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(57) ABSTRACT

According to one embodiment, a klystron includes a plural-
ity of cavity resonators arranged next to each other on a
coaxial line. The cavity resonators each comprise a cylin-
drical body, one and another drift tubes provided on respec-
tive sides of respective ends of the cylindrical body, one and
another support and a space adjustment means which adjusts
the space between the one and the other drift tubes. The
cylindrical body comprises a projection projecting from one
end surface parallel to the axial line, and the one support is
provided to abut on the projection, and the space adjustment
means presses the one support toward the projection and
adjusts the space between the one and the other drift tubes
by plastically deforming the projection.

5 Claims, 3 Drawing Sheets
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1
KLYSTRON

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2021-133372,
filed Aug. 18, 2021, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a klys-
tron.

BACKGROUND

The klystron comprises multiple cavity resonators
arranged on a coaxial line, and when an electron beam
output from the electron gun are allowed to pass through the
cavity resonators, the interaction between the electron beam
and the cavity resonators converts the DC power to high-
frequency power, resulting in stable microwave amplifica-
tion. The cavity resonators are tuned to a resonance fre-
quency suitable for the interaction with the electron beams.

On the other hand, some cavity resonators comprise a
cylindrical body, drift tubes at respective ends of the cylin-
drical body and discs (supports) each supporting the drift
tubes at each end of the cylindrical body.

In such a cavity resonator, the drift tubes are disposed to
face each other at a predetermined interval therebetween.
Here, in order to adjust the interval between the drift tubes,
the disc (support) is provided with a thin part to surround the
drift tubes, and thus the position of the drift tubes can be
adjusted by plastically deforming the thin part surrounding
the drift tubes.

In the cavity resonators, the electron beams passing
through are subjected to velocity modulation to be density
modulated by the cavity resonator. Thus, as the electron
beams with crude density pass through the drift tube, the
induced current flows on the inner surface wall of the drift
tube.

As described above, when the klystron is operated, the
loss occurs on the inner wall of the drift tube due to the
induced current, which is converted into heat and diffused to
the surroundings.

However, when a thin wall is provided for the support, the
heat diffusion from the inner wall of the drift tube is blocked
by the thin wall, and the heat conduction to the surrounding
direction of the disk cannot occur sufficiently, which may
increase the temperature of the drift tube to high. When the
temperature of the drift tube changes significantly, the
dimensions change due to thermal expansion, and the reso-
nance frequency changes. As a result, the interaction
between the cavity resonator and the electron beam is
affected, and the operation of the klystron becomes unstable,
which is not desired.

An object of the embodiments is to provide a klystron that
can operate stably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a schematic
structure of a klystron according to an embodiment.

FIG. 2 is a partially decomposed perspective diagram
showing a cavity resonator used in the klystron of the
embodiment.

10

15

35

40

45

50

55

60

2

FIG. 3 is a partially decomposed perspective diagram
showing a projection portion shown in FIG. 2.

FIG. 4 is a cross-sectional view showing a modified
example of the projection.

DETAILED DESCRIPTION

In general, according to one embodiment, a klystron
comprises a plurality of cavity resonators arranged next to
each other on a coaxial line. The cavity resonators each
comprising a cylindrical body, one and another drift tubes
provided on respective sides of respective ends of the
cylindrical body, one and another support supporting the
drift tubes respectively at the respective ends of the cylin-
drical body, and a space adjustment means which adjusts the
space between the one and the other drift tubes. The cylin-
drical body comprises a projection projecting from one end
surface parallel to the axial line, and the one support being
provided to abut on the projection, and the space adjustment
means presses the one support toward the projection and
adjusts the space between the one and the other drift tubes
by plastically deforming the projection.

Embodiments will be described hereinafter with reference
to the accompanying drawings. The disclosure is merely an
example, and proper changes within the spirit of the inven-
tion, which are easily conceivable by a skilled person, are
included in the scope of the invention as a matter of course.
In addition, in some cases, in order to make the description
clearer, the widths, thicknesses, shapes, etc., of the respec-
tive parts are schematically illustrated in the drawings,
compared to the actual modes. However, the schematic
illustration is merely an example, and adds no restrictions to
the interpretation of the invention. Besides, in the specifi-
cation and drawings, the same or similar elements as or to
those described in connection with preceding drawings or
those exhibiting similar functions are denoted by like ref-
erence numerals, and a detailed description thereof is omit-
ted unless otherwise necessary.

First, an embodiment will be described with reference to
FIGS. 1 to 3.

As shown in FIG. 1, a klystron 1 of the embodiment
comprises an electron gun 3, an input cavity 5, an output
cavity 7, and a collector 9 on a coaxial line with respect to
an axial like K, and between the input cavity 5 and the output
cavity 7, a plurality of cavity resonators 11 (see FIG. 2) are
installed next to each other on the axial line K.

The electron gun 3 comprises a cathode 3a.

The input cavity 5 comprises an input window 5a for high
radio frequency (RF) power, and the output cavity 7 com-
prises an output window 7a for the radio frequency (RF)
power.

The cavities 5, 7 and 11 are arranged so that drift tubes 13
thereof are aligned with the axial line K.

An electron beam output from the electron gun 3 is
allowed to pass through the input cavity 5 and the cavity
resonators 11 (to be described later), where an interaction
between the electron beam and the cavity resonators 11
occurs to convert DC power to RF power, and then the
amplified RF power is extracted from the output window 7a
of the output cavity 7.

As shown in FIG. 2, the cavity resonators 11 each
comprise a cylindrical body 15, a drift tube 13« provided on
one end side of the cylindrical body 15, another drift tube
135 provided on the other end side of the cylindrical body
13, a support 17a which supports the drift tube 134, another
support 17a which supports the other drift tube 135 and a
space adjustment means 19.
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The cylindrical body 15 comprises a projection 21 pro-
jecting outward from one end surface 15a parallel to the
axial line K. The projection 21 continuously projects on an
inner circumferential surface 15¢ side of the cylindrical
body 15 and is continuous throughout the entire circumfer-
ence of the cylindrical body 15.

As shown in FIG. 3, the projection 21 has a substantially
rectangular shape in its longitudinal section.

As shown in FIG. 2, the outer circumference on the one
end surface 15a side of the cylindrical body 15 comprises a
flange 23 provided all along the circumferential direction.

The drift tube 134 and the other drift tube 135 are each
cylindrical in shape and comprise respective end portions
facing each other, and they are arranged to be spaced apart
from each other with a gap d between the drift tubes. By
adjusting the drift tube gap d, the resonance frequency is
adjusted.

The support 17a, which supports the drift tube 13a, and
the other support 175, which supports the other drift tube
135 are each formed into a disk shape with a hole in the
center, and the disks are formed to have a uniform thickness.

Into the holes in the center of the support 17a and the
other support 175, the drift tube 13a and the other drift tube
1354 are respectively made to penetrate and fixed thereon.

The support 17a is provided on an end surface 154 side of
the cylindrical body 15, and the outer circumferential por-
tion thereof is disposed to abut to the projection 21.

The other support 175 is provided on the other end surface
1554 side of the cylindrical body 15, and the outer circum-
ferential portion thereof is tightly attached to the other end
surface 1556 and fixed by brazing or the like.

Here, the end surface 15a of the cylindrical body 15 and
the outer circumferential portion of the support 174 will now
be described in more detail.

A step portion 25 is form to rise continuously on the outer
circumferential portion of the end surface 154 of the cylin-
drical body, as a step to the end surface 15a.

On the outer circumferential portion of the support 17a,
an abutting piece 29 is formed on a surface 276 on an
opposite side to an abutting surface 274 to the projection 21,
which continuously protrudes therefrom in the outer circum-
ferential direction so as to abut on the step portion 25. The
abutting piece 29 is formed over the entire circumferential
direction of the support 17a.

An outer circumferential edge 294 of the abutting piece
29 is engaged and fixed to the inner circumferential surface
of the step portion 25 by brazing or the like.

Them, between the outer circumferential surface 31 of the
support 17a and the end surface 15a of the cylindrical body
15, an airtight space S1 surrounded by the projection 21, the
step portion 25 and the above-mentioned abutting piece 29
is formed.

As shown in FIG. 3, the projection 21 comprises com-
municating holes which communicate to the airtight space
S1 and an inner space SO0 of the cylindrical body 15,
arranged in the circumferential direction thereof at prede-
termined intervals therebetween.

The space adjustment means 19 presses the supports 17a
toward the projection 21 to plastically deform the projection
21, and thus the drift tube gap d is adjusted.

The spacing adjustment means 19 comprises a support
abutting member 35 that abut on a surface 27 on the opposite
side to the projection 21 on the support 174, and a screw
member 37 that screws into the support abutting member 35.

The support abutting member 35 comprises a pressing
portion 35a that presses the supports 174 and a screwing
portion 37 to which the support abutting member 35 is
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screwed, formed thereon, and the pressing portion 35a and
the screwed portion 356 form an L-shape in cross section.
The pressing portion 354 is provided at a position corre-
sponding to the projection 21, and presses only the outer
circumferential portion of the support 17a.

The screw member 37 is a bolt with a head 37a engaged
with the flange 23 and a shaft 375 inserted to the flange 23,
thus screwed into the support abutting member 35.

By screwing in the screw member 37, the pressing portion
35a of the support abutting member 35 presses the support
17a toward the projection 21, and as the projection 21
deforms plastically, the support 17a moves toward the other
support 175 to narrow the drift tube gap d.

Next, an operational effect of the klystron 1 of the
embodiment will be explained.

In the cavity resonator 11, to reduce the drift tube gap d,
the screw member 37 is tightened. In this manner, the
supports 17 is pressed by the pressing portion 35a of the
support abutting member 35, and thus the projection 21 of
the cylindrical body 15 is plastically deformed and crushed.
Thus, the drift tube 13a, which is fixed to the support 17a,
approaches the other drift tube 135, thus reducing the drift
tube gap d.

When the klystron is operated, the loss of the current
induced by the voltage change is converted to heat, which
diffuses to the surroundings on the inner walls of the drift
tubes 134 and 135.

The support 17a and the other support 176 each have a
uniform thickness and do not include thin portions as in the
conventional technology. Therefore, the thermal diffusion of
the drift tubes 13a and 135 is not interfered with and the heat
is propagated uniformly in the surrounding direction. Thus,
the heat is diffused to the support 17a and the other support
176 and the cylindrical body 15 entirely. As a result, the
temperature of the drift tubes 13a and 1356 can be prevented
from becoming excessively high, the change in dimensions
due to thermal expansion can be reduced, and the change in
resonance frequency can be prevented. Thus, the operation
of the klystron can be stabilized.

The space adjustment means 19 is constituted by the
support abutting member 35 and the screw member 37 that
screws into the support abutting member 35, thus achieving
a simple configuration. Further, the drift pipe gap can be
easily adjusted by screwing the screw member 37.

The support abutting member 35 has substantially an
L-shaped cross section formed by the pressing portion 35a
and the screwed portion 35b, which is small and compact
shape. Further, the pressing portion 35a is located at a
position corresponding to the projection 21, and therefore
the force to crush the projection 21 (force to plastically
deform it) is easily transmitted.

Between the outer circumference 31 of the support 17a
and the end surface 15a of the cylindrical body 15, the
airtight space S1 surrounded by the projection 21, the step
portion 25 and the abutting piece 29 is formed so as to be
communicated to the inner space S0 in the cylindrical body
15. With this structure, even if the supports 17a is displaced,
the abutting piece 29 can follow it by plastically deforming,
and thus the vacuum in the airtight space S1 can be main-
tained.

The airtight space S1 and the inner space S0 can be easily
communicated to each other by the communicating holes 33
formed in the projection 21.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
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embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

For example, the shape of the projection 21 is not limited
to a rectangular cross-section, but may be a wedge shape in
cross-section as shown in FIG. 4, part (a) or a semicircular
shape in cross-section as shown in FIG. 4, part (b).

Further, the pressing portion 35a on the support abutting
member 35 is not limited to the continuous structure along
the circumferential direction, but can also be provided with
intervals.

What is claimed is:

1. A klystron comprising;

aplurality of cavity resonators arranged next to each other
on a coaxial line,

the cavity resonators each comprising a cylindrical body,
one and another drift tubes provided on respective sides
of respective ends of the cylindrical body, one and
another support supporting the drift tubes respectively
at the respective ends of the cylindrical body, and a
space adjustment means which adjusts the space
between the one and the other drift tubes,

the cylindrical body comprising a projection projecting
from one end surface parallel to the axial line, and the
one support being provided to abut on the projection,
and
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the space adjustment means pressing the one support
toward the projection and adjusts the space between the
one and the other drift tubes by plastically deforming
the projection.

2. The klystron of claim 1, wherein

the spacing adjustment means comprises a support abut-
ting member which abuts on the one support and a
screw member that screws into the support abutting
member, and

the support abutting member presses, as the screw mem-
ber screws, the one support toward the projection.

3. The klystron of claim 2, wherein

the support abutting member comprises a pressing portion
protruding toward the one support at a position corre-
sponding to the projection.

4. The klystron of claim 1, wherein

the one end surface of the cylindrical body comprises a
step portion provided on an outer circumferential por-
tion of the projection, which faces an outer circumfer-
ential surface of the one support, and the outer circum-
ferential surface of the one support comprises an
abutting piece that abuts on the step portion, and the
projection, the step portion, and the abutting piece
surround and form an airtight space between the outer
circumferential surface of the one support and the one
end surface of the cylindrical body.

5. The klystron of claim 4, wherein

the projection comprises a communicating hole formed
therein, which communicates to an inner space of the
cylindrical body.
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