
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
72

2 
80

1
A

1
*EP003722801A1*

(11) EP 3 722 801 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
14.10.2020 Bulletin 2020/42

(21) Application number: 17933982.5

(22) Date of filing: 07.12.2017

(51) Int Cl.:
G01N 29/11 (2006.01)

(86) International application number: 
PCT/JP2017/044038

(87) International publication number: 
WO 2019/111381 (13.06.2019 Gazette 2019/24)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD TN

(71) Applicant: Mitsubishi Electric Corporation
Chiyoda-ku
Tokyo 100-8310 (JP)

(72) Inventors:  
• KIMURA, Tomonori

Tokyo 100-8310 (JP)

• GOTOU, Tomonobu
Kamakura-shi
Kanagawa 247-0066 (JP)

• KUNII, Yoshiaki
Kamakura-shi
Kanagawa 247-0066 (JP)

• UDAGAWA, Hisashi
Kamakura-shi
Kanagawa 247-0066 (JP)

• HOSOYA, Akira
Kamakura-shi
Kanagawa 247-0066 (JP)

(74) Representative: Pfenning, Meinig & Partner mbB
Patent- und Rechtsanwälte 
Joachimsthaler Straße 10-12
10719 Berlin (DE)

(54) ULTRASONIC FLAW DETECTION DEVICE

(57) An ultrasonic probe (1) sends out ultrasound
waves to a steel sheet (100) obliquely at a plurality of
angles, using transmission signals provided from a trans-
mission signal processing unit (3a). In addition, the ultra-
sonic probe (1) receives echoes corresponding to the
plurality of angles from the steel sheet (100). A reception
signal processing unit (3b) determines amplitudes of the

echoes received by the ultrasonic probe (1) and corre-
sponding to the plurality of angles, and periods of time
from when the ultrasound waves are sent out until the
echoes are received, as reception times, and identifies
a location of a flaw (101) in the steel sheet (100) from
the reception times and a ratio between the amplitudes.
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Description

TECHNICAL FIELD

[0001] The invention relates to an ultrasonic flaw de-
tection device that determines the properties of a spec-
imen using ultrasound.

BACKGROUND ART

[0002] A steel sheet manufactured by a steel manu-
facturer, etc., may have a flaw on its front or back surface,
and such a flaw is detected by an ultrasonic flaw detection
device.
[0003] When steel is thin, flaw detection using a plate
wave or a surface wave is performed by allowing ultra-
sound to obliquely enter a steel sheet by using a probe.
Conventionally, as such an ultrasonic flaw detection de-
vice, there is one that detects a surface flaw using a sur-
face wave by allowing ultrasound to obliquely enter a
steel sheet from a wheel probe (see, for example, Patent
Literature 1).

CITATION LIST

PATENT LITERATURES

[0004] Patent Literature 1: JP H06-331603 A

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] Meanwhile, there is a case in which an ultra-
sonic flaw detection device needs to grasp on which one
of the front and back sides of a steel sheet a flaw is lo-
cated. However, the conventional ultrasonic flaw detec-
tion device described in the above-described Patent Lit-
erature 1 has difficulty in determining on which one of
the front and back a flaw is located.
[0006] The invention is made to solve such a problem,
and an object of the invention is to provide an ultrasonic
flaw detection device capable of determining on which
one of the front and back sides of a steel sheet a flaw is
located.

SOLUTION TO PROBLEM

[0007] An ultrasonic flaw detection device according
to the invention includes: an ultrasonic probe for gener-
ating ultrasound waves corresponding to transmission
signals to be provided to the ultrasonic probe, and send-
ing out the ultrasound waves into a specimen, and re-
ceiving echoes of the respective ultrasound waves hav-
ing propagated through the specimen and outputting the
received echoes as reception signals; a transmission sig-
nal processing unit for generating, as the transmission
signals, signals that are used by the ultrasonic probe to

send out the ultrasound waves to the specimen obliquely
at a respective plurality of angles; and a reception signal
processing unit for determining, from the reception sig-
nals, amplitudes of the echoes corresponding to the plu-
rality of angles, and periods of time from when the re-
spective ultrasound waves are sent out until the respec-
tive echoes are received, as reception times, and iden-
tifying a location of an acoustic discontinuous portion in
the specimen from the reception times and a ratio be-
tween the amplitudes.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] The ultrasonic flaw detection device according
to the invention sends out ultrasound waves to a speci-
men obliquely at a respective plurality of angles, deter-
mines amplitudes and reception times of echoes corre-
sponding to the plurality of angles, and identifies a loca-
tion of an acoustic discontinuous portion in the specimen
from the reception times and a ratio between the ampli-
tudes. By this, it can be determined on which one of the
front and back sides of the specimen a flaw is located.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

FIG. 1 is a configuration diagram of an ultrasonic
flaw detection device of a first embodiment of the
invention.
FIG. 2 is a configuration diagram of an ultrasonic
probe of the ultrasonic flaw detection device of the
first embodiment of the invention.
FIG. 3 is a hardware configuration diagram of the
ultrasonic flaw detection device of the first embodi-
ment of the invention.
FIG. 4 is an illustrative diagram showing the phase
velocities of plate waves in the ultrasonic flaw detec-
tion device of the first embodiment of the invention.
FIG. 5 is an illustrative diagram showing the group
velocities of the plate waves in the ultrasonic flaw
detection device of the first embodiment of the in-
vention.
FIGS. 6A to 6E are illustrative diagrams of simulation
conditions for the ultrasonic flaw detection device of
the first embodiment of the invention.
FIGS. 7A to 7G are illustrative diagrams showing
echoes obtained when a flaw present on a front side
of a steel sheet is detected with the angle of inci-
dence set to 34.5° in the ultrasonic flaw detection
device of the first embodiment of the invention.
FIGS. 8A to 8G are illustrative diagrams showing
echoes obtained when the flaw present on the front
side of the steel sheet is detected with the angle of
incidence set to 24.6° in the ultrasonic flaw detection
device of the first embodiment of the invention.
FIG. 9 is an illustrative diagram showing changes in
echo height relative to distance at a time when the
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flaw is present on the front side of the steel sheet in
the ultrasonic flaw detection device of the first em-
bodiment of the invention.
FIGS. 10A to 10G are illustrative diagrams showing
echoes obtained when a flaw present on a back side
of the steel sheet is detected with the angle of inci-
dence set to 34.5° in the ultrasonic flaw detection
device of the first embodiment of the invention.
FIGS. 11A to 11G are illustrative diagrams showing
echoes obtained when the flaw present on the back
side of the steel sheet is detected with the angle of
incidence set to 24.6° in the ultrasonic flaw detection
device of the first embodiment of the invention.
FIG. 12 is an illustrative diagram showing changes
in echo height relative to distance at a time when the
flaw is present on the back side of the steel sheet in
the ultrasonic flaw detection device of the first em-
bodiment of the invention.
FIG. 13 is an illustrative diagram showing results of
sound field simulation obtained when an AOSO
mode propagates at an angle of incidence of 34.5°
in the ultrasonic flaw detection device of the first em-
bodiment of the invention.
FIG. 14 is an illustrative diagram representing a tran-
sition of an energy distribution of the AOSO mode in
a simulated manner in the ultrasonic flaw detection
device of the first embodiment of the invention.
FIG. 15 is an illustrative diagram showing results of
sound field simulation obtained when an S1 mode
propagates at an angle of incidence of 24.6° in the
ultrasonic flaw detection device of the first embodi-
ment of the invention.
FIG. 16 is an illustrative diagram representing a tran-
sition of an energy distribution of the S1 mode in a
simulated manner in the ultrasonic flaw detection de-
vice of the first embodiment of the invention.
FIG. 17 is a flowchart showing the operation of a
transmission signal processing unit in the ultrasonic
flaw detection device of the first embodiment of the
invention.
FIG. 18 is a flowchart showing the operation of a
reception signal processing unit in the ultrasonic flaw
detection device of the first embodiment of the in-
vention.

DESCRIPTION OF EMBODIMENTS

[0010] To describe the invention in more detail, a mode
for carrying out the invention will be described below with
reference to the accompanying drawings.

First Embodiment.

[0011] FIG. 1 is a configuration diagram of an ultrason-
ic flaw detection device of the present embodiment.
[0012] The ultrasonic flaw detection device shown in
the drawing includes an ultrasonic probe 1 and a trans-
ceiver 2. The ultrasonic probe 1 is an angle probe, and

has a function of transmitting ultrasound waves which
are driven by transmission signals to be provided thereto
into a steel sheet 100 which is a specimen, and receiving
echoes of the ultrasound waves having propagated
through the steel sheet 100 and outputting the echoes
as reception signals. The details of the ultrasonic probe
1 are shown in FIG. 2. As shown in FIG. 2, the ultrasonic
probe 1 includes a wedge 1a and a transducer 1b. The
transducer 1b is formed by arraying a plurality of trans-
ducer elements.
[0013] The transceiver 2 has a function of providing
transmission signals to the ultrasonic probe 1, and per-
forming signal processing on reception signals which are
echoes obtained by the ultrasonic probe 1, and includes
a signal processing unit 3, a transmitting unit 4, and a
receiving unit 5. The signal processing unit 3 includes a
transmission signal processing unit 3a and a reception
signal processing unit 3b. The transmission signal
processing unit 3a has a function of generating, as trans-
mission signals, signals that are used by the ultrasonic
probe 1 to send out ultrasound waves to the steel sheet
100 obliquely at a plurality of angles, and providing the
transmission signals to the transmitting unit 4. The re-
ception signal processing unit 3b has a function of re-
ceiving, through the receiving unit 5, reception signals
obtained by the ultrasonic probe 1, determining, from the
reception signals, amplitudes and reception times of ul-
trasonic echoes corresponding to the plurality of angles,
and identifying a location of an acoustic discontinuous
portion in the steel sheet 100 from the reception times
and a ratio between the amplitudes. The transmitting unit
4 has a function of generating signals for driving the trans-
ducer 1b of the ultrasonic probe 1, on the basis of the
transmission signals provided from the transmission sig-
nal processing unit 3a. The receiving unit 5 has a function
of amplifying the reception signals from the ultrasonic
probe 1, as necessary, and transmitting the reception
signals to the reception signal processing unit 3b in the
signal processing unit 3.
[0014] FIG. 3 is a block diagram schematically showing
an exemplary hardware configuration of the signal
processing unit 3. In an example of FIG. 3, the signal
processing unit 3 includes a processor 301 including a
CPU, a read only memory (ROM) 302, a random access
memory (RAM) 303, a storage 304, a transmission/re-
ception interface circuit 305, a display interface circuit
306, and a display 307. The processor 301, the ROM
302, the RAM 303, the storage 304, the transmission/re-
ception interface circuit 305, the display interface circuit
306, and the display 307 are mutually connected through
a signal path 308 such as a bus circuit.
[0015] The processor 301 uses the RAM 303 as a
working memory, and executes an ultrasonic measure-
ment program read from the ROM 302 or the storage
304, and thereby implements the functions of the trans-
mission signal processing unit 3a and the reception sig-
nal processing unit 3b. The storage 304 is a storage unit
that is formed using, for example, a volatile memory such
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as a synchronous DRAM (SDRAM), a hard disk drive
(HDD), or a solid-state drive (SSD), and that stores pro-
grams corresponding to the functions of the transmission
signal processing unit 3a and the reception signal
processing unit 3b, and stores processing results. The
transmission/reception interface circuit 305 is an inter-
face circuit used for signal transmission with the trans-
mitting unit 4 and signal transmission with the receiving
unit 5. The display interface circuit 306 is an interface
circuit used for signal transmission with the display 307.
[0016] The display 307 displays a result of determina-
tion of a flaw location. The result may be displayed as
characters, or may be displayed using an LED lamp. A
display method is not limited thereto.
[0017] Next, the operation of the ultrasonic flaw detec-
tion device of the present embodiment will be described.
First, plate waves that propagate through a steel sheet
will be described with reference to FIGS. 4 and 5. FIGS.
4 and 5 respectively show the phase velocities and group
velocities of plate waves that propagate through a steel
sheet with a thickness of 3.6 mm. As is clear from these
drawings, the phase velocity and the group velocity vary
depending on the frequency. Note that although many
modes propagate in practice, here, three modes, A0, S0,
and S1, are shown. Here, as an example, plate waves
that propagate through a steel sheet with a thickness of
3.6 mm at a frequency of 2.25 MHz will be described.
[0018] As shown in FIG. 4, when the frequency is 2.25
MHz, the phase velocities of A0 and S0 are both about
3000 m/s, and are almost identical. Therefore, it is con-
ceivable that by setting the angle of incidence of the ul-
trasonic probe 1 in such a manner that a plate wave with
a phase velocity of 3000 m/s propagates, a mode having
both characteristics of A0 and S0 propagates. In the
present embodiment, this mode is called an "AOSO
mode". On the other hand, the phase velocity of S1 is
about 4000 m/s. By setting the angle of incidence of the
ultrasonic probe 1 in such a manner that a plate wave
with a phase velocity of 4000 m/s propagates, a plate
wave in S1 mode propagates.
[0019] A simulation is performed to examine what ech-
oes are to be received when a flaw 101 of the steel sheet
100 is detected by propagation of plate waves in AOSO
mode and S0 mode. FIG. 6 shows simulation conditions.
FIGS. 6A and 6B show response characteristics of the
ultrasonic probe 1 used in the simulation, and FIG. 6A
shows a relationship between time and relative ampli-
tude, and FIG. 6B shows a relationship between frequen-
cy and relative amplitude. In this example, as shown in
FIG. 6B, a narrow band with a center frequency of 2.25
MHz is used. FIGS. 6C and 6D are diagrams respectively
showing, at a time when the flaw 101 is present on the
front and back sides of the steel sheet 100, relative po-
sitional relationships between the ultrasonic probe 1 and
the steel sheet 100. As shown in FIGS. 6C and 6D, ech-
oes from the flaw 101 are obtained with a distance L from
the ultrasonic probe 1 to the flaw 101 changed from 150
mm to 450 mm. FIG. 6E shows a shape of the flaw. FIG.

6E shows the flaw 101 present on the front side of the
steel sheet 100, and when the flaw 101 is present on the
back side, the flaw shape is vertically reversed.
[0020] In the simulation, an angle probe is formed by
allowing the transducer 1b to contact with a liquid with a
sound velocity of 1680 m/s, and using the liquid as the
wedge 1a. In this case, the angle of incidence for gener-
ating an AOSO mode with a phase velocity of 3000 m/s is 

by Snell’s law. Here, for the convenience of the simula-
tion, the angle of incidence for allowing the AOSO mode
to propagate is set to 34.5°. On the other hand, the angle
of incidence for generating an S1 mode with a phase
velocity of 4000 m/s is 

Here, for the convenience of the simulation, the angle of
incidence for allowing the S 1 mode to propagate is set
to 24.6°.
[0021] FIGS. 7A to 7G show echoes obtained when
the flaw 101 present on the front side of the steel sheet
100 is detected by allowing the AOSO mode to propagate
at an angle of incidence of 34.5°. FIGS. 7A to 7G show
examples of a distance of 150 mm to 450 mm, respec-
tively. As shown in the drawings, the echo height de-
creases with the distance up to a distance of about 350
mm, but the echo height exhibits an increasing tendency
at a distance of 400 mm and more.
[0022] FIG. 8 shows echoes obtained when the flaw
present on the front side of the steel sheet 100 is detected
by allowing the S1 mode to propagate at an angle of
incidence of 24.6°. FIGS. 8A to 8G show examples of a
distance of 150 mm to 450 mm, respectively. As shown
in the drawings, the echo height gradually decreases with
the distance.
[0023] FIG. 9 shows changes in echo height relative
to the distance at a time when the flaw 101 is present on
the front side of the steel sheet 100. As shown in the
drawing, the echo height of the S1 mode generated at
an angle of incidence of 24.6° gradually decreases with
the distance, whereas the echo height of the AOSO mode
generated at an angle of incidence of 34.5° exhibits a
complex characteristic in which the echo height decreas-
es and then increases.
[0024] FIG. 10 shows echoes obtained when the flaw
101 present on the back side of the steel sheet 100 is
detected by allowing the AOSO mode to propagate at an
angle of incidence of 34.5°. FIGS. 10A to 10G show ex-
amples of a distance of 150 mm to 450 mm, respectively.
As shown in the drawings, the echo height increases with
the distance, but decreases with the distance after the
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distance exceeds 350 mm. This is a reverse tendency to
that at a time when the flaw 101 is present on the front
side.
[0025] FIG. 11 shows echoes obtained when the flaw
101 present on the back side of the steel sheet 100 is
detected by allowing the S1 mode to propagate at an
angle of incidence of 24.6°. FIGS. 11A to 11G show ex-
amples of a distance of 150 mm to 450 mm, respectively.
As shown in the drawings, the echo height gradually de-
creases with the distance. This is the same tendency as
that at a time when the flaw 101 is present on the front
side.
[0026] FIG. 12 shows changes in echo height relative
to the distance at a time when the flaw 101 is present on
the back side of the steel sheet 100. As shown in the
drawing, the echo height of the S1 mode generated at
an angle of incidence of 24.6° gradually decreases with
the distance, whereas the echo height of the AOSO mode
generated at an angle of incidence of 34.5° exhibits a
complex characteristic in which the echo height increas-
es and then decreases.
[0027] Causes of the occurrence of the characteristics
shown in FIGS. 9 and 12 will be described with reference
to FIGS. 13 to 16. FIG. 13 shows results of sound field
simulation (a distance of 300 mm) obtained when the
AOSO mode is propagated at an angle of incidence of
34.5°. In FIG. 13, from 10 ms to 30 ms sound fields near
the ultrasonic probe 1 are shown, and from 90 ms to 110
ms sound fields near the flaw 101 are shown. As shown
in the drawing, immediately after incidence on the steel
sheet 100 from the ultrasonic probe 1, energy of the plate
wave is concentrated on the front side of the steel sheet
100. The energy distribution changes little by little with
propagation, and when the plate wave reaches the flaw
101 present at a location with a distance of 300 mm, the
energy of the plate wave is concentrated on the back
side of the steel sheet 100.
[0028] FIG. 14 shows a simulated representation of a
transition of the energy distribution of the AOSO mode.
As shown in the drawing, immediately after incidence on
the steel sheet 100 from the ultrasonic probe 1, the en-
ergy of the plate wave becomes stronger on the front
side of the steel sheet 100. After going through a state
in which the energy distribution changes with propagation
and the front and back sides have a comparable energy
distribution, a state in which the energy becomes strong-
er on the back side is obtained. Thereafter, the plate wave
propagates in such a manner that after going through a
state in which the front and back sides have a comparable
energy distribution again, the energy becomes stronger
on the front side. Therefore, changes in echo height rel-
ative to the distance are reversed between a case where
the flaw 101 is present on the front side of the steel sheet
100 and a case where the flaw 101 is present on the back
side of the steel sheet 100. As a result, the AOSO mode
has the characteristics shown in FIGS. 9 and 12.
[0029] FIG. 15 shows results of sound field simulation
(a distance of 300 mm) obtained when the S1 mode is

propagated at an angle of incidence of 24.6°. In FIG. 15,
from 10 ms to 30 ms sound fields near the ultrasonic probe
1 are shown, and from 120 ms to 140 ms sound fields
near the flaw 101 are shown. As shown in the drawing,
even immediately after incidence on the steel sheet 100
from the ultrasonic probe 1 and even when the plate wave
reaches the flaw 101, a sound field distribution hardly
changes, and is substantially uniform in a plate thickness
direction.
[0030] FIG. 16 shows a simulated representation of a
transition of an energy distribution of the S1 mode. As
shown in the drawing, when the plate wave propagates,
the energy distribution hardly changes. Since the energy
distribution is substantially uniform in the plate thickness
direction, changes in echo height relative to the distance
are almost the same between in a case where the flaw
101 is present on the front side of the steel sheet 100
and in a case where the flaw 101 is present on the back
side of the steel sheet 100. As a result, the S1 mode has
the characteristics shown in FIGS. 9 and 12.
[0031] As described above, changes in echo height
relative to the distance greatly differ between the AOSO
mode and the S1 mode. Using these characteristics, it
is possible to determine on which one of the front and
back sides of the steel sheet 100 the flaw 101 is present.
Specific operation of the ultrasonic flaw detection device
of the present embodiment will be described below.
[0032] FIG. 17 is a flowchart showing the operation of
the transmission signal processing unit 3a, and FIG. 18
is a flowchart showing the operation of the reception sig-
nal processing unit 3b. First, the transmission signal
processing unit 3a transmits delay signals for the respec-
tive arrayed transducer elements of the transducer 1b to
the transmitting unit 4 so as to obtain the angle of inci-
dence at which the AOSO mode propagates (step ST11).
The transmitting unit 4 generates excitation signals using
the delay signals transmitted from the transmission signal
processing unit 3a, to excite the respective arrayed trans-
ducer elements of the transducer 1b in the ultrasonic
probe 1. An example of FIG. 2 shows the state of prop-
agation of ultrasound in the wedge 1a in a case in which
a delay time assigned to the arrayed leftmost element of
the transducer 1b is long and a delay time assigned to
the rightmost element is short. Note that the angle of
incidence at which the AOSO mode propagates changes
depending on the thickness of the steel sheet 100, the
sound velocity of the wedge 1a, and the frequency, and
thus is not limited to the angle (34.5°) shown in the sim-
ulation.
[0033] Thereafter, plate waves in AOSO mode propa-
gate through the steel sheet 100, and each of the arrayed
transducer elements of the transducer 1b in the ultrasonic
probe 1 receives, as an echo, the corresponding plate
wave reflected by the flaw 101, converts the echo into
an electrical signal, and transmits the electrical signal to
the receiving unit 5. The receiving unit 5 amplifies the
echo as necessary, and transmits the echo to the signal
processing unit 3.
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[0034] In the signal processing unit 3, the reception
signal processing unit 3b assigns a delay time corre-
sponding to each of the arrayed transducer elements of
the transducer 1b to the corresponding echo, and com-
bines the echo of each of the transducer elements. The
amplitude of the echo is determined as E1 and the re-
ception time of the echo is determined as T1, and the
values of the E1 and T1 are stored in the RAM 303 or
the storage 304 that is included in the reception signal
processing unit 3b (step ST21). Namely, plate waves in
AOSO mode are allowed to propagate through the steel
sheet 100 by controlling the angle of incidence and the
angle at which reception is performed in a phased array
system, by which the transmission and reception are per-
formed.
[0035] After storing the values of E1 and T1 in the re-
ception signal processing unit 3b, the angle of incidence
is changed in the phased array system, to generate plate
waves in S1 mode in the steel sheet 100. Namely, the
transmission signal processing unit 3a transmits delay
signals for the respective arrayed transducer elements
of the transducer 1b to the transmitting unit 4 so as to
obtain the angle of incidence at which the S1 mode prop-
agates (step ST12). Note that the angle of incidence at
which the S1 mode propagates changes depending on
the thickness of the steel sheet 100, the sound velocity
of the wedge 1a, and the frequency, and thus is not limited
to the angle (24.6°) shown in the simulation.
[0036] Thereafter, plate waves in S1 mode propagate
through the steel sheet 100, and each of the arrayed
transducer elements of the transducer 1b in the ultrasonic
probe 1 receives, as an echo, the corresponding plate
wave reflected by the flaw 101, converts the echo into
an electrical signal, and transmits the electrical signal to
the receiving unit 5. The receiving unit 5 amplifies the
echo as necessary, and transmits the echo to the signal
processing unit 3.
[0037] In the signal processing unit 3, the reception
signal processing unit 3b determines the amplitude E2
and reception time T2 of the echo in S 1 mode in the
phased array system, and stores the amplitude E2 and
the reception time T2 in the RAM 303 or the storage 304
that is included in the reception signal processing unit 3b
(step ST22).
[0038] As shown in FIG. 5, if the frequency is deter-
mined, then the group velocity of a plate wave is also
determined. Namely, it is possible to estimate, from a
reception time of an echo, a distance from the ultrasonic
probe 1 to the flaw 101. For example, the group velocity
of the AOSO mode is substantially 3000 m/s regardless
of the frequency, and thus, from T1 3 3000 m/s, a back-
and-forth propagation distance of the AOSO mode can
be determined. The reception signal processing unit 3b
determines a distance from the ultrasonic probe 1 to the
flaw 101, and sets the distance as L (step ST23).
[0039] Changes in echo height relative to the distance
as shown in FIGS. 9 and 12 are determined in advance
by computation or experiment. The reception signal

processing unit 3b compares the amplitude E1 of the
AOSO mode with the amplitude E2 of the S 1 mode, and
determines, from characteristics of the echo height rela-
tive to the distance, on which one of the front and back
sides of the steel sheet 100 the flaw 101 is present (step
ST24). For example, if the characteristics of the echo
height relative to the distance are the same as those of
FIGS. 9 and 12, then when the value of the distance L is
300 mm, the following relationships are evident:

E1 < E2 The flaw 101 is present on the front side of
the steel sheet 100 (step ST25)
E1 > E2 The flaw 101 is present on the back side of
the steel sheet 100 (step ST26).

The reception signal processing unit 3b displays the de-
termination result on the display 307.
[0040] As such, by using the plate waves in the two
modes, it is possible to determine on which one of the
front and back sides of the steel sheet 100 the flaw 101
is present.
[0041] Note that although the above example de-
scribes the configuration and operation for transmitting
and receiving the AOSO mode and the S1 mode by the
ultrasonic probe 1 in the phased array system, the ultra-
sonic probe 1 may send out ultrasound to the steel sheet
100 at a plurality of angles by mechanically scanning.
For example, a plurality of angles may be obtained by
using a type of variable angle probe as the ultrasonic
probe 1. In addition, a plurality of angles may be obtained
by using a plurality of angle probes having different an-
gles of incidence. In addition, although the above exam-
ple describes an ultrasonic flaw detection device that us-
es an angle probe, the angle probe does not need to be
used as long as an ultrasonic probe that allows ultra-
sound to obliquely enter the steel sheet 100 is used.
[0042] As described above, an ultrasonic flaw detec-
tion device of the first embodiment includes: an ultrasonic
probe that generates ultrasound waves corresponding
to transmission signals to be provided thereto, and sends
out the ultrasound waves into a specimen, and receives
echoes of the respective ultrasound waves having prop-
agated through the specimen, and outputs the received
echoes as reception signals; a transmission signal
processing unit that generates, as the transmission sig-
nals, signals that are used by the ultrasonic probe to send
out the ultrasound waves to the specimen obliquely at a
respective plurality of angles; and a reception signal
processing unit that determines, from the reception sig-
nals, amplitudes of the echoes corresponding to the plu-
rality of angles, and periods of time from when the re-
spective ultrasound waves are sent out until the respec-
tive echoes are received, as reception times, and iden-
tifies a location of an acoustic discontinuous portion in
the specimen from the reception times and a ratio be-
tween the amplitudes, and thus, there is an advanta-
geous effect of being able to determine on which one of
the front and back sides of the specimen a flaw is located.
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[0043] In addition, according to the ultrasonic flaw de-
tection device of the first embodiment, a transducer of
the ultrasonic probe includes a plurality of arrayed trans-
ducer elements, and the transmission signal processing
unit generates a set of signals having different delay
times corresponding to the respective plurality of trans-
ducer elements, as a signal corresponding to each of the
plurality of angles, and thus, a configuration for sending
out ultrasound waves at the plurality of angles can be
easily implemented.
[0044] In addition, according to the ultrasonic flaw de-
tection device of the first embodiment, the ultrasonic
probe sends out the ultrasound waves to the specimen
obliquely at the respective plurality of angles by mechan-
ically scanning, and thus, as the ultrasonic probe, various
probes can be selected.
[0045] Note that in the invention of the present appli-
cation, modification to any component of the embodiment
or omission of any component of the embodiment is pos-
sible within the scope of the invention.

INDUSTRIAL APPLICABILITY

[0046] As described above, an ultrasonic flaw detec-
tion device according to the invention relates to a config-
uration in which plate waves in a plurality of different
modes are allowed to propagate through a specimen us-
ing an ultrasonic probe, and the properties of the speci-
men are determined from the amplitude ratio and
amounts of receive time of a plurality of received echoes,
and is suitable for detecting a flaw, including determining
on which one of the front and back of a steel sheet the
flaw is present.

REFERENCE SIGNS LIST

[0047] 1: Ultrasonic probe, 1a: Wedge, 1b: Transduc-
er, 2: Transceiver, 3: Signal processing unit, 3a: Trans-
mission signal processing unit, 3b: Reception signal
processing unit, 4: Transmitting unit, 5: Receiving unit,
100: Steel sheet, 101: Flaw

Claims

1. An ultrasonic flaw detection device comprising:

an ultrasonic probe for generating ultrasound
waves corresponding to transmission signals to
be provided to the ultrasonic probe and sending
out the ultrasound waves into a specimen, and
receiving echoes of the respective ultrasound
waves having propagated through the specimen
and outputting the received echoes as reception
signals;
a transmission signal processing unit for gener-
ating, as the transmission signals, signals that
are used by the ultrasonic probe to send out the

ultrasound waves to the specimen obliquely at
a respective plurality of angles; and
a reception signal processing unit for determin-
ing, from the reception signals, amplitudes of
the echoes corresponding to the plurality of an-
gles, and periods of time from when the respec-
tive ultrasound waves are sent out until the re-
spective echoes are received, as reception
times, and identifying a location of an acoustic
discontinuous portion in the specimen from the
reception times and a ratio between the ampli-
tudes.

2. The ultrasonic flaw detection device according to
claim 1, wherein
a transducer of the ultrasonic probe includes a plu-
rality of arrayed transducer elements, and
the transmission signal processing unit generates a
set of signals having different delay times corre-
sponding to the respective plurality of transducer el-
ements, as a signal corresponding to each of the
plurality of angles.

3. The ultrasonic flaw detection device according to
claim 1, wherein the ultrasonic probe sends out the
ultrasound waves to the specimen obliquely at the
respective plurality of angles by mechanically scan-
ning.
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