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Description

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

The present invention relates to a novel steam tur-
bine of high efficiency and high temperature, and more
particularly to a steam turbine in which a main steam
temperature and/or a reheat steam temperature arefis
620 (°C) or above. It also relates to a steam-turbine
power plant which employs such steam turbines.

2. DESCRIPTION OF THE RELATED ART:

Conventional steam turbines have had a steam
temperature of 566 (°C) at maximum and a steam pres-
sure of 246 (atg).

Itis desired, however, to heighten the efficiencies of
thermal power plants from the viewpoints of the exhaus-
tion of fossil fuel such as petroleum and coal, the saving
of energy, and the prevention of environmental pollution.
For enhancing the power generation efficiencies, it is
the most effective expedient to raise the steam temper-
atures of the steam turbines. Regarding materials for
such high-efficiency turbines, 1Cr-1Mo-1/4V ferritic low-
alloy forged steel and 11Cr-1Mo-V-Nb-N forged steel
are known as rotor materials, while 1Cr-1Mo-1/4V fer-
ritic low-alloy cast steel and 11Cr-1Mo-V-Nb-N cast
steel are known as casing materials. Among these
materials, austenitic alloys disclosed in the official
gazette of Japanese Patent Applications Laid-open No.
180044/1987 and No. 23749/1986, and martensitic
steel disclosed in the official gazette of Japanese Patent
Applications, Laid-open No. 147948/1992, No.
290950/1990 and No. 371551/1992 are especially
known as materials whose high-temperature strengths
are superior.

Although, in the laid-open applications mentioned
above, the rotor materials, the casing materials, etc. are
disclosed, almost no consideration is given to the steam
turbines and the thermal power plants which are accom-
panied by the higher steam temperatures as stated
above.

Further, a supercritical steam turbine is known from
the official gazette of Japanese Patent Applications,
Laid-open No. 248806/1987, but a plant system as a
whole is not considered at all.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
steam turbine which permits a heightened steam tem-
perature of 610 - 660 (°C) by heat-resisting ferritic steel
and which exhibits a high thermal efficiency, and a
steam-turbine power plant which employs the steam tur-
bine.

Another object of the present invention is to provide
steam turbines whose running temperatures are 610 -
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660 (°C) and whose basic designs are substantially the
same, and a steam-turbine power plant which employs
the steam turbines.

The present invention consists in improvement to a
steam-turbine power plant having a high-pressure tur-
bine and an intermediate-pressure turbine which are
joined to each other, and low-pressure turbines which
are connected in tandem. The improvement comprises
that steam inlet of each of the high-pressure and inter-
mediate-pressure turbines which leads to moving
blades of a first-stage included in each of the high-pres-
sure and intermediate-pressure turbines being at a tem-
perature of 610 - 660 (°C) (preferably 615 - 640 (°C),
and more preferably 620 - 630 (°C)). Further, that steam
inlet of each of the low-pressure turbines which leads to
moving blades of a first stage included in each of the
low-pressure turbines is at a temperature of 380 - 475
(°C) (preferably 400 - 430 (°C)), and a rotor shaft, at
least first stage ones of each of the moving blades and
the fixed blades, and a casing, which are included in
each of the high-pressure and intermediate-pressure
turbines and which are exposed to the temperature of
the steam inlet of each of the high-pressure and inter-
mediate-pressure turbines, are made of high-strength
martensitic steel which contains 8 - 13 (weight-%) of Cr.

Further, the present invention consists in a steam
turbine comprising a rotor shaft, moving blades which
are assembled on the rotor shaft, fixed blades which
guide inflow of steam to the moving blades, and an inner
casing which holds the fixed blades. The steam flows
into a first stage of the moving blades at a temperature
of 610 - 660 (°C) and under a pressure of at least 250
(kglcm?) (preferably 246 - 316 (kg/cm?)) or 170 - 200
(kg/cm?). The rotor shaft and, at least, first-stage ones
of the moving blades and the fixed blades are made of
high-strength martensitic steel of fully-tempered mar-
tensitic structure which exhibits a 10%-hour creep rup-
ture strength of at least 15 (kg/mm?) (preferably 17
(kg/mm?)) at a temperature corresponding to the
respective steam temperatures (preferably 610 (°C),
625 (°C), 640 (°C), 650 (°C) and 660 (°C)), and which
contains 9.5 - 13 (weight-%) (preferably 10.5 - 11.5
(weight-%)) of Cr, and the inner casing is made of mar-
tensitic cast steel which exhibits a 105-hour creep rup-
ture strength of at least 10 (kg/mm?) (preferably 10.5
(kg/mm?)) at the temperature corresponding to the
respective steam temperatures, and which contains 8 -
9.5 (weight-%) of Cr. Here at least first stage ones of the
moving blades may be made of Ni-based alloy which
exhibits tensile strength of at least 90 (kg/mm?) at a
room temperature.

Further, the present invention consists in an
improvement to a steam turbine having a rotor shaft,
moving blades which are assembled on the rotor shaft,
fixed blades which guide inflow of steam to the moving
blades, and an inner casing which holds the fixed
blades. In the improvement, the rotor shaft and, at least,
first-stage ones of the moving blades and the fixed
blades are made of high-strength martensitic steel
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which contains 0.05 - 0.20 (%) of C, at most 0.15 (%) of
Si, 0.03 - 1.5 (%) of Mn, 9.5 - 13 (%) of Cr, 0.05 - 1.0 (%)
of Ni, 0.05 - 0.35 (%) of V, 0.01 - 0.20 (%) of Nb, 0.01 -
0.06 (%) of N, 0.05 - 0.5 (%) of Mo, 1.0 - 4.0 (%) of W, 2
- 10 (%) of Co and 0.0005 - 0.03 (%) of B, and which has
at least 78 (%) of Fe, the percentages being given in
terms of weight, and the inner casing is made of high-
strength martensitic steel which contains 0.06 - 0.16
(%) of C, at most 0.5 (%) of Si, at most 1 (%) of Mn, 0.2
- 1.0 (%) of Ni, 8 - 12 (%) of Cr, 0.05 - 0.35 (%) of V, 0.01
-0.15 (%) of Nb, 0.01 - 0.8 (%) of N, at most 1 (%) of Mo,
1 -4 (%) of W and 0.0005 - 0.03 (%) of B, and which has
at least 85 (%) of Fe, the percentages being given in
terms of weight. The moving blades, at least first stage
one thereof, may be made of Ni-based alloy which con-
tains 0.03 - 0.20(%) of C, at most 0.3 (%) of Si, at most
0.2 (%) of Mn, 12 - 20 (%) of Cr, 9 - 20 (%) of Mo, 0.5 -
1.5 (%) of Al, 2 - 3 (%) of Ti, at most 5 (%) of Fe, 0.003
-0.015 (%) of B.

Further, the present invention consists in the
improvement to a high-pressure steam turbine having a
rotor shaft, moving blades which are assembled on the
rotor shaft, fixed blades which guide inflow of steam to
the moving blades, and an inner casing which holds the
fixed blades, wherein the moving blades are arranged
including at least 10 stages on each side in a lengthwise
direction of the rotor shaft, except a first stage which is
of double flow, and the rotor shaft has a distance (L) of
at least 5000 (mm) (preferably 5200 - 5500 (mm))
between centers of bearings in which it is journaled, and
a minimum diameter (D) of at least 600 (mm) (preferably
620 - 700 (mm)) at its parts which correspond to the
fixed blades, a ratio (L/D) between the distance (L) and
the diameter (D) being 8.0 - 9.0 (preferably 8.3 - 8.7),
and it is made of high-strength martensitic steel which
contains 9 - 13 (weight-%) of Cr.

Further, the present invention consists in the
improvement in an intermediate-pressure steam turbine
having a rotor shaft, moving blades which are assem-
bled on the rotor shaft, fixed blades which guide inflow
of steam to the moving blades, and an inner casing
which holds the fixed blades, wherein the moving
blades have a double-flow construction in which at least
6 stages are included on each side in a lengthwise
direction of the rotor shaft, in a bilaterally symmetric
arrangement on both sides, and in which the first stages
of the arrangement are assembled on a central part of
the rotor shaft in the lengthwise direction, and the rotor
shaft has a distance (L) of at least 5200 (mm) (prefera-
bly 5300 - 5800 (mm)) between centers of bearings in
which it is journaled, and a minimum diameter (D) of at
least 620 (mm) (preferably 620 - 680 (mm)) at its parts
which correspond to the fixed blades, a ratio (L/D)
between the distance (L) and the diameter (D) being 8.2
- 9.2 (preferably 8.5 - 9.0), and it is made of high-
strength martensitic steel which contains 9 - 13 (weight-
%) of Cr.

Further, the present invention consists in the
improvement to a low-pressure steam turbine having a
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rotor shaft, moving blades which are assembled on the
rotor shaft, fixed blades which guide inflow of steam to
the moving blades, and an inner casing which holds the
fixed blades, wherein the moving blades have a double-
flow construction in which at least 8 stages are included
on each side in a lengthwise direction of the rotor shaft,
in a bilaterally symmetric arrangement on both sides,
and in which the first stages of the arrangement are
assembled on a central part of the rotor shaft in the
lengthwise direction, the rotor shaft has a distance (L) of
at least 7200 (mm) (preferably 7400 - 7600 (mm))
between centers of bearings in which it is journaled, and
a minimum diameter (D) of at least 1150 (mm) (prefera-
bly 1200 - 1350 (mm)) at its parts which correspond to
the fixed blades, a ratio (L/D) between the distance (L)
and the diameter (D) being 5.4 - 6.3 (preferably 5.7 -
6.1), and it is made of Ni-Cr-Mo-V low-alloy steel which
contains 3.25 - 4.25 (weight-%) of Ni, and each of the
final-stage moving blades of the arrangement has a
length of at least 40 (inches) and is made of a Ti-based
alloy.

Further, the present invention consists in the
improvement to a steam-turbine power plant having a
high-pressure turbine and an intermediate-pressure tur-
bine which are joined to each other, and two low-pres-
sure turbines which are connected in tandem, wherein
that steam inlet of each of the high-pressure and inter-
mediate-pressure turbines which leads to moving
blades of a first stage included in each of the high-pres-
sure and intermediate-pressure turbines is at a temper-
ature of 610 - 660 (°C), that steam inlet of the low-
pressure turbine which leads to moving blades of a first
stage included in the low-pressure turbine is at a tem-
perature of 380 - 475 (°C), the first-stage moving blade
of the high-pressure turbine, and that part of a rotor
shaft of the high-pressure turbine on which the first-
stage moving blade is assembled are held at metal tem-
peratures which are not, at least, 40 (°C) lower than the
temperature of the steam inlet of the high-pressure tur-
bine leading to the first-stage moving blade (preferably,
the metal temperatures are 20 - 35 (°C) lower than the
steam temperature), the first-stage moving blade of the
intermediate-pressure turbine, and that part of a rotor
shaft of the intermediate-pressure turbine on which the
first-stage moving blades are assembled are held at
metal temperatures which are not, at least, 75 (°C)
lower than the temperature of the steam inlet of the
intermediate-pressure turbine leading to the first-stage
moving blade (preferably, the metal temperatures are 50
- 70 (°C) lower than the steam temperature), and the
rotor shaft of each of the high-pressure and intermedi-
ate-pressure turbines and, at least, the first-stage one of
the moving blades of each of the high-pressure and
intermediate-pressure turbines are made of martensitic
steel which contains 9.5 - 13 (weight-%) of Cr.

Further, the present invention consists in the
improvement to a coal-fired power plant having a coal-
fired boiler, steam turbines which are driven by steam
developed by the boiler, and one or more, preferably
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two, generators which are driven by the steam turbines
and which can generate an output of at least 1000
(MW), wherein the steam turbines include a high-pres-
sure turbine, an intermediate-pressure turbine which is
joined to the high-pressure turbine, and two low-pres-
sure turbines, that steam inlet of each of the high-pres-
sure and intermediate-pressure turbines which leads to
moving blades of a first stage included in each of the
high-pressure and intermediate-pressure turbines is at
a temperature of 610 - 660 (°C), that steam inlet of the
low-pressure turbine which leads to moving blades of a
first stage included in the low-pressure turbine is at a
temperature of 380 - 475 (°C), the steam heated by a
superheater of the boiler to a temperature which is at
least 3 (°C) (preferably 3 - 10 (°C), more preferably 3 - 7
(°C)) higher than the temperature of the steam inlet of
the high-pressure turbine leading to the first-stage mov-
ing blade thereof is caused to flow into the first-stage
moving blade of the high-pressure turbine, the steam
having come out of the high-pressure turbine is heated
by a reheater of the boiler to a temperature which is at
least 2 (°C) (preferably 2 - 10 (°C), more preferably 2 - 5
(°C)) higher than the temperature of the steam inlet of
the intermediate-pressure turbine leading to the first-
stage moving blade thereof, whereupon the heated
steam is caused to flow into the first-stage moving blade
of the intermediate-pressure turbine, and the steam
having come out of the intermediate-pressure turbine is
heated by an economizer of the boiler to a temperature
which is at least 3 (°C) (preferably 3 - 10 (°C), more pref-
erably 3 - 6 (°C)) higher than the temperature of the
steam inlet of the low-pressure turbine leading to the
first-stage moving blade thereof, whereupon the heated
steam is caused to flow into the first-stage moving blade
of the low-pressure turbine.

Further, the present invention consists in the
improvement to the low-pressure steam turbine stated
before; wherein that steam inlet of the low-pressure tur-
bine which leads to a first-stage one of the moving
blades is at a temperature of 380 - 475 (°C) (preferably
400 - 450 (°C)), and the rotor shaft is made of low-alloy
steel which contains 0.2 - 0.3 (%) of C, at most 0.05 (%)
of Si, at most 0.1 (%) of Mn, 3.25 - 4.25 (%) of Ni, 1.25
- 2.25 (%) of Cr, 0.07 - 0.20 (%) of Mo, 0.07 - 0.2 (%) of
V and at least 92.5 (%) of Fe, the percentages being
given in terms of weight.

The present invention consists in the improvement
to the high-pressure steam turbine stated before;
wherein the moving blades are arranged including at
least 7 stages (preferably 9 - 12 stages), and they have
lengths of 35 - 210 (mm) in a region from an upstream
side of the steam flow to a downstream side thereof,
diameters of those parts of the rotor shaft on which the
moving blades are assembled are larger than diameters
of those parts of the rotor shaft which correspond to the
fixed blades; and widths of the moving-blade assem-
bling parts of the rotor shaft in an axial direction of the
rotor shaft being stepwise larger on the downstream
side than on the upstream side at, at least, 3 stages
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(preferably 4 - 7 stages), and the ratios of these widths
to the lengths of the moving blades decrease from the
upstream side toward the downstream side within a
range of 0.6 - 1.0 (preferably 0.65 - 0.95).

Further, in the high-pressure steam turbine stated
before, the present invention consists in the improve-
ment wherein the moving blades are arranged including
at least 7 stages, and they have lengths of 35 - 210
(mm) in a region from an upstream side of the steam
flow to a downstream side thereof, ratios between the
lengths of the moving blades of the respectively adja-
cent stages are at most 1.2 (preferably 1.10 - 1.15), and
they increase gradually toward the downstream side,
and the lengths of the moving blades are larger on the
downstream side than on the upstream side.

Further, in the high-pressure steam turbine stated
before, the present invention consists in the improve-
ment wherein the moving blades are arranged including
at least 7 stages, and they have lengths of 35 - 210
(mm) in a region from an upstream side of the steam
flow to a downstream side thereof, and widths of those
parts of the rotor shaft which correspond to the fixed
blades, the widths being taken in an axial direction of
the rotor shaft, are stepwise smaller on the downstream
side than on the upstream side at, at least, 2 stages
(preferably 2 - 4 stages), and the ratios of these widths
to the lengths of the downstream-side moving blades
decrease stepwise toward the downstream side within a
range of 0.65 - 1.8 (preferably 0.7 - 1.7).

The present invention consists in the improvement
in the intermediate-pressure steam turbine stated
before, wherein the moving blades have a double-flow
construction in which at least 6 stages (preferably 6 - 9
stages) are included on each side in a lengthwise direc-
tion of the rotor shaft, in a bilaterally symmetric arrange-
ment on both sides, and they have lengths of 100 - 300
(mm) in a region from an upstream side of the steam
flow to a downstream side thereof, diameters of those
parts of the rotor shaft on which the moving blades
being assembled are larger than diameters of those
parts of the rotor shaft which correspond to the fixed
blades, and widths of the moving-blade assembling
parts of the rotor shaft in an axial direction of the rotor
shaft being stepwise larger on the downstream side
than on the upstream side at, at least, 2 stages (prefer-
ably 3 - 6 stages), and the ratios of these widths to the
lengths of the moving blades decrease from the
upstream side toward the downstream side within a
range of 0.45 0.75 (preferably 0.5 - 0.7).

Further, in the intermediate-pressure steam turbine
stated before, the present invention consists in the
improvement wherein the moving blades have a double-
flow construction in which at least 6 stages are included
on each side in a lengthwise direction of the rotor shaft,
in a bilaterally symmetric arrangement on both sides,
and they have lengths of 100 - 300 (mm) in a region
from an upstream side of the steam flow to a down-
stream side thereof, and the lengths of the respectively
adjacent moving blades are larger on the downstream
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side than on the upstream side, and their ratios are at
most 1.3 (preferably 1.1 - 1.2) and increase gradually
toward the downstream side.

Further, in the intermediate-pressure steam turbine
stated before, the present invention consists in the
improvement wherein the moving blades have a double-
flow construction in which at least 6 stages are included
on each side in a lengthwise direction of the rotor shaft,
in a bilaterally symmetric arrangement on both the
sides, and they have lengths of 100 - 300 (mm) in a
region from an upstream side of the steam flow to a
downstream side thereof, and widths of those parts of
the rotor shaft which correspond to the fixed blades, the
widths being taken in an axial direction of the rotor shaft,
are stepwise smaller on the downstream side than on
the upstream side at, at least, 2 stages (preferably 3 - 6
stages), and the ratios of these widths to the lengths of
the downstream-side moving blades decrease stepwise
toward the downstream side within a range of 0.45 -
1.60 (preferably 0.5 - 1.5).

The present invention consists in the improvement
in the low-pressure steam turbine stated before;
wherein the moving blades have a double-flow con-
struction in which at least 8 stages (preferably 8 - 10
stages) are included on each side in a lengthwise direc-
tion of the rotor shaft, in a bilaterally symmetric arrange-
ment on both sides, and they have lengths of 90 -1300
(mm) in a region from an upstream side of the steam
flow to a downstream side thereof; diameters of those
parts of the rotor shaft on which the moving blades are
assembled are larger than diameters of those parts of
the rotor shaft which correspond to the fixed blades; and
widths of the moving-blade assembling parts of the rotor
shaft in an axial direction of the rotor shaft are stepwise
larger on the downstream side than on the upstream
side at, at least, 3 stages (preferably 4 - 7 stages), and
the ratios of these widths to the lengths of the moving
blades decrease from the upstream side toward the
downstream side within a range of 0.15 - 1.0 (preferably
0.15-0.91).

Further, in the low-pressure steam turbine stated
before, the present invention consists in the improve-
ment wherein the moving blades have a double-flow
construction in which at least 8 stages are included on
each side in a lengthwise direction of the rotor shaft, in
a bilaterally symmetric arrangement on both sides, and
they have lengths of 90 - 1300 (mm) in a region from an
upstream side of the steam flow to a downstream side
thereof; and the lengths of the moving blades of the
respectively adjacent stages are larger on the down-
stream side than on the upstream side, and their ratios
increase gradually toward the downstream side within a
range of 1.2 - 1.7 (preferably 1.3 - 1.6).

Further, in the low-pressure steam turbine stated
before, the present invention consists in the improve-
ment wherein the moving blades have a double-flow
construction in which at least 8 stages are included on
each side in a lengthwise direction of the rotor shaft, in
a bilaterally symmetric arrangement on both sides, and
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they have lengths of 90 - 1300 (mm) in a region from an
upstream side of the steam flow to a downstream side
thereof; and widths of those parts of the rotor shaft
which correspond to the fixed blades, the widths being
taken in an axial direction of the rotor shaft, are step-
wise larger on the downsiream side than on the
upstream side at, at least, 3 stages (preferably 4 - 7
stages), and the ratios of these widths to the lengths of
the respectively adjacent moving blades on the down-
stream side decrease stepwise toward the downstream
side within a range of 0.2 - 1.4 (preferably 0.25 - 1.25).

The present invention consists in the improvement
in a high-pressure steam turbine having a rotor shaft,
moving blades which are assembled on the rotor shaft,
fixed blades which guide inflow of steam to the moving
blades, and an inner casing which holds the fixed
blades; wherein the moving blades are arranged includ-
ing at least 7 stages; diameters of those parts of the
rotor shaft which correspond to the fixed blades are
smaller than diameters of those parts of the rotor shaft
which correspond to the assembled moving blades;
widths of the rotor shaft parts corresponding to the fixed
blades, in an axial direction of the rotor shaft are step-
wise larger on an upstream side of the steam flow than
on a downstream side thereof at, at least, 2 of the
stages (preferably 2 - 4 stages), and the width between
the final stage of the moving blades and the stage
thereof directly preceding the final stage is 0.75 - 0.95
(preferably 0.8 - 0.9, more preferably 0.84 - 0.88) times
as large as the width between the second stage and the
third stage of the moving blades; and widths of the rotor
shaft parts corresponding to the assembled moving
blades, in the axial direction of the rotor shaft are step-
wise larger on the downstream side of the steam flow
than on the upstream side thereof at, at least, 3 of the
stages (preferably 4 - 7 stages), and the axial width of
the final stage of the moving blades is 1 - 2 (preferably
1.4 - 1.7) times as large as the axial width of the second
stage of the moving blades.

The present invention consists in the improvement
in an intermediate-pressure steam turbine having a
rotor shaft, moving blades which are assembled on the
rotor shaft, fixed blades which guide inflow of steam to
the moving blades, and an inner casing which holds the
fixed blades; wherein the moving blades are arranged
including at least 6 stages; diameters of those parts of
the rotor shaft which correspond to the fixed blades are
smaller than diameters of those parts of the rotor shaft
which correspond to the assembled moving blades;
widths of the rotor shaft parts corresponding to the fixed
blades, in an axial direction of the rotor shaft are step-
wise larger on an upstream side of the steam flow than
on a downstream side thereof at, at least, 2 of the
stages (preferably 3 - 6 stages), and the width between
the final stage of the moving blades and the stage
thereof directly preceding the final stage is 0.55 - 0.8
(preferably 0.6 - 0.7) times as large as the width
between the first stage and the second stage of the
moving blades; and widths of the rotor shaft parts corre-
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sponding to the assembled moving blades, in the axial
direction of the rotor shaft are stepwise larger on the
downstream side of the steam flow than on the
upstream side thereof at, at least, 2 of the stages (pref-
erably 3 - 6 stages), and the axial width of the final stage
of the moving blades is 0.8 - 2 (preferably 1 - 1.5) times
as large as the axial width of the first stage of the mov-
ing blades.

The present invention consists in the improvement
in a low-pressure steam turbine having a rotor shaft,
moving blades which are assembled on the rotor shaft,
fixed blades which guide inflow of steam to the moving
blades, and an inner casing which holds the fixed
blades; wherein the moving blades have a double-flow
construction in which at least 8 stages are included on
each side in an axial direction of the rotor shaft, in a
bilaterally symmetric arrangement on both sides; diam-
eters of those parts of the rotor shaft which correspond
to the fixed blades are smaller than diameters of those
parts of the rotor shaft which correspond to the assem-
bled moving blades; widths of the rotor shaft parts cor-
responding to the fixed blades, in the axial direction of
the rotor shaft are stepwise larger on an upstream side
of the steam flow than on a downstream side thereof at,
at least, 3 of the stages (preferably 4 - 7 stages), and the
width between the final stage of the moving blades and
the stage thereof directly preceding the final stage is 1.5
- 2.5 (preferably 1.7 - 2.2) times as large as the width
between the first stage and the second stage of the
moving blades; and widths of the rotor shaft parts corre-
sponding to the assembled moving blades, in the axial
direction of the rotor shaft, are stepwise larger on the
downstream side of the steam flow than on the
upstream side thereof at, at least, 3 of the stages (pref-
erably 4 - 7 stages), and the axial width of the final stage
of the moving blades is 2 - 3 (preferably 2.2 - 2.7) times
as large as the axial width of the first stage of the mov-
ing blades.

The designs of the high-pressure, intermediate-
pressure and low-pressure turbines described above
can be rendered similar for any of the service steam
temperatures, 610 - 660 (°C) of the respective turbines.

In the rotor material of the present invention, alloy
contents should preferably be controlled so as to
become 4 - 8 in terms of a Cr equivalent which is com-
puted by a formula given below, in order that a superior
high-temperature strength, a low-temperature tough-
ness and a high fatigue strength may be attained from
the fully-tempered martensitic structure.

Besides, in the heat-resisting cast steel of the
present invention, which is used as the casing material,
alloy contents should preferably be controlled so as to
become 4 - 10 in terms of the Cr equivalent which is
computed by the formula given below, in order that a
superior high-temperature strength, a low-temperature
toughness and a high fatigue strength may be attained
by controlling the alloying constituents so as to establish
a martensitic structure tempered to at least 95 (%), in
other words, containing at most 5 (%) of & (delta) ferrite.

10

15

20

25

30

35

40

45

50

55

Cr +6Si + 4Mo + 1.5W + 11V + 5Nb
-40C - 30N - 30B - 2Mn - 4Ni - 2Co

Cr equivalent =

Regarding the 12Cr heat-resisting steel of the
present invention, especially in a case where the steel is
used with steam at or above 621 (°C), it should prefera-
bly be endowed with a 625-°C 10°%-h creep rupture
strength of at least 10 (kgf/mm?) and a room-tempera-
ture absorbed impact energy of at least 1 (kgf-m).

Now, the materials specified in the present inven-
tion will be itemized as (1) - (3) below.

(1) There will be elucidated the reasons for restrict-
ing the constituents of the heat-resisting ferritic
steel which is used in the present invention for mak-
ing the rotors, blades, nozzles and inner-casing
tightening bolts of the high-pressure and intermedi-
ate-pressure steam turbines, and the first-stage
diaphragm of the intermediate-pressure portion:

The constituent C (carbon) is an element which is
indispensable to ensuring hardenability upon quench-
ing, and precipitating carbides in a tempering heat-
treatment process so as to enhance a high-temperature
strength. Besides, the element C is required at a level of
at least 0.05 (%) in order to attain a high tensile
strength. However, in a case where the C content
exceeds 0.20 (%), the ferritic steel comes to have an
unstable metallographic structure and spoils the long-
time creep rupture strength thereof when exposed to
high temperatures for a prolonged period of time.
Therefore, the C content is restricted to within 0.05 -
0.20 (%). It should desirably be within 0.08 - 0.14 (%),
and particularly preferably be within 0.09 - 0.14 (%).

The constituent Mn (manganese) is added as a
deoxidizer etc., and the deoxidizing effect thereof is
achieved by a small amount of addition. A large amount
of addition exceeding 1.5 (%) is unfavorable because it
lowers the creep rupture strength. Especially, a range of
0.03 - 0.20 (%) or a range of 0.3 - 0.7 (%) is preferable,
and a range of 0.35 - 0.65 (%) is more preferable for the
latter. As the Mn content is made lower, a higher
strength is attained. On the other hand, as the Mn con-
tent is made higher, the workability of the ferritic steel
improves.

The constituent Si (silicon) is also added as a deox-
idizer, but the Si deoxidation is dispensed if a steelmak-
ing technique such as the vacuum C deoxidation or the
like is made. A lower Si content is effective to prevent
the production of the deleterious & ferrite structure, and
to prevent the degradation of the toughness of the fer-
ritic steel attributed to grain-boundary segregation, etc.
Accordingly, the addition of the constituent Si needs to
be suppressed to 0.15 (%) or below. The Si content of
the ferritic steel should desirably be at most 0.07 (%),
and should particularly preferably be at most 0.05 (%).

The constituent Ni (nickel) is an element which is
very effective to heighten the toughness and to prevent
the production of the § ferrite. The addition of the ele-
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ment Ni at a level of less than 0.05 (%) is unfavorable
because it has an insufficient effect, and the addition
thereof at more than 1.0 (%) is also unfavorable
because of degradation in the creep rupture strength.
Especially, a range of 0.3 - 0.7 (%) is preferable, and a
range of 0.4 - 0.65 (%) is more preferable.

The constituent Cr (chromium) is an element which
is indispensable to enhancing the high-temperature
strength and high-temperature oxidation resistance of
the ferritic steel. The element Cr is required at least 9
(%). However, when the Cr content exceeds 13 (%), the
deleterious & ferrite structure is produced, which lowers
the high-temperature strength and the toughness.
Therefore, the Cr content is restricted to within 9 - 12
(%). Especially, a range of 10 - 12 (%) is preferable, and
a range of 10.8 - 11.8 (%) is more preferable.

The addition of the constituent Mo (molybdenum) is
intended to enhance the high-temperature strength.
However, in a case where the constituent W (tungsten)
is contained at a level of more than 1 (%), as in the steel
of the present invention, Mo addition at a level of
exceeding 0.5 (%) lowers the toughness and fatigue
strength of the ferritic steel. Therefore, the Mo content is
limited to, at most, 0.5 (%). Especially, a range of 0.05 -
0.45 (%) is preferable, and a range of 0.1 - 0.3 (%) is
more preferable.

The constituent W (tungsten) suppresses the
coarsening of carbides due to the agglomerations
thereof at high temperatures, and it turns the matrix of
the ferritic steel into a solid solution and strengthens this
matrix. It is therefore effective to remarkably enhance
the long-term strength of the ferritic steel at the high
temperatures of at least 620 (°C). The W content of the
ferritic steel should preferably be 1 - 1.5 (%) at 620 (°C),
1.6 -2.0 (%) at 630 (°C), 2.1 - 2.5 (%) at 640 (°C), 2.5 -
3.0 (%) at 650 (°C) and 3.1 - 3.5 (%) at 660 (°C).
Besides, when the W content exceeds 3.5 (%), the & fer-
rite is produced, which lowers the toughness. Therefore,
the W content is restricted to within 1 - 3.5 (%). Espe-
cially, a range of 2.4 - 3.0 (%) is preferable, and a range
of 2.5 - 2.8 (%) is more preferable.

The constituent V (vanadium) is effective to
heighten the creep rupture strength by precipitating the
carbonitrides of this constituent V. When the V content
of the ferritic steel is less than 0.05 (%), the effect is
insufficient. On the other hand, when the V content
exceeds 0.3 (%), the & ferrite is produced, which lowers
the fatigue strength. Especially, a range of 0.10 - 0.25
(%) is preferable, and a range of 0.15 - 0.25 (%) is more
preferable.

The constituent Nb (niobium) is an element which is
very effective to precipitate NbC (niobium carbide) and
enhance the high-temperature strength. However, when
the element Nb is added in an excessively large
amount, the coarse grains of eutectic NbC appear,
especially in a large-sized steel ingot, which causes sig-
nificant lowering of the strength and precipitation of the
6 ferrite, which lowers the fatigue strength. It is therefore
necessary to suppress the amount of the element Nb to
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0.20 (%) or below. On the other hand, when the Nb
amount is less than 0.01 (%), the effect is insufficient.
Especially, a range of 0.02 - 0.15 (%) is preferable, and
arange of 0.04 - 0.10 (%) is more preferable.

The constituent Co (cobalt) is an important ele-
ment, and is a feature which distinguishes the present
invention from the prior-art techniques. In the present
invention, owing to the addition of the element Co, the
high-temperature strength is remarkably improved, and
the toughness is also heightened. These effects are
considered to be based on the interaction between the
elements Co and W, and they are the characterizing
phenomena of the alloy of the present invention contain-
ing the element W in the amount of at least 1 (%). In
order to realize such effects of the element Co, the lower
limit of the Co amount in the alloy of the present inven-
tion is set at 2.0 (%). On the other hand, even when the
element Co is added in excess, greater effects are not
attained, and moreover, the ductility of the ferritic steel is
lowered. Therefore, the upper limit of the Co amount is
set at 10 (%). The Co amount should desirably be
selected from 2 - 3 (%) for 620 (°C), 3.5 - 4.5 (%) for 630
(°C), 5 - 6 (%) for 640 (°C), 6.5 - 7.5 (%) for 650 (°C),
and 8 - 9 (%) for 660 (°C). But an efficient strength can
be obtained by addition of at least 2 (%) of Co for any
degree of temperature at most 650 (°C).

The constituent N (nitrogen) is also an important
element and is a feature which distinguishes the
present invention from the prior-art techniques. The ele-
ment N is effective to improve the creep rupture strength
and to prevent the production of the & ferrite structure.
However, when the N content of the ferritic steel is less
than 0.01 (%), the effects are not sufficient. On the other
hand, when the N content exceeds 0.05 (%), the tough-
ness is lowered, and the creep rupture strength is also
lowered. Especially, a range of 0.01 - 0.03 (%) is prefer-
able, and a range of 0.01 - 0.025 (%) is more preferable.

The constituent B (boron) is effective to enhance
the high-temperature strength by the action of intensify-
ing grain boundaries, and the action of turning into solid
solutions in carbides M>3Cg 1o hinder the Ms3Cq type
carbides from coarsening due to the agglomerations
thereof. It is effective to add the constituent B to a level
in excess of 0.001 (%). However, when the B content
exceeds 0.03 (%), the weldability and forgeability of the
ferritic steel are degraded. Therefore, the B content is
limited to within 0.001 - 0.03 (%). It should desirably be
0.001 - 0.01 (%) or 0.01 - 0.02 (%).

The addition of the constituent/constituents Ta (tan-
talum), Ti (titanium) or/and Zr (zirconium) is effective to
heighten the toughness. A sufficient effect is attained by
adding at most 0.15 (%) of Ta, at most 0.1 (%) of Ti
or/and at most 0.1 (%) of Zr singly or in combination. In
a case where the constituent Ta is added at a level of
0.1 (%) or above, the addition of the constituent Nb (nio-
bium) can be omitted.

The rotor shaft and, at least, the first-stage ones of
the moving blades and fixed blades in the present inven-
tion should preferably be made for a steam temperature
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of 620 - 630 (°C) out of steel of fully-tempered marten-
sitic structure which contains 0.09 - 0.20 (%) of C, at
most 0.15 (%) of Si, 0.05 - 1.0 (%) of Mn, 9.5 - 12.5 (%)
of Cr, 0.1 - 1.0 (%) of Ni, 0.05 - 0.30 (%) of V, 0.01 - 0.06
(%) of N, 0.05 - 0.5 (%) of Mo, 2-3.5 (%) of W, 2 -4.5
(%) of Co, 0.001 - 0.030 (%) of B, and at least 77 (%) of
Fe (iron). Besides, they should preferably be made for a
steam temperature of 635 - 660 (°C) out of steel of fully-
tempered martensitic structure in which the aforemen-
tioned Co content is replaced with 5 - 8 (%), and which
contains at least 78 (%) of Fe. Especially, a high
strength is attained by decreasing the Mn content to
0.03 - 0.2 (%) and the B content to 0.001 - 0.01 (%) for
both the aforementioned temperatures. The martensitic
steel should particularly preferably contain 0.09 - 0.20
(%) of C, 0.1 - 0.7 (%) of Mn, 0.1 - 1.0 (%) of Ni, 0.10 -
0.30 (%) of V, 0.02 - 0.05 (%) of N, 0.05 - 0.5 (%) of Mo,
and 2 - 3.5 (%) of W, along with 2 - 4 (%) of Co and
0.001 - 0.01 (%) of B for a temperature of or below 630
(°C) or 5.5 - 9.0 (%) of Co and 0.01 - 0.03 (%) of B for a
temperature of 630 - 660 (°C). The martensitic steel
including the former percentage of Co can be used at
the temperature between 620 - 650 (%).

The Cr equivalent which is obtained by the formula
mentioned before is set at 4 - 10.5 for the rotor shafts of
the high-pressure and intermediate-pressure steam tur-
bines, and a range of 6.5 - 9.5 is particularly preferable
therefor. The same applies to the other components of
these steam turbines stated before.

Regarding the rotor material of the high-pressure
and intermediate-pressure steam turbines of the
present invention, the fatigue strength and the tough-
ness lower due to the coexistence of the § ferrite struc-
ture. Therefore, the tempered martensitic structure
which is homogeneous, is favorable for the heat-resist-
ing ferritic steel. In order to obtain the tempered marten-
sitic structure, the Cr equivalent which is computed by
the formula mentioned before must be set at, at most,
10 by controlling the alloy contents. On the other hand,
when the Cr equivalent is too small, it lowers the creep
rupture strength, and hence, it must be set at, at least,
4. Especially, a range of 5 - 8 is preferable as the Cr
equivalent.

At least one of the rotor shaft, each moving blade
and each fixed blade in the present invention should
preferably be made of steel which satisfies at least one
of conditions; a (B + N) content of 0.050 (%) or below,
an (N/B) ratio of 1.5 or above (preferably, 1.5 - 2.0), a
(B/Co) ratio of 0.0035 or above (preferably, 0.0035 -
0.008, and more preferably, 0.004 - 0.006), a (Co/Mo)
ratio of 18 or below (preferably, 8 - 18, and more prefer-
ably, 11 - 16), and a (Co/Nb) ratio of 30 or above (pref-
erably, 30 - 70). Steel which satisfies all the conditions,
is more preferable. These elements correlate organi-
cally.

Further, there will be elucidated the reasons for
restricting the constituents of each of the Ni-based pre-
cipitation-strengthened alloys which can be applied to,
at least, the first stages of the moving blades of the
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high-pressure and intermediate-pressure turbines in the
present invention.

When added at least 0.03 (%), the element C (car-
bon) precipitates carbides during use in a solid-solution
state or at high temperatures, to thereby enhance the
yield strength and creep sirength of the alloy at high
temperatures. However, in a case where the C content
exceeds 0.2 (%), the carbides are drastically precipi-
tated during the use at the high temperatures, to
thereby lower the high-temperature pulling contraction
percentage of the alloy. Therefore, the C content should
preferably be 0.03 - 0.15 (%).

The element Cr (chromium) needs to be contained
at least 12 (%) in order to enhance the yield strength
and creep strength of the alloy at high temperatures and
to further enhance the high-temperature oxidation
resistance and sulfurization-corrosion resistance of the
alloy, in the solid-solution state of this element Cr in the
alloy. However, when the Cr content exceeds 20 (%),
the o phase of steel is precipitated to lower the contrac-
tion percentage of the alloy in the high-temperature ten-
sile test thereof. Therefore, the preferable range of the
Cr content is 12 - 20 (%).

When added in excess of 9 (%), the element Mo
(molybdenum) remarkably enhances the yield strength
of the alloy at high temperatures and also the creep rup-
ture strength thereof, in the solid-solution state of this
element Mo in the alloy. However, when contained in
excess of 20 (%), the element Mo abruptly degrades the
yield strength at the high temperatures contrariwise.
Further, it spoils the cold working property of the alloy,
and it precipitates the o phase to lower the contraction
percentage of the alloy in the high-temperature tension
thereof. Therefore, the preferable range of the Mo con-
tentis 12 - 20 (%).

When added at most 12 (%), the element Co
(cobalt) remarkably enhances the creep rupture
strengths of the alloy at the room temperature and at
high temperatures, in the solid-solution state of this ele-
ment Co in the alloy. However, when contained in
excess of 12 (%), the element Co abruptly degrades the
high-temperature ductility of the alloy, and it precipitates
the o phase to lower the contraction percentage of the
alloy in the high-temperature tension thereof. Therefore,
the preferable range of the Co content is 5 - 12 (%).

When added 0.5 - 1.5 (%), the element Al (alumi-
num) turns into a solid solution in the alloy and precipi-
tates the y prime phase of steel during use at high
temperatures for a long time period, to thereby enhance
the yield strength and creep rupture strength of the alloy
in the high-temperature tension thereof. However, in a
case where the Al content exceeds 1.5 (%), the contrac-
tion percentage of the alloy degrades in the high-tem-
perature tension thereof. Therefore, the preferable
range of the Al content is 0.5 - 1.2 (%).

When added 2 - 3 (%), the element Ti (titanium)
turns into a solid solution in the alloy and precipitates
the y prime phase during use at high temperatures for a
long time period, to thereby enhance the yield strength
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and creep rupture strength of the alloy in the high-tem-
perature tension thereof. However, in a case where the
Ti content exceeds 3 (%), the contraction percentage of
the alloy degrades in the high-temperature tension
thereof.

Since the element Fe (iron) lowers the creep rup-
ture strength of the alloy, the containment thereof ought
to be avoided as far as possible. Even in a case where
the element Fe is contained as an impurity, it ought to be
limited to, at most, 5 (%).

The elements Si (silicon) and Mn (manganese) are
respectively added at most 0.3 (%) and at most 0.2 (%)
as deoxidizers or in order to enhance the hot working
property of the alloy. It is the most preferable, however,
to add neither of these elements Si and Mn.

The element B (boron) segregates at the austenitic
grain boundary of steel in a very small amount, and
enhances the creep rupture strength and high-tempera-
ture ductility of the alloy. This element B is effective
when contained at least 0.003 (%). However, it
degrades both the hot plastic working property and
high-temperature ductility of the alloy when contained in
excess of 0.015 (%). Therefore, the B content ought to
be set at 0.003 - 0.015 (%).

The element Mg (magnesium) and the rare-earth
elements segregate at the austenitic grain boundaries
of the alloy, and enhance the creep rupture strength
thereof. Besides, the element Zr (zirconium) is an
intense element for forming a carbide. When added in a
very small amount, this element Zr enhances the creep
rupture strength of the alloy owing to its action synergic
with the formation of other carbides by the elements Ti
etc. However, when these elements are added in
excess, the ductility of the alloy at high temperatures
degrades for such reasons that the binding powers of
grain boundaries lower and that coarse carbide grains
are formed. Therefore, it is preferable to add the ele-
ment Mg at most 0.1 (%), the rare-earth elements at
most 0.5 (%) and the element Zr at most 0.5 (%), and it
is particularly preferable to add the element Mg 0.005 -
0.05 (%), the rare-earth elements 0.005 - 0.1 (%) and
the element Zr 0.01 - 0.2 (%).

Structure and Annealing:

The alloy according to the present invention is sub-
jected to a treatment for turning an ingot into a solid
solution, and thereafter to a treatment for ageing.

The solid-solution treatment is carried out by hold-
ing the ingot at 1,050 - 1,200 (°C) for 30 (minutes) - 10
(hours), and subsequently cooling the heated ingot with
water, air or the like. The water cooling is performed by
throwing the alloy at a predetermined temperature into
the body of water.

Alternatively, when the alloy is flat, water is sprayed onto
the surfaces of
the alloy at a predetermined temperature.

The ageing treatment is carried out in such a way

that the material subjected to the above solid-solution
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treatment is heated and held at 700 - 870 (°C) for 4 - 24
(hours).

Melting:

The alloy according to the present invention should
preferably be molten in a non-oxidizing atmosphere.
Raw materials to be used for the alloy according to the
present invention are pure metals. From the standpoints
of heightening the available percentages of the alloy
elements and preventing the dispersion of the alloy
composition, therefore, the raw materials should prefer-
ably be heated in vacuum until they are about to melt
and drop, and they are thereafter molten by introducing
a non-oxidizing gas.

Further, the raw materials thus molten are sub-
jected to vacuum arc remelting or electroslag remelting.
Then, the desired alloy can be obtained.

Each of the Ni-based precipitation-strengthened
alloys in the present invention should exhibit a prefera-
ble tensile strength of 90 (kg/mm?) or above, or a more
preferable one of 100 (kg/mm?) or above, at the room
temperature, and a preferable tensile strength of 80
(kg/mm?) or above, at 732 (°C). It should also exhibit a
preferable elongation percentage of 10 (%) or
above.

Regarding each of the rotors in the present inven-
tion, alloying raw materials to be brought into the
desired composition are melted in an electric furnace,
the molten materials are deoxidized by carbon vacuum
deoxidation, the deoxidized materials are cast into a
metal mold, and the molded article is forged into an
electrode. The electrode thus fabricated is subjected to
electroslag remelting, and the resulting slag is forged
and formed into the shape of the rotor. The forging must
be carried out at a temperature of 1150 (°C) or below in
order to prevent forging cracks. After the forged steel
has been annealed, it is heated to 1000 - 1100 (°C) and
then quenched, and it is tempered twice in the
sequence of a temperature range of 550 - 650 (°C) and
a temperature range of 670 - 770 (°C). Thus, the steam
turbine rotor which is usable in steam at or above 620
(°C) can be manufactured.

Regarding each of the components in the present
invention, which includes the blades, nozzles and inner-
casing tightening bolts of the high-pressure and inter-
mediate-pressure steam turbines, and the first-stage
diaphragm of the intermediate-pressure portion, an
ingot is prepared in such a way that the alloying raw
materials to be brought into the desired composition are
melted by vacuum melting, and that the molten materi-
als are cast in a metal mold in vacuum. The ingot is hot-
forged into a predetermined shape at the same temper-
ature as stated before. After the forged ingot has been
heated to 1050 - 1150 (°C), it is subjected to water cool-
ing or oil quenching. Subsequently, the resulting ingot is
tempered in a temperature range of 700 - 800 (°C), and
it is machined into the component of desired shape. The
vacuum melting is carried out under a vacuum condition
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of 107 - 10 (mmHg). In particular, although the heat-
resisting steel in the present invention can be applied to
all the stages of the blades and nozzles of the high-
pressure portion and intermediate-pressure portion,
they are especially necessary for the first stages of both
the sorts of component.

The steam-turbine rotor shaft made of the 12
weight-% Cr type martensitic steel in the present inven-
tion should preferably be so constructed that buildup
welding layers of good bearing characteristics are
formed on the surface of the parent metal forming each
journal portion of the rotor shaft. More specifically, the
buildup welding layers are formed in the number of, at
least 3, preferably 5 - 10 by the use of a weld metal
being steel. The Cr content of the steel as the weld
metal is lowered successively from the first layer to any
of the second - fourth layers, whereas the layers of and
behind the fourth layer are formed of the steel having an
identical Cr content. Herein, the Cr content of the weld
metal for the deposition of the first layer is rendered
about 2 - 6 (weight-%) less than that of the parent metal,
and the Cr contents of the welding layers of and behind
the fourth layer are set at 0.5 - 3 (weight-%), preferably
at1-2.5 (weight-%).

In the present invention, the buildup welding is favo-
rable for the improvement of the bearing characteristics
of the journal portion in view of the highest safety, but it
becomes very difficult due to increase in the B content
of the steel. Therefore, in the case where the B content
is set at 0.02 (%) or above in order to attain a higher
strength, it is recommended to adopt a construction in
which the journal portion is inserted into a sleeve made
of low-alloy steel having a Cr content of 1 - 3 (%),
through shrinkage fit. The material composition of the
sleeve is the same as that of the buildup welding layers
to be explained later.

The buildup welding layers according to the method
of the present invention are preferably in the number of
5 - 10. Abrupt decrease in the amount of Cr in the first
welding layer causes the development of high residual
tensile stress or welding cracks, so that the Cr content
of the weld metal of the first welding layer cannot be
sharply lowered. As stated before, therefore, the Cr con-
tents need to be gradually lowered with the enlarged
number of welding layers. Further, since the desired Cr
content and a desired thickness need to be held as the
surface layer of the journal portion, the welding layers
need to be in the number of 5 or more. By the way, even
when the number of welding layers is larger than 10, no
greater effect is achieved. Regarding a large-sized
structural member such as the steam-turbine rotor
shaft, the buildup welding layers must not have their
composition influenced by the parent metal and need to
be endowed with the desired composition as well as the
desired thickness. Herein, three layers are required as a
thickness for preventing the influence of the parent
metal. Besides, layers of desired characteristics need to
be stacked on the three layers to a desired thickness,
and at least two layers are required as the desired thick-
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ness. By way of example, a thickness of about 18 (mm)
is required as the desired thickness of the finally fin-
ished buildup welding layers. In order to form such a
thickness, at least five buildup welding layers are neces-
sitated even when a final finish margin to be machined
is excluded. The third layer et seq. should preferably be
mainly made of the tempered martensitic structure from
which the carbides have been precipitated. Especially,
the composition of the fourth welding layer et seq.
should preferably contain in terms of weight, 0.01 - 0.1
(%) of C,0.3-1 (%) of Si, 0.3 - 1.5 (%) of Mn, 0.5 - 3 (%)
of Crand 0.1 - 1.5 (%) of Mo, the balance being Fe.

Moreover, in the buildup welding layers, the Cr con-
tent is lowered successively from the first layer to any of
the second - fourth layers. In performing the buildup
welding, welding rods whose Cr contents are gradually
lowered are used for the respective layers. Then, the
buildup welding layers of the desired composition can
be formed without incurring the problem of lowered duc-
tility or welding cracks of the first-layer welding zone
attributed to the sharp decrease of the chromium con-
tent in the first-layer welding zone. In this way, the
present invention can form the buildup welding layers in
which the chromium contents in the vicinities of the par-
ent metal and the first-layer zone do not exhibit a very
large difference, and in which the final layer has the
good bearing characteristics as stated above.

The weld metal which is applied to the first-layer
welding has its chromium content rendered about 2 - 6
(weight-%) lower than the chromium content of the par-
ent metal. When the Cr content of the weld metal is less
than 2 (%) that of the parent metal, the pertinent Cr con-
tent of the buildup welding layer cannot be lowered sui-
ficiently, and the effect is slight. To the contrary, when
the value exceeds 6 (%), the Cr content of the buildup
welding layer lowers suddenly from that of the parent
metal, and the difference between the Cr contents gives
rise to a large difference between the coefficients of
thermal expansion of both the metals, to thereby cause
development of high residual tensile stress or welding
cracks. Incidentally, since a higher Cr content results in
a smaller coefficient of thermal expansion, the buildup
welding layer of lower Cr content has larger coefficient
of thermal expansion than the parent metal and is
formed with the high residual tensile stress by the weld-
ing. Therefore, the welding with steel of still lower Cr
content produces a hard layer due to the high residual
stress and causes development of welding cracks.
Accordingly, the Cr content of the weld metal needs to
be set at, at most, 6 (%) smaller than that of the parent
metal. Owing to the use of such a weld metal, the chro-
mium content of the first-layer welding layer becomes
lower than that of the parent metal by as little as about 1
- 3 (%) because the weld metal mixes with the parent
metal. Thus, favorable welding is attained.

In the method of the present invention, the layers of
and behind the fourth layer need to be formed using
weld metal which is made of steel having an identical Cr
content. In the buildup welding, the buildup welding lay-
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ers up to the third layer are influenced by the composi-
tion of the parent metal. Since, however, the fourth
buildup welding layer et seq. are composed only of the
employed weld metal without this influence, they can be
formed to satisfy the characteristics required for the
journal portion of the steam-turbine rotor shaft. Besides,
as stated before, the thickness of the buildup welding
layers required for the large-sized structural member
operating as the steam-turbine rotor shaft is about 18
(mm). Accordingly, in order to ensure the alloying con-
stituents required for the final layer and the sufficient
thickness required in the case of the constituents, two or
more layers are deposited as the fourth layer et seq. by
the use of the weld metal having the same Cr content.
Thus, the final layer which satisfies the characteristics
required for the journal portion as stated before can be
formed having the sufficient thickness.

(2) There will be elucidated the reasons for restrict-
ing the constituents of the heat-resisting ferritic
steel which is used in the present invention for mak-
ing the inner casings, control-valve valve casings,
combinational-reheater-valve valve casings, main-
steam leading pipes, main-steam inlet pipes and
reheat-steam inlet pipes of the high-pressure and
intermediate-pressure steam turbines, the nozzle
box of the high-pressure turbine, the first-stage dia-
phragm of the intermediate-pressure turbine, and
the main-steam inlet flange and elbow and the
main-steam stop valve of the high-pressure turbine:

In the casing material of the heat-resisting ferritic
cast steel, especially, the Ni/W ratio is controlled to 0.25
- 0.75, thereby obtaining the casing material of the heat-
resisting cast steel which meets a 625-°C 10°%-h creep
rupture strength of at least 9 (kgf/mm?) and a room-tem-
perature absorbed impact energy of at least 1 (kgf-m)
that are required of the high-pressure and intermediate-
pressure inner casings, main-steam stop valve and con-
trol valve casing of the turbine under the ultra-supercrit-
ical pressure of at least 250 (kgf/cm?) at 621 (°C).

In the heat-resisting cast steel of the present inven-
tion used as the casing material, the Cr equivalent
which is computed in terms of the alloy contents
(weight-%) of the following formula should preferably be
controlled so as to become 4 - 10, in order to attain a
superior high-temperature strength, a superior low-tem-
perature toughness and a high fatigue strength:

Cr +6Si + 4Mo + 1.5W + 11V + 5Nb
-40C - 30N - 30B - 2Mn - 4Ni - 2Co

Cr equivalent =

Since the 12Cr heat-resisting steel of the present
invention is used in the steam at or above 621 (°C), it
must be endowed with the 625-°C 10%-h creep rupture
strength of at least 9 (kgffmm?) and the room-tempera-
ture absorbed impact energy of at least 1 (kgf-m). Fur-
ther, in order to ensure a still higher reliability, this steel
should preferably be endowed with a 625-°C 10%-h
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creep rupture strength of at least 10 (kgf/mm?) and a
room-temperature absorbed impact energy of at least 2
(kgf-m).

The constituent C (carbon) is an element which is
required at a level of least 0.06 (%) in order to attain a
high tensile strength. However, in a case where the C
content exceeds 0.16 (%), the steel comes to have an
unstable metallographic structure and degraded the
long-time creep rupture strength thereof when exposed
to high temperatures for a long time period. Therefore,
the C content is restricted to within 0.06 - 0.16 (%). It
should preferably be within 0.09 - 0.14 (%).

The constituent N (nitrogen) is effective to improve
the creep rupture strength and to prevent the production
of the & ferrite structure. However, when the N content of
the steel is less than 0.01 (%), the effects are not suffi-
cient. On the other hand, even when the N content
exceeds 0.1 (%), no remarkable effects are attained.
Moreover, the toughness is lowered, and the creep rup-
ture strength is also lowered. Especially, a range of 0.02
- 0.4 (%) is preferable.

The constituent Mn (manganese) is added for a
deoxidizer, and the effect thereof is achieved by a small
amount of addition. A large amount of addition exceed-
ing 1 (%) is unfavorable because it lowers the creep rup-
ture strength. Especially, a range of 0.4 - 0.7 (%) is
preferable.

The constituent Si (silicon) is also added as a deox-
idizer, but the Si deoxidation is dispensed with when the
steelmaking technique employed is vacuum C deoxida-
tion or the like. A lower Si content is effective to prevent
the production of the deleterious & ferrite structure.
Accordingly, the addition of the constituent Si needs to
be suppressed to 0.5 (%) or below. The Si content of the
steel should preferably be 0.1 - 0.4 (%).

The constituent V (vanadium) is effective to
heighten the creep rupture strength. When the V con-
tent of the steel is less than 0.05 (%), the effect is insui-
ficient. On the other hand, when the V content exceeds
0.35 (%), the & ferrite is produced which lowers the
fatigue strength. Especially, a range of 0.15 - 0.25 (%) is
preferable.

The constituent Nb (niobium) is an element which is
very effective to enhance the high-temperature
strength. However, when the element Nb is added in an
excessively large amount, the coarse grains of eutectic
NbC (niobium carbide) appear especially in a large-
sized steel ingot, to thereby cause substantial lowering
of the strength and precipitation of the & ferrite which
lowers the fatigue strength. It is therefore necessary to
suppress the amount of the element Nb to 0.15 (%) or
below. On the other hand, when the Nb amount is less
than 0.01 (%), the effect is insufficient. Especially in the
case of the large-sized steel ingot, a range of 0.02 - 0.1
(%) is preferable, and a range of 0.04 - 0.08 (%) is more
preferable.

The constituent Ni (nickel) is an element which is
very effective to heighten the toughness and to prevent
the production of the § ferrite. The addition of the ele-
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ment Ni at a level of less than 0.2 (%) is unfavorable
because of insufficient effects, and the addition thereof
at the level of more than 1.0 (%) is also unfavorable
because of degradation in the creep rupture strength.
Especially, a range of 0.4 - 0.8 (%) is preferable.

The constituent Cr (chromium) is effective to
improve the high-temperature strength and high-tem-
perature oxidation resistance of the 12Cr steel. Herein,
a Cr content exceeding 12 (%) causes production of the
deleterious § ferrite structure, and a Cr content below 8
(%) results in an insufficient oxidation resistance to the
high-temperature high-pressure steam. Besides, the
addition of the element Cr is effective to enhance the
creep rupture strength. However, the Cr addition in an
excessive amount causes production of the deleterious
é ferrite structure and for lowering of the toughness.
Especially, a range of 8.0 - 10 (%) is preferable, and a
range of 8.5 - 9.5 (%) is more preferable.

The constituent W (tungsten) is effective to remark-
ably enhance the high-temperature long-term strength
of the 12Cr steel. When the amount of the element W is
smaller than 1 (%), the effect is insufficient as the heat-
resisting steel which is used at 620 - 660 (°C). On the
other hand, when the amount of the element W exceeds
4 (%), the toughness is lowered. The W content of the
steel should preferably be selected according to the
temperature, such as 1.0 - 1.5 (%) at 620 (°C), 1.6 - 2.0
(%) at 630 (°C), 2.1 - 2.5 (%) at 640 (°C), 2.6 - 3.0 (%)
at 650 (°C) and 3.1 - 3.5 (%) at 660 (°C). Particularly, the
steel contains 1.5 - 1.9 (%) of W can be used at the tem-
perature at most 650 (°C).

The constituents W and Ni correlate with each
other. The 12Cr steel whose strength and toughness
are both superior, can be obtained by setting the Ni/W
ratio at 0.25 - 0.75.

The addition of the constituent Mo (molyodenum) is
intended to enhance the high-temperature strength.
However, in a case where the constituent W (tungsten)
is contained at a level of more than 1 (%) as in the cast
steel of the present invention, the Mo addition exceed-
ing 1.5 (%) lowers the toughness and fatigue strength of
the steel. Therefore, the Mo content is recommended to
be at most 1.5 (%). Especially, a range of 0.4 - 0.8 (%)
is preferable, and a range of 0.55 - 0.70 (%) is more
preferable.

The addition of the constituent/constituents Ta (tan-
talum), Ti (titanium) or/and Zr (zirconium) is effective to
heighten the toughness. A sufficient effect is attained by
adding at most 0.15 (%) of Ta, at most 0.1 (%) of Ti
or/and at most 0.1 (%) of Zr singly or in combination. In
a case where the constituent Ta is added at a level of
0.1 (%) or above, the addition of the constituent Nb (nio-
bium) can be omitted.

Regarding the heat-resisting cast steel of the
present invention which is used as the casing material,
the fatigue strength and the toughness are lowered due
to the coexistence of the & ferrite structure. Therefore,
the tempered martensitic structure which is homogene-
ous is favorable. In order to obtain the tempered mar-
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tensitic structure, the Cr equivalent which is computed
by the formula mentioned before must be set at, at
most, 10 by controlling the alloy contents. On the other
hand, when the Cr equivalent is too small, it lowers the
creep rupture strength, and hence, it must be set at 4 or
above. Especially, a range of 6 - 9 is preferable as the Cr
equivalent.

The addition of the constituent B (boron) remarka-
bly enhances the high-temperature (620 (°C) or above)
creep rupture strength of the steel. Herein, when the B
content of the steel exceeds 0.003 (%), the weldability
thereof worsens. Therefore, the upper limit of the B con-
tent is set at 0.003 (%). Especially, the upper limit of the
B content of the large-sized casing should preferably be
set at 0.0028 (%). Further, a range of 0.0005 - 0.0025
(%) is preferable, and a range of 0.001 - 0.002 (%) is
particularly preferable.

Since the casing covers the high-pressure steam at
temperatures of at least 620 (°C), it undergoes a high
stress ascribable to the internal pressure thereof. From
the viewpoint of preventing the creep rupture of the cas-
ing, therefore, the 105-h creep rupture strength of at
least 10 (kgf/mm?) is required of the steel. Moreover,
during the starting operation of the turbine, the casing
undergoes a thermal stress at the time of a low metal
temperature. From the viewpoint of preventing the brittle
fracture of the casing, therefore, the room-temperature
absorbed impact energy of at least 1 (kgf-m) is required
of the steel. For the higher temperature side of the
steam, the steel can be strengthened by containing at
most 10 (%) of Co (cobalt). Especially, the Co content
should more preferably be selected from 1 - 2 (%) for
620 (°C), 2.5 - 3.5 (%) for 630 (°C), 4 - 5 (%) for 640
(°C), 5.5 - 6.5 (%) for 650 (°C), and 7 - 8 (%) for 660
(°C). But even the steel which does not contain Co can
be used at each temperature.

The casing in the present invention should prefera-
bly be made of steel which satisfies at least either of
conditions; a (W/Mo) ratio of 2.85 or above (preferably,
2.85 - 4.50, and more preferably, 3 - 4), and an (Mo/Cr)
ratio of 0.04 - 0.08 (preferably, 0.05 - 0.06). Steel which
satisfies both the conditions, is more preferable.

In fabricating the casing having few defects, a high
degree of manufacturing technology is required
because the casing is a large-sized structural member
whose ingot has a weight of about 50 (tons). As the cas-
ing material of the heat-resisting ferritic cast steel in the
present invention, a satisfactory one can be prepared in
such a way that alloying raw materials to be brought into
the desired composition are melted by an electric fur-
nace and then refined by a ladle, and that the resulting
raw materials are thereafter cast into a sand mold. The
cast steel in which casting defects such as shrinkage
holes are involved in small numbers, can be obtained by
sufficiently refining and deoxidizing the raw materials
before the casting.

After the cast steel has been annealed at 1000 -
1150 (°C), it is normalized by heating it to 1000 - 1100
(°C) and then quenching it. Subsequently, the resulting
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steel is tempered twice in the sequence of a tempera-
ture range of 550 - 750 (°C) and a temperature range of
670 - 770 (°C). Thus, the steam turbine casing which is
usable in the steam at or above 620 (°C) can be manu-
factured. When the annealing and normalizing tempera-
tures are below 1000 (°C), carbonitrides cannot be
sufficiently turned into a solid solution, and when they
are excessively high, grain coarsening is caused.
Besides, the two tempering operations decompose
retained austenite entirely, so that the steel can be ren-
dered the tempered martensitic structure which is
homogeneous. Owing to the above method of prepara-
tion, the 625-°C 10°-h creep rupture strength of at least
10 (kgf/mm?) and the room-temperature absorbed
impact energy of at least 1 (kgf-m) are attained, and the
prepared steel can be fabricated into the steam turbine
casing which is usable in steam at or above 620 (°C).

The casing material in the present invention is set
at the Cr equivalent stated before, and the & ferrite con-
tent thereof should preferably be 5 (%) or less, and
more preferably 0 (%).

Except for the inner casing for the intermediate-
pressure steam turbine, which is made of cast steel, the
components mentioned before should preferably be
made of forged steel.

(3) Others:

(a) The rotor shaft of the low-pressure steam tur-
bine should preferably be made of low-alloy steel
having a fully-tempered bainitic structure which
contains in terms of weight, 0.2 - 0.3 (%) of C, at
most 0.1 (%) of Si, at most 0.2 (%) of Mn, 3.2 - 4.0
(%) of Ni, 1.25 - 2.25 (%) of Cr, 0.1 - 0.6 (%) of Mo
and 0.05 - 0.25 (%) of V. The low-alloy steel should
preferably be manufactured by the same manufac-
turing method as the ferritic steel of the high-pres-
sure and intermediate-pressure rotor shafts, as
explained before. Especially, the manufacture
should preferably be a superclean (highly pure) one
employing raw materials which contain at most 0.05
(%) of Si and at most 0.1 (%) of Mn, and in which
impurities such as P, S, As, Sb and Sn are
decreased to the utmost so as to amount to 0.025
(%) or less in total. It is favorable that each of the P
and S contents of the raw materials is at most 0.010
(%), that each of the Sn and As contents is at most
0.005 (%), and that the Sb content is at most 0.001
(%).

(b) Blades for the low-pressure turbine except a
final-stage moving one, and nozzles therefor should
preferably be made of fully-tempered martensitic
steel which contains 0.05 - 0.2 (%) of C, 0.1 - 0.5
(%) of Si, 0.2 - 1.0 (%) of Mn, 10 - 13 (%) of Cr and
0.04 - 0.2 (%) of Mo.

(c) Both inner and outer casings for the low-pres-
sure turbine should preferably be made of cast car-
bon steel which contains 0.2- 0.3 (%) of C,0.3-0.7
(%) of Si and at most 1 (%) of Mn.
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(d) The casings of a main-steam stop valve and a
steam control valve for the low-pressure turbine
should preferably be made of fully-tempered mar-
tensitic steel which contains 0.1 -0.2 (%) of C, 0.1 -
0.4 (%) of Si, 0.2 - 1.0 (%) of Mn, 8.5 - 10.5 (%) of
Cr, 0.3 - 1.0 (%) of Mo, 1.0 - 3.0 (%) of W, 0.1 -0.3
(%) of V, 0.03 - 0.1 (%) of Nb, 0.03 - 0.08 (%) of N
and 0.0005 - 0.003 (%) of B.

(e) A Ti alloy is employed for the final-stage moving
blade of the low-pressure turbine. More specifically,
the Ti alloy contains 5 - 8 (weight-%) of Aland 3 - 6
(weight-%) of V for the length of the final-stage
moving blade exceeding 40 (inches), and these
contents can be increased with the length. Espe-
cially, a high-strength material containing 5.5 - 6.5
(%) of Al and 3.5 - 4.5 (%) of V is preferable for the
length of 43 (inches), and a high-strength material
containing 4 - 7 (%) of Al, 4 - 7 (%) of Vand 1 - 3 (%)
of Sn for the length of 46 (inches).

(f) Outer casings for the high-pressure and interme-
diate-pressure steam turbines should preferably be
fabricated of cast steel of fully-tempered bainitic
structure which contains 0.05 - 0.20 (%) of C, 0.05
-0.5 (%) of Si, 0.1 - 1.0 (%) of Mn, 0.1 - 0.5 (%) of
Ni, 1-2.5(%) of Cr,0.5-1.5(%) of Mo and 0.1 - 0.3
(%) of V, and which favorably contains at least
either of 0.001 - 0.01 (%) of B and at most 0.2 (%)
of Ti.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional design view of a high-pressure
steam turbine made of ferritic steel according to the
present invention.

Fig. 2 is a sectional design view of an intermediate-
pressure steam turbine made of ferritic steel according
to the present invention.

Fig. 3 is a sectional design view of a low-pressure
steam turbine according to the present invention.

Fig. 4 is an arrangement diagram of a coal-fired
power plant according to the present invention.

Fig. 5is a sectional view of a rotor shaft for the high-
pressure steam turbine according to the present inven-
tion.

Fig. 6 is a sectional view of a rotor shaft for the inter-
mediate-pressure steam turbine according to the
present invention.

Fig. 7 is a graph showing the creep rupture
strengths of rotor shaft and blade materials.

Fig. 8 is a graph showing the relationships between
the creep rupture time periods and Co contents of
alloys.

Fig. 9 is a graph showing the relationships between
the creep rupture time periods and B contents of the
alloys.

Fig. 10 is a graph showing the relationship between
the creep rupture strengths and W contents of the
alloys.

Fig. 11 is a graph showing the creep rupture
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strengths of casing materials.

Fig. 12 is a table (Table 1) exemplifying the specifi-
cations of a boiler which is operated under specified
steam conditions.

Fig. 13 is a table (Table 2) indicating the specifica-
tions of a steam turbine which is operated under speci-
fied conditions.

Fig. 14 is a table (Table 3) for explaining the alloy
contents of steel materials which are employed in the
present invention.

Fig. 15 is a table (Table 4) for explaining the
mechanical properties and heat treatment conditions of
the steel materials which are listed in Table 3.

Fig. 16 is a table (Table 5) indicating the chemical
constituents of welding rods which were used in buildup
welding.

Fig. 17 is a table (Table 6) indicating those welding
rods in Table 5 which were used in the respective layers
of the buildup welding.

Fig. 18 is a table (Table 7) indicating the chemical
constituents of moving blades materials according to
the present invention.

Fig. 19 is a table (Table 8) for explaining the
strengths of the rotor shaft and blade materials (in Fig.
7) according to the present invention.

Fig. 20 is a table (Table 9) indicating the ratios of
percentages of the constituents.

Fig. 21 is a table (Table 10) indicating the chemical
constituents of inner casing materials according to the
present invention.

Fig. 22 is a table (Table 11) indicating the test
results of the inner casing materials (in Fig. 21) accord-
ing to the present invention.

PREFERRED EMBODIMENTS OF THE INVENTION
(Embodiment 1)

Due to sudden rises in the prices of fuel after the Qil
crisis, a pulverized-coal direct-fired boiler and a steam
turbine at steam temperatures of 600 - 649 (°C) have
been required in order to increase thermal efficiencies
on the basis of enhanced steam conditions. One exam-
ple of the boiler which is operated under such steam
conditions, is indicated in Table 1 of Fig. 12.

Since steam oxidation is attendant upon such a
higher-temperature operation, 8 - 10-% Cr steel is
employed instead of conventional 2.25-% Cr steel.
Besides, since the maximum sulfur content and the
maximum chlorine content become 1 (%) and 0.1 (%),
respectively, regarding high-temperature corrosion
ascribable to pulverized-coal direct-firing gas, an auste-
nitic stainless steel pipe functioning as a superheater
tube is made of a material which contains 20 - 25 (%) of
Crand 20 - 35 (%) of Ni, which contains Al and Ti in very
small amounts of at most 0.5 (%), and 0.5 - 3 (%) of Mo,
and which more preferably contains at most 0.5 (%) of
Nb. Pulverized-coal direct firing becomes high-tempera-
ture burning. Accordingly, it is desirable, from the view
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point of decreasing nitrogen oxides NO,, to employ a
burner which makes flames of higher temperatures by
feeding inner peripheral air and secondary outer periph-
eral air that form burning flames based on the primary
air and pulverized coal, and also reducing flames
around the burning flames.

The pulverized-coal fired boiler becomes larger in
size as its capacity enlarges. The boiler has a width of
31 (m) and a depth of 16 (m) in the class of 1050 (MW),
and a width of 34 (m) and a depth of 18 (m) in the class
of 1400 (MW).

Table 2 in Fig. 13 indicates the main specifications
of a steam turbine plant which has an output of 1050
(MW) and a steam temperature of 625 (°C). In this
embodiment, a cross-compound type 4-flow exhaust
system is adopted, and a final-stage blade in each of
the low-pressure turbines (LP's) is 43 (inches) long. An
HP (high-pressure turbine) - IP (intermediate-pressure
turbine) connection has a rotational speed of 3600
(r/min), while the two LP’'s have a rotational speed of
1800 (r/min). In a high-temperature portion, compo-
nents are made of principal materials which are listed in
the table. The high-pressure portion (HP) undergoes
the steam temperature of 625 (°C) and a pressure of
250 (kg/cm?). The intermediate-pressure portion (IP)
has its steam heated to 625 (°C) by a reheater (R/H),
and is operated under a pressure of 170 - 180 (kg/cm?).
Steam enters the low-pressure portions (LP's) at a tem-
perature of 450 (°C), and it is sent to a condenser at a
temperature of at most 100 (°C) and in a vacuum of 722
(mmHg).

Fig. 1 is a sectional design view of the high-pres-
sure steam turbine. This high-pressure steam turbine is
provided with a high-pressure rotor shaft 23 on which
high-pressure moving blades 16 are assembled in a
high-pressure inner casing 18 and a high-pressure
outer casing 19 surrounding the inner casing 18. The
steam at the high temperature and under the high pres-
sure as stated before is generated by the boiler
explained before. The generated steam is passed
through a main steam pipe and then through a main
steam inlet 28 defined by a flange and elbow 25, where-
upon it is guided to the moving blades 16 of the double-
flow first stage from a nozzle box 38. The first stage has
the double-flow construction, and eight other stages are
disposed on each of the two sides of the high-pressure
steam turbine along the rotor shaft 23. Fixed blades are
respectively provided in correspondence with the mov-
ing blades 16. The moving blades 16 are double-tenon
type tangential entry dovetail blades, and the first-stage
blade is about 35 (mm) long. The length of the rotor
shaft 23 between the centers of bearings 1 and 2 is
about 5.25 (m), and the smallest diameter part of this
rotor shaft corresponding to the fixed blades has a
diameter of about 620 (mm), so that the ratio of the
length to the diameter is about 8.5.

The widths of those parts of the rotor shaft 23 on
which the moving blades 16 are assembled are sub-
stantially equal at the first stage and final stage, and
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they become smaller toward the downstream side of the
steam stepwise at the five types stages, namely the first
stage, second stage, third - fifth stages, sixth stage and
seventh - eighth stages. The axial width of the assem-
bled part of the second stage is 0.64 times as wide as
that of the assembled part of the final stage.

Those parts of the rotor shaft 23 which correspond
to the fixed blades are smaller in diameter than those
parts thereof on which the moving blades 16 are assem-
bled. The axial widths of the parts corresponding to the
fixed blades become smaller stepwise from the width
between the second-stage moving blade and the third-
stage moving blade, to the width between the final-
stage moving blade and the penultimate-stage moving
blade, the latter width being 0.86 times as wide as the
former width. Concretely, the axial widths of the parts
corresponding to the fixed blades become smaller at the
second - sixth stages and the sixth - ninth stages.

In this embodiment, the blades and nozzles of the
first stage are made of materials indicated in Table 3 of
Fig. 14 to be explained later, whereas those of all the
other stages are made of 12-% Cr steel which contains
no W, Co or B. The blade parts of the moving blades 16
in this embodiment are 35 - 50 (mm) long at the first
stage, and become longer at the respective stages from
the second stage toward the final stage. Especially, the
lengths of the blade parts of the second - final stages
are set at 65 - 210 (mm), depending upon the output of
the steam turbine. The number of the stages is 9 - 12.
Herein, the lengths of the blade parts at the respective
stages increase at ratios of 1.10 - 1.15 in terms of the
lengths of the downstream-side blade parts adjoining
the upstream-side ones, and the ratios gradually
enlarge on the downstream side.

As stated above, those parts of the rotor shaft 23 on
which the moving blades 16 are assembled are larger in
diameter compared with those parts thereof which cor-
respond to the fixed blades. In this regard, the axial
widths of the moving-blade assembled parts become
larger with the lengths of the blade parts of the moving
blades 16. The ratios of the aforementioned axial widths
to the lengths of the blade parts of the moving blades 16
are 0.65 - 0.95 at the second - final stages, and become
smaller stepwise from the second stage toward the final
stage.

As also stated above, the axial widths of those parts
of the rotor shaft 23 which correspond to the fixed
blades become smaller stepwise from the width
between the second stage and the third stage, to the
width between the final stage and the penultimate
stage. The ratios of the aforementioned axial widths to
the lengths of the blade parts of the moving blades 16
are 0.7 - 1.7 at the second - final stages, and become
smaller stepwise from the upstream-side blade part
toward the downstream-side blade part.

The high-pressure steam turbine shown in Fig. 1
further includes a thrust bearing 5, a first shaft packing
10, a second shaft packing 11, a high-pressure spacer
14, a front bearing box 26, a journal portion 27, a high-
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pressure steam exhaust port 30, a reheat steam inlet
32, and a thrust-bearing wear interrupter 39.

Fig. 2 is a sectional view of the intermediate-pres-
sure steam turbine. This intermediate-pressure steam
turbine rotates a generator (G in Fig. 13) conjointly with
the high-pressure steam turbine, by the use of steam
which is obtained in such a way that steam exhausted
from the high-pressure steam turbine is heated again to
625 (°C) by areheater (R/H in Fig. 13). Herein, the inter-
mediate-pressure turbine has a rotational speed of
3600 (revolutions/min). Likewise to the high-pressure
turbine, the intermediate-pressure turbine includes an
intermediate-pressure inner casing 21 and an outer
casing 22. It is provided with fixed blades in opposition
to intermediate-pressure moving blades 17. The moving
blades 17 have a double-flow construction of six stages,
and they are disposed in a substantially symmetrical
arrangement on both sides of an intermediate-pressure
rotor shaft 24 in the lengthwise direction thereof. The
distance between the centers of bearings 3 and 4 in
which the rotor shaft 24 is journaled, is about 5.5 (m).
The moving blade of the first stage has a length of about
92 (mm), and that of the final stage has a length of
about 235 (mm). The dovetail of the double-flow con-
struction is in an inverted-chestnut shape. That part of
the rotor shaft 24 which corresponds to the fixed blade
preceding the final-stage moving blade 17 has a diame-
ter of about 630 (mm), and the ratio of the inter-bearing
distance of this rotor shaft to the aforementioned diam-
eter is about 8.7.

The axial widths of those parts of the rotor shaft 24
of the intermediate-pressure steam turbine of this
embodiment on which the moving blades 17 are assem-
bled become larger toward the downstream side of the
steam stepwise at the three sorts of stages of the first
stage, the fourth and fifth stages and the final stage.
The axial width of the assembled part of the final stage
is about 1.4 times as large as that of the assembled part
of the first stage.

Besides, those parts of the rotor shaft 24 of the
intermediate-pressure steam turbine which correspond
to the fixed blades are smaller in diameter than those
parts thereof on which the moving blades 17 are assem-
bled. The axial widths of the parts corresponding to the
fixed blades become smaller toward the downstream
side of the steam stepwise at the four moving-blade
stages of the first stage, second stage, third stage and
final stage, and the axial width at the final stage is about
0.7 time as large as the axial width at the first stage.

In this embodiment, the blades and nozzles of the
first stage are made of the materials indicated in Table 3
of Fig. 14 to be explained later, whereas those of all the
other stages are made of the 12-% Cr steel which con-
tains no W, Co or B. The blade parts of the moving
blades 17 in this embodiment become longer at the
respective stages from the first stage toward the final
stage. The lengths of the blade parts of the first - final
stages are set at 90 - 350 (mm), depending upon the
output of the steam turbine. The number of the stages is
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6 - 9. Herein, the lengths of the blade parts at the
respective stages increase at ratios of 1.1 - 1.2 in terms
of the lengths of the downstream-side blade parts
adjoining the upstream-side ones.

As stated above, those parts of the rotor shaft 24 on
which the moving blades 17 are assembled are larger in
diameter compared with those parts thereof which cor-
respond to the fixed blades. In this regard, the axial
widths of the moving-blade assembled parts become
larger with the lengths of the blade parts of the moving
blades 17. The ratios of the aforementioned axial widths
to the lengths of the blade parts of the moving blades 17
are 0.5 - 0.7 at the first - final stages, and become
smaller stepwise from the first stage toward the final
stage.

As also stated above, the axial widths of those parts
of the rotor shaft 24 which correspond to the fixed
blades become smaller stepwise from the width
between the first stage and the second stage, to the
width between the final stage and the penultimate
stage. The ratios of the aforementioned axial widths to
the lengths of the blade parts of the moving blades 17
are 0.5 - 1.5, and become smaller stepwise from the
upstream-side blade part toward the downstream-side
blade part.

The intermediate-pressure steam turbine shown in
Fig. 2 further includes shaft packings 12 and 13, an
intermediate-pressure spacer 15, a first inner casing 20
(associated with the second inner casings 21), reheat
steam inlets 29, steam exhaust ports 30, crossover
pipes 31, and a warming steam inlet 40.

Fig. 3 is a sectional view of the low-pressure tur-
bine. Two low-pressure turbines are connected in tan-
dem, and they have the same design. Moving blades 41
are provided as eight stages on both sides of a rotor
shaft 44 in the lengthwise direction thereof, and these
moving blades on both sides are substantially in a bilat-
erally symmetric arrangement. Besides, fixed blades 42
are disposed in correspondence with the moving blades
41. The moving blade 41 of the final stage is 43 (inches)
long, and is made of a Ti-based alloy. The moving
blades 41 of all the stages are double-tenon type tan-
gential entry dovetail blades. A nozzle box 45 is of dou-
ble-flow type. The Ti-based alloy is subjected to age
hardening, and it contains 6 (%) of Al and 4 (%) of V in
terms of weight. The rotor shafts 44 are made of forged
steel of fully-tempered bainitic structure prepared from
superclean materials (high purity materials) which con-
sist of 3.75 (%) of Ni, 1.75 (%) of Cr, 0.4 (%) of Mo, 0.15
(%) of V, 0.25 (%) of C, 0.05 (%) of Si, 0.10 (%) of Mn,
and the balance of Fe. All the moving blades and the
fixed blades except the final-stage ones are made of 12-
% Cr steel containing 0.1 (%) of Mo. Cast steel contain-
ing 0.25 (%) of C is employed as the material of the
inner and outer casings. The distance between the
centers of bearings 43 in this embodiment is 7500
(mm). Those parts of the rotor shaft 44 which corre-
spond to the fixed blades 42 have a diameter of about
1280 (mm), while those parts thereof on which the mov-
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ing blades 41 are assembled have a diameter of about
2275 (mm). The ratio of the inter-bearing distance to the
smaller diameter of the rotor shaft 44 is about 5.9.

In the low-pressure turbine of this embodiment, the
axial widths of the moving-blade assembled parts of the
rotor shaft 44 gradually enlarge at the five sorts of
stages of the first - third stages, the fourth stage, the fifth
stage, the sixth - seventh stages and the eighth stage.
The width of the final stage is about 2.5 times as large
as that of the first stage.

Besides, those parts of the rotor shaft 44 which cor-
respond to the fixed blades 42 are smaller in diameter
than those parts thereof on which the moving blades 41
are assembled. The axial widths of the parts corre-
sponding to the fixed blades 42 become larger toward
the downstream side of the steam gradually at the three
sorts of moving-blade stages of the first stage, the fifth -
sixth stages and the seventh stage, and the width at the
final stage is about 1.9 times as large as the width at the
first stage.

The blade parts of the moving blades 41 in this
embodiment become longer at the respective stages
from the first stage toward the final stage. The lengths of
the blade parts of the first - final stages are set at 90 -
1270 (mm), depending upon the output of the steam tur-
bine. The number of the stages is 8 or 9. Herein, the
lengths of the blade parts at the respective stages
enlarge at ratios of 1.3 - 1.6 in terms of the lengths of
the downstream-side blade parts adjoining the
upstream-side ones.

As stated above, those parts of the rotor shaft 44 on
which the moving blades 41 are assembled are larger in
diameter compared with those parts thereof which cor-
respond to the fixed blades 42. In this regard, the axial
widths of the moving-blade assembled parts become
larger with the lengths of the blade parts of the moving
blades 41. The ratios of the aforementioned axial widths
to the lengths of the blade parts of the moving blades 41
are 0.15 - 0.91 at the first - final stages, and become
smaller stepwise from the first stage toward the final
stage.

Also, the axial widths of those parts of the rotor
shaft 44 which correspond to the fixed blades 42
become smaller stepwise from the width between the
first stage and the second stage, to the width between
the final stage and the penultimate stage. The ratios of
the aforementioned axial widths to the lengths of the
blade parts of the moving blades 41 are 0.25 - 1.25, and
become smaller stepwise from the upstream-side blade
part toward the downstream-side blade part.

Apart from this embodiment, it is also possible to
similarly construct a large-capacity power plant of 1000
(MW) class in which steam inlets to a high-pressure
steam turbine and an intermediate-pressure steam tur-
bine are at a temperature of 610 (°C), while steam inlets
to two low-pressure steam turbines are at a temperature
of 385 (°C).

Fig. 4 is a diagram showing the typical plant layout
of a coal-fired high-temperature high-pressure steam
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turbine plant.

The high-temperature high-pressure steam turbine
plant in this embodiment is chiefly configured of a coal-
fired boiler 51, a high-pressure turbine 52, an intermedi-
ate-pressure turbine 53, low-pressure turbines 54 and
55, steam condensers 56, condensate pumps 57, a low-
pressure feed water heater system 58, a deaerator 59,
a pressuring pump 60, a boiler feed pump 61 and a
high-pressure feed water heater system 63. Herein,
ultra-supercritical steam generated by the boiler 51
enters the high-pressure turbine 52 to generate power.
Thereafter, exhaust steam from the high-pressure tur-
bine 52 is reheated by the boiler 51, and the resulting
steam enters the intermediate-pressure turbine 53 to
generate power again. Exhaust steam from the interme-
diate-pressure turbine 53 enters the low-pressure tur-
bines 54 and 55 to generate power, and it is thereafter
condensed by the condensers 56. The resulting con-
densate is sent to the low-pressure feed water heater
system 58 and deaerator 59 by the condensate pumps
57. Feed water deaerated by the deaerator 59 is sent by
the pressurizing pump 60 and boiler feed pump 61 to
the high-pressure feed water heater system 63, in which
the water is heated and from which it is returned to the
boiler 51.

Here in the boiler 51, the feed water is turned into
high temperature and high pressure steam by passing
through an economizer 64, a vaporizer 65 and a super-
heater 66. Meantime, the combustion gas of the boiler
51 having heated the steam comes out of the econo-
mizer 64, and it thereafter enters an air heater 67 to
heat air. In the illustrated plant, the boiler feed pump 61
is driven by a boiler feed pump driving turbine which is
operated by steam extracted from the intermediate-
pressure turbine 53.

In the high-temperature high-pressure steam tur-
bine plant thus constructed, the temperature of the feed
water having emerged from the high-pressure feed
water heater system 63 is much higher than a feed
water temperature in the prior-art thermal power plant,
and hence, the temperature of the combustion gas hav-
ing emerged from the economizer 64 disposed in the
boiler 51 becomes much higher than in the prior-art
boiler as an inevitable consequence. Therefore, heat is
recovered from the exhaust gas of the boiler 51 so as to
prevent the gas temperature from lowering.

Numerals 68 in Fig. 4 indicate generators which are
respectively joined to the HP - IP connection and the
tandem LP connection.

By the way, apart from this embodiment, it is possi-
ble to similarly construct a tandem compound type
power plant in which the same high-pressure turbine,
intermediate-pressure turbine and one or two low-pres-
sure turbines as described above are joined in tandem
so as to rotate a single generator for power generation.
In the generator whose output power is in the 1050
(MW) class as in this embodiment, a shaft of higher
strength is employed for the generator. Especially, the
generator shaft should preferably be made of steel of
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fully-tempered bainitic structure which contains 0.15 -
0.30 (%) of C, 0.1 - 0.3 (%) of Si, at most 0.5 (%) of Mn,
3.25- 4.5 (%) of Ni, 2.05 - 3.0 (%) of Cr, 0.25 - 0.60 (%)
of Mo and 0.05 - 0.20 (%) of V, and which has a room-
temperature tensile strength of 93 (kg/mm?) or above,
particularly 100 (kg/mm?) or above, and a 50-% FATT
(Fracture Appearance Transition Temperature) of 0 (°C)
or below, particularly -20 (°C) or below. The steel should
preferably be such that a magnetizing force at 21.2 (kG)
is at most 985 (AT/cm), that impurities P, S, Sn, Sb and
As contained is at the total amount of most 0.025 (%),
and that a ratio Ni/Cr is at most 2.0.

Figs. 5 and 6 are front views showing examples of
the high-pressure and intermediate-pressure turbine
rotor shafts, respectively. The exemplified high-pressure
turbine shaft has a construction which consists of a
multistage side and a single-stage side, and in which
blades totaling eight stages are assembled on both
sides so as to laterally center on the first-stage blade of
the multistage side. The exemplified intermediate-pres-
sure turbine shaft has a construction in which multistage
blades are assembled in a bilaterally symmetric
arrangement so as to total six stages on each side and
to be substantially bounded by the laterally central part
of this shaft. Although the rotor shaft for each low-pres-
sure turbine is not specifically exemplified, the rotor
shaft of any of the high-pressure, intermediate-pressure
and low-pressure turbines is formed with a center hole,
through which the presence of defects is examined by a
ultrasonic test, a visual test and a fluorescent penetrant
inspection. Incidentally, numerals 27 in each of Figs. 5
and 6 denote the journal parts of the corresponding
rotor shaft.

Table 3 in Fig. 14 indicates the chemical constitu-
ents (weight-%) which were used for the principal com-
ponents of the high-pressure turbine, intermediate-
pressure turbine and low-pressure turbines in an exam-
ple of this embodiment. In this example, all the high-
temperature parts of the high-pressure and intermedi-
ate-pressure turbines were made of the steel materials
of ferritic crystalline structure which had a coefficient of
thermal expansion of 12 x 10 (/°C), so that no prob-
lems ascribable to discrepancy in the coefficients of
thermal expansion occurred.

Regarding each of the rotors of the high-pressure
and intermediate-pressure portions, an electrode was
prepared in such a way that the heat-resisting cast steel
mentioned in Table 3 was melted in an amount of 30
(tons) by an electric furnace, that the molten steel was
subjected to carbon vacuum deoxidation and then
poured into a metal mold, and that the molded steel was
forged. Further, the electrode was subjected to electro-
slag remelting so as to melt from the upper part of the
cast steel to the lower part thereof, and the resulting
steel was forged into a rotor shape having a maximum
diameter of 1050 (mm) and a length of 5700 (mm). The
forging was carried out at temperatures of at most 1150
(°C) in order to prevent any forging cracks. Besides,
after the forged steel was annealed, it was heated to
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1050 (°C) and was subjected to water spray quenching.
Subsequently, the resulting steel was tempered twice at
temperatures of 570 (°C) and 690 (°C), and it was
machined into the shape shown in Fig. 5 or Fig. 6. In this
example, the upper part side of the electroslag ingot
was used as the first-stage blade side of the rotor shaft,
and the lower part side as used as the final-stage blade
side.

Regarding the blades and nozzles of the high-pres-
sure portion and intermediate-pressure portion, the
heat-resisting steel materials also mentioned in Table 3
of Fig. 14 were melted by a vacuum arc furnace, and
they were forged and molded into the shapes of blade
and nozzle blanks each having a width of 150 (mm), a
height of 50 (mm) and a length of 1000 (mm). The forg-
ing was carried out at temperatures of at most 1150 (°C)
in order to prevent any forging cracks. Besides, the
forged steel was heated to 1050 (°C), subjected to oil
quenching and tempered at 690 (°C). Subsequently, the
resulting steel was machined into the predetermined
shapes.

Regarding the inner casings of the high-pressure
portion and intermediate-pressure portion, the casing of
each main-steam stop valve and the casing of each
steam control valve, the heat-resisting cast steel materi-
als mentioned in Table 3 were melted by an electric fur-
nace and then refined by a ladle. The resulting materials
were thereafter poured into sand molds. The cast steel,
which did not suffer any casting defects such as shrink-
age holes, could be obtained by sufficiently refining and
deoxidizing the materials before the pouring. The weld-
ability of each of the casing materials was evaluated in
conformity with "JIS Z3158". A preheating temperature,
an inter-pass temperature and a post-heating starting
temperature were set at 200 (°C), and a post-heating
treatment was conducted at 400 (°C) for 30 (minutes).
No welding cracks were noted in either of the materials
of the present invention, and the weldability was good.

Table 4 shown in Fig. 15 indicates the heat treat-
ment conditions of the ferritic steel materials listed in
Table 3 of Fig. 14, and the mechanical properties of the
principal members of the high-temperature steam tur-
bines made of the materials as tested by cutting these
members.

From results of the tests of the central parts of the
rotor shafts, it has been verified that the special qualities
(625-°C 10%-h strength = 13 kgf/mm?, and 20-°C
absorbed impact energy = 1.5 kg-m) required of the
high-pressure and intermediate-pressure turbine rotors
can be satisfactorily met. Thus, it has been proved that
the steam turbine rotors usable in steam of 620 (°C) or
above can be manufactured.

Besides, as the results of the property tests of the
blades, it has been verified that the special quality (625-
°C 10°-h strength = 15-kgf/mm?) required of the first-
stage blades of the high-pressure and intermediate-
pressure turbines can be satisfactorily met. Thus, it has
been proved that the steam turbine blades usable in
steam of 620 (°C) or above can be manufactured.
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Further, as the results of the property tests of the
casings, it has been verified that the special qualities
(625-°C 10%-h strength = 10 kgf/mm?, and 20-°C
absorbed impact energy = 1 kg-m) required of the high-
pressure and intermediate-pressure turbine casings
can be satisfactorily met, and that weld metal materials
can be deposited to the casings. Thus, it has been
proved that the steam turbine casings usable in steam
of 620 (°C) or above can be manufactured.

Fig. 7 is a graph showing the relationships between
the 10°-h creep rupture strength and temperature for
different rotor shaft materials. It has been found that the
materials according to the present invention satisfy the
requirements, which the 10°%-h creep rupture strength is
equal to or stronger than 13kg/mm?, at 610 - 640 (°C).
Incidentally, the 12Cr rotor material is the prior-art mate-
rial which contains no B, W or Co.

In an example of this embodiment, bearing charac-
teristics were improved in such a way that Cr - Mo low-
alloy steel was deposited on each journal portion of the
rotor shaft by buildup welding. The buildup welding was
carried out as stated below.

Welding rods employed in the buildup welding were
shielded-arc ones having diameters of 4.0 (mm). Table
5 shown in Fig. 16 indicates the chemical constituents
(weight-%) of deposited metals which were formed by
the welding operations with the shielded-arc welding
rods. The constituents of the deposited metals were
substantially the same as those of the corresponding
weld metals (which shall be called the "welding rods A -
D" below).

The conditions of the buildup welding were a weld-
ing current of 170 (A), a voltage of 24 (V) and a rate of
26 (cm/min).

Eight layers were welded onto the surface of the
parent metal described before, as the buildup welding
by combining the used welding rods A - D for the
respective layers as listed in Table 6 of Fig. 17. The
thickness of each layer was 3 - 4 (mm), the total thick-
ness of the eight layers forming each of samples Nos. 1
- 3 was about 28 (mm), and the surface of each sample
was ground to about 5 (mm).

As the conditions of execution of the welding oper-
ations, a preheating temperature, an inter-pass temper-
ature and a stress-relief-annealing (SR) starting
temperature were 250 - 350 (°C), and the SR was con-
ducted by holding the deposited layers at 630 (°C) for 36
(hours).

All the samples Nos. 1 - 3 conformed to the present
invention, and the chemical constituents of the fifth layer
et seq. in each sample were C or D mentioned in Table
5 of Fig. 16.

In order to confirm the quality of such a welding
zone, buildup welding was similarly conducted on a flat
member, and the resulting flat member was subjected to
a side-bend test of 160°. All this time, no cracks were
noted in the welding zone.

Further, when the bearings were subjected to a
slide test on the basis of the revolutions of the rotor



35

shafts in the present invention, and none of them were
not adversely affected. The oxidation resistances of the
bearings were also excellent.

Apart from this embodiment, it is possible to simi-
larly construct a tandem type power plant in which the
high-pressure turbine, intermediate-pressure turbine
and one or two low-pressure turbines are joined in tan-
dem so as to rotate a single generator at 3600 (r/min).

Table 7 in Fig. 18 lists the chemical constituents of
the Ni-based precipitation-strengthened alloys each of
which was applied to the first - third stages of the mov-
ing blades in the high-pressure turbine and the first
stage of the moving blades in the intermediate-pressure
turbine. Each of these alloys was produced in such a
way that an ingot was prepared by vacuum arc remelt-
ing, followed by hot forging, that the hot-forged ingot
was subsequently heated at 1,070 - 1,200 (°C) for 1 - 8
(hours) in accordance with the alloy composition of the
pertinent alloy as a treatment for turning the ingot into a
solid solution, followed by air cooling, and that the air-
cooled material was heated at 700 - 870 (°C) for 4 - 24
(hours) as an ageing treatment.

(Embodiment 2)

Each of a number of alloys, having chemical con-
stituents listed in Table 8 of Fig. 19, was cast into an
ingot of 10 (kg) by vacuum induction melting, and the
ingot was forged into a rod of 30 (mm-square). Table 9
of Fig. 20 indicates the ratios of percentages of the con-
stituents. Regarding the rotor shaft of a large-sized
steam turbine, each of the alloys was quenched under
the conditions of 1050 (°C) x 5 (hours) and 100 (°C/h)
cooling and was subjected to primary tempering of 570
(°C) x 20 (hours) and the secondary tempering of 690
(°C) x 20 (hours), by simulating the central part of the
rotor shaft. On the other hand, regarding the blade of
the turbine, each alloy was quenched under the condi-
tion of 1100 (°C) x 1 (hour) and was tempered under the
condition of 750 (°C) x 1 (hour). Thereafter, the creep
rupture tests of such alloys were executed under the
conditions of 625 (°C) and 30 (kgf/mm?). The results
obtained are also listed in Table 8 of Fig. 19.

It is seen from Table 8 that the alloys No. 1 - No. 9
according to the present invention have a much longer
creep rupture lifetime than the comparative alloy No. 10.

Incidentally, the comparative alloy No. 10 does not
contain Co unlike the alloys of the present invention.

Figs. 8 and 9 are graphs showing those influences
of the Co content and B content of the alloys (listed in
Table 8 of Fig. 19) which are respectively exerted on the
creep rupture strength.

As shown in Fig. 8, the creep rupture time period of
the alloy becomes longer with increase in the Co con-
tent. However, the increase of the Co content by a large
amount is unfavorable for the reason that the alloy is lia-
ble to become brittle when heated at 600 - 660 (°C). In
order to enhance both the strength and toughness of
the alloy, therefore, the Co content should preferably be

EP 0 759 499 A1

10

15

20

25

30

35

40

45

50

55

19

36

2 -5 (%) for 620 - 630 (°C) and 5.5 - 8 (%) for 630 - 660
(°C).

As shown in Fig. 9, the strength of the alloy is prone
to lower with increase in the B content. It is understood
that the alloy exhibits a superior strength when the B
content is 0.03 (%) or below. The strength is increased
by setting the B content to 0.001 - 0.01 (%) and the Co
content to 2 - 4 (%) in a temperature range of 620 - 630
(°C), and by increasing the B content to 0.01 - 0.03 (%)
and the Co content to 5 - 7.5 (%) on a higher tempera-
ture side of 630 - 660 (°C).

It has been revealed that the alloy is strengthened
more by a lower N content at the temperatures exceed-
ing 600 (°C) in this embodiment. This is also apparent
from the fact that sample No. 2 in Table 8 of Fig. 19
exhibits a higher strength than sample No. 8 having a
higher N content. The N content of the alloy should pref-
erably be 0.01 - 0.04 (%). Since the constituent N was
hardly contained by the vacuum melting, the parent
alloy was doped with the element N.

It is seen from Fig. 7 concerning Embodiment 1 that
all the alloys according to the present invention as listed
in Table 8 exhibit high strengths. The rotor material indi-
cated in Embodiment 1 corresponds to the alloy of the
sample No. 2 in this embodiment.

As shown in Fig. 9, the sample No. 8 having a low
Mn content of 0.09 (%) exhibits a higher strength, sub-
ject to equal Co contents. As is also apparent from this
fact, the Mn content of the alloy should preferably be set
at 0.03 - 0.20 (%) in order to attain a higher strength.

(Embodiment 3)

Table 10 shown in Fig. 21 indicates chemical con-
stituents (weight-%) which concern the inner casing
materials of the present invention. With the thick part of
a large-sized casing assumed, the ingot of each of the
listed samples was prepared in such a way that each
alloy was melted in an amount of 200 (kg) by a high-fre-
quency induction furnace, and that the molten alloy was
poured into a sand mold having a maximum thickness of
200 (mm), a width of 380 (mm) and a height of 440
(mm). The samples Nos. 3 - 7 are materials according
to the present invention, whereas the samples Nos. 1
and 2 are materials of the prior art. The materials of the
samples Nos. 1 and 2 are Cr-Mo-V cast steel and 11Cr-
1Mo-V-Nb-N cast steel respectively which are currently
used in turbines. After having been annealed by furnace
cooling of 1050 (°C) x 8 (h), the samples were heat-
treated (normalized and tempered) under the following
conditions, assuming the thick part of the casing of the
large-sized steam turbine:

Sample No. 1:
Air cooling of 1050 (°C) x 8 (h)

Air cooling of 710 (°C) x 7 (h)
Air cooling of 710 (°C) x 7 (h)
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Samples No. 2 - No. 7:

Air cooling of 1050 (°C) x 8 (h)
Air cooling of 710 (°C) x 7 (h)
Air cooling of 710 (°C) x 7 (h)

The weldability of each of the samples was evalu-
ated in conformity with "JIS Z3158". A preheating tem-
perature, an inter-pass temperature and a post-heating
starting temperature were set at 150 (°C), and a post-
heating treatment was conducted at 400 (°C) for 30
(minutes).

Table 11 shown in Fig. 21 indicates the test results
of the samples Nos. 1 - 7 listed in Table 10 of Fig. 21,
concerning tensile characteristics at room temperature,
V-notch Charpy impact absorption energy at 20 (°C), a
650-°C 10%-h creep rupture strength, and a welding
crack.

The creep rupture strength and the absorbed
impact energy of each of the materials of the present
invention (samples Nos. 3, 4, 6 and 7) doped with
appropriate amounts of B, Mo and W, fully satisfy the
special qualities (625-°C 10%-h strength = 8 kgf/mm?,
and 20-°C absorbed impact energy = 1 kg-m) required
of the high-temperature high-pressure turbine casing.
Especially, the samples Nos. 3, 6 and 7 exhibit high
strengths exceeding 9 (kgf/mm?). Moreover, none of the
materials of the present invention (except the sample
No. 3) suffer from welding cracks and all have good
weldability. As the result of a test concerning the rela-
tionship between the B content and the welding crack of
the alloy, when the B content exceeded 0.0035 (%), the
welding crack appeared. The alloy of the sample No. 3
was considered to be somewhat cracked. Regarding
the influences of the constituent Mo on the mechanical
properties, the alloy whose Mo content was as high as
1.18 (%) had a high creep rupture strength, but it exhib-
ited a small impact energy value and could not meet the
required toughness. On the other hand, the alloy whose
Mo content was 0.11 (%) had a high toughness, but it
exhibited a low creep rupture strength and could not
meet the required strength.

As the result of the investigation of the influences of
the constituent W on the mechanical properties, when
the W content exceeds 1.1 (%), the creep, rupture
strength becomes remarkably high, but when it exceeds
2 (%), the room-temperature absorbed impact energy
becomes low. Especially, the Ni/W ratio of the alloy is
controlled to 0.25 - 0.75, thereby obtaining the casing
material of the heat-resisting cast steel which meets a
625-°C 10°-h creep rupture strength of at least 9
(kgf/mm?) and a room-temperature absorbed impact
energy of at least 1 (kgf-m) that are required of the high-
pressure and intermediate-pressure inner casings, and
main-steam stop valve and control valve casings of the
high-temperature high-pressure turbine under a pres-
sure of at least 250 (kgf/cm?) at a temperature of 621
(°C). Especially, the W content and the Ni/W ratio are
respectively controlled to 1.2 - 2 (%) and 0.25 - 0.75,
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thereby obtaining the excellent casing material of the
heat-resisting cast steel which meets a 625-°C 10%-h
creep rupture strength of at least 10 (kgf/mm?) and a
room-temperature absorbed impact energy of at least 2
(kgf-m).

Fig. 10 is a graph showing the relationship between
the W content and the creep rupture strength for the
alloys explained above. As indicated in the figure, when
the W content is at least 1.0 (%), the strength is remark-
ably increased, and a value of at least 8.0 (kg/mm?) is
attained, especially for a W content of at least 1.5 (%).

Fig. 11 is a graph showing the relationship between
the 10%-hour creep rupture strength and the rupture
temperature for the alloys explained above. The alloy of
the sample No. 7 in the present invention satisfactorily
meets the required strength at temperatures of, at most,
640 (°C).

In an example, alloying raw materials to be brought
into the desired composition of the heat-resisting cast
steel in the present invention were melted in an amount
of 1 (ton) by an electric furnace and then refined by a
ladle, and the resulting raw materials were thereafter
poured into a sand mold. Thus, the inner casing for the
high-pressure portion or intermediate-pressure portion
as described in Embodiment 1 was obtained.

After having been annealed by furnace cooling of
1050 (°C) x 8 (h), the cast steel stated above was nor-
malized by air-blast quenching of 1050 (°C) x 8 (h) and
was tempered twice by furnace cooling of 730 (°C) x 8
(h). The casing which was manufactured by way of trial
and which had a fully-tempered martensitic structure,
was cut and investigated. As a result, it was verified that
the manufactured casing fully satisfies the special qual-
ities (625-°C 10%-h strength = 9 kgf/mm?, and 20-°C
absorbed impact energy = 1 kg-m) required of the cas-
ing of the high-temperature high-pressure turbine of 250
(atm.) and 625 (°C), and that it can be subjected to
welding.

(Embodiment 4)

This embodiment sets the steam temperature of a
high-pressure steam turbine and an intermediate-pres-
sure steam turbine at 649 (°C) in place of 625 (°C) in
Embodiment 1, and the construction and size thereof
are obtained by substantially the same design as in
Embodiment 1. Different here from Embodiment 1 are
the rotor shafts, first-stage moving blades, first-stage
fixed blades and inner casings of the high-pressure and
intermediate-pressure steam turbines that come into
direct contact with the steam of the above temperature.
In the materials of these components except the inner
casings, the B content and the Co content are respec-
tively increased to 0.01 - 0.03 (%) and 5 - 7 (%) in the
foregoing materials listed in Table 8 of Fig. 19. Further,
as the material of the inner casings, the W content of the
material in Embodiment 1 as indicated in Table 3 of Fig.
14 is increased to 2 - 3 (%), and Co is added 3 (%). In
this way, required strengths are fulfilled, and the design
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in the prior art can be used very meritoriously. More
specifically, in this embodiment, the design concept in
the prior art as it is can be used in the point that all the
structural materials to be exposed to the high tempera-
ture are formed of ferritic steel. By the way, since the
second-stage moving blades and fixed blades of the
high-pressure and intermediate-pressure steam tur-
bines are subject to steam inlet temperatures of about
610 (°C), the material used for the first stage in Embod-
iment 1 should preferably be employed for these com-
ponents.

Further, the steam temperature of low-pressure
steam turbines in this embodiment becomes about 405
(°C) which is somewhat higher than about 380 (°C) in
Embodiment 1. However, since the material in Embodi-
ment 1 has a satisfactorily high strength for the rotor
shafts themselves of the low-pressure steam turbines,
the same superclean material (high purity material) is
employed.

Still further, although a turbine configuration in this
embodiment is of the cross-compound type, the tandem
type in which all the turbines are directly connected can
also be realized at a rotational speed of 3600 (r.p.m.).

The present invention thus far described brings
forth effects as stated below.

According to the present invention, it is possible to
obtain heat-resisting martensitic cast steel the creep
rupture strength and room-temperature toughness of
which are high at 610 - 660 (°C). Therefore, all principal
members for ultra-supercritical pressure turbines at
individual temperatures can be made of heat-resisting
ferritic steel, the basic designs of prior-art steam tur-
bines can be used as they are, and a thermal power
plant of high reliability can be built.

Heretofore, an austenitic alloy has been inevitably
used at such temperatures. It has therefore been impos-
sible to manufacture a nondefective large-sized rotor,
from the viewpoint of manufactural properties. In con-
trast, according to heat-resisting ferritic forged steel of
the present invention, the nondefective large-sized rotor
can be manufactured.

Moreover, the high-temperature steam turbine
made entirely of the ferritic steel according to the
present invention does not use the austenitic alloy
which has a large coefficient of thermal expansion.
Therefore, the steam turbine has such advantages as
being rapidly started with ease and being less suscepti-
ble to thermal fatigue damage.

Claims

1. A steam turbine for use with steam of increased
temperature, specifically in the range of 610 to 660
°C, comprising a rotor shaft with moving blades and
an inner casing with fixed blades, wherein the rotor
shaft and the inner casing are made of martensitic
steel containing 8 to 13 weight-% of Cr.

2. A steam turbine as defined in claim 1, wherein said
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rotor shaft is made of high-strength martensitic
steel of fully-tempered martensitic structure which
exhibits a 10%-hour creep rupture strength of at
least 15 (kg/mm?), and which contains 9 - 13
(weight-%) of Cr; and said inner casing is made of
martensitic steel which exhibits a 10%-hour creep
rupture strength of at least 10 (kg/mm?) at the tem-
perature corresponding to said inflowing steam
temperature, and which contains 8 - 13 (weight-%)
of Cr.

A steam turbine as defined in claim 1 or 2, wherein
at least one of first-stage blades of at least one of
said moving blades and said fixed blades is made
of martensitic steel which exhibits a 105-hour creep
rupture strength of at least 15 (kg/mm?) at a tem-
perature corresponding to the inflowing steam tem-
perature of the first-stage moving blade, or which
exhibits an anti-tension of at least 90 (kg/mm?) at
room temperature, and which contains 8 - 13
(weight-%) of Cr.

A steam turbine as defined in claim 1 or 2, wherein
at least a first-stage blade of said moving blades is
made of Ni-based deposited strengthen alloy which
exhibits an anti-tension of at least 100 (kg/mm?) at
room temperature.

A steam turbine as defined in claim 1, 2, 3 or 4,
wherein said rotor shaft is made of high-strength
martensitic steel which contains 0.05 - 0.20 (%) of
C, at most 0.15 (%) of Si, 0.03 - 1.5 (%) of Mn, 9.5 -
13 (%) of Cr, 0.05 - 1.0 (%) of Ni, 0.05 - 0.35 (%) of
V, 0.01 - 0.20 (%) of Nb, 0.01 - 0.06 (%) of N, 0.05 -
0.5 (%) of Mo, 1.0 - 3.5 (%) of W, 2 - 10 (%) of Co
and 0.0005 - 0.03 (%) of B, and which has at least
78 (%) of Fe, the percentages being given in terms
of weight; and said inner casing is made of high-
strength martensitic steel which contains 0.06 -
0.16 (%) of C, at most 0.5 (%) of Si, at most 1 (%)
of Mn, 0.2 - 1.0 (%) of Ni, 8 - 12 (%) of Cr, 0.05 -
0.35 (%) of V, 0.01 - 0.15 (%) of Nb, 0.01 - 0.1 (%)
of N, at most 1.5 (%) of Mo, 1 - 4 (%) of W and
0.0005 - 0.03 (%) of B, and which has at least 85
(%) of Fe, the percentages being given in terms of
weight.

A high-pressure steam turbine as defined in claim
1, 2, 3, 4, or 5, wherein said moving blades are
arranged including at least 7 stages on each side in
a lengthwise direction of said rotor shaft, except a
first stage which is of double flow; and said rotor
shaft has a distance (L) of at least 5000 (mm)
between centers of bearings in which it is journaled,
and a minimum diameter (D) of at least 600 (mm) at
its parts which correspond to said fixed blades, a
ratio (L/D) between the distance (L) and the diame-
ter (D) being 8.0 - 9.0, and it is made of high-
strength martensitic steel which contains 9 - 13
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(weight-%) of Cr.

An intermediate-pressure steam turbine as defined
in claim 1, 2, 3, 4 or 5, wherein said moving blades
have a double-flow construction in which at least 6
stages are included on each side in a lengthwise
direction of said rotor shaft, in a bilaterally symmet-
rical arrangement on both sides, and in which the
first stages of the arrangement are assembled on a
central part of said rotor shaft in the lengthwise
direction; and said rotor shaft has a distance (L) of
at least 5000 (mm) between centers of bearings in
which it is journaled, and a minimum diameter (D)
of atleast 600 (mm) at its parts which correspond to
said fixed blades, a ratio (L/D) between the distance
() and the diameter (D) being 8.2 - 9.2, and it is
made of high-strength martensitic steel which con-
tains 9 - 13 (weight-%) of Cr.

A high-pressure steam turbine as defined in claim
1, 2, 3, 4, 5 or 6, wherein said moving blades are
arranged including at least 7 stages, and they have
lengths of 35 - 210 (mm) in a region from an
upstream side of the steam flow to a downstream
side thereof; diameters of those parts of said rotor
shaft on which said moving blades are assembled
are larger than diameters of those parts of said
rotor shaft which correspond to said fixed blades;
and widths of the moving-blade assembling parts of
said rotor shaft in an axial direction of said rotor
shaft are stepwise larger on the downstream side
than on the upstream side, and the ratios of these
widths to the lengths of said moving blades
decrease from said upstream side toward said
downstream side within a range of 0.6 - 1.0.

A high-pressure steam turbine as defined in claim
1,2, 3, 4,5, 6, or 8, wherein said moving blades are
arranged including at least 7 stages, and they have
lengths of 35 - 210 (mm) in a region from an
upstream side of the steam flow to a downstream
side thereof; ratios between the lengths of said
moving blades of the respectively adjacent stages
are at most 1.2, and they increase gradually toward
the downstream side; and said lengths of said mov-
ing blades are larger on said downstream side than
on the upstream side.

A high-pressure steam turbine as defined in claim
1,2, 3,4,5, 6, 8 or 9, wherein said moving blades
are arranged including at least 7 stages, and they
have lengths of 35 - 210 (mm) in a region from an
upstream side of the steam flow to a downstream
side thereof; and widths of those parts of said rotor
shaft which correspond to said fixed blades, the
widths being taken in an axial direction of said rotor
shaft, are stepwise smaller on the downstream side
than on the upstream side, and the ratios of these
widths to the lengths of the downstream-side mov-
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ing blades decrease stepwise toward said down-
stream side within a range of 0.65 - 1.8.

An intermediate-pressure steam turbine as defined
in claim 1, 2, 3, 4, 5, or 7, wherein said moving
blades have a double-flow construction in which at
least 6 stages are included on each of two sides in
a lengthwise direction of said rotor shatft, in a bilat-
erally symmetrical arrangement on both sides, and
they have lengths of 100 - 300 (mm) in a region
from an upstream side of the steam flow to a down-
stream side thereof; diameters of those parts of
said rotor shaft on which said moving blades are
assembled are larger than diameters of those parts
of said rotor shaft which correspond to said fixed
blades; and widths of the moving-blade assembling
parts of said rotor shaft in an axial direction of said
rotor shaft are larger on the downstream side than
on the upstream side, and the ratios of these widths
to the lengths of said moving blades decrease from
said upstream side toward said downstream side
within a range of 0.45 - 0.75.

An intermediate-pressure steam turbine as defined
in claim 1, 2, 3, 4, 5, 7 or 11 wherein said moving
blades have a double-flow construction in which at
least 6 stages are included on each of two sides in
a lengthwise direction of said rotor shatft, in a bilat-
erally symmetrical arrangement on both sides, and
they have lengths of 100 - 300 (mm) in a region
from an upstream side of the steam flow to a down-
stream side thereof; and the lengths of the respec-
tively adjacent moving blades are larger on the
downstream side than on the upstream side, and
the ratios of the lengths of adjacent blades are at
most 1.3 and increase gradually toward said down-
stream side.

An intermediate-pressure steam turbine as defined
inclaim 1, 2, 3, 4, 5, 7, 11 or 12, wherein said mov-
ing blades have a double-flow construction in which
at least 6 stages are included on each of two sides
in a lengthwise direction of said rotor shaft, in a
bilaterally symmetrical arrangement on both sides,
and they have lengths of 100 - 300 (mm) in a region
from an upstream side of the steam flow to a down-
stream side thereof; and widths of those parts of
said rotor shaft which correspond to said fixed
blades, the widths being taken in an axial direction
of said rotor shaft, are stepwise smaller on the
downstream side than on the upstream side, and
the ratios of these widths to the lengths of the
downstream-side moving blades decrease step-
wise toward said downstream side within a range of
0.45 - 1.60.

A high-pressure steam turbine as defined in claim
1, 2,3, 4,5, 6, 8 9 or 10, wherein said moving
blades are arranged including at least 7 stages;
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diameters of those parts of said rotor shaft which
correspond to said fixed blades are smaller than
diameters of those parts of said rotor shaft which
correspond to the assembled moving blades;
widths of the rotor shaft parts corresponding to said
fixed blades, in an axial direction of said rotor shaft
are stepwise larger on an upstream side of the
steam flow than on a downstream side thereof at, at
least, 2 of said stages, and the width between the
final stage of said moving blades and the stage
thereof directly preceding said final stage is 0.75 -
0.95 times as large as the width between the sec-
ond stage and the third stage of said moving
blades; and widths of the rotor shaft parts corre-
sponding to said assembled moving blades, in the
axial direction of said rotor shaft, are stepwise
larger on the downstream side of said steam flow
than on the upstream side thereof at, at least, 3 of
said stages, and the axial width of said final stage of
said moving blades is 1 - 2 times as large as the
axial width of said second stage of said moving
blades.

An intermediate-pressure steam turbine as defined
inclaim1, 2,3, 4,5,7, 11, 12, or 13, wherein said
moving blades are arranged including at least 6
stages; diameters of those parts of said rotor shaft
which correspond to said fixed blades are smaller
than diameters of those parts of said rotor shaft
which correspond to the assembled moving blades;
widths of the rotor shaft parts corresponding to said
fixed blades, in an axial direction of said rotor shaft
are stepwise larger on an upstream side of the
steam flow than on a downstream side thereof at, at
least, 2 of said stages, and the width between the
final stage of said moving blades and the stage
thereof directly preceding said final stage is 0.6 -
0.8 times as large as the width between the first
stage and the second stage of said moving blades;
and widths of the rotor shaft parts corresponding to
said assembled moving blades, in the axial direc-
tion of said rotor shaft, are stepwise larger on the
downstream side of said steam flow than on the
upstream side thereof at, at least, 2 of said stages,
and the axial width of said final stage of said moving
blades is 0.8 - 2 times as large as the axial width of
said first stage of said moving blades.

In a steam-turbine power plant having a high-pres-
sure turbine, an intermediate-pressure turbine and
a low-pressure turbine; the improvement therein
wherein that steam inlet of each of the high-pres-
sure and intermediate-pressure turbines which
leads to moving blades of a first stage included in
each of said high-pressure and intermediate-pres-
sure turbines is at a temperature of 610 - 660 (°C);
that steam inlet of said low-pressure turbine which
leads to moving blades of a first stage included in
said low-pressure turbine is at a temperature of 380
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- 475 (°C); said high-pressure being as defined in
claim1, 2, 3, 4, 5, 6, 8, 10 or 14, and said interme-
diate-pressure turbines being as defined in claim 1,
2,3,4,57,11,12,13 or 15.

A steam-turbine power plant as defined in claim 16,
wherein the first-stage moving blade of said high-
pressure turbine, and that part of a rotor shaft of
said high-pressure turbine on which said first-stage
moving blade is assembled are held at metal tem-
peratures which are not more than 40 (°C) lower
than a temperature of said steam inlet of said high-
pressure turbine leading to said first-stage moving
blade; and the first-stage moving blade of said inter-
mediate-pressure turbine, and that part of a rotor
shaft of said intermediate-pressure turbine on
which said first-stage moving blades is assembled
are held at metal temperature which is not more
than 75 (°C) lower than a temperature of said steam
inlet of said intermediate-pressure turbine leading
to said first-stage moving blade.

A coal-fired power plant having a coal-fired boiler,
steam turbines which are driven by steam devel-
oped by the boiler, and one or two generators which
are driven by the steam turbines and which can
generate an output of at least 1000 (MW); the
improvement therein wherein said steam turbines
include a high-pressure turbine, an intermediate-
pressure turbine which is joined to said high-pres-
sure turbine, and two low-pressure turbines; that
steam inlet of each of the high-pressure and inter-
mediate-pressure turbines which leads to moving
blades of a first stage included in each of said high-
pressure and intermediate-pressure turbines is at a
temperature of 610 - 660 (°C); that steam inlet of
said low-pressure turbine which leads to moving
blades of a first stage included in said low-pressure
turbine is at a temperature of 380 - 450 (°C); said
high-pressure turbine being as defined inclaim 1, 2,
3, 4,5, 6, 8, 10 or 14, and said intermediate-pres-
sure turbine being as defined in claim 1, 2, 3, 4, 5,
7,11,13 or 15.

In a coal-fired power plant having a coal-fired boiler,
steam turbines which are driven by steam devel-
oped by the boiler, and one or two generators which
are driven by the steam turbines and which can
generate an output of at least 1000 (MW); the
improvement therein wherein said steam turbines
include a high-pressure turbine, an

intermediate-pressure turbine which is joined to
said high-pressure turbine, and two low-pressure
turbines; that steam inlet of each of the high-pres-
sure and intermediate-pressure turbines which
leads to moving blades of a first stage included in
each of said high-pressure and intermediate-pres-
sure turbines is at a temperature of 610 - 660 (°C);
that steam inlet of said low-pressure turbine which
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leads to moving blades of a first stage included in
said low-pressure turbine is at a temperature of 380
- 450 (°C); the steam heated by a superheater of
said boiler to a temperature which is at least 3 (°C)
higher than the temperature of said steam inlet of
said high-pressure turbine leading to the first-stage
moving blade thereof is caused to flow into said
first-stage moving blade of said high-pressure tur-
bine; the steam having come out of said high-pres-
sure turbine is heated by a reheater of said boiler to
a temperature which is at least 2 (°C) higher than
the temperature of said steam inlet of said interme-
diate-pressure turbine leading to the first-stage
moving blade thereof, whereupon the heated steam
is caused to flow into said first-stage moving blade
of said intermediate-pressure turbine; and the
steam having come out of said intermediate-pres-
sure turbine is heated by an economizer of said
boiler to a temperature which is at least 3 (°C)
higher than the temperature of said steam inlet of
said low-pressure turbine leading to the first-stage
moving blade thereof, whereupon the heated steam
is caused to flow into said first-stage moving blade
of said low-pressure turbine.

A power plant as defined in claim 16, 17, 18 or 19,
wherein said low-pressure steam turbine has a
rotor shaft, moving blades which are assembled on
the rotor shaft, fixed blades which guide inflow of
steam to the moving blades, and an inner casing
which holds the fixed blades; said moving blades
have a double-flow construction in which at least 8
stages are included on each side in a lengthwise
direction of said rotor shaft, in a bilaterally symmet-
rical arrangement on both sides, and in which the
first stages of the arrangement are assembled on a
central part of said rotor shaft in the lengthwise
direction; said rotor shaft has a distance (L) of at
least 7000 (mm) between centers of bearings in
which it is journaled, and a minimum diameter (D)
of at least 1150 (mm) at its parts which correspond
to said fixed blades, a ratio (L/D) between the dis-
tance (L) and the diameter (D) being 5.4 - 6.3, and
it is made of Ni-Cr-Mo-V low-alloy steel which con-
tains 1 - 2.5 (weight-%) of Cr and 3.0 - 4.5 (weight-
%) of Ni; and each of the final-stage moving blades
of said arrangement has a length of at least 40
(inches) and is made of a Ti-based alloy.

A power plant as defined in claim 16, 17, 18, 19 or
20, wherein said low-pressure steam turbine has a
rotor shaft, moving blades which are assembled on
the rotor shaft, fixed blades which guide inflow of
steam to the moving blades, and an inner casing
which holds the fixed blades; steam inlet of said
low-pressure turbine which leads to a first-stage
one of said moving blades is at a temperature of
380 - 450 (°C); and said rotor shaft is made of low-
alloy steel which contains 0.2 - 0.3 (%) of C, at most

10

15

20

25

30

35

40

45

50

55

24

EP 0 759 499 A1

22,

23.

24,

46

0.05 (%) of Si, at most 0.1 (%) of Mn, 3.0 - 4.5 (%)
of Ni, 1.25 - 2.25 (%) of Cr, 0.07 - 0.20 (%) of Mo,
0.07 - 0.2 (%) of V and at least 92.5 (%) of Fe, the
percentages being given in terms of weight.

A power plant as defined in claim 16, 17, 18 or 19,
wherein said low-pressure steam turbine has a
rotor shaft, moving blades which are assembled on
the rotor shaft, fixed blades which guide inflow of
steam to the moving blades, and an inner casing
which holds the fixed blades; said moving blades
have a double-flow construction in which at least 8
stages are included on each of two sides in a
lengthwise direction of said rotor shaft, in a bilater-
ally symmetric arrangement on both sides, and they
have lengths of 90 - 1300 (mm) in a region from an
upstream side of the steam flow to a downstream
side thereof; diameters of those parts of said rotor
shaft on which said moving blades are assembled
are larger than diameters of those parts of said
rotor shaft which correspond to said fixed blades;
and widths of the moving-blade assembling parts of
said rotor shaft in an axial direction of said rotor
shaft are larger on the downstream side than on the
upstream side, and the ratios of these widths to the
lengths of said moving blades decrease from said
upstream side toward said downstream side within
arange of 0.15-1.0.

A power plant as defined in claim 16, 17, 18, 19, 20,
21 or 22, wherein said low-pressure steam turbine
has a rotor shaft, moving blades which are assem-
bled on the rotor shaft, fixed blades which guide
inflow of steam to the moving blades, and an inner
casing which holds the fixed blades; said moving
blades have a double-flow construction in which at
least 8 stages are included on each of two sides in
a lengthwise direction of said rotor shatft, in a bilat-
erally symmetrical arrangement on both sides, and
they have lengths of 90 - 1300 (mm) in a region
from an upstream side of the steam flow to a down-
stream side thereof; and the lengths of said moving
blades of the respectively adjacent stages are
larger on the downstream side than on the
upstream side, and their ratios increase gradually
toward said downstream side within a range of 1.2 -
1.7.

A power plant as defined in claim 16, 17, 18, 19, 20,
21, 22 or 23, wherein said low-pressure steam tur-
bine has a rotor shaft, moving blades which are
assembled on the rotor shaft, fixed blades which
guide inflow of steam to the moving blades, and an
inner casing which holds the fixed blades; said
moving blades have a double-flow construction in
which at least 8 stages are included on each of two
sides in a lengthwise direction of said rotor shaft, in
a bilaterally symmetrical arrangement on both
sides, and they have lengths of 90 - 1300 (mm) in a
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region from an upstream side of the steamflow to a
downstream side thereof; and widths of those parts
of said rotor shaft which correspond to said fixed
blades, the widths being taken in an axial direction
of said rotor shaft, are larger on the downstream
side than on the upstream side, and the ratios of
these widths to the lengths of the respectively adja-
cent moving blades on said downstream side
decrease stepwise toward said downstream side
within a range of 0.2 - 1.4.

A power plant as defined in claim 16, 17, 18, 19, 20,
21, 22, 23 or 24, wherein said low-pressure steam
turbine has a rotor shaft, moving blades which are
assembled on the rotor shaft, fixed blades which
guide inflow of steam to the moving blades, and an
inner casing which holds the fixed blades; said
moving blades have a double-flow construction in
which at least 8 stages are included on each of two
sides in an axial direction of said rotor shaft, in a
bilaterally symmetrical arrangement on both sides;
diameters of those parts of said rotor shaft which
correspond to said fixed blades are smaller than
diameters of those parts of said rotor shaft which
correspond to the assembled moving blades;
widths of the rotor shaft parts corresponding to said
fixed blades, in the axial direction of said rotor shaft,
are stepwise larger on an upstream side of the
steam flow than on a downstream side thereof at, at
least, 3 of said stages, and the width between the
final stage of said moving blades and the stage
thereof directly preceding said final stage is 1.5 -
2.5 times as large as the width between the first
stage and the second stage of said moving blades;
and widths of the rotor shaft parts corresponding to
said assembled moving blades, in said axial direc-
tion of said rotor shaft are stepwise larger on the
downstream side of said steam flow than on the
upstream side thereof at, at least, 3 of said stages,
and the axial width of said final stage of said moving
blades is 2 - 3 times as large as the axial width of
said first stage of said moving blades.

A steam-turbine as defined in one of claims of 1 to
17, further comprising buildup welding layers made
of metal which has better bearing characteristics
than these of a parent metal of said rotor shaft,
formed on the surface of each journal portion of
said rotor shaft.

A steam-turbine as defined in claim 26, wherein
said buildup welding layers are formed in the
number of at least three.

A steam-turbine as defined in claim 27, wherein
said buildup welding layers are formed in the
number of five to ten.

A steam-turbine as defined in claim 26, 27 or 28,
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wherein the most peripheral layer of said buildup
welding layers is made of low-alloy steel which con-
tains 0.5 - 3 (weight-%) of Cr.

A steam-turbine as defined in claim 29, wherein the
most peripheral layer of said buildup welding layers
is made of low-alloy steel which contains 0.01-0.15
(weight-%) of C, 0.3 - 1 (weight-%) of Si, 0.3 - 1.5
(weight-%) of Mn, and 0.5 - 3 (weight-%) of Cr, 0.1
- 1.5 (weight-%) of Mo.
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TABLE 1

PLANT QUTPUT
OPERATING METHOD

1050MW
CONSTANT-PRESSURE TYPE

RADIATION-REHEATING TYPE ONCE-THROUGH

TYPE
~ BOILER OF ULTRA-SUPERCRITICAL PRESSURE
80ILER
EVAPORATION RATE | 3170t/h
SPECIFICATIONS
STEAM PRESSURE | 24. 124Pa(G]
STEAM TEMPERATURE | 630°C/630°C
COMBUSTION QUALITY
NOx 120pom
COMBUSTIBLES IN | 3.2%
PERFORMANCE REFUSE
LOAD CHANGE SPEED
4%/min
(50 <—> 100%)
MINIMUM LOAD 33% ECR (COAL)
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TABLE 2
TURBINE TYPE CC4F-43
REVOLUTIONS PER MIMUTE | 3600/1800r/min
STEAM CONDITIONS 24. 1MPa-625°C/625°C

TURBINE CONFIGURATION

W HTTE -© keHS<E©

R/H

CONSTRUCTION OF FIRST-
STAGE BLADE

DOUBLE-FLOW, DOUBLE-TENON TYPE TANGENTIAL ENTRY
DOVETAIL BLADE

FINAL-STAGE BLADE

BLADE OF TITANIUM ALLOY BEING 43 INCHES LONG

OVERALL LENGTHS OF
TURBINES

HP-1P:13.2m. LP-P:22.Tm

BOOY OF MAIN-STEAM STOP
VALVE, BODY OF STEAM
CONTROL VALVE

HIGH-STRENGTH 12Cr FORGED STEEL

HIGH-PRESSURE ROTOR
I NTERMED | ATE-PRESSURE
ROTOR
LOW-PRESSURE ROTOR

HIGH-STRENGTH 12Cr FORGED STEEL

HIGH-STRENGTH 12Cr FORGED STEEL

SUPERCLEAN TYPE, 3.5Ni-Cr-Mo-V FORGED STEEL

MOVING BLADE AT HIGH
TEMPERATURE PART

FIRST STAGE. HIGH-STRENGTH 12Cr FORGED STEEL

HIGH-PRESSURE INNER CASING
HIGH-PRESSURE OUTER CASING

HIGH-STRENGTH 9Cr CAST STEEL
HIGH-STRENGTH Cr-Mo-V-B CAST STEEL

I NTERMED | ATE-PRESSURE
INNER CASING
I NTERMED | ATE-PRESSURE
OUTPUT CASING

HIGH-STRENGTH SCr CAST STEEL

HIGH-STRENGTH Cr-Mo-V-B CAST STEEL

THERMAL EFFICIENCY
(FOR RATED QUTPUT, AT
GENERATING END)

47.1%

(CCdF~43:G¥OSS-C(hP(1N\D TYPE 4-FLOW EXHAUST, USING BLADE 43 INCHES LONG,
HP:HIGH-PRESSURE PORTION, |P: INTERMEDIATE-PRESSURE PORTION, LP:LOW-PRESSURE
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TABLE 5
D SYMBOL C |Si{Mn P S Ni|Cr|Mo Fe
A 0.060.45)0.65(0.010 {0.01 — | 7.80 | 0.50 | BALANCE
B 0.0310.65]0.70{0.009 {0.008 — |5.1310.53 o
C 0.03{0.790.56(0.009 {0.012 [0.01]2.34]1.04 “
D 0.03/0.70}0.90|0.007 {0.016 [0.03{1.30(0.57 “

1
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FIG.

17

TABLE 6
SAMPLE | 1ST 2ND 3RD 4TH 5TH 6TH TTH 8TH
NO. LAYER | LAYER | LAYER | LAYER | LAYER | LAYER | LAYER | LAYER
1 A B C C C C C C
2 B C D D D D D D
3 A B C D D D D D

(Letters A ~D are the identification symbols of welding rods employed. )
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FIG.20

EP 0 759 499 A1

TABLE 9
No. B+N N/B B/Co |Co/Mo|Co/Nb
1 0.039 1.79 0. 0065 14.3 23.9
2 0.039 1.79 0. 0049 19.1 31.9
3 0.042 1.80 - - -
4 0.046 1.89 - - -
5 0. 054 17.0 0.0010 14.9 27.1
6 0.072 1.67 - - -
1 0.048 1.40 0.0072 8.7 18.5
8 0. 057 1.59 0.0073 11.1 37.6
9 0. 052 1.89 0. 0052 24.6 5T.5
10 0.039 2.00 - - -
AR 0.038 .11 0. 0071 11.0 36.1
12 0. 046 3.18 0.0044 12.6 50. 2
13 0.028 1.80 0. 0040 12.5 4.7
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