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[DESCRIPTION]

[TITLE OF INVENTION]
ACCELERATION-DETERMINATION DEVICE AND METHOD
[Technical Field]

[0001]

The present disclosure relates to an acceleration-determination device and
method.

Priority is claimed on Japanese Patent Application No. 2018-180095, filed
September 26, 2018, the content of which is incorporated herein by reference.
[Background Art]

[0002]

As an example of the related art, Patent Literature 1 discloses a tray transfer
device that automatically exchanges a tray. This tray transfer device transfers a tray
between a carry-in space, a carry-out space, and a processing space by gripping the tray
using hands mounted at the tip end of a robot arm.

[Citation List]
[Patent Literature]
[0003]

[Patent Literature 1]

Japanese Unexamined Patent Application, First Publication No. 2011-143496
[Summary of Invention]

[Technical Problem]
[0004]
As described in Patent Literature 1, a mechanical pinching device having two

opening and closing claws, a suction pad, an electromagnetic pad, and the like is used as
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the hands. Among these hands, a suction hand is a gripping device that grips a transfer
object by setting the internal pressure of a pad, which is in contact with the transfer
object, to be in a negative-pressure state (a vacuum state) as is well known.

[0005]

In a case where the transfer object is gripped with this suction pad, a transfer
velocity and acceleration at which the gripped state of the transfer object can be
maintained are optimally set, and the setting of the transfer velocity and acceleration is
determined depending on an acceleration added to the transfer object in accordance with
the weight of the transfer object by repeating a test of gripping and transferring the
transfer object multiple times before the actual transfer task. Therefore, a task for
setting the transfer velocity and acceleration in a case where the suction pad is used as a
gripping device is a time-consuming task, and may impair the efficiency of the actual
transport task in some cases.

[0006]

The present disclosure was contrived in view of such circumstances, and an
object thereof is to easily obtain the acceleration of a transfer object during its transfer.
[Solution to Problem]

[0007]

In order to achieve the above object, according to a first aspect of the present
disclosure, there is provided an acceleration-determination device including: a gripping
Jig that retains a gripping tool gripping a test piece in a state where the gripping tool is
tilted from a horizontal state, detects a tilt angle of the gripping tool, and makes it
possible to change a gripping force of the gripping tool; a mass adjuster that adjusts a
mass of the test piece such that a component force of gravity in a tilt direction which

varies according to the tilt angle equals gravity acting on the test piece before tilting
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thereof; and an acceleration calculator that calculates an acceleration of the test piece
when the test piece is detached from the gripping tool based on the tilt angle and a
gravitational acceleration acting on the test piece when the test piece is detached from the
gripping tool.

[0008]

According to a second aspect of the present disclosure, in the acceleration-
determination device of the first aspect, the gripping jig includes: a support member
having a predetermined length; and a rotating member whose lower end is attached with
the gripping tool and whose upper end is rotatably engaged with the support member.
[0009]

According to a third aspect of the present disclosure, in the acceleration-
determination device of the first or second aspect, the acceleration calculator calculates
the acceleration based on the following Expression (1) where 0 represents the tilt angle, g
represents the gravitational acceleration, and a represents the acceleration.

a=gsin@ (1)

[0010]

According to a fourth aspect of the present disclosure, in the acceleration-
determination device of any one of the first to third aspects, the gripping tool includes a
suction hand.

[0011]

According to a fifth aspect of the present disclosure, an acceleration-
determination method is provided including: retaining a gripping tool gripping a test
piece in a state where the gripping tool is tilted from a horizontal state and detecting a tilt
angle of the gripping tool; adjusting a mass of the test piece such that a component force

of gravity in a tilt direction which varies according to the tilt angle equals gravity acting
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on the test piece before tilting thereof; and calculating an acceleration of the test piece
when the test piece is detached from the gripping tool based on the tilt angle and a
gravitational acceleration acting on the test piece when the test piece is detached from the
gripping tool.
[Advantageous Effects of Invention]
[0012]

According to the present disclosure, it is possible to easily obtain an acceleration
of a transfer object during its transfer using a test piece.
[Brief Description of Drawings]
[0013]

Fig. 1 1s a schematic diagram illustrating a functional configuration of an
acceleration-determination device according to an embodiment of the present disclosure.

Fig. 2A is a schematic side view illustrating an outline of a transfer device in an
embodiment of the present disclosure.

Fig. 2B 1s a schematic plan view illustrating an outline of the transfer device in
an embodiment of the present disclosure.
[Description of Embodiments]
[0014]

Hereinafter, an embodiment of the present disclosure will be described with
reference to Figs. 1, 2A, and 2B.

An acceleration-determination device D according to the present embodiment is
a device that includes a gripping jig 1, a flow rate adjuster 2, and a computer 3 as shown
in Fig. 1, and acquires an acceleration a of a transfer object X when the transfer object X
is transferred using a predetermined transfer device A as shown in Figs. 2A and 2B.

[0015]
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First, the transfer device A will be described. The transfer device A is a robot
arm (articulated robot) configured with one end (base end) fixed to a turning table al and
a suction hand a2 mounted on the other end (tip end) as shown in Fig. 2A. The transfer
device A transfers the transfer object X mounted on a mounting table located at a point
s1 onto a mounting table located at a point s2. The suction hand a2 is a device having a
plurality of suction pads (vacuum pads) arranged two-dimensionally to grip the transfer
object X by the individual suction pads (vacuum pads) being suctioned onto the transfer
object X.

[0016]

The acceleration-determination device D is a device used in a preparation stage
of transfer of the transfer object X using the transfer device A and is an auxiliary device
for setting a maximum velocity and acceleration that can be added to the transfer object
X in the suction hand a2. That is, as shown in Fig. 2B, the acceleration-determination
device D is a device that turns the suction hand a2 gripping the transfer object X around
the turning table al to thereby obtain the acceleration a of the transfer object X when the
transfer object X is transported from the point s1 to the point s2 as an index for setting
the degree of vacuum of the suction pads (vacuum pads).

[0017]

The gripping jig 1 includes a base 1a, a support column 1b, a guide plate 1c, a
rotary arm 1d, a rotating shaft e, an angle sensor 1f, a suction hand 1g (gripping tool),
and a test piece Y used for simulating the transfer object X and capable of having its
mass changed. Among these components, the base 1a, the support column 1b, the guide
plate 1c, and the rotating shaft 1e constitute a support member C in the present
disclosure. In addition, the rotary arm 1d is equivalent to a rotating member in the

present disclosure.
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[0018]

In the gripping jig 1, the base 1a is a pedestal that retains the support column 1b
in a posture shown in Fig. 1, that is, a vertical posture (a posture in which the
longitudinal direction of the support column 1b is equivalent to a vertical direction), and
has a predetermined weight and an installation area in order to stably retain the support
column 1b in the vertical posture. The base 1a is, for example, a plate-like weight.
[0019]

The support column 1b is a columnar member having a predetermined length
which is disposed upright on such a base 1a. That is, the lower end of the support
column 1b contacts and is fixed to the upper surface of the base 1a. The guide plate 1c
is a semicircular plate-like member fixed to the upper end portion of such a support
column 1b via the rotating shaft 1e. As shown in Fig. 1, the guide plate 1c is fixed to
the support column 1b in a state where the posture of a straight-line portion 1h is a
horizontal posture (the posture of the guide plate 1c in a state where the straight-line
portion 1h extends in a horizontal direction) and in a vertical posture in which a circular-
arc portion 11 having a semicircular shape is located immediately below the straight-line
portion 1h. The circular-arc portion 1i is located at the outer circumferential edge of the
guide plate 1c.

[0020]

In addition, a slit 1j having a semicircular shape is formed at the guide plate 1c
concentrically with the circular-arc portion 1i.  The slit 1j is a through-hole having a
semicircular shape which penetrates from one surface (front surface) of the guide plate 1c
to the other surface (rear surface) of the guide plate 1c. As shown in Fig. 1, such a slit
1j is formed in a region substantially equivalent to or slightly narrower than the circular-

arc portion 11 around the intermediate point of the straight-line portion 1h. The slit 1j of
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the present embodiment is disposed inside the circular-arc portion 1i in its radial
direction. In addition, the inside portion and the outside portion (the circular-arc portion
11) of the guide plate 1c in its radial direction with respect to the slit 1j are connected to
each other by a connecting portion (not shown).

[0021]

The rotary arm 1d is a rod-like member having a predetermined length which is
provided rotatably around the rotating shaft 1e. That is, a through-hole through which
the rotating shaft 1e is inserted is formed at one end of the rotary arm 1d. The inside
diameter of this through-hole is set to be slightly larger than the diameter of the rotating
shaft 1e, and thus the through-hole is capable of sliding on the rotating shaft 1e. That is,
the rotary arm 1d tilts (swings) in a predetermined angle range with respect to the support
column 1b and the guide plate 1c which are included in a fixed system by the through-
hole sliding on the rotating shaft le.

[0022]

In addition, an engagement pin 1k is provided on a midway portion along the
rotary arm 1d. The engagement pin 1k is a guide member which is engaged with the slit
1j of the guide plate 1c described above and guides the rotary arm 1d along the surface of
the guide plate 1c and the slit 1j.

[0023]

The rotating shaft 1e is a shaft member which is provided so as to extend
between the upper portion of the support column 1b and the guide plate 1c. The
rotating shaft 1e extends in a horizontal posture (extends in a horizontal direction)
between the support column 1b and the guide plate 1¢ which both have vertical postures.
That is, since the rotary arm 1d described above is supported by such a rotating shaft 1e,

it rotates within a vertical plane (a plane parallel to the guide plate 1c¢).
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[0024]

The angle sensor 1f is a sensor that detects the rotation angle of the rotary arm
1d, that is, the tilt angle 0 of the rotary arm 1d in a case where a state in which the rotary
arm 1d is in a vertical posture is set as a reference angle. That is, the tilt angle 0 is an
angle between the vertical direction and the tilt direction of the rotary arm 1d (an angle
between the vertical direction and the longitudinal direction of the arm 1d). The angle
sensor 1f outputs a signal (an angle detection signal) indicating the tilt angle 6 to the
computer 3.

[0025]

The suction hand 1g is a gripping tool which is provided at the other end of the
rotary arm 1d different from the one end at which the through-hole is formed and has the
same grip performance (suction performance) as the suction hand a2 of the transfer
device A described above. That is, the suction hand 1g is a gripping tool having a
plurality of suction pads (vacuum pads) arranged two-dimensionally to grip the test piece
Y by the individual suction pads (vacuum pads) being suctioned onto the test piece Y.
[0026]

In addition, the suction hand 1g includes a device that makes it possible to
change the mass of the test piece Y in accordance with the tilt angle 0 by injecting water
into the test piece Y. This water is supplied from a flow rate adjuster 3, and is supplied
to the test piece Y through the rotating shaft 1e and a flexible hose (not shown). The
gripping jig 1 including such a suction hand 1g is a mechanical structure that retains the
suction hand 1g (gripping tool) gripping the test piece Y in a state where the surface of
the suction hand 1g, the surface gripping the test piece Y, is tilted in a predetermined
angle range from a state (horizontal state) parallel to a horizontal plane and detects the tilt

angle 0 of the suction hand 1g. That is, the gripping jig 1 including the rotary arm 1d
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provided with the suction hand 1g retains the suction hand 1g in a state where the rotary
arm 1d is tilted in a predetermined angle range from a vertical posture, and detects the tilt
angle 0 of the rotary arm 1d.

[0027]

The flow rate adjuster 2 is a device that injects water into the test piece Y under
control performed by the computer 3. That is, the flow rate adjuster 2 adjusts the flow
rate of water supplied from the outside based on an injection control signal which is input
from the computer 3, and supplies the water to the test piece Y through the rotating shaft
le and the flexible hose. Such a flow rate adjuster 2 and the computer 3 constitute a
mass adjuster B that adjusts the mass m of the test piece Y. The substance to be
injected into the test piece Y may be a fluid other than water or a particulate matter such
as sand.

[0028]

The computer 3 includes an operator 3a, a calculator 3b, and an outputter 3c.
The operator 3a is a functional member that accepts a worker’s instruction and is a
pointing device such as a keyboard, a mouse, or the like. The operator 3a outputs an
operation signal to the calculator 3b.

[0029]

The calculator 3b generates an injection control signal based on an angle
detection signal which is input from the angle sensor 1f, that is, based on the tilt angle 0.
That is, the calculator 3b constitutes the mass adjuster B together with the flow rate
adjuster 2 described above. Although this will be described in detail later, the calculator
3b adjusts the mass m of the test piece Y by controlling the flow rate adjuster 2 in
accordance with the tilt angle 0.

[0030]
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In addition, the calculator 3b is an acceleration calculator that calculates the
acceleration a of the test piece Y by performing information processing on the operation
signal and the angle detection signal based on a predetermined acceleration calculation
program. That is, the calculator 3b calculates the acceleration a of the test piece Y
when the test piece Y is detached from the suction hand 1g (gripping tool) based on the
tilt angle 6 and a gravitational acceleration g acting on the test piece Y when the test
piece Y is detached from the suction hand 1g (gripping tool).

[0031]

The calculator 3b includes a central processing unit (CPU) that performs
calculating processing, a non-volatile memory that stores the acceleration calculation
program and the value of the gravitational acceleration g, a volatile memory that
temporarily stores intermediate calculation results obtained in a process of calculating the
acceleration a, an interface circuit that sends and receives a signal to and from the
operator 3a and the outputter 3¢, or the like, and outputs the acceleration a which is a
calculation result to the outputter 3c.

[0032]

The outputter 3¢ outputs the acceleration a, which is input from the calculator
3b, to the outside in the predetermined output form. The outputter 3c is a display device
that displays the acceleration a as an image, a printing device that prints the acceleration
a, a storage device that stores the acceleration a as data, a communication device that
transmits data of the acceleration a, or/and the like.

[0033]
Although an operation of the acceleration-determination device D according to

the present embodiment, that is, an acceleration-determination method, will be described
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in detail next, an operation of transfer of the transfer object X which is performed by the
transfer device A will first be supplementarily described.
[0034]

In a case where the transfer object X is transferred from the point s1 to the point
s2, the transfer device A suctions and grips the transfer object X with the suction hand a2
by bringing the suction hand a2 closer to and into contact with the transfer object X on
the mounting table from above and further performing vacuum suction on the suction
pads (vacuum pads) arranged on the suction hand a2.  When the suction hand a2 and the
transfer object X are pulled up a predetermined distance in a vertical direction by the
transfer device A, the transfer device A brings the turning table al into operation to turn
the suction hand a2 and the transfer object X in a horizontal direction by a predetermined
turning angle around a turning shaft.

[0035]

In the turning operation of the turning table al, the transfer object X is
transported from the point s1 to the point s2 by turning the suction hand a2 and the
transfer object X with a predetermined velocity profile. That is, when the suction hand
a2 accelerates from an initial velocity (velocity=0) at the point s1 and reaches a
predetermined velocity, the suction hand moves by a predetermined turning angle at the
predetermined velocity and then decelerates to reach a final velocity (velocity=0) at the
point s2.

[0036]

In such a turning operation, a centrifugal force according to a turning velocity,
that is, a velocity in a traveling direction acts on the transfer object X. This centrifugal
force depends on the weight M of the transfer object X, but is a main cause for the

transfer object X detached from the suction hand a2 during its transfer.
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[0037]

The acceleration-determination device D according to the present embodiment
calculates the acceleration a which is a substantial cause for a centrifugal force acting on
the transfer object X during such transfer of the transfer object X based on the
gravitational acceleration g acting on the test piece Y and the tilt angle 6. That s, a
worker causes the test piece Y to be suctioned and gripped by the suction hand 1g with a
predetermined suction power P (suction pressure) in a state where the rotary arm 1d of
the gripping jig 1 is in a vertical posture.

[0038]

The worker gradually tilts the rotary arm 1d in a plane parallel to the guide plate
1c from a vertical posture in this gripped state.  As a result, a component force Mg of
gravity mg in an opposite direction of the test piece Y and the suction hand 1g, that is,
the tilt direction of the rotary arm 1d, gradually decreases in accordance with an increase
in the tilt angle 8. The calculator 3b adjusts the mass m of the test piece such that the
component force Mg equals gravity acting on the test piece before tilting by controlling
the flow rate adjuster 2, that is, equals the actual weight M of the transfer object X.
[0039]

Expression (2) is derived as follows with reference to Fig. 1.

mgsinf=ma

a=gsin@ (1)

mgcos6=Mg

Therefore,

m=M/cos®  (2)
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The wording “adjust the mass m such that the component force equals the actual
weight of the transfer object X specifically means that the mass m increases as 0
increases in Expression (2).

The derivation of Expression (1) is described in paragraph [0041].

[0040]

Here, when the rotary arm 1d, that is, the suction hand 1g and the test piece Y, is
tilted by the tilt angle 6 within a vertical plane (a plane parallel to the guide plate 1c) in a
state where the test piece Y is suctioned and gripped by the suction hand 1g, a component
force ma of the gravity mg caused by the tilt angle 8 acts on the test piece Y having the
mass m as shown in Fig. 1. The component force ma is a force in a direction orthogonal
to the tilt direction of the rotary arm 1d as shown in Fig. 1, and is a force equivalent to
the centrifugal force acting on the transfer object X described above when the transfer
object X is turned and transferred in a horizontal direction.

[0041]

That is, the component force ma is a sinusoidal component of the gravity mg
with respect to the tilt angle 6. The acceleration a that causes the component force ma
is an acceleration equivalent to the centrifugal acceleration of the transfer object X
described above when the transfer object X is turned and transferred in a horizontal
direction, and is given by the following Expression (1).

a=gsin@ (1)

[0042]

A certain limit angle (tilt angle 0) with respect to the test piece Y is obtained by
changing the tilt of the rotary arm 1d in such a state where the test piece Y is suctioned
and gripped by the suction hand 1g, that is, the tilt of the suction hand 1g and the test

piece Y within a vertical plane (a plane parallel to the guide plate 1c). This limit angle
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(tilt angle 0) is detected by the angle sensor 1f of the gripping jig 1 and is input to the
computer 3 as an angle detection signal.
[0043]

That is, the calculator 3b of the computer 3 gets the tilt angle 0 when a worker
operates the operator 3a as a limit angle, and calculates the acceleration a by substituting
this limit angle (tilt angle 6) and the gravitational acceleration g into Expression (1).

The outputter 3c of the computer 3 outputs the acceleration a which is input from the
calculator 3b as an index of the transfer velocity and acceleration of the transfer device A
during the transfer of the transfer object X.

[0044]

For example, the calculator 3b stores a relational expression or a data table
indicating a mutual relationship between the acceleration a and the mass m of the test
piece Y in advance. By using the relational expression or the data table, the calculator
3b extracts the mass m in addition to the acceleration a and outputs the mass m and the
acceleration a to the outputter 3c.  As a result, the outputter 3¢ outputs the acceleration a
and the mass m to the outside.

[0045]

According to the present embodiment, it is possible to easily obtain the
acceleration a of the transfer object X during its transfer.
[0046]

Meanwhile, the present disclosure is not limited to the above embodiment, and,
for example, the following modification examples can be considered.

(1) A case where the suction hand 1g is used as a gripping tool has been
described in the above embodiment, but the present disclosure is not limited thereto.

That is, the present disclosure can be applied to various forms of gripping tools. For
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example, the present disclosure can also be applied to a gripping tool that suctions and
grips the transfer object X using a magnetic force or a gripping tool that pinches the
transfer object X with two claws.

[0047]

(2) The gripping jig 1 shown in Fig. 1 is adopted in the above embodiment, but
the present disclosure is not limited thereto. That is, since the guide plate 1c is formed
in a semicircular shape, the gripping jig 1 can rotate the rotary arm 1d in both left and
right directions, but, for example, a 1/4 circular (fan-shaped) guide plate may be adopted
instead of the semicircular shape, and the rotary arm 1d can be rotated only in one
direction.

[0048]

(3) A worker tilts the rotary arm 1d in the above embodiment, but the present
disclosure is not limited thereto. For example, a driving device such as a motor that
rotates the rotary arm 1d around the rotating shaft 1e may be provided.

[0049]

(4) The acceleration of the test piece Y equivalent to the centrifugal acceleration
of the transfer object X when the transfer object X is turned and transferred in a
horizontal direction is obtained as the acceleration a in the above embodiment, but the
present disclosure is not limited thereto. According to the present disclosure, it is
possible to simulate not only the centrifugal acceleration of the transfer object X but also
various accelerations.

[0050]

(5) The calculator 3b constitutes the mass adjuster B together with the flow rate

adjuster 2 and functions as an acceleration calculator in the above embodiment, but the

present disclosure is not limited thereto. That is, the calculator that constitutes the mass
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adjuster B and the acceleration calculator that calculates the acceleration a of the test
piece Y may be provided separately from each other.
[Industrial Applicability]
[0051]
The present disclosure can be used in an acceleration-determination device and

method for determination an acceleration of a transfer object when the transfer object is
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transferred.

[Reference Signs List]

[0052]

D Acceleration-determination device

A Transfer device
B Mass adjuster

C Support member
X Transfer object
Y Test piece

al Turning table
a2 Suction hand

1 Gripping jig

la Base

1b Support column
1c Guide plate

1d Rotary arm (rotating member)
le Rotating shaft
1f Angle sensor

1g Suction hand (gripping tool)
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1h Straight-line portion

11 Circular-arc portion

1 Slit

1k Engagement pin

2 Flow rate adjuster

3 Computer

3a Operator

3b Calculator (acceleration calculator)

3¢ Outputter
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[CLAIMS]

[Claim 1]

An acceleration-determination device comprising:

a gripping jig that retains a gripping tool gripping a test piece in a state where
the gripping tool is tilted from a horizontal state, detects a tilt angle of the gripping tool,
and makes it possible to change a gripping force of the gripping tool;

a mass adjuster that adjusts a mass of the test piece such that a component force
of gravity in a tilt direction which varies according to the tilt angle equals gravity acting
on the test piece before tilting thereof; and

an acceleration calculator that calculates an acceleration of the test piece when
the test piece is detached from the gripping tool based on the tilt angle and a gravitational
acceleration acting on the test piece when the test piece is detached from the gripping
tool.

[Claim 2]

The acceleration-determination device according to claim 1, wherein the
gripping jig includes:

a support member having a predetermined length; and

a rotating member whose lower end is attached with the gripping tool and whose
upper end is rotatably engaged with the support member.

[Claim 3]

The acceleration-determination device according to claim 1 or 2, wherein the
acceleration calculator calculates the acceleration based on the following Expression (1)
where 0 represents the tilt angle, g represents the gravitational acceleration, and a
represents the acceleration.

a=gsinf@ (1)



10

19
[Claim 4]

The acceleration-determination device according to any one of claims 1 to 3,
wherein the gripping tool includes a suction hand.
[Claim 5]

An acceleration-determination method comprising:

retaining a gripping tool gripping a test piece in a state where the gripping tool is
tilted from a horizontal state and detecting a tilt angle of the gripping tool;

adjusting a mass of the test piece such that a component force of gravity in a tilt
direction which varies according to the tilt angle equals gravity acting on the test piece
before tilting thereof; and

calculating an acceleration of the test piece when the test piece is detached from
the gripping tool based on the tilt angle and a gravitational acceleration acting on the test

piece when the test piece is detached from the gripping tool.





