- 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 systens for the application of a
treatment fluid to a target region of d conponent. Such a treatment
fluid may for exanple include a chem cal etchant. Background 10
Chem cal etching is a commonly used techni que for renoving one or
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ot her chem cal or 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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surface 1s required once the et Cﬁl ng process is conplete. Chemi cal
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typ| cally Linear Friction Wl ded onto the disc to avoid the excess

wei ght assom ated with Fir Tree Roots and non pernmanent fi xings.

Buri ng o eratlon bl i sks are susceptible to damage and may
requir % F refurblshnent operations to prolong their useable
i fie. 25hbcessary repairs are often Iocalised for exanple only a
very snall nunber of blades on a blisk may uire repair. Indee
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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

nmet hod for renoval of |ocalised alpha:@ése | ayers on repaired blisks.
5 Conventional chem cal etching of blisks is acconplished using | arge
processing tanks, or etch tanks, within which an entire conmponent may
be sub o ] t
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preci sely-aMd its adjacent conponents followi ng a global etchant
treatnment cycle. 25 It nay be possible to mask the parts of a
conponent that do not require treatnment, but this involves additional
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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 removal 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.



conditioning pre treatnents that nust also be accurately controlled
at considerably higher tenperatures. 10The | arge quantity of etchant
fluid required to fill a tank ensures that such fluid nust be reused
for the treatnent of nmany conponents before it is sent for disposal.
Titaniumions are dispersed into the fl3uid with each etchant cycle,
continuously reducing the etchant potential of the fluid. Despite
attenpts to control the chem cal degradation of the fluid with
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25  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 involves high



15 processing chem cals nay be used. For exanple, the optinal
operating tenperatures for scale conditioning fluids may be
associated with health and safety risks that are unacceptable in the
open environnent of an etch tank facility. In an effort to address
sone of the disadvantages noted above-#ith respect to etch 20 tanks,
apparatus for targeted surface treatnent has been devel oped as

di scl osed for exanple in US2008/ 0035179. According to this targeted
met hod,
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for scale conditioning fluids may be associated with health and 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 to 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 etch 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 etch tank process is normally removed



The | ocal etch cassette still suffers fromissues of accuracy ow ng
to i nadequate etchant 15m xing. A build up of titaniumions between
the etchant fluid and the conponent surface can cause the etchant
reaction to end prematurely, leading to insufficient surface nmateri al
removal and retreatment, and al so maki-®g i nefficient use of etchant
fluid, adding to the expense of the process and increasing the HS&E
burden. Inefficiencies of tine and resources are also apparent in the
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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 fiuid 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 device for applying a
treatment fluid to a target region of -® tonponent, the device
conprising: an application chanber 15that defines a substantially

| am nar application flow path froman inflow region to an outfl ow
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further conprise neans for application of pressure at the outflow
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W gout the risks associated with pressurisation of treatnent fl uids

such as scal e cgonditigners and etchant pastes.
Summary of Invention

According to the present invention, there is provided a device for applying a treatment
fluid to a target region of a component, the device comprising: an application chamber
15  that defines a substantially laminar application flow path from an inflow region to an
outflow region of the application chamber; and a distribution chamber that
communicates with the application chamber at an interface, in use, fluid being delivered
from the disftribution chamber to the application chamber via the interface across the full
extent of the inflow region of the application chamber.
20
The interface may extend laterally across the full extent of the inflow region of the

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

manifold.

The interface may comprise a distribution element.



The device may further conprise a fluid inlet opening into the

di stribution chanmber and defining an inlet flow path. The inlet
flow path may be substantially parallel to the 10application flow
path. The distribution chanber and inflow region of the application
chanber may cooperate to turn fluid frdw recei ved fromthe inlet

t hrough substantially 180 degrees before it is delivered onto the
fluid application flom/path This turn through approximately 180 15
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The distribution element may comprise a perforated wall that divides the distribution

20  chamber from the inflow region of the application chamber.

The inflow region may be oriented at substantially 90 degrees to the laminar application

flow path.

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

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

substantially 90 degrees to the first distribution element.



The device may conprise first and second treatnment units, each
treatnment unit 20conprising a separate application chanber. Each
application chanber may conmmunicate with the distribution chanber via
a separate distribution elenent. Each treatnent unit nmay conprise a
separate consol i dation chanber and cor|8e'spondi ng fluid outlet. Each
treatnment unit may 25 conprise a separate distribution chanber

comuni cating with the correspondi ng application chanber via a
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consolidation elenent. Each treatnent unit may conprise a separate

consol iHRIREH2 r conmmunicating with the corresponding
application chanber via a consolidation elenent. 5 Each consolidation
chanber may have a corresponding fluid outlet The first and second
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treatment units may be independent of each other. At |east one
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polymeric material. According to another aspect of the present
invention, there is provided a process for

The consolidation element may comprise a perforated wall.

The device may further comprise a fluid outlet that is operable, in use, to receive fluid

15  from the consolidation chamber and discharge it from the device.
The outlet may be operable for connection to a reduced pressure pump

The device may comprise first and second treatment units, each treatment unit

20 comprising a separate application chamber.

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
25 comprise a separate distribution chamber communicating with the corresponding

application chamber via a distribution element.

Each distribution chamber may have a corresponding fluid inlet



25applying treatnent fluid to a target region of a conponent surface
using a treatnment device operable to present the treatnent fluid to

t he conponent surface, conprising: introducing the treatnent device
to the target region of the conponent surface, and draw ng treatnment
fluid through the device, across the t&rget regi on of the conponent
surface solely under the action of reduced pressure applied at an
outlet of the device. - 10 - The treatnent device may conprise seals
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The process may further conprise mxing the treatnment fluid as it
enters and/or exits the treatnment device. The process may further

T5The Brobede Rl Cmb e el A SRt B R “Cont ent of
the fluid as it exits the device. The process may further conprise
applying a sealant nmaterial to the target %I on of the conponent

surfac fretand ﬁ@‘?Qj’difth@@WQﬂ’féWtﬁé&@h’éﬁﬂO'H@Q yeé hipgeThechagiim nghich may

mat er i

vol yrepe A Bing A, Mecatfin iR GAhEE OB rEKafisht FREREARRER:
fOhdJOV\Aunﬁsma}pbéﬁesacmabwrfrbmc&azmahenf whi ch regi ons of the conponent
have been treated.

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

comprising arms of the bifurcated form.
15  The first and second treatment units may be independent of each other.

At least one peripheral region of the device may be shaped to accommodate a

component.
20 The treatment device may be substantially free form internal moving parts.
The device may be formed from a suitable polymeric material.

According to another aspect of the present invention, there is provided a process for
25 applying treatment fluid to a target region of a component surface using a treatment

device operable to present the treatment fluid to the component surface, comprising:

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

surface solely under the action of reduced pressure applied at an outlet of the device.
30



25 The process may further conprise renoving the treatnent device
after a predeterm ned period of tine and washing the target region of
t he conponent surface once the treatnent device has been renoved.

The treatnment fluid may be a material renoval fluid, which may for
exanpl e be a 30chenical etchant fluid:10The treatnment device may be a
treatment device according to the first aspect of the present

i nventi on. According to anot her aspect of the present invention,

there i i ; i r1egi
ﬁ&?@éﬁ*fﬁﬂd@yﬁb%ﬁ Sohfrise faﬁr%%t%}gb% tbaérggl%%;ge:tﬁg a())%ﬂ'l nefit surface

conponent sur with a treatnment conpr i et erm ni ng
an anowndeothe agtimmeftheflbwipdesagaiappded at theeatitlathe t ar get regi on; b)
feeding the determ ned anmount of treatnent fluid to a treatnent
device; c¢) continuously circulating the treatnent fluid through an

appl i c 3ty r&dinidi devRatBR bedRivistemtiahy ek fanRintbAthl M impphisat or to

the target region; and 10 d)discarding the treatnent fluid once the
target region of the conponent surface has been treated. Step (c) nay

The pr dkBaaorRys oM THEfe Bimprgd cHF st Sufiedrs b Sedbr® et hovon

once t hige Havigetack®sl @ tafgdttegiofraiane BbmpohbaCcsufe ekt the eatied of tHee
treatnent fluid may be a material renoval fluid and may for exanple

be a chamipcessuse &rampradaieimingd trgadipeptlimaay conprise cal cul ating a
t heoretical anmount of treatnment fluid'required and adjusting the
theoretical amount to allow for inperfect application conditions.

St ¢p ( Ihemmrpcéss agrfuthepcomprigenexingihe geatmantofiuid asfit éntees asdfor exits

for the )
the treatment device.

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

15  The process may further comprise monitoring the gaseous content of the fluid as it exits

the device.

The process may further comprise applying a sealant material to the target region of the
component surface before introducing the treatment device.

20
The sealing material may comprise a wax. The sealing material may also comprise a
polymeric etchant resistant adhesive tape (PTFE) which may be used in following

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

25 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.

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

30 chemical etchant fluid.



25 determ ned anmount of treatnment fluid to treat the target region of
t he conponent. The target region of the conponent surface may be
judged to have been treated when treatnent fluid has been applied to
the target region for the amount of time determined in step (a). -
12 - Mxing the treatnent fluid may coﬂri)rise agitating the fluid
before and after each pass through the applicator of the treatnent
devi ce. Crculati ng the treatnment fluid nay conprise circul ating

the t r t o t{r{c%rﬂ'd‘év 'Beaa RELIM ShtT RIRTV é;%cfor@iﬂg th W% ?lfs@%%ﬁgﬁt:of the

devi ce. urt er conprise neutralising the treat

flui d préesenttiovetitonar di ng the treatnment fluid. 10 The process nmay
further conprise nonitoring the progress of the treatnent while
circulating the treatnent fluid and supplying progress data to a

pr ocesuy&Brding'to YRbther aspggleofttﬁé%ﬁ'éfﬁﬁt lrﬁ\}éﬁtlgn”ﬂ'bér@@s FRMALRS &Brctless for
target tenperature. The process may further conprise {)re treating the

t ar et treadingra @irgetregioonpeneempaneint surface wntleattmﬁmeﬂ id, eempgsinge

| Cho B cocHete g PRATGRNS Wedtpt fyifTitgRad i bnERedath JogpR"

the pregent fdudaiy tindetehfiired smenovdidrsatmedy AtigofoeAMdre devivg; a
target region of a conponent surface with a treatnment fluid,

conpri €)ng: eontiramushreirquialing thedesagwient fluid through an applisaier ofdbece,

bservacARhEIERE HiECodRPhabe EPplicABL [ the iR Tedon, s L 41 ng
fixpure)for diseaating tie tréatneantplitcohce thedta?det regiminadflthe eoaipasentsurface

containing the treatnent fluid reservoir, the treatnent device and
t he holh@shsen tealed.

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

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

region of the component surface has been treated.

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

20
Step (a) may comprise calculating a theoretical amount of treatment fluid required and

adjusting the theoretical amount to allow for imperfect application conditions.

Step (a) may further comprise determining an amount of time required for the

25 determined amount of treatment fluid to treat the target region of the component.

The target region of the component surface may be judged to have been treated when
treatment fluid has been applied to the target region for the amount of time determined
in step (a).

30



The treatnent fluid may conprise a material renoval fluid and may for
exanpl e conprise a chem cal etchant fluid. - 13 - The system may
further conprise a plurality of treatnment fluid reservoirs, each
operable to receive a different treatnment fluid. The or each
treatnment fluid reservoir may conpriselBeating and/or cooling

el ements. 5 The system may further conprise m xing el enents,

posi tioned between the or each fluid treatnent reservoir and the

treat 1 ' i Il Syi 4 j '
ol mend Ty EfequhRRy LM iof EBRI LT S RIHEIISRAAt A o4t pass
exanpl ehraugatthe mpptieaibe of/iredosatment diesicei ng nedi a do not fall out of
the fluid under gravity while the fluid is travelling at |ow

velocity. Such agitation may also aid mxing within the reservoirs.

The sysliginiatiyg thertkditmenP i M8y @oRipiisd! difckilaihg ithe deBRRENIRMY BRtwedhIg
or each 15 treatnent device may be a device as disclosed in the

pr e§entflughraservainand thertreatsyantatavingy furt her conprise at | east one
punp, operable to punp treatnment fluid around the system 20 The punp
may be a reduced pressure punp. The system may further conprise a

gl obal sag idf melylfithed&sihblisnasuttblismdtHe e SRR Uldepridtdo Apsiarding the
wash the i nterior and contents of the enclosure. 25 The hol di ng

fi xt ur drapdiepbilydi se a rotatable el ement, for supporting the
conponent in a rotatable manner. Brief desctiption of the Draw ngs

10  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.

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

15 the target temperature.
The treatment device may be a device as disclosed in the present specification.

According to another aspect of the present invention, there is provided a system for
20 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
reservoir and to apply treatment fluid to the component;
a holding fixture for supporting the component; and
25 a sealable enclosure containing the treatment fluid reservoir, the treatment

device and the holding fixture.

The treatment fluid may comprise a material removal fluid and may for example
comprise a chemical etchant fluid.
30



30For a better understanding 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 follow ng drawi ngs, in which:- - 14
- Figure 1 is a representative perspective view of a treatnent
device illustrating open and cl osed po$ftions; Figure 2 is a

representative perspective view of an alternative treatnment device; 5
Figure 3 is a schematic representation of fluid flow through an

appl i Cai{fieogfslf 1) W?{.flﬁtﬁér% gWrQIﬁ of freatment fluid rSHrGoifs, 'e%cﬁ operable

representa stration’o atrre I ul owi ng t hrough
10treattmed:eldemlcbféenehatreatmemttflwd.seIf shown in the Figure; F| gure 5
is a partial close up view of Figure 4; Figure 6 is a representative
view of a casing for a treatnent device; Figure 7 is a sinplified

di agr amiff oraeédHJﬂréiatHé?W ﬂ%)(islté%@}’vow may%o%r%e%éaﬁm@ ArRPSESINhaldl¢Rents.
di agram of an encl osure show ng an encl osure cl eani ng systent Figure

918 a representative d| agram of a cl eani ng apparatus; and

Fi gur 10t 14 ar rans. illustr t|n rocess st.ens i

[t oat notE O T s S AL
pr ?Semﬂuid“t\f@é‘ﬁnheﬂﬁ ré@@"@élrtaﬁhdﬁh@\ﬂééﬂ:méﬁt g&litei ent and environnental Iy
friendly nmeans of automating surface treatnent of a conponent through

mat erial renoval. Through 30 the use of an acidic etchant nedia,

mat eri &, ANy ¥3§er95ir@nf5§ft5}£$ iichIl?oOeUB&PaEHHn di8ments to agitate the contents of the

10  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.

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

15 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

around the system.
20 The pump may be a reduced pressure pump.

The system may further comprise a global wash facility positioned within the enclosure

and operable to wash the interior and contents of the enclosure.

25  The holding fixture may comprise a rotatable element, for supporting the component in

a rotatable manner.
Brief description of the Drawings
30 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:-



- 15 - acconplished typically enabling a surface | ayer of between
0-20,mto be renoved in a single etchant cycle. This anobunt nmay be

i ncreased up to 100, mthrough the use of nmultiple cycles or |arger
anounts of etchant being circulated for a greater period of tinme. The
present invention is particularly suit®-to the treatment of an
aerofoil of Ti- 5 6Al1-4V that has received a post-processing repair
using Direct Laser Deposition and a subsequent |ocalised heat

t r eat ment i URERSE

| ayer of aIEFt] Lgréga%gé{ f@r?%ﬁégv? éé]isﬁeeﬁﬁ\g%g%i“g%f %t}@ém&ﬁtepal r. ﬁust?atmg
pr esentopen\m‘micclosecbpomhdas; a reliable and repeatabl e neans for the
renoval of such al pha-case layers in a specific |ocation upon this
type of aerospace conponent. The' follow ng description 10expl ai ns
the invent i réid 8 4 @‘;ﬁé@éﬁﬁtﬁé?é@?ebﬁ@h%f & a@él‘néﬁ'&@fr@!aiment device;
conponent that is formed as part of a blisk. However, it wll be
appbeci ated that the present invention is not I|mted to such

applicatio and, may be enp Io ed in the .
mecal 1o colERente slfestay fFdsdlatidtel BB Hrdlofah BBReation yut or 2
autormtt,ie\égn@ﬁﬂd@&,@@r |ndustr| es. 15 The present invention concerns a
device for the application of a treatnment fluid to a conponent, a
system for the surface treatment of a conponent and a process for the
surface tr i

devi co. oy FTMEO s b QA Hlus b bl uP R B g Aok

ef figct tneatmhmd@rug@trm nsuofmsrmm imtma FZ@un@f‘ a conponent. The
treatment fluid referred to throughout the specification my be any
treatment fluid such as, for exanple, water, detergent solutions, pre

treatnent f tchant fluid past
2r56a ment Hdlirds %‘écﬂaﬁtél élﬁéé%pq}?é\ﬂ'oﬁ"l:‘iﬁlﬁ'é% or etchan uid pastes.

Figure 6 is a representative view of a casing for a treatment device;

15
Figure 7 is a simplified diagram of a fluid flow system;
Figure 8 is a representative diagram of an enclosure showing an enclosure
cleaning system;
20
Figure 9 is a representative diagram of a cleaning apparatus; and
Figures 10 to 14 are diagrams illustrating process steps in the treatment of a
component.
25

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

30 the use of an acidic etchant media, material removal of a metallic component is



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 tdfmunicates with the
application 30chanber 112 at an interface and may be divided into
first and second distribution sub - 16 - chanbers 118, 120, 122,

124, ; C _ . L2 . .
second S89TB1i-AE) b HRABlng 2oyt bRy LN (OBSm 16 DepEhTiyedA 2
and a finglel etaitanetydd4 Thihemouebmayrie terdasedyp t0P00gm desiughdbe use of
From t RAReGuEEE ard8ror smeins nt ANt e bp citulated it e Ak
uni ts 1% tA8 pgésrgarﬁ‘ﬁ%%‘ﬁbﬁ% 'ﬁabtich%riy@ﬁ%% Ithie irl@ebg_ﬁémt &Farl dresdir gt ad

in Figure 2, an or exanple share a comunal distribution

chafbe6AhAY that bas veceived alposhpranessingnepeair Leg cpRiteetltaser Deposition and a

| ivel h i . i ai
rechanctbSaentidalis bt HeatRtn Dirss BrottytR RS ol B RN MesB nygpasses
101, eaQBbyér GRAIPRAICaH8IE fdPmed iRaNé Ratiod el tieatshif | Thelpradkeet invadtion

outlet (not shown). In a further alternative (not shown), the two ]
t r eat nP@Vides adelighle gadggpra@ble megepdadidetreptovahehswmalphamasgilaygys in a

di o0 of \ . . .
ext or 3P Spo LR Gt B Bhb Gl sup e stibns TP B RoRleskBton
st noct explairmnther igsemticanivith Irefiefleridecty thbt@aghentef aleaersfoil tomponeat that is

consi st ent cEattern, and wi |l now be 15descri hed | F detail wth L
respecthFtn@)e ﬁ@GﬁEsC’f@, bliskg fdovsevet; émllége@pgﬁqplgtemt gethegresepidnvention is

physi caly fiRiidy s %Bc%"%ipﬁ Ecétfo‘?ﬁtaﬂﬁ Hhay gé et ﬂlé}i%tg FF{P%QP&Q?#PIY of 8 ?an%? of

internal structure e treatnent” device hus, e Intern

st r uct mmetabit dcongpdnestd aemss diew ke spacaddusatyi &8 well @shn dhe astomative and
but its,geanetry may be understood 20 from consideration of the form
into \Aﬁf%{'g‘ﬁ\és"?'?%at ment fluid is constrained by the unseen internal
stggcture. Internal structures within the treatnment device are

indicated by reference nunerals associated with the |ocation that the
part i cdlh&rpresentidnveriipneenagros awgyjceder tha application of adrestment fluiddo a

Chanmber s _and ot her enclosure i C e i i

st r vt GPESRRnt FeaTP R BRI Sl le Apant B s Ehhaind R Bl Fprosgss for the
r ef er ergFape MeaBhenBeiEbMpoHeM. tIBwilhige bﬁpiaiab@mtqaewmybmenhmd
rel evant chanber or enclosure. Miuch of the desc.rlgtl on i s concerned

wi th t RECeassanaERe amployed segstber fo kenafigteb affasiin toe daropled surfacqiyeatment

[t il pated however that corresponding structures can be
foaerjlmd 8;}9?}% 0 rﬁeg'u'rt treatnment unit of the device 102, which is
partially hidden in Figure 4.

The treatment fluid referred to throughout the specification may be any treatment fluid
such as, for example, water, detergent solutions, pre treatment fluids such as scale
conditioners or etchant fluid pastes.

25
With reference to Figures 1 to 6, a device 2, 102 for applying a treatment fluid to a
target region of a component 4, 104 comprises first and second treatment units 6, 8,
106, 108. Each treatment unit 6, 8, 106, 108 comprising an application chamber 110,
112, a distribution chamber 114, 116, which communicates with the application

30 chamber 112 at an interface and may be divided into first and second distribution sub



- 17 - Wth reference to Figure 4, the treatnment unit 108 conpri ses
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 118nd 2) and extends along the 5
conponent in a treatnment flow direction froman inflow region 140 to
an outflow region 142. First and second distribution sub chanbers

122, 1%ﬁaﬁfcfe‘3’;5338t ﬁ?ﬁtf@i‘tmﬁ' H'denfsbmt%necl'{drh{?]& 128, §thid d[vrded into

dlscharge to the inflow region 1 e application chanber
112. Thiestfandssecmd ewsolidatibrssub bhamoers 128, ctédyiadituid Iritet 13241 33rand a fluid

d Iy  bet t et, 132 dth f
ot T o SRRl T ThE nahumenl 65hes X 1bRuS HedtReR I0 pbrS i defmirortifdgds flow
124, a'aﬁ' tr'e%tthHt ﬂtﬁat%uaﬂqhe eét/eeerrdrattﬁé ﬁtlétYs)aFHZ)SISSttBQhé baasIEM 34,
unlt to the full extent "of the application chanber 112. Dividing the

i nf bow regl on 140 of the application chanber 112 fromthe second

di strilyti,on su chanmber 4,1 di st r.i i { g f.pr

o 11 s e PERaRIARS 18005 ob i abUbS i e FiaRly rofadd s fifitea
el enentn Fiydr8@, BAEMAY it @eqid spard aicaltruma distabutied f:h@mﬂ;épéﬁ(ﬁ s
divides the first distribution chanber 122 fromthe second

dlh st ][ i l@gms@lrdam@rﬁt@mq@w 26rad pelielol3dt editsuaptivelythe typdrestnend upits §s§
A
uoe, ¢ aay Bl e B Mecankalofihid hilde ABcitis i B Skl Bted fFiglPe

[ Blhst J1$%at:htttfaeatrhenf2@’ﬁlt 658 haivisigra Uatillcatedsmbd driledndosd oﬂtﬂ@t (nohsha@vn) Insa
able tqg spread laterally across the first distribution sup chanbe
b of

122. ThidheAltesaatve ot sBawny tha dwa tegimepl unitiemayhesentse
perforabed JRdl BaG Aéﬁ'%ﬁsc‘h@ bh'dﬁﬁeé%&lt%}rh% erso%wyw&lw.f' a%bg@ﬁf‘the

the first and secon dlstrl ution su 122, 124, forcing th
fluid teatesnakplysica larrapgssidnit of trtmireamwttfdemcpaﬁm' méerbat stegiutehand

f t d b , 124, 25F £ h

second B B L tth 450 epViBeatePNs ofSent et Bugna v R

peﬁéor%%%rlt}!@d In détbﬂvhﬂl‘ﬁe‘sﬁébtqw Fig9iean, Bigh@B, t he application chanber
12. The action of the first perforated wal | 144 again forces the

treat ment fluid to seek out all possible apertures for passing into
e g % 805 e AR e R3St (L K2 QUR g o
val |'s i4dintdrhal EButtorsBield tredtnidre aknieat1 02l Urilis ted intemel sssctuheof the
| ateral extent and depth of the_inflow region .
treatment device is not visible in Figures 4 and b5, but its geometry may be understood
20 from consideration of the form into which the treatment 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
25 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.

30



-18- 140 of the treatnment chanber 112. The treatnent fluid then
follows a treatnent flow path B across the application chanber 112
(and hence across the surface of the conponent 104) that is
substantially lamnar, with little or no preferential or spreading
flow. The lateral extent of the applitafion chamber 112 is consi stent
al ong the chanber 5 fromthe inflow region 140 to the outfl ow region
142 and is the same as the lateral extent of the distribution sub

Chamerw{H%r to%ghﬁéaga?'tréagﬁ%m QhﬁQOB%Wr@eBadﬁ c%h@ﬁ"cﬁlaﬁﬁb%r

t he treatnent ow pa e application cha
t he f uritiRasat isxapam todhetdoen poreamnt nﬁntan‘dl iowvhpaly freBfmehiefluid &abmght frltcuu d

d h fl 142 aof th
5o CERohg e e R auage. Toe ealhatar ¢in e raceds B <.
and Se%‘ﬂﬁeéﬁﬂ%ﬁ?hé‘@‘l 58AIsIHDsFRRAMAT B8P Fighdls 1td?fd02’}9éhcf éitéhd@'éﬂ)ng the

second consolidation elenents in the formof perforated wal
baf £l e qorrmownmea trestmemhitow directiem froaean irdlovorepion 449 t@ﬁnﬂuljflow region

st D dfst aRernpa Bt ¥ cARRBERY 122, T4 el foqtih B
The conmg@kuiicihic®n 32 Hhdcd 8 fildBto thelinfl@w ebyien U240t sfape mpplication d
flowng in a |lamnar manner fromthe outflow region 142 of the

appl i cahpawesidrperherfirst and ssp@@%Qrs@@bqtmsqh ehamiperns 144,i1¢4i areareanged

single f I ST
schemat’i (Q;H%gtbé@[sen{"a% ﬁéﬁé ﬁ?[éﬂ tﬂ%wf IotWrreg ﬁoﬁrye\ﬁn‘?@wg’%oﬂ%e"&a ttﬁ g\i)vamber
pats I1S2gIWd|sﬂ1b2ﬁIEhg;wbe:r&mer'smmaﬂﬂﬂpalmwrnﬂbwfmgdmcmm Oeﬁémlta&emlly

the first and second perforated wall sﬁé,44 146 are oriented at

degr eeCfesSABArAAMENT Unih ting wllsientipd the pepliation shegRar ik l}}w'ct'%the
applic t 2d|f<9rh e
appl i cgﬁtq% %\E@@Jﬁggboﬁﬁe ?gpﬁgﬁlgﬁc&%nn?é]eergﬂef ecqﬁ%beteﬂﬁ@?\I/%%tloq‘gsg@;e

or i ent ahaoberi124tis acdisisibutior atareernt |hltlue d?orm)oif & tivst peoiorated walheyl wafdé plate

180de es, bet elnl tho a ndthetr at t flo th
. he Ty é ST Shktibuc SRSttt Secasty e FatE el OB oA

i N4 Qpp%téq 48 diGibs WS ﬂrsm?stﬁb@tfdrp&hérﬁgépmziﬂam ffh'ers%coﬁﬂfhlﬁﬂié@f%
consol i dati on sub chanbers 128, 130, and outl et are in alignnent,

meani nghandesdhetTHe pavigated @aloild4) Ms abtgnérﬁqr@ﬁs ghetfnli lafgral %team@f the

as the tre t,nent flow ath flows in the sane direction as the
treat mgﬂﬁt LI'tch ﬁhﬁn ers 1@ an alternati ve enbodi nent,

illustrated in F| gure 3, the first and second perforated walls 144,

146, inflow region 140 and application chanber 112 are all in
al i gnmémuse niseatment fikigl iseeeivan@laiidhan ddet gy PRBWA prah shenndgld! 32 infoipe

| n2§ub ?l}ﬁ%étﬂbbﬁloﬂ Q&b E‘ﬁ%b@? ':Iﬁﬁt WhBre it is able to spread laterally across the first
distribution sub chamber 122. This spreading action is encouraged by the action of the
second perforated wall 146 that restricts the freedom of fluid flow between the first and
second distribution sub chambers 122, 124, forcing the fluid to seek out all possible
apertures for passing between the first and second distribution sub chambers 122, 124.

25 From the second distribution sub chamber 124, fluid passes through the first perforated

wall into the inflow region 140 of the application chamber 112. The action of the first
perforated wall 144 again forces the treatment fluid 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 {o

30 deliver treatment fluid evenly across the lateral extent and depth of the inflow region



51t wll be appreciated that in the enbodinent illustrated in Figure
4, the first and second consolidation sub chanbers 128, 130 are
shared between the first and second treatnent units 106, 108, such
that the outflow regions of both application chanbers 112, 110

di scharge fluid into the same first cohdolidation sub chamber and
fromthat 10chanber, treatnent fluid fromboth treatnent units flows
to the second consolidation sub chanber 130 and out through the
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|t Is intended. For exanmple, as illustrated in Figure 1, the device 2

may be applieatianochamber 112 and discharge that treatment fluid into a single fluid outlet 134

to follow an outlet flow path C.

A schematic representation of fluid inlet, treatment and outlet flow paths is given in

20  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

25 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

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

direction as the treatment flow path B.



substantially encapsul ate an aerofoil, enabling treatnent of
substantially the entire | eading edge 60, trailing edge 62 and tip 64
of the aerofoil in a single cycle. According 5 to this enbodi nent,
peri pheral seals 138 of each treatnent unit 6, 8 seal agai nst each

ot her, as do peripheral seals at the Tb%'of the device 2 (as seen in
Figure 1). The base (as seen in Figure 1) of the device may be shaped
to accommodate the root of an aerofoil, wth small surface variations
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designed for aligned flow paths, as illustrated in Figure 3. Such devices provide
operational flexibility, as the fluid flow direction through the device may be reversed,

20 such that the original inlet becomes the outlet, and vice versa. This has particular
advantages in seeking to minimise the effect of any turbulence induced by
discontinuities at a repair 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

25 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

30 seals that define the extent of the application chamber 112.



The device is forned froma suitable polyneric material, its
conparative sinplicity and | ack of noving parts ensuring that

manuf acturing costs for the device are kept to a mnimum |f greater
stiffness or support were required, the device could be fornmed in an
alternative way; for exanple, the devi4@-could be forned of netal
with a lining of 5suitable polyneric material. An inportant advantage
of the device of the present invention is that it enables a
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5 A significant advantage afforded by reduced pressure operation is

that the treatnment fluid i s never pressurised under nornal service.
The po&y¥elgnmedigmbedimamsgéthy device 2, 102, are sized to be as thin as is reasonably

20 practicable in the direction of through component thickness. It will be appreciated that
the 180 degree turn in fluid flow direction between inlet and treatment enables fluid
inlets to be incorporated compactly into the treatment units, ensuring that when
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

25  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

30 of treatment, are discussed in detail below.



catastrophic release of treatnment fluid is thus m nimsed and may be
substantially elimnated. Should | eakage at the device seals occur,

air is pulled into the device rather 10 than treatnent fluid

escapi ng. According to certain enbodi nents, the device casing and
internal structure may be transpar ents2tnabl i ng any bubbl es entering
the device to be easily identified. Treatnent fluid discharged from
the cassette may al so be exam ned for increased bubble content that
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significant advantages over the prior known devices which require an
external clanp to apply a clanping force. Wthout the need for any
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may be gaRiE¥EBy the mixing action of the distribution chambers and elements. The primary
function of these components is to discharge fluid in laminar flow into the application
25 chamber. However, these structures also serve an important secondary function in
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

30 is discussed above. In a preferred embodiment, this pressure gradient is formed



It will be appreciated that the treatnent device of the present

i nvention lends itself favourably to incorporation within a system
with multiple treatnent devices being 20available for use at any
given tine in order to treat various asgects of a compl ex conponent
substantially sinultaneously. For exa e, and as described in the
foll ow ng enbodi nents of both system and process, an arrangenent may
be envisaged in which several devices are enployed to facilitate the
subst afimo%'gmhé'a[ﬁgh&@tw&:sre%heea@?eswré afthd d&AtTBHtH). f"‘FHé émhr% device
bl ades on sin aer ospace bl | mport ant conceﬁ
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conbinually being re-used, neaning the treatnent potential of the
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of nore et nt giving nore material renobval in an equival'ent tine.
Mat er i aixaremexy for iceneased bubblet @irtentdtiat mighttindipatedntamsistentgedlingrent s
usi ng an appropriate blend of etchant quantity and process tinme. Even
allowing for inperfect m xing conditions, the anmount of etchant
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treated. Reliable sealing to the component is achieved through reduced pressure
effectively sucking the cassette onto the surface of the component. The device may be
shaped to allow for the transition between sealing against the component and sealing
against an opposed treatment unit, with deformable peripheral seals accommodating

20  minor irregularities and fluctuations in 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

25 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

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



smal | er amount of fluid can be nmuch nore finely controlled with
respect to tenperature, reactivity etc. The etchant required is
continuously circul ated through the treatnent device and an et chant
fluid reservoir, preferably undergoing m xing before and after

passing through the reservoir. This enddres that the deternined

amount of etchant fluid 20is continually m xed, enabling the ful
etchant potential of the fluid to be exhausted in achieving the

desire I
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"one shot™ conce evice o e present i nvention ensures
cont i nisnlstion ocas$ atdoompafertt [partbfianbléskl am nar nanner across a
conponent surface and can be used to ensure that all useful work has
been achieved and the entire 'shot' of etchant has been utilised to
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component substantially simultaneously. For example, and as described in the
following embodiments of both system and process, an arrangement may be envisaged
in which several devices are employed to facilitate the substantially simultaneous
etchant surface treatment of muliiple blades on a single aerospace blisk.

25
An important 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



The precise conponents of the systemof the present invention can be
vari ed according to the treatnment process to be conducted. In the
case of chem cal etching of an aerospace conponent, the principle
system conponents are: 25 at | east one_treatnment device, preferably
of the type described in the present sf#cification at |east one
etchant fluid reservoir at | east one scal e conditioning
reservoir 30- a warm wash reservoir a war m hol di ng
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positioned at entry and exit points of | east the etchant fluid
10ahd scal e conditioning reservoirs

Using the example of etchant treatment fluid, and in a preferred embodiment, the
quantity of etchant fluid to be used is derived from calculations to assess under ideal
conditions exactly how much etchant is required to remove a certain quantity of
material. The actual amount of etchant required is roughly twice this calculated figure,
10  owing to the impossibility of achieving perfect mixing conditions in a practical system.
Time may also be introduced as a variable, the use of more etchant giving more
material removal in an equivalent time. Material removal can thus be tailored to fit
operational requirements using an appropriate blend of etchant quantity and process
time. Even allowing for imperfect mixing conditions, the amount of etchant required will
15  be orders of magnitude smaller than that required for a complete etch tank. This
smaller amount of fluid can be much more finely controlled with respect to temperature,
reactivity etc. The etchant required is continuously circulated through the treatment
device and an etchant fluid reservoir, preferably undergoing mixing before and after
passing through the reservoir. This ensures that the determined amount of etchant fluid
20 is continually mixed, enabling the full etchant potential of the fluid to be exhausted in
achieving the desired material removal. As the efchant cycle continues, the reactivity of
the etchant is gradually reduced by the increasing concentration of metal ions
distributed 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
25 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

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

It is an advantage of the present invention that each shot of etchant, or other treatment

30 fluid, is substantially completely exhausted in a single treatment cycle, ensuring that a



Asinplified systemis illustrated in Figure 7, showi ng just the
etchant reservoir 200, treatnment device 102 with inlet 132 and outl et
134, | ow pressure punp 210 and connecting pipe work 220. 15 As

i ndi cated above, nultiple mxing arrangenents are enpl oyed t hroughout
the system for exanple at the entry t6°and exit fromthe etchant
reservoir, to ensure that the etchant contains an equal distribution
of titaniumions within solution at any one tine. Mxers may al so be
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an enclosure 300, together with a supporting fixture 310, on which
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in the gpaenpeedstion, the opening is sufficient to allow the fixture
310 to exit the 30encl osure 300, receive the conponent 104 and return

within the confines of the - 27 - enclosure 300 with the npunted
f t
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conpr i sidvgniageenslydo tike ahplehmmaaﬁommham‘hbnleashomt corgcelpk.adbe dejl(ha afiike
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pl ane, p{wrftﬂlyﬁjr}tlen@é]shlée%wt HScycy fltyeing ‘a,grpgn@rnmgnner across a
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desi reg de may placed in any desired orientation within
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remaining in the device as it is filled wll cau?e t hese bubbl e

to
rise t&e last feypastive leasdBay be iadeedpsefiickantite &isjinethecracess time Teqifed to

20  ensure these last remaining ions are used.

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

aerospace component, the principle system components are:

25
- at least one treatment device, preferably of the type described in the present
specification
- atleast one etchant fluid reservoir
- atleast one scale conditioning reservoir
30 - awarm wash reservoir

- awarm holding reservoir



15under the |l ow pressure applied at the outlet. During evacuati on,

t he conponent on which the device is nounted can be oriented such
that the inlet of the device is at substantially the highest point of
the device and the outlet is at substantially the | owest point.
Gravity thus assists in draining any 128t renmai ni ng fluid out of the
device. In the case of a blisk 104 nounted on an inclined plane,
filling and evacuation positions would 20t hus constitute the 12

o' cl ock and ' id ons respectively. It will be appreciated
t hat once fﬂe?cl%r[lg}%ﬂﬁ’teﬁgﬁ@eﬁvi ce has been conpl eted, the treatnent
cycl e may- candaatbeldingiféssrveid by conponent orientation until device
evacuation is required. .  Thus, for exanple, once a device has been
nmount ed oh @‘H‘P%tgé'eﬁ?wg'rbl isk and filled while occupying the 12

o' cl ock posighQiralishy Mlid $ksdrayirbe rotated to place the next blade
25requiring repair 1n the 12 o' clock position for filling of another
t r eat nent- deenoectiny pipetwerkite cnahteneiraation efdhid froes aoy resesvair thypugh the
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unaf fect ed Ipyidifidy BRWstORBseMifirssane sequence may then be fol | owed
W th evacuation of the various devices in the 6 o' clock position.
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of 1@ashi ng e wan comdidmthgsesevaingl everyt hing contained within it,
including the fixture 310 and conponent 104. The washing facility 310

may conprise a plurality of rotating fluid jets, as illustrated in
Fi gur e p8ei ik | i f P i
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15
As indicated above, multiple mixing arrangements are employed throughout the
system, for example at the entry to and exit from the etchant reservoir, to ensure that
the etchant contains an equal distribution of titanium ions within solution at any one
time. Mixers may also be located at the inlet of the treatment device, to assist the
20 natural mixing action of the distribution chambers and distribution elements within the
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.

25 The system components set out above are contained within an enclosure 300, together
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 fo allow the fixture 310 to exit the

30 enclosure 300, receive the component 104 and return within the confines of the



10 parts, enabling wash water jets to reach into conpl ex conponent
geonetries for a thorough cleaning cycle. Each of the fluid
reservoirs wthin the systemis provided with nmeans for tenperature
control to ensure that the relevant fluids are delivered to the
conponent at the correct 15operating T%ﬁperatures. For exanpl e,
heating el enents are required for the scale conditioning reservoir
and cooling elenents for the etchant reservoir, at least to
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interior of the enclosure 300 may al so conprise heating and cooling
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calibra determne“the relation between metal i1on distribution
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cont ent Fcan t I tor ed t| |
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any further reaction. The neutralising solution has t he additional
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asure
point. Gravity thus assists in dralnlng any Iast remaining fluid out of the device. In the

case of a blisk 104 mounted on an inclined plane, filling and evacuation positions would

20 thus constitute the 12 o’clock and 6 o'clock positions respectively. It will be appreciated
that once filling of the device has been completed, the treatment cycle may continue
unaffected by component orientation until device evacuation is required. Thus, for
example, once a device has been mounted on a blade of a blisk and filled while
occupying the 12 o'clock pdsition, the blisk may be rotated to place the next blade

25  requiring repair 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
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.

30



f eedback 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 simlar manner to netal ion 15 levels in order to
trigger release of a neutralising ageh??'and consequent endi ng of the
etchant cycle, once the neasured hydrogen |l evels indicate that the
requi red anmount of material has been renoved. System feedback can
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treatment device for Increased gaseous content. Shoul d | eakage b

det ect dde dhrvicagwharcirealiseent qyalesiare dwisbiedgaseous pr oduct bei ng puI | ed
t hrough the device, the control system causes instant evacuation and
shut down of the device or devices in the safest possible nmanor. The
pr ocessrHeaglobAPRasRg ARty fIsonMitihiA theé @RcRkage3dn id bepdble of weshingtake
once the isSsue has been resolved. Neutralising solution nmay al so be
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tightly con renovi ng precrse quantities

matier i @arisnenalslatg wesh aditerf jetd toereathéntsycoingptex coppoeshtgepmettesi fgnad
to be eaS|Iy repl aced leth m ni nrum system 5 down tine requirenents.
Accor dithgrough A EHr'Rent, the control systemincludes neans for
counting the nunber of cycles each conponent goes through and for
war ni ng when a set of conponents are due for replacenent. Such

provi sikath CrféUel(ﬂHICt teserinsi \m@narilde susteneisarovided syithouneges forf temmperature
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corrput er control reduci n exposur e to oper ator error and
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oper at V. p
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relies upon operator control and accuracy for the overall accuracyof
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to be used, enabling the treatment fluid to maintain its optimum operating temperature

on contact with the component 104.

The entire treatment operation is managed by a control system. Within the control

25  system are incorporated feedback loops, feedback sensors being incorporated into
appropriate locations within the system components. In the case of a normal etchant
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.

30 Such feedback sensors may enable the control system to monitor the progress of the



300. The enclosure 300 is provided with a mcro-switch or other

safety feature that prevents treatnent fluid of any kind (including
wash, scale conditioning and etchant 20 fluid) from bei ng punped
around the system when the enclosure 300 is open. Contained within

the enclosure is global washing facili£€9-350 angled to wash the
treated conponent once the treatnent device has been renoved. Thus,

t he conponent not only enters the enclosure in a clean state but al so
| eaves j I j hbi
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system of the present invention is that it significantly enhances the
pot ent iagvaniagerafirengering teaetcbaniluid galar sl easiprdebisiase 9ffinan ecological
conpongﬂ%lﬂgdergoes a repair process using global etch tank

pr ocessi %, ho further repair of that conponent will be possible,
owpg to the fact that the entire surface conponent wll have
5undergone material repoval, including high tolerance, criti
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invention also facilitates treatment of a singl'e aerofoil but in

addi t i ebchant cutleooscatheuneasuss nfdragenisidsindicate thatdag eenuiredsampountof
time, thus.saving both ti and materials. The system of the present

i nventi erlgﬂg%lgeeé&{grg%q versatile with only m nor adjustnents
required to process a wide variety of aerofoils and repair |ocations

on consecutive aerofoils upon a 15blisk assenmbly. As discussed above,
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possi bl'e, treatnent
safety switch on the enclosure 300.

Regular calibration checks are advisable as a routine system requirement, as well as

30 periodic mass-loss analysis to assess material removal, and confirm the accuracy of



25for the overall conponent is still greatly reduced. Were

cont enpor aneous treatnment of several conponent features, such as
aerofoils, is required, the treatnent fluid reservoirs, including for
exanpl e war m and col d wash fluid, scale conditioner and etchant
fluid, may be charged with sufficient-#Paid to treat all 30 conponent
features. This arrangenment saves consi derabl e costs in reducing
space, - 32 - heating, cooling and materials requirenents, as well
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eat ment

the tr evi ces degrades at the sane rate. ConnecCting pipe work
and purqapaglemfrranwp@crmwmee\ﬂf dreatetial ipengeteriodaifdime.t r eat nent
fluids to the various treatnent devices enployed in the system The

Streat ment devices may be arranged in a series or parallel
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i ndepe it AENINEENd gnalntenrRsrEest busienPidhe syelem.-f or each treat ment
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di sl odges trapped air, therefore providing suitable filling of the
casget tewilldwappreciansk that the sydtenual thegpesentdtivention & Selffcontainéd,ed,
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300. The enclosure 300 is provided with a micro-switch or other safety feature that
prevents treatment fluid of any kind (including wash, scale conditioning and etchant

20  fluid) from being pumped around the system when the enclosure 300 is open.
Contained within the enclosure is global washing facility 350 angled to wash the treated
component once the treatment device has been removed. Thus, the component not
only enters the enclosure in a clean state but also leaves the enclosure in a clean state,
all operations requiring contact with potentially hazardous fluids taking place within the

25 confines of the enclosure 300. The HS&E measures required are greatly reduced by
this close containing of all treatment material, and ensuring that the component is only
released from the enclosure once it is again in a clean state. Even if a decision is taken
to allow manual operators to place treatment devices on sections of the component to
be treated, this can be done before the enclosure is sealed, and certainly before any

30 treatment fluid is pumped through the devices. Thus, operator contact with potentially

hazardous treatment fluids is completely avoided.



The treatnment fluids involved include hot and cold wash fluids, a
scal e conditioner and an etchant fluid. The scale conditioner is for
exanpl e an aqueous bl end of caustic alkalis and inhibitors which may
i ncl ude sodi um hydroxi de and sodi um chromate. 30Etchant fl uids may
i ncl ude Hydrofluorosilicic (H2Si F6) and Nitric (HNG®3) acids, - 33 -
Hydrofluoric (HF) and Nitric (HNG3) acids or a conbination of the
above. The etchant is mxed with an inorganic viscosity enhancing
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fi xt ur endPerrepair edatrches prolénding tik litkofas sembbiedid Knasn targetsd etchant
in Figure 10. 15The fixture 310 is then returned to the_encl osure
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occupy ipnesertténvienhtion is thus extremely versatile with only minor adjustments required to
process a wide variety of aerofoils and repair locations on consecutive aerofoils upon a
15  blisk assembly. As discussed above, the design of the treatment device of the present
invention enables the device to be made extremely thin. Connectivity of the device is
also designed to facilitate usage of the device in limited spaces, allowing consecutive
aerofoils on a single blisk to be treated substantially simultanecusly. According to
preferred embodiments of device and system, at no point do the treatment device and
20 associated pipe work require more space than the midpoint between each aerofoil on a
standard aerospace blisk assembly. Thus, with every aerofoil upon the assembly being
concurrently treated, the equivalent processing time of one aerofoil is required to treat
the entire assembly. Even in the event of treatment of components of complex
geometries, where treatment of consecutive blades may not be possible, treatment time

25 for the overall component is still greatly reduced.

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

30 component features. This arrangement saves considerable costs in reducing space,



25 o' clock position on the blisk assenbly 104 via an automated
robotic arm The device 102 is sealed onto the blade 410 by the
application of |ow pressure and the seal is then tested and air
pockets renmoved by automated filling of the device 102 with wash or
test fluids. The orientation of the bldde 410 on which the device 102
IS mounted ensures that the inlet 132 of the device 102 is at the

| owest point of the device 102 and the - 34 - outlet(s) 133, 134 at
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heat ed "sca id which circul at es aroun t he devi ce
102 anfixhee Wislodgdsetraipnacair,liberafok providing beitaitve diflingtafshe sgssettes and the

reservaoir, T{e §.cal E cgegﬂi tioner effectively "softens” the titanium
oxi de PRE} Ok FRFINHALSRILHSHBPYed on the surface of the component and
i s1¢0 be renoved. The scale conditioning fluid circulates for a

predetermi ned tine of, for exanple 60 m nutes at a predeterm ned
t enper &trefvired, varipussiaggs of isdreaiment pengsise hanberllpeated spesific treatment

o TR E LB A it o PPN ARl e
treatment device may be used to apply hot wash fluid and scale conditioner, while a
second treatment device is used to apply cold wash fluid and etchant fluid.

20
A representative process for treating a component will now be described, in which the
device and system of the present invention are employed to deliver attendant process
advantages. The representative process involves the treatment of at least one aerofoil
of Ti-6Al-4V that is mounted on an aerospace blisk assembly and has undergone a post

25  processing repair and subsequent localised heat treatment stress relief cycle.

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.

30 Etchant fluids may include Hydrofluorosilicic (H2SiFs) and Nitric (HNOs3) acids,



The device 102 and bl ade surface are then flushed with fresh hot

water that is also discharged to the waste reservoir, diluting the
scale conditioning fluid in the waste 30reservoir. A neutralising
agent may be fed into the hot water to restore neutral pH - 35 -

bal ance. Following this warmfluid fludh; the device and bl ade
surface are flushed with cooled wash fluid that is then discharged to
the cold holding reservoir. The cool ed wash fluid hel ps to reduce the
t enper qj f
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caused by build up of hydrogen or Ti ions. Optionally, hydrogen
evol ved as bubbl es during the etchant stage may be collected for

st or agenigally, die ¢onRtroINgstem\wasiiate Stise e U0 sinfacd meitalend be removed
di scharged fromthe device 15102 is nonitored to check for evidence
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agent is released into circulation with the etchant fluid to

i nactivate the etchant fluid and stop the etchant reaction. The m xed

20 et chapt rfc!lé&ﬁe%@)@ i8 ébéﬁécﬁQnéwguﬁﬁcﬁilﬁﬁeﬂt&é%ﬁﬁ%ﬁﬂ)v@ﬂ% receive

di scharge to the waste reservoir. An etchant™treatnment stage may be
conduc tesl blisloasssnally| 1®4aas A0Gtrated srfdighieer Thet ween 1 and 60 mi nutes.
Fol I ow ng the etchant stage, the device and bl ade surface are flushed
with held warm 25 wash fluid fromthe warm hol ding reservoir. This

flysd Wﬁetﬁmnreobﬁﬁﬁathgﬁ%ﬁﬁnéd% WRERIGREE 300! Eatingtthe Blisl0gssarblyr&4
of fluids held in the waste reservoir. The devi ce and bl ade surface

are t hendithasnetosure BOBd alosedRnAesalad, @schonshin Figutod Wbedixng'e 310
fd
Fort he Bl ey ekt 18 SOBEITEE LB ABR RRPE Tburiegont

with, dee fiibirie 41®equiiieireamyerdtlis in the tDodoskesbsitiuh. a

20  Optionally, wax may be applied to the particular blades of the blisk assembly 104 that
are to be surface treated, 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

25 o'clock position on the blisk assembly 104 via an automated robotic arm. The device
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



30neutralising agent released into the water to restore neutral pH
bal ance. - 36 - The device is then renoved fromthe bl ade surface
via an autonmated robotic arm The entire enclosure, including all the
bl ades of the blisk assenbly and the holding fixture, is then cleaned
by the global cleaning facility. This‘%ﬁeaning removes any | ast
traces of treatnent fluids as well as any wax that nmay have been

enpl oyed to aid sealing of the 5 device 102 onto the bl ade surface.
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furthe t'he cont ent e waste reservoir. The encl osure is

t hen opewedessudte Eipplied btithegottiet(a) 833104 dhe hidyarcy of eamaipingair bubbles
renove s, iJlustrated in Figures 12 t.q 14. 10.1n a,variant .of th
hbove dends 1ooee sl behiled RS s ok, Ordng ety s toraPli@ler g bifiets)
r el evantzsbh ggeadabocbddgoeRCinAsrieaRriget#il osed and seal ed, either
manual Iy or by an automated process. Optionally, the blade nmay be

treated with targeted regi ons of masking or etchant resistant

mat er i [ eshst chi i rial : ther i
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treatnent process, continual rotation of the blisk assenbly ensures
t hat edfvdsddace of ihe hlade H4 Oamd ivbibiting reaction withftbe titanibimguriang of the

evacuati o en,required.  Durjng.the vari.ous treatnment stages,
bet weeltl?llqcrq %‘H‘Ed %Peé@%%r@&frﬁd{oafbeﬁ]%sp?gﬁ?@ Sdevi ces, orientation
of y§he treatnment devices is irrelevant. In this nmanner several bl ades

may be treated . _
Once the wash stage is complete, the used wash fluid is evacuated from the device 102

and discharged to the warm holding reservoir. The device may then be flushed with hot
clean water. The device 102 is then filled with heated scale conditioning fluid which
circulates around the device 102 and between the device 102 and the scale

20 conditioning reservoir. The scale conditioner effectively “softens” the titanium oxide
layer that has been formed on the surface of the component and is to be removed. The
scale conditioning fluid circulates for a predetermined time of, for example 60 minutes

at a predetermined temperature of, for example 95°C.

25  On completion of the scale conditioning stage, the scale conditioning fluid is evacuated

from the device 102 and discharged to the waste reservoir.

The device 102 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

30 reservoir. A neutralising agent may be fed into the hot water to restore neutral pH



30substantially simultaneously, filling of a device on a subsequent
bl ade starting at the 12 o' clock position as soon as the previous
bl ade has been rotated away fromthat position, its treatnent stage

underway. - 37 - The above described representative process
enphasi ses how a conponent nmay enter t#e-treatnent enclosure clean
and | eave clean. This "all in one" design mnimses cycle tine,

elimnates transport between process stages and the associ ated damage
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reqgdired, reducing energy usage. Chem cal cleaning of wash fluids

bet ween..cycl es . Vi
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EXCEeSs haalesy e d@\ﬁé@éndﬂhé le@dhamﬂwdh‘é\s’éwo&t uati tha dietiattiflaid isewndated
bet ween etchant cycles is substantially elimnated through the use_of
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As di scussed above, the ﬁgjq«glg i nvention se ks to provide a safe,

rel i ablRBGNG regigBs CaNFed EIMS{WQ@.' ﬁ‘ﬁ EP'8 froma targeted

| ocation upon a conponent, notably an aerofoil upon a single stage
blisk or 25 blisk drum assenbly for use in the aerospace, power

gener aQmionaly,tydrogen adolyed s bubbles during the etchant stage may be collected for

storage or for venting to waste. Gaseous content of etchant discharged from the device
15 102 is monitored to check for evidence of leakage. The progress of the etchant stage is
monitored via feedback loops registering Ti ion content of the etchant fluid,
temperature, waste product production etc. Once feedback indicates that sufficient
surface material has been removed, a neutralising agent is released into circulation with
the etchant fluid to inactivate the etchant fluid and stop the etchant reaction. The mixed
20 etchant fluid and neutralising agent are then evacuated and discharged to the waste
reservoir. An etchant treatment stage may be conducted, for example at 20°C £ 5°C

and for between 1 and 60 minutes.

Following the etchant stage, the device and blade surface are flushed with held warm
25  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
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

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



Aside fromthe inherent cost saving of |ocalised etching as a part of
blisk repair strategy, the present invention also uses significantly
reduced quantities of etchant when conpared with known imersion tank
systens, W th consequent reductions |n waste and em ssions. Parts
requiring repair can be processed in a @eparate sel f 30cont ai ned
facility which conponents enter and | eave in a clean state, thus

reducing - 38 - necessary HS&E provisions and requiring | ess
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regi on r‘g%edxggtc?%eﬁﬁqp?enw% ﬁ‘adﬁ?%ita rt“%ﬁ’a’l‘&‘gfrs\el%af‘\%r'Iermval chem cal
conposi tions. G obal imersion of the conponent is avoided and
material is renoved only where renoval is_ required, allow ng t
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Accommopdat i on of conponent contour and curvature, including any
devi at iaotometed| prongss. r Optioaalby; thd biadei maphedranted mithdargsted regions of
processe
asklng or etchant resistant material, to resist etching in certain areas.
15
In a further variant of the procedure, two freatment devices may be used to treat a
single blade, one device for scale conditioning and preceding stages and a second
device for all subsequent stages. During changeover of devices, the treated blade is
kept wet by means of a sprinkler system or other appropriate apparatus within the

20 enclosure.

it will be appreciated that, while treatment of a single 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

25 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
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

30 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

position, its treatment stage underway.



Reduced cost and ease of shielding owing to conpact sizing: reduced
pressure 25operation ensures that etchant cannot escape fromthe
treat nent device unless a nmajor nechanical failure occurs, in which
situation the system auto evacuates and shuts down. Reduced ener gy
usage in heating/cooling: scale condit$bning heat is conserved

t hrough a heated wash cycle. Mnimal delay between processes all ows
limted 30tine for heat dissipation and the conpact nature of the

syst emmiRNAEHS ddschidey r&ﬁrés@ﬁfﬁti%eprocess?@mphasgégﬁoﬁﬁé’ s Ebhéﬁ&'ﬂl@y enter
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chem cal anal ysis and equi pnent and associ ated operator tine.
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pr ocesgperated, making it fail safe, and instantaneous evacuation and shut down can be
achieved in the event of leakage or other problems.

10  Temperature control is conducted on only the minimum amount of fluid required,

reducing energy usage. Chemical cleaning of wash fluids between cycles may also be
employed, meaning that fluid may be re used to reduce the environmental impact of

heating and jettisoning excess detergent after initial use.

15  Variation in material removal between etchant cycles is substantially eliminated through
the use of fresh “shots” of etchant fluid for each cycle, thus addressing a major problem

associated with methods known in the art.

Summary of Advantages
20
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
targeted location upon a component, notably an aerofoil upon a single stage blisk or
25  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
waste and emissions. Parts requiring repair can be processed in a separate, self

30 contained facility which components enter and leave in a clean state, thus reducing



10potentially hazardous em ssions enabling nmanagenent of any

I ncreased HS&E ri sk associated with the optinum tenperatures.
Versatility for adaptation to different conponents and operati onal
requi renents. Reduced processing time owing to efficient chem cal
usage and system design. Accommpdatio®8of conparatively rough
surfaces such as as-wel ded DLD 15material addition regions. The
design of the treatnent device ensures material renoval fromrough

regi on | d L ury | does
e i i S o G i
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| nvent irgferaBY o KIBhAYRIbtRDUBREbtAE df Rfast® blaMong dNSliriRg deShaste is
Initial Wash, Pre-Material Addition NOT Etch, Pre-Material Addition

NOT5Di effestietly acutyaliserbbeformdisppagl. Addi ti on NDT Etch and
Post-Material Addition NOT Die-Penetration. 25 Alternative processes
for scale conditioning and/or material renoval may be harnessed using

the dew gjoraREMERINES oRRAOANYREESssRE i§ BEdRysesdy tha\resémtinveiepehraygh
i ncl ude NaOH Anodi sing, Air/02 Plasma Treat nent and Sol - Gel
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15  Fresh shots of etchant fluid used in each etchant cycle, together with continual mixing

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.
20  Further advantages of the present invention include the following:

- 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
25 operation ensures that etchant cannot escape from the treatment device unless
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
30 time for heat dissipation and the compact nature of the system renders it easy to

insulate.



10be incorporated into the treatnent device of the present invention.
Oscillation may be introduced by the incorporation of ultrasound. The
present invention has been described with particular reference to the
post repair treatnment of an aerofoil. However, it will be understood
that the invention may find a 15range‘%$'applications across the
aerospace and other industries. For exanple the invention may be used
for NDE preparation, cleaning prior to material addition, or
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of the application chanber; and a distribution chanmber (114, 116)
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i nfibow r egi potaftiallhdazpmldusamissionsanadling matageneerdof @ngiinerdased HS&E
claim1l, wherein the ﬁi‘dgt eéf ace extends |laterally across the full

extent of t REKAEEPERAELYILRPPIMENLISIRRIGIYTES chanber. A device as

clainmed in &fsmidy er a?ag‘fg’t%rn%rﬂiﬁél%ni Eblgmbbﬁﬁﬁtscé?m)éﬂ)ér%ﬁoﬁal requirements.
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15 material addition regions. The design of the treatment device ensures material
removal from rough regions remains equal throughout processing; ensuring the

device does not distinguish between rough and smooth surfaces but ensures

constant material removal.

20 Variations to the particular embodiments described herein may be contemplated within
the scope of the present invention. For example, the apparatus of the present invention
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.

25
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.



A device as claimed in claim3 or claim4, wherein the distribution
el ement conprises a perforated wall (144) that divides the

di stribution chanber fromthe inflow region of the application
chanber. A device as clained in any one_of clains 3 to 5, wherein the
di stribution chamber is divided into t#-sub chanbers by a second
distribution element (146). A device as clained in any one of the
preceding clainms, wherein the |ateral extent of the application
chanmbera afigbr A FeadfoncstiPhulC flaly W hkoMioael ihk Heldpperatby, A% tRDsh@ical
seals (138), operable to engage a conponent surface or a cooperating
seal . geogretry offhdappasatus roawnbewdaptediioy treadngfa wide rpnge eficamponents,

| ai ms,. furth j Si | i dat i hanh 28, 13Q) .t h
e ommuninelibaTPy R aRblecih< SeaiRL At St BRaRRRREwk dney hd mbit G} ine,
consol iphtr0s ¢ areRttembdBatutd Cdntrd). Méﬁt%}saﬁmbr edutinyy jaekéts eRdyBabuilt
fluid to a target region of surface using a

| I a conponent 104)

t r et nEeURIE oireldalopy pireyvotpor aupdiater CﬁQ‘-é‘ibﬁtlnfiQfﬁota{@‘é,tai‘éMO Alduid to
the co u , conprising: introducing the treatmnment device
to the@@gge%ufeeéérgﬁoqbf t he conponent surface, and draw ng treatnent
fluid through the device, across the target region of the conponent

surface solely under the action of reduced pressure applied at an
out | et Althgughguterpategeeonieol inprafeired dhgarppiathe #f the Blesent tveRken epvld

the treat ms%e%emgﬁﬁ%@g ”T?Eéﬁ?&roﬁ@@,‘ %fréag%ggcia%@@gh@/ov euﬁgg(?gga@ggrstrﬁgy

conponent ‘surface un act’ion OW pressure ap

outibet beAnpompoested dstochaitreadmient dédcenodther prelsanniny@ntidrur Oseiflation may be
conpri si.ng, continuously circul ati the treatment fluid through the
devi ce "4 Qi’s‘;?gtt%t dp tpof%t@rb‘%t"ﬂ{}g?%dcorrponent surface under the
action of the |ow pressure for a predeterm ned treatnent tine. A
process as clainmed in any one of clains 9 to 11, further conprising

m xi ng Tiheepresenttimeenticr basibasn desenibest with parinulaeferenpe ta theapesimepair

device, A,process as_clained in any..one of ¢l ai ta 12...further

compr | SeRiRREGTT S FRpeneerear SV B e SR e st est Y o 2

Pr 9sessa@§e 6f ahRGtibAs aBkbsethe Herdpticetarlt dthel frdustidd) EForCOMERpI& ithg

nmonitoring the gaseous content of the fluid as it exits the device.
invention may be used for NDE preparation, cleaning prior o material addition, or
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

20 also be used to provide surface preparation for a particular surface finish standard, or to

conduct large scale glass etching or marking. Chemical milling without a masking

stage can also be performed.



-43 - 15A process as clained in any one of clains 9 to 14, further
conprising applying a sealant material to the target region of the
conponent surface before introducing the treatnent device. 516A
process as claimed in any one of clains 9 to 15, further conprising
removing the treatment device after a Htedeterni ned period of tine
and washing the target region of the conponent surface once the
treat nent device has been renoved. 17A process as clainmed in any one
of clains 9 to 16, wherein the treat@eajmgdevice 10is a device as
clainmed in any one of claims 1 to 8.=—

1 A device (2, 102) for applying a treatment fluid to a target region of a component
5 (4, 104), the device comprising: an application chamber (110, 112) that defines a
substantially laminar application flow path (B) from an inflow region to an outflow
region of the application chamber; and a distribution chamber (114, 116) that
communicates with the application chamber at an interface, fluid being delivered
in use from the distribution chamber to the application chamber via the interface

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

2 A device as claimed in claim 1, wherein the interface extends laterally across the

full extent of the inflow region of the application chamber.

15 3 A device as claimed in claim 1 or 2, wherein the interface comprises a

distribution element.

4 A device as claimed in any one of the preceding claims, further comprising
means for application of pressure at the outflow region of the application

20 chamber that is less than ambient pressure.

5 A device as claimed in claim 3 or claim 4, wherein the distribution element
comprises a perforated wall (144) that divides the distribution chamber from the

inflow region of the application chamber.

25
6 A device as claimed in any one of claims 3 to 5, wherein the distribution chamber
is divided into two sub chambers by a second distribution element (146).
7 A device as claimed in any one of the preceding claims, wherein the lateral
30 extent of the application chamber and laminar application flow path is defined by

peripheral seals (138), operable to engage a component surface or a

cooperating seal.
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A device as claimed in any one of the preceding claims, further comprising a
consolidation chamber (128, 130) that communicates with the outflow region of

the application chamber via a consolidation element (148, 150).

A process for applying treatment fluid to a target region of a component (4, 104)
surface using a treatment device (2, 102) operable to present the treatment fluid
to the component surface, comprising:

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 surface solely under the action of reduced pressure applied at an
outlet (134) of the device.

A process as claimed in claim 9, wherein the treatment device comprises seals
(138) operable to engage the component surface under the action of the low

pressure applied at the outlet.

A process as claimed in claim 9 or claim 10, further comprising 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.

A process as claimed in any one of claims 9 to 11, further comprising mixing the

treatment fluid as it enters and/or exits the treatment device.

A process as claimed in any one of claims 9 to 12, further comprising monitoring

the fluid as it is drawn through the device.

A process as claimed in any one of claims 9 to 13, further comprising monitoring

the gaseous content of the fluid as it exits the device.
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A process as claimed in any one of claims 9 to 14, further comprising applying a
sealant material to the target region of the component surface before introducing

the treatment device.

A process as claimed in any one of claims 9 to 15, further comprising 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.

A process as claimed in ény one of claims 9 to 16, wherein the treatment device

is a device as claimed in any one of claims 1 to 8.



