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(57) A turbine rotor assembly (1) includes: a rotor
disc (2) formed with a plurality of axial grooves (3) on an
outer periphery of the rotor disc (2); and a group (5n) of
rotor blades arranged along a circumferential direction
of the rotor disc (2) and engaged with the axial grooves
(3) via blade stoppers (4). Each blade stopper (4) in-
cludes: a base section (41) fitted into the axial groove
(3); and bend sections (42) disposed on opposite ends
of the base section (41) so as to protrude from the axial
groove (3) in an axial direction and bended in a radial
direction of the rotor disc (2) to contact an axial end sur-
face of the rotor disc (2). Atleast one of the bend sections
(42) at the opposite ends includes an inward-and-out-
ward bend part (420, 42i) protruding outward and inward
in the radial direction of the rotor disc (2).
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a turbine rotor
assembly, a blade stopper for a turbine rotor assembly,
and a method of mounting the blade stopper.

BACKGROUND ART

[0002] During operation of an axial-flow turbine, for in-
stance, an exterior force is applied to a group of rotor
blades in the circumferential direction of a rotor disc via
blade roots due to a centrifugal force or oscillation based
on rotation of the rotor disc, the rotor blades being at-
tached to axial grooves formed on the rotor disc via the
blade roots. Thus, the group of rotor blades may slide on
the axial grooves formed on the rotor disc via the blade
roots, and a fixing member (hereinafter, referred to as a
blade stopper) is disposed between each blade root and
the corresponding one of the axial grooves as a counter-
measure to such movement (see, for instance, Patent
Document 1).

[0003] The blade stopper herein includes a base sec-
tion to be fitted into the axial groove and end sections
protruding out of the axial groove, the end sections being
disposed on the downstream side and the upstream side
and bended so that the end sections hold the fitting joint
between the blade root and the axial groove from behind.
Further, the end sections on the downstream side and
the upstream side are facing respective end surfaces of
a blade support, the end surfaces being disposed on the
opposite outer sides of the blade support, and stoppers
are provided to avoid unfolding of the end sections.
[0004] Specifically, in Patent Document 1, a fixing el-
ement is formed integrally with the blade support and
disposed adjacently in the axial direction to the first end
section of the blade stopper, the fixing element also form-
ing a stopper in the axial direction for the blade stopper.
Further, the first end section of the blade stopper is dis-
posed inside the circumferential groove between the
stopper and the blade support. The stopper prevents
movement of the blade stopper in the axial direction out
of the position and unfolding of the end sections due to
the generated force, and thus the blade roots and the
rotor blades with the blade roots are maintained to be in
the accurate positions.

[0005] Further, in Patent Document 2, axial holes are
formed through a disc and root portions of rotor blades,
and blade stopping pins are inserted into the axial holes,
the blade stopping pins having a head with a larger di-
ameter than that of the axial holes and a threaded hole
threaded at an end portion. Also, screws with a head
larger in diameter than the holes are screwed into the
threaded holes of the blade stopping pins. In this way,
the rotor blades are supported without gaps and the parts
can berepeatedly usedin disassemblingand assembling
the blades.
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Citation List
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[0006]
Patent Document 1: JP4315801B
Patent Document 2: JPH5-14501U
SUMMARY
Problems to be Solved

[0007] However, in Patent Document 1, the structure
is inevitably complicated, because the end surfaces of
the blade support are disposed on the opposite outer
sides of the end sections of the blade stoppers, and the
stoppers are provided to avoid unfolding of the end sec-
tions.

[0008] Further,in Patent Document 2, considerable la-
bor may be required to disassemble or assemble the rotor
blades because the structure is such that the rotor blades
are supported without gaps and the components can be
repeatedly used in disassembling and assembling the
blades. In addition, in Patent Document 2, to prevent
movement of the rotor blades with respect to the radial
direction of the disc, the blade stopping pins are inserted
into the axial holes formed in the axial direction of the
disc and fixed by the screws from the opposite side in
the direction of insertion of the blade stopping pins so as
to prevent the blade stopping pins from falling off. Ac-
cordingly, an external force repeatedly applied to the ro-
tor blades in the axial direction of the disc is received by
the heads of the screws screwed from the opposite side
in the direction of insertion of the blade stopping pins,
thus resulting in concentration of load on the heads of
the screws, which may promote wear of the screws and
raise the risk of reduction of the blade stopping effect,
and bring about the need to perform maintenance fre-
quently.

[0009] An object of at least one embodiment of the
present invention is to provide a turbine rotor assembly,
a blade stopper for a turbine rotor assembly, and a meth-
od of mounting the blade stopper, whereby it is possible
to hold a rotor blade in its position with a more simplified
structure.

Solution to the Problems

[0010] A turbine rotor assembly according to at least
one embodiment of the present invention comprises: a
rotor disc formed with a plurality of axial grooves on an
outer periphery of the rotor disc; and a group of rotor
blades arranged along a circumferential direction of the
rotor disc and engaged with the axial grooves via blade
stoppers. Each of the blade stoppers comprises: a base
section fitted into corresponding one of the axial grooves;
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and bend sections disposed on opposite ends of the base
section so as to protrude from the axial groove in an axial
direction, the bend sections being bended in a radial di-
rection of the rotor disc to be in contact with an axial end
surface of the rotor disc. At least one of the bend sections
at the opposite ends comprises an inward-and-outward
bend part which protrudes on the axial end surface out-
ward and inward in the radial direction of the rotor disc.
[0011] Accordingly, the blade stopper has end sections
protruding from the axial groove in the axial direction,
and one of the bend sections bended in the radial direc-
tion of the rotor disc to be in contact with the axial end
surface of the rotor disc includes the inward-and-outward
bend part protruding both inward and outward in the radial
direction. In this way, it is possible to avoid movement of
the group of blades in the axial direction out of the position
and unfolding of the end sections of the blade stopper
due to the force applied to the group of the blades, and
thus the blade roots and the rotor blades with the blade
roots are maintained to be in the accurate positions.
[0012] Further, in an embodiment of the presentinven-
tion, the inward-and-outward bend part is disposed on at
least a downstream side with respect to a flow of working
fluid which flows through the group of rotor blades.
[0013] Accordingly, the inward-and-outward bend part
is disposed on the downstream side, where the group of
blades is affected more greatly by the external force gen-
erated by the working fluid. In this way, it is possible to
avoid movement of the group of blades in the axial direc-
tion out of the position and unfolding of the end sections
of the blade stopper.

[0014] Further, in an embodiment of the presentinven-
tion, the inward-and-outward bend part comprises an out-
ward bend portion and an inward bend portion which are
bended outward and inward in the radial direction, re-
spectively, the outward bend portion being formed into a
substantially rectangular shape in a rotational-axis direc-
tional view, and the inward bend portion forming a pro-
truding portion protruding inward from the outward bend
portion.

[0015] In this way, the outward bend portion and the
inward bend portion of the inward-and-outward bend part
are in contact with the axial end surface of the rotor disc,
which makes it possible to support the rotor blades suit-
ably against the misalignment force applied to the rotor
blades in a larger area.

[0016] Further, a blade stopper according to at least
one embodiment of the present invention is for a turbine
rotor assembly comprising: a rotor disc formed with a
plurality of axial grooves on an outer periphery of the
rotor disc; and a group of rotor blades arranged along a
circumferential direction of the rotor disc and engaged
with the axial grooves via a plurality of blade stoppers.
The group of the rotor blades is fixed to the rotor disc via
blade roots. The blade stopper comprises: a base section
configured to be fitted into corresponding one of the axial
grooves, the base section having a length corresponding
to the axial groove; and a pair of end sections disposed
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on opposite ends of the base section and configured to
be bended at a boundary position to the base section so
as to be in contact with an axial end surface of the rotor
disc. At least one of the pair of end sections comprises
a protrusion protruding inward with respect to the base
section from the boundary position between the at least
one end section and the base section.

[0017] Accordingly, at least one of the end portions of
the blade stopper protruding from the axial groove in-
cludes the protrusion protruding inward with respect to
the base section from the boundary position between the
end section and the base section. In thisway, it is possible
to maintain the rotor blades sufficiently against the ex-
ternal force applied in the axial direction.

[0018] Further, a method of mounting the blade stop-
per to the turbine rotor assembly according to at least
one embodiment of the present invention comprises: a
first step of forming the inward-and-outward bend part
protruding inward and outward by bending one end of
the blade stopper outward in the radial direction; a second
step of fitting the base section of the blade stopper into
the axial groove from above; a third step of inserting a
blade root of the rotor blade into the axial groove from a
side of the other end of the blade stopper; and a fourth
step of bending the other end to fix the rotor blade in the
axial groove via the blade stopper.

[0019] In this way, it is possible to mount and fix the
rotor blades to the axial grooves easily, and to manufac-
ture the turbine rotor assembly readily.

Advantageous Effects

[0020] According to at least one embodiment of the
present invention, the blade stopper has end portions
protruding from the axial groove in the axial direction,
and one of the bend portions bended in the radial direc-
tion of the rotor disc to be in contact with the axial end
surface of the rotor disc includes the inward-and-outward
bend part protruding both inward and outward in the radial
direction. Thus, it is possible to avoid movement of the
group of blades in the axial direction out of the position
and unfolding of the end sections of the blade stopper
due to the force applied to the group of the blades, and
thus the blade roots and the rotor blades with the blade
roots are maintained to be in the accurate positions.
[0021] Further, according to some embodiments, it is
possible to provide a blade stopper which can maintain
the rotor blades sufficiently against an external force in
the axial direction of the rotor blades.

[0022] Further, according to some embodiments, it is
possible to mount and fix the rotor blades to the axial
grooves easily, and to manufacture the turbine rotor as-
sembly readily.

BRIEF DESCRIPTION OF DRAWINGS

[0023]
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FIG. 1 is a partial exterior perspective view of the
first embodiment of the turbine rotor assembly ac-
cording to the present invention.

FIG. 2 is a planar view of an example of a blade
stopper according to the present embodiment used
for the turbine rotor assembly illustrated in FIG. 1.
FIG. 3 is a schematic perspective view for explaining
an assembly process of the turbine rotor assembly
according to an embodiment of the present inven-
tion.

FIG 4 is a schematic view of a process of mounting
a rotor blade to the rotor disc illustrated in FIG. 3,
after mounting a blade stopper to the rotor disc.
FIG 5 is a schematic view of a state in which the rotor
blade is mounted.

FIG. 6 is a schematic view of a state in which the
rotor blade is fixed by bending an end section of the
blade stopper.

FIG. 7 is a planar view of an example of a blade
stopper according to the second embodiment.

FIG. 8is a partial enlarged view of a process of bend-
ing the bend portion of the blade stopper illustrated
in FIG 7.

FIG 9is a partial enlarged perspective view of a state
in which the rotor blade is mounted to the rotor disc
with the blade stopper illustrated in FIG. 7.

DETAILED DESCRIPTION

[0024] Embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings. Itis intended, however, that unless particularly
specified, dimensions, materials, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
intended to limit the scope of the present invention.

(First embodiment)

[0025] FIG 1 illustrates a turbine rotor assembly 1 ac-
cording to the first embodiment. The turbine rotor assem-
bly 1 is to be mounted to an axial-flow turbine, for in-
stance, and includes a rotor disc 2, a plurality of axial
grooves 3 (see FIG. 3) formed on the outer periphery of
the rotor disc 2, and a group 5n of rotor blades arranged
along the circumferential direction of the rotor disc 2 and
engaged with the axial grooves 3 via blade stoppers 4.

[0026] In some embodiments, the rotor disc 2 is a ro-
tational disc which has a predetermined radius and which
rotates about an axis of the axial-flow turbine. The axial
grooves 3 formed on the outer periphery of the rotor disc
2 surround the entire periphery at predetermined inter-
vals and form a predetermined angle with respect to the
axial direction. In an embodiment, the axial grooves 3
are each a groove with stepped walls engraved in a V-
shape to have a plurality of steps, the groove widening
from a bottom section toward an outer peripheral section
of the rotor disc 2, as seen from the end surface of the
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rotor disc 2 in the axial direction. Further, the axial
grooves 3 are formed to penetrate through the rotor disc
2, and may be parallel to the axial direction of the rotor
disc 2 or may form a predetermined angle with respect
to the axial direction of the rotor disc 2.

[0027] The group 5n of rotor blades includes individual
rotor blades 5 arranged at regular intervals in the respec-
tive axial grooves 3 formed over the entire periphery of
the rotor disc 2. Each of the rotor blades 5 substantially
includes a blade root 51 formed to be capable of being
fitted into corresponding one of the axial grooves 3, a
platform 52, and a blade portion 53. In an embodiment,
the blade root 51 is formed in a stepped and tapered
shape so as to be fitted into the axial groove 3.

[0028] The blade stopper 4 is a thin plate member as
illustrated in FIG. 2, and has a base section 41 to be fitted
into a groove portion at the side of the bottom section of
the axial groove 3, and a pair of end sections disposed
on either end of the base section 41 so as to protrude
from the axial groove 3 in the axial direction. The pair of
end sections of the blade stopper 4 forms bend sections
42, 42 bended outward in the radial direction of the rotor
disc 2, which is the radial direction, to contact the respec-
tive axial end surfaces of the rotor disc 2. The bend sec-
tions 42, 42 each have a width dimension larger than that
of the base section 41, in a direction intersecting with an
axis of the base section 41.

[0029] Atleastone ofthe bendsections 42,42 includes
an inward-and-outward bend part (an outward bend por-
tion 420 and an inward bend portion 42i) which protrudes
from the base section 41 outward and inward in the radial
direction of the rotor disc 2. The outward bend portion
420 protrudes from the base section 41 outward in the
radial direction of the rotor disc 2, with the blade stopper
4 bended at a bending line at a boundary position be-
tween the at least one bend section 42 and the base
section 41. The inward bend portion 42i protrudes from
the base section 41 inward in the radial direction of the
rotor disc 2, with the blade stopper 4 bended at a bending
line ata boundary position between the at least one bend
section 42 and the base section 41. In the embodiment
illustrated in FIG. 2 as an example, the blade stopper 4
has a pair of inward bend portions 42i.

[0030] The basesection41 has alength corresponding
to the groove length of the axial groove 3 formed on the
rotor disc 2. In other words, the base section 41 has the
substantially same dimension as that of the axial groove
3 in the axial direction. Further, the base section 41 and
the bend sections 42, 42 at the opposite ends form the
same angle as that of the axial groove 3 with respect to
the axial direction.

[0031] Next, with regard to the turbine rotor assembly
1 having the above configuration, a mounting process,
i.e., a process of mounting the rotor blades 5, will be
described.

[0032] Asillustratedin FIG 3, prior to mounting the rotor
blade 5 to the rotor disc 2, the blade stopper 4 is attached
to one of the axial grooves 3 disposed nextto one another
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on the outer periphery of the rotor disc 2.

[0033] In the first step, the blade stopper 4 is bended
at bending lines between the base section 41 and the
bend sections 42 in preparation of mounting the blade
stopper 4 to the corresponding axial groove 3. At this
time, from among the bend sections 42, 42 of the base
section 41, the bend section 42 having the outward bend
portion 420 and the inward bend portions 42i is bended
outward in the radial direction. In this way, the outward
bend portion 420 protrudes outward in the radial direction
and the inward bend portions 42i protrude inward in the
radial direction.

[0034] Next, in the second step, the base section 41
of the blade stopper 4 is inserted into the axial groove 3
from above to be fitted into the axial groove 3. In an em-
bodiment, the base section 41 and the axial groove 3
have substantially the same length dimensions, and the
axial groove 3 has stepped walls engraved in a V shape
to have a plurality of steps. In this case, the base section
41 can be fitted into the axial groove 3 at a position where
the width dimension ofthe base section 41 is substantially
the same as the groove width of the axial groove 3.
[0035] Further, with the base section 41 fitted into the
axial groove 3, the outward bend portion 420 and the pair
of inward bend portions 42i of the bend section 42 are in
contact with the axial end surface of the rotor disc 2,
which makes it possible to support the axial end surface
in a larger area than in a case where only the outward
bend portion 420 is in contact. Thus, it is possible to sup-
port the rotor blade 5 suitably against the force applied
to the rotor blade 5. At this stage, the other bend section
42 of the blade stopper 4 is not bended.

[0036] Next, in the third step, as illustrated in FIG 4,
the blade root 51 of the rotor blade 5 is inserted into the
axial groove 3 from the side of the non-bended one of
the end sections of the blade stopper 4. In this way, it is
possible to fit the blade root 51 into the axial groove 3
formed in a stepped and tapered shape while avoiding
interference between the blade stopper 4 and the blade
root 51 of the rotor blade 5.

[0037] Then, in the fourth step, the bend section 42 of
the blade stopper 4 not having been bended is finally
bended outward in the radial direction. As a result, the
joint between the blade root 51 of the rotor blade 5 and
the axial groove 3 is held between both of the bend sec-
tions 42, 42 of the blade stopper 4 so as to be capable
of sufficiently bearing at least the external force applied
in the axial direction of the rotor disc 2 (see FIG. 6).
[0038] Itis possible to support the rotor blade 5 partic-
ularly with respect to an external force applied to the
blade portion 53 of the rotor blade 5 when working fluid
flows through the group 5n of turbine rotor blades from
the upstream side toward the downstream side, because
the rotor blade 5 has the outward bend portion 420 and
the inward bend portions 42i disposed at the downstream
side so as to be in contact with the axial end surface of
the rotor disc 2 at the downstream side, which makes it
is possible to resist the misalignment force applied to the
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rotor blade 5 in a larger area than in a case where only
the outward bend portion 420 is in contact with the end
surface.

(Second embodiment)

[0039] The presentinvention can be also implemented
according to the second embodiment.

[0040] Inthe second embodiment, asillustratedin FIG.
7, the blade stopper 4 has end sections protruding from
the axial groove 3 in the axial direction, and only one of
the bend sections 42 includes the outward bend portion
420 protruding outward in the radial direction and the
inward bend portions 42i protruding inward in the radial
direction, as in the first embodiment. Further, the other
bend section, which is the bend section 42 to be set on
the upstream side in the axial direction of the rotor disc
2, includes the second inward bend portions 42i2 being
protrusions protruding in the longitudinal direction of the
outward bend portion 420.

[0041] The second inward bend portions 42i2 are
bended inward in the radial direction (see FIG. 8) after
steps (first to fourth steps) similar to those in the first
embodiment are completed.

[0042] Specifically, before being mounted to the axial
groove 3, the blade stopper 4 is bended at a bending line
at the boundary between one of the bend sections 42
and the base section 41 (first step), and the blade stopper
4 in this state is inserted into the axial groove 3 from
above (second step), the blade root 51 of the rotor blade
5 is inserted and fitted into the axial groove 3 from the
side of the non-bended end section of the blade stopper
4 (third step), and the other bend section 42 of the blade
stopper 4 not having been bended is now bended out-
ward in the radial direction (fourth step). Then, finally, the
second bend portions 42i2 of the other bend section 42
are bended inward in the radial direction.

[0043] Accordingly, the second inward bend portions
42i2 form protrusions protruding inward in the radial di-
rection and contact the axial end surface of the rotor disc
2, so that the joint between the blade root 51 of the rotor
blade 5 and the axial groove 3 is held between both of
the bend sections 42, 42 of the blade stopper 4, which
further improves the effect to prevent misalignment
against at least the external force applied in the axial
direction of the rotor disc 2 (see FIG 9).

[0044] The first and second embodiments of the tur-
bine rotor assembly 1 of the present invention were de-
scribed above with the structure and the mounting proc-
ess. In at least one embodiment of the present invention,
the blade stopper 4 is used so that the bend sections 42,
42 protruding from the axial groove 3 in the axial direction
further protrude inward in the radial direction, which
makes it possible to sufficiently bear an external force
applied to the rotor disc 2 in the axial direction.
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Industrial Applicability

[0045]

The present invention can be suitably applied

not only to a turbine rotor assembly of an axial-flow tur-

bine

but also to any rotary machine to secure blades.

Description of Reference Numerals

[0046]
1 Turbine rotor assembly
2 Rotor disc
3 Axial groove
4 Blade stopper
41 Base section
42 Bend section
420 Outward bend portion
42i Inward bend portion
42i2  Second inward bend portion
5 Rotor blade
5n Group of rotor blades
51 Blade root
52 Platform
53 Blade portion
Claims
1. A turbine rotor assembly, comprising:
a rotor disc formed with a plurality of axial
grooves on an outer periphery of the rotor disc;
and
agroup of rotor blades arranged along a circum-
ferential direction of the rotor disc and engaged
with the axial grooves via blade stoppers,
wherein each of the blade stoppers comprises:
abase section fitted into corresponding one
of the axial grooves; and
bend sections disposed on opposite ends
of the base section so as to protrude from
the axial groove in an axial direction, the
bend sections being bended in a radial di-
rection of the rotor disc to be in contact with
an axial end surface of the rotor disc, and
wherein at least one of the bend sections at the
opposite ends comprises an inward-and-out-
ward bend part which protrudes on the axial end
surface outward and inward in the radial direc-
tion of the rotor disc.
2. The turbine rotor assembly according to claim 1,

wherein the inward-and-outward bend part is dis-
posed on at least a downstream side with respect to
a flow of working fluid which flows through the group
of rotor blades.
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The turbine rotor assembly according to claim 1 or 2,
wherein the inward-and-outward bend part compris-
es an outward bend portion and an inward bend por-
tion which are bended outward and inward in the
radial direction, respectively, the outward bend por-
tion being formed into a substantially rectangular
shape in a rotational-axis directional view, and the
inward bend portion forming a protruding portion pro-
truding inward from the outward bend portion.

A blade stopper for a turbine rotor assembly, the tur-
bine rotor assembly comprising: a rotor disc formed
with a plurality of axial grooves on an outer periphery
of the rotor disc; and a group of rotor blades arranged
along a circumferential direction of the rotor disc and
engaged with the axial grooves via a plurality of blade
stoppers, the group of rotor blades being fixed to the
rotor disc via blade roots, and the blade stopper com-
prising:

a base section configured to be fitted into cor-
responding one of the axial grooves, the base
section having a length corresponding to a
groove length of the axial groove; and

a pairof end sections disposed on opposite ends
of the base section and configured to be bended
at a boundary position to the base section so as
to be in contact with an axial end surface of the
rotor disc, and

wherein at least one of the pair of end sections com-
prises a protrusion protruding inward with respect to
the base section from the boundary position between
the at least one end section and the base section.

A method of mounting the blade stopper to the tur-
bine rotor assembly according to claim 1, the method
comprising:

a first step of forming the inward-and-outward
bend part protruding inward and outward by
bending one end of the blade stopper outward
in the radial direction;

a second step of fitting the base section of the
blade stopper into the axial groove from above;
a third step of inserting a blade root of the rotor
blade into the axial groove from a side of the
other end of the blade stopper; and

a fourth step of bending the other end to fix the
rotor blade in the axial groove via the blade stop-
per.
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