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ABSTRACT

The invention relates to a hand intended for a humanoid
robot. The hand comprises a palm and several fingers
that are motorized relative to the palm. According to
the invention, the hand comprises an actuator common tTO

several fingers and a spreader making it possible to

distribute a force exerted by the actuator toward the

fingers.
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Actuation of a hand intended for being provided on a

humanoid robot

FIELD OF THE INVENTION

The invention relates to a hand intended for a humanoid

robot.

BACKGROUND OF THE INVENTION

The human hand 1s an extremely complex part of the

human body. It comprises several fingers articulated
around the palm of the hand. Moreover, each finger has
several mutually articulated phalanges. Each
articulation can be moved Dby means of muscles. The

various articulations of the hand notably make 1t

&

possible to grip objects of wvaricus forms. Numerous
attempts have been made 1n humanoid robots to best
approximate the human functionalities. The gripping
function 1is one of the functions most difficult to
produce by a robotized system, 1t requires a large
number of independent actuators to ensure the gripping
of various objects. This 1ncreases the complexity of
the robot both 1n terms o©of the number o0f 1ndependent
actuators to be provided and in terms of the driving of

these different actuators that have to be controlled 1in

a coordinated manner.

INVENT LON

L+

SUMMARY OF TH.

The invention aims to propose & hand of a humanoid

robot that has several fingers and that makes 1t

F

possible to adapt easily to the form of various objects

by reducing the number of 1ndependent actuators for

each of the fingers of the hand.

To this end, one subject of the 1nvention 1s a hand
intended for a humanoid robot, the hand comprising a
palm and several fingers that are motorized relative to
the palm, further comprising an actuator common to

several fingers and a spreader making 1t possible to
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distribute a force exerted by the actuator toward the

fingers.

In an advantageous variant of the 1inventiocon, there are
defined, 1in a plane <called frontal plane at right
angles to a direction in which the force exerted by the
actuator 1is oriented, the projection o¢f the point of
application on the spreader of the force exerted by the
actuator and the projections of the polnts of
application on the spreader of the forces exerted by
the fingers. There i1s defined, 1in the frontal plane, a
direction called vertical direction at right angles to
the intersection of the frontal plane and of a plane

called horizontal plane containing a direction in which

the force exerted by the actuator 1s oriented and 1in
which the palm of the hand mainly extends. According to
the vertical direction, the projection of the point ot
application on the spreader of the force exerted by the
actuator 1is positioned substantlally at the barycenter

i
_—

of the projections of the points of application on the

spreader of the forces exerted by the fingers, the
projections of the points of application on the

spreader of the forces exerted by the fingers not all

coinclding.

The term spreader 1s often used 1n the aeronautical

field. By analogy, & spreader can bpbe understoocd to be

any mechanical part that makes 1t possible to
distribute forces. The distribution 1s done as a
function of the geometrical disposition of the bearing

points of each of the forces on the mechanical part.

The distribution conserves a state of equillibrium of

the mechanical vpart. When the forces applied to the

mechanical part evolve slowly, 1t 1s possible to

determine the different forces from static equilibrium
equations. In the invention, the spreader makes 1t
possible to distribute the force from a single actuator
to several fingers. The presence ¢of a spreader makes 1t

possible to improve the compliance of the hand to the
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form of the objects that it 1s 1likely to encounter.
Compliance of the hand should be understoocd to mean 1its

capacity to adjust to the stresses and the forces which

are exerted on 1t.

The implementation of a spreader makes 1t possible for
the hand to close by reproducing a fluid and natural
movement close to that of a human being. By associating
a single actuator with a spreader 1t becomes possible

to perfectly synchronize the movement of the various

fingers linked to the spreader.

According to another aspect of the present invention there
is provided a hand intended for a humanoid robot, the hand
comprising:

a palm and several fingers that are motorized relative
to the palm,

an actuator common to the several fingers, and

a spreader to distribute a force exerted by the

actuator toward the fingers,

wherein there are defined, in a frontal plane at right
angles to a direction in which the Tforce exerted by the
sctuator is oriented, a projection in said frontal plane of
a point of application on the spreader of the force exerted
by the actuator and projections in said frontal plane of

points of application on the spreader of forces exerted by

the fingers, and

wherein there. is defined, in the frontal plane, a
vertical direction at right angles TO an intersection of
the frontal plane and of a horizontal plane containling a
direction in which the force exerted by the actuator 1is
oriented and in which the palm of the hand mainly extends,
and

wherein, according to the vertical direction, the

projection in said frontal plane of the point of application

CA 2937582 2017-11-28
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on the spreader of the force exerted by the actuator 18
positioned substantially at a barycenter of the projections
in said frontal plane of the points of application on the
spreader of the forces exerted by the fingers, the
projections in said frontal plane of the points of
application on the spreader of the forces exerted by the

fingers not all coinciding.

A humanoid robot comprising a hand according to the

invention is also a subject of the invention.

A humanoid robot should be understood to be a robot

exhibiting similarities with the human body. It may be
the top part of the body, or only an articulated arm

ending with a clamp that can be likened to a human

hand. In the present invention, the operation of the
hand of the robot is similar to that of a human hand. A

hand according to the invention makes 1t possible to

grasp objects by virtue of the movements of 1ts fingers

and the forces that they can exert on an object.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be Dbetter wunderstood and other

advantages will become apparent on reading the detailed
description of an embodiment given as an example, the
description being illustrated by the attached drawing
in which:

Figure 1 shows a perspective representation of a hand

intended for a humanoid robot;

figures 2a, 2b and 2c represent a spreader of the hand
in different plan views;

figures 3a, 3b and 3c represent the hand grasping an
object;

figure 4 represents the hand grasping another object;

CA 2937582 2017-11-28
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figures 5, 6 and 7 are perspective representations of
several variants of the hand;

figure 8 represents the open hand seen from the palm
side;

figure 9 represents a humanoid robot 1implementing the

hand of the invention.
In the interests of clarity, the same elements will

bear the same identifiers 1n the different figures.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 represents a hand 10 1ntended for a humanoid

(*]

robot. The hand 10 comprises a palm 11 and five fingers
13 to 17. The fingers are articulated to the palm 11 so
as to allow objects to be gripped between the fingers
13 to 17. Like a human hand, the finger 13 1s a thumb.
An object grasped by the hand 1s held between the thumb
13 and the other fingers 14 to 17. The invention 1s not
limited to a hand that has five fingers. The number of

fingers can be reduced to simplify the design of the

hand or the number of fingers can even be 1ncreased to

allow particular objects to be gripped.

More generally, a hand of the invention can be formed

by a clamp making 1t possible to grasp an object. The

clamp comprises at @ least two articulated fingers
allowing several points of contact with the object
grasped. Opposite these articulated fingers, 1t 1s
possible to arrange a fixed finger or even, directly,

the palm of the hand.

According to the 1nventilion, the hand 10 comprises an
actuator common to several fingers and a spreader
making 1t possible to distribute a force exerted by the
actuator toward the fingers. In the example represented
in figure 1, the hand 10 comprises twoc actuators 101
and 102 and two spreaders 103 and 104. The actuator 101
1s linked to the spreader 103 by means of a tie rod 105
and the actuator 102 1s linked to the spreader 104 by

means of a tie rod 106. The spreader 103 can exert a
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force on the four fingers 14 to 17 respectively via tie

rods 107, 108, 109 and 110. Similarly, the spreader 104
can exert a force on the four fingers 14 to 17

respectively via tie rods 117, 118, 119 and 120.

The actuators 101 and 102 can be llinear actuators such
as cylinders. Any other type of actuator can be
implemented in the context o©of the 1nvention, such as,

for example, rotary actuators or artificial muscles.

Tn the example represented in figure 1, the spreaders
103 and 104 make 1t possible to distribute a force
toward four fingers representing the 1ndex flnger 14,

the middle finger 15, the ring finger 16 and the little

finger 17. It 1s also possible to 1nclude the thumb 13
in the distribution. More generally, the spreader or
spreaders 103 and 104 make it possible to distribute a
force exerted by the actuator or actuators 101 and 1072

toward the thumb 13 and at least one other finger 14 to
17.

The two spreaders 103 and 104 each extend malnly 1in a

plane called horizontal plane containing a direction 1n

which the force exerted by the associated actuator 1is
oriented and 1in which the palm of the hand 10 mainly

extends.

A finger can be actuated by two tie rods, for example
the tie rods 107 and 117 for the 1ndex finger 14, one
to extend the finger 14 and the other to fold it back.
The two tie rods 107 and 117 then act 1in a coordinated
manner. The actuators 101 and 102 also act 1n a
coordinated manner. It 1s possible to use a single
actuator which pulls on one of the tie rods 105 or 106
and pushes on the other simultaneously. The hand 10
comprises two spreaders 103 and 104 making it possible
to motorize each of the fingers 14, 15, 16 and 17. The

spreader 103 makes 1t possible to extend the fingers

which are connected to 1t and therefore open the hand



5

10

15

20

2D

30

35

CA 02937582 2016-077-21

10. The spreader 104 makes it possible to fold back the

fingers which are connected to 1t and therefore close

the hand 10.

A reference frame linked to the palm 11 of the hand 10

is defined. The palm extends mainly 1n a plane 125

called horizontal plane. When the fingers 14 to 17 are

completely unfolded or open, thy extend 1n the plane
125. In the configuration represented 1in figure 1, the
spreaders 103 and 104 extend mainly 1in the horizontal
plane 125. The tie rods 105 and 106 also extend 1in the
horizontal plane 125. Consequently, the directions 1in

which the forces are exerted by the actuators 101 and

102 are contained in the plane 125.

A frontal plane 126 1s defined that 1s at right angles
to the horizontal plane 125 and to the directions 1n

which the forces exerted by the actuators 101 and 102

are orlented.

Finally, a third plane 127, called vertical plane, 1s
defined which 1s at right angles to the planes 125 and
126. When the fingers 14 to 17 c¢close or extend, the
phalanges are displaced essentially 1n a vertical

plane.

Figure 2a represents one of the spreaders, for example

the spreader 103 by projection i1n a frontal plane.

Figure 2b represents the S ame spreader 103 by

projection 1in a horizontal ©plane and figure Z2c¢

represents the spreader 103 1n a vertical plane.

The spreader 103 extends mainly 1in a horizontal plane.
It can nevertheless have a certaln curvature relative
to this plane. This curvature 1s clearly wvisible in
figure 2a. This figure shows the projections, 1in the
frontal plane, of the points of application of the

different forces on the spreader 103. More
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specifically, the tie rods 105, 107, 108, 109 and 110

can be cables whose ends have outgrowths, respectively
135, 137, 138, 139 and 140 crimped or molded onto an
end of the cable. The outgrowths of each o©f the cables
are held in channels produced 1in the spreader 103. The
points of application of the forces are the points ot
contact of the outgrowths with the spreader 103. The
force exerted by the actuator 101 on the spreader 103
is identified F5. The forces exerted by the fingers 14,
15, 16 and 17 are respectilively 1dentified Fl1l, FZ, F3
and F4. The point of application of the force exerted
by the actuator 101 wvia the tie rod 105 Dbears the
identifier 145. The point of application of the force
exerted by the tie rod 107 Dbears the 1i1dentifier 147.
The point of application o¢f the force exerted Dby the
tie rod 108 bears the 1identifier 148. The point of
application of the force exerted by the tie rod 109
bears the identifier 149 and the point of application
of the force exerted by the tie rod 110 bears the

identifier 150.

In the frontal plane 126, a vertical direction 142 1s

defined that 1s at right angles to the 1intersection of
the frontal plane 126 and of the horizontal plane 125.
The projection of the point of application 145 of the

force exerted by the actuator 101 1s advantageously

pcsitioned substantially at the Dbarycenter of the

projections of the points of application 137 to 140 of
the forces exerted by the fingers 14 to 17.

More specifically, 1in the wvertical direction 142, the
abscissa of the projection of the point of application
145 1s defined as origin. The sum of the abscissae of
the projections of the points of application 147 to 150
1s zero. The projections on the vertical direction 147
of the points of application 147 to 150 on the spreader

103 of the forces Fl to F4 exerted by the fingers 14 to

17 de not all coilncide.
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This relative position of the different points ot
application of the forces Fl1 to F5 on the spreader 103
makes it possible to retain a stable position of the
spreader 103 in the palm 11 of the hand 10. In effect,
the forces Fl1 to F4 exerted by the fingers on the
spreader 103 can evolve according to the form of an
object grasped by the hand 10. The relative position of
the different points of application of the forces Fl to
F5 on the spreader 103 that 1s thus defined makes 1is

possible the keep the spreader 103 1n a substantially
constant relative position in relation to the
horizontal plane 125. The spreader 103 can be displaced

in translation 1in a direction substantially contained

by the horizontal plane 125.

Moreover, a frontal direction 152, wvisible 1n figure
2b, 1s defined. The directicon 152 1is parallel to the

direction in which the force F5 exerted by the actuator

101 is oriented. According to the frontal direction

152, the projection of the point of application 145 on

the spreader 103 of the force F5 exerted Dby the
actuator 101 is considered as origin, and the direction
in which the actuator 101 pulls on the spreader 103 1s
considered as positive direction. The abscissae of the
projections of the points of application 147 to 150 on
the spreader 103 of the forces Fl1 to F4 exerted by the

fingers 14 to 17 are all negative.

This relative position of the different points of
application of the forces F1 to F> on the spreader 103

makes 1t possible to avoid any butting of the spreader
103 in the palm 11 of the hand 10.

Finally, a third direction 1loZ2 at right angles to the
directions 142 and 152 can be defined. According to the
direction 162, the projection o©of the point of
application 145 of the force exerted by the actuator

101 is advantageously positioned substantially 1in the

middle of the projections of the points of application
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148 and 149. Similarly, still according to the
direction 162, the projection of the point of
application 145 1S advantageously positioned
substantially in the middle of the projections of the
points of application 147 and 150. In other words,
according to the direction 162, several distances
separating the projection of the point of application
145 from the other projections are defined: L1 for the
projection of the point 148, L2 for the projection of
the point 149, L3 for the projection of the point 147
and L4 for the projection of the polint 150.
L4.

Advantageously, L1 = L2 and L3

The observance of the position of the point of
application 145 in the middle of the fingers two by two
makes 1t possible to distribute the forces of the
actuator 101 toward the different fingers 14 to 17 1n a
balanced manner. In other words, for a given pulling
force applied by the actuator 101, the force exerted on
each of the four fingers 14 to 17 1s equal to a quarter

of the force exerted by the actuator 101.

It 1s possible to generalize this arrangement
regardless of the number of fingers connected to the
spreader 103. More specifically, according to the
direction 162, the projection of the point of
application 145 of the force exerted by the actuator
101 1is situated at the barycenter of the projection of
the points of application of the forces exerted by the
fingers 14 to 17 linked to the spreader 103.

A balanced distribution of the forces of the different

fingers 1linked to the spreader makes 1t possible to

adopt a gripping of the objects grasped that 1s close
to a human grip regardless of the form of the objects,

even with a single actuator 101.

Figures 3a, 3b and 3c¢ represent the hand 10 grasping a

rectangular object 165, such as a <cell phone for
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example. The five fingers 13 to 17 are 1in contact with

the object 165. The form of the object 165 reqgquires
each of the fingers 14 to 17 linked to the spreaders
103 and 104 to fold differently. More specifically, the
index finger 14 1s slightly folded and, by contrast,
the little finger 17 1s greatly folded. In figure 1,
with no object grasped, the fingers 14 to 17 linked to
the spreaders 103 and 104 are folded substantially 1n
the same manner. The presence of the object 165
modifies the folding of the fingers 14 to 17 while
retaining a substantially constant force exerted by

each of the fingers 14 to 17 on the object 165.

A rotation 1s applied between the spreaders 103 and 104
to adapt to the object 165. This rotation can be seen
between figure 1 with no object grasped and figures 3a
to 3¢ with the object 165. The presence of one or two

spreaders makes 1t possible for the hand to adapt to

the form of the object grasped.

Figure 4 represents the hand 10 grasping a circular
object 166, such as a beaker for example. The object
166 1s only held by three fingers out of five. The
object 166 1s held on one side by the thumb 13 and on
the other side by the index finger 14 and the middle

finger 15. By wvirtue of the spreaders 103 and 104, the
other two fingers 16 arid 1/ are folded completely to
come into abutment for example against the palm of the
hand 10. The equality of the forces exerted by the
fingers 14 to 17 1s not perfect 1in the case of an

object like the beaker 166. Nevertheless, the forces of

the different fingers 14 to 17 are more balanced than

1n the absence of a spreader.

Generally, the 1mplementation of a spreader makes 1t
possible to distribute the force exerted by the
actuator assocliated with this spreader over the
different fingers. Thus, the different fingers can

exert a substantially constant force on an object
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11

grasped by the hand even 1f the form of the object is

variable.

Alternatively, 1t 1s possible to move away from the
equilibrium obtained by positioning the point of
application 145 of the actuator 101 at the barycenter
of the points of application 147 to 150 of the tie rods
linked to the fingers 14 to 17. It 1s for example
possible to displace the point of application 145

toward the 1ndex finger 14 and thus distribute more

forces to the index finger 14. The 1ndex finger 14 will

tend to close ahead of the other fingers. The index

finger 14 then exerts a greater force than the other

fingers on the object grasped.

At the 1limit, 1t 1s possible to align the point of
application 147 of the 1ndex finger of the hand 10 with
the point of application 145 of the actuator 101. This
makes 1t possible to ensure that an object 1is gripped

only between the thumb 13 and the index finger 14.

FFigure 5 represents a varlant of the hand 10 in which a
dual—-acting actuator 170 acts on the two spreaders 103
and 104. The two tie rods 105 and 106 represented in
the wvariant of figure 1 are replaced by a cable 171

having two ends each fixed to one of the spreaders 103

and 104. More specifically one end of the cable 1s
formed by the outgrowth 135. The other end of the cable
171, not wvisible 1n figure 5, 1s similar and 1is fixed
to the spreader 104. The actuator 170 1s common to the
two spreaders 103 and 104. The actuator 170 1is for
example a rotary actuator which drives a pulley 172 in
rotation. The cable 171 winds on the pulley 172. The
rotation of the pulley 172 displaces the cable 171
which pulls on one of the spreaders 103 and 104 and

pushes on the other.

When the two spreaders 103 and 104 are substantially
parallel, the cable 171 1s 1n contact with the pulley
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172 over approximately half the diameter of the pulley
172. The winding of the cable 171 on the pulley 172

makes it possible to transmit a torque that 1s a

—

function of the length of cable 171 in contact with the

pulley 172. The torque transmitted 1s also a function
of the friction coefficient of the cable 171 relative
to the pulley 172 and therefore of the nature of the

materials 1n contact chosen for the cable 171 and for

the pulley 172. It 1s possible to define these
materials to produce a torque limiter and therefore a
limiter of force on the fingers 14 to 17. For example,
if a significant external force 1s applied to the

fingers 14 to 17, 1t 1s possible to allow the cable 171

to slip relative to the pulley 172, notably to protect
the actuator 170.

Alternatively, there may be a desire to avoid any slip
of the cable 171 relative to the pulley 172, notably 1if
the actuator 170 1s provided with a position sensor
making it possible to determine the position of the
fingers 14 to 17. To avoid any slip, 1t 1s for example

possible to wind the cable 171 over more than one turn

around the pulley 171. It 1s also possible to fix the
cable 171 to the pulley.

Figure 6 represents another variant of the hand 10 that

has only a single spreader 103 actuated by a cable 175

and a dual-acting actuator 176. Each finger 14 to 17

comprises an elastic element, such as, for example, a

spring tending to keep the fingers 14 to 17 1n an
extreme position, either folded back or extended. Via
the spreader 103, the actuator 176 allows each of the
fingers to move away from 1ts extreme position. For
example, the fingers 14 to 17 held i1n extended position

by a spring are folded back by means of the actuator
176.

Figure 7 presents a wvariant of figure 6 1n which the

return spring 1s common to all the fingers 14 to 17.
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This wvariant once again has the two spreaders 103 and
104. As in the wvariant of figure 6, the spreader 103 1s
linked to the actuator 176 via the cable 175.
Furthermore, the spreader 104 1s linked to the body of
the palm 11 via a spring 178. Thus, when the actuator
176 pulls on the spreader 103, a return force common to
the fingers 14 to 17 1is applied by virtue of the

spreader 104. The return force 1s distributed over the

fingers 14 to 17 by the spreader 104.

Another configuration consists in using the two
spreaders 103 and 104 each to act on different

phalanges of the fingers 14 to 17. The two actuators

101 and 102 are then independent.

In the wvariants represented in figures 5, 6 and 7, the

actuator 170 or 176 exerts a force on the thumb 13
independently of the spreader or spreaders 103 and 104.

To this end, in the wvariant of figure 5, the actuator
170 rotationally drives a second pulley 180 on which 1s
wound a cable 181 making 1t possible to transmit a
force to the thumb 13. Like the cable 171, the cable
181 makes it possible to fold and extend the thumb 13.

It is possible to provide two free pulleys 182 on which
the cable 181 presses to modify 1ts direction between
the actuator 170 and the thumb 13. The cables 171 and
181 each associated with a pulley 172 and 180 are
configured to fold the thumb 13 and the other fingers
14 to 17 upon the same rotation of the actuator 170. A

reverse rotation of the actuator 170 makes 1t possible
to extend the thumb 13 and the other fingers 14 to 17.

Thus, a single actuator makes 1t possible to close the

hand 10 or to open 1t on the object grasped.

This configuration where the thumb 13 and the other
four fingers 14 to 17 are controlled by the same

actuator can be transposed to the other wvariants of

figures © and 7. Thus, 1n the variant of figure 6, the
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thumb 13 1s actuated by a cable 185 linked to the
actuator 176 1ndependently of the spreader 103. In the
variant of figure 7, a return force 1s exerted on the
thumb 13 wvia a spring 188. This return force opposes

the force exerted by the cable 185.

Advantageously, the hand 10 comprises stops limiting
the displacement of the spreader or spreaders 103 and
104. Stops 1lel and 162 are for example formed 1n the
palm 10 at the level of the fingers 14 and 17. The
spreaders 103 and 104 bear against one stop or against
the two stops 161 and 1672 when the corresponding tie
rods are at the end of travel. More specifically, the
spreader 104 comes to bear against the stop 161 when
the index finger 14 1s extended to the desired maximum.
The bearing of the spreader 104 on the stop 161 avoids
a turning back of the 1ndex finger 14 beyond 1its

extended position. This turning back would be similar

to a luxation of one of the articulations of the
phalanges 1n human anatomy. In other words, the bearing
on the stop makes 1t possible to 1limit the angular
travel of the articulations of the finger concerned.
The bearing of the spreader 104 against the stop 167
makes 1t possible, 1n the same way, to 1limit the
extension of the 1little finger 17. The two stops 1lel
and 162 positioned at the level of the extreme fingers

14 and 17 are sufficient to limit the extension of all

the

Similarly, the spreader 103 can also come toc bear on

F I N

fingers associated with the spreader 104.

the stops 161 and 162 in order to limit the folding of
the fingers 14 to 17.

Figure 8 represents the open hand seen from the palm
side. This viliew makes 1t possible to specify the
position of the points of application of the fingers
linked to the spreader and the mnutual orientation of
the fingers. More specifically, using figure 2b, it has
been specified that, relative to the frontal direction

152, the abscissae of the projections of the points of
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application 147 to 150 on the spreader 103 are all

negative. The origin of the abscissae 1s the projection
of the point of application 145 of the force applied by
the actuator. It 1s possible to better approximate the
human anatomy by differentiating the different
abscissae of the projections of the points of
application 147 to 150 on the frontal direction 152.
Mcre specifically, as an absolute wvalue, the abscissa
of the point of application 150 of the force F4 exerted
by the little finger 17 1s the smallest. As an absolute
value, the abscissa ¢f the point of application 148 of
the force F2 exerted by the middle finger 15 1s the
greatest. As an absolute value, the abscissae of the
points of application 147 and 149 of the forces Fl and
F3 exerted by the index finger 14 and the ring finger
16 have 1intermediate values 1lying between the abscissa

of the points of application 148 and 150.

Advantageously, the four fingers 14 to 17 linked to the
spreader are 1dentical. This makes 1t possible to

simplify the manufacture thereof by standardizing the

mechanical parts of which they are composed. Although
the fingers of the hand 10 are 1dentical, which 1s not

the case 1n a human hand, by staggering the points of

application 147 to 150 and therefore the attachment of
the fingers to the palm 11 i1t 1is possible for the hand

10 to approximate the human anatomy with regard to the

disposition of the ends of the fingers 14 to 17.

Moreover, 1t is possible to crient the four fingers 14

to 17 differently 1in the frontal plane so that, when
the fingers close, the ends of each of the fingers tend
to move toward one another. Mcre specifically, relative
to the direction i1n which the force F5 is applied, the
directions 1n which the fingers linked to the spreader
concerned extend open angularly more and more as the
point of application of the finger concerned moves away
from the direction 1n which the force F5 1is applied.

The direction 1in which a finger extends should be



10

15

20

CA 02937582 2016-077-21

1o

understood to be a main direction of the finger when
the latter 1s extended. In the example represented, the
middle finger and the ring finger extend 1in directions
cach forming an angle of approximately 6° with the
direction 1n which the force F5 1s applied. The ring
finger 16 and the little finger 17 extend in directions
forming an angle of approximately 12° between them.
Similarly, the index finger 14 and the middle finger 15
extend in directions forming an angle of approximately
12° between them. On closing, the ends of the fingers
move toward one another, which facilitates the grip
between the four fingers 14 to 17 and the thumb 13.
Obviously, these angular values are given purely by way

of example. Other values are of course possible.

Figure 8 represents a humanold robot 200 having two
hands 10.
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The embodiments of the invention 1n which an exclusive

property or privilege is claimed are defined as follows:

1. 2 hand intended for a humanoid robot, the hand

comprising:

-

a palm and several fingers that are motorized relative

to the palm,

an actuator common to the several fingers, and

a spreader to distribute a force exerted by the

actuator toward the fingers,

wherein there are defined, in a frontal plane at right
angles to a direction in which the force exerted by the
Jctuator is oriented, a projection in said frontal plane of
a point of application on the spreader of the force exerted

g
p—

by the actuator and projections in said frontal plane of

F
—

points of application on the spreader of forces exerted by

-

the fingers, and

wherein there is defined, in the frontal plane, a

vertical direction at right angles to an intersection of
the frontal plane and of a horizontal plane containing a
direction in which the force exerted by the actuator 1is
oriented and in which the palm of the hand mainly extends,
and

wherein, according to the vertical direction, the

projection in said frontal plane of the point of

application on the spreader of the force exerted by the

actuator is positioned substantially at a barycenter of the

=
p—
b

projections in said frontal plane of the points O:

application on the spreader of the forces exerted by the

hoed

fingers, the projections in said frontal plane of the

CA 2937582 2017-11-28
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—

points of applic

by the fingers n

2. The hand as

wherein the

183

ation on the spreader of the forces exerted

ot all coinciding.

claimed in claim 1,

re are defined, in the horizontal plane

containing the direction in which the force exerted by the

actuator 1s orile
mainly extends,

the point of app
exerted by the a

pr—

plane of points

forces exerted Db
wherein the

to the direction

is oriented, and
wherein by

horizontal plane

spreader of the
of a coordilinate
considering the

the spreader TO

coordinate axis
the projections
spreader of the
negative values

direction.

3. The hand as
fingers comprise

which a first f1

CA 2937582 2017-11-28

nted and in which the palm of the hand

a projection in said horizontal plane of
lication on the spreader of the force

ctuator and projections in said horizontal

of application on the spreader of the

v the fingers, and

re is defined a frontal direction parallel

in which the force exerted by the actuator

considering the projection in said

of the point of application on the

force exerted by the actuator as an origiln
axis along said frontal direction, and by
direction in which the actuator pulls on
be a positive direction along said

along said frontal direction, absclssae of

of the points of application on the

forces exerted by the fingers are all

on said coordinate axis along said frontal

claimed in claim 2, wherein the several

pr—
p—

four fingers linked to the spreader, oI

nger forms an index finger, a second forms
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2 middle finger, a third forms a ring finger and a fourth

forms a little finger, and

wherein, in the projection in said horizontal plane
and relative to the coordinate axis along said frontal

direction and as an absolute value, an abscilssa of the

ot

force exerted by the little

point of application of the

finger is smallest of the four fingers, an abscissa of the

point of application of the rorce exerted by the middle
finger is greatest of the four fingers, and abscissae of
the points of application of the forces exerted by the

index finger and the ring finger have values between the

abscissa of the of the point of application of the force

1)

exerted by the little finger and the abscissa of the of the
point of application of the force exerted by the middle

finger.

4 , The hand as claimed in claim 3, wherein the four

fingers linked to the spreader are identical.

5. The hand as claimed in claim 1, wherein there are

defined, in the horizontal plane containing a direction 1n

“hich the force exerted by the actuator 1is oriented and 1n

which the palm of the hand mainly extends, a projection 1n

said horizontal plane of the point oI application on the

spreader of the force exerted by the actuator and

projections in said horizontal plane of the points of

application on the spreader of the forces exerted by the

fingers, and

wherein, according to a direction of the horizontal

plane at right angles to the direction in which the force

CA 2937582 2017-11-28
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exerted by the actuator is oriented, the projection in said

P

horizontal plane of the point of application of the force

exerted by the actuator is situated at a barycenter of the
projection in said horizontal plane of the points of

application of the forces exerted by the fingers linked to

the spreader.

0. The hand as claimed in claim 1, wherein the spreader

extends mainly in the horizontal plane containing a

direction in which the force exerted by the actuator 1is

oriented and in which the palm of the hand mainly extends.

7. The hand as claimed in claim 1, wherein the actuator
is a dual-acting actuator and comprising a single spreader

linked to the dual-acting actuator.

8. The hand as claimed in claim 1, further comprising two

spreaders making 1t possible to motorize each of the

fingers by dual action.

9. The hand as claimed in claim 8, further comprising a

dual-acting actuator common to the two spreaders.,

10. The hand as claimed in claim 9, wherein the actuator
common to the two spreaders acts on the two spreaders via a
cable winding on a pulley driven in rotation by the

actuator common to the two spreaders.

11,  The hand as claimed in claim 1, further comprising

stops limiting the displacement of the spreader.

CA 2937582 2017-11-28
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12.  The hand as claimed in claim 1, further comprising a

thumb and wherein the actuator exerts a force on the thumb

independently of the spreader.

13. A humanoid robot, further comprising a hand as defined

in claim 1.

CA 2937582 2017-11-28
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