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Abstract

According to one embodiment, an inspection system
includes a probe and a controller. The probe includes a plurality
of ultrasonic sensors arranged in a first direction. The probe
contacts a weld portion by moving in a second direction crossing
the first direction. Each of the plurality of ultrasonic sensors
transmits an ultrasonic wave toward the weld portion and
receives a reflected wave. The controller detects a joint and a
non-joint at a plurality of points along the first direction of the
weld portion based on the plurality of reflected waves. The
controller adjusts an angle of the probe around a third direction
based on a number of the joints or the non-joints detected for the
plurality of points. The third direction is perpendicular to the
first direction and crossing the second direction.
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Specification
[Title of Invention] INSPECTION SYSTEM, CONTROL METHOD,
AND STORAGE MEDIUM

[Technical Field]

[0001]

Embodiments of the invention relate to an inspection
system, a control method, and a storage medium.

[Background Art]

[0002]

In welding, one member is made by joining portions of two
or more components to each other by melting. The member that
is made by welding is inspected for whether or not the welded
portion (hereinbelow, called the weld portion) is joined
appropriately. For example, in a non-destructive inspection, a
probe that includes ultrasonic sensors is caused to contact the
weld portion. Then, an ultrasonic wave is transmitted toward the
weld portion; and the existence or absence of the joint is verified
based on the reflected wave.

[0003]

In the inspection, the angle of the probe with respect to the
member affects the inspection result. For example, when the
inspection is performed at an inappropriate angle, there is a
possibility that an incomplete weld may be determined despite
actually being joined appropriately. Therefore, it is desirable for
the angle of the probe to be set to an appropriate value. In
particular, it is desirable to develop technology so that the angle
of the probe can be adjusted to a more appropriate value for an
inspection apparatus in which multiple ultrasonic sensors are
arranged.

[Prior Art Document]
[Patent Document]
[0004]
[Patent Document 1] Japanese Patent No. 5618529
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[Summary of Invention]
[Problem to be Solved by Invention]

[0005]

A problem to be solved by the invention is to provide an inspection
system, a control method, and a storage medium in which the angle of the
probe can be adjusted to a more appropriate value.

[Means for Solving Problem]

[0006]

According to an aspect of the present invention there is provided an
inspection system, comprising:

a probe including a plurality of ultrasonic sensors arranged in a first
direction, each of the plurality of ultrasonic sensors transmitting an
ultrasonic wave toward a weld portion along a second direction and
receiving a reflected wave, the second direction crossing the first direction;
and

a controller,

the controller detecting a joint and a non-joint at a plurality of points
along the first direction of the weld portion based on the plurality of
reflected waves,

the controller adjusting an angle of the probe around a third direction
based on a number of the joints or the non-joints detected for the plurality
of points, the third direction being perpendicular to the first direction and
crossing the second direction.

According to another aspect of the present invention there is
provided an inspection system, comprising:

a probe including a plurality of ultrasonic sensors arranged in a first
direction, each of the plurality of ultrasonic sensors transmitting an
ultrasonic wave toward a weld portion along a second direction and
receiving a reflected wave, the second direction crossing the first direction;
and

a controller,

the controller detecting, at a plurality of points along the first
direction of a first surface of the weld portion, a position in the second

Date Regue/Date Received 2021-08-20



10

15

20

25

30

35

2a

direction of each of the plurality of points based on the plurality of reflected
waves,

the controller calculating a first tilt of the first surface around a third
direction from a detection result of at least a portion of the plurality of
positions, the third direction being perpendicular to the first direction and
crossing the second direction,

the controller adjusting an angle of the probe around the third
direction to correct the first tilt wherein the controller calculates the first
tilt using the at least a portion of the plurality of positions where the joint
is detected.

According to a further aspect of the present invention there is
provided a control unit for adjusting an angle of a probe, the probe
including a plurality of ultrasonic sensors arranged in a first direction, the
control unit performing

detecting a joint and a non-joint at a plurality of points along the
first direction of a weld portion based on a plurality of reflected waves,
each of the plurality of ultrasonic sensors transmitting an ultrasonic wave
toward the weld portion along a second direction and receiving the plurality
of reflected wave, the second direction crossing the first direction,

adjusting an angle of the probe around a third direction based on a
number of the joints or the non-joints detected for the plurality of points,
the third direction being perpendicular to the first direction and crossing
the second direction.

According to another aspect of the present invention there is
provided a control unit for adjusting an angle of a probe, the probe
including a plurality of ultrasonic sensors arranged in a first direction, the
control unit performing

detecting, at a plurality of points along the first direction of a first
surface of a weld portion, a position in a second direction of each of the
plurality of points based on a plurality of reflected waves, each of the
plurality of ultrasonic sensors transmitting an ultrasonic wave toward the
weld portion along the second direction and receiving the plurality of
reflected wave, the second direction crossing the first direction,

Date Regue/Date Received 2021-08-20
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calculating a first tilt of the first surface around a third direction from
a detection result of at least a portion of the plurality of positions, the third
direction being perpendicular to the first direction and crossing the second
direction,

adjusting an angle of the probe around the third direction to correct
the first tilt,

wherein the controller calculates the first tilt using the at least a
portion of the plurality of positions where the joint is detected.

According to a further aspect of the present invention there is
provided a control method, comprising:

causing a probe to contact a weld portion, the probe including a
plurality of ultrasonic sensors arranged in a first direction;

receiving a reflected wave by transmitting an ultrasonic wave toward
the weld portion from each of the plurality of ultrasonic sensors, the
ultrasonic wave being transmitted along a second direction crossing the
first direction;

detecting a joint and a non-joint at a plurality of points along the
first direction of the weld portion based on the plurality of reflected waves;
and

adjusting an angle of the probe around a third direction based on a
number of the joints or the non-joints detected for the plurality of points,
the third direction being perpendicular to the first direction and crossing
the second direction.

According to a further aspect of the present invention there is
provided a control method, comprising:

causing a probe to contact a weld portion, the probe including a
plurality of ultrasonic sensors arranged in a first direction;

receiving a reflected wave by transmitting an ultrasonic wave toward
the weld portion from each of the plurality of ultrasonic sensors, the
ultrasonic wave being transmitted along a second direction crossing the
first direction;

detecting, at a plurality of points along the first direction of a first
surface of the weld portion, a position in the second direction of each of
the plurality of points based on the plurality of reflected waves;

Date Regue/Date Received 2021-08-20
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calculating a first tilt of the first surface around a third direction from
a detection result of at least a portion of the plurality of positions, the third
direction being perpendicular to the first direction and crossing the second
direction; and

adjusting an angle of the probe around the third direction to correct
the first tilt,

wherein the controller calculates the first tilt using the at least a
portion of the plurality of positions where the joint is detected.

According to a further aspect of the present invention there is
provided a controller-readable medium having stored thereon instructions,
for execution by a controller, for adjusting an angle of a probe, the probe
including a plurality of ultrasonic sensors arranged in a first direction,

wherein the instructions cause the controller to:

detect a joint and a non-joint at a plurality of points along the
first direction of the weld portion based on a plurality of reflected waves
received by transmitting an ultrasonic wave toward the weld portion from
each of the plurality of ultrasonic sensors, the ultrasonic wave being
transmitted along a second direction crossing the first direction; and

adjust an angle of the probe around a third direction based on
a number of the joints or the non-joints detected for the plurality of points,
the third direction being perpendicular to the first direction and crossing
the second direction.

According to another aspect of the present invention there is
provided a controller-readable medium having stored thereon instructions,
for execution by a controller, for adjusting an angle of a probe, the probe
including a plurality of ultrasonic sensors arranged in a first direction,

wherein the instructions cause the controller to:

detect, at a plurality of points along the first direction of a first
surface of the weld portion, a position in a second direction of each of the
plurality of points based on the plurality of reflected waves, the ultrasonic
wave being transmitted along the second direction crossing the first
direction;

calculate a first tilt of the first surface around a third direction
from a detection result of at least a portion of the plurality of positions, the

Date Regue/Date Received 2021-08-20
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third direction being perpendicular to the first direction and crossing the
second direction; and
adjust an angle of the probe around the third direction to
correct the first tilt,
wherein the controller calculates the first tilt using the at least a
portion of the plurality of positions where the joint is detected.

[Brief Description of Drawings]

[0007]

FIG. 1 is a schematic view showing an inspection system according
to an embodiment.

FIG. 2 is a perspective view showing a portion of the inspection
system according to the embodiment.

FIG. 3 is a schematic view illustrating the internal structure of the
probe tip of the inspection system according to the embodiment.

FIG. 4 is a flowchart illustrating an overview of the operation of the
inspection system according to the embodiment.

Date Regue/Date Received 2021-08-20
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FIGS. 5A to 5C are schematic views for describing the
inspection method using the inspection system according to the
embodiment.

FIG. 6 is a flowchart illustrating the method for adjusting
the probe angle using the inspection system according to the
embodiment.

FIGS. 7A to 7D are figures for describing the inspection
system according to the embodiment.

FIG. 8 is a figure for describing effects of the inspection
system according to the embodiment.

FIGS. 9A and 9B are flowcharts illustrating another method
for adjusting the probe angle using the inspection system
according to the embodiment.

FIG. 10 is a graph illustrating data detected by the
inspection system according to the embodiment.

FIG. 11 is a flowchart illustrating another method for
adjusting the probe angle using the inspection system according
to the embodiment.

[Embodiments of Invention]

[0008]

Various embodiments are described below with reference
to the accompanying drawings.

The drawings are schematic and conceptual; and the
relationships between the thickness and width of portions, the
proportions of sizes among portions, etc., are not necessarily the
same as the actual values. The dimensions and proportions may
be illustrated differently among drawings, even for identical
portions.

In the specification and drawings, components similar to
those described previously or illustrated in an antecedent drawing
are marked with like reference numerals, and a detailed
description is omitted as appropriate.

[0009]

FIG. 1 is a schematic view illustrating an inspection system
according to an embodiment.
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FIG. 2 is a perspective view illustrating a portion of the
inspection system according to the embodiment.

The inspection system 100 according to the embodiment is
for a non-destructive inspection of a weld portion in which two or
more components are formed as one body.

[0010]

As illustrated in FIG. 1, the inspection system 100
according to the embodiment includes an inspection apparatus 1
and a controller 2. As illustrated in FIG. 2, the inspection
apparatus 1 includes a probe 10, an imager 20, a coater 30, and
a robot arm (hereinbelow, called the arm) 40.

[0011]

The probe 10 includes multiple ultrasonic sensors used in
the inspection of the weld portion. The imager 20 images the
welded member and acquires an image. The imager 20 extracts
the weld mark from the image and detects the position of the weld
portion. The coater 30 coats a couplant onto the upper surface
of the weld portion. The couplant is used to provide acoustic
matching of the ultrasonic wave between the probe 10 and the
inspection object. The couplant may be a liquid or a gel.

[0012]

For example, the probe 10, the imager 20, and the coater
30 are provided at the tip of the arm 40 as illustrated in FIG. 2.
The arm 40 is, for example, an articulated robot. The positions
of the probe 10, the imager 20, and the coater 30 can be changed
by driving the arm 40. The controller 2 controls the operations of
these components included in the inspection apparatus 1.

[0013]

For example, the inspection apparatus 1 is connected to a
device including the controller 2 by wired communication or
wireless communication. Or, the inspection system 100
according to the embodiment may be realized by providing the
controller 2 in the inspection apparatus 1.

[0014]

FIG. 3 is a schematic view illustrating the internal structure
of the probe tip of the inspection system according to the
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embodiment.

A matrix sensor 11 illustrated in FIG. 3 is provided in the
interior of the probe 10 tip. The matrix sensor 11 includes
multiple ultrasonic sensors 12. The ultrasonic sensors 12 are,
for example, transducers. The multiple ultrasonic sensors 12 are
arranged in a first direction D1 and a third direction D3 which are
orthogonal to each other. The probe 10 contacts the inspection
object by moving in a second direction D2 crossing a plane
including the first direction D1 and the third direction D3. In the
example of FIG. 3, the second direction D2 is perpendicular to the
plane including the first direction D1 and the third direction D3.

[0015]

FIG. 3 illustrates the state of inspecting a member 5. The
member 5 is made by performing spot welding of a metal plate 51
and a metal plate 52 at a weld portion 53. A solidified portion 54
is formed at the weld portion 53 by melting, mixing, and
solidifying a portion of the metal plate 51 and a portion of the
metal plate 52. Each of the ultrasonic sensors 12 transmits an
ultrasonic wave US toward the member 5 coated with a couplant
55 and receives a reflected wave RW from the member 5.

[0016]

In one more specific example as illustrated in FIG. 3, one
ultrasonic sensor 12 transmits the ultrasonic wave US toward the
weld portion 53. A portion of the ultrasonic wave US is reflected
by the front surface or the bottom surface of the member 5, etc.
Each of the multiple ultrasonic sensors 12 receives and detects
the reflected wave RW. The weld portion 53 vicinity of the
member 5 is inspected two-dimensionally by the ultrasonic
sensors 12 each sequentially transmitting the ultrasonic wave US
and by the multiple ultrasonic sensors 12 receiving each of the
reflected waves RW.

[0017]

FIG. 4 is a flowchart illustrating an overview of the
operation of the inspection system according to the embodiment.

First, the imager 20 images the member 5 and detects the
position of the weld portion 53 from the acquired image (step S1).
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The arm 40 moves the coater 30 to a position opposing the weld
portion 53 in the second direction D2. The coater 30 coats the
couplant onto the weld portion (step S2). The arm 40 moves the
probe 10 in the second direction D2 and causes the probe 10 to
contact the weld portion 53 (step S3).

[0018]

In the state in which the probe 10 contacts the weld portion
53, the muitiple ultrasonic sensors 12 transmit the ultrasonic
waves US toward the member 5 including the weld portion 53 and
receive the reflected waves RW. The controller 2 adjusts the
angle of the probe 10 based on the multiple reflected waves RW
(step S4). When the angle of the probe 10 has been adjusted,
the weld portion 53 is inspected by the multiple ultrasonic sensors
12 (step S5). The controller 2 determines whether or not an
uninspected weld portion 53 exists (step S6).

[0019]

In the case where there is no uninspected weld portion 53,
the inspection ends. In the case where an uninspected weld
portion 53 exists, the controller 2 drives the arm 40 and moves
the probe 10, the imager 20, and the coater 30 toward another
weld portion 53 (step S7). Subsequently, steps S1 to S6 are
performed again.

[0020]

FIGS. 5A to 5C are schematic views for describing the
inspection method using the inspection system according to the
embodiment.

As illustrated in FIG. 5A, a portion of the ultrasonic wave
US is reflected by an upper surface 5a of the metal plate 51 or an
upper surface 5b of the weld portion 53. The other portion of the
ultrasonic wave US enters the member 5 and is reflected by a
bottom surface 5c of the metal plate 51 or a bottom surface 5d of
the weld portion 53.

[0021]

The positions in the second direction D2 of the upper
surface 5a, the upper surface 5b, the bottom surface 5c, and the
bottom surface 5d are different from each other. In other words,
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the distances in the second direction D2 between the ultrasonic
sensor 12 and these surfaces are different from each other. The
peak of the intensity of the reflected wave is detected when the
ultrasonic sensor 12 receives the reflected waves from these
surfaces. Which surface reflected the ultrasonic wave US can be
verified by calculating the time until each peak is detected after
transmitting the ultrasonic wave US.

[0022]

FIG. 5B and FIG. 5C are graphs illustrating the relationship
between the time after transmitting the ultrasonic wave US and
the intensity of the reflected wave RW. The graph of FIG. 5B
illustrates the reception result of the reflected waves RW from the
upper surface 5a and the bottom surface 5c of the metal plate 51.
The graph of FIG. 5C illustrates the reception result of the
reflected waves RW from the upper surface 5b and the bottom
surface 5d of the weld portion 53.

[0023]

In the graph of FIG. 5B, a peak Pel occurring first is based
on the reflected wave RW from the upper surface 5a. A peak Pe2
occurring second is based on the reflected wave RW from the
bottom surface 5c. The times when the peak Pel and the peak
Pe2 are detected correspond respectively to the positions in the
second direction D2 of the upper surface 5a and the bottom
surface 5c of the metal plate 51. A time difference TD1 between
the time when the peak Pel is detected and the time when the
peak Pe2 is detected corresponds to a distance Dil in the second
direction D2 between the upper surface 5a and the bottom surface
5c.

[0024]

Similarly, in the graph of FIG. 5C, a peak Pe3 occurring first
is based on the reflected wave RW from the upper surface 5b. A
peak Pe4 occurring second is based on the reflected wave RW
from the bottom surface 5d. The times when the peak Pe3 and
the peak Pe4 are detected correspond respectively to the
positions in the second direction D2 of the upper surface 5b and
the bottom surface 5d of the weld portion 53. A time difference
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TD2 between the time when the peak Pe3 is detected and the time
when the peak Pe4 is detected corresponds to a distance Di2 in
the second direction D2 between the upper surface 5b and the
bottom surface 5d.

[0025]

Accordingly, the positions in the second direction D2 of the
surfaces reflecting the ultrasonic wave US can be detected by
detecting the time until detecting the peak occurring first (a first
peak) and the peak occurring second (a second peak) of the
reflected wave RW after transmitting the ultrasonic wave US.
The distance in the second direction D2 between the surfaces
reflecting the ultrasonic wave US can be detected from the
difference between the time when the peak occurring first is
detected and the time when the peak occurring second is
detected.

[0026]

The method for adjusting the angle performed in step S4
will now be described in detail.

FIG. 6 is a flowchart illustrating the method for adjusting
the probe angle using the inspection system according to the
embodiment.

FIGS. 7A to 7D are figures for describing the inspection
system according to the embodiment.

[0027]

The ultrasonic waves US are transmitted from the multiple
ultrasonic sensors 12; and the reflected waves RW are received
(step S401). For example, as described in reference to FIG. 3,
the ultrasonic sensors 12 each sequentially transmit the
ultrasonic wave US; and the multiple ultrasonic sensors 12
receive each of the reflected waves RW.

[0028]

FIG. 7A and FIG. 7D are plan views illustrating the weld
portion 53 vicinity of the member 5. For example, the structure
of a detection area DA illustrated in FIG. 7A is detected by step
S401. In other words, a joint or a non-joint is detected for each
point of the detection area DA. From the detection resuits, the
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controller 2 adjusts the angle around the third direction D3 of the
probe 10 based on the detection result along a line segment L1
along the first direction D1. For example, the line segment L1 is
positioned at the center vicinity in the third direction D3 of the
detection area DA.

[0029]

FIG. 7B is an example of the detection result at each point
along the line segment L1. In FIG. 7B, the vertical axis is the
position in the second direction D2. The horizontal axis is the
position in the first direction D1. In FIG. 7B, o (the white circles)
illustrate the position in the second direction D2 of the first
reflective surface (the first reflective surface) of the member 5.
In other words, o illustrate the position of the upper surface 5a or
the position of the upper surface 5b. e (the black circles)
illustrate the position in the second direction D2 of the second
reflective surface (the second reflective surface) of the member 5.
In other words, o illustrate the position of the bottom surface 5¢
or the position of the bottom surface 5d. As described above,
these positions are calculated based on the time until the peak of
the reflected wave RW is detected after transmitting the
ultrasonic wave US. ¢ illustrate the detection result of the joint
and the non-joint described below.

[0030]

In the result of FIG. 7B, the distance between the first
reflective surface and the second reflective surface is short in the
detection result at the end vicinities in the first direction D1 of the
line segment L1. This shows that the ultrasonic wave US is
reflected by the upper surface 5a and the bottom surface 5¢. The
distance between the first reflective surface and the second
reflective surface is long in the detection result at the center in the
first direction D1. This shows that the ultrasonic wave US is
reflected by the upper surface 5b and the bottom surface 5d.

[0031]

The controller 2 calculates the distance between the first
reflective surface and the second reflective surface. For example,
in the case where the distance is not less than a preset threshold,
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the controller 2 determines that the point is joined. In the case
where the distance is less than the threshold, the controller 2
determines that the point is not joined. In the graph illustrated
in FIG. 7B, the points that are determined to be joined are
illustrated by the value of 1; and the points determined not to be
joined are illustrated by the value of 0.

[0032]

By the method described above, the controller 2 detects
the joint and the non-joint at the multiple points along the first
direction D1 of the member 5. The controller 2 extracts the
number of times the joint is detected (hereinbelow, called the
detection number) (step $S402). The controller 2 determines
whether or not the detection number is not less than a preset
threshold (step S403). The threshold is set based on the
dimension in the first direction D1 of the weld portion 53, the
density of the ultrasonic sensors 12 in the first direction D1, etc.

[0033]

In the case where the detection number is not less than the
threshold, the controller 2 maintains the angle around the third
direction D3 of the probe 10 and ends the angle adjustment. In
such a case, step S5 illustrated in FIG. 4 may be omitted. Thisis
because a sufficient detection number already has been detected;
and the weld portion 53 can be considered to be joined
appropriately. In the case where the detection number is less
than the threshold, the controller 2 compares a number of times
m1 that steps S401 and S402 have been performed to a preset
value n1 (step S404).

[0034]

In the case where the number of times m1 is less than the
value n1, the controller 2 changes the angle around the third
direction D3 of the probe 10 (step S405). Then, step S401 is
re-performed. Thereby, step S401 and step S402 are performed
repeatedly while changing the angle around the third direction D3.
In the case where the number of times m1 is not less than the
value nl, the controller 2 derives the appropriate first angle
around the third direction D3 of the probe 10 from the detection
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result up to that time (step $406).

[0035]

FIG. 7C illustrates an example of the detection result
obtained by repeating steps S401 to S405. In FIG. 7C, the
horizontal axis is the angle around the third direction D3; and the
vertical axis is the detection number at each angle. For example,
the controller 2 sets an angle 61 having the highest detection
number as the first angle. Or, the controller 2 may generate a
quadratic function QF of the relationship between the angle and
the detection number and set an angle 62 where the quadratic
function QF has a flexion point as the first angle. The controller
2 sets the angle around the third direction D3 of the probe 10 as
the first angle (step S407).

[0036]

Then, the ultrasonic waves US are transmitted from the
multiple ultrasonic sensors 12; and the reflected waves RW are
received (step S408). For example, similarly to step S401, the
ultrasonic sensors 12 each sequentially transmit the ultrasonic
wave US; and the multiple ultrasonic sensors 12 receive each of
the reflected waves RW.

[0037]

The structure of the detection area DA is detected by step
S408. The controller 2 adjusts the angle around the third
direction D3 of the probe 10 based on the detection result along a
line segment L2 along the third direction D3 illustrated in FIG. 7D.
For example, the line segment L2 is positioned at the center
vicinity in the first direction D1 of the detection area DA.

[0038]

Similarly to step $S402, the controller 2 extracts the
detection number for the multiple points along the third direction
D3 of the member 5 (step S409). The controller 2 determines
whether or not the detection number is not less than the preset
threshold (step S410). The threshold is set based on the
dimension in the third direction D3 of the weld portion 53, the
density of the ultrasonic sensors 12 in the third direction D3, etc.

[0039]
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In the case where the detection number is not less than the
threshold, the controller 2 maintains the angle around the first
direction D1 of the probe 10 and ends the angle adjustment. In
the case where the detection number is less than the threshold,
the controller 2 compares a number of times m2 that steps S408
and S409 have been performed to a preset value n2 (step S411).

[0040]

In the case where the number of times m2 is less than the
value n2, the controller 2 changes the angle around the first
direction D1 of the probe 10 (step S412). Then, steps S408 to
S410 are re-performed.

[0041]

In the case where the number of times m2 is not less than
the value n2, the controller 2 derives the appropriate second
angle around the first direction D1 of the probe 10 from the
detection result up to that time (step S413). The derivation of
the second angle is performed similarly to the method of step
S406. The controller 2 sets the angle around the first direction
D1 of the probe 10 as the second angle (step S414).

[0042]

By the method described above, the angle of the probe 10
is adjusted appropriately; subsequently, the inspection of the
weld portion 53 is performed by the probe 10.

[0043]

The case where the number of times m2 is not less than the
value n2 in step S411 shows that many points of the non-joint
exist in the weld portion 53. This is because a sufficient
detection number is not obtained in the previous steps even
though the detection was performed while changing the angle of
the probe 10. Accordingly, in the case where the number of
times m2 is not less than the value n2 in step S411, the weld
portion 53 may be determined to be a non-joint. In such a case,
the angle adjustment ends; and step S5 illustrated in FIG. 4 is
omitted.

[0044]

In the method described above, the angle of the probe 10
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is adjusted using, from the detection results of all of the ultrasonic
sensors 12 included in the matrix sensor 11, the detection result
along the line segment L1 along the first direction D1 and the
detection result along a line segment L3 along the third direction
D3.

The control method of the angle adjustment of the
inspection system 100 according to the embodiment is not limited
thereto. For example, the detection of the joint and the
non-joint at the multiple points along the first direction D1 of the
member 5 may be performed using only a portion of the multiple
ultrasonic sensors 12 along the first direction D1. Similarly, the
detection of the joint and the non-joint at the multiple points
along the third direction D3 of the member 5 may be performed
using only a portion of the multiple ultrasonic sensors 12 along
the third direction D3. The specific detection method of the
inspection system 100 according to the embodiment is modifiable
as appropriate as long as the detection result of the joint and the
non-joint at multiple points along a designated direction is
obtained. This is similar for the control method of the angle
adjustment described below as well.

[0045]

FIG. 8 is a figure for describing effects of the inspection
system according to the embodiment.

In FIG. 8, the two horizontal axes are respectively an angle
Op1 around the first direction D1 and an angle 6p3 around the third
direction D3. The vertical axis is the detection number. Points
P1 to P5 of FIG. 8 illustrate the path of the changes of the
detection number when the angle 0p: and the angle 6p3 are
changed.

[0046]

The method for adjusting the angle described above
realizes an increase of the detection number while changing the
angle 0p1 around the first direction D1 and the angle 6p3 around
the third direction D3. As illustrated by the points P1 to P5 of FIG.
8, this method corresponds to climbing the hill of the detection
number toward a higher position. A larger detection number
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shows that the member 5 can be inspected using a more
appropriate angle.

[0047]

In the example described above, the angle around the first
direction D1 or around the third direction D3 is adjusted based on
the number of times the joint is detected for the multiple points
along the first direction D1 or the third direction D3 of the
member 5. The inspection system 100 and the control method
according to the embodiment are not limited to the example.
The angle around the first direction D1 or around the third
direction D3 may be adjusted based on the number of times the
non-joint is detected for the multiple points along the first
direction D1 or the third direction D3 of the member 5. In such
a case, the angle around the first direction D1 or around the third
direction D3 is adjusted to reduce the number of times the
non-joint is detected. Similarly, for other methods described
below, the angle of the probe 10 may be adjusted using the
number of times the non-joint is detected instead of the number
of times the joint is detected.

[0048]

Effects of the embodiment will now be described.

In the inspection system 100 according to the embodiment
as described above, the joint and the non-joint are detected at the
multiple points along the first direction D1 of the weld portion 53.
Then, the angle of the probe 10 around the third direction D3 is
adjusted based on the number of the joints or the non-joints
detected for these multiple points. The inventors discovered
that the angle around the third direction D3 of the probe 10 can be
adjusted to a more appropriate value by using this method. In
other words, according to the embodiment, for a probe in which
multiple ultrasonic sensors are arranged, the angle of the probe
can be adjusted to a more appropriate value.

[0049]

For example, the controller 2 extracts the detection
number at each angle while changing the angle around the third
direction D3 of the probe 10. Then, the controller 2 sets the first
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angle at which the detection number exceeds the preset threshold
as the angle around the third direction D3 of the probe 10,
According to this method, the range of angles for which the
detection number is verified can be narrow; and a more
appropriate angle around the third direction D3 can be detected in
a shorter period of time.

[0050]

Or, as illustrated in FIG. 7C, while changing the angle
around the third direction D3 of the probe 10 within the first range,
the controller 2 may set the first angle having the highest
detection number as the angle around the third direction D3 of the
probe 10. Or, the controller 2 may generate a quadratic function
of the relationship between the angle and the detection number
while changing the angle around the third direction D3 of the
probe 10 within the first range. The controller 2 sets the first
angle where the quadratic function has a flexion point as the angle
around the third direction D3 of the probe 10.

The first range is set according to the precision necessary
for the inspection of the weld portion 53. Typically, it is easier to
set a more appropriate angle as the first range increases.
According to these methods, a more appropriate angle around the
third direction D3 can be detected.

Or, even when the detection count is low within the first
range, by generating an approximate curve of the quadratic
function, the first angle for which the value of the detection
number is estimated to be large can be determined efficiently
based on the quadratic function.

[0051]

According to any of these methods, it is favorable to set the
angle around the first direction D1 of the probe 10 after setting
the angle around the third direction D3 of the probe 10. For
example, similarly to the angle around the third direction D3, the
controller 2 extracts the detection number at each angle while
changing the angle around the first direction D1 of the probe 10.
The controller 2 sets the angle where the detection number
exceeds the preset threshold as the angle around the third
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direction D3 of the probe 10.

[0052]

Or, the controller 2 may set the angle having the highest
detection number as the angle around the third direction D3 of the
probe 10. Or, the controller 2 may generate a quadratic function
of the relationship between the angle and the detection number
and set the angle where the quadratic function has a flexion point
as the angle around the third direction D3 of the probe 10.

[0053]

Thereby, the angle around the first direction D1 of the
probe 10 and the angle around the third direction D3 are adjusted
to more appropriate values. By inspecting the weld portion 53 in
a state in which the angle of the probe 10 is adjusted, it is possible
to inspect the weld portion 53 more accurately.

[0054]

In the inspection system according to the embodiment, the
angle adjustment may be performed by the following methods.

FIGS. 9A and 9B are flowcharts illustrating another method
for adjusting the probe angle using the inspection system
according to the embodiment.

FIG. 10 is a graph illustrating data detected by the
inspection system according to the embodiment.

[0055]

The flowchart illustrated in FIG. 9A will now be described.

First, similarly to step S401, the ultrasonic sensors 12 each
sequentially transmit the ultrasonic wave US; and the mulitiple
ultrasonic sensors 12 receive each of the reflected waves RW
(step S421).

[0056]

FIG. 10 illustrates the data detected by the multiple
ultrasonic sensors 12 arranged in the first direction D1 in step
S421. In FIG. 10, the vertical axis is the position in the second
direction D2. The horizontal axis is the position in the first
direction D1 of each of the ultrasonic sensors 12.

[0057]

The controller 2 calculates a first tilt around the third
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direction D3 of the upper surface 5b or the bottom surface 5d
from the detection result (step S422). For example, the
controller 2 generates a linear function LF as illustrated in FIG. 10
using only the results determined to be the joint. The linear
function LF is of the relationship between the position in the first
direction D1 and the position in the second direction D2. The
linear function LF is generated based on the reflected waves RW of
the upper surface 5b or the bottom surface 5d. More favorably,
the linear function LF is generated based on the reflected wave
RW of the bottom surface 5d as illustrated in FIG. 10.

[0058]

The slope of the linear function LF is taken as the first tilt.
A large first tilt indicates that the tilt around the third direction D3
of the matrix sensor 11 with respect to the upper surface 5b or the
bottom surface 5d is large. The controller 2 detects the direction
of the first tilt and the magnitude of the first tilt and changes the
angle around the third direction D3 of the probe 10 to correct the
first tilt (step S423). For example, the controller 2 increases the
angle to be changed as the first tilt increases. The correction of
the tilt means to set the tilt to be 0 and to set the linear function
LF to be substantially parallel to the horizontal axis. The tilt of
the matrix sensor 11 with respect to the upper surface 5b and the
bottom surface 5d can be reduced thereby.

[0059]

Then, similarly to step S408, the multiple ultrasonic
sensors 12 that are arranged in the third direction D3 each
sequentially transmit the ultrasonic wave US; and the multiple
ultrasonic sensors 12 receive each of the reflected waves RW
(step S424). Similarly to step S422, the controller 2 calculates a
second tilt around the first direction D1 of the upper surface 5b or
the bottom surface 5d (step S425). A large second tilt indicates
that the tilt around the first direction D1 of the matrix sensor 11
with respect to the upper surface 5b or the bottom surface 5d is
large. Similarly to step S423, the controller 2 changes the
second angle around the first direction D1 of the probe 10 to
correct the second tilt (step S426).
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[0060]

Or, as illustrated in FIG. 9B, steps S425 and S426 may be
performed in parallel with steps S422 and S423 based on the
detection result obtained in step S421. According to this method,
the time necessary for the angle adjustment of the probe 10 can
be shortened because step S424 described above can be omitted.

[0061]

According to the adjusting method, at least one of the
angle around the first direction D1 or the angle around the third
direction D3 of the probe 10 can be adjusted to a more
appropriate value based on the detection result of performing the
detection once. Therefore, the number of times the detection is
performed for the angle adjustment of the probe 10 can be
reduced; and the time necessary for the angle adjustment can be
shortened.

[0062]

Or, the method illustrated in the flowchart of FIG. 6 and the
method illustrated in the flowchart of FIG. 9 may be performed in
combination.

FIG. 11 is a flowchart illustrating another method for
adjusting the probe angle using the inspection system according
to the embodiment.

[0063]

First, similarly to step S401, the mulitiple ultrasonic
sensors 12 each sequentially transmit the ultrasonic wave US;
and the multiple ultrasonic sensors 12 receive each of the
reflected waves RW (step S441). The controller 2 extracts the
detection number for the multiple points along the first direction
D1 of the member 5 (step S442). The controller 2 determines
whether or not the detection number is not less than a preset first
threshold (step S443).

[0064]

For example, a value of the detection number sufficient to
determine that the entire weld portion 53 is sufficiently joined is
set as the first threshold. In the case where the detection
number is not less than the first threshold, the angle of the probe
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10 is determined to be appropriate; and the angle adjustment of
the probe 10 ends. In the case where the detection number is
less than the first threshold, the controller 2 determines whether
or not the detection number is not less than a preset second
threshold (step S444).

[0065]

The second threshold is less than the first threshold. A
value of the detection number sufficient to calculate the first tilt is
set as the second threshold. In the case where the detection
number is not less than the second threshold, the first tilt is
calculated similarly to the flowchart illustrated in FIG. 9 (step
S445); and the angle around the third direction D3 of the probe
10 is adjusted to correct the first tilt (step S446).

[0066]

In the case where the detection number is less than the
second threshold, the number of times m1l that steps S441 to
S444 have been performed is compared to the preset value nl
(step S447). In the case where the number of times m1 is less
than the value n1, the controller 2 changes the angle around the
third direction D3 of the probe 10 (step S448). Then, step S441
is re-performed. In the case where the number of times m1 is
not less than the value n1, the controller 2 derives the appropriate
first angle around the third direction D3 of the probe 10 from the
detection result up to that time (step S449). The controller 2
sets the angle around the third direction D3 of the probe 10 as the
first angle (step S450).

[0067]

Then, the multiple ultrasonic sensors 12 each sequentially
transmit the ultrasonic wave US; and the multiple ultrasonic
sensors 12 receive each of the reflected waves RW (step S451).
The controller 2 extracts the detection number for the multiple
points along the third direction D3 of the member 5 (step S452).
The controller 2 determines whether or not the detection number
is not less than a preset third threshold (step S453).

[0068]

Similarly to the first threshold, for example, a value of the
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detection number sufficient to determine that the entire weld
portion 53 is sufficiently joined is set as the third threshold. In
the case where the detection number is not less than the third
threshold, the angle of the probe 10 is determined to be
appropriate; and the angle adjustment of the probe 10 ends. In
the case where the detection number is less than the third
threshold, the controller 2 determines whether or not the
detection number is not less than a preset fourth threshold (step
S454).

[0069]

The fourth threshold is less than the third threshold. A
value of the detection number sufficient to calculate the second
tilt is set as the fourth threshold. In the case where the detection
number is not less than the fourth threshold, the second tilt is
calculated similarly to the flowchart illustrated in FIG. 9 (step
S455); and the angle around the first direction D1 of the probe 10
is adjusted to correct the second tilt (step S456).

[0070]

In the case where the detection number is less than the
fourth threshold, the number of times m2 that steps S451 to S454
have been performed is compared to the preset value n2 (step
S457). In the case where the number of times m2 is less than
the value n2, the controller 2 changes the angle around the first
direction D1 of the probe 10 (step S458). Then, step S451 is
re-performed. In the case where the number of times m2 is not
less than the value n2, the controller 2 derives the appropriate
second angle around the first direction D1 of the probe 10 from
the detection result up to that time (step S459). The controller 2
sets the angle around the third direction D3 of the probe 10 as the
second angle (step S460).

[0071]

According to this method, compared to the methods
illustrated in FIG. 6 and FIG. 9, itis possible to set the angle of the
probe 10 to a more appropriate value.

[0072]

Step S451 may be omitted from the flowchart illustrated in
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FIG. 11. In such a case, step S452 is performed based on the
detection result acquired in step S441. According to this method,
the time necessary for the angle adjustment of the probe 10 can
be shortened.

[0073]

The embodiments of the invention include the following
programs.

[0074]

A program for adjusting an angle of a probe contacting a
weld portion by moving in a second direction crossing a first
direction, the probe including multiple ultrasonic sensors
arranged in the first direction, the program causing a controller to

detect a joint and a non-joint at multiple points
along the first direction of the weld portion based on multiple
reflected waves received by transmitting an ultrasonic wave
toward the weld portion from each of the multiple ultrasonic
sensors, and

adjust the angle of the probe around a third
direction perpendicular to the first direction and crossing the
second direction based on a number of the joints or the non-joints
detected for the multiple points.

[0075]

A program for adjusting an angle of a probe contacting a
weld portion by moving in a second direction crossing a first
direction, the probe including multiple ultrasonic sensors
arranged in the first direction, the program causing a controller to

detect, at multiple points along the first direction of
a first surface of the weld portion, a position in the second
direction of each of the multiple points based on the multiple
reflected waves,

calculate a first tilt of the first surface around a third
direction perpendicular to the first direction and crossing the
second direction from a detection result of at least a portion of the
multiple positions, and

adjust an angle of the probe around the third
direction to correct the first tilt.
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[0076]

According to the inspection system 100 or the control
method according to the embodiments described above, the angle
of the probe 10 can be adjusted to a more appropriate value.
Similarly, the angle of the probe 10 can be adjusted to a more
appropriate value by using a program or a storage medium in
which the program is stored to cause the controller 2 to perform
the control method described above.

[0077]

While certain embodiments have been described, these
embodiments have been presented by way of example only, and
are not intended to limit the scope of the inventions. Indeed, the
novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions,
substitutions and changes in the form of the embodiments
described herein may be made without departing from the spirit of
the inventions. The accompanying claims and their equivalents
are intended to cover such forms or modifications as would fall
within the scope and spirit of the invention.



23

The embodiments of the invention in which an exclusive property

or privilege is claimed are defined as follows:

[Claim 1]

An inspection system, comprising:

a probe including a plurality of ultrasonic sensors arranged in a
first direction, each of the plurality of ultrasonic sensors transmitting an
ultrasonic wave toward a weld portion along a second direction and
receiving a reflected wave, the second direction crossing the first
direction; and

a controller,

the controller detecting a joint and a non-joint at a plurality of
points along the first direction of the weld portion based on the plurality
of reflected waves,

the controller adjusting an angle of the probe around a third
direction based on a number of the joints or the non-joints detected for
the plurality of points, the third direction being perpendicular to the first
direction and crossing the second direction.

[Claim 2]

The inspection system according to claim 1, wherein the
controller detects the number for the plurality of points at each angle
while changing the angle around the third direction of the probe, and
sets the angle around the third direction of the probe based on a result
of the detecting.

[Claim 3]

The inspection system according to claim 2, wherein the

controller sets, as the angle around the third direction of the probe, a

first angle at which the number exceeds a preset threshold.
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[Claim 4]

The inspection system according to claim 2, wherein the
controller changes the angle around the third direction of the probe
within a first range and sets, as the angle around the third direction of
the probe, a first angle at which the number is highest.

[Claim 5]

The inspection system according to claim 2, wherein the
controller

changes the angle around the third direction of the probe within
a first range,

generates a quadratic function of a relationship between the
angle and the number, and

sets, as the angle around the third direction of the probe, a first
angle at which the quadratic function has a flexion point.

[Claim 6]

The inspection system according to any one of claims 1 to 5,
wherein

a plurality of the ultrasonic sensors is arranged in the third
direction,

the controller further detects a joint and a non-joint at a plurality
of points of the weld portion along the third direction based on the
plurality of reflected waves, and

the controller further adjusts the angle of the probe around the
first direction based on a number of the joints or the non-joints detected
for the plurality of points along the third direction.

[Claim 7]
An inspection system, comprising:

a probe including a plurality of ultrasonic sensors arranged in a

Date Regue/Date Received 2021-08-20



25

first direction, each of the plurality of ultrasonic sensors transmitting an
ultrasonic wave toward a weld portion along a second direction and
receiving a reflected wave, the second direction crossing the first
direction; and

a controller,

the controller detecting, at a plurality of points along the first
direction of a first surface of the weld portion, a position in the second
direction of each of the plurality of points based on the plurality of
reflected waves,

the controller calculating a first tilt of the first surface around a
third direction from a detection result of at least a portion of the
plurality of positions, the third direction being perpendicular to the first
direction and crossing the second direction,

the controller adjusting an angle of the probe around the third
direction to correct the first tilt wherein the controller calculates the first
tilt using the at least a portion of the plurality of positions where the
joint is detected.
[Claim 8]

The inspection system according to claim 7, wherein

a plurality of the ultrasonic sensors is arranged in the third
direction,

the controller further detects a position in the second direction of
each of a plurality of points along the third direction of the first surface
based on the plurality of reflected waves,

the controller further calculates a second tilt of the first surface
around the first direction from a detection result of at least a portion of
the plurality of positions along the third direction, and

the controller further adjusts an angle of the probe around the
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first direction to correct the second tilt.
[Claim 9]

The inspection system according to any one of claims 1 to 8,
wherein after the adjusting of the angle of the probe, the controller
inspects the weld portion by transmitting an ultrasonic wave toward the
weld portion from the plurality of ultrasonic sensors.

[Claim 10]

The inspection system according to any one of claims 1 to 9,
further comprising a coater coating a couplant onto the weld portion,

the probe contacting the weld portion where the couplant is
coated.

[Claim 11]

The inspection system according to any one of claims 1 to 10,
further comprising an arm,

the probe being provided at a tip of the arm,

the controller driving the arm to move the probe in the second
direction.

[Claim 12]

The inspection system according to any one of claims 1 to 11,
further comprising an imager,

the imager imaging a member including the weld portion to
acquire an image,

the controller detecting a position of the weld portion and causing

the probe to contact the detected position.
[Claim 13]

A control unit for adjusting an angle of a probe, the probe

including a plurality of ultrasonic sensors arranged in a first direction,
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the control unit performing

detecting a joint and a non-joint at a plurality of points along the
first direction of a weld portion based on a plurality of reflected waves,
each of the plurality of ultrasonic sensors transmitting an ultrasonic
wave toward the weld portion along a second direction and receiving the
plurality of reflected wave, the second direction crossing the first
direction,

adjusting an angle of the probe around a third direction based on
a number of the joints or the non-joints detected for the plurality of
points, the third direction being perpendicular to the first direction and
crossing the second direction.

[Claim 14]

The control unit according to claim 13, wherein in the adjusting,
the control unit performing

detecting the number for the plurality of points at each angle
while changing the angle around the third direction of the probe, and

setting the angle around the third direction of the probe based on
a result of the detecting.

[Claim 15]

A control unit for adjusting an angle of a probe, the probe
including a plurality of ultrasonic sensors arranged in a first direction,
the control unit performing

detecting, at a plurality of points along the first direction of a first
surface of a weld portion, a position in a second direction of each of the
plurality of points based on a plurality of reflected waves, each of the
plurality of ultrasonic sensors transmitting an ultrasonic wave toward
the weld portion along the second direction and receiving the plurality of

reflected wave, the second direction crossing the first direction,
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calculating a first tilt of the first surface around a third direction
from a detection result of at least a portion of the plurality of positions,
the third direction being perpendicular to the first direction and crossing

the second direction,
adjusting an angle of the probe around the third direction to
correct the first tilt,

wherein the controller calculates the first tilt using the at least a
portion of the plurality of positions where the joint is detected.
[Claim 16]

A control method, comprising:

causing a probe to contact a weld portion, the probe including a
plurality of ultrasonic sensors arranged in a first direction;

receiving a reflected wave by transmitting an ultrasonic wave
toward the weld portion from each of the plurality of ultrasonic sensors,
the ultrasonic wave being transmitted along a second direction crossing
the first direction;

detecting a joint and a non-joint at a plurality of points along the
first direction of the weld portion based on the plurality of reflected
waves; and

adjusting an angle of the probe around a third direction based on
a number of the joints or the non-joints detected for the plurality of
points, the third direction being perpendicular to the first direction and
crossing the second direction.

[Claim 17]

The control method according to claim 16, wherein in the
adjusting,

the number for the plurality of points is detected at each angle

while changing the angle around the third direction of the probe, and
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the angle around the third direction of the probe is set based on
a result of the detection.
[Claim 18]

A control method, comprising:

causing a probe to contact a weld portion, the probe including a
plurality of ultrasonic sensors arranged in a first direction;

receiving a reflected wave by transmitting an ultrasonic wave
toward the weld portion from each of the plurality of ultrasonic sensors,
the ultrasonic wave being transmitted along a second direction crossing
the first direction;

detecting, at a plurality of points along the first direction of a first
surface of the weld portion, a position in the second direction of each of
the plurality of points based on the plurality of reflected waves;

calculating a first tilt of the first surface around a third direction
from a detection result of at least a portion of the plurality of positions,
the third direction being perpendicular to the first direction and crossing

the second direction; and
adjusting an angle of the probe around the third direction to
correct the first tilt,

wherein the controller calculates the first tilt using the at least a
portion of the plurality of positions where the joint is detected.
[Claim 19]

A controller-readable medium having stored thereon instructions,
for execution by a controller, for adjusting an angle of a probe, the
probe including a plurality of ultrasonic sensors arranged in a first
direction,

wherein the instructions cause the controller to:

detect a joint and a non-joint at a plurality of points along
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the first direction of the weld portion based on a plurality of reflected
waves received by transmitting an ultrasonic wave toward the weld
portion from each of the plurality of ultrasonic sensors, the ultrasonic
wave being transmitted along a second direction crossing the first
direction; and

adjust an angle of the probe around a third direction based
on a number of the joints or the non-joints detected for the plurality of
points, the third direction being perpendicular to the first direction and
crossing the second direction.
[Claim 20]

The controller-readable medium according to claim 19, wherein

the instructions cause the controller to:
detect the number for the plurality of points at each angle
while changing the angle around the third direction of the probe; and
set the angle around the third direction of the probe based
on a result of the detecting.
[Claim 21]

A controller-readable medium having stored thereon instructions,
for execution by a controller, for adjusting an angle of a probe, the
probe including a plurality of ultrasonic sensors arranged in a first
direction,

wherein the instructions cause the controller to:

detect, at a plurality of points along the first direction of a
first surface of the weld portion, a position in a second direction of each
of the plurality of points based on the plurality of reflected waves, the
ultrasonic wave being transmitted along the second direction crossing
the first direction;

calculate a first tilt of the first surface around a third
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direction from a detection result of at least a portion of the plurality of
positions, the third direction being perpendicular to the first direction

and crossing the second direction; and

adjust an angle of the probe around the third direction to
correct the first tilt,

wherein the controller calculates the first tilt using the at least a

portion of the plurality of positions where the joint is detected.
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