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ABSTRACT

The present invention provides a turbine
moving blade, a turbine stationary blade, and a
turbine split ring which are capable of restraining
the deterioration and peeling-off of a thermal
barrier coating easily and surely, and a gas
turbine capable of enhancing the energy efficiency
by increasing the temperature of combustion gas.
The turbine moving blade provided 1in a turbine
constituting the gas turbine includes a platform
having a gas path surface extending in the
combustion gas flow direction, and a blade portion
erecting on the platform. The thermal barrier
coating covering the gas path surface 1s formed so
as to go around from the gas path surface to an
upstream-side end face and a downstream-side end

face of the outer peripheral faces of the platform.
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TITLE OF THE INVENTION

TURBINE MOVING BLADE, TURBINE STATIONARY BLADE,

TURBINE SPLIT RING, AND GAS TURBINE

BACKGROUND OF THE INVENTION AND RELATED ART
STATEMENT
1. Field of the Invention

The present invention relates to a turbine
moving blade, a turbine stationary blade, a turbine
split ring, and a gas turbine provided with these
elements.
2. Description of Related Art

Conventionally, gas turbines have been used
widely in various fields as power sources. The
conventionally used gas turbine is provided with a
compressor, a combustor, and a turbine, and 1is
constructed so that after air is compressed by the
compressor and then is burned by the combustor, a
high-temperature and high-pressure combustion gas
is expanded by the turbine to obtain power. For
the gas turbine of this kind, a larger increase 1n
combustion gas temperature (turbine 1inlet
temperature) has been intended to enhance the
energy efficiency. In recent years, a gas turbine

having a combustion gas temperature as high as
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about 1300°C has been developed, and further a gas

turbine having a combustion gas temperature of

about 1500°C has been proposed.

As described above, since the combustion gas
having a temperature as high as 1000°C or higher is
introduced into the turbine for the gas turbine,
various members such as a turbine moving blade, a
turbine stationary blade, and a split ring, which
are provided in the turbine, are made of a heat
resisting alloy such as inconel. On the surfaces
of these various members, a thermal barrier coating
is provided to increase the heat resistance. The
basic construction of these various members will
now be described by taking the turbine moving blade
as an example.

FIG. 10 is a sectional view showing an example
of a conventional turbine moving blade. A turbine
moving blade 101 shown in FIG. 10 has a platform
102 and a blade portion 103 erecting on the
platform 102. With respect to the turbine moving
blade 101, combustion gas is caused to flow 1n the
direction of the arrows in the figure. The surface
of the blade portion 103 and a gas path surface 104
extending in the gas flow direction of the platform

102 are covered with a thermal barrier coating 105.
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The thermal barrier coating 105 1s composed of a
topcoat 106 and an undercoat 107. The thermal
barrier coating 105 constructed as described above
serves to restrain heat conduction into the
platform 102 and the blade portion 103.

However, the conventional turbine moving blade
constructed as described above has a problem in
that the thermal barrier coating 105 deteriorates
and peels off in the vicinity of peripheral edge
portion of the platform 102. The high-temperature
and high-pressure combustion gas collides at a high
speed with, for example, an upstream-side end face
108 perpendicular to the combustion gas flow
direction indicated by the arrows, of the outer
peripheral faces of the platform 102. Therefore,
the thermal barrier coating 105 deteriorates and
peels off first in the vicinity of the upstream-
side end face 108. Likewise, the combustion gas
collides at a certain degree of high speed with a
downstream-side end face 110 perpendicular to the.
combustion gas flow direction (indicated by the
arrows in the figure) of the platform 102, the
collision being caused by vortexes etc. produced 1in
the turbine. Therefore, the thermal barrier

coating 105 deteriorates in the vicinity of the
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downstream-side end face 110, and in some cases, there is a
fear of the thermal barrier coating 105 being peeled off.
Moreover, the problem of deterioration and peeling of
thermal barrier coating is also seen with a shroud of
turbine moving blade, a shroud of turbine stationary blade,

a turbine split ring, and the like.
OBJECT AND SUMMARY OF THE INVENTION

The present invention has been made in view of the
above situation, and accordingly an object thereof i1s to
provide a turbine moving blade, a turbine stationary blade,
and a turbine split ring which are capable of restraining
the deterioration and peeling-off of a thermal barrier
coating easily and surely, and a gas turbine capable of
enhancing the energy efficiency by increasing the

temperature of combustion gas.

In one aspect of the present invention there 1is
provided a turbine moving blade comprising a platform having
a gas path surface extending in a combustion gas flow
direction, and a blade portion erected on said platform,
said gas path surface being coated with a thermal barrier
coating, wherein said thermal barrier coating substantially
covers sald gas path surface and is formed so as to go from
sald gas path surface to at least a part of an outer
peripheral face of said platform; said thermal barrier
coating is composed of a topcoat which is formed of a
material having high heat resistance and low heat
conductivity and an undercoat which is formed of a material
having high corrosion resistance and oxidation resistance
and which is situated away from the combustion gas so as to
avolid direct collision of the combustion gas with the
undercoat; and a step portion 1is formed in at least a part

of a peripheral edge portion of said platform, and said
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thermal barrier coating i1s formed so that it goes around to
sald step portion and an end face thereof 1s i1n contact with
an upper face of said step portion and wherein the upper
face of the step portion is inclined with respect to the

combustion gas flow direction.

In this turbine moving blade, in order to 1ncrease
the heat resistance, the gas path surface of platform is
coated with the thermal barrier coating composed of an
undercoat and a topcoat. Conventionally, the turbine moving
blade of this type has a problem in that the thermal barrier
coating deteriorates and peels off in the peripheral edge
portion of the platform, especially, in the wvicinity of the
upstream-side end face and the downstream-side end face
which are perpendicular to the combustion gas flow
direction. For this reason, the inventors carried on
studies earnestly to restrain the deterioration and peeling-
off of the thermal barrier coating, and resultantly found

the fact described below.

In the conventional turbine moving blade, the end
face of the thermal barrier coating is flush with the outer
peripheral face (for example, the upstream-side end face and
the downstream-side end face) of the platform. Therefore,
in the vicinity of the peripheral edge portion of the
platform, the undercoat of thermal barrier coating is not

covered
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at all and is exposed. For this reason, for
example, 1n the upstream-side end portion of the
platform, the high-temperature combustion gas
directly collides head-on with the undercoat, which
has a lower heat resistance than the topcoat, at a
high speed, so that the deterioration and peeling-
off of the whole of the thermal barrier coating are
accelerated. Also, in the downstream-side end
portion of the platform as well, the combustion gas
caused by vortexes etc. produced in the turbine
collides at a certain degree of high speed, so that
the deterioration and peeling-off of the whole of
the thermal barrier coating are accelerated.

In view of such a fact, in the turbine moving
blade in accordance with the present invention, the
thermal barrier coating is formed so as_to go
around from the gas path surface of the platform to
at least a part (at least any of the upstream-side
end face, the downstream-side end face, and a side
end face) of the outer peripheral face of the
platform. Thereby, in a region in which the
thermal barrier coating is caused to go around to
the outer peripheral face, the outside surface of
the thermal barrier coating, that 1s, the surface

of the topcoat is made substantially parallel with
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the outer peripheral face of the platform.
Therefore, the combustion gas can be prevented from
directly colliding on-head with the undercoat of
the thermal barrier coating at a high speed. Since
the thermal barrier coating is caused to go around
to at least a part of the outer peripheral face of
the platform in this manner to make it difficult
for the combustion gas to collide directly with the
end face of the thermal barrier coating (end face
of undercoat), the deterioration and peeling—off of
the thermal barrier coating in the vicinity of the
peripheral edge portion of the platform can be
restrained easily and surely.

In this case, it is preferable that a step
portion be formed in at least a part of the
peripheral edge portion of the platform, and the
thermal barrier coating be furmed so that it goes
around to the step portion and the end face thereof
is in contact with the upper face of the step
portion.

By causing the thermal barrier coating to go
around to the step portion formed in the peripheral
edge portion of the platform and by bringing the
end face of the thermal barrier coating into

contact with the upper face of the step portion,
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the undercoat of the thermal barrier coating 1s not exposed
to the outside in the vicinity of the step portion.
Therefore, in the above-described construction, the
undercoat of thermal barrier coating can be completely
prevented from being exposed to combustion gas 1in the
vicinity of the step portion. As a result, the
deterioration and peeling-off of the thermal barrier coating
in the vicinity of the peripheral edge portion of the

platform can be restrained very surely.

In a second aspect of the present invention, there
is provided a turbine moving blade comprising a platform, a
blade portion erected on said platform, and a shroud
provided at the tip end of said blade portion, a gas path
surface extending in a combustion gas flow direction of said
shroud being coated with a thermal barrier coating, wherein
said thermal barrier coating substantially covers said gas
path surface and is formed so as to go from said gas path
surface to at least a part of an outer peripheral face of
said shroud; said thermal barrier coating is composed of a
topcoat which i1s formed of a material having high heat
resistance and low heat conductivity and an undercoat which
is formed of a material having high corrosion resistance and
oxidation resistance and which is situated away from the
combustion gas so as to avoid direct collision of the
combustion gas with the undercoat; and a step portion 1is
formed in at least a part of a peripheral edge portion of
salid shroud, and said thermal barrier coating is formed so
that i1t goes around to said step portion and an end face
thereof 1s in contact with an upper face of said step
portion and wherein the upper face of the step portion is

inclined with respect to the combustion gas flow direction.

In this turbine moving blade, the deterioration

and peeling-off of the thermal barrier coating in the
8
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vicinity of the peripheral edge portion of the shroud
provided at the tip end of the blade portion can be

restrained easily and surely.

In this case, it is preferable that a step portion
is formed in at least a part of the peripheral edge portion
of the shroud, and the thermal barrier coating be formed so
that it goes around to the step portion and the end face
thereof is in contact with the upper face of the step

portion.

In a third aspect of the present invention, there
is provided a turbine stationary blade comprising a pair of
shrouds each having a gas path surface extending 1in a
combustion gas flow direction, and a blade portion held
between said shrouds, at least one of said shrouds being
coated with a thermal barrier coating, wherein said thermal
barrier coating substantially covers said gas path surface
and is formed so as to go from said gas path surface of said
at least one of said shrouds to at least a part of an outer
peripheral face of said at least one of said shrouds; said
thermal barrier coating 1s composed of a topcoat which 1s
formed of a material having high heat resistance and low
heat conductivity and an undercoat which i1s formed of a
material having high corrosion resistance and oxidation
resistance and which 1s situated away from the combustion
gas so as to avoid direct collision of the combustion gas
with the undercoat; and a step portion is formed in at least
a part of a peripheral edge portion of said at least one of
the shrouds, and said thermal barrier coating is formed so
that 1t goes around to said step portion and an end face

thereof 1s i1n contact with an upper face of said step
portion and wherein the upper face of the step portion is

inclined with respect to the combustion gas flow direction.
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In this turbine stationary blade, the
deterioration and peeling-off of the thermal barrier coating
in the vicinity of the peripheral edge portion of at least
either one of the shrouds provided at both ends of the blade

portion can be restrained easily and surely.

In this case, it is preferable that a step portion
be formed in at least a part of the peripheral edge portion
of the shroud, and the thermal barrier coating be formed so
that it goes around to the step portion and the end face
thereof is in contact with the upper face of the step

portion.

In a fourth aspect of the present invention, there
is provided a turbine split ring having a gas path surface
extending in a combustion gas flow direction, salid gas path
surface being coated with a thermal barrier coating, wherein
said thermal barrier coating substantially covers said gas
path surface and is formed so as to go from said gas path
surface to at least a part of an outer peripheral face; said
thermal barrier coating is composed of a topcoat which 1is
formed of a material having high heat resistance and low
heat conductivity and an undercoat which is formed of a
material having high corrosion resistance and oxidation
resistance and which is situated away from the combustion
gas sO as to avoid direct collision of the combustion gas
with the undercoat; and a step portion is formed in at least
a part of a peripheral edge portion, and sald thermal
barrier coating is formed so that it goes around to said
step portion and an end face thereof is 1n contact with an

upper face of said step portion.

In this turbine split ring, the deterioration and

peeling-off of the thermal barrier coating in the wvicinity

10
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of the peripheral edge portion can be restrained easily and

surely.

In this case, 1t 1s preferable that a step portion
be formed in at least a part of the peripheral edge portion,
and the thermal barrier coating be formed so that 1t goes
around to the step portion and the end face thereof 1is 1n

contact with the upper face of the step portion.

In a fifth aspect, there 1s provided a gas turbine
for producing power by expanding a high-temperature and
high-pressure combustion gas by using a turbine stationary
blade and a turbine moving blade, wherein said turbine
moving blade comprises a platform having a gas path surface
extendilng 1n a combustion gas flow direction, a blade

portion erecting on said platform, and a thermal barrier

coating for substantially covering said gas path surface,

and said thermal barrier coating substantially covers said

gas path surface and 1s formed so as to go from said gas

path surface to at least a part of an outer peripheral face

e

of said platform, and said thermal barrier coating 1s

composed of a topcoat which 1s formed of a material having
high heat resistance and low heat conductivity and an
undercoat which 1s formed of a material having high
cCorrosion resistance and oxidation resistance and which 1s
situated away from the combustion gas so as to avoid direct

collision of the combustion gas with the undercoat.

In this gas turbine, the deterioration and

peeling-off of the thermal barrier coating in the vicinity

— r—

of the peripheral edge portion of the platform of the

turbine moving blade can be restrailined easily and surely.

Therefore, the temperature of combustion gas can be

increased, so that the energy efficiency can be enhanced

easily.

11
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In a sixth aspect of the present invention, there
1s provided a gas turbine for produciling power by expandling a
high-temperature and high-pressure combustion gas by using a
turbine stationary blade and a turbine moving blade, whereiln

sald turbine moving blade comprises a platform, a blade

portion erecting on said platform, a shroud provided at the
tip end of said blade portion, and a thermal barrier coating
for substantially covering a gas path surface extending in a

combustion gas flow direction of said shroud, and said

thermal barrier coating i1s formed so as to go from said gas

prath surface to at least a part of an outer peripheral face

*

of said shroud, and said thermal barrier coating 1s composed

of a topcoat which is formed of a material having high heat
resistance and low heat conductivity and an undercoat which
is formed of a material having high corrosion resistance and

oxldation resistance and which 1s situated away from the

combustion gas so as to avoid direct collision of the

combustion gas with the undercoat.

In this gas turbine, the deterioration and

H

peeling-off of the thermal barrier coating 1n the vicinity

of the peripheral edge portion of the shroud of the turbine
moving blade can be restrained easily and surely.
Therefore, the temperature of combustion gas can be
increased, so that the enerqgy efficiency can be enhanced

easily.

In a seventh aspect of the present invention,
there 1s provided a gas turbine for producing power by
expanding a high-temperature and high-pressure combustion
gas by using a turbine stationary blade and turbine moving
blade, wherein said turbine stationary blade comprises a

F

palr of shrouds each having a gas path surface extending in

a combustion gas flow direction, a blade portion held

between said shrouds, and a thermal barrier coating for
12
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F

substantially covering the gas path surface of at least one

P

of said shrouds, and said thermal barrier coating is formed

soO as to go around from said gas path surface of said at

P g

least one of said shrouds to at least a part of an outer

pr— p—

peripheral face of said at least one of said shrouds, and

sald thermal barrier coating 1s composed of a topcoat which

ﬁ

1s formed of a material having high heat resistance and low

F
—

heat conductivity and an undercoat which i1is formed of a

material having high corrosion resistance and oxidation

resistance and which 1s situated away from the combustion

gas so as to avoild direct collision of the combustion gas

wlth the undercoat.

In this gas turbine, the deterioration and

pr— g
P el

peeling-of:

of the thermal barrier coating i1n the vicinity

— F

of the peripheral edge portion of the shroud o

ﬁ

the turbine

stationary blade can be restrained easily and surely.

Therefore, the temperature of combustion gas can be

gr—
—

1ncreased, so that the energy efficiency can be enhanced

easily.

In an eighth aspect of the present invention,

there 1s provided a gas turbine for producing power by
expanding a high-temperature and high-pressure combustion
gas by using a turblne stationary blade and a turbine moving

blade, whereln sald gas turbine comprises a split ring

having a gas path surface extending in a combustion gas flow

direction and a thermal barrier coating for covering said

gas path surface, which 1s provided at an outer periphery of

said turblne moving blade, and said thermal barrier coating

1s formed so as to go from salid gas path surface to at least

a part of an outer peripheral face of said split ring, and

(—

sald thermal barrier coating is composed of a topcoat which

’ amnd

1s formed of a material having high heat resistance and low

heat conductivity and an undercoat which is formed of a
13
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material having high corrosion resistance and oxidation
regsistance and which is situated away from the combustion

gas sO as to avoid direct collision of the combustion gas

with the undercoat.

13a
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In this gas turbine, the deterioration and
peeling-off of the thermal barrier coating in the
vicinity of the peripheral edge portion of the
split ring can be restrained easily and surely.
Therefore, the temperature of combustion gas can be
increased, so that the energy efficiency can be
enhanced easlly.

As described above, in the gas turbine moving
blade, the gas turbine stationary blade, and the
gas turbine split ring in accordance with the
present invention, the thermal barrier coating 1is
formed so as to go around from the gas path surface
of the platform, the shroud, and the split ring
body to at least a part of the outer peripheral
face. As a result, the deterioration and peeling-
off of the thermal barrier coating in the
peripheral edge portion of tihe platform, the shroud,
and the split ring body can be restrained easily
and surely.

Thereupon, if the above-~described gas turbine
moving blade, gas turbine stationary blade, or gas
turbine split ring is used for a gas turbine, the
temperature of combustion gas can be increased, so

that the enerqgy efficiency can be enhanced easily.

-14-
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a gas turbine 1in
accordance with an embodiment of the present
invention;

FIG. 2 is a sectional view of an essential
portion of a turbine for a gas turbine 1in
accordance with an embodiment of the present
invention;

FIG. 3 is a perspective view of a gas turbine
moving blade in accordance with an embodiment of
the present invention;

FIG. 4 is a longitudinal sectional view of a
gas turbine moving blade in accordance with an
embodiment of the present invention;

FIG. 5 is a longitudinal sectional view
showing another mode of a gas turbine moving blade
in accordance with an embodiment of the present
invention;

FIG. 6 is a perspective view of a gas turbine
stationary blade in accordance with an embodiment
of the present invention;

FIG. 7 is a longitudinal sectional view of a
gas turbine stationary blade in accordance with an
embodiment of the present invention;

FIG. 8 is a perspective view of a gas turbine

..15.
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split ring in accordance with an embodiment of the
present invention;

FIG. 9 is an enlarged partial sectional view
of an essential portion of a gas turbine split ring
in accordance with an embodiment of the present
invention; and

FIG. 10 is a longitudinal sectional view of a

conventional gas turbine moving blade.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Preferred embodiments of a turbine moving
blade, turbine stationary blade, turbine split ring,
and gas turbine in accordance with the present
invention will now be described in detail with

reference to the accompanying drawings.

FIG. 1 is a schematic view of the gas turbine
in accordance with an embodiment of the present -
invention. A gas turbine 1 shown in FIG. 1 has a
compressor 2 and a turbine 3, which are connected
to each other. The compressor 2 consists of, for
example, an axial flow compressor in which air or a
predetermined gas is sucked through an intake port
and is pressurized. To a discharge port of this
compressor 2 is connected a combustor 4. A fluid

discharged from the compressor 2 is heated to a

.16.
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predetermined turbine inlet temperature (for
example, about 1300 to 1500°C). The fluid heated to
the predetermined temperature 1s supplied to the
turbine 3 as a combustion gas.

As shown in FIGS. 1 and 2, the turbine 3 has a
plurality of turbine stationary blades S1, S2, S3
and S4 fixed 1n a casing 5. Also, on a rotor (main
shaft) 6 of the turbine 3, there are installed
turbine moving blades R1, R2, R3 and R4 each of
which forms one set of stage together with each of
the turbine stationary blades S1 to S4. Also, as
shown in FIG. 2, a split ring 10 is installed via a
blade ring within the casing 5 so as to surround
the outer periphery of the turbine moving blade Rl.
One end of the rotor 6 is connected to the rotating
shaft of the compressor 2, and the other end
thereof is connected to the routating shaft of a
generator 7.

Therefore, when the high-temperature and high-
pressure combustion gas is supplied from the
combustor 4 into the casing 5 of the turbine 3, the
combustion gas is expanded in the casing 5, by
which the rotor 6 is rotated, and thus the
generator 7 is driven. Specifically, the

combustion gas supplied into the casing 5 1is

.17.
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decreased 1n pressure by the turbine stationary
blades S1 to S4 fixed to the casing 5, and kinetic
energy developed thereby is converted into
rotational torque via the turbine moving blades Rl
to R4 1installed on the rotor 6. The rotational
torque produced by the turbine moving blades Rl to
R4 is transmitted to the rotor 6 to drive the
generator 7 via the rotating shaft thereof.

For the gas turbine 1 constructed as described
above, an aim in increasing the combustion gas
temperature (turbine inlet temperature) to a very
high temperature, for example, about 1300 to 1500°C
is pursued in order to enhance the energy
efficiency. For this purpose, measures as
described below are taken regarding the turbine
moving blades R1 to R4, turbine stationary blades
S1 to S4, and split ring 10 provided 1in the turbine
3 for the gas turbine 1. Next, the turbine moving
blade, turbine stationary blade, and turbine split
ring in accordance with the present invention will
be described.

FIG. 3 1s a perspective view showing the
turbine moving blade provided in the turbine 3 for
the above-described gas turbine 1. Since the

turbine moving blades R1 to R4 basically have the

-18-
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same construction, they will now be explained as a
turbine moving blade R. As shown in FIG. 3, the
turbine moving blade R includes a base 21 fitted in
the rotor 6, a platform 22 provided above the base
21, and a blade portion 23 erecting on the platform
22. All of the base 21, the platform 22, and the
blade portion 23 are made of a heat resisting alloy
such as inconel. For this turbine moving blade R,
in order to further increase the heat resistance,
as shown in FIG. 4, the surface of the blade
portion 23 and a gas path surface 22a extending 1in
the combustion gas flow direction (in the direction
indicated by the arrow G) of the platform 2 are
coated with a thermal barrier coating 25 composed
of a topcoat 26 and an undercoat 27.

As the topcoat 26, a material, for example,
YSZ (Yttria Stabilized Zirconia) which has high -
heat resistance and low heat conductivity 1is used.
As the undercoat 27, a material, for example,
NiCoCrAlY (especially, NiCoCrAlYTaReHfSi) which has
high corrosion resistance and oxidation resistance
is used. By providing the undercoat 27 in the
thermal barrier coating 25 in this manner, the
adhesion of the whole of the thermal barrier

coating 25 and that between the blade portion 23

.19.
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and the gas path surface 22a can be increased.
Also, the undercoat 27 has a coefficient of thermal
expansion that has a substantially middle value
between the coefficient of thermal expansion of the
topcoat 26 and that of a base material (the blade
portion 23 and the gas path surface 22a).
Therefore, the peeling of the thermal barrier
coating 25 caused by heat history can be prevented.
The turbine moving blade of this type has
presented a problem in that the thermal barrier
coating deteriorates and peels off in the
peripheral edge portion of the platform, especially
in the vicinity of the upstream-side end face and
the downstream~side end face which are
perpendicular to the combustion gas flow direction
G. Specifically, referring again to FIG. 10, in
the conventional turbine moving blade 101, end
faces 105a and 105b of the thermal barrier coating
105 are flush with the upstream-side end face 108
and the downstream-side end face 110 of the
platform, respectively. Therefore, on the
upstream-side end face 108 and the downstream-side
end face 110 of the platform 102, the undercoat 107
of the thermal barrier coating 105 1s not covered,

being exposed.

.20.
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For this reason, in the upstream-side end
portion of the platform 102, the high-temperature
combustion gas directly collides head-on with the
undercoat 107, which has a lower heat resistance
than the topcoat 106, at a high speed. Therefore,
the deterioration and peeling-off of the whole of
the thermal barrier coating 105 are accelerated.
Likewise, in the downstream-side end portion of the
platform 102 as well, the combustion gas caused by
vortexes etc. produced in the turbine collides at a
certain degree of high speed, so that the
deterioration and peeling-off of the whole of the
thermal barrier coating 105 are accelerated.

In view of such a fact, in the turbine moving
blade R in accordance with the embodiment of the
present invention, as shown in FIG. 4, the thermal
barrier coating 25 is formed so as to go around
from the gas path surface 22a of the platform 22 to
an upstream-side end face 22b and a downstream-side
end face 22c perpendicular to the combustion gas
flow direction G, of the outer peripheral faces of
the platform 22.

Specifically, of the upper-side peripheral
edge portions of the platform 22, in a peripheral

edge portion along the upstream-side end face 22D,

..21.
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a step portion 22d is formed, while in a peripheral
edge portion along the downstream-side end face 22c,
a step portion 22e is formed. The thermal barrier
coating 25 1s mounted to the platform 22 so as to
go around to the step portions 22d and 22e. The
upstream~-side end face of the thermal barrier
coating 25 (topcoat 26 and undercoat 27) 1s 1in
contact with an upper face 22f of the step portion
22d, and the downstream-side end face thereof is in
contact with an upber face 22g of the step portion
22e. Also, in the upstream-side end portion and
the downstream-side end portion of the platform 22,
the outside face in both end portions of the
thermal barrier coating 25, that 1s, the surface of
the topcoat 26 is flush with the upstream-side end
face 22b or the downstream-side end face 22c of the
platform. In order to enhance the adhesion of the
thermal barrier coating 25 in the step portions 22d
and 22e, it is preferable to form a chamfered
portion 22r in the peripheral edge portion of the
platform 22.

According to this embodiment, the thermal
barrier coating 25 is caused to go around to the
step portions 22d and 22e formed in the peripheral

portion of the platform 22, and the end face of the

-22-
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thermal barrier coating 25 is brought into contact
with the upper faces 22f and 22g of the step
portions 22d and 22e. Therefore, in the upstream-
side end portion and the downstream-side end
portion of the platform 22, the undercoat 27 of the
thermal barrier coating 25 is not exposed to the
outside. Thereby, the undercoat 27 of the thermal
barrier coating 25 can be completely prevented from
being exposed to combustion gas in the vicinity of
the step portions 22d and 22e. Accordingly, the
deterioration and peeling-off of the thermal
barrier coating 25 in the vicinity of the
peripheral edge portion of the platform 22 can be
restrained very surely.

In this case, the upper faces 22f and 229 of
the step portions 22d and 22e are preferably
somewhat inclined with respect to the comiustion
gas flow direction as shown in FIG. 4. Thereby,
the influence of heat of combustion gas on the
undercoat 27 can be reduced. Also, the step
portions 22d and 22e need not necessarily be
provided. In the state in which the step portions
22d and 22e are omitted, the thermal barrier
coating 25 may be formed so as to go around from

the gas path surface 22a to the upstream-side end

_28.
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face 22b and the downstream-side end face 22c¢ of
the platform.

In the construction as described above, in the
upstream~side end portion and the downstream-side
end portion of the platform 22, the end outside
face of the thermal barrier coating 25, that 1is,
the surface of the topcoat 26 1s substantially
parallel with the upstream-side end face 22b and
the downstream-side end face 22c of the platform 22.
Therefore, the combustion gas can be prevented from
directly colliding head-on with the undercoat 27 of
the thermal barrier coating 25 at a high speed.

Furthermore, although not shown in the figqure,
the thermal barrier coating 25 may be formed so as
to go around from the gas path surface 22a of the
platform 22 to a side end face 22h (see FIG. 3) of
the platform. In this case, 1t 1s preferable that
a step portion be formed in advance 1in a peripheral
edge portion along the side end face 22h, of the
upper-side peripheral edge portions of the platform,
and the side end face of the thermal barrier
coating 25 be brought into contact with the upper
face of the step portion. Since the thermal
barrier coating 25 is formed so as to go around to

at least a part of the outer peripheral face of the
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platform i1n such a manner as to prevent the
combustion gas from directly colliding with the end
face of the thermal barrier coating 25 (end face of
the undercoat 27), the deterioration and peeling-
off of the thermal barrier coating 25 1in the
vicinity of the peripheral edge portion of the
platform 22 can be restrained easily and surely.

FIG. 5 shows another mode of a gas turbine
moving blade 1n accordance with the present
invention. A turbine moving blade R’ shown 1in FIG.
5 is provided with a shroud 28, which is provided
at the tip end of the blade portion 23 erecting on
the platform, not shown in FIG. 5. In this case, a
gas path surface 28a extending in the combustion
gas flow direction G of the shroud 28 is coated
with the thermal barrier coating 25 composed of the
topcoat 2¢ and the undercoat 27. The thermal
barrier coating 25 i1is formed so as to go around
from the gas path surface 28a of the shroud 28 to
an upstream-side end face 28b and a downstream-side
end face 28c perpendicular to the combustion gas
flow direction, of the outer peripheral faces of
the shroud 28.

Specifically, of the upper-side peripheral

edge portions of the shroud 28, in a peripheral

-25.
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edge portion along the upstream-side end face 28D,
a step portion 28d is formed, while in a peripheral
edge portion along the downstream-side end face 28c,
a step portion 28e is formed. The thermal barrier
coating 25 is mounted to the shroud 28 so as to go
around to the step portions 28d and 28e. The
upstream~-side end face of the thermal barrier
coating 25 (topcoat 26 and undercoat 27) 1is in
contact with an upper face 28f of the step portion
28d, and the downstream-side end face thereof is in
contact with an upper face 28g of the step portion
28e. Also, 1n the upstream-side end portion and
the downstream-side end portion of the shroud 28,
the outside face in both end portions of the
thermal barrier coating 25, that 1s, the surface of
the topcoat 26 is flush with the upstream-side end
face 28b or the downstream-side end face 28c of the:
shroud 28.

In the turbine moving blade R’ constructed as
described above, the deterioration and peeling-off
of the thermal barrier coating 25 in the vicinity
of the upstream-side end portion and the
downstream-side end portion of the shroud 28
provided at the tip end of the blade portion 23 can

be restrained easily and surely. In this case as

.26-
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well, the thermal barrier coating 25 may be formed
so as to go around from the gas path surface 28a of
the shroud 28 to a side end face of the shroud 28.
In this case, it is preferable that a step portion
be formed in a peripheral edge portion along the
side end face, of the upper-side peripheral edge
portions of the shroud 28, and the side end face of
the thermal barrier coating 25 be brought into
contact with the upper face of the step portion.
FIG. 6 is a perspective view showling a turbine
stationary blade provided in the turbine 3 for the
above-described gas turbine 1. Since the turbine
stationary blades S1 to S4 basically have the same
construction, they will now be explained as a
turbine stationary blade S. As shown in FIG. 6,
the turbine stationary blade S has a pair of
shrouds 31 and 32 each having the gas path surface
extending in the combustion gas flow direction and
a blade portion 33 held between the shroud 31 and
the shroud 32. For the turbine stationary blade S,
in order to further increase the heat resistance,
as shown in FIG. 7, the surface of the blade
portion 33 and gas path surfaces 3la and 32a
extending in the combustion gas flow direction (in

the direction indicated by the arrow G) of the

-27.
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shrouds 31 and 32 are coated with a thermal barrier
coating 35 composed of a topcoat 36 and an
undercoat 37.

The thermal barrier coating 35 1is formed so as
to go around from the gas path surfaces 3la and 32a
of the shroud 31 and 32 to upstream-~side end faces
31b and 32b and downstream-side end faces 3lc and
32c, which are perpendicular to the combustion gas
flow direction G, of the outer peripheral faces of
the shrouds 31 and 32. Specifically, of the upper-
side peripheral edge portions of the shroud 31, 1in
a peripheral edge portion along the upstream-side
end face 31b, a step portion 31d is formed, while
in a peripheral edge portion extending along the
downstream-side end face 31c, a step portion 3le 1is
formed. Likewise, of the upper-side peripheral
edge portions of the shroud 32, in a peripheral
edge portion along the upstream-side end face 32b,
a step portion 32d is formed, while in a peripheral
edge portion along the downstream-side end face 32c,
a step portion 32e is formed.

In the upper part of the turbine stationary
blade S, the thermal barrier coating 35 1s mounted
on the shroud 31 so as to go around to the step

portions 31d and 3le. The upstream-side end face

-28.
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of the thermal barrier coating 35 (topcoat 36 and
undercoat 37) 1is 1n contact with an upper face 31f
of the step portion 31d, and the downstream-side
end face thereof is in contact with an upper face
31g of the step portion 3le. Also, 1n the
upstream-side end portion and the downstream-side
end portion of the shroud 31, the outside face in
both end portions of the thermal barrier coating 35,
that is, the surface of the topcoat 36 1is flush
with the upstream-side end face 31lb or the
downstream-side end face 31lc of the shroud 31.
Likewise, in the lower part of the turbine
stationary blade S, the thermal barrier coating 35
is mounted on the shroud 32 so as to go around to
the step portions 32d and 32e. The upstream-side
end face of the thermal barrier coating 35 (topcoat
36 and undercoat 37) is in contact with an upper
face 32f of the step portion 32d, and the
downstream-side end face thereof is in contact with
an upper face 32g of the step portion 32e. Also,
in the upstream-side end portion and the
downstream-side end portion of the shroud 32, the
outside face in both end portions of the thermal
barrier coating 35, that is, the surface of the

topcoat 36 is flush with the upstream-side end face

.29.
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32b or the downstream-side end face 32c of the

shroud 32.

In the turbine stationary blade S constructed
as described above, the deterioration and peeling-
off of the thermal barrier coating 35 1in the
vicinity of the upstream-side end portion and the
downstream-side end portion of the shrouds 31 and
32 provided at the both ends of the blade portion
33 can be restrained easily and surely. In this
case as well, the thermal barrier coating 35 may be
formed so as to go around from the gas path surface
31a, 32a of the shroud 31, 32 to a side end face
31h, 32h (see FIG. 6) of the shroud 31, 32. 1In
this case, it is preferable that a step portion be
formed in a peripheral edge portion along the side
end face 31h, 32h, of the upper-side peripheral
edge portion of the shroud 31, 32, and the side end
face of the thermal barrier coating 35 be brought
into contact with the upper face of the step
portion.

FIG. 8 1is a perspective view showing a split
ring provided in the turbine 3 for the above-

described gas turbine 1. FIG. 9 is an enlarged

‘partial sectional view showing a split ring

"provided in the turbine 3. As shown in these

-30.
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figures, a split ring 10 has a gas path surface 10a
extending in the combustion gas flow direction G.
For this split ring 10, a thermal barrier coating
45 (a topcoat 46 and an undercoat 47) covering the
gas path surface 10a is formed so as to go around
from the gas path surface 10a to an upstream-side
end face 10b perpendicular to the combustion gas
flow direction G, of the outer peripheral faces,
and the upstream-side end face 10b is completely
coated with the thermal barrier coating 45. 1In
this case, a chamfered portion 10r 1is formed 1in a
peripheral edge portion along the upstream-side end
face 10b, of the lower-side peripheral edge
portions of the split ring 10.

In the turbine split ring 10 constructed as
described above, the deterioration and peeling-off
of the thermal barrier coating 45 in the upstream-
side end portion can be restrained easily and
surely. Needless to say, the thermal barrier
coating 45 covering the gas path surface 10a may be
formed so as to go around from the gas path surface
to a downstream-side end face and a side end face
10h (see FIG. 8), which are perpendicular to the
combustion gas flow direction G, of the outer

peripheral faces. Further, a step portion may be

-31.
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formed at least in a part of the peripheral edge
portion of the split ring 10, by which the thermal
barrier coating 45 is formed so as to go around to
the step portion, and the end face of the thermal
barrier coating 45 is brought into contact with the

upper face of the step portion.

.32-
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CLAIMS:

1. A turbine moving blade comprising a platform
having a gas path surface extending in a combustion gas flow
direction, and a blade portion erected on said platform,
said gas path surface being coated with a thermal barrier

coating, wherein

said thermal barrier coating substantially covers
sald gas path surface and 1is formed so as to go from said
gas path surface to at least a part of an outer peripheral

face of said platform;

said thermal barrier coating is composed of a
topcoat which is formed of a material having high heat
resistance and low heat conductivity and an undercoat which
is formed of a material having high corrosion resistance and
oxidation resistance and which is sgsituated away from the
combustion gas so as to avoid direct collision of the

combustion gas with the undercoat; and

a step portion is formed in at least a part of a
peripheral edge portion of said platform, and said thermal
barrier coating 1is formed so that it goes around to said
step portion and an end face thereof is in contact with an
upper face of said step portion and wherein the upper face
of the step portion 1s inclined with respect to the

combustion gas flow direction.

2. A turbine moving blade comprising a platform, a

blade portion erected on said platform, and a shroud

provided at the tip end of said blade portion, a gas path

surface extending in a combustion gas flow direction of said

shroud being coated with a thermal barrier coating, wherein

33
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sald thermal barrier coating substantially covers
sald gas path surface and is formed so as to go from said
gas path surface to at least a part of an outer peripheral

face of said shroud;

said thermal barrier coating 1s composed of a
topcoat which is formed of a material having high heat
resistance and low heat conductivity and an underxrcoat which
is formed of a material having high corrosion resistance and
oxlidation resistance and which 1s situated away from the
combustion gas so as to avoid direct collision of the

combustion gas with the undercoat; and

a step portion is formed in at least a part of a
peripheral edge portion of said shroud, and said thermal
barrier coating is formed so that 1t goes around to said
step portion and an end face thereof 1s i1n contact with an
upper face of said step portion and wherein the upper face
of the step portion 1s inclined with respect to the

combustion gas flow direction.

3. A turbine stationary blade comprising a pailr of
shrouds each having a gas path surface extending in a
combustion gas flow direction, and a blade portion held
between said shrouds, at least one of said shrouds being

coated with a thermal barrier coating, wherein

sald thermal barrier coating substantially covers
said gas path surface and is formed so as to go from said
gas path surface of said at least one of said shrouds to at
least a part of an outer peripheral face of said at least

one of said shrouds;

sald thermal barrier coating is composed of a
topcoat which is formed of a material having high heat
resistance and low heat conductivity and an undercoat which

34
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is formed of a material having high corrosion resistance and
oxidation resistance and which is situated away from the
combustion gas so as to avoid direct collision of the

combustion gas with the undercoat; and

a step portion is formed in at least a part of a
peripheral edge portion of said at least one of the shrouds,
and saild thermal barrier coating i1s formed so that 1t goes
around to said step portion and an end face thereof is in
contact with an upper face of said step portion and wherein
the upper face of the step portion is inclined with respect

to the combustion gas flow direction.

4 . A turbine split ring having a gas path surface
extending i1n a combustion gas flow direction, said gas path

surface being coated with a thermal barrier coating, wherein

sald thermal barrier coating substantially covers
sald gas path surface and is formed so as to go from said
gas path surface to at least a part of an outer peripheral

face;

sald thermal barrier coating is composed of a
topcoat which 1s formed of a material having high heat
resistance and low heat conductivity and an undercoat which
18 formed of a material having high corrosion resistance and
oxldation resistance and which is situated away from the
combustion gas so as to avoid direct collision of the

combustion gas with the undercoat; and

a step portion 1s formed in at least a part of a
peripheral edge portion, and said thermal barrier coating is
formed so that it goes around to said step portion and an
end face thereof i1s in contact with an upper face of said

step portion.
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D A gas turbine for producing power by expanding a
high-temperature and high-pressure combustion gas by using a

turbine stationary blade and a turbline moving blade, wherein

sald turbine moving blade comprises a platform

having a gas path surface extending in a combustion gas flow

direction, a blade portion erecting on said platform, and a

thermal barrier coating for covering said gas path surface,

and said thermal barrier coating substantially covers said

gas path surface and 1s formed so as to go from said gas

ﬁ

path surface to at least a part of an outer peripheral face

P

of said platform, and

sald thermal barrier coating 1s composed of a

topcoat which 1s formed of a material having high heat

resistance and low heat conductivity and an undercoat which

#

1s formed of a material having high corrosion resistance and

oxidation resistance and which 1s situated away from the

combustion gas so as to avoid direct collision of the

combustion gas with the undercoat.

o . A gas turbine for producing power by expanding a

high-temperature and high-pressure combustion gas by using a

turbine stationary blade and a turbine moving blade, wherein

sald turbine moving blade comprises a platform, a

blade portion erecting on said platform, a shroud provided
at the tip end of said blade portion, and a thermal barrier

coating for substantially covering a gas path surface

extending in a combustion gas flow direction of said shroud,

and saild thermal barrier coating is formed so as to go from

—

sald gas path surface to at least a part of an outer

peripheral face of said shroud, and

F
—

sald thermal barrier coating is composed of a

pr—

topcoat which 1s formed of a material having high heat

30
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resistance and low heat conductivity and an undercoat which

1is formed of a material having high corrosion resistance and

oxidation resistance and which 1s situated away from the

—

combustion gas so as to avoid direct collision of the

5 combustion gas with the undercoat.

7. A gas turbine for producing power by expandling a
high-temperature and high-pressure combustion gas by using a

turbine stationary blade and turbine moving blade, wherein

N

sald turbine stationary blade comprises a palr O:

/

10 shrouds each having a gas path surface extending in a

combustion gas flow direction, a blade portion held between

gr—

sald shrouds, and a thermal barrier coating for

F

substantially covering the gas path surface of at least one

ﬁ

of said shrouds, and said thermal barrier coating 1s formed

— -

15 so as to go around from said gas path surface of said at

— o

least one of said shrouds to at least a part of an outer

" amal ——

peripheral face of said at least one of said shrouds, and

F
—

sald thermal barrier coating 1s composed of a

pr—

topcoat which is formed of a material having high heat

20 resistance and low heat conductivity and an undercoat which

is formed of a material having high corrosion resilistance and

oxidation resistance and which 1s situated away from the

F

combustion gas so as to avoid direct collision of the

combustion gas with the undercoat.

25 8. A gas turbine for producing power by expanding a
high-temperature and high-pressure combustion gas by using a

turbine stationary blade and a turbine moving blade, wherein

sald gas turbine comprises a split ring having a

gas path surface extending 1n a combustion gas flow

30 direction and a thermal barrier coating for substantially

covering salid gas path surface, which 1s provided at an

37
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outer periphery of said turbine moving blade, and said

thermal barrier coating i1s formed so as to go from said gas

P

path surface to at least a part of an outer peripheral face

of said split ring, and

sald thermal barrier coating is composed of a

F

topcoat which 1s formed of a material having high heat

resistance and low heat conductivity and an undercoat which

1s formed of a material having high corrosion resistance and

oxlidation resistance and which 1s situated away from the

P

compustion gas so as to avoid direct collision of the

combustion gas with the undercoat.

FETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS
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