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Abstract

The present invention enables machining to be easily
performed and reduces stress concentration on a machined
hole that is formed in a cylindrical member. Recesses (2)
recessed in the depth direction of a machined hole (1) are
formed on circumferential side-portions of the machined
hole 1 formed in a cylindrical member (10). In each of
the recesses (2), a part of the opening edge is formed to
be a circular arc portion (2a) that has a circular arc
shape, the bottom is formed to be gradually shallowed by
an inclined surface (2c) toward an opened portion (2b) in
which the circular arc shape is opened, from a part along
the circular arc portion (2a), and the circular arc

portion (2a) is disposed toward the machined hole (1).
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DESCRIPTION

Title of Invention
STRESS REDUCTION STRUCTURE, GAS TURBINE CASING, AND GAS

TURBINE

Technical Field

[0001]

The present invention relates to a stress reduction
structure, a gas turbine casing provided with a stress
reduction structure, and a gas turbine.

Background Art

[0002]

For example, PTL 1 discloses providing a recess in
the depth direction of a circular hole near a point A
where a compressive load concentrates on an inlet surface
provided with the circular hole and dispersing the
compressive load to a side portion of the point A in order
to eliminate the stress concentration that occurs at the
mouth of the circular hole in a pin boss of a piston.

[0003]

For example, PTL 2 discloses providing packets
(recesses) on both hoop-direction sides of a hole in order
to reduce the hoop stress that occurs in the hole provided

in a case of a gas turbine engine and the pocket having an
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outer edge having a circular shape including a racetrack
shape and including a flat bottom portion, a curved bottom
portion, or a spherical shape.

Citation List

Patent Literature

[0004]

[PTL. 1] Japanese Unexamined Patent Application
Publication No. 5-240110

[PTL 2] Pamphlet of International Publication No.
W02015/038931
Summary of Invention
Technical Problem

[0005]

A casing of a rotating structure such as a gas
turbine is formed in a c¢ylindrical shape and a high
thermal stress results from the temperature difference
that occurs at start and stop. In addition, the pressure
inside the casing rises with operation and hoop stressg,
which is a circumferential tensile stress, occurs on the
cylindrical shape. In such casings, machined holes for
attaching external components or the like are formed. The
high thermal stress and the hoop stress described above
are repeatedly applied at start and stop, and thus the
low-cycle fatigue life of the machined  hole is

significantly reduced. An increase in thickness in the
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vicinity of the machined hole is a general measure for
hoop stress reduction around the machined hole. As for
aviation gas turbines, however, the measure is not
preferable from the viewpoint of suppressing an increase
in weight as much as possible.

[0006]

PTL. 2 discloses a device for reducing the hoop
stress that occurs in the hole provided in the case of the
gas turbine engine as described above. However, the flat
bottom portion, the curved bottom portion, or the
spherical pocket as illustrated in PTL 2 has poor
machinability- and high cost-related problems.

foo07]

The present invention is to solve the above problems,
and an object of the present invention is to provide a
stress reduction structure, a gas turbine casing, and a
gas turbine with which machining can be facilitated and
stress concentration on a machined hole formed in a
cylindrical member can be reduced.
Solution to Problem

[0o008]

In order to achieve the above object, in a stress
reduction structure according to an aspect of the present
invention, a recess recessed in a depth direction of a

machined hole is formed on a circumferential side-portion
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of the machined hole formed in a cylindrical member, and
in the recess, a part of an opening edge is formed in a
circular arc shape, a bottom portion is formed so as to be
gradually decreased in depth by an inclined surface from a
part along the circular arc shape toward an open side of
the circular arc shape, and the circular arc-shaped part
is disposed toward the machined hole.

[0009]

In the stress reduction structure, the recesses
recessed in the depth direction of the machined hole are
formed on the circumferential side-portions of the
machined hole formed in the cylindrical member.
Accordingly, the tensile load that occurs in the
circumferential direction of the machined hole 1is
mitigated by the recess, the position where the tensile
locad is applied is displaced in the depth direction from
the opening portion of the machined hole, the load is
prevented in the opening portion, and thus it is possible
to reduce stress concentration at both axial ends of the
opening portion of the machined hole. The recess acting
in this manner has a part of the opening edge formed in a
circular arc shape and the bottom portion is formed so as
to be gradually decreased in depth by the inclined surface
from the part along the circular arc shape toward the open

side of the circular arc shape. Accordingly, the recess
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can be easily formed without much machining labor by
machining being performed by means of a tool such as an
end mill and with a rotary shaft inclined such that a part
of a leading edge is in contact with the surface of the
cylindrical member. In the recess formed in such a shape,
the circular arc-shaped part having a relatively deep
bottom portion is disposed toward the machined hole, and
thus the effect of the mitigation of the tensile load
occurring in the circumferential direction of the machined
hole can be obtained to a significant extent. As a result,
it is possible to reduce the stress concentration on the
machined hole formed in the <c¢ylindrical member while
suppressing an increase in weight.

[0010]

In the stress reduction structure according to an
aspect of the present invention, it is preferable that the
recess has a deepest depth h within a range of 50% or less
of a plate thickness H of the cylindrical member in which
the machined hole is formed.

[0011]

By the deepest depth h of the recess being 50% or
less of the plate thickness H of the cylindrical member in
which the machined hole is formed in the stress reduction
structure, the position where the tensile load is applied

can be displaced in the depth direction from the opening
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portion of the machined hole, the effect of 1load
prevention in the opening portion can be obtained to a
significant extent, and tensile load application to the
recess itself can be prevented.

[0012]

In the stress reduction structure according to an
aspect of the present invention, it is preferable that the
recess has a shortest distance dl to an opening edge of
the machined hole within a range of 50% or less of a
circumferential diametral dimension D of the machined hole.

[0013]

By the shortest distance dl of the recess being 50%
or less of the circumferential diametral dimension D of
the machined hole in the stress reduction structure, the
effect of load prevention in the opening portion of the
machined hole can be obtained to a significant extent.

[0014]

In the stress reduction structure according to an
aspect of the present invention, it is preferable that a
circumferential diametral dimension d2 of the recess 1is
within a range of 100% or more to 300% or less of a
circumferential diametral dimension D of the machined hole.

[o015]

The effect of load prevention in the opening portion

of the machined hole can be obtained to a significant
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extent by the circumferential diametral dimension d2 of
the recess being 100% or more of the circumferential
diametral dimension D of the machined hole in the stress
reduction structure. The effect of load prevention in the
opening portion of the machined hole can be obtained to a
significant extent and a decline in the strength of the
cylindrical member caused by the recess being provided can
be suppressed by the circumferential diametral dimension
d2 of the recess being 300% or less of the circumferential
diametral dimension D of the machined hole.

[0016]

In the stress reduction structure according to an
aspect of the present invention, it is preferable that an
axial diametral dimension w of the recess is within a
range of 100% or more to 300% or less of an axial
diametral dimension W of the machined hole and the
dimension W of the machined hole is included in a
circumferential position in the range of the dimension w.

[0017]

The effect of load prevention in the opening portion
of the machined hole can be obtained to a significant
extent by the axial diametral dimension w of the recess
being 100% or more of the axial diametral dimension W of
the machined hole and the dimension W of the machined hole

being included in the circumferential position in the
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range of the dimension w in the stress reduction structure.
The effect of load prevention in the opening portion of
the machined hole can be obtained to a significant extent
and a decline in the strength of the c¢ylindrical member
caused by the recess being provided can be suppressed by
the axial diametral dimension w of the recess being 300%
or less of the axial diametral dimension W of the machined
hole and the dimension W of the wmachined hole being
included in the circumferential position in the range of
the dimension w.

[0018]

In the stress reduction structure according to an
aspect of the present invention, it is preferable that the
recesses are disposed on both circumferential side-
portions of the machined hole.

[0019]

In the stress reduction structure, the action of the
mitigation of the tensile load occurring on both
circumferential sides of the machined hole can be obtained
to a significant extent by the recesses being disposed on
both circumferential side-portions of the machined hole.

[0020]

In the stress reduction structure according to an
aspect of the present invention, it is preferable that the

recesses are disposed on both circumferential side-
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portions of the machined hole and formed in a symmetrical
shape with respect to a center of the machined hole.

[0021]

In the stress reduction structure, the action of the
mitigation of the tensile 1load occurring on Dboth
circumferential sides of the machined hole can be obtained
to a significant extent and equally on both
circumferential sides by the recesses being disposed on
both circumferential side-portions of the machined hole
and formed in a symmetrical shape with respect to the
center of the machined hole.

[0022]

In the stress reduction structure according to an
aspect of the present invention, it is preferable that the
machined hole is formed in an elliptical shape that is
long in a circumferential direction.

[0023]

In the stress reduction structure, the curvature at
both axial ends where stress concentrates is larger than
in the case of a circular shape by the machined hole being
formed in an elliptical shape that is 1long in a
circumferential direction, and thus the stress is easily
dispersed in the circumferential direction of both ends.
As a result, it is possible to reduce the stress

concentration at both axial ends of the opening portion of
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the machined hole in synergy with the effect of the recess.
[0024]

In orxder to achieve the above object, a gas turbine casing
according to an aspect of the present invention forms a cylindrical

member having the machined hole and the recess described above.
[0025]

With the gas turbine casing, it is possible to prevent a
decline in low-cycle fatigue life based on the machined hole in the

case of high thermal stress or hoop stress occurrence.
[0026]

In order to achieve the above object, a gas turbine according
to an aspect of the present invention includes the gas turbine

casing described above as an outer shell.
[0027]

With the gas turbine, a decline in low-cycle fatigue life is
prevented in the gas turbine casing, and thus life extension and
reliability improvement can be achieved. Advantageous Effects of

Invention
[0028]

With the present invention, it 1s possible to facilitate
machining and reduces stress concentration on a machined hole

formed in a cylindrical member.
[0028a]

According to one aspect of the invention, there is provided
a stress reduction structure, wherein a recess recessed in a depth
direction of a machined hole is formed on a circumferential side-
portion of the machined hole formed in a cylindrical member, and

in the recess, a part of an opening edge is formed in a circular

- 10 -
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arc shape, a bottom portion is formed so as to be gradually
decreased in depth by a flat inclined surface from a part along the
circular arc shape toward an open side of the circular arc shape
and, an open portion where the circular arc shape is open and both
ends of the circular arc shape are linearly connected, and the
circular arc-shaped part is disposed toward the machined hole.

[0028Db]

According to one aspect of the invention, there is provided a
gas turbine casing forming a cylindrical member having the stress
reduction structure as described herein.

[0028c]

According to one aspect of the invention, there is provided a
gas turbine comprising the gas turbine casing as described herein

as an outer shell.

Brief Description of Drawings

- 10a -
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[0029]

Fig. 1 is a schematic configuration diagram of a gas
turbine according to an embodiment of the present
invention.

Fig. 2 is a plan view of a stress reduction
structure according to the embodiment of the present
invention.

Fig. 3 is a cross-sectional view taken along line A-
A in Fig. 2.

Fig. 4 1is a plan view illustrating a method for
manufacturing the stress reduction structure according to
the embodiment of the present invention.

Fig. 5 is a cross-sectional view taken along line B-
B in Fig. 4.

Fig. 6 is a cross-sectional view taken along line C-
C in Fig. 2.

Fig. 7 is a plan view illustrating another example
of the stress reduction structure according to the
embodiment of the present invention.

Fig. 8 is a chart according to an example of the
present invention.

Fig. 9 is a graph according to the example of the
present invention.

Fig. 10 is a graph according to the example of the

present invention.
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Description of Embodiments

[0030]

Hereinafter, an embodiment according to the present
invention will be described in detail based on the
drawings. The present invention is not limited by the
embodiment. In addition, constituent elements in the
following embodiment include those that can be easily
replaced by those skilled in the art or those that are
substantially the same.

[0031]

Fig. 1 is a schematic configuration diagram of a gas
turbine according to the present embodiment.

[0032]

The gas turbine illustrated in Fig. 1 is an aviation
gas turbine. The aviation gas turbine has a fan casing 11
and a gas turbine casing 12. A fan 13 is accommodated in
the fan casing 11. The gas turbine casing 12 is formed in
a cylindrical shape with a compressor casing 123, a
combustor casing 12B, and a turbine casing 12C
continuously disposed. A compressor 14 is accommodated in
the compressor casing 12A, a combustor 15 is accommodated
in the combustor casing 12B, and a turbine 16 is
accommodated in the turbine casing 12C.

[0033]

The fan 13 is configured by a plurality of fan
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blades 22 being mounted on the outer peripheral portion of
a rotary shaft 21. The compressor 14 has a low-pressure
compressor 23 and a high-pressure compressor 24. A
plurality of the combustors 15 are positioned downstream
cf the compressor 14 and disposed in a circumferential
direction. The turbine 16 is positioned downstream of the
combustor 15 and has a high-pressure turbine 25 and a low-
pressure turbine 26. The rotary shaft 21 of the fan 13
and the low-pressure compressor 23 are connected, and the
low-pressure compressor 23 and the low-pressure turbine 26
are connected by a first rotor shaft 27. The high-
pressure compressor 24 and the high-pressure turbine 25
are connected by a cylindrical second rotor shaft 28
positioned on the outer periphery side of the first rotor
shaft 27.

[0034]

Accordingly, in the compressor 14, air taken in from
an air intake port becomes high-temperature and high-
pressure compressed air by being compressed through a
plurality of stator and rotor vanes (not illustrated) in
the low-pressure compressor 23 and the high-pressure
compressor 24. In the combustor 15, combustion is
performed by a predetermined fuel being supplied to the
compressed air. The high-temperature and high-pressure

combustion gas that is a working fluid generated in the
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combustor 15 passes through a plurality of stator and
rotor vanes (not illustrated) in the high-pressure turbine
25 and the low-pressure turbine 26 constituting the
turbine 16, and the first rotor shaft 27 and the second
rotor shaft 28 are driven to rotate as a result. 1In this
case, driving is performed by the rotational force of the
low-pressure turbine 26 being transmitted to the low-
pressure compressor 23 by the first rotor shaft 27. In
addition, driving is performed by the rotational force of
the high-pressure turbine 25 being transmitted to the
high-pressure compressor 24 by the second rotor shaft 28.
As a result, the fan 13 can be driven and thrust can be
obtained by means of the exhaust gas discharged from the
turbine 16.

[0035]

The gas turbine according to the present embodiment
is not limited to the aviation gas turbine described above
and includes, for example, a power generation gas turbine.

[0036]

The stress reduction structure according to the
present embodiment is applied to the gas turbine casing 12
in the gas turbine as described above. The gas turbine
casing 12 is formed in a cylindrical shape as described
above, and a high thermal stress results from the

temperature difference that occurs when the gas turbine is
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started or stopped. In addition, the pressure inside the
gas turbine casing 12 rises with operation and hoop stress,
which is a circumferential tensile stress, occurs on the
cylindrical shape. The high thermal stress and the hoop
stress occur particularly in the combustor casing 12B
generating a combustion gas. Here, the circumferential
direction refers to a circumferential direction around an
axial center R, which is the center of rotation of the
first rotor shaft 27 and the second rotor shaft 28 in Fig.
1. The axial direction in the following description
refers to a direction parallel to the axial center R.

[0037]

Fig. 2 is a plan view of the stress reduction
structure according to the present embodiment. Fig. 3 is
a cross-sectional view taken along line A-A in Fig. 2.
Fig. 4 1is a plan view illustrating a method for
manufacturing the stress reduction structure according to
the present embodiment. Fig. 5 is a cross-sectional view
taken along line B-B in Fig. 4. Fig. 6 1is a cross-
sectional view taken along line C-C in Fig. 2.

[0038]

Figs. 2 to 6 illustrate a part of the gas turbine
casing 12 (the combustor casing 12B in particular) as a
part of a cylindrical member 10 having a cylindrical shape.

The c¢ylindrical member 10 has a machined hole 1 for
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attaching an external component or the like.

[0039]

In the machined hole 1, the high thermal stress and
the hoop stress described above are repeatedly applied at
start and stop, and thus a tensile 1load in the
circumferential direction in Fig. 2 causes stress
concentration at both axial ends la of an opening portion,
which results in a significant reduction in the low-cycle
fatigue life of the cylindrical member 10. Accordingly,
the stress reduction structure of the present embodiment
is to prevent a circumferential tensile load with respect
to the machined hole 1 formed in the cylindrical member 10
and reduce the stress concentration.

[0040]

In the stress reduction structure of the present
embodiment, recesses 2 recessed in the depth direction of
the machined hole 1 are formed on the circumferential
side-portions of the machined hole 1. BAs illustrated in
Fig. 2, the recess 2 is formed by a circular arc portion
2a where a part of an opening edge is formed in a circular
arc shape (horseshoe or C shape) and an open portion 2b
where the circular arc shape is open and both ends of the
circular arc shape are linearly connected. In addition,
as illustrated in Fig. 3, the bottom portion of the recess

2 is formed so as to be gradually decreased in depth by an

- 16 -
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inclined surface 2c from the part along the circular arc
portion 2a toward the open portion 2b side. In other
worde, the bottom portion of the recess 2 is formed such
that the part along the circular arc portion 2a is deep
and particularly the central portion of the circular arc
portion 2a is the deepest and the bottom portion of the
recess 2 is formed so as to be gradually decreased in
depth toward the open portion 2b by the inclined surface
2¢. In the recess 2, the circular arc-shaped circular arc
portion 2a is disposed toward the machined hole 1.

[0041]

As illustrated in Figs. 4 and 5, the recess 2 is
formed by a columnar end mill 100 used for cutting being
used and machining being performed with a rotary shaft Ce
inclined such that a part of the leading edge of the end
mill 100 is in contact with the surface of the cylindrical
member 10. Accordingly, the circular arc portion 2a, the
open portion 2b, and the inclined surface 2c¢ of the recess
2 are formed by a part of the leading edge being in
contact at an angle with the surface of the cylindrical
member 10. As illustrated in Figs. 3 and 5, the inner
surface of the recess 2 that is along the circular arc
portion 2a is curved and smoothly formed and the inner
surface is smoothly formed by the shape of the cutting

blade (not illustrated) of the end mill 100. As described
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above, the recess 2 can be easily formed by the single end
mill 100 without machining labor such as using a large
number of tools and moving a tool.

[0042]

In the stress reduction structure of the present
embodiment, the recesses 2 recessed in the depth direction
of the machined hole 1 are formed on the circumferential
side-portions of the machined hole 1 formed in the
cylindrical member 10. Accordingly, the tensile load that
occurs in the circumferential direction of the machined
hole 1 is mitigated by the recess 2, the position where
the tensile load is applied is displaced in the depth
direction from the opening portion of the machined hole 1,
the load is prevented in the opening portion, and thus it
is possible to reduce stress concentration at both axial
ends la of the opening portion of the machined hole 1.
The recess 2 acting in this manner has the circular arc
portion 2a where a part of the opening edge is formed in a
circular arc shape and the bottom portion is formed so as
to be gradually decreased in depth by the inclined surface
2¢ from the part along the circular arc portion 2a toward
the open portion 2b where the circular arc shape is open.
As described above, the recess 2 can be easily formed
without much machining labor by machining being performed

by means of the end mill 100 and with the rotary shaft Ce
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inclined such that a part of the leading edge is in
contact with the surface of the cylindrical member 10. In
the recess 2 formed in such a shape, the circular arc
portion 2a having a relatively deep bottom portion is
disposed toward the machined hole 1, and thus the effect
of the mitigation of the tensile load dccurring in the
circumferential direction of the machined hole 1 can be
obtained to a significant extent. As a result, it is
possible to reduce the stress concentration on the
machined hole 1 formed in the cylindrical member 10 while
suppressing an increase in weight.

[0043]

The recess 2 is capable of obtaining the effect of
the mitigation of the tensile 1locad occurring in the
circumferential direction of the machined hole 1 to a
significant extent insofar as the circular arc portion 2a
having a relatively deep bottom portion is disposed toward
the machined hole 1. Accordingly, the open portion 2b may
have the disposition illustrated in Fig. 2, in which the
open portion 2b is not disposed toward the axial direction.
For example, a configuration may be adopted in which the
open portion 2b is disposed toward the direction opposite
to the machined hole 1 in the circumferential direction.

[0044]

The inner surface of the recess 2 that is along the
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circular arc portion 2a is curved, smoothly formed, and
continuous with the inclined surface 2¢. Accordingly, it
is possible to prevent tensile load application to the
recess 2 itself as compared with a shape in which the
inner surface has a cormner.

[0045]

The recess 2 1is provided on the circumferential
gide-portion of the machined hole 1 open on the tube inner
side or the tube outer side of the cylindrical member 10
in the case of penetration by the machined hole 1. In the
case of non-penetration by the machined hole 1, the recess
2 is provided on the circumferential side-portion of the
machined hole 1 on the side where the machined hole 1 is
open.

[0046]

As illustrated in Figs. 5 and 6, in the stress
reduction structure of the present embodiment, it is
preferable that a deepest depth h of the recess 2 is
within the range of 50% or less of a plate thickness H of
the cylindrical member 10 in which the machined hole 1 is
formed.

[0047]

By the deepest depth h of the recess 2 being 50% or
less of the plate thickness H of the cylindrical member 10

in which the machined hole 1 is formed, the position where
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the tensile load is applied can be displaced in the depth
direction from the opening portion of the machined hole 1,
the effect of load prevention in the opening portion can
be obtained to a significant extent, and tensile load
application to the recess 2 itself can be prevented.

[0048]

As illustrated in Figs. 2 and 6, in the stress
reduction structure of the present embodiment, it is
preferable that a shortest distance dl between the recess
2 and the opening edge of the machined hole 1 is within
the range of 50% or less of a diametral dimension D of the
machined hole 1 in the circumferential direction.

[0049]

By the shortest distance dl1 of the recess 2 being 50%
or less of the diametral dimension D of the machined hole
1 in the circumferential direction, the effect of 1load
prevention in the opening portion of the machined hole 1
can be obtained to a significant extent.

[o050]

As illustrated in Fig. 2, in the stress reduction
structure of the present embodiment, it is preferable that
a diametral dimension d2 of the recess 2 in the
circumferential direction is within the range of 100% or
more to 300% or less of the diametral dimension D of the

machined hole 1 in the circumferential direction.
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[0051]

The effect of load prevention in the opening portion
of the machined hole 1 can be obtained to a significant
extent by the diametral dimension d2 of the recess 2 in
the circumferential direction being 100% or more of the
diametral dimension D of the machined hole 1 in the
circumferential direction. The effect of load prevention
in the opening portion of the machined hole 1 can be
obtained to a significant extent and a decline in the
strength of the cylindrical member 10 caused by the recess
2 being provided can be suppressed by the diametral
dimension d2 of the recess 2 in the circumferential
direction being 300% or less of the diametral dimension D
of the machined hole 1 in the circumferential direction.

[0052]

As illustrated in Fig. 2, in the stress reduction
structure of the present embodiment, it is preferable that
a diametral dimension w of the recess 2 in the axial
direction is within the range of 100% or more to 300% or
less of a diametral dimension W of the machined hole 1 in
the axial direction and the dimension W of the machined
hole 1 is included in the circumferential position in the
range of the dimension w.

[0053]

The effect of load prevention in the opening portion
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of the machined hole 1 can be obtained to a significant
extent by the diametral dimension w of the recess 2 in the
axial direction being 100% or more of the diametral
dimension W of the machined hole 1 in the axial direction
and the dimension W of the machined hole 1 being included
in the circumferential position in the range of the
dimension w. The effect of load prevention in the opening
portion of the machined hole 1 can be obtained to a
significant extent and a decline in the strength of the
cylindrical member 10 caused by the recess 2 Dbeing
provided can be suppressed by the diametral dimension w of
the recess 2 in the axial direction being 300% or less of
the diametral dimension W of the machined hole 1 in the
axial direction and the dimension W of the machined hole 1
being included in the circumferential position in the
range of the dimension w.

[0054]

As illustrated in Fig. 2, in the stress reduction
structure of the present embodiment, it is preferable that
the recesses 2 are disposed on both circumferential side-
portions of the machined hole 1.

[0055]

Although the above-described effects can be obtained
even with the recesgs 2 digposed on one circumferential

side-portion of the machined hole 1, the action of the
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mitigation of the tensile load occurring on Dboth
circumferential sides of the machined hole 1 can be
obtained to a significant extent by the recesses 2 being
disposed on both c¢ircumferential side-portions of the
machined hole 1.

[0056]

As illustrated in Fig. 2, in the stress reduction
structure of the present embodiment, it is preferable that
the recesses 2 are disposed on both circumferential side-
portions of the machined hole 1 and formed in a
symmetrical shape with respect to the center of the
machined hole 1.

[0057]

Although the above-described effects can be obtained
even with the recess 2 disposed on one circumferential
side-portion  of the machined Thole 1 and formed
asymmetrically with respect to the center of the machined
hole 1, the action of the mitigation of the tensile load
occurring on both circumferential sides of the machined
hole 1 can be obtained to a significant extent and equally
on both sides in the c¢ircumferential direction by the
recesses 2 being disposed on both circumferential side-
portiongs of the machined hole 1 and formed in a
symmetrical shape with respect to the center of the

machined hole 1.



CA 03066209 2015-12-04

{0058]

Fig. 7 1is a plan view illustrating another example
of the stress reduction structure according to the
embodiment of the present invention.

[0059]

As illustrated in Fig. 7, in the stress reduction
structure of the present embodiment, it is preferable that
the machined hole 1 is formed in an elliptical shape that
is long in a circumferential direction.

[0060]

Although the above-described effects can be obtained
even with the machined hole 1 formed in a perfect circle
shape as illustrated in Fig. 2, the curvature at both
axial ends la where stress concentrates is larger than in
the case of a circular shape by the machined hole 1 being
formed in an elliptical shape that is 1long in a
circumferential direction, and thus the stress is easily
dispersed in the circumferential direction of both ends la.
As a result, it 1is possible to reduce the stress
concentration at both axial ends la of the opening portion
of the machined hole 1 in synergy with the effect of the
recess 2.

[o061]

It is preferable that the gas turbine casing 12 of

the present embodiment forms the cylindrical member 10

- 25 -
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having the machined hole 1 and the recess 2 described
above.

[0062]

With the gas turbine casing 12, it is possible to
prevent a decline in low-cycle fatigue life based on the
machined hole 1 in the case of high thermal stress or hoop
stress occurrence.,

[0063]

It is preferable that the gas turbine of the present
embodiment has the gas turbine casing 12 as an outer shell.

[0064]

With the gas turbine, a decline in low-cycle fatigue
life is prevented in the gas turbine casing 12, and thus
life extension and reliability improvement can be achieved.

[0065]

An example will be described below. Fig. 8 1is a
chart according to this example. Figs. 9 and 10 are
graphs according to this example.

[0066]

In this example, three-dimensgional static structural
analysis was performed with regard to Base and Tests 1 to
6. As illustrated in Fig. 8, specified in Base and Tests
1 to 6 are the shortest distance dl between the recess and
the opening edge of the machined hole, the diametral

dimension w of the recess in the axial direction, a
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dimension wl (see Fig. 2) of the circular arc portion side
of the recess in the axial direction from the center of
the machined hole, a dimension w2 (see Fig. 2) of the open
portion side of the recess in the axial direction from the
center of the machined hole, and the deepest depth h of
the recegs. The machined hole has a perfect circle shape
as illustrated in Fig. 2 and has the same diametral
dimension D (0.26) in Base and Tests 1 to 6. The recess
has the circular arc portion, the open portion, and the
inclined surface as illustrated in Figs. 2 and 3 and is
disposed on both axial side portions of the machined hole.
In Tests 1 to 3, the diametral dimension w of the recess
in the axial direction was changed. In Tests 4 to 6, the
shortest distance dl1 between the recess and the opening
edge of the machined hole was changed. The unit of the
numerical values in Fig. 8 is inch.

[0067]

Each rhombus in Figs. 9 and 10 is an outer back node
of the machined hole (the axial upper end 1la of the
opening portion of the machined hole 1 in Fig. 2) and the
rhombuses indicate Kt at the nodes. Kt is a stress
concentration coefficient and is the ratio of an analysis
result to the theoretical stress at infinity.

[0068]

As illustrated in Fig. 9, in Tests 1 to 3, it can be
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seen that Kt decreases by nearly 20% in the case of w=2D
and nearly 50% in the case of w=3D with respect to w=D.
Although not clearly illustrated in Fig. 9, the axial
lower end la of the opening portion of the machined hole 1
in Fig. 2 shows a similar tendency. Accordingly, it can
be seen that a stress reduction effect can be obtained by
D being increased with respect to w=D.

[0069]

As i1llustrated in Fig. 10, in Tests 4 to 6, it can
be seen that Kt decreases by nearly 10% in the case of
di=D/2 and d1=D/3 with respect to dl=D. Although not
clearly illustrated in Fig. 10, the axial lower end la of
the opening portion of the machined hole 1 in Fig. 2 shows
a similar tendency. Accordingly, it can be seen that a
stress reduction effect can be obtained by D being
increased with respect to dil=D.

Reference Signg List

[0070]

1 Machined hole

la Axial end

2 Recess

2a Circular arc portion

2b Open portion

2c Inclined surface

10 Cylindrical member

- 28 -
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12 Gas turbine casing
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CLAIMS:

1 A stress reduction structure,

wherein a recess recessed in a depth direction of a machined
hole is formed on a circumferential side-portion of the machined hole
formed in a cylindrical member, and

in the recess, a part of an opening edge is formed in a circular
arc shape, a bottom portion is formed so as to be gradually decreased
in depth by a flat inclined surface from a part along the circular
arc shape toward an open side of the circular arc shape and, an open
portion where the circular arc shape is open and both ends of the
circular arc shape are linearly connected, and the circular arc-

shaped part is disposed toward the machined hole.

2. The stress reduction structure according to Claim 1,
wherein the recess has a deepest depth h within a range of 50%
or less of a plate thickness H of the cylindrical member in which

the machined hole is formed.

3. The stress reduction structure according to any one of Claim 1
or 2,

wherein the recess has a shortest distance dl to an opening
edge of the machined hole within a range of 50% or less of a
circumferential diametral dimension D of the machined hole.

- 30 -
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4, The stress reduction structure according to any one of Claims
1 to 3,

wherein a circumferential diametral dimension d2 of the recess
is within a range of 100% or more to 300% or less of a circumferential

diametral dimension D of the machined hole.

5. The stress reduction structure according to any one of Claims
1 to 4,

wherein an axial diametral dimension w of the recess is within
a range of 100% or more to 300% or less of an axial diametral
dimension W of the machined hole and the dimension W of the machined
hole is included in a circumferential position in the range of the

dimension w.

6. The stress reduction structure according to any one of Claims
1 to 5,
wherein the recesses are disposed on both circumferential side-

portions of the machined hole.

7. The stress reduction structure according to any one of Claims
1 to 5,
wherein the recesses are disposed on both circumferential side-

portions of the machined hole and formed in a symmetrical shape with

- 31 -
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respect to a center of the machined hole.

8. The stress reduction structure according to any one of Claims
1 to 7,
wherein the machined hole is formed in an elliptical shape that

is long in a circumferential direction.

9. A gas turbine casing forming a cylindrical member having the

stress reduction structure according to any one of Claims 1 to 8.

10. A gas turbine comprising the gas turbine casing according to

Claim 9 as an outer shell.

- 32 -
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