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(54) WELDING DEVICE

(57) Provided is a welding equipment that performs
welding of an annular body from an inside thereof so as
to be perpendicular to a welding groove, thus making it
possible to enhance the weld quality. A welding equip-
ment (1) that forms an end part (5) includes a vacuum
chamber (23) in which a vacuum atmosphere can be es-
tablished; a holding member (25) that is installed in the
vacuum chamber (23) and that holds the end part (5) in
which a welding groove is formed by placing a half cell
(11), an end plate (17), and a beam pipe (19) next to
each other; a window (29) that is installed in a top-end
surface portion (27) of the vacuum chamber (23), which
intersects with an axial center (0) of the end part (5), and
that forms a portion thereof; a laser radiating head (35)
that is installed outside the vacuum chamber (23) and
that radiates a laser beam (33) into an internal space of
the end part (5) through the window (29); and a mirror
member (37) that is installed in the internal space of the
end part (5) and that adjusts a reflected laser beam (55),
formed by reflecting the laser beam (33), so as to be
oriented in a direction perpendicular to the welding
groove.
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Description

{Technical Field}

[0001] The present invention relates to a welding
equipment employed, in particular, for manufacturing a
superconducting accelerator cavity.

{Background Art}

[0002] A superconducting accelerator cavity is formed
by joining a plurality of members that are placed one after
another in an axial direction. This joining is conventionally
performed from outside by penetration welding by elec-
tron beam welding or laser welding in a vacuum atmos-
phere because a vacuum atmosphere has low contam-
ination caused by impurities.
In the case in which penetration welding from outside is
employed in this way, because unexpected irregularities
are sometimes formed in terms of the welded states in-
side the superconducting accelerator cavity, post-
processing therefor is time consuming. In addition, be-
cause a driving system that drives the superconducting
accelerator cavity, an electron gun, and so forth are
placed in the vacuum atmosphere, the volume of vacuum
container is increased, which increases the size of the
equipment and makes it expensive. Because it takes time
to establish the vacuum atmosphere due to the large vac-
uum container volume, the operation time is increased,
which increases the operating costs.
[0003] Therefore, there is a demand for reducing inter-
nal post-processing by performing welding from inside a
superconducting accelerator cavity.
As a technique for doing so, it has been proposed, for
example, to perform joining in a superconducting accel-
erator cavity from the inside by employing laser welding
in an argon atmosphere, as disclosed in Patent Literature
1.
However, sufficient performance may not be achieved
with the technique in which the laser welding is performed
in an argon atmosphere.

{Citation List}

{Patent Literature}

[0004] {PTL 1} Publication of Japanese Patent No.
3959198

{Summary of Invention}

{Technical Problem}

[0005] Because a superconducting accelerator cavity
is a hollow, annular body, in the case of laser welding, it
is conceivable to make a laser beam incident from outside
a vacuum container to perform welding inside the super-
conducting accelerator cavity.

In this case, because the laser beam is incident at an
angle with respect to a position perpendicular to a welding
groove, there is a risk of missing the welding groove de-
pending on the irradiation position of the laser beam, and
sufficient welding properties cannot be guaranteed. In
addition, there is a problem in that it is necessary to shift
(offset) the irradiation position of the laser beam with re-
spect to the welding groove, and so forth, which makes
the positioning difficult.
[0006] The present invention has been conceived in
light of the above-described circumstances, and an ob-
ject thereof is to provide a welding equipment that per-
forms welding of an annular body from inside thereof so
as to be perpendicular to a welding groove, thereby mak-
ing it possible to enhance weld quality.

{Solution to Problem}

[0007] In order to solve the above-described problems,
the present invention employs the following solutions.
Specifically, an aspect of the present invention is a weld-
ing equipment in which a plurality of annular bodies hav-
ing openings at both ends in an axial direction are placed
one after another in the axial direction and that forms an
annular joined body by joining the corresponding open-
ings with each other by laser welding, the welding equip-
ment including a vacuum compartment in which a vacu-
um atmosphere can be established; a holding member
that is installed in the vacuum compartment and that
holds the annular joined body in which a welding groove
is formed by placing the openings of the plurality of the
annular bodies next to each other; a window member
that is installed in a wall of the vacuum compartment,
which intersects with an axial center of the annular joined
body, and that forms a portion of the wall; a laser radiating
member that is installed outside the vacuum compart-
ment and that radiates a laser beam into an internal space
of the annular joined body through the window member;
and a mirror member that is installed so as to be posi-
tioned in the internal space of the annular joined body
and that adjusts a reflected laser beam, formed by re-
flecting the laser beam, so as to be oriented in a direction
perpendicular to the welding groove.
[0008] With the welding equipment according to the
aspect of the present invention, a plurality of annular bod-
ies having openings at both ends in the axial direction
are placed one after another in the axial direction and
are mounted in the holding member in the vacuum com-
partment so as to form the annular joined body in which
the welding groove is formed by placing the openings
next the each other. Subsequently, vacuum suction is
performed to establish a vacuum atmosphere in the vac-
uum compartment. The position of the reflected laser
beam, which is reflected by the mirror member, in the
axial direction is adjusted as needed in accordance with
the position of the welding groove, and then, welding is
initiated. Specifically, when the laser beam is radiated
from the laser radiating member, the laser beam passes
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through the window member and is radiated on the mirror
member that is installed so as to be positioned in the
internal space of the annular joined body. This laser beam
is reflected at the mirror member and is radiated in the
direction perpendicular to the welding groove. The weld-
ing groove is melted by the radiated laser beam to com-
plete joining. This welding may be penetration welding
or non-penetration welding. In the case of non-penetra-
tion welding, welding is also performed from outside af-
terwards.
[0009] Because the annular joined body is welded from
the inside thereof in this way, unexpected irregularities
are not formed on the inside, which makes it possible to
achieve a good interior state.
In addition, because the laser beam is radiated from the
direction perpendicular to the welding groove, the posi-
tion thereof can be easily set, and it is possible to reduce
the risk of welding outside the welding groove. Therefore,
because sufficient welding properties can be guaran-
teed, the weld quality can be enhanced.
Furthermore, because the laser radiating member is not
installed in the vacuum compartment, the equipment con-
figuration can be made compact, which makes it possible
to make the equipment low-cost. Because the size of the
vacuum area is small, the vacuum atmosphere can be
established in a short period of time. Accordingly, the
operation time can be reduced, which reduces the oper-
ating costs.
[0010] With the aspect of the present invention, it is
preferable that at least one of the mirror member and the
holding member be rotatable about the axial center.
By doing so, welding can be performed smoothly over
the entire circumference of the annular joined body.
[0011] With the aspect of the present invention, it is
preferable that a cooling member that cools the mirror
member be provided.
[0012] When the laser beam is radiated on the mirror
member in the vacuum atmosphere, the mirror member
generates heat, which brings about the risk of, for exam-
ple, deformation.
With the aspect of the present invention, because the
mirror member is cooled by the cooling member, it can
be cooled even if heat is generated therein. Accordingly,
because it is possible to restrict deformation of the mirror
member, the radiation position of the laser beam can be
accurately set, and the weld quality can be enhanced.
[0013] With the aspect of the present invention, it is
preferable that mirror member be installed so that a cent-
er of a reflecting surface thereof is shifted further from
the axial center toward an opposite side from a radiating
direction of the reflected laser beam.
[0014] When performing laser welding, metal vapor is
generated at the welding portion, which spatters in all
directions and adheres to the mirror member or the win-
dow member. If the metal vapor adheres to, for example,
the mirror member, because the reflection level of the
laser beam is reduced, there is a risk of incomplete weld-
ing.

With the aspect of the present invention, because the
mirror member is installed so that the center of the re-
flecting surface thereof is shifted further from the axial
center toward the opposite side from the radiation direc-
tion of the reflected laser beam, the distance between
the portion to be welded and the mirror member can be
increased as compared with a mirror member positioned
at the axial center position of the annular joined body.
Accordingly, it is possible to further restrict adhesion of
the metal vapor on the mirror member, and therefore, the
weld quality can be enhanced.
[0015] With the aspect of the present invention, it is
preferable that gas supplying members be provided,
which individually supply inert gas to vicinities of the re-
flecting surface of the mirror member and an inner sur-
face of the window member.
[0016] When performing laser welding, metal vapor is
generated at the welding portion, which spatters in all
directions and adheres to the mirror member or the win-
dow member. If the metal vapor adheres to, for example,
the mirror member, the reflection level of the laser beam
is reduced. If the metal vapor adheres to the window por-
tion, the transmission level of the laser beam is reduced.
Because this reduces the laser beam intensities, there
is a risk of incomplete welding.
With the aspect of the present invention, because the
gas supplying members that individually supply the inert
gas to the vicinities of the reflecting surface of the mirror
member and the inner surface of the window member
are installed, the pressure at respective positions in the
vicinities of the reflecting surface of the mirror member
and the inner surface of the window member is slightly
increased when the inert gas is supplied thereto from the
gas supplying members. When the pressure at the re-
spective positions in the vicinities of the reflecting surface
of the mirror member and the inner surface of the window
member is increased, because the spattered metal vapor
can be pushed back with the pressure, it is possible to
restrict adhesion of the metal vapor on the reflecting sur-
face of the mirror member and the inner surface of the
window portion.
Therefore, because it is possible to restrict the reduction
in the laser beam intensities, the weld quality can be en-
hanced.

{Advantageous Effects of Invention}

[0017] With the present invention, weld quality can be
enhanced because the invention provides a vacuum
compartment in which a vacuum atmosphere can be es-
tablished; a holding member that is installed in the vac-
uum compartment and that holds an annular joined body
in which a welding groove is formed by placing the open-
ings of a plurality of annular bodies next to each other; a
transparent window member that is installed in a wall of
the vacuum compartment, which intersects with an axial
center of the annular joined body, and that forms a portion
of the wall; a laser radiating member that is installed out-
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side the vacuum compartment and that radiates a laser
beam into an internal space of the annular joined body
through the window member; and a mirror member that
is installed so as to be positioned in the internal space
of the annular joined body and that adjusts a reflected
laser beam, which is formed by reflecting the laser beam,
so as to be oriented in a direction perpendicular to the
welding groove.

{Brief Description of Drawings}

[0018]

Fig. 1 is a front view of a superconducting accelerator
cavity to which end parts are attached by welding by
employing a welding equipment according to an em-
bodiment of the present invention.
Fig. 2 is a cross-sectional view showing, in outline,
the configuration of the welding equipment accord-
ing to the embodiment of the present invention.
Fig. 3 is a partial front view showing a mirror accord-
ing to the embodiment of the present invention.
Fig. 4 is a partial cross-sectional view showing weld-
ed states achieved by the welding equipment ac-
cording to the embodiment of the present invention.

{Description of Embodiment}

[0019] A welding equipment 1 according to an embod-
iment of the present invention will be described below
with reference to Figs. 1 to 4. The welding equipment 1
according to this embodiment forms end parts 5 for a
superconducting accelerator cavity 3.
Fig. 1 is a front view of the superconducting accelerator
cavity 3 to which the end parts 5 fabricated with the weld-
ing equipment 1 according to the embodiment of the
present invention are attached. Fig. 2 is a cross-sectional
view showing, in outline, the configuration of the welding
equipment 1 according to the embodiment of the present
invention. Fig. 3 is a partial front view showing a mirror
according to the embodiment of the present invention.
[0020] As shown in Fig. 1, the superconducting accel-
erator cavity 3 is provided with the end parts (annular
joined bodies) 5 and a cavity portion 7.
The cavity portion 7 is a structure in which cells 9 with
circular tube shapes having swollen center portions are
combined. For the superconducting accelerator cavity 3,
for example, niobium-based materials, which are super-
conducting materials, are subjected to bending and press
forming, thus forming half cells 11, which are the cells 9
divided into two in the axial direction thereof. The half
cells 11 extend along an axial direction L between equa-
tor portions 13, which are the most-swollen portions of
the cells 9, and iris portions 15, which are the narrowest
portions thereof.
The cavity portion 7 is formed by joining a plurality of half
cells 11 by welding so that the equator portions 13 thereof
are overlaid on each other or the iris portions 11 thereof

are overlaid on each other. The equator portions 13 of
the half cells 11 are individually positioned at both ends
of the cavity portion 7.
[0021] The end parts 5 are formed of the half cells (an-
nular bodies) 11, end plates (annular bodies) 17, and
beam pipes (annular bodies) 19.
The end plates 17 form both ends of a helium jacket into
which liquid helium is introduced and are made of, for
example, titanium. The beam pipes 19 are hollow, circu-
lar tube members made of, for example, niobium, and
are provided with flanges 21 at one end thereof.
Groove portions with which the iris portions 15 of the half
cells 11 engage are provided over the entire circumfer-
ence at one end of the end plates 17 in the axial direction
L, and groove portions with which ends of the beam pipes
19 engage are provided at the other end thereof.
[0022] The end parts 5 are formed by engaging the iris
portions 15 of the half cells 11 and the ends of the beam
pipes 19 with the groove portions of the end plates 17,
thereby forming welding grooves 18 and 20 that extend
in a substantially horizontal direction, as shown in Fig. 4,
and by joining these welding grooves 18 and 20 by weld-
ing.
The superconducting accelerator cavity 3 is formed by
joining, by welding, the equator portions 13 of the half
cells 11 positioned at both ends of the cavity portion 7 to
the equator portions 13 of the half cells 11 positioned at
one end of the end parts 5.
[0023] As shown in Fig. 2, the welding equipment 1 is
provided with a hollow vacuum chamber (vacuum com-
partment) 23 with a circular tube shape; a holding mem-
ber 25 that is installed inside the vacuum chamber 23
and holds the end part 5 so that an axial center 0 thereof
extends in the vertical direction; a window (window mem-
ber) 29 provided at a top-end surface portion (wall) 27 of
the vacuum chamber 23, with which the axial center 0
intersects; a laser radiating head (laser radiating mem-
ber) 35 that is installed outside the vacuum chamber 23
and radiates a laser beam 33 into an internal space 31
of the end part 5 through the window 29; and a mirror
member 37 that is installed inside the internal space 31
and reflects the laser beam 33.
[0024] A vacuum suction member 39 that sucks gas in
the vacuum chamber 23 to establish a vacuum atmos-
phere in the vacuum chamber 23 is connected to the
vacuum chamber 23.
The holding member 25 is provided with a top holding
plate 41 and a bottom holding plate 43 that firmly hold
the end part 5 at both ends thereof; a plurality of restrain-
ing shafts 45 that link between the top holding plate 41
and the bottom holding plate 43 to maintain the distance
therebetween; and a positioner 49 whose bottom portion
is fixedly attached to a bottom-end surface portion 47 of
the vacuum chamber 23 and whose a top portion is ro-
tatable about the axial center O.
A bottom portion of the bottom holding plate 43 is fixedly
attached to the top portion of the positioner 49.
[0025] The window 29 is attached so as to cover an
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opening in the top-end surface portion 27 and forms a
sealed structure by being integrated with the top-end sur-
face portion 27.
A motor 51 provided with a speed-reduction gear, which
rotates the top portion of the positioner 49, is provided
at a bottom portion of the bottom-end surface portion 47.
The laser radiating head 35 is mounted so as to be mov-
able in a horizontal plane. By being moved in the hori-
zontal plane, the laser radiating head 35 can adjust, in
the horizontal plane, the position of the laser beam 33
radiated therefrom.
[0026] A top surface (reflecting surface) 53 of the mirror
member 37 reflects the laser beam 33, thus turning it into
a reflected laser beam 55. A space 57 is provided at a
bottom portion of the mirror member. The space 57 and
the top surface 53 are communicated with each other via
a plurality of through-holes 59. The through-holes 59 are
provided at the circumferential edge of the top surface
53 at positions that are not irradiated with the laser beam
33.
[0027] A cooling pipe (cooling member) 61 that ex-
tends in the vertical direction and that has an internal
space through which a cooling liquid passes is fixedly
attached to the bottom-end surface portion 47. The top
end of the cooling pipe 61 is closed and is also inclined.
Because the bottom surface of the mirror member 37 is
attached to the top end of the cooling pipe 61, it is inclined
along the inclination at the top end thereof.
The cooling pipe 61 is bent so that an axial center 01 at
the top end thereof does not align with an axial center O.
The mirror member 37 is mounted so that the axial center
01 passes through the center of the plane of the top sur-
face 53, and the side closer to the axial center 0 is posi-
tioned at the lower side thereof.
By doing so, the mirror member 37 is installed such that
the top-surface center (axial center 01) thereof is shifted
further from the axial center 0 toward the opposite side
from the radiation direction of the reflected laser beam 55.
[0028] A gas pipe (gas supplying member) 63 that sup-
plies inert gas, for example, argon gas, to the space 57
from outside the vacuum chamber 23 is connected to the
bottom surface of the mirror member 37.
A gas pipe (gas supplying member) 65 that supplies inert
gas, for example, argon gas, from outside the vacuum
chamber 23 is connected to the vicinity of an inner surface
of the window 29.
[0029] The operation of the welding equipment 1 ac-
cording to this embodiment having the above-described
configuration will now be described.
First, the half cell 11 and the beam pipe 19 are individually
engaged with the groove portions processed at both ends
of the end plate 17 in the axial direction L, and they are
held in the holding portion 25 in a state in which the half
cell 11, the end plate 17, and the beam pipe 19 are placed
one after another in the axial direction L.
Next, the vacuum suction member 39 is activated to suck
out gas in the vacuum chamber 23, thus establishing a
vacuum atmosphere in the vacuum chamber 23.

The position of the laser radiating head 35 in the hori-
zontal direction is adjusted so that the position of the
reflected laser beam 55 in the axial direction L is aligned
with the welding groove 20.
[0030] Cooling liquid is supplied to the cooling pipe 61.
Inert gas is supplied to the space 57 with the gas pipe
63 so that the inert gas exits from the top surface 53 via
the through-holes 59. Inert gas is supplied to the vicinity
of the inner surface of the window 29 with the gas pipe 65.
When the laser beam 33 is emitted from the laser radi-
ating head 35 in this state, the laser beam 33 strikes the
top surface 53 of the mirror member 37 and is reflected,
becoming the reflected laser beam 55 that travels in the
substantially horizontal direction. This reflected laser
beam 55 is radiated on the welding groove 20 and melts
the welding groove 20 to complete joining.
By rotating the top portion of the positioner 49 about the
axial center 0 by activating the motor 51, the welding
groove 20 can be welded over the entire circumference.
[0031] Although this embodiment is configured so that
the end part 5 rotates about the axial center O, the con-
figuration may be such that the end part 5 is fixed and
the laser radiating head 35 and the mirror member 37
are rotated about the axial center O. In addition, the end
part 5, the laser radiating head 35, and the mirror member
37 may be individually rotated about the axial center O.
[0032] When welding of the welding groove 20 is com-
pleted, the position of the laser radiating head 35 in the
horizontal direction is adjusted so that the position of the
reflected laser beam 55 in the axial direction L aligns with
the welding groove 18, and the welding groove 18 is weld-
ed as with the welding groove 20.
Although this embodiment is configured such that the
position of the reflected laser beam 55 in the axial direc-
tion L is adjusted by adjusting the position of the laser
radiating head 35 in the horizontal direction, the config-
uration may be such that the position of the mirror mem-
ber 37 in the axial direction L is adjusted without changing
the horizontal position of the laser radiating head 35.
[0033] At this time, because the laser beam 33 is ra-
diated on the mirror member 37 placed in a vacuum at-
mosphere, the mirror member 37 generates heat, which
brings about the risk of, for example, deformation. Be-
cause the mirror member 37 in this embodiment is cooled
with the cooling liquid supplied by the cooling pipe 61, it
can be cooled even if heat is generated therein. Accord-
ingly, because it is possible to restrict, for example, de-
formation of the mirror member 37, the radiating position
of the reflected laser beam 55 can be accurately set, and
the weld quality can be enhanced.
[0034] In addition, although metal vapor generated at
welding portions spatters therefrom, because the inert
gas is supplied to the vicinities of the top surface 53 of
the mirror member 37 and the inner surface of the window
29 in this embodiment, the pressure at respective posi-
tions in the vicinities of the top surface 53 of the mirror
member 37 and the inner surface of the window 29 is
slightly increased. When the pressure at the respective
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positions in the vicinities of the top surface 53 of the mirror
member 37 and the inner surface of the window 29 is
increased, because the spattered metal vapor can be
pushed back with the pressure, it is possible to restrict
adhesion of the metal vapor on the top surface 53 of the
mirror member 37 and the inner surface of the window 29.
Therefore, because it is possible to restrict reductions in
the intensities of the laser beam 33 and the reflected
laser beam 55, the weld quality can be enhanced.
[0035] As has been conventionally done, if a laser
beam 33J is directly radiated toward the welding groove
18, for example, as shown by the one-dot chain line in
Fig. 4, because the end part 5 extends above the welding
groove 18, the laser beam 33J is inevitably incident at
an angle with respect to the direction in which the welding
groove 18 extends. Accordingly, because the welding
groove 18 and the melting area of the laser beam 33J
are in an intersecting relationship, there is a risk of a
melted portion being outside the welding groove 18 de-
pending on the radiation position of the laser beam 33,
and thus, sufficient welding properties cannot be guar-
anteed. In addition, this makes it necessary to shift (off-
set) the radiation position of the laser beam 33 by a dis-
tance L1 with respect to the welding groove 18, and so
forth, which makes positioning difficult.
[0036] In contrast, in this embodiment, because the
reflected laser beam 55 is aligned with the direction in
which the welding groove 20 extends, in other words,
because it is radiated in the direction perpendicular to
the welding groove 20, it is possible to easily set the po-
sition thereof, and it is also possible to reduce the risk of
the melted portion being outside the welding groove 20.
Therefore, because sufficient welding properties can be
guaranteed, the weld quality can be enhanced.
[0037] In addition, because welding is performed from
inside the end part 5, unexpected irregularities are not
formed at the inside thereof, which makes it possible to
achieve a good interior state.
Furthermore, because the laser radiating head 35 is in-
stalled outside the vacuum chamber 23, the equipment
configuration of the vacuum chamber 23 can be made
compact, and it is possible to make the equipment low-
cost. If the vacuum chamber 23 can be made compact,
a vacuum atmosphere can be established in a short pe-
riod of time, and therefore, the operation time for the weld-
ing can be reduced, which makes it possible to reduce
the operating costs.
[0038] The present invention is not limited to the
above-described embodiment, and various modifica-
tions are possible within a range that does not depart
form the spirit of the present invention.

{Reference Signs List}

[0039]

1 welding equipment
5 end part

11 half cell
17 end plate
18 welding groove
19 beam pipe
20 welding groove
23 vacuum chamber
25 holding member
29 window
33 laser beam
35 laser radiating head
53 top surface
55 reflected laser beam
61 cooling pipe
63 gas pipe
65 gas pipe
L axial direction
O, O1 axial center

Claims

1. A welding equipment in which a plurality of annular
bodies having openings at both ends in an axial di-
rection are placed one after another in the axial di-
rection and that forms an annular joined body by join-
ing the corresponding openings with each other by
laser welding, the welding equipment comprising:

a vacuum compartment in which a vacuum at-
mosphere can be established;
a holding member that is installed in the vacuum
compartment and that holds the annular joined
body in which a welding groove is formed by
placing the openings of the plurality of the an-
nular bodies next to each other;
a window member that is installed in a wall of
the vacuum compartment, which intersects with
an axial center of the annular joined body, and
that forms a portion of the wall;
a laser radiating member that is installed outside
the vacuum compartment and that radiates a
laser beam into an internal space of the annular
joined body through the window member; and
a mirror member that is installed so as to be
positioned in the internal space of the annular
joined body and that adjusts a reflected laser
beam, formed by reflecting the laser beam, so
as to be oriented in a direction perpendicular to
the welding groove.

2. The welding equipment according to Claim 1, where-
in at least one of the mirror member and the holding
member can be rotated about the axial center.

3. The welding equipment according to Claim 1 or 2,
further comprising a cooling member that cools the
mirror member.
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4. The welding equipment according to any one of
Claims 1 to 3, wherein the mirror member is installed
so that a center of a reflecting surface thereof is shift-
ed further from the axial center toward an opposite
side from a radiating direction of the reflected laser
beam.

5. The welding equipment according to any one of
Claims 1 to 4, further comprising gas supplying mem-
bers that individually supply inert gas to vicinities of
the reflecting surface of the mirror member and an
inner surface of the window member.
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