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Description
TECHNICAL FIELD

[0001] This invention relates to a robot hand, particu-
larly to the structure of the fingers of a robot hand.

BACKGROUND ART

[0002] The fingers (more specifically, finger tips) of a
robot hand are generally formed of a single material hav-
ing an appropriate coefficient of friction (e.g., silicone rub-
ber). In contrast, the below-mentioned Non-patent Ref.
No.1 teaches formation of a finger tip from a skeletal
frame and a nail made of aluminium, and skin made of
soft sponge that covers the skeletal frame. Further, as
set out in Patent Ref. No. 1, rigid inner skin is provided
to cover a tactile sensor attached to a base portion serv-
ing as a skeletal frame and flexible outer skin is provided
to cover the inner skin.

[0003] Non-patent Ref. No. 1 : Paper at the 16th An-
nual Conference of the Robotics Society of Japan, "De-
velopment of finger-tip of its structural design aimed at
adjustment of contact area," Robotic Society of Japan,
September 1998, pp1437-1438. Patent Ref. No. 1 : Jap-
anese Patent Publication Hei 7(1995)-8477

[0004] US 5062673 discloses an articulated hand
comprising, a plurality of finger module structures each
having a substantially conically shaped base member of
hard rubber, a further base member of softer material
shaped like a human finger tip, and an elastic skin mem-
ber.

DISCLOSURE OF INVENTION

[0005] The fingers of a robot hand should preferably
be high in coefficient of friction to enable secure holding
of objects. In addition, a large contact area is preferably
established between the fingers and the object. Enlarge-
ment of the contact area between a finger and the held
object requires the finger (more specifically, area of the
finger making contact with the object) to be given high
flexibility so that it can deform in compliance with the
shape or profile of the object.

[0006] However, when, asin the case of most conven-
tional robot hands, the fingers are, in consideration of
coefficient of friction, formed of a single rubber-based
material of relatively high rigidity or stiffness such as sil-
icone rubber, it is impossible to impart high enough flex-
ibility to enable deformation in compliance with the shape
of the object.

[0007] Moreover, inthe prior art of Non-patent Ref. No.
1 and Patent Ref. No. 1, good flexibility cannot be
achieved at the contact surface with a held object be-
cause a hard member (link) corresponding to a human
bone is merely covered with a thin flexible member (com-
prising only one or two layers) corresponding to human
skin.
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[0008] A first object of this invention is therefore to
overcome the aforesaid inconveniences by providing a
robot hand that is improved in finger flexibility to enable
objects to be grasped securely.

[0009] Another problem experienced is that when a
force sensor is attached to a finger for detecting stress
acting on the finger, the accuracy of stress detection de-
creases when the flexibility of the finger is increased.
[0010] A second object of this invention is therefore to
provide a robot hand configured to improve finger flexi-
bility, thereby enabling secure holding of objects, and
improve the detection accuracy of a force sensor at-
tached to the finger.

Means for Solving the Problems

[0011] In order to achieve the first object, as recited in
claim 1, this invention is configured to have a robot hand
having a finger comprising finger links and finger joints
interconnecting the links, wherein at least one of the fin-
ger links comprises;

a first member;

a second member adhered to a surface of the first
member; and a third member covering at least the
second member;

characterized in that:

afourth memberis adhered to a part of a surface
of the third member;

and in that a rigidity of the second member is
made smaller than the rigidities of the first mem-
ber, the third member and the fourth member.

[0012] Asrecitedin claim 2, thisinventionis configured
such that a coefficient of friction of the third member is
made higher than the coefficients of friction of the first
member and the second member.

[0013] Asrecitedin claim 3, this invention is configured
such that a thickness of the third member is made smaller
than the thickness of the second member.

[0014] Asrecitedin claim 4, thisinventionis configured
such that the first member is made of a resin material.
[0015] Asrecitedin claim 5, this invention is configured
such that the second member is made of a flexible ma-
terial.

[0016] Asrecitedin claim 6, thisinventionis configured
such that the third member is made of a material with a
high coefficient of friction.

[0017] Asrecitedinclaim 7, this inventionis configured
such that a surface of the third member is formed with a
plurality of indentations.

[0018] Asrecitedin claim 8, thisinventionis configured
such that the fourth member is made of a resin material.
[0019] Asrecitedinclaim 9, this inventionis configured
such that it further includes:

a base to which a force sensor is attached,;
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and the first member being connected to the base
through the force sensor; and

the fourth member being interconnected with the
force sensor.

[0020] As recited in claim 10, this invention is config-
ured such that the fourth member is interconnected with
the force sensor through a connector.

Effects of Invention

[0021] Inclaim 1, since itis configured to have a robot
hand having a finger comprising finger links and finger
joints interconnecting the links, wherein at least one of
thefinger links comprises; afirstmember; asecond mem-
ber adhered to a surface of the first member; and a third
member covering at least the second member; charac-
terized in that: a fourth member is adhered to a part of a
surface of the third member; and that a rigidity of the
second member is made smaller than the rigidities of the
first member, the third member and the fourth member,
the flexibility of the finger is enhanced by the second
member so as to increase the contact area between the
third member and an object, thereby making it possible
to hold the object securely, the fourth member can inhibit
excessive deformation of the second member more ef-
fectively, thereby making it possible to hold the object
more securely.

[0022] Inclaim 2, since it is configures such that a co-
efficient of friction of the third member is made higher
than the coefficients of friction of the first member and
the third member, this makes it possible to hold the object
more securely.

[0023] Inclaim 3,sinceitis configured suchthatathick-
ness of the third member is made smaller than the thick-
ness of the second member, in addition to the effects
mentioned above, deformation of the second member is
promoted to enhance the flexibility of the finger still fur-
ther, thereby making it possible to hold the object more
securely.

[0024] In claim 4, since it is configured such that the
first member is made of a resin material, i.e., a material
that exhibits high rigidity and is also light in weight, in
addition to the effects mentioned above, the inertial mass
of the finger is reduced. Further, stress acting on the fin-
ger can be detected with good accuracy because the
force sensor is attached to the first member that exhibits
high rigidity.

[0025] In claim 5, since it is configured such that the
second member is made of a flexible material, in addition
to the effects mentioned above, the finger is imparted
with high flexibility to make it possible to hold the object
more securely. Further, the finger can be restored to its
original shape when the contact between the finger and
the held object is terminated.

[0026] In claim 6, since it is configured such that the
third member is made of a material with a high coefficient
of friction, in addition to the effects mentioned above, the
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finger is imparted with a higher coefficient of friction,
thereby making it possible to hold the object more se-
curely.

[0027] Inclaim 7, since itis configured such that a sur-
face of the third member is formed with a plurality of in-
dentations, in addition to the effects mentioned above,
the coefficient of friction of the finger is further enhanced,
thereby making it possible to hold the object more se-
curely.

[0028] In claim 8, since it is configured such that the
fourth member is made of a resin material, i.e., a material
that exhibits high rigidity and is also light in weight, in
addition to the effects mentioned above, the fourth mem-
ber can inhibit excessive deformation of the second
member more effectively, thereby making it possible to
reduce the inertial mass of the finger.

[0029] Inclaim 9, since it is configured such that it fur-
ther includes: a base to which a force sensor is attached;
andthe firstmember being connected to the base through
the force sensor; and the fourth member being intercon-
nected with the force sensor, stress received by the finger
is accurately transmitted to the force sensor through the
fourth member, thereby enhancing the detection accu-
racy of the force sensor.

[0030] Inclaim 10, since it is configured such that the
fourth member is interconnected with the force sensor
through a connector, in addition to the effects mentioned
above, the shape of the fourth member is simplified, mak-
ing it easy to fabricate the fourth member and also facil-
itating the interconnection (assembly) of the fourth mem-
ber with the force sensor.

BRIEF DESCRIPTION OF DRAWINGS
[0031]

FIG 1 is a plan view of a robot hand seen from the
palm side thereof according to a first embodiment of
this invention;

FIG 2 is an explanatory diagram schematically illus-
trating the structure of a second finger shown in FIG.
1;

FIG 3 is a similar explanatory diagram schematically
illustrating the structure of the second finger shown
in FIG. 1;

FIG. 4 is a perspective view, partially in section, of
a distal link of the second finger shown in FIG. 1;
FIG. 5is a plan view of a first member shown in FIG.
4,

FIG. 6 is a bottom view of the first member shown in
FIG. 4;

FIG. 7 is a sectional view taken along line VII-VII in
FIG. 6;

FIG. 8 is a plan view of a second member shown in
FIG. 4;

FIG. 9is abottom view of the second member shown
in FIG. 4;

FIG. 10 is a sectional view taken along line X-X in
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FIG. 9;

FIG. 11 is a plan view of a third member shown in
FIG. 4,

FIG. 12 is a bottom view of the third member shown
in FIG. 4;

FIG. 13 is a sectional view taken along line XI1I-XIII
in FIG. 12;

FIG. 14 is a perspective view showing the surface
morphology of the third member shown in FIG. 4;
FIG. 15is aplan view of a fourth member 16a4 shown
in FIG. 4;

FIG. 16 is a bottom view of the fourth member 16a4
shown in FIG. 4;

FIG. 17 is a sectional view taken along XVII-XVII in
FIG. 15;

FIG. 18 is a perspective view similar to FIG. 4 show-
ing a robot hand according to a second embodiment
of the invention;

FIG. 19 is a perspective view of a fourth member
shown in FIG. 18 ;

FIG. 20is a perspective view similar to FIG. 14 show-
ing the surface morphology of the third member
shown in FIG 4; and

FIG 21 is a perspective view similarly showing the
surface morphology of the third member shown in
FIG. 4.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] Preferred embodiments for implementing the
robot hand according to this invention are explained with
reference to the attached drawing in the following.

First Embodiment

[0033] FIG. 1is a plan view seen from the palm side
of arobot hand that is a first embodiment of this invention.
[0034] In FIG. 1, symbol 10 designates a robot hand.
The robot hand 10 comprises a metacarpus (palm sec-
tion) 12 and first to fifth fingers 14 to 22 connected to the
palm 12. The first to fifth fingers 14 to 22 correspond to
the thumb, index finger, middle finger, ring finger and little
finger of a human hand.

[0035] The metacarpus 12 comprises a palm forming
member 30 that forms the surface of the palm of the hand
and back forming member 32 that forms the surface of
the back of the hand. First to fifth electric motors (stepping
motors; not shown) for driving the five finger 14 to 22 are
disposed inside the metacarpus 12. The proximal end of
the metacarpus 12 is connected to an arm 36 of a robot
(not shown). The robot equipped with the arm 36 is a
biped humanoid robot.

[0036] Each of the first to fifth fingers comprises a plu-
rality of finger links and finger joints interconnecting the
links. Specifically, the first finger (thumb) 14 comprises
a distal link 14a, a proximal link 14b, first joint 14A con-
necting the two links, and a second joint 14B connecting
the proximal link 14b and the metacarpus 12. The second
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finger (index finger) 16 comprises a distal link 16a, a mid-
dle link 16b, a proximal link 16c, a first joint 16A connect-
ing the distal link 16a and middle link 16b, a second joint
16B connecting the middle link 16b and proximal link 16c¢,
and a third joint 16C connecting the proximal link 16¢ and
the metacarpus 12. The third finger 18, fourth finger 20
and fifth finger 22 are structured similarly to the second
finger 16.

[0037] FIGs 2 and 3 are explanatory diagrams sche-
matically illustrating the structure of the second finger 16.
[0038] Asillustrated, the proximallink 16cis connected
through the third joint 16C to a fixed member 38 fastened
to the metacarpus 12. The second finger 16 is further
equipped with a first arm 161 extending parallel to the
middle link 16b and a second arm 162 extending parallel
to the proximal link 16c.

[0039] Oneend of the firstarm 161 is connected to the
proximal link 16¢ at a point near a second joint pivot shaft
16BS and the other end thereof is connected to the distal
link 16a at a point near a first joint pivot shaft 16AS. One
end ofthe second arm 162 is connected to the fixed mem-
ber 38 fastened to the metacarpus 12 and the other end
thereof is connected to the middle link 16b at a point near
the second joint pivot shaft 16BS.

[0040] The third joint 16C is connected to the output
shaft of an electric motor not shown in the drawings.
When the third joint 16C (proximal link 16c¢) is rotated by
the rotational output of the electric motor, the second joint
16B (middle link 16b) is rotated via the second arm 162,
and the first joint 16A (distal link 16a) is rotated through
the firstarm 161. As a result, the second finger 16 is bent
as shown in FIG. 3.

[0041] Like the second finger 16, the third finger 18,
fourth finger 20 and fifth finger 22 are also provided with
first arms and second arms (not shown) and are driven
by electric motors (not shown) connected to their third
joints to perform bending movement. The first finger 14
is equipped with only a first arm (not shown) extending
parallel to the proximal link 14b and is driven by an electric
motor (not shown) connected to the second joint to per-
form bending movement.

[0042] As setoutin the foregoing, in the robot hand 10
according to this embodiment, the fingers can be bent to
grasp an object by operating the electric motors connect-
ed to the third joints (or second joint) of the fingers.
[0043] The fingertip structure of the fingers that is the
characterizing feature of this invention will now be ex-
plained with reference to FIGs. 4 to 17.

[0044] FIG. 4is a perspective view, partially in section,
of the distal link 16a of the second finger 16.

[0045] The fingertip structure of the robot hand accord-
ing to this embodiment will be explained taking the distal
link 16a as an example. As illustrated, the distal link 16a
is provided with afirst member 16al situated in the middle
of the distal link 16a, a second member 16a2 adhered to
part of the surface of the first member 16al, a third mem-
ber 16a3 covering the first member 16al and second
member 16a2, and a fourth member 16a4 adhered to
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part of the surface of the third member. The first member
16al to fourth member 16a4 correspond to the bone,
flesh, skin and nail of a human fingertip.

[0046] The first member 16al is connected to a base
42 through a force sensor (three-axis force sensor) 40
and a high-rigidity cylindrical member 40a made of metal
or a resin material that is fastened to the force sensor
40. The base 42 is connected to the middle link 16b
through the first joint 16A.

[0047] FIG. 5is a plan view of the first member 16al
(seen from the side of the fourth member 16a4). FIG. 6
isabottom view of the firstmember 16al (seen from below
in the drawing sheet of FIG. 5). FIG. 7 is a sectional view
taken along line VII-VIl in FIG 6.

[0048] AsshowninFIGs. 5to 7, the first member 16al
is provided with a first hole 16al1, a second hole 16a12,
and a third hole 16a13 lying orthogonal to the second
hole 16al12. In the first member 16al, the surface des-
ignated by the symbol 16a14 (indicated by bold lines in
FIGs. 6 and 7) is a surface contacted by the second mem-
ber 16a2 (hereinafter called the "second member contact
surface"). The second member contact surface 16al4 is
given an inclination of a prescribed angle a (e.g., about
40 degrees) relative to the longitudinal direction of the
distal link 16a. The first member 16al is made of a resin
material (in this embodiment, epoxy resin material).
[0049] FIG. 8 is a plan view of the second member
16a2. FIG. 9 is a bottom view of the second member
16a2 (seen from below in the drawing sheet of FIG. 8).
FIG. 10 is a sectional view taken along line X-X in FIG.
9. In FIGs.9 and 10, the surface designated by symbol
16a21 (indicated by bold lines) is a surface contacted by
the second member contact surface 16al4 (hereinafter
called the "first member contact surface"). The first mem-
ber contact surface 16a21 is shaped to run along the
second member contact surface 16al4. The second
member 16a2 is made of a flexible material having flex-
ibility of an HS hardness of around 2 to 15 (in this em-
bodiment, gel elastomer) and is fastened to the first mem-
ber 16al through an elastic adhesive or the like.

[0050] FIG.11isaplanview of the third member 16a3.
FIG. 12 is a bottom view of the third member 16a3 (seen
from below in the drawing sheet of FIG. 11). FIG. 13 is
a sectional view taken along line XIII-XlIl'in FIG. 12. FIG.
14 is a perspective view showing the surface morphology
of the third member 16a3. As shown in FIGs. 11 to 13,
the third member 16a3 is pouch-like.

[0051] The third member 16a3 is formed with a first
hole 16a31, second hole 16a32 and a third hole 16a33.
In the third member 16a3, the surface designated by the
symbol 16a34 (indicated by bold lines in FIGs. 12 and
13) is a surface contacted by the fourth member 16a4
(hereinafter called the "fourth member contact surface").
The third member 16a3 is made of a material with a high
coefficient of friction (in this embodiment, urethane ma-
terial), and its surface is formed with a plurality of inden-
tations 16a35 that give it a bumpy (dimpled) shape, as
shown in FIG. 14, and is imparted with a high coefficient
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of friction (more exactly, coefficient of static friction) of
around 1 to 10.

[0052] FIG. 15 is a plan view of the fourth member
16a4. FIG. 16 is abottom view of the fourth member 16a4
(seen from below in the drawing sheet of FIG. 15). FIG.
17 is a sectional view taken along XVII-XVII in FIG. 16.
As shown in FIGs. 15 to 17, the fourth member 16a4 is
formed with a fourth hole 16a41 and a projection 16a42.
In the fourth member 16a4, the surface designated by
the symbol 16a43 (indicated by bold lines in FIGs. 16
and 17) is a surface contacted by the fourth member con-
tact surface 16a34 (hereinafter called the "third member
contact surface"). Like the first member 16a1l, the fourth
member 16a4 is made of a resin material (in this embod-
iment, epoxy resin material).

[0053] FIG. 4 will now be explained again against the
backdrop of the foregoing description. The second mem-
ber 16a2 (more exactly, the first member contact surface
16a21 thereof) is adhered to part of the surface of the
first member 16al (the second member contact surface
16a14). The first member 16al and the second member
16a2 adhered thereto are inserted into the pouch-like
third member 16a3 through the third hole 16a33 to be
covered by third member 16a3. The thickness of the third
member 16a3 is made thinner than that of the second
member 16a2. Specifically, the third member 16a3 is giv-
en a thickness at portions that contact the second mem-
ber 16a2 that is about one-sixth that of the second mem-
ber 16a2.

[0054] Therigidity of the second member 16a2 is made
smaller than that of the third member 16a3. As mentioned
earlier, the second member 16a2 in this embodiment is
fabricated of gel elastomer material and the third member
16a3is fabricated of urethane material, so that the rigidity
or stiffness of the second member 16a2 is made smaller
than that of the third member 16a3.

[0055] The fourth member 16a4 (more exactly, the
third member contact surface 16a43 thereof) is adhered
to part of the surface of the third member 16a3 (the fourth
member contact surface 16a34). At this time, the projec-
tion 16a42 formed on the fourth member 16a4 is inserted
into the first hole 16a31 formed in the third member 16a3
and the first hole 16al11 formed in the first member 16al,
whereby the first member 16al, third member 16a3 and
fourth member 16a4 are positioned at prescribed loca-
tions. As is clear from the foregoing explanation, the sur-
face region of the third member 16a3 other than that to
which the fourth member 16a4 is adhered (the fourth
member contact surface 16a34) constitutes a contact
surface when an object is grasped.

[0056] Generally, a higher coefficient of friction can be
obtained with the urethane material forming the third
member 16a3 than with the gel elastomer material form-
ing the second member 16a2 or the epoxy resin material
forming the first member 16al. Moreover, the coefficient
of friction of the finger is further enhanced by making the
surface of the third member 16a3 bumpy (dimpled), so
that when the robot hand 10 grasps an object it can hold
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it securely.

[0057] Owing to the fabrication of the second member
16a2 of a gel elastomer material that is lower in rigidity
and higher in flexibility than the third member 16a3, the
second member 16a2 and the third member 16a3 that
covers it can readily deform in compliance with the shape
or profile of a held object. That is, the finger is imparted
with high flexibility so as to increase the contact area
between the finger (third member 16a3) and the held
object, thereby making it possible to hold the object se-
curely. Moreover, owing to the fact that the gel elastomer
material forming the second member 16a2 exhibits not
only high flexibility but also restoring force, the finger can
be restored to its original shape when the contact be-
tween the finger and the held object is terminated.
[0058] In addition, the thickness of the third member
16a3 is made smaller than the thickness of the second
member 16a2, so that deformation of the second member
16a2 is promoted to enhance the flexibility of the finger
still further.

[0059] Owing to the fact that the first member 16al is
made of epoxy resin, i.e., since the first member 16al is
fabricated of a material that exhibits high rigidity and is
also light in weight, the inertia mass of the finger is re-
duced to reduce the electric motor load, thereby making
it possible to reduce the size and weight of the motor.
Further, stress acting on the finger can be detected with
good accuracy because the force sensor 40 is attached
to the first member 16al exhibiting high rigidity.

[0060] Furthermore, the attachment of the fourth mem-
ber 16a4 of higher rigidity than the second member 16a2
enables the fourth member 16a4 to inhibit excessive de-
formation of the highly flexible second member 16a2, so
that objects can be held still more securely. Moreover,
the fourth member 16a4 is fabricated of epoxy resin so
as to be low in weight, thereby helping to minimize the
inertia mass of the finger.

[0061] The explanation of FIG. 4 will be resumed. The
cylindrical member 40a is fastened in the third hole 16a13
formed in the first member 16al. The cylindrical member
40a is formed with a hole and a high-rigidity pin (connec-
tor) 44 made of a metal or resin material is inserted
through this hole, the second hole 16a12 formed in the
first member 16al, the second hole 16a32 formed in the
third member 16a3, and the fourth hole 16a41 formed in
the fourth member 16a4, thereby interconnecting the
fourth member 16a4 and the force sensor 40.

[0062] Owingtotheinterconnection of the force sensor
40 and the fourth member 16a4 that is located at the
outermost of the finger link and exhibits high rigidity,
stress received by the finger is accurately transmitted to
the force sensor 40 through the fourth member 16a4,
thereby enhancing the detection accuracy of the force
sensor 40.

[0063] The interconnection of the fourth member 16a4
with the force sensor 40 through the cylindrical member
40a and the pin 44 simplifies the shape of the fourth mem-
ber 16a4. This makes it easy to fabricate the fourth mem-
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ber 16a4 and also facilitates its connection (assembly)
with the force sensor 40.

[0064] Inthe forgoing, the configuration of a finger link
was explained taking the distal link 16a of the second
finger 16 as an example. This configuration is also suit-
able for the distal links of the other fingers, notwithstand-
ing some differences in the shapes and dimensions of
particular portions. The structural features explained in
the foregoing, aside from the base, force sensor and the
fourth member corresponding to a nail, apply similarly to
middle links and proximal links of the individual fingers,
i.e., each is structured of first, second and third members
that resemble the foregoing in arrangement order and
materials. Explanation thereof will therefore be omitted.
The metacarpus 12 to which the fingers are connected
is also structured of first, second and third members
whose arrangement order and materials are similar to
the foregoing. Explanation thereof will therefore be omit-
ted.

[0065] Thus in this embodiment, the robot hand 10 is
given a high coefficient of friction and high flexibility over-
all, thereby further enhancing holding performance. Fur-
ther, the formation of the first member corresponding to
a bone of light-weight epoxy resin material reduces the
inertia mass of the robot hand 10 attached to the end of
the robot arm 36.

Second Embodiment

[0066] A second embodiment of this invention will now
be explained with reference to FIGs. 18 and 19. FIG. 18
is a perspective view similar to FIG. 4 showing a robot
hand according to the second embodiment of the inven-
tion.

[0067] Explanation will be made with focus on points
of difference from the first embodiment. In the second
embodiment, the fourth member 16a4 is provided with a
connector 16a45 that serves in place of the pin intercon-
necting the fourth member 16a4 and cylindrical member
40a.

[0068] FIG 19is a perspective view of the fourth mem-
ber 16a4 in the second embodiment. As illustrated, the
connector 16a45 provided on the fourth member 16a4 is
formed with an insertion hole 16a46. As shown in FIG.
18, the cylindrical member 40a to which the force sensor
40 is attached is inserted into the insertion hole 16a46,
thereby interconnecting the fourth member 16a4 and the
force sensor 40.

[0069] As aresult, similarly to in the first embodiment,
stress received by the finger is accurately transmitted to
the force sensor 40 through the fourth member 16a4,
thereby enhancing the detection accuracy of the force
sensor 40.

[0070] The remaining structural features of the second
embodiment are the same as those of the first embodi-
ment and will not be explained again.

[0071] As mentioned above, the first and second em-
bodiments of this invention is configured to have a robot
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hand (10) having a finger (first to fifth finger 14 to 22)
comprising finger links (distal links 14a to 22a, middle
links 16b to 22b, proximal links 14b, 16cto 22c) and finger
joints (first joints 14A to 22A, second joints 14B to 22B,
third joints 16C to 22C) interconnecting the links, char-
acterizedinthat: atleast one of the finger links comprises;
afirstmember (16al); a second member (16a2) adhered
to a surface of the first member; and a third member
(16a3) covering at least the second member; and that a
rigidity of the second member (16a2) is made smaller
than the rigidities of the first member (16al) and the third
member (16a3).

[0072] Itis configured such that a coefficient of friction
of the third member (16a3) is made higher than the co-
efficients of friction of the first member (16al) and the
second member (16a2).

[0073] Itis configured such that a thickness of the third
member (16a3) is made smaller than the thickness of the
second member (16a2).

[0074] It is configured such that the first member
(16al) is made of a resin material.

[0075] It is configured such that the second member
(16a2) is made of a flexible material.

[0076] It is configured such that the third member
(16a3) is made of a material with a high coefficient of
friction.

[0077] Itis configured such that a surface of the third
member (16a3) is formed with a plurality of indentations.
[0078] Itis configured to furtherinclude: a fourth mem-
ber (16a4) adhered to a part of a surface of the third
member (16a3); wherein the rigidity of the fourth member
(16a4) is made larger than the rigidity of the second mem-
ber (16a2).

[0079] It is configured such that the fourth member
(16a4) is made of a resin material.

[0080] Itis configured to have a robot hand (10) having
a finger (first to fifth finger 14 to 22) comprising finger
links (distal links 14a to 22a, middle links 16b to 22b,
proximal links 14b, 16cto 22c) and finger joints (firstjoints
14Ato 22B, second joints 14B to 22B, third joints 16C to
22C) interconnecting the links, characterized in that: at
least one of the finger links comprises; a base (42) to
which a force sensor (40) is attached; a first member
(16al) connected to the base (42) through the force sen-
sor (40); a second member (16a2) adhered to a surface
of the first member (16al); a third member (16a3) cov-
ering at least the second member (16a2); and a fourth
member (16a4) adhered to a part of a surface of the third
member (16a3); and that the fourth member (16a4) is
interconnected with the force sensor (40).

[0081] In the first embodiment, it is configured such
that the fourth member (16a4) is interconnected with the
force sensor (40) through a connector (cylindrical mem-
ber 40a, pin 44).

[0082] Althoughitis explained in the foregoing that the
first member 16al and fourth member 16a4 are fabricat-
ed of epoxy resin, they can instead be made of ABS,
PEEK or other resin material. Although it is explained
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that the second member 16a2 is fabricated of gel elas-
tomer material, it can instead be made of sponge or other
such flexible material. Although it is explained that the
third member 16a3 is fabricated of urethane, it can in-
stead be made of silicone rubber or other such material
having a high coefficient of friction. In other words, the
materials of the individual components are not limited to
those set out as examples but can be suitably selected
in accordance with the kind of objects the robot hand is
intended to hold.

[0083] Although it is explained that all of the finger
links (distal link, middle link and proximal link) and the
metacarpus are structured of first to third members, it is
possible to provide only some of the finger links and the
metacarpus with first to third materials.

[0084] Although the surface morphology of the third
member 16a3 is explained as being dimpled, it is only
required to be irregular and any of various other morphol-
ogies can be adopted, including, for example, the striped
pattern of FIG. 20 formed of numerous evenly spaced
linear grooves 16a36 or the human fingerprint pattern of
FIG. 21 formed of numerous curved grooves 16a37.

INDUSTRIAL APPLICABILITY

[0085] In accordance with this invention, at least one
finger link of a robot hand comprises a first member, a
second member adhered to the surface of the first mem-
ber, and a third member covering at least the second
member, and the rigidity of the second member is made
lower than the rigidity of the first member and the third
member. As a result, the flexibility of the finger is im-
proved by the second member, thereby increasing the
contact area between the third member and a held object,
so that the object can be securely held.

Claims

1. Arobot hand (10) having a finger comprising finger
links (14a to 22a, 16b to 22b, 14b, 16¢ to 22c) and
finger joints (14A to 22A, 14B to 22B, 16C to 22C)
interconnecting the links, wherein at least one of the
finger links comprises;

a first member (16al);

a second member (16a2) adhered to a surface
of the first member, the second member having
a rigidity smaller than that of the first member
(16al); and

a third member (16a3) covering at least the sec-
ond member;

characterized in that:
a fourth member (16a4) is adhered to a part of

a surface of the third member;
and in that a rigidity of the second member
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(16a2) is made smaller than the rigidities of the
third member (16a3) and the fourth member
(16a4).

The robot hand according to claim 1, wherein a co-
efficient of friction of the third member (16a3) is made
higher than the coefficients of friction of the first mem-
ber (16al) and the second member (16a2).

The robot hand according to claim 1 or 2, wherein a
thickness of the third member (16a3) is made smaller
than the thickness of the second member (16a2).

The robot hand according to any of claims 1 to 3,
wherein the first member (16al) is made of a resin
material

The robot hand according to any of claims 1 to 4,
wherein the second member (16a2) is made of a
flexible material.

The robot hand according to any of claims 1 to 5,
wherein the third member (16a3) is made of a ma-
terial with a high coefficient of friction.

The robot hand according to any of claims 1 to 6,
wherein a surface of the third member (16a3) is
formed with a plurality of indentations.

The robot hand according to claim 1, wherein the
fourth member (16a4) is made of a resin material.

The robot hand according to claim 1, further includ-
ing:

a base (42) to which a force sensor (40) is at-
tached,;

and the first member (16al) being connected to
the base through the force sensor, and

and the fourth member (16a4) being intercon-
nected with the force sensor (40).

10. The robot hand according to claim 9, wherein the

fourth member (16a4) is interconnected with the
force sensor (40) through a connector (40a, 44).

Patentanspriiche

1.

Roboter-Hand (10), die einen Finger aufweist, der
Fingerglieder (14a bis 22a, 16b bis 22b, 14b, 16c¢ bis
22c) besitzt, und Fingergelenke (14A bis 22A, 14B
bis 22B, 16C bis 22C), die die Glieder verbinden,
wobei mindestens einer der Finger umfasst:

ein erstes Teil (16al);
eine zweites Teil (16a2), das auf eine Oberfla-
che des ersten Teils geklebt ist, wobei das zwei-
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te Teil eine geringere Steifigkeit hat als das erste
Teil (16al); und

ein drittes Teil (16a3), das zumindest das zweite
Teil bedeckt;

dadurch gekennzeichnet, dass

ein viertes Teil (16a4) auf einen Teil der Ober-
flache des dritten Teils geklebt ist;

und dadurch, dass die Steifigkeit des zweiten
Teils (16a2) geringer ausgelegt ist als die Stei-
figkeiten des dritten Teils (16a3) und des vierten
Teils (16a4).

Roboter-Hand nach Anspruch 1, wobei ein Rei-
bungskoeffizient des dritten Teils (16a3) hoher aus-
gelegtals die Reibungskoeffizienten des ersten Teils
(16al) und des zweiten Teils (16a2).

Roboter-Hand nach Anspruch 1 oder 2, wobei eine
Dicke des dritten Teils (16a3) kleiner ausgelegt ist
als die Dicke des zweiten Teils (16a2).

Roboter-Hand nach irgendeinem der Anspriiche 1
bis 3, wobei das erste Teil (16al) aus einem Kunst-
stoffmaterial hergestellt ist.

Roboter-Hand nach irgendeinem der Anspriiche 1
bis 4, wobei das zweite Teil (16a2) aus einem flexi-
blen Material hergestellt ist.

Roboter-Hand nach irgendeinem der Anspriiche 1
bis 5, wobei das dritte Teil (16a3) aus einem Material
mit einem hohen Reibungskoeffizienten hergestellt
ist.

Roboter-Hand nach irgendeinem der Anspriiche 1
bis 6, wobei eine Oberflache des dritten Teils (16a3)
mit zahlreichen Vertiefungen ausgebildet ist.

Roboter-Hand nach Anspruch 1, wobei das vierte
Teil (16a4) aus einem Kunststoffmaterial hergestellt
ist.

Roboter-Hand nach Anspruch 1, zudem umfassend:

eine Basis (42), an der ein Kraftsensor (40) be-
festigt ist;

dass das erste Teil (16al) Uber den Kraftsensor
mit der Basis verbunden ist; und

dass das vierte Teil (16a4) mit dem Kraftsensor
(40) verbunden ist.

10. Roboter-Hand nach Anspruch 9, wobei das vierte

Teil (16a4) Uber ein Verbindungsstuck (40a, 44) mit
dem Kraftsensor (40) verbunden ist.
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Revendications

Main de robot (10) comportant un doigt comprenant
des segments de doigt (14a & 22a, 16b a 22b, 14b,
16c a 22c) et des articulations de doigt (14A a 22A,
14B a 22B, 16C a 22C) interconnectant ces seg-
ments, dans laquelle au moins un des segments de
doigt comprend :

- un premier organe (16al) ;

- un deuxieme organe (16a2) adhérant a une
surface du premier organe, le deuxieme organe
ayant une rigidité inférieure a celle du premier
organe (16al) et

- un troisieme organe (16a3) recouvrant au
moins le deuxiéme organe ;

caractérisée en ce que

- un quatrieme organe (16a4) est fait adhérer a
une partie d'une surface du troisieme organe ;
- et en ce que la rigidité du deuxiéme organe
(16a2) estrendue inférieure aux rigidités du troi-
sieme organe (16a3) et du quatrieme organe
(16a4).

Main de robot selon la revendication 1, dans laquelle
un coefficient de friction du troisieme organe (16a3)
est rendu supérieur aux coefficients de friction du
premier organe (16al) et du deuxieme organe
(16a2).

Main de robot selon la revendication 1 ou 2, dans
laquelle une épaisseur du troisieme organe (16a3)
est rendue inférieure a I'épaisseur du deuxieme or-
gane (16a2).

Main de robot selon I'une quelconque des revendi-
cations 1 a 3, dans laquelle le premier organe (16al)
est fait en un matériau de résine.

Main de robot selon I'une quelconque des revendi-
cations 1 a 4, dans laquelle le deuxiéeme organe
(16a2) est fait en un matériau flexible.

Main de robot selon I'une quelconque des revendi-
cations 1 a 5, dans laquelle le troisieme organe
(16a3) est fait en un matériau doté d'un coefficient
de friction élevé.

Main de robot selon I'une quelconque des revendi-
cations 1 a 6, dans laquelle une surface du troisieme
organe (16a3) est conformée en une pluralité d'in-
dentations.

Main de robot selon larevendication 1, dans laquelle
le quatrieme organe (16a4) est fait en un matériau
de résine.
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9.

Main de robot selon la revendication 1, comprenant
en outre :

- une base (42) a laquelle un capteur de force
(40) est fixé ;

- le premier organe (16al) étant connecté a la
base par I'intermédiaire du capteur de force et
-le quatrieme organe (16a4) étantinterconnecté
au capteur de force (40).

10. Main de robot selon larevendication 9, dans laquelle

le quatrieme organe (16a4) est interconnecté au
capteur de force (40) par l'intermédiaire d'un con-
necter (40a, 44).
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