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container inside 2I. The outer shape of the oscillator 3 is
formed in a shape matching the shape of a treated region
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Description

TECHNICAL FIELD

[0001] The present invention relates to shot peening.
BACKGROUND ART
[0002] Shot peening is a type of cold working, and

makes shots, which are metal or non-metal balls, impact
on a metal surface at a high speed to generate compres-
sive stress on the metal surface to improve fatigue
strength thereof against repeated loads. For example, to
improve fatigue strength of a welded joint in a pressure
vessel of a chemical plant or a reactor vessel, shot peen-
ing is applied thereto. Patent Document 1 discloses an
ultrasonic shot peeing apparatus that shot-peens a J-
weld between a bottom surface of a reactor vessel head
and a nozzle stub, and surfaces near the J-weld. Patent
Document 2 discloses a tip tool guide apparatus that is
brought into a water chamber of a steam generator of
nuclear power generation equipment, and guides a tip
tool, such as a shot peening head, along a necessary
region.

[0003]

[Patent Document 1] Japanese Patent Application
Laid-open No. 2006-346775 (0015, Fig. 2, Fig. 3)
[Patent Document 2] Japanese Patent Application
Laid-open No. 2007-181909

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Inthetechnology disclosed in Patent Document
1, a planar oscillator is used to accelerate shots. When
the shape of a treated region is flat or almost flat, a dis-
tance between the surface of the oscillator and the sur-
face ofthe treated region is substantially constant. There-
fore, the number of times the shots impact on the surface
of the treated region per unit of time is substantially con-
stant regardless of positions on the surface of the treated
region.

[0005] When a treated region is a concave portion or
aconvex portion, however, the distance between the sur-
face of the oscillator and the surface of the treated region
differs depending on the position on the surface of the
treated region. Therefore, the number of times the shots
impact on the surface of the treated region per unit of
time is dependent on the positions on the surface of the
treated region. Accordingly, unevenness of shot peening
may occur.

[0006] In particular, when the treated region that is a
concave portion is positioned in the direction that gravity
works, the distance between the surface of the oscillator
and the surface of the treated region differs depending
on the position on the surface of the treated region. As
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a result, the shots bouncing off the surface of the treated
region fail to reach the oscillator, therefore, shot peening
may not be continuously performed.

[0007] The presentinvention is made in consideration
of the above, and an object of the present invention is to
realize at least one of: suppressing unevenness of shot
peening, and performing shot peening without fail regard-
less of the shape of a treated region.

MEANS FOR SOLVING PROBLEM

[0008] According to an aspectof the presentinvention,
a shot peening apparatus includes: a kinetic energy im-
parting unit that imparts kinetic energy to shots; and an
oscillator that is formed in a shape matching a shape of
a shot-peening treated region, that is directly or indirectly
provided with the kinetic energy imparting unit, and that
transfers oscillation of the kinetic energy imparting unit
to the shots.

[0009] According to another aspect of the present in-
vention, an oscillator for shot peening is formed in a
shape matching a shape of a shot-peening treated re-
gion, is directly or indirectly provided with a kinetic energy
imparting unit imparting kinetic energy to shots, and
transfers oscillation of the kinetic energy imparting unit
to the shots.

[0010] Thus, even when the treated region is a con-
cave portion or a convex portion, the distance between
the surface of the oscillator and the surface of the treated
region can be constant regardless of the position on the
surface of the treated region. Therefore, the number of
times the shots impact on the surface of the treated region
per unit of time is substantially constant regardless of the
position on the surface of the treated region. As a result,
unevenness of the shot peening treatment can be sup-
pressed. Also, in this shot peening apparatus, the dis-
tance between the surface of the oscillator and the sur-
face of the treated region is set so that the shots return
to the oscillator against gravity. Thus, shots bouncing off
the surface of the treated region can reach the oscillator
without fail, although the treated region includes a con-
caved portion in the direction of gravitational force. Shot
peening can be thus applied continuously without fail
[0011] Advantageously, in the shot peening appara-
tus, the oscillator is formed in a convex shape or a con-
cave shape. Also, advantageously, in the shot peening
apparatus, a surface of the oscillator is formed to have
a curved surface.

[0012] When ashot-peening treated regionis in a con-
vex shape or a concave shape, a problemis likely to arise
in that the distance between the surface of an oscillator
and the surface of the treated region is different depend-
ing on the position on the surface of the treated region.
In many cases, the surface is a curved surface when the
treated region is a convex portion or a concave portion.
By forming the shape of the oscillator in a convex shape
or a concave shape having a curved surface thereon, the
oscillator can be applied for general purposes.
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EFFECT OF THE INVENTION

[0013] The present invention can realize at least one
of suppressing shot peening unevenness and performing
shot peening without fail regardless of the shape of a
treated region.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

[Fig. 1] Fig. 1 is a schematic of an entire structure of
a shot peening apparatus according to an embodi-
ment of the present invention.

[Fig. 2] Fig. 2 is a perspective view illustrating the
shape of an oscillator included in the shot peening
apparatus illustrated in Fig. 1.

[Fig. 3] Fig. 3 is a schematic of an entire structure of
a shot peening apparatus using a planar oscillator.
[Fig. 4] Fig. 4 is an exemplary schematic of shot
peening using the shot peening apparatus according
to the embodiment, when a treated region is posi-
tioned in the direction that gravity works.

[Fig. 5] Fig. 5 is a schematic of an entire structure of
a shot peening apparatus according to a first modi-
fication of the embodiment.

[Fig. 6] Fig. 6 is a schematic of an entire structure of
a shot peening apparatus according to a second
modification of the embodiment.

[Fig. 7] Fig. 7 isan enlarged schematic of an oscillator
included in the shot peening apparatus according to
the second modification of the embodiment.

EXPLANATIONS OF LETTERS OR NUMERALS

[0015]

1, 1a  shot peening apparatus
storage container

21 container inside

6 metallic structure

B shots

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0016] The present invention will now be explained in
detail with reference to the attached drawings. The best
mode(s) for carrying out the invention (hereinafter, em-
bodiments) are not intended to limit the scope of the
present invention in any way. Structural elements dis-
closed in the embodiments below include those that can
be easily imagined by those in the art, those that are
substantially the same, and those in the scope of so-
called equivalents.

[0017] The presentinvention is suitable for shot-peen-
ing a surface having a concave or a convex portion.
[0018] The present invention is not limited to shot
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peening of a weld. Moreover, the present invention can
be generally applied to anything that requires shot peen-
ing, such as an internal or an outer surface of a nozzle
stub located at an inlet or an outlet of a steam generator,
a pipe for a fluid, or a pressure vessel used in a power
generating facility; and applications of the present inven-
tion is not especially limited as well.

[0019] One of the features of the present embodiment
is to make the outer shape of an oscillator match the
shape of the surface of a shot-peening treated region.
On the oscillator, a kinetic energy imparting unit that im-
parts kinetic energy to shots is directly or indirectly mount-
ed, and the oscillator transfers motions of the kinetic en-
ergy imparting unit to the shots. A shot peening apparatus
according to the present embodiment will now be ex-
plained.

[0020] Fig. 1 is a schematic of an entire structure of
the shot peening apparatus according to the present em-
bodiment. Fig. 2 is a perspective view illustrating the
shape of an oscillator included in the shot peening ap-
paratus illustrated in Fig. 1. This shot peening apparatus
1includes a storage container 2 that stores therein shots
B to be used for shot peening. The storage container 2
moves toward a shot-peening treated region U and per-
forms shot peening to the surface (treated region surface)
UP of the treated region U. In the present embodiment,
shot peening is performed on a metallic structure 6, such
as a nozzle stub located at an inlet or an outlet of a steam
generator in a reactor vessel.

[0021] The storage container 2 is a container with a
bottom, and has a container opening 2T that is an open-
ing that faces the treated region U. A part of the storage
container 2 that lies opposite to the container opening
2T is a bottom 2B of the storage container 2. A space
surrounded by the bottom 2B of the storage container 2
and an inner side wall 2S of the storage container 2 is
an inside (container inside) 2l of the storage container 2,
and stores therein the shots B for use in shot peening.
Steel balls, non-ferrous metal balls, and nonmetallic balls
such as ceramic balls, are used as the shots B, and an
appropriate type of the shots B is used depending on a
material or a usage condition of the treated region U.
Upon performing shot peening, the distance between the
treated region U and the container opening 2T of the
storage container 2 is set so that the shots B do not leak
out between the treated region U and the storage con-
tainer 2.

[0022] On the bottom 2B, the kinetic energy imparting
unit that accelerates the shots B to impart thereto energy
required for shot peening is provided. In the present em-
bodiment, the kinetic energy imparting unit includes an
oscillating unit 4 and an oscillator for shot peening (here-
inafter, an oscillator) 3. The oscillating unit 4 oscillates
at a certain frequency and at certain amplitude to accel-
erate the shots B, and uses a piezoelectric element, for
example, a piezoelectric element. The oscillator 3 trans-
fers oscillation of the oscillating unit 4 to the shots B. The
oscillating unit 4 is mounted on the oscillator 3 directly or
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indirectly. In the present embodiment, the oscillating unit
4 is directly mounted on the oscillator 3. However, the
oscillating unit 4 can be mounted indirectly to the oscil-
lator 3, for example, with an oscillation transfer member
interposed therebetween.

[0023] An oscillating unit controller 5 is connected to
the oscillating unit 4, in order to give the oscillating unit
electronic signals at a certain frequency and make the
oscillating unit oscillate at a certain frequency cycle. The
oscillation controller 5 drives the oscillating unit 4 of the
kinetic energy imparting unit at a certain frequency cycle
(for example, frequency in the ultrasonic range). Accord-
ingly, the oscillator 3 that comes into contact with the
shots B oscillates at a certain frequency cycle in the di-
rection parallel to the direction from the oscillator 3 to the
container opening 2T (indicated by an arrow V in Fig. 1),
and the shots B are accelerated toward the container
opening 2T.

[0024] Accordingly, the shots B are shot toward the
container opening 2T, shot onto the treated region sur-
face UP of the treated region U, thereby applying com-
pressive stress to the treated region surface UP. The
shot peening apparatus 1 performs shot peening on the
treated region U with ultrasonic shot peening. In terms
of strict performance management, ultrasonic shot peen-
ing is preferably used in the present embodiment, while
shot peening is not limited to ultrasonic shot peening.
[0025] As illustrated in Fig. 1, the outer shape of the
oscillator 3 is formed to match the surface shape of the
treated region U, that is, the treated region surface UP
of the treated region U. In the present embodiment, the
treated region U is a concave portion prepared by remov-
ing a hemisphere portion from the surface of the metallic
structure 6. The shape of the treated region surface UP
is, therefore, hemispherical concave. At least a part of
the outer shape of the oscillator 3 is formed to match the
treated region surface UP so that it is in a hemisphere
shape as illustrated in Fig. 1 and Fig. 2. In the present
embodiment, the shape of the treated region UP is tran-
scribed to atleast a part of the outer shape of the oscillator
3.

[0026] Therefore, the shot peening apparatus 1 can
keep the distance between the surface of the oscillator
3 and the treated region surface UP (hereinafter, shots
flight distance) substantially constant even if the treated
region U is a concave portion, regardless of the position
on the treated region U. In the example illustrated in Fig.
1, the shots flight distances L1, L2, and L3 from different
positions on the oscillator 3 become substantially the
same.

[0027] Fig. 3 is a schematic of an entire structure of a
shot peening apparatus using a planar oscillator. This
shot peening apparatus 101 illustrated in Fig. 3 includes
a planar oscillator 103 on which a vibrator 104 is mount-
ed. The oscillator 103 has a flat surface that comes into
contact with shots B. The oscillator 103 oscillates at a
certain frequency cycle toward the direction parallel to
the direction from the oscillator 103 to a container open-
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ing 102T (indicated by an arrow V direction in Fig. 3), and
accelerates the shots B toward the container opening
102T.

[0028] When the treated region U is formed in a con-
cave shape by hollowing the surface of the metallic struc-
ture 6, the distance between the surface of the oscillator
3 and the surface of the treated region UP (shots flight
distance) differs depending on the position on the treated
region UP as a result of performing shot peening with the
shot peening apparatus 101 illustrated in Fig. 3. In the
example illustrated in Fig. 3, a shots flight distance LA to
the treated region U at the deepest portion is the greatest,
and the shots flight distance LA becomes smaller as the
treated region U becomes shallower. For example, shots
flightdistances LB and LC near the outer rim of the treated
region U in a concave shape spherically hollowed are
smaller than the shots flight distance LA to the treated
region U at the deepest portion.

[0029] In shot peening, the number of times the shots
B impact on the treated region surface UP per unit of time
becomes smaller as the distance between the oscillator
3 and the treated region surface UP is greater under the
same speed of the shots B. Because of this, shot peening
unevenness occurs depending on the position on the
treated region surface UP, therefore, some region re-
mains unsatisfactorily treated. When the treated region
is a concave portion or a convex portion, shots flight dis-
tances differ depending on the position on the surface of
the treated region as a result of using the oscillator 103
having a flat surface coming into contact with the shots
B, such as the shot peening apparatus 101 illustrated in
Fig. 3. This may lead to excessive or unsatisfactory treat-
ment, therefore, shot peening unevenness occurs.
[0030] In the present embodiment, the outer shape of
the oscillator 3 (the shape of a portion with which shots
B come into contact) included in the shot peening appa-
ratus 1 is shaped to match the shape of the surface of
the treated region U, that is, the treated region surface
UP of the treated region U. The shots flight distances can
be kept substantially constant regardless of the positions
on the treated region surface UP, whereby unevenness
of shot peening treatment can be suppressed. When the
treated region U is a concave portion, as illustrated in
Fig. 1, the outer shape of the oscillator 3 is shaped in a
hemisphere to match the shape of the treated region sur-
face UP. The shots flight distances can, therefore, be
kept substantially constant regardless of the positions on
the treated region surface UP, whereby unevenness of
shot peening treatment can be suppressed.

[0031] Fig. 4 is an exemplary schematic of shot peen-
ing using the shot peening apparatus according to the
present embodiment, when a treated region is positioned
in the direction that gravity works. As illustrated in Fig. 4,
when a concave portion, that is, the treated region U
formed on the metallic structure 6 is on a gravity working
direction G side, the surface of the oscillator 3 that comes
into contact with the shots B is placed toward the gravity
working direction G. The oscillator 3 oscillates in an arrow
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V direction. The shots B are accelerated toward the treat-
edregion U thatis on the gravity working direction G side,
and shot onto the treated region U.

[0032] The shots B shot onto the treated region U
bounce off the treated region surface UP and return to
the oscillator 3, are accelerated thereon by the oscillator
3, and shot again onto the treated region U. When the
treated region U is on the gravity working direction G
side, the shots B return to the oscillator 3 against gravity.
Like in the shot peening apparatus 101 illustrated in Fig.
3, when using the oscillator 103 having a surface coming
into contact with shots B that is flat, the shots flight dis-
tances differ depending on the position on the treated
region surface UP of the treated region U that is a con-
cave portion. Moreover, when the oscillator 103 is used,
at some portions having large shots flight distances, the
shots B bouncing off the treated region surface UP may
fail to return to the oscillator 103. Therefore, shot peening
cannot be performed.

[0033] In the present embodiment, when the treated
region U is a concave portion, as illustrated in Fig. 4, the
outer shape of the oscillator 3 is shaped in a hemisphere
to match the shape of the treated region surface UP.
Therefore, the shots flight distances can be constant re-
gardless of the position on the treated region surface UP.
In this case, the shots flight distances are set so that the
shots B can reach the oscillator 3 against gravity when
bouncing off the treated region surface UP. Therefore,
the shots B can reach the oscillator 3 without fail regard-
less of the position on the treated region surface UP in
the shot peening apparatus 1. Shot peening is thus per-
formed without fail.

[0034] Fig. 5is a schematic of an entire configuration
of a shot peening apparatus according to a first modifi-
cation of the present embodiment. The configuration of
a shot peening apparatus 1a according to the modifica-
tion is substantially the same as that of the shot peening
apparatus 1 (see Fig. 1), but different in the outer shape
of an oscillator 3a. Specifically, a portion of the oscillator
3a coming into contact with the shots B has a hemispher-
ical concave shape. A hemispherical convex portion of
the metallic structure 6 is a treated region U with the shot
peening apparatus 1a. The outer shape of the oscillator
3a (a portion with which the shots B come into contact)
included in the shot peening apparatus 1a matches the
shape of the surface of treated region U, that is, the treat-
ed surface UP of the treated region U.

[0035] Shotsflightdistances L1, L2, and L3 at different
positions on the treated region surface UP can be kept
substantially constant, therefore, the unevenness of the
shot peening treatment is suppressed. In the present
modification, because the treated region U is a convex
portion, as illustrated in Fig. 5, the outer shape of the
oscillator 3a is hemispherical concave to match the
shape of the treated region surface UP. Accordingly, the
shots flight distances can be constant regardless of the
positions on the treated region surface UP, thereby sup-
pressing the unevenness of the shot peening treatment.
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[0036] Fig. 6 is a schematic of an entire structure of a
shot peening apparatus according to a second modifica-
tion of the present embodiment. Fig. 7 is an enlarged
schematic of an oscillator included in the shot peening
apparatus according to the second modification of the
present embodiment. This shot peening apparatus 1b
according to the modification has a structure substantially
the same as that of the shot peening apparatus 1 (see
Fig. 1), but different in the outer shape of an oscillator 3b
that is formed step-wise.

[0037] As illustrated in Fig. 6, the outer shape of the
oscillator 3b (a portion with which the shots B come into
contact) included in the shot peening apparatus 1b is
formed step-wise, and matches the shape of the surface
of the treated region U, that is, the treated region surface
UP of the treated region U. In the present modification,
the treated region U is a concave portion prepared by
removing a hemisphere portion from the metallic struc-
ture 6. The shape of the treated region surface UP is,
therefore, hemispherical concave. The outer shape of
the oscillator 3b is formed step-wise and in a convex
shape.

[0038] As illustrated in Fig. 7, the outer shape of the
oscillator 3b according to the modification is in a step-
wise shape, by piling up a plurality of planar board parts
3b1 to 3b6 having different areas in a descending order
in their areas. In the modification, the board parts 3b1 to
3b2 are circular plates. Accordingly, the outer shape of
the oscillator 3b is formed in a step-wise shape by piling
up the board parts 3b1 to 3b6 that have different diam-
eters from each other in a descending order in their di-
ameters. The diameters of the board parts 3b1, 3b2, 3b3,
3b4, 3b5, and 3b6 are D1, D2, D3, D4, D5, and D6, re-
spectively (D1>D2>D3>D4>D5>D6). The board parts
3b1 to 3b6 can be made of individual members and in-
tegrated together to make the oscillator 3b, or all the
board parts 3b1 to 3b6 are integrally constituted to make
the oscillator 3b.

[0039] The oscillator 3b oscillates in an arrow V direc-
tion illustrated in Fig. 6. In the present embodiment, by
forming the outer shape of the oscillator 3b in a step-wise
shape, flat surfaces perpendicular to the oscillation di-
rection (arrow V direction in Fig. 6) of the oscillator 3b
are formed at step-wise portions. Amplitude of the oscil-
lator 3b becomes the same at the flat surfaces, therefore,
the shots B on the flat surfaces are accelerated by the
same amount. Accordingly, unevenness of the kinetic
energy of the shots B that impact on the treated region
surface UP is suppressed, therefore, unevenness of the
shot peening treatment can be suppressed.

[0040] In the present embodiment and its modifica-
tions, the outer shape of the oscillator that transfers mo-
tions of the kinetic energy imparting unit imparting kinetic
energy to the shots matches the shape of the surface of
the treated region. By doing so, even when the treated
region is a concave portion or a convex portion, the dis-
tance between the surface of the oscillator and the sur-
face of the treated region can be constant regardless of
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the position on the surface of the treated region. There-
fore, the number of times the shots impact on the surface
of the treated region per unit of time is substantially con-
stantregardless of the position on the surface of the treat-
ed region. As a result, unevenness of the shot peening
treatment can be suppressed.

[0041] In the present embodiment and its modifica-
tions, the distance between the surface of the oscillator
and the surface of the treated region is set so that the
shotsreturnto the oscillator against gravity. Inthe present
embodiment, because the distance between the surface
of the oscillator and the surface of the treated region is
substantially constant regardless of the position on the
surface of the treated region, even though the treated
region includes a concave portion toward a direction of
gravitational force, shots bouncing off the surface of the
treated region can reach the oscillator without fail. Shot
peening can be thus applied continuously without fail.

INDUSTRIAL APPLICABILITY

[0042] As described above, the shot peening appara-
tus according to the present invention is useful for shot
peening treatment, more specifically, for shot-peening a
treated region of a concave portion or a convex portion.

Claims
1. A shot peening apparatus comprising:

a kinetic energy imparting unit that imparts ki-
netic energy to shots; and

an oscillator that is formed in a shape matching
a shape of a shot-peening treated region, that
is directly or indirectly provided with the kinetic
energy imparting unit, and that transfers oscil-
lation of the kinetic energy imparting unit to the
shots.

2. The shot peening apparatus according to claim 1,
wherein the oscillator is formed in a convex shape
or a concave shape.

3. The shot peening apparatus according to claim 2,
wherein a surface of the oscillator is formed to have
a curved surface.

4. An oscillator for shot peening, wherein the oscillator
is formed in a shape matching a shape of a shot-
peening treated region, is directly or indirectly pro-
vided with a kinetic energy imparting unit imparting
kinetic energy to shots, and transfers oscillation of
the kinetic energy imparting unit to the shots.
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