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(54) MAGNETRON

(57) Magnetron (1) includes anode cylinder (5), cool-
ing block (10), a fastener, and a pair of pipe joints (14a,
14b). The fastener is disposed between the pipe joints
(14a, 14b) of cooling block (10), and a discontinuous part
between both ends of cooling block (10) facing each other
extends tilted in an annular direction of cooling block (10)
relative to a flow direction of cooling liquid at a connecting
part of the pair of pipe joints (14a, 14b) and circulation
passage. The fastener passing the discontinuous part
extends in a tilted manner relative to a face perpendicular
to the flow direction of the cooling liquid at the connecting
part of the pair of pipe joints (14a, 14b) and circulation
passage.
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Description

Technical Field

[0001] The present disclosure relates to magnetrons
that generate microwaves.

Background Art

[0002] Magnetrons that generate microwaves have
been employed in magnetron utilization equipment, such
as microwave ovens, and are available in various struc-
tures. To remove heat generated by magnetrons, in line
with generation of microwaves, an air cooling system and
liquid cooling system have been employed. Magnetrons
adopting the liquid cooling system use a cooling block
with a circulation passage for cooling liquid (e.g., PTL1).
[0003] A structure of a liquid-cooling magnetron in
PTL1 is described with reference to Fig. 9 showing the
entire structure of the magnetron, and Fig. 10 showing a
structure of the cooling block.
[0004] As shown in Fig. 9, cooling block 110 provided
in magnetron 100 is closely attached along an outer pe-
ripheral face of an anode cylinder (not illustrated) in yoke
106. Cooling block 110 has a circulation passage 112
inside for passing liquid for cooling the anode cylinder.
[0005] As shown in Fig. 10, cooling block 110 is made
of a material having a cooling function and formed in an
approximately rectangular-parallelepiped shape. Inlet
pipe joint 112A and outlet pipe joint 112B communicated
with circulation passage 112 are connected to one side
face of rectangular parallelepiped cooling block 110.
[0006] Cooling block 110 includes an annular contin-
uous part around the outer peripheral face of the anode
cylinder, and a discontinuous part where both ends of
the annular continuous part face each other. More spe-
cifically, flange 114 is formed at each end of the annular
continuous part and an annular discontinuous part is lo-
cated between mutually-facing flanges 114.
[0007] Each flange 114 has through hole 115, and fas-
tener 116 communicates with opposing through holes
115 and is screwed. This narrows a distance between
flanges 14 and an inner peripheral face of cooling block
110 is tightened to closely attach to an outer peripheral
face of the anode cylinder.

Citation List

Patent Literature

[0008] PTL1: Japanese Patent Unexamined Publica-
tion No. 2011-192459

Summary of Invention

[0009] Cooling block 110 in above conventional mag-
netron 100 is formed as an integral component with de-
sired shape by cutting a substantially rectangular-paral-

lelepiped material.
[0010] However, in cooling block 110 in PTL1, flange
114 is formed at both ends of the annular continuous part
for fastening cooling block 110. Flanges 114 are larger
than the connecting faces of pipe joints 112A and 112,
and protruding outward.
[0011] To cut the substantially rectangular-parallelepi-
ped material to form the shape of cooling block 110 in
PTL1, a large portion of material is cut and wasted.
[0012] In the state pipe joints 112A and 112B are con-
nected to cooling block 110, it may be difficult to insert
fastener 116 into through holes 115 in flanges 114. It may
also become difficult to gain access to fastener 116 in
the state engaged with flanges 114.
[0013] Accordingly, an object of the present disclosure
is to solve the above disadvantages, and offer a magn-
etron that can reduce wasted material in fabricating the
cooling block, and ensure a good access to the pipe joint
and fastener.
[0014] To achieve the above object, a magnetron in an
exemplary embodiment of the present disclosure in-
cludes an anode cylinder, a cooling block, a fastener,
and a pair of pipe joints.
[0015] The cooling block is an integral component hav-
ing an annular shape in which both ends of an annular
continuous part face each other. The cooling block is
fastened on an outer peripheral face of the anode cylinder
to surround the anode cylinder. In addition, the cooling
block has a cooling liquid circulation passage inside, so
as to cool the anode cylinder.
[0016] The fastener is engaged with both ends of the
cooling block facing each other. An inner peripheral face
of the cooling block is pushed toward the outer peripheral
face of the anode cylinder by tightening the fastener to
narrow a distance between both ends. A pair of pipe joints
are provided on the outer peripheral face of the cooling
block, so as to communicate with the circulation passage.
[0017] The fastener is disposed between the pair of
pipe joints, and a discontinuous part between both ends
of the cooling block facing each other extends in a tilted
manner in the annular direction of the cooling block rel-
ative to the flow direction of the cooling liquid at a con-
necting part of the pair of pipe joints and circulation pas-
sage. The fastener passing the discontinuous part ex-
tends in a direction tilted in a face perpendicular to the
flow direction of the cooling liquid at the connecting part
of the pair of pipe joints and circulation passage.
[0018] The exemplary embodiment can offer a magn-
etron that can reduce wasteful material in fabrication of
the cooling block, and also secure a good access to the
pipe joints and fastener.

Brief Description of Drawings

[0019]

Fig. 1 is a perspective view of an entire structure of
a magnetron in accordance with an exemplary em-
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bodiment of the present disclosure.
Fig. 2 is a bottom view of the magnetron in accord-
ance with the exemplary embodiment.
Fig. 3 is a perspective view of a cooling block pro-
vided in the magnetron in accordance with the ex-
emplary embodiment.
Fig. 4 is a perspective view in a state that a pipe joint
and a fastener are removed from the cooling block
in Fig. 3.
Fig. 5 is a plan sectional view of the cooling block in
Fig. 3.
Fig. 6 is a perspective view of an entire structure of
a cooling block in a modified example of the exem-
plary embodiment.
Fig. 7 is a perspective view of an entire structure of
a cooling block in another modified view of the ex-
emplary embodiment.
Fig. 8 is a perspective view of an entire structure of
a cooling block in still another modified view of the
exemplary embodiment.
Fig. 9 is a front view of an entire structure of a con-
ventional magnetron.
Fig. 10 is a perspective view of a structure of a cooling
block in the conventional magnetron.

Description of Embodiments

[0020] A magnetron in a first embodiment includes an
anode cylinder, a cooling block, a fastener, and a pair of
pipe joints.
[0021] The cooling block is an integral component hav-
ing an annular shape with both ends of an annular con-
tinuous part facing each other. The cooling block is fas-
tened on an outer peripheral face of the anode cylinder
such that the cooling block surrounds the anode cylinder.
The cooling block also has a cooling liquid circulation
passage inside, so as to cool the anode cylinder.
[0022] The fastener is engaged with both ends of the
cooling block facing each other, and pushes an inner
peripheral face of the cooling block toward the outer pe-
ripheral face of the anode cylinder by tightening and nar-
rowing a distance between both ends. The pair of pipe
joints are provided on the outer peripheral face of the
cooling block to communicate with the circulation pas-
sage.
[0023] The fastener is disposed between the pair of
pipe joints, and a discontinuous part between both ends
of the cooling block facing each other extends in a tilted
manner in the annular direction of the cooling block rel-
ative to the flow direction of the cooling liquid at a con-
necting part of the pair of pipe joints and circulation pas-
sage. The fastener passing the discontinuous part ex-
tends in a direction tilted relative to a face perpendicular
to the flow direction of the cooling liquid at the connecting
part of the pair of pipe joints and circulation passage.
[0024] In the embodiment, the discontinuous part and
fastener in the cooling block are disposed in a tilted man-
ner so that interference of these components can be sup-

pressed at gaining access to the pipe joints and the fas-
tener. Accordingly, a good access to the pipe joints and
the fastener is secured.
[0025] Since interference with one of the fastener and
the pipe joint at gaining access to the other of the fastener
and the pipe joint can be suppressed, layout flexibility of
the pipe joints on a connecting face in the cooling block
can be increased. Accordingly, the pipe joints and fas-
tener can be disposed in a layout that can reduce a cut
and wasted part on cutting out the cooling block.
[0026] In a magnetron in a second embodiment, a re-
cess is formed between a pair of pipe joints in the first
embodiment, and at least a part of the fastener is dis-
posed in the recess. By forming the recess for inserting
the fastener in the embodiment, interference with each
component at gaining access to the pipe joints or fastener
can be suppressed. Accordingly, a good access to the
pipe joints and fastener can be secured.
[0027] In a magnetron in a third embodiment, one end
of the fastener is disposed in the recess in the first or
second embodiment. This layout enables to place the
fastener without being protruded from the outer periph-
eral face of the cooling block. An interference with the
fastener at particularly gaining access to the pipe joints
can be suppressed. Accordingly, a good access to the
pipe joints and fastener can be secured.
[0028] In a magnetron in a fourth embodiment, the fas-
tener extends in a direction perpendicular to the discon-
tinuous part in one of the first to third embodiments. The
embodiment enables to further uniformly tighten the cool-
ing block and the anode cylinder, and thus further reliable
tightening becomes feasible.
[0029] In a magnetron in a fifth embodiment, the dis-
continuous part extends along a radial direction of the
anode cylinder disposed in the cooling block in one of
the first to fourth embodiments. The embodiment enables
to further uniformly tighten the cooling block and the an-
ode cylinder, and thus further reliable tightening becomes
feasible.
[0030] In a magnetron in a sixth embodiment, the cool-
ing block has substantially a rectangle outer periphery,
and a connecting face is provided on one end of the outer
periphery in one of the first to fifth embodiments. This
embodiment can reduce wasted material in cutting out
the cooling block, and also secure a good access to the
pipe joints and fastener while adopting a centralized lay-
out of disposing the pipe joints and fastener on one end
in the outer periphery.
[0031] In a magnetron in a seventh embodiment, a con-
necting face of the cooling block to which one of the pair
of pipe joints is connected is provided on substantially
the same plane as a connecting face of the cooling block
to which the other of the pair of pipe joints is connected
in one of the first to sixth embodiments. The embodiment
facilitates fabrication of the cooling block.
[0032] In a magnetron in an eighth embodiment, the
fastener extends in a direction parallel to a plane includ-
ing the annular direction of the cooling block in one of
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the first to seventh embodiments. The embodiment en-
ables to further reliably tighten the cooling block and an-
ode cylinder, compared to a case of extending the fas-
tener in a direction tilted relative to a plane including the
annular direction of the cooling block.
[0033] In a magnetron in a ninth embodiment, the fas-
tener extends in a direction tilted relative to a plane in-
cluding the annular direction of the cooling block in one
of the first to eighth embodiments. The embodiment en-
ables to reduce an area of the recess in the connecting
face of the cooling block, compared to a case of extending
the fastener in the plane including the annular direction
of the cooling block. Accordingly, the embodiment can
improve the tightening strength of the cooling block and
anode cylinder at the connecting face.
[0034] An exemplary embodiment of the present dis-
closure is detailed below with reference to drawings.
[0035] Fig. 1 is an overall structure of magnetron 1 in
the exemplary embodiment of the present disclosure,
and Fig. 2 is a bottom view of magnetron 1.
[0036] As shown in Fig. 1 and Fig. 2, magnetron 1 in-
cludes magnetic yoke 2, output unit 3 provided above
magnetic yoke 2, and filter 4 provided below magnetic
yoke 2.
[0037] Magnetic yoke 2 houses anode cylinder 5, two
annular permanent magnets 6A and 6B provided on top
and bottom ends of anode cylinder 5, and cooling block
10 disposed around anode cylinder 5. Filter 4 includes
choke coil (not illustrated) and feedthrough capacitor 7.
[0038] In Fig. 1, the vertical direction (axial direction of
anode cylinder 5) is the Z direction, and directions or-
thogonal to the Z direction and also orthogonal to each
other are the X direction and Y direction. In the descrip-
tion, the X direction is the right and left direction, the Y
direction is the front and back direction, and the Z direc-
tion is the top and bottom direction. However, directions
are not particularly limited.
[0039] Magnetron 1 in the exemplary embodiment
gives an example of setting the Z direction (top and bot-
tom direction) to the axial direction of anode cylinder 5.
However, the axial direction of anode cylinder 5 may be
the left and right direction or the front and back direction.
[0040] Magnetic yoke 2 includes main body 8a whose
pair of opposing side faces and a top face are open, and
cover 8b that closes an opening on the top face of main
body 8a. Annular permanent magnets 6A and 6B, anode
cylinder 5, and cooling block 10 are housed in casing 8
of magnetic yoke 2.
[0041] Anode cylinder 5 is fixed with casing 8 of mag-
netic yoke 2 such that it is externally sandwiched by an-
nular permanent magnets 6A and 6B disposed on both
vertical ends. Annular permanent magnet 6B disposed
at the bottom in Fig. 1 is an input magnet, and annular
permanent magnet 6A disposed on the top is an output
magnet.
[0042] Anode vanes (not illustrated) inside anode cyl-
inder 5 are radially disposed. A space surrounded by
adjacent anode vanes and anode cylinder 5 forms a cav-

ity resonator. A cathode structure (not illustrated) is dis-
posed at the center of anode cylinder 5. A space sur-
rounded by this cathode structure and anode vanes is
an interaction space.
[0043] When magnetron 1 in the exemplary embodi-
ment is used, required power is applied to the cathode
structure to emit thermoelectrons after inside magnetron
1 is vacuumed, and DC high voltage is applied between
the anode vanes and cathode structure.
[0044] In the interaction space, annular permanent
magnets 6A and 6B form a magnetic field in a direction
orthogonal to a direction that the cathode structure and
anode cylinder 5 face each other. By applying DC high
voltage between the anode vanes and cathode structure,
electrons released from the cathode structure are led to
the anode vanes.
[0045] Electrons turn and circulate by the electric field
and magnetic field in the interaction space, and reach
the anode vanes. Here, energy produced by electron mo-
tion is given to the cavity resonator to emit microwaves.
[0046] Next is described a structure of cooling block
10 in magnetron 1 in the exemplary embodiment. Fig. 3
is a perspective view of cooling block 10, and Fig. 4 is a
perspective view of cooling block 10 in which a pipe joint
and fastener for connecting a cooling liquid pipe are re-
moved. Fig. 5 is a lateral sectional view (XY plane) inside
cooling block 10 in Fig. 3.
[0047] Cooling block 10 has a function of cooling anode
cylinder 5 and annular permanent magnets 6A and 6B
by making direct or indirect contact with these compo-
nents. More specifically, as shown in Fig. 3 and Fig. 4,
cooling block 10 has a substantially rectangular-parallel-
epiped outer shape, and is integrally formed with, for ex-
ample, a metal material with high heat conductivity (e.g.,
copper and aluminum). Circulation passage 9 for passing
cooling liquid is formed inside cooling block 10.
[0048] Cooling block 10 includes an annular continu-
ous part around an outer peripheral face of anode cylin-
der 5, and has an annular shape in which both ends of
this annular continuous part face each other in a close
distance. In other words, an annular discontinuous part
(space S in the exemplary embodiment) exists only on a
part of cooling block 10 when seen from the top (in the
Z direction) in Fig. 3.
[0049] Inner peripheral face 11 of cooling block 10 is
formed as an inner peripheral face attachable to an outer
peripheral face of anode cylinder 5. The outer periphery
of cooling block 10 is formed substantially rectangle to
be fitted in casing 8 of magnetic yoke 2.
[0050] Cooling block 10 makes indirect contact with
annular permanent magnet 6A near inner peripheral face
11 on the top face of cooling block 10 via other compo-
nents, and makes indirect contact with annular perma-
nent magnet 6B near inner peripheral face 11 on the bot-
tom face of cooling block 10 via other components. In
the description below, both ends of the annular continu-
ous part of cooling block are referred to as opposing ends
12a and 12b.
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[0051] A pair of pipe joints 14a and 14b for supply and
discharge that communicate with circulation passage 9
are connected to connecting faces 13a and 13b where
opposing ends 12a and 12b are disposed on the sub-
stantially rectangle outer periphery of cooling block 10.
[0052] Opposing ends 12a and 12b are positioned be-
tween pipe joints 14a and 14b. Pipe joint 14a is connected
to connecting face 13a including opposing end 12a, and
pipe joint 14b is connected to connecting face 13b in-
cluding opposing end 12b.
[0053] Pipe joints 14a and 14b include anchoring bolt
16a and anchoring bolt 16b, connecting nut 17a and con-
necting nut 17b for detachably connecting a supply
pipe/discharge pipe of the cooling liquid, respectively.
[0054] By turning connecting nuts 17a and 17b, the
supply pipe/discharge pipe can be attached or detached.
Circulation passage 9 in cooling block 10 is formed from
a connecting part of pipe joint 14a to a connecting part
of pipe joint 14b via the outer periphery of anode cylinder
5.
[0055] Opposing ends 12a and 12b are disposed on
connecting faces 13a and 13b, respectively, and space
S is provided between opposing ends 12a and 12b. This
space S between opposing ends 12a and 12b is the an-
nular discontinuous part, and is formed from inner pe-
ripheral face 11 of cooling block 10 to the outer peripheral
face of cooling block 10.
[0056] In the exemplary embodiment, connecting fac-
es 13a and 13b are provided on substantially the same
plane across space S. In other words, connecting face
13a to which pipe joint 14a is connected and connecting
face 13b to which pipe joint 14b is connected are provided
on substantially the same plane.
[0057] Fastener 15 (e.g., anchoring bolt and nut) is en-
gaged with each of opposing ends 12a and 12b, and
fastener 15 is disposed in recess 13c in connecting face
13b. By tightening fastener 15 with screw, space S (dis-
tance) between opposing ends 12a and 12b can be nar-
rowed.
[0058] By narrowing space S between opposing ends
12a and 12b, inner peripheral face 11 of cooling block
10 is pushed toward and closely attached to the outer
peripheral face of anode cylinder 5, so as to fasten cool-
ing block 10 onto anode cylinder 5. In the exemplary em-
bodiment, space S is set to, for example, about 3 mm
before being tightened.
[0059] As shown in Fig. 3 to Fig. 5, fastener 15 extends
in a direction parallel to a plane (XY plane) including the
annular direction (a turning direction of anode cylinder 5)
of cooling block 10. Recess 13c opened to the side is
formed in connecting face 13b connected to pipe joint
14b.
[0060] Fastener 15 is inserted inside recess 13c, and
engagement hole 13d and engagement hole 13e that
engage with inserted fastener 15 are formed in an inner
face of recess 13C (see Fig. 4). In a state that fastener
15 is inserted to and engaged with both engagement
holes 13d and 13e (Fig. 3), fastener 15 is housed inside

recess 13c.
[0061] As shown in Fig. 5, YZ plane passing center C
of anode cylinder 5 and perpendicular to connecting fac-
es 13a and 13b is plane 18. The Y direction that is the
flow direction of the cooling liquid at a connecting part
(connecting faces 13a and 13b) of pair of pipe joints 14a
and 14b and circulation passage 9 exists in plane 18.
[0062] The flow direction of cooling liquid matches the
connecting direction of pipe joints 14a and 14b to cooling
block 10, the connecting direction of pipes (not illustrated)
to pipe joints 14a and 14b, the pipe axial direction of pipe
joints 14a and 14b, and the front and back direction of
cooling block 10 in the exemplary embodiment.
[0063] Space S in cooling block 10 extends in a direc-
tion tilted relative to plane 18 perpendicular to connecting
faces 13a and 13b. More specifically, the direction that
space S extends in the exemplary embodiment is tilted
by 30° relative to plane 18 in a plan view.
[0064] More specifically, space S is tilted by 30° in the
annular direction of cooling block 10 relative to the flow
direction (Y direction) of the cooling liquid at the connect-
ing part of pair of pipe joints 14a and 14b and circulation
passage 9 (i.e., tilted by 30 ° in the XY plane). However,
a tilt angle of space S is not limited.
[0065] Still more, in the exemplary embodiment, space
S extends in a direction passing center C of anode cyl-
inder 5, and crosses plane 18 at center C. With this layout,
space S extends in the normal direction (i.e., radial di-
rection of cooling block 10) perpendicular to the tangen-
tial direction of inner peripheral face 11 of cooling block
10.
[0066] Still more, in the exemplary embodiment, fas-
tener 15 is disposed inside recess 13c in cooling block
10 such that fastener 15 extends in a direction perpen-
dicular to this space S. In other words, fastener 15 pass-
ing space S extends in a direction tiled relative to a face
perpendicular to the flow direction of the cooling liquid at
the connecting part of pair of pipe joints 14a and 14b and
circulation passage 9 (XZ plane). The tilt angle is set to
30°.
[0067] As shown in Fig. 5, a space for placing fastener
15 in cooling block 10 (space crossing space S) ends at
a position not reaching circulation passage 9 to avoid
interference with circulation passage 9. One end (bolt
head) of fastener 15 disposed in this space is placed in
recess 13c so that it does not protrude to the XZ plane
where connecting faces 13a and 13b are provided.
[0068] Next is described tightening of cooling block 10
and anode cylinder 5 with fastener 15.
[0069] When fastener 15 is disposed in recess 13c in
cooling block 10 and tightened, space S is narrowed.
This fastens the inner peripheral face 11 of cooling block
10 onto anode cylinder 5 to anchor anode cylinder 5. In
this tightening operation, fastener 15 is simply inserted
into recess 13c and turned, and thus the operation can
be implemented without interfering with pipe joints 14a
and 14b.
[0070] This workability is effectively achieved, in par-
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ticular, when space S is tilted relative to plane 18 per-
pendicular to connecting faces 13a and 13b, and also
tilted relative to a face (XZ plane) perpendicular to the
flow direction (Y direction) of the cooling liquid at the con-
necting part of pair of pipe joints 14a and 14b and circu-
lation passage 9.
[0071] Compared to the case of tightening the fastener
from both sides relative to the cooling block, as shown
in Fig. 9 and Fig. 10, a component for closing the fastener,
such as a nut, can be omitted. This has an advantage of
reducing manufacturing cost.
[0072] Compared to the structure shown in Fig. 9 and
Fig. 10, an area of connecting faces 13a and 13b that
have a function to retain the tightening strength on tight-
ening can be secured. This can achieve a predetermined
tightening strength.
[0073] Furthermore, in the exemplary embodiment,
space S extends in the radial direction of anode cylinder
5 in cooling block 10. Fastener 15 is disposed in a direc-
tion perpendicular to space S (and its extending plane).
This layout enables to further uniformly tighten cooling
block 10 and anode cylinder 5 with fastener 15. Cooling
block 10 and anode cylinder 5 can thus be fixed in a
further stable state.
[0074] In the same way, fastener 15 extends in a di-
rection parallel to a plane (XY plane) including the annular
direction of cooling block 10 (turning direction of anode
cylinder 5). This enables to further uniformly and stably
tighten cooling block 10 and anode cylinder 5 in good
balance, compared to the case of tilting fastener 15 rel-
ative to the XY plane.
[0075] In the exemplary embodiment, connecting fac-
es 13a and 13b are provided on substantially the same
plane across space S. This structure facilitates fabrica-
tion of cooling block 10. Cooling block 10 and anode cyl-
inder 5 can be stably fixed in a good balance also when
fastener 15 is tightened to narrow space S.
[0076] Description "substantially the same plane" in-
cludes cases when relative positions of opposing ends
12a and 12b are deviated due to tightening of fastener
15, in addition to the case when connecting faces 13a
and 13b are on the same plane.
[0077] In the magnetron as configured in the exempla-
ry embodiment, space S and fastener 5 are disposed in
a tilted manner, in addition to pipe joints 14a and 14b and
fastener 15 disposed on connecting faces 13a and 13b.
This reduces an influence of pipe joints 14a and 14b at
gaining access to fastener 15 even though a structure of
disposing fastener 15 between pair of pipe joints 4a and
14b is adopted.
[0078] In addition, an influence of fastener 15 can be
reduced at gaining access to pipe joints 14a and 14b.
Accordingly, fastener 15 can be used and tightened in
the state pair of pipe joints 14a and 14b are connected
to cooling block 10 and the cooling liquid pipe is also
connected.
[0079] In the state fastener 15 is engaged with cooling
block 10, the user can gain access to pipe joints 14a and

14b to turn anchoring bolts 16a and 16b and connecting
nuts 17a and 17b. Accordingly, a good access to pipe
joints 14a and 14b and fastener 15 can be achieved in
cooling block 10.
[0080] Since an interference of one of fastener 15 and
pipe joints 14a and 14b when the user gains access to
the other is prevented, connecting faces 13a and 13b for
connecting pipe joints 14a and 14b in cooling block 10
can be more flexibly disposed.
[0081] For example, in a structure shown in Fig. 9 and
Fig. 10, the connecting face of pipe joint is set back toward
the center of cooling block. However, in the exemplary
embodiment, mutual interference at gaining access be-
tween pipe joints 14a and 14b and fastener 15 does not
need to be considered.
[0082] Therefore, when forming cooling block 10 by
cutting out a substantially rectangular-parallelepiped ma-
terial, for example, pipe joints 14a and 14b and fastener
15 can be disposed in a layout that can reduce shaved
material, compared to the conventional cooling block
shown in Fig. 9 and Fig. 10.
[0083] Accordingly, wasted material in fabrication of
cooling block 10 can be reduced, and also a good access
to pipe joints 14a and 14b and fastener 15 can be se-
cured. Less portion to cut can increase the volume of
cooling block 10, and thus cooling performance can be
improved.
[0084] The present disclosure is described with refer-
ence to the above exemplary embodiment. However, the
present disclosure is not limited to the aforementioned
exemplary embodiment. The above exemplary embodi-
ment refers to the case of leaving a space without com-
pletely closing space S when fastener 15 is tightened.
However, the present disclosure is not limited to this
structure. Opposing ends 12a and 12b may also mutually
contact.
[0085] The above exemplary embodiment refers to the
case of placing one end of fastener 15 in recess 13c, and
this one end does not cross the XZ plane where connect-
ing faces 13a and 13b are provided. However, the
present disclosure is not limited to this structure, as long
as at least a part of fastener 15 is placed in recess 13c.
[0086] Fastener 15 can be placed without being pro-
truded, in particular, from the outer peripheral face of
cooling block 10 when one end of fastener 15 is placed
in recess 13, as in the exemplary embodiment. This can
further suppress, in particular, interference with fastener
15 at gaining access to pipe joints 14a and 14b. This
secures a good access to pipe joints 14a and 14b and
fastener 15.
[0087] The above exemplary embodiment refers to the
case of extending space S in the radial direction of anode
cylinder 5. Other than this structure, space S may be
extended in a direction different from the radial direction
of anode cylinder 5.
[0088] The exemplary embodiment refers to the case
of extending fastener 15 in a direction perpendicular to
space S. Other than this structure, fastener 15 may be
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extended in a direction not perpendicular to space S.
[0089] Cooling block 10 and anode cylinder 5 can be
further uniformly tightened when space S is extended in
the radial direction of anode cylinder 5 and fastener 15
is extended in a direction perpendicular to space S, as
in the exemplary embodiment.
[0090] In the exemplary embodiment, connecting fac-
es 13a and 13b are provided on substantially the same
plane across space S in the state fastener 15 is not tight-
ened in cooling block 10. However, the present disclo-
sure is not limited to this structure. For example, as shown
in Fig. 6 and Fig. 7, the shape of connecting face 13b
where recess 13c is formed may have an uneven surface
(relative to the XZ plane).
[0091] Shapes of connecting faces 13a and 13b can
be changed as required (in particular, adjustment of un-
evenness of connecting faces 13a and 13b) in cooling
block 10 shown in the exemplary embodiment. Cooling
block 10 in the exemplary embodiment thus offers high
flexibility in changing design.
[0092] In the exemplary embodiment, fastener 15 ex-
tends in a direction parallel to a plane including the an-
nular direction of cooling block 10. However, the present
disclosure is not limited to this structure. For example,
as shown in Fig. 8, fastener 15 may be extended in a
direction tilted relative to a plane including the annular
direction of cooling block 10.
[0093] In this case, in particular, recess 13c protrudes
from the top face of cooling block 10, and thus an area
of recess 13c in connecting face 13b can be reduced,
compared to that in the exemplary embodiment and the
embodiment shown in Fig. 6 and Fig. 7. Accordingly, the
tightening strength of connecting faces 13a and 13b on
tightening fastener 15 can be secured. Cooling block 10
in the exemplary embodiment also offers high flexibility
in setting the extending direction of fastener 15.
[0094] The exemplary embodiment gives an example
of cooling block 10 having a substantially rectangle outer
peripheral face. However, cooling block 10 may also
have a polygonal or curved outer peripheral face.
[0095] The exemplary embodiment refers to the case
of separately forming pipe joints 14a and 14b from cooling
block 10 and connecting them to cooling block 10 (i.e.,
fastener 15 is disposed between the connecting parts of
pair of pipe joints 14a and 14b to cooling block 10). How-
ever, the present disclosure is not limited to this structure.
Pipe joints 14a and 14b may be integrally formed with
cooling block 10.
[0096] The exemplary embodiment refers to the case
that pipe joints 14a and 14b have a straight shape with
the Y direction in the longer-hand direction. However, the
present disclosure is not limited to this structure. A range
of shapes (e.g., L shape) are acceptable. Also in other
shapes, the flow direction of the cooling liquid at the con-
necting parts of pair of pipe joints 14a and 14b and cir-
culation passage 9 and the longer-hand direction of pipe
joints 14a and 14b match the Y direction.

Multiple fasteners 15 may also be used.

[0097] A combination of some of exemplary embodi-
ments in the above various exemplary embodiments can
achieve the effect of each exemplary embodiment.

INDUSTRIAL APPLICABILITY

[0098] The magnetron in the present disclosure is ap-
plicable to magnetron utilization equipment, typically mi-
crowave ovens.

Reference marks in the drawings

[0099]

1, 100 Magnetron
2 Magnetic yoke
3 Output unit
4 Filter
5 Anode cylinder
6A, 6B Annular permanent magnet
7 Feedthrough capacitor
8 Casing
9, 112 Circulation passage
10, 110 Cooling block
11 Inner peripheral face
12a, 12b Opposing end
13a, 13b Connecting face
13c Recess
13d, 13e Engagement hole
14a, 14b, 112A Pipe joint
15, 116 Fastener
16a, 16b Anchoring bolt
17a, 17b Connecting nut
18 Plane

Claims

1. A magnetron comprising:

an anode cylinder;
a cooling block that is an integral component
having an annular shape with both ends of an
annular continuous part facing each other, the
cooling block being fastened to an outer periph-
eral face of the anode cylinder to surround the
anode cylinder and having a circulation passage
for cooling liquid inside to cool the anode cylin-
der;
a fastener engaged with each of the both ends
of the cooling block facing each other to press
an inner peripheral face of the cooling block
against the outer peripheral face of the anode
cylinder by tightening and narrowing a distance
between the both ends; and
a pair of pipe joints provided on an outer periph-
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eral face of the cooling block and communicated
with the circulation passage,
wherein
the fastener is disposed between the pair of pipe
joints, a discontinuous part between the both
ends of the cooling block facing each other ex-
tends in a tilted manner in an annular direction
of the cooling block relative to a flow direction
of the cooling liquid at a connecting part of the
pair of pipe joints and the circulation passage,
and the fastener passing the discontinuous part
extends in a tilted manner relative to a face per-
pendicular to the flow direction of the cooling
liquid at the connecting part of the pair of pipe
joints and the circulation passage.

2. The magnetron of claim 1, wherein a recess is
formed between the pair of pipe joints, and at least
a part of the fastener is placed in the recess.

3. The magnetron of claim 1, wherein one end of the
fastener is placed in the recess.

4. The magnetron of claim 1, wherein the fastener ex-
tends in a direction perpendicular to the discontinu-
ous part.

5. The magnetron of claim 1, wherein the discontinuous
part extends along a radial direction of the anode
cylinder disposed in the cooling block.

6. The magnetron of claim 1, wherein the cooling block
has a substantially rectangle outer periphery, and a
connecting face is provided on one end of the outer
periphery.

7. The magnetron of claim 1, wherein the connecting
face of the cooling block to which one of the pair of
pipe joints is connected is provided on a substantially
same plane as the connecting face of the cooling
block to which other of the pair of pipe joints is con-
nected.

8. The magnetron of claim 1, wherein the fastener ex-
tends in a direction parallel to a plane including an
annular direction of the cooling block.

9. The magnetron of claim 1, wherein the fastener ex-
tends in a direction tilted relative to a plane including
an annular direction of the cooling block.
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