- 1 - APPARATUS AND METHOD FOR APPLYING A FLU D TO A COVPONENT The
present invention relates to an apparatus and nethod for applying a
fluid to a 5conponent. The invention is particularly but not
exclusively related to an apparatus and fethod for applying a

chem cal etchant to a target area of a conponent. Chemical etching is
a conmmonly used technique for renoving one or nore surface |ayers
froma metallic component. An acid, base, or other chem cal etchant
fluid is 1'4&&' '
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unsightly and inconveni ent "runs" of etchant fluid straying into

ar eas the component. Various methods may be used to bring the etchant fluid into contact

~ with the component.

One known method involves filling a large tank with etchant fluid and immersing a
15 component in the fluid. Masking material may be used to prevent the etchant fluid
removing a surface layer from the entirety of the component. Etch tanks may have a
negative environmental impact, as well as being inefficient and costly to run. They may
also produce large quantities of gas and fluid emissions. Specialist disposal of used
and waste product is required, increasing maintenance and running costs. Additional
20 finishing operations are also often required to counteract the effects of the etchant fluid

where etching was not required, even when a suitable masking material is used.

Another known method of applying etchant fluid to a component is “swab etching”,
where a liquid etchant is painted on to a surface of a component for a given time. This
25  often results in unsightly and inconvenient “runs” of etchant fluid straying into areas
where surface etching was not required. Swab etching is also a comparatively labour
intensive method of surface etching, involving close operator contact with hazardous

chemicals



where surface etching was not required. Swab etching is also a
conparatively | abour intensive nethod of surface etching, involving
cl ose operator contact with hazardous chemcals - 2 - Etchant
fluids may be heated or subjected to wW2raviolet stinulation to

i ncrease etch rate. However, in conbination with the above nethods,

t hese practices involve high capital cost as well as increased | abour
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Summary of Invention
16
According to the present invention, there is provided apparatus for applying a fluid to a
target area of a component, comprising a fluid applicator and means for guiding the
fluid applicator along a predetermined path with respect to the component; the fluid
applicator comprising a body, an application head mounted on the body and operable in
20 use to be brought into physical contact with the component, and means for controlling

the temperature of the fluid fo be applied to the component.

The fluid may be any one of a chemical etchant, scale conditioner, washing fluid and/or
neutralising solution. The fluid may be of increased viscosity and may be a paste or
25 gel. The paste may be thixotropic.

The body may be formed from a deformable material. The body may thus
accommodate variations in surface geometry of the component such as convex and
concave regions, edge regions and re-entrant features.

30



The body may be formed froma defornmable material. The body may thus
accommodat e variations in surface geonetry of the conponent such as
convex and concave regions, edge regions and re-entrant features. -
3 - The application head may conprise -a brush having a brush head and
a plurality of agitators which may be bristles or fins.
Advant ageously, the agitators of the brush act to scrub a conponent
surface, forcing etchant fluid into fine surface features and al so
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The brush may be mounted for rotation about an axis that is substantially parallel to a

20 surface of the body on which it is mounted, a surface of the brush head from which the
agitators project being substantially cylindrical. In this manner, the brush may pass
over the component surface in a manner similar to that of a vacuum cleaner, the

agitators scouring the component surface.

25 The plurality of agitators may project from the surface of the brush head in a helical
pattern that winds about the brush head. The plurality of agitators may project from the
surface of the brush head in at least one chevron pattern, which may be formed about

the at least one opening of the brush head.

30 The brush may be mounted for rotation about an axis that is substantially normal to a
surface of the body on which it is mounted, a surface of the brush head from which the
agitators project being substantially planar.



- 4 - The brush nmay conprise at |east two regions, the regions being
operable to rotate in different directions. The regi ons nmay be
concentric. The plurality of agitators may project fromthe planar
surface in a spiral configuration. The4ength and stiffness of the
agitators may vary across the brush. The brush nay conprise regions
of different length and/or stiffness agitators. The brush may be
mounted for rotation in both clockw se and anticl ockw se directions.
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about parallel axes.
15

At least two of the plurality of bushes may comprise different agitator configurations.

The means for guiding may comprise a mechanical manipulation arm on which the fluid
applicator may be operable to be mounted.

20
The means for guiding may comprise a track, along which the fluid applicator may be
operable to be driven. The track may be formed from a deformable material and may
be assembled into a frame. The track may comprise a racked surface/rack and pinion
arrangement.

25

The means for guiding may further comprise means for manipulating the component.

According to another aspect of the present invention, there is provided a method of
applying a fiuid to a target region of a component using an apparatus of the first aspect
30 of the present invention, comprising connecting a fiuid supply to the fluid applicator,



5 the tenperature of the fluid to be applied to the conponent. The
fluid may be any one of a chem cal etchant scale conditioner, washing
fluid and/or neutralising solution. The fluid may be of increased
viscosity and may be a paste or gel. The-paste may be thixotropic. 10
The means for guiding may conprise a flexible track and the nethod
may further conprise |locating the flexible track about the conponent,
such that the applicator traces the predeterm ned path along the
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mayof urther conprise collecting fluid under a negative pressure

applied at the opening in the application head.
The means for guiding may comprise a flexible track and the method may further

comprise locating the flexible track about the component, such that the applicator
traces the predetermined path along the component when travelling along the track.
Locating the flexible track may comprise constructing a frame of the flexible track about

15 the component.

The means for guiding may comprise a mechanical manipulation arm and the method

may further comprise programming the mechanical manipulation arm to move the

applicator such that the applicator traces the predetermined path along the component.
20

The method may further comprise mounting the component for rotation.

The means for guiding may further comprise means for manipulating the component,
the method may further comprise mounting the component on the means for
25 manipulating the component, and the various means for guiding may cooperate to

cause the applicator to be guided along the predetermined path.

Depositing fluid through the applicator may comprise applying pressure to the fluid at a
fluid opening in the application head. Depositing fluid through the applicator may also

30 comprise causing the application head to rotate.



The nethod may further conprise controlling the tenperature of the
conponent. The 5 nethod may further conprise heating and/or cooling
the conponent. According to another aspect of the present invention,
there is provided a chemnical etchant cddprising titanium dioxide as a
t hi ckeni ng agent. The viscosity of the etchant may be above that of
the constituent etchants and nore specifically between 400 - 107500
cP. Viscosity enhancing media may al so include inert oxide powders or
gel s. i
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may conprise two sub passages, operable to be brought into
comuni cation with each other. Brief Description of the Draw ngs For
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10 7500 cP. Viscosity enhancing media may also include inert oxide powders or gels.

According to another aspect of the present invention, there is provided an applicator for

depositing a fluid on a component surface, comprising a body, a brush mounted for

rotation on the body, the brush comprising a brush head and a plurality of bristles and a
15 fluid passage extending through the brush head and comprising at least one opening

that communicates with a bristled surface of the brush head.

The fluid may comprise etchant, detergent containing wash fiuid, scale conditioner or

neutralising agents.

20
The fluid passage may comprise two sub passages, operable to be brought into
communication with each other.
Brief Description of the Drawings

25

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:

30 Figure 1 illustrates a typical weld line in a component;



Fi gure 3 shows expanded sectional and side views of a fluid

applicator in contact wwth a conponent; 5 Figure 4a, b and c
illustrate a sanple application head in the formof a brush deform ng
on application under variable pressure;?- Figure 5

illustrates differences in brush contact area resulting from
def ormati on 10under variable pressure; Figure 6 shows a rectangul ar
bristle configuration; Figure 7 shows a curved bristle configuration;

15 Figure ﬁgg%g?\lﬁwgtr\é&rsyé ﬂglldlbéaqqqlhéﬁg%w%ggl“b%% Figures 9 and 10

show contr a- Or OSCI rus ure 11 illustrates

a fluid applicator and brush/ bristle arrangenent; Figure 12
illustrates_an advantageous arrangenent of brushes on a body of  a
fluid applifddursy3 §ﬁﬁwﬁé‘§9ﬁﬂ%‘?@ S@?&f@rﬂ@nﬂlw H&N%;Of%ﬁﬂlelﬂpéi'é%'fof@ gontact
| eadi ng,, i a fluid applicator in position over a conponent;
FiguregNl4gé¥@ﬁ%%Q%¥b end views of an exanple brush show ng bristle
conbi gurations; -8-

Figure 4a, b and ¢ illustrate a sample application head in the form of a brush

deforming on application under variable pressure;

Figure 5 illustrates differences in brush contact area resulting from deformation

10  under variable pressure;
Figure 6 shows a rectangular bristle configuration;

Figure 7 shows a curved bristle configuration;

’
5 Figure 8 shows a varying bristle configuration;
Figures 9 and 10 show contra-rotating or oscillating brushes;
20 Figure 11 illustrates a fluid applicator and brush/ bristle arrangement;
Figure 12 illustrates an advantageous arrangement of brushes on a body of a fluid
applicator and resultant etchant flow path;
25 Figure 13 is a leading end view of a fluid applicator in position over a component;

Figures 14 and 15 are end views of an example brush showing bristle

configurations;

30 Figure 16 illustrates an end and sectional view of a brush;



Figure 17 is a side viewof a fluid applicator in position on a
conponent; Figure 18 shows attachnent arms; 5Figure 19 illustrates an
application head in the formof a rotating or oscillating brush;
Figure 20 shows a brush arrangement on&-fluid applicator; 10Figure

21 shows a bristle arrangenment on a brush; Figure 22 illustrates a
frame constructed around a conponent; Figure 23 illustrates a
mechani cal mani pul ation arm 15 Fi gure 24 shows a treatnent

. H 3 . | : ) )
e e R B e
arrangement ; and 20 Figure 26 shows a di agranmatic view of the

tenperature_control arrangenment of Figures 25a-e. Detail ed
Descri pt i o iggrept@sBewe @tierbmgnhants 25

5 Figure 19 illustrates an application head in the form of a rotating or oscillating

brush;
Figure 20 shows a brush arrangement on a fluid applicator;
10 Figure 21 shows a bristle arrangement on a brush;
Figure 22 illustrates a frame constructed around a component;

Figure 23 illustrates a mechanical manipulation arm;

15
Figure 24 shows a treatment arrangement for rotating a component about an axis
whilst maintaining applicator position;
Figures 25a-e show a temperature control arrangement; and
20
Figure 26 shows a diagrammatic view of the temperature control arrangement of
Figures 25a-e.
Detailed Description of Preferred Embodiments
25

The present invention relates to an apparatus and method for applying a fluid such as a
chemical etchant to a target area of a component. The following description uses the
example of a weld line as a target feature of a component, an area of which may be
appropriate for chemical etching. Figure 1 illustrates a typical weld line 2, such as

30 might



The present invention relates to an apparatus and nethod for applying
a fluid such as a chem cal etchant to a target area of a conponent.
The foll ow ng description uses the exggﬁle of a weld Iine as a target
feature of a conponent, an area of whi-ch-nay be appropriate for

chemi cal etching. Figure 1 illustrates a typical weld line 2, such as
30 mght - 9 - be found on a netallic drum assenbl ed using el ectron
bean wel di ng, around which is a heat affected zone 4. If the drumis
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I ncreasing the viscosity of the etchant to that of a paste. Water
based gel and other inert oxide powders may al so be enployed as a
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5 for %Pspé Yﬁiagen?né lagzlarqt, t|nocr<5§1asing the viscosity of the etchant to that of a paste. Water
based gel and other inert oxide powders may also be employed as a thickening agent
to achieve the required viscosity, at which the paste will substantially adhere to a

20 component surface, and will not run along the surface. It is a requirement of the

etchant paste that it must remove a controlled and uniform layer of between 0.5 and

15.0um. Certain applications may require removal of a layer of up to 75.0um.

With reference in particular to Figures 2 and 3, an apparatus 5 for applying a fluid to a
25 target area of a component comprises a fluid applicator 10 and means for guiding the
fluid applicator along a predetermined path (partially illustrated at 12). The fluid
applicator 10 comprises a bedy 14 and two pairs 16, 18 of application heads in the form
of brushes. The brushes are mounted on the body 10 for rotation about parallel axes
20, 22, each of which extends substantially normally to the surface 24 of the body 10 on
30 which the brushes are mounted. In use, the apparatus is brought into proximity with a



25 target area of a conponent conprises a fluid applicator 10 and
means for guiding the fluid applicator along a predeterm ned path
(partially illustrated at 12). The fluid applicator 10 conprises a
body 14 and two pairs 16, 18 of applicdfi-on heads in the form of
brushes. The brushes are nounted on the body 10 for rotation about
paral | el axes 20, 22, each of which extends substantially normally to
the surface 24 of the body 10 on 30 which the brushes are nmounted. In

use, I
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fluid. r&é@ m‘Wér’d%ﬁl‘P%epect to each other and the direction of advance, from right to left

across Figure 3. It will be understood that each pair 16, 18 of brushes may be replaced
25 by a single brush, positioned along the centre line of the target area, in this case the

weld line 3. Each single brush may rotate clockwise or anticlockwise as required.

It will be appreciated that the outer extent of the target area 8 over which the etchant
fluid is deposited is defined by the extent of the safety zone 6. it may be desirable to
30 vary the width of the safety zone 6 during application of etchant fluid. Such variation



may be achi eved through appropriate brush selection and mani pul ati on
of the separation between the fluid applicator 10 and the conponent
26. Figure 4a illustrates a sanple application head in the formof a
brush 50, which may be representative-dfl -any of brushes 32, 34, 36,
38 descri bed above. The brush 50 conprises a brush head 552 and a
plurality of agitators 54. The agitators may be bristles, as
illustrated, or may take the formof fins. The foll ow ng descrlptlon
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such as those illustrated in Figure 4a. Figures 6, 7 and 8 illustrate
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illustrated in Fi Th r th andt eof stle nma
vary wiRGEASthEoBREL frasaar T ke ATTESR B Conidb arRe Brkrabe SeHeRPa % o
9, the jRiskeedh Pi%lﬁréQWWHeSt%rg”éi araélawerewmh%tcﬁmrﬁu.d id é;FBI#éH' &l s be
56, a concentric ring of longer, 30nmedium strength bristl'es 58 and an
outer saried@edbriing tmosinements.nPeformalie bristes having a domed periphery as
20 illustrated may also be particularly applicable for certain geometries of feature within the
target etch area. For example, certain weld geometries may be suited to longer,

deformable bristles such as those illustrated in Figure 4a.

Figures 6, 7 and 8 illustrate bristle configuration options for brush 50. The plurality of

25 bristles 54 may define a rectangular, planar brush, as illustrated in Figure 6, a domed
brush, as illustrated in Figures 4a and 7, or the bristles may define a brush having
concentric annular steps, as illustrated in Figure 8. The strength and type of bristle may
also vary within the brush head. For example and with reference to Figure 9, the brush
50 may comprise an inner core of short, firm bristles 56, a concentric ring of longer,

30  medium strength bristles 58 and an outer surrounding concentric ring of longer soft



- 12 - bristles capable of increased deformation. Such variation in
bristle length and strength results in a progressive scrubbing
effect. Varying the separation between the fluid applicator 10 (and
hence brush 50) and the conponent surfd@e 28 not only alters the
deformati on of the softer outer bristles but nay al so determ ne the

t hi ckness of the fluid 5 etchant |ayer deposited on the surface. Each
of the exanple brushes 50 illustrated in Figures 6 to 8 i s shown
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ensure that 20etchant fluid 1s encouraged into the weld
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stage bjuistyiddof heFiibhirdls S508M:S RO RERE Fivalds with respect to each
other and the direction of advance, as illustrated in Figure 11, so as to ensure that

20 etchant fluid is encouraged into the weld line 2.

Figure 12 illustrates an advantageous arrangement of brushes on a body of a fluid
applicator 10 comprising eight separate brushes. At the leading edge 70 of the fluid
applicator 10 is a first stage brush 72 rotating in an anticlockwise direction. The first

25 stage brush 72 is a comparatively small brush with firm bristles, of the type illustrated in
Figures 6 or 7. This brush covers the immediate weld pool 2 and the heat affected
zone 4 with the firm bristles employed to scrub the zone while chemical reaction occurs,
mechanically assisting the etching process. Etchant fluid is fed through the centre of
the brush 72 and the rotation of the brush 72 feeds the efchant fluid outwards under

30 centrifugal forces. Behind the first stage brush 72 is a pair of second stage brushes 74,



-13- 76. These are |l arger brushes conprising firm nmediumand soft
bristles, as illustrated in Figures 8 and 9, and may i ncl ude
contra-rotating or oscillating sections. The second stage brushes 74,
76 scrub the heat affected zone 4 and-dgread etchant fluid over the
area to be treated. Etchant fluid is fed through the centre of the
brushes 74, 76 and the 5rotation of the brushes 74, 76 feeds the
etchant fluid outwards under centrifugal forces. The majority of the
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These are nedi ur_néi ze brushef) of the type illustrated in Figures 8
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distribution. Finally, behind the fourth stages brushes 80, 82 is a pair of fifth stage
brushes 84, 86. These are medium sized brushes of the type illustrated in Figures 8
and 9, and comprise firm, medium and soft bristles. No etchant fluid is fed through the
fifth stage brushes 84, 86. These brushes spread and agitate the previously deposited

25 etchant fluid, concentrating it from the outer regions to the central region. The brushes

do not in fact contact the surface of the component but are raised slightly, thus leaving
a thin layer of etchant fluid where the bristles do not make contact (illustrated as area
90 on the Figure). The separation between the fifth stage brushes 84, 86 is increased
with respect to the earlier stage pairs so that the brushes extend slightly beyond the

30 target area 8, collecting etchant fluid that has been spread by the fourth stage brushes



- 14 - 80, 82. The fifth stage brushes also act to agitate etchant
fluid over the outer reaches of the target area, helping to produce
equal etchant effects over the entire area. The conbi ned effect of

the five stages of brushes is to |eaveld-fully agitated thin |ayer of
etchant fluid over the entire target area 8, with a thicker deposited
| ayer in the central 5 region of the weld 2 and heat affected zone 4.
Figure 13 is a |leading end view of the fluid applicator 10, descri bed
above w ' el Lid : .
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col | ectqegﬁﬁg?(g%ql%@t gp%e%@h%%n%ﬁ?aﬁuﬂr'?@gé. Deposi tion/ spreadi ng
and coll ection of 25fluid etchant nay be assisted by the bristle
configuration of the brushes. Figures 14 and 15 are end views of an
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surface of the component has been etched to the required depth, it is necessary to
remove the fiuid and to clean the component surface. The same central opening may
20  be used to collect spent etchant fluid, assisted by negative pressure or a vacuum
applied at the opening. Positive or negative pressure may be applied at the opening of
a fluid conduit that is in communication with the opening and also with a fluid reserve
and other external mechanisms. A water feed may be incorporated to assist with the
collection/cleaning of the component surface. Deposition/spreading and collection of
25 fluid etchant may be assisted by the bristle configuration of the brushes. Figures 14
and 15 are end views of an example brush 100, which may be representative of any of
the fluid applicator brushes described above. The brush 100 comprises bristles 102
that are arranged to form a spiral, graduating outwards from the ceniral opening 104.
During deposition, when positive pressure is applied at the central opening, the brush
30 rotates in a clockwise direction, as illustrated by arrow A in Figure 14 and Figure 15a.



- 15 - The spiral configuration of the bristles assists the natural
spreading notion of the clockw se rotation and encourages even
distribution of the deposited fluid. Wiyen it is necessary to recover
used etchant fluid, the brush 100 is rdPated in an anti clockwi se
direction, as illustrated by arrow B in Figure 14 and Figure 15b. The
anti clockw se 5rotation of the spiral causes the outer nost regions
of the spiral to act as a scoop, colleting up the etchant fluid and
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ensuri ng thberikfiad d retains optinmal efficiency wthin predefined

specification limts within the range 10-90C. This al so ensures that
a previously discussed wash stage nay act to pre-heat the conponent
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15  surface assists with mixing and ensuring efficient material removal. Agitation ensures
that a layer of depleted etchant fluid and evolved gaseous product from the etching
reaction does not build up immediately adjacent to the component surface. One
desirable way of agitating and ensuring efficient surface removal is to cycle etchant fluid
during the etch process. Continually depositing and collecting fluid ensures that the

20  fluid remains well mixed and spent fluid is not allowed to accumulate. In addition,
deposited fluid may be collected and reheated or cooled before being redeposited, thus
ensuring the fluid retains optimal efficiency within predefined specification limits within
the range 10-80°C. This also ensures that a previously discussed wash stage may act
to pre-heat the component to aid in temperature control of the fluid once deposited.

25 Recycling fluid in this way ensures that the minimum amount of fluid is used to achieve
the required depth of material removal, providing both economic and environmental
advantages. Figure 16 illustrates an end and sectional view of a brush that may be
employed to circulate etchant fluid, as well as depositing and/or collecting as
necessary. The brush 110 has a central opening that is divided into two independent

30 sections for deposition and removal of fluid. It will be appreciated that while these



25Recycling fluid in this way ensures that the m ni num anount of
fluid is used to achieve the required depth of material renoval
provi di ng both econom ¢ and envi ronnental advantages. Figure 16
illustrates an end and sectional viewd86-a brush that may be enpl oyed
to circulate etchant fluid, as well as depositing and/or collecting
as necessary. The brush 110 has a central opening that is divided
into two i ndependent 30sections for deposition and renoval of fl uid.
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cent r al,9BAP br removal zone 4. The removal zone 4 also has no fluid feed but receives
fluid spread from the second clearing zone under centrifugal forces. The removal zone
20  is bounded by a thick wall of fine, firm bristles that allow fluid in removal zone 4 to be
evacuated under reduced pressure that is applied via the removal section of the central

opening.

Figure 17 is a side view of a fluid applicator 10 having a body 14 in position on a

25 component 26 and partially illustrating a means for guiding the fluid applicator, indicated
at 12. The body 14, on which application heads in the form of brushes are mounted, is
made of a deformable material, for example a polymeric material and may be of
different sizes or shapes depending on the component and/ or the geometry of the area
to be treated. The deformable material allows the body to adapt to different component

30 surface geometries. The means for guiding the fluid applicator 10 may have several



Figure 17 is a side view of a fluid applicator 10 having a body 14 in
position on a 25conponent 26 and partially illustrating a neans for
guiding the fluid applicator, indicated at 12. The body 14, on which
application heads in the formof brushd¥-are nounted, is nade of a
deformabl e material, for exanple a polyneric material and nay be of
different sizes or shapes depending on the conponent and/ or the
geonetry of the area to be treated. The deformable naterial allows
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illustrated 1n Figure 18, where it can be seen that each of

at t achrostiectfiuid etoatyartbeswequ@hdently 15ext ended, retracted and
rotated or pivoted to manipulate the body 14 in the position and
shape required. In addition, the post 126 on which the attachnent
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discussed below with respect to Figures 22 to 24.

20
Figures 19 to 21 illustrate an alternative embodiment of application head in the form of
a brush 200. The brush 200 is mounted in a fluid applicator 10 as described above.
The brush 200 is designed to be mounted for rotation about an axis that runs
substantially parallel to a mounting surface of the body 14 of the fluid applicator,

256  substantially in the manner of a vacuum cleaner. The brush 200 comprises a brush
head 202 having a substantially cylindrical outer surface on which in mounted a plurality
of bristles 204. In one embodiment, illustrated in Figure 19, the plurality of bristles 204
is arranged to form a helix, winding about the brush head 202. A plurality of openings
206 open onto the bristled surface of the brush head 202. These openings 206 perform



25 substantially in the manner of a vacuum cl eaner. The brush 200
conprises a brush head 202 having a substantially cylindrical outer
surface on which in nounted a plurality of bristles 204. In one
enbodi nent, illustrated in Figure 19, -tlBe plurality of bristles 204
is arranged to forma helix, w nding about the brush head 202. A
plurality of openings 206 open onto the bristled surface of the brush
head 202. These openings 206 perform - 18 - the sane function as the
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across the surface of the component, as indicated by arrow B. During collection, as
20 indicated by arrow C and the right hand part of Figure 21, the brush head rotates such

that the chevrons of bristles act to scoop up etchant fluid and direct it into the path of

the openings that can collect the fluid under the application of negative pressure, as

illustrated by arrows D.

25 A first embodiment of the means for guiding the fluid applicator 10 is illustrated in
Figure 22. According to this embodiment, the means for guiding comprises a flexible
track 300 that is assembled into a frame 310 around the component 26 to be etched.
The track 300 may be flexible or may be of rigid material and construction. The track
300 is assembled into the frame 310 by a series of clamps 302 that secure the track in

30 place and prevent movement. Pads 304 may be employed to prevent the clamps 302



Figure 22. According to this enbodi nent, the nmeans for guiding
conprises a flexible track 300 that is assenbled into a franme 310
around the conponent 26 to be etched. The track 300 nay be flexible
or may be of rigid material and constrd&- on. The track 300 is
assenbled into the frame 310 by a series of clanps 302 that secure
the track in 30 place and prevent novenent. Pads 304 nmay be enpl oyed
to prevent the clanps 302 - 19 - and/or track 300 comng into
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applicator. The spatial coordinates of the target 20 area 8 nay be

provi ded to the control unit which determnes a path al ong which the
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mount e preferably a multi axis arm that allows fine control and manipulation of the

location and orientation of-the fluid applicator. The spatial coordinates of the target

20 area 8 may be provided to the control unit which determines a path along which the
fluid applicator must travel in order to treat the target area and causes the manipulation
arm to position and move the fluid applicator accordingly. A simpler manipulation arm
may be employed in combination with manipulation of the component to be treated, as
illustrated in Figure 24. The component, for example a drum may be mounted for

25 rotation on a platform about a fixed axis, reducing the amount of translation required of
the means for guiding the fluid applicator in order to enable the fluid applicator to
contact any point on the surface of the component 26. For example the fluid applicator
may trace a spiral over the component, or may trace a series of discrete circles using
an oscillatory pattern, or set concentric path.

30



25rotation on a platformabout a fixed axis, reducing the amount of
translation required of the nmeans for guiding the fluid applicator in
order to enable the fluid applicator to _contact any point on the
surface of the conponent 26. For exanpRE -the fluid applicator may
trace a spiral over the conponent, or may trace a series of discrete
circles using an oscillatory pattern, or set concentric path. - 20 -
The use of CAD software to determ ne a predeterm ned path for the
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fromthe conponent surface during treatnent so as to vary the

t hi ckndid applispdoimay i effbat dpen the cempaBaet syrface. asHb passempyer, suche
fluid %%glﬁ;bﬁgt or may be in close physical contact with the conponent
surface during deposition, slightly further away 15during

marippul ati on/ agitation of the etchant fluid so as to nerely mx the
etchant rather than renove it fromthe surface, and then in_ close
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area physical contact with the component surface during deposition, slightly further away
15  during manipulation/agitation of the etchant fluid so as to merely mix the etchant rather
than remove it from the surface, and then in close contact again for etchant removal.
The actual process cycle may be more complicated than has so far been described.

For example, a full process cycle may include the following steps:

20 i) Wash — a first pass of the target area is conducted to thoroughly scrub the target
area
ii)  Scale condition — a viscous scale conditioner is applied using the fluid applicator
10 to prepare the surface
iii) Wash — a third pass is conducted to remove the scale conditioner and clear the
25 surface
iv) Etch — a layer of etchant fluid is applied as described above
v) Agitate — several passes may be made cycling and agitating the etchant paste to
ensure even and thorough removal of the required thickness of surface layer
vi) Wash — a penultimate pass is made to remove the etchant and clear the surface
30 vii) Dryand Clean — a final pass is made to scrub the surface and remove any last

loose material an air-knife approach may be used.



Scal e condition - a viscous scale conditioner is applied using the

fluid applicator 10 to prepare the surface iii) Wash - a third
pass is conducted to renove the scale conditioner and cl ear the
25sur f ace iv) Etch - a layer of-@fchant fluid is applied as

descri bed above v) Agitate - several passes may be nade cycling and
agitating the etchant paste to ensure even and thorough renoval of
the required thickness of surface layer vi) Wash - a penultinmate
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the scope of appended clains. For exanple, additional agitation or

tenperature control é@ge provi ded by steam or gas_jets delivered
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may be exavniledaduitic @uatlmm‘,at tempdratde cmntrol may be provided by steam or gas
jets delivered either from the applicator body or through the application heads of the
fluid applicator. Additional agitators may also be provided in the form of flutes, ribs or
supplementary bristles. Such agitators may be mounted on the application heads or
20 may be mounted on separately on the body. Heating or cooling may be provided via
the circulatory control unit, body or application heads to increase or decrease the
temperature of the scale conditioning, wash or etchant fluid. It will be understood that
heating etchant fluid may increase the rate at which surface material is removed ,
although this may result in an increased health and safety concern. Depth probes
25 and/or a surface scanner/analyser may also be incorporated into the fluid applicator,

with the potential for incorporation of electrolytic fluid monitoring and control.

The temperature of the component may be controlled. The temperature of the
component may be controlled by cooling and/or heating the component directly or by
30 cooling and/or heating the atmosphere in which the component is held throughout the



20 may be nmounted on separately on the body. Heating or cooling may
be provided via the circulatory control unit, body or application
heads to i ncrease or decrease the tenperature of the scale

condi tioning, wash or etchant fluid. FR2wi Il be understood that
heating etchant fluid may increase the rate at which surface materi al
I's renoved , although this may result in an increased health and
safety concern. Depth probes 25 and/or a surface scanner/anal yser
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doqg/ngkfg %ﬁSlO I's open. Figure 26 shows the conponent 26 when

| ocat e it 't he encl osure 500 during the method of the present

i nvention. Thernocoupl es 530 are arranged around the enclosure to
measure_the tenperature of the atnosphere wi thin the encl osure 500.
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Thermocouples 534 are also attached to an output duct of an atmospheric
heater/cooler 536. Thermocouples 538, 540 are additionally attached to the input and
output respectively of a heater/cooler chemical reservoir 542 used to contain the
25 chemicals used in the method of the present invention. The thermocouples 530, 532,
534, 538, 540 are input to the heater/flow control unit 544. In dependence upon the
input from the thermocouples 530, the heater/flow control 544 unit makes adjustments
to the atmospheric heater 536 to maintain the atmospheric temperature to within a
desired temperature range. 1n dependence upon the input from thermocouples 532,
30 534, 538 and 540 the heater/flow control unit 544 makes adjustments to the

heater/cooler chemical reservoir 542 to maintain the temperature of the chemicals



534, 538, 540 are input to the heater/flow control unit 544. In
dependence upon the input fromthe thernocouples 530, the heater/fl ow
control 544 unit nakes adjustnents to the atnospheric heater 536 to
mai ntain the atnmospheric tenperature t@3w thin a desired tenperature
range. I n dependence upon the input fromthernocouples 532, 30 534,
538 and 540 the heater/flow control unit 544 makes adjustnents to the
heat er/ cool er chem cal reservoir 542 to maintain the tenperature of
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It will be further understood that while various aspects of the present invention have
been described in combination, such combinations are not intended to be limiting in
scope. Any aspect of the present invention may be employed in combination with any

20  other aspect of the present invention above described.

The present invention has been described with particular reference to the surface
processing of a weld line. However, the present invention is applicable to any
circumstance in which surface treatment of a target area of a component is required.
25  The manoeuvrability and versatility of the apparatus of the present invention renders it
particularly suited to the freatment of curved components such as aerofoils for gas
turbine engines. The adaptability and fine control provided by the apparatus of the
present invention enables accurate treatment of convex and concave surface areas
including edge and tip surfaces and re-entrant features such as weld crowns and

30 underbeads. It will be appreciated, however, that the apparatus of the present



The present invention has been described with particular reference to
the surface processing of a weld line. However, the present invention
is applicable to any circunstance in which surface treatnent of a
target area of a conponent is required2425 The nmanoeuvrability and
versatility of the apparatus of the present invention renders it
particularly suited to the treatnent of curved conponents such as
aerofoils for gas turbine engines. The adaptability and fine control
provid . I j j a

P cat mareortSart B U ted loryhe AFRER! of MERHURP cBRRANER, S Fhfynent

sur f acds naftimited o thi@particalruppticstimobstchehtdlid dwssrilead] but may also
30underbeads. It will be appreciated, however, that the apparatus of

t he prdBenge nongesirychiye festitg IplicaEoRKPNG plegning as well dssrfase preparation,

ooyt 1 cotasiof BERARETAnd Sheicl FRRBT THerilrat s S6fiatie forkisg with metalli

i ncbudeagwall desflasscand etershategabgurhpordéntons and cl eaning as wel |l as
surface preparation, diffusion bonding and chemical mlling. The
apparatus is suitable for use with netallic 5 as well as glass and

ot her NRhAI h&hppRIRABE Mt the prébdt iﬁ@erﬁi&:ﬂ&ﬁr@biﬂb@%n@?ﬁ&iehf@n@r esent

i nvention provides an efficient and environnentally sound apparat us
and netdrodronorerdalpl soung apparatisaand metidhiar apiplying o eichantpooémer fluid to a

I d SRS AOL atEC i B A5 PEIToR Srat e bact BoUbhaRfcld and
medpa. hemeeaiRarsbiriage ateARRtemy Rl BYlditiarifedid DA shdrana iw de
range of conponent shapes and sizes. ACcurate treatnent of target

sur f aceexiiesely Wgragiite anpadaptable tq aivide cargoakeampanentrihapesand sizes.

e 1 TG Re CRaMBRPEE o SRR Ee 1Y BB eSS fbpanent <

cont ai nhickaegLah® redimBsnirinichb@dage), This apparaliset i dohtsiast onetreguping
assenbl j es and use on assenblies containing non-netallics such as

seal s, the&ss of sgBlsat or Baskg @aﬁﬁlq}nﬁm.mwtwlao GRAIRS SCaRe for

dupki cati ik ' : i :
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enbodi reemtainiofy idremietallice swch as seals, foams, rubbers and hard polymers.

To avoid unnecessary duplication of effort and repetition in the text, certain features are
described in relation to only one or several aspects or embodiments of the invention.

20 However, it is fo be understood that, where it is technically possible, features described
in relation to any aspect or embodiment of the invention may also be used with any

other aspect or embodiment of the invention.



20However, it is to be understood that, where it is technically
possi bl e, features described in relation to any aspect or enbodi nent
of the invention may al so be used with any other aspect or enbodi nent
of the invention. - 25 - CLAIMS 1Appa&t-us for applying a fluid to a
target area of a conponent, conprising 5 a fluid applicator; and
means for guiding the fluid applicator along a predeterm ned path
wWth respect to the conponent ; the fluid applicator conprising: 10a

body; an application head nounted on dy and operable in use to
be brought into physical contact wt L qM%ponponent; and 15neans for

controlling the tenperature of the fluid to be applied to the
conponent. 2Apparatus as clained in claim1, wherein the application
head conprises a brush having a brush head and a plurality of

agitatofs. i i ! } r IS
mounted Tor TR ARRAr oL BB M o BrGpEaBalr B oA EoRHENe, o
a sérface of the body on which it is nmounted, a surface of the brush

25?%;: Io(r:n a}l\ba!l ﬁnidtahpepli%g{otr;aér? ﬁ"le%rrgng éuigﬁ{gnt%esfﬁj? ESBﬁéa"i‘c'nl giong a

predetermined path with respect to the component ; the fluid applicator

comprising:
10 a body;

an application head mounted on the body and operable in use to be brought info

physical contact with the component; and
15 means for controlling the temperature of the fluid to be applied to the component.

2 Apparatus as claimed in claim 1, wherein the application head comprises a

brush having a brush head and a plurality of agitators.

20 3 Apparatus as claimed in claim 2, wherein the brush is mounted for rotation about
an axis that is substantially parallel to a surface of the body on which it is
mounied, a surface of the brush head from which the agitators project being

substantially cylindrical.

25 4 Apparatus as claimed in claim 3, wherein the plurality of agitators projects from
the surface of the brush head in a helical pattern that winds about the brush
head.

5 Apparatus as claimed in claim 3, wherein the plurality of agitators projects from

30 the surface of the brush head in at least one chevron pattern.



25 4Apparatus as clainmed in claim3, wherein the plurality of
agitators projects fromthe surface of the brush head in a heli cal
pattern that w nds about the brush head. 5Apparatus as clained in
claim3, wherein the plurality of agit&Bors projects from 30the
surface of the brush head in at |east one chevron pattern. - 26 -
An applicator as clainmed in any one of clains 2 to 6, wherein the
agitators conprise fins. Apparatus as clainmed in any one of the

precedigig clgl a;gﬁra L}@Jﬁ ﬁl‘aﬂné@% 8BRh '2°@JHe‘PQm*}ﬁé‘Er&%%éﬁﬁteﬁ?opﬂﬁ?iu&gabout

and the appar er conprises nmeans to app positive an
negati ve pr emsaxie that |Bt$e|betamaitg,gnomqmlatoa{ sisfare @ﬂthertmdylcm whighrit i8,

wherein the application hea ri ses two s choenl s .and
the appar at UBORGHECh @S ERB AT L1 DlHshiasad rampgioncls ebtass Beleneind
one openi ng ﬁl&@té‘fﬁ%ﬂ? pYﬁ\d?ra‘?ﬁscHé%I%llW&b@t’ét&@%%jBEts f?&ﬁ%ﬁ@tsuﬁaéé of the
claimed in any one of clalns 9, conprising a pluralit

br uShes m)ur’aredhheadmaaplrtahcmﬂgu’tetmmdy of the fluid appl | cator

about parallel axes. An applicator as clainmed in claim 10, wherein at
| east two of the plurality of brushes conprise different agitator

confi gur at i on$ apPidardMASs cRfma®M Mh?ﬁné dlciHighstotos6, vilidrein freadiateds a
conponent using an apparatus as claimed in any one of claims 1 to 11,

conpri si ng: comprise fins.

10 8 Apparatus as claimed in any one of the preceding claims, wherein the
application head comprises an opening and the apparatus further comprises

means to apply positive and/or negative pressure at the opening.

9 Apparatus as claimed in claim 8, wherein the application head comprises at least
15 two such openings and the apparatus further comprises means to apply positive

pressure at one opening and negative pressure at another opening.
10 Apparatus as claimed in any one of claims 2 to 9, comprising a plurality of
brushes mounted for rotation on the body of the fluid applicator about parallel

20 axes.

11 An applicator as claimed in claim 10, wherein at least two of the plurality of

brushes comprise different agitator configurations.

25 12 A method of applying a fluid to a target region of a component using an

apparatus as claimed in any one of claims 1 to 11, comprising:
connecting a fluid supply to the fluid applicator;

30 mounting the fluid applicator on the means for guiding the applicator along a

predetermined path;



connecting a fluid supply to the fluid applicator; mounting the fluid
applicator on the nmeans for guiding the applicator along a
predeterm ned path; - 27 - bringing the applicator head into

physi cal contact with the target regi037df t he conponent,

causing the applicator to be guided along the predeterm ned path
whi | e 5depositing fluid through the applicator fromthe fluid supply,
and controlling the tenperature of the fluid to be applied to the

conponent . étﬁﬁ\qﬁé e BiSticatcH HE ihfb Ph;?él@&lje%nté/éi'%ﬁ' RedaRps 'réélﬁﬁ gf the

fluid throu pI I cat or 10conprises applying pressure to

fluid at a feampomg¥ni ng in the application head. 14A nethod as
claimed in claim 13, wherein depositing fluid through the applicator
further conprises causing the application head of the applicator to

rotate. 15A mmbdth@%p;m@mmtﬂo bB qlidédhlbhgahe btedétBEmimebhedh \wHieher
conprising collecting fluid under a negative pressure applied at the

opefii ng i n tdepospisig ffid tyeug dae appllcator from the fluid supply, and

controlling the temperature of the fluid to be applied to the component.

13 A method as claimed in claim 12, wherein depositing fluid through the applicator
10 comprises applying pressure to the fluid at a fluid opening in the application
head.

14 A method as claimed in claim 13, wherein depositing fluid through the applicator
further comprises causing the application head of the applicator to rotate.
15
15 A method as claimed in claim 13 or 14, the method further comprising collecting

fluid under a negative pressure applied at the opening in the application head.

20



