w ©2213/081179 A1 || I} NN T OO0 R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization
International Bureau

6 June 2013 (06.06.2013) w i

POIPCT

(10) International Publication Number

WO 2013/081179 Al

(51)

21

(22)

(25
(26)
(30)

(71)

(72)

International Patent Classification:
HO5G 1/02 (2006.01) HO5G 1/04 (2006.01)

International Application Number:
PCT/JP2012/081586

International Filing Date:
29 November 2012 (29.1 1.2012)

English
English

Filing Language:
Publication Language:

Priority Data:
201 1-264398 2 December 201 1(02. 12.201 1) JP

Applicant: CANON KABUSHIKI KAISHA [JP/JP]; 30-
2, Shimomaruko 3-chome, Ohta-ku, Tokyo, 1468501 (JP).

Inventors: TAMURA, Mild; C/O CANON KABUSHIKI
KAISHA, 30-2, Shimomaruko 3-chome, Ohta-ku, Tokyo,
1468501 (JP). UEDA, Kazuyuki; C/O CANON KA -
BUSHIKI KAISHA, 30-2, Shimomaruko 3-chome, Ohta-
ku, Tokyo, 1468501 (JP).

(74)

(81)

(84)

Agents: OKABE, Yuzuru et a; No. 602, Fuji Bldg., 2-3,
Marunouchi 3-chome, Chiyoda-ku, Tokyo, 1000005 (JP).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[ Continued on nextpage]

(54) Title: RADIATION GENERATING APPARATUS AND RADIOGRAPHING SYSTEM USING THE SAME

(57) Abstract: In aradiation generating apparatus of the invention, a radi-

FIG. 1A

/ /

DEVICE
CONTROLLING
UNIT

MODE
[ | CONTROLLING
UNIT

8~y VOLTAGE
1 CONTROLLING UNIT

| 1
i 3 HIGH-VOLTAGE
1 CIRCUIT BOARD

2
RADIATION TUBE

)._RADIATION TUBE HOUSING UNIT

4

A '
Id =
TEMPERATURE v
MEASURING UNITY

HIGH-VOLTAGE
CIRCUIT BOARD

2 Do
+Va/2(v) 0(v)

ation tube (2) having a cathode (11) for emitting an electron and an anode
(14) for generating aradiation by an irradiation of the electron emitted from
the cathode is enclosed in ahousing container (1) filled with an insulating li-
quid (9). The apparatus has a mechanism (3, 4, 6, 7, 8) in which avoltage 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. Even when
the generation of the radiation is stopped, the insulating liquid can be effi-
ciently sufficiently cooled without providing mechanical stirring means, and
ahigh reliability isobtained even for intermittent use.
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DESCRI PTI ON

Title of Invention: RAD ATI ON GENERATI NG
APPARATUS AND RADI OGRAPHI NG SYSTEM USI NG THE
SAVE

Technical Field

The invention relates to a radiation generating
apparatus which can be applied to a non-destructive
X-ray photographing or the like in a nmedical equipnment
field and an industrial equipment field and relates to
a radi ographing system using the radiation generating
apparat us .

Background Art

Cenerally, 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
emtted from the cathode is irradiated to the anode,
t her eby génerating a radiation such as an X-ray or the
like. Inthe radiation generating apparatus like this,
in order to assure w thstanding voltage performance
agai nst the high voltage and to cool the radiation tube,
such a structure that the radiation tube and a

hi gh-voltage circuit board are enclosed in a container
filled with an insulating liquid is used. \When t he
electron emtted fromthe cathode has entered the anode,
since nost 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
atnosphere from the insulating liquid through the
housi ng cont ai ner.

However, in order to cool the anode by the insulating
l[iquid 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.
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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,

deconposi tion/deterioration of the insulating I|iquid,
a deterioration of electronic parts constructing the
hi gh-voltage circuit board, or the like. When the
deconposi tion/deterioration of the .insulating liquid
progresses, there is a case where the withstanding
vol tage performance of the insulating liquid
deteriorates and an electric discharge occurs in use of
a long tine. |

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 circul ated
in the tube container.

Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-Open No.
2002- 25792

Summary of I nvention

Techni cal Probl em

I f a mechani cal mechanism such as an electric fan or the

like i s provided in the tube container, it isdifficult
to realize a mniaturization and a light weight as a
whol e appar at us. In the case of intermttently

generate the X-ray, it is necessary tosufficiently 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

st opped.

Such a phenonenon 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 phenonenon called an electrical
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[ 0009]

[ 0010]
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hydrodynami cs effect. The higher the voltage (field
strength) which is applied at this tine is, the higher
a flowng speed of the insulating liquid is.

The inventors et al . have found out such a phenonenon
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
el ectrical hydrodynanmics effect occurs. '
According to the invention, by using the flow ng
phenonrenon of the insulating liquid, the insulating
l[iquid can be cooled w thout 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 intermttent wuse.

Solution to Problem

To sol ve the above problem according to the invention,
there is provided a radiation generating apparatus in
which a radiation tube having a cathode for emtting an
el ectron and an anode for generating a radiation by an
irradiation of the electron emtted fromthe cathode is
enclosed in a housing container filled with an
insulating liquid, wherein the apparatus has anmechani sm
in which a voltage for allowing the insulating Iiquid
to flow can be applied between the cathode and the anode
in astate where the cathode does not emt any el ectron.
Advant ageous Effects of Invention

According to the invention, the voltage for allow ng the
insulating liquid to flow can be applied between the
cat hode and the anode in the state where the cathode does
not emt any electron. Therefore, even when the
generation of the radiation is stopped, the insulating
liquid can be stirred w thout providing any special
stirri ng neans. Since the special stirring nmeans i s not
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provi ded, the miniaturization and the |ight weight of the
apparatus can be realized. Wen the generation ofh'the
radiation is stopped, since a tenperature of the anode
does not rise, the insulating liquid can be efficiently
and sufficiently cooled in a short time. Thus, the
deconposition/deterioration of theinsulating |iquid due
to a thermal damage or overheat of the anode can be
suppressed and the high reliability can be realized even
in-the intermttent use. ‘

Further features of the present invention wll becone
apparent from the followi ng description of exenplary
enmbodi mrents with reference to the attached draw ngs.
Brief Description of Draw ngs

FIG 1A is a constructional diagram illustrating an
exanple of a radiation generating apparatus of the

i nvention .

FIG 1B is a schematic cross sectional view of a

radi ati on tube housing unit in which a reflecting type
radi ati on tube which i sused inthe radiati on generating
apparatus of the invention has been enclosed.

FIGS. 2A, 2B, and 2C are diagrans for describing a
voltage applying nethod in each control node for
controlling the radiation generating apparatus of the

i nvention .

FIG 3 is a schematic cross sectional view of the

radi ati on tube housing unit inwhich atransnmtting type
radi ati on tube which is used in the radiation generating
apparatus of the invention has been enclosed.

FIG 4is aflowhart showi ng an exanple of acontrolling
nmethod of the radiation .generating apparatus of the

i nvention .

FIGS. 5A, 5B, and 5C are flowcharts show ng another
exanple of the controlling nethod of the radiation
generating apparatus of the invention.

FIGS. 6A, 6B, and 6C are flowharts show ng another
exanple of the controlling nethod of the radiation
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generating apparatus of the invention.

FIG 7 is a constructional diagram of a radi ographing
system using the radiation generating apparatus of the
i nventi on.

Description of Enbodi nents

Exenmpl ary enbodinents of a radiation generating
apparatus of the invention will be descri bed hereinbel ow
with reference to the draw ngs.

Fi rst Enmbodi nent

FIG 1A is a constructional diagram of a radiation
generating appara't us of the first enbodi nent. FIG IB
is aschematic cross sectional view of a radiation tube
housing unit 1inFIG 1A Inthe 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 transmtting w ndow 21
for extracting a radiation emtted from the radiation
tube 2 to an outside. A renmaining space in the housing

container is filled with an insulat’ing liquid 9.
The insulating liquid 9 has a role as a coolant of the
radiation tube 2. It is desirable to use an electrical

insulating oil asaninsulating liquid 9. Amneral oil,

a silicone oil, or the like is preferably wused. As
another insulating liquid 9, a fluorine electrical
insulating liquid can be nentioned.

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. Anelectron which isemtted fromthe 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 emtted. In the enbodi nent, a
reflecting type radiation tube is used as a radiation
tube 2.

A hot cathode such as tungsten filanent or inpregnated
cathode is used as a cathode 11. Tungsten, tantalum
nol ybdenum or the like is used as atarget 15. In the
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invention, as illustrated in FIG 1B, a grid electrode
12 and a lens electrode 13 may be arranged near the
cat hode 11. In this case, the electron emtted in the

anode direction by an electric field which is formed by
the grid electrode 12 is converged by the I ens el ectrode
13 and enters the target 15. A predeterm ned voltage
is applied to the cathode 11, grid electrode 12, |lens
el ectrode 13, and anode 14 by the high-voltage circuit

board 3.
[0019] The radi ation generating apparatus of the enbodi nent has
at least three kinds of control nodes as will be

descri bed hereinafter and has a mechanism for driving
the apparatus in each control node. The control nodes
are switched by a node controlling unit 7 corresponding
to the mechanism A control signal from the node

controlling unit 7is sent toavoltage controlling unit
8 through a device controlling unit 6. A voltage

according to each control node 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 1B, a tenperature
nmeasuring unit 4 may be provided. In FIG 1B,

temperature sensors 16a and 16b are connected to the
tenperature nmeasuring unit 4. In this case,
tenperature signals which are neasured by the
tenperature neasuring unit 4 may be transmitted to the
node controlling wunit 7 and the control nobdes nmay be
switched in accordance with the tenperatures which are
neasured by the tenperature measuring unit 4.

[ 0020] SUbsequentIy, each control node of the radiation
generating apparatus of the enbodi nent will be descri bed
by using the following Table 1. As shown in Table 1,
each control node controls the presence or absence of
the em ssion of the electron from the cathode and the
presence or absence of the applying of the high voltage
between the cathode and the anode.
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Control mode 1

Control mode

{2

Control mode
3

Photographing
mode

Stirring mode

Stopping mode

Electron is

emitted from Yes No No
cathode

High voltage

is applied

between Yes Yes No

cathode and
anode

A control nmde 1 is a photographing npde and denotes a
control node in which the electron is enitted from the
cathode and the high voltage is applied between the
cathode and the anode. In this case, the electron
emtted from the cathode enters the anode and the
radiation is emtted. 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

i nsul ati ng
stirred.
A contro

liquid 9 in the housing

hydr odynami cs

ef fect.

node serving as a feature of the invention

node 2 denotes
is applied between
where no el ectron

case,
radi ati on
not rise either.

vol t age
a. flow of
el ectri cal
i nsul ati ng

since no el ectron

a contro

is emtted

isemtted and.a tenperature
On the other
is applied between
t he
hydr odynani cs

i nsul ati ng

liquid 9is stirred

node

is emtted

t he - cat hode

ef fect

i n which

the cathode and the anode
from t he cat hode.

hand,

l[iquid 9 occurs

i s obt ai ned.

Thus,
cont ai ner 20 is

si nce

and

t he

mode 2 is astirring node and denotes a contro
The contro
t he high voltage

in a state
In this

from the cathode, no
of the anode does

the high
t he anode,

by the
and a state where

t he

The contro
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-nmode 2 is desirably used, for exanple, in the case where
itisintended toelimnate alocal tenperature increase
of the insulating liquid 9, the case where it is intended
to pronote the cooling of the radiation tube 2 and the
insulating liquid 9, or the like.

[0024] Acontrol node 3is a stopping node and denotes a control
mode in which no electron is enmitted from the cathode
and the high voltage is not applied between the cathode
and the anode either. |

[0023] Subsequently, a voltage applying nmethod in each control
node will be described by using FIGS. 2A 2B, and 2C

FIG 2A is a diagram illustrating a voltage portion
regardi ng each control node. FIGS. 2B and 2C are
diagranms illustrating the voltage applying method in

each control node.

[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 emtted from the cathode 11
is obtained. An electric potential on a negative
el ectrode side of the heater voltage is set to an
el ectric 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 predetermned voltage Vg, the electron is
pulled out in the anode direction. However, at a
vol tage which i s equal toor |ower than a cut-off voltage
(Vcutof f), a state where the electron is not emitted in
the anode direction is obtained. A cathode-to-anode
voltage i s avoltage which i s applied between the cathode
11 and the anode 14. ,

[0026] FIG 2B is adiagram illustrating the applying voltage
in the control mbdes 1 and 3. 1In the control node 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[Vv] , respectively. Thus, the electron is emtted
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[ 0027]

[ 0028]

[ 0029]

fromthe cathode and enters the anode, and the radiation
isemtted. - Inthe control node 3, all of those voltages
are equal to 0O[V]

FIG 2Cis a diagram illustrating the applying voltage
in the control node 2. As a voltage applying nmethod in
the control node 2, either the nethod (1) or (2) shown
in FIG 2Ccan be used. (1) isamethod whereby the grid
voltage is set to the cut-off voltage in a state where
t he heater voltage has been applied. At this tine, the
electric potential of the grid is |lower than that of the
cat hode. (2) is amethod whereby the heater voltage is
set to O[v] and the grid voltage is set to the cut-off
vol t age. By setting the heater voltage to 0V, a state
where nothermion isemtted fromthe cathode i s obtained .
Further, by setting the grid voltage to the cut-off
voltage, a notion of remaining thermons in the anode
direction is stopped. In both nethods, the

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

cat hode-to-anode voltage in the control node 2 may be
hi gher than that in the control nopde 1.

Al though there are an anode grounded nethod and a

m ddl e- point grounded nethod as an applying nethod of
the cat hode-to-anode voltage Va, it is desirable to use
t he m ddl e-point grounded nethod. The anode grounded
method is a method whereby when the cathode-to-anode
voltage is set to Va[Vv], the electric potential of the
anode is set to O[v] (Gud) and the electric potential
of the cathode is set to -Va[vy . The m ddle-point
grounded nethod is a nmethod 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 ValZ2.

FIG |B shows the electric potential of each portion in
t he case of the m ddl e-point grounded nethod. Al t hough
it is desirable to set the cathode-to-anode voltage Va
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to about 40kV to 150kV, even if Va is equal to a high
vol tage out of such arange, the insulating liquid 9 can
be made to flow. | f the cathode-to-anode voltage Vais
set to about 40 to 150kV and the m ddl e-point grounded
method is used, a high field strength portion of about
106/ mt o 10’V/ m occurs even between the cathode and the
housi ng contai ner and between the anode and t he housing
contai ner besides the case where it occurs between the
cat hode 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
hydrodynam cs effect. Although a flow ng speed of the
insulating liquid 9 at this tinme depends on the voltage
which is applied, shapes of the cathode and the anode,
amaterial forming the insulating liquid o, or the Iike,

it is equal to about a few to hundreds of mmisec. By
such a flow of the insulating liquid 9, the insulating
liquid 9is stirred in the housing container 20. Inthe

case of the middl e-point grounded nethod, since the high
field strength portion exists near the anode 14 of a high
tenperature and the flow of the insulating liquid 9
occurs near the anode 14, the cooling of the .anode 14
is further pronoted.
Second Enbodi nent |

[0030] Subsequently, another exanple of the radiation
generating apparatus of the invention will be descri bed
by using FIG 3. FIG 3 is a schematic cross sectional
view of the radiation tube housi ng unit 1 which can be
applied to the radiation generating apparatus of the
i nventi on. In the enbodinent, a transmtting type
radi ation tube is used in the radiation tube 2 and ot her
portions can be constructed inanmnner simlar tothose
in the first enbodi nment. The enbodinment is
characterized by the driving in the stirring node in a
manner simlar to the first enbodi nment. In FIG 3, the
same nenbers as those in FIG |B are designated by the



WO 2013/081179 11 PCT/JP2012/081586

[ 0031]

[ 0032]

same reference nunerals, 11 denotes the cathode, and 15
indicates the target. The target 15 is fornmed on the
surface of a supporting board 17. A radiation emtted
fromthe target 15 passes through the supporting board
17 and is emtted to the outside of the radiation tube
2; In the enbodi ment, the target 15 plays a role of the
anode. A hot cathode such as tungsten filanent or

i npregnated cathode or a cold cathode such as carbon
nanotube or the like can be used as a cathode 11. In
the i nvention, as illustrated in FIG 3, the grid

el ectrode 12 and the lens electrode 13 may be arranged
near the cathode 11. Tungsten, tantalum nolybdenum
or the |l i ke can be used as atarget 15. Di anond, silicon
nitride, alumnum nitride, or the Iike can be used as
a supporting board 17.

A radiation shieldi ng menber 18 is provided near the
target 15. The radiation shielding nenber 18 shields
unnecessary radiation inthe radiation emtted fromthe
target 15. The electron emtted from the target 15
passes through a passage of the radiation shielding
menber 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
shiel ding nenber 18. The radiation which has passed
t hrough the supporting board 17 passes through the
passage of the radiation shielding nmenber 18 and the
unnecessary radiation is shielded by the radiation
shielding nenber 18. For exanple, anmetal material such
as tungsten, tantalum or the like can be used as a
radi ati on shielding nenber 18.

Thi rd Enbodi nent

Subsequently, a controlling nethod of the radiation
generating apparatus of the invention will be described
by using FIG 4. The radiation generating apparatus of
the first or second enbodinment can be applied to the
radi ati on generating apparatus. The enbodi ment
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relates to the controlling method which can be applied
at the tinme of radi ographing. FIG 4 is a flowhart
showi ng the controlling nethod.

[0033] First, when a photographing switch is pressed in a
waiting state after a power source of the apparatus was
turned on, a photographing node (node 1) is set and the
phot ographing is started. The photographing is
executed only for a preset tine.  After conpletion of
t he photographing, a tenperature of a predeterm ned
| ocation in the housing container 20 is neasured by the
tenperature neasuring unit 4. |f the tenperature is
| ower than apredeternm ned tenperature TI, the apparatus
isreturned tothe waiting state. The waiting state is
a state where although a power source circuit of the
whol e system is in an operating state, no voltage is
out put . If the tenperature is equal to or higher than
TI, the apparatus is set to a photographing stopping
state and the operating node is switched from the
phot ogr aphing node (node 1) to astirring node (node 2).
In the stirring node (node 2), the tenperature of the
predetermned l|ocation is simlarly neasured. I f the
tenperature is equal to or higher than a predeterm ned
tenperature T2, the stirring node (node 2) i s continued.
I f the tenperature islower than T2, the apparatus enters
the waiting state. ‘

[0034] The location where the tenperature is neasured can be
set toalocation like, for exanple, atenperature sensor
16a in FIG 1B, by which the tenperature - of the
insulating liquid 9 near the anode i s nmeasured. Inthis
case, Tl can be set toatenperature which i s |ower than,
for exanple, a heat resisting tenperature
(decomposition starting tenperature) of the insulating
l[iquid 9 by about tens of °c. On the other hand, the
| ocation where the tenperature is neasured can be set
to.a location -like, for exanple, a tenperature sensor
16b in FIG 1B, by which the tenperature of the
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insulating liquid 9 near the high-voltage circuit board
3 i s measured. In this case, Tl can be set to a
temperature which is lower than an upper limt

temperature which is decided on the basis of tenperature
characteristics, heat resisting tenperature, and the
like of electronic parts of the high-voltage ~circuit
board 3 by about tens of °c T2 can be set to a

tenmperature which is lower than Tl by about tens of °C.
A plurality of conbinations of tenperature sensors and
Tl and T2 may be set. The location of the tenperature
sensor and Tl and T2 are not limted to them

The voltage Va which is applied between the cathode and
the anode in the photographing node (node 1) and that
in the stirring node (node 2) may be identical or
different. The voltage Va in the photographing node
(nmbde 1) is set in accordance wth photographing
condi tions. In the stirring node (node 2), in order to
set astirring speed of the insulating liquid 9to avalue
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 limt value
of the voltage Va which is set on the basis of the
wi thstanding voltage performance is set to Vamax, a

“val ue which is equal to or larger than 0.7 x Vamax is

desirable and a value which is equal to or larger than
0.8 x Vamax is nuch desirable. For exanple, in the
general radiation generating apparatus, since the- set
upper |imt value of the voltage Va is equal to about
| OOkV to 120kV, it is desirable to set the voltage Va
to a value which is equal to or larger than about 70kV
t o 85kV and a value which i s equal to or larger than 80kV
to 95kV or nore is nmuch desirable.

In the stirring node (nmode 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 tenperature of the anode 14 does not rise, the anode
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14 and the ‘insulating liquid 9 can be pronptly cool ed.
When the target is photographed at the relatively |ow
voltage Va, there is a case where the flowi ng speed of
the insulating liquid 9 is low and the tenperature of
the insulating liquid 9rises locally near the anode 14.
However, in such a case, it is sufficient to apply the
hi gher voltage Vainthe stirring node (node 2). Bythis
method, the insulating liquid 9 can be stirred at a high
speed and the local tenperature increase can be
elimnated .

According to the controlling nethod of the enbodi nent,
since the insulating liquid can be efficiently and
sufficiently cooled for ashort time inthe stirring node
for a radi ographing stopping period,' even in the case
where the phot ograbhi ng stopping period is provided
bet ween the photographing and the photographing and the
photographing is intermttently perforned, the

radi ographing having excellent reliability can be
realized.

Fourt h Enbodi nent

Subsequently, another controlling nethod of the

radi ati on generating apparatus of the invention will be
described by using FIGS. 5A, 5B, and 5C. The radiation
generating apparatus of the first or second enbodi nent
can be applied to the radiation generating apparatus.
The enbodi ment relates to the controlli ng method which
can be applied after the radiographing was finished.
FIGS. BAto 5Care flowharts showi ng an exanple of the
controlling nethod.

In FIG 5A first, when an end switch is pressed after
t he radi ographing was finished, a tenperature of a
predet ermined location in the housi ng container 20 is
neasured by the tenperature neasuring unit 4. |f the
tenperature is lower than a predeterm ned tenperature
T3, the node is shifted to a stopping node (nmpbde 3) and
t he power source of the apparatus is turned off. I f the
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[0040]

tenperature is equal to or higher than T3, the node is
shifted tothe stirring node (node 2). |In the stirring
mode (nmode 2), the tenperature of the predetern ned
location is simlarly neasured. I f the tenperature is
equal to or higher than T3, the stirring node (node 2)
i s continued. I f the tenperature is lower than T3, the
node is shifted to the stopping node (node 3) and the
power source of the apparatus is turned off. The

| ocation where the tenperature is neasured can be set
toalocation like, for exanple, the tenperature sensor
16a in FIG 1B, by which the tenperature of the
insulating liquid 9 near the anode i s neasured. Inthis
case, T3 can be set to atenperature which is |ower than,
for exanple, the heat resisting tenperature
(deconposition starting tenperature) of the insulating
liquid 9 by about tens of °c. The |ocation where the
tenperature is neasured can be set to a location Iike,
for exanpl e, the tenperature sensor 16b in FIG 1B, by
which the tenperature of the insulating liquid 9 near
the high-voltage circuit board 3 is neasured. In this
case, T3 can be set to a tenperature which is |ower than
the upper Iimt tenperature which i s decided onthe basis
of the tenperature characteristics, heat resisting
tenperature, and the |ike of the electronic parts of the
hi gh-voltage circuit board 3 by about tens of °c  The
| ocations of the tenperature sensors and T3 are not
limted to them

In FIG 5B, in a manner simlar to FIG 5A if the
tenperature of the predetermined location is equal to
or higher than T3, the node is shifted to the stirring
node (nmode 2) and the stirring node (node 2) i s executed
for a predetermined tinme tl. After that, the node is
shifted to the stopping node (mpde 3) and the power
source of the apparatus is turned off. InFIG 5C after
t he radi ographing was finished, the stirring node (node
2) is executed for the predetermined tine tl. After
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[ 0041]

[ 0042]

[ 0043]

that, the node is shifted to the stopping node (node 3)
and the power source of the apparatus is turned off.
Al 't hough t1 can be properly set in accordance wth using
conditions or the like, it is sufficient that tl is set
to a time necessary to reduce the tenperature of the
insulating liquid 9 by about tens of °c. tl can be set
to.avalue within a range from about tens of seconds to
a few mnutes. '

Accor di ng to the controlli ng met hod of the enbodi ment ,
since the insulating liquid can be efficiently and
sufficiently cooled for ashort tine inthe stirring node
after the radi ographing was finished, a waiting tine
until the next radiographing can be shortened and the
radi ographing having excellent reliability can be
realized even at the tine of the next radiographing.
Fi fth Enbodi nent

Subsequently, another controlling nethod of the

radi ati on generating apparatus of the invention will be
descri bed by using FI GS. 6A, 6B, and 6C. The radiation
generating apparatus of the first or second enbodi nent
can be applied to the radiation generating apparatus.
The enbodi ment relates to the controlli ng nethod which
can be applied before the radiographing is started.
FIGS. 6Ato 6Care flowharts showi ng an exanple of the
controlling nethod.

In FIG 6A first, after the power source of the
apparatus was turned on (after the apparatus was
activated) , the tenperature of the predeterm ned

| ocation in the housing container 20 is neasured by the
tenperature neasuring unit 4. |f the tenperature is
| ower than T4, the apparatus enters the waiting state.
If the tenperature is equal to or higher than T4, the
node is shifted to the stirring node (node 2). |In the
stirring node (node 2), the tenperature of the
predetermined location is simlarly neasured. I f the
tenmperature is equal to or higher than T4, the stirring'
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node (node 2) i s continued. I f the tenperature is |ower
than T4, the apparatus enters the waiting state. The
| ocation where the tenperature s nmeasured can be set

to the location like, for exanple, the tenperature
sensor 16a in FIG 1B, by which the tenperature of the
insulating liquid 9 near the anode i s nmeasured. Inthis

case, T4 can be set to atenperature which is lower than,
for exanple, the heat resisting tenperature

(deconposition starting tenperature) of the insulating
liquid 9 by about tens of °c. The location where the

tenperature is nmeasured can be set tothe location I|iKke,
for exanple, the tenperature sensor 16b in FIG 1IB, by
which the tenperature of the insulating liquid 9 near
the high-voltage circuit board 3 is measured. In this

case, T4 can be set to atenperature which is |ower than
the upper Iimt tenperature which is decided on the basis
of the tenperature characteristics, heat resisting
temperature, and the |like of the electronic parts of the
hi gh-voltage ~circuit board 3 by about tens of °Cc. The
| ocations of the tenperature sensors and T4 are not
[imted to them

[0044] In FIG 6B, in a manner simlar to FIG 6A if the
tenmperature of the predetermined |location is equal to
or higher than T4, the node is shifted to the stirring
node (node 2) and the stirring node (node 2) i s executed
for apredetermned tine t2. After that, the apparatus
enters the waiting state. In FIG 6C after the power
source of the apparatus was turned on, the stirring node
(nmode 2) is executed for the predetermned tinme t2.
After that, the apparatus enters the waiting state.
Al though t2 can be properly set in accordance wth using
conditions or the like, it is sufficient that t2 is set
toatime necessary to sufficiently stir the insulating
liquid 9or to reducé the tenperature 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
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few m nut es.

[0045]  According to the controlling nethod of t he enbodi nent,
since the insulating liquid can be efficiently and
sufficiently cooled for ashort time inthe stirring node
before the radi ographing is perfornmed, such a risk that
the photographing is interrupted by the increase in
tenperature of the insulating l|iquid upon photographing
(or the | ocal terrperatuke i ncrease) can be reduced.

[0046] The controlling nmethod of the radiation generating
apparatus in the invention may be any one of the
foregoing third to fifth enbodinments or may be a
conbi nati on of any ones of them
Si xt h Enbodi nent

[0047] Subsequently, a radiographing system using the
radi ati on generating apparatus in the invention will be
described by using FIG 7. FIG 7 is a constructional
di agram of the radiographing system of the enbodi nent.
The radi ographing system of the enbodinment has a
radi ati on generating apparatus 30, aradiation detector
31, aradiation detecting signal processing unit 32, a
system controlling wunit 33, and a displaying unit 34.
For exanple, the radiation generating apparatus of the
first or second enbodinment is desirably used as a
radi ati on 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 wunit 33.

[0049] The system controlling unit 33 controls the radiation
generating apparatus 30 and the radiation detector 31
inaninterlocking 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 6. Thus, an emtting state of
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the radiation from the radiation generating apparatus
30 is controlled. The radiation emtted from the
radi ati on generating apparatus 30 is detected by the
radi ation detector 31 through a subject 35 and a
radiation transm ssive imge of the subject 35 is
phot ogr aphed. The phot ographed radiation transm ssive
image is sent to the system controlling unit 33 through
the radiation detecting signal processing unit 32 and
i s displayed to the displaying unit 34. The radiation
generating apparatus 30 and the radiation detector 31
may be controlled in an interlocking relational nanner
in accordance with a target photographing inage, a
phdt ographing region, or the Iike.

[0050] While the present invention has been described wth

reference to exenplary enbodinments, it is to be
understood that the invention is not limted to the
di scl osed exenplary enbodi nents. The scope of the

followng clains is to be accorded the broadcast
interpretation so astoenconpass all such nodif ications
and équi val ent structures and functions.
[0051] This application clainms the benefit of Japanese Patent
Application No. 2011-264398, filed Decenber 2, 2011,
which is hereby incorporated by reference herein inits
entirety.
Ref erence Signs List
[0052] 1: Radiation tube housing unit
2: Radiation tube
3: High-voltage circuit board
4: Temperature neasuring unit
6: Device controlling wunit
7: Mbde controlling wunit
8: Voltage controlling wunit
9

Insulating liquid
10: Vacuum cont ai ner
11: Cat hode

12: Gid electrode
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13: Lens electrode

14: Anode

15: Target

16a, 16b: Tenperature sensor

17: Supporting board

18: Radi ation shielding nenber

20: Housing container

21: Radiation transmtting w ndow
'30: Radiation generating apparatus
31: Radiation detector

32: Radiation detecting signal processing unit
33: System controlling unit

34: Displaying unit

35: Subj ect
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CLAI M5

[Caim 1] A radiation generating apparatus in which a
radi ation tube having a cathode for emtting an
el ectron and an anode for generating a radiation
by an irradi ation of the electron enmitted fromthe
cat hode i s enclosed in a housing container filled
with an insulating liquid, conprising
a nechanism 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 emt any electron.

[Caim 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
el ectrode and the cathode, the nechanism can be
set into a state where the cathode does not emt
any el ectron.

[aim 3] A radiation generati ng apparatus according to
Claim2, wherein by setting an electric potenti al
of the grid electrode to a potential |ower than
anelectric potential of the cathode, the mechanism
can be set into a state where the cathode does not
emt any electron.

[Caima4] A radiation generating apparatus according to
Claim 2, wherein .

t he cat hode has a heater for generating athermon,
and

by setting avoltage which is applied to the heater
to ov, the nechanism can be set into a state where
the cathode does not enit any electron.

[Caims] Avradiation generating apparatus according to any
one of Clains 1 to 4, wherein the nechanism
swi t ches : a phot ographi ng node i nwhich the vol t age
for allowing the insulating liquid to flow is
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appli ed between the cathode and the anode in a state
where the cathode emts the electron; and a
stirring nmode in which the voltage for allow ng
the insulating liquid to flow is applied between
the cathode and the anode in a state where the
cathode does not enit any electron.

[Claim 6] A radiation generating apparatus according to
Claim 5, wherein the mechanism drives the radiation
generating apparatus in the photographing node and
switches from the photographing nobde to the
stirring node in accordance wth a tenperature of
the insulating |liquid after the driving in the
phot ographing node was fini shed.

[Claim 7] A radiation generating apparatus according to
Claim s, wherein the mechanism drives the radiation
generating apparatus in the stirring node after
the radi ati on generating apparatus was activated,
and switches from the stirring nobde to the
phot ographing node in accordance wth a
temperature of the insulating liquid after the

, driving in the stirring node was finished.

[Claim 8] A radiation generating apparatus according to
Caim 5, wherein the voltage which is applied
between the cathode and the anode in the stirring
node i s higher than that in the photographing node.

[Caim 9] A radiation generating apparatus according to any
one of Clainms 1 to 8, wherein when it is assuned
that the voltage which is applied between the
cathode and the anode is equal to Vaj[v , the
mechani sm 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.

[Caim 10] A radiation generating apparatus according to
Caim 1, wherein the insulating liquid is an
electrical insulating oil.
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A radiographing system conpri sing:

the radiation generating apparatus according to
any one of Clainms 1 to 10; a radiation detector
for detecting the radiation which was enmitted from
the radiation generating apparatus and passed

t hrough a sUbject; and

a system controlling unit for controlling the

radi ati on generating apparatus and the radiation
detector .
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