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DESCRIPTION

Title of Invention: RADIATION GENERATING
APPARATUS AND RADIOGRAPHING SYSTEM USING THE

SAME

Technical Field
[0001] The invention relates to a radiation generating

apparatus which can be applied to a non-destructive

X-ray photographing or the like in a medical equipment

field and an industrial equipment field and relates to

a radiographing system using the radiation generating

apparatus .

Background Art
[0002] Generally, in a radiation generating apparatus, by

applying a high voltage between a cathode and an anode

arranged in a radiation tube, an electron which is

emitted from the cathode is irradiated to the anode,

thereby generating a radiation such as an X-ray or the

like. In the radiation generating apparatus like this,

in order to assure withstanding voltage performance

against the high voltage and to cool the radiation tube,

such a structure that the radiation tube and a

high-voltage circuit board are enclosed in a container

filled with an insulating liquid is used. When the

electron emitted from the cathode has entered the anode,

since most of the incident energy is converted into a

heat, the heat generated in the anode is propagated to

the insulating liquid and is radiated into the external

atmosphere from the insulating liquid through the

housing container.

[0003] However, in order to cool the anode by the insulating

liquid and radiate the heat generated in the anode to

the outside from the insulating liquid through the

housing container, it is necessary that the insulating

liquid flows and is stirred in the housing container.



If the insulating liquid is not stirred, the heat is not

sufficiently radiated, so that there is a case of

occurrence of a thermal damage of the anode,

decomposition/deterioration of the insulating liquid,

a deterioration of electronic parts constructing the

high-voltage circuit board, or the like. When the

decomposition/deterioration of the insulating liquid

progresses, there is a case where the withstanding

voltage performance of the insulating liquid

deteriorates and an electric discharge occurs in use of

a long time.

[0004] Patent Literature 1 discloses an X-ray generating

apparatus having a fan for allowing an insulating oil

in which an X-ray tube has been sealed to be circulated

in the tube container.

Citation List
Patent Literature

[0005] PTL 1 : Japanese Patent Application Laid-Open No.

2002-25792

Summary of Invention
Technical Problem

[0006] If a mechanical mechanism such as an electric fan or the

like is provided in the tube container, it is difficult

to realize a miniaturization and a light weight as a

whole apparatus. In the case of intermittently

generate the X-ray, it is necessary to sufficiently cool

the insulating liquid for a period of time until the

generation of the X-ray is subsequently started after

the generation of the X-ray was stopped. However, for

this purpose, the electric fan has to be continuously

driven even after the generation of the X-ray was

stopped.

[0007] Such a phenomenon that when a high voltage is applied

to the insulating liquid such as an electrical

insulating oil, the insulating liquid flows has been

known. It is a phenomenon called an electrical



hydrodynamics effect. The higher the voltage (field

strength) which is applied at this time is, the higher

a flowing speed of the insulating liquid is.

[0008] The inventors et al . have found out such a phenomenon

that when a high voltage has been applied between the

cathode and the anode even in the radiation generating

apparatus, a flow of the insulating liquid due to the

electrical hydrodynamics effect occurs.

[0009] According to the invention, by using the flowing

phenomenon of the insulating liquid, the insulating

liquid can be cooled without providing mechanical

stirring means. It is an object of the invention to

provide a radiation generating apparatus having a high

reliability in which even when a generation of a

radiation is stopped, an insulating liquid can be

efficiently and sufficiently cooled, and which is

suitable for intermittent use.

Solution to Problem
[0010] To solve the above problem, according to the invention,

there is provided a radiation generating apparatus in

which a radiation tube having a cathode for emitting an

electron and an anode for generating a radiation by an

irradiation of the electron emitted from the cathode is

enclosed in a housing container filled with an

insulating liquid, wherein the apparatus has a mechanism

in which a voltage for allowing the insulating liquid

to flow can be applied between the cathode and the anode

in a state where the cathode does not emit any electron.

Advantageous Effects of Invention
[0011] According to the invention, the voltage for allowing the

insulating liquid to flow can be applied between the

cathode and the anode in the state where the cathode does

not emit any electron. Therefore, even when the

generation of the radiation is stopped, the insulating

liquid can be stirred without providing any special

stirring means. Since the special stirring means is not



provided, the miniaturization and the light weight of the

apparatus can be realized. When the generation of the

radiation is stopped, since a temperature of the anode

does not rise, the insulating liquid can be efficiently

and sufficiently cooled in a short time. Thus, the

decomposition/deterioration of the insulating liquid due

to a thermal damage or overheat of the anode can be

suppressed and the high reliability can be realized even

in the intermittent use.

[0012] Further features of the present invention will become

apparent from the following description of exemplary

embodiments with reference to the attached drawings.

Brief Description of Drawings
[0013] FIG. 1A is a constructional diagram illustrating an

example of a radiation generating apparatus of the

invention .

FIG. IB is a schematic cross sectional view of a

radiation tube housing unit in which a reflecting type

radiation tube which is used in the radiation generating

apparatus of the invention has been enclosed.

FIGS. 2A, 2B, and 2C are diagrams for describing a

voltage applying method in each control mode for

controlling the radiation generating apparatus of the

invention .

FIG. 3 is a schematic cross sectional view of the

radiation tube housing unit in which a transmitting type

radiation tube which is used in the radiation generating

apparatus of the invention has been enclosed.

FIG. 4 is a flowchart showing an example of a controlling

method of the radiation generating apparatus of the

invention .

FIGS. 5A, 5B, and 5C are flowcharts showing another

example of the controlling method of the radiation

generating apparatus of the invention.

FIGS. 6A, 6B, and C are flowcharts showing another

example of the controlling method of the radiation



generating apparatus of the invention.

FIG. 7 is a constructional diagram of a radiographing

system using the radiation generating apparatus of the

invention.

Description of Embodiments
[0014] Exemplary embodiments of a radiation generating

apparatus of the invention will be described hereinbelow

with reference to the drawings.

First Embodiment
[0015] FIG. 1A is a constructional diagram of a radiation

generating apparatus of the first embodiment. FIG. IB

is a schematic cross sectional view of a radiation tube

housing unit 1 in FIG. 1A. In the radiation tube housing

unit 1 , a radiation tube 2 and a high-voltage circuit

board 3 are enclosed in a housing container 20. The

housing unit 1 has a radiation transmitting window 21

for extracting a radiation emitted from the radiation

tube 2 to an outside. A remaining space in the housing

container is filled with an insulating liquid 9 .

[0016] The insulating liquid 9 has a role as a coolant of the

radiation tube 2 . It is desirable to use an electrical

insulating oil as an insulating liquid 9 . A mineral oil,

a silicone oil, or the like is preferably used. As

another insulating liquid 9 , a fluorine electrical

insulating liquid can be mentioned.

[0017] In the radiation tube 2 , a cathode 11 and an anode 14

are provided in a vacuum container 10 made of glass or

the like. An electron which is emitted from the cathode

11 is accelerated by a high voltage and irradiated to

a target 15 formed on the surface of the anode 14, so

that the radiation is emitted. In the embodiment, a

reflecting type radiation tube is used as a radiation

tube 2.

[0018] A hot cathode such as tungsten filament or impregnated

cathode is used as a cathode 11. Tungsten, tantalum,

molybdenum, or the like is used as a target 15. In the



invention, as illustrated in FIG. IB, a grid electrode

12 and a lens electrode 13 may be arranged near the

cathode 11. In this case, the electron emitted in the

anode direction by an electric field which is formed by

the grid electrode 12 is converged by the lens electrode

13 and enters the target 15. A predetermined voltage

is applied to the cathode 11, grid electrode 12, lens

electrode 13, and anode 14 by the high-voltage circuit

board 3 .

[0019] The radiation generating apparatus of the embodiment has

at least three kinds of control modes as will be

described hereinafter and has a mechanism for driving

the apparatus in each control mode. The control modes

are switched by a mode controlling unit 7 corresponding

to the mechanism. A control signal from the mode

controlling unit 7 is sent to a voltage controlling unit

8 through a device controlling unit 6 . A voltage

according to each control mode is applied to the cathode

11, grid electrode 12, lens electrode 13, and anode 14

by the high-voltage circuit board 3 . In the invention,

as illustrated in FIGS. 1A and IB, a temperature

measuring unit 4 may be provided. In FIG. IB,

temperature sensors 16a and 16b are connected to the

temperature measuring unit 4 . In this case,

temperature signals which are measured by the

temperature measuring unit 4 may be transmitted to the

mode controlling unit 7 and the control modes may be

switched in accordance with the temperatures which are

measured by the temperature measuring unit 4 .

[0020] Subsequently, each control mode of the radiation

generating apparatus of the embodiment will be described

by using the following Table 1 . As shown in Table 1 ,

each control mode controls the presence or absence of

the emission of the electron fro the cathode and the

presence or absence of the applying of the high voltage

between the cathode and the anode.



[0021] [Table 1 ]

[0022] A control mode 1 is a photographing mode and denotes a

control mode in which the electron is emitted from the

cathode and the high voltage is applied between the

cathode and the anode. In this case, the electron

emitted from the cathode enters the anode and the

radiation is emitted. At this time, since the high

voltage is applied between the cathode and the anode,

a high field strength portion occurs in the housing

container 20 and a flow of the insulating liquid 9 occurs

by the electrical hydrodynamics effect. Thus, the

insulating liquid 9 in t h e housing container 20 is

stirred.

[0023] A control mode 2 is a stirring mode and denotes a control

mode serving as a feature of the invention. The control

mode 2 denotes a control mode in which the high voltage

is applied between the cathode and the anode in a state

where no electron is emitted from the cathode. In this

case, since no electron is emitted from the cathode, no

radiation is emitted and a temperature of the anode does

not rise either. On the other hand, since the high

voltage is applied between the cathode and the anode,

a flow of the insulating liquid 9 occurs by the

electrical hydrodynamics effect and a state where the

insulating liquid 9 is stirred is obtained. The control



mode 2 is desirably used, for example, in the case where

it is intended to eliminate a local temperature increase

of the insulating liquid 9 , the case where it is intended

to promote the cooling of the radiation tube 2 and the

insulating liquid 9 , or the like.

[0024] A control mode 3 is a stopping mode and denotes a control

mode in which no electron is emitted from the cathode

and the high voltage is not applied between the cathode

and the anode either.

[0023] Subsequently, a voltage applying method in each control

mode will be described by using FIGS. 2A, 2B, and 2C.

FIG. 2A is a diagram illustrating a voltage portion

regarding each control mode. FIGS. 2B and 2C are

diagrams illustrating the voltage applying method in

each control mode.

[0025] In FIGS. 2A to 2C, a heater voltage is a voltage which

is applied to the hot cathode constructing the cathode

11. By applying a predetermined voltage Vh, a state

where the electron can be emitted from the cathode 11

is obtained. An electric potential on a negative

electrode side of the heater voltage is set to an

electric potential of the cathode and is used as a

reference potential. A grid voltage is a voltage

between the grid electrode 12 and the cathode 11. By

applying a predetermined voltage Vg, the electron is

pulled out in the anode direction. However, at a

voltage which is equal to or lower than a cut-off voltage

(Vcutoff), a state where the electron is not emitted in

the anode direction is obtained. A cathode-to-anode

voltage is a voltage which is applied between the cathode

11 and the anode 14.

[0026] FIG. 2B is a diagram illustrating the applying voltage

in the control modes 1 and 3 . In the control mode 1 ,

the heater voltage is set to Vh[V] , the grid voltage is

set to Vg[V], and the cathode-to-anode voltage is set

to Va [V] , respectively. Thus, the electron is emitted



from the cathode and enters the anode, and the radiation

is emitted. In the control mode 3 , all of those voltages

are equal to 0 [V] .

[0027] FIG. 2C is a diagram illustrating the applying voltage

in the control mode 2 . As a voltage applying method in

the control mode 2 , either the method (1) or (2) shown

in FIG. 2C can be used. (1) is a method whereby the grid

voltage is set to the cut-off voltage in a state where

the heater voltage has been applied. At this time, the

electric potential of the grid is lower than that of the

cathode. (2) is a method whereby the heater voltage is

set to 0 [V] and the grid voltage is set to the cut-off

voltage. By setting the heater voltage to 0V, a state

where no thermion is emitted from the cathode is obtained

Further, by setting the grid voltage to the cut-off

voltage, a motion of remaining thermions in the anode

direction is stopped. In both methods, the

cathode-to-anode voltage is set to Va[V]. The

cathode-to-anode voltage in the control mode 2 may be

higher than that in the control mode 1 .

[0028] Although there are an anode grounded method and a

middle-point grounded method as an applying method of

the cathode-to-anode voltage Va, it is desirable to use

the middle-point grounded method. The anode grounded

method is a method whereby when the cathode-to-anode

voltage is set to Va [V] , the electric potential of the

anode is set to 0 [V] (Gnd) and the electric potential

of the cathode is set to -Va [V] . The middle-point

grounded method is a method whereby the electric

potential of the anode is set to + (Va-a) [V] and the

electric potential of the cathode is set to -a[V]. a

denotes an arbitrary value which satisfies Va > a > 0

and is generally equal to Va/2.

[0029] FIG. IB shows the electric potential of each portion in

the case of the middle-point grounded method. Although

it is desirable to set the cathode-to-anode voltage Va



to about 40kV to 150kV, even if Va is equal to a high

voltage out of such a range, the insulating liquid 9 can

be made to flow. If the cathode-to-anode voltage Va is

set to about 40 to 150kV and the middle-point grounded

method is used, a high field strength portion of about

106V/m to 10 V/m occurs even between the cathode and the

housing container and between the anode and the housing

container besides the case where it occurs between the

cathode and the anode. If the insulating liquid 9

exists in such a high electric field, a flow of the

insulating liquid 9 occurs by the electrical

hydrodynamics effect. Although a flowing speed of the

insulating liquid 9 at this time depends on the voltage

which is applied, shapes of the cathode and the anode,

a material forming the insulating liquid 9 , or the like,

it is equal to about a few to hundreds of mm/sec. By

such a flow of the insulating liquid 9 , the insulating

liquid 9 is stirred in the housing container 20. In the

case of the middle-point grounded method, since the high

field strength portion exists near the anode 14 of a high

temperature and the flow of the insulating liquid 9

occurs near the anode 14, the cooling of the anode 14

is further promoted.

Second Embodiment
Subsequently, another example of the radiation

generating apparatus of the invention will be described

by using FIG. 3 . FIG. 3 is a schematic cross sectional

view of the radiation tube housing unit 1 which can be

applied to the radiation generating apparatus of the

invention. In the embodiment, a transmitting type

radiation tube is used in the radiation tube 2 and other

portions can be constructed in a manner similar to those

in the first embodiment. The embodiment is

characterized by the driving in the stirring mode in a

manner similar to the first embodiment. In FIG. 3 , the

same members as those in FIG. IB are designated by the



same reference numerals, 11 denotes the cathode, and 15

indicates the target. The target 15 is formed on the

surface of a supporting board 17. A radiation emitted

from the target 15 passes through the supporting board

17 and is emitted to the outside of the radiation tube

2 . In the embodiment, the target 15 plays a role of the

anode. A hot cathode such as tungsten filament or

impregnated cathode or a cold cathode such as carbon

nanotube or the like can be used as a cathode 11. In

the invention, as illustrated in FIG. 3 , the grid

electrode 12 and the lens electrode 13 may be arranged

near the cathode 11. Tungsten, tantalum, molybdenum,

or the like can be used as a target 15. Diamond, silicon

nitride, aluminum nitride, or the like can be used as

a supporting board 17.

[0031] A radiation shielding member 18 is provided near the

target 15. The radiation shielding member 18 shields

unnecessary radiation in the radiation emitted from the

target 15. The electron emitted from the target 15

passes through a passage of the radiation shielding

member 18 and is irradiated onto the target 15. The

unnecessary radiation scattered to the cathode side of

the target 15 at this time is shielded by the radiation

shielding member 18. The radiation which has passed

through the supporting board 17 passes through the

passage of the radiation shielding member 18 and the

unnecessary radiation is shielded by the radiation

shielding member 18 . For example, a metal material such

as tungsten, tantalum, or the like can be used as a

radiation shielding member 18.

Third Embodiment
[0032] Subsequently, a controlling method of the radiation

generating apparatus of the invention will be described

by using FIG. 4 . The radiation generating apparatus of

the first or second embodiment can be applied to the

radiation generating apparatus. The embodiment



relates to the controlling method which can be applied

at the time of radiographing. FIG. 4 is a flowchart

showing the controlling method.

[0033] First, when a photographing switch is pressed in a

waiting state after a power source of the apparatus was

turned on, a photographing mode (mode 1 ) is set and the

photographing is started. The photographing is

executed only for a preset time. After completion of

the photographing, a temperature of a predetermined

location in the housing container 20 is measured by the

temperature measuring unit 4 . If the temperature is

lower than a predetermined temperature Tl, the apparatus

is returned to the waiting state. The waiting state is

a state where although a power source circuit of the

whole system is in an operating state, no voltage is

output. If the temperature is equal to or higher than

Tl, the apparatus is set to a photographing stopping

state and the operating mode is switched from the

photographing mode (mode 1 ) to a stirring mode (mode 2 ) .

In the stirring mode (mode 2), the temperature of the

predetermined location is similarly measured. If the

temperature is equal to or higher than a predetermined

temperature T2, the stirring mode (mode 2 ) is continued.

If the temperature is lower than T2, the apparatus enters

the waiting state.

[0034] The location where the temperature is measured can be

set to a location like, for example, a temperature sensor

16a in FIG. IB, by which the temperature of the

insulating liquid 9 near the anode is measured. In this

case, Tl can be set to a temperature which is lower than,

for example, a heat resisting temperature

(decomposition starting temperature) of the insulating

liquid 9 by about tens of °C . On the other hand, the

location where the temperature is measured can be set

to a location like, for example, a temperature sensor

16b in FIG. IB, by which the temperature of the



insulating liquid 9 near the high-voltage circuit board

3 is measured. In this case, Tl can be set to a

temperature which is lower than an upper limit

temperature which is decided on the basis of temperature

characteristics, heat resisting temperature, and the

like of electronic parts of the high-voltage circuit

board 3 by about tens of °C. T2 can be set to a

temperature which is lower than Tl by about tens of °C .

A plurality of combinations of temperature sensors and

Tl and T2 may be set. The location of the temperature

sensor and Tl and T2 are not limited to them.

[0035] The voltage Va which is applied between the cathode and

the anode in the photographing mode (mode 1 ) and that

in the stirring mode (mode 2 ) may be identical or

different. The voltage Va in the photographing mode

(mode 1 ) is set in accordance with photographing

conditions. In the stirring mode (mode 2 ), in order to

set a stirring speed of the insulating liquid 9 to a value

as large as possible, it is desirable to set the voltage

Va to a value as high as possible within a range which

can be set. Now, assuming that a set upper limit value

of the voltage Va which is set on the basis of the

withstanding voltage performance is set to Vamax, a

value which is equal to or larger than 0.7 Vamax is

desirable and a value which is equal to or larger than

0.8 Vamax is much desirable. For example, in the

general radiation generating apparatus, since the- set

upper limit value of the voltage Va is equal to about

lOOkV to 120kV, it is desirable to set the voltage Va

to a value which is equal to or larger than about 70kV

to 85kV and a value which is equal to or larger than 80kV

to 95kV or more is much desirable.

[0036] In the stirring mode (mode 2), since the insulating

liquid 9 can be stirred at a high speed in a state where

no electron enters the anode 14, that is, a state where

the temperature of the anode 14 does not rise, the anode



14 and the insulating liquid 9 can be promptly cooled.

When the target is photographed at the relatively low

voltage Va, there is a case where the flowing speed of

the insulating liquid 9 is low and the temperature of

the insulating liquid 9 rises locally near the anode 14.

However, in such a case, it is sufficient to apply the

higher voltage Va in the stirring mode (mode 2 ) . By this

method, the insulating liquid 9 can be stirred at a high

speed and the local temperature increase can be

eliminated .

[0037] According to the controlling method of the embodiment,

since the insulating liquid can be efficiently and

sufficiently cooled for a short time in the stirring mode

for a radiographing stopping period, even in the case

where the photographing stopping period is provided

between the photographing and the photographing and the

photographing is intermittently performed, the

radiographing having excellent reliability can be

realized.

Fourth Embodiment
[0038] Subsequently, another controlling method of the

radiation generating apparatus of the invention will be

described by using FIGS. 5A, 5B, and 5C. The radiation

generating apparatus of the first or second embodiment

can be applied to the radiation generating apparatus.

The embodiment relates to the controlling method which

can be applied after the radiographing was finished.

FIGS. 5A to 5C are flowcharts showing an example of the

controlling method.

[0039] In FIG. 5A, first, when an end switch is pressed after

the radiographing was finished, a temperature of a

predetermined location in the housing container 20 is

measured by the temperature measuring unit 4 . If the

temperature is lower than a predetermined temperature

T3, the mode is shifted to a stopping mode (mode 3 ) and

the power source of the apparatus is turned off. If the



temperature is equal to or higher than T3, the mode is

shifted to the stirring mode (mode 2 ) . In the stirring

mode (mode 2), the temperature of the predetermined

location is similarly measured. If the temperature is

equal to or higher than T3, the stirring mode (mode 2 )

is continued. If the temperature is lower than T3, the

mode is shifted to the stopping mode (mode 3 ) and the

power source of the apparatus is turned off. The

location where the temperature is measured can be set

to a location like, for example, the temperature sensor

16a in FIG. IB, by which the temperature of the

insulating liquid 9 near the anode is measured. In this

case, T3 can be set to a temperature which is lower than,

for example, the heat resisting temperature

(decomposition starting temperature) of the insulating

liquid 9 by about tens of °C . The location where the

temperature is measured can be set to a location like,

for example, the temperature sensor 16b in FIG. IB, by

which the temperature of the insulating liquid 9 near

the high-voltage circuit board 3 is measured. In this

case, T3 can be set to a temperature which is lower than

the upper limit temperature which is decided on the basis

of the temperature characteristics, heat resisting

temperature, and the like of the electronic parts of the

high-voltage circuit board 3 by about tens of °C. The

locations of the temperature sensors and T3 are not

limited to them.

In FIG. 5B, in a manner similar to FIG. 5A, if the

temperature of the predetermined location is equal to

or higher than T3, the mode is shifted to the stirring

mode (mode 2 ) and the stirring mode (mode 2 ) is executed

for a predetermined time tl. After that, the mode is

shifted to the stopping mode (mode 3 ) and the power

source of the apparatus is turned off. In FIG. 5C, after

the radiographing was finished, the stirring mode (mode

2 ) is executed for the predetermined time tl. After



that, the mode is shifted to the stopping mode (mode 3 )

and the power source of the apparatus is turned off.

Although tl can be properly set in accordance with using

conditions or the like, it is sufficient that tl is set

to a time necessary to reduce the temperature of the

insulating liquid 9 by about tens of °C . tl can be set

to a value within a range from about tens of seconds to

a few minutes.

[0041] According to the controlling method of the embodiment,

since the insulating liquid can be efficiently and

sufficiently cooled for a short time in the stirring mode

after the radiographing was finished, a waiting time

until the next radiographing can be shortened and the

radiographing having excellent reliability can be

realized even at the time of the next radiographing.

Fifth Embodiment
[0042] Subsequently, another controlling method of the

radiation generating apparatus of the invention will be

described by using FIGS. 6A, 6B, and C . The radiation

generating apparatus of the first or second embodiment

can be applied to the radiation generating apparatus.

The embodiment relates to the controlling method which

can be applied before the radiographing is started.

FIGS. 6A to 6C are flowcharts showing an example of the

controlling method.

[0043] In FIG. 6A, first, after the power source of the

apparatus was turned on (after the apparatus was

activated) , the temperature of the predetermined

location in the housing container 20 is measured by the

temperature measuring unit 4 . If the temperature is

lower than T4, the apparatus enters the waiting state.

If the temperature is equal to or higher than T4, the

mode is shifted to the stirring mode (mode 2 ) . In the

stirring mode (mode 2), the temperature of the

predetermined location is similarly measured. If the

temperature is equal to or higher than T4, the stirring



mode (mode 2 ) is continued. If the temperature is lower

than T4, the apparatus enters the waiting state. The

location where the temperature is measured can be set

to the location like, for example, the temperature

sensor 16a in FIG. IB, by which the temperature of the

insulating liquid 9 near the anode is measured. In this

case, T4 can be set to a temperature which is lower than ,

for example, the heat resisting temperature

(decomposition starting temperature) of the insulating

liquid 9 by about tens of °C . The location where the

temperature is measured can be set to the location like,

for example, the temperature sensor 16b in FIG. IB, by

which the temperature of the insulating liquid 9 near

the high-voltage circuit board 3 is measured. In this

case, T4 can be set to a temperature which is lower than

the upper limit temperature which is decided on. the basis

of the temperature characteristics, heat resisting

temperature, and the like of the electronic parts of the

high-voltage circuit board 3 by about tens of °C . The

locations of the temperature sensors and T4 are not

limited to them.

In FIG. 6B, in a manner similar to FIG. 6A, if the

temperature of the predetermined location is equal to

or higher than T4, the mode is shifted to the stirring

mode (mode 2 ) and the stirring mode (mode 2 ) is executed

for a predetermined time t2. After that, the apparatus

enters the waiting state. In FIG. 6C, after the power

source of the apparatus was turned on, the stirring mode

(mode 2 ) is executed for the predetermined time t2.

After that, the apparatus enters the waiting state.

Although t 2 can be properly set in accordance with using

conditions or the like, it is sufficient that t2 is set

to a time necessary to sufficiently stir the insulating

liquid 9 or to reduce the temperature of the insulating

liquid 9 by about tens of °C . Here, tl can be set to

a value within a range from about tens of seconds to a



few minutes.

[0045] According to the controlling method of the embodiment,

since the insulating liquid can be efficiently and

sufficiently cooled for a short time in the stirring mode

before the radiographing is performed, such a risk that

the photographing is interrupted by the increase in

temperature of the insulating liquid upon photographing

(or the local temperature increase) can be reduced.

[0046] The controlling method of the radiation generating

apparatus in the invention may be any one of the

foregoing third to fifth embodiments or may be a

combination of any ones of them.

Sixth Embodiment
[0047] Subsequently, a radiographing system using the

radiation generating apparatus in the invention will be

described by using FIG. 7 . FIG. 7 is a constructional

diagram of the radiographing system of the embodiment.

The radiographing system of the embodiment has a

radiation generating apparatus 30, a radiation detector

31, a radiation detecting signal processing unit 32, a

system controlling unit 33, and a displaying unit 34.

For example, the radiation generating apparatus of the

first or second embodiment is desirably used as a

radiation generating apparatus 30.

[0048] The radiation detector 31 is connected to the system

controlling unit 33 through the radiation detecting

signal processing unit 32. The displaying unit 34 and

the device controlling unit 6 in the radiation

generating apparatus 30 are connected to the system

controlling unit 33.

[0049] The system controlling unit 33 controls the radiation

generating apparatus 30 and the radiation detector 31

in an interlocking relational manner. For example, the

system controlling unit 33 controls a voltage signal

which is applied to the radiation tube 2 through the

device controlling unit . Thus, an emitting state of



the radiation from the radiation generating apparatus

30 is controlled. The radiation emitted from the

radiation generating apparatus 30 is detected by the

radiation detector 31 through a subject 35 and a

radiation transmissive image of the subject 35 is

photographed. The photographed radiation transmissive

image is sent to the system controlling unit 33 through

the radiation detecting signal processing unit 32 and

is displayed to the displaying unit 34. The radiation

generating apparatus 30 and the radiation detector 31

may be controlled in an interlocking relational manner

in accordance with a target photographing image, a

photographing region, or the like.

[0050] While the present invention has been described with

reference to exemplary embodiments, it is to be

understood that the invention is not limited to the

disclosed exemplary embodiments. The scope of the

following claims is to be accorded the broadcast

interpretation so as to encompass all such modif ications

and equivalent structures and functions.

[0051] This application claims the benefit of Japanese Patent

Application No. 2011-264398, filed December 2 , 2011,

which is hereby incorporated by reference herein in its

entirety.

Reference Signs List
[0052] 1 : Radiation tube housing unit

2 : Radiation tube

3 : High-voltage circuit board

4 : Temperature measuring unit

6 : Device controlling unit

7 : Mode controlling unit

8 : Voltage controlling unit

9 : Insulating liquid

10: Vacuum container

11: Cathode

12: Grid electrode



: Lens electrode

: Anode

: Target

a , 16b: Temperature sensor

: Supporting board

: Radiation shielding member

: Housing container

: Radiation transmitting window

: Radiation generating apparatus

: Radiation detector

: Radiation detecting signal processing

: System controlling unit

: Displaying unit

: Subject



CLAIMS
[Claim 1 ] A radiation generating apparatus in which a

radiation tube having a cathode for emitting an

electron and an anode for generating a radiation

by an irradiation of the electron emitted from the

cathode is enclosed in a housing container filled

with an insulating liquid, comprising

a mechanism in which a voltage for allowing the

insulating liquid to flow can be applied between

the cathode and the anode in a state where the

cathode does not emit any electron.

[Claim 2 ] A radiation generating apparatus according to

Claim 1 , wherein

the radiation tube has a grid electrode between

the cathode and the anode, and

by controlling the voltage between the grid

electrode and the cathode, the mechanism can be

set into a state where the cathode does not emit

any electron.

[Claim 3 ] A radiation generating apparatus according to

Claim 2 , wherein by setting an electric potential

of the grid electrode to a potential lower than

an electric potential of the cathode, the mechanism

can be set into a state where the cathode does not

emit any electron.

[Claim 4 ] A radiation generating apparatus according to

Claim 2 , wherein

the cathode has a heater for generating a thermion,

and

by setting a voltage which is applied to the heater

to 0V, the mechanism can be set into a state where

the cathode does not emit any electron.

[Claim 5 ] A radiation generating apparatus according to any

one of Claims 1 to 4 , wherein the mechanism

switches :a photographing mode in which the voltage

for allowing the insulating liquid to flow is



applied between the cathode and the anode in a state

where the cathode emits the electron; and a

stirring mode in which the voltage for allowing

the insulating liquid to flow is applied between

the cathode and the anode in a state where the

cathode does not emit any electron.

[Claim 6 ] A radiation generating apparatus according to

Claim 5 , wherein the mechanism drives the radiation

generating apparatus in the photographing mode and

switches from the photographing mode to the

stirring mode in accordance with a temperature of

the insulating liquid after the driving in the

photographing mode was finished.

[Claim 7 ] A radiation generating apparatus according to

Claim 5 , wherein the mechanism drives the radiation

generating apparatus in the stirring mode after

the radiation generating apparatus was activated,

and switches from the stirring mode to the

photographing mode in accordance with a

temperature of the insulating liquid after the

driving in the stirring mode was finished.

[Claim 8 ] A radiation generating apparatus according to

Claim 5 , wherein the voltage which is applied

between the cathode and the anode in the stirring

mode is higher than that in the photographing mode.

[Claim 9 ] A radiation generating apparatus according to any

one of Claims 1 to 8 , wherein when it is assumed

that the voltage which is applied between the

cathode and the anode is equal to Va [V] , the

mechanism sets an electric potential of the anode

to +(Va-a) [V] and sets an electric potential of

the cathode to -oc[V] (where, Va > a > 0),

respectively.

[Claim 10] A radiation generating apparatus according to

Claim 1 , wherein the insulating liquid is an

electrical insulating oil.



[Claim 11] radiographing system comprising:

the radiation generating apparatus according to

any one of Claims 1 to 10; a radiation detector

for detecting the radiation which was emitted from

the radiation generating apparatus and passed

through a subject; and

a system controlling unit for controlling the

radiation generating apparatus and the radiation

detector .
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