EP 3 702 585 A1

(19) Europdisches
Patentamt
European
Patent Office
Office européen
des brevets

(12)

(43) Date of publication:
02.09.2020 Bulletin 2020/36

(21) Application number: 20160372.7

(22) Date of filing: 02.03.2020

(11) EP 3702 585 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
F01D 5/28 (2006.01)
FO01D 11/12 (2006.01)

FO1D 11/08 (2006.0%)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 01.03.2019 US 201916289784

(71) Applicant: United Technologies Corporation
Farmington, CT 06032 (US)

(72) Inventors:
¢ PAULINO, Jose R.
Jupiter, FL 33478 (US)
* STROCK, Christopher W.
Kennebunk, ME Maine 04043 (US)
* MALONEY, Michael J.
Marlborough, CT Connecticut 06447 (US)

(74) Representative: Dehns
St. Bride’s House
10 Salisbury Square
London EC4Y 8JD (GB)

(54)

(57)  Agasturbine engine article (264)includes a sub-
strate (265) that has at least one step (267), and the step
(267) includes an undercut (269; 369). A thermally insu-

264

277
265
275

CERAMIC COATING SYSTEM AND METHOD

lating topcoat (284) is disposed on the substrate (265).
The thermally insulating topcoat (284) includes at least
one fault (298) that extends from the step (267).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 702 585 A1 2

Description
BACKGROUND

[0001] A gas turbine engine typically includes a fan
section, a compressor section, a combustor section, and
a turbine section. Air entering the compressor section is
compressed and delivered into the combustion section
where itis mixed with fuel and ignited to generate a high-
speed exhaust gas flow. The high-speed exhaust gas
flow expands through the turbine section to drive the com-
pressor and the fan section.

[0002] Components that are exposed to high temper-
atures during operation of the gas turbine engine typically
require protective coatings. For example, components
such as turbine blades, turbine vanes, blade outer air
seals (BOAS), and compressor components may require
at least one layer of coating for protection from the high
temperatures.

[0003] Some BOAS for a turbine section include an
abradable ceramic coating that contacts tips of the tur-
bine blades such thatthe blades abrade the coating upon
operation of the gas turbine engine. The abradable ma-
terial allows for a minimum clearance between the BOAS
and the turbine blades to reduce gas flow around the tips
of the turbine blades to increase the efficiency of the gas
turbine engine. Over time, internal stresses can develop
in the protective coating to make the coating vulnerable
to erosion and spalling. The BOAS may then need to be
replaced or refurbished after a period of use. Therefore,
there is a need to increase the longevity of protective
coatings in gas turbine engines.

SUMMARY

[0004] A gas turbine engine article according to an ex-
ample of the present disclosure includes a substrate that
has at least one step. The at least one step has an un-
dercut and a thermally insulating topcoat disposed on
the substrate. The thermally insulating topcoat has at
least one fault extending from the at least one step.
[0005] In a further embodiment of any of the foregoing
embodiments, the at least one step includes, relative to
an outer surface of the thermally insulating topcoat, a
proximal surface, a distal surface, and a sidewall that
joins the proximal surface and the distal surface, and the
undercut is in the sidewall.

[0006] In a further embodiment of any of the foregoing
embodiments, the sidewall defines a linear distance be-
tween the proximal surface and the distal surface, and
the undercut defines a linear height of atleast about 10%
of the linear distance.

[0007] In a further embodiment of any of the foregoing
embodiments, the sidewall defines a linear distance be-
tween the proximal surface and the distal surface, and
the undercut defines a lateral undercut distance that is
at least about 5% of the linear distance.

[0008] In a further embodiment of any of the foregoing
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embodiments, the at least one step includes, relative to
an outer surface of the thermally insulating topcoat, a
proximal surface, a distal surface, and a sidewall that
joins the proximal surface and the distal surface, and the
undercut is in the distal surface.

[0009] In a further embodiment of any of the foregoing
embodiments, the sidewall defines a linear distance be-
tween the proximal surface and the distal surface, and
the undercut has a linear height of less than about 50%
of the linear distance.

[0010] In a further embodiment of any of the foregoing
embodiments, the sidewall defines a diametric distance,
and the undercut defines a lateral undercut distance that
is less than about 50% of the diametric distance.
[0011] In a further embodiment of any of the foregoing
embodiments, the at least one step includes, relative to
an outer surface of the thermally insulating topcoat, a
proximal surface, a distal surface, and a sidewall that
joins the proximal surface and the distal surface, and the
sidewall and the proximal surface meet at a 90° corner.
[0012] In a further embodiment of any of the foregoing
embodiments, the at least one step is annular.

[0013] In a further embodiment of any of the foregoing
embodiments, the at least one step includes a plurality
of steps in a pattern.

[0014] In a further embodiment of any of the foregoing
embodiments, the at least one fault is a microstructural
discontinuity in the topcoat.

[0015] In a further embodiment of any of the foregoing
embodiments, the fault extends to a surface of the ther-
mally insulating topcoat.

[0016] A gas turbine engine according to an example
of the present disclosure has a plurality of rotatable
blades, and a seal arranged radially outwards of the plu-
rality of rotatable blades. The seal has a substrate that
has at least one step. The at least one step has an un-
dercut, and a thermally insulating topcoat disposed on
the substrate. The thermally insulating topcoat has at
least one fault extending from the at least one step.
[0017] In a further embodiment of any of the foregoing
embodiments, the at least one step includes, relative to
an outer surface of the thermally insulating topcoat, a
proximal surface, a distal surface, and a sidewall that
joins the proximal surface and the distal surface, and the
undercut is in the sidewall.

[0018] In a further embodiment of any of the foregoing
embodiments, the at least one step includes, relative to
an outer surface of the thermally insulating topcoat, a
proximal surface, a distal surface, and a sidewall that
joins the proximal surface and the distal surface, and the
undercut is in the distal surface.

[0019] In a further embodiment of any of the foregoing
embodiments, the at least one step is annular.

[0020] A method for fabricating a gas turbine engine
article according to an example of the present disclosure
includes forming at least one step in a substrate. The at
least one step has an undercut, which deposits a ther-
mally insulating topcoat on the substrate. The thermally
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insulating topcoat forms at least one fault during the de-
positing that extends from the at least one step.

[0021] In a further embodiment of any of the foregoing
embodiments, the forming includes forming the at least
one step and undercut using at least one of additive man-
ufacturing, chemical milling, or mechanical milling.
[0022] In a further embodiment of any of the foregoing
embodiments, the at least one step includes, relative to
an outer surface of the thermally insulating topcoat, a
proximal surface, a distal surface, and a sidewall that
joins the proximal surface and the distal surface, and the
undercut is formed in the sidewall.

[0023] In a further embodiment of any of the foregoing
embodiments, the at least one step includes, relative to
an outer surface of the thermally insulating topcoat, a
proximal surface, a distal surface, and a sidewall that
joins the proximal surface and the distal surface, and the
undercut is formed in the distal surface.

[0024] The variousfeatures and advantages of this dis-
closure will become apparent to those skilled in the art
from the following detailed description. The drawings that
accompany the detailed description can be briefly de-
scribed as follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

Figure 1 illustrates an example gas turbine engine.
Figure 2illustrates aturbine section of the gas turbine
engine of Figure 1.

Figure 3 illustrates an example portion of a turbine
component.

Figure 4 illustrates a perspective view of another ex-
ample turbine component.

Figure 5 illustrates another perspective view of the
turbine component of Figure 4.

Figure 6 illustrates an example portion of the turbine
component of Figure 4.

Figure 7A illustrates a cross-section of a represent-
ative portion of another example gas turbine engine
article.

Figure 7B illustrates a radial outward view of the gas
turbine engine article of Figure 7A.

Figure 8A illustrates a cross-section of a represent-
ative portion of another example gas turbine engine
article.

Figure 8B illustrates a radial outward view of the gas
turbine engine article of Figure 8A.

Figure Qillustrates a comparative example of a dep-
osition process using a substrate that has a step with-
out an undercut.

Figure 10 illustrates a comparative example of a dep-
osition process using a substrate that has a step with
an undercut.

Figure 11 illustrates an example method for fabricat-
ing a gas turbine engine article.
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DETAILED DESCRIPTION

[0026] Figure 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. Alternative engines might
include an augmentor section (not shown) among other
systems or features. The fan section 22 drives air along
a bypass flow path B in a bypass duct defined within a
nacelle 15, while the compressor section 24 drives air
along a core flow path C for compression and communi-
cation into the combustor section 26 then expansion
through the turbine section 28. Although depicted as a
two-spool turbofan gas turbine engine in the disclosed
non-limiting embodiment, it should be understood that
the concepts described herein are not limited to use with
two-spool turbofans as the teachings may be applied to
other types of turbine engines including three-spool ar-
chitectures.

[0027] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.

[0028] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a first (or low)
pressure compressor 44 and a first (or low) pressure tur-
bine 46. The inner shaft 40 is connected to the fan 42
through a speed change mechanism, which in exemplary
gas turbine engine 20 is illustrated as a geared architec-
ture 48 to drive the fan 42 at a lower speed than the low
speed spool 30. The high speed spool 32 includes an
outer shaft 50 that interconnects a second (or high) pres-
sure compressor 52 and a second (or high) pressure tur-
bine 54. A combustor 56 is arranged in exemplary gas
turbine 20 between the high pressure compressor 52 and
the high pressure turbine 54. A mid-turbine frame 57 of
the engine static structure 36 is arranged generally be-
tween the high pressure turbine 54 and the low pressure
turbine 46. The mid-turbine frame 57 further supports
bearing systems 38 in the turbine section 28. The inner
shaft 40 and the outer shaft 50 are concentric and rotate
via bearing systems 38 about the engine central longitu-
dinal axis A which is collinear with their longitudinal axes.
[0029] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The mid-turbine frame 57 includes air-
foils 59 which are in the core airflow path C. The turbines
46, 54 rotationally drive the respective low speed spool
30 and high speed spool 32 in response to the expansion.
It will be appreciated that each of the positions of the fan
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section 22, compressor section 24, combustor section
26, turbine section 28, and fan drive gear system 48 may
be varied. For example, gear system 48 may be located
aft of combustor section 26 or even aft of turbine section
28, and fan section 22 may be positioned forward or aft
of the location of gear system 48.

[0030] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six, with an example
embodiment being greater than about ten, the geared
architecture 48 is an epicyclic gear train, such as a plan-
etary gear system or other gear system, with a gear re-
duction ratio of greater than about 2.3 and the low pres-
sure turbine 46 has a pressure ratio that is greater than
about five. In one disclosed embodiment, the engine 20
bypass ratio is greater than about ten, the fan diameter
is significantly larger than that of the low pressure com-
pressor 44, and the low pressure turbine 46 has a pres-
sure ratio that is greater than about five. Low pressure
turbine 46 pressure ratio is pressure measured prior to
inlet of low pressure turbine 46 as related to the pressure
at the outlet of the low pressure turbine 46 prior to an
exhaust nozzle. The geared architecture 48 may be an
epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater
than about 2.3:1. It should be understood, however, that
the above parameters are only exemplary of one embod-
iment of a geared architecture engine and that the
present invention is applicable to other gas turbine en-
gines including direct drive turbofans.

[0031] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (10, 668 meters). The flight condition of 0.8
Mach and 35,000 ft (10,668 meters), with the engine at
its best fuel consumption - also known as "bucket cruise
Thrust Specific Fuel Consumption ('TSFC’)" - is the in-
dustry standard parameter of Ibm of fuel being burned
divided by Ibf of thrust the engine produces at that min-
imum point. "Low fan pressure ratio" is the pressure ratio
across the fan blade alone, without a Fan Exit Guide Vane
("FEGV")system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.45. "Low corrected fan tip speed" is the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R) / (518.7 °R)]0-5
(where °R = K x 9/5). The "Low corrected fan tip speed"
as disclosed herein according to one non-limiting em-
bodiment is less than about 1150 ft / second (350.5 me-
ters/second).

[0032] Figure 2 illustrates a portion of the turbine sec-
tion 28 of the gas turbine engine 20. Turbine blades 60
receive a hot gas flow from the combustor section 26
(Figure 1). A blade outer air seal (BOAS) system 62 is
located radially outward from the turbine blades 60. The
BOAS system 62 includes multiple seal members 64 cir-
cumferentially spaced around the axis A of the gas tur-
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bine engine 20. Each seal member 64 is attached to a
case 66 surrounding the turbine section by a support 68.
It is to be understood that the seal member 64 is only
one example of an article within the gas turbine engine
that may benefit from the examples disclosed herein.
[0033] Figure 3illustrates a portion of the seal member
64 having two circumferential sides 70 (one shown), a
leading edge 72, a trailing edge 74, a radially outer side
76, and a radially inner side 78 that is adjacent the hot
gas flow and the turbine blade 60. The term "radially" as
used in this disclosure relates to the orientation of a par-
ticular side with reference to the axis A of the gas turbine
engine 20.

[0034] The seal member 64 includes a substrate 80, a
bond coat 82 covering a radially inner side of the sub-
strate 80, and a thermally insulating topcoat 84 covering
a radially inner side of the bond coat 82. In this example,
the bond coat 82 covers the entire radially inner side of
the substrate 80 and the thermally insulating topcoat 84
is a thermal barrier made of a ceramic material. The sub-
strate 80 includes a slanted region 80a adjacent the lead-
ing edge 72 and a downstream portion 80b having a gen-
erally constant radial dimension.

[0035] The bond coat 82 includes a thicker region D1
adjacent the leading edge 72 and the trailing edge 74
and a thinner region D2 axially between the thicker re-
gions D1. The thinner region D2 extends axially from up-
stream of the turbine blade 60 to downstream of the tur-
bine blade 60.

[0036] A step86isformedinthe bond coat82 between
both of the thicker regions D1 and the thinner region D2.
The step 86 extends in a radial and circumferential di-
rection such that multiple BOAS systems 62 arranged
together form a circumference around the axis A of the
gas turbine engine 20 with the step 86 extending entirely
around the circumference.

[0037] The step 86 incudes a radially inner edge 88
having a radius R1 and a radially outer fillet 90 having a
radius R2. In one example, the step 86 extends generally
perpendicular to the axis A of the gas turbine engine 20.
In another example, the step 86 extends in a non-per-
pendicular direction such that the step forms an undercut.
The step 86 extends for a radial thickness D3.

[0038] In one example, the sum of R1 and R2 equals
less than or equal to 50% of the thickness of region D3.
In another example, the sum of R1 and R2 equals less
than or equal to 25% of the thickness of region D3.
[0039] The thermally insulating topcoat 84 includes a
leading edge region 92 and a trailing edge region 94 hav-
ing athickness D4 and an axially central region 96 having
athickness D5. The central region 96 extends from axially
upstream of the turbine blade 60 to axially downstream
of the turbine blade 60. The leading edge region 92 and
the trailing edge region 94 are separated from the central
region 96 by faults 98 extending radially through the thick-
ness of the thermally insulating topcoat 84.

[0040] The faults 98 extend from the steps 86 formed
in the bond coat 82 and reduce internal stresses within
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the thermally insulating topcoat 84 that may occur from
sintering of the thermal material at relatively high surface
temperatures within the turbine section 28 during use of
the gas turbine engine 20. Although the central region
96 is separated from the trialing edge 74 by the trailing
edge region 94, the central region 96 could extend to the
trailing edge 74.

[0041] In one example, the thickness of region D1 is
approximately 0.019 inches (0.483 mm), the thickness
of region D4 is approximately 0.012 inches (0.305 mm),
the thickness of region D2 is approximately 0.007 inches
(0.178 mm), the thickness of region D3 is approximately
0.012inches (0.305 mm) and the thickness of region D5
is approximately 0.025 inches (0.635 mm). In one exam-
ple, at least one of the radius R1 and the radius R2 are
approximately 0.003 inches (0.076 mm). In another ex-
ample, at least one of the radius R1 and the radius R2
are less than 0.004 inches (0.102 mm). In yet another
example, at least one of the radius R1 and the radius R2
are less than 0.005 inches (0.127 mm).

[0042] Depending on the composition of the thermally
insulating topcoat 84, surfaces temperatures of about
2500°F (1370°C) and higher may cause sintering. The
sintering may result in partial melting, densification, and
diffusional shrinkage of the thermally insulating topcoat
84. The faults 98 provide pre-existing locations for re-
leasing energy associated with the internal stresses (e.g.,
reducing shear and radial stresses). That is, the energy
associated with the internal stresses may be dissipated
in the faults 98 such that there is less energy available
for causing delamination cracking between the thermally
insulating topcoat 84 and the bond coat 82.

[0043] The faults 98 may vary depending upon the
process used to deposit the thermally insulating topcoat
84. In one example, the faults 98 may be gaps between
adjacent regions. In another example, the faults 98 may
be considered to be microstructural discontinuities be-
tween the adjacent regions 92, 94, and 96. The faults 98
may also be planes of weakness in the thermally insu-
lating topcoat 84 such that the regions 92, 94, and 96
can thermally expand and contract without cracking the
thermally insulating topcoat 84.

[0044] The material selected for the substrate 80, the
bond coat 82, and the thermally insulating topcoat 84 are
not necessarily limited to any kind. In one example, the
substrate 80 is made of a nickel based alloy and the ther-
mally insulating topcoat 84 is an abradable ceramic ma-
terial suited for providing a desired heat resistance.
[0045] The faults 98 in the thermally insulating topcoat
84 on the seal member 64 may be formed during appli-
cation of the thermally insulating topcoat 84. Once the
bond coat 82 has been applied to the substrate 80, the
bond coat 82 is machined or ground to form the step 86
with the radially outer fillet 90 and the radially inner edge
88 having the desired radius R2 and R1, respectively.
Alternatively, the step 86 is formed in the substrate 80
and the bond coat 82 is only applied to the radially inward
facing portions of the substrate 80 excluding the step 86
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in order to facilitate formation of the fault 98 along the
step 86. Therefore, the substrate 80 would include a first
portion have afirstthickness and a section portion having
a second thickness different from the first thickness
[0046] The thermally insulating topcoat 84 is applied
to the bond coat 82 and/or substrate 80 with a thermal
spray process. The thermal spray process allows the
thermally insulating topcoat 84 to build up discontinuous-
ly such that there is no bridging between the leading edge
region 92, the central region 96, and the trailing edge
region 94. Because of the discontinuity created by the
step 86, the continued buildup of the thermally insulating
topcoat 84 between the central region 96 and the leading
and trailing regions 92 and 94 forms the faults 98. The
radially inner side 78 of the seal member 64 may be ma-
chined to remove unevenness introduced by the varying
thickness associated with thermal spraying the step 86.
[0047] Figures 4-6 illustrate another example seal
member 164. The seal member 164 is similar to the seal
member 64 except where described below or shown in
the Figures. The seal member 164 includes the substrate
80 covered by a bond coat 182. The bond coat includes
a leading edge portion 182a axially upstream of a step
186 and a trailing edge portion 182b axially downstream
of the step 186. The leading edge portion 182a and the
trailing edge portion 182b include geometric features 185
formed in the bond coat 182. In this example, the geo-
metric features 185 are cylindrical. However, other
shapes such as elliptical or rectangular rods could be
formed in the bond coat 182. Alternatively, the geometric
features 185 could be formed in the substrate 80 with the
radially inner surface of the substrate 80 being covered
with the bond coat 182.

[0048] The thermally insulating topcoat 84 can be ap-
plied as discussed above. However, when the thermally
insulating topcoat 84 is applied over the geometric fea-
tures 185, faults 199 will form in the thermally insulating
topcoat 184 in addition to a fault 198 formed radially in-
ward from the step 186. The faults 198 and 199 form in
a similar fashion as the faults 98 described above.
[0049] Figure 7A illustrates a cross-section of a repre-
sentative portion of a seal member 264. In this example,
the seal member 264 includes a substrate 265 that has
one or more steps 267. Although only one representative
step 267 is shown, the substrate 265 may include a plu-
rality of such steps 267. For example, the steps 267 may
be provided in a pattern, similar to the pattern shown in
Figures 4 and 5. The substrate 265 can be metallic, ce-
ramic, or a combination thereof, and may be, or may in-
clude, a bond coat.

[0050] The step 267 includes undercut 269, which as
discussed below, facilitates the formation of the faults
298 in the overlying thermally insulating topcoat 284. As
used herein, the term "undercut" refers to a recessed
region. Although an "undercut" may be formed by a cut-
ting action, the term does not necessarily imply formation
by cutting action.

[0051] Figure 7B shows a radially outward view of the
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portion of the seal member 264 but without the thermally
insulating topcoat 284 (i.e. a view from the engine central
longitudinal axis A). As shown, the step 267 in this ex-
ample is annular. Although shown as a circular annulus,
the step 267 may alternatively be elliptical, rectangular,
toroidal, or other geometric shape. Likewise, the under-
cut 269 is also annular.

[0052] Relative to an outer surface 284a of the ther-
mally insulating topcoat 284, the step 267 includes (Fig-
ure 7A) a proximal surface 271, a distal surface 273, and
a sidewall 275 that joins the proximal surface 271 and
the distal surface 273. The proximal surface 271 and the
distal surface 273 face radially inwardly, toward the core
flow path and engine central axis A. The sidewall 275
and the proximal surface 271 meet at a 90° corner 277.
In this example, the undercut 269 is in the sidewall 275.
The undercut 269 is thus a recessed region of the side-
wall 275.

[0053] Figure 8A shows a modified version of the seal
member 264. In this example, rather than the undercut
269 in the sidewall 275, there is an undercut 369 in the
distal surface 273. The undercut 369 is thus a recessed
region of the distal surface 273.

[0054] The undercuts 269/369 facilitate formation of
the faults 298 that extend from the step 267 by avoiding
or reducing the potential for bridging of the thermally in-
sulating topcoat 284 during spray deposition (e.g., ther-
mal spray) of the topcoat 284. Toillustrate, Figures 9 and
10 each show three progressions through a spray dep-
osition process. In Figure 9 the step, S1, does not have
an undercut. In the first progression at P1 on the left-
hand side, the coating, C, begins to build up on the sur-
faces around the step S1 and at the bottom of the step.
In the middle progression at P2, due to deflection of the
sprayed coating material, the coating builds-up more rap-
idly along the sidewall of the step S1 (i.e., the coating
builds in a non-planar manner). In the last progression
at P3 on the right-hand side, the coating build-up along
the sidewall of the step S1 has caused bridging of the
coating across the step in region Z. The faults, F, thus
do not extend into the region Z. The bridging limits for-
mation of the faults F and, in turn, limits the thickness,
t1, of the coating that can be produced with faults F. For
ceramic materials, such as stabilized zirconia, that are
used for thermally insulating topcoats, this thickness is
less than the depth of the step.

[0055] In Figure 10 the step, S2, has an undercut (i.e.
undercut 269). In the first progression at P1 on the left-
hand side, the coating, C, begins to build up on the sur-
faces around the step S2 and at the bottom of the step
S2. In the middle progression at P3, the undercut allows
deflected coating material to spread laterally. Thus, the
coating does not build-up along the sidewall (i.e., builds
in a planar manner). In the last progression at P3 on the
right-hand side, due to avoidance of build-up along the
sidewall there is no bridging, and the faults, F, thus extend
to the surface or very near surface of the coating. The
elimination or reduction in the potential for bridging per-
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mits a greater thickness, t2, of the coating that can be
produced with faults. For ceramic materials, such as sta-
bilized zirconia, that are used for thermally insulating top-
coats, this greater thickness may be equal to or greater
than the depth of the step.

[0056] Similar to the undercut 269, the undercut 369
eliminates orreduces the potential for bridging. However,
rather than permitting the coating to deflect and spread
laterally during spray deposition, the undercut 369 per-
mits the coating to spread in the depth direction such that
the coating does not build-up along the sidewall.

[0057] The 90° corner 277 may also facilitate formation
of the faults 298. For instance a highly rounded edge
would provide less of a distinct change in depth at the
step and thus contribute to bridging across the step. How-
ever, the 90° corner 277 provides a distinct change in
depth and the step 267 and thus facilitates the formation
of the thermally insulating topcoat 284 in a planar man-
ner, which in turn facilitates formation of the faults 298
through the full thickness of the topcoat 284.

[0058] The undercuts 269/369 may be configured in
size to more effectively facilitate the elimination or reduc-
tion in the potential for coating build-up and bridging. For
example, referring again to Figure 7A, the sidewall 275
defines a linear (radial) distance, LD, between the prox-
imal surface 271 and the distal surface 273. For example,
the linear distance is along a direction that is perpendic-
ular to the engine central longitudinal axis A. In one ex-
ample, the undercut 269 comprises at least 10%, repre-
sented at linear height LD1-1, of the linear distance LD
and may be up to 100% of the linear distance LD. In a
further example, LD1-1 is 10% to 100% of the linear dis-
tance or 25% to 50% of the linear distance. The undercut
269 also defines a lateral undercut distance (perpendic-
ular width to LD1-1), represented at LD1-2, which is at
least 5% of the linear distance LD and may be up to 100%
of the linear distance LD. In a further example, LD1-2 is
10% to 100% of the linear distance or 10% to 25% of the
linear distance. In the context of the function of the un-
dercut 269, LD1-1 and LD1-2 thus represent a minimum
relative size of the undercut 269 to more effectively allow
spread of the coating material during coating deposition,
relative to a given depth of the step 267. For example,
the sum of the percentages for LD1-1 and LD1-2 may be
at least 20 %. In a further example, the sum of the per-
centages for LD1-1 and LD1-2 is at least 20%, LD1-1 is
at least 15% and LD1-2 is at least 5%. In further exam-
ples, the sum of the percentages for LD1-1 and LD1-2 is
at least 75%, atleast 100%, or at least 150%, which each
provide more space for spread of the coating material
during coating deposition. In one further example, the
sum of the percentages for LD1-1 and LD1-2 is at least
150% and the angle of the undercut 269 is approximately
45°,

[0059] Similarly, the size of the undercut 369 (Figure
8A) may comprise less than about 50%, represented at
LD2-1, of the linear distance LD and a lateral undercut
distance, represented at LD2-2, may comprise less than
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about 50% of a diametric distance DD of the of the step
267. In a further example, LD2-1 is the smaller of, or is
less than the smaller of, about 25% of the linear distance
LD orabout25% of the diametric distance DD. In a further
example, LD2-2 is about 25% of the diametric distance
DD. In any of the above examples, the undercut 369 may
also define a straight taper from a central region to the
sidewall 275. In an additional example, the sum of the
percentages for LD2-1 and LD2-2 may be at least 20%
% and less than approximately 100% with respect to the
linear distance LD, the diametric distance DD, or combi-
nations.

[0060] Figure 11 illustrates an example method 401 of
fabricating a gas turbine engine article, such as the seal
members disclosed herein. In this example, the method
401 includes a forming process 403 and a deposition
process 405. The forming process step includes forming
one or more steps with an undercut in a substrate, such
as forming the step 267 and undercut 269 or 369 in sub-
strate 265. The deposition process 405 includes depos-
iting a thermally insulating topcoat on the substrate, such
as the thermally insulating topcoat 284. As discussed
herein, one or more faults form in the topcoat during dep-
osition and extend from the step in the substrate.
[0061] The substrate and one or more steps with an
undercut can be formed using one or more of several
different processing techniques. For example, one cost
effective processing technique includes forming the sub-
strate and the one or more steps using additive manu-
facturing. Direct metal laser sintering and electron-beam
melting are non-limiting examples of additive manufac-
turing techniques. In additive manufacturing a powdered
material is fed to a machine, which may provide a vacu-
um, for example. The machine deposits multiple layers
of the powdered material onto one another. At each iter-
ation of layer deposition, the layer is selectively consol-
idated with reference to Computer-Aided Design data of
the component being formed. Other layers or portions of
layers corresponding to negative features, such as cav-
ities or openings, are not joined and thus remain as a
powdered material. The unjoined powder material may
later be removed using blown air, for example. The ad-
ditive manufacturing technique may be used to make the
step 267 and undercut 269 or 369.

[0062] Another processing technique includes forming
an undercut using chemical milling. In this example, a
substrate is provided that initially has a step without an
undercut. A chemical, such as an acid etchant, is used
to form the undercut. Other areas of the substrate may
be masked off. Such a chemical milling technique may
be used to make the undercut 269 or 369.

[0063] Another processing technique includes forming
a step and an undercut using laser ablation milling. In
this example, a substrate is provided that initially has a
step without an undercut. A high frequency pulsed laser
beam, is used to form the undercut. Such a chemical
milling technique may be used to make the undercut 269
or 369.
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[0064] Another processing technique includes forming
a step and an undercut using mechanical milling. In this
example, a substrate is provided that initially has no step.
A tool, such as a drill bit or other cutting tool, is used to
form the step and the undercut. The tool has a concave
tip or other such configuration that forms the undercut.
Such a mechanical milling technique may be used to
make the step 267 and undercut 369.

[0065] Any of the above processing techniques can
additionally include formation of the 90° corner 277. For
example, the 90° corner 277 may be formed during for-
mation of the step 267 in an additive manufacturing or
milling technique. Additionally or alternatively, the 90°
corner 277 may be formed by grinding down the surface
of the substrate 265. Thus, if the edge between the prox-
imal surface 271 and the sidewall 275 is initially rounded,
the rounded portion can be removed by grinding to pro-
duce the 90° corner 277.

[0066] Although the different non-limiting embodi-
ments are illustrated as having specific components, the
embodiments of this disclosure are not limited to those
particular combinations. It is possible to use some of the
components or features from any of the non-limiting em-
bodiments in combination with features or components
from any of the other non-limiting embodiments.

[0067] It should be understood that like reference nu-
merals identify corresponding or similar elements
throughout the several drawings. It should also be un-
derstood that although a particular component arrange-
ment is disclosed and illustrated in these exemplary em-
bodiments, other arrangements could also benefit from
the teachings of this disclosure.

[0068] The foregoing description shall be interpreted
as illustrative and not in any limiting sense. A worker of
ordinary skillin the artwould understand that certain mod-
ifications could come within the scope of this disclosure.
For these reasons, the following claim should be studied
todetermine the true scope and content of this disclosure.

Claims
1. A gas turbine engine article (264) comprising:

a substrate (265) including at least one step
(267), the at least one step (267) having an un-
dercut (269; 369); and

a thermally insulating topcoat (284) disposed on
the substrate (265), the thermally insulating top-
coat (284) including at least one fault (298) ex-
tending from the at least one step (267).

2. The article (264) as recited in claim 1, wherein the
at least one step (267) includes, relative to an outer
surface (284a) of the thermally insulating topcoat
(284), a proximal surface (271), a distal surface
(273), and a sidewall (275) that joins the proximal
surface (271) and the distal surface (273), and the
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undercut (269) is in the sidewall (275).

The article (264) as recited in claim 2, wherein the
sidewall (275) defines alinear distance (LD) between
the proximal surface (271) and the distal surface
(273), and the undercut (269) defines:

a linear height (LD1-1) of at least about 10% of
the linear distance (LD); and/or

a lateral undercut distance (LD1-2) that is at
least about 5% of the linear distance (LD).

The article (264) as recited in claim 1, wherein the
at least one step (267) includes, relative to an outer
surface (284a) of the thermally insulating topcoat
(284), a proximal surface (271), a distal surface
(273), and a sidewall (275) that joins the proximal
surface (271) and the distal surface (273), and the
undercut (369) is in the distal surface (273).

The article (264) as recited in claim 4, wherein the
sidewall (275) defines:

alinear distance (LD) between the proximal sur-
face (271) and the distal surface (273), and the
undercut (369) has a linear height (LD2-1) of
less than about 50% of the linear distance (LD);
and/or

a diametric distance (DD), and the undercut
(369) defines a lateral undercut distance
(LD2-2) that is less than about 50% of the dia-
metric distance (DD).

The article (264) as recited in any preceding claim,
wherein the at least one step (267) includes, relative
to an outer surface (284a) of the thermally insulating
topcoat (284), a proximal surface (271), a distal sur-
face (273), and a sidewall (275) that joins the prox-
imal surface (271) and the distal surface (273), and
the sidewall (275) and the proximal surface (271)
meet at a 90° corner (277).

The article (264) as recited in any preceding claim,
wherein the at least one step (267) is annular.

The article (264) as recited in any preceding claim,
wherein the at least one step (267) includes a plu-
rality of steps in a pattern.

The article (264) as recited in any preceding claim,
wherein the at least one fault (298) is a microstruc-
tural discontinuity in the topcoat (284).

The article (264) as recited in any preceding claim,
wherein the fault (298) extends to a surface of the

thermally insulating topcoat (284).

A gas turbine engine (20) comprising:
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12.

13.

14.

15.

a plurality of rotatable blades; and

a seal (264) arranged radially outwards of the
plurality of rotatable blades, wherein the seal
(264) is a gas turbine engine article as recited
in any preceding claim.

A method for fabricating a gas turbine engine article
(264), the method comprising:

forming at least one step (267) in a substrate
(265), the at least one step (267) having an un-
dercut (269; 369); and

depositing a thermally insulating topcoat (284)
on the substrate (265), the thermally insulating
topcoat (284) forming at least one fault (298)
during the depositing that extends from the at
least one step (267).

The method as recited in claim 12, wherein the form-
ing includes forming the at least one step (267) and
undercut (269; 369) using at least one of additive
manufacturing, chemical milling, or mechanical mill-

ing.

The method as recited in claim 12 or 13, wherein the
at least one step (267) includes, relative to an outer
surface (284a) of the thermally insulating topcoat
(284), a proximal surface (271), a distal surface
(273), and a sidewall (275) that joins the proximal
surface (271) and the distal surface (273), and the
undercut (269) is formed in the sidewall (275).

The method as recited in claim 12 or 13, wherein the
at least one step (267) includes, relative to an outer
surface (284a) of the thermally insulating topcoat
(284), a proximal surface (271), a distal surface
(273), and a sidewall (275) that joins the proximal
surface (271) and the distal surface (273), and the
undercut (369) is formed in the distal surface (273).
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