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Description

{Technical Field}

[0001] The present invention relates to a port member
of a superconducting accelerating cavity, which is joined
by welding to a port portion formed in a beam pipe part.

{Background Art}

[0002] A superconducting accelerating cavity is to ac-
celerate charged particles which travel through the inside
of the superconducting accelerating cavity. A beam pipe
provided at the end of the superconducting accelerating
cavity is equipped with a harmonic (HOM) coupler for
removing harmonics which disturb beam acceleration
(i.e., for extracting the harmonics, which are induced in
the superconducting accelerating cavity, out of the su-
perconducting accelerating cavity) and an input coupler
for inputting microwaves into a cavity body. The input
coupler is flange-coupled to an input port attached to the
beam pipe (see, for example, Patent Literature 1). The
higher order mode coupler is flange-coupled to a pickup
port having a pickup antenna for extracting harmonics to
the outside, the pickup antenna being attached to a lateral
part of an outer conductor.
[0003] Conventionally, the pickup port is configured as
shown in Fig. 4 in one example. The pickup port 71 is
composed of a generally cylinder-shaped port body 73
and a flange portion 75 attached to an outer peripheral
side of one end of a port body 73 by welding such as
electron beam welding. The other end of the port body
73 is welded by, for example, electron beam welding to
a port portion 79 which is formed so as to go through a
lateral face of an outer conductor 77.
[0004] The flange portion 75 is firmly attached by using
bolts to a flange of a pickup antenna side through a seal-
ing member. Accordingly, the flange portion 75 has a
through hole 81 formed for the bolts. The input port is
also made to have the same configuration as the pickup
port.
[0005] The accelerating cavity body, the beam pipe,
the higher order mode coupler, and the port body 73 are
formed of a superconducting material such as niobium
materials having high purity (e.g., 99.85% or more). The
flange portion 75 is formed of, for example, a niobium
titanium alloy having a titanium content of 45 to 55%.
[0006] The sealing member is made use of, for exam-
ple, a material such as metal O rings which require high
planar pressure and have high sealability. The flange por-
tion 75 needs predetermined hardness in order to com-
press the sealing member, and so the sealing member
is formed of a niobium titanium alloy.
[0007] When the inside of the superconducting accel-
erating cavity is purified by electric polishing after assem-
bly, the niobium titanium alloy may possibly corrode by
polishing liquid. Accordingly, the flange portion 75 is at-
tached to an outer peripheral side of the port body 73 so

as not to come into contact with the polishing liquid.

{Citation List}

{Patent Literature}

[0008] {PTL 1} Japanese Unexamined Patent Applica-
tion, Publication No. Hei11-32974.

{Non Patent Literature}

[0009]

{NPTL 1} Rusnak B et Al. « Test results for a heat -
treated 4-cell 805-Mhz superconducting cavity » IS-
BN 987-0-7803-2934.
{NPTL 2} E.Kako et Al. <<Cryomodule tests of four
Tesla-like cavities in the STF phase-1.0 for ILC>>
Proceedings of the 23rd Particle Accelerator Con-
ference ’09>>.

{Summary of Invention}

{Technical Problem}

[0010] In the case of a conventional pickup port con-
figuration shown in Fig. 4, the pickup port is composed
of two components, a port body 73 and a flange portion
75, and so the manufacturing process thereof takes time
and effort.
[0011] Moreover, a through hole 81 for bolt joining is
provided on a part of the outer peripheral side of the
flange portion 75 which is outside of a seal portion, which
increases an external diameter of the flange portion 75.
As a result, the flange portion 75 disturbs electron beam
welding of an outer conductor 77 to a beam pipe 78.
Accordingly, when the port body has the flange portion
75 joined thereto, the outer conductor 77 cannot be weld-
ed to the beam pipe 78. It is necessary, therefore, to first
join the port body 73 to the port portion 79, and then join
the outer conductor 77 to the beam pipe 78, before weld-
ing the flange portion 75 to the port body 73. Consequent-
ly, it is impossible to improve working efficiency.
[0012] Further, a sufficient penetration depth is needed
in order to maintain the joint strength of the flange portion
75. This increases a bead width. Accordingly, post-
processing is needed in order to secure quality in the
flatness and the like of a sealing portion positioned in the
vicinity of a joint portion.
[0013] In view of such a situation, an object of the
present invention is to provide a port member of a super-
conducting accelerating cavity, the entire size of which
is reduced and which has enhanced working efficiency
to achieve a lower manufacturing cost.

{Solution to Problem}

[0014] The present invention employs the following so-
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lutions to solve the foregoing problems.
[0015] More specifically, one aspect of the present dis-
closure is a port member of a superconducting acceler-
ating cavity, one end of the port member being joined by
welding to a port portion formed in a beam pipe provided
at an end of a cavity body, and the other end being joined
by flange coupling to an external structure, the port mem-
ber including: a port body; and a flange, which are inte-
grally formed of a niobium material having low purity or
a niobium alloy containing a component other than nio-
bium at a percentage lower than a prescribed percent-
age, the flange coupling being achieved with use of a
quick coupling.
[0016] According to the port member in this aspect, the
port body and the flange are integrally formed of a nio-
bium material having low purity or a niobium alloy con-
taining a component other than niobium at a percentage
lower than a prescribed percentage. Therefore, it be-
comes possible to make the port member with predeter-
mined hardness and to maintain sufficient sealing per-
formance.
[0017] Since the port body and the flange are integrally
formed, the number of components can be decreased.
[0018] Since the flange coupling to the external struc-
ture is achieved with use of a quick coupling, it becomes
unnecessary to provide the flange portion with a joining
structure, such as a through hole for bolt insertion, on
the outer peripheral side of a sealing part. As a result,
the diameter of the flange portion can be reduced. Since
the diameter of the flange portion is reduced in this way,
the entire size of the port member can be reduced. More-
over, since the port body including the flange portion can
be joined by welding to a target part, a higher order mode
coupler as a single body can be assembled in advance
for example.
[0019] Since the quick coupling is used, assembly op-
eration can be conducted easily in a short time as com-
pared with the case of joining by bolts, so that efficiency
in assembly work can be enhanced.
[0020] This makes it possible to lower the manufactur-
ing cost of the superconducting accelerating cavity.
[0021] It is to be noted that a term "low purity" is herein
used to refer to being lower in purity than pure niobium
with an impurity content being 1 to 10 weight % for ex-
ample. Moreover, a term "prescribed percentage" refers
to the percentage of a component other than niobium
being about 1 to 10 weight %.
[0022] For example, as the niobium alloy, a niobium
zirconium alloy having a zirconium content of 1 to 10
weight % may be used.
[0023] As the niobium alloy, a niobium hafnium alloy
having a hafnium content of 1 to 10 weight % may also
be used.

{Advantageous Effects of Invention}

[0024] According to the present invention, it is provided
a port member of a supeconducting accelerating cavity

according to claim 1. According to the port member de-
fined in the present invention it becomes possible to re-
duce the entire size and to enhance working efficiency
to achieve a lower manufacturing cost.

{Brief Description of Drawings}

[0025]

{Fig. 1} Fig. 1 is a front view showing a supercon-
ducting accelerating cavity with use of a port member
according to one embodiment of the present inven-
tion.
{Fig. 2} Fig. 2 is an X-X cross sectional view of Fig. 1.
{Fig. 3} Fig. 3 is a cross sectional view showing an
external structure attached to a port portion of Fig. 2.
{Fig. 4} Fig. 4 is a fragmentary sectional view show-
ing a conventional port portion.

{Description of Embodiments}

[0026] Hereinafter, a port member according to one
embodiment of the present invention will be explained
with reference to Figs. 1 to 3.
[0027] Fig. 1 is a front view showing a superconducting
accelerating cavity with use of a port member according
to one embodiment of the present invention. Fig. 2 is an
X-X cross sectional view of Fig. 1. Fig. 3 is a cross sec-
tional view showing an external structure attached to the
port member of Fig. 2.
[0028] As shown in Fig. 1, a superconducting acceler-
ating cavity 3 includes a cavity body 7 composed of, for
example, nine cells 5 joined and combined by welding,
the cells 5 having a cylindrical shape with a bulged center
portion. The superconducting accelerating cavity 3 also
includes a beam pipe 9 attached to both the ends of the
cavity body 7.
[0029] One beam pipe 9 is equipped with an input port
11 for attaching an input coupler for inputting microwaves
into the cavity body 7 and a higher order mode coupler
13 for discharging harmonics, which disturb acceleration
of a beam excited in the cavity body 7, out of the cavity
body 7. The other beam pipe 9 is equipped with a higher
order mode coupler 13 and a monitor port (port member)
15 for attaching a monitor portion which monitors the
state of acceleration of a beam excited in the cavity body
7. The monitor port 15 is joined by, for example, electron
beam welding to a port portion 17 formed so as to go
through the beam pipe 9.
[0030] The cell 5, the beam pipe 9, the input port 11,
and the higher order mode coupler 13 are formed of a
superconducting material such as niobium materials with
high purity. The beam pipe 9, the input port 11, and the
higher order mode coupler 13 constitute a beam pipe
part of the present invention.
[0031] The higher order mode coupler 13 includes an
outer conductor 19, an inner conductor 21, and a pickup
port (port member) 23 for inserting a pickup antenna (ex-
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ternal structure) 22 to the inside as shown in Fig. 2.
[0032] The outer conductor 19 has a cylindrical shape
with one end face thereof being opened to form an
opened portion. The outer conductor 19 includes a body
portion 25 configured so that the opened portion is joined
to the beam pipe 9, a port portion 27 formed so as to go
through a lateral part of the body portion 25, and a pro-
truding portion 29 formed so as to protrude from an end
face of the body portion 25. The inner conductor 21 is
joined and attached to a lateral part of the body portion 25.
[0033] The end face of the body portion 25 is formed
to have a thickness smaller than the lateral face. A trench
31 is formed around the entire periphery of the lateral
face of the body portion 25 at a part in the vicinity of the
end face. Accordingly, the end face of the body portion
25 is deformed relatively easily.
[0034] The end face of the protruding portion 29 is de-
formed when the protruding portion 29 is pushed and
pulled while being gripped by an unshown gripping mem-
ber from the outside. By this operation, a distance to the
inner conductor 21 placed in the inside of the body portion
25 can be adjusted.
[0035] The port portion 27 is formed so as to protrude
outward from the body portion 25. The port portion 27 is
formed into a pipe shape having a generally circular cross
section.
[0036] The pickup port 23 is integrally formed at one
end of a generally cylinder-shaped port body 33 so that
a flange portion 35 protrudes outward. The pickup port
23 is joined by, for example, electron beam welding to a
joint surface of the port portion 27 so that the flange por-
tion 35 is positioned on the outer peripheral side of the
outer conductor 19.
[0037] The pickup port 23 is formed of, for example, a
niobium zirconium alloy having a zirconium content of
about 3 weight %. The formation material of the pickup
port 23 is not limited to the niobium zirconium alloy but
may be any material having predetermined hardness
(hardness sufficient enough to be able to secure the pla-
nar pressure of a later-described sealing member). For
example, the pickup port 23 may be formed of a niobium
zirconium alloy having a zirconium content of 1 to 10
weight %. The pickup port 23 may also be formed of a
niobium hafnium alloy having a hafnium content of 1 to
10 weight %. The pickup port 23 may further be formed
of a niobium material with low purity, such as niobium
materials containing 1 to 10 weight % impurity.
[0038] The pickup antenna 22 is inserted into an inte-
rior space formed by the pickup port 23 and the port por-
tion 27 for extracting harmonics to the outside.
[0039] A flange portion 37 is attached to a middle part
in a longitudinal direction of the pickup antenna 22 so as
to face the flange portion 35 of the pickup port 23.
[0040] The flange portion 35 and the flange portion 37
are tightened by a quick coupling 41 in the state where
a metal O ring 39, which is a sealing member requiring
a high planar pressure and having high sealability, is in-
terposed therebetween.

[0041] The flange portion 35 and the flange portion 37
have surfaces which face each other and which are gen-
erally parallel to each other. The other surfaces opposite
to these surfaces have inclined surfaces which come
closer to each other toward the outer peripheral side.
[0042] The quick coupling 41 is composed of a plurality
of fitting portions 43 which are rotatably connected with
each other to form a generally peripheral shape and
which are linked so that a peripheral length of the quick
coupling 41 may change.
[0043] The fitting portion 43 is configured to be fitted
onto the inclined surfaces so as to pinch the flange portion
35 and the flange portion 37 and to apply a predetermined
planar pressure to the metal O ring 39 once a predeter-
mined peripheral length is obtained. The quick coupling
41 is configured to have a peripheral length reduced by
an unshown clamp member and is to be fixed by the
clamp member so as to maintain a predetermined pe-
ripheral length once the predetermined peripheral length
is obtained.
[0044] The monitor port 15 is integrally formed at one
end of a generally cylinder-shaped port body 45 so that
a flange portion 47 protrudes outward. The monitor port
15 is joined by, for example, electron beam welding to a
joint surface of the port portion 17 so that the flange por-
tion 47 is positioned on the outer peripheral side of the
beam pipe 9.
[0045] The monitor port 15 is formed of the same for-
mation material as the pickup port 23.
[0046] A flange portion 51 is attached to a middle part
in a longitudinal direction of a monitor antenna (external
structure) 49 so as to face the flange portion 47 of the
monitor port 15.
[0047] The flange portion 47 and the flange portion 51
are tightened by a quick coupling 55 having the same
configuration as the pickup antenna 22 in the state where
a metal O ring 53, which is a sealing member requiring
a high planar pressure and having high sealability, is in-
terposed therebetween.
[0048] A description will be given of the operations and
effects of the pickup port 23 and the monitor port 15 con-
figured as described in the foregoing.
[0049] A description is first given of manufacturing the
higher order mode coupler 13. The outer conductor 19,
the inner conductor 21, and the pickup port 23 are man-
ufactured into respective specified shapes. The pickup
port 23 is formed of a niobium zirconium alloy having a
zirconium content of about 3 weight %. As a result, it
becomes possible to make the member with predeter-
mined hardness, so that a planar pressure which suffi-
ciently compresses the later-described metal O ring 39
can be secured, and sufficient sealing performance can
be maintained.
[0050] The pickup port 23 is welded to the port portion
27, and then the inner conductor 21 is attached to the
outer conductor 19. For example, electron beam welding
is employed as the welding for joining operation, by which
the higher order mode coupler 13 is manufactured.
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[0051] In this case, the flange portion 35 is joined to
the flange portion 37 of the pickup antenna 22 by the
quick coupling 41. As a consequence, it becomes unnec-
essary to provide the flange portion 35 with a joining
structure, such as a through hole for bolt insertion, on
the outer peripheral side of a sealing part. As a result,
the diameter of the flange portion 35 can be reduced.
[0052] Since the diameter of the flange portion 35 is
reduced in this way, the entire size of the pickup port 23
can be reduced.
[0053] Next, assembly of the beam pipe 9 is conduct-
ed.
[0054] With the diameter of the flange portion 35 re-
duced, the flange portion 35 does not disturb emission
of an electron beam when the outer conductor 19 of the
higher order mode coupler 13 and the beam pipe 9 are
joined. Accordingly, it becomes possible to join the pickup
port 23 to the port portion 27.
[0055] Further, the monitor port 15 is welded by, for
example, electron beam welding to the port portion 17 of
the beam pipe 9.
[0056] Next, the pickup antenna 22 is attached to the
pickup port 23. The pickup antenna 22 is inserted into a
hollow portion of the pickup port 23, and the flange portion
35 and the flange portion 37 are made to face each other
with the metal O ring 39 interposed therebetween.
[0057] In this state, the quick coupling 41 is fitted so
that a plurality of the fitting portions 43 pinch the flange
portion 35 and the flange portion 37. A clamp member is
operated to reduce a peripheral length of the quick cou-
pling 41 so that the flange portion 35 and the flange por-
tion 37 are tightened against each other to compress the
metal O ring 39. Once the quick coupling 41 obtains a
predetermined peripheral length, the quick coupling 41
is fixed by the clamp member so that the predetermined
peripheral length is maintained.
[0058] The monitor antenna 49 is also attached to the
monitor port 15 with use of a quick coupling 55 by gen-
erally the same method as the pickup antenna 22.
[0059] Thus, since the quick couplings 41 and 55 are
used for attaching the pickup antenna 22 and the monitor
antenna 49, assembly operation can be conducted easily
in a short time as compared with the case of joining by
bolts, so that efficiency in assembly work can be en-
hanced.
[0060] This makes it possible to lower the manufactur-
ing cost of the superconducting accelerating cavity 3.
[0061] It should be understood that the present inven-
tion is not limited to the embodiment disclosed and var-
ious modifications may be made without departing from
the scope of the present invention. The scope of the
present invention is defined and limited only by the ap-
pended claims.

{Reference Signs List}

[0062]

3 Superconducting accelerating cavity
7 Cavity body
9 Beam pipe
13 Higher order mode coupler
15 Monitor port
17 Port portion
22 pick up antenna
27 Port portion
33 Port body
35 Flange portion
41 Quick coupling
45 Port body
47 Flange portion
49 external structure
53 metal O ring
55 Quick coupling

Claims

1. A port member (15, 23) of a superconducting accel-
erating cavity (3), wherein said cavity comprises a
cavity body (7), a beam pipe part provided at an end
of said cavity body (7) and a port portion (17, 27)
formed in said beam pipe part,
said port member (15, 23) for coupling to a second
flange (37, 51) of an external structure (22, 49), one
end of said port member (15, 23) being joined by
welding to said port portion (17, 27) and the other
end being for joining by flange coupling to said ex-
ternal structure (22, 49), said port member (15, 23)
comprising:

a port body (33, 45) which is joined by welding
to said port portion (17, 27);
characterized in that
the port member (15, 23) further comprises:

a first flange (35, 47) that is integrally formed
at one end of said port body (33, 45), where-
in said port body (33, 45) and said first flange
(35, 47) are integrally formed of a niobium
material having an impurity content of 1 to
10 % in weight, and
a quick coupling (41, 55), for connecting
said first flange (35, 47) of said port member
(15, 23) to said second flange (37, 51) of
said external structure (22, 49).

2. The port member (15, 23) of a superconducting ac-
celerating cavity (3) according to claim 1, wherein
said quick coupling (41, 55) further comprises a met-
al O-ring (53) for interposition between said first
flange (35,47) and said second flange (37, 51) .
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Patentansprüche

1. Anschlusselement (15, 23) eines supraleitenden Be-
schleunigungshohlraums (3), wobei der Hohlraum
einen Hohlraumkörper (7), einen an einem Ende des
Hohlraumkörpers (7) bereitgestellten Strahlrohrab-
schnitt und einen im Strahlrohrabschnitt ausgebilde-
ten Anschlussabschnitt (17, 27) aufweist, wobei das
Anschlusselement (15, 23) dafür vorgesehen ist, mit
einem zweiten Flansch (37, 51) einer externen Struk-
tur (22, 49) gekoppelt zu werden, wobei ein Ende
des Anschlusselements (15, 23) durch Verschwei-
ßen mit dem Anschlussabschnitt (17, 27) verbunden
ist und das andere Ende dafür vorgesehen ist, durch
eine Flanschverbindung mit der externen Struktur
(22, 49) verbunden zu werden, wobei das Anschlus-
selement (15, 23) aufweist:

einen Anschlusskörper (33, 45), der durch
Schweißen mit dem Anschlussabschnitt (17, 27)
verbunden ist;
dadurch gekennzeichnet, dass
das Anschlusselement (15, 23) ferner aufweist:

einen ersten Flansch (35, 47), der an einem
Ende des Anschlusskörpers (33, 45) inte-
gral ausgebildet ist, wobei der Anschluss-
körper (33, 45) und der erste Flansch (35,
47) aus einem Niobmaterial mit einem Ver-
unreinigungsgehalt von 1 bis 10 Gew.-% in-
tegral ausgebildet sind; und
eine Schnellkupplung (41, 55) zum Verbin-
den des ersten Flanschs (35, 47) des An-
schlusselements (15, 23) mit dem zweiten
Flansch (37, 51) der externen Struktur (22,
49).

2. Anschlusselement (15, 23) eines supraleitenden Be-
schleunigungshohlraums (3) nach Anspruch 1, wo-
bei die Schnellkupplung (41, 55) ferner einen Metall-
O-Ring (53) aufweist, der dafür vorgesehen ist, zwi-
schen dem ersten Flansch (35, 47) und dem zweiten
Flansch (37, 51) angeordnet zu werden.

Revendications

1. Organe d’orifice (15, 23) d’une cavité supraconduc-
trice d’accélération (3), dans lequel ladite cavité
comprend un corps de cavité (7), une partie tube de
faisceau prévue au niveau d’une extrémité dudit
corps de cavité (7) et une partie orifice (17, 27) for-
mée dans ladite partie tube de faisceau,
ledit organe d’orifice (15, 23) pour le couplage à une
seconde bride (37, 51) d’une structure externe (22,
49),
une extrémité dudit organe d’orifice (15, 23) étant
jointe par soudure à ladite partie orifice (17, 27)

et l’autre extrémité étant pour la jonction par coupla-
ge de bride à ladite structure externe (22, 49), ledit
organe d’orifice (15, 23) comprenant :

un corps d’orifice (33, 45) qui est joint par sou-
dure à ladite partie orifice (17, 27) ;
caractérisé en ce que
l’organe d’orifice (15, 23) comprend en outre :

une première bride (35, 47) qui est formée
en une seule pièce au niveau d’une extré-
mité dudit corps d’orifice (33, 45), dans le-
quel ledit corps d’orifice (33, 45) et ladite
première bride (35, 47) sont formés en une
seule pièce d’un matériau de niobium ayant
une teneur en impuretés de 1 à 10 % en
poids, et
un couplage rapide (41, 55), pour la con-
nexion de ladite première bride (35, 47) du-
dit organe d’orifice (15, 23) à ladite seconde
bride (37, 51) de ladite structure externe
(22, 49).

2. Organe d’orifice (15, 23) d’une cavité supraconduc-
trice d’accélération (3) selon la revendication 1, dans
lequel ledit couplage rapide (41, 55) comprend en
outre un joint torique métallique (53) pour interposi-
tion entre ladite première bride (35, 47) et ladite se-
conde bride (37, 51).
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