flow path may be substantially
parallel to the 30application flow path. - 10 - The distribution
chanber and inflow regi on of the application chanber nmay cooperate to

turn fladdbrdinguo ppeierebpetosn thBgresmtinidHtRing therehs priVided] & el for

degrees before it is delivered onto the fluid application flow path.
Thi § t EBAPIIRG euratast Suidiataelajoaigegisgeicaesomponsnt thendeyae éamarising: an

and as G fn biguBeN R bl SITBRRRRALTBiuBRE ResRRRR Ru PP eh
t r eat nenflow Region ftd BAhLANI®ATegibn Df desTapPITtion Uhenthert ahd atdistibetiement
may conprise a perforated wall that divides the distribution chanber

from t H&amRardiet cynEwnisatenwith ihe rericalioncHamRer at e iRstaces inbwpe. fluid
regon M%%Bﬁiwréﬁ%%’ﬂ?é didttibRAiBA chahiber 30 1 8P EfcatbA dnfted Vid'te
applicati ow path.

10 interface across the full extent of the inflow region of the application chamber.

The interface may extend laterally across the full extent of the inflow region of the

application chamber.

15  The interface comprises a manifold, which may be in the form for example of a flow
guide or arrangement of pipes. The distribution chamber itself may comprise a

manifold.

The interface may comprise a distribution element.
20
The device may further comprise means for application of pressure at the outflow
region of the application chamber that is less than ambient pressure. The resulting
reduced pressure operation enables the device to be self sealing and avoids the need
for additional clamping apparatus. Reduced pressure operation also renders the device
25 inherently safe, without the risks associated with pressurisation of treatment fluids such

as scale conditioners and etchant pastes.

The device may further comprise a fluid inlet opening into the distribution chamber and
defining an inlet flow path. The inlet flow path may be substantially parallel to the
30 application flow path.



The distribution chanber may be divided into two sub chanbers by a
second 15 distribution elenent. The twn sub chanber arrangenent al so
enabl es the device to be as thin as possible and may assist with
turning the treatnent fluid flow path through an angl e between inl et
and application chanber. The secoh@-distribution el enent may
conprise a perforated wall and may be at 20substantially 90 degrees
to the first distribution elenent. The | ateral extent of the

appl i CaFH@Gusﬁ*hﬁﬁ‘Bﬁrch%m’oéradﬁdﬁﬁﬂo@ﬁ@blbﬁ%if'tﬁé‘ abpRtRA chaierifaf 8bbp&dte
by peripheral seals, which may perabl e to engage a conponent

surfac éOdurr‘aﬂwdcﬂpwr@cewgds‘m thezmlatrtbrq;@h wtmtmtlaéieailw dagreas$ befave itrid
t he inf f. th t hanber t.
conpl etistyefer e tr QUi aEageR ol Bl Tt st WmEHBEPPro Pratety 18R

of the d”é@ﬁ‘@@é‘ﬁ@élst%%fc@ﬁeenlenﬂéppllc'éhén%@tﬁ@&éﬂ@é k@B RnfPBYnt BRY also
conprise a perforated wall. device may further conprise a fluid

out Pet anedies begirvicthaed arsaoq@@d Ripe ekt beasdhin a3 passible, facilitating

ay. be et B Reo et LR Bk ced pressur e punp The devi ce

may conprise first and second treatnment units, each treatnent unit

conpri SI ng a se ar at e ap I cation, chanber. 10 Each plication
chanber! heagiski b CORPrigest Pem&at%W@Hzm%qswwea the disyifulion

distri b% ATE, rlse a separate
consol leélltg Ion r‘?} mﬂE d#%goérrfgitg%%pﬂ%tﬁ ul darﬁg Each treat nment
unitd may corrprl se a separ ate distribution chanber comruni cating with
th di

© Cor'lrheesiﬁﬂgwlrgaion may be oriented at substantially 90 degrees to the laminar application

flow path.

The distribution chamber may be divided into two sub chambers by a second

15  distribution element. The twin sub chamber arrangement also enables the device to be
as thin as possible and may assist with turning the treatment fluid flow path through an
angle between inlet and application chamber.

The second distribution element may comprise a perforated wall and may be at

20  substantially 90 degrees to the first distribution element.

The lateral extent of the application chamber and [aminar application flow path may be
defined by peripheral seals, which may be operable to engage a component surface or
a cooperating seal.

25
The peripheral seals may also bound the inflow and outflow regions of the application
chamber to completely define the extent of the application chamber in the plane of the

component surface.

30 The device may further comprise a consolidation chamber that communicates with the

outflow region of the application chamber via a consolidation element.



15application chanber via a distribution elenent. Each distribution
chanber may have a corresponding fluid inlet Each application chanber
may conmuni cate with the consolidation chanber via a 20 separate
consolidation elenment. Each treatnment unit may conprise a separate
consol i dati on chanmber communi cating wifh-the corresponding
application chanber via a consolidation elenent. Each consolidation
chanber may have a corresponding fluid outlet 25 The first and second

treat nefye bﬁﬂéo‘ﬁdﬁﬁdn E%rﬁ&ﬂﬁﬁé’y@é‘mﬁr@%%%r{/ﬂ?ﬁ%\kﬁm whi ch may be a

l'i ving hinge, nechanical hinge or other type of hinge nechanism The
treatnment units may be detachable from each other. 30 The device may

i bi f t f t.he first dt t t t .
compr i SMASEYiFE My fGHBCDPPIPESE e g Hict a5 BhermBly I Gre dideedve fuid
tr eat NgRdm Whd ESnEBaBen icRERPRAGARIdISIhRGE It fRIR Hhe d&lickeast one
peri pheral region of the device may be Shaped to acconmpbdate a

conponent. 5 The treatnent device may be substantially free form

pol yrrering SerraY b Bperatia i o Meltin B PO UERLLIEREHA BT csent
invention, there is provided a process for applying treatnment fluid

to a target region of a conponent surface using a treatnment device
oper ablTd1& deviee @yt Camerise gt Andsered feginenliniisnpanl teatnentnit

conpri sing..k ' # lgg;ﬁ evice to the target region of
t he co%ﬁo e”nst[ﬁié%ggéleeﬁgg ﬁ%értg)\;ﬁ\g Ern:(;:rfétit ment fluid through the
devpce, across the target region of the conponent 15surface solely
under the action of reduced pressure, apé)l ied at an outlet of the
devi ce Each application chamber may communicate with the distribution chamber via a
separate distribution element. Each treatment unit may comprise a separate
consolidation chamber and corresponding fluid outlet. Each treatment unit may
comprise a separate distribution chamber communicating with the corresponding

15  application chamber via a distribution element.
Each distribution chamber may have a corresponding fluid inlet

Each application chamber may communicate with the consolidation chamber via a
20 separate consolidation element. Each treatment unit may comprise a separate
consolidation chamber communicating with the corresponding application chamber via

a consolidation element.

Each consaolidation chamber may have a corresponding fluid outlet

25
The first and second treaiment units may be joined by a hinge mechanism, which may
be a living hinge, mechanical hinge or other type of hinge mechanism. The treatment

units may be detachable from each other.

30 The device may comprise a bifurcated form, the first and second treatment units

comprising arms of the bifurcated form.



The treatnent device may conprise seals operable to engage the
conmponent surface under the action of the | ow pressure applied at the
outlet. 20 The treatnent device may be substantially free form
internal noving parts. The process may further conprise continuously
circulating the treatnment fluid througf2the device across the target
regi on of the conponent surface under the action of the | ow pressure
for a predetermned treatnent tine. 25 The process may further

conpri f L i its the
T roat mate oy AR sSEehd SRLIREH: (it o beha BRI SR Clh oS the
fluid as it is drawn through the device. - 13 - The process may

further, conprise nonitoring th aseous content of the fluid as it
exi ts (HdCRRhANEPETPNeral ool eEias dRIFs TV e Samegk P AEcRBPNGTSIS
seal antcgmbsidl to the target region of the 5 conponent surface

before introducing the treatnent device. The sealing material may
conprise a wax. The sealing material may al so conprise a polyneric

et chant...r esi st ant, adhesi ve ta PTFE) .which be used in follow ng
ot oc o ote TRty cBVEETHAT 5 Sibelar el 185 T il RBrifave beon
treated. 10 The process may further conprise renoving the treatnent
device after a predeterm ned period of time and washing the target

r egi on ldte dendce Brgpyobrefarmad freima switable pelymeasia metariallevi ce has been
renoved. 15 The treatnent fluid nay be a material renoval fluid,

whi ch may for exanple be a chem cal etchant fluid. The treatnent

devdce Ageprdiag 2o hhetisrerpediesi the presaitdhvightion, thees éprosstiad & ipeeddssifor
applying treatment fluid to a target region of a component surface using a treatment
device operable to present the treatment fluid o the component surface, com-prising:
introducing the treatment device to the target region of the component surface, and
drawing treatment fluid through the device, across the target region of the component

15  surface solely under the action of reduced pressure applied at an outlet of the device.

The treatment device may comprise seals operable {o engage the component surface

under the action of the low pressure applied at the outlet.
20 The treatment device may be substantially free form internal moving parts.

The process may further comprise continuously circulating the treatment fluid through
the device across the target region of the component surface under the action of the
low pressure for a predetermined treatment time.

25
The process may further comprise mixing the treatment fluid as it enters and/or exits

the treatment device.

The process may further comprise monitoring the fluid as it is drawn through the device.
30



20 Brief description of the Drawi ngs For a better understandi ng of
the present invention, and to show nore clearly howit may be carried
into effect, reference will now be made, by way of exanple, to the
fol |l owi ng dr awi ngs, in which:- 25 Figure 1 is a representative
perspective view of a treatnent devi celBl-l ustrating open and cl osed
positions; Figure 2 is a representative perspective view of an

alternative treatnent device;, - 14 - Figure 3 is a schematic
¢ . .
{ fg;tesef@é‘gio%lﬁgg mdy Hirfhet EBﬁﬂpPQé%(g&t&mgatﬂB pdr egte)Hg %PIH{V?.:JQE Pﬂhué;‘ftllfld as it exits

of tredhewavidel uid fl ow ng through a Streatnent device that is not
itself shown in the Figure; Figure 5is a partial close up view of
Figure 4, Figure 6 is a representative view of a casing for a

treat nefg Hr%\(:b§§m ejﬂh‘trh%rzo rided n'@ hed ?Hrﬂ‘%e?t%?lftoathélté'ﬂg@t Fég?éﬁ‘h of the
system IS a repres |agramo an encl osur

shoWi ng:oampmmmscfaeebleﬁzxanmthMmgeme Fememt@elvmea representati ve

di agram of a cl eani ng appar at us; Figures 10 to 14 are di agrans
illustrating process steps in the treatnent of a conponent. Detail ed

descr i ptHeoSedlingEBRYialidyScoSH sy 89X Tﬁé’@@éllr@‘rg%&ﬁ@ ey élé@\’:bﬁﬁx%@ a

efficient and environnentally friendly neans ut omat i ng surface
i

t r eat maRyroeria etahapd r@rﬁtanhadhl@werﬁp@r(m IFE)ewiolnimayrbe visg

processes as an indicator of whlch regions of the component have been treated.

n following

10
The process may further comprise removing the treatment device after a predetermined
period of time and washing the target region of the component surface once the

treatment device has been removed.

15  The treatment fluid may be a material removal fluid, which may for example be a

chemical etchant fluid.

The treatment device may be a treatment device according to present specification.

20 Brief description of the Drawings

For a better understanding of the present invention, and to show more clearly how it
may be carried into effect, reference will now be made, by way of example, to the
following drawings, in which:-
25
Figure 1 is a representative perspective view of a treatment device illustrating

open and closed positions;

Figure 2 is a representative perspective view of an alternative treatment device;
30



25 the use of an acidic etchant nedia, material renoval of a netallic
conponent is acconplished typically enabling a surface |ayer of

bet ween 0-20,umto be renoved in a single etchant cycle. This anount
may be increased up to 100pm through the use of nultiple cycles or

| arger anounts of etchant being circutdffted for a greater period of
time. The present invention is particularly suited to the treatnent
of an aerofoil of Ti- 30 6Al1-4V that has recei ved a post-processing

| ooal i sed nagtte ¥ e nERFna i RahaMRUOR G i ok roBlR M aon unit of a

pr ocesdesatmant dgeicepf al pha-case is fornmed in the |ocation of the
repair. The present invention provides a reliable and repeatable
means for the renoval of such al pha-case layers in a specific

| ocation u i : r@"‘th
descripti oﬂqg%ﬁgﬁgsié\%‘@@ﬁgé?ﬁ@gﬁﬁﬁgﬁgwlﬁﬁpﬁgggﬁ%wggﬁ? QQ{VL t?tgja hrr%nt
of &n degadiment dewvnpdinatns nohdself shdwn metheaSigpea;t of a bl i sk. However,
it will be appreciated that the present invention is not limted to
such application, and may be enployed in the treatnent of a range of
metal lic coperRenissa pafRe elosBuPAERSHFIGuicWiustry as well as in the
autonotive and other industries. 10 The present invention concerns a
device for the application of a treatnment fluid to a conponent, a

Slriace (1 Edofen A " EbERBTER e of o ERPRBICTS PR EnBARTRET (e

devpce, system and process may be enpl oyed together to benefici al

effect in the targeted surface treatnment 15 of a conponent. The

treat ment fighreg 7 Brapinerlified diagranypbafluidfiow system;cati on may be any

treatment fluid such as, for exanple, water, detergent solutions, pre

treatnent fluids such as scale conditioners or etchant fluid pastes.
Figure 8 is a representative diagram of an enclosure showing an enclosure

cleaning system:;

15
Figure 9 is a representative diagram of a cleaning apparatus;
Figures 10 to 14 are diagrams illustrating process steps in the freatment of a
component.
20

Detailed description of Embodiments

The present invention seeks to provide an efficient and environmentally friendly means
of automating surface treatment of a component through material removal. Through
25 the use of an acidic etchant media, material removal of a metallic component is
accomplished typically enabling a surface layer of between 0-20um to be removed in a
single etchant cycle. This amount may be increased up to 100xm through the use of
multiple cycles or larger amounts of etchant being circulated for a greater period of
time. The present invention is particularly suited to the treatment of an aerofoil of Ti-

30 6AIl-4V that has received a post-processing repair using Direct Laser Deposition and a



20 Wth reference to Figures 1 to 6, a device 2, 102 for applying a
treatnment fluid to a target region of a conponent 4, 104 conprises
first and second treatnent units 6, 8, 106, 108. Each treatnent unit
6, 8, 106, 108 conprising an application chanber 110, 112, a

di stribution chanber 114, 116, which cdfmunicates with the
application 25 chanber 112 at an interface and nay be divided into
first and second distribution sub chanbers 118, 120, 122, 124, a

I
ConS0! | A eAEARE AR iy el ViR, ASKEuSLRSE 0 5ECREss,
fluid auldyet oﬂﬁlﬁhamals éamehin the o cation, of B2 resair eThg peskdnt invention

accommpdate a contij nhuous fl ow f treat nme fluid through the device .
fromt HEOY'Hﬁﬁta(r@j}aE@?”di@e@Eﬁq%@Qﬂﬂsl fer E}@reﬂiﬂwa | of sygft alpPRecasgdayers in a

treat I;Béatﬂo%up&@ﬁné’ (ﬁ’te afé?é!éﬁzfc %rﬂt elg{eaijolllé’w ﬁi%ipﬁén

illustr te in Figure or exarrp are conmmu
di sbri mxplains ti‘rmmﬂventlmmdnthrrbﬁreme toothedie atateind of ahm:a[l tatpoment that is

o et TR W e AL o RO
Figure rﬁ)%llrrﬁt%@ib(otsh@ﬁtdﬁbﬂéaﬁﬁﬁ tan@ m&y Bé‘érﬂ}glo?etﬂlﬁdtl"féaﬁr@é’mférﬂ”o@ al rﬂhéé of

and outlet (not shown). In a further alternative (not shown),

t r eat memetallisi aasnpanerie aerassrtbe @ermﬁta@end@uﬁtrsoas rasdniibe aumgﬁl\reeand
di scussitﬁ . %,[ ge alternatives foll ows bel ow. Regardl ess of the

ext er nal %hﬁgF 5' arrangenent of the treatnent device, the internal
strgcture, and resultant fluid flow through the device, follow a
consi stent pattern, and will now be 10described in detail wth

r espect! NeoPIESGIL iBYertioncaneeras apjeyifecior heypppB-ation e tieatment fluid to a

physic [
Py or nomtiftirBiot i Syt e i Qb oatidht o abaACRIREPY pldtss for the
st ruct wuefaoé tidatmentat areompdeaent elt wdll betapptevidited that tﬁegwm 4ystech and
but its geonetr beuders ood 15fromc si_de ation e form
into whr ??Stsrf@agrbga‘;t/ loye msa%t eelocenaficial 8cwt ﬁéaf@ﬁ ﬁu Freciraaiment
st gyct lbl:fg 51 structures within the treatnent device are

I cate % erence nunerals associated with the location that the
particul ar st ructures woul d occupy, were these structures visible.

Chanber nd ot cl.osures whi ch are defi . b er nal

st ot ereniest Bl EEEe0 3 wibndm e po A iRmed Ay regment fluid
refere %Geh %‘é”ﬁfr%xﬁ N6 bt edbtitdent 56 FEJt]Bh§' SreStRuMh Rt fIORIS WRIKh S ddaffe
rel evant chanber or enclosure. ch of the description is concerned

vvlth tmndﬂl@aerﬁemetghamtﬂm@pasws;| lustrated nost clearly in Figure 4.
w be appreciated however that correspondi ng structures can be
a d on the other treatnent unit of the device 102, which is

part i ali7ih Fefdeiitel tB FiGaresel t 6,2pdevice 2, 102 for applying a treatment fluid to a

target region of a component 4, 104 comprises first and second treatment units 6, 8,
1086, 108. Each treatment unit 6, 8, 106, 108 comprising an application chamber 110,
112, a distribution chamber 114, 116, which communicates with the application

25 chamber 112 at an interface and may be divided into first and second distribution sub
chambers 118, 120, 122, 124, a consolidation chamber 126, which may be divided into
first and second consolidation sub chambers 128, 130, a fluid inlet 132, 133 and a fluid
outlet 134. The treatment device 2, 102 is designed to accommodate a continuous flow
of treatment fluid through the device from the inlet(s) 132, 133 to the outlet(s) 134.

30



Wth reference to Figure 4, the treatnent unit 108 conprises an
application chanber 112 that is open to the conponent 104 and in
which treatnent fluid is brought into contact with the conponent
surface. The application chanber extends |aterally between peripheral
seals (illustrated at 138 on Figures 41@nd 2) and extends al ong the
30 conponent in a treatnment flow direction froman inflow region 140
to an outflowregion -17- 142. First and second distribution sub

chanse eyl A EREH0S BRI B B PR g s ot

chanberin FigureBheankdi may famekaseglernsthadk atoonbvunaindistuibutibachambet 28d idl@dor
are arran gﬁ uenti al lﬁ between the inlet 132 and the inflow region

SE
140 of %Iq%b%hﬁrﬁfherc Bd ogtiebl 4rnalternativelyutheovastieatarpmveHs 6, 8
122, 1 RE! Walal : | : I
troat mangy BRToBy s R ARICEFdr X Rife AEERANH, B30 2R31ietgd i Figure
Di vbdi rig eleh tredtinewt ueiyico8 hbdihgod detieatgapfluid anleband batiéteinof 42ovinpnin a

e Tesier bl LR DBRSORTARD dhatme ol PRI bRl o
di Stri Qidchsther, EDBiHiled _réiiéd%sfo‘h%f!tﬁés@aﬁ@rﬁ%@e@ﬁﬂIBWsade@&NWézqza%|ess of the
baffle 10plate 146 divides the first distribution chanber 1 from

t he seswirinal phydicaltaranoenen of thekeatmentsievias; themtewmil structure, and
extend across « heqfull | al, exte gf _the .distribution. su

chanber Byt oy throlBh e uebiikr i a hofeSiebt bt BaTYR apw e et
fl aw pafdechAbéd amiétas with Rispédtol Miyardshe slamd gst di stribution sub
chanber 122, where it is aBIe to spread | aterally across the first

di stribution sub chanmber 122. This spreading action is encouraged by

t ccdo Siveri4 pF PERTREe BT RRIALA oMo Rfch BBt ST S odifraines bv

chanbertise r2@rnal 2¢uctues of g tréstnfdntiddvice 1026 kTioud, thaé intpess sblieture of the
apertures for gassi ng between the first and second distribution sub
chambeiieaiment gevice peldsiplednddgidieg 4rRd Pi But itoaeemstny s ke unggrstood

Flysd pRstseSnsiBERHRA dftRe Fom? @ WHIGY MeBfeatment fluid is constrained by the
unseen internal structure. Internal structures within the treatment device are indicated
by reference numerals associated with the location that the particular structures would
occupy, were these structures visible. Chambers and other enclosures which are
defined by internal structures and occupied by treatment fluid are indicated by

20 reference numerals associated with the fluid shown as occupying the relevant chamber
or enclosure. Much of the description is concerned with the treatment unit that is
illustrated most clearly in Figure 4. It will be appreciated however that corresponding
structures can be found on the other treatment unit of the device 102, which is partially
hidden in Figure 4.

25
With reference to Figure 4, the treatment unit 108 comprises an application chamber
112 that is open to the component 104 and in which treatment fluid is brought into
contact with the component surface. The application chamber extends laterally
between peripheral seals (illustrated at 138 on Figures 1 and 2) and extends along the

30 component in a treatment flow direction from an inflow region 140 to an outflow region



wal |l into the inflow region 140 of the application chanber 112. The
action of the first perforated wall 144 again forces the treatnent
fluid to seek out all possible apertures for passing into the inflow
region 140 of the application chanber 112. The conbi ned action of the
two distribution sub chanbers 122, 12414nd perforated wal|ls 144, 146
Is to 25deliver treatnment fluid evenIy across the lateral extent and
depth of the |nflom/reg|on 140 of the treatnent chanber 112. The

treat f i ﬁ?géb I p.

applica |2dnhg$;[a ero 1 c}@t\“@u eﬂ%gstgg‘ré@fsbsetr% h?sﬁ%*laceeﬁ\%ﬂéﬁtrﬁm fluid from
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extent of t stribution sub chanbers 124, assisti
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regi on 142 reatment fluld passes into first and second

consol idrember 1aﬂbsmm@ugonmmeenn tharfqm'gaf & ffirsttpesiodatedowaitior baffle plate

oot o 11, A Bt NG ClaTmd AR AT &0 BhETRetiStle RAllor Batis,

13Qoar glstebsacadividak|the firgldgabatidrochiabér 132 fr@ﬁdtreesww::{cmsmbumﬁ I on
sub chanbers 122, 124 and perform a reverse function.

consol icHaMREY 124k %ﬁ%@r@tq@w"&éé‘lr éé@w@nﬂcaqr@eetheefml Iahetﬁl@xtent of the
flown |étﬂb@t| ﬁa\@ g@ﬁi@g ﬁdZ% %‘ght he outflow region 142 of the
an i SC

application cha arge that treatnent fluid into a
single fluid outlet 134 to follow an outlet flow path C A
schematlc represent and outlet flo
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degrees to eac n addition, e I nl et ow region 140 o
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licat 1 Th nb ffect he t
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B. The inlet and treatnent flow Faths are tAus paral l el but flow n
i n oppéwertares fos peissing. between ihe fieslhand giesand 4iistriputian suthaharebersd122, 124.

oodi nE B8, et ARINEUGT & steifpef P4l Bherel 10 fan hlls® PR atec
as the wmleiatmmmﬂcbwe@ahmﬁ eftHefdpplisation ¢Hembeme1 Zli TRe tacaon af tHdfrst
treatment flow p In an alternative enmbodinent, illustrated in

Fi gur e P®! O(q:\tgdfqulgﬁthﬁgalgé‘@w thetregtryeatfluid to seek out all possible apertures
for passing into the inflow region 140 of the application chamber 112. The combined

action of the two distribution sub chambers 122, 124 and perforated walls 144, 146 is to
25 deliver treatment fluid evenly across the lateral extent and depth of the inflow region

140 of the treatment chamber 112. The treatment fluid then follows a freatment flow

path B across the application chamber 112 (and hence across the surface of the

component 104) that is substantially laminar, with little or no preferential or spreading

flow. The lateral extent of the application chamber 112 is consistent along the chamber
30 from the inflow region 140 to the outflow region 142 and is the same as the lateral



wal | s 144, 146, inflow region 140 and application chanber 112 are al
in alignment, 30neaning the inlet and application flow paths A and B
flowin substantially the sane direction. - 19 - It wll be
appreciated that in the enbodinment illustrated in Figure 4, the first
and second consol i dation sub chanbers-188, 130 are shared between the
first and second treatnent units 106, 1081 such that the outfl ow

regi ons of both application chanbers 112, 110 discharge fluid into
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designed for afigned flow paths, as illustrated in Figure 3. Such
devi cesupstaritiady epeiogouemaithe fiisk abdisecond déstibtion suldcihdrobedd 122 t1i2dnand

t hrough the device e ersed, uch t hat i nl et
becons P RETG 19T sE Bintne S HiLeizongafar Rul Sambpt, P26 fimcelises i n
seqki ngréa@m@hﬂﬂ@'ﬁ&%\nhﬁgtrefaflﬁﬁtnafmea”ﬁhértﬂUrﬁ)'ﬂ’qe?BQﬁo fcﬁﬂﬂpyofthe _
discontinuities at a repair site. If treating a trailing edge, it is

desi r atipglieation ekambeni 12 pod discdharge that teatmaest ﬂlléddﬂtﬁgﬁ gingle fiuid owdet 134
traili Qﬁgf&%q\?an% QEHI(FWH%WC nduced turbul ence is downfield of the
arly,

repair Tocatlon 'f treating an area on the |eading edge,
it is 20desirable for treatnment fluid to flow fromthe trailing edge
to the | eading _edge such that again any turbulence is downfield of,
the repgapshematic representation of fluid inlet, treatment and outlet flow paths is given in

15  Figure 3.

With particular reference to Figure 4, the first and second perforated walls 144, 146 are
oriented at 90 degrees to each other. In addition, the inlet flow region 140 of the
application chamber 112 is oriented at 90 degrees to the rest of the application

20 chamber 112. The combined effect of the two 90 degree orientations is to cause
treatment fluid to flow around an angle of 180 degrees between the inlet flow path A
and the treatment flow path B. The inlet and treatment flow paths are thus parallel but
flowing in opposite directions. The outflow region 142, first and second consolidation
sub chambers 128, 130, and outlet 134 are in alignment, meaning the outlet flow path C

25 is in substantially the same plane as the treatment flow path B and flows in the same

direction as the treatment flow path B.

In an alternative embodiment, illustrated in Figure 3, the first and second perforated
walls 144, 146, inflow region 140 and application chamber 112 are all in alignment,
30 meaning the inlet and application flow paths A and B flow in substantially the same

direction.



As illustrated in Figure 6, each treatnment unit conprises an outer
casing 152 that encloses the internal structure of the treatnent unit
and may al so carry the peripheral seals that define the extent of the
application chanber 112. 25 The device 2, 102 can be sized according
to the particular application for which9i-t is intended. For exanple,
as illustrated in Figure 1, the device 2 may be sized to
substantially encapsul ate an aerofoil, enabling treatnent of
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bl Sks’dis"é’%%%ire\uiﬁgg Gt glrepair site. If treating a trailing edge, it is desirable for treatment
fluid to flow from the leading edge to the trailing edge, ensuring any induced turbulence
is downfield of the repair location. Similarly, if treating an area on the leading edge, it is
20 desirable for treatment fluid to flow from the trailing edge to the leading edge such that
again any turbulence is downfield of the repair.
As illustrated in Figure 6, each treatment unit comprises an outer casing 152 that
encloses the internal structure of the treatment unit and may also carry the peripheral
seals that define the extent of the application chamber 112.
25
The device 2, 102 can be sized according to the particular application for which it is
intended. For example, as illustrated in Figure 1, the device 2 may be sized to
substantially encapsulate an aerofoil, enabling treatment of substantially the entire
leading edge 60, trailing edge 62 and tip 64 of the aerofoil in a single cycle. According

30 to this embodiment, peripheral seals 138 of each treatment unit 6, 8 seal against each



20 consecutive aerofoils on the blisk may need treatnent and the
reduced thickness of the device of the present invention ensures that
consecutive, or at |least alternate blades on the blisk can be treated
si mul t aneousl y, affording considerable tine savings when conpared to
the treatment devices of the prior art20Further advantages of the
device of the present invention, and ways in which the device
facilitates advant ageous net hods 25o0f treatnent, are discussed in
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mounted on an aerofoil the device increases the thickness of the aerofoil as little as
possible. This is particularly advantageous in the treatment of blisks, where several

20  consecutive aerofoils on the blisk may need treatment and the reduced thickness of the
device of the present invention ensures that consecutive, or at least alternate blades on
the blisk can be treated simultaneously, affording considerable time savings when
compared to the treatment devices of the prior art. Further advantages of the device of
the present invention, and ways in which the device facilitates advantageous methods

25 of treatment, are discussed in detail below.

The device is formed from a suitable polymeric material, its comparative simplicity and

lack of moving parts ensuring that manufacturing costs for the device are keptto a

minimum. If greater stiffness or support were required, the device could be formed in
30 an alternative way; for example, the device could be formed of metal with a lining of

suitable polymeric material.



chanber. However, these structures also serve an inportant secondary
function in 20assisting in mxing of the treatnment fluid to ensure
even treatnent of the conponent surface, whatever the nature of the
treatment fluid. Mouvenent of treatnent fluid through the device under
the action of a pressure gradient is €P$eussed above. In a preferred
enbodi ment, this pressure gradient is forned 25 through the
application of reduced pressure at the device outlet(s). The entire
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t hezdevi ce of the present invention is nmuch nore conpact and can be
attached to a conponent even when conponent spacing is limted as for
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function of these components is to discharge fluid in laminar fiow into the application
chamber. However, these structures also serve an important secondary function in
20  assisting in mixing of the treatment fluid to ensure even treatment of the component

surface, whatever the nature of the treatment fluid.

Movement of treatment fluid through the device under the action of a pressure gradient
is discussed above. In a preferred embodiment, this pressure gradient is formed

25 through the application of reduced pressure at the device outlet{s). The entire device
therefore operates under reduced pressure, fluid being drawn through the device under
the action of the reduced pressure, rather than forced through by the action of

increased pressure at an inlet.



conponent, wax rmay be applied to the conponent surface prior to
device attachnent. The wax may be a chem cally resistant conpound,

whi ch may then be renoved via an aqueous based wash as part of a

cl eaning process following the treatnent. 25 Additional advantages of
the device of the present invention in22ude the self contained nature
of the device and | ack of noving parts. These considerably inprove
the HS&E cost of the device. Sealing is achieved through noul ded
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blisk. The present invention also provides a systemfor the surface

t r eat mexanoned vpoereassd bubble caritentihatmightdndicatgtineensistent sealig. t he
present invention may be advant ageously incorporated, and process by
whi ch surface treatnment of conponents may be achieved. It wll be
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bl 3ges RoAIrR i RicRREMAGERIHsSK sizing. This provides significant advantages over

the prior known devices which require an external clamp to apply a clamping force.
Without the need for any external clamping component, the device of the present
invention is much more compact and can be attached to a component even when
component spacing is limited as for example in the case of fan blades mounted on a
20 blisk. In use of the device, in order to enhance the sealing of the device onto a
component, wax may be applied to the component surface prior to device attachment.
The wax may be a chemically resistant compound, which may then be removed via an

aqgueous based wash as part of a cleaning process following the treatment.

25 Additional advantages of the device of the present invention include the self contained
nature of the device and lack of moving parts. These considerably improve the HS&E
cost of the device. Sealing is achieved through moulded deformable seals, which may
be designed specifically to fit to targeted regions on a component and thus minimise
crimping around the edges and reduce leakage. The deformable seals, coupled with

30 low pressure sealing, also influence the profile shape of material removal during



20 An inportant concept behind the system and process of the present
I nvention, which is facilitated by the device of the present

I nvention, is that each target region of a conponent should be
treated with a single "shot" of treatnent fluid. As discussed above,
a major problemwth etch tank treatnmed®-is that scal e conditioning,
wash and etchant fluids are continually being re-used, neaning the
treatnment potential of the 25fluids is continually changing and is
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concenffolitvwiog eaiboditnahts ofiftsoth system and process, an arrangement may be envisaged
in which several devices are employed to facilitate the substantially simultanecus

etchant surface treatment of multiple blades on a single aerospace blisk.

20  Animportant concept behind the system and process of the present invention, which is
facilitated by the device of the present invention, is that each target region of a
component should be treated with a single “shot” of treatment fluid. As discussed
above, a major problem with etch tank treatment is that scale conditioning, wash and
etchant fluids are continually being re-used, meaning the treatment potential of the

25 fluids is continually changing and is never completely constant. According to the
present invention, only a single small amount of fluid is used, enabling tight monitoring

and control of the properties of that fluid throughout the treatment cycle.

Using the example of efchant treatment fluid, and in a preferred embodiment, the
30 quantity of etchant fluid to be used is derived from calculations to assess under ideal



di stributed in solution through it. Consequently, by the tinme the
cycle has finished, the etchant fluid is in a far safer and nore
environnentally friendly condition for waste disposal. Any renaining
reactivity in the fluid can be neutralised and the fluid can be noved
on to a treatment stage before being e2élogically disposed of. Using
only the 20necessary anmount of etchant fluid also gives the system an

elherrent of "fail fsaf e". It is an advantage of the present invention
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ar e usdibktributed in solution through it. Consequently, by the time the cycle has finished, the
etchant fluid is in a far safer and more environmentally friendly condition for waste
disposal. Any remaining reactivity in the fluid can be neutralised and the fluid can be
moved on to a treatment stage before being ecologically disposed of. Using only the

20  necessary amount of etchant fluid alsc gives the system an element of “fail safe”.

It is an advantage of the present invention that each shot of etchant, or other treatment
fluid, is substantially completely exhausted in a single treatment cycle, ensuring that a
fresh shot is used for each cycle. In this manner, a measure of repeatability and

25 consistency is introduced into the surface treatment process, as the chemical state of
the treatment fluid at the start of each treatment cycle is consistent. Thus, variations in
material removal between cycles and between components can be greatly reduced. In
addition, greatly reduced quantities of efchant fluid are used in a far more efficient
manner than has previously been possible, reducing the cost and environmental impact

30 of the process.



The precise conponents of the systemof the present invention can be
vari ed according 15 to the treatnent process to be conducted. In the
case of chem cal etching of an aerospace conponent, the principle
system conponents are: at |east one treatnent device, preferably of
the type described in the present speeRbi-cati on 20- at |east one
etchant fluid reservoir at |east one scale conditioning reservoir a
war m wash reservoir a warm hol ding reservoir a cool wash
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processing time. The constant mixing and recirculation of etchant ensures that
minimum possible quantities of etchant are used to fulfil the required material removal
in the allotted time. It will be appreciated that in the interests of process time and
efficiency, a decision may be taken to halt the treatment process when substantially the
10  entire shot of treatment fluid has been used. The advantage to be gained in utilizing
the last few active ions may be judged insufficient to justify the process time required to

ensure these last remaining ions are used.

The precise components of the system of the present invention can be varied according
15  to the treatment process to be conducted. In the case of chemical etching of an

aerospace component, the principle system components are:

- at least one treatment device, preferably of the type described in the present
specification
20 - atleast one etchant fluid reservoir
- atleast one scale conditioning reservoir
- awarm wash reservoir
- awarm holding reservoir
- acool wash reservoir
25 - a cool holding reservoir
- a waste reservoir
- a neutralising fluid reservoir
- connecting pipe work to enable circulation of fluid from any reservoir through the
treatment device and to enable eventual discharge of fluid to any one of the

30 holding or waste reservoirs



treatment device 102 with inlet 132 and outlet 134, |ow pressure punp
210 and connecting pipe work 220. As indicated above, multiple mxing
arrangenents are enpl oyed throughout the 10system for exanple at the
entry to and exit fromthe etchant reservoir, to ensure that the

et chant contains an equal distribution28f titaniumions wthin
solution at any one tinme. Mxers nmay also be |ocated at the inlet of
the treatnent device, to assist the natural m xing action of the
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conponent s S8\ gnale appditoning resevairded within an encl osure 300,
together with a supporting fixture 310, on which the conponent 104 is
nount ed, and a gl obal 20washing facility 350, as illustrated in
Figere ﬁB&nTﬂlmed@bm neullaﬁl@atedrmﬁgwe 7a sheminjustethdostchant reksbrmoir 200,
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device. Effective mixing leads to a gradual decline in etchant reactivity, and hence
material removal, until the cycle is brought to a close when the required amount of

material has been removed.

The system components set out above are contained within an enclosure 300, fogether
with a supporting fixture 310, on which the component 104 is mounted, and a global
washing facility 350, as illustrated in Figure 8. The enclosure 300 comprises a
removable door or other opening that can be closed and sealed during operation.
When in the open condition, the opening is sufficient to allow the fixture 310 to exit the
enclosure 300, receive the component 104 and return within the confines of the
enclosure 300 with the mounted component 104. The fixture 310 is tailored to the
component 104 that is to be treated. For example, for treatment of a blisk 104
comprising a central disk element 400 and radiating blades 410, the fixture 310 is
operable to support the biisk 104 on an inclined plane, the fixture being operable to
rotate the blisk in a controlled manner about a fixed point on the plane such that any
desired blade may be placed in any desired orientation within the plane. The rotaticnal

capability of the fixture allows the component to be rotated and effectively manipulated



- 27 - depending on the | ocation on the conponent requiring repair.
The system can thus take advantage of natural gravitational effects
in filling and evacuation of the treatnent device once nounted on the
conponent. For exanple, during filling of the device with fluid, the
conponent on which it is nounted can b&7eriented such that the inlet
of the 5device is at substantially the | owest point of the device and
the outlet is at substantially the highest point. The buoyancy of any
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may ext-gidring r&Sair in the 12 o’clock position for filling of another treatment device while the
treatment cycle continues on the first blade. A plurality of subsequent blades may have
20 treatment devices filled in this manner while treatment on other blades continues
unaffected by orientation. The same sequence may then be followed with evacuation

of the various devices in the 6 o’clock position.

Robotic arms are automated to deliver treatment devices to the component and remove

25 the devices when freatment cycles are finished.

The global washing facility 350 within the enclosure 300 is capable of washing the
entire enclosure and everything contained within it, including the fixture 310 and
component 104. The washing facility 310 may comprise a plurality of rotating fluid jets,

30 asillustrated in Figure 8. Alternatively, some form of perforated hose may extend



t hrough the enclosure, as illustrated in Figure 9. The washi ng
facility 350 may include sone formof bristle arrangenent to assi st
with cleaning and nmay al so conprise noving parts, enabling wash water
jets to reach into conpl ex conponent geonetries for a thorough
cleaning cycle. 5 Each of the fluid re2&rvoirs within the systemis
provided with neans for tenperature control to ensure that the

rel evant fluids are delivered to the conponent at the correct
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easi er gl oref §Fé’§1%oﬂforéiéd%e85§él@%bﬁ§,' feBBDA&K sensors being incorporated into
appropriate locations within the system components. In the case of a normal etchant
20 cycle, these feedback sensors may monitor by products generated by the etchant
process (which may for example be gaseous), metal ions present in the circulating
etchant fluid, reactivity of etchant fluid, exothermic activity at the treatment surface etc.
Such feedback sensors may enable the control system to monitor the progress of the
etch cycle to ensure the cycle is stopped when precisely the correct amount of surface
25 material has been removed. Taking the example of metal ion monitoring, ion
distribution within the etchant fluid is calibrated to determine the relation between metal
ion distribution and quantity of material dissolved into solution. The metal ion content
can then be monitored until a level is reached that is representative of the desired
amount of material removal. 1 this time, a neutralising solution is released into the
30 etchant to prevent any further reaction. The neutralising solution has the additional
advantage of rendering the etchant fluid safer and easier to dispose of in an ecological

manner.



- 29 - In another exanple, the quantity of hydrogen produced may be
measured to provide feedback on the quantity of material renoved by
the etchant process and to add process control. The quantity of
hydrogen evolved is linked directly to the material renoval process,
and may therefore be calibrated in a sR®&+lar manner to netal ion 5

| evel s in order to trigger release of a neutralising agent, and
consequent endi ng of the etchant cycle, once the neasured hydrogen
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feedback monitoring and control. The result is a system that is tightly controlled and

capable of removing precise quantities of material in a set period of time.

The system components are designed to be easily replaced with minimum system

25 down time requirements. According tc one embodiment, the control system includes
means for counting the number of cycles each component goes through and for
warning when a set of components are due for replacement. Such provisions reduce

the running and maintenance cost burden of the system.



300. The enclosure 300 is provided with a mcro-switch or other
safety feature that 10prevents treatnent fluid of any kind (including
wash, scale conditioning and etchant fluid) from being punped around
t he system when the enclosure 300 is open. Contained within the
enclosure is global washing facility 380-angled to wash the treated
conponent once the treatnent device has been renoved. Thus, the
component not only enters the enclosure in a clean state but also
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treatment fluid is pumped through the devices. Thus, operator contact with potentially

hazardous treatment fluids is completely avoided.

An advantage of the system of the present invention is that it significantly enhances the

25  potential for multiple repairs on individual components. If a component undergoes a
repair process using giobal etch tank processing, no further repair of that component
will be possible, owing to the fact that the entire surface component will have
undergone material removal, including high tolerance, critical features. By treating only
a targeted region of the component, the present invention opens the possibility for

30 multiple repair treatments, prolonging the life of a component. Known targeted etchant



10al so designed to facilitate usage of the device in |imted spaces,
all owi ng consecutive aerofoils on a single blisk to be treated
substantially sinultaneously. According to preferred enbodi nents of
devi ce and system at no point do the treatnent device and associ ated
pi pe work require nore space than the-8fdpoint between each aerof oil
on a standard aerospace blisk assenbly. Thus, with every aerofoi

upon the assenbly being 15concurrently treated, the equival ent
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geometries, where treatment of consecutive blades may not be possible, treatment time

for the overall component is still greatly reduced.

20  Where contemporaneous treatment of several component features, such as aerofoils, is
required, the treatment fluid reservoirs, including for example warm and cold wash fluid,
scale conditioner and etchant fluid, may be charged with sufficient fluid to treat all
component features. This arrangement saves considerable costs in reducing space,
heating, cooling and materials requirements, as well as ensuring that the treatment

25 potential of the fluid employed in all the treatment devices degrades at the same rate.
Connecting pipe work and pumping arrangements may be provided to pump sufficient
treatment fluids to the various treatment devices employed in the system. The
treatment devices may be arranged in a series or parallel relationship. Fiuid circulation
may be constant throughout the system and one or more additional pumps may be

30 employed in parallel to provide sufficient reduced pressure. The pumping power may



If required, various stages of the treatnent process may be all ocated
specific treatnent 10devices. For exanple, in material renoval of a
targeted region of an aerofoil, one treatnent device nay be used to
apply hot wash fluid and scale conditioner, while a second treatnment
device is used to apply cold wash fl uid2 and etchant fluid. A
representative process for treating a conponent will now be

descri bed, in which the 15 device and system of the present invention
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i norgani ¢ viscosity enhancing material, such as titaniumdioxide, to

i ncrease the viscosity of the fluid and reduce the Iikelihood of
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encl osure 300 is . .then opened,and the supportin ure 3 r eno

0" 1 ocoh RORREN NG DraGasa ot 28500 SEoTBIHRTL Ul g e Eeribed) B whica the

; Is)sfg %l%ifsﬂf% A §REm" GUHE PREsdr lr‘i\fé%h%ﬂ%lrg%lr‘ﬁ[ﬁo?&@to éé"INeY 'a&@nHQﬁt Mrbokeks
advantages. The representative process involves the treatment of at least one aerofoil
of Ti-BAI-4V that is mounted on an aerospace blisk assembly and has undergone a post

processing repair and subsequent localised heat treatment stress relief cycle.

20  The treatment fluids involved include hot and cold wash fluids, a scale conditioner and
an etchant fluid. The scale conditioner is for example an aqueous blend of caustic
alkalis and inhibitors which may include sodium hydroxide and sodium chromate.
Etchant fluids may include Hydrofluorosilicic (H2SiFg) and Nitric (HNO3) acids,
Hydrofluoric (HF) and Nitric (HNOj3) acids or a combination of the above. The etchant

25 is mixed with an inorganic viscosity enhancing material, such as titanium dioxide, to
increase the viscosity of the fluid and reduce the likelihood of leakage. Other materials
of note for the enhancement of etchant viscosity include glycerol, aluminium oxide and

other oxide-based inert powders, plus any water or solvent based gels.



10and the enclosure 300 is closed and seal ed, as shown in Figure 11.
The fixture 310 causes the blisk assenbly 104 to rotate in the
inclined plane in which it is nounted until the first blade 410
requiring treatnent is in the 12 o' clock position. Optional Iy, wax
may be applied to the particul ar bl aded33of the blisk assenbly 104
that 15are to be surface treated, in order to assist with sealing of
treatment devices 102 onto the blade surfaces. A first treatnent

devi ce [ | A8k
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ensures that the inlet 132 of the device 102 is at the | owest point
of Hhe device 102 and the outlet(s) 133, 134 at the highest point.

e, 27 b Y 94 Behas SR 8RBl SRR e

bubbl eshé ensis atserhBiCB4, Beskusdigted HPPigafe 10. the top of the device to
be drawn out of the outlet(s) 133, 134, as described above in greater

detail. - 34 - the blade 410 surface to be treated, renoving
: . . e .
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and i nhi tanium surface of the blade should
the tenperature drop bel ow specific values. Once the wash stage is

conpl et&ﬁti&n@ﬁy,uv?fgg mmal%/SQe ];}Dblfiedd {osthgvpaac J&hgld blfaziggn otf gwee gl?s\f(I acsese%nqt%y 104 that
15  are to be surface ireated, in order to assist with sealing of treatment devices 102 onto

the blade surfaces.

A first treatment device 102 is then mounted onto the blade 410 occupying the 12
o'clock position on the blisk assembly 104 via an automated robotic arm. The device
20 102 is sealed onto the blade 410 by the application of low pressure and the seal is then
tested and air pockets removed by automated filling of the device 102 with wash or test
fluids. The orientation of the blade 410 on which the device 102 is mounted ensures
that the inlet 132 of the device 102 is at the lowest point of the device 102 and the
outlet(s} 133, 134 at the highest point. Thus as fluid is drawn into the device 102 by the
25 low pressure applied at the outlet(s) 133, 134, the buoyancy of remaining air bubbles
tends to force these air bubbles to the top of the device to be drawn out of the outlet(s)

133, 134, as described above in greater detail.

The device 102 is filled with heated wash fluid that circulates through the device 102,

30 passing along the application chambers 112 and in so doing, degreasing the region of



10 and di scharged to the warm hol ding reservoir. The device may then

be flushed with hot clean water. The device 102 is then filled with
heat ed scale conditioning fluid which circul ates around the device

102 and between the device 102 and the scal e conditioning reservoir.
The scal e conditioner effectively "sof3&ns" the titanium oxide |ayer
that has been forned on the surface of the conponent and is to be
renoved. The 15scal e conditioning fluid circulates for a

pr edet i i I m i
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t he device 102 and_discharged to the waste reservoir.. 20 The device
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DBcool DiF suthes plirg Hade A0 THLARiRLG Baghtn B e Sudiifimitiaperthe "
reser vejdde JhsuIG 9% RmpEaafurk!dtbg beRIwspédfic edres. t he tenperature of

the bl ade surface to the opti numtenperature for the etchant
reaction. - 35 - substantially inactive by the presence of Ti ions.
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bl age swtfdschdrged antHeavairh ldENG vessveoie. Thefdeviv inal tiede be figshed with hot
i nactive regions_caused by build up of hydrogen or TI jons. 5 .
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agent is released into circulation wth the etchant fluid to
i nact i whaeredeteeniteaienfperatirand for examhple @°€hant reaction. The ni xed
etchant fluid and neutralising agent are then evacuated and
di scharged to the waste reservoir. An etchant treatnent stage may be

Conducmﬁjco%?[eti%ﬁ%?%@ sédled¥nditRirindstand, frersdams b@ﬁ‘dﬁtiéniﬂgd[uﬁﬂis evacuated

m nutes. Follow ng the etchant stage, the device and bl ade surface
are f| fomethewieviced0d angrdisoharaed teithe waska le8env@i: m hol di ng

reéﬁrvoi r. This fluid is then discharged to the waste reservoir

di futing the m xture of fluids held in the waste reservoir. The
devi ce THeAddVi@S1€02 and blade surface are then flushed with fresh hot water that is also

discharged to the waste reservoir, diluting the scale conditioning fluid in the waste
reservoir. A neutralising agent may be fed into the hot water to restore neutral pH
balance. Following this warm fluid flush, the device and blade surface are flushed with

25 cooled wash fluid that is then discharged to the cold holding reservoir. The cooled
wash fluid helps to reduce the temperature of the blade surface to the optimum

temperature for the etchant reaction.

The device 102 is then filled with etchant fluid that is circulated around the device, and

30 between the device and the etchant fluid reservoir, until the etchant fluid is rendered



20surface are then flushed with held cool wash fluid fromthe cool

hol ding reservoir. This fluid is then discharged to the waste
reservoir, further diluting the contents of the waste reservoir. A
further wash with, de-ionised clean water may al so be conducted and a
neutral i sing agent released into the wdder to restore neutral pH

bal ance. 25 The device is then renoved fromthe bl ade surface via an
automated robotic arm The entire enclosure, including all the bl ades
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illgstrated in Figures 12 to 14. In a variant of the above described
process, .the treatnent devi ttached to 5 the rel evant
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treat rdHdnpfaidodsdpsuaisimeagentarel thek e&éélﬂﬂtbh)andfﬂlbcmgéﬁ s@the waste
treat nent devices are nounted onto the rel evant bl ades at the outset

of t he rese¥eituA. etehentigeatment slagenBaY Pereaneisteds fort ermmaple b it 9@5 &
th? bI| 5“3??&“‘*’46“\ fQﬁHr rﬂﬁ’é each device is in the 20correct
on for

orlenta [ I'ng an evacuatlon when required. During the
vari ous

Following the etchant stage, the device and blade surface are flushed with held warm
wash fluid from the warm holding reservoir. This fluid is then discharged to the waste
reservoir diluting the mixture of fluids held in the waste reservoir. The device and blade
20 surface are then flushed with held cool wash fluid from the cool holding reservoir. This
fluid is then discharged to the waste reservoir, further diluting the contents of the waste
reservoir. A further wash with, de-ionised clean water may also be conducted and a

neutralising agent released into the water to restore neutral pH balance.

25 The device is then removed from the blade surface via an automated robotic arm. The
entire enclosure, including all the blades of the blisk assembly and the holding fixture, is
then cleaned by the global cleaning facility. This cleaning removes any last traces of
treatment fluids as well as any wax that may have been employed to aid sealing of the
device 102 onto the blade surface. Enclo_sure cleaning water is also fed to the waste

30 reservoir to further dilute the contents of the waste reservoir.



treatment stages, between filling and evacuation of the treatnent
devices, orientation of the treatnent devices is irrelevant. In this
manner several blades may be treated substantially simultaneously,
filling of a device on a subsequent blade starting at the 12 o' cl ock
position as soon as the previous bl ade3has been rotated away from
that 25position, its treatnent stage underway. The above descri bed
representative process enphasi ses how a conponent may enter the

treat mgpf, +£9.§rg||§ﬂ%r{3 er?é}fj?h&%’eeh&ldﬁﬁ't[ixtgl@t £10 8hl Hhik 988 gfgﬂ@f

m nim SES cycle m nates trans Wween process s

t he assegioabddasilsated ipkigR@and @l &0 el i m nat es oper ator contact
with potentially hazardous fluids. Fluids are only - 37 - released
into circul ati on when encl osure cl osed and seal ed, and the system can
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may be re used to reduce the environmental inpact of heating and
jettisoning excess detergent after initial use. Variation in materi al

removal_bet ween et chant, cycl e tnt l,l
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15 Summary of Advant ages Representative enbodi nents of a device

syst emdgnigefpbak subsestuartstagas: d2ering ehangaavespf ae&léﬁwh@ feated blaseds
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t ar get eficlogopd.i on upon a conponent, notably an aerofoil upon a single
stage blisk or blisk drum assenbly for use in the aerospace, power
generation or marine industry. Aside fromthe inherent cost saving of

| ogal | gL S18 cRte A Whid trBbinSént &RALiRgle blade on a blisk assembly has

been described, similar processes may take place substantially contemporaneously to
treat multiple blades on the same blisk assembly. All necessary treatment devices are
mounted onto the relevant blades at the outset of the procedure. During the treatment
process, continual rotation of the blisk assembly ensures that each device is in the

20  correct orientation for filling and evacuation when required. During the various
treatment stages, between filling and evacuation of the treatment devices, orientation of
the treatment devices is irrelevant. In this manner several blades may be treated
substantially simultaneously, filling of a device on a subsequent blade starting at the 12
o'clock position as soon as the previous blade has been rotated away from that

25  position, its treatment stage underway.

The above described representative process emphasises how a component may enter
the treatment enclosure clean and leave clean. This “all in one” design minimises cycle
time, eliminates transport between process stages and the associated damage risk,

30 and also eliminates operator contact with potentially hazardous fluids. Fluids are only



strategy, the present invention also uses significantly reduced
guantities of etchant when conpared with known i nmersion tank
systens, with consequent reductions in 25 waste and em ssions. Parts
requiring repair can be processed in a separate, self contained
facility which conponents enter and |edfe in a clean state, thus
reduci ng necessary HS&E provisions and requiring |ess insulation. The
heating of scale conditioning fluids and cooling of etchant fluids is
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regi ons upon a co e device of the present invention,

an application chanber may be sealed to a targeted regi on upon a
conponent and fille th nat val, chem cal 5 Ssitio s
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mat eri al renoval and avoi ds Breferenti al etching. Further advantage
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ease ofgssbtiatadi with avethgds Rnewnatie aftzi ng: reduced pressure operation
ensures that etchant cannot escape fromthe treatnent device unless

20a maj or mechanical failure occurs, in which situation the system

auyR eQH4ry of Advantages

Representative embodiments of a device, system and process for the surface treatment
of a component have been described. As discussed above, the present invention
seeks to provide a safe, reliable and repeatable means of removing material from a
20 targeted location upon a component, notably an aerofoil upon a single stage blisk or
blisk drum assembly for use in the aerospace, power generation or marine industry.
Aside from the inherent cost saving of localised etching as a part of blisk repair
strategy, the present invention also uses significantly reduced quantities of etchant
when compared with known immersion tank systems, with consequent reductions in
25 waste and emissions. Parts requiring repair can be processed in a separate, self
contained facility which components enter and leave in a clean state, thus reducing
necessary HS&E provisions and requiring less insulation. The heating of scale
conditioning fluids and cooling of etchant fluids is minimised saving energy. Waste is
minimised and ecological disposal achieved through the use of ion exchange media,
30 reverse-osmosis and gelatinous capture of waste products, ensuring that waste is

effectively neutralised before disposal.



and shuts down. Reduced energy usage in heating/cooling: scale
conditioning heat is conserved through a heated wash cycle. M ninal
del ay between processes allows l[imted tine for heat dissipation and
t he conpact nature of the systemrenders it easy to 25insulate. Tine
savi ng through sinmultaneous treatnment-88-several parts of a
conponent. Ease of waste disposal owing to the efficient use of

chem cals. Space saving owing to the conpact nature of the system and
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Accomo nparatively rough surfaces such as as-wel ded O.D

Fresh shots of etchant fluid used in each etchant cycle, together with continual mixing
10  of etchant fluid, provide consistency of material removal across cycles. Continuous
passage of fluid over the component surface in a laminar manner aids consistency and

efficiency of material removal and avoids preferential etching.

Further advantages of the present invention include the following:
15

- Accommodation of component contour and curvature, including any deviation
resulting from material addition and stress relief processes.

- Reduced cost and ease of shielding owing to compact sizing: reduced pressure
operation ensures that etchant cannot escape from the treatment device unless

20 a major mechanical failure occurs, in which situation the system auto evacuates
and shuts down.

- Reduced energy usage in heating/cooling: scale conditioning heat is conserved
through a heated wash cycle. Minimal delay between processes allows limited
time for heat dissipation and the compact nature of the system renders it easy to

25 insulate.

- Time saving through simultaneous treatment of several parts of a component.

- Ease of waste disposal owing to the efficient use of chemicals.

- Space saving owing to the compact nature of the system and device.

- One shot usage eliminates the need for daily chemical analysis and chemical

30 compensation for variation in etchant reactivity, saving costs on chemical

analysis and equipment and associated operator time.



material addition regions. The design of the treatnment device ensures
mat eri al 10renoval fromrough regions remains equal throughout
processi ng; ensuring the device does not distinguish between rough
and snoot h surfaces but ensures constant material renoval. Variations
to the particul ar enbodi nents descri bed@herein may be contenpl at ed
within 15 the scope of the present invention. For exanple, the

appar at us of the present invention may be enployed as part of the
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treatnent device of the present invention. Gscillation ma

i ntroduced biﬁvme:loascmtmtﬁtmum lgtwglenrrasighmand snaeib qmrf@§@mbut ensures

i nvention has bee cri Eﬁp W|th particular reference to the post
repair treatcﬂﬂﬁ'ian %{er ofls However, it will be understood that
the invention may find a irange of applications across the aerospace

and other industries. For exanple the invention may be used for NDE
pr epar Marighiong fetie partiguias embedimentsi dascabag hiessin roay bespniareplated within

mﬁg'hnghe N PBPIHe S QRSN BN CE S Sl PRI S h s BFRRE br&bnt idvention
may be employed as part of the following NDT stages: Initial Wash, Pre-Material
Addition NDT Etch, Pre-Material Addition NDT Die-Penetration, Post-Material Addition
NDT Etch and Post-Material Addition NDT Die-Penetration.

20  Alternative processes for scale conditioning and/or material removal may be harnessed
using the device, apparatus and process of the present invention. These may include

NaOH Anodising, Air/O; Plasma Treatment and Sol-Gel Treatments.

Additional reaction stimuli may be incorporated into the apparatus, and the physical
25 geometry of the apparatus may be adapted for treating a wide range of components,
including for example drums. Heating and/or cooling pipe work may be built into the
apparatus to aid in temperature control. Heating and/or cooling jackets may be built
around circulatory pipe work, or a radiator could be incorporated, also to aid
temperature control.
30



treatment is required to renove nmaterial that may have been added
over pre existing cracks during machining or post processing
foll ow ng manufacture. The invention could al so be used to provide
surface preparation for a particular surface finish standard, or to
conduct |arge scale glass etching or m@king. Chemical milling

wi t hout a masking 15 stage can also be perfornmed. - 41 - CLAIM 1A
process for treating a target region of a conponent (104) surface
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The present invention has been described with particular reference to the post repair
treatment of an aerofoil. However, it will be understood that the invention may find a
range of applications across the aerospace and other industries. For example the
‘invention may be used for NDE preparation, cleaning prior to materiai addition, or

10  Diffusion bonding. NDE applications may include Dye Penetrant Inspection, in which
treatment is required to remove material that may have been added over pre existing
cracks during machining or post processing following manufacture. The invention could
also be used to provide surface preparation for a particular surface finish standard, or fo
conduct large scale glass etching or marking. Chemical milling without a masking

15  stage can also be performed.



A process as clained in claiml, wherein step (c) further conprises
m xing the treatnent fluid as it is circulated. A process as clained
inclaiml or claim2, wherein the treatnent fluid is a materi al
renoval fluid. A process as clainmed in any one of the preceding
clainms, wherein the treatnent fluid is4ta-chem cal etchant fluid. A
process as clainmed in any one of the preceding clains, wherein step
(a) conprises calculating a theoretical anmount of treatnent fluid
requi red and adjusting the theoretigﬁ;égggunt to allow for inperfect
application conditions. - 42 - 6A as claimed in any one of
the preceding clains, wherein step (a) further conprises determning
an anount of tinme required for the determ ned anount of treatnent
fluid to treat the target region of the conponent and wherein the

t ar get 4 €gi e Wi ted
when t feat menpceSr s CERBRER gl 14855 b kPPERsl (B RyREEE v
anmognt of titretfehefiidpesmbrsiagep (a). A process as cl ai nred |n any
one of the preceding clains, further conprisi ng nonj t ori ng tB
progress of Ahe t AEEIMENRG AR anBowntCf ireatinggt Twe reqeisedimireat thedared
suppl yi ng progr e§éggﬁta to a process control unit. A process as
clainmed in any one”or’'the preceding clains, wherein the treatnent
fluid is delb)ver efbmimgatl‘teaﬂiegetminedrmnammtrcﬂ,trefahm'ehéﬂuiddamti"sétrr@nt device
pre-treating the i@rg regi on of the conponent with a pre treatnent
fluid at the taré )terrperature An apparatus for treating a target

reghpon of a ZOWDOG&Wnu%‘%fyazﬁl%u)Yétﬁ]@ tﬁettfe%?hgﬁf‘ﬂuﬁ|tHidﬂlgh°é?1'T§;5;blﬁ:'aft9onhe

treatnent flbid reservoir °(200); "a treatnment device (10 oper abl e
to receive treat teatmehtideviée mﬂmlsh@plwegtthe@ppf¢atodt0rﬂa§damtrregmd ad

ly t t t fluid h t: hgl di 1
SO e TR e Haeas SN o LR Lo By
the treatment fl giyfFabehas\Hich trddigdtreat ment device and the hol ding

fixture. An apparatus as clained in claim9, wherein the treatnent
fluid conprises a material renoval fluid.

15 2 A process as claimed in claim 1, wherein step (¢) further comprises mixing the

treatment fluid as it is circulated.

3 A process as claimed in claim 1 or claim 2, wherein the treatment fluid is a

material remaoval fluid.

20
4 A process as claimed in any one of the preceding claims, wherein the treatment
fluid is a chemical etchant fluid.
5 A process as claimed in any one of the preceding claims, wherein step (a)
25 comprises calculating a theoretical amount of treatment fluid required and

adjusting the theoretical amount to allow for imperfect application conditions.



An apparatus as clainmed in claim9 or 10, wherein the treatnent fluid
conprises a chemcal etchant fluid. -43 - 12An apparatus as cl ai ned
in any one of clains 9 to 11, further conprising a plurality of
treatment fluid reservoirs, each operable to receive a different
treatnent fluid. 513An apparatus as cté2mred in any one of clains 9 to

12,

further conprising a plurality of treatnent devices. 14An

apparatus as clained in any one of clains 9 to 13, further conprising

at | ea
appar atus

" PR sp AR AL R e o fRTEPRazy Ul R h %) 1

a reduced prgghelr oripiides determining an amount of time required for the determined
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11

amount of treatment fluid to treat the target region of the component and wherein
the target region of the component surface is judged to have been treated when
treatment fluid has been applied to the target region for the amount of time

determined in step (a).

A process as claimed in any one of the preceding claims, further comprising
monitoring the progress of the treatment while circulating the treatment fluid and

supplying progress data to a process control unit.

A process as claimed in any one of the preceding claims, wherein the treatment
fluid is delivered at a target temperature, further comprising pre-treating the
target region of the component with a pre treatment fluid at the target

temperature.

An apparatus for treating a target region of a component surface with a
treatment fluid, comprising:

a treatment fluid reservoir (200);

a treatment device (102), operable to receive treatment fluid from the treatment
fluid reservoir and to apply treatment fluid to the component;

a holding fixture (310) for supporting the component; and

a sealable enclosure (300) containing the treatment fluid reservoir, the

treatment device and the holding fixture.

An apparatus as claimed in claim 9, wherein the treatment fluid comprises a

material removal fluid.

An apparatus as claimed in claim 9 or 10, wherein the treatment fluid comprises

a chemical etchant fluid.
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An apparatus as claimed in any one of claims 9 to 11, further comprising a

plurality of treatment fluid reservoirs, each operable to receive a different

treatment fluid.

An apparatus as claimed in any one of claims 9 to 12, further comprising a

plurality of treatment devices.

An apparatus as claimed in any one of claims 9 to 13, further comprising at least

one pump, operable to pump treatment fluid around the apparatus.

An apparatus as claimed in claim 14, wherein the pump is a reduced pressure

pump.



