METHOD AND APPARATUS FOR SELECTI VELY REMOVI NG PORTI ONS OF AN
ABRADABLE COATI NG USI NG A WATER JET Cross-reference to Rel ated
Applications [00011This application is entitled to the benefit of,
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B d of the Invention

[0002)  The present invention relates to a method for selectively removing portions of an
abradable coating from a substrate using a2 mask or stencil and a water jet, or an abrasive
water jet to create a pattern of raised ridges on the abradable coating of the substrate. In
typical applications of the present invention, the abradable coating may be a thermal barrier
coating (TBC) bonded over a bond coat, or it may be a more abradable coating applied over
the TBC, such as a TBC having a filler. A typical bond coat applied to turbine components
is known in the trade as a MCrAIY coating.

[0003] Materials for gas turbine combustion components, such as liners, shrouds,
blades, and the like, have reached their limits relative to heat in the turbine which may
exceed the melting point of the components, Two methods are currently used to increase
component life in the turbine. The first method is to add holes to the component so that air
or other cooling gas can exit the holes and create a film of air across the surface which helps
keep it cool. The second methed is to add a coating, such as a TBC coating, to the surface
of the part. The present invention relates to turbine components or other substrates that have

a coating added using the second method. By way of example, the shroud of a turbine



bl ades, and the |i ke, have reached their limts relative to heat in
the turbine which may exceed the nelting point of the conponents. Two
net hods are currently used to increase conponent life in the turbine.
The first nethod is to add holes to the conponent so that air or

ot her cooling gas can exit the holes and create a filmof air across
the surface which helps keep it cool. The second nethod is to add a
coating, such a.TBC coating, to the surface of the part, The .
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t hrough openings in_the mask onto the shroud. The openings,in the .
mask al | ow f d900¢he Hisiudedhint diccahipdaply qoatingaissa PH’F%QE reiffd TiRgek thah project
onto the surface of the shroud, creating the pattern of raised L
ridges. [0009pwardy figmathe syrfacenf the, shyauds| Cumently; Mgseptidaey greuformed veing a
openings in the mask and quickly_ begins to reduce_ the anmpunt of
coating whi cihermgal §amay Bropess ansha Bask REstensilo dibe maskdsa S piepeolmetal Witg a pattern
repeatedly clogged, the mask must be changed frequently, causing

i nterrupti on % APANRES Rl Thgpbmdable geating is spragdldhropghpeRipgsip Hie niagl onto
result in the coating being forned as a nunber of stacked |ayers

i nst ead of tnfee%fweﬂ?’@ep@mgnbt,he aesk effom for e ebrag ?%“%‘H@%&E@ggh the
requires a total rework of the conponent. This increases the cycle
time for the maskanskato the,gpsface ofthe shipudicrepting thepattpw of Fig%Sof varyi ng
mask openi ngs due to coating buil du decreases coating bond due to
the interruptPW§ of Unfrtupsielynthe a'zrb#agﬁ‘r cppting duldsiyp ip theppepifes infhypask and
decreases coating bond due to the addition of |ubrication on tge mask
to reduce coemchg beging @ugsiucetheameunt plrepting swhinh) is depasiied arie theishropd, Becaye

integrity and product life. L i
the mask is repeatedly clogged, the mask must be changed frequently, causing interruption

in the thermal spray process. These interruptions may result in the coating being formed as
a number of stacked layers instead of the preferred single, uniform layer, and in some cases
requires a total rework of the component. This increases the cycle time for the process,
lowers the quality with the creation of varying mask openings due to coating buildup,

decreases coating bond due to the interruption of the thermal spray process to clean the
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[ 0006] Accordingly, a need exists for a nethod of creating the ridges
on the substrate that avoids the repetitive, |abor-intensive process
that is created by using the current thermal spray process and nask.
Brief Description of the Drawings [0007]Fig. | is a schematic
perspective view of a water jet machine suitable for use in
perform ng the selective renoving of abradable coating of the present

i nvention. [00Q8]Fig. 2 is a diagramatic, view of, the apparatus
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Brief Description of 1;]1) e Drawings

[0007]  Fig. 1 is a schematic perspective view of a water jet machine suitable for use in
performing the selective removing of abradable coating of the present invention.

[0008]  Fig. 2 is a diagrammatic view of the apparatus illustrated in Fig. 1.

[0009]  Fig. 3 shows a typical industrial gas turbine component, a shroud panel, with an
abradable coating on the surface that can be selectively removed using the present invention.
[0010] Fig. 4 shows a mask used to create the raised ridges in accordance with the
present invention,

[0011]  Fig. 5 shows the shroud panel, mask, and water jet nozzle.

[0012]  Fig. 5A is a detail view of the shrond panel, mask, and water jet nozzle
iflustrated in Fig. 5.

[0013]  Fig. 6 shows diagrammatically a plan view of the shroud panel with raised ridges
formed in the abradable ¢oating on the shroud panel.

[0014] Fig. 7 shows a cross-section of the shroud pane! with the resultant ridges of

abradable coating left on the surface of the TBC, taken along line A-A in Fig 6.

Description of Preferred Embodiments

[0015]  Looking now in greater detail at the accompanying drawings, Fig. 1 illustrates a

typical water jet apparatus 23 that has been modified in accordance with the present



[0012]Fig. 5A is a detail view of the shroud panel, mask, and water
jet nozzle illustrated in Fig. 5. [0013]Fig. 6 shows diagrammtically
a plan view of the shroud panel with raised ridges fornmed in the
abradabl e coating on the shroud panel. [0014]Fig. 7 shows a
cross-section of the shroud panel with the resultant ridges of
abradabl e coating left on the surface of the IBC, taken along |ine
A-Ain Fig 6, Description of , Preferred Enbodi nents [0015] Looki ng, now
in greater dBVEAtion if 1ofm gaised ridagsdm Hieahradabluriges ot tyrbing compensht gidide 2
typi cal water jet %pparatus 23 that has been npodified_in accordance
with the pr o Ulsfrates diagrammatically the operation of the water jet apparatus 23.

[0016]  In one preferred embodiment of the present invention, the selective removal of
the abradable coating, which will be described in greater detail below, is carried out using a
known abrasive jet apparatus 23 (see Figs. 1 and 2) of the type disclosed in more detail in
U.S. Patent No: 6,905,396, which is enhanced in accordance with the present invention as
also described in greater detail below. The details of the known abrasive water jet apparatus
23 itself, as disclosed in the ‘396 patent, form no part of the present invention, and therefore
only the basic components of the abrasive water jet apparatus 23 are illustrated in Figs. 1
and 2. They include a water jet head 24 having a mixing chamber 26 that receives water
from a water source 28. The apparatus 23 includes a source 30 of an abrasive material
which is selectively delivered through a metering device 31 to the mixing chamber 26, and
the combined water and abrasive is delivered from a delivery nozzle 32 as a jetted fluid
stream or abrasive water jet 34, usually in the range of 5,000 psi to 55,000 psi. As best seen
in Fig, 1, the delivery nozzle 32 is manipulated refative to the workpicce about a plurality of
axes (e.g. five axes, as indicated by arrows) by a plurality of motors 36, only one of which is
shown diagrammatically in Fig. 1, and these motors are controlled through a conventional
control system 38 that includes a conventional programmable computer (not shown) to
position and move the delivery nozzle 32 relative to the workpiece 11, and to properly
confro! the various parameters associated with the apparatus 23 to vary the material removal
rate of the abrasive water jet 34.

[0017]  Fig. 3 illustrates a typical industrial gas turbine component whose abradable
coating can be formed utilizing the method of the present invention, but it will be
understood that the present invention may be used with many other substrates and other

turbine components. The turbine component in Fig. 3 is one typical panel 11 of a
b



invention to formraised ridges in the abradable surface of a turbine
conponent, and Fig. 2 illustrates diagrammtically the operation of
the water jet apparatus 23. 100161l n one preferred enbodi nent of the
present invention, the selective renoval of the abradabl e coating,
which will be described in greater detail below, is carried out using
a known abrasive jet apparatus 23 (see Figs. 1 and 2) of the type
disclosed in nore detail in US. Patent No. 6,905,396, which is
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of raised ridges in the abradable coating 12 in accordance with the present invention. The
mask 16 is usually flat, thin, and includes an impervious base portion 17 in which a desired
pattern of openings or slots 18 pass through the thickness of the mask 16. The pattern of the
openings 18 in the mask 16 shown in Fig. 4 is merely representative of only one of a large
number of different patterns that may be formed in the mask 16. In many applications of the
present invention where air is intended to pass through the fﬁrrows, it is preferred to form
the openings 18 with a curved or wavy configuration as illustrated in Fig. 4, so that the
furrows 24 formed by the jet passing through the openings 18 (see Fig. 7) will have a2 more
extended length as compared with furrows extending in a straight line, and will therefore
provide improved cooling of the shroud panel by the air that passes through the curved
furrows 24, The mask 16 is preferably formed of steel, stainless steel, or carbides, but other

suitable materials may also be used.



conventional turbine shroud which, as described above, includes a
plurality of such panels sequentially arranged in a cylindrical
pattern to forman enclosure for a rotating turbine rotor having

radi ally extending turbine blades (not shown). Fig. 3 shows the
conposition of a typical shroud panel 11. A conventional bond coat 14
(e.g. a MCrAlY coating) has been applied to the parent material 15,
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accordance with the present invention, with the resulting pattern of
rai sed ridges 22 on the surface of the 113C coating 13 due to the
renoval of the sections of the abradable coating 12 bel ow the
openings 18 of the mask 16. Fig. 7 is a cross-section view of the
shroud panel 11 taken along line AAAin Fig. 6 of the finished
shroud panel 11 that further shows the resultant ridges 22 |left on
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the present invention. Likewise, the mask may be designed to form the furrows or spaces
between the ridges in a wide variety of shapes, sizes and patterns, depending on how the
furrows are to be used.

[0023]  The present invention is not to be limited to the use of an abrasive water jet and
can be carried out as described above with an abrasive water jet, or in some applications
with a water only jet, or by a combination of passes with an abrasive water jet followed by
or preceded by passes with a water only jet. Although use of the abrasive water jet will
reduce cycle time, different factors or conditions may make it desirable to utilize a water jet
‘only in the above combinations.

[0024]  In view of the aforesaid written description of the present invention, it will be
readily understood by those persons skilled in the art that the present invention is susceptiblé

of broad utility and application. Many embodiments and adaptations of the present
«7-



[0024] In view of the aforesaid witten description of the present
invention, it will be readily understood by those persons skilled in
the art that the present invention is susceptible of broad utility
and application. Many enbodi ments and adaptati ons of the present
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exclude any such other embodiments, adaptations, variations, modifications and equivalent
arrangements, the present invention being limited only by the claims appended hereto and

the equivalents thereof.



(a) positioning a mask having a predeterm ned pattern of openings

t herein adj acent the abradable coating on a surface of the turbine
conponent; (b) providing a high pressure water jet; and (c) causing
the high pressure water jet to have novenent relative to the mask so
that the high pressure water jet passes along the extent of the
openings in the mask and passes through the openings in the mask to
renove portig?%ﬁgg t he abradabl e coating on the turbine conponent

| ocat ed benea he openings in the mask while | eaving in place
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openings to thereby formraised ridgés of abradable material on
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ri dges on the s ace of a turbine conponent as defined’in claim

wherein the ngthed.dpeludes the step of adding an abrasive materia
to the high preEsu#% maﬁgr jet. 3. A nethod of formng raised ridges

on the surface of t I :3S i N j i Q..
(B b TRARCI Ry SRRLBRAL ol B8 byl i

t he turbine conpo Is as th a bond coat,

TBC | ayer coverin%ﬁ&?ﬁggg qmﬁ@@E““%g§J5§f§%ﬁﬁ§?ﬁ§§5§? 2 EHQ appl i ed

to the TBC | ayer roud pan rmng raised
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ridges on the sur B he conponent as defined In ¢
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bond coat, and wheg £l N1k Nfo R RE 3PS BRIk Hhsk T ARV BHiBNSIr thd SoratEte
coating on the turbine component located beneath the openings in the mask while
leaving in place portions of the abradable coating that are not located beneath the
openings to thereby form raised ridges of abradable material on the surface of the
turbine component.
2. A method of forming raised ridges on the surface of a turbine component as defined
in claim 1 wherein the method includes the step of adding an abrasive material to the high
pressure water jet.
3. A method of forming raised ridges on the surface of a turbine component as defined
in claim 1 wherein the turbine component is a shroud panel formed with a bond coat, a TBC
layer covering the bond coat, with the abradable coating applied to the TBC layer on the
shroud panel.
4. A method of forming raised ridges on the surface of a turbine component as defined
in claim ! wherein the abradable coating is a TBC coating that includes an AlSi- polyester

and nickel graphite filler.



6. Apparatus for formng raised ridges on the surface of a turbine
conponent havi ng an abradabl e coating fornmed on an outer surface of
the turbi ne conponent the apparatus including: (a) a water jet
nozzl e assenbly fromwhich a jet of high pressure water exits; (b) a
wor kstation that supports the turbine conponent having a surface

t hereof covered with an abradable coating and that supports a nmask at
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water jet exiting the water jet nozzle to pass t openi ngs
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abrasive material that is mxed with water in the m xi ng chanber to
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ridges on the surface of a“turl ed 1n claim
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shroud panel . covered with an abradable coating and that supports a mask at a position adjacent a
surface of the turbine component, the mask having a predetermined pattern of
openings therein that extend through the thickness of the mask; and
(¢)  a control system having a plurality of motors ml1d a programmable computer
for moving the water jet nozzle along the extent of the openings in the mask to cause
the water jet exiting the water jet nozzle to pass through the openings and remove
portions of the abradable coating on the turbine component beneath the openings
while leaving in place portions of the abradable coating whiéh are not located
beneath the openings in the mask, to thereby form raised ridges of abradable material
on the surface of the turbine component.
7. Apparatus for forming raised ridges on the surface of a turbine component as defined
in claim 1 wherein the water jet nozzle assembly includes a mixing chamber and source of
abrasive material that is mixed with water in the mixing chamber to create an abrasive water

jet.
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9. Apparatus for formng raised ridges on the surface of a turbine
conponent as defined in claim8 wherein the abradable coating is a
TBC coating that includes an Al Si- polyester and nickel graphite

filler. 10. Apparatus for formng raised ridges on the surface of a
tur bi ne conponent as defined in claim®6, wherein the turbine
conmponent includes a base parent nmaterial, a bond coat applied to the

base parent gater iglarandior ﬁnﬁ%ﬁ%&g@go@ﬂ@ &rﬁkﬁoﬂcﬁkﬂm@ Q&thpon@fiQs defined

wherein the abradabl e coating Ts applied over
in claim 6 wherein the turbine component is a shroud panel that includes a TBC layer, and

the abradable coating is applied to the TBC layer on the shroud panel.

9. Apparatus for forming raised ridges on the surface of a turbine component as defined
in claim 8 wherein the abradable coating is a TBC coating that includes an AlSi- polyester
and nickel graphite filler,

10.  Apparatus for forming raised ridges on the surface of a turbine component as defined
in claim 6, wherein the turbine component includes a base parent material, a bond coat

applied to the base parent material, and a TBC applied over the bond coat, and wherein the

abradable coating is applied over the TBC.
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