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(57) ABSTRACT 

A nondestructive inspection apparatus with integrated power 
Supply comprises a molded power Supply Section (14) 
having a resin-molded high voltage (e.g. 160 kV) generating 
section (15) secured to the base of a tubular section (2). The 
durability and handlability are improved by omitting a high 
voltage cable. Since the high voltage generating Section (15) 
is confined in a molding resin, the degree of freedom in the 
arrangement of the high voltage generating Section (15) 
within the mold is enhanced significantly. Furthermore, an 
X-ray generating unit (1) can be installed stably in the 
nondestructive inspection apparatus (70) by disposing the 
heavy molded power Supply Section (14) under a target (10). 

4 Claims, 7 Drawing Sheets 
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NONDESTRUCTIVE INSPECTION 
APPARATUS 

TECHNICAL FIELD 

The present invention relates to a nondestructive inspec 
tion apparatus, and, in particular, to a nondestructive inspec 
tion apparatus utilizing an open type X-ray generating 
apparatus making it possible to replace a filament part, 
which is a consumable, upon vacuum aspiration by use of a 
pump. 

BACKGROUND ART 

An X-ray generating apparatus utilized in Such a field has 
conventionally been known from Japanese Patent Applica 
tion Laid-Open No. HEI 10-503618. In the X-ray generating 
apparatus disclosed in the above-mentioned publication, 
electron beams emitted from a cathode are focused onto a 
target by an electromagnetic action of a coil, whereby an 
X-ray beam is emitted from a target toward an object to be 
inspected. Here, Since the X-ray generating apparatus oper 
ates at a very high Voltage of 160 kV, it has a separate, 
large-size, high-voltage power unit which is connected to the 
X-ray generating apparatus by a high-tension cable. 

Since the high-voltage power unit for driving the X-ray 
generating apparatus has a structure for generating a very 
high voltage of 100 kV to 300 kV, however, the high-tension 
cable for transmitting this Voltage to the X-ray generating 
apparatus must become very thick (e.g., a diameter of 40 
mm) and heavy. The handling of Such a high-tension cable 
is required to be managed quite Strictly. Namely, the degree 
of freedom in bending this high-tension cable is very low 
because of its high-tension characteristics and structure, 
whereby extreme caution must be taken to prevent disasters 
from occurring due to electric leakage upon connection to 
the X-ray generating apparatus, and periodical maintenance 
is necessary for preventing electric leakage from occurring 
from a connecting part, thus putting an excessive load on 
operators and users. In addition, the weight of high-tension 
cable has been a factor further enhancing the burden of 
operators. 
When Such an X-ray generating apparatus is placed in a 

nondestructive inspection apparatus, the high-tension cable 
has a very low degree of freedom in bending, whereby the 
X-ray generating apparatus will be placed under a Suspend 
ing State in the nondestructive inspection apparatus if the 
high-tension cable is one extending from the lower part of 
the X-ray generating apparatus, thus yielding an unstable 
fixing state. Such a restriction results from the difficulty in 
traveling of the high-tension cable. 

For overcoming the problem mentioned above, it is an 
object of the present invention, in particular, to provide an 
on destructive inspection apparatus which can Stably place 
an open type X-ray generating apparatus making its filament 
part replaceable. 

DISCLOSURE OF THE INVENTION 

The nondestructive inspection apparatus of the present 
invention is a nondestructive inspection apparatus for irra 
diating an object to be inspected with an X-ray generated 
from an open type X-ray generating apparatus which irra 
diates a target with an electron emitted from an electron gun 
having a replaceable filament part So as to release the X-ray 
from the target, and capturing a State of the object to be 
inspected with an X-ray camera; the open type X-ray 
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2 
generating apparatus comprising a tubular portion, adapted 
to be vacuumed by a pump, having a coil part there within 
and an electron path Surrounded by the coil part; and a mold 
power unit, Secured to a proximal end Side of the tubular 
portion, having a resin-molded high-voltage generating part; 
wherein the mold power unit is Secured to a base plate while 
in a State where the target disposed on one end Side of the 
tubular portion and the mold power unit disposed on the 
other end Side of the tubular portion are located on the upper 
and lower Sides, respectively. 

This nondestructive inspection apparatus utilizes vacuum 
aspiration effected by the pump, So as to make it possible to 
replace the filament part, which is a consumable, thereby 
improving the maintenance. Such an apparatus is required to 
have not only durability but also easiness in handling. 
Hence, for eliminating the high-tension cable in order to 
improve the handling, a mold power unit in which a high 
Voltage generating part attaining a high Voltage (e.g., 160 
kV) is molded with a resin is employed, whereas this mold 
power unit is Secured to the proximal end Side of the tubular 
portion, whereby an apparatus of a type integrated with a 
power Supply is realized. Since the high-voltage generating 
part is confined within the resin mold as Such, the degree of 
freedom in configuration of the high-voltage generating 
portion improves remarkably. Also, Since the heavy mold 
power unit and the target are located on the lower and upper 
Sides, respectively, the X-ray generating apparatus can be 
placed in the nondestructive inspection apparatus while in a 
Stable State. In addition, Since the conventional necessity for 
the high-tension cable is eliminated, the heavy mold power 
unit can be Secured onto the base plate of the nondestructive 
inspection apparatus, whereby the X-ray generating appa 
ratus can further be stabilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing an embodiment of an 
open type X-ray generating apparatus adapted to the non 
destructive inspection apparatus in accordance with the 
present invention; 

FIG. 2 is a sectional view showing a mold power unit of 
the X-ray generating apparatus shown in FIG. 1; 

FIG. 3 is a Sectional view showing an electron gun of the 
X-ray generating apparatus shown in FIG. 1; 

FIG. 4 is a Side view showing the appearance of the mold 
power unit shown in FIG. 2; 

FIG. 5 is a sectional view of a case of the mold power unit 
shown in FIG. 4; 

FIG. 6 is a block diagram showing a driving control 
portion of the X-ray generating apparatus, and 

FIG. 7 is a schematic view showing an embodiment of the 
nondestructive inspection apparatus in accordance with the 
present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In the following, a preferred embodiment of the nonde 
Structive inspection apparatus in accordance with the present 
invention will be explained in detail with reference to the 
drawings. 
AS shown in FIG. 1, this X-ray generating apparatuS 1 is 

of an open type and can arbitrarily produce a vacuum State 
unlike closed types which are disposable, thereby making it 
possible to replace a filament part F and a target 10 which 
are consumables. This X-ray generating apparatus 1 has a 
tubular portion 2 made of StainleSS Steel with a cylindrical 
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form, which attains a vacuum State upon operation. The 
tubular portion 2 is divided into two parts, i.e., a fixed part 
3 and a detachable part 4 which are located on the lower and 
upper Sides, respectively, whereas the detachable part 4 is 
attached to the fixed part 3 by way of a hinge part 5. 
Therefore, when the detachable part 4 pivots by way of the 
hinge part 5 So as to topple Sideways, the upper portion of 
the fixed part 3 can be opened, So as to allow access to the 
filament part (cathode) F accommodated in the fixed part 3. 

Within the detachable part 4, a pair of upper and lower 
tubular coil parts 6, 7 functioning as an electromagnetic 
deflection lens are provided, whereas an electron path 8 
extends in the longitudinal direction of the tubular portion 2 
So as to pass through the centers of the coil parts 6, 7 and is 
surrounded by the coil parts 6, 7. A disk plate 9 is secured 
to the lower end of the detachable part 4 so as to close the 
Same, where as an electron inlet hole 9a aligning with the 
electron path 8 on its lower end side is formed at the center 
of the disk plate 9. 

The upper end of the detachable part 4 is formed into a 
truncated cone having a top portion to which a disk-shaped 
target 10, positioned on the upper end Side of the electron 
path 8, for forming an electron transmission type X-ray 
emission window is attached. The target 10 is made of a 
member by which an electron generated from the filament F 
and transmitted through the electron passage 8 is converted 
into an X-ray, and is accommodated in a detachable rotary 
cap part 11 while in a State grounded thereto. Therefore, the 
target 10, which is a consumable, can also be replaced upon 
removing the cap part 11. 
On the other hand, a vacuum pump 12 is Secured to the 

fixed part 3, and is used for attaining a highly vacuum State 
within the whole tubular portion 2. Namely, since the X-ray 
generating apparatuS 1 is equipped with the vacuum pump 
12, the filament part F and target 10, which are consumables, 
can be replaced. 

Here, a mold power unit 14 integrated with an electron 
gun 16 is Secured to the proximal end Side of the tubular 
portion 2. The mold power unit 14 is one molded with an 
electrically insulating resin (e.g., epoxy resin), and is accom 
modated within a case 40 made of a metal. The lower end 
(proximal end) of the fixed part 3 of the tubular portion 2 is 
firmly secured to an upper plate 40b of the case 40 by 
Screwing or the like in a Sealed State. 
AS shown in FIG. 2, a high-voltage generating part 15 

constituting a transformer generating a high Voltage (e.g., a 
maximum of -160 kV when grounding the target 10) is 
enclosed within the mold power unit 14. Specifically, the 
mold power unit 14 comprises a block-shaped power unit 
body 14a, positioned on the lower Side, having a rectangular 
parallelepiped form; and a columnar neck part 14b project 
ing upward into the fixed part 3 from the power unit body 
14a. Since the high-voltage generating part 15 is a heavy 
component, it is preferably enclosed within the power unit 
body 14a, and arranged as low as possible in View of the 
weight balance of the whole apparatus 1. 

Attached to the leading end portion of the neck part 14b 
is the electron gun 16 arranged So as to oppose the target 10 
with the electron path 8 interposed there between. As shown 
in FIG. 3, the electron gun 16 has a grid base 17 to be 
attached to the neck part 14b, whereas the grid base 17 is 
fixed, by means of a thread part 19, with respect to a grid 
terminal 18 embedded in the leading end face of the neck 
part 14b. 

Also, a filament terminal 20 is embedded in the neck part 
14b at the leading end face thereof. A heater socket 121 is 
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4 
screwed into the terminal 20, whereas the filament part F is 
detachably attached to the leading end of the heater Socket 
21. Here, the filament part F is constituted by a heater pin 22 
to be inserted into the heater Socket 21 and a heater base 23 
for Supporting the heater pin 22, whereas the heater pin 22 
is freely detachable from the heater socket 21. 

Further, the filament part F is covered with a grid cap 24 
So as to form a lid, and a grid Securing ring 25 is Screwed 
onto the grid base 17, So as to press the grid cap 24 from 
thereabove. As a result, the heater base 23 of the filament 
part F accommodated within the grid cap 24 is Secured in 
cooperation with a press ring 26. Thus, the filament part F 
is configured So as to be replaceable when necessary. 

In thus configured electron gun 16, the grid base 17 
electrically connected to the grid terminal 18, the grid 
Securing ring 25, and the grid cap 24 constitute a grid part 
30. On the other hand, the filament part F electrically 
connected to the filament terminal 20 by way of the heater 
Socket 21 constitutes a cathode electrode. 

Within the power unit body 14a of the mold power unit 
14, as shown in FIG. 2, an electron emission control part 31 
electrically connected to the high-voltage generating part 15 
is enclosed, and controls electron emission timings, tube 
current, and the like. The electron emission control part 31 
is connected to the grid terminal 18 and filament terminal 20 
by way of a grid connecting line 32 and a filament connect 
ing line 33, respectively, whereas the connecting lines 32,33 
are enclosed in the neck part 14b Since a high Voltage is 
applied to both of them. 

Namely, not only the high-voltage generating part 15 but 
also the grid connecting line 32 feeding electricity to the grid 
part 30 and the filament connecting line 33 feeding elec 
tricity to the filament part F attain a high Voltage. 
Specifically, when the target 10 is grounded, a maximum 
Voltage of -160 kV can be produced in the high-voltage 
generating part 15. At that time, in a State floated to a high 
voltage (-160 kV), a voltage of several hundred V is 
applied to the grid connecting line 32, whereas a voltage of 
-2 to -3 V is applied to the filament connecting line 33. 

Therefore, when each of Such feeder components attain 
ing a high Voltage is confined within the electrically insu 
lating resin mold, the degree of freedom in configuration of 
the high-voltage generating part 15 and the degree of 
freedom in bending of the lines 32, 33 can be improved 
remarkably, So as to help the mold power unit 14 reduce its 
size, thereby making the apparatus itself Smaller, which 
remarkably improves the handling of the apparatus 1. 

Further, as shown in FIGS. 1 to 3, the power unit body 14a 
is provided with a groove part 34 Surrounding the base 
portion of the neck part 14b in an annular fashion. The 
groove part 34 enhances the creepage distance between the 
grid base 17 and the case 40, whereby creepage discharge 
can effectively be prevented from occurring in the Surface of 
the mold power unit 14. On the other hand, the neck part 14b 
extending from the power unit body 14a into the tubular 
portion 2 can enhance the creepage distance from the mold 
power unit 14, whereby creepage discharge can appropri 
ately be prevented from occurring in the Surface of the mold 
power unit 14 when the mold power unit 14 is in a vacuum 
State. 

Here, as shown in FIGS. 2 and 4, the power unit body 14a 
is accommodated in the case 40 made of a metal, whereas a 
space S is provided between the power unit body 14a and the 
case 40, So that a high-voltage control part 41 is arranged 
within the space S. A power terminal 43 for connecting with 
an external power Supply is Secured to the case 40, whereas 
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the high-voltage control part 41 is connected not only to the 
power terminal 43, but also to the high-voltage generating 
part 15 and electron emission control part 31 within the mold 
power unit 14 by way of lines 44, 45, respectively. Also, 
according to a control Signal from the outside, the high 
Voltage control part 41 controls a voltage which can be 
generated in the high-voltage generating part 15 constituting 
the transformer, Such that it ranges from a high voltage (e.g., 
160 kV) to a low voltage (0 V). Further, the electron 
emission control part 31 controls electron emission timings, 
tube current, and the like. Since the high-voltage control part 
41 is disposed in close proximity to the mold power unit 14 
whereas the high-voltage control part 41 is Stored within the 
case 40 as Such, the handling of the apparatuS 1 improves 
remarkably. 

Various electronic components are implemented in Such a 
high-voltage control part 41. Therefore, it is important for 
each component to be cooled in order to Stabilize its oper 
ating characteristics. Hence, a cooling fan 46 is attached to 
the case 40, so that air flows within the space S, whereby the 
high-voltage control part 41 is forcibly cooled. 

Further, as shown in FIG. 5, the space S is formed by an 
inner peripheral face 4.0a of the case 40 and an outer wall 
face 14a A of the power unit body 14a so as to surround the 
outer periphery of the power unit body 14a. A side face of 
the case 40 is formed with a pair of left and right intake ports 
47. As a consequence, the intake ports 47 and the cooling fan 
46 cooperate, thereby making it possible to cool not only the 
high-voltage control part 41, but also the Surface of the mold 
power unit 14. This can Stabilize operating characteristics of 
various components molded within the mold power unit 14, 
thereby elongating the life of the mold power unit 14. 
Alternatively, exhaust ports may be referred to with numeral 
47, so as to introduce air by use of the cooling fan 46. 

In the X-ray generating apparatus 1, as shown in FIG. 6, 
a terminal part 48 is secured to the case 40. Provided in the 
terminal part 48 are power terminals 43 to which a controller 
49 for connecting with the external power Supply is con 
nected by way of detachable lines 60, 62. Here, one terminal 
43 is connected to the high-voltage control part 41, whereas 
the other terminal 43 is connected to coil terminals 56. When 
Such terminals 43 are utilized, the X-ray generating appa 
ratuS 1 is appropriately fed with electricity. The terminal part 
48 is further provided with the coil terminals 56, to which 
two detachable coil control lines 50, 51 are connected, 
respectively, whereas the coil control lines 50, 51 are con 
nected to the coil parts 6, 7, respectively. As a consequence, 
the feeding of electricity to each of the coil parts 6, 7 is 
controlled individually. 

Therefore, according to the control effected by the con 
troller 49, a power and a control Signal are Supplied to the 
high-voltage generating part 15 and electron emission con 
trol part 31 of the mold power unit 14, respectively, from the 
high-voltage control part 41 within the case 40 by way of 
one terminal 43. Simultaneously therewith, the coil parts 6, 
7 are also fed with electricity by way of the lines 50, 51 
connected to the other terminal 43. As a result, electrons are 
emitted from the filament part F with an appropriate 
acceleration, and are appropriately converged by the con 
trolled coil parts 6, 7, so as to bombard the target 10, 
whereby X-rays are emitted to the outside. 
A pump controller 52 to be utilized when replacing the 

filament part F and target 10 controls the turbo pump 12 and 
an exhaust pump 55 by way of lines 53, 54, respectively. 
Further, the turbo pump 12 and the exhaust pump 55 are 
connected to each other by way of a pipe 61. Such a 
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6 
configuration of two-stage pump can achieve a high degree 
of vacuum within the tubular portion 2. 
By way of a detachable line 58, a vacuum measuring 

Signal from the turbo pump 12 is fed to one pump terminal 
57 of the terminal part 48. By contrast, the other pump 
terminal 57 is connected to the controller 49 by way of a 
detachable line 59. AS a consequence, the degree of vacuum 
in the tubular portion 2 is appropriately managed by the 
controller 49 by way of the lines 58 and 59. 
A nondestructive inspection apparatus 70 will now be 

explained as an example in which the above-mentioned open 
type X-ray generating apparatus 1 is utilized. 
AS shown in FIG. 7, the nondestructive inspection appa 

ratus 70 is utilized for inspecting whether a junction part of 
a lead or the like in an electronic component implemented in 
a circuit board (object to be inspected)71 is good or not. The 
X-ray generating apparatus 1 is installed So as to be Secured 
to the lower part of the nondestructive inspection apparatus 
70 while in a state where the target 10 and the heavy mold 
power unit 14 are located on the upper and lower Sides, 
respectively. Such installation is an arrangement taking the 
weight balance of the X-ray generating apparatus 1 into 
consideration, which makes it possible to Stably place the 
X-ray generating apparatus 1, which is hard to topple over. 
Since the center of gravity of the X-ray generating apparatus 
1 is located on the lower Side, the X-ray generating appa 
ratus 1 can be maintained in a stable state (see FIG. 1) even 
in the case where the detachable part 4 is pivoted by way of 
the hinge part 5 So as to topple Sideways when replacing the 
filament part F. 

Also, as can be seen from the configuration mentioned 
above, the X-ray generating apparatus 1 does not require a 
high-tension cable which is thick and has a very low degree 
of freedom in bending. As a result, the X-ray generating 
apparatuS 1 is not required to be placed in the nondestructive 
inspection apparatus 70 in a Suspended State, and can be 
placed so as to be mounted on the base plate 73, whereby the 
degree of freedom in its placement can be considered very 
high. 

Further, the X-ray generating apparatuS 1 is Secured to the 
base plate 73 of the nondestructive inspection apparatus 70 
by way of a vibration absorbing plate 72 made of a rubber 
material or the like. When the vibration absorbing plate 72 
is employed, the X-ray generating apparatus 1 can appro 
priately be utilized as a microfocus X-ray Source. 

Specifically, female threads 74 are integrally embedded in 
the lower face of the power unit body 14a in the mold power 
unit 14 upon molding as shown in FIG. 1. The female 
threads 74 and male threads 75 cooperate, so as to secure the 
vibration absorbing plate 72 to the bottom face of the case 
40. Also, the vibration absorbing plate 72 is secured to the 
base plate 73 of the nondestructive inspection apparatus 70 
by installation ScrewS 76. Thus, the X-ray generating appa 
ratus 1 having no high-tension cable can be installed with 
Simple fastening means Such as threads alone, which greatly 
contributes to improving the workability. 

In the nondestructive inspection apparatuS 70 having thus 
installed X-ray generating apparatus 1, as shown in FIG. 7, 
an X-ray camera 80 is placed directly thereabove so as to 
oppose the target 10, whereby X-rays transmitted through 
the circuit board 71 are captured by the X-ray camera 80. 
The circuit board 71 is tilted with an appropriate angle by a 
manipulator 82 controlled by a driving circuit 81. 

Therefore, when the circuit board 71 is swung 
appropriately, the State of junction of lead parts in electronic 
components can be observed three-dimensionally. On the 
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other hand, images captured by the X-ray camera 80 are sent 
to an image processor 83, So as to be displayed on a Screen 
by a monitor 84. The controller 49, driving circuit 81, image 
processor 83, and monitor 84 are managed by an I/O-capable 
PC 85. 

The above-mentioned embodiment will be summarized as 
follows: 

Preferably, the above-mentioned mold power unit is 
Secured to a base plate by way of a vibration absorbing plate. 
When Such a configuration is employed, the X-ray generat 
ing apparatus can be constructed as a microfocus X-ray 
Source which is susceptible to influences of vibrations from 
the outside. 

Preferably, the tubular portion has a fixed part whose 
proximal end Side is Secured to the mold power unit, and a 
detachable part attached to the leading end Side of the fixed 
part. For example, even in the case of an open/close type in 
which the detachable part topples Sideways when replacing 
the filament part, it is installed on the base plate while in a 
State where the heavy mold power unit is located on the 
lower Side, whereby the weight balance is hard to lose even 
when the detachable part is toppled Sideways, whereby the 
Stability in installation of the X-ray generating apparatus is 
easy to maintain. 

INDUSTRIAL APPLICABILITY 

The present invention relates to a nondestructive inspec 
tion apparatus utilizing an open type X-ray generating 
apparatus making it possible to replace a filament part, 
which is a consumable, upon vacuum aspiration by use of a 
pump, and the open type X-ray generating apparatus making 
the filament part replaceable can stably be placed therein. 

1O 
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I claim: 
1. A nondestructive inspection apparatus for irradiating an 

object to be inspected with an X-ray generated from an open 
type X-ray generating apparatus which irradiates a target 
with an electron emitted from an electron gun having a 
replaceable filament part So as to release said X-ray from 
Said target, and capturing a State of Said object to be 
inspected with an X-ray camera; Said open type X-ray 
generating apparatus comprising a tubular portion, adapted 
to be vacuumed by a pump, having a coil part there within 
and an electron path Surrounded by Said coil part; and a mold 
power unit, Secured to a proximal end Side of Said tubular 
portion, having a resin-molded high-voltage generating part; 
wherein Said mold power unit is Secured to a base plate 
while in a State where Said target disposed on one end Side 
of Said tubular portion and Said mold power unit disposed on 
the other end Side of Said tubular portion are located on the 
upper and lower Sides, respectively. 

2. A nondestructive inspection apparatus according to 
claim 1, wherein Said mold power unit is Secured to Said base 
plate by way of a vibration absorbing plate. 

3. A nondestructive inspection apparatus according to 
claim 2, wherein Said tubular portion has a fixed part having 
a proximal end Side Secured to Said mold power unit, and a 
detachable part attached to a leading end Side of Said fixed 
part. 

4. A nondestructive inspection apparatus according to 
claim 1, wherein Said tubular portion has a fixed part having 
a proximal end Side Secured to Said mold power unit, and a 
detachable part attached to a leading end Side of Said fixed 
part. 


