DESCRIPTION ULTRASONIC INSPECTION APPARATUS, ULTRASONIC PROBE APPARATUS
USED FOR ULTRASONIC INSPECTION APPARATUS, AND ULTRASONIC INSPECTION METHOD
Technical Field 100011  The present invention relates to an ultrasonic inspection technique for
inspecting, in a non-destructive manner, an internal structure, a flaw state or.a state of a junction of an
object to be inspected by using ultrasonic waves, and more particularly, to an ultrasonic inspection
apparatus which visualizes a state of flaw, peel-offo]r void, or an unstuck state of a junction in an
interior of an object to be inspected, and to an ultrasonic probe apparatus used in the ultrasonic
inspection apparatus and to an ultrasonic inspection method, Background Art [0002] Examples
representing this type of ultrasonic inspection technique include ultrasonic inspection apparatuses
disclosed in Japanese Patent Laid-Open Nbst 2Q081FIORIN(Patent Document 1), 2004-53360 (Patent
Document 2), 2006-317417 (Patent Document 3) and 8-122309 (Patent Document 4). [0003] -2
ULTRASONIC INSPECTION APPARATUS, ULTRASONIC PROBE
APPARATUS USED FOR ULTRASONIC INSPECTION APPARATUS,

AND ULTRASONIC INSPECTION METHOD

Technical Field
[0001]

The present invention relates to an ultrasonic inspection
technique for inspecting, in a non-destructive manner, an
internal structure, a flaw state or a state of a junction of an
object to be inspected by using ultrasonic waves, and more
particularly, to an ultrasonic inspection apparatus which
visualizes a state of flaw, peel-off or void, or an unstuck state
of a junction in an interior of an object to be inspected, and to
an ultrasonic probe apparatus used in the ultrasonic
inspection apparatus and to an ultrasonic inspection method.
Background Art
[0002]

Examples representing this type of ultrasonic inspection
technique include ultrasonic inspection apparatuses disclosed
in Japanese Patent Laid-Open Nos. 2003-149213 (Patent
Document 1), 2004-53360 (Patent Document 2), 2006-317417
(Patent Document 3) and 8-122309 (Patent Document 4).

[0003]



Such ultrasonic inspection apparatus includes an ultrasonic transducer having multiple piezoelectric
transducer elements (piezoelectric vibrators) arranged in a plane in a matrix or an array (linear shape),
and the internal structure or a state of flaw (defect), void, oxide film, peel-off or the like of an object to
be inspected is visualized by using ultrasonic waves transmitted from or received by the ultrasonic
transducer to thereby inspect the object without destrpicting the object. [0004]  Generally, the main
body of the ultrasonic inspection apparatus and the ultrasonic transducer are connected through a
signal cable of a length of several meters. When an object is inspected by using such ultrasonic
inspection apparatus, the operator (inspector) using the ultrasonic inspection apparatus must perform
the ultrasonic inspection by checking a display of a display unit included in the ultrasonic inspection
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[0004]

Generally, the main body of the ultrasonic inspection
apparatus and the ultrasonic transducer are connected
through a signal cable of a length of several meters. When an
object is inspected by using such ultrasonic inspection
apparatus, the operator (inspector) using the ultrasonic
inspection apparatus must perform the ultrasonic inspection
by checking a display of a display unit included in the
ultrasonic inspection apparatus, which is apart in location
from an inspection position of the inspection object, while
carrying out accurate alignment of the ultrasonic transducer
and proper scanning on the surface of the inspection object.
[0005]

The operation for accurate position adjustment, scanning
and the like of the ultrasonic transducer requires due
attention. In using the ultrasonic inspection apparatus, it is

very difficult for the operator (inspector) to manipulate the



[0007] Then, as conventional technology, there has been known an ultrasonic inspection apparatus
in which a display unit and a switch for switching images displayed in the display unit are integrally
arranged in an ultrasonic probe apparatus with an ultrasonic transducer (for example, Patent
Document 4). [00081 In a conventional ultrasonic inspection apparatus, there is utilized an
ultrasonic transducer which is constituted of a 4 piezggelectric transducer section including multiple
piezoelectric transducer elements. When an inspection object is inspected using the conventional
ultrasonic inspection apparatus, the operator must manipulate the ultrasonic transducer while checking
a display of the display unit included in the main body of the conventional ultrasonic inspection
apparatus. [0009] For example, with the conventional ultrasonic inspection apparatus, when an
inspection isPéremeatt by tseanridy G suifeide of e dspeetion dbjediavite thehsrdseméasansducer,
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ultrasonic transducer and the display unit to manipulate the
ultrasonic transducer and also to check a display of the
display unit. Thus, it was difficult to solve the complex and
difficult in basic operations or workings.

[0006]

Particularly, when the operator (inspector) using the
ultrasonic inspection apparatus inspects an object by
manually manipulating the ultrasonic transducer, it takes
much labor to obtain proper and accurate inspection results.
Accordingly, the inspection using the ultrasonic inspection
apparatus is not always easy.

[0007]

Then, as conventional technology, there has been known
an ultrasonic inspection apparatus in which a display unit and
a switch for switching images displayed in the display unit are
integrally arranged in an ultrasonic probe apparatus with an
ultrasonic transducer (for example, Patent Document 4).
[0008]

In a conventional ultrasonic inspection apparatus, there

is utilized an ultrasonic transducer which is constituted of a



-5 such task or working was difficult for the conventional ultrasonic probe apparatus. [0010]
Accordingly, it is difficult to inspect an internal state of an inspection object efficiently and accurately
using the ultrasonic inspection apparatus in a field or manufacturing process site. [0011]
Furthermore, in the conventional ultrasonic inspection apparatus, a display unit and a switch for
switching images displayed in a display unit are integgally arranged in an ultrasonic probe apparatus
provided with an ultrasonic transducer, so that the operator can cause the ultrasonic transducer to
scan while checking images displayed on the display unit. In this case, however, in order to start or
terminate the inspection with the ultrasonic probe apparatus disposed at a desired position, it is
necessary for the operator to input a command to start or terminate an inspection while viewing
images in theidigplajeuitiFutttenrmdie Cinrofiee todmake ahusbegtionobjget o an image capable of
being properly inspected, it is necesaary for thle inspection cgonditions of the ultrasonic inspection

apparatus (SBEFHELEAY AHariGea SFLkiEed] fBES FisclollRESt B ISR 10N obect

is inspected using the conventional ultrasonic inspection
apparatus, the operator must manipulate the ultrasonic
transducer while checking a display of the display unit
included in the main bédy of the conventional ultrasonic
inspection apparatus.

[0009]

For example, with the conventional ultrasonic inspection
apparatus, when an inspection is performed by scanning the
surface of an inspection object with the ultrasonic transducer,
the ultrasonic transducer and the display unit included in the
main body must be alternately watched with much labor to
manipulate the ultrasonic transducer and also check a display
of the display unit. As a result, there may cause a case where
the scanning position of the ultrasonic transducer is displaced
during the checking of the display unit, or because of
excessive attention paid to the ultrasonic transducer, the
operator continues the working without noticing an abnormal
display of the display unit. That is, in the ultrasonic
inspection using an ultrasonic transducer for inspecting an
object, the operator usually must check a state displayed by
the display unit visualizing the internal structure or a state of
flaw, void, oxide film, peel-off or the like of the object to be
inspected, and perform the scanning by the ultrasonic

transducer while feeding back the checked state. However,



6 - The present invention was conceived in consideration of the circumstances mentioned above
and an object thereof is to provide an ultrasonic inspection apparatus in which an ultrasonic probe
apparatus provided with an ultrasonic transducer can be easily manipulated in a field or manufacturing
process site so as to inspect an internal flaw, peel-off or void, or an unstuck junction of an object to be
inspected efficiently and accurately, to provide an ultrasonic probe apparatus used in the ultrasonic
inspection apparatus, and also to provide an ultrasonic inspection method. [0013]  Another object of
the present invention is to provide an ultrasonic inspection apparatus in which an ultrasonic probe
apparatus is separated from the main body of the ultrasonic inspection apparatus and downsized or
made compact so that the ultrasonic inspection apparatus is portable and also provide the ultrasonic
probe apparatus useglsik the witrasonicg mespestion fppatatds f{0014] c o Areulttasordd inspection
apparatus according to the present invention comprises, in order to achieve the above objects: an
ultrasonic prepE AR fuLFRPIBRIRRR HhtWif asonic transducer constituted of a plurality of
piezoelectrig &@@'@r& a drive element selecting section that is connected to the plurality of
piezoelectric vibratars of the ultrasonic transducer and is adopted to select a required piezoelectric 7

Accordingly, it is difficult to inspect an internal state of
an inspection object efficiently and accurately using the
ultrasonic inspection apparatus in a field or manufacturing
process site.

[O011]

Furthermore, in the conventional ultrasonic inspection
apparatus, a di‘splay unit and a switch for switching images
displayed in a display unit are integrally arranged in an
ultrasonic probe apparatus provided with an ultrasonic
transducer, so that the operator can cause the ultrasonic
transducer to scan while checking images displayed on the
display unit. In this case, however, in order to start or
terminate the inspection with the ultrasonic probe apparatus
disposed at a desired position, it is necessary for the operator
to input a command to start or terminate an inspection while
viewing images in the display unit. Furthermore, in order to
make an inspection object to an image capable of being
properly inspected, it is necessary for the inspection
conditions of the ultrasonic inspection apparatus to be
properly changed or selected.

[0012]

Disclosure of the Invention



vibrator based on a drive signal from a signal generator; a signal detecting circuit that causes an
ultrasonic wave emitted from the piezoelectric vibrator selected by the drive element selecting section
to be incident via an acoustic propagation medium on an inspection object and receives a reflected
echo thereof to detect an electric signal dependent on the reflected echo; and a signal processing
section that applies a parallel arithmetic process to.ilg detected electric signal dependent on the
reflected echo and produces data on an internal image of the inspection object,  wherein the
ultrasonic probe apparatus includes a display unit that displays an image based on the image data
produced by the signal processing section, and an input unit used to input an operation command
such as a command to start or terminate an inspection, or to set inspection conditions. [0015]  An
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shape of a box; an ultrasonic transducer including a plurality of piezoelectric vibrators incorporated in

the probe hejder;ial displayunit incotparatad peihe piobehpldes and an inpat chitdrcorporated in the
probe holder, wherein the ultrasonic transducer, the display unit and the input unit are integrally
assembled withir herproberitditera Brjegsgus provided with an ultrasonic

transducer can be easily manipulated in a field or
manufacturing process site so as to inspect an internal flaw,
peel-off or void, or an unstuck junction of an object to be
inspected efficiently and accurately, to provide an ultrasonic
probe apparatus used in the ultrasonic inspection apparatus,
and also to provide an ultrasonic inspection method.

[0013]

Another object of the present invention is to provide an
ultrasonic inslpection apparatus in which an ultrasonic probe
apparatus is separated from the main body of the ultrasonic
inspection apparatus and downsized or made compact so that
the ultrasonic inspection apparatus is portable and also
provide the ultrasonic probe apparatus used in the ultrasonic
inspection apparatus.

[0014]

An ultrasonic inspection apparatus according to the
present invention comprises, in order to achieve the above
objects: an ultrasonic probe apparatus provided with an
ultrasonic transducer constituted of a plurality of piezoelectric
vibrators; a drive element selecting section that is connected
to the plurality of piezoelectric vibrators of the ultrasonic

transducer and is adopted to select a required piezoelectric



An ultrasonic inspection method according to the present invention comprises the steps of, in order to
achieve the above objects: preparing an ultrasonic inspection apparatus including: an ultrasonic
probe apparatus including the ultrasonic transducer constituted of a plurality of piezoelectric vibrators,
a display unit which displays an image based on image data produced by a signal processing section,
and an input unit used to perform an operation command such as a command to start or terminate an
inspection or to set an inspection condition; a drive element selecting section which is connected to a
plurality of piezoelectric vibrators of the ultrasonic transducer and selects a required piezoelectric
vibrator based on a drive signal from a signal generator; a signal detecting circuit which causes an
ultrasonic wave emitted from the piezoelectric vibrator selected by the drive element selecting section
to be incident binaroachustic propagalion veedilgm en thednspectibgiobjegranenatelesa reflected
echo thereof to deteg an electric signal depgr%ndent on the reflectefléecho; and a signal processjng

section which 8PdteS'E ParAil Sithhfetid Jroéess BoRe Sefedtdd STt dEignticiepe 5t the
reflected eC?Po%dte{%d;sq%%@tﬁee@ﬁe ipterpakimage ok theigspsetion ofiese e 18ishosing the

ultrasonic probe apparatus at a predetermined inspection position of the inspection object; - 9 -
inputting a commenichte seidnspection isenditoinsethrougiatkeninpubunitic pepeatipgacairangement
of the ultrasonic probe apparatus and an input setting of the command to set the inspection conditions
through the TAm& nhiruAtl Lptetietfiiéd HisPy Blobkidcttn ehE Hsplasaihrc te thmiiy an

inspection start command through the input unit after adjustment of the display, of the dispjay,unit;
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predetermingd angg Qithe IOSPREHOP PHIGCEARG section that applies a parallel
arithmetic process to the detected electric signal dependent on
the reflected echo and produces data on an internal image of
the inspection object,

wherein the ultrasonic probe apparatus includes a display
unit that displays an image based on the image data produced
by the signal processing section, and an input unit used to
input an operation command such as a command to start or
terminate an inspection, or to set inspection conditions.
[0015]

An ultrasonic probe apparatus, according to the present
invention, connected to a main body of an ultrasonic
inspection apparatus, comprises, in order to achieve the above
objects: a probe holder in a shape of a box; an ultrasonic
transducer including a plurality of piezoelectric vibrators
incorporated in the probe holder; a display unit incorporated
in the probe holder; and an input unit incorporated in the
probe holder,

wherein the ultrasonic transducer, the display unit and

the input unit are integrally assembled within the probe holder.



inputting an inspection terminate command through the input unit after completion of inspecting the
predetermined range of the inspection object. [0017]  According to the ultrasonic inspection
apparatus, the ultrasonic probe apparatus used in the ultrasonic inspection apparatus and the
ultrasonic inspection method according to the present invention, an internal flaw, peel-off or void, or an
unstuck junction of an inspection object can be insp_ege_d efficiently and accurately by easily
manipulating the ultrasonic probe apparatus includingthe ultrasonic transducer in the field or the
manufacturing process site. Brief Description of the Drawings [0018] - 10 -  Fig. 1 is a view
schematically illustrating a whole configuration of an ultrasonic inspection apparatus according to the
present invention, Fig. 2 is a view schematically illustrating the

[0016]

An ultrasonic inspection method according to the present
invention comprises the steps of, in order to achieve the above
objects:

preparing an ultrasonic inspection apparatus including:
an ultrasonic probe apparatus including the ultrasonic
transducer constituted of a plurality of piezoelectric vibrators,
a display unit which displays an image based on image data
produced by a signal processing section, and an input unit
used to perform an operation command such as a command to
start or terminate an inspection or to set an inspection
condition; a drive elemenf selecting section which is connected
to a plurality of piezoelectric vibrators of the ultrasonic
transducer and selects a required piezoelectric vibrator based
on a drive signal from a signal generator; a signal detecting
circuit which causes an ultrasonic wave emitted from the
piezoelectric vibrator selected by the drive element selecting
section to be incident via an acoustic propagation medium on
the inspection object and receives a reflected echo thereof to
detect an electric signal dependent on the reflected echo; and
a si'gnal processing section which applies a parallel arithmetic
process to the detected electric signal dependent on the
reflected echo and produces data on an internal image of the
inspection object;

disposing the ultrasonic probe apparatus at a

predetermined inspection position of the inspection object;



configuration of an exemplary probe holder constituting an ultrasonic probe apparatus of the ultrasonic
inspection apparatus according to the present invention, in which Fig. 2 (A) is a plan view, Fig. 2 (B) is
a front view and Fig. 2 (C) is a side view.  Fig. 3 is a schematic view showing a condition of an
ultrasonic inspection method using the ultrasonic inspection apparatus according to the present
invention.  Fig. 4 is a flowchart illustrating an example of ultrasonic inspection method using the
ultrasonic inspection apparatus according to the present invention, Best Mode for Carrying Out the
Invention [0019]  An ultrasonic inspection apparatus, an ultrasonic probe apparatus used in the
ultrasonic inspection apparatus and an ultrasonic inspection method according to the present invention
will be described hereunder with reference to Figs. 1 to 4. 100 201  Fig. 1 is a view schematically
illustrating the whole panfigurgtienaf srrukmsbric insgettispapiaratus acodidingie tHensresdnt
invention. . i

the input unit;

repeating an arrangement of the ultrasonic probe
apparatus and an input setting of the command to set the
inspection conditions through the input unit until a
predetermined display is obtained in the display unit;

inputting an inspection start command through the input
unit after adjustment of the display of the display unit;

inspecting the inspection object for flaws by causing the
ultrasonic probe apparatus to scan a predetermined range of
the inspection object; and

inputting an inspection terminate command through the
input unit after completion of inspecting the predetermined
range of the inspection object.

[0017]

According to the ultrasonic inspection apparatus, the
ultrasonic probe apparatus used in the ultrasonic inspection
apparatus and the ultrasonic inspection method according to
the present invention, an internal flaw, peel-off or void, or an
unstuck junction of an inspection object can be inspected
efficiently and accurately by easily manipulating the ultrasonic
probe apparatus including the ultrasonic transducer in the
field or the manufacturing process site.

Brief Description of the Drawings

[0018]



[00211  An ultrasonic inspection apparatus 10 includes an apparatus body 11 and an ultrasonic
probe apparatus 12 constructed so as to be portable and of a handy type. The apparatus body 11 and
the ultrasonic probe apparatus 12 are separately disposed and connected to each other via a flexible
signal cable 13. The ultrasonic inspection apparatus 10 has a function as an ultrasonic camera which
can finely image the internal structure or a flawed con iguration of an object to be inspected (called
inspection object or inspected object, hereinafter) 14. [0022] Weight and portability of the ultrasonic
probe apparatus 12 will be described with an example. The ultrasonic probe apparatus 12 is of a palm
size and equal to or less than 1 kg, more specifically, weighs several hundred grams. The ultrasonic
probe apparatus 12 has a size, shape and weight which allow the operator (inspector) to grip the
ultrasonic probe ajffigratiisi $2zand perfemhmeraidiczaning 1{80223ltin gThewappdatus body 11

constituting the ultrasonic inspection apparatus 10 includes a signal generator 17, a drive element
selecting seEfIN 18UE &1dR4} deteRing'diEaR 291§ IR HRIAOIRPRRTBA L8, AT ARy unit 21,

a control cirguyt 22 and g first{nput 4 23,0024

Fig. 2 is a view schematically illustrating the
configuration of an exemplary probe holder constituting an
ultrasonic probe apparatus of the ultrasonic inspection
apparatus according to the present invention, in which Fig. 2
(A) is a plan view, Fig. 2 (B) is a front view and Fig. 2 (C) is a
side view.

Fig. 3 is a schematic view showing a condition of an
ultrasonic inspection method using the ultrasonic inspection
apparatus according to the present invention.

Fig. 4 is a flowchart illustrating an example of ultrasonic
inspection method using the ultrasonic inspection apparatus
according to the present invention.

Best Mode for Carrying Out the Invention
[0019]

An ultrasonic inspection apparatus, an ultrasonic probe
apparatus used in the ultrasonic inspection apparatus and an
ultrasonic inspection method according to the present
invention will be described hereunder with reference to Figs. 1
to 4.

[0020]

Fig. 1 is a view schematically illustrating the whole

configuration of an ultrasonic inspection apparatus according

to the present invention.



The signal generator 17 produces a drive signal which drives an ultrasonic transducer (ultrasonic
sensor) 25 included in the ultrasonic probe apparatus 12. [0025] The drive element selecting
section 18 selects a drive signal from the signal generator 17 and selectively drives a piezoelectric
vibrator (piezoelectric transducer element) 26 of the ultrasonic transducer 25. [0026] The signal
detecting circuit 19 detects, as an electric signal, a‘relfl?c_ted echo from an inspection region (target
region) 28 through the ultrasonic transducer 25 when an ultrasonic wave U emitted from the ultrasonic
transducer 25 is irradiated to the region to be inspected (called inspection region or inspected region,
hereinafter) 28 of the inspection object 14,

[0021]

An ultrasonic inspection apparatus 10 includes an
apparatus body 11 and an ultrasonic probe apparatus 12
constructed so as to be portable and of a handy type. The
apparatus body 11 and the ultrasonic probe apparatus 12 are
separately disposed and connected to each other via a flexible
signal cable 13. The ultrasonic inspection apparatus 10 has a
function as an ultrasonic camera which can finely image the
internal structure or a flawed configuration of an object to be
inspected (called inspection object or inspected object,
hereinafter) 14.

[0022]

Weight and portability of the ultrasonic probe apparatus
12 will be described with an example. The ultrasonic probe
apparatus 12 is of a palm size and equal to or less than 1 kg,
more specifically, weighs several hundred grams. The
ultrasonic probe apparatus 12 has a size, shape and weight
which allow the operator (inspector) to grip the ultrasonic
probe apparatus 12 and perform manual scanning.

[0023]

The apparatus body 11 constituting the ultrasonic
inspection apparatus 10 includes a signal generator 17, a
drive element selecting section 18, a signal detecting circuit 19,
a signal processing section 20, a first display unit 21, a
control circuit 22 and a first input unit 23.

[0024]



[0027] The signal processing section 20 applies a parallel arithmetic processing to the electric
signal dependent on reflected echo detected by the signal detecting circuit 19 and produces ultrasonic
image data (image data). The signal processing section 20 includes amplifiers 31a, 31b, ... 31i for
amplifying the electric signal dependent on reflected echo detected by the signal detecting circuit 19,
A/D converters 32a, 32b,32i for converting the amp_lif'i electric signal dependent on reflected echo
from an analog signal to a digital - 13 - signal, parallel processors 33a, 33b,33i for producing
ultrasonic image data obtained by visualizing the internal condition of the inspection object 14 based
on the electric signal dependent on the reflected echo converted into the digital signal, and an
integration processor 34 for producing integrated ultrasonic image data obtained by integrating
multiple pieces of Mresctiigiradgeedeta pteduded B e parsied piodesseriz3zal 38b,533h [0028]

The first dispJay unit 21 and a second djs Iay it 36 are each composed of a y section, an
arithmetic sé:{:’fbve% ﬁgn}ﬂﬂ{f?e%?%%ﬁ Sik& Ent &ﬁ&ﬁ&?gﬁ{}o iSRS T g? ed image based on

the ultrasonig{3gg éj&t‘”i‘&r%%s%%byst[?%%&g'iﬁlB'E%eéﬁﬁ%?%%t{%‘ 1%,
[0025]

The drive element selecting section 18 selects a drive
signal from the signal generator 17 and selectively drives a
piezoelectric vibrator (piezoelectric transducer element) 26 of
the ultrasonic transducer 25.

[0026]

The signal detecting circuit 19 detects, as an electric
signal, a reflected echo from an inspection region (target
region) 28 through the ultrasonic transducer 25 when an
ultrasonic wave U emitted from the ultrasonic transducer 25 is
irradiated to the region to be inspected (called inspection
region or inspected region, hereinafter) 28 of the inspection
object 14.

[0027]

The signal processing section 20 applies a parallel
arithmetic processing to the electric signal dependent on
reflected echo detected by the signal detecting circuit 19 and
produces ultrasonic image data (image data). The signal
processing section 20 includes amplifiers 31a, 31b, ... 31i for
amplifying the electric signal dependent on reflected echo
detected by the signal detecting circuit 19, A/D converters 32a,
32b, ... 32i for converting the amplified electric signal

dependent on reflected echo from an analog signal to a digital



[0029] Further, the first display unit 21 and the second display unit 36 perform comparison
processing with preliminarily input threshold values, respectively, and when an abnormal value is
detected, the abnormality is displayed. [0030] The control circuit 22 controls the operation of the
signal generator 17, the drive element selecting section 18, the signal detecting circuit 19, the signal
processing section 20, the first display unit 21 and the second display unit 36, and controls the
sequential operations including emission, reception, visualization and displaying of ultrasonic wave. -
14 - [0031] Upon receipt of an inspection start command from the first input unit 23, the control
circuit 22 first instructs the signal generator 17 to produce a signal of driving the ultrasonic transducer
25 for the purpose of producing integrated ultrasonic image data on the inspection region 28 of the
inspection objigrh 34, Fuithel] én grder tossatect tBE pieZd@lectric Vitatdo26po avhichitheg drive signal is
to be supplied from the multiple piezoelectric vibrator 26 constituting the ultrasonic transducer 25, the
control circult P mBRuds B 38GeEdifeAlSEERHTY SutHohs 1t 2Nt 1B 5icdd R vibrator 26 to

which the dric\/ggi(g{lﬁalloi%tgp%ﬁgpprllig%ég%g object 14 based on the electric
signal dependent on the reflected echo converted into the
digital signél, and an integration processor 34 for producing
integrated ultrasonic image data obtained by integrating
multiple pieces of ultrasonic image data produced by the
parallel processors 33a, 33b, ... 33i.
[0028]

The first display unit 21 and a second display unit 36 are
each composed of a display section, an arithmetic section, a
memory section and the like, and produce and display a
required image based on the ultrasonic image data processed
by the signal processing section 20.

[0029]

Further, the first display unit 21 and the second display
unit 36 perform comparison processing with preliminarily
input threshold values, respectively, and when an abnormal
value is detected, the abnormality is displayed.

[0030]

The control circuit 22 controls the operation of the signal
generator 17, the drive element selecting section 18, the signal
detecting circuit 19, the signal processing section 20, the first
display unit 21 and the second display unit 36, and controls
the sequential operations including emission, reception,

visualization and displaying of ultrasonic wave.



After the piezoelectric vibrator 26 has been driven, ultrasonic wave U is transmitted to the inspection
region 28 of the inspection object 14, and a reflected echo dependent on the ultrasonic wave U is
received by the piezoelectric vibrator 26 and converted into an electric signal. Although this reflected
echo is received simultaneously by the multiple piezoelectric vibrators 26, since the control circuit 22
instructs the signal detecting circuit 19 to select a pigzoelectric vibrator 26, the reflected echo needed
to produce ultrasonic image data is selected. [0033] - 15-  Further, the control circuit 22 instructs
the signal processing section 20 to perform a series of processes of amplifying, AID converting and
visualizing an electric signal dependent on reflected echo in order to amplify the electric signal
dependent on reflected echo based on the ultrasonic wave U, to A/D convert the signal and to create
integrated Ult&sbhic image data of (i.e., visualize) the signal by the parallel processors and the

integration proce uEf [’8034 Furt?ermore the control c%cw (22 sends a control co&mand for
displaying the visualz&d déat BRI PRy tnlt of [0635] command Irom the

first input unit 23, the control circuit 22 first instructs the
signal generator 17 to produce a signal of driving the
ultrasonic transducer 25 for the purpose of producing
integrated ultrasonic image data on the inspection region 28 of
the inspection object 14. Further, in order to select the
piezoelectric vibrator 26 to which the drive signal is to be
supplied from the multiple piezoelectric vibrator 26
cbnstituting the ultrasonic transducer 25, the control circuit
22 instructs the drive element selecting section 18 to select a
piezoelectric vibrator 26 to which the drive signal is to be
supplied.

[0032]

After the piezoelectric vibrator 26 has been driven,
ultrasonic wave U is transmitted to the inspection region 28 of
the inspection object 14, and a reflected echo dependent on
the ultrasonic wave U is received by the piezoelectric vibrator
26 and converted into an electric signal. Although this
reflected echo is received simultaneously by the multiple
piezoelectric vibrators 26, since the control circuit 22
instructs the signal detecting circuit 19 to select a
piezoelectric vibrator 26, the reflected echo needed to produce
ultrasonic image data is selected.

[0033]



A command to start or terminate an inspection or to switch images, or a command to set inspection
conditions is input to the control circuit 22 through the first input unit 23, thereby performing the
operation of the ultrasonic inspection apparatus 10. [0036]  The ultrasonic probe apparatus 12
constituting the ultrasonic inspection apparatus 10 includes: the ultrasonic transducer 25 which sends
or receives ultrasonic wave U; the second display_urii 36; and a second input unit 37 used to input to
the control circuit 22 included in the apparatus body 11, an operation input such as a command to start
or terminate an inspection or a command to set inspection - 16 - conditions so as to operate the
ultrasonic inspection apparatus 10, and the above units of the ultrasonic probe apparatus 12 are
integrally arranged within a probe holder 38. Furthermore, the control circuit 22 included in the
apparatus body 1F sertdse 1o the sevond thdptay anit 362 2 ¢orsrtolwonsmidnd fergiismlaying the

integrated ultrasonic image data. [0037 The ultrasonic transducer 25 includes a piezoelectric
transducer ?é&%%%@ﬁ%ﬁﬁﬁ%ﬁiﬁ@] P& AR VibPadfd Y8%atting SR ESiegSekEtric transducer

element are gyraaed L2 A (13Qus 11 ol the plezaelasiic rapsgyearasection 39

constitutes an or as a matrix sensor. In the piezoe ¢ transducer section 39, the

piezoelectrig ¥ibsiere 26 mayhefpseanged Beldnia ptdelut i arshanegofline engeass dine
(array-shaped) so that an array sensor is constructed. The ultrasonic sensor constituting the ultrasonic

transducer 85gnal bdepenidz sénsor of dleatrag senbor. [0088 oA drigewignalssroddgced by the

signal generator 17 js selectively applied to each of the piezoelectric vibrators 26 of the ultrasonic
transducer 258yt ’dme‘bé(eﬁ] é)é(lEEﬁntg%fe&f&Pﬁl. @%@edté)nﬁg BLfedFS BIAIESY the drive

clement selgg(ipg segion. i ihe Qrdez0Ling cash ofdhe Bezenleayinyrajgrs £ i determined
with respect to one vibrator or multiple vibrators at a time, and each of the

parallel processors and the integration processor.

[0034]

Furthermore, the control circuit 22 sends a control
command for displaying the visualized data on the first display
unit 21.

[0035]

A command to start or terminate an inspection or to
switch images, or a command to set inspection conditions is
input to the control circuit 22 through the first input unit 23,
thereby performing the operation of the ultrasonic inspection
apparatus 10.

[0036]

The ultrasonic probe apparatus 12 constituting the
ultrasonic inspection apparatus 10 includes: the ultrasonic
transducer 25 which sends or receives ultrasonic wave U; the
second display unit 36; and a second input unit 37 used to
input to the control circuit 22 included in the apparatus body
11, an operation input such as a command to start or

terminate an inspection or a command to set inspection



- 17 - piezoelectric vibrators 26 is driven at a required drive timing to transmit an ultrasonic wave U.
[0039] The ultrasonic wave U emitted from each of the piezoelectric vibrators 26 irradiates the
inspection region 28 of the inspection object 14, and the ultrasonic wave U is partly reflected on a
density boundary layer of the inspection region 28 to form a reflected echo. The reflected echo is
received by the ultrasonic transducer 25 (i.e., matrix sensor), which is the ultrasonic sensor. [0040]

In the ultrasonic transducer 25, a shoe member 40 béing a liquid or solid acoustic propagation medium
is brought into close contact with a transmission (emission)/reception surface as an ultrasonic sensor
surface, more specifically, to the side of the inspection object 14. A couplant 41 for achieving acoustic
matching of the ultrasonic wave U is arranged between the shoe member 40 and the inspection object
14. The couplantidtiis fosnsed atgeedbiquiitkating albivr aslatility. in #eccase of the shoe member
40 as an acoustic propagation medjum being a liquid, there is no need for locating the_couplant 41.

[0041]  TH® Eﬁffeaﬁ}éﬁﬂe(? 4(5‘*8@@}% 8 BSX’-‘éﬁa‘ﬁé %ﬁ%%ﬁé%ﬁ@%ap&qwé?shoe member
40 set aCCO%E'}S‘g 49 1h&.92¢ 9 e ingRegiom isoiop Fé:?éé*l‘f WsPRSHOR 0;9¥e§f> Prandihe ss.

Furthermore, the control circuit 22 included in the apparatus
body 11 sends, to the second display unit 36, a control
command for displaying the integrated ultrasonic image data.
[0037]

The ultrasonic transducer 25 includes a piezoelectric
transducer section 39 in which multiple piezoelectric vibrators
26 acting as a piezoelectric transducer element are arranged in
a matrix (m rows by n columns), and the piezoelectric
transducer section 39 constitutes an ultrasonic sensor as a
matrix sensor. In the piezoelectric transducer section 39, the
piezoelectric vibrators 26 may be arranged not in a matrix but
in a shape of line or cross line (array-shaped) so that an array
sensor is constructed. The ultrasonic sensor constituting the
ultrasonic transducer 25 may be a matrix sensor or an array
Sensor.

[0038]

A drive signal produced by the signal generator 17 is
selectively applied to each of the piezoelectric vibrators 26 of
the ultrasonic transducer 25 by the drive elemént selecting
section 18. Based on the selection made by the drive element
selecting section 18, the order of driving each of the
piezoelectric vibrators 26 is determined with respect to one

vibrator or multiple vibrators at a time, and each of the



- 18 - height of the shoe member 40 as an acoustic propagation medium is determined by the
emission angle (spreading angle) of the ultrasonic waves transmitted from the piezoelectric vibrator
26.[0042] The interior of the inspection region 28 of the inspection object 14 is subjected to the
nondestructive inspection by using the ultrasonic wave U transmitted from the ultrasonic inspection
apparatus 10, The inspection object 14 may be a njui Jayer structure obtained by stacking two or more
platelike structures, or may be a metal material or a plastic material. [0043] In the signal generator
17 which makes a drive signal act on the ultrasonic transducer 25, a pulsed or continuous drive signal
is produced by applying an external voltage so as to produce the ultrasonic waves by driving the
piezoelectric substance of the piezoelectric vibrator 26. When the piezoelectric transducer section 39
is driven by tHe drivé etémienvsbleating Se2tonsl 8l and eipiezoelectdewitgstod 2B/6f thaniithgcolumn
and j-th row is selected, the drive signal is applied at a required timing to the selected piezoelectric

vibrator 26 ¢tHd B TBmARNG SRR THeHHVE element selecting section 18 sequentially selects,

ata requirecf] ig}' one or multiple piezoelectric vibrators 26 to be driven, and when a drive signal
from the signal geanrator 17 is appliedto - 19 -

The ultrasonic wave U emitted from each of the
piezoelectric vibrators 26 irradiates the inspection region 28 of
the inspection object 14, and the ultrasonic wave U is partly
reflected on a density boundary layer of the inspection region
28 to form a reflected echo. The reflected echo is received by
the ultrasonic transducer 25 (i.e., matrix sensor), which is the
ultrasonic sensor.

[0040]

In the ultrasonic transducer 25, a shoe member 40 being
a liquid or solid acoustic propagation medium is brought into
close contact with a transmission (emission)/reception surface
as an ultrasonic sensor surface, more specifically, to the side
of the inspection object 14. A couplant 41 for achieving
acoustic matching of the ultrasonic wave U is arranged
between the shoe member 40 and the inspection object 14.
The couplant 41 is formed of gelled liquid having a low
volatility. In the case of the shoe member 40 as an acoustic
propagation medium being a liquid, there is no need for
locating the couplant 41.

[0041]

The shoe member 40 entirely has a box-shape having an

opening area of the shoe member 40 set according to the size

of the inspection region 28 of the inspection object 14, and the



the selected piezoelectric vibrator 26, the ultrasonic wave U is transmitted from the piezoelectric
vibrator 26 onto the object to be inspected 14. [0044] In a case where the ultrasonic transducer 25
(matrix sensor) has the piezoelectric vibrators 26 of m columns and n rows, for example, 10 by 10, one
hundred piezoelectric vibrators 26 are arranged in a matrix in a plane (two dimensions), and each of
the piezoelectric vibrators 26ij (i=1 to 10, j = 1 to 10) & -sequentially driven by the drive element
selecting section 18. When a drive signal is sequentially applied to each of the piezoelectric vibrators
26, the ultrasonic wave U is sequentially emitted from each of the piezoelectric vibrators 26 at that
timing. Reflected echoes of the ultrasonic waves sequentially emitted from each of the piezoelectric

vibrators 26 are sgeﬂue tﬁllg reitéeived %yt e ult@ﬁonic transducer 2t5’ and the reflected echo, that is,
the received $igRAITCdeht Ss SR LledBRHIGTAI (Electit EEhESIGHN i e SGHt itk 13 to the

signal detecting Gifeuit 19- dUMARIm inkhe H@r@@i%%@%@%ﬁ@ti@"xé@?é@&ﬁ%@gframg%gh of the

piezoelectric vibrators 26 of the ultrasonic transducer 25 passes through the shoe member 40 acting
as an acoustit propagetiersmadiuny arve them ahreughtthedcduplant dic apikis drdieletit an the inner side
of the inspection region 28 of the - 20 - inspection object 14 and reflected on each of the boundary
layers of the/irlpéfén48gion 28. [0046]

[0042]

The interior of the inspection region 28 of the inspection
object 14 is subjected to the nondestructive inspection by
using the ultrasonic wave U transmitted from the ultrasonic
inspection apparatus 10. The inspection object 14 may be a
multilayer structure obtained by stacking two or more plate-
like structures, or may be a metal material or a plastic
material.

[0043]

In the signal generator 17 which makes a drive signal act
on the ultrasonic transducer 25, a pulsed or continuous drive
signal is produced by applying an external voltage so as to
produce the ultrasonic waves by driving the piezoelectric
substance of the piezoelectric vibrator 26. When the
piezoelectric transducer section 39 is driven by the drive
element selecting section 18 and a piezoelectric vibrator 26 of
the i-th column and j-th row is selected, the drive signal is
applied at a required timing to the selected piezoelectric
vibrator 26 of the i-th column and j-th row. The drive element
selecting section 18 sequentially selects, at a required timing,
one or multiple piezoelectric vibrators 26 to be driven, and

when a drive signal from the signal generator 17 is applied to



The reflected echoes (indicated by the upward broken-line arrows in Fig. 1) of the ultrasonic waves
reflected on each of the boundary layers including the front surface 14a, the boundary surface, the
bottom surface 14b, the internal flaw 42 and the like of the inspection object 14 go out of the inspection
(inspected) object 14 and pass through the shoe member 40, and are each received at a different
timing by each of the piezoelectric vibrators 26 of the, gjtrasonic transducer 25 and cause each of the
piezoelectric vibrators 26 to vibrate, whereby the reflected echo is converted into an electric signal
(electric echo signal). Subsequently, the electric echo signal is received via the signal cable 13 by the
signal detecting circuit 19 and detected by each of the piezoelectric vibrators 26. [00471 The signal
detecting circuit 19 is connected in parallel via the signal cable 13 to each of the piezoelectric vibrators
26 of the ulttasori€ teRiseidcBl 2508A8 ElEte ¥ BeRa spinaSprétiscat] byahe piczertfidvibtators 26
of the piezoelectric tra tsd cer sectign 39 are %uidec{via the Si}?nﬁl ca%l& 13 ;fo tg?lsigngl.de ecting
circuit 19. FORREHGY By'u Hﬁgﬁhg ?gt%lec,za ee_L%, Iéljrﬁlevéllﬁ i Fom the Sigh geenoeréf:ocr 7 are
guided via thg drive; glemept sglecting section 18 to the piezoelectric - 21 - vibrators 26 of the
piezoelectric transducer section 39, respectively. [00481 In the ultrasonic inspection apparatus 10,
when a drivéGiyhal]is applied to a piezoelectric vibrator 26 of the m-th column and n-th row in each of
the piezoelectric vibrators 26 of the ultrasonic transducer 25, the piezoelectric vibrator 26 is started up
to act as a piezoel&Brt SEBEaACE F8EPEIRANG RS ORaSoHI@REFEEIRF edms IR GRidsonic wave U.
The emitted ultrason'c}\{vavetHérradiates }he 'ns%ectj%r}lgei%gg 2§ f the ob'eclt&%qbgsing%e&t%d through

the shoe member 40 and the cougfgn%(ﬁ.el%erh trasonic wave with which the mspection region 28 of

the inspectiqn,Qhjectd# isseanpes isipandy reftecisd enthedensity pospdary: lyarof the inspection
region 28 and makes reflected echoes. The reflected echoes pass through the couplant 41 and the
shoe membei B@adnd siré fetuneed to dregdiiasonic tmanadduser 254 pdain seitsoo) and received at a
different timing by the piezoelectric vibrators 26, respectively. The piezoelectric vibrator 26 applies

piezoelectriCdgnTEEIGH8)thé RfletRuibchb Hha protaess af ke e Righat8lethid dénd signal).
The electric gehpsional is sentyia the Sanal eatle.A3 odbe.signg) deteeting cfcuitlg by phich the
electric echo signal i detected, Ttﬁe agna?%letectmg a}rcwt 19is a é(;lil’CUIt for detec Ing an electric
signal depergdani:anike seftagied ecBo progdHesd Ry dhe wiraseniciragsduepiatially
applied to each of the piezoelectric vibrators 26, the ultrasonic
wave U is sequentially emitted from each of the piezoelectric
vibrators 26 at that timing. Reflected echoes of the ultrasonic
waves sequentially emitted from each of the piezoelectric
vibrators 26 are sequentially received by the ultrasonic
transducer 25, and the reflected echo, that is, the received
signal is sent as an electric signal (electric echo signal) via the
signal cable 13 to the signal detecting circuit 19.
[0045]
The ultrasonic wave U sequentially transmitted from each
of the piezoelectric vibrators 26 of the ultrasonic transducer
25 passes through the shoe member 40 acting as an acoustic

propagation medium and then through the couplant 41, and is

incident on the inner side of the inspection region 28 of the



- 22 - [0049]

A plurality of electric echo signals of the electric echo signals detected by the signal

detecting circuit 19 for the inspection are guided to the respective amplifiers 31a, 31b, 31i constituting
the signal processing section 20. [0050] The amplifiers 31a, 31 b,31i amplify the guided electric
echo signals and supply the resultant signals to the AID converters 32a, 32b,32i of the signal
processing section 20. - 90 -

inspection object 14 and reflected on each of the boundary

layers of the inspection region 28.

[0046]

The reflected echoes (indicated by the upward broken-line

arrows in Fig. 1) of the ultrasonic waves reflected on each of

the boundary layers including the front surface 14a, the

boundary surface, the bottom surface 14b, the internal flaw 42

and the like of the inspection object 14 go out of the

inspection (inspected) object 14 and pass through the shoe

member 40, and are each received at a different timing by each

of the piezoelectric vibrators 26 of the ultrasonic transducer

25 and cause cach of the piezoelectric vibrators 26 to vibrate,

whereby the reflected echo is converted into an electric signal

(electric echo signal). Subsequently, the electric echo signal

is received via the signal cable 13 by the signal detecting

circuit 19 and detected by each of the piezoelectric vibrators

26.

[0047]

The signal detecting circuit 19 is connected in parallel via

the signal cable 13 to each of the piezoelectric vibrators 26 of

the ultrasonic transducer 25, and electric echo signals

produced by the piezoelectric vibrators 26 of the piezoelectric

transducer section 39 are guided via the signal cable 13 to the
signal detecting circuit 19. Furthermore, by using the signal
cable 13, drive signals from the signal generator 17 are guided

via the drive element selecting section 18 to the piezoelectric



The A/D converters 32a, 32b,32i convert the amplified electric echo signals from analog signals to
digital signals and guide them as the digital echo signals to the parallel processors 33a, 33D, ... 33i of
the signal processing section 20. The parallel processors 33a, 33b,33i process the digital echo signals
supplied from the A/D converters 32a, 32b,32i and thereby produce ultrasonic image data obtained by
visualizing the internal state of the inspection (inspested) object 14. Multiple pieces of ultrasonic image
data produced by the parallel processors 33a, 33b, ... 33i are integrated by the integration processor
34 to produce integrated ultrasonic image data. The integrated ultrasonic image data is supplied to the
first display unit 21. [0051] In a case where a multiplexer (not illustrated) is mounted on the signal
detecting circuit 19 or the signal processing section 20, there is no need for multiple parallel
processorsvibrators 26 of the piezoelectric transducer section 39,

respectively.

[0048]

In the ultrasonic inspection apparatus 10, when a drive

signal is applied to a piezoelectric vibrator 26 of the m-th

column and n-th row in each of the piezoelectric vibrators 26

of the ultrasonic transducer 25, the piezoelectric vibrator 26 is

started up to act as a piezoelectric substance for producing

the ultrasonic wave and emits the ultrasonic wave U. The

emitted ultrasonic wave U irradiates the inspection region 28

of the object to be inspected through the shoe member 40 and

the couplant 41. The ultrasonic wave with which the

inspection region 28 of the inspection object 14 is scanned is

partly reflected on the density boundary layer of the inspection

region 28 and makes reflected echoes. The reflected echoes

pass through the couplant 41 and the shoe member 40, and

are returned to the ultrasonic transducer 25 (matrix sensor)

and received at a different timing by the piezoelectric vibrators

26, respectively. The piezoelectric vibrator 26 applies

piezoelectric conversion to the reflected echo and produces an

electric signal (electric echo signal). The electric echo signal

is sent via the signal cable 13 to the signal detecting circuit 19

by which the electric echo signal is detected. The signal

detecting circuit 19 is a circuit for detecting an electric signal

dependent on the reflected echo produced by the ultrasonic

transducer 25.



- 23 - 334, 33b,33i and the integration processor 34, and a single parallel processor can produce the
integrated ultrasonic image data. [0052] The integrated ultrasonic image data, produced by
processing the digitized reflected echo (digital echo signal) in the signal processing section 20, is sent
to the first display unit 21, in which the integrated ultrasonic image data is subjected to visualization
processing and displayed as an image. [0053] pdaéhg other hand, in the ultrasonic probe
apparatus 12, the second display unit 36 is arrangedifitegrally with the ultrasonic transducer 25 within
the probe holder 38. The integrated ultrasonic image data, produced by processing the digitized
ultrasonic echo signal in the signal processing section 20, is also sent to the second display unit 36, in
which the integrated ultrasonic image data is subjected to visualization processing and displayed as an
image. [0049]

A plurality of electric echo signals of the electric echo
signals detected by the signal detecting circuit 19 for the
inspection are guided to the respective amplifiers 31a, 31b, ...
31i constituting the signal processing section 20.

[0050]

The amplifiers 31a, 31b, ... 311 amplify the guided electric
echo signals and supply the resultant signals to the A/D
converters 32a, 32b, ... 321 of the signal processing section 20.
The A/D converters 32a, 32b, ... 32i convert the amplified
electric echo signals from analog signals to digital signals and
guide them as the digital echo signals to the parallel
processors 33a, 33b, ... 331 of the signal processing section 20.
The parallel processors 33a, 33b, ... 331 process the digital
echo signals supplied from the A/D converters 32a, 32b, ... 32i
and thereby produce ultrasonic image data obtained by
visualizing the internal state of the inspection (inspected)
object 14. Multiple pieces of ultrasonic image data produced
by the parallel processors 33a, 33b, ... 331 are integrated by
the integration processor 34 to produce integrated ultrasonic
image data. The integrated ultrasonic image data is supplied
to the first display unit 21.

[0051]

In a case where a multiplexer (not illustrated) is mounted

on the signal detecting circuit 19 or the signal processing

section 20, there is no need for multiple parallel processors



[0054] For the second display unit 36, a liquid crystal display, an LED (Light Emitting Diode), an EL
(Electro Luminescence), a VFD (Vacuum Fluorescent Display), a PDP (Plasma Display Panel) or the
like may be used. [0055] - 24 - The first display unit 21 and the second display unit 36 receive
from the signal processing section 20, the integrated ultrasonic image data produced according to a
command input from the first input unit 23 or the secgrd.input unit 37, and can thus display an
ultrasonic image obtained by visualizing the internal state of the inspection object 14 based on a
control signal generated from the control circuit 22. [0056]

33a, 33b, ... 33i and the integration processor 34, and a single
parallel processor can produce the integrated ultrasonic image
data.

[0052]

The integrated ultrasonic image data, produced by
processing the digitized reflected echo (digital echo signal) in
the signal processing section 20, is sent to the first display
unit 21, in which the integrated ultrasonic image data is
subjected to visualization processing and displayed as an
image.

[0053]

On the other hand, in the ultrasonic probe apparatus 12,
the second display unit 36 is arranged integrally with the
ultrasonic transducer 25 within the probe holder 38. The
integrated ultrasonic image data, produced by processing the
digitized ultrasonic echo signal in the signal processing
section 20, is also sent to the second display unit 36, in which
the integrated ultrasonic image data is subjected to
visualization processing and displayed as an image.

[0054]

For the second display unit 36, a liquid crystal display,
an LED (Light Emitting Diode), an EL (Electro Luminescence),
a VFD (Vacuum Fluorescent Display), a PDP (Plasma Display
Panel) or the like may be used.

[0055]



The ultrasonic images displayed in the first display unit 21 and the second display unit 36 are
produced by at least one image selected from: a reflected echo waveform image (A scope or A scan)
of ultrasonic wave U in the inspection region 28 of the inspection object 14; a cross-sectional image (B
scope or B scan) in the inspection region 28 of the inspection object 14; a two-dimensional image (C
scope or C scan) of reflected echo peak value of ultrg onic wave U in the inspection region 28 of the
inspection object 14; a two-dimensional image (D sc %e'or D scan) of reflected echo depth of
ultrasonic wave U in the inspection region 28 of the inspection object 14; and information or data as
the result of extracting and calculating reflected echo data (front surface, flaw, bottom surface) of
ultrasonic wave U in the inspection region 28 of the inspected object 14. [0057] By checking the
peak position of theheflétted ethopbayeformtiRdge (Adsadpe areA seah)difytragoniawaddu in the -
25 - inspection region 28 of the inspection object 14 displayed in the second display unit 36, the front
surface 14& SREIMErABPHAWBE oY iBB BbHRIG SGHAIEBAE HPtHE ThspBetibA Geldidis B8 dt %R inspection
object 14 canl?lgachecked at the si%eégfathe ul{:Lasong ;g{gtgglag?arat s 12. [(())Qggla Further ,Irom the

cross-sectiona im;?uf;)é1 tl% slgcl);a)“g%r scarB iR 1écw?spectlon reglgrﬁgz Pofithe mspectnllocrll (1)&%& 14

displayed inthersecqrdrgisplayynit 86: # @an beshagkedat dhmsidenh the UiHasanic, psabe apparatus
12 whether or not the ultrasonic transducer 25 properly faces an inspected surface in the inspection
region 28 otthe inspestidnsabject 4y onthedionnsarfaceaigia, dive aiteadl Haw4 2 vethe bogtom
surface 14b in the inspection region 28 of the inspection object 14 can be checked at the side of the

ultrasonic p%’ffe gﬁbg@@é fztaf 95@}” the inspection object 14 based on a

control signal generated from the control circuit 22.
[0056]

The ultrasonic images displayed in the first display unit
21 and the second display unit 36 are produced by at least one
image selected from: a reflected echo waveform image (A scope
or A scan) of ultrasonic wave U in the inspection region 28 of
the inspection object 14; a cross-sectional image (B scope or B
scan) in the inspection region 28 of the inspection object 14; a
two-dimensional image (C scope or C scan) of reflected echo
peak value of ultrasonic wave U in the inspection region 28 of
the inspection object 14; a two-dimensional image (D scope or
D scan) of reflected echo depth of ultrasonic wave U in the
inspection region 28 of the inspection object 14; and
information or data as the result of extracting and calculating
reflected echo data (front surface, flaw, bottom surface) of
ultrasonic wave U in the inspection region 28 of the inspected
object 14.
[0057]

By checking the peak position of the reflected echo

waveform image (A scope or A scan) of ultrasonic wave U in the



Furthermore, from the two-dimensional image (C scope or C scan) of reflected echo peak value of
ultrasonic wave U in the inspection region 28 of the inspection object 14 displayed in the second
display unit 36, the two-dimensional image of echo intensity in the inspection region 28 of the
inspection object 14 can be checked at the side of the ultrasonic probe apparatus 12. [0060] - 26 -
Still furthermore, from the two-dimensional image (D _scope or D scan) of reflected echo depth of
ultrasonic wave U in the inspection region 28 of the ifispection object 14 displayed in the second
display unit 36, the two-dimensional image of depth information in the inspection region 28 of the
inspection object 14 can be checked at the side of the ultrasonic probe apparatus 12. [0061] From
the information or data as the result of extracting and calculating the reflected echo data (front surface
14a, internal flagw 421 faottore gucface 84bY dfitkeinlsgasonid avavely] érthé mhspectidbayegiom?28 of the
inspection object 14 displayed in the second display unit 36, various pieces of data on the size, the

position andtihe Iﬂ@%ﬁlﬁe flannhabe Widpecton ttffohrrends ﬂféﬁﬁ%ﬁ@cﬂoﬁ%bfé&?lmﬁéhhecked
at the side Offlg]v% uzg%som&&rzo%e %Pg%atsu%r]%iig%gﬂb ; Tr%?hge?grslgj !%r?%ui'[oul[}lt%? is, %ora?éltuted of,

Q .
for example: & push“bdtton switeh aving atoggle function. In this case, the inspection by the

ultrasonic ingpagtien; arRAati 1 isdniieted byca firshdepressipe of the tuilos; @aduthe ispection by
the ultrasonic inspection apparatus 10 is terminated by a second depression of the button and thereby

the basic opetatiars ofithe pltrabenie ispeetionsapparatus 10 can be performed by manipulating the
single push [béj%)t%%]Further, the second input unit 37 includes, for example, a selection
Further, from the cross-sectional image (B scope or B
scan) in the inspection region 28 of the inspection object 14
displayed in the second display unit 36, it can be checked at
the side of the ultrasonic probe apparatus 12 whether or not
the ultrasonic transducer 25 properly faces an inspected
surface in the inspection region 28 of the inspection object 14,
or the front surface 14a, the internal flaw 42 or the bottom
surface 14b in the inspection region 28 of the inspection
object 14 can be checked at the side of the ultrasonic probe
apparatus 12.
[0059]
Furthermore, from the two-dimensional image (C scope or

C scan) of reflected echo peak value of ultrasonic wave U in
the inspection region 28 of the inspection object 14 displayed
in the second display unit 36, the two-dimensional image of
echo intensity in the inspection region 28 of the inspection
object 14 can be checked at the side of the ultrasonic probe
apparatus 12.
[0060]



- 27 - switch having a toggle function, and ultrasonic images displayed in the second display unit 36
can be sequentially switched by using the selection switch. Furthermore, the second input unit 37
includes, for example, a pair of push button switches constituted of an addition switch and a
subtraction switch. In the second input unit 37, an inspection condition setting input is performed
through the pair of push button switches. Examples gf inspection-condition setting include: gain setting
of the ultrasonic transducer 25; setting of the numbef of samplings used in averaging digital echo
signals used to produce ultrasonic image data; and adjustment of visualization start position in
producing a cross-sectional image (B scope or B scan) in the inspection region 28 of the inspection
object 14. In the second input unit 37, setting values of the inspection conditions are added or
subtracted by using the [fair ohpush buttoriswdtchése thereby partormsingthé inspegtiofDcondition
setting input. [0063] The ultrasonic probe apparatus 12 includes the second display unit 36 and the
second inpUR &P 879 &nd ateadrdingly Ninibe bRt ion-desrtietiod HspEREOTBG W& dSonic

inspection apparatus. 10, the checking of ultrasonic images and the manipulation.of the ultrasonic
inspection aHE%%ﬁ:sl TGR&T gleoéloﬁtl lgu%lyg §er (grr%rzpégg in the Sl(fr:talsoo%ig %Pgbce? -12 - apparatus 12

with the ultraganie drapgduger 3. The peraios (insReiar) candnspget thegkiest 44 ByJaying
attention only to the ultrasonic probe apparatus 12.
image of depth information in the inspection region 28 of the
inspection object 14 can be checked at the side of the
ultrasonic probe apparatus 12.
[0061]

From the information or data as the result of extracting
and calculating the reflected echo data (front surface 14a,
internal flaw 42, bottom surface 14b) of the ultrasonic wave U
in the inspection region 28 of the inspection object 14
displayed in the second display unit 36, various pieces of data
on the size, the position and the like of the flaw in the
inspection region 28 of the inspection object 14 can be
checked at the side of the ultrasonic probe apparatus 12.
[0062]

The second input unit 37 is constituted of, for example, a
push button switch having a toggle function. In this case, the
inspection by the ultrasonic inspection apparatus 10 is
initiated by a first depression of the button, and the inspection
by the ultrasonic inspection apparatus 10 is terminated by a
second depression of the button and thereby the basic
operation of the ultrasonic inspection apparatus 10 can be
performed by manipulating the single push button. Further,

the second input unit 37 includes, for example, a selection



[0064] Fig. 2 is a view schematically illustrating one example of a configuration of a probe holder
constituting the ultrasonic probe apparatus of the ultrasonic inspection apparatus according to the
present invention, in which Fig. 2 (A) is a plan view, Fig. 2 (B) is a front view, and Fig. 2 (C) is a side
view. [0065] The probe holder 38 has, as illustrated in Figs. 2 (A), (B) and (C), a box-shape, in
which an ultrasonic sensor holder chamber 43 is formed which has an opening opened in a direction of
radiating the ultrasonic wave U on the inspection objéct (object to be inspected) 14 (in a downward
direction in the probe holder 38 according to the present embodiment). The ultrasonic transducer 25 is
contained in the ultrasonic sensor holder chamber 43 so that the ultrasonic sensor surface of the
ultrasonic transducer 25 faces a direction of radiating the ultrasonic wave U on the inspection object
14 (in a dovenwiardiditeatian in the pgalie Halder 38 accardidgubtthegresent emlgrlment). Further, the
shoe member 40 is arranged between the ultrasonic sensor surface of the ultrasonic transducer 25
contained ifARPURESShidsdhsorIfotadt ChasiReds Hiiihe Sufade BGwes Steél dtlthe probe -

29 - holder 38 oriented to the inspection abject 14, The shoe member 4Q is arranged.so as to protrude
from the lower é&?%geg 0 Pﬁeuriq’rlo%% égae? é%% %\JF11 le}hes'mﬁec u trasg(r%ﬁg ﬁ?o ren};l%f)%ér‘a%lselz is

manipulated eveyile inspectionebject kh dhe ghas rnember At enmes inia goach wihthe inspection
object 14 earlier than the lower surface of the probe holder 38. The opening area of the shoe member

40 is set actondingroghe sideas the irspéctiondeyfon 28a0d thg inspecwohadbject d4aand the height of
the shoe member 40 is_ determined by the emission angle (spreading angle) of ultrasonic waves
emitted fron$ thB {Ji8£déRRrNAbfHor 26. Thus, the opening area and the height of the ultrasonic

sensor holder chamben 43 are.set %otﬁér%%%irgql\_{@l@})ag% élf% gggjplipg:grga and the height of the

shoe member 40 and on the size o trasonic transducer
setting input is performed through the pair of push button

switches. Examples of inspection-condition setting include:
gain setting of the ultrasonic transducer 25; setting of the
number of samplings used in averaging digital echo signals
used to produce ultrasonic image data; and adjustment of
visualization start position in producing a cross-sectional
image (B scope or B scan) in the inspection region 28 of the
inspection object 14.

In the second input unit 37, setting values of the
inspection conditions are added or subtracted by using the
pair of push button switches, thereby performing the
inspection condition setting input.

[0063]

The ultrasonic probe apparatus 12 includes the second
display unit 36 and the second input unit 37, and accordingly,
in performing non-destructive inspection by the ultrasonic
inspection apparatus 10, the checking of ultrasonic images
and the manipulation of the ultrasonic inspection apparatus

10 can be continuously performed in the ultrasonic probe



Further, the second display unit 36 is arranged on the upper surface of the probe holder 38. In
manipulating the ultrasonic probe apparatus 12 over the inspection object 14, the operator (inspector)
of the ultrasonic probe apparatus 12 can easily manipulate the ultrasonic probe apparatus 12 while
checking an ultrasonic image obtained by visualizing the internal state of the inspection object 14 by
using the second display unit 36. [0067] - 30 - Fyrghermore, the second input unit 37 is arranged
on the back surface of the probe holder 38. In manipulating the ultrasonic probe apparatus 12 over the
inspection object 14, the operator (inspector) of the ultrasonic probe apparatus 12 can manipulate the
ultrasonic inspection apparatus 10 while checking an ultrasonic image obtained by visualizing the

internal state of the inspection object 14 by using the second diSé)Iay unit 36 and also inputting a
command tRRFESAEARiRaeBRtsPBEtiGH b aS@fiaHR® S8URSFedon condfionB THrtRh the

second input.unit 37. [0068 The prohe holder, 38 may. he formed by optimizing,. based on the
shape of th ]irl?ssb%%t?ér? 5%]((13%%11 %%é) C(li:-{ d%é%ti%ﬁjo?%ﬁ i}n%pg&ea%ﬁ%ége%%tﬁg%ﬁgp%c%%?yobject 14

during inspegtjofwhen thg Jsehe 38.ip peadh thesopening direction of the ultrasonic sensor
holder chamber 43 in the probe holder 38 and the structure of the surfaces on which the second
display unit B8 @hd the second input unit 37 are arranged. [0069]

Fig. 2 is a view schematically illustrating one example of
a configuration of a probe holder constituting the ultrasonic
probe apparatus of the ultrasonic inspection apparatus
according to the present invention, in which Fig. 2 (A) is a
plan view, Fig. 2 (B) is a front view, and Fig. 2 (C) is a side
view.

[0065]

The probe holder 38 has, as illustrated in Figs. 2 (A), (B)
and (C), a box-shape, in which an ultrasonic sensor holder
chamber 43 is formed which has an opening opened in a
direction of radiating the ultrasonic wave U on the inspection
object (object to be inspected) 14 (in a downward direction in
the probe holder 38 according to the present embodiment).
The ultrasonic transducer 25 is contained in the ultrasonic
sensor holder chamber 43 so that the ultrasonic sensor
surface of the ultrasonic transducer 25 faces a direction of
radiating the ultrasonic wave U on the inspection object 14 (in
a downward direction in the probe holder 38 according to the
present embodiment). Further, the shoe member 40 is
arranged between the ultrasonic sensor surface of the
ultrasonic transducer 25 contained in the ultrasonic sensor

holder chamber 43 and the surface (lower surface) of the probe



Hereunder, an ultrasonic inspection method using the ultrasonic inspection apparatus 10 according to
the present embodiment will be described. [0070] - 31 - Fig. 3 is a schematic view showing an
ultrasonic inspection method in the use of the ultrasonic inspection apparatus according to the present
invention. [00711 In performing an ultrasonic inspection of an inspection object (object to be
inspected) 14 by using the ultrasonic inspection appaggitus 10, as illustrated in Fig. 3, an operator
(inspector) M first places the ultrasonic inspection apparatus 10 around the inspection object 14 or
places the inspection object 14 in the vicinity of the ultrasonic inspection apparatus 10. [0072] Fig.
4 is a flowchart illustrating an example of ultrasonic inspection method using the ultrasonic inspection

apparatus according to the present invention.
holder 38 oriented to the inspection object 14. The shoe

member 40 is arranged so as to protrude from the lower
surface of the probe holder 38, and when the ultrasonic probe
apparatus 12 is manipulated over the inspection object 14, the
shoe member 40 comes into contact with the inspection object
14 earlier than the lower surface of the probe holder 38. The
opening area of the shoe member 40 is set according to the
size of the inspection region 28 of the inspection objéct 14,
and the height of the shoe member 40 is determined by the
emission angle (spreading angle) of ultrasonic waves emitted
from the piezoelectric vibrator 26. Thus, the opening area and
the height of the ultrasonic sensor holder chamber 43 are set
to a required value based on the opening area and the height
of the shoe member 40 and on the size of the ultrasonic
transducer 25.

[0066]

Further, the second display unit 36 is arranged on the
upper surface of the probe holder 38. In manipulating the
ultrasonic probe apparatus 12 over the inspection object 14,
the operator (inspector) of the ultrasonic probe apparatus 12
can easily manipulate the ultrasonic probe apparatus 12 while
checking an ultrasonic image obtained by visualizing the
internal state of the inspection object 14 by using the second
display unit 36.

[0067]



[0073] First, in step Sl, as shown in Fig. 4, the operator (inspector) M places the ultrasonic probe
apparatus 12 constituting the ultrasonic inspection apparatus 10 at a desired inspection position of the
inspection object 14. More specifically, the operator M holds the probe holder 38 of the ultrasonic
probe apparatus 12 by the hands and places the ultrasonic probe apparatus 12 at a desired inspection
position with the lower surface of the probe holder_38@riented to the inspection object 14. [0074] - 32
- Subsequently, in step 52, the operator (inspector) M performs an inspection condition setting
input through a pair of push button switches constituted of an addition switch and a subtraction switch
of the second input unit 37. More specifically, while holding the probe holder 38 of the ultrasonic probe
apparatus 12 by the hands, the operator M manipulates the addition switch and the subtraction switch

of the second inpuf Uit B2 E5 Rt Sort BaampROTHE &R Bitieitrasnie tAHsARES 250 thed Rember of
samplings Lged in averfslgicneq giigg%lee%t%%%n%lgﬁgg tg? g(odtf%e ulterleg,pnlig%n}ell%e dall or adjusts the

. . . atC SU.li iast ﬁ . .
visualization star position in producing a cross-sectional image (B scope or B sca ) In the Inspection

region 28 of the-inspectionebise b4 HR07DIus Bubsequentlye instanedithe ensyater (inspector) M
views the second display unit 36 and determines whether or not a desired display has been obtained
and adjuststthe ingpecton cdnditipes: Wher & thsired tisptayias peeb obtgimear #iaispération
proceeds to step S4. Otherwise, the operation returns to step Si, and steps Si to 53 are repeated to

adjust the irfipBCBA BORAHIBHS. fPhisichse SHR CpdratR YbHREIGHPRFRETPate HEtfection
Ciepiny Ut I P e e o e ATy Hoe Do A B i determinaton
of whether enneta desiegtdsplayhasibegiection object 14 by using the second
display unit 36 and also inputting a command to start or
terminate an inspection or a command to set inspection
conditions through the second input unit 37.
[0068]
The probe holder 38 may be formed by optimizing, based
on the shape of the inspection object 14 and the direction of
an inspected surface of the inspection object 14 during
inspection when the probe holder 38 is used, the opening
direction of the ultrasonic sensor holder chamber 43 in the
probe holder 38 and the structure of the surfaces on which the
second display unit 36 and the second input unit 37 are
arranged.
[0069]
Hereunder, an ultrasonic inspection method using the
ultrasonic inspection appar’atus 10 according to the present

embodiment will be described.

[0070]



- 33 - obtained is carried by displaying, on the second display unit 36, a reflected echo waveform
image (A scope or A scan) of ultrasonic wave U in the inspection region 28 of the inspection object 14
or a cross-sectional image (B scope or B scan) in the inspection region 28 of the inspection object 14.
[0076] Still subsequently, in step S4, the operator (inspector) M manipulates the push button
switch of the second input unit 37 to input an uItrasor%ﬁ inspection start command. [0077]
Subsequently, in step S5, the operator (inspector) Mhioves the ultrasonic probe apparatus 12 in a
desired range of the inspection object 14 while viewing the second display unit 36 to thereby inspect
and scan the inspection region 28. More specifically, the operator M causes the ultrasonic probe
apparatus 12 to scan a surface 14a of the inspection object 14 in a desired range of the inspection
object 14 while holging tleiprebesholden 38ief the ultrasomicipigbe appatatusdA fy the hands, and
checks on the presence or absence of an internal flaw 42 while viewing the ultrasonic images
displayed inithé Be€dha @isplayupH 36 [dozspse SibskgueHtlyaf el 55 R FHHRAINg the

inspection of the desired range of the inspecfion object 14, the operator (inspector) M manipulates the
push buttonSRIEH Bf A& &C-0T g p nt invention.

[0071]

In performing an ultrasonic inspection of an inspection
object (object to be inspected) 14 by using the ultrasonic
inspection apparatus 10, as 1llustrated in Fig. 3, an operator
(inspector) M first places the ultrasonic inspection apparatus
10 around the inspection object 14 or places the inspection
object 14 in the vicinity of the ultrasonic inspection apparatus
10.

[0072]

Fig. 4 is a flowchart illustrating an example of ultrasonic
inspection method using the ultrasonic inspection apparatus
according to the present invention.

[0073]

First, in step S1, as shown in Fig. 4, the operator
(inspector) M places the ultrasonic probe apparatus 12
constituting the ultrasonic inspection apparatus 10 at a
desired inspection position of the inspection object 14. More
specifically, the operator M holds the probe holder 38 of the
ultrasonic probe apparatus 12 by the hands and places the
ultrasonic probe apparatus 12 at a desired inspection position
with the lower surface of the probe holder 38 oriented to the
inspection object 14.

[0074]



- 34 - second input unit 37 to input an ultrasonic inspection terminating command. [0079] The
ultrasonic inspection apparatus 10 functions as an ultrasonic camera provided with the ultrasonic
sensor, ultrasonic waveforms of several thousands to several tens of thousands of reflected echoes
can be instantaneously collected, and an image combination process allows implementation of a
parallel arithmetic process for visualizing, at a high ed, the internal flaw 42 of the inspection object
14 (the state of junction regions, or the presence/a“bsép ce or the state of welding flaws). [0080]
Furthermore, in the ultrasonic inspection apparatus 10, the internal structure of the inspection object
14 can be quickly extracted and displayed as a two or three dimensional highly-sensitive,
high-resolution ultrasonic image, and a highspeed inspection of one second to several tens of seconds
per image can thus b® keplerwanted. [608klep S2, the operator (inspector) M

performs an inspection condition setting input through a pair
of push button switches constituted of an addition switch and
a subtraction switch of the second input unit 37. More
specifically, while holding the probe holder 38 of the
ultrasonic probe apparatus 12 by the hands, the operator M
manipulates the addition switch and the subtraction switch of
the second input unit 37 to set, for example, the gain of the
ultrasonic transducer 25, the number of samplings used in
averaging digital echo signals used to produce ultrasonic
image data, or adjusts the visualization start position in
producing a cross-sectional image (B scope or B scan) in the
inspection region 28 of the inspection object 14.
[0073]

Subsequently, in step S3, the operator (inspector) M views
the second display unit 36 and determines whether or not a
desired display has been obtained and adjusts the inspection
conditions. When a desired display has been obtained, the
operation proceeds to step S4. Otherwise, the operation
returns to step S1, and steps S1 to S3 are repeated to adjust
the inspection conditions. In this case, the operator
(inspector) M manipulates the selection switch of the second
input unit 37 and sequentially switches ultrasonic images
displayed in the second display unit 36 and determines
whether or not a desired display has been obtained. This

determination of whether or not a desired display has been



The ultrasonic inspection apparatus 10 and the ultrasonic inspection method using the ultrasonic
inspection apparatus 10 can be applied to the inspection of the maintenance state of welding parts or
presence/absence of welding flaws in the fields of automobile, airplane and railway, - 35 - Or 1.0 the
monitoring of the state of the welding parts in industrial fields of plant, shipbuilding and the like. [0082]
In the ultrasonic inspection apparatus 10 according ggthe present embodiment, the ultrasonic probe
apparatus 12 is electrically connected to the apparatus body 11 via a flexible signal cable 13, and in
the ultrasonic probe apparatus 12, the ultrasonic transducer 25, the second display unit 36 and the
second input unit 37 are integrally contained within the probe holder 38 of a palm size. As a result, the

ultrasonic images obtained by visualizing the internal state of the inspectiqn object 14 can be checked
using the s@&%ﬁlﬁgﬂlaﬂﬁuﬁﬁ%’éﬁlﬂil %5&1‘&&“&%@&%@%@%%&%@@&0 ég att’'12 in an

easy and sigiple [ngORGI 19RO g, Sufacs of fue nshselion ablee 14, Thatis.dhe gpesgtor (inspecton)

M using the ultrasonic inspection apparatus 10 can perf n ultrasonic inspection by paying
attention only! te dhe wliaseaic érapstiucen 25 wishoit watshingeanetheBapgaratesi iisdfaciiitating the
inspection performance. [0083] Furthermore, since the ultrasonic transducer 25, the second
display unit@siged thé secoadtinpasusic 81iar datégralg e diamed MetHim the pecie) noldél3s
included in the ultrasonic ?rob.e ap%r atlgs 2, the variation or change o{cy[-le ultrasonic images

t nSdué t

obtained by BalRffgHtRE ufiFEdsHic F2EY8 REST B tHe frsbetilon object 14 and
(0076]

Still subsequently, in step S4, the operator (inspector) M
manipulates the push button switch of the second input unit
37 to input an ultrasonic inspection start command.

[0077]

Subsequently, in step S5, the operator (inspector) M
moves the ultrasonic probe apparatus 12 in a desired range of
the inspection object 14 while viewing the second display unit
36 to thereby inspect and scan the inspection region 28.

More specifically, the operator M causes the ultrasonic probe
apparatus 12 to scan a surface 14a of the inspection object 14
in a desired range of the inspection object 14 while holding the
probe holder 38 of the ultrasonic probe apparatus 12 by the
hands, and checks on the presence or absence of an internal
flaw 42 while viewing the ultrasonic images displayed in the
second display unit 36.

[0078]

Subsequently, in step S6, after finishing the inspection of
the desired range of the inspection object 14, the operator

(inspector) M manipulates the push button switch of the



- 36 - visualizing the internal state of the inspection object 14 can be checked in real-time by way of
the ultrasonic images sent from the signal processing section 20 and displayed in the second display
unit 36. Accordingly, the operator (inspector) M using the ultrasonic inspection apparatus 10 can
instantaneously check the internal flaw 42 (peel-off, void or the like) or the internal state such as an
unstuck state of a junction of the inspection object 14, without changing the operator's line of sight and
can also perform the inspection while feeding back the state of ultrasonic images. [0084] Still
furthermore, since the ultrasonic transducer 25, the second display unit 36 and the second input unit
37 are integrally contained within the probe holder 38, by using the ultrasonic images sent from the
signal processing section 20 and displayed in the second display unit 36, the operator (inspector) M
can manipuatechelultrgsarticimsigestiort appapattisalf) thidugtsthe isecargbiaptif enit 37 while checking
in real-time variation or change of the ultrasonic images obtained by causing the ultrasonic transducer
25 to scan bYEFHB fHpERtIBA %Hj’é@tq@l'and thereby visualizing the internal state of the inspection
object 14. 36%? ingly, the operator (inspector) M using the ultrasonic inspection apparatus 10 can
instantaneously check the internal flaw 42 (peel-off, void or the like) or the internal state such as an

unstuck state of aggnctiontetihs Mispestinnohinsh 14 Withaut ehangiogrthe «t3dn speEass line of
sight, and the operator can also manipulate the ultrasonic inspection apparatus 10 to perform the

inspection whiledeeding baekthe staewfidedsonic imaes {0085$ o n Btilskemrtsemore, the second

display unit 36 using a display method appropriate for the purpose of the inspection of the jnspection
object 14, tHe SRR Broh Oﬁam%r%%FSWm%%ﬂké%%ﬁd%éﬁaﬁa Sath Rt FSH ?h@’%nspection

are collectiyply digplayed. sp tha e ngpeetion.can s, sigaifigagtly sippliiedang faghifated o
and an image combination process allows implementation of a
parallel arithmetic process for visualizing, at a high speed, the
internal flaw 42 of the inspection object 14 (the state of
junction regions, or the presence/absence or the state of
welding flaws).

[0080]

Furthermore, in the ultrasonic inspection apparatus 10,
the internal structure of the inspection object 14 can be
quickly extracted and displayed as a two or three dimensional
highly-sensitive, high-resolution ultrasonic image, and a high-
speed inspection of one second to several tens of seconds per
image can thus be implemented.

[0081]

The ultrasonic inspection apparatus 10 and the
ultrasonic inspection method using the ultrasonic inspection
apparatus 10 can be applied to the inspection of the
maintenance state of welding parts or presence/absence of

welding flaws in the fields of automobile, airplane and railway,



[0086]  According to the ultrasonic inspection apparatus 10, the ultrasonic transducer 25 and the
ultrasonic inspection method using the ultrasonic inspection apparatus 10, the internal flaw 42
(peel-off, void or the like) or the internal state such as an unstuck state of a junction of the object to be
inspected 14 can be inspected efficiently and accurately by easy manipulation in the field or the
manufacturing process site. - 38 - CLAIMS 1.An ultrgsonic inspection apparatus comprising: an
ultrasonic probe apparatus provided with an ultrasonic transducer constituted of a plurality of
piezoelectric vibrators;  a drive element selecting section that is connected to the plurality of
piezoelectric vibrators of the ultrasonic transducer and is adopted to select a required piezoelectric
vibrator based on a drive signal from a signal generator; .

or to the monitoring of the state of the welding parts in

industrial fields of plant, shipbuilding and the like.

[0082]

In the ultrasonic inspection apparatus 10 according to
the present embodiment, the ultrasonic probe apparatus 12 is
electrically connected to the apparatus body 11 via a flexible
signal cable 13, and in the ultrasonic probe apparatus 12, the
ultrasonic transducer 25, the second display unit 36 and the
second input unit 37 are integrally contained within the probe
holder 38 of a palm size. As a result, the ultrasonic images
obtained by visualizing the internal state of the inspection
object 14 can be checked using the second display unit 36
while manually operating the ultrasonic probe apparatus 12 in
an easy and simple manner along the surface of the inspection
object 14. That is, the operator (inspector) M using the
ultrasonic inspection apparatus 10 can perform an ultrasonic
inspection by paying attention only to the ultrasonic
transducer 25 without watching another apparatus, thus
facilitating the inspection performance.

[0083]

Furthermore, since the ultrasonic transducer 25, the
second display unit 36 and the second input unit 37 are
integrally contained within the probe holder 38 included in the
ultrasonic probe apparatus 12, the variation or change of the

ultrasonic images obtained by causing the ultrasonic

transducer 25 to scan over the inspection object 14 and



a signal detecting circuit that causes an ultrasonic wave emitted from the piezoelectric vibrator
selected by the drive element selecting section to be incident via an acoustic propagation medium on
an inspection object and receives a reflected echo thereof to detect an electric signal dependent on
the reflected echo; and a signal processing section that applies a parallel arithmetic process to the
detected electric signal dependent on the reflected echo and produces data on an internal image of
the inspection object,  wherein the ultrasonic prdb%@af)paratus includes a display unit that displays
an image based on the image data produced by the signal processing section, and an input unit used
to input an operation command such as a command to start or terminate an inspection, or to set
inspection conditions. - 39 - 2. The ultrasonic inspection apparatus according to claim 1, wherein the
image displayedialtihg slispiay uritincludessan echofwevefams ipragd of thebpiflectaéd echa fioen the
inspection object. 3. The ultrasonic inspection apparatus according to claim 1, wherein the image
displayed incthe gisprayitnit Gediuees @ Bps¥ssctithalimagt sReenispetlisg opjeany. frran

gltrasonic in‘ ection apparatus accPrd[n etocgzgim %,Owher in pe irlna e displ ‘eg in th%gigplay‘unit
includes an ‘?ﬁggglﬁ% _ c:@&%glees?&rélc%n% an-eeflo peaf%}gu |ﬁ% &é%fﬁgdllf%g%n SHfé InSpection
et oy I o e Lyl bR e By
inspection offjsctultrasonic inspection apparatus 10 can instantaneously

check the internal flaw 42 (peel-off, void or the like) or the

‘internal state such as an unstuck state of a junction of the

inspection object 14 without changing the operator's line of

sight and can also perform the inspection while feeding back

the state of ultrasonic images.

[0084]

Still furthermore, since the ultrasonic transducer 25, the
second display unit 36 and the second input unit 37 are
integrally contained within the probe holder 38, by using the
ultrasonic images sent from the signal processing section 20
and displayed in the second display unit 36, the operator
(inspector) M can manipulate the ultrasonic inspection
apparatus 10 through the second input unit 37 while checking
in real-time variation or change of the ultrasonic images
obtained by causing the ultrasonic transducer 25 to scan over
the inspection object 14 and thereby visualizing the internal
state of the inspection object 14. Accordingly, the operator
(inspector) M using the ultrasonic inspection apparatus 10 can
instantaneously check the internal flaw 42 (peel-off, void or

the like) or the internal state such as an unstuck state of a

junction of the inspection object 14 without changing the



6.The ultrasonic inspection apparatus according to claim 1, wherein the image displayed in the display
unit includes a display of a result of extracting data on the inspection object from the reflected echo
from the inspection object and then performing an arithmetical operation on the data. -40- 7. An
ultrasonic probe apparatus connected to a main body of an ultrasonic inspection apparatus,
comprising: a probe holder in a shape of a box; an sonic transducer including a plurality of
piezoelectric vibrators incorporated in the probe holter; a display unit incorporated in the probe holder;
and an input unit incorporated in the probe holder, wherein the ultrasonic transducer, the display
unit and the input unit are integrally assembled within the probe holder.

operator's line of sight, and the operator can also manipulate
the ultrasonic inspection apparatus 10 to perform the
inspection while feeding back the state of ultrasonic images.
[0085]

Still furthermore, the second display unit 36 using a
display method appropriate for the purpose of the inspection of
the inspection object 14, the shape of the probe holder 38, or
the like is provided, and data useful for the inspection are
collectively displayed, so that the inspection can be
significantly simplified and facilitated.

[0086]

According to the ultrasonic inspection apparatus 10, the
ultrasonic transducer 25 and the ultrasonic inspection method
using the ultrasonic inspection apparatus 10, the internal flaw
42 (peel-off, void or the like) or the internal state such as an
unstuck state of a junction of the object to be inspected 14
can be inspected efficiently and accurately by easy

manipulation in the field or the manufacturing process site.



8. The ultrasonic probe apparatus according to claim 7, wherein an image displayed in the display unit
includes an echo waveform image of a reflected echo from an inspection object. 9. The ultrasonic
probe apparatus according to claim 7, wherein the image displayed in the display unit includes a
cross-sectional image of the inspection object. 10. The ultrasonic probe apparatus according to claim
7, wherein the image displayed in the display unit ingludes an image produced by extracting an echo
peak value in a depth direction of the inspection objett. 11. The ultrasonic probe apparatus according
to claim 7, wherein the image displayed in the display unit include s an - 41 - image produced by
extracting depth data of the reflected echo from the inspection object. 12. The ultrasonic probe
apparatus according to claim 7, wherein the image displayed in the display unit includes a display of a
result of extracting data on the inspection object €& Il Beflected echo from the inspection object and
then performing an arithmetical operation on the data. 13. An ultrasonic inspection method comprising
the steps of:

1. An ultrasonic inspection apparatus comprising:

an ultrasonic probe apparatus provided with an
ultrasonic transducer constituted of a plurality of piezoelectric
vibrators;

a drive element selecting section that is connected to the
plurality of piezoelectric vibrators of the ultrasonic transducer
and is adopted to select a required piezoelectric vibrator based
on a drive signal from a signal generator;

a signal detecting circuit that causes an ultrasonic wave
emitted from the piezoelectric vibrator selected by the drive
element selecting section to be incident via an acoustic
propagation medium on an inspection object and receives a
reflected echo thereof to detect an electric signal dependent on
the reflected echo; and

a signal processing section that applies a parallel
arithmetic process to the detected electric signal dependent on
the reflected echo and produces data on an internal image of
the inspection object,

wherein the ultrasonic probe apparatus includes a display
unit that displays an image based on the image data produced
by the signal processing section, and an input unit used to
input an operation command such as a command to start or

terminate an inspection, or to set inspection conditions.



preparing an ultrasonic inspection apparatus including: an ultrasonic probe apparatus including the
ultrasonic transducer constituted of a plurality of piezoelectric vibrators, a display unit which displays
an image based on image data produced by a signal processing section, and an input unit used to
perform an operation command such as a command to start or terminate an inspection or to set an
inspection condition; a drive element selecting sect_iogdvhich is connected to a plurality of piezoelectric
vibrators of the ultrasonic transducer and selects a required piezoelectric vibrator based on a drive
signal from a signal generator; a signal detecting circuit which causes an ultrasonic wave emitted from
the piezoelectric vibrator selected by the drive element selecting section to be incident via an acoustic
propagation medium on the inspection object and receives a reflected echo thereof to detect an
electric signal.dep&hidentdinhe eefiscisusarhotidnd agrp-ag signal prseessing Setvionl@iiehlapplies a

parallel arithmetic process to.the detected Iectréc sign IdegendTnt on the refleite echo and
produces da Sﬁﬁhtéﬁﬁlllﬁﬁﬁ@&o 1R& HAopeltibH dbfeet ! SRitgebiiy hE it HbhRt Bfdbe

apparatus at.a predgterminad inspestion Ppsitien.of fe dnseection ORiest, ciNPyttiag,e cammand to

set inspection conditions through the Thput unit;  repeating an arrangement of the ultrasonic probe
apparatus apthgadnput setting of the command to set the inspection conditions through the input unit
until a predetermined display is obtained in the display unit;  inputting an inspection start command
through the input unit after adjustment of the display of the display unit; inspecting the inspection

object for flays by usir{%%he ultrasonic grobe aB%aratus to scana redetgr.mined range of the
inspection object; ?ae rasonic 1nspecti apparatus dccording to claim 1,

wherein the image displayed in the display unit includes a

cross-sectional image of the inspection object.

4. The ultrasonic inspection apparatus according to claim 1,
wherein the image displayed in the display unit includes an
image produced by extracting an echo peak value in a depth

direction of the inspection object.

5. The ultrasonic inspection apparatus according to claim 1,
wherein the image displayed in the display unit includes an
image produced by extracting depth data of the reflected echo

from the inspection object.

6. The ultrasonic inspection apparatus according to claim 1,
wherein the image displayed in the display unit includes a
display of a result of extracting data on the inspection object
from the reflected echo from the inspection object and then

performing an arithmetical operation on the data.



inputting an inspection terminate command through the input unit after completion of inspecting the
predetermined range of the inspection object. 14. The ultrasonic inspection method according to claim
13, wherein the inspection condition setting input through the input unit and the starting or terminating
the command through the input unit are performed with the ultrasonic probe apparatus being held. -
43 - 15. The ultrasonic inspection method accordingj}g)c_laim | 3, wherein after displaying, in the
display unit, the echo waveform image of the reflected echo from the inspection object, or the
cross-sectional image of the inspection object, the inspection condition setting input is performed
through the input unit.

7. An ultrasonic probe apparatus connected to a main body
of an ultrasonic inspection apparatus, comprising:

a probe holder in a shape of a box;

an ultrasonic transducer including a plurality of
piezoelectric vibrators incorporated in the probe holder;

a display unit incorporated in the probe holder; and

an input unit incorporated in the probe holder,

wherein the ultrasonic transducer, the display unit and

the input unit are integrally assembled within the probe holder.

8. The ultrasonic probe apparatus according to claim 7,
wherein an image displayed in the display unit includes an
echo waveform image of a reflected echo from an inspection

object.

9. The ultrasonic probe apparatus according to claim 7,
wherein the image displayed in the display unit includes a

cross-sectional image of the inspection object.

10. The ultrasonic probe apparatus according to claim 7,
wherein the image displayed in the display unit includes an
image produced by extracting an echo peak value in a depth

direction of the inspection object.

11. The ultrasonic probe apparatus according to claim 7,

wherein the image displayed in the display unit includes an
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image produced by extracting depth data of the reflected echo

from the inspection object.

12. The ultrasonic probe apparatus according to claim 7,
wherein the image displayed in the display unit includes a
display of a result of extracting data on the inspection object
from the reflected echo from the inspection object and then

performing an arithmetical operation on the data.

13. An ultrasonic inspection method comprising the steps of:
preparing an ultrasonic inspection apparatus including:
an ultrasonic probe apparatus including the ultrasonic
transducer constituted of a plurality of piezoelectric vibrators,
a display unit which displays an image based on image data
produced by a signal processing section, and an input unit
used to perform an operation command such as a command to
start or terminate an inspection or to set an inspection
condition; a drive element selecting section which is connected
to a plurality of piezoelectric vibrators of the ultrasonic
transducer and selects a required piezoelectric vibrator based
on a drive signal from a signal generator; a signal detecting
circuit which causes an ultrasonic wave emitted from the
piezoelectric vibrator selected by the drive element selecting
section to be incident via an acoustic propagation medium on
the inspection object and receives a reflected echo thereof to

detect an electric signal dependent on the reflected echo; and
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a signal processing section which applies a parallel arithmetic
process to the detected electric signal dependent on the
reflected echo and produces data on an internal image of the
inspection object;

disposing the ultrasonic probe apparatus at a
predetermined inspection position of the inspection object;

inputting a command to set inspection conditions through
the input unit;

repeating an arrangement of the ultrasonic probe
apparatus and an input setting of the command to set the
inspection conditions through the input unit until a
predetermined display is obtained in the display unit;

inputting an inspection start command through the input
unit after adjustment of the display of the display unit;

inspecting the inspection object for flaws by causing the
ultrasonic probe apparatus to scan a predetermined range of
the inspection object; and

inputting an inspection terminate command through the
input unit after completion of inspecting the predetermined

range of the inspection object.

14. The ultrasonic inspection method according to claim 13,
wherein the inspection condition setting input through the
input unit and the starting or terminating the command
through the input unit are performed with the ultrasonic probe

apparatus being held.



- 43 -

15. The ultrasonic inspection method according to claim 13,
wherein after displaying, in the display unit, the echo
waveform image of the reflected echo from the inspection
object, or the cross-sectional image of the inspection object,

the inspection condition setting input is performed through

the input unit.



