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A robot gripping device (60) where each finger part has a
finger part body (1) which is comprised of a plate-shaped
elastic member, a first anti-slip part (2) which is provided at an
inside of a front end side of the finger part body, and a
reinforcing member (20) which is arranged along an outer
surface of the finger part body, is connected to the front end of
the finger part body, and is higher in rigidity than the finger
part body, the reinforcing member having a first rotary joint
(4) which makes the reinforcing member pivot about a first
axis of rotation which is vertical to a longitudinal direction of
the finger part body, and the robot gripping device having a
drive part (62) which makes a base end of'the finger part body
move along the center of grip to make the finger part open and
close.
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FIG. 5B
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FIG. 6A
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FIG. 10A

FIG. 10B
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ROBOT GRIPPING DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a robot gripping
device which grips a workpiece which may be of various
shapes and may be arranged in various orientations.

[0003] 2. Description of the Related Art

[0004] The front end of a wrist of a robot is provided with
a gripping device for gripping a workpiece. FIG. 10A and
FIG. 10B are a top view and a side view of a first hand in the
related art. FIG. 10A and FIG. 10B show a servo hand which
is attached to arobot. Such a servo hand has a structure similar
to a human hand and is advantageous for gripping various
shapes and various orientations of workpieces

[0005] However, the servo hand which is shown in FIG.
10A and FIG. 10B has a plurality of servo motors and a
complicated link mechanism built into it. Therefore, such a
servo hand is extremely expensive and requires fine, compli-
cated control. For this reason, at the present, the spread of
such servo hands has been slow.

[0006] Further, FIG. 11 is a view which shows a second
hand in the related art. A chuck which is shown in FIG. 11 is
provided with two or three finger parts. However, the chuck
which is shown in FIG. 11 usually has no versatility and can
only grip predetermined shapes of workpieces. When grip-
ping a complicated shape of workpiece, the workpiece had to
be arranged in a limited, specific orientation.

[0007] Furthermore, Japanese Patent Publication No.
2011-245566A discloses a gripping device which uses bent
plate-shaped members to open and close a gripping part. U.S.
Pat. No. 3,527,492 discloses a gripping device where a finger
part is comprised of an outside spring finger and an inside
flexible finger.

[0008] However, the gripping device of Japanese Patent
Publication No. 2011-245566A cannot open the finger parts
wide, so can only grip small sized workpieces. Further, there
was the problem that the drive part of the gripping device was
considerably large compared with the gripping part.

[0009] Furthermore, the spring finger and flexible finger of
U.S. Pat. No. 3,527,492 are made of plate springs with low
rigidity. Therefore, the gripping device of U.S. Pat. No. 3,527,
492 can only grip a light weight workpiece. Further, when
gripping, a large force is required for bending the outside
spring finger, so the gripping device of U.S. Pat. No. 3,527,
492 is low in drive efficiency. Furthermore, the outside spring
finger bends outward at the time of gripping, so there is the
problem that the spring finger easily contacts nearby objects.
[0010] Inthisregard, a gripping device which is attached to
a front end of a wrist of a robot is also used when taking out
workpieces which are randomly stacked in a holding box. In
such a case, high a gripping precision is not required in the
sense of the relative positional relationship between the hand
and the workpiece when the hand of the gripping device grips
a workpiece. Even if the gripping precision is low, for
example, if the hand roughly grabs a part, it is sufficient that
the hand can reliably grip the workpiece and take it outside of
the holding box.

[0011] However, in the gripping device such as shown in
FIG. 10 or FIG. 11, it is only possible to grip a workpiece
which is arranged at a predetermined orientation. Further, to
keep the gripping device from striking the inside wall of the
holding box, it is necessary to make the gripping device face
downward. For this reason, it is not possible to grip a work-
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piece which is positioned at a corner of the holding box.
Furthermore, in the related art, it was not possible to confirm
whether the gripping device had indeed gripped a workpiece.
[0012] The present invention was made in consideration of
such a situation and has as its object the provision of a robot
gripping device with a high versatility which can approach a
workpiece vertically downward and grip it with a high reli-
ability without regard as to the orientation and shape of the
workpiece and without using an expensive servo hand.

SUMMARY OF INVENTION

[0013] To achieve the above-mentioned object, according
to a first aspect, there is provided a robot gripping device
which has two or more finger parts and has front ends of the
finger parts move toward a center of grip so as to grip an object
to be gripped, each finger part having a finger part body which
is comprised of a plate-shaped elastic member, a first anti-slip
part which is provided at an inside surface of a front end side
of the finger part body, and a reinforcing member which is
arranged along an outer surface of the finger part body, is
connected to the front end of the finger part body, and is
higher in rigidity than the finger part body, the reinforcing
member having a first rotary joint which makes the reinforc-
ing member pivot about a first axis of rotation which is ver-
tical to a longitudinal direction of the finger part body, and the
robot gripping device having a drive part which makes a base
end of the finger part body move along the center of grip to
make the finger part open and close.

[0014] According to a second aspect, there is provided the
first aspect wherein the reinforcing member has a second
rotary joint which makes the reinforcing member pivot about
a second axis of rotation which is parallel to the first axis of
rotation and which is between the first rotary joint and the
front end of the finger part body.

[0015] According to a third aspect, there is provided the
first aspect wherein each finger part further has one or more
second anti-slip parts at the inside surface of the finger part
body.

[0016] According to a fourth aspect, there is provided the
first aspect wherein the first anti-slip part is formed with a
recessed part at its center, the first anti-slip part has a thick-
ness which gradually becomes thinner the closer to an outer
circumference part of the first anti-slip part, and the first
anti-slip part is an elastic member which is comprised of a
polymer compound.

[0017] According to afifth aspect, there is provided the first
aspect wherein a gripping surface of the first anti-slip part of
one finger part is arranged with respect to a gripping surface
of'the first anti-slip part of another finger part so that when the
finger parts are closed, the front end sides of the finger parts
first contact.

[0018] According to a sixth aspect, there is provided the
second aspect wherein the second rotary joint is provided
with a rotation limiting part which prevents rotation by over a
predetermined rotational angle.

[0019] According to a seventh aspect, there is provided the
first aspect wherein the first anti-slip part is provided with a
protective member which protects the front end of the finger
part body and wherein the protective member sticks out from
the first anti-slip part to the front end side of the finger part.

[0020] According to an eighth aspect, there is provided the
first aspect which is provided with a pushing part which
pushes against an outside surface of the finger part body near
a base end of the finger part body.
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[0021] According to a ninth aspect, there is provided the
first aspect wherein the first anti-slip part is formed at its
gripping surface with a plurality of relief parts, a plurality of
projections, or a plurality of groove parts.

[0022] According to a 10th aspect, there is provided the
fourth aspect wherein the first anti-slip part is formed at its
recessed part with an air hole which extends to the outside of
the finger part.

[0023] According to an 11th aspect, there is provided the
first aspect which is provided with an adjusting part which
defines and adjusts an interval over which the base end of the
finger part body is made to move.

[0024] According to a 12th aspect, there is provided the first
aspect which is provided with a measuring part which mea-
sures a weight of the object.

[0025] According to a 13thaspect, there is provided the first
aspect which is provided with a grip recognizing part which is
provided near the first anti-slip part and which obtains a grasp
of the gripped state by being pushed against.

[0026] According to a 14th aspect, there is provided the
13th aspect wherein the grip recognizing part which is pro-
vided near the first anti-slip part includes a detection device,
a detection device pushing part which pushes against the
detection device, and a push limiting part which limits the
detection device pushing part from pushing against the detec-
tion device by a predetermined amount or more.

[0027] According to a 15thaspect, there is provided the first
aspect which is provided with an object detecting part which
detects by a contact method or noncontact method the pres-
ence of the object which is gripped by the finger parts.
[0028] These and other objects, features, and advantages of
the present invention will become clearer from the detailed
description of typical embodiments of the present invention
which are shown in the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.1A isa side view which shows an open state of
a robot gripping device based on the present invention.
[0030] FIG. 1B is aside view which shows a closed state of
a robot gripping device based on the present invention.
[0031] FIG.2isasideview ofarobotgripping device based
on the present invention.

[0032] FIG. 3A is a first partial enlarged view of when the
robot gripping device grips a workpiece.

[0033] FIG. 3B is a second partial enlarged view of when
the robot gripping device grips a workpiece.

[0034] FIG. 4A is a first view of a robot gripping device
seen from the front end side.

[0035] FIG. 4B is a second view of a robot gripping device
seen from the front end side.

[0036] FIG. 5A is a partial enlarged view of when a robot
gripping device which is not provided with a second rotary
joint grips a workpiece.

[0037] FIG. 5B is a partial enlarged view of when a robot
gripping device which is provided with a second rotary joint
grips a workpiece.

[0038] FIG. 6A is a first perspective view which shows a
front end of a robot gripping device.

[0039] FIG. 6B is asecond perspective view which shows a
front end of a robot gripping device.

[0040] FIG. 7A is a first view which shows the robot grip-
ping device gripping a workpiece.

[0041] FIG. 7B is a second view which shows the robot
gripping device gripping a workpiece.
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[0042] FIG. 7C is a third view which shows the robot grip-
ping device gripping a workpiece.

[0043] FIG. 8A is a front view of a first anti-slip part.
[0044] FIG. 8B is a cross-sectional view seen along the line
X-X' which is shown in FIG. 8A.

[0045] FIG. 9A is a partial perspective view of a robot
gripping device which is provided with two finger parts.
[0046] FIG. 9B is a partial perspective view of a robot
gripping device which is provided with three finger parts.
[0047] FIG. 9C is a partial perspective view of a robot
gripping device which is provided with four finger parts.

[0048] FIG. 10A is a top view of a first hand in the related
art.

[0049] FIG. 10B is a side view of a first hand in the related
art.

[0050] FIG. 11 is a view which shows a second hand in the
related art.

[0051] FIG. 12is a partial enlarged view of a robot gripping
device.

[0052] FIG. 13A is a partial enlarged view of a robot grip-

ping device in an open state.

[0053] FIG. 13B is a partial enlarged view of a robot grip-
ping device in a gripped state.

[0054] FIG. 14A is another partial enlarged view of a robot
gripping device.

[0055] FIG. 14B is a front view of a robot gripping device
which is shown in FIG. 14A.

[0056] FIG. 15A is a still another partial enlarged view of a
robot gripping device.

[0057] FIG. 15B is a front view of a robot gripping device
which is shown in FIG. 15A.

[0058] FIG. 15C is a still another partial enlarged view of a
robot gripping device in a gripped state.

[0059] FIG. 16 is a perspective view of a robot gripping
device which is provided with a non-contact type object
detecting part.

[0060] FIG. 17 is a perspective view of another robot grip-
ping device which is provided with a non-contact type object
detecting part.

[0061] FIG. 18 is a perspective view of a robot gripping
device where a non-contact type object detecting part is pro-
vided at the outside.

[0062] FIG. 19 is a perspective view of a robot gripping
device which is provided with a contact type object detecting
part.

[0063] FIG. 20 is a flow chart which shows the operation of
a robot gripping device which is provided with an object
detecting part.

DETAILED DESCRIPTION

[0064] Below, embodiments of the present invention will
be explained with reference to the attached drawings. In the
following figures, similar members are assigned similar ref-
erence notations. To facilitate understanding, these figures are
suitably changed in scale.

[0065] FIG. 1A and FIG. 1B are side views which show an
open state and a closed state of a robot gripping device based
on the present invention. The robot gripping device 60 which
is shown in these drawings is provided with two finger parts.
The finger parts are mainly comprised of a pair of finger part
bodies 1 which are comprised of elongated plates and a pair of
reinforcing members 20 which are arranged at the outsides of
the finger part bodies 1 and which have rigidities which are
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higher than the finger part bodies 1. Further, in these draw-

ings, a center of grip “a” is shown between the two finger
parts.

[0066] Each finger part body 1 is preferably made from a
spring steel material. However, the finger part body 1 may
also be formed from a resin which has rigidity etc. The base
ends of the two finger part bodies 1 are connected to the front
end of a shaft 9 which can move along the center of grip “a”.
The shaft 9 is inserted into a through hole of a base part 8
through a linear ball bush. Note that, instead of a linear ball
bush, a slide bearing or bearing of a linear drive with a guide
rail may be used.

[0067] If the shaft 9 moves in the downward direction of
FIG. 1A, the finger part bodies 1 of the two finger parts bend
outward and separate from each other. Due to this, the robot
gripping device 60 opens. Further, if the shaft 9 moves in the
opposite direction, the finger part bodies 1 of the two finger
parts bend inward whereby the robot gripping device 60
closes (see FIG. 1B).

[0068] FIG.2isasideview ofarobotgripping devicebased
on the present invention. As shown in FIG. 2, the robot grip-
ping device 60 is attached to a front end part 61 of a robot (not
shown). The robot gripping device 60 is provided with an air
cylinder 62, as an actuator, which is coupled to the base part
8. Further, to prevent an eccentric load from acting on an
output shaft 63 of the air cylinder 62, the output shaft 63 is
connected to the shaft 9 through a universal coupling 64.

[0069] Note that, instead of an air cylinder 62, a hydraulic
cylinder may be used as the actuator. Alternatively, the shaft
9 can be made from a ball screw or rack/pinion and driven by
a servo motor (not shown). Further, the finger part bodies 1
have flexibility, so the finger part bodies 1 may also be reeled
up by the actuator. In this case, it is possible to shorten the
axial direction length of the base part 8.

[0070] Referring again to FIG. 1A etc., two adjusting parts
7 are attached to the shaft 9 along the axial direction of the
shaft 9. The shaft 9 can move only between the two adjusting
parts 7. In other words, the adjusting parts 7 perform the role
of restricting and adjusting the stroke of the shaft 9 and as a
result adjusting the amount of opening and closing of the
finger parts.

[0071] As shown in FIG. 1A etc., at the outsides of the
finger part bodies 1 which are positioned at the opposite sides
from the center of grip “a”, reinforcing members 20 are
arranged. Each reinforcing member 20 includes a first rein-
forcing part 21, second reinforcing part 22, and third reinforc-
ing part 23. These reinforcing parts 21 to 23 are elongated
plates. These reinforcing parts 21 to 23 are formed from a
material with rigidity high enough so that they do not bend

even when the finger part body 1 bends.

[0072] Ascanbe seen from the figures, the base end of each
first reinforcing part 21 is attached to the outer circumferen-
tial surface of the base part 8 of the robot gripping device 60.
The distal end of the first reinforcing part 21 is connected
through a first rotary joint 4 to a base end of the second
reinforcing part 22. The reinforcing parts 21 and 22 of the
reinforcing member 20 pivot about the first rotary joint 4
whereby the reinforcing member 20 flexes and extends.
[0073] Further, the distal end of each second reinforcing
part 22 is connected through a second rotary joint 10 to a base
end of the third reinforcing part 23. Furthermore, the distal
end of each third reinforcing part 23 is connected to a front
end of a finger part body 1. Further, as illustrated, at the inside
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of'the front end of the finger part body 1, a first anti-slip part
2 which is formed from a flexible material is attached.
[0074] By such a configuration, if the shaft 9 slides linearly
along the center of grip “a”, the linear motions of the base
ends of the two finger part bodies 1 are converted to rotational
motions of the reinforcing members 20 about the first rotary
joints 4. When making the second reinforcing parts 22 longer,
it is possible to make the opening distance between the front
ends of the two finger parts greater and, as a result, possible to
raise the opening and closing efficiency of the finger parts.

[0075] In this regard, FIG. 3A and FIG. 3B are first and
second partial enlarged views of when the robot gripping
device grips a workpiece. In these figures, it is assumed that a
rectangular parallelepiped-shaped workpiece W is placed at
the center of grip “a”. The rigidity of the first reinforcing parts
21 in FIG. 3A and FIG. 3B is greater than the rigidity of the
second reinforcing parts 22. Alternatively, the thickness of the
first reinforcing parts 21 in FIG. 3A and FIG. 3B may be made

greater than the thickness of the second reinforcing parts 22.

[0076] FIG. 3A shows the instant when the finger part bod-
ies 1 bend and contact a workpiece W when making the shaft
9 rise. At this time, the second reinforcing parts 22 do not
deform much at all. Only the parts of the first anti-slip parts 2
near the front ends contact the workpiece W. Further, if con-
tinuing to make the shaft 9 rise, as shown in FIG. 3B, the
middle parts of the second reinforcing parts 22 bend inward.
For this reason, the majorities of the surfaces of the first
anti-slip parts 2 contact the two side surfaces of the workpiece
W. In other words, in the configuration which is shown in FIG.
3A and FIG. 3B, the first anti-slip parts 2 follow the side
surfaces of the workpiece W and closely contact the side
surfaces of the workpiece W. Therefore, In this case, it is
possible to raise the “follow” performance.

[0077] FIG. 4A and FIG. 4B are views seen from the front
end side of the robot gripping device. F1G. 4A shows the state
before the finger part bodies 1 grip a workpiece W, while FI1G.
4B shows the state after the finger part bodies 1 grip a work-
piece W. The workpiece W which is shown in these drawings
is a tubular member with a trapezoidal cross-section and is
arranged so that the top side and bottom side of its cross-
section become vertical to the center of grip “a”. Further, the
workpiece W is arranged so that one side surface of the
workpiece W becomes not parallel to one first anti-slip part 2,
while the other side surface of the workpiece W becomes
parallel to the other first anti-slip part.

[0078] As can be seen from these drawings, when a work-
piece W is gripped, the finger part body 1 of one first anti-slip
part 2 is twisted. Therefore, the finger part body 1 elastically
deforms so that the first anti-slip part 2 follows one side
surface of the workpiece W. Due to this, the first anti-slip part
2 closely contacts one side surface of the workpiece W. For
this reason, in the present invention, even if one side surface
of'a workpiece W is not parallel with the first anti-slip part 2,
the workpiece W can be reliably gripped.

[0079] In this way, in the present invention, finger part
bodies 1 which are comprised of plate-shaped elastic mem-
bers are used, so the robot gripping device 60 can be made
simple in structure. As a result, the robot gripping device 60
can be made much lower in price compared with a servo hand.
Further, the finger part bodies 1 are high in flexibility and,
further, two finger part bodies 1 grip the workpiece W by
enveloping it, so workpieces of various shapes which are
arranged in various orientations can be stably gripped.
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[0080] Further, as can be seen from FIG. 1A and FIG. 4A,
at the back surface side of each first anti-slip part 2, a distal
end of the third reinforcing part 23 is positioned. Further, at
the third reinforcing part 23, a protective member 5 which is
bent at a predetermined angle is fastened. The protective
member 5 is preferably made from a metal plate with a rela-
tively high rigidity. The protective member 5 is arranged so as
to cover the first anti-slip part 2 from the outside. The front
end of the protective member 5 is positioned further at the
front end side of the finger part than the front end of the first
anti-slip part 2.

[0081] When taking out one of a plurality of workpieces W
which are randomly stacked in a holding box etc., the front
ends of the finger parts of the robot gripping device 60 have to
enter the clearances between relatively hard workpieces W.
The first anti-slip parts 2 are formed from a flexible material,
so when taking out a workpiece W, the parts of the first
anti-slip parts 2 near the front ends will easily strike the
workpiece W and be damaged.

[0082] Regarding this point, in the present invention, the
protective members 5 which are shown in FIG. 4A etc. protect
the first anti-slip parts 2 and third reinforcing parts 23. For this
reason, the finger parts easily enter the clearances between the
workpieces W and between the side surfaces of the holding
box which holds the workpieces and the workpieces W. For
this reason, even if a workpiece W is positioned at a corner of
the holding box etc., the workpiece W is easily gripped.
Further, when the finger parts are made to enter the clearances
between workpieces W and when the front ends of the finger
parts strike the bottom surface of the holding box which holds
the workpieces, it is possible to prevent the front ends of the
finger parts from being damaged. In particular, the protective
members 5 which are illustrated are bent at a predetermined
angle, so the front ends of the finger parts, for example, the
front ends of the first anti-slip parts 2, can be reliably pro-
tected.

[0083] As canbe seen from referring to FIG. 1A and FIG. 4
again, the protective members 5 preferably do not stick out
from the gripping surfaces of the first anti-slip parts 2 to the
center of grip “a” side. The reason is that when a workpiece W
is thin in thickness or when a workpiece W is elongated in
shape, before the workpiece W contacts the gripping surfaces
of the first anti-slip parts 2, the two protective members 5
might contact each other. When the protective members 5 do
not stick out from the gripping surfaces of the first anti-slip
parts 2 to the center of grip “a” side, the first anti-slip parts 2
can be reliably made to first contact the workpiece W.
[0084] Further, as shown in FIG. 1A, at the inside surfaces
of'the finger part bodies 1, pluralities of second anti-slip parts
3 are attached. A single finger part body 1 may also have a
single second anti-slip part 3 attached as well. At the surface
of each second anti-slip part 3, a large number of relief parts
are formed, so the frictional coefficient of the surface is rela-
tively large. For this reason, even if the workpiece W has
Iubrication oil, working oil, etc. deposited on it, when the
workpiece W is gripped, the workpiece W is prevented from
slipping off from between the finger parts. Note that instead of
the relief parts, a plurality of projections or a plurality of
grooves may be formed on the surface of each second anti-
slip part 3. Alternatively, the inside surface of each finger part
body 1 may have relief shapes or grooves directly formed on
it, so the finger part body 1 and the second anti-slip part 3 may
be integrally formed. Due to this, a workpiece W can be
pushed in and reliably gripped.
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[0085] In FIG. 1A, pushing members 6 are attached near
the base ends of the finger part bodies 1. The pushing mem-
bers 6 push the finger part bodies 1 toward the center of grip
“a” so that the finger part bodies 1 do not bulge out in direc-
tions away from the center of grip “a”.

[0086] Ina certain embodiment, the pushing members 6 are
cam followers. When using cam followers as pushing mem-
bers 6, the pushing members 6 come into rolling contact with
the finger part bodies 1. Therefore, the finger part bodies 1 can
be reduced in wear. Furthermore, if increasing the diameters
of the pushing members 6, the radii of curvature at the base
ends of the finger part bodies 1 can be increased. As a result,
the stress which acts on the finger part bodies 1 is reduced and
even if repeatedly making the finger part bodies 1 bend, the
fatigue life of the finger part bodies 1 can be extended.
[0087] FIG. 5A is a partial enlarged view of when a robot
gripping device grips a workpiece. In FIG. 5A, the second
rotary joints 10 are not provided, so there are also no third
reinforcing parts 23. Instead, the second reinforcing parts 22
are extended by exactly the amounts of the third reinforcing
parts 23. Further, in FIG. 5A, a relatively large cylindrically
shaped workpiece W is gripped.

[0088] As shown in FIG. 5A, when the workpiece W is
gripped, the two finger part bodies 1 bend so as to follow the
outer shape of the workpiece W. At this time, the pluralities of
second anti-slip parts 3 closely contact the upper outer surface
of'the workpiece W. Furthermore, the above-mentioned push-
ing members 6 prevent the vicinities of the base ends of the
finger part bodies 1 from bending to the outside. Therefore, in
the present invention, a relatively large cylindrically shaped
workpiece W can be firmly gripped.

[0089] However, in FIG. 5A, the second rotary joints 10 are
not provided, so the front ends of the finger parts which are
positioned farther from the workpiece W when seen from the
pushing members 6 are open. For this reason, there is a
possibility of the workpiece W slipping off from the front
ends of the finger parts.

[0090] As opposed to this, in a partial enlarged view of
when a robot gripping device which is provided with the
second rotary joints grips the workpiece, that is, FIG. 5B, the
third reinforcing parts 23 are coupled with the distal ends of
the second reinforcing parts 22 through the second rotary
joints 10. In the configuration which is shown in FIG. 5B, the
third reinforcing parts 23 pivot further inward about the sec-
ond rotary joints 10 whereby the first anti-slip parts 2 follow
the outer shape of the workpiece W and support the lower part
of the workpiece W. As a result, the front ends of the finger
parts are closed and it becomes harder for the workpiece W
which is gripped to slip off. In other words, it will be under-
stood that the configuration which is shown in FIG. 5B can
grip a workpiece W more reliably than even the configuration
which is shown in FIG. SA.

[0091] A simplified robot hand gripped a workpiece W by
just the front ends of the finger parts, so when lifting up a
workpiece W or during high speed movement after being
gripped, the workpiece W often slipped off. However, in the
present invention, the third reinforcing parts 23 close, so the
workpiece W can be firmly surrounded and gripped near the
centers of the finger parts. Therefore, even when lifting up a
workpiece W or during high speed movement after being
gripped, the workpiece W will almost never slip off.

[0092] FIG. 6A and FIG. 6B are perspective views which
show a front end of a robot gripping device. As shown in these
drawings, a second rotary joint 10 includes a rotation limiting
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part 11 which prevents a third reinforcing part 23 from piv-
oting by over a predetermined rotational angle. Specifically,
the rotation limiting part 11 is a projection which partially
overlaps the outer surface of the second reinforcing part 22.
Due to the rotation limiting part 11, the front end part of the
finger part, which corresponds to the third reinforcing part 23,
is kept from opening outward.

[0093] Usually, force acts so that the finger part body 1
extends straight, so the rotation limiting part 11 is constantly
working. Further, when a workpiece W is gripped, the front
end part of the finger part rotates toward the center of grip “a”.
In other words, the third reinforcing part 23 rotates inward
about the second rotary joint 10. As a result, as shown in FIG.
6A, the front end part of the finger part surrounds the work-

piece W and the workpiece W can be reliably gripped.

[0094] Further, in the state where the robot gripping device
60 is gripping a workpiece W, if the front end parts of the
finger parts strike the bottom surface of the holding box or a
workpiece other than the workpiece W to be gripped, there is
apossibility that the third reinforcing parts 23 will pivot about
the second rotary joints 10 to separate from the center of grip
“a”. However, in the present invention, there are the rotation
limiting parts 11, so the third reinforcing parts 23 pivot toward
the center of grip “a”. In other words, in the present invention,
since there are the rotation limiting parts 11, two finger parts
will never completely open. Therefore, a workpiece W can be
prevented from slipping off from the robot gripping device
60.

[0095] As explained above, the robot gripping device 60 of
the present invention has a “follow” function which uses the
flexibility of the finger part bodies 1, a closing function of the
front end parts of the finger parts which uses the second rotary
joints 10, and a reliable gripping function which uses the first
anti-slip parts 2 and second anti-slip parts 3. Therefore, the
robot gripping device 60 can secure a large number of contact
parts with the workpiece W. For this reason, by just making
the robot gripping device 60 move in the vertical direction
downward, a workpiece W can be reliably gripped without
regard as to the orientation of the workpiece W.

[0096] FIG. 7A to FIG. 7C are views which show a robot
gripping device which grips a workpiece. These drawings
show, as the workpiece W, a shaft on which a flange is pro-
vided. In particular, the flange of the workpiece W which is
shown in FIG. 7A is attached eccentrically to the shaft. In
other words, the workpiece W which is shown in FIG. 7A is
not line symmetric about its center axis.

[0097] For this reason, when a workpiece W is arranged so
that the center axis of the workpiece W becomes the same as
the direction of movement of the shaft 9, it is difficult to grip
the workpiece W. However, even in such a case, in the present
invention, as shown in FIG. 7A, by having just one third
reinforcing part 23 pivot about the second rotary joint 10, one
finger part body 1 bends inward more than the other finger
part body 1. In other words, in the present invention, the two
finger part bodies 1 bend in different manners from each
other. Therefore, the finger part bodies 1 can grip a workpiece
W so as to follow it and can reliably grip the workpiece W.

[0098] Further, when a workpiece W is arranged so that the
center axis of the workpiece W is substantially vertical to the
center of grip “a”, the workpiece W has to be gripped so as to
straddle the two ends of the shaft of the workpiece W. In the
present invention, even in such a case, as shown in FIG. 7B,

both of the two finger part bodies 1 open to the respective
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maximum open positions. Therefore, an elongated shape
workpiece W can be easily gripped.

[0099] Furthermore, when a workpiece W is arranged so
that the center axis of the workpiece W is included in the

[Tt}

center of grip “a” or becomes an acute angle with respect to
the center of grip “a”, the workpiece W has to be held so as to
surround the flange of the workpiece W. In the present inven-
tion, even in such a case, as shown in FIG. 7C, the two third
reinforcing parts 23 pivot about the respective second rotary
joints 10. As a result, the two finger part bodies 1 follow the
flange of the workpiece W to surround it, and the two first
anti-slip parts 2 support the workpiece W from below. There-

fore, the workpiece W can be reliably gripped.

[0100] Furthermore, FIG. 8A is a front view of a first anti-
slip part, while FIG. 8B is a cross-sectional view which is
seen along the line X-X' which is shown in FIG. 8 A. As can be
seen from these drawings, the first anti-slip part 2 is oval in
shape when viewed from the front and is substantially trap-
ezoidal in shape when viewed from the side. The first anti-slip
part 2 is an elastic member which is made from a flexible
polymer compound.

[0101] Ascanbeparticularly seen from FIG. 8B, the center
part 71 of the first anti-slip part 2 is formed as a recessed part
which is recessed more than the outer circumference part 72.
This recessed part also has a substantially trapezoidal cross-
section. Further, the first anti-slip part 2 becomes thinner in
thickness the closer to the outer circumference part 72. There-
fore, inthe vicinity of the outer circumference part 72, the first
anti-slip part 2 easily deforms.

[0102] For this reason, even if a workpiece W is compli-
cated in shape, the outer circumference part 72 of the first
anti-slip part 2 and the part near it are pushed against the
surface of the workpiece W and deform so as to follow the
surface of the workpiece W. As aresult, alarge contact surface
area can be obtained and the workpiece W can be reliably
gripped. Note that for the purpose of gripping the workpiece
W, the first anti-slip part 2 preferably has a high frictional
coefficient and has a high flexibility.

[0103] As shown in FIG. 8A, the first anti-slip part 2 is
arranged so that its longitudinal direction becomes vertical to
the longitudinal direction of the finger part body 1. When the
robot gripping device 60 grips the vicinity of one end of an
elongated workpiece W which is arranged in the horizontal
direction by a substantially cantilever manner, a moment due
to gravity acts on the workpiece W. Even in such a case, since
the first anti-slip part 2 is arranged as explained above, the
workpiece W will never slip off from the first anti-slip part 2
and can be relatively stably gripped.

[0104] Further, as shown in FIG. 8B, at the recessed part of
the first anti-slip part 2 which constitutes the center part 71, a
plurality of small sized projections 73 are provided. These
projections 73 perform the role of preventing the workpiece
W from slipping off even when the workpiece W has lubri-
cation oil etc. deposited on it. Instead of providing the pro-
jections 73, the center part 71 may also be formed with a
plurality of relief parts or the center part 71 may be formed
with a plurality of grooves.

[0105] As canbe seen from FIG. 8A and FIG. 8B, the back
surface of the first anti-slip part 2 is attached to a finger part
body 1. Further, the finger part body 1 is connected to a third
reinforcing part 23 and a protective member 5. A through hole
75 which is formed at the center part 71 of the first anti-slip
part 2 extends through the first anti-slip part 2, finger part
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body 1, third reinforcing part 23, and protective member 5. In
other words, the through hole 75 is communicated with the
outside.

[0106] When gripping a workpiece W, sometimes part of
the workpiece W and part of the first anti-slip part 2 will
completely stick to each other and a vacuum part will be
formed. In such a case, there would be the possibility that the
workpiece W would continue to be held by suction at that first
anti-slip part 2. However, in the present invention, the through
hole 75 is formed, so such a vacuum part is never formed.
Therefore, the workpiece W will not continue to closely stick
to part of the first anti-slip part 2 and, when the finger parts of
the robot gripping device 60 are opened, the workpiece W
will reliably be released from the robot gripping device 60.

[0107] As can be seen from FIG. 1A and FIG. 1B etc., the
first anti-slip parts 2 are attached to the insides of the front
ends of the finger parts. Further, the first anti-slip parts 2 are
arranged so as to first contact a workpiece W when the finger
parts are closed. For this reason, when the workpiece W is
gripped, it becomes hard for the workpiece W to slip off from
between the two first anti-slip parts 2. Further, even when the
workpiece W is elongated, when it is thin, or when it is
extremely small, the front ends of the first anti-slip parts 2 can
easily grab the workpiece W. In other words, the robot grip-
ping device 60 of the present invention can handle various
shapes of workpieces W and is extremely high in versatility.

[0108] Note that, even with the robot gripping device 60 of
the present invention, sometimes the workpiece W may fail to
be gripped or a plurality of workpieces W will be simulta-
neously gripped. For this reason, when a workpiece W is
gripped, it is desirable to measure its weight and compare the
result of measurement with a predetermined value. In such a
case, the result of measurement can be used as the basis to
easily judge the necessity for again gripping a workpiece W.

[0109] Referring again to FIG. 2, a weight sensor 65 is
arranged between the base part of the robot gripping device
60 and the wrist front end part 61 of the robot. The weight
sensor 65 measures the weight while the robot gripping
device 60 is gripping a workpiece W. Further, the value which
the weight sensor 65 measures may be reduced by the known
weight of the robot gripping device 60 to find a subtracted
value. The subtracted value is the weight of the gripped work-
piece W. Then, the difference between the subtracted value
and the known weight of the workpiece W is found. If the
difference is substantially zero, it means a workpiece W is
suitably being gripped.

[0110] When the difference is minus in sign and the value is
substantially the same as the predetermined weight of the
workpiece W, it is judged that a workpiece W has failed to be
gripped and the device is made to operate to again grip a
workpiece W. Furthermore, when the difference is plus in
sign and the value is the known weight of one workpiece or
more, it can be judged that two or more, that is, a plurality of,
workpieces W are simultaneously gripped. In this case, the
finger parts are opened to release the workpieces W once.
Further, the device is made to operate to again grip a work-
piece W. In this way, it will be understood that a configuration
which is provided with the weight sensor 65 is advantageous
for judging the necessity of again gripping a workpiece.

[0111] FIG. 9A to FIG. 9C are partial perspective views of
robot gripping devices which are respectively provided with
two finger parts, three finger parts, and four finger parts. As

Jan. 29, 2015

shown in FIG. 9A, in the above-mentioned embodiment, the
robot gripping device 60 was explained as one which has two
finger parts.

[0112] However, the robot gripping device 60, as shown in
FIG. 9B, may also be provided with three finger parts or, as
shown in FIG. 9C, may also be provided with four finger
parts. Note that the case where the robot gripping device 60
has a further larger number of finger parts is also included in
the scope of the present invention. The number of finger parts
is determined in accordance with the shape of the workpiece
W, the application of use of the robot gripping device 60, etc.
It will be understood that when changing the number of finger
parts in this way, the numbers and arrangements of the base
parts 8, shafts 9, pushing members 6, etc. are similarly
changed.

[0113] FIG. 12is a partial enlarged view of a robot gripping
device. In FIG. 12, a third reinforcing part 23 is bent at two
locations so that the front end of the third reinforcing part 23
becomes parallel with a finger part body 1 near the front end
of'the finger part body 1. Further, a grip recognizing part 121
is embedded near the front end of the third reinforcing part 23
which is parallel to the finger part body 1 and which faces the
finger part body 1. The grip recognizing part 121 is a limit
switch, proximity switch, pressure sensor, etc. Note that,
while not shown in the drawings, the other finger part bodies
1 are similar in configuration. The same is true for the other
drawings explained later as well.

[0114] When the finger part bodies 1 are closed and a work-
piece W is gripped, the pushing force is transmitted through
the first anti-slip parts 2 and finger part bodies 1 to the grip
recognizing parts 121. For this reason, the grip recognizing
parts 121 can confirm that a workpiece W is being gripped.
The grip recognizing parts 121 can recognize well that a
workpiece W is being gripped no matter what parts of the first
anti-slip parts 2 grip the workpiece W.

[0115] FIG. 13A and FIG. 13B are partial enlarged views of
a robot gripping device in the open state and gripped state,
respectively. The grip recognizing part 121 which is shown in
FIG. 13A and FIG. 13B includes a detection device 131 and
a detection device pushing part 132 which pushes against the
detection device 131. As shown in FIG. 13A and FIG. 13B,
the detection device 131 is attached to the inside surface of a
protective member 5 at the inside of a hole 234 which is
formed in the third reinforcing part 23. The detection device
pushing part 132 is attached at the outer surface of the finger
part body 1 at a position which corresponds to the detection
device 131.

[0116] Furthermore, near the bent part of the third reinforc-
ing part 23, a spacer 133 is provided between the third rein-
forcing part 23 and the finger partbody 1. The thickness ofthe
spacer 133 generally corresponds to the thickness of the
detection device pushing part 132. For this reason, as can be
seen from FIG. 13A, in the open state, a clearance which
corresponds to the spacer 133 is formed between the finger
part body 1 and the front end portion 236 of the third rein-
forcing part 23. Further, in FIG. 13A, the detection device 131
is not pushed by the detection device pushing part 132, that is,
the two are separated from each other.

[0117] As opposed to this, as shown in FIG. 13B, in the
state where the workpiece W is gripped, the front end part of
the finger part body 1 which is positioned more to the front
end side than the spacer 133 elastically deforms outward. As
a result, the detection device pushing part 132 which is
attached to the outer surface of the finger part body 1 pushes
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against the detection device 131. Due to this, the grip recog-
nizing part 121 recognizes that a workpiece W has been
gripped. Note that, when releasing the grip on the workpiece
W, the finger part body 1 is returned to the original state which
is shown in FIG. 13A and the detection device pushing part
132 separates from the detection device 131.

[0118] In this regard, as can be seen from FIG. 13A and
FIG. 13B, the front end part 235 remains between the hole
23a of the third reinforcing part 23 and the front end of the
third reinforcing part 23. As shown in FIG. 13B, when the
finger part body 1 bends outward, the front end of the finger
part body 1 abuts against the front end part 235 of the third
reinforcing part 23, so the finger part body 1 never bends
outward beyond the front end part 234.

[0119] For this reason, the detection device 131 is never
pushed by the detection device pushing part 132 by more than
apredetermined amount. Therefore, an extremely large force
can be prevented from being applied from the detection
device pushing part 132 to the detection device 131 and the
detection device 131 can be prevented from being broken. In
other words, the front end part 235 of the third reinforcing part
23 performs the role of a push limiting part which limits the
detection device pushing part 132 from pushing the detection
device 131 by more than a predetermined amount. Therefore,
when the grip recognizing part 121 recognizes that a work-
piece W has been gripped, it is possible to raise the reliability
of this recognition.

[0120] Inthe embodiment which is shown in FIG. 13A and
FIG. 13B, the detection device 131 is provided inside of the
hole 23a of the third reinforcing part 23, and the detection
device pushing part 132 is provided at the rear surface side of
the first anti-slip part 2. Therefore, in this case, a grip recog-
nizing part of a pushing structure which utilizes the elastic
deformation of the finger part body 1 can be formed. Further,
the detection device 131 is arranged at the inside of the hole
23a of the third reinforcing part 23, so even if the grip recog-
nizing part 121 is built into the finger part, the finger part can
be prevented from becoming thicker.

[0121] In this regard, FIG. 14A is another partial enlarged
view of a robot gripping device, while FIG. 14B is a front
view of the robot gripping device which is shown in FIG.
14A. As shown in these drawings, the inside surface of the
finger part body 1 above the first anti-slip part 2 is provided
with another grip recognizing part 141. As can be seen from
the drawings, the other grip recognizing part 141 is a mat-
shaped switch, a cord-shaped switch, a pressure sensing
sheet, etc. and partially extends from the top end of the first
anti-slip part 2 along the finger part body 1. Alternatively, the
other grip recognizing part 141 may be a set of a plurality of
small-sized limit switches or small-sized pressure switches
which are arranged in a planar form.

[0122] As shown in FIG. 14A, when the finger part body 1
grips the workpiece W above the first anti-slip part 2, the grip
recognizing part 141 is pushed by the workpiece W and
therefore the presence of the workpiece W can be detected.
No matter which part of the finger part body 1 to which the
grip recognizing part 141 is attached is used to grip the work-
piece W, the grip recognizing part 141 can recognize well that
the workpiece W has been gripped. In the embodiment which
is shown in FIG. 14A and FIG. 14B as well, it will be under-
stood that a similar effect to that explained above is obtained.
[0123] FIG. 15A is still another partial enlarged view of a
robot gripping device, while FIG. 15B is a front view of the
robot gripping device which is shown in FIG. 15A. As shown
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in these drawings, at the inside surface of the finger part body
1 above the first anti-slip part 2, a sheet-shaped detection
device 151 is provided. Further, a detection device pushing
part 152 which pushes against the sheet-shaped detection
device 151 is provided at one end of a connection member 153
which has the function of a plate spring. The other end of the
connection member 153 is attached to the surface of the finger
part body 1. The detection device pushing part 152 performs
the role of a second anti-slip part 3. As can be seen from FIG.
15B, these detection device pushing part 152 and the connec-
tion member 153 have widths which are substantially equal to
the width of the sheet-shaped detection device 151.

[0124] InFIG.15A, due to the connection member 153, the
detection device pushing part 152 is separated from the sheet-
shaped detection device 151. In other words, when a work-
piece W is not being gripped, the connection member 153
keeps the detection device pushing part 152 from pushing
against the sheet-shaped detection device 151. Further, as
illustrated, a plurality of detection device pushing parts 152
and connection members 153 are preferably provided succes-
sively along the length of the finger part body 1.

[0125] FIG. 15C is still another partial enlarged view of a
robot gripping device in a gripped state. As shown in FIG.
15C, if the finger part body 1 which is positioned above the
first anti-slip part 2 grips the workpiece W, the detection
device pushing part 152 is pushed by the workpiece W, and
the connection member 153 elastically deforms. Finally, the
bottom surface of the connection member 153 can push
against the sheet-shaped detection device 151 and it is pos-
sible to detect the presence of a workpiece W. Note that, when
releasing the grip of a workpiece W, the connection member
153 returns to the original state which is shown in FIG. 15A
and the detection device pushing part 152 and the connection
member 153 separate from the detection device 151. It will be
understood that in the embodiment which is shown from FIG.
15A to FIG. 15C as well, advantageous effects which are
similar to those which are explained above can be obtained.

[0126] FIG. 16 is a perspective view of a robot gripping
device which is provided with a noncontact type object
detecting part. In FIG. 16, a photovoltaic switch 171 is
attached to the base part 8 of the robot gripping device 60. The
photovoltaic switch 171 is provided so that the projected laser
beam strikes the center part between two first anti-slip parts 2.
When a workpiece W is gripped between two first anti-slip
parts 2, the projected laser beam is reflected by the workpiece
W and the reflected light is received as a received laser beam
at the photovoltaic switch 171. Therefore, the photovoltaic
switch 171 can recognize that a workpiece W is being held.

[0127] Further, FIG. 17 is a perspective view of a robot
gripping device which is provided with another noncontact
type object detecting part. In FIG. 17, instead of the photo-
voltaic switch 171, a camera 181 is similarly attached to the
base part 8 of the robot gripping device 60. The camera 181
captures the region between two first anti-slip parts 2 at pre-
determined time intervals. Further, when an image which
differs from the image in the initial state where no workpiece
W is present is obtained, it can be confirmed that the work-
piece W is being gripped.

[0128] Further, FIG. 18 is a perspective view of a robot
gripping device which is provided with a noncontact type
object detecting part at the outside. In FIG. 18, the camera 191
is attached to the table surface which extends from the floor
part. The camera 191 similarly can capture the region
between the two first anti-slip parts 2 of the robot gripping
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device 60. Further, the camera 191 is assumed to be connected
to a controller (not shown) of the robot.

[0129] After the robot gripping device 60 of the robot grips
a workpiece W, then the robot assumes a certain posture, the
camera 191 together captures the two first anti-slip parts 2 of
the robot gripping device 60 and a workpiece W between
them. Further, when an image which differs from the image in
the initial state where no workpiece W is present is obtained,
it can be confirmed that the workpiece W is being gripped.
Note that, the camera 191 does not have to be attached to the
table extending from the floor part. The camera 191 may also
be arranged at a location other than the robot gripping device
60 and robot.

[0130] These photovoltaic switch 171 and cameras 181 and
191 are noncontact type object detecting parts which detect
that an object W is being gripped. Further, instead of the
camera 191, a photovoltaic switch or a proximity switch can
be employed. By providing a noncontact type object detect-
ing part at a location further from the fingertips of the robot
gripping device 60 in this way, a higher degree of detection
can be performed.

[0131] Furthermore, FIG. 19 is a perspective view of a
robot gripping device which is provided with a contact type
object detecting part. In FIG. 19, instead of a photovoltaic
switch 171, a tactile switch 201 is similarly attached to the
base part 8 of the robot gripping device 60. As illustrated, the
tactile switch 201 has an elongated rod 201a. Its front end is
positioned near the region between the two first anti-slip parts
2.

[0132] When an object W is gripped between two first
anti-slip parts 2, the front end of the rod 201a contacts the
object W, so a workpiece W can be confirmed to be being
gripped. For this reason, the tactile switch 201 is a contact
type object detecting part which detects that an object W is
being gripped. When, in this way, employing a contact type
object detecting part which directly contacts a workpiece W,
it is possible to detect an object with further higher precision.
Note that, instead of the camera 191 which is shown in FIG.
18, a tactile switch 201 may be attached to the table which
extends from the floor part. Further, such a contact type or
non-contact type object detecting part is also effective for
differentiating among different types of workpieces W which
have no differences in weight by means other than measure-
ment of weight.

[0133] FIG.20is a flow chart which shows the operation of
a robot gripping device which is provided with a object
detecting part. In FIG. 20, as object detecting part, grip rec-
ognizing parts 121, 141, a photovoltaic switch 171, cameras
181 and 191, and a tactile switch 201 are used.

[0134] First, the robot is made to move to a location for
taking out a workpiece W. Further, in FIG. 20, at step S11, a
robot controller (not shown) outputs a gripping instruction
(finger closing instruction) for the robot gripping device 60 to
grip a workpiece W. Due to this, the robot gripping device 60
performs an operation to take out a workpiece W from a
takeout location and grip it, Then, at step S12, the object
detecting part confirms whether the workpiece W is in a
gripped state.

[0135] When it is judged that a workpiece W is being
gripped, the routine proceeds to step S13 where an instruction
is output for conveyance to a destination location. If the
workpiece W is conveyed to the destination location, at step
S14, a robot controller (not shown) outputs a release instruc-
tion (finger opening instruction) for the robot gripping device
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60 to release the workpiece W. If the workpiece W is released,
at step S15, it outputs a return instruction for making the robot
return to the workpiece takeout location.

[0136] In this regard, when it is judged at step S12 that a
workpiece W is not gripped, the routine returns to step S11
where a workpiece W is again gripped. As explained above, in
the present invention, an operation is performed to confirm
the gripped state as shown at step S12. Further, if the gripped
state is not suitable, the routine quickly returns back to step
S11 where the object is again gripped.

[0137] In the prior art, the series of operations which are
shown in step S13 to step S15 of FIG. 20 might end up being
performed in a state where no workpiece W was being
gripped. However, in the present invention, an operation is
performed to confirm the gripped state at step S12, so the
series of operations which are shown from step S13 to step
S15 is always performed in a state where a workpiece W is
gripped. For this reason, in the present invention, there is no
need to perform the useless operation of moving to a target
location in a state not gripping a workpiece W, and as a result,
the cycle time can be shortened.

Advantageous Effects of Invention

[0138] In the first aspect, the linear motion of the base end
of a finger part body is converted to rotational motion of a
reinforcing member about the first rotary joint. For this rea-
son, it is possible to obtain a certain gripping force using the
first rotary joint as a support point without regard as to the
degree of opening of the finger parts and as a result it is
possible to stably grip a workpiece (object to be gripped).
Further, the finger part bodies follow the outer shape of the
workpiece and grip the workpiece while enveloping it, so the
possibility of the workpiece slipping off is small. Linear drive
operation by a drive part is converted to rotational motion
about the first rotary joint, so even if the stroke of the drive
part is relatively small, the finger parts can be made to open
wide and the efficiency of opening and closing the finger parts
can be raised. Furthermore, the gripping device becomes
simpler in structure, so lighter weight and cost reduction can
be achieved as well. Furthermore, it becomes harder for the
reinforcing members which are arranged at the outsides of the
finger body parts to bend, so the reinforcing members are
prevented from bulging outside at the time of gripping and the
reinforcing members will never strike the surroundings.

[0139] In the second aspect, the second rotary joint is pro-
vided, so the ability to follow the outer shape of a workpiece
is improved. When a workpiece is gripped, the front ends of
the finger parts close to the inside. Therefore, it becomes
harder for the workpiece to slip off. Further, even if the front
ends of the finger parts hit a hard member, for example, the
bottom surface of the holding box, the finger parts pivot
inward about the second rotary joint, so impact when hitting
something can be avoided and the finger parts can be kept
from being damaged.

[0140] In the third aspect, the second anti-slip part is pro-
vided, so when a workpiece is held between the inside sur-
faces of the finger part bodies, it becomes harder for the
workpiece to slip off and a reliable gripped state can be
obtained.

[0141] Inthe fourth aspect, the outer circumference part of
the first anti-slip part can more easily deform and the gripping
surface of the first anti-slip part can more easily follow com-
plicated shapes of workpieces. For this reason, a large contact



US 2015/0028613 Al

surface area is obtained between the first anti-slip part and the
workpiece and it becomes harder for the workpiece to slip off.

[0142] In the fifth aspect, even if a workpiece is elongated,
is thin, or is extremely small, the workpiece can be held and
the versatility can be raised.

[0143] In the sixth aspect, the second rotary joint is pro-
vided with a rotation limiting part, so the front end of a finger
part does not open outward. For this reason, a workpiece can
be further prevented from slipping off.

[0144] In the seventh aspect, the front end of a finger part
easily enters the clearance between a workpiece and a holding
box. Furthermore, even if the front end of a finger part hits the
bottom surface of a holding box etc., the first anti-slip part can
be prevented from being damaged.

[0145] Intheeighth aspect, the finger part body is kept from
bending outward and the gripping force is increased.

[0146] In the ninth aspect, it becomes harder for a work-
piece to slip off even if the workpiece has lubricating oil,
working oil, etc. attached to it.

[0147] Inthe 10th aspect, an air hole which communicates
with the atmosphere is formed, so a vacuum part can be
avoided from forming between the workpiece and the surface
of a gripping part. For this reason, when opening the finger
parts to release a workpiece, the workpiece can be reliably
made to separate from a first anti-slip part.

[0148] Inthe 11th aspect, the amount of opening and clos-
ing of the finger parts can be freely adjusted.

[0149] In the 12th aspect, failure to grab a workpiece or
taking up several workpieces is judged based on weight.
Therefore, this is advantageous when again gripping a work-
piece.

[0150] In the 13th aspect, no matter which parts of the first
anti-slip parts or inside surfaces of the finger part bodies grip
an object, it is possible to discern well that an object is being
gripped. Such a judgment can be immediately performed
when gripping and lifting up the object. Therefore, when
failing to grip an object, it is possible to immediately retry the
operation. Therefore, the average cycle time can be short-
ened.

[0151] In the 14th aspect, the detection device can be pro-
vided inside of the reinforcing member which is positioned at
the back surface of the first anti-slip part and the detection
device pushing part can be provided at the reverse surface side
of the first anti-slip part. In this case, it is possible to form a
grip recognizing part of a push structure which utilizes the
elastic deformation of a finger part body. Further, even if the
grip recognizing part is built into the finger part, the finger
part can be prevented from becoming thicker. Furthermore,
since there is a push limiting part, the detection device can be
prevented from being pushed against more strongly than nec-
essary and the reliability can be improved.

[0152] In the 15th aspect, the object detecting part is pro-
vided at a location away from the fingertip, so a higher degree
of detection is possible. If employing a contact type object
detecting part which directly contacts an object, a further
higher degree of detection is possible.

[0153] Typical embodiments were used to explain the
present invention, but a person skilled in the art would under-
stand that the above-mentioned changes and various other
changes, deletions, and additions may be made without
departing from the scope of the present invention.
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What is claimed is:

1. A robot gripping device which has two or more finger
parts and has front ends of the finger parts move toward a
center of grip so as to grip an object to be gripped,

each said finger part having a finger part body which is

comprised of a plate-shaped elastic member, a first anti-
slip part which is provided at an inside surface of a front
end side of said finger part body, and a reinforcing mem-
ber which is arranged along an outer surface of said
finger part body, is connected to the front end of said
finger part body, and is higher in rigidity than said finger
part body,

said reinforcing member having a first rotary joint which

makes said reinforcing member pivot about a first axis of
rotation which is vertical to a longitudinal direction of
said finger part body, and

said robot gripping device having a drive part which makes

a base end of said finger part body move along said
center of grip to make said finger part open and close.

2. The robot gripping device according to claim 1, wherein
said reinforcing member has a second rotary joint which
makes said reinforcing member pivot about a second axis of
rotation which is parallel to said first axis of rotation and
which is between said first rotary joint and the front end of
said finger part body.

3. The robot gripping device according to claim 1, wherein
each said finger part further has one or more second anti-slip
parts at the inside surface of said finger part body.

4. The robot gripping device according to claim 1, wherein
said first anti-slip part is formed with a recessed part at its
center, said first anti-slip part has a thickness which gradually
becomes thinner the closer to an outer circumference part of
said first anti-slip part, and said first anti-slip part is an elastic
member which is comprised of a polymer compound.

5. The robot gripping device according to claim 1, wherein
a gripping surface of the first anti-slip part of one finger part
is arranged with respect to a gripping surface of the first
anti-slip part of another finger part so that when the finger
parts are closed, the front end sides of the finger parts first
contact.

6. The robot gripping device according to claim 2, wherein
said second rotary joint is provided with a rotation limiting
part which prevents rotation by over a predetermined rota-
tional angle.

7. The robot gripping device according to claim 1, wherein
said first anti-slip part is provided with a protective member
which protects the front end of said finger part body and
wherein said protective member sticks out from said first
anti-slip part to the front end side of said finger part.

8. The robot gripping device according to claim 1, which is
provided with a pushing part which pushes against an outside
surface of said finger part body near a base end of said finger
part body.

9. The robot gripping device according to claim 1, wherein
said first anti-slip part is formed at its gripping surface with a
plurality of relief parts, a plurality of projections, or a plural-
ity of groove parts.

10. The robot gripping device according to claim 4,
wherein said first anti-slip part is formed at its recessed part
with an air hole which extends to the outside of said finger
part.

11. The robot gripping device according to claim 1, which
is provided with an adjusting part which defines and adjusts
an interval over which the base end of said finger part body is
made to move.
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12. The robot gripping device according to claim 1, which
is provided with a measuring part which measures a weight of
said object.

13. The robot gripping device according to claim 1, which
is provided with a grip recognizing part which is provided
near said first anti-slip part and which obtains a grasp of the
gripped state by being pushed against.

14. The robot gripping device according to claim 13,
wherein said grip recognizing part which is provided near
said first anti-slip part includes a detection device, a detection
device pushing part which pushes against said detection
device, and a push limiting part which limits said detection
device pushing part from pushing against said detection
device by a predetermined amount or more.

15. The robot gripping device according to claim 1, which
is provided with an object detecting part which detects by a
contact method or noncontact method the presence of the
object which is gripped by said finger parts.

#* #* #* #* #*



