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(54) ROTOR FOR LOW-PRESSURE TURBINE

(57) The object of the invention is to provide a low-
pressure turbine rotor capable of maintaining mechanical
strength characteristics, and without problems in terms
of quality without increasing manufacturing costs and
manufacturing days, even if high temperature steam is
introduced into the low-pressure turbine. A low-pressure
turbine rotor used in a steam turbine facility including a
high-pressure turbine, an intermediate-pressure turbine,
and a low-pressure turbine includes a member formed
from 1CrMov steel, 2.25CrMoV steel, or 10CrMoV steel
arranged on a steam inlet side, and a member formed
from 3.5Ni steel arranged on a steam outlet side, which
are joined together by welding. Alternatively, the member
arranged on the steam inlet side and the member ar-
ranged on the steam outlet side, both of which are formed
from 3.5Ni steel, are joined together by welding, and the
member arranged on the steam inlet side is made of low-
impurity 3.5Ni steel containing, by weight %, Si: 0.1% or
less, Mn: 0.1% or less, and inevitable impurities contain-
ing, by weight %, P: 0.02% or less, S: 0.02% or less, Sn:
0.02% or less, As: 0.02% or less, Sb: 0.02% or less, Al:
0.02% or less, and Cu: 0.1% or less.
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Description

Technical Field

[0001] The present invention relates to a low-pressure
turbine rotor used in a steam turbine facility including a
high-pressure turbine, an intermediate-pressure turbine,
and a low-pressure turbine, and particularly, to a low-
pressure turbine rotor suitably used in a steam turbine
facility in which the steam inlet temperature attains a high-
temperature of 380°C or higher.

Background Art

[0002] Three methods of atomic power, thermal pow-
er, and hydraulic power generation, are now used as
main power generation methods, and from a viewpoint
of resource quantity and energy density, the three power
generation methods are also expected to be used as
main power generation methods in the future. Especially,
since thermal power generation is safe and its utility value
is high as a power generation method with a high capacity
to respond to load change, it is expected that thermal
power generation will also continue to play an important
role in the power generation field in the future.
[0003] A steam turbine facility used for coal-fired ther-
mal power generation including a steam turbine, gener-
ally has a high-pressure turbine, an intermediate-pres-
sure turbine, and a low-pressure turbine, and steam in
the range of 600°C is used for the steam turbine facility.
In such a steam turbine facility, steam in the 600°C range
supplied from a boiler is introduced into the high-pressure
turbine in a high-pressure blade stage composed of
blades and a vanes to rotate the high-pressure turbine
to perform expansion work. Thereafter, the steam is ex-
hausted from the high-pressure turbine and is introduced
into the intermediate-pressure turbine to rotate the inter-
mediate-pressure turbine to perform expansion work,
similarly to the high-pressure turbine. Further, the steam
is introduced into the low-pressure turbine to perform ex-
pansion work and is exhausted and condensed to a con-
denser.
[0004] Generally the low-pressure turbine rotor in such
a steam turbine facility is formed from 3.5Ni steel (for
example, 3.5NiCrMoV steel, etc.), and the inlet steam
temperature of the low-pressure turbine was set to 380°C
or lower that is a temperature such that 3.5Ni steel is able
to maintain mechanical strength characteristics and
toughness.
[0005] In the above steam turbine facility, a technique
adopting a steam condition of 630°C or higher is recently
required in order to reduce emissions of CO2 and further
improve thermal efficiency.
[0006] If steam of 630°C or higher is introduced into
the high-pressure turbine, and the same high-pressure
turbine and intermediate-pressure turbine as a conven-
tional case using steam in the 600°C range are used,
there is a possibility that the inlet steam temperature of

the low-pressure turbine may rise as high as about 400
to 430°C, greater than conventional, and the rotor of the
low-pressure turbine is not able to maintain its mechan-
ical strength characteristics and toughness due to the
rise in temperature.
[0007] Especially, in the case of double-stage reheat-
ing, second-stage reheating pressure becomes low.
Thus, the inlet steam temperature of the low pressure
turbine of the double-stage reheating rises higher than
single-stage reheating, and design conditions become
strict.
[0008] In order to maintain the mechanical strength
characteristics and toughness of the low-pressure tur-
bine rotor using steam of 630°C or higher and formed
from 3.5Ni steel, it is considered that the expansion work
amounts in the high-pressure turbine and the intermedi-
ate-pressure turbine are increased higher than ever be-
fore to reduce the steam temperature at the inlet of the
low-pressure turbine to 380°C or lower. However, for that
purpose it is necessary to increase the number of blade
stages of the high-pressure turbine and the intermediate-
pressure turbine, and there is a problem that the whole
turbine becomes enlarged.
[0009] Thus, Patent Document 1 disclosed a low-pres-
sure turbine rotor capable of reducing the content of im-
purities contained in 3.5Ni steel which constitutes the
low-pressure turbine rotor, and limiting the content to a
minute amount, thereby suppressing changes in the
structure of the metal which induces embrittlement over
time, such as grain boundary segregation of impurity el-
ements caused by heating, and stably performing oper-
ations even if steam of 380°C or higher is introduced.
[0010] Stricter impurity management than ever before
is required in the technique disclosed in Patent Document
1. However, especially, the low-pressure turbine rotor is
large-sized. Therefore, when an integral low-pressure
turbine rotor is used in the technique disclosed in Patent
Document 1, a problem occurs in that reliability in terms
of quality of a turbine rotor to be manufactured remains
unstable such that cost increases, manufacturing days
increase and delivery dates become delayed, and the
content of impurities exceeds a criteria, for example, due
to dispersion.

Prior Art Document

Patent Document

[0011] [Patent Document 1] Japanese Patent Applica-
tion Laid-Open No. 2006-170006

Summary of the Invention

[0012] Accordingly, the invention was made in view of
the problems of the conventional technique, and the ob-
ject thereof is to provide a low-pressure turbine rotor ca-
pable of maintaining mechanical strength characteristics,
and without problems in terms of quality without increas-
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ing manufacturing costs and manufacturing days, even
if high temperature steam is introduced into the low-pres-
sure turbine.
[0013] In order to solve the above problem, the present
invention provides a low-pressure turbine rotor used in
a steam turbine facility including a high-pressure turbine,
an intermediate-pressure turbine, and a low-pressure
turbine. The turbine rotor includes a member formed from
1CrMoV steel (hereinafter referred to as 1Cr steel),
2.25CrMoV steel (hereinafter referred to as 2.25Cr steel),
or 10CrMoV steel (hereinafter referred to as 10Cr steel)
arranged on a steam inlet side, and a member formed
from 3.5Ni steel arranged on a steam outlet side, which
are joined together by welding.
[0014] Since 1Cr steel, 2.25Cr steel, and 10Cr steel
are materials which have conventionally been used for
high-pressure turbine rotors or intermediate-pressure
turbine rotors, the material management methods are
established, and also easily available. Moreover, the
above materials have a more excellent high-temperature
resistance than 3.5Ni steel.
[0015] Additionally, 3.5Ni steel has stress corrosion
cracking (SCC) susceptibility lower than 1Cr steel and
2.25Cr steel. Additionally, 10Cr steel is more expensive
than 3.5Ni steel.
[0016] Thus, steam inlet side into which high-temper-
ature steam is introduced includes a member formed
from 1Cr steel, 2.25Cr steel, or 10Cr steel, and steam
outlet side in which a flow passage (blade length) increas-
es and higher strength is required includes a member
formed from 3.5Ni steel, whereby it is possible to form a
low-pressure turbine rotor which is excellent against
high-temperature and stress corrosion cracking, and
even if high-temperature steam is introduced, it is possi-
ble to maintain its mechanical strength characteristics
and toughness.
[0017] Moreover, although 3.5Ni steel and 1Cr steel
are almost the same from the viewpoint of embrittlement,
2.25Cr steel and 10Cr steel are superior to 3.5Ni steel.
Accordingly, if a member made of 1Cr steel is used for
the steam inlet side, the embrittlement susceptibility of
the whole low-pressure turbine rotor is almost the same
as the conventional low-pressure turbine rotor the entire-
ty of which is made of 3.5Ni steel. However, if a member
made of 2.25Cr steel or 10Cr steel is used for the steam
inlet side, the embrittlement susceptibility of the whole
low-pressure turbine rotor is superior to the conventional
low-pressure turbine rotor the entirety of which is made
of 3.5Ni steel. Therefore, the member on the steel inlet
side is more preferably formed from 2.25Cr steel or 10Cr
steel.
[0018] Additionally, there is provided a low-pressure
turbine rotor used in a steam turbine facility including a
high-pressure turbine, an intermediate-pressure turbine,
and a low-pressure turbine. The turbine rotor includes a
member arranged on a steam inlet side and a member
arranged on a steam outlet side, which are joined togeth-
er by welding, both the members are formed from 3.5Ni

steel, and the member arranged on the steam inlet side
is formed from low-impurity 3.5Ni steel.
[0019] Additionally, the low-impurity 3.5Ni steel ar-
ranged on the steam inlet side contains, by weight %, Si:
0.1% or less, Mn: 0.1% or less, and inevitable impurities,
by weight %, containing P: 0.02% or less, S: 0.02% or
less, Sn: 0.02% or less, As: 0.02% or less, Sb: 0.02% or
less, Al: 0.02% or less, and Cu: 0.1% or less.
[0020] By using the member made of 3.5Ni steel the
impurity content of which is reduced and limited to a
minute amount for the steam inlet side into which high-
temperature steam is introduced, it is possible to sup-
press changes in the metal structure which induce em-
brittlement over time, such as grain boundary segrega-
tion of impurity elements caused by heating, and even if
steam of 380°C or higher is introduced, it is possible to
stably perform operation.
[0021] Moreover, by using a member made of 3.5Ni
steel the impurity content of which is reduced not for the
whole rotor but for the steam inlet side into which high-
temperature steam is introduced, it is possible to fabri-
cate a low-pressure turbine rotor in which an increase in
manufacturing costs and manufacturing days is sup-
pressed, and the uncertainness in reliability in terms of
quality is also small.
[0022] Additionally, the low-pressure turbine rotor is
used in a steam turbine facility where the inlet steam
temperature of the low-pressure turbine is 380°C or high-
er,
a region where the temperature of the steam passing
through the low-pressure turbine becomes 380°C or
higher includes the member arranged on the steam inlet
side, and a region where the temperature of the steam
passing through the low-pressure turbine is less than
380°C includes the member arranged on the steam outlet
side.
[0023] The normal 3.5Ni steel has a high possibility of
inducing embrittlement over time, such as grain boundary
segregation of impurity elements, if steam temperature
becomes 380°C or higher. Thus, a region where steam
temperature becomes 380°C or higher includes the
member arranged on the steam inlet side, and a region
where steam temperature is less than 380°C includes
the member arranged on the steam outlet side, whereby
the normal 3.5Ni steel does not contact steam of 380°C
or higher, and it is possible to suppress embrittlement of
a member formed from the 3.5Ni steel arranged on the
steam outlet side.
[0024] The low-pressure turbine rotor is used in a
steam turbine facility where the inlet steam temperature
of at least one of the high-pressure turbine and the inter-
mediate-pressure turbine is 630°C or higher.
[0025] Thereby, the high-pressure turbine and the in-
termediate-pressure turbine are not enlarged, it is pos-
sible to reduce emissions of CO2 from the steam turbine
facility, and it is possible to improve the thermal efficiency
of the steam turbine facility.
[0026] As described above, according to the invention,
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it is possible to provide a low-pressure turbine rotor ca-
pable of maintaining mechanical strength characteristics,
and without problems in terms of quality without increas-
ing manufacturing costs and manufacturing days, even
if high temperature steam is introduced into the low-pres-
sure turbine.

Brief Description of the Drawings

[0027]

[FIG. 1] FIG. 1 is a view illustrating the configuration
of a steam turbine power generation facility in Em-
bodiment 1.
[FIG. 2] FIG. 2 is a plan view schematically illustrating
the configuration of a low-pressure turbine rotor in
Embodiment 1.
[FIG. 3] FIG. 3 is a plan view schematically illustrating
the configuration of a low-pressure turbine rotor in
Embodiment 2.
[FIG. 4] FIG. 4 is a graph illustrating the embrittle-
ment factors of 1Cr steel, 2.25Cr steel, 10Cr steel,
and 3.5Ni steel.

Detailed Description of the Preferred Embodiment

[0028] Preferred examples of the invention will be il-
lustratively described below in detail with reference to
the drawings. Here, the dimensions, materials, shapes,
relative arrangements, etc. of component parts de-
scribed in this example are not meant to limit the scope
of the invention, but are merely simple explanatory ex-
amples, as long as there is no specific description of lim-
itations.

[Example 1]

[0029] FIG. 1 is a view illustrating the configuration of
a steam turbine power generation facility in Embodiment
1.
[0030] With reference to FIG. 1, a power generation
facility composed of a steam turbine facility using a low-
pressure turbine rotor of the invention will be described.
In addition, FIG. 1 is an example of single-stage reheat-
ing, and the invention is also applied to implementation
of double-stage reheating and a high temperature rise
(630°C or higher) only by reheating, and is not particularly
limited.
[0031] The steam turbine power generation facility 10
illustrated in FIG. 1 mainly includes a high-pressure tur-
bine 14, an intermediate-pressure turbine 12, a low-pres-
sure turbine 16, a power generator 18, a condenser 20,
and a boiler 24. The steam passes through in order of a
boiler 24, a main steam pipe 26, the high-pressure turbine
14, a low-temperature reheat pipe 28, the boiler 24, the
high-temperature reheat pipe 30, the intermediate-pres-
sure turbine 12, a crossover pipe 32, the low-pressure
turbine 16, the condenser 20, a water feed pump 22, and

the boiler 24.
[0032] The steam overheated to 630°C or higher in the
boiler 24 is introduced into the high-pressure turbine 14
through the main steam pipe 26. The steam introduced
into the high-pressure turbine 14 is exhausted and is re-
turned to the boiler 24 through the low-temperature re-
heat pipe 28 after having performed expansion work. The
steam returned to the boiler 24 is reheated in the boiler
24 and turned into steam of 630°C or higher, and is sent
to the intermediate-pressure turbine 12 through the high-
temperature reheat pipe 30. The steam introduced into
the intermediate-pressure turbine 12 is exhausted, is
turned into steam of about 400 to 430°C, and is sent to
the low-pressure turbine 16 through the crossover pipe
32 after having performed expansion work. The steam
introduced into the low-pressure turbine 16 is exhausted
and is sent to the condenser 20 after having performed
expansion work. The steam sent to the condenser 20 is
condensed in the condenser 20, is increased in pressure
in the water feed pump 22, and is returned to the boiler
24. The power generator 18 is rotationally driven by the
expansion work of each turbine to generate power.
[0033] FIG. 2 is a plan view schematically illustrating
the configuration of the rotor used for the low-pressure
turbine 16 in Embodiment 1.
[0034] The low-pressure turbine rotor used for the
steam turbine power generation facility as mentioned
above will be described with reference to FIG. 2.

(Configuration)

[0035] First, the configuration of the rotor according to
this example used for the low-pressure turbine 16 into
which steam of about 400 to 430°C is introduced will be
described with reference to FIG. 2.
[0036] As illustrated in FIG. 2, the low-pressure turbine
rotor 16A includes one member (hereinafter referred to
as chrome steel portion) 16a made of 1Cr steel, 2.25Cr
steel, or 10Cr steel, and two members (hereinafter re-
ferred to as normal 3.5Ni steel portions) 16b and 16c
made of 3.5Ni steel.
[0037] The chrome steel portion 16a is joined to the
normal 3.5Ni steel portions 16b and 16c, respectively,
by welding at both ends thereof, thereby forming the low-
pressure turbine rotor 16A integrated in order of the nor-
mal 3.5Ni steel portion 16b, the chrome steel portion 16a,
and the normal 3.5Ni steel portion 16c from one end.
[0038] Additionally, the chrome steel portion 16a is ar-
ranged at a position exposed to steam of 380°C or higher,
and the normal 3.5Ni steel portions 16b and 16c are ar-
ranged at positions exposed to steam of less than 380°C.

(Materials)

[0039] Next, the materials of the chrome steel portion
16a and the 3.5Ni steel portions 16b and 16c which con-
stitutes the low-pressure turbine rotor 16A, will be de-
scribed.
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(A) Chrome steel portion

[0040] The chrome steel portion is formed from 1Cr
steel, 2.25Cr, or 10Cr steel which has excellent in high-
temperature resistance, and is easily available.
[0041] The 1Cr steel may include, for example, a ma-
terial having composition containing, by weight %, C: 0.2
to 0.4%, Si: 0.35% or less, Mn: 1.5% or less, Ni: 2.0% or
less, Cr: 0.5 to 1.5%, Mo: 0.5 to 1.5%, V: 0.2 to 0.3%,
and the balance: Fe with inevitable impurities.
[0042] The 2.25Cr Steel may include, for example, a
material having composition containing, by weight %, C:
0.2 to 0.35%, Si: 0.35% or less, Mn: 1.5% or less, Ni: 0.2
to 2.0%, Cr: 1.5 to 3.0%, Mo: 0.9 to 1.5%, V: 0.2 to 0.3%,
and the balance: Fe with inevitable impurities.
[0043] The 10Cr steel may include, for example, a ma-
terial having composition containing, by weight %, C:
0.05 to 0.4%, Si: 0.35% or less, Mn: 2.0% or less, Ni:
3.0% or less, Cr: 7 to 13%, Mo: 0.1 to 3.0%, V: 0.01 to
0.5%, N: 0.01 to 0.1%, Nb: 0.01 to 0.2%, and the balance:
Fe with inevitable impurities.
[0044] The 10Cr steel of another example may include,
for example, a material having composition containing,
by weight %, C: 0.05 to 0.4%, Si: 0.35% or less, Mn: 2.0%
or less, Ni: 7.0% or less, Cr: 8 to 15%, Mo: 0.1 to 3.0%,
V: 0.01 to 0.5%, N: 0.01 to 0.1%, Nb: 0.2% or less, and
the balance: Fe with inevitable impurities.
[0045] FIG. 4 is a graph illustrating the embrittlement
factor of 1Cr steel, 2.25Cr steel, 10Cr steel, and 3.5Ni
steel. The ordinate axis represents embrittlement factors
(∆FATT), and values used as the index of the easiness
of embrittlement. As the numeric value of this factor is
higher, susceptibility to embrittlement is higher and em-
brittlement is easier. The abscissa axis represents J-Fac-
tors and values used as the index of the concentration
of impurities. As is clear from FIG. 4, materials easily
embrittle as the impurity concentration increases. More-
over, 1Cr steel and 3.5Ni steel have almost the same
embrittlement factors, the embrittlement factor of 2.25Cr
steel is lower than that, and the embrittlement factor of
10Cr steel is lower still.
[0046] Accordingly, if a member made of 1Cr steel is
used for the chrome steel portion 16a, it can be said that
the embrittlement susceptibility of the whole low-pres-
sure turbine rotor is almost the same as the conventional
low-pressure turbine rotor in which the whole rotor is
made of 3.5Ni steel. However, if members made of
2.25Cr steel or 10Cr steel are used for the chrome steel
portions 16b and 16c, it can be said that the embrittlement
susceptibility of the whole low-pressure turbine rotor is
lower than the conventional low-pressure turbine rotor in
which the whole rotor is made of 3.5Ni steel, i.e., the
turbine rotor hardly embrittles. Therefore, the chrome
steel portion 16a is more preferably formed from 2.25Cr
steel or 10Cr steel.

(B) Normal 3.5Ni steel portion

[0047] The 3.5Ni steel may include, for example, a ma-
terial having composition containing, by weight %, C:
0.4% or less, Si: 0.35% or less, Mn: 1.0% or less, Cr: 1.0
to 2.5%, V: 0.01 to 0.3%, Mo: 0.1 to 1.5%, Ni: 3.0 to 4.5%,
and the balance: Fe with inevitable impurities.

(Manufacturing method)

[0048] Joining is made by welded portions between
the chrome steel portion 16a and the normal 3.5Ni steel
portions 16b and 16c by welding.
[0049] Although the method of the welding is not par-
ticularly limited if the welded portions are able to with-
stand the operational conditions of the low-pressure tur-
bine, it is possible to include a general welding method
of supplying a weld wire to an arc generated by a welding
torch as an example as a filler.
[0050] For example, a narrow groove welding joint, etc.
is adopted as the shape of the welded portions. In weld-
ing, a filler supplied as a weld wire by melting caused by
an arc is laminated for every single pass, and the filler is
filled into the narrow groove welding joint, thereby joining
together the chrome steel portion 16a and the normal
3.5Ni steel portions 16b and 16c. The 3.5Ni steel that is
the same material as the normal 3.5Ni steel portion is
used as the filler.
[0051] The following effects are obtained by using the
low-pressure turbine rotor described above.
[0052] Since 1Cr steel, 2.25Cr steel, and 10Cr steel
are materials which have conventionally been used for
high-pressure turbine rotors or intermediate-pressure
turbine rotors, the materials management methods are
established, and also easily available. Moreover, the
above materials have more excellent high-temperature
resistance than 3.SNi steel. Additionally, 3.5Ni steel has
stress corrosion cracking (SCC) susceptibility lower than
1Cr steel, 2.25Cr steel, and 10Cr steel. Thus, steam inlet
side into which high-temperature steam is introduced in-
cludes a member formed from 1Cr steel, 2.25Cr steel, or
10Cr steel, and steam outlet side in which a flow passage
diameter (blade diameter) increases and higher strength
is required includes a member formed from 3.5Ni steel,
whereby it is possible to form a low-pressure turbine rotor
which is excellent against high-temperature and stress
corrosion cracking, and even if high-temperature steam
is introduced, it is possible to maintain its mechanical
strength characteristics.
[0053] Additionally, the normal 3.5Ni steel has a high
possibility of inducing embrittlement over time, such as
grain boundary segregation of impurity elements, if the
steam temperature becomes 380°C or higher. Thus, a
region where the steam temperature becomes 380°C or
higher includes a member arranged on the steam inlet
side, and a region where steam temperature is less than
380°C includes a member arranged on the steam outlet
side, whereby the normal 3.5Ni: steel does not contact
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the steam of 380°C or higher, and it is possible to sup-
press embrittlement of a member formed from the 3.5Ni
steel arranged on the steam outlet side.
[0054] Moreover, since it is possible to maintain the
mechanical strength characteristics of the low-pressure
turbine rotor even if the inlet steam temperature of the
low-pressure turbine is made higher than ever before, it
is possible to use steam of 630°C or higher without en-
larging the high-pressure turbine and the intermediate-
pressure turbine, it is possible to reduce emissions of
CO2 from the steam turbine facility, and it is possible to
improve the thermal efficiency of the steam turbine facil-
ity.

[Example 2]

(Configuration)

[0055] In Embodiment 2, a low-pressure turbine rotor
16B of another form will be described.
[0056] In Embodiment 2, as illustrated in FIG. 3, the
low-pressure turbine rotor 16B includes one member (re-
ferred to as a low-impurity 3.5Ni steel portion) 16d made
of low-impurity 3.5Ni steel with little impurity content, and
the normal 3.5Ni steel portions 16b and 16c.
[0057] That is, Embodiment 2 is a form in which the
low-impurity 3.5Ni steel portion 16d is adopted instead
of the chrome steel portion 16a of the low-pressure tur-
bine rotor with the form of Embodiment 1 illustrated in
FIG. 2. Hereinafter, since configurations other than the
low-impurity 3.5Ni steel portion 16d are the same as
those of Embodiment 1, the description thereof is omit-
ted.
[0058] Additionally, the low-impurity 3.5Ni steel portion
16d is arranged at a position exposed to steam of 380°C
or higher, and the normal 3.5Ni steel portions 16b and
16c are arranged at positions exposed to steam of less
than 380°C.

(Materials)

[0059] The materials of the low-impurity 3.5Ni steel
portion 16d will be described.
[0060] The low-impurity 3.5Ni steel portion 16d is
formed from a 3.5Ni steel portion with little impurity con-
tent. The low-impurity 3.5Ni steel portion 16d may in-
clude, for example, a material having composition con-
taining, by weight %, C: 0.4% or less, Si: 0.1% or less,
Mn: 0.1% or less, Cr : 1.0 to 2.5%, V: 0.01 to 0.3%, Mo:
0.1 to 1.5%, Ni: 3.0 to 4.5%, and the balance: Fe with
inevitable impurities, and the inevitable impurities con-
tain, by weight %, P: 0.02% or less, S: 0.02% or less, Sn:
0.02% or less, As: 0.02% or less, Sb: 0.02% or less, Al:
0.02% or less, and Cu: 0.1% or less.

(Manufacturing method)

[0061] Joining is made by welded portions between

the low-impurity 3.5Ni steel portion 16d and the normal
3.5Ni steel portions 16b and 16c by welding.
[0062] As illustrated in FIG. 4, as the 3.5Ni steel has
lower impurity concentration, embrittlement susceptibil-
ity is lower and embrittlement hardly occurs.
[0063] Accordingly, by using the member 16d made of
low-impurity 3.5Ni steel the impurity content of which is
reduced and limited to a minute amount for the steam
inlet side into which high-temperature steam is intro-
duced, it is possible to suppress changes in metal struc-
ture which induces embrittlement over time, such as grain
boundary segregation of impurity elements caused by
heating, and even if the steam of 380°C or higher is in-
troduced, it is possible to stably perform operation.
[0064] Moreover, by using a member made of 3.5Ni
steel the impurity content of which is reduced not for the
whole rotor but for the steam inlet side into which high-
temperature steam is introduced, it is possible to fabri-
cate a low-pressure turbine rotor in which an increase in
manufacturing costs and manufacturing days is sup-
pressed, and the instability of reliability in terms of quality
is also small.
[0065] Additionally, the normal 3.5Ni steel has a high
possibility of inducing embrittlement over time, such as
grain boundary segregation of impurity elements, if
steam temperature becomes 380°C or higher. Thus, a
region where steam temperature becomes 380°C or
higher includes the member arranged on the steam inlet
side, and a region where steam temperature is less than
380°C includes the member arranged on the steam outlet
side, whereby the normal 3.5Ni steel does not contact
the steam of 380°C or higher, and it is possible to sup-
press embrittlement of a member formed from the 3.5Ni
steel arranged on the steam outlet side.
[0066] Moreover, since it is possible to maintain the
mechanical strength characteristics of the low-pressure
turbine rotor even if the inlet steam temperature of the
low-pressure turbine is made higher than ever before, it
is possible to use the steam of 630°C or higher without
enlarging the high-pressure turbine and the intermediate-
pressure turbine, it is possible to reduce emissions of
CO2 from the steam turbine facility, and it is possible to
improve the thermal efficiency of the steam turbine facil-
ity.

Industrial Applicability

[0067] It is possible to utilize the invention as a low-
pressure turbine rotor capable of maintaining its mechan-
ical strength characteristics, and without problems in
terms of quality, without increasing manufacturing costs
and manufacturing days, even if high temperature steam
is introduced into the low-pressure turbine.

Claims

1. A low-pressure turbine rotor used in a steam turbine
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facility including a high-pressure turbine, an interme-
diate-pressure turbine, and a low-pressure turbine,
the turbine rotor comprising a member formed from
1CrMoV steel, 2.25CrMoV steel, or 10CrMoV steel
arranged on a steam inlet side, and a member
formed from 3.5Ni steel arranged on a steam outlet
side, which are joined together by welding.

2. A low-pressure turbine rotor used in a steam turbine
facility including a high-pressure turbine, an interme-
diate-pressure turbine, and a low-pressure turbine,
the turbine rotor comprising a member arranged on
a steam inlet side and a member arranged on a
steam outlet side, which are joined together by weld-
ing, both the members being formed from 3.5Ni steel,
and the member arranged on the steam inlet side
being formed from low-impurity 3.5Ni steel.

3. The low-pressure turbine rotor according to Claim 2,
wherein the low-impurity 3.5Ni steel arranged on the
steam inlet side contains, by weight %, Si: 0.1% or
less, Mn: 0.1% or less, and inevitable impurities, by
weight %, containing P: 0.02% or less, S: 0.02% or
less, Sn: 0.02% or less, As: 0.02% or less, Sb: 0.02%
or less, Al: 0.02% or less, and Cu: 0.1% or less.

4. The low-pressure turbine rotor according to Claim 1
or 2,
wherein the low-pressure turbine rotor is used in a
steam turbine facility where the inlet steam temper-
ature of the low-pressure turbine is 380°C or higher,
a region where the temperature of the steam passing
through the low-pressure turbine attains tempera-
tures of 380°C or higher includes the member ar-
ranged on the steam inlet side, and
a region where the temperature of the steam passing
through the low-pressure turbine is less than 380°C
includes the member arranged on the steam outlet
side.

5. The low-pressure turbine rotor according to any one
of Claims 1 to 4,
wherein the low-pressure turbine rotor is used in a
steam turbine facility where the inlet steam temper-
ature of at least one of the high-pressure turbine and
the intermediate-pressure turbine is 630°C or higher.
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